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PREFACE 

The Sea Is land Coastal Region of 
South Carolina and Georgta is r i c h  i n  
na tura l  resources, including moderate 
cl imate,  dramatic scen ic  q u a l i t i e s ,  
f e r t i l e  s o i l s ,  water,  f i s h ,  w i l d l i f e  and 
minerals.  Those resources a r e  valuable 
f o r  a  v a r i e t y  of o f t e n  competitive uses ,  
including a c t i v e  and passive rec rea t ion ,  
t ranspor ta t ion ,  a g r i c u l t u r e ,  c o m e r c i a 1  
f i s h e r i e s ,  i n d u s t r i a l  development, pres- 
e rva t ion ,  and s o  for th .  

A s i g n i f i c a n t  trend i n  t h e  manage- 
ment and development of c o a s t a l  re- 
sources is the  growing r e a l i z a t i o n  t h a t  
r a t i o n a l  dec i s ions  and f i n a l  judgements 
can be made only when a l l  a v a i l a b l e  in.- 
formation on l o c a l  environmental con- 
d i t i o n s  is considered. This  trend 
recognizes t h e  need f o r  a  h o l i s t i c  
approach and has promoted the  eco- 
system concept i n  n a t u r a l  resource 
management. 

Recognition of t h e  need f o r  an eco- 
l o g i c a l  approach i n  managing c o a s t a l  
resources has developed from increasing 
evidence t h a t  man's u t i l i z a t i o n  of t h i s  
environment has brought about major, 
y e t  o f t e n  sub t le ,  changes i n  t h e  func- 
t ioning of ecosystems. I n  order  t o  
perpetuate  the economic, a e s t h e t i c ,  and 
b io log ica l  values of c o a s t a l  ecosystems, 
we must understand t h e i r  func t iona l  
re la t ionsh ips .  A s  expressed by Odum 
(1964), our modern ecology must be a  
"systems ecology," or  a  hybr id iza t ion  of 
both ecology and systems methodology. 
The theory behind t h i s  approach embodies 
an important ecological  p r inc ip le :  an 
ecological  system is comprised of many 
components, no one of which can be 
a l t e r e d  without a f f e c t i n g  t h e  t o t a l  sys- 
tem s ince  no one p a r t  funct ions inde- 
pendently. By including a  f u l l  assessment 
of t h e  t o t a l  ecosystem, management 
e f f o r t s  - a t  both t h e  f i e l d  and adminis- 
t r a t i v e  l e v e l s  - can be designed t o  
maximize the economic, s o c i a l ,  and bio- 
l o g i c a l  b e n e f i t s  der!.ved from n a t u r a l  
resources. Recognizing t h i s ,  t h e  U. S. 
Fish and Wi ld l i fe  Service is employing 
the  ecosystem concept a s  a  h o l i s t i c  
mechanism f o r  managing n a t u r a l  resources 
and is developing eco log ica l  character-  
i z a t i o n  a s  one b a s i c  t o o l  f o r  t h i s  appli- 
c a t  ion. 

An ecological  charac te r iza t ion  is 
a syn thes i s  of e x i s t i n g  information and 
da ta  s t ruc tured  i n  a  manner which 
i d e n t i f i e s  func t iona l  r e l a t i o n s h i p s  
between n a t u r a l  processes and t h e  
various components of an ecosystem 
(Preface Fig. 1 ) .  Spec i f ica l ly ,  
ob jec t ives  of the  Sea Is land 
Ecological Character izat ion were to: 
1 )  assemble, review, and synthesize 
e x i s t i n g  b io log ica l ,  physical ,  and 
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Preface Figure 1. Components and f i n a l  
products of an Ecological Charac- 
t e r i z a t i o n  of t h e  Sea Is land 
Coastal Region. 

socioeconomic information and e s t a b l i s h  
a  sound information base f o r  decis ion-  
making; 2) i d e n t i f y  and descr ibe  
various components (subsystems, h a b i t a t s ,  
communities, and key spec ies )  i n  t h i s  
c o a s t a l  ecosystem; 3) descr ibe  major 
physical ,  b i o l o g i c a l ,  and socioeconomic 
components and i n t e r a c t i o n s ;  4) descr ibe  
known and p o t e n t i a l  ecosystem responses 
t o  man-induced changes; and 5) i d e n t i f y  
major information def ic ienc ies  f o r  
f u r t h e r  s tudy and decision-making needs. 

Ecological charac te r iza t ions  a r e  
designed primari ly  t o  a s s i s t  c o a s t a l  
resource managers engaged i n  compre- 
hensive planning e f f o r t s  such a s  
assessment of t h e  environmental impacts 
of development i n  the  c o a s t a l  zone. 
Other app l ica t ions  include the  prep- 
a r a t i o n  of mi t iga t ion  procedures and 
development a l t e r n a t i v e s .  Characteriza- 
t i o n  a l s o  provides an immediate d a t a  
base f o r  s p e c i f i c  a c t i o n  programs 
(offshore o i l  and gas development, c o a s t a l  
construct ion permit reviews, e t c  .) and 
guidance i n  s e l e c t i n g  parameters t h a t  need 
study i n  f u r t h e r  defining c o a s t a l  ecologi- 
c a l  systems. 



Detailed discussions o f  the natural 
coastal ecosystem characterization e f f o r t  
can be found i n  Tait (1977), Barclay 
(1978), Johnston (1978), and Palmisano 
(19 78) . 

SEA ISLAND ECOLOGICAL CHARACTERIZATION 

In February 1977, the U . S .  Fish and 
Wi ld l i f e  Service contracted with the 
Marine Resources Division o f  the South 
Carolina Wi ld l i f e  and Marine Resources 
Department t o  develop an ecological 
characterization for the Sea Island 
Coastal Region o f  South Carolina and 
Georgia. The project area includes the 
coastal t i e r  o f  counties between the 
GeorgetownIHorry county l ine  i n  northern 
South Carolina south t o  the S t .  Marys 
River on the GeorgiaIFlorida border, and 
the three lowland counties o f  Dorchester, 
Berkeley, and Effingham (Preface F i g .  2 ) .  

The Sea Island Ecological Charac- 
ter izat ion i s  designed t o  yield products 
that w i l l  ass is t  decision makers i n  
evaluating and predicting impacts o f  man- 
induced perturbations (e.g., o i l  and gas 
development, dredging and f i l l i n g ,  water 
resource projects) ,  and i n  general 
coastal zone planning. The study iden- 
t i f i e s  c r i t i c a l  habitats and sensit ive 
l i f e  history stages of  important species, 
addresses functional interactions at  the 
habitat l eve l ,  and provides socioeconomic 
information relative to  the  coastal en- 
vironment. 

Data assimilated for  t h i s  project 
are partitioned in to  three segments for  
descriptive purposes: physical features 
( i . e . ,  geology and hydrology), socio- 
economic features (1.e.. demographic 
characteristics and industrial develop- 
ment), and biological features ( l e e . ,  an 
ecological treatment o f  animals, plants, 
and their habitats)  . 

The overall framework for the prep- 
aration o f  ecological characterization 
materials was provided by conceptual 
w d e l s .  These conceptual models have 
been modified for inclusion i n  the f inal  
products to f a c i l i t a t e  understanding o f  
ecosystem functions. To accomnodate the 
broadest range o f  potential users,  a 
three-tier model presental ion was used 
and includes the followin. elements for 
each ecosystem: 1 )  a tecnnical energese 
model demonstrating energy flow in to  and 
within the subject ecosystem, functional 
relationships among representative com- 
ponents o f  the  system, and flow o f  energy 
i n  various forms from the system; 2) a 
l e s s  technical pictorial model o f  the 
same ecosystem i l lus trat ing representa- 
t i ve  f lora and fauna; and 3 )  a repre- 
sentative food web indicating tropho- 
dynamics within the subject ecosystem. 

Organization o f  Final Products 

Several products are being dweloped 
from the Sea Island Ecological Charac- 
terization e f f o r t ,  as follows: 

1 )  Characterization Atlas - the 
Atlas i s  an oversized document (28 x 42 i n )  
that presents data i n  condensed form i n  
several series at  scales ranging from 
1:24,000 t o  1:1,000,000. The Physiographic 
Series (1:100,000) describes wetlands, 
physiographic features, ecological habitats,  
and land use. The Geology Series presents 
stratigraphic, structural,  and geophysical 
information about the characterization area 
at  several scales. Two topographic series 
at 1:250,000 and 1:100,000 depict various 
w i l d l i f e ,  archeological and recreational 
resources, mil i tary and educational in s t i tu -  
t ions ,  water quali ty,  spoil disposal, u t i l i -  
t i e s ,  railroads and airports. Enlargements 
o f  the f i v e  major urban areas give more de- 
tailed information on industires,  point 
source discharge, power plants, e t c .  All 
maps are printed i n  color. 

2 )  Narrative Volumes - Detailed nar- 
rat ive  treatment i s  provided for the 
three major ecosystem components; the 
physical, socioeconomic, and biological 
features o f  the Sea Island Coastal Region. 
Because conceptual models are particularly 
valuable i n  ident i fy ing ecosystem com- 
ponents and i n  relating their  functional 
significance and regulatory processes, 
appropriate sections o f  the narrative t ex t  
are prefaced by exemplary models. These 
models serve as a tool to  promote under- 
standing o f  the functional relationships 
within and between systems, and the  im- 
pacts o f  various impingements and pertur- 
bations on their components. Narrative 
materials are arranged as follows: 

a)  Physical features section - 
Detailed treatment i s  provided for topi-  
cal areas such as climate, physiography, 
geologic history and structure, coastal 
and nearshore erosion and deposition, 
hydrology, and descriptions o f  individual 
coastal islands o f  the study area. 

b )  Socioeconomic features 
section - Data are presented on popula- 
t i on ,  labor force characteristics and 
trends, transportation, industrial  devel- 
opment, agricultural practices, public 
u t i l i t i e s ,  energy resources, f i s h  and 
w i l d l i f e  conservation and u t i l i z a t i o n ,  and 
recreational resources. 

c )  Biological features - This 
section describes b io t i c  components along 
ecological l i nes .  This approach f a c i l i -  
tates the treatment o f  major community or 
habitat types, and generally deals with 
organisms a t  the population l eve l .  Func- 
tional relationships and areas o f  ecologi- 
cal sens i t i v i t y  are stressed. 
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3) Directory of Information 
Sources - This document i d e n t i f i e s  and 
descr ibes  major da t a  sources relevant  t o  
the ecological  charac te r iza t ion  of coa s t a l  
South Carolina and Georgia. The main pur- 
pose of t he  Directory is  t o  guide u se r s  
t o  known sources of da ta  per t inen t  t o  
spec i f i c  subject  areas.  It is intended 
t o  serve a s  a r e f e r r a l  se rv ice  between 
groups o r  organizat ions with d i f f e r i n g  
needs. 

4 )  Bibliography - A computerized 
bibliography of over 8,000 references has 
been assembled a s  a c en t r a l  component of 
t h e  Sea Island Characterization. The 
system i s  designed fo r  per iod ic  updating. 
and a l l  e n t r i e s  can be re t r ieved  in  a 
va r i e t y  of ways, including key work and 
author searches. 
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CHAPTER ONE 

INTRODUCTION 

I. ECOSYSTEM DEFINITION 

Odum (1971) de f ined  an ecosystem a s  
"any u n i t  t h a t  inc ludes  a l l  t h e  organisms 
( i .e . ,  t he  'community') i n  a given a r e a  
i n t e r a c t i n g  wi th  t h e  phys ica l  environment 
so  t h a t  a flow of energy l e a d s  t o  c l e a r l y  
defined t roph ic  s t r u c t u r e ,  b i o t i c  d i -  
v e r s i t y ,  and m a t e r i a l  c y c l e s  ( i . e . ,  ex- 
change of m a t e r i a l s  between l i v i n g  and 
nonliving p a r t s )  wi th in  t h e  system.'' He 
f u r t h e r  recognized s i x  major components 
of ecosystems: 1 )  ino rgan ic  subs tances  
such a s  water,  carbon d iox ide ,  and n i t r o -  
gen; 2) organic  compounds such a s  p ro te ins  
and carbohydrates;  3) c l i m a t e  regime ( t h e  
physical  "forcing fac to r s ' '  which d i c t a t e  
the  kind of  b i o t i c  community t h a t  can 
develop); 4) a u t o t r o p h i c  producers (p r i -  
marily p l a n t s ) ;  5) macroconsumers; and 
6) microconsumers and decomposers. These 
components a r e  involved i n  t h e  ecosystem 
processes of 1 )  energy f i x a t i o n  and flow, 
2) mater ia l  cyc l ing ,  3) development of 
s p a t i a l  and temporal d i v e r s i t y  p a t t e r n s ,  
4) succession, 5) r e a c t i o n  ( t o  short-and 
long-term v a r i a t i o n s  and p e r t u r b a t i o n s ) ,  
and 6) i n t e r a c t i o n s .  This  Eco log ica l  
Character izat ion of t h e  Sea I s l a n d  Coastal 
Region of South Caro l ina  and Georgia is 
a t  the  "macroecosystem" ( i . e .  , l a r g e  sys-  
tem) l e v e l  and i s  organized a long  bo th  
s t r u c t u r a l  ( i . e . ,  component) and func- 
t i o n a l  ( i . e . ,  p rocess )  l i n e s .  

11. MAJOR PRINCIPLES 
PERTAINING TO ECOSYSTEMS 

(based p r imar i ly  on Odum 1971 and 
Gosselink 1978 un less  otherwise  s t a t e d )  

A. PRINCIPLES PERTAINING TO ENERGY 

"Life  i s  kep t  going by t h e  cont inu-  
ous inflow of sun energy from ou t s ide"  
(Odum 1971). According t o  t h e  F i r s t  Law 
of Thermodynamics, energy can be t r a n s -  
ferred from one form t o  ano the r  (e.g. ,  
from p o t e n t i a l  t o  k i n e t i c ,  o r  from chemi- 
c a l  to  hea t  o r  l i g h t ) ,  bu t  can n e i t h e r  be  
created nor dest royed.  However, no spon- 
taneous energy t r ans fo rmat ion  o r  conver- 
s ion i s  100% e f f i c i e n t  (Second Law of  
Thermodynamics). During such changes, 
some of t h e  energy is always d i spe r sed  a s  
unavai lable  hea t ;  t h u s ,  t h e  t o t a l  amount 
of d i r e c t l y  u t i l i z a b l e  energy dec reases  
with each use  o r  conversion w i t h i n  a sys-  
tem. Since energy f lows through ecosys- 
tems and i s  no t  r ecyc led ,  a l l  energy 
enter ing a system can be accounted f o r  a s  
energy which i s  s t o r e d  i n  o r  d i spe r sed  
from t h a t  system. 

B. PRINCIPLES PERTAINING TO MATTER, 
SPACE, AND TIME 

Energy flows through a system only 
once, b u t  m a t e r i a l s  c i r c u l a t e  o r  c y c l e  
w i t h i n  ecosystems, being used over  and 
over aga in  (Law of  Conservat ion of  Matter).  
S t a t e d  ano the r  way, energy i s  used once 
by a given organism, becomes converted 
i n t o  h e a t ,  and is  even tua l ly  d i spe r sed  
from t h e  system. On the  o t h e r  hand, ma- 
t e r i a l s  such a s  carbon,  n i t r o g e n ,  and 
water  may c i r c u l a t e  r epea ted ly  between 
b i o t i c  and a b i o t i c  components of ecosys- 
tems and among d i f f e r e n t  compartments 
( i . e . ,  d i f f e r e n t  organisms o r  phys ica l  
s t a t e s )  w i t h i n  each of  t h e s e  components 
( f o r  examples, s e e  biogeochemical cyc les ,  
PP. 3 - 7 ) .  

P r o d u c t i v i t y  i s  a measure of energy 
f i x a t i o n  o r  food product ion.  Primary 
product ion r e f e r s  t o  pho tosyn thes i s ,  t h e  
convers ion of l i g h t  energy and s imple  in- 
o rgan ic  m a t e r i a l s  (e.g. ,  wa te r ,  carbon 
d iox ide )  i n t o  complex o rgan ic  food mole- 
c u l e s  by a u t o t r o p h i c  ( i . e . ,  "se l f -  
nour ishing")  p l a n t s .  Gross primary pro- 
duc t ion  is  de f ined  a s  " the  t o t a l  r a t e  of 
pho tosyn thes i s ,  i nc lud ing  t h e  o rgan ic  mat- 
t e r  used up i n  r e s p i r a t i o n ,  du r ing  t h e  
measurement per iod"  (Odum 1971).  Net p r i -  
mary product ion is t h e  amount of o rgan ic  
m a t t e r  incorpora ted  i n t o  p l a n t  t i s s u e s  i n  
excess  of r e s p i r a t o r y  u t i l i z a t i o n .  That 
i s ,  n e t  primary product ion r e f e r s  t o  t h e  
amount of  energy (organic  m a t t e r )  a v a i l -  
a b l e  f o r  use  by he te ro t rophs  (consumers). 

A f t e r  its product ion by p l a n t s ,  food 
energy is t r a n s f e r r e d  through a s e r i e s  of 
consuming organisms, each e a t i n g  and being 
e a t e n  i n  t u r n ,  c a l l e d  a food cha in .  With- 
i n  a food cha in ,  energy convers ion e f f i -  
c i e n c i e s  a r e  g e n e r a l l y  q u i t e  low (on t h e  
o r d e r  of  10% - 20% a t  each s t e p ) ;  t h u s ,  
a t  each s t e p  of  being e a t e n ,  80% - 90% of 
t h e  p o t e n t i a l  energy a v a i l a b l e  a t  t h e  pre- 
v ious  l e v e l  i s  l o s t  a s  hea t  (Odum 1971).  
Losses of t h i s  magnitude l i m i t  most food 
cha ins  t o  no more than f o u r  o r  f i v e  s t e p s  
and, obviously ,  the  s h o r t e r  t h e  food 
cha in ,  t h e  more energy t h e r e  i s  a v a i l a b l e .  

Odum (1971) de f ined  two b a s i c  types  
of food chains:  1 )  a g r a z i n g  food chain  
i n  which t h e  primary product ion of p l a n t s  
is grazed d i r e c t l y  by he rb ivores  (p lan t -  
e a t e r s ) ,  which i n  t u r n  a r e  consumed by 
ca rn ivores  (animal-eaters) ;  and 2) a 
d e t r i t u s  food cha in  i n  which much of  t h e  
p l a n t  product ion i s  allowed t o  d i e ,  where- 
upon i t  is ac ted  upon by microorganisms 
and then consumed by d e t r i t i v o r e s  ( d e t r i -  
t u s - e a t e r s ) ,  which a r e  i n  t u r n  e a t e n  by 
p r e d a t o r s ,  e t c .  Both types  of food cha ins  
a r e  r ep resen ted  i n  t h e  ecosystems described 
i n  t h i s  r e p o r t .  



Food cha ins  a r e  no t  i s o l a t e d  from 
each o t h e r ,  b u t  g e n e r a l l y  a r e  in t e rcon-  
nected by numerous l i n k s ,  forming complex 
food webs. Each s t e p  through which food -- 
energy is  t r a n s f e r r e d  i n  a food cha in  i s  
c a l l e d  a t r o p h i c  w. The f i r s t  t rophic  
l e v e l  is  t h e  primary productLon o r  p l a n t  
l e v e l ,  t h e  nex t  is  t h e  primary consumer 
o r  he rb ivore  l e v e l ,  t h e  nex t  is  t h e  sec-  
ondary consumer o r  he rb ivore -ea te r  l e v e l ,  
and so  on. 

For organisms t o  grow and reproduce, 
i t  is  necessa ry  t h a t  r equ i red  m a t e r i a l s  
(e .g . ,  wa te r ,  n u t r i e n t s ,  e t c . )  be a v a i l -  
a b l e  a t  t h e  a p p r o p r i a t e  t ime and p l a c e  i n  
t h e  a p p r o p r i a t e  form and concen t ra t ion .  
Hence, l i v i n g  organisms depend upon t h e  
mechanisms t h a t  c o n t r o l  r e source  a v a i l a -  
b i l i t y ,  and t h e  p r o d u c t i v i t y  of a g iven 
food cha in  i s  determined t o  a l a r g e  de- 
g r e e  by t h e  r a t e s  a t  which requ i red  ma- 
t e r i a l s  a r e  r ecyc led  through t h e  system. 
Too, t h e  e f f i c i e n c y  wi th  which energy and 
m a t e r i a l s  can b e  u t i l i z e d  by an individual  
organism and i t s  popu la t ion  depends i n  
p a r t  upon t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  
organisms. 

The d i s t r i b u t i o n  of an organism o r  
populat ion i n  space and time is  determined 
i n  p a r t  by re source  a v a i l a b i l i t y  and i n  
p a r t  by t h e  l i m i t s  of i t s  t o l e r a n c e s  t o  
v a r i o u s  f a c t o r s .  With regard t o  resources ,  
t h a t  m a t e r i a l  which is necessary f o r  
growth and rep roduc t ion  and which is avail-  
a b l e  i n  amounts most c l o s e l y  approaching 
t h e  c r i t i c a l  minimum l e v e l  r equ i red  by 
t h a t  organism w i l l  tend t o  be  t h e  f a c t o r  
which l i m i t s  growth (L ieb ig ' s  "Law" of 
t h e  Minimum). For each phys ica l  f a c t o r ,  
an organism has  a range of t o l e r a n c e  
bounded by minimum and maximum l e v e l s  
(Shelford '  s "Law" of Tolerance) .  Odum 
(1971) included s e v e r a l  c o r o l l a r i e s  of 
t h i s  "Law": 1 )  a giver. organism may have 
a wide t o l e r a n c e  range f o r  one f a c t o r  and 
a narrow range f o r  another ;  2 )  g e n e r a l l y ,  
e u r y t o l e r a n t  organisms ( those  wi th  wide 
t o l e r a n c e  ranges  f o r  a l l  o r  most f a c t o r s )  
a r e  l i k e l y  t o  b e  most widely  d i s t r i b u t e d ;  
3) suboptimal c o n d i t i o n s  of one f a c t o r  
may cause  an  organism's  t o l e r a n c e  o f  
o t h e r  f a c t o r s  t o  b e  reduced; 4 )  f requent ly ,  
organisms do no t  occur  o r  a r e  n o t  most 
abundant w i t h i n  t h e i r  opt imal  range f o r  a 
p a r t i c u l a r  p h y s i c a l  f a c t o r ;  i n  t h e s e  cases 
o t h e r  f a c t o r s ,  o f t e n  b i o l o g i c a l  (e .g . ,  
p reda t ion ,  compet i t ion,  p a r a s i t i s m ,  e t c . ) ,  
a r e  more important ;  and 5)  environmental 
f a c t o r s  a r e  most l i k e l y  t o  b e  c r i t i c a l l y  
l i m i t i n g  f o r  a g iven organism dur ing  i t s  
rep roduc t ive  per iod.  Thus, t h e  p a r t s  of 
an  ecosystem which a r e  inhab i t ed  by any 
given s p e c i e s  a t  any given t ime a r e  de- 
termined by t h e  a v a i l a b i l i t y  of r e q u i r e d  
re sources ,  t h e  ranges  o f  t o l e r a n c e  f o r  a l l  
p e r t i n e n t  phys ica l  f a c t o r s ,  and b i o t i c  
i n t e r a c t i o n s .  

C. PRINCIPLES PERTAINING TO DIVERSITY 

Diver s i ty  r e f e r s  t o  t h e  number of 
d i f f e r e n t  k inds  ( i . e . ,  s p e c i e s )  of organ- 
i s m s  found i n  a given ecosystem, commu- 
n i t y ,  o r  t r o p h i c  l e v e l .  Typ ica l ly ,  a 
community o r  t r o p h i c  group is composed of 
a r e l a t i v e l y  small p ropor t ion  of dominant 
s p e c i e s  ( i . e . ,  t hose  wi th  many individuals ,  
l a r g e  biomass, o r  h igh p r o d u c t i v i t y )  and a 
l a r g e  p ropor t ion  of l e s s  "important" 
s p e c i e s  t h a t  a r e  r e l a t i v e l y  uncommon o r  
r a r e .  Because of t h e i r  numerical  and bio- 
mass dominance, t h e  common s p e c i e s  account 
f o r  most of t h e  energy f low through t h e  
community o r  t r o p h i c  l e v e l  (Odum 1971). 
However, s i n c e  t h e r e  g e n e r a l l y  a r e  many 
more r a r e  than common s p e c i e s ,  t h e  r a r e  
s p e c i e s  l a r g e l y  determine t h e  s p e c i e s  d i -  
v e r s i t y  of t h e  group. Ca lcu la t ion  of 
v a r i o u s  r a t i o s  between t h e  number of 
s p e c i e s  and numbers of i n d i v i d u a l s  (or  
biomass) y i e l d  so-cal led s p e c i e s  d i v e r s i t y  
i n d i c e s ,  which simply a l low mathematical 
express ion  of t h e  r e l a t i v e  d i v e r s i t i e s  of 
d i f f e r e n t  communities o r  groups. Such 
i n d i c e s ,  e s p e c i a l l y  t h e  Shannon-Weaver 
formula, have been used widely i n  ecologi-  
c a l  s t u d i e s  (Goodman 1975).  Recent ly ,  
however, Pee t  (1975) p resen ted  evidence 
t h a t  t h e s e  r e l a t i v i z e d  d i v e r s i t y  i n d i c e s  
a r e  mathemat ical ly  i n a p p r o p r i a t e  f o r  most 
e c o l o g i c a l  s t u d i e s .  Thus, cons ide rab le  
c a r e  must b e  exe rc i sed  i n  t h e  use  of d i -  
v e r s i t y  i n d i c e s ,  e s p e c i a l l y  i n  eva lua t ing  
t h e  e f f e c t s  of environmental a l t e r a t i o n s .  

Over t h e  l a s t  few decades ,  t h e  idea  
t h a t  h igh s p e c i e s  d i v e r s i t y  i s  d i r e c t l y  
c o r r e l a t e d  wi th  community o r  t r o p h i c  sys- 
tem s t a b i l i t y  has  become widespread and 
perhaps  too  g e n e r a l l y  accepted.  Th i s  is 
t h e  so-cal led " d i v e r s i t y - s t a b i l i t y  hypoth- 
e s i s . "  Odum (1971) p rov ides  a good ex- 
ample of t h e  reasoning behind t h i s  hypoth- 
e s i s  : 

"Higher d i v e r s i t y ,  t hen ,  means 
longer  food chains  and more c a s e s  
of symbiosis  (mutualism, para- 
s i t i s m ,  commensalism, and so  
f o r t h ) ,  and g r e a t e r  p o s s i b i l i t i e s  
f o r  nega t ive  feedback c o n t r o l ,  
which reduces  o s c i l l a t i o n s  and 
hence i n c r e a s e s  s t a b i l i t y .  . . . 
Consequently,  communities i n  
s t a b l e  environments such a s  t h e  
t r o p i c a l  r a i n  f o r e s t ,  have higher  
s p e c i e s  d i v e r s i t i e s  than communi- 
t i e s  sub jec ted  t o  seasona l  o r  
p e r i o d i c  p e r t u r b a t i o n s  by man o r  
na tu re .  What has  no t  y e t  been 
measured i s  t h e  e x t e n t  t o  which 
an i n c r e a s e  i n  community d ive r -  
s i t y  can,  i n  i t s e l f ,  i n c r e a s e  
t h e  s t a b i l i t y  of t h e  ecosystem 
i n  t h e  f a c e  of e x t e r n a l  o s c i l l a -  
t i o n s  i n  t h e  p h y s i c a l  h a b i t a t . "  



In  c o n t r a s t .  Goodman (1975) c r i t i -  
c a l l y  reviewed t h e  b i o l o g i c a l  and mathe- 
mat ical  bases  f o r  t h e  d i v e r s i t y - s t a b i l i t y  
hypothesis  and concluded t h a t  d i v e r s i t y  
and s t a b i l i t y  i n  ecosystems a r e  not  d i -  
r e c t l y  r e l a t e d .  A  s i m i l a r  conclusion was 
reached by L e f f l e r  (1978), based on d a t a  
from labora to ry  microcosm experiments.  
With regard t o  t h e  o f t en -c i t ed  example of  
the  h igh ly  d i v e r s e  and s t a b l e  t r o p i c a l  
r a i n  f o r e s t ,  Goodman (1975) suggested t h a t  
i ts  apparent s t a b i l i t y  may we l l  be  an il- 
lusion f o s t e r e d  by i n s u f f i c i e n t  s tudy  of  
exceedingly complex communities. As sup- 
por t  f o r  h i s  argument, he  noted t h a t  such 
ra in  f o r e s t s  a r e  being found t o  be  pain- 
f u l l y  vu lne rab le  t o  man-made p e r t u r b a t i o n s .  
Goodman (1975) summarized h i s  conclusions  
a s  fol lows:  

"The expec ta t ions  o f  t h e  d i -  
v e r s i t y - s t a b i l i t y  hypo thes i s  
a r e  borne ou t  n e i t h e r  by ex- 
per iments ,  by obse rva t ions ,  
nor by models; i ts  t h e o r e t i c a l  
formulat ions  have no necessary 
connect ion wi th  secure  sc ien -  
t i f i c  law, and i t s  preconcep- 
t i o n s  a r e  i n c o n s i s t e n t  wi th  an 
evo lu t iona ry  pe r spec t ive .  
C lea r ly ,  t h e  b e l i e f  t h a t  more 
d i v e r s e  communities a r e  more 
s t a b l e  i s  without  support .  It 
is n o t  so  c l e a r  what s o r t  o f  
r e l a t i o n  we should expect  be- 
tween d i v e r s i t y  and s t a b i l i t y . "  

More r e c e n t l y ,  Huston (1979) noted 
t h a t  h igh d i v e r s i t y  has  been r e l a t e d  t o  
both i n t e n s e  and reduced compet i t ion and 
c o r r e l a t e d  both  p o s i t i v e l y  and nega t ive ly  
wi th  p r o d u c t i v i t y .  With t h i s  confusing 
s i t u a t i o n  a s  a  background, he presented 
a  new hypo thes i s  of  d i v e r s i t y  based on 
"d i f f e rences  i n  t h e  r a t e s  a t  which popu- 
l a t i o n s  of competing s p e c i e s  approach 
compet i t ive  equi l ibr ium."  

From t h e  above d i s c u s s i o n ,  i t  is  
c l e a r  t h a t  s p e c i e s  d i v e r s i t y  and i t s  re-  
l a t i o n s h i p s  t o  community o r  ecosystem 
s t a b i l i t y  and p r o d u c t i v i t y  a r e  poor ly  
understood. Much a d d i t i o n a l  t h e o r e t i c a l  
and exper imental  r e sea rch  is  needed i n  
t h i s  a r e a .  

D. PRINCIPLES PERTAINING TO ECOSYSTEM 
STABILITY AND RESILIENCE 

According t o  Odum (1971), "The 
h a b i t a t  of  an organism i s  t h e  p l a c e  where 
i t  l i v e s ,  o r  t h e  p l a c e  where one would go 
t o  f i n d  it." The term e c o l o g i c a l  niche, 
on t h e  o t h e r  hand, " includes  n o t  only  t h e  
phys ica l  space occupied by an organism, 
but  a l s o  i t s  f u n c t i o n a l  r o l e  i n  t h e  com- 
munity ( a s ,  f o r  example, i t s  t r o p h i c  
p o s i t i o n )  and i ts p o s i t i o n s  i n  environ- 
mental g r a d i e n t s  of  temperature ,  mois tu re ,  
pH, s o i l ,  and o t h e r  cond i t ions  of e x i s t -  
ence." Gossel ink (1978) p o i n t s  o u t  t h a t  
t h e  s p e c i e s  occupying a  given n iche  
t y p i c a l l y  a r e  more e f f i c i e n t  u s e r s  of t h e  

resotlrces of t h a t  n i che  than a r e  fo re ign  
s p e c i e s  which might a t tempt  t o  r e p l a c e  
them. Th i s  idea  l e a d s  t o  t h e  hypo thes i s  
t h a t  a  n a t u r a l  community i s  t h e  optimum 
adap ta t ion  t o  a  given environment; con- 
sequen t ly ,  any d i s tu rbance  which changes 
t h e  n a t u r a l  community reduces  t h e  o v e r a l l  
e f f i c i e n c y  of t h e  system. 

Ecosystems d e v e l o ~  wi th  t ime through ., 
a  process  c a l l e d  e c o l o g i c a l  success ion.  
This  i s  an o r d e r l y ,  reasonably d i r e c t i o n a l ,  
and t h e r e f o r e  p r e d i c t a b l e  sequence of  
changes i n  s p e c i e s  composition and comu- 
n i t y  p rocesses  through time; i t  occurs  be- 
cause  t h e  community changes t h e  phys ica l  
environment (Odum 1971).  Succession cu l -  
minates  i n  a  s t a b i l i z e d  climax community 
"in which maximum biomass (or  h igh i n f o r -  
mation con ten t )  and symbiot ic  func t ion  be- 
tween organisms a r e  maintained per  u n i t  o f  
a v a i l a b l e  energy flow" (Odum 1971).  

The s t a b i l i t y  p r i n c i p l e  s t a t e s  t h a t  
any n a t u r a l  ecosystem tends  t o  change 
u n t i l  a  s t a b l e  s i t u a t i o n ,  wi th  homeosta t ic  
( s e l f - r e g u l a t i n g )  mechanisms, i s  developed 
(Odum 1971).  These mechanisms tend t o  re-  
t u r n  t h e  system t o  i t s  s t a b l e  s t a t e  f o l -  
lowing shor t - term changes caused by out-  
s i d e  f a c t o r s .  Natural  and man-made 
p e r t u r b a t i o n s  a r e  such f a c t o r s .  The re -  
s i l i e n c e  of a  given system ( i . e . ,  i t s  
a b i l i t y  t o  r e t u r n  t o  i t s  s t a b l e  s t a t e  f o l -  
lowing e x t e r n a l  p e r t u r b a t i o n s )  depends on 
many f a c t o r s  and i s  very d i f f i c u l t  t o  pre- 
d i c t .  I t  depends on t h e  c h a r a c t e r i s t i c s  
of  t h e  p a r t i c u l a r  system involved;  t h e  
type ,  magnitude, and frequency of t h e  per- 
t u r b a t i o n s ;  and o t h e r  f a c t o r s .  Because of  
d i f f e r e n c e s  i n  systems and p e r t u r b a t i o n s ,  
some e f f e c t s  may be immediate (e .g . ,  dea th  
of  p a r t  o r  a l l  of  a  popu la t ion) ,  wh i l e  
o t h e r s  may not  appear u n t i l  much l a t e r  
( e .g . ,  bioaccumulation of p e s t i c i d e s ,  ge- 
n e t i c  damage). Fur the r ,  because o f  t h e  in -  
t e r l o c k i n g  n a t u r e  o f  t h e  popu la t ions  and 
communities of ecosystems, p e r t u r b a t i o n s  i n  
one p a r t  of a  system may r e s u l t  i n  pe r tu r -  
b a t i o n s  i n  o t h e r  p a r t s .  I n  some c a s e s ,  
t h e s e  l a t t e r  e f f e c t s  may be more s e v e r e  
than those  caused d i r e c t l y  by t h e  o r i g i n a l  
p e r t u r b a t i o n .  Also,  t h e  e f f e c t s  of a  par- 
t i c u l a r  p e r t u r b a t i o n  may be g r e a t e r  when 
i t  is app l i ed  t o  a  system repea ted ly .  

111. BIOGEOCHEMICAL CYCLES 

A. GENERAL FEATURES 

A major f u n c t i o n a l  component of  a n  
ecosystem is  t h e  exchange o f  m a t e r i a l s ,  
chemicals ,  between l i v i n g  and non l iv ing  
s t r u c t u r a l  components of  t h e  system. Th i s  
cont inuous,  more or  l e s s  c i r c u l a r  exchange 
of  t h e  elements and inorgan ic  compounds 
necessary f o r  l i f e  i s  known a s  n u t r i e n t  
o r  biogeochemical c y c l i n g  (Odum 1971). 
Likens e t  a l .  (1977) consider  ecosystems 
t o  have four  phys ica l  compartments among 
which biogeochemicals cyc le .  These a r e :  



1 )  organic matter ,  2) a v a i l a b l e  n u t r i e n t s  
i n  s o i l  o r  dissolved i n  water,  3) the 
minerals of s o i l s  and rocks, and 4) t h e  
atmosphere. The physical  movement of 
these  chemicals within or  among ecosystems 
may r e s u l t  from meteorologic f o r c e s  (e.g.,  
wind, r a i n ,  c u r r e n t s ) ,  geologic fo rces  
(e.g.,  drainage, g r a v i t a t i o n a l  s e t t l i n g ,  
vulcanism), o r  b io log ica l  fo rces  (e.g.,  
animal movement, p lan t  seed d i s p e r s a l ) .  

Biogeochemical cyc les  themselves may 
be divided i n t o  two compartments: a 
r e l a t i v e l y  small exchange pool t h a t  i s  
cycled rap id ly  between organisms and 
t h e i r  immediate environment, and a l a r g e ,  
slow-movicg rese rvo i r  i n  t h e  sed i -  
ment, atmosphere, o r  hydrosphere (oceans). 
Biogeochemical cycles  based upon sedimen- 
t a r y  r e s e r v o i r s  (such a s  phosphorus and 
calcium) a r e  termed sedimentary types, 
while those based on atmospheric o r  hydro- 
spher ic  r e s e r v o i r s  (e.g.,  C02 and N) a r e  
ca l led  gaseous types (Odum 1971). -- 

The general  f e a t u r e s  of severa l  of 
t h e  more important biogeochemical cycles  
a r e  s i m i l a r  f o r  most macroecosystems. 
Therefore, t h e  cycles  f o r  water ,  carbon, 
n i t rogen ,  and phosphorus a r e  t r e a t e d  here 
i n  general  o u t l i n e  t o  prevent redundancy. 

B. THE HYDROLOGIC (H20) CYCLE 

Figure 1-1 i l l u s t r a t e s  t h e  major 
aspec t s  of the  global  water cycle .  Sev- 
e r a l  important f e a t u r e s  of t h i s  cyc le  a r e  
r e a d i l y  apparent but deserve emphasis 
here. F i r s t ,  while t h e  global  r e s e r v o i r  
of water is l a r g e ,  most of t h i s  water 
(-94%) i s  t i e d  up i n  t h e  l i thosphere  
( e a r t h ' s  c r u s t )  and c i r c u l a t e s  very 
slowly. I n  c o n t r a s t ,  t h e  a c t i v e l y  cycl ing 
atmospheric pool is q u i t e  small and vul- 
nerable  t o  perturbat ions (Odum 1971). 
Second, more water evaporates from the  
sea  than i s  returned v i a  p r e c i p i t a t i o n ,  
while t h e  reverse  holds t r u e  f o r  t h e  land.  
Thus, some of the  water t h a t  supports  
land systems o r i g i n a t e s  from t h e  sea.  
Third, t h e  r a t e  of groundwater recharge 
determines how much water w i l l  be ava i l -  
a b l e  i n  subsurface a q u i f e r s  f o r  man's use 
and, i n  c o a s t a l  a r e a s ,  t h e  extent  of s a l t -  
water i n t r u s i o n  i n t o  aqu i fe rs .  The r a t e  
of recharge i s  determined by t h e  amount 
of p r e c i p i t a t i o n ,  t h e  runoff r a t e ,  and 
the porosi ty  of t h e  s u b s t r a t e s .  A common 
e f f e c t  of many of man's a c t i v i t i e s ,  such 
a s  a g r i c u l t u r e  and cons t ruc t ion ,  is t o  
increase  t h e  runoff r a t e ,  which has a 
secondary and p o t e n t i a l l y  d i s a s t r o u s  e f -  
f e c t  of reducing t h e  r a t e  of groundwater 
recharge. Fourth, t h e  r a t e ,  volume, and 
seasonal v a r i a t i o n s  of sur face  runoff 
govern 1)  t h e  d i s t r i b u t i o n  of s a l i n i t y  i n  
e s t u a r i e s  and c o a s t a l  waters ,  2) t h e  c i r -  
cu la t ion  p a t t e r n s  i n  c o a s t a l  waters ,  and 
3) the  amount of dissolved and suspended 
sediments, n u t r i e n t s ,  organic mate r ia l s ,  

and contaminants contr ibuted t o  estu-  
a r i n e  and c o a s t a l  waters (Clark 1974). 

C. THE CARBON CYCLE 

Basic f e a t u r e s  of t h e  carbon cyc le  
a r e  diagrammed i n  Figure 1-2. The carbon 
cyc le  is character ized by a r e l a t i v e l y  
smal l ,  but very a c t i v e l y  c i r c u l a t i n g .  a t -  
mospheric pool i n  the  form of carbon di-  
oxide (C02). Incorporat ion of atmospheric 
C02 through b io log ica l  f i x a t i o n  (photosyn- 
t h e s i s )  provides t h e  base upon which nearly 
a l l  b io log ica l  product ivi ty  depends. The 
system is buffered by the  tremendous dis-  
solving power of the  oceans, which main- 
t a i n  a major carbon r e s e r v o i r  pr imari ly  
i n  t h e  form of carbonates. However, man's 
extensive burning of f o s s i l  f u e l s ,  inten- 
s i v e  a g r i c u l t u r e  (which r e l e a s e s  s o i l  C02), 
and defores ta t ion  apparent ly have exceeded 
t h e  r a t e  a t  which the ocean can take  up 
C02, r e s u l t i n g  i n  an increase i n  the  
amount of atmospheric C02 (Odum 1971). 
This ,  i n  t u r n ,  may increase  t h e  amount of 
heat  held within the  atmosphere and event- 
u a l l y  may have a major e f f e c t  on the  c l i -  
mate and weather ( i . e . ,  t h e  so-called 
"greenhouse" e f f e c t )  . 
D. THE NITROGEN CYCLE 

The n i t rogen  cycle  is a good example 
of a complex gaseous cyc le  (Fig. 1-3). 
The primary r e s e r v o i r  is the  atmosphere, 
which c o n s i s t s  of 80% ni t rogen .  Nitrogen 
i s  a major element necessary f o r  p ro te in  
syn thes i s ,  and thus i ts a v a i l a b i l i t y  over 
the  long term may in f luence  the abundance 
of organisms. The n i t rogen  cycle  is based 
on t h e  a c t i v i t y  of two general  groups of 
microorganisms : 1)  t h e  d e n i t r i f y i n g  bac- 
t e r i a  which degrade complex nitrogenous 
compounds and r e t u r n  elemental ni t rogen 
t o  t h e  a i r ,  and 2) t h e  ni t rogen-f ixing 
b a c t e r i a  and a lgae  which take  elemental 
n i t rogen  and transform i t  i n t o  forms (ni- 
t r a t e s ,  n i t r i t e s ,  ammonia) usefu l  t o  or-  
ganisms i n  t h e  syn thes i s  of amino ac ids  
and o ther  b io log ica l  molecules. Some n i -  
trogen i s  a l s o  f ixed by e l e c t r i f i c a t i o n  
and photochemical r e a c t i o n s ,  but  t h i s  
amount i s  r e l a t i v e l y  small.  The ni t rogen 
cycle  i s  b a s i c a l l y  t h e  same i n  t e r r e s t r i a l ,  
f reshwater ,  and oceanic environments (Fig. 
1-31, although t h e  spec ies  of microorgan- 
i s m s  involved, t h e  r e l a t i v e  importance of 
a lgae  and b a c t e r i a ,  and the  cyc le  dynamics 
may vary appreciably.  Such d i f fe rences  
a l s o  w i l l  be t r u e  even wi th in  major envi- 
ronments. For example, while  nitrogen- 
f i x i n g  a lgae  a r e  very important i n  the  
ocean's phot ic  zone, they appear t o  be of 
l i t t l e  s ign i f icance  i n  t h e  aphotic  
zone. 

E. THE PHOSPHOROUS CYCLE 

The phosphorous cyc le  appears q u i t e  
a b i t  simpler than the  n i t rogen  cycle ,  a s  
indicated by Figure 1-4. Like ni t rogen,  
phosphorus is required i n  the  syn thes i s  



I R A C T U R I O  ROCK 

Figure 1-1. The g loba l  hydrologic (H20) cyc le  [diagram modified from Energy Resources Co. , Inc. 
1978 adap ta t ion  of a f i g u r e  from Caswell 1977, with a d d i t i o n a l  information from 
Odum 1971 and Clark 1974; numbers a r e  from Odum 1971 and i n d i c a t e  geograms (lo2' 
grams) Hz0 i n  t h e  major compartments of t h e  biosphere]. 
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Figure 1-2. The g loba l  carbon cyc le  (adapted from Odum 1971; numbers a r e  lo9 tons of C02 and 
a r e  taken from Odum 1971). 



Figure 1-3. The global nitrogen cycle (adapted from Odum 1971). 

of biological molecules and often can be 
more limiting to biological productivity 
than the availability of nitrogen. This 
limiting effect-may be related to its 
relatively low availability (according to 
Odum 1971, it is 23 times less abundant 
than nitrogen in natural waters) and to 
the fact that it occurs in only one bio- 
logically useful inorganic form, phosphate. 
However, phosphates appear to be regener- 
ated rather rapidly (Fig. 1-4). In con- 
trast to the situation for nitrogen, the 
phosphorous reservoir is located pri- 
marily in the sediments, and release is 
accomplished primarily by erosion (plus 
man's mining efforts). Although marine 
birds, in particular, play a major role 
in recycling sedimented phosphates into 
easily weatherable guano deposits, much 
phosphate is buried in marine sediments 
and essentially lost to the cycle. How- 
ever, many such deposits in coastal areas 
can be mined and the phosphates recycled. 

F. THE SULFUR CYCLE 

Major elements of the sulfur cycle 
are illustrated in Figure 1-5. Sulfur is 
essential for the manufacture of certain 

amino acids, and sulfate (SO ) is the 
principal form utilized by p$ants and in- 
corporated into proteins. Organisms re- 
quire much less sulfur than nitrogen or 
phosphorus, so sulfur is much less fre- 
quently limiting to plant growth. None- 
theless, sulfates are necessary, particu- 
larly since the sulfur cycle is 
inextricably coupled with the carbon cycle 
in anoxic environments and provides a 
pathway by which reduced carbon compounds 
can be recycled to the atmospheric pool. 

The sulfur cycle is characterized by 
the following major features: 1) a large 
sedimentary reservoir pool; 2) a much 
smaller atmospheric pool; 3) a rapidly 
fluxing pool of several forms of sulfur, 
with the transformations mediated by spe- 
cialized microorganisms; 4) "microbial re- 
covery" of sulfur from deep sediments by 
bacterial transformation of SO4 in the 
sediments to H2S gas, which then rises to 
the photic zone where it can be utilized 
by other microorganisms; and 5) the in- 
teraction and interdependence of air, wa- 
ter, and soil pools and geochemical, me- 
teorological, and biological processes 
(Odum 1971). Also, Odum (1971) points out 
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Figure 1-4. The global phosphorous cycle (adapted from Odum 1971 with very minor modifications). 

that the formation of iron sulfides in the 
sediments results in the conversion of 
phosphorus from insoluble to soluble form, 
thus releasing it for biological use. 

IV. ECOSYSTEMS OF THE SEA 
ISLAND COASTAL REGION 

A. STUDY AREA 

The study area includes the coastal 
tier of counties in South Carolina and 
Georgia and the adjacent lowland counties 
of Dorchester, Berkeley, and Effingham. 
To the north, the study area is delimited 
just below the broad crescent of the 
"Grand Strand" by the HorryIGeorgetown 
County line in South Carolina and to the 
south by the St. Marys River on the 
GeorgiaIFlorida border. The east-west 
boundaries are the seaward 3-mi (4.8 km) 
territorial limit and the inland county 
lines, respectively (see Preface Fig. 2). 
This coastal study area extends almost 
480 krn (300 mi) and is characterized by 
numerous islands, inlets, and sounds. 

On the basis of the wetland classi- 
fication scheme of Cowardin et al. (19771, 
the study area was divided into the fol- 
lowing seven interrelated "macroecosystars" 

for characterization: 1) coastal marine. 
2 )  maritime, 3) estuarine, 4) riverine, 
5) palustrine, 6) lacustrine, and 7) up- 
land. These ecosystems are defined 
briefly below, and the remainder of this 
volume is devoted to a detailed charac- 
terization of each system (systems 4 - 6 
are treated together in one chapter on 
Freshwater Ecosystems). The general dis- 
tribution and areal extent ofthe major sys- 
tems in the study areaare shown in Atlas 
plate 1 (frontispiece) . 
B. SYSTEM DEFINITIONS (based on Cowardin 

et al. 1977) 

1. Coastal Marine Ecosystem 

The coastal marine ecosystem may be 
considered an edge system where land and 
water have unobstructed access to the 
open ocean. Water regimes and chemistry 
are determined primarily by tidal action. 
Oceanic water is only minimally diluted 
except opposite mouths of estuaries, and 
salinities generally exceed 300/00. Some 
coastal marine systems (e.g., open ocean 
beach) are considered high energy envi- 
ronments in terms of wave and current 
energy. 



ROLES OF MICROORGANISMS 

I .  n Z S + S j S O , :  colorlerr, green, ond 
purple sulfur bacleria 

2 SO,+ HZS: derultovibrio bacleria 
(anaerobic reduclion) 

3 ti# + SO,: lhiobocilli bacteria 
(aeroblc oxidolion) 

4 Orgonic S+SO,: oerobic hef~rolrophic 
microorqanirmr 

5 Orgonic S+HZ.S: anonobic helerolrophic 
microorflan~rmr 

6 SO, + Organic S :  primary producere 
(planle) 

Figure 1-5. The global  s u l f u r  cyc le  (adapted with minor modif icat ion from Odum 1971). 

For t h i s  charac te r iza t ion ,  t h e  sea- 
ward l i m i t  of the  c o a s t a l  marine ecosystem 
was defined a s  t h e  o u t e r  boundary of t h e  
3-mi (4.8 km) t e r r i t o r i a l  sea.  However, 
t h e  more r e a l i s t i c  seaward l i m i t  i s  t h e  
outer  edge of t h e  con t inen ta l  shelf  
(Cowardin e t  a l .  1977). The inland bound- 
a r y  of t h e  c o a s t a l  marine ecosystem was 
defined by Cowardin e t  a l .  (1977) a s  "1) 
t h e  landward l i m i t  of t i d a l  inundation. 
including t h e  sp lash  zone from breaking 
waves; 2 )  t h e  seaward l i m i t  of wetland 
emergents, t r e e s ,  o r  shrubs where they 
extend i n t o  open ocean waters; o r  3) t h e  
seaward l i m i t  of the  Estuarine System 
where t h i s  l i m i t  is  determined by f a c t o r s  
o t h e r  than vegetat ion."  

The c o a s t a l  marine ecosystem i s  di-  
vided i n t o  two subsystems: t h e  s u b t i d a l  
and t h e  i n t e r t i d a l .  The s u b t i d a l  subsys- 
tem c o n s i s t s  of c o a s t a l  waters extending 
seaward of extreme low spr ing  t i d e  l e v e l  
and with s a l i n i t i e s  cons i s ten t ly  exceed- 
ing 30°/oo. The i n t e r t i d a l  subsystem con- 
sists of t i d a l  beaches and bars  contiguous 
t o  c o a s t a l  waters. 

2. Maritime Ecosystem 

The maritime ecosystem is defined a s  
a l l  upland f o r e s t  a r e a s  and dunes located 
on b a r r i e r  i s l a n d s  ( i s lands  bordered on 
one s i d e  by t i d a l  marshes, creeks, and/or 
r i v e r s  and on another  s i d e  by an a c t i v e  
ocean-formed beach). Components of t h i s  
system a r e  influenced t o  varying degrees 
by s a l t  water. 

3. Estuarine Ecosystem 

The es tuar ine  system "cons i s t s  of 
deep-water t i d a l  h a b i t a t s  and adjacent  
t i d a l  wetlands which a r e  usua l ly  semi- 
enclosed by land, but  have open, par t i a l ly  
obstructed o r  sporadic  access  t o  t h e  open 
ocean and i n  which ocean water i s  a t  l e a s t  
occasional ly d i l u t e d  by f r e s h  water runoff 
from the  land" (Cowardin e t  a l .  1977). 
At t imes,  evaporation may increase  t h e  
s a l i n i t y  above t h a t  of t h e  open ocean. 
Es tuar ies  a r e  influenced more by t e r r e s -  
t f i a l  processes than i s  t h e  contiguous 
c o a s t a l  marine system. 



According t o  Cowardin e t  a l .  (1977). 
"Estuaries extend upstream and landward 
t o  t h e  place where ocean-derived s a l t s  
measure l e s s  than 0.5O/oo during t h e  
period of average annual low flow. The 
seaward l i m i t  of the  Estuarine System is :  
1) a  l i n e  c los ing  t h e  mouth of a  r i v e r ,  
bay, o r  sound; 2) a  l i n e  enclosing an of f -  
shore a rea  of d i l u t e d  sea-water with typi- 
c a l  es tuar ine  f l o r a  and fauna; o r  3) the 
seaward l i m i t  of wetland emergents, shrubs, 
o r  t r e e s  where these  p l a n t s  grow seaward 
of the  l i n e  c los ing  t h e  mouth of a  r i v e r ,  
bay, o r  sound." 

The e s t u a r i n e  system i s  divided i n t o  
two subsystems, the  s u b t i d a l  and the  in -  
t e r t i d a l .  Open water sounds, bays, and 
t i d a l  r i v e r s  and streams having s a l i n i -  
t i e s  g rea te r  than 0.5O/oo make up the  sub 
t i d a l  subsystem. The i n t e r t i d a l  subsys- 
tem cons i s t s  of beaches, bars ,  f l a t s ,  
oyster rocks, marshes, e t c . ,  exposed by 
t i d a l  act ion.  Impounded wetlands with 
average s a l i n i t i e s  g r e a t e r  than 0.50/00 
also a r e  included i n  the  i n t e r t i d a l  sub- 
system, although technica l ly  they a r e  not 
i n t e r t i d a l .  

4. Riverine Ecosystem 

The r i v e r i n e  ecosystem includes " a l l  
wetlands and deep water h a b i t a t s  contained 
within a  channel,  except: 1 )  wetlands 
dominated by t r e e s ,  shrubs, p e r s i s t e n t  
emergents, nonaquatic mosses o r  l i chens ,  
and 2) h a b i t a t s  with waters  containing 
ocean-derived s a l t s  i n  excess of 0.5°/oo" 
(Cowardin e t  a l .  1977). A channel,  a s  
defined here,  may be n a t u r a l  o r  a r t i f i -  
c i a l ,  but must contain e i t h e r  per iodical ly 
or cont inual ly moving water ( i n t e r m i t t e n t  
stream channels a r e  included i n  the  r iv -  
er ine system), o r  t h e  channel may be a  
l ink between two bodies of s tanding water.  

The emergent and fores ted  wetlands 
of flood p la ins  a r e  here  considered p a r t  
of the p a l u s t r i n e  eco log ica l  system. 
Where l a r g e  flood p la ins  a r e  present  and 
the r i v e r  channel is not  e a s i l y  defined,  
the r i v e r i n e  system ends where p e r s i s t e n t  
emergents (e. g., c a t - t a i l s  and cordgrasses) 
become dominant. The r i v e r i n e  ecological  
system is, there fore ,  bordered inland by 
the pa lus t r ine ,  l a c u s t r i n e  (where a  r i v e r  
channel empties i n t o  o r  from a l a k e ) ,  o r  
upland systems, and i s  bordered by the  
estuarine system (where s a l i n i t i e s  a r e  
greater than 0.50/00) on the seaward s ide .  

The r i v e r i n e  system is  divided i n t o  
four subsystems: the t i d a l ,  t h e  lower 
perennial,  the  upper perennia l ,  and t h e  
in te rmi t ten t .  The t i d a l  subsystem is 
characterized by water v e l o c i t y  f luc tu-  
a t ing  under t i d a l  inf luence,  a  low gra- 
dient,  a  streambed composed mainly of mud, 
occasional oxygen d e f i c i t s ,  and a  well- 
developed flood p la in .  The lower peren- 
n i a l  subsystem has nont ida l  flowing water 
throughout the year ,  low flow v e l o c i t i e s ,  

a  s u b s t r a t e  of sand and mud, occasional  
oxygen d e f i c i t s ,  a  fauna dominated by 
s t i l l - w a t e r  and planktonic forms, a  low 
grad ien t ,  a  well-developed f lood p l a i n ,  
and warm temperatures [average monthly 
water temperatures a r e  >2Q°C (>680F) 1. The 
upper perennial  subsystem is character ized 
by fast-flowing water throughout the  year ;  
a  s u b s t r a t e  predominantly of rocks, cob- 
b l e s ,  o r  g rave l ;  high oxygen concentrat ion;  
fauna c h a r a c t e r i s t i c  of running water with 
few, i f  any, planktonic forms; high gra- 
d i e n t ;  and l i t t l e  f loodplain development. 
F ina l ly ,  t h e  i n t e r m i t t e n t  subsystem has 
flowing water only p a r t  of t h e  year;  t h e  
remainder of t h e  time, channels may be dry 
o r  have water present  i n  i s o l a t e d  pools. 
The r i v e r i n e  ecosystem i n  the  Sea I s land  
Coastal Region is dominated by t h e  t i d a l  
subsystem, with t h e  lower perennial  sub- 
system represented upstream i n  major 
drainage systems. The i n t e r m i t t e n t  sub- 
system i s  well  represented i n  flood plains, 
but t h e  upper perennial  subsystem does not  
occur i n  t h e  6ea I s land  Coastal Region. 

5. P a l u s t r i n e  Ecosystem 

The p a l u s t r i n e  ecosystem "includes dl 
nont ida l  wetlands dominated by t r e e s ,  
shrubs, p e r s i s t e n t  emergents, nonaquatic 
mosses o r  l i c h e n s ,  and a l l  such wetlands 
t h a t  occur i n  t i d a l  a r e a s  where s a l i n i t y  
due t o  ocean-derived s a l t s  i s  below 
0.5°/oo" (Cowardin e t  a l .  1977). Wetlands 
which l a c k  the  vegetat ion described above, 
but  which a r e  l e s s  than 8 ha (20 acres )  
i n  s i z e ,  l ack  a  wave-formed o r  bedrock 
shore l ine ,  have a  maximum depth l e s s  than 
2 m (6.5 f t )  a t  low water ,  and have a  
s a l i n i t y  <0.5O/oo a r e  a l s o  included i n  the  
p a l u s t r i n e  system. 

The p a l u s t r i n e  ecosystem includes 
swamps, marshes, flood p l a i n s ,  savannahs, 
and o ther  s i m i l a r ,  extensively vegetated 
wetlands. I n  f a c t ,  a l l  wetlands t h a t  do 
not  f a l l  i n t o  t h e  marine, e s t u a r i n e ,  r i v -  
e r i n e ,  o r  l a c u s t r i n e  systems a r e  consid- 
ered p a l u s t r i n e .  Such environments o f ten  
occur adjacent  t o  l a c u s t r i n e ,  r i v e r i n e ,  
o r  es tuar ine  a reas  and may appear t o  grade 
i n t o  these  systems. The p a l u s t r i n e  eco- 
system has no subsystems. 

6. Lacustr ine Ecosystem 

According t o  Cowardin e t  a l .  (1977), 
the  l a c u s t r i n e  ecosystem "includes wet- 
lands and deep-water h a b i t a t s  with a l l  of 
t h e  following c h a r a c t e r i s t i c s :  1 )  s i t u -  
a ted  i n  a  topographic depression o r  a  
dammed r i v e r  channel; 2) lacking t r e e s ,  
shrubs, p e r s i s t e n t  emergents, nonaquatic 
mosses o r  l i chens  with g rea te r  than 30 
percent a r e a l  coverage; and 3) g rea te r  
than 8 hec ta res  (20 acres )  i n  s i z e . "  
Wetlands smaller  than 8 ha (20 acres )  may 
be included i n  the  l a c u s t r i n e  system i f  
they have an a c t i v e  wave-formed o r  bedrock 
shore l ine  and i f  maximum water depth a t  
low water i s  grea te r  than 2 m (6.5 f t ) .  



It is possible to have a tidal lacustrine 
body, but the salinity must be less than 
0.5O/00. 

By the above definition, the lacus- 
trine system includes permanently flooded, 
tidal, oxbow, and intermittent lakes and 
reservoirs. This type of ecosystem is 
represented best in the Sea Island Coastal 
Region by reservoirs and oxbow lakes. 
Such systems typically exhibit large areas 
of deep water and much wave action, and 
frequently may encompass islands of palus- 
trine wetlands. 

The lacustrine ecosystem is composed 
of two subsystems, the littoral and the 
limnetic. The littoral subsystem extends 
from the shoreward boundary of the lacus- 
trine body to a depth of 2 m (6.5 ft) (at 
low water), or to the maximum extent of 
non-persistent emergents (if they are be- 
yond the 2 m or 6.5 ft depth point). Zhus, 
all vegetated areas are considered lit- 
toral. If the lake has no vascular vege- 
tation present, the littoral zone is de- 
termined by the 2 m (6.5 ft) depth. The 
deep, open-water zone is, consequently, 
the limnetic subsystem. 

7. Upland Ecosystem 

In general, uplands include all l a d  
that are not part of the five previously 
defined wetlands or aquatic systems (i.e., 
lacustrine, palustrine, riverine, estu- 
arine, and marine). For this ecological 
characterization, we have divided these 
"uplands" into two distinct ecosystems. 
These are 1) an upland ecosystem affected 
by fresh water and 2) a maritime ecosys- 
tem defined as all upland forest areas 
and dunes located on barrier islands. 
Therefore, the upland ecosystem comprises 
all non-maritime uplands. 

Following Cowardin et al. (1977), one 
might define upland or terrestrial ecologi- 
cal systems as those areas not classified 
as wetlands or aquatic systems and charac- 
terized by the water table not being at, 
near, or above the land surface for suf- 
ficient time each year to promote the 
formation of hydric soils and the growth 
of hydrophytes as the dominant plant type. 
Soils of upland areas, then, would be pre- 
dominantly non-hydric, and the vegetation 
would be predominantly mesophytic or xero- 
phytic rather than hydrophytic. In ad- 
dition, uplands should be characterized 
further as lands that are never flooded 
during years of normal precipitation. 

V. ECOSYSTEM MODELS 

Any system, particularly one as com- 
plex as the Sea Island Coastal Region of 
South Carolina and Georgia, can be con- 
sidered to be composed of an infinite 
number of subsystems. Our choice of sys- 
tems to model was dictated primarily by 

the wetland classification scheme of 
Cowardin et al. (1977), as previously in- 
dicated. Thus, independent models were 
constructed for each of the seven major 
ecosystems within the characterization 
area. 

Each ecosystem model is characterized 
by four basic elements: compartments, 
flows between compartments, major inputs 
or external driving forces, and major out- 
puts or products. These four elements are 
connected, following the compartmentalized 
approach of Odum (1967), Odum (1971), and 
Patten (1971), to produce abstract mod- 
els which represent the structural and 
functional components of the ecosystems. 
In particular, the models attempt to show 
the pathways through which energy flows 
and materials cycle in the various eco- 
systems, and thus they are termed "ener- 
gese" models. A number of standard sym- 
bols are used in the models to convey the 
concepts of distribution, utilization, 
storage, and loss or resistance. These 
symbols are listed below (see Odum 1971). 

Circles indicate external energy sources. 
either potential or kinetic (e.g., the 
sun). These normally indicate energy in- 
put to the system (i.e., the driving 
forces for the system). 

"Silos" represent passive storage. These 
are normally used to indicate internal 
storage (i.e., nutrient pools) and provide 
the mechanism for nutrient regeneration. 

"Bullets" represent primary producers 
(plant populations) or autotrophic activ- 
ity. 

Hexagons indicate consumers or hetero- 
trophic activity. The trophic level is 
indicated by a number within the hexagon 
(i. e., lo means primary consumer, etc.) . 



Pointed b locks  r ep resen t  "work g a t e s , "  
where one flow of  energy a s s i s t s  ano the r  
t o  pass  ove r  some energy b a r r i e r .  These 
a r e  used h e r e  a l s o  wi th  t h e  fol lowing 
symbol t o  i n d i c a t e  energy l o s s  i n  a l l  
t r a n s f e r s  of energy. 

Arrows wi th  ground i n d i c a t e  s i n k s  ( i . e . ,  
l o s s  o r  d i s p e r s i o n  from t h e  system).  The 
use of t h i s  symbol i s  l i m i t e d  almost en- 
t i r e l y  t o  work g a t e s  i n  t h e  c h a r a c t e r i z a -  
t i o n  documents. 

Arrows without  ground i n d i c a t e  flows be- 
tween compartments. 

As a  whole, t h e s e  models a r e  l a r g e l y  
specu la t ive .  Energy flows and m a t e r i a l  
cycl ing i n  most ecosystems a r e  g e n e r a l l y  
not  w e l l  de f ined .  Therefore ,  t h e  energese 
diagrams presented h e r e  do no t  t r e a t  eco- 
systems i n  a  q u a n t i t a t i v e  manner, b u t  
r a the r  i n d i c a t e  r e l a t i v e  dominance of 
energy sources  and flows and p robab le  re-  
l a t i o n s h i p s  among compartments. Hope- 
f u l l y ,  by o rgan iz ing  t h e  components and 
flows of a  g iven system, t h e  models w i l l  
he lp  t h e  r eader  develop an unders tanding 
of how each ecosystem l i k e l y  works. Such 
an unders tanding i s  t h e  f i r s t  s t e p  i n  
r e a l i s t i c  management. 

Each energese  model i s  a l s o  accom- 
panied by a  s i m p l i f i e d  food web f e a t u r i n g  
r e p r e s e n t a t i v e  organisms and by a  p ic to -  
r i a l  which i l l u s t r a t e s  t h e  major b i o t i c  
and phys ica l  a t t r i b u t e s  of t h e  system and 
t h e i r  i n t e r r e l a t i o n s h i p s .  The p i c t o r i a l s  
present r e a l i s t i c  c r o s s  s e c t i o n s  of t h e  
ecosystems, d i s p l a y i n g  r e p r e s e n t a t i v e  
organisms a s  they might appear  i n  t h e i r  
na tu ra l  h a b i t a t s .  A s  independent u n i t s ,  
the p i c t o r i a l s  were prepared t o  f a m i l i a r -  
i z e  t h e  r eader  wi th  t h e  v a r i o u s  h a b i t a t s  
encompassed by t h e  ecosystem d e f i n i t i o n s  
and d i s p l a y  t h e s e  h a b i t a t s  i n  a  form 
which c r e a t e s  e a s i l y  i d e n t i f i a b l e  com- 
posi tes .  The food webs demonstra te  
t rophic  dependencies and a c t  a s  l i n k s  be- 
tween t h e  models and p i c t o r i a l s  by pro- 
viding i l l u s t r a t i o n s  of r e p r e s e n t a t i v e  
f l o r a  and fauna which a r e  tagged wi th  
appropr ia te  model symbols. Together,  t h e  
energese models, food webs, and p i c t o r i a l s  

form a  t r i p a r t i t e  p r e s e n t a t i o n  which pro- 
v i d e s  t h e  r eader  wi th  o p t i o n s  f o r  under- 
s t and ing  t h e  a t t r i b u t e s  of t h e  va r ious  
ecosystems under cons ide ra t ion .  Because 
of t h e  phys ica l  s i z e  of these  t r i p a r t i t e  
p r e s e n t a t i o n s ,  they a r e  presented i n  t h e  
a t l a s  volume. Only t h e  energese  models 
and a  s imple  block diagram of food webs 
a r e  p resen ted  h e r e  i n  t h e  t e x t .  Thus, 
t h e  r e a d e r  should c o n s u l t  t h e  A t l a s  f o r  
t h e  f u l l  ecosystem model p r e s e n t a t i o n s  
(At la s  p l a t e s  2  - 8 ) .  

V I .  ENDANGEBED SPECIES 

A. BACKGROUND INFORMATION 

Over a  pe r iod  of many y e a r s ,  people  
throughout t h e  world have come t o  r e a l i z e  
t h a t  a  growing number of s p e c i e s  of wild- 
l i f e  and p l a n t s  a r e  l i k e l y  t o  become ex- 
t i n c t  soon u n l e s s  man t akes  s t e p s  t o  pro- 
t e c t  them. I n  t h e  United S t a t e s ,  t h i s  
growing r e a l i z a t i o n  l e d  t o  t h e  passage of 
t h e  Endangered Spec ies  P r e s e r v a t i o n  Act 
of 1966, which was amended i n  1969 t o  t h e  
Endangered Species  Conservation Act. 
L a t e r ,  a  s t r o n g e r  law, t h e  Endangered 
Species  Act o f  1973, was passed by t h e  
93rd Congress (Pub l i c  Law 93-2059. The 
major purposes o f  t h i s  law were: 1 )  " to  
provide a  means whereby t h e  ecosystems 
upon which endangered s p e c i e s  and 
th rea tened  s p e c i e s  depend may b e  con- 
served,"  and 2) " t o  provide a  program f o r  
conse rva t ion  of endangered s p e c i e s  and 
threatened s p e c i e s  . . ." 

Cent ra l  t o  such l e g i s l a t i o n ,  of 
course ,  a r e  t h e  concepts  of "endangered," 
" th rea tened , "  and "rare"  s p e c i e s  and what 
may be termed t h e  "conservat ion e t h i c . "  
The e c o l o g i c a l  and ph i losoph ica l  back- 
ground f o r  t h e  development of t h e  endan- 
gered s p e c i e s  concept i s  discussed a p t l y  
by Smith (1976), b u t  perhaps  t h e  b e s t  
d e f i n i t i o n s  o f  endangered and th rea tened  
s p e c i e s  a r e  those  given by Rayner e t  a l .  
(1979) : 

"Endangered - A taxon [organism] 
whose populat ion l e v e l  is  natu- 
r a l l y  low o r  which has  become 
reduced i n  numbers throughout 
a l l  o r  a  s i g n i f i c a n t  p o r t i o n  of 
i t s  range,  o r  whose n a t u r a l  habi- 
t a t  has  been a l t e r e d  and/or  re- 
duced t o  t h e  e x t e n t  t h a t  repro-  
d u c t i v e  popu la t ions  a r e  smal l  
and vu lne rab le  t o  e x t i r p a t i o n .  
Without p r o t e c t i o n  and manage- 
ment throughout i ts range ,  a  
taxon i n  t h i s  category could 
w e l l  be  e x t i r p a t e d  from i t s  natu- 
ra l .  h a b i t a t s  w i t h i n  t h e  immedi- 
a t e  f u t u r e . "  

"Threatened - A taxon which is 
no t  i n  immediate danger of ex- 
t i r p a t i o n ,  b u t  one whose popu- 
l a t i o n s  have been dep le ted  o r  



a r e  decreasing a t  a s i g n i f i -  
cant r a t e  and/or whose n a t u r a l  
h a b i t a t  has been a l t e r e d  o r  
destroyed throughout much of 
i t s  o r i g i n a l  range. Without 
protect ion and management, 
these p l a n t s  [organisms] a r e  
l i k e l y  t o  become endangered 
within t h e  foreseeable f u t u r e  
throughout a l l  o r  a s i g n i f i -  
cant port ion of t h e i r  range." 

The most recent  l ist  of animals and p l a n e  
o f f i c i a l l y  designated a s  endangered o r  
threatened under the  1973 Act appeared i n  
t h e  Federal Register  on 17 January 1979 
(U.S. Department of I n t e r i o r ,  Fish and 
Wi ld l i fe  Service 1979a). 

Besides e s t a b l i s h i n g  a na t iona l  ef-  
f o r t  t o  conserve and preserve endangered 
and threatened organisms, t h e  Endangered 
Species Act of 1973 encouraged S t a t e s  t o  
develop t h e i r  own l e g i s l a t i o n  t o  p r o t e c t  
endangered spec ies .  Georgia's S t a t e  leg-  
i s l a t u r e  took ac t ion  rap id ly ,  and i n  1973 
passed an Endangered Wi ld l i fe  Act and a 
Wildflower Preservat ion Act. These laws 
required t h e  Georgia Department of Natural 
Resources t o  i d e n t i f y  and p r o t e c t  those 
spec ies  of w i l d l i f e  and p lan ts  i n  need of 
p ro tec t ion  i n  Georgia. The f i r s t  l ists 
of protected w i l d l i f e  and p l a n t  spec ies  
were approved by the  Georgia Board of 
Natural Resources i n  1975, and have s ince  
been revised (McCollum and Ettman 1977, 
Odom e t  a l .  1977). The following year ,  
t h e  South Carolina General Assembly pas- 
sed the  South Carolina Nongame and En- 
dangered Species Conservation Act of 1976. 
This law required the  South Carolina 
Wi ld l i fe  and Marine Resources Commission 
t o  develop a l i s t  of those species  of 
nongame w i l d l i f e  endangered within the  
S t a t e ,  and t o  conduct programs f o r  the  
management of nongame and endangered 
species .  Twenty-five species  of animals 
were then declared t o  be "Endangered 
Wi ld l i fe  Species of South Carolina" under 
t h e  r u l e s  and regula t ions  provision of 
the Act (South Carolina Legis la t ive  
Council of t h e  General Assembly 1977). 
P l a n t s  were no t  covered under t h i s  law. 

I n  1978, t h e  Federal  Endangered 
Species Act of 1973 was amended (Public  
Law 96-632) t o  d i r e c t  the  Secretary of 
t h e  I n t e r i o r  and t h e  Secretary of Commerce 
t o  develop "recovery plans" f o r  the  con- 
se rva t ion  and surv iva l  of f e d e r a l l y  l i s ted  
endangered o r  threatened species .  Re- 
s p o n s i b i l i t y  f o r  development of recovery 
plans f o r  b i r d s  and t e r r e s t r i a l  species  
was delegated t o  t h e  Fish and Wi ld l i fe  
Service (Department of t h e  I n t e r i o r ) ,  
while t h a t  f o r  marine spec ies  except b i r d s  
and sea  t u r t l e s  was given t o  t h e  National 
Marine F isher ies  Service (Department of 
Commerce). Development of recovery plans 
f o r  sea t u r t l e s  was t o  be a j o i n t  respon- 
s i b i l i t y  of t h e  two agencies. 

I n  response to  the 1978 law, Recovery 
Teams were establ ished t o  develop recovery 
plans f o r  a number of endangered species .  
These teams usual ly have from t h r e e  t o  
seven members, and include employees of 
Federal and S t a t e  agencies, p lus  profes- 
s i o n a l s  from academic o r  conservation or- 
ganizat ions (U.S. Department of I n t e r i o r ,  
Fish and Wi ld l i fe  Service 1979b). Most 
o r  a l l  team members a r e  engaged a c t i v e l y  
i n  research o r  management e f f o r t s  on t h e  
sub jec t  species .  Each recovery team i s  
charged t o  develop a recovery plan t h a t  ". . . j u s t i f i e s ,  d e l i n e a t e s ,  and schedules 
those a c t i o n s  r e  uired f o r  r e s t o r i n g  and 
securing an E/T Zendangeredlthreatened] 
species  a s  a v i a b l e  se l f - sus ta in ing  member 
of i t s  ecosystem" (U.S. Department of 
I n t e r i o r ,  F i sh  and Wi ld l i fe  Service 
1979b). A t  p resen t ,  recovery teams f o r  
t h e  following endangered o r  threatened 
animals of t h e  Sea I s land  Coastal Region 
have been es tab l i shed :  American a l l i g a t m ,  
bald eag le ,  brown pe l ican ,  Florida manatee, 
F lor ida  panther ,  Ki r t l and ' s  warbler ,  
peregrine fa lcon ,  red-cockaded woodpecker, 
sea t u r t l e s ,  and shortnose sturgeon. 
Information on t h e  recovery team leaders  
and the  s t a t u s  of recovery plans i s  given 
i n  t h e  b r i e f  spec ies  summaries presented 
l a t e r  i n  t h i s  sec t ion .  

B. ENDANGERED AND THREATENED VASCULAR 
PLANTS 

Vascular p l a n t s  p resen t ly  considered 
t o  be i n  need of p ro tec t ion  i n  c o a s t a l  
South Carolina and Georgia a r e  l i s t e d  i n  
Tables 1-1 and 1-2, respec t ive ly .  Al-  
though only one spec ies  from t h i s  region 
i s  included i n  t h e  o f f i c i a l  "List  of En- 
dangered and Threatened Wi ld l i fe  and 
Plants"  (U.S. Department of I n t e r i o r ,  
Fish and Wi ld l i fe  Service 1979a), a t o t a l  
of 71 species  i s  considered t o  be i n  
jeopardy by S t a t e  a u t h o r i t i e s .  

While South Carolina does not  y e t  
have a S t a t e  law governing endangered 
p l a n t s ,  an ad hoc advisory committee has 
made grea t  progress  i n  determining what 
species  a r e  i n  need of p ro tec t ion  i n  t h e  
S t a t e .  This committee produced the  f i r s t  
l i s t  of r a r e  and endangered p l a n t s  of 
South Carolina (Rodgers and Clark 1977), 
and i t s  "unoff icial"  l i s t  was updated and 
published recen t ly  (Rayner e t  a l .  1979). 
This new l i s t  i s  now the  primary reference 
on r a r e  and endangered p lan ts  of South 
Carolina. 

Rayner e t  a l .  (1979) grouped p l a n t s  
bel ieved t o  be endangered o r  threatened 
i n  South Carolina i n t o  four  ca tegor ies :  
Of National Concern; Of Regional Concern; 
Of Statewide Concern; and Of Concern, 
S ta tus  Unresolved. These ca tegor ies  a r e  
defined below (adapted from Rayner e t  a l .  
1979). Readers should keep i n  mind t h a t  
none of t h e  species  l i s t e d  i n  Table 1-1 
from Rayner e t  a l .  (1979) a r e  considered 
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endangered or threatened at the Federal 
level. 

1. Of National Concern - species 
endangered or threatened over their en- 
tire range. 

2. Of Regional Concern - species 
endangered or threatened throughout sig- 
nificant portions of their ranges, in- 
cluding South Carolina and other States 
of the region. Such species may be of no 
special concern outside the region, but 
their rarity and definite threats to 
their populations make them of concern in 
this part of the country. Included here 
also are South Carolina populations that 
are far removed from the main populations 
of certain species. 

3. Of Statewide Concern - species 
which are considered endangered or 
threatened only in South Carolina. 

4. Of Concern, Status Unresolved - 
species believed to be rare and likely 
endangered or threatened, but for which 
too little information is available to 
allow a determination of status. 

Under provisions of the Georgia 
Wildflower Preservation Act of 1973, the 
Georgia Department of Natural Resources 
was required to determine those species 
of plants in need of protection in 
Georgia. A first list of 99 species was 
approved by the Board of Natural Resources 
in 1975. Subsequent work led to the re- 
moval of 41 species from the list, and at 
present 58 species are protected by law 
(McCollum and Ettman 1977). McCollum and 
Ettman (1977) designated species as en- 
dangered or threatened in Georgia based 
on consideration of the following five 
criteria: 

1. Rare Throughout - The species is 
rare throughout its entire natural range 
regardless of political boundaries. 

2. Rare Disjunct - The species is 
rare in Georgia and is separated from the 
major body of the population - which may 
be located outside Georgia - by a con- 
siderable distance. 

3 .  Rare peripheral - The species is 
rare in Georgia and represents a range 
extremity. The species may be much more 
plentiful in other parts of its range. 

4. Exploited - The species has been 
subjected to commercial exploitation. 
The species is not necessarily rare, but 
the natural population cannot support an 
extensive comercial market and remain 
stable. 

5. Rapid Habitat Loss - The species 
requires a habitat which is being altered 
at an especially rapid rate when compared 
to the alteration of Georgia's natural 
environments over all. 

For each species listed, McCollum and 
Ettman (1977) give a brief description of 
the plant, its habitat requirements, and 
what is known of its distribution in 
Georgia. 

C. ENDANGERED AND THREATENED ANIMALS 

A total of 30 species of animals are 
considered endangered or threatened in 
the Sea Island Coastal Region (Table 1-3). 
Unlike the situation for plants, all but 
three of these species are already on the 
official Federal list of endangered and 
threatened species (U.S. Department of 
Interior, Fish and Wildlife Service 1979a). 
All of the species on the South Carolina 
State list (South Carolina Legislative 
Council of the General Assembly 1977) are 
considered endangered; the 1976 State law 
did not include a threatened category. 
In contrast, Georgia recognizes four pos- 
sible classes of protected species - en- 
dangered, threatened, rare, and unusual 
(Odom et al. 1977). 

A brief discussion of each species of 
endangered or threatened wildlife listed 
in Table 1-3, plus some other species of 
concern in the region, follows. The 
reader also should consult the appropriate 
ecosystem chapters and Atlas plates 31 - 
4 0 .  

1. Mammals 

a. Eastern Cougar. Historically, 
this species ranged from Canada into South 
Carolina, but today it is known from only 
a few scattered locations at best. No 
specific habitat requirements are known, 
except that it needs a large wilderness 
area with an adequate food supply (usually 
deer). Cougars were probably common 
predators in coastal environments at one 
time, but they are virtually unknown now 
in the Sea Island Coastal Region. No re- 
covery team has been appointed to date 
for the cougar, but it is likely that many 
of the recommendations developed for the 
Florida panther (another subspecies) can 
be applied to the cougar. For further 
information, see the section on mammals 
of maritime forests in Chapter Three. 

b. Pocket Gophers. Two species of 
pocket gophers are considered endangered 
in Georgia, but are not included on the 
Federal list and do not occur in South 
Carolina. The colonial pocket gopher's 
entire range in North America is re- 
stricted to about 12 mi2 (31 km2) in soutb 
eastern Georgia (Camden County). Pres- 
ently, it is known from a single 200 ha 
(494 acre) area near Scotchville, Georgia 
(Winchester et al. 1978). Similarly, 
Sherman's pocket gopher was known in 
Georgia from only a single population near 
Savannah, but recent attempts to find 
specimens were unsuccessful (Odom et al. 
1977). 
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t o t a l  were found i n  water l e s l  than 6.5 m 
deep. . . it  i s  obvious t h a t  Williams was 
sampling a component of the  Carolina f l o r a  
which I did not." In  reference t o  
Williams' l i s t  of 104 spec ies ,  Wiseman and 
Schneider (1976) have noted t h a t ,  with the  
exception of t h e  'Carolinas only'  notat ion 
under which he l i s t e d  11 taxa,  the  format 
used by Williams has made i t  impossible 
to  a s c e r t a i n  with c e r t a i n t y  records f o r  
South Carolina. 

The following spec ies  were prominent 
i n  c o l l e c t i o n s  from Sapelo Is land,  Georgia 
(Chapman 1971), and a r e  a l s o  expected t o  
occur along t h e  South Carolina coast :  
Enteromorpha l i n g u l a t a ,  Ulva lac tuca  var .  
l a t i s s ima ,  Chaetomorpha minima, Codium 
isthmocladium subsp. clavatum, Sargassum 
f l u i t a n s ,  Lithothamnion spp., Halymenia 
spp., G r a c i l a r i a  f o l i i f e r a ,  Chrysymenia 
sp., Botryocladia occ iden ta l i s ,  Rhodymenia 
pseudopalmata, Lomentaria bai leyana,  
Callithamnion sp.,  Ceramium leptozonum, 
Gr inne l l i a  americana, Dasya p e d i c e l l a t a ,  - 
Polysiphonia s u b t i l i s s i m a  and Chondria 
l i t t o r a l i s .  Further ,  J. J. Manzi (1979, 
South Carol ina Marine Resources Division, 
Charleston, pers  . corn. ) recorded 
Enteromorpha l i n g u l a t a ,  Ulva lac tuca ,  
Bryopsis plumosa, Codium isthmocladium, 
Dictyota dichotoma, Sargassum f l u i t a n s ,  
Bangia fuscopurpurea, Porphyra l e u c o s t i c t a ,  
Grac i la r ia  s p , ,  Gr inne l l i a  americana, 
Polysiphonia denudata and Polysiphonia sp.  
commonly i n  various p laces  along t h e  South 
Carolina coas t .  

Schneider and Sear les  (1978) described 
two d i s t i n c t  a l g a l  assemblages from North 
Carolina, the  " je t ty"  and "shelf" f l o r a s .  
Of t h e  280 taxa l i s t e d  (162 reds,  61 
greens, 57 browns), 116 a r e  r e s t r i c t e d  t o  
the  " je t ty"  f l o r a ,  101 t o  t h e  "shelf" 
f l o r a ,  and 63 a r e  shared by both f l o r a s .  
Within t h e  " je t ty"  f l o r a ,  16% of t h e  taxa 
reach t h e i r  southern l i m i t  of d i s t r i b u t i o n  
i n  North Carol ina,  38% t h e i r  northern 
l i m i t ,  and 40% have no boundary i n  t h e  
Carolinas. Within t h e  "shelf" f l o r a ,  3% 
reach t h e i r  southern l i m i t  i n  t h e  
Carolinas, 72% t h e i r  northern l i m i t ,  and 
20% have no boundary i n  t h e  Carolinas 
according t o  these authors .  Many of t h e  
taxa reported from t h e  "shelf" and 
"jet ty"  assemblages of North Carolina have 

1 not been reported from South Carolina; 
nevertheless ,  most probably w i l l  be re- 
corded there  eventual ly.  For example, the 
t r o p i c a l  green a lga ,  Ara inv i l l ea  
longicaul is ,  c i t ed  by Schneider (1976) from 
North Carol ina recen t ly  has been co l lec ted  
offshore of South Carolina and t h e  red 
alga, Halymenia f lo r idana ,  reported from 
North Carolina has been co l lec ted  i n  
abundance from a coquina outcrop a t  
Myrtle Beach (R. L. Wiseman, 1978, College 
of Charleston, Charleston, unpubl. da ta ) .  
The s u b t i d a l  a lgae  of t h e  l a t t e r  h a b i t a t  
have never been surveyed completely. Pre- 
liminary c o l l e c t i o n s  from t h e  coquina out- 
crop have revealed t h a t  the  dominant sub- 
t i d a l  species  of t h e  sur f  zone a r e  

i 

Coral l ina o f f i c i n a l i s  and Grac i la r ia  
f o l i i f e r a  (R. L. Wiseman. 1978, College 
of Charleston, Charleston, unpubl. d a t a ) .  
Most of the shallow water ( l e s s  than 6 m o r  
19.7 f t )  species  reported by Williams (1951) 
from L i t t l e  River, South Carolina, probably 
inhabi t  t h i s  extensive outcrop a t  Myrtle 
Beach. The submerged, s u b t i d a l  p a r t s  
of the  j e t t i e s  now being constructed a t  
Murrells I n l e t  should be colonized by a 
v a r i e t y  of spec ies ,  some perhaps new t o  
South Carolina. 

3. Vascular Flora 

Marine flowering p lan ts  a r e  general ly  
absent from t h e  waters  of the  Sea Is land 
Coastal  Region. Although Small (1933) 
d e s c r i b ~ d . t h e  range of e e l  g rass  a s  
"Florida t o  Mewf oundland" (as  have 
o t h e r s ) ,  Radford e t  a l .  (1968) re-  
ported no marine flowering p l a n t s  f o r  
South Carolina. However, Cur t i s  (1972) 
l i s t e d  e e l  g rass  from t h e  Santee and 
Cooper r i v e r s ,  but t h i s  record has no t  
been confirmed. Radford e t  a l .  (1968) 
reported a herbarium record of e e l  g rass  
from Georgia, but J. R. Bozeman and J. 
P h i l l i p s  (1979, Georgia Department of 
Natural Resources, Brunswick, per. comm.) 
have confirmed t h a t  e e l  g rass  does not 
occur i n  Georgia. 

Strandings of non-native f l o r a  along 
southeastern beaches a r e  common and may 
account f o r  some of t h e  discrepancies  i n  
the presence or  absence of herbarium re-  
cords. For example, A. E. Radford (1978, 
University of North Carol ina,  Chapel H i l l ,  
pers .  comm.) reported a specimen of 
t u r t l e  grass  from t h e  North Carolina 
coas t ,  although t u r t l e  grass  does not 
grow north of F lor i sa .  The absence of 
beds of marine flowering p lan ts  from t h e  
Sea Is land Coastal Region is  probably due 
t o  t h e  f a c t  t h a t  no protected shallow 
sounds (such a s  those i n  northeastern 
North Carolina) a r e  present .  

Widgeon grass  has been considered 
a marine flowering p lan t  by some authors .  
However, i n  t h e  Sea Is land Coastal Region, 
i t  is  found i n  brackish waters  and i s  
d e a l t  with under the  Estuarine Ecosystem 
(see  Chapter Four).  

4. D e t r i t u s  

Det r i tus  is discussed here because i t  
is  b a s i c a l l y  surp lus  primary production pro- 
duced elsewhere and enriched with a v a r i e t y  
of heterotrophic/decomposer micro- and macro- 
organisms. Such surplus production a r i s e s  
p r i n c i p a l l y  i n  the  vas t  e s t u a r i n e  wetlands 
of t h i s  region and is  "imported" i n t o  the  
nearshore waters  v i a  the numerous e s t u a r i e s  
and i n l e t s  which cu t  the  South Carolina- 
Georgia coast .  The importance of d e t r i t u s  
i n  marine food webs decreases rap id ly  with 
d i s tance  from shore,  but i t  is  probably 
q u i t e  s i g n i f i c a n t ,  e spec ia l ly  f o r  benthic  
organisms, within t h e  3-mi (4.8 km) zone 
considered here.  C.  D.  Har r i s  (1979, 



Georgia Department of Natural  Resources, 
Brunswick, pers. comm.) documented t h e  
presence of Spar t ina  a l f e r n i f l o r a  d e t r i t u s  
(stems) on l i v e  bottom a r e a s  off  Georgia. 

For convenience sake,  we may a l s o  in-  
clude with d e t r i t u s  t h e  complex organic 
aggregates commonly found i n  near-surface 
n e r i t i c  waters  and known a s  "marine snow." 
Such aggregates have not  been s tudied i n  
t h e  Georgia Bight. Off t h e  Ca l i fo rn ia  
coas t ,  these  aggregates a r e  general ly  
>0.5 m i n  s i z e  and t y p i c a l l y  contain 
highly enriched populat ions of diatoms, 
d i n o f l a g e l l a t e s ,  microzooplankters, f e c a l  
p e l l e t s ,  and o t h e r  waste mate r ia l s  compared 
t o  t h e  surrounding water (S i lver  e t  a l .  
1978). Such aggregates  tend t o  concentrate  
micro food resources such a s  f e c a l  p e l l e t s  
and o ther  waste mate r ia l  (e.g., crustacean 
exoskeletons) i n t o  l a r g e r  p a r t i c l e s ,  and 
t o  increase  t h e  r e t e n t i o n  time of such 
p a r t i c l e s  i n  near-surface waters  and thus 
t h e i r  a v a i l a b i l i t y  t o  p o t e n t i a l  pe lag ic  
g razers  (S i lver  e t  a l .  1978). I n  so  doing, 
they may a l s o  reduce t h e  amounts and r a t e s  
of food s ink ing  from t h e  euphotic zone t o  
the  benthos. 

C. CONSUMERS 

1. Zooplankton 

The zooplankton cmmunity of near- 
shore  marine waters  i s  q u i t e  d i v e r s e  com- 
pared t o  o ther  marine h a b i t a t s .  Zoo- 
plankton abundance tends t o  be  g r e a t e r  
i n  nearshore, shal low waters  and t o  de- 
c rease  with increas ing  depth across  t h e  
she l f  (Turner e t  a l .  1979). Grice and 
Hart (1962) ind ica ted  t h a t  r e l a t i v e  
r a t i o s  of mean numbers of zooplankters i n  
western A t l a n t i c  h a b i t a t s  approximate t h e  
following: 30 ( she l f )  : 6 (Gulf Stream) : 
2 (slope): 1 (Sargasso Sea). Numbers of 
zooplankters reported from nearshore waters  
o f f  South Carolina and Georgia a r e  near ly  
i d e n t i c a l  t o  those found i n  s i m i l a r  
h a b i t a t s  o f f  New York by Grice and Hart 
(1962) (see Anderson e t  a l .  1956a, b; and 
Anderson and Gehringer 1957a, b, 1958a, 
b, 1959a, b ,  c).  Nut r ien t s  washed (out- 
welled) from ad jacen t  l ands  and e s t u a r i e s  
and upwelled from deep ocean l a y e r s  
support abundant phytoplankton populat ions,  
which form t h e  base of t h e  food chain. 
The zooplankton includes herbivores ,  
d e t r i t i v o r e s ,  and carnivores ,  l ink ing  
producers t o  pe lag ic  secondary and t e r -  
t i a r y  consumers. Zooplankton metabolic 
wastes a r e  decomposed and u t i l i z e d  by 
phytoplankton; f e c a l  p e l l e t s  and carcasses  
of zooplankters s ink  t o  t h e  bottom where 
they a r e  u t i l i z e d  by ben th ic  forms. 

Tn c o n t r a s t  t o  oceanic and freshwater 
zooplankton, t h a t  of n e r i t i c  waters  con- 
t a i n s  a l a r g e  meroplanktonic component, 
cons i s t ing  of those  form% t h a t  occur i n  
t h e  plankton f o r  only a p o r t i o n o f  t h e i r  
l i f e  cycles  (e.g.,  egg and l a r v a l  s tages ) .  
The meroplankton is most abundant 

r e l a t i v e l y  near shore (Reeve 19751, and 
i t  i s  highly d iverse ,  cons i s t ing  ch ie f ly  
of t h e  l a r v a l  s tages  of benthic  inverte-  
b r a t e s  such a s  crustaceans,  echinoderms, 
mollusks, and polychaetes, t h e  eggs and 
la rvae  of f i s h e s ,  and hydrozoan medusae. 

The spec ies  composition of c o a s t a l  
marine zooplankton may r e f l e c t  s t rong 
inf luences from contiguous e s t u a r i e s  
(Turner e t  a l .  1979). For example, many 
of t h e  meroplankters a r e  l a w a e  of 
spec ies  (e.g., blue crab,  penaeid shrimp, 
sc iaen id  f i s h e s )  commonly found i n  
e s t u a r i e s  during o ther  phases of t h e i r  
l i f e  cycles .  Also, e s t u a r i n e  holoplankters 
may be s i g n i f i c a n t  con t r ibu tors  t o  t h e  
biomass of c o a s t a l  marine h a b i t a t s  i n  the 
v i c i n i t y  of i n l e t s  when runoff i s  grea t  
(Bowman 1971). 

Calanoid copepods a r e  t h e  most 
c h a r a c t e r i s t i c  group of marine holo- 
plankton i n  general ,  and they a l s o  
dominate c o a s t a l  marine h a b i t a t s .  
Chaetognaths, siphonophores, sa lps .  
ctenophores, pteropods , scyphozoans , 
r a d i o l a r i a n s ,  and d i n o f l a g e l l a t e s  on 
occasion may dominate t h e  zooplankton i n  
nearshore waters  (Raymont 1963). 
(Dinof lage l la tes  may be considered a s  
members of both phyto- and zooplankton:> 

The c o a s t a l  marine zooplankton of the 
Sea I s land  Coastal  Region i s  b e s t  known 
from samples taken during e igh t  c ru i ses  
by t h e  U.S. Fish and Wi ld l i fe  Service 's  
M/V Theodore N. Gill (Anderson e t  a l .  
1956a, b; Anderson and Gehringer 19578, 
b ,  1958a. b, 1959a, b ,  c ) .  Collect ions 
were made q u a r t e r l y  during 1953 and 1954 
a t  a number of regu la r  s t a t i o n s  i n  con- 
t i n e n t a l  she l f  waters  o f f  South Carolina, 
Georgia, and F lor ida .  Seven of these  
s t a t i o n s  (no. 23, 34, 35, 36, 44, 45, and 
46) were r e l a t i v e l y  nearshore (6 - 57 km or  
3.7 - 35.4 mi) between Georgetown, South 
Carolina, and Jacksonvil le ,  Flor ida.  In  
add i t ion ,  Environmental Science and 
Engineering, Inc. ,  s tud ied  t h e  zooplankton 
of Kings Bay, Georgia (S t .  Marys River - 
Cumberland Sound a r e a ) .  This f i rm sampled 
s i x  s i t e s  j u s t  beyond t h e  mouth of t h e  
S t .  Marys River q u a r t e r l y  i n  1976 (U.S. 
Naval F a c i l i t i e s  Engineering Command 1977). 
Zooplankton samples a l s o  have been taken 
of f shore  beyond t h e  t e r r i t o r i a l  l i m i t s  of 
South Carolina and Georgia s i n c e  1972 by 
t h e  Marine Resources Research I n s t i t u t e ,  
South Carolina Wi ld l i fe  and Marine 
Resources Department, a s  p a r t  of i ts  con- 
t i n u i n g  MARMAP Program (Powles and Stender 
1978). More recen t ly ,  zooplankton of t h e  
Georgia Bight was sampled during a base- 
l i n e  survey supported by t h e  Bureau of 
Land Management (Texas Instruments, Inc.  
1978). 

Zooplankters i n  t h e  Gill c o l l e c t i o n s  
were general ly  most numerous nearshore and 
decreased i n  abundance with d i s tance  of f -  
shore.  Seasonally, t o t a l  zooplankton 



concen t ra t ions  were g e n e r a l l y  g r e a t e s t  F a c i l i t i e s  Engineering Command 1977). 
i n  summer and l e a s t  i n  win te r  over  t h e  P lank ton ic  c o p e ~ o d s  a r e  e i t h e r  herbivorous  
e n t i r e  s h e l f  and a t  t h e  nearshore  s t a t i o n s  f i l t e r  f e e d e r s ,  combine f i l t e r  f eed ing  
(Table 2-1; s e e  a l s o  Turner e t  a l .  1979).  and p reda to ry  f eed ing  h a b i t s ,  o r  a r e  
Samples from t h e  S t .  Marys River mouth s t r i c t l y  predatory.  The mouth p a r t s  of 
a l s o  i n d i c a t e d  a zooplankton minimum i n  t h e s e  copepods a r e  modified according t o  
winter ,  but  maximum numbers were recorded t h e  mode of f eed ing .  There a r e  s i x  
i n  f a l l  r a t h e r  than summer (U.S. Naval n a u p l i a r  and f i v e  copepodid l a r v a l  s t a g e s  
F a c i l i t i e s  Engineer ing Command 1977).  which, l i k e  t h e  a d u l t ,  a r e  p lank ton ic .  
Zooplankton concen t ra t ions  i n  t h e  mouth 
of t h e  S t .  Marys River  g e n e r a l l y  exceeded Bowman (1971) desc r ibed  t h r e e  major 
those  i n  t h e  samples except  i n  copepod a s s o c i a t i o n s  from t h e  1953 
winter .  c r u i s e s :  1 )  a c o a s t a l  a s s o c i a t i o n  of  t h e  

e u r y t o l e r a n t  e s t u a r i n e  s p e c i e s  A c a r t i a  
Copepods were g e n e r a l l y  t h e  most tonsa  and t h e  c o a s t a l  s p e c i e s  Labidocera 

abundant organisms i n  samples from t h e  a e s t i v a ;  2) a s h e l f  a s s o c i a t i o n  of f o u r  
G i l l  c r u i s e s .  Only i n  summer and f a l l  - s p e c i e s  (Paracalanus  pa rvus ,  Centropages 
1954 were they  (apparen t ly )  exceeded by f u r c a t u s ,  Eucalanus p i l e a t u s ,  and Temora 
protozoans. Copepods were g e n e r a l l y  t u r b i n a t a ) ;  and 3) an ocean ic  a s s o c i a t i o n  
abundant throughout  t h e  y e a r  a t  t h e  near- of an a d d i t i o n a l  seven s p e c i e s  (Table  2-3). 
shore  s t a t i o n s  sampled by t h e  g, but  Commonnearshore s p e c i e s  included 
they were somewhat more numerous i n  summer A c a r t i a  tonsa ,  Labidocera a e s t i v a ,  
(Table 2-2). Copepods accounted f o r  more Paracalanus  c r a s s i r o s t r i s ,  Pa raca lanus  
than 50%, i n  one c a s e  97X, of  t h e  t o t a l  i n d i c u s ,  P. quasimodo, P. a c u l e a t u s ,  
zooplankters  i n  samples t aken  from t h e  Temora s t y l i f e r a ,  2. t u r b i n a t a ,  
mouth of  t h e  S t .  Marys River  (U.S. Naval Centropages hamatus, and 5. f u r c a t u s .  

Table 2-1. T o t a l  numbers of  zooplankters/m3 t aken  i n  0.5 m plankton n e t s  by M/V Theodore N. G i l l  
a t  seven inshore  s t a t i o n s  i n  t h e  Georgia Bight dur ing  1953 and 1954 (compiled f r o 7  
Anderson e t  a l .  1956a, b ;  Anderson and Gehringer 1957a, b ,  1958a, b, 1959a, b ,  c ) .  

I. 1. NEARSHORE STATIONS - 

Winter 1953 
(Feb. - Mar.) 1 ,215  1,084 502 414 217 413 776 660 

789 1 ,689 

Sumer  1953 
( Ju ly  - Aug.) 4,422 1,956 1,440 1,529 2,218 2,538 3.606 2,530 

(Oct. - Nov.) 504 1 ,523 2,115 NDa 1 ,331  1 ,489 1,246 

Winter 1954 
(Jan. - Feb.) 1,238 1 ,333 199 653 17 ND 1 ,221  777 

Summer 1954 
(June - July)  1 ,503 1 , 3 8 7 ~  1 , 0 2 2 ~  2,328 383 4,333 3.501 2,065 

(Nov. - Dec.) 1,029 ND 1 9 5 ~  1 , 8 6 7 ~  3 0 3 ~  777b 808 830 

a. ND = no d a t a  a v a i l a b l e  from 0.5 m n e t  
b. Numerous r a d i o l a r i a  no t  counted 
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Table 2-2. Seasonal abundance of copepods (~o./m~) taken in 0.5 m plankton nets by M/V Theodore 
N. Gill at seven inshore stations in the Georgia Bight during 1953 and 1954 m e d  - -  
from Anderson et al. 1956a, b; Anderson and Gehringer 1957a, b, 1958a, b, 1959a, 
b, c). 

T. N. GILL NEARSHORE STATIONS - - - 

SEASONS - MEAN 46 - 
Winter 1953 

(Feb. - Mar. ) 

Spring 1953 
(Apr. - May 

Summer 1953 
(July - Aug.) 

Fall 1953 
(Oct. - Nov.) 

Winter 1954 
(Jan. - Feb.) 

Spring 1954 

Summer 1954 
(June - July) 

Fall 1954 
(Nov. - Dec.) 

a. ND = no data available from 0.5 m net. 

Acartia tonsa was the most abundant species -- 
in the mouth of the St. Marys River (U.S. 
Naval Facilities Engineering Command 1977). 
Most of these species are present year 
around and have also been recorded from 
the Florida Current (Owre and Foyo 1967); 
thus, it appears that the calanoid cope- 
pod component of the coastal zooplankton 
has a distinct southern affinity. 

In contrast to the situation for 
calanoid copepods, very little infor- 
mation is available concerning the 
cyclopoid copepods of the characterization 
area. In a study of nearshore waters off 
Beaufort, North Carolina, Sutcliffe 
(1950) found the following cyclopoids: 
Oithona spp., Coryaceus spp., and 
Sapphirina nigromaculata. Several of 
these probably would be found among the 
copepod fauna of inshore South Carolina 
and Georgia waters as well. Atkinson 
(1975) found Corycella carinata at an in- 
shore station off Charleston, South 
Carolina. Samples from the mouth of St. 
Marys River contained Oithona sp. and 
harpacticoids of the genus Euterpina. 

Pierce and Wass (1962) reported the 
chaetognaths of the Gill collections. 
Five of 12 species found in these samples 
were present at nearshore stations. 

564 Nr? 478 7 90 506 

Sagitta tenuis was most abundant, followed 
by $. helenae, S. inflata, 2. hispida and 
Krohnitta pacifica. Sagitta hispida, con- 
sidered by Pierce and Wass to be the best 
indicator of coastal water, occurred at 
five of the nearshore stations. 
Chaetognaths are major predators on other 
zooplankton forms. 

Williams (1965) reported some 220 
species of marine decapod crustaceans 
from the Carolinas, and recent work has 
increased to 272 the number of decapod 
species "known or presumed to occur in 
South Carolina waters from the intertidal 
zone to the 200 m contour" (Young 1978). 
The planktonic larval stages of these 
species contribute significantly to the 
diverse meroplankton of the characteri- 
zation area and were generally common in 
Gill samples except in winter. However, 
of the meroplanktonic forms collected by 
the a, only the crab larvae, especially 
of the genus Callinectes, have been 
studied in any detail (Nichols and Keney 
1963). (Some investigators question the 
reliability of Nichols and KeneyVs generic 
identification of Callinectes larvae in 
view of the poor state of knowledge of 
larvae of the Portunidae.) Early larval 
stages of Callinectes were found nearest 
the coast from May to December, with late 



Table 2-3. Copepod-water mass a s s o c i a t i o n s  i n  waters  o f f  t h e  Southeastern  United S t a t e s  
(Bowman 1971). 

WATER MASS COPEPOD SPECIES 

Paracalanus  parvus  
Centropages f u r c a t u s  
Eucalanus p i l e a t u s  
Temora t u b i n a t a  

Luc icu t i a  f l a v i c o r n i s  
Temora s t y l i f  e r a  
Paracalanus  a c u l e a t u s  
Clausocalanus f u r c a t u s  
Calanus minor -- 
Undinula v u l g a r i s  
Euchaeta marina 

s t a g e  zoeae c o l l e c t e d  20 - 40 m i  (32 - 64 of 32' N L a t i t u d e .  No summer samples were 
km) o f f s h o r e  from J u l y  t o  September. worked. Overa l l ,  Sand i fe r  and E ld r idge  
Other c r a b  l a r v a e  i d e n t i f i e d  by Nichols 
and Keney (1963) were Polyonyx sp., 
Emerita s p . ,  Hepatus sp . ,  Portunus s p . ,  
Panopeus s p . ,  Eurypanopeus s p . ,  Neopanope most were taken w i t h i n  20 km (12.4 mi) of 
sp . ,  Menippe sp . ,  Rhithropanopeus s p . ,  shore  and i n  r e l a t i v e l y  l e s s  s a l i n e ,  sha l -  
Pinnotheres  sp . ,  Sesarma sp . ,  & sp . ,  a low (<25 m o r  82  f t )  wa te r s .  Catches o f  
r e p r e s e n t a t i v e  of t h e  family  Leucosi idae ,  Penaeus l a r v a e  a l s o  were p o s i t i v e l y  cor- 
p lus  a genus resembling Ethusozoea and r e l a t e d  w i t h  s i l i c a t e  concen t ra t ion ,  bu t  
u n i d e n t i f i e d  specimens. The s e a s o n a l i t y  t h e  s i g n i f i c a n c e  of t h i s  was n o t  known. 
and d i s t r i b u t i o n  of t h e s e  l a r v a e  were no t  Larvae of o t h e r  penaeid shrimp genera  

and of sp iny  ( p a l i n u r i d  and s c y l l a r i d )  
l o b s t e r s  were widely d i s t r i b u t e d  through- 

More r e c e n t l y ,  Sand i fe r  and E ld r idge  o u t  t h e  s tudy  a r e a  dur ing  a l l  seasons  sam- 
(1976) s t u d i e d  t h e  d i s t r i b u t i o n  and pled (Sand i fe r  and E ld r idge  1976).  
abundance o f  penaeid shrimp and s c y l l a r i d  
l o b s t e r  l a r v a e  taken dur ing  MARMAP Besides c o n t r i b u t i n g  h e a v i l y  t o  t h e  
c r u i s e s  i n  c o n t i n e n t a l  s h e l f  wa te r s  be- meroplankton, some decapods a r e  holo- 
tween Cape Fear ,  North Caro l ina ,  and p lank ton ic .  Species  which occur  i n  t h e  Sea 
Cape Canaveral,  F l o r i d a .  They found I s l a n d  Coas ta l  Region i n c l u d e  t h e  ca r idean  
Penaeus l a r v a e  a t  r e l a t i v e l y  few s t a -  Leptochela s e r r a t o r b i t a  (Williams 1965. 
t ions  and i n  g e n e r a l l y  low concen t ra t ions  Young 1978) and two common s e r g e s t i d  shrimp, 
during two win te r  c r u i s e s  (Table 2-4). Acetes americanus and Luc i fe r  f axon i ,  both  
These l a r v a e  were assumed t o  be  P. a .  of which a r e  abundant i n  l a t e  summer and 
aztecus  on t h e  b a s i s  of t h e  t ime o f t h e i r  f a l l  (Williams 1965, Bowman and McCain 
occurrence, s i n c e  peak rec ru i tmen t  of 1967).  
P. 5. az tecus  p o s t l a r v a e  i n t o  e s t u a r i e s  
occurs dur ing  February and March i n  t h i s  Protozoan groups important  i n  t h e  zoo- 
region (Bearden 1961, Williams 1965, p lankton inc lude  t h e  d i n o f l a g e l l a t e s ,  
Hoese 1973).  D i s t r i b u t i o n a l  d a t a  in -  r a d i o l a r i a n s  and t i n t i n n i d s .  Some members 
dicated t h a t  win te r  spawning of Penaeus of t h i s  phylum con ta in  pho tosyn the t i c  pig- 
is probably concen t ra t ed  i n  t h e  southern ments and a r e  a u t o t r o p h i c ;  however, many 
half of t h e  s h e l f  a r e a  sampled, wi th  one a r e  p reda to r s .  Reproduction is o f t e n  by 
area of h igh  concen t ra t ion  of l a r v a e  f i s s i o n ,  but  complex p rocesses  comparable 
(656/1000 m3) j u s t  n o r t h  of Cape t o  sexua l  reproduct ion f r e q u e n t l y  occur  i n  
Canaveral. Larval  Penaeus were most t h e  same s p e c i e s  (MacGinitie and MacGinitie 
numerous ( t o  a maximum of % 1300/1000 m3) 1968).  
and widespread dur ing  1973 i n  May. These 
larvae were a t t r i b u t e d  t o  P. s e t i f e r u s  The Gill c r u i s e  r e p o r t s  provide t h e  
since whi t e  shrimp spawn dur ing  s p r i n g  and only  d a t a  a v a i l a b l e  on t h e  c o a s t a l  plank- 
summer along t h i s  c o a s t  (Calder e t  a l .  t o n i c  protozoa of t h e  Sea I s l a n d  Coas ta l  
1974a). During f a l l ,  Penaeus l a r v a e ,  Region. Data g iven  f o r  protozoan p l a n k t e r s  
thought t o  be P. 2. az tecus ,  were wide- i n  t h e s e  r e p o r t s  presumably r e p r e s e n t  min- 
spread i n  mid-shelf,  e s p e c i a l l y  sou th  imal e s t i m a t e s  of a c t u a l  numerical abundance 
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Table  2-4. R e l a t i v e  abundance of Penaeus l a r v a e  and p o s t l a r v a e  dur ing f i v e  c r u i s e s  i n  
c o n t i n e n t a l  s h e l f  wa te r s  between Cape Fea r ,  North Caro l ina ,  and Cape Canaveral,  
F l o r i d a  (P. A. Sand i fe r  and P. J. E ld r idge ,  1976, South Carol ina  Marine Resources 
Divis ion,  Char les ton,  unpubl. d a t a ;  d a t a  s u b j e c t  t o  r e v i s i o n ) .  

CRUISE/SEASON TOTAL NO. STATIONS STATIONS WITH PENAEUS MEAN NO. PENAEUS/~OOO m3 a 
No. - - (%I - - 

WINTER 

Jan.  - Feb. 1975 28 
Feb. - Mar. 1973 6 7 

SPRING 

A p r i l  1974 
May 1973 

FALL 

Oct. - Nov. 1973 27 1 0  (37.0) 

3 a .  Ca lcu la ted  a s  sum of concen t ra t ions  (No./1000 m ) f o r  a l l  s t a t i o n s  on c r u i s e  t number of 
s t a t i o n s  occupied on c r u i s e .  

because of t h e  l a r g e  mesh a p e r t u r e  (0.417 
mm) of t h e  n e t s  used and t h e  tendency of 
ve ry  s o f t  bodied s p e c i e s  t o  be  extruded.  
Protozoa were l i s t e d  i n  n e a r l y  a l l  t h e  
G i l l  c o l l e c t i o n s .  Maximum numbers oc- 
cu r red  i n  f a l l  1954, and i n  summer 1954 
r a d i o l a r i a n s  were recorded a s  too  nu- 
merous t o  be  counted a c c u r a t e l y .  

Cnidar ian medusae ( j e l l y f i s h )  a r e  
perhaps  t h e  most conspicuous zooplankters .  
They a r e  r e l a t i v e l y  l a r g e ,  have venomous 
s t i n g i n g  c e l l s ,  and some s p e c i e s  (e.g. ,  
Stomolophus meleagr is)  a r e  s o  ovewhelm- 
i n g l y  abundant a t  t imes t h a t  they  i n t e r -  
f e r e  wi th  commercial f i s h i n g  a c t i v i t i e s .  
The Cn ida r i a  a r e  almost e x c l u s i v e l y  
marine o r  e s t u a r i n e ,  wi th  few f reshwate r  
s p e c i e s .  A l l  marine p lank ton ic  c n i d a r i a n s  
belong t o  t h e  o r d e r s  Hydrozoa and 
Scyphozoa. Species  of t h e s e  groups 
t y p i c a l l y  e x h i b i t  metagenesis ,  t h a t  is, 
two major l i f e  s t a g e s .  These two s t a g e s  
a r e  an  a t t a c h e d  polyp, which reproduces  
a sexua l ly ,  and t h e  s e x u a l l y  reproducing 
p lank ton ic  medusa. Most of t h e  l a r g e r ,  
more conspicuous j e l l y f i s h  a r e  scyphozoans. 
However, t h e  siphonophoran hydrozoans 
(which inc lude  t h e  Por tuguese  Man O'War) 
may measure 30 cm (11.8 i n )  a c r o s s  t h e  
medusa b e l l .  

Calder  and Hester  (1978) l ist  44 
s p e c i e s  o f  c n i d a r i a n  medusae from euha- 
l i n e  wa te r s  of c o a s t a l  South Carol ina .  
Kraeuter  and S e t z l e r  (1975) r epor ted  on 
t h e  seasona l  c y c l e  of Scyphozoa and 
Cubozoa a t  t h r e e  l o c a t i o n s  i n  c o a s t a l  
Georgia,  one of which was i n  c o a s t a l  

marine wa te r s  o f f  Sapelo I s l a n d .  Several  
o t h e r  medusae were r epor ted  by Allwein 
(1967) from Beaufor t ,  North Carol ina;  
some o r  a l l  of t h e s e  may a l s o  occur  i n  
South Carol ina  wa te r s ,  a l though they 
have y e t  t o  b e  r epor ted  (Calder  and 
Hester  1978).  Ke i se r  (1976) found t h e  
cabbage head medusa, Stomolophus meleagr is ,  
s o  abundant a t  t imes t h a t  i t  clogged n e t s  
and reduced f i s h i n g  time of shrimp boa t s .  
Among t h e  l a r g e r  j e l l y f i s h ,  Chrysaora 
qu inquec i r rha ,  Cyanea c a p i l l a t a  and 
Chiropsalmus quadrumanus a r e  a l s o  o f t e n  
abundant i n  c o a s t a l  wa te r s  of South 
Caro l ina  and Georgia.  

Ctenophores (comb j e l l i e s  a r e  ex- 
c l u s i v e l y  marine o r  e s t u a r i n e ,  and,  except  
f o r  t h e  a b e r r a n t  genus P l a t y c t e n a ,  a l l  
a r e  p lank ton ic .  A l l  s p e c i e s  a r e  hermaph- 
r o d i t i c  and carnivorous .  Members of t h e  
Class  Ten tacu la ta  ( e .g . ,  Mnemiopsis 
l e i d y i )  a r e  voracious  p r e d a t o r s  of sma l l  
c rus taceans .  Such major zooplankton groups 
a s  copepods and c ladocerans  may b e  v i r -  
t u a l l y  e r a d i c a t e d  i n  a r e a s  where t h e s e  
comb j e l l i e s  occur ( B u r r e l l  and Van Engel 
1976).  Beroe, t h e  on ly  g e m s  of C lass  
Nuda, f eeds  c h i e f l y  on t h e  t e n t a c u l a t e  
c tenophores  and may a t  t imes be  r e spons ib le  
f o r  an  i n c r e a s e  i n  t h e  abundance of 
c rus tacean  zooplankters  through i ts  re -  
duc t ion  of t h e  t e n t a c u l a t e  p r e d a t o r  
popu la t ion  ( B u r r e l l  and Van Engel 1976). 
Mnemiopsis leidyi, g. macradyi and Beroe 
ova ta  a r e  p r e s e n t  and sometimes abundant 
i n  c o a s t a l  wa te r s  of South Caro l ina  
(Calder  and B u r r e l l  1978).  



Annelid worms c o n t r i b u t e  t o  t h e  
zooplankton pr imar i ly  through t h e i r  mero- 
planktonic  l a rvae .  I n  add i t ion ,  some 
spec ies  a r e  ho lop lank t ic ,  and some benthic  
spec ies  may be temporar i ly  abundant i n  t h e  
plankton when they move t o  t h e  s u r f a c e  t o  
spawn. This l a t t e r  phenomenon has  been 
witnessed i n  South Carol ina c o a s t a l  wa te r s  
(V. G. B u r r e l l ,  Jr., 1978, South Carol ina 
Marine Resources Divis ion,  Charleston,  
pers.  comm.). Worms were present  through- 
out  t h e  year  a t  c o a s t a l  % s t a t i o n s ,  and 
were most abundant i n  win te r  and f a l l  1954. 

P l a n k t i c  mollusks inc lude  t h e  holo- 
p lank t ic  heteropods, pteropods, pe lag ic  
Jan th ina ,  and t h e  t r o p i c a l  nudibranch 
P h y l l i s t i o e ,  p lus  rneroplanktonic l a r v a e  of 
gastropods and b iva lves  and t h e  e a r l y  
s t a g e s  of t h e  benthopelagic  cephalopods. 
The food resources  exp lo i t ed  by t h e s e  
p lank t ic  mollusks a r e  va r ied ,  even wi th in  
t h e  same group. For example, t h e  s h e l l e d  
pteropods apparent ly  feed on diatoms and 
protozoans, while  t h e  naked forms a r e  
highly predacious on o t h e r  zooplankters.  
Pteropods were recorded from Gill samples 
every season of t h e  year ,  and were most 
abundant i n  f a l l  1953. 

Cladocerans a r e  p r imar i ly  f reshwater  
organisms; however, members of t h e  genera 
Podon, Evadne and P e n i l i a  occur i n  marine 
and e s t u a r i n e  environments and f requen t ly  
a r e  important components of t h e  zoo- 
plankton. While none were reported from 
G i l l  s t a t i o n s ,  they a r e  presumably common 
i n  c o a s t a l  wa te r s  of t h e  a rea .  Cladocera 
a r e  c h i e f l y  primary and secondary con- 
sumers, feeding on a l g a e  and protozoa. 
Eggs a r e  c a r r i e d  i n  a brood chamber, and 
development is d i r e c t  i n  marine forms. 
Some s p e c i e s  e x h i b i t  p r e d i c t a b l e  morpho- 
l o g i c a l  v a r i a t i o n s  i n  response t o  environ- 
mental changes. 

Planktonic  amphipods f o r  t h e  most p a r t  
belong t o  t h e  suborder Hyperiidae and 
frequent ly  a r e  a conspicuous component 
of con t inen ta l  s h e l f  zooplankton. Some 
(e.g.. Parathemisto sp.) prey on o ther  zoo- 
plankters ,  while  a number of s p e c i e s  l i v e  
i n  c lose  a s s o c i a t i o n  wi th  cn idar ian  
medusae and s a l p s  and apparent ly  feed on 
them (Bowman and Gruner 1973). Eggs a r e  
ca r r i ed  i n  a brood chamber, and produc- 
t ion  of s e v e r a l  broods a year  is common 
among marine spec ies  (Barnes 1963). 
Amphipods were taken a t  Gill s t a t i o n s  i n  
a l l  c r u i s e s  and were most abundant dur ing  
the f a l l  (October - November) c r u i s e .  

Only two genera of isopods 
(Munnopsis and Eurydice) a r e  commonly 
holoplanktonic, and both a r e  probably pre- 
dacious. Frequently, however, ben th ic  
isopods a r e  swept i n t o  t h e  water column 
and become p a r t  of t h e  plankton f o r  a 
short  period. Also, e a r l y  s t a g e s  of 
some p a r a s i t i c  forms a r e  commonly mero- 
planktonic f o r  a b r i e f  per iod u n t i i  a 
s u i t a b l e  h o s t  is loca ted .  Eggs of marine 
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isopods a r e  brooded and t h e  hatching 
s t a g e  i s  a pos t l a rva  (Davis 1955). 
Isopods were recorded i r r e g u l a r l y  a t  Gill 
s t a t i o n s  i n  a l l  seasons,  bu t  they were 
never abundant. 

Echinoderms were abundant a t  c o a s t a l  
G i l l  s t a t i o n s  i n  s p r i n g  and summer 1954. 
These probably were t h e  meroplanktonic 
l a r v a e  of c o a s t a l  forms. 

The Urochordata (a  subphylum of t h e  
Chordata) is divided i n t o  t h r e e  c l a s s e s  
of t u n i c a t e s .  Two, t h e  Thal iacea and 
Larvacea, a r e  s t r i c t l y  marine and planktonic  
whi le  t h e  t h i r d ,  t h e  Ascidiacea,  a r e  
s e s s i l e  a s  a d u l t s  but  have rneroplanktonic 
"tadpole" l a rvae .  A l l  t u n i c a t e s  a r e  
f i l t e r  f eeders .  Common genera of t h e  
Thal iacea a r e  t h e  s o l i t a r y  forms Salpa 
and Doliolum and t h e  c o l o n i a l  Pyrosoma. 
Larvacea a r e  a l l  s o l i t a r y ,  and genera 
l i k e l y  t o  be represented i n  t h e  c o a s t a l  
plankton of t h e  Southeastern United 
S t a t e s  a r e  Oikopleura, Appendicularia 
and Kowalewskaria (Barnes 1963). Tuni- 
c a t e s  were p resen t  a t  inshore  
s t a t i o n s  during a l l  seasons sampled, but  
were most abundant i n  sp r ing .  

F i sh  eggs and l a r v a e  a r e  seasona l ly  
abundant meroplankters.  Sc iaen ids ,  
c lupe ids ,  and gadids a r e  among t h e  promi- 
nent f i s h  groups found i n  sou theas te rn  
c o a s t a l  waters .  F i sh  eggs and l a r v a e  
were p resen t  i n  n e a r l y  a l l  samples, 
but  were abundant only i n  s p r i n g  and 
summer. This s e a s o n a l i t y  was very 
apparent  a t  t h e  inshore  s t a t i o n s  sampled 
by t h e  Gill (Table 2-5; s e e  a l s o  Turner 
e t  a l .  1979). 

Powles and Stender  (1976) repor ted  on 
ichthyoplankton c o l l e c t e d  during t h r e e  
MARMAP c r u i s e s  (winter ,  s p r i n g ,  and f a l l  
1973) i n  s h e l f  waters  o f f  t h e  Southeastern 
United S t a t e s .  Samples from both neuston 
( sur face)  and obliquely-towed bongo n e t s  
were analyzed. Some d i f f e r e n c e s  i n  t h e  
s p e c i e s  composition of t h e  ca tches  from 
t h e  two h a b i t a t s  sampled by these  devices  
were noted.  Powles and Stender (1976) 
reported t h a t  l a r v a l  and j u v e n i l e  f i s h  
were more abundant i n  t h e  neuston during 
win te r ,  and l e a s t  numerous i n  f a l l .  I n  
c o n t r a s t ,  t h e  bongo n e t  c o l l e c t i o n s  in-  
d ica ted  g r e a t e s t  abundance of ichthyo- 
plankton i n  t h e  spr ing  and l e a s t  i n  
winter ;  t h e  summer season was not sampled. 
These l a t t e r  r e s u l t s  a r e  i n  good agree- 
ment wi th  those  obtained from t h e  G i l l ' s  
0.5 m n e t  c o l l e c t i o n s .  

Powles and Stender  (1976) d i s t i n -  
guished t h r e e  b a s i c  types of d i s t r i b u t i o n  
p a t t e r n s  among t h e  ichthyoplankton: s h e l f ,  
s h e l f l s l o p e ,  and s lope .  Famil ies  of f i s h  
e x h i b i t i n g  each of t h e s e  p a t t e r n s  a r e  
l i s t e d  i n  Table 2-6. These i n v e s t i g a t o r s  
a l s o  found t h a t  t h e  d i s t r i b u t i o n s  of 
l a r v a l  and juven i le  f i s h  i n  c o n t i n e n t a l  
she l f  waters  o f f  South Carol ina and 



Table 2-5. Seasonal abundance of fish eggs and larvae combined (bb./m3) taken in 0.5 m 
plankton nets by M/V Theodore W. at seven inshore stations in the 
Georgia Bight during 1953 and 1954 (compiled from Anderson et al. 1956a, b; 
Anderson and Gehringer 1957a, b, 1958a, b, 1959a, b. c ) .  

T. N. NEARSHORE STATIONS - 

SEASONS 23 - - 34 - - 35 - - 36 - - 44 - - 45 - - 46 - - MEAN - 

Winter 1953 
(Feb. - Mar.) 2.2 0.1 0.6 0.8 0.3 T~ T 0.6 

Spring 1953 
(AP~. - May 84.1 11.7 38.7 25.4 20.1 9.9 25.5 30.6 

Surmner 1953 
(July - Aug.) 5.6 49.2 15.1 48.3 35.2 169.1 28.2 50.1 

Fall 1953 
(Oct. - Nov.) 0.2 0.2 2.9 2.7 NDb 0.7 0.5 1.2 

Winter 1954 
(Jan. - Feb.) 0.2 0.1 0.1 0.6 0.5 ND 0.1 0.3 

Spring 1954 ND ND ND ND ND ND ND ND 

Summer 1954 
(June - July) 3.8 40.9 5.1 14.4 4.1 36.7 24.0 18.4 

Fall 1954 
(Nov. - Dec.) T ND 0.5 1.4 0.1 0.2 0.3 0.4 

3 a. T trace; <O.l/m . 
b. ND = no data available from 0.5 m nets. 

Table 2-6. Families of fishes exhibiting various distribution pattOrns 
in the ichthyoplankton off the Southeastern United States 
(adapted from Powles and Stender 1976). 

SHELF PATTERN SHELFISLOPE PATTERN SLOPE PATTERN 

Sciaenidae Bothidae Myctophidae 
Gadidae Carangidae Scombridae (in spring) 
Triglidae Mugilidae Labridae (in winter) 
Clupeidae Pomatomidae 

Serranidae 
Mullidae (in winter) 
Gobiidae (in winter) 
Monacanthidae (in fall) 

Georgia generally exhibited no discernible Sciaenidae, Serranidae] are rarer in the 
north-south trends. However, some onshore- plankton of inshore, runoff-influenced 
offshore patterns were apparent, probably waters than in deeper waters of the 
related to the major offshore currents shelf. I' 
which generally parallel the coastline 
in this area. Powles and Stender (1976) The coastal marine environment is 
concluded that "young of some fishes of perhaps the most important zooplankton 
sizes sampled effectively by the bongo habitat of the Sea Island Coastal Region. 
net , Bothidae, Carangidae, Clupeidae, Nearly all species of fish and crustaceans 



which support  commercial and r e c r e a t i o n a l  
f i s h e r i e s  wi th in  t h e  a rea  spawn e i t h e r  i n  
nearshore waters  o r  f u r t h e r  o f f shore ,  and 
then move through t h e  zone (as  l a r v a e  o r  
pos t l a rvae)  enroute  t o  e s t u a r i n e  nursery 
a reas  (Bur re l l  1975). Coastal  marine zoo- 
plankton is a l s o  charac te r ized  by i ts 
v u l n e r a b i l i t y  t o  environmental per turba-  
t i o n s  t h a t  occur on land and a t  sea .  
Beaches and e s t u a r i e s  provide broad avenues 
and phys ica l  t r anspor t  mechanisms t o  
communicate man's "additions" t o  t h e  a q u a t i c  
environment's nearshore zone, while  pre- 
v a i l i n g  wind and c u r r e n t s  he lp  t ransmi t  
e f f e c t s  of o f f shore  d i s a s t e r s  (e.g.,  o i l  
s p i l l s )  t o  t h e  highly product ive c o a s t a l  
waters.  I n  add i t ion ,  e s t u a r i n e  spec ies  
con t r ibu te  heav i ly  t o  t h e  inshore  marine 
zooplankton, thereby d i r e c t l y  t rans -  
f e r r i n g  impacts from man's upland a c t i v i -  
t i e s  t o  t h e  c o a s t a l  fauna. 

I n  s p i t e  of t h e  importance of c o a s t a l  
marine zooplankton and i ts v u l n e r a b i l i t y ,  
l i t t l e  is known about t h e  dynamics of t h e  
populat ions o r  t h e  e f f e c t s  of pe r tu rba t ions  
on these  populations. Modest beginnings 
have been made i n  a few of t h e  more 
obvious problem areas ,  a l though f o r  t h e  
most p a r t  o u t s i d e  t h e  c h a r a c t e r i z a t i o n  
area.  An exhaust ive review of t h i s  
l i t e r a t u r e  i s  no t  attempted here ,  but  
severa l  of t h e  most p e r t i n e n t  s t u d i e s  a r e  
discussed.  

Perhaps t h e  most ambitious at tempt  t o  
determine e f f e c t s  of p o l l u t a n t s  on plankton 
populat ions i n  c o a s t a l  marine waters  is 
the  Control led Ecosystem P o l l u t i o n  
Experiment (CEPEX). This i n t e r d i s c i p l i n a r y  
study u t i l i z i n g  l a r g e ,  t r ansparen t ,  
f l e x i b l e  bags t o  con ta in  experimental 
populat ions wi th in  a surrounding water  
body was begun i n  1973 i n  Canadian 
(Br i t i sh  Columbia) waters.  The CEPEX 
study design permits  t h e  i n v e s t i g a t i o n  of 
the  e f f e c t s  of va r ious  contaminants on 
severa l  t roph ic  l e v e l s  simultaneously under 
near ly  n a t u r a l  condi t ions (Reeve e t  a l .  
1976). Because of t h e  n a t u r e  of t h e  
experiments, t h e  r e s u l t s  have been very  
complex and o f t e n  d i f f i c u l t  t o  i n t e r p r e t .  
Nevertheless,  Reeve e t  a l .  (1976) i n f e r r e d  
t h a t  inc reas ing  concentrat ions of copper 
( i n i t i a l l y  10  and 50 ppb) r e s u l t e d  i n  in-  
creased m o r t a l i t y  of major zooplankton 
groups, but  t h i s  e f f e c t  was overshadowed 
by in f luence  of  zooplankton preda tors  
(pr imari ly  j e l l y f i s h ) .  However, d i r e c t  
impact of copper on t h e  j e l l y f i s h  was 
r e a d i l y  apparent.  The number of j e l l y f i s h  
i n  t h e  lOppb t reatment  decreased s t e a d i l y  
a f t e r  a d d i t i o n  of copper, reaching zero 
by day 25, whi le  i n  t h e  50ppb t rea tment ,  
t h e  j e l l y f i s h  populat ion decl ined by 89% 
immediately fol lowing a d d i t i o n  and reached 
t h e  zero l e v e l  by day 17. Similar  r e s u l t s  
were reported by Gibson and Grice (1977). 
Laboratory s t u d i e s  with copepods a l s o  
demonstrated de t r imenta l  e f f e c t s  of copper 
a t  these  concentrat ions (Reeve e t  a l .  
1976). Grice e t  a l .  (1977) reported no 

I l a s t i n g  e f f e c t  of mercury ( a s  HgC12) a t  

i n i t i a l  concentrat ions of 1 and 5 ppb on 
t h e  s tanding crop o r  production of 
phytoplankton i n  a CEPEX study.  However, 
t h e  e f f e c t  on b a c t e r i a l  he te ro t roph ic  
a c t i v i t y  was s i m i l a r  t o  t h a t  reported by 
Vaccaro e t  a l .  (1972) f o r  copper. ". . . 
namely an  immediate 10-fold reduct ion i n  
a c t i v i t y  followed by rap id  recovery 
wi th in  f i v e  days." They f u r t h e r  repor ted  
t h a t  calanoid copepods, p a r t i c u l a r l y  of 
t h e  genus Pseudocalanus, were t h e  most 
important macrozooplankters i n  t h e  s tudy.  
The higher  mercury l e v e l  r e s u l t e d  i n  a 
reduced concentrat ion of Pseudocalanus, 
e s p e c i a l l y  of e a r l y  s t a g e s ,  and f a i l u r e  
of females t o  molt and produce eggs. 

Toxic e f f e c t s  of p o l l u t a n t s  d i spersed  
i n  open c o a s t a l  waters  have been even 
more d i f f i c u l t  t o  demonstrate and eva lua te  
than i n  t h e  CEPEX program. Vaccaro e t  a l .  
(1972) and Grice e t  a l .  (1973) could n o t  
demonstrate a d e c l i n e  i n  zooplankton 
s tanding crop a s  a r e s u l t  of acid- i ron 
waste  d i s p o s a l  i n  New York Bight,  even 
though labora to ry  t e s t s  showed t h a t  acid-  
i r o n  waste  would k i l l  copepods. The 
buf fe r ing  a c t i o n  of seawater probably re-  
duced t o x i c i t y  of t h e  a c i d  s o l u t i o n  very 
r a p i d l y  a s  it was dumped i n t o  t h e  sea .  
Yet,  Longwell (1976) found t h a t  a t  l e a s t  
80% of  mackerel eggs (Scomber scombrus) 
c o l l e c t e d  i n  t h e  New York Bight showed 
developmental abnormali t ies .  I n  Guam, 
Tsuda and Grosenbaugh (1977) found de- 
creased numbers of zooplankton i n  t h e  
v i c i n i t y  of t h e  o u t f a l l  of a c o a s t a l  
secondary t reatment  sewage p l a n t ,  i n  
c o n t r a s t  t o  a c o n t r o l  a r e a  nearby. Lee 
and Nicol (1977) found c o a s t a l  zooplankters  
l e s s  vulnerable  t o  t o x i c  e f f e c t s  of t h e  
water s o l u b l e  f r a c t i o n s  of No. 2 f u e l  
o i l  than oceanic spec ies .  However, t h e  
response of t h e  c o a s t a l  s p e c i e s  t o  l i g h t  
was modified whereas t h e  oceanic  spec ies  
were apparent ly  unaffected.  Conover 
(1971) found t h a t  s p i l l e d  Bunker C o i l  
from t h e  wrecked tanker  Arrow had no 
d e l e t e r i o u s  e f f e c t  on planktonic  copepods. 
He surmised t h a t  copepods may p lay  a 
s i g n i f i c a n t  r o l e  i n  d i s p e r s a l  and degrada- 
t i o n  of s p i l l e d  o i l .  

Some a t t e n t i o n  a l s o  has  been focused 
on uptake and r e t e n t i o n  of a g r i c u l t u r a l  
and i n d u s t r i a l  compounds by planktonic  
organisms i n  c o a s t a l  waters .  Concentra- 
t i o n s  of ch lor ina ted  hydrocarbons i n  
c o a s t a l  zooplankton have been inves t iga ted  
i n  t h e  Gulf of Mexico by Giam e t  a l .  
(1973). These i n v e s t i g a t o r s  found DDT and 
PCB l e v e l s  i n  zooplankton comparable t o  
those i n  small  whole f i s h  o r  muscle 
t i s s u e  of l a r g e r  f i s h ,  wi th  t h e  majori ty  
of nearshore samples containing about 
100 ug (wet weight) PCB's. Williams and 
Holden (1973) found a g rad ien t  i n  l e v e l s  
of PCBs, DDT, and d i e l d r i n  wi th  d i s tance  
from t h e  mouth of a po l lu ted  es tuary  and 
reaff i rmed t h e  general  assumption t h a t  
these  res idues  a r e  p rogress ive ly  con- 
cen t ra ted  i n  marine food chains .  Fowler 
e t  a l .  (1976a. b ,  c) conducted a s e r i e s  



of i n v e s t i g a t i o n s  on t h e  concen t ra t ions  
of  t r a c e  meta l s ,  plutonium, and mercury 
i n  zooplankton o f f  t h e  c o a s t  of Europe. 
They noted t h a t  food chain ampl i f i ca t ion  
of heavy metal  concen t ra t ions  genera l ly  
d i d  n o t  occur i n  t h e i r  samples, a l though 
a carnivorous amphipod (Phrosina 
semilunata)  d i d  concen t ra te  cadmium. 
Fur the r ,  they suggested t h a t  c rus tacean  
plankton may p lay  an important  r o l e  i n  
downward t r a n s p o r t  of  plutonium i n  t h e  
ocean v i a  t h e  s ink ing  of shed exo- 
ske le tons .  They f u r t h e r  found that 
methylmercury was r e t a i n e d  i n  zooplankton 
t o  a much g r e a t e r  e x t e n t  ( b i o l o g i c a l  h a l f -  
l i f e  o f  450 days) than inorgan ic  mercury 
(HgC12) ( b i o l o g i c a l  h a l f - l i f e  of 1 0  days).  

L i t t l e  has  been done t o  s tudy  
p o l l u t a n t s  o t h e r  than o i l  s p i l l s  t h a t  may 
move from o f f s h o r e  a r e a s  i n t o  c o a s t a l  
waters .  S tud ies  of c o a s t a l  c u r r e n t s  a long 
t h e  Georgia and South Carol ina c o a s t s  do 
provide a rough means of  p r e d i c t i n g  
movements of p o l l u t a n t s  moving i n s h o r e  
( see  Volume I, Chapter F ive ) ,  bu t  t h e  
impacts on zooplankton have n o t  been 
assessed.  This  is e s s e n t i a l l y  a d a t a  gap 
f o r  t h e  a rea .  

At p resen t ,  t h e  b e s t  informat ion on 
t h e  e f f e c t s  of environmental a l t e r a t i o n s  
r e s u l t  from f i she ry- re la ted  s t u d i e s .  For 
t h e  most p a r t ,  t h e s e  s t u d i e s  concern 
n a t u r a l  pe r tu rba t ions .  Low water  tempera- 
t u r e s  have been implicated i n  poor shrimp 
product ion i n  c o a s t a l  wa te r s  of South 
Carol ina dur ing  some years  (C. M. Bearden, 
1978, South Carol ina Marine Resources 
Divis ion,  Charles ton,  pers .  comm.). During 
1977, wa te r  temperatures  remained below 
47OF (8.3OC) f o r  more than  4 consecut ive 
weeks i n  t h e  Charles ton Harbor a r e a ,  re- 
s u l t i n g  i n  h i g h  m o r t a l i t i e s  of over- 
win te r ing  whi te  shrimp (Farmer and 
Whitaker 1978). S a l i n i t y  is  important  i n  
t h e  success  of some s p e c i e s  w i t h  mero- 
p lank ton ic  l a r v a e ,  such a s  penaeid shrimp 
(Gunter et  a l .  1964). Thus, excess ive  
r a i n f a l l  o r  drought may a f f e c t  t h e  popula- 
t i o n s  of such spec ies .  Elcman t r a n s p o r t  
has been c o r r e l a t e d  wi th  h a r v e s t s  of  men- 
haden (W. R. Nelson, 1978, Nat ional  Marine 
F i s h e r i e s  Service ,  Beaufor t ,  p e r s  . comm. ) ; 
it appears  t h a t  a f avorab le  wind regime 
is  r e s p o n s i b l e  f o r  most menhaden l a r v a e  
being r e c r u i t e d  t o  inshore  populat ions;  
otherwise  they a r e  c a r r i e d  o u t  t o  s e a  
and l o s t .  

2. I n s e c t s  

To l i v e  s u c c e s s f u l l y  i n  t h e  s e a ,  in-  
s e c t s  have had t o  overcome t h e  p h y s i c a l  
c o n s t r a i n t s  of  buoyancy and s u r f a c e  
t e n s i o n ,  and t h e  phys io log ica l  problema 
of r e s p i r a t i o n  and osmoregulation (Cheng 
1976). Poss ib ly  a s  a r e s u l t  of t h e s e  
c o n t r a i n t s ,  d i v e r s i t y  i n  t h e  t r u l y  oceanic  
i n s e c t  community is  extremely l imi ted .  
Only f i v e  s p e c i e s  Of i n s e c t s ,  a l l  i n  t h e  
genus Halobates,  t h e  ocean s k a t e r s  
(Hemiptera), have been s u c c e s s f u l  i n  

colgnizPng t h e  open ocean. Much of  t h e  
fol lowing informat ion is based on t h e  
recen t  review of wa te r - s t r id ing  i n s e c t s  
by Anderson and Polhemus (1976). 

The ocean s k a t e r s  form p a r t  of t h e  
pleuston,  t h e  animal community a t  t h e  a i r /  
water  i n t e r f a c e .  The organisms assoc ia ted  
w i t h  Halobates i n  t h i s  community, a s  we l l  
a s  t h e  chemical and phys ica l  c h a r a c t e r i s -  
t i c s  p e c u l i a r  t o  t h e  s e a  s u r f a c e ,  have 
been reviewed by David (1965) and Cheng 
(1975). 

Of t h e  f i v e  ocean s k a t e r s ,  f o u r  a r e  
t y p i c a l l y  t r o p i c a l  i n  d i s t r i b u t i o n .  Only 
one s p e c i e s ,  Halobates micans, i s  l i k e l y  
t o  occur  i n  t h e  Sea I s l a n d  Coas ta l  Region. 
Halobates micans is wingless  and l i v e s \ ,  
s u c c e s s f u l l y  on t h e  s u r f a c e  of t h e  open', 
ocean throughout i ts l i f e  cyc le .  ~ l s e - \  
where i n  t h e  A t l a n t i c  Ocean, Cheng (1973k, 
was unable  t o  d e t e c t  any d i s t i n c t  season-', 
a l i t y  i n  t h e  occurrence of t h e  spec ies .  

Where abundant, H. micans may p lay  
an important  r o l e  i n  near-surface marine 
food cha ins .  A l l  s p e c i e s  of Halobates  a r e  
predacious f l u i d  f e e d e r s ,  bu t  food pre- 
f e rences  of i n d i v i d u a l  marine water- 
s t r i d e r  s p e c i e s  a r e  n o t  w e l l  known. Cheng 
(1974) o f f e r e d  v a r i o u s  organisms c o l l e c t e d  
from s u r f a c e  wa te r s  t o  Halobates ,  and 
found them t o  feed on p lank ton ic  crustaceans 
and f i s h  l a r v a e  t rapped on t h e  s u r f a c e  
f i lm.  Ashmole and Ashmole (1967) analyzed 
stomach samples of va r ious  s e a b i r d s  and 
found Halobates i n  68% of t h e  stomach 
samples,  a t  t imes c o n s t i t u t i n g  a s  much 
as 16% by number (7% by volume) of t h e  
food i tems.  Also, t h e  h igh  l i p i d  con ten t  
of ocean s k a t e r s  sugges t s  t h a t  they might 
be  a r i c h  source of  food f o r  surface-  
f eed ing  f i s h e s  (Lee and Cheng 1974). 

Aeolian (wind-driven) t r a n s p o r t  and 
o f f shore  depos i t ion  of i n s e c t s  from ad- 
j acen t  landmasses have been desc r ibed  
elsewhere a s  being q u i t e  important  a t  
t imes (Bowden and Johnson 1976). I n s e c t s  
a r e  abundant a long  t h e  South Carolina- 
Georgia c o a s t ,  and those  blown o u t  t o  s e a  
may provide apprec iab le  amounts of o rgan ic  
mat te r  t o  marine food webs i n  s u r f a c e  and 
near-surface waters .  A number of  i n s e c t s  
obviously blown seaward from ad jacen t  
c o a s t a l  l ands  have been observed i n  neuston 
samples c o l l e c t e d  nea r  t h e  Sea I s l a n d  
Coas ta l  Region i n  r e c e n t  y e a r s  (C. A. 
Barans and B. W. S tender ,  1978, South 
Caro l ina  Marine Resources Div i s ion ,  
Charles ton,  pe r s .  comm.). From a number 
of accounts  summarized by Bowden and 
Johnson (1976), predominant o r d e r s  con- 
t r i b u t i n g  t o  t h i s  n u t r i e n t  source inc lude  
Hornaptera, Dip te ra ,  Hymenoptera, 
Neuroptera,  Coleoptera ,  Lepidoptera ,  and 
Heteroptera .  

3. Benthic  I n v e r t e b r a t e s  

As mentioned previously ,  t h e  c o a s t a l  
marine ecosystem of t h e  c h a r a c t e r i z a t i o n  



a r e a  f a l l s  e n t i r e l y  w i t h i n  a r eg ion  
c h a r a c t e r i z e d  a s  t h e  " tu rbu len t  zone" by 
Day et a l .  (1971). Sediments c o n s i s t  
l a r g e l y  of sand and ground s h e l l ,  and 
t o  a dep th  of approximately  20 m (65.6 f t )  
t h e  bottom is ripple-marked due t o  wave 
a c t i o n .  According t o  Day e t  a l .  (1971). 
s p e c i e s  c h a r a c t e r i s t i c  of  i n s h o r e  a r e a s  
o f  t h i s  zone i n  North Caro l ina  i n c l u d e  t h e  
sand d o l l a r  M e l l i t a  qu inquesper fo ra ta .  
t h e  polychaete  Magelona p a p i l l i c o r n i s ,  
t h e  decapod Dissodac ty lus  m e l l i t a e ,  t h e  
mol lusks  O l i v e l l a  mut ica  and S p i s u l a  
r a v e n e l i ,  and t h e  amphipod Pla tyischnopus 

Nearshore b e n t h i c  communities have 
been s t u d i e d  -Ln some d e t a i l  o f f  t h e  c o a s t  
of Georgia (Frankenberg 1965, 1971, Smith 
1971, 1973, Dsrjes 1972, 1977, Le ipe r  1973, 
Frankenberg and L e i u e ~  1977). Frankenberg 
(1971) and Frankenberg and Le ipe r  (1977) 
found s i g n i f i c a n t  s p a t i a l  and temporal 
v a r i a t i o n s  i n  t h e  d e n s i t y  of b e n t h i c  
i n v e r t e b r a t e s  a t  s t a t i o n s  l o c a t e d  i n  f i n e  
sand w i t h i n  3 m i  (4.8 km) of t h e  beach a t  
Sapelo I s l a n d ,  Georgia. During 1973 and 
1974, t h e  po lychae te  Spiophanes bombyx, 
t h e  b i v a l v e  T e l l i n a  texana?, and t h e  
cumacean Oxyuros ty l i s  s m i t h i  accounted fox 
over  60% of  t h e  animals  c o l l e c t e d  i n  
February and March, bu t  made up less than  
10% of t h o s e  c o l l e c t e d  from June  through 
November. I n  c o n t r a s t ,  t h e  decapod 
Pinnixa chae top te rana ,  t h e  oph iu ro id  
Hemipholis e longa ta ,  t h e  po lychae te  
Magelona sp . ,  and t h e  decapod C a l l i a n a s s a  
sp. made up over  40% of t h e  c o l l e c t i o n  
from June through November, b u t  less than  
10% from December through May (Frankenberg 
1971). Somewhat d i f f e r e n t  p a t t e r n s  were 
observed i n  1969 and 1970. Wide va r i a -  
t i o n s  i n  numbers from one sampling pe r iod  
t o  ano the r  were observed by Frankenberg 
and Leiper  (1977); t h e  d e n s i t y  of 
Spiophanes bomb x v a r i e d  from 1 t o  1,464 
individuals& a nea r shore  stat ion.  
These f i n d i n g s ,  a long w i t h  o t h e r  evidence 
of temporal changes i n  community s t r u c t u r e  
(see  Boesch et  al .  1976a),  emphasize t h e  
l imi ted u t i l i t y  of shor t - term su rveys  a s  
environmental impact o r  b a s e l i n e  charac- 
t e d z a t i o n s .  Contrary  t o  t h e  b e l i e f  of 
some, t h e  community s t r u c t u r e  of shal low 
water b e n t h i c  communities is f a r  from 
s t a t i c  i n  temperate  a r e a s .  Seasonal  sam- 
pling, p r e f e r a b l y  over  a several -year  in-  
t e rva l ,  i s  necessa ry  f o r  such surveys  t o  
be of v a l u e  i n  a s s e s s i n g  environmental 
change. Boesch et al .  (1976a) found 
s i g n i f i c a n t  v a r i a t i o n s  i n  b e n t h i c  
community s t r u c t u r e  a t  one s t a t i o n  sampled 
over an 11-year pe r iod  i n  t h e  York River ,  
Virginia.  Large f l u c t u a t i o n s  were observed 
i n  the  abundance of  c o n s t i t u e n t  s p e c i e s ,  
although t h e  q u a l i t a t i v e  composi t ion was 
more p e r s i s t e n t .  The i n c o n s t a n t  n a t u r e  of 
the communities they s t u d i e d  l e d  Boesch 
e t  a l .  (1976 a )  t o  emphasize t h e  importance 
of understanding community dynamics i n  
assess ing t h e  causes  f o r  observed changes. 

The reasons  f o r  such v a r i a t i o n s  i n  
benthic communities a r e  n o t  f u l l y  understood. 

5 1  

Frankenberg and Le ipe r  (1977) suggested 
t h a t  some of  t h e  d i f f e r e n c e s  they ob- 
served may have been a t t r i b u t a b l e  t o  
such f a c t o r s  a s  breeding aggregat ion.  
patchy l a r v a l  s e t t l e m e n t ,  p reda t ion ,  
s imple  longev i ty ,  and seasona l  migra t ions ,  
a s  w e l l  a s  t h e  d i f f i c u l t y  of p r e c i s e l y  
r e l o c a t i n g  t h e  sampling s i t e s .  Boesch 
e t  a l .  (1976a) observed t h a t  physico- 
chemical v a r i a b l e s  such a s  s a l i n i t y ,  
temperature ,  d i s so lved  oxygen, s u b s t r a t e  
changes, and p o l l u t i o n  a r e  impor tan t ,  a s  
a r e  b i o l o g i c a l  f a c t o r s  a f f e c t i n g  r e -  
product ion,  r ec ru i tmen t ,  and s u r v i v a l .  

I n  South Carol ina .  D. M. Knot t ,  
D. R. Calder ,  R. F. Van Dolah (1978, 
South Caro l ina  Marine Resources Div i s ion ,  
unpubl. d a t a )  conducted a seasona l  in -  
v e s t i g a t i o n  of  t h e  nea r shore  macrobenthos 
i n  dep ths  from 1 t o  5 m (3.3 t o  16.4 f t )  
a t  Mur re l l s  I n l e t .  An assemblage of 205 
t a x a ,  dominated by po lychae tes  i n  terms 
of bo th  s p e c i e s  (83) and numbers of  
i n d i v i d u a l s ,  was observed. Community 
s t r u c t u r e  v a r i e d  s e a s o n a l l y  a s  t h e  
numerical ly  dominant s p e c i e s  underwent 
wide f l u c t u a t i o n s  i n  abundance. The t e n  
most abundant s p e c i e s  (Spiophanes bombyx, 
P ro tohaus to r ius  n r .  deichmannae, 
S c o l e l e p i s  squamata, Acanthohaustor ius  
m i l l s i ,  T e l l i n a  sp . ,  v a r i a b i l i s ,  -- 
Ens i s  d i r e c t u s ,  ~mphipoda-undescr ibed 
s p e c i e s ,  Maldanidae-undetermined, and 
Bathyporeia  p a r k e r i )  accounted f o r  80.2% 
of t h e  fauna.  Animal d e n s i t i e s ,  which 
ranged from 297 t o  35,162 i n d i v i d u a l s /  
m2, were h i g h e s t  d u r i n g  w i n t e r  and s p r i n g  
due t o  heavy rec ru i tmen t  of  po lychae tes  
(Spiophanes bombyx, S c o l e l e p i s  squamata) , 
b i v a l v e s  ( T e l l i n a  sp . ,  v a r i a b i l i s ,  
Ens i s  d i r e c t u s ) ,  and c e r t a i n  h a u s t o r i i d  
amphipods. Popu la t ion  l e v e l s  were pro- 
g r e s s i v e l y  reduced dur ing  summer and 
autumn. 

D. R. Calder ,  R. F. Van Dolah, and 
D. M. Knott  (1979, South Caro l ina  Marine 
Resources Div i s ion ,  unpubl.  d a t a )  con- 
ducted a n  assessment of  t h e  macrofauna 
a t  40 s t a t i o n s  ranging between 4 - 1 9  km 
(2.5 - 11.8 m i )  from s h o r e  o f f  Char l e s ton  
dur ing  sunrmer 1978. F ine  nea r shore  sands  
gave way t o  c o a r s e r  sediments o f f s h o r e ,  
wi th  an accompanying change i n  co~mnunity 
composition. Assemblages i n  t h e  s t u d y  
a r e a  were f a u n i s t i c a l l y  r i c h e r ,  and were 
c h a r a c t e r i z e d  by h i g h e r  s p e c i e s  d i v e r s i t y  
than  expected from prev ious  s t u d i e s  of 
s h e l f  benthos  i n  t h e  Sou theas t .  The in -  
fauna,  comprised o f  more than 500 s p e c i e s ,  
were dominated numerical ly  by polychaetes  
(37.5%), t h e  cephalochordate  Branchiostoma 
caribaeum (19.6%) , amphipods (10.0%) , and 
pelecypods (7.0%) . Although 2. caribaeum 
was t h e  s i n g l e  most abundant s p e c i e s ,  i t  
is  a migratory,  s e a s o n a l l y  abundant 
organism whose numbers r e f l e c t e d  t h e  August 
sampling pe r iod .  I n  terms of  s p e c i e s ,  t h e  
fauna was dominated by polychaetes  (42.8%), 
pelecypods (10.8%) , gastropods (9.9%) , and 
decapods (9.9%). Species  d i v e r s i t y  was 
h igh ,  wi th  H'  r ang ing  from 3.46 t o  6.13. 
The d i s t r i b u t i o n  of  i n d i v i d u a l s  among t h e  



var ious  spec ies  was remarkably even; t h e  
20 most abundant spec ies  made up only 
56.4% of t h e  t o t a l  fauna. Faunal den- 
s i t i e s  ranged from 208 t o  7,932 ind iv idua ls /  
m2. Although 171 ep i fauna l  o r  p a r t l y  epi- 
fauna l  spec ies  were i d e n t i f i e d  i n  qual i -  
t a t i v e  dredge samples, t h e  s e s s i l e  b i o t a  
was t y p i c a l l y  sparse  because of s h i f t i n g  
sandy sediments i n  t h e  a rea .  A few 
loca l ized  patches of l a r g e  oc tocora l s  
(Tidanideum f r a u e n f e l d i i ) ,  sponges, and 
o ther  epibenthic  t axa  were encountered, but  
none of t h e  sampling s i t e s . c o n s t i t u t e d  
" l i v e  bottom" a reas .  

While most s t u d i e s  of macrobenthic 
community s t r u c t u r e  a r e  based on counts 
of ind iv idua l  animals, numerical dominance 
c l e a r l y  cannot always be equated with 
e i t h e r  biomass o r  func t iona l  dominance 
(Table 2-7). I n  a s tudy o f f  t h e  Georgia 
coas t ,  Smith (1971, 1973) observed t h a t  
numerically dominant crustaceans and 
polychaetes were l e s s  important i n  over- 
a l l  biomass, which was dominated by 
echinoderms and mollusks. Dominance rank- 
i n g  based on r e s p i r a t i o n v a r i e d  seasonal ly.  
Tota l  community r e s p i r a t i o n  was p o s i t i v e l y  
cor re la ted  wi th  water temperature, and 
was est imated a t  676.6 l i t e r s  of oxygen/ 
m21year. The macrof auna accounted f o r  only 
5% - 25% of t h i s  amount; t h e  meiofauna and 
microbenthos (fauna and f l o r a )  accounted 
f o r  25% - 58%, while  b a c t e r i a l  r e s p i r a t i o n  
amounted t o  30% - 60% of t h e  t o t a l .  This 
r e l a t i v e  importance of t h e  meiofauna and 
f l o r a  has become recognized widely only 
during t h e  l a s t  decade o r  so. Collec- 
t i v e l y ,  meiofauna a r e  charac te r ized  a s  
having r e l a t i v e l y  low biomass but rap id  
turnover  r a t e s .  Gerlach (1971) has  
est imated t h a t  year ly  production of meio- 
benthos i n  t h e  North Sea is an order  of 
magnitude g r e a t e r  than i t s  biomass. 
Nevertheless, while  a general  apprec ia t ion  
of t h e  importance of meiobenthos i n  t h e  
marine environment is now widespread, 
l i t t l e  i s  known of t h e  amount of a v a i l a b l e  
energy meiobenthic organisms consume o r  t h e  
amount of t h e i r  production u t i l i z e d  by 
macrobenthos (S tee le  1974). This is de- 
f i n i t e l y  an important d a t a  gap f o r  t h e  Sea 
I s land  Coastal  Region, where even descrip- 
t i v e  information on t h e  meiobenthos of 
nearshore she l f  waters  is  lacking. 

cor re la ted  wi th  seasonal  v a r i a t i o n s  i n  
t h e  export of d e t r i t u s  from sal tmarsh 
a reas .  

While nearshore infauna is taxonomi- 
c a l l y  r i c h ,  Tenore e t  a l .  (1978) r e p o r t  
t h a t  macrofaunal biomass is low over much 
of t h e  Georgia s h e l f  due t o  an unfavorable 
sediment regime and low n u t r i e n t  l e v e l s .  
They observed t h a t  n u t r i e n t s  outwell ing 
i n t o  c o a s t a l  waters  from marshes and 
r i v e r s  a r e  i n h i b i t e d  from moving across  t h e  
s h e l f  by a t u r b i d i t y  f r o n t  about 20 km 
(12.4 mi) from shore,  and t h a t  per iod ic  
Gulf Stream i n t r u s i o n s  c h i e f l y  in f luence  
t h e  s h e l f  break. Nei ther  process  appears 
t o  a f f e c t  t h e  middle s h e l f  t o  any 
appreciable  degree. 

I n  a d i f f e r e n t  type of s tudy,  
McCloskey (1970) invest igaeed t h e  fauna 
assoc ia ted  wi th  t h e  c o r a l  Oculina arbuscula 
on t h e  nor th  j e t t y  off  Charleston Harbor. 
A t o t a l  of 63 spec ies  was found among 
c o r a l  heads from Charleston (Table 2-81, 
a low number i n  comparison with samples 
from a r e a s  s tud ied  i n  North Carolina 
(Shark Shoal J e t t y ,  Cape Lookout J e t t y ,  
Lookout Outcrop). Species  d i v e r s i t y  was 
a l s o  lowest i n  t h e  samples from Charleston. 
This was c o r r e l a t e d  with t h e  environmental 
c h a r a c t e r i s t i c s  of t h e  a r e a ,  including 
a r e l a t i v e l y  high degree of p o l l u t i o n  com- 
pared wi th  the  o t h e r  sampling s i t e s .  
Community s t r u c t u r e  of fauna from c o r a l  
heads was found t o  be q u i t e  s t a b l e  and 
pred ic tab le .  

The Florida-Hatteras  she l f  is pre- 
dominantly sandy with varying amounts of 
calcium carbonate, and i t  is  marked by 
s e v e r a l  long, sinuous shoa ls  inc lud ing  
one of f  Cape Romain, South Carol ina 
(Emery and Uchupi 1972, Milliman e t  a l .  
1972). While she l f  channels and sub- 
marine canyons such a s  those of f  t h e  
Hatteras-Cape Cod she l f  a r e  absen t ,  
s e v e r a l  types of outcrops known a s  r e e f s ,  
hard banks, o r  " l i v e  bottom" a r e a s  occur 
along t h e  Florida-Hatteras  s h e l f .  Most 
of  these  hard banks occur beyond t h e  3 m i  
(4.8 km) l i m i t  and a r e ,  the re fore ,  ou ts ide  
t h e  scope of t h i s  study. These b i o l o g i c a l l y  
productive a r e a s  have been described b r f e f l y  
on PP. 36 - 38. 

Coastal  waters  of South Carol ina and 
Georgia, p a r t i c u l a r l y  near  mouths of 
r i v e r s ,  a r e  c h a r a c t e r i s t i c a l l y  tu rb id  due 
t o  t r a n s p o r t  of o rgan ic  and inorganic 
m a t e r i a l s  out  of t h e  e s t u a r i e s  (Odum and 
de l a  Cruz 1967, Howard e t  a l .  1972, 
Dtirjes 1977). Feeding types of benthic  
inver tebra tes  i n  nearshore waters  of 
Georgia were bel ieved by Leiper (1973) 
t o  be cor re la ted  wi th  t h e  a v a i l a b i l i t y  of 
d e t r i t u s .  The proport ion of depos i t  
feeders  was highest  inshore  where d e t r i t a l  
mate r ia l  was r e l a t i v e l y  abundant, while  
t h e  percentage of suspension feeders  in- 
creased offshore.  Seasonal d i f fe rences  
i n  t h e  r e l a t i v e  numbers of these  two 
feeding types were a l s o  believed t o  be 

The Cape Hat te ras  a r e a  has long been 
' recognized a s  a n  a r e a  of fauna l  t r a n s i t i o n  

between t h e  Virginian region t o  t h e  nor th  
and t h e  Carol inian region t o  t h e  South. 
The complexity of t h i s  zone a s  a zoogeo- 
g raphica l  b a r r i e r  was demonstrated by 
Cerame-Vivas and Gray (1966). A s  expected, 
they found a Virginian fauna above and a 
Carol inian fauna below t h e  cape, bu t  they 
a l s o  encountered a Caribbean assemblage 
offshore.  Differences i n  t h e  ex ten t  of 
t h e  Virginian and Carol inian zones were 
observed from summer t o  winter .  Off t h e  
c o a s t s  of South Carolina and Georgia, the  
fauna i s  Carol inian inshore,  wi th  d i s t i n c t  
Caribbean a f f i n i t i e s  i n  o f f shore  a r e a s  
and p a r t i c u l a r l y  on hard banks o r  " l ive  



Table 2-7. Key invertebrate species in subtidal benthic communities off Sapelo Island, 
Georgia. 

SOURCE 
- 

Frankenberg (1971) Smith (1973Ia D8rf es (1977) 

Oxyurostylis smith1 JULY -- Callianassa biformis 

Spiophanes bombyx Motomastus sp. Scoloplos fragilis 

Tellina texana (?) -- Mellita quinquesperforata Spiophanes bombyx 

Pinnixa chaetopterana Glycera disbranchiata Saccoglossus kowalevskii 

Hemipholis elongata Haliactus sp. Tellina cf. texana 

Abra aequalis Nephtys picta 

Paraphoxus epistomus OCTOBER 

Magelona sp. Callianassa sp. 

Hemipholis elongata 

Pectinaria gouldii 

Oxyurostylis smithi 

Callianassa sp. Pinnoxa chaetopterana - Abra aequalis 

Tellina iris 
p- 

Abra aequalis Glycera americana 

Scoloplos fragilis Micropholis atra Notomastus latericeus 

Nephtys picta Magelona sp. Owenia fusiformis 

Solen viridis -- JANUARY Spiochaetopterus oculatus 

Abra aequalis - 
Notomastus sp. 

Edotea montosa -- 
Capitomastus cf. aciculatus 

Callianassa sp. Magelona sp. 

Micropholis atra Arabella iricolor 

Pinnixa chaetopterana Prionospio cf. cirrifera 

APRIL Nucula proxima 

Abra aequalis - 
Sabellides oculata 

Solen vlridis -- 
Micropholis atra 

a. Based on respiration studies. 

bottom" areas. The estuarine fauna, 
particularly in lower salinities, bears 
a striking qualitative resemblance to 
that of the mid-Atlantic region. 

I 4. Nektonic Invertebrates 

j The invertebrate component of the 
marine nekton is limited largely to a few 

species of squids, and to crabs of the 
family Portunidae. Several species of 
large scyphozoan jellyfishes are sea- 
sonally abundant in waters of the study 
area, but these are more planktonic than 
nektonic. Species such as the commer- 
cially important penaeid shrimps (see also 
Chapter Four of Volume 111, and Chapter 
Seven of Volume 11) are more benthic 



Table 2-8. Animals a s s o c i a t e d  wi th  heads of t h e  c o r a l  
Oculina arbuscula  from a j e t t y  a t  t h e  en t rance  
of Charles ton Harbor, South Carol ina (McCloskey 
1970). 

SPECIES TOTAL NUMBERS - 

Phylum Rhynchocoela 
Nemertean D 
Nemertean E 

Phylum Nematoda 
Enoplus conrmunis 
Prooncholaimus sp.  
Pseudocel la  panamaense 
Anticoma columba 
Oncholaimus i u j a r d i n i i  -- 
Paracanthoncus sp. 
Polygastrophora sp .  
Nematoda (undet.)  
Eurystomina americana 
Phanoderma sp .  
Euchromadora sp. 

Phylum Mollusca 
Odostomia d ian thoph i la  
Odostomia seminuda 
Gastropod (undet .) 
~ r a c h i d o n t e s  exustus  
Diplothyra  s m i t h i  
Musculus l a t e r a l i s  
Ostrea  eque 's t r is  

Phylum Annelida 
Autolytus  p r o l i f e r  
Brania sp .  
Dodecaceria concharum 
Hydroides d ian thus  
Exogone sp .  
Hypsicomus phaeotaenia  
Lepidonotus v a r i a b i l i e  
Nereis  succ inea  
Nereis o c c i d e n t a l i s  
Odontosy l l i s  sp .  
Polydora sp.  
S a b e l l a  microphthalma 
S a b e l l a r i a  v u l g a r i s  
S y l l i s  g r a c i l i s  
S y l l i d  (undet.  ) 
s i l l i d  (undet.  ) 
Thelepus s e t o s u s  

Phylum S i ~ u n c u l i d a  
Dendrostama alutaceum 
Gol f ing ia  p e l l u c i d a  

Phylum Arthropoda 
Tanystylum o r b i c u l a r e  
Ostracod (undet .) 
Balanus t r i g o n u s  
Balanus venustus  
Cumacean (undet . ) 
Tanaid (undet. ) 
J a e r o p s i s  c o r a l i c o l a  
P a r a c e r e i s  tomentosa 
Gaprel la  geometrica 
Corophium sp.  
Eurystheus sp.  
Lembos s m i t h i  -- 
Leucothoe sp.  
Mel i t a  sp .  
P h o t i s  pugnator 



Table 2-8. Cencluded 

-- 

SPECIES TOTAL NUMBERS - 
Phylum Arthropoda (Cont.) 

Stenothoe sp. 
Menippe mercenaria 
Neopanope sayi 
Pilumnus sayi 
Synalpheus f r i t z m u e l l e r i  

Phylum Echinodermata 
Axiognathus squamata 10 

Phvlum Chordata 
S tye la  p l i c a t a  
Hypsoblennius h e n t z i  

than nektonic, but  w i l l  be discussed 
b r i e f l y  here  because they a r e  in f requent ly  
included i n  s t u d i e s  of q u a n t i t a t i v e  benthic  
ecology. 

Whitaker (1978) inves t iga ted  var ious  
aspec t s  of t h e  biology of two spec ies  of 
squid, Loligo p e a l e i  and L. plei, i n  
she l f  waters  of t h e  Southeastern United 
S ta tes .  L. p e a l e i ,  having a cen te r  of 
d i s t r i b u t i o n  north of Cape Hatteras ,  was 
most f requent  i n  waters  of E0 - 22OC 
(46.40 - 71 .6~  F) . This  spec ies  was 
genera l ly  co l lec ted  a t  depths exceeding 
lOOm (328 f t )  except i n  winter  and spr ing ,  
when i t  occurred i n  shallower waters. 
L. plei, a spec ies  with more southern - 
a f f i n i t i e s ,  was most abundant i n  waters 
above 2Z°C (71.6'~). I t  was co l lec ted  
each of t h e  four  seasons i n  waters  of 
l e s s  than 50m (164 f t )  depth. Die t s  of 
the  two spec ies  consis ted p r i n c i p a l l y  of 
crustaceans and chaetognaths f o r  small  
squids, while  l a r g e r  ind iv idua ls  preyed 
la rge ly  on o ther  squids and f i s h e s .  
Spawning i n  4. p e a l e i  occurred during 
winter,  while  &. plei was believed t o  
spawn i n  autumn. A t h i r d  spec ies ,  
Lolliguncula b rev is ,  occurs  a l l  year  i n  
shallow c o a s t a l  waters  and i n  e s t u a r i e s .  

Penaeid shrimps (Penaeus s e t i f e r u s ,  
P. ~ z t e c u s )  c o n s t i t u t e  t h e  p r i n c i p a l  - -  
f i shery  resource of Georgia and South 
Carolina (Calder e t  a l .  1974b). Spawning 
i n  white  shrimp (E. s e t i f e r u s )  occurs  i n  
nearshore waters  along t h e  coast .  It 
begins i n  Apr i l  (Georgia) o r  May (South 

! Carolina) and cont inues i n t o  September 
(Lindner and Anderson 1956). L i t t l e  is 
known about t h e  months o r  s i t e s  of spawning 
i n  brown shrimp (g. az tecus  aztecus)  , 
although pos t la rvae  e n t e r  t h e  e s t u a r i e s  
i n  g r e a t e s t  numbers during winter .  
Larvae and e a r l y  pos t la rvae  of both 
species a r e  planktonic and migrate from 
coastal  waters  i n t o  t h e  e s t u a r i n e  nursery 
grounds. Once i n  t h e  e s t u a r i e s ,  they 
congregate i n  shallow waters  and grow 

deeper waters  of the  es tuary  before re-  
turning t o  the  ocean. Penaeids a r e  known 
t o  undergo migrat ions along t h e  coast  i n  
add i t ion  t o  t h e i r  inshore and of f shore  
movements. Brown shrimp disappear com- 
p l e t e l y  from the  coas t s  of South Carolina 
and Georgia during autumn. In  c o n t r a s t ,  
most of the  spawning s tock of P. s e t i f e r u s  
c o n s i s t s  of overwintering, nonmigratory 
shrimp. This c o a s t a l  system i s  thus  linked 
t o  t h e  e s t u a r i e s  by migrating subsystems 
(Odum e t  a l .  19741, such a s  shrimp and 
o t h e r  spec ies  of inver tebra tes  a s  wel l  a s  
f i s h e s  t h a t  use t h e  e s t u a r i e s  a s  nursery 
grounds. A t h i r d  spec ies  of penaeid, 
t h e  pink shrimp (P. duorarum), is  frequent  
i n  t h e  s tudy a r e a  but is  of major commer- 
c i a l  importance on t h i s  coas t  only i n  
North Carolina. I n  add i t ion ,  o t h e r  
spec ies  of penaeid shrimps, p r i n c i p a l l y  
Sicyonia spp.,  Trachypenaeus c o n s t r i c t u s ,  
and Xiphopenaeus kroyer i ,  a r e  probably 
a l s o  important i n  t h e  charac te r iza t ion  
a r e a  (P. A. Sandifer ,  1978, South Carolina 
Marine Resources Divis ion,  pers .  c o w . ) .  

I n  s t u d i e s  of t h e  i n c i d e n t a l  ca tch  
of t h e  shrimp f i s h e r y  i n  c o a s t a l  waters  
of South Carolina. Keiser (1976) re -  
ported t h a t  benthic  and nektonic inver-  
t e b r a t e s ,  o t h e r  than shrimp. comprised 
4% by weight of t rawl  samples. Of these  
o ther  i n v e r t e b r a t e s ,  miscellaneous crus- 
taceans comprised about 40% by weight. 
According t o  Keiser ,  b lue  crabs 
(Ca l l inec tes  sapidus) comprised a s i g n i f -  
i c a n t  por t ion  of t h e  crustacean ca tch ,  but  
accura te  est imates  of t h e i r  quan t i ty  were 
impossible because many a c t i v e  specimens 
escaped a s  t h e  t rawls  were emptied on 
deck. This was bel ieved t o  have g r e a t l y  
decreased t h e  t o t a l  i n v e r t e b r a t e  component 
of t h e  samples taken f o r  study. In  addi- 
t i o n  t o  C. sapidus,  o t h e r  comnon nektonic 
decapods recorded by Keiser from t rawl  
catches included t h e  portunids Arenaeus 
c r l b r a r i u s ,  C. s i m i l i s  and C. ornatus,  
Ovalipes o c e l l a t u s ,  Portunus g i b b e s i i ,  
and P. spinimanus. Two spec ies  of squid, 



were reported by Hoese (1973) t o  be 
abundant o f f  t h e  beach a t  Sapelo I s land ,  
Georgia, while  t o l i g o  p l e i  was the  most 
common squid i n  o f f shore  waters. The 
same portunids reported i n  catches from 
South Carolina by Keiser (1976) appeared 
t o  be common i n  Georgia a s  well .  The 
scyphomedusa Stomolophus meleagris 
accounted f o r  15% by weight of ~ e i s e r ' s  
i n v e r t e b r a t e  catch.  These medusae a r e  
sporadic  i n  occurrence, bu t  were p a r t i c -  
u l a r l y  abundant i n  1974, t h e  f i r s t  year  
of Keiser 's  2-year study. 

Anderson e t  a l .  (1977) reported a 
number of swimming inver tebra tes  from 
se ine  ca tches  i n  t h e  s u r f  zone of f  
Fol ly Beach, South Carolina. Of these ,  
t h e  c rab  Arenaeus c r i b r a r i u s  was most 
abundant. Also co l lec ted  were Penaeus - 
s e t i f e r u s ,  Ovalipes o c e l l a t u s ,  Gal l inec tes  
sapidus, Palaemonetes &, Portunus 
anceps, Acetes americanus caro l inae ,  
Emerita t a lpo ida ,  Nereis succinea,  S q u i l l a  
empusa, and an un iden t i f i ed  scyphozoan. 
Several of these  may be regarded a s  more 
benthic  o r  planktonic than nektonic. Eight 
o ther  i n v e r t e b r a t e  spec ies  were represented 
i n  t h e  samples by a s i n g l e  specimen. 

Hoese (1973) observed t h a t  s t r i k i n g  
changes occur i n  t h e  fauna of inshore and 
of f shore  areas .  The inshore fauna is 
warm-temperate while  t h e  immediate off-  
shore  fauna is somewhat sub t rop ica l ,  
p a r t i c u l a r l y  during warmer periods of t h e  
year. Pe lag ic  spec ies  were general ly  
more widely d i s t r i b u t e d  over  these  a r e a s  
than ben th ic  forms, and t h e i r  d i s t r i b u t i o n  
appears t o  be  c o r r e l a t e d  pr imar i ly  with 
water  masses. 

(Odum e t  a l .  1974) l ink ing  t h e  marine and 
e s t u a r i n e  environments. The maj.o,r types 
of h a b i t a t  support ing marina*. e s t u a r i n e  
f i s h e s  wi th in  t h e  Sea I s l a n d  Goastal Region 

5. Fishes 

The c o a s t a l  marine waters  of t h e  Sea 
Is land Coastal  Region provide a d i v e r s i t y  
of h a b i t a t  types f o r  a v a r i e t y  of f i s h e s .  
The majori ty  of f i s h e s  found i n  t h e  s tudy 
area a r e  of two general  ca tegor ies :  
1 )  res iden t  spec ies  which spend t h e i r  en- 
t i r e  l i v e s  i n  nearshore o r  e s t u a r i n e  
environments (e.g.,  k i l l i f i s h e s ,  s i l v e r -  
s i d e s ,  and bay anchovy), and 2) seasonal  
migrants which u t i l i z e  t h e  a r e a  during 
only a p a r t  of t h e i r  l i f e  cyc le  (e.g., 
mullets ,  menhaden, and many sc iaen ids ) .  
The f i r s t  group of f i s h e s  is r e s t r i c t e d  
t o  nearshore and e s t u a r i n e  waters ,  while  
t h e  l a t t e r  (which is t h e  predominant 
group i n  terms of numbers of spec ies  and 
ind iv idua ls )  genera l ly  spawns offshore,  
moving i n t o  the  c o a s t a l  zone a s  l a r v a e  
o r  pos t l a r v a e  . 

Estuar ies  provide valuable h a b i t a t ,  
nursery a reas  r i c h  i n  food, and refuge 
from predators .  Vast numbers of young- 
of-the-year, mot i le  spec ies  a r e  found i n  
t h e  e s t u a r i n e  zone, moving seaward i n  
response t o  physiological  and environ- 
mental changes, e s p e c i a l l y  during t h e  
summer and f a l l .  Like penaeid shrimp, 
such f i s h e s  a r e  "migrating subsystems" 

a r e  t h e  following: s u b t i d a l  marine waters; 
i n t e r t i d a l  marine s u r f  zone; s u b t i d a l  
e s t u a r i n e  waters  ( t i d a l  r i v e r s ,  channels, 
c reeks) ;  i n t e r t i d a l  e s t u a r i n e  bottoms in-  
cluding f l a t s ,  marshes, and oys te r  r e e f s ;  
and s a l t  o r  brackish water  impoundments. 
Most common marine f i s h  spec ies  a r e  not  
confined t o  one h a b i t a t  type and may 
occur i n  s e v e r a l  h a b i t a t s  on a seasonal  
b a s i s  o r  a t  d i f f e r e n t  s tages  i n  t h e i r  
l i f e  cycles .  For f u r t h e r  information 
on e s t u a r i n e  s p e c i e s ,  s e e  Chapter Four. 

Those spec ies  which have adapted t o  
t h e  r i g o r s  of highly v a r i a b l e  s a l i n i t i e s ,  
temperatures, and h a b i t a t  types a r e  
genera l ly  t h e  most success fu l  i n  c o a s t a l  
marine waters. Some euryhal ine spec ies ,  
such a s  s e v e r a l  sc iaen ids ,  menhaden, 
mul le t ,  and o thers  a r e  found up-river i n  
f r e s h  water  a t  t imes,  e s p e c i a l l y  a s  
juveni les .  Although no a l l - i n c l u s i v e  l is t  
of f i s h  spec ies  occurr ing i n  marine waters  
of South Carolina and Georgia is given 
here ,  Table 2-9 presen ts  t h e  c h a r a c t e r i s t i c  
h a b i t a t s  of some of t h e  more important 
species .  

Many of t h e  previous and c u r r e n t  
surveys of marine and e s t u a r i n e  f i s h e s  i n  
t h e  Sea I s land  Coastal  Region have been 
based on sampling by o t t e r  t rawl ,  a 
biased sampling device which pr imar i ly  
t akes  demersal spec ies .  A considerable  
amount of f u t u r e  work, including sampling 
wi th  d i f f e r e n t  gear  types and within 
various h a b i t a t s ,  w i l l  be required t o  
provide a more thorough understanding of 
t h e  d i s t r i b u t i o n  and occurrence, diver-  
s i t y ,  abundance, biology,  and t rophic  
r e l a t i o n s h i p s  of  t h e  marine and e s t u a r i n e  
f i s h e s .  The following discussion of t h e  
f i s h e s  of t h e  s u b t i d a l  marine system, 
however, is based pr imar i ly  on d a t a  from 
t rawl  s t u d i e s ,  s i n c e  such d a t a  a r e  t h e  
most abundant and comparable. Pre- 
dominant f i s h e s  taken by t rawling i n  t h e  
marine s u b t i d a l  h a b i t a t  a r e  l i s t e d  i n  
Table 2-10. 

According t o  Keiser (1976), sc iaen ids  
(espec ia l ly  spot ,  k ingf i sh ,  A t l a n t i c  
croaker ,  and s t a r  drum), A t l a n t i c  menhaden, 
anchovies, and gadids were by f a r  t h e  
predominant bottom f i s h e s  caught by shrimp 
t rawlers  i n  c o a s t a l  marine waters  of the 
Sea I s land  Coastal Region (Table 2-11, 
Fig. 2-10). S imi la r ly ,  t h e  predominant 
spec ies  taken i n  t rawls  o f f  the  Georgia 
coas t  by Mahood e t  a l ;  (1974a. b ,  c ,  d )  
were s t a r  drum, A t l a n t i c  croaker ,  s p o t ,  
sea  c a t f i s h ,  weakfish, A t l a n t i c  menhaden, 
blackcheek tonguefish,  southern k i n g f i s h ,  
and s i l v e r  perch. 

Most of t h e  f i s h e s  comprising t h e  
s u b t i d a l  marine community a r e  t r a n s i e n t  
o r  migratory spec ies  which spawn of f -  
shore, migrate  t o  e s t u a r i e s  a s  juveni les ,  
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Table 2-10. Common f i s h e s  taken by t r awl ing  i n  nearshore  marink 
waters  of South Carol ina and Georgia. 

p- 

FAMILY AND SCIENTIFIC NAME COMMON NAME 

Carcharhinidae 

Mustelus c a n i s  Smooth dogf i sh  
R h i z o p r i o n o e  terraenovae A t l a n t i c  sharpnose sha rk  

Squalus a c a n t h i a s  

Raj i d a e  

e g l a n t e r i a  

Dasyatidae 

Dasyat is  sab ina  
Gymnur a micrur  a 

Clupeidae 

Brevoort ia  tyrannus 
Opisthonema oglinum 

Engraulidae 

Anchoa m i t c h i l l i  
Anchoa hepsetus  

Synodontidae 

Synodus foe tens  

Ar i idae  

Arius f e l i s  -- 
Bagre marinus 

Gadidae 

Urophycis r e g i u s  
Urophycis f l o r i d a n u s  
Urophycis e a r l l i  

Carangidae 

Chloroscombrus chrysurus  
Selene vomer -- 
Caranx hippos 

Sciaenidae 

S t e l l i f e r  l a n c e o l a t u s  
Leiostomus xanthurus 
Micropogonias undulatus  
Ment ic i r rhus  spp. 
Cynoscion spp. 
Larimus f a c i a t u s  

Scombr i d a e  

Scomberomorus maculatus 
Scomberomorus c a v a l l a  

Spiny dogf i sh  

Clearnose s k a t e  

A t l a n t i c  s t i n g r a y  
Smooth b u t t e r f l y  r a y  

A t l a n t i c  menhaden 
A t l a n t i c  thread h e r r i n g  

Bay anchovy 
S t r i p e d  anchovy 

Inshore  l i z a r d f i s h  

Sea c a t f i s h  
G a f f t o p s a i l  c a t f i s h  

Spot ted hake 
Southern hake 
Carol ina hake 

A t l a n t i c  bumper 
Lookdown 
Creva l l e  j ack  

Sear  drum 
Spot 
A t l a n t i c  croaker  
Kingfishes  
Sea t rou t s ,  weakfishes 
Banded drum 

Spanish mackerel 
King mackerel 



Table  2-10. Concluded 

FAMILY AND SCIENTIFIC NAME COMMON NAME 

S t romateidae 

P e p r i l u s  
P e p r i l u s  

a l e p i d o t u s  
t r i a c a n t h u s  

Harves t f i sh  
B u t t e r f i s h  

T r i g l i d a e  

P r iono tus  spp . Searobins  

Bothidae 

P a r a l i c h t h y s  spp. 
C i t h a r i c h t h y s  s p i l o p t e r u s  
Etropus  c r o s s o t u s  

Flounders 
Bay whiff 
Fringed f lounder  

So le idae  

T r i n e c t e s  maculatus Hogchoker 

Cynoglossidae 

Symphurus p lag iusa  Blackcheek tonguef i sh  

Table  2-11. Comparison of t h e  10  most abundant f i s h  
s p e c i e s  (by weight) of t r a w l  samples o f f  
South Caro l ina  and Georgia (Keiser  1 9 7 6 ) .  

F i sh  s p e c i e s  composition of South Carol ina  shrimp 
t r a w l  samples May t o  December 1974 and May t o  mid- 

August 1975 

RANK - SPECIES 

Spot 
A t l a n t i c  menhaden 
A t l a n t i c  c roaker  
S t a r  drum 
Southern k f n g f i s h  
Sea c a t f i s h  
Weakfish 
Cownose ray  
Spanish mackerel 
Banded drum 

PERCENT BY WEIGHT 
OF DISCARD 

40.2 
10.3 

8.8 
5.0 
5.0 
3.4 
3.0 
2.2 
2 . 1  
1 .9  - 

TOTAL PERCENT 81.9 

F i sh  s p e c i e s  composition o f  Georgia shrimp t r a w l  
from J u l y  1969 t o  June  1971 (Knowlton 1972) 

1 Spot 28.0 
2 A t l a n t i c  c roaker  20.9 
3 Whitings ( k i n g f i s h )  8.9 
4 A t l a n t i c  menhaden 7 .O 
5 Weakfish 6.9 



Table 2-11. Concluded 

RANK - SPECIES 

6 S t a r  drum 
7 S t ingrays  
8 Sea c a t f i s h  
9 Banded drum 

10 At lan t ic  cu t l a s s f i sh  

TOTAL PERCENT 

and r e tu rn  t o  oceanic waters  a s  sub-adults 
o r  adul t s .  Some, such a s  t h e  mackerels 
and pompanos, a r e  coas ta l  migrants found 
here only during t he  warmer months. Only 
a few species  (e.g., t h e  Gulf kingfish)  
a r e  found i n  t he  nearshore marine hab i t a t  
during most o r  a l l  of t h e i r  l i f e  cycle. 

Previous t rawl inves t iga t ions  have 
indicated t h a t  t he  biomass of f i s h e s  
within coas t a l  sounds and e s tua r i e s  is 
much higher than i n  the  nearshore sub- 
t i d a l  marine a rea  (Hoese 1973, Mahood e t  
a l .  1974a, b, c ,  d ) .  I n  a 3-year study 
along the  coast  of Georgia, Mahwd e t  a l .  
(1974a, b, c ,  d )  reported t h a t  only 16% 
of a l l  f i s h  taken i n  t rawl samples were 
caught i n  ocean waters, whereas 84% of 
the t o t a l  catch came from within the 
sounds and t i d a l  creeks. It should be 
pointed out ,  however, t h a t  o t t e r  t rawls  
c o l l e c t  slower moving demersal species  
primarily. Thus, t he  t rawl  surveys may 
not give a t r u e  ind ica t ion  of t he  a c t u a l  
biomass of f i shes .  For example, i n  g i l l  
net  sampling along t he  Georgia coas t ,  
Mahood (1974a, b, c, d)  found t h a t  52% 
of f i she s  co l lec ted  were taken i n  t he  
inshore ocean waters, versus 24% f o r  
sounds and 24% i n  the  t i d a l  creeks. Un- 
fortunately,  almost no o the r  inves t iga t ions  
of f i she s  of t h e  sub t i da l  marine hab i t a t  
using co l l e c t i ng  gear o the r  than o t t e r  
trawl have been conducted. Data on 
populations of coas ta l  migratory spec ies  
such a s  Spanish mackerel, b luef i sh ,  sharks, 
menhaden, thread herr ing,  and emaller 
schooling f i she s  (e.g., anchovies) commonly 
occurring i n  the  sub t i da l  marine hab i t a t  
a r e  lacking,  a s  is information on t he  
abundance, etc..  of species  such a s  adu l t  
spot and mullet,  which t r a v e l  i n  huge 
schools c l o se  t o  t h e  beaches a t  c e r t a i n  
times of t he  year. 

Although much of t h e  marine sub t i da l  
ha b i t a t  within t he  Sea I s land  Coastal 
Region is typ i f ied  by a r e l a t i v e l y  f l a t  
bottom of sand o r  sand-mud mixtures, 
special ized h a b i t a t s  i n  t he  form of j e t t i e s  
and groins,  shipwrecks, rocks, buoys,, and 
man-made a r t i f i c i a l  r e e f s  e x i s t  a t  some 
locat ions.  S t ruc tures  such a s  j e t t i e s  

I and a r t i f i c i a l  f i sh ing  r ee f s  provide 

PERCENT BY WEIGHT 
OF DISCARD 

valuable addi t iona l  hab i t a t  f o r  marine 
f i she s ,  and a r e  important both f o r  food 
production and cover. The sunken mater ia l s  
become encrusted with organisms such a s  
barnacles ,  a lgae,  sponges, and bryozoans 
and a r e  eventual ly populated by a v a r i e t y  
of res ident  and t r an s i en t  f i s h  species .  
I n  the nearshore marine a rea ,  f i she s  
commonly associated with these  types of 
hab i t a t  include black sea  bass,  sheepshead, 
oys te r  toadfish,  b luef i sh ,  flounders, 
blennies , gobies , juvenile  snappers, 
groupers, At lan t ic  spadefish,  cobia, 
t r i p l e t a i l ,  and sciaenids such a s  black 
drum and spotted sea t rou t .  No de t a i l ed  
inves t iga t ions  of t h e  f i s h  assemblages 
of these hab i t a t s  and t h e i r  t rophic  re- 
l a t i onsh ip s  a r e  known t o  have been con- 
ducted along t he  South Carolina and Georgia 
coas t s .  However, some information is 
ava i lab le  f o r  a r t i f i c i a l  reef  hab i t a t s  
f u r t he r  offshore i n  both S t a t e s  (South 
Carolina Marine Resources Division, 1978, 
Charleston, unpubl. da ta ;  Georgia 
Department of Natural Resources, 1978. 
Brunswick, unpubl. da ta ) .  

L i t t l e  information i s  ava i l ab l e  on 
the  t rophic  re la t ionsh ips  of f i she s  
spec i f i c a l l y  i n  the  sub t i da l  marine hab i t a t  
of t h e  Sea Is land Coastal Region. Never- 
the less ,  var ious  i nves t i ga to r s  have 
studied t he  food hab i t s  of a number of 
demersal f i she s  common t o  both e s tua r i e s  
and coas t a l  marine waters  (Dawson 195& 
Bearden 1963, Sikora e t  a l .  1972. 
Stickney e t  a l .  1974, 1975. Heard 1975, 
Kfelson and Johnson 1976. Stickney 1976). 
Results  of these  s t ud i e s  a r e  summarized i n  
Table 2-12, and a r e  discussed i n  more de- 
t a i l  i n  Chapter Four. Estuarine Ecosystem. 
Although most of these  s t ud i e s  have d e a l t  
with specimens co l lec ted  from within the  
sounds and t i d a l  creeks, i t  is l i k e l y  t he  
food hab i t s  of the  same l i f e  h i s t o ry  s tage  
would be s imi la r  i n  nearshore ocean waters. 

The t rophic  re la t ionsh ips  of the  l a rge r  
moti le  f i she s  occurring i n  the sub t i da l  
marine hab i t a t  a r e  l i t t l e  known o r  under- 
stood. These f i she s  a r e  mostly top.carnivores 
(sharks, mackerels. bluef i sh ,  jack c r eva l l e ,  
s ea t rou t s ,  drums, e t c . ) .  Sharks a r e  known 
t o  feed la rge ly  on demersal f i she s  and 



J F M A M J J A S O N D  

1974 - 1975 

Figure 2-10. Percent contribution by numbers of s i x  f i s h  famil ies  in trawler 
catch samples in  South Carolina (January to  April data based on 
R/V Carolina Pride catches; May to December data based on shrimp 
trawler catches) (Keiser 1976). 
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inver tebra tes  i n  the  nearshore marine 
area,  p r i n c i p a l l y  the  spec ies  taken by 
shrimp trawl (Keiser 1976). The pe lag ic  
mackerels, b luef i sh ,  and c r e v a l l e  jack, 
which migrate i n  l a r g e  schools along the 
coast ,  feed primari ly  on midwater and sur- 
face  forage f i s h e s  (e.g.,  anchovy, thread 
herr ing,  and menhaden). Larger bottom 
f i shes ,  such a s  red drum and spot ted sea- 
t r o u t ,  feed primari ly  on small f i s h e s ,  
crabs,  shrimp, and o ther  benthic  inverte-  
b r a t e s  i n  t h e  s u b t i d a l  marine h a b i t a t .  

The nearshore s u b t i d a l  marine h a b i t a t  
is sub jec t  t o  inf luence by freshwater  
c o a s t a l  r i v e r s  i n s o f a r  a s  s a l i n i t y  and 
t u r b i d i t y  a r e  concerned. Within t h e  Sea 
Is land Coastal Region, d i s t r i b u t i o n  of 
f i s h e s  is cor re la ted  with water masses 
a f fec ted  by r i v e r  discharge, a s  well  a s  
with bottom sediment types (Hoese 1973). 
Water temperature has a  s t rong  e f f e c t  on 
spec ies  and d i v e r s i t y  within t h i s  zone. 
Many migratory f i s h e s  move of f shore  or  
southward during t h e  colder  months and 
a r e  replaced by migrants from more nor ther ly  
waters, including gadids and clupeids.  Most 
elasmobranch f i s h e s  leave nearshore waters 
during t h e  f a l l  and do no t  r e t u r n  u n t i l  the  
following spring.  During t h i s  period i n  
past  years ,  i n t r u s i o n s  of l a r g e  numbers of 
spiny dogfish have occurred (Bearden 1965). 

The e f f e c t s  of man-induced pertur-  
bat ions on f i s h e s  of s u b t i d a l  marine waters 
i n  t h e  Sea Is land Coastal  Region a r e  poorly 
known. Inves t iga t ions  of t h e  impact of 
environmental per tu rba t ions  on marine and 
es tuar ine  f i s h e s  i n  South Carolina and 
Georgia have been l imi ted  pr imari ly  t o  
s tud ies  on p e s t i c i d e  (and occasional ly 
heavy metal) res idues  (U.S. Environmental 
Protect ion Agency 1971, Markin e t  a l .  
1974, Reimold and Shealy 1976), and t o  t h e  
e f f e c t s  of dredged sediments on f i s h e s  
(Stickney 1972, Hoss e t  a l .  1973.). The 
U.S. Department of Health, Education, and 
Welfare (1965) conducted inves t iga t ions  of 
f i s h  k i l l s  i n  Charleston Harbor caused by 
organophosphorous pes t ic ides  and o ther  
po l lu tan ts .  Physical  a l t e r a t i o n s ,  in-  
cluding dredging of channels and over- 
board disposal  of dredge s p o i l ,  take p lace  
near major p o r t s ,  but t h e i r  possible  e f f e c t s  
on marine f i s h e s  a r e  not known. Commercial 
f i sh ing ,  e s p e c i a l l y  shrimp trawling,  is car- 

j r i ed  on i n t e n s i v e l y  i n  the  nearshore marine 

1 
area during much of t h e  year. Most of the 
f i s h e s  taken during t rawling a r e  small demersa 
forms and a r e  discarded a t  sea  along with 
the i n c i d e n t a l  ca tch  of inver tebra tes .  
Previous inves t iga t ions  do not  i n d i c a t e  
tha t  shrimp trawling has had any long- 
range adverse environmental impact on 

' marine f i s h  populations, e i t h e r  by d i r e c t  
; m o r t a l i t i e s  o r  by a g i t a t i o n  of t h e  bottom 

and i ts r e s u l t i n g  increases  i n  t u r b i d i t y .  
The discarding of l a r g e  q u a n t i t i e s  of small / f i s h e s  and inver tebra tes  would appear l i k e l y  
to  have a  d i r e c t  impact on the food chain 
in  the  nearshore marine a rea ,  and t h i s  
p rac t ice  may be q u i t e  important t rophica l ly  
for  l a r g e r  carnivores ,  such a s  sharks,  

b luef i sh  and o thers .  

6. Rept i l es  

The marine t u r t l e s  a r e  the  only re- 
p resen ta t ives  of t h e  Class R e p t i l i a  which 
have been documented a s  occurring i n  the  
c o a s t a l  marine waters of South Carolina 
and Georgia (see a l s o  r e p t i l e s  of the  sub- 
t i d a l  es tuar ine  ecosystem i n  Chapter 
Four).  These animals a r e  of p a r t i c u l a r  
i n t e r e s t  because of the  alarming decreases 
i n  t h e i r  abundance. The A t l a n t i c  l ea ther -  
back. Kemp's r i d l e y ,  and At lan t ic  hawksbill  
t u r t l e s ,  a l l  considered t o  be t r a n s i e n t  
spec ies  i n  t h e  Sea Is land Coastal Region, 
a r e  l i s t e d  a s  endangered under the  1973 
U.S. Endangered Species Act (see Chapter 
One, Sect ion VI). Caribbean and F lor ida  
populations of the A t l a n t i c  green t u r t l e ,  
another t r a n s i e n t  spec ies  i n  South Carolina 
and Georgia waters ,  a l s o  a r e  l i s t e d  a s  
endangered. The r e s i d e n t  A t l a n t i c  logger- 
head t u r t l e  i s  considered threatened (U.S. 
Department of I n t e r i o r ,  Fish and Wi ld l i fe  
Service 1979a). 

Sea t u r t l e s  a r e  assoc ia ted  with marine 
c o a s t a l  waters  during a t  l e a s t  th ree  
per iods  of t h e i r  l i f e  cycles  (Richardson 
and Hi l les tad  1978). Mature females mate 
i n  c o a s t a l  waters (Caldwell 1959) and then 
move on t o  sandy beaches where they n e s t .  
La te r ,  ha tch l ing  t u r t l e s  emerge from the  
beach nes t ing  s i t e s  and move out  i n t o  the  
sea ,  apparent ly leaving c o a s t a l  waters. 
The t u r t l e s  then t y p i c a l l y  reappear i n  
the c o a s t a l  (feeding) a r e a s  a s  juveni les  
and subadults  during t h e  warmer months. 

I n  s p i t e  of t h e  i n t e r e s t  i n ,  and con- 
cern f o r ,  t h e  surv iva l  of marine t u r t l e s ,  
l a r g e  gaps e x i s t  i n  our knowledge of t h e i r  
bas ic  biology and ecology. Most s t u d i e s  
of the  l i f e  h i s t o r i e s  of marine t u r t l e s  
have been conducted on nes t ing  beaches 
(see f o r  example Caldwell 1962, Be l l  and 
Richardson 1978, Hopkins e t  a l .  1978, 
Richardson and Hi l les tad  1978, J. 
Richardson e t  a l .  1978, T. Richardson e t  
a l .  1978); unfortunately,  such s t u d i e s  
provide da ta  only on adul t  females. In  
c o n t r a s t ,  few da ta  a r e  a v a i l a b l e  on t h e  
nektonic phase of female sea t u r t l e s '  
l i v e s ,  o r  on adul t  males and juveni les .  
Information on e a r l y  l i f e  h i s t o r y  ( f i r s t  
1-2 years)  and migratory or  d i s p e r s a l  
mechanisms of sub-adults i s  p a r t i c u l a r l y  

1 scan t .  Most of t h e  occurrence records 

f o r  marine t u r t l e s  i n  the  Sea I s land  
Coastal Region a r e  the  r e s u l t  of i n c i d e n t a l  
capture by commercial f i shery  vesse l s  o r  
s t rand ings  of dead animals on beaches 
(Hi l les tad  e t  a l .  1978, Ulr ich 1978). 

The period between the  time when the  
ha tch l ing  t u r t l e  e n t e r s  t h e  ocean and 
when it re turns  t o  inshore feeding a r e a s  
i s  of ten  re fe r red  t o  a s  the  " l o s t  year" 
(Carr 1967). The work of s e v e r a l  i n v e s t i -  
ga tors  has indicated t h a t  hatchl ing t u r t l e s  
move d i r e c t l y  offshore from t h e i r  n a t a l  
beaches i n t o  the  inf luence of o f f shore  



cur ren t  Systems ( R i c k  1976, Fletemeyer 
1978). Pen~rea r ed ,  year l ing  green t u r t l e s  
released i n  Florida a l s o  exhibited t he  
same movement pa t te rn  (Witham 1976). On 
the  ba s i s  of t ag  re turns  and t he  accept- 
a b i l i t y  of pelagic coelenterates ,  
ctenophores, and s a lp s  a s  food 
f o r  marine t u r t l e s ,  Witham (1976) 
postulated t h a t  t u r t l e  hatchl ings from 
Florida a r e  t ransported around the North 
At lan t ic  gyre, en te r ing  inshore hab i t a t s  
a f t e r  a year o r  more of pelagic existence.  
Bell  and Richardson (1978) suggest,  on the 
ba s i s  of tagging da t a  from At lan t ic  logger- 
head t u r t l e s ,  t h a t  young t u r t l e s  may 
migrate from t h e i r  n a t a l  beaches i n  Georgia 
northwaid t o  Cape Hatteras  using t he  Gulf 
Stream, and l a t e r  i n  t he  f a l l  move t o  
warmer mid-Atlantic waters  ( t he  Sargasso 
Sea). Hatchling loggerhead t u r t l e s  i n  
offshore waters  a r e  reported t o  be associated 
with f l oa t i ng  mats of Sargassum weed, which 
may provide both pro tec t ion  from predators  
and a source of food (Caldwell 1968, 
Fletemeyer 1978). 

Of the  f i v e  species  of marine t u r t l e s  
considered here, only t he  A t l an t i c  logger- 
head can be considered a res ident  species  
i n  South Carolina and Georgia, and its 
occurrence i n  inshore w t e r s  is seasonal. 
Loggerhead t u r t l e s  a r e  not  observed i n  
inshore waters during winter  months, but 
t he r e  is evidence t h a t  some t u r t l e s  over- 
winter  i n  of fshore  waters of t he  area.  
South Carolina snapper fishermen repor t  
sighting. loggerhead t u r t l e s  i n  20 - 30 
fathoms (36.6 - 54.9 m) of water i n  
January and February. Similar  s igh t ings  
during winter  i n  offshore waters of 
Georgia by d ive r s  and commercial fishermen 
a r e  a l s o  reported (J. Williamson, 1978, 
Savannah Science Museum, Savannah, 
Georgia, per8 . corn. ) . Recently, logger- 
head t u r t l e s  were found i n  a "dormant" 
s t a t e ,  p a r t i a l l y  buried i n  t he  mud of 
F lor ida ' s  Canaveral sh ip  channel during 
winter  (L. Ogren, 1977, National Marine 
F isher ies  Service, Panama City,  Fla.,  pers. 
comm.). It is poss ib le  t h a t  t h i s  type of 
winter ing behavior a l so  may occur i n  s u i t -  
ab l e  a r ea s  of Georgia and South Carolina. 
However, no evidence of such "dormant" 
t u r t l e s  occurr ing i n  channels wi th in  the  
Sea Is land Coastal Region was found i n  
recent  surveys sponsored by t h e  National 
Harine F isher ies  Service. 

A t l an t i c  loggerhead t u r t l e s  a r e  f i r s t  
seen i n  inshore waters  of t h e  character i-  
za t ion  a rea  during March and Apri l  when 
mating p a i r s  a r e  s ighted i n  t i d a l  creeks 
behind t he  b a r r i e r  i s lands  (Caldwell 1959). 
Nesting cormnences i n  mid-May and continues 
through mid-August. The At lan t ic  loggerhead 
t u r t l e  i e  t he  only marine t u r t l e  nes t ing  on 
South Carolina and Georgia beaches, and i t  
u t i l i z e s  most of the b a r r i e r  i s l and  beaches 
t o  a grea te r  o r  l e s s e r  degree. Present ly 
ava i l ab l e  da t a  on nes t ing  a r e  presented i n  
t he  Marine I n t e r t i d a l  sec t ion  of t h i s  
chapter. I n  South Carolina inshore waters, 
At lan t ic  loggerheads a r e  taken inc identa l ly  

by shrimp trawlers  from mid-May (normal 
opening of shrimp season) u n t i l  a t  l e a s t  
the  end of October (Ulrich 1978). 
Hi l les tad  e t  a l .  (1978) reported inc i -  
den ta l  capture of At lan t ic  loggerheads 
from June through ea r l y  October i n  
Georgia. 

Juvenile  At lan t ic  green t u r t l e s  
(carapace length approximately 30 cm o r  
11.8 i n )  have been observed stranded on 
South Carolina beaches, and specimens 
have been taken i nc iden t a l l y  by shrimp 
trawlers  i n  t h i s  S t a t e  (G. F. Ulr ich,  
1978, South Carolina Marine Resources 
Division, Charleston, pers .  corn.).  Not 
over t h r ee  such specimens have been re- 
ported i n  any one season. Interviews with 
Georgia shrimpers indicated t h a t  small 
numbers of juveni le  green t u r t l e s  a r e  a l s o  
captured i nc iden t a l l y  by trawlers  there  
(Hil lestad e t  a l .  1978). Present ly a 
r a r e  spec ies ,  the A t l an t i c  green t u r t l e  was 
reported t o  have been considerably more 
abundant i n  pas t  years .  Coker (1906) s t a t e s  
t h a t  the  At lan t ic  green t u r t l e  was common 
a t  Beaufort,  North Carolina. i n  former 
years ,  but by 1906 t he  capture of an 
At lan t ic  green was a r a r e  occurrence. 
Coker (1906) f u r t he r  s t a t ed ,  "the exhaus- 
t i v e  f i she ry  i n  more southern waters  and 
the  despoil ing of the n e s t s  f o r  eggs doubt- 
l e s s  accounts f o r  t h e i r  present  scarc i ty . "  

Coker (1906) reported t ha t  the  Kemp's 
r i d l ey  was common i n  t he  Beaufort,  North 
Carolina, a rea  during the  warmer months 
of the  ea r l y  1900's. It i s  l i k e l y  t ha t  
t h i s  t u r t l e  was equal ly common i n  South 
Carolina and Georgia waters  during t h i s  
period. It i s  now considered very r a r e  
i n  South Carolina, understandably so  i n  
l i g h t  of the  cataclysmic decl ine i n  i ts 
population noted during the  l a s t  30 years  
on t he  breeding grounds near Taumalipas, 
Mexico. 

The Charleston Museum has four 
specimens of Kemp's r i d l ey ,  a l l  taken i n  
t he  v i c i n i t y  of Charleston Harbor. The 
most recent  of these  specimens was obtained 
i n  1954. Acquisi t ion :ata f o r  a specimen 
taken i n  a t rawl i n  '935 indicated t ha t  
these  t u r t l e s  were co s idered reasonably 
.ommon. According t' carapace measurements, 

a l l  of the  Charleeto,, Museum specimens 
were juveniles .  I n  Georgia, Knepton (1956) 
reported t he  occurrence of Kemp's r i d l e y  
i n  Chatham, Glynn, and McIntosh counties .  
Recent occurrences of Kemp's r i d l e y  have 
been documented i n  Georgia by Hi l les tad  
e t  a l .  (1978). who s t a t e  t h a t  i t  is 
commonly encountered by shrimp trawlers  
i n  Georgia's inshore marine and es tuar ine  
waters. 

The At lan t ic  l e  1 herback t u r t l e  is not 
abundant i n  the coast waters of South 
Carolina and Georgia. However, data  from 
interviews with shrirq fishermen i n  these 
S t a t e s  i nd i ca t e  t h a t  :he species  is ob- 
served o r  captured i r s i d e n t a l l y  with 
some r egu l a r i t y  duL-.,g spr ing  and summer 
(Hi l les tad  e t  a l .  1978, Ulrich 1978). The 



A t l a n t i c  l e a t h e r b a c k  has  t h e  most tem- 
p e r a t e  and p e l a g i c  d i s t r i b u t i o n  6 f  t h e  
marine t u r t l e s ,  b u t  i ts n e s t i n g  d i s t r i b u -  
t i o n  is t r o p i c a l .  I n  Georgia,  H i l l e s t a d  
e t  a l .  (1978) r epor t ed  t h a t  24 A t l a n t i c  
l ea the rback  t u r t l e s  were caught  by shrimp 
t r a w l e r s  d u r i n g  1976, p r i m a r i l y  3 - 5 km 
(1.9 - 3.1 mi) o f f s h o r e  du r ing  s p r i n g .  
Although considered t o  be  p e l a g i c  i n  
na tu re ,  an  875 l b  (398 kg) female was 
captured i n s i d e  Calibogue Sound i n  
September 1975. I n t e r v i e w s  w i t h  South 
Caro l ina  shr impers  i n d i c a t e d  t h a t  a t  
l e a s t  t h r e e  A t l a n t i c  l e a t h e r b a c k s  were 
caught du r ing  t h e  1976 season,  a l l  of 
which were r e p o r t e d l y  r e l e a s e d  unharmed. 

I n  g e n e r a l ,  t h e  e c o l o g i c a l  r e l a t i o n -  
s h i p s  of mar ine  t u r t l e s  a r e  poorly under- 
s tood.  The m a j o r i t y  of t h e  a v a i l a b l e  
in fo rma t ion  concerns  t h e  loggerhead 
t u r t l e  and t h e  fo l lowing  m a t e r i a l  d e a l s  
only  w i t h  t h i s  s p e c i e s .  

The A t l a n t i c  loggerhead t u r t l e  is an  
o p p o r t u n i s t i c  ca rn ivore .  I n  t h e  c o a s t a l  
and e s t u a r i n e  w a t e r s  occupied by t h i s  
s p e c i e s  i n  South Caro l ina  and Georgia ,  i t  
is u n l i k e l y  t h a t  food supp ly  would e v e r  
be  a l i m i t i n g  f a c t o r .  Stomachs from dead 
loggerheads  s t r anded  on South Caro l ina  
beaches conta ined anemones, c r abs ,  sma l l  
s c i a e n i d  f i s h e s ,  penaeid  shrimp, and 
marine gas t ropods .  

A f t e r  e n t e r i n g  t h e  s e a ,  h a t c h l i n g  
marine t u r t l e s  a r e  preyed upon by s e a  
b i r d s  and p r e d a t o r y  f i s h e s ,  a l though  
d i r e c t  documentation of t h i s  p r e d a t i o n  is 
no t  common. According t o  a n o t e  from t h e  
Char les ton Museum's f i l e s ,  a young 
loggerhead t u r t l e  was taken from t h e  
stomach of a b l ack  s e a  bass  cap tu red  i n  
14 fathoms (26 m) o f f s h o r e  o f  Char l e s ton ,  
South Carol ina .  Brongersma (1972) r epor t ed  
two loggerhead t u r t l e  h a t c h l i n g s  taken 
from t h e  stomach of a deep wa te r  sha rk ,  
Carchsrhinus  longimanus, and Witham (1974) 
r epor t ed  t h e  recovery of one h a t c h l i n g  
A t l a n t i c  green and e i g h t  A t l a n t i c  logger-  
head t u r t l e s  from t h e  stomach of a do lph in ,  
Coryphaena h ippurus ,  1 9  km (11.8  m i )  e a s t  
of S t .  Lucie  I n l e t ,  F l o r i d a .  P r e d a t i o n  
r a t e s  on j u v e n i l e  and a d u l t  loggerhead 
t u r t l e s  a r e  unknown, b u t  common observa- 
t i o n s  of t u r t l e s  wi th  mis s ing  o r  p a r t i a l l y  
miss ing l imbs  sugges t  t h a t  l a r g e  s h a r k s  
may b e  a s i g n i f i c a n t  m o r t a l i t y  source .  

Man's g r e a t e s t  impact on mar ine  
t u r t l e s  i n  t h e  s u b t i d a l  mar ine  sys tem is 
undoubtedly t h e  i n c i d e n t a l  c a p t u r e  and 
a s s o c i a t e d  m o r t a l i t y  caused by commercial 
f i s h i n g .  B u l l i s  and Drummond (1978) analyzed 
t h e  i n c i d e n t a l  , c a p t u r e s  of t u r t l e s  by r e -  
s ea rch  v e s s e l s  o p e r a t i n g  i n  t h e  South- 
e a s t e r n  United S t a t e s  and Car ibbean 
region from 1950 - 1976. Seven marine  
t u r t l e s  ( s i x  A t l a n t i c  loggerhead and one 
A t l a n t i c  hawksb i l l )  were cap tu red  dur ing  
t h i s  pe r iod  i n  Faunal  Zone 11, which in-  
c ludes  t h e  o f f s h o r e  a r e a s  s o u t h  of Cape 
H a t t e r a s  t o  Brunswick, Georgia .  

A s t u d y  i n i t i a t e d  i n  J u l y  1976 i n  
South Caro l ina  c o l l e c t e d  d a t a  on t h e  i n c i -  
d e n t a l  c a t c h  of marine t u r t l e s  by commer- 
c i a l  f ishermen (Ul r i ch  1978) .  The observed 
l o c a t i o n s  o f  i n c i d e n t a l  c a p t u r e s  o f  A t l a n t i c  
loggerhead t u r t l e s  by shrimp t r a w l e r s  from 
J u l y  - October 1976 and from 1 5  June  - 30 
September 1977 a r e  shown i n  F igure  2-11. 
The number of t u r t l e s  caught  p e r  t r a w l i n g  
hour  averaged 0.037 and 0.040, r e s p e c t i v e l y .  
f o r  t h e  1976 and 1977 seasons .  Extra- 
p o l a t i o n  of t h e s e  CPUE (ca tch  p e r  u n i t  
e f f o r t )  v a l u e s  t o  t o t a l  e s t ima ted  t r a w l i n g  
e f f o r t  i n  South Caro l ina  y i e l d s  e s t ima ted  
i n c i d e n t a l  c a p t u r e s  of 4,480 t u r t l e s  i n  
1976 and 3,199 i n  1977. M o r t a l i t y  a s s o c i -  
a t e d  w i t h  t h e s e  c a p t u r e s  may have been a s  
h igh a s  806 t u r t l e s  i n  1976 and 1 ,375  i n  
1977, based on t h e  maximum observed morta l -  
i t y  r a t e  (18% and 43%) i n  t h e  r e s p e c t i v e  
y e a r s  (Ul r i ch  1978).  

H i l l e s t a d  e t  a l .  (1978) used a n  in-  
t e r v i e w  approach t o  conduct a n  i n c i d e n t a l  
t u r t l e  c a t c h  assessment  i n  Georgia.  They 
obta ined c a t c h  r a t e s  s i m i l a r  t o  t h o s e  r e -  
po r t ed  by U l r i c h  (1978),  b u t  t h e i r  mor- 
t a l i t y  e s t i m a t e  was cons ide rab ly  lower 
(7.8%). Th i s  s tudy  determined a n  average 
c a p t u r e  o f  30.7 t u r t l e s  p e r  v e s s e l  p e r  
y e a r .  Expansion of t h i s  c a p t u r e  r a t e  t o  
a 321-vessel shrimp f l e e t  y i e l d s  an e s t i -  
mated i n c i d e n t a l  c a t c h  o f  9,855 t u r t l e s  i n  
Georgia i n  1976. Based on t h e  7.9% aver-  
age  m o r t a l i t y  r a t e  r e p o r t e d  by t h e  v e s s e l  
c a p t a i n s ,  H i l l e s t a d  et  al .  (1978) e s t i -  
mated minimum m o r t a l i t y  due t o  i n c i d e n t a l  
c a p t u r e  a t  778 t u r t l e s .  These i n v e s t i -  
g a t o r s  a l s o  documented t h e  d ramat i c  
c o r r e l a t i o n  between opening of t h e  i n s h o r e  
w a t e r s  t o  shrimping and t h e  occur rence  of 
dead t u r t l e s  on  Georgia  beaches .  

I n c i d e n t a l  c a p t u r e  of A t l a n t i c  
loggerhead t u r t l e s  by sh r impers  i s  o f t e n  
thought  t o  pose  t h e  most s e r i o u s  t h r e a t  
t o  breeding females .  Yet ,  t h e  m a j o r i t y  
(88%) of t h e  i n c i d e n t a l l y  cap tu red  t u r -  
tles i n  Georgia  were  j u v e n i l e s  ( H i l l e s t a d  
e t  a l .  1978) .  S i m i l a r l y ,  U l r i c h  (1978) 
r e p o r t e d  t h a t  a d u l t  females  made up o n l y  
18% and 10% of t u r t l e s  observed dur ing  
sampling on-board shrimp v e s s e l s  i n  1976 
and 1977, r e s p e c t i v e l y ,  i n  South  Caro l ina .  
Thus, a v a i l a b l e  d a t a  i n d i c a t e  t h a t  c o n t a c t  
by sh r impers  w i t h  t h e  a d u l t  segment o f  t h e  
A t l a n t i c  loggerhead t u r t l e  popu la t ions  is 
q u i t e  sma l l .  Likewise ,  h a t c h l i n g  t u r t l e s  
a l s o  appea r  t o  be excluded from t h e  inciden-  
t a l  c a t c h  ( H i l l e s t a d  e t  a l .  1978).  A g i l l  
n e t  f i s h e r y  f o r  A t l a n t i c  s tu rgeon  i n  t h e  
Winyah Bay a r e a  of South Caro l ina  a l s o  re- 
s u l t s  i n  a r e l a t i v e l y  sma l l  number of t u r -  
t l e  drownings r e l a t e d  t o  i n c i d e n t a l  cap- 
t u r e  (Ul r i ch  1978) .  Never the le s s ,  t h e  
impact o f  i n c i d e n t a l  c a t c h  m o r t a l i t y  on  
t h e  cont inued s u r v i v a l  of marine t u r t l e s  
i n  t h e  Sou theas t e rn  Uni ted  S t a t e s  is n o t  
p r e s e n t l y  known because  of o u r  l a c k  of 
in fo rma t ion  on t u r t l e  popu la t ion  s i z e s ,  
n a t u r a l  s u r v i v a l  r a t e s ,  and annual  r e -  
c ru i tmen t .  



Figure 2-11. S i t e s  of inc identa l  captures of At lant ic  loggerhead t u r t l e s  by shrimp trawlers in 
South Carolina during 1976 (July - October) and 1977 (June - September) ( G .  F.  
Ulrich,  1978, South Carolina Marine Resources Div i s ion .  Charleston, unpubl. data). 



a .  Overview. Nearshore wa te r s  teem 
wi th  marine l i f e  and provide food f o r  
approximately 30 commonly occur r ing  s p e c i e s  
of marine and p e l a g i c  b i r d s ,  p l u s  a number 
of r a r e r  spec ies  (Audubon F i e l d  Notes 
1967 - 1970, American Bi rds  1971 - 1977). 
Most s p e c i e s  u t i l i z i n g  t h i s  environment 
a r e  p i sc ivorous ,  a l though  omnivorous 
scavengers  and b e n t h i c  f e e d e r s  a r e  a l s o  
widely r ep resen ted .  

Ten s p e c i e s  of b i r d s  a r e  permanent 
r e s i d e n t s  of t h e  c o a s t a l  marine h a b i t a t  
(Table 2-13). Of these ,  seven a r e  domi- 
nant and c h a r a c t e r i s t i c :  t h e  double- 
c res t ed  cormorant,  e a s t e r n  brown pe l i can ,  
F o r s t e r ' s  t e r n ,  r o y a l  t e r n ,  h e r r i n g  g u l l ,  
laughing g u l l ,  and r ing-b i l l ed  g u l l .  Al- 
though a l l  seven s p e c i e s  a r e  common a long  
the  c o a s t s  of bo th  South Caro l ina  and 
Georgia, on ly  t h e  r o y a l  t e r n  b reeds  i n  
Georgia. wh i l e  t h e  brown pe l i can ,  t h e  
laughing g u l l ,  and t h e  r o y a l  t e r n  breed 
i n  South Caro l ina  (Burle igh 1958. Sprunt  
and Chamberlain 1970, Forsy the  1978). 

F i v e  s p e c i e s  -- Audubon's s h e a w a t e r .  
the  gannet ,  t h e  g r e a t e r  shearwater ,  t h e  
nor thern phalarope,  and Wilson's p e t r e l  - a r e  p r i m a r i l y  pe lag ic ,  occur r ing  w e l l  
o f f shore  much of t h e  time. Concen t ra t ions  
of these  s p e c i e s  normally a r e  found w e l l  
seaward o f  t h e  3-mi (4.8 km) t e r r i t o r i a l  
sea, and t h e i r  d i s t r i b u t i o n s  have been 
linked t o  l o c a t i o n  of t h e  Gulf Stream. 
The abundance of squid  and c e r t a i n  
f i s h e s  a s s o c i a t e d  w i t h  t h e  Gulf Stream 
is thought t o  have g r e a t  i n f l u e n c e  on 
d i s t r i b u t i o n  of Audubon's and g r e a t e r  
shearwaters (Murphy 1967, Ashmole 1971). 
Plankton concen t ra t ions  a s s o c i a t e d  wi th  
the Gulf Stream convergent f r o n t  a l s o  
have been suggested a s  an  exp lana t ion  f o r  
the v a r i a b l e  d i s t r i b u t i o n  of t h e  n o r t h e r n  
phalarope (Ashmole 1971). These concen- 
t r a t i o n s  of zooplankton a r e  normal ly  en- 
countered some 40 - 60 m i  (64 - 97 lan) 
from shore  and a r e  h i g h l y  v a r i a b l e .  At 
times, t h e  Gulf Stream f r o n t  can b e  found 
as  c l o s e  a s  15  m i  (24 lon) t o  t h e  s h o r e l i n e  
or a s  f a r  away a s  90 m i  (145 lan) (MARMAP 
data r ecords ,  1973 - 1976, South Caro l ina  
Marine Resources Div i s ion ,  Char l e s ton ,  
unpubl. d a t a ) .  Wass (1974) summarized 
ava i l ab le  d a t a  p e r t a i n i n g  t o  p e l a g i c  b i r d  
species  i n  t h e  South A t l a n t i c .  Although 
a s i g n i f i c a n t  number of t h e s e  b i r d s  do 

: occur o f f s h o r e  of t h e  Sea I s l a n d  Coas ta l  
I Region, they  a r e  o u t s i d e  boundar ies  of 
I the c h a r a c t e r i z a t i o n  a r e a  and t h u s  w i l l  

not b e  considered f u r t h e r  he re .  

As noted p rev ious ly ,  10  s p e c i e s  a r e  
regarded a s  permanent r e s i d e n t s  of sub- 
t i d a l  marine wa te r s  i n  t h e  c h a r a c t e r i z a -  

, t i on  a r e a  (Table 2-13). However, popula- 
t ions  of f i v e  of t h e s e  ( t h e  b lack  skimmer, 
brown pe l i can ,  common t e r n ,  laughing g u l l .  

I 
and r o y a l  t e r n )  dec rease  dur ing  win te r ,  
with most of t h e  b i r d s  moving southward. 
Correspondingly, popu la t ions  of t h e  f i v e  

remaining s p e c i e s  ( t h e  caspian t e r n ,  double- 
c r e s t e d  cormorant,  F o r s t e r ' s  t e r n ,  h e r r i n g  
g u l l ,  and r i n g - b i l l e d  g u l l )  i n c r e a s e  a s  
a d d i t i o n a l  b i r d s  move down t h e  A t l a n t i c  
c o a s t  t o  win te r  i n  South Caro l ina  and 
Georgia (Burle igh 1958. Sprunt and 
Chamberlain 1970. Forsy the  1978). 

Seasonal  v a r i a t i o n  i n  t h e  t o t a l  num- 
b e r  of b i r d  s p e c i e s  u t i l i z i n g  t h i s  h a b i t a t  
i s  no t  marked; 22 s p e c i e s  overwinter  h e r e  
whi l e  18  occur dur ing  summer. Twelve 
s p e c i e s ,  i nc lud ing  s i x  s p e c i e s  of water- 
fowl,  a r e  considered w i n t e r  r e s i d e n t s  
(Table 2-13). Summer r e s i d e n t s  ( e i g h t  
s p e c i e s )  inc lude  t h r e e  t e r n s  which breed 
i n  c o a s t a l  South C a r o l i n a  and Georgia 
(Cabot 's  t e r n ,  t h e  g u l l - b i l l e d  t e r n ,  and 
t h e  l e a s t  t e r n ) .  A l toge the r ,  n i n e  s p e c i e s  
of marine b i r d s  breed i n  c o a s t a l  South 
Caro l ina  and Georgia,  b u t  they  r e q u i r e  
o t h e r  h a b i t a t s  t o  do s o .  

L i t t l e  informat ion e x i s t s  concerning 
t h e  number of b i r d s  t h a t  u t i l i z e  marine 
c o a s t a l  wa te r s  i n  t h e  c h a r a c t e r i z a t i o n  
a r e a .  Chamberlain and Chamberlain (1975) 
r epor ted  t h a t  more than 42,000 i n d i v i d u a l  
b i r d s  u t i l i z e d  t h e  water  o f f  Kiawah 
I s l and .  South Caro l ina ,  du r ing  summer. 
T e a l  (1959a) recorded s e v e r a l  thousand 
l e s s e r  scaup s c a t t e r e d  over  t h e  wa te r  o f f  
Doboy Sound. Large concen t ra t ions  of 
s e a  ducks, o f t e n  numbering i n  t h e  thou- 
sands ,  a r e  f r e q u e n t l y  encountered i n  
t h e s e  wa te r s  dur ing  w i n t e r  (Audubon F i e l d  
Notes 1967 - 1970. American Bi rds  1971 - 
1977).  I n  a s t u d y  conf ined t o  g u l l  
s p e c i e s ,  Forsy the  (1973) recorded more 
than  9.000 i n d i v i d u a l s  p a t r o l l i n g  t h e  
w a t e r s  around Char le s ton  i n  t h e  course  
of a year .  However, t o  d a t e  no s e r i o u s  
a t t empt  h a s - b e e n  made t o  q u a n t i f y  marine 
av ian  populat ions  o f f  t h e  c o a s t s  of 
South Caro l ina  and Georgia.  Th i s  should 
be  considered a n  important  d a t a  gap. 

b.  Trophic  R e l a t i o n s h i p s .  The t r o -  
ph ic  h a b i t s  of b i r d s  of marine c o a s t a l  
wa te r s  a r e  h igh ly  v a r i e d  (Fig .  2-12). Two 
p e l a g i c  s p e c i e s ,  Wilson 's  p e t r e l  and t h e  
nor the rn  phalarope,  f eed  on t h e  abundant 
zooplankton r e s o u r c e  of nea r shore  marine  
wa te r s  (Sprunt and Chamberlain 1949. Van 
Tyne and Berger 1959, Ashmole 1971). w h i l e  
d iv ing  ducks (e.g. ,  t h e  l e s s e r  scaup, 
s u r f  and b lack  s c o t e r s ,  and t h e  canvasback) 
consume b e n t h i c  organisms such a s  mollusks.  
c rus taceans ,  and worms (Cottam 1939, 
Sprunt  and Chamberlain 1949, Bent 1962a, 
Johnsgard 1975).  However, most b i r d s  t h a t  
u t i l i z e  c o a s t a l  marine wa te r s  a r e  
p i sc ivorous .  F i s h  a r e  taken by a e r i a l l y  
d i v i n g  b i r d s  ( t h e  gannet ,  brown p e l i c a n ,  
and t e r n s ) ,  swimming b i r d s  ( loons ,  double- 
c r e s t e d  cormorant,  and d iv ing  ducks) ,  and 
s u r f a c e  skimming b i r d s  ( t h e  b l a c k  skimmer, 
g u l l - b i l l e d  t e r n ,  and occas iona l ly  g u l l s ) .  
At t h e  top  of t h i s  av ian  t r o p h i c  pyramid 
a r e  t h e  scavengers ,  r ep resen ted  i n  t h e  
c o a s t a l  marine h a b i t a t  p r i m a r i l y  by t h e  
g u l l s  (Fig .  2-12). These b i r d s  consume 
v a r i o u s  dead animal  m a t t e r ,  i nc lud ing  
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SCAVENGERS 
Herring gull, Ring-billed gull, 

Laughing gull 

B€MTHlC FEEDERS PISCIVORES 

Lesser rcaup, Black 
scotor, Surf scotor, 

Canvasback 

Brown pelican, Comtnon loon, Royal tam, 
Double-crested cormorant 

PLANKTIVORES 

~i lson's  Mtrel,  Horthan phalarope 

Figure  2-12. Generalized t r o p h i c  r e l a t i o n s h i p s  of r e p r e s e n t a t i v e  b i r d s  o f  marine  c o a s t a l  w a t e r s  
of t h e  Sea I s l a n d  C o a s t a l  Region. 

t h e  c a r r i o n  of o t h e r  marine b i r d s .  Gu l l s  
a l s o  may p i r a t e  t h e  p rey  of  o t h e r  b i r d s ,  
and can themselves be h igh ly  predatory i n  
marine c o a s t a l  waters .  I n  c o a s t a l  South 
Caro l ina  and Georgia,  t h e  laughing g u l l  
preys  heav i ly  on young brown p e l i c a n s  and 
the  eggs of o t h e r  marine s p e c i e s  (Bent 
1963a. Chamberlain and Chamberlain 1975). 

c. Represen ta t ive  Spec ies .  Because 
of t h e i r  abundance and important  r o l e s  i n  
the  c o a s t a l  marine  h a b i t a t ,  brown p e l i c a n s ,  
laughing g u l l s ,  r o y a l  t e r n s ,  and b lack  
s c o t e r s  have been s e l e c t e d  f o r  more de- 
t a i l e d  d i scuss ion .  

(1)  Brown Pe l i can .  The brown 
pe l i can  i s  a common, b road ly  d i s t r i b u t e d  
permanent r e s i d e n t  of t h e  Sea I s l a n d  
Coasta l  Region (Sprunt and Chamberlain 
1949, Burle igh 1958, Forsy the  1978). It 
f requen t s  most inshore  wa te r s  and is re- 
g u l a r l y  found i n  t i d a l  r i v e r s ,  c reeks ,  
and s a l i n e  impoundments. Because of its 
impressive s i z e  and appearance, i t  is 
perhaps t h e  most widely  recognized and 
bes t  known b i r d  of t h e  marine  environment 

Brown p e l i c a n s  have n o t  always been 
a s  cannnon a long  t h e  c o a s t s  of South 
Carol ina  and Georgia a s  they  a r e  today. 
At t h e  t u r n  of t h e  cen tu ry ,  brown pe l i can  
populat ions  s u f f e r e d  h e a v i l y  from t h e  
canmercial c o l l e c t i o n  of  i t s  eggs (Wayne 
1910). Then, i n  t h e  post-World War I1 
period, t h e  s p e c i e s  f e l l  v i c t i m  t o  t h e  
me tabo l i t e s  of  i n s e c t i c i d e s  (DDE and 
d i e l d r i n )  and PCB's (po lych lo r ina ted  
biphenyls) which were magnified through 
its food web (Schreiber  and Risebrough 
1972). Reproduct ive  success  i n  South 
Carolina dropped t o  its lowest p o i n t  

i n  1965 (Becket t  1966). Th i s  d e c l i n e  was 
a t t r i b u t e d  t o  e g g s h e l l  t h inn ing ,  which 
was l i n k e d  d i r e c t l y  t o  t h e  b i r d ' s  absorp- 
t i o n  of DDE (Blus e t  a l .  1974a, b ,  1977, 
1979). Today. brown p e l i c a n  popu la t ion  
l e v e l s  appear  t o  be  improving a b i t  ( s e e  
Chapter Three),  bu t  t h e  s p e c i e s  is s t i l l  
l i s t e d  a s  endangered n a t i o n a l l y  (U.S. 
Department of  I n t e r i o r ,  F i s h  and W i l d l i f e  
S e r v i c e  1973, 1979a). 

I n  f eed ing  h a b i t s ,  t h e  brown p e l i c a n  
is e x c l u s i v e l y  p i sc ivorous  , r e l y i n g  
h e a v i l y  on s i l v e r s i d e s  and mehanden i n  t h e  
s tudy  a r e a  (Sprunt and Chamberlain 1949, 
Burle igh 1958). In  o t h e r  p a r t s  of its 
range, t h e  s p e c i e s  t akes  smal l  amounts of 
conmercia l ly  v a l u a b l e  f i s h ,  b u t  i n  no way 
t h r e a t e n s  ccnumercial o r  r e c r e a t i o n a l  
f i s h e r i e s  (Bent 1963a).  

Brown p e l i c a n s  n e s t  i n  only two lo-  
c a t i o n s  i n  South Carol ina ,  Deveaux Bank 
i n  t h e  mouth of t h e  North E d i s t o  R ive r  
and Marsh I s l a n d  i n  t h e  Cape Romain 
Nat ional  W i l d l i f e  Refuge. No breeding 
popu la t ions  a r e  known from Georgia. For 
d e t a i l s  r ega rd ing  breeding popu la t ions  of 
t h i s  s p e c i e s ,  see Chapter Three (Maritime 
Ecosystem. Sec t ion  VI I ) ;  a d d i t i o n a l l y ,  
s e e  A t l a s  p l a t e  5 f o r  n e s t i n g  l o c a l i t i e s  
of brown pe l i cans .  

(2) Laughing Gul l .  The laugh- 
ing  g u l l  is a common permanent r e s i d e n t  
of t h e  Sea I s l a n d  Coas ta l  Region, occur- 
r i n g  n o t  only i n  c o a s t a l  marine waters .  
b u t  a l s o  i n  e s t u a r i e s ,  t i d a l  r i v e r s  and 
c reeks ,  and a g r i c u l t u r a l  a r e a s  (Sprunt 
and Chamberlain 1949, Burle igh 1958, 
Forsy the  1978). The s p e c i e s  is common 
i n  bo th  South Caro l ina  and Georgia,  b u t  



no t o t a l  population f igures are available 
for the  area. 'The breeding population 
i n  the  Cape Romain National W i l d l i f e  
Refuge i s  estimated t o  be approximately 
1,600 pairs (Blus 1977), while recent 
s tudies o f  the Charleston area indicate 
a breeding population o f  3,200 t o  6,000 
pairs (Foraythe 1973, Chamberlain and 
Chamberlain 1975). Although present 
throughout the  year, the  laughing g u l l ' s  
population i s  much reduced during 
winter. Forsythe (1973) found the  
population low point t o  occur i n  
February, when as few as 5 - 10 individuals 
could be observed regularly i n  the  ent i re  
Charleston area. There i s  only one 
published record o f  t h i s  species occur- 
ring i n  Georgia during the  month o f  
January (Burleigh 1958). 

The laughing gull  consumes a var ie ty  
o f  animal matter including rough f i s h ,  
crustaceans, earthworms, i n sec t s ,  and the 
young o f  other b irds  (Bent 1963a). Food 
i s  obtained by scavenging, part icularly 
behind commercial f i sh ing  ves se l s ,  and 
through piracy o f  other birds' prey, 
especially  that  o f  the  brown pelican. 
When the pelican dives for  f i s h ,  the  
laughing gul l  w i l l  harass and peck the 
diver u n t i l  i t  releases i t s  prey, which 
i s  then consumed by the gul l  (Bent 1963a, 
Sprunt and Chamberlain 1970). I n  other 
habi ta ts ,  the  laughing gull  i s  insec ti- 
vorous. I t  i s  o f t e n  seen following 
plows, where it f inds  an abundance o f  
grubs, bee t les ,  and grasshoppers (Sprunt 
and Chamberlain 1970). On the  South 
Carolina breeding grounds, t he  laughing 
gul l  displays a close association wi th  
the  brown pelican and frequently con- 
sumes the eggs and young o f  t he  larger 
bird (Chamberlain and Chamberlain 1975). 

The laughing gul l  i s  a common breed- 
ing bird along the  South Carolina coast 
today, but it was not regarded as such 
prior t o  the  1930's (Wayne 1910, Sprunt 
and Chamberlain 1949). Nesting takes 
place colonially on selected keys and 
banks (see  Chapter Three, Section V I I )  . 
According t o  Burleigh (1958), t h i s  
species has never been known t o  breed 
i n  Georgia. 

( 3 )  Royal Tern. The most 
abundant sea bird i n  coastal South 
Carolina, and a permanent res ident ,  i s  
the  royal tern.  I t  i s  found throughout 
the South Carolina coastal area, and 
occasionally ventures inland (Sprunt and 
Chamberlain 1949). I t s  population i s  
dras t ica l ly  reduced during winter,  but i n  
summer the  breeding population i s  the 
largest o f  a l l  South Carolina maritime 
species (Sprunt and Chamberlain 1949). 
Breeding occurs on selected keys and 
banks i n  t he  Cape Romain National W i l d l i f e  
Refuge and south o f  Charleston on Deveaux 
Bank. (See Chapter Three, Section V I I ,  
and also Atlas plate 5. 

On the Georgia coast ,  t he  royal t e rn  
i s  more commonly found i n  winter and i s  an 
uncommon summer resident (Burleigh 1958). 
However, Teal (1959a) reported t h i s  species 
as common along the  beach year around. 
Breeding i n  the  Georgia population takes 
place on Blackbeard Island,  Oysterbed 
Island, and L i t t l e  Egg Island (Burleigh 
1958, Kale and Teal 1958). 

The royal tern  i s  predominantly 
piscivorue and obtains food by aer ia l  
d ives ,  o f t e n  from considerable height .  pre- 
ferred prey organisms include menhaden, s i lver-  
s ides ,  perch, b l u e f i s h ,  shrimp, and squid 
(Burleigh 1958, Sprunt and Chamberlain 1970). 

( 4 )  Black Scoter. The black 
scoter i s  a common winter resident  i n  a l l  
coastal counties o f  South Carolina, but 
t h i s  has not always been the  case 
(Forsythe 1978). The f i r s t  record o f  i t s  
occurrence i n  South Carolina was not ob- 
tained u n t i l  1884 (Sprunt and Chamberlain 
1949), and Wayne (1910) regarded the  
species as very rare south o f  New Jersey. 
Conversely, t he  surf  scoter was once very 
abundant i n  South Carolina, but i t s  popula- 
t i o n  has since declined dras t ica l ly .  
Evidently, there has been a winter range 
s h i f t  between these two species (Sprunt 
and Chamberlain 1949). The black scoter 
i s  much l e s s  cormnon i n  Georgia coastal 
waters, and i t s  occurrences there have 
been termed accidental (Burleigh 1958). 

The black scoter i s  a benthic feeder,  
consuming primarily pelecypods, o f t e n  
from a depth o f  up t o  12 m (39.4 f t )  
(Cottam 1939). Mussels are t he  most common 
mollusk eaten, and they appear t o  be a 
favor i te  i n  South Carolina (Wayne 1910, 
Cottam 1939, Sprunt and Chamberlain 1970). 
Other food items include gastropods 
( t yp i ca l l y  periwinkles), assorted crusta- 
ceans, and small f i s h  (Cottam 1939). 

The black scoter i s  found primarily 
i n  large f locks  o f f  beaches. In  periods 
o f  adverse weather, it w i l l  also u t i l i z e  
large bays and sounds. While few popula- 
t i on  estimates are available f o r  the study 
area, f locks  o f  up t o  1,025 individuals 
are commonly encountered i n  the  Cape Romain 
area (Audubon Field Notes 1970), and f locks  
o f  approximately 12,000 birds have been 
reported i n  Bulls Bay, South Carolina. In 
t he  southern part o f  South Carolina, near 
the  BeaufortISavannah area, f l ocks  wi th  
approximately 10,000 birds have been re- 
ported i n  open marine waters (Sprunt and 
Chamberlain 1970) . 

d .  Impacts. O i l  pollut ion o f  the  
sea probably poses man's greatest adverse 
impact on b irds  i n  subtidal marine waters. 
Such impact has been aggravated i n  recent 
years through increases i n  t he  f l e e t  o f  
o i l  tankers and the-  amount o f  o i l  trans- 
ported by ships. World-wide concern over 
o i l  tanker catastrophies has been 



expressed dur ing  t h e  l a s t  25 y e a r s  
(Erickson 1963, Hartung 1967, Goethe 
1968). 

Although t h e  c o a s t  of South Caro l ina  
and Georgia h a s  no t  y e t  experienced major 
o i l  s p i l l s ,  t h e  t r end  toward e x p l o i t a t i o n  
of hydrocarbon r e s o u r c e s  i n  o u t e r  cont inen-  
t a l  s h e l f  a r e a s ,  coupled wi th  inc reased  
tanker t r a f f i c ,  sugges t  t h a t  i t  i s  only a  
mat ter  of time. O i l  p o l l u t i o n  can cause  
severe e f f e c t s  on populat ions  of s e a  and 
c o a s t a l  b i r d s ,  a s  w e l l  a s  on t h e i r  food 
organisms (e.g. ,  sma l l  f i s h ,  c rus taceans ,  
e t c . ) .  The g r e a t e s t  impact on b i r d s  is 
l i k e l y  t o  come from a c c i d e n t a l  d i scha rges  
of o i l  du r ing  t r a n s p o r t a t i o n  ( t anker  
d i s a s t e r s ) ,  d r i l l i n g ,  and product ion;  
from p i p e l i n e s ;  and by i n t e n t i o n a l  d i s -  
charge from tankers .  The p r o b a b i l i t y  of 
one o r  more s p i l l s  g r e a t e r  than  1 ,000 
b a r r e l s  impacting on p e l a g i c  b i r d  
rooker ies  i n  t h e  South A t l a n t i c  has  been 
estimated a s  approximately  8% - 9% over  
the  product ion l i f e  of any o i l  l e a s e s  
developed off  shore  (Table 2-14). 

Mass f a t a l i t i e s  of a q u a t i c  b i r d s  a r e  
of ten observed a f t e r  s p i l l s  of crude and 
heavy f u e l  o i l s .  Bird  f a t a l i t i e s  were 
estimated a t  3,686 f o r  t h e  Santa  Barbara,  
Ca l i fo rn ia ,  blowout (Straughan 1972),  and 
a t  7,000 f o r  t h e  San Franc i sco  s p i l l  of 
Bunker C f u e l  o i l  (Chan 1972, Boesch e t  
a l .  1974). An es t ima ted  10,000 b i r d s ,  
pr imari ly  ducks, d i ed  a s  a  r e s u l t  of 
seepage of a  heavy, t a r - l i k e  o i l  from a  
sunken barge i n  t h e  Chesapeake Bay. 

The immediate e f f e c t  of o i l  on b i r d s  
is the  f o u l i n g  of t h e i r  f e a t h e r s .  C la rk  
(1969) r e p o r t s  t h a t  f e a t h e r s  become matted 
together ,  and t h e  water  r e p e l l a n t  and in- 
s u l a t i o n  p r o p e r t i e s  a r e  l o s t ,  a s  w e l l  a s  
t h e i r  buoyancy. Some b i r d s  become s o  
soaked t h a t  they drown (Tuck 1960); o t h e r s  
l o s e  t h e  a b i l i t y  t o  f l y  (Er ickson 1963) 
or  d ive  f o r  food (Chubb 1954).  Hartung 
(1967) r e p o r t s  t h a t  heav i ly  o i l e d  ducks 
l o s e  more than twice  t h e  normal amount 
of body h e a t  due t o  t h e  breakdown of t h e  
i n s u l a t i n g  p r o p e r t i e s  of t h e i r  plummage. 
To compensate f o r  t h e  a d d i t i o n a l  l o s s ,  

' 
they develop a  ve ry  high me tabo l i c  r a t e ,  
which o f t e n  l e a d s  t o  a c c e l e r a t e d  s t a r -  

j vation. Inges ted  o i l  is u s u a l l y  t o x i c  

/ t o  b i r d s  and of t e n  r e s u l t s  i n  in f  lamma- 
t ion  of t h e  d i g e s t i v e  t r a c t  o r  d i s t u r -  
bance of p h y s i o l o g i c a l  p rocesses  (Boesch 
e t  a l .  1974).  One s tudy  showed t h a t  
seawater-adapted mal lard  duck l ings  which 
ingested 12.5 ppm ( lowest  l e v e l  t e s t e d )  
of crude o i l  demonstrated a  diminut ion of 
i n t e s t i n a l  mucosal t r a n s f e r  r a t e  of sodilm 
ions  and water ,  t hus  diminishing t h e  
amount of water  a v a i l a b l e  t o  t h e  organism 
(Crocker e t  a l .  1974).  The s tudy  f u r t h e r  
postula ted t h a t  dehydra t ion  r e s u l t i n g  from 
impairment of t h e  mucosal t r a n s f e r  
mechanism may be an  important  f a c t o r  con- 
t r i b u t i n g  t o  h igh  m o r t a l i t i e s  among o i l -  

, contaminated s e a b i r d s .  

Not a l l  b i r d s  a r e  equa l ly  v u l n e r a b l e  
t o  o i l  s l i c k s .  Clark (1971) r e p o r t s  t h a t  
i n  Western Europe, auks ,  p u f f i n s ,  r azor -  
b i l l s ,  murres,  and s e a  ducks s u f f e r  t h e  
most f a t a l i t i e s  a s  a  consequence of 
s p i l l s .  Boesch e t  a l .  (1974) r e p o r t  t h a t  
loons  and g rebes ,  which accounted f o r  
7% - 10% of t h e  t o t a l  b i r d  popu la t ion ,  
s u f f e r e d  64% of t h e  m o r t a l i t i e s  r e s u l t i n g  
from t h e  Santa  Barbara s p i l l s .  Genera l ly ,  
t h e  most v u l n e r a b l e  s p e c i e s  a r e  d i v i n g  
b i r d s  and o t h e r s  t h a t  a r e  a t t r a c t e d  by 
s l i c k s  and consequent ly  land on them. 
Bourne (1968) suggested t h a t  o i l  a t t r a c t s  
b i r d s  by calming t h e  water  o r  by resembling 
food,  t i d e  r i p s ,  o r  shoa l ing  f i s h .  He a l s o  
observed t h a t  swimming b i r d s  do n o t  n o t i c e  
s l i c k s  u n t i l  they come i n  c o n t a c t  w i t h  
them and a r e  consequent ly  t rapped.  While 
some s p e c i e s  (e .g . ,  g u l l s )  f l y  away, o t h e r s  
(e.g. ,  murres) d ive  beneath the  s u r f a c e .  
Sur fac ing  i n  a  s l i c k  can be  f a t a l ,  a s  
observed f o r  a l c i d s  i n  t h e  Torrey Canyon 
s p i l l  (Goethe 1968). 

The t r e a t i n g  of oil-contamined b i r d s  
has  met wi th  ve ry  l i m i t e d  success .  Accord- 
ing  t o  Boesch e t  a l .  (1974),  most o i l e d  
b i r d s  p e r i s h  soon a f t e r  cap tu re ,  wh i l e  
o t h e r s  do no t  s u r v i v e  t h e  c l ean ing  pro- 
cedures  o r  t h e  fol lowing r e c u p e r a t i o n  
per iod.  Improper f eed ing  and handl ing of 
t h e  t r e a t e d  b i r d s  is thought t o  have been 
r e s p o n s i b l e  f o r  t h e  f a i l u r e  of e a r l y  
a t t empts  a t  t reatment .  Boesch e t  a l .  
(1974),  however, r e p o r t  t h a t  e s t a b l i s h e d  
B r i t i s h  c e n t e r s  wi th  t r a i n e d  personnel  
ach ieve  n e a r l y  complete s u r v i v a l  of 
t r e a t e d  b i r d s .  

The time of day, season,  and s e a  
c o n d i t i o n s  a l l  p l a y  important  r o l e s  i n  
t h e  s p e c i e s  of b i r d s  t h a t  occur  i n  a  
s p e c i f i c  a r e a ,  and i n  t h e  p r o b a b i l i t y  t h a t  
they could be impacted by an  o i l  s p i l l .  
S p i l l s  occur r ing  dur ing migra t ion  and 
win te r ing  pe r iods  would probably a f f e c t  
t h e  g r e a t e s t  numbers and d i v e r s i t y  of b i r d s  
i n  t h e  Sea I s l a n d  Coas ta l  Region. The 
b i r d s  most l i k e l y  t o  b e  impacted a r e  shore- 
b i r d s ,  waterfowl. and p reda to ry  b i r d s ,  a l -  
though o t h e r  b i r d s  may a l s o  be  a f f e c t e d .  
The migratory r o u t e  of t h e  a l r e a d y  en- 
dangered a r c t i c  pe regr ine  f a l c o n  extends  
a long t h e  e n t i r e  l e n g t h  of t h e  Eas te rn  
A t l a n t i c  Coast.  It has  been es t imated 
t h a t  t h e r e  would be  a t  l e a s t  a n  89% pro- 
b a b i l i t y  t h a t  a  major o i l  s p i l l  occur r ing  
w i t h i n  t h e  Georgia Bight could impact,  
a t  some p o i n t ,  t h e  migra t ion  pa th  of t h i s  
s p e c i e s  (Table 2-14). I n  c o n t r a s t ,  t h e  
p r o b a b i l i t y  t h a t  an  o i l  s p i l l  i n  t h e  
p o t e n t i a l  o u t e r  c o n t i n e n t a l  s h e l f  pro- 
duc t ion  a r e a  off  t h e  Southeastern  United 
S t a t e s  would adverse ly  a f f e c t  brown p e l i c a n  
rooker i e s ,  bald  e a g l e  n e s t i n g  a r e a s ,  o r  
t h e  dusky s e a s i d e  sparrow h a b i t a t  is  
<4% (Table 2-14). However, e s t i m a t e s  were - 
n o t  given f o r  t h e  p r o b a b i l i t y  of such an  
o i l  s p i l l  impacting t h e  f eed ing  t e r r i t o r i e s  
of brown p e l i c a n s ,  ba ld  e a g l e s ,  o r  o t h e r  
c o a s t a l  b i r d  s p e c i e s .  
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Migratory waterfowl (espec ia l ly  the 
common loon, canvasback, redhead, whis t l ing  
swan, mallard, and ruddy duck) a r e  pro- 
bably among the  most suscep t ib le  t o  o i l  
po l lu t ion  due to  t h e i r  f locking h a b i t s  
and t h e  l a r g e  number of b i r d s  using t h e  
At lan t ic  flyway. Large concentrat ions 
of severa l  of these b i r d s  a r e  o f ten  
found i n  r e l a t i v e l y  small areas .  Thus, 
i f  a s p i l l  were t o  a f f e c t  an a rea  where 
the  b i r d s  were congregated, high mortal- 
i t i e s  might be expected. E n t i r e  f locks  
of these  waterfowl could be impacted 
during t h e  spring and f a l l  migrations. 
Also, many waterfowl winter  i n  t h e  Sea 
Is land Coastal  Region, and they would 
be suscep t ib le  during the  win te r .  
I f  o i l  should impact these  a r e a s ,  
populat ions could be reduced through 
l o s s  of h a b i t a t  o r  d i r e c t  foul ing.  
Fortunately,  however, most of t h e  major 
b i r d  re fug ia  a r e  not  l i a b l e  t o  d i r e c t  
impacts from s p i l l e d  o i l  during d r i l l i n g ,  
production, o r  t ranspor ta t ion  a c t i v i t i e s ,  
a s  most of them a r e  s i t u a t e d  within in- 
l e t s  o r  a r e  protected by b a r r i e r  i s lands .  

I f  a major s p i l l  should occur a s  a 
r e s u l t  of ou te r  con t inen ta l  she l f  develop- 
ment, h a b i t a t s  u t i l i z e d  by shorebirds  i n  
t h e  South A t l a n t i c  could be impacted. A s  
Erickson (1963) r e p o r t s ,  both h a b i t a t s  
and food supply a r e  g r e a t l y  reduced by 
o i l  depos i t s .  Many shorebirds r e l y  on 
i n t e r t i d a l  a r e a s  which could be a f fec ted  
a s  a r e s u l t  of a s p i l l .  

Despite the  massive b i r d  k i l l s  
o f ten  assoc ia ted  with l a r g e  o i l  s p i l l s ,  
such d i s a s t e r s  may a c t u a l l y  do l e s s  
long-term damage t o  b i r d s  than may 
chronic exposure t o  low l e v e l s  of 
petroleum products. This may become a 
very s i g n i f i c a n t  problem i n  t h e  f u t u r e ,  
considering t h e  amounts of petroleum re- 
leased i n t o  t h e  oceans during normal 
i n d u s t r i a l  operat ions.  A l l  hydrocarbons 
do not  degrade r e a d i l y  i n  water,  and 
Murphy (1971) has suggested t h a t  t h e  
carcinogenic ones may be t h e  more per- 
s i s t e n t  i n  t h e  marine environment. 
Further ,  S t i c k e l  and Dieten (1979) have 
shown c l e a r l y  t h a t  low l e v e l s  of o i l  
'contamination may have a v a r i e t y  of 
detr imental  e f f e c t s  on aqua t ic  b i r d s ,  
e s p e c i a l l y  young s tages .  They found t h a t  
very small q u a n t i t i e s  of crude and f u e l  
o i l  (5 - 20 p1 of o i l  per  egg) caused 
s i g n i f i c a n t  m o r t a l i t i e s  of embryos of 
mallards,  common e i d e r ,  g rea t  black-backed 
g u l l s ,  laughing g u l l s ,  Louisiana herons, 
and sandwich t e r n s ;  no embryos t e s t e d  
(mallards) survived exposure t o  50 p1 of 
o i l .  Embryos which survived treatment 
with o i l  showed an increased incidence 
of abnormali t ies  when compared with 
con t ro l s ,  and t h i s  e f f e c t  was i n t e n s i f i e d  
by addi t ion  of metals  (vanadium, n i c k e l ,  
mercury) found i n  o i l .  Weathering of 
the  o i l  f o r  2 - 4 weeks reduced, but  
d id  not  e l iminate ,  i t s  t o x i c  e f f e c t s  on 
embryos. S t i c k e l  and Dieten (1979) 
f u r t h e r  considered the  p o s s i b i l i t y  t h a t  

small q u a n t i t i e s  of o i l  might come i n t o  
contact  with t h e  eggs of aqua t ic  b i r d s  
by t r a n s f e r  from t h e  plumage of a d u l t s  
exposed t o  o i l .  This was t e s t e d  i n  the  
laboratory with laughing gu l l s .  The 
f e a t h e r s  covering t h e  brood patch of 
each t e s t  b i r d  were t r e a t e d  with No. 2 
f u e l  o i l ;  con t ro l  b i r d s  were t r e a t e d  
with water.  Mortal i ty  of embryos from 
t h e  o i l e d  b i r d s  was 41%, compared with 
2% f o r  t h e  con t ro l s .  A s i m i l a r  e f f e c t  
was demonstrated with mallards,  where 
breeding a d u l t s  were allowed t o  s w i m  i n  
c lean  (cont ro l )  o r  oil-contaminated water 
p r i o r  t o  l ay ing  eggs. I n  o t h e r  experi- 
ments, S t i c k e l  and Dieten (1979) found 
t h a t  a d u l t  waterfowl a r e  ab le  t o  t o l e r a t e  
r e l a t i v e l y  high concentrat ions of o i l  i n  
t h e i r  d i e t  a s  long a s  they a r e  not  other- 
wise s t r e s s e d .  However, inc lus ion  of 
o i l  a s  2.5% - 3% of t h e  d i e t  of mallard 
hens f o r  s e v e r a l  months resu l ted  i n  a 50% - 
100% decrease i n  egg laying.  The eggs 
produced by hens fed o i l  hatched a s  well  
a s  did con t ro l  eggs, and the  hatchl ings 
weighed a s  much a s  did t h e  con t ro l s .  
However, young b i r d s  fed o i l  a s  2.5% o r  
5% of t h e i r  d i e t  did not  develop f l i g h t  
fea thers .  

Another important impact on bird$ i n  
t h e  c o a s t a l  marine waters  is t h e  exposure 
t o  and accumulation of biocides.  This 
t o p i c  is d e a l t  with i n  d e t a i l  f o r  brown 
pe l icans  i n  Chapter Three, Sect ion V I I .  
Also, S t i c k e l  and Dieten (1979) r e p o r t  
t h a t  ducks can accumulate petroleum 
hydrocarbons through food chains.  

8. Mammals ( see  a l s o  Chapter One, Section 
V I  

The marine mammals of t h e  Sea Island 
Coastal Region a r e  poorly known. What 
l i t t l e  information e x i s t s  is derived pri-  
mari ly  from s t rand ings  of animals i n  
c o a s t a l  a r e a s  and from a r e l a t i v e l y  few 
s igh t ings  a t  sea.  Since s t rand ing  da ta  
do no t  necessar i ly  c o r r e l a t e  with species  
abundance i n  adjacent  waters  (Brown 19751, 
v i r t u a l l y  nothing is known about marine 
mammal population l e v e l s  o r  movements i n  
t h e  charac te r iza t ion  a rea .  This s i tua t ion  
i s  t r u e  f o r  t h e  common bottle-nosed dolphin 
a s  wel l  a s  f o r  t h e  l e s s  frequent ly en- 
countered species .  

A t o t a l  of 25 spec ies  of cetaceans, 
two pinnipeds, and one s i r e n  have been 
recorded from o r  a r e  l i k e l y  t o  occur i n  
t h e  c o a s t a l  waters of South Carolina and 
Georgia (Table 2-15). However, most of 
t h e  cetaceans a r e  known only from very 
few stranding records (Tables 2-16 and 
2-17). 

The A t l a n t i c  bottle-nosed dolphin i s  
t h e  most common, and only r e s i d e n t ,  marine 
mammal i n  t h e  Sea I s land  Coastal  Region 
(Johnson e t  a l .  1974, Neuhauser and 
Ruckdeschel 1978, Sanders 1978). Its 
known range extends from New England 
southward t o  F lor ida ,  westward i n  t h e  



Table 2-15. Checklist of m r i n e  rnarnamle known, o r  l i k e l y ,  t o  occur 
i n  coa s t a l  water8 of  South Carolina and Georgia 
(compiled from Caldwell and Caldwell 1970, Neuhaueer 
and Ruckdeschel 1978, Sandera 1978). 

SPECIES S.C. = - REGION* - GA. 

Cetaceans 
Bottle-noeed dolphin + + + 
Bridled dolphin + - - 
Co-n (eaddleback) dolphin + ? - 
Long-beaked (spinner) dolphin + + - 
Rough-toothed dolphin + - + 
Spotted dolphin + 7 + 
Str iped  dolphin + + - 
Grampus + + - 
Harbor porpoise + - - 
Anti l lean beaked whale + - + 
At l an t i c  (dense-) beaked whale + + 
Atlan t ic  r i g h t  whale + + + 
~ r y d e ' e  whale + - + 
Dwarf sperm whale + + + 
Palee k i l l e r  whale + + + 
Fin-backed whale + ? - 
Goose-beaked whale + + + 
Hmpback whale + + + 
Killer whale + + - 
Hinlce whale + + - 
Pygmy sperm w h a l e  + + + 
Se i  whale + + - 
Short-finned whale + + + 
Sperm whale + + - 
True' s beaked whale + 7 - 

P i d p e d e  
Cal i forn ia  sea  l i o n  + + + 
Barbor e ea l  + + ? 

Siren  
Weet Indian (Florida) manatee + + + 

a. Region between Cape Hatterae. North Carolina, and Cape Canaveral, 
Florida.  

Table 2-16. Occurrence of stranded marine mammale i n  South Carolina 
(compiled from Sanders 1978). 

STRANDING MCATION NUMBER OF 
STBANDING EVENTS 

Bottle-nosed dolphin Beauf o r t  3 
Charles ton 1 3  

Comon dolphin Charleston 1 

Long-beaked dolphin Charleston 1 

Spotted dolphin Beauf o r t  1 
Charles ton 1 
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Rough-toothed dolphin 

Antillean beaked whale 

Atlantic (dense-) beaked whale 

Atlantic right whale 

Bryde's whale 

Dwarf sperm whale 

False killer whale 

Goose-beaked whale 

Humpback whale 

Pygmy sperm whale 

Short-finned pilot whale 

Table 2-17. Occurrence of stranded marine mammals in Georgia (compiled 
from Neuhauser and Ruckdeschel 1978). 

STRANDING LOCATION NUMBER OF 
SPECIES STRANDING EVENTS -- 

Bottle-nosed dolphin Camden 21 
Cha tham 10 
Glynn 2 
Liberty 2 
McIntosh 6 

Camden 1 

Chatham 1 

Camden 1 

Chatham 1 

Cha tham 1 

Camden 6 
Cha tham 1 

Cha tham 1 

Camden 2 
Chatham 1 
Glynn 1 
Liberty 1 

McIntosh 1 

Camden 5 
Chat ham 6 
Glynn 5 
Liberty 1 
McIntosh 7 

Camden 2 
Chatham 5 
Glynn 7 
Liberty 1 
McIntosh 1 

? 1 

(Decmber - February) (Neuhauser and Creek, 1955, 24 - 50 whales; St. Simons 
Ruckdeschel 1978). No population estimates Island, 1962, 15 - 25 whales; Little St. 
are available, and nothing is known about Simona Island, 1968, 53 whales; Cumberland 
its status in the characterization area. Island, 1977, 15 whales) (Neuhauser and 

Ruckdeschel 1978). There is as yet no 
The largest cetacean to strand in fully accepted explanation for these 

numbers in the Sea Island Coastal Region mass strandings. Autopsies of some 
is the short-finned pilot whale. This of the pilot whales stranded on Kiawah 
species travels in large schools and, Island, South Carolina, in 1973 re- 
although there have been only eight re- vealed massive nematode infestations in 
corded strandings in South Carolina, the middle ear. Whether these infestations 
these have involved about 100 individuals. played any causal role in the strandings 
A single stranding on Bull Island in is not known. There does appear to be 
March 1944 involved 65 animals (Sanders some seasonality to the etrandings, 
1978). Another mass stranding of some however, with mass strandings occurring more 
35 pilot whales occurred on Kiawah Island frequently during fall and winter, and 
in October 1973. In Georgia, mass strand- individual or small group strandings 
ings of pilot whales have been recorded on occurring more often during spring 
eweral occasions (unknown locations, (Neuhauser and Ruckdeschel 1978). 
1939, %24 whales; Richardson 



The goose-beaked whale is known from 
six strandings in South Carolina and five 
in Georgia (Table 2-16 and 2-17). However, 
there is essentially no other information 
available on this species in the 
characterization area. 

The dwarf sperm whale is known from 
only a single stranding record in South 
Carolina, but seven specimens have stranded 
on Cumberland and Little Cumberland 
islands, Georgia, since 1971 (Neuhauser 
and Ruckdeschel 1978). Stranding records 
are more common in cool weather, but little 
else is known about the species in 
Georgia or South Carolina waters. 

Spotted dolphins are known from two 
strandings in South Carolina (Table 2-14). 
This species apparently prefers deeper 
offshore waters. It has not been reported 
stranded in Georgia, but it has been 
sighted offshore in April, May, and June 
(Neuhauser and Ruckdeschel 1978). No 
other information is available concerning 
the occurrence of this species in the 
Sea Island Coastal Region. 

Several other species of cetaceans 
have been reported stranded on the South 
Carolina or Georgia coast on one to a 
few occasions (Tables 2-16 and 2-17). 
Virtually nothing else is known about 
these species in the characterization 
area. 

Management of cetaceans is virtually 
impossible at the State level, so it has 
been delegated to national and inter- 
national agencies such as the National 
Oceanic and Atmospheric Administration 
and the International Whaling Commission. 
Man's over-exploitation of whales for 
meat and oil is well known. Effects of 
other factors such as pollutants in the 
ocean need much further study. As one 
step to gain more information, the 
National Marine Fisheries Service 
established the Southeast Region Marine 
Mammal Stranding Network in 1978. The 
purpose of this network is to accumulate 
reports of strandings and to acquire as 
much information as possible concerning 
seasonal distribution, food habits, re- 
production, diseases, parasites, accumula- 
tion of pollutants, etc., through rapid- 
response examination of the stranded 
animals. Additional work, particularly 
population surveys of healthy animals, is 
urgently needed. 

Two pinnipeds, the California sea 
lion and the harbor seal, are seen occa- 
sionally along the coasts of South 
Carolina and Georgia. The sea lions were 
likely released accidentally or inten- 
tionally from oceanaria, but the harbor 
seals are regular, although uncommon, 
winter residents of the Sea Island Coastal 
Region (Caldwell et al. 1971, Sanders 
1978). No estimates of population size 
are available for either species anywhere 

Although common in certain areas of 
coastal Florida, the endangered West 
Indian (Florida) manatee is seen only 
rarely in Georgia and South Carolina. 
Manatees migrate northward through shelt- 
ered marine sounds and rivers during the 
warmer months (Golley 1962). One indi- 
vidual moved up the Santee River, through 
the locks of Pinopolis Dam and into Lake 
Moultrie, South Carolina, in June 1965. 
More recently, a large male was caught 
in a shrimp trawl off Hilton Head Island, 
South Carolina, during August 1977. Un- 
fortunately, the specimen drowned before 
it could be removed from the net. Several 
days later, a cow and calf were observed 
for several hours feeding on smooth cord- 
grass in the marina at Parris Island 
Marine Depot. The size of the calf indicated 
that it was probably born in South Carolina 
waters. Manatees are also occasionally 
sighted or collected on the Georgia coast 
(Tomkins 1956, 1958). Cooperative aerial 
surveys now being conducted annually by 
the U.S. Fish and Wildlife Service Manatee 
Recovery Team and wildlife biologists in 
both States should produce additional in- 
formation on abundance, distribution, and 
movement of these marine mammals in 
Georgia and South Carolina. Some detailed 
information is already available on the 
manatee in Florida's Crystal River (Hartman 
1969, 1971). For additional information 
see Chapter One, section VI. 

D. DECOMPOSERS AND NUTRIENT REGENERATION 

1. Overview 

Bacterial and fungi are present in vir- 
tually all accumulations of water, from 
the interstitial waters of sandy beaches 
and mud flats to the open waters of rivers 
lakes, and oceans. Almost all aquatic 
bacteria and fungi are heterotrophic 
organisms, complementing aquatic primary 
producers by the reduction of organic 
matter and the subsequent recycling of 
inorganic nutrients. Most aquatic bacteria 
are saprophytic, a small number are either 
photoautrophs (i.e., fix carbon in the 
presence of light; examples, green and 
purple bacteria) or chemoautotrophs (fix 
carbon through light - independent chemical 
reaction; examples, nitro-sulfur and iron 
bacteria), and only a very few are true 
parasites. Morphologically, most marine 
bacteria are cocci or bacilli, but fila- 
mentous, band-shaped, and stalked forms 
are also found (Rheinheimer 1974). Some 
aquatic bacteria tend to form aggregates 
or colonies with specific morphology, 
commonly spheres or stars and ribbons or 
sheets. True aquatic bacteria are nor- 
mally characterized by their ability to 
use nutrients available in extremely 
small concentrations (Wright and Hobbie 
1966), and are either free-living in the 
water column or attached to a substratum 
(e.g., detritus). 



Bacter ia  i n  the  c o a s t a l  marine 
environment may be e i t h e r  endemic or  
derived from s o i l ,  a i r ,  p lan t s ,  and 
animals (including man). Many of t h e  
introduced forms a r e  a b l e  t o  l i v e  f o r  
only a s h o r t  time i n  Ocean waters, and 
a r e  unable t o  p r o l i f e r a t e  there.  True 
marine bac te r ia  have an o b l i g a t e  growth 
requirement f o r  NaCl and a s p e c i f i c  re- 
quirement f o r  Na+, which precludes a 
simple osmotic explanation. P r a t t  (1974) 
and P r a t t  and Tedder (1974) found t h a t  i n  
seawater samples from areas  f r e e  of 
t e r r e s t r i a l  contamination, 90% of the  
bac te r ia  present  required seawater n u t r i e n t  
media. Genera which a r e  extremely common 
i n  c o a s t a l  and oceanic waters include 
Pseudomonas, Vibrio, Spir i l lum, 
Achrmobacter,  Flavobacterium, and 
Baci l lus .  The bulk of marine bac te r ia  
belong t o  the  o rders  Pseudomonadates and 
Eubacter iates ,  but  o ther  o rders  a l s o  
a r e  o f t e n  represented. 

Marine and brackish water environ- 
ments a r e  dis t inguished by t h e  presence 
of the  majori ty  of luminous b a c t e r i a .  
These may be free- l iving o r  symbiotic 
on mollusca (cephalopods) and bony f i s h .  
Pigmentation is a l s o  common i n  h a l o p h i l i c  
microphytes, and Zobell (1946) concluded 
t h a t  more than 50% of marine b a c t e r i a  
a r e ,  t o  some degree, pigmented. 

The v a s t  major i ty  of aqua t ic  b a c t e r i a  
and fungi  a r e  t r u e  heterotrophs,  requ i r ing  
presynthesized organic molecules f o r  
t h e i r  metabolism. Thus, organic compounds 
or ig ina t ing  from primary production and 
subsequent consumption a r e  converted back 
t o  lower-energy organics  and a r e  f i n a l l y  
remineralized by t h e  aqua t ic  microflora.  

I n  add i t ion  t o  t h e  heterotrophic 
b a c t e r i a ,  photoautotrophic and chemo- 
autotrophic b a c t e r i a  a r e  present  i n  
n e r i t i c  and oceanic waters. Bacter ia  
capable of photosynthesis (photo- 
autotrophs)  have r a t h e r  s p e c i f i c  h a b i t a t  
requirements (e.g., anaerobic o r  micro- 
aerobic condit ions,  l i g h t ,  s u f f i c i e n t  
hydrogen donors [ H ~ S  o r  organic acids],  
e t c . ) .  Normally, these  condit ions do 
not  occur i n  open systems, but where 
they do occur, a s  i n  eutrophic l akes  and 
some lagoons and pools of c o a s t a l  re-  
gions, photosynthetic b a c t e r i a  can be 
major producers of organic matter .  
Chemoautotrophic b a c t e r i a  enjoy a much 
broader d i s t r i b u t i o n  and a r e  p a r t i c u l a r l y  
numerous i n  c o a s t a l  waters  where sulphur 
b a c t e r i a  oxidize sulphur, n i t r i f y i n g  
b a c t e r i a  oxidize ammonia t o  n i t r i t e  o r  
n i t r a t e ,  and i ron  and manganese 
b a c t e r i a  ox id ize  F e u  and MnU t o  
Fe+H and Mn*, respec t ive ly  (Watson 
1963, Rheinheimer 1967). The cont r i -  
but ion of chemoautotrophs t o  t o t a l  pro- 
duct ion of organic mat te r  is not  knovn. 
The r o l e  t h a t  b a c t e r i a  play i n  primary 
production is only speculat ive.  Zobell 
(1963) conservat ively estimated t h a t  

annual b a c t e r i a l  production i n  an aqua t ic  
system was about 7.3 mg carbon/m3; many 
would argue t h a t  t h i s  est imate is too 
conservat ive . 

Aquatic fungi ,  l i k e  b a c t e r i a ,  a r e  
ubiqui tous i n  most waters ,  and populations 
a r e  composed of t r u e  aqua t ics  a s  well  a s  
fungi  more t y p i c a l  of s o i l s .  A l l  aqua t ic  
fungi  a r e  he te ro t rophic  organisms, and 
they e x i s t  a s  saprophytes o r  a s  p a r a s i t e s  
on a l a rge  v a r i e t y  of p l a n t s  and animals. 
Most aqua t ic  fungi  a r e  o b l i g a t e  aerobes 
requ i r ing  f r e e  02 t o  break down pec t ins ,  
hemicellulose, ce l lu lose ,  l i g n i n  and 
c h i t i n ,  a s  w e l l  a s  common pro te ins ,  sugars. 
s t a r c h e s ,  and f a t s .  Although capable of 
e x i s t i n g  a t  extremes of both pH and 
temperature, aqua t ic  fungi  a r e  almost 
s i n g u l a r l y  mesophilic.  I n  con t ras t  t o  
aqua t ic  b a c t e r i a ,  fungi  have l a r g e r  
c e l l s ,  a r e  eukaryot ic ,  and d i sp lay  a 
g r e a t l y  varied morphology, p a r t i c u l a r l y  
i n  f r u i t i n g  bodies. 

Representat ives  from a l l  four  fungal  
c l a s s e s  have been found i n  marine h a b i t a t s  
and, a s i d e  from t r u e  ha lophi l i c  fungi ,  
many s a l t - t o l e r a n t  forms of l imnet ic  and 
t e r r e s t r i a l  o r i g i n  have been i d e n t i f i e d  
(Rheinheimer 1974). The Phycomycetes 
a r e  general ly  considered t h e  primary 
aqua t ic  fungi ,  and. i n  marine h a b i t a t s  
a r e  represented by saprophytic  forms and 
a l a r g e  number of p a r a s i t e s .  

The d i s t r i b u t i o n s  a f  b a c t e r i a  and 
fungi  i n  marine environments have not  been 
wel l  defined and i n  t h e  Sea Is land Coastal 
Region a r e  b a s i c a l l y  unknown. The pauci ty 
of da ta  on microf lo ra l  d i s t r i b u t i o n  is 
p a r t i a l l y  t h e  r e s u l t  of the  sampling 
d i f f i c u l t i e s  involved i n  any eco log ica l ly  
o r ien ted  microbial  study. This i s  a 
major da ta  gap f o r  the  e n t i r e  region. 

2. Function 

According t o  Wood (1967), b a c t e r i a  
play two major r o l e s  i n  the  marine en- 
vironment: 1 )  conversion of dissolved 
organic mate r ia l  i n t o  p a r t i c u l a t e  form 
( t h e  b a c t e r i a  themselves),  and 2)  t h e  
breakdown of complex substances. A s  
shown i n  Chapter One. Sect ion 111, 
b a c t e r i a  play p i v o t a l  r o l e s  i n  t h e  bio- 
geochemical cycles  through which n u t r i e n t s  
a r e  regenerated. I n  add i t ion  t o  these 
cyc les  discussed i n  Chapter One ( i . e . ,  
water,  carbon, n i t rogen ,  phosphorus, and 
s u l f u r  cyc les ) ,  b a c t e r i a  a l s o  func t ion  
i n  the  i r o n  and manganese cyc les  of 
the  hydrosphere. A l a r g e  group of 
b a c t e r i a  can oxidize fe r rous  t o  f e r r i c  
compounds and manganous t o  manganic com- 
pounds. 

I n  add i t ion  t o  t h e  a c t i v i t i e s  of 
microorganisms, n u t r i e n t  regenerat ion is 
a l s o  a f fec ted  by element residence times 
i n  t h e  ocean. Cherry e t  a l .  (1978) de- 
f ined such residence time a s  " the average 



t ime an element spends i n  ocean water  
between i n t r o d u c t i o n  i n t o  t h e  ocean and 
incorpora t ion  i n t o  t h e  sediments." They 
f u r t h e r  r epor ted  t h a t  r e s i d e n c e  t imes 
o f  a number of elements were c o n t r o l l e d  
p r i m a r i l y  by t h e  s ink ing  r a t e s  of zoo- 
plankton f e c a l  p e l l e t s .  However, a s  
pointed o u t  p rev ious ly  ( see  s e c t i o n  on 
d e t r i t u s  i n  t h i s  c h a p t e r ) ,  p e l l e t  s ink ing  
r a t e s  can be  markedly slowed, and t h u s  
element r e s i d e n c e  t imes and p r o b a b i l i t i e s  
of r e i n c o r p o r a t i o n  i n t o  l i v i n g  organisms 
inc reased ,  through fo rmula t ion  of t h e  
organic  aggrega tes  known a s  "marine snow" 
( S i l v e r  e t  a l .  1978). 

Bac te r i a  a r e  involved i n  t h e  t r o p h i c  
dynamics of marine ecosystems from t h e  
w a t e r ' s  s u r f a c e  i n t o  t h e  deep sediments.  
S iebur th  (1976) has  pointed o u t  t h a t  t h e .  
s u r f a c e  l a y e r  of ocean water  e x h i b i t s  a 
much h igher  concen t ra t ion  of d i s so lved  
o rgan ic  m a t t e r  (on t h e  o r d e r  of 2,000 mg 
C/1) than  do sub-surface wa te r s ,  and 
t h a t  t h i s  h igh  o rgan ic  medium may support  
b a c t e r i a l  popu la t ions  of a t  l e a s t  105 c e l l s /  
m l .  Maximum subsur face  b a c t e r i a l  popula- 
t i o n s  a r e  a t  l e a s t  an  o rde r  of magnitude 
lower. Th i s  "bacter ioneuston"  was 
assumed t o  b e  an important  source  of food 
f o r  neus ton ic  ( i . e . ,  s u r f a c e - l i v i n g )  
protozoans. 

B a c t e r i a  a r e  t h e  f i r s t  microorganisms 
t o  co lon ize  s o l i d  m a t e r i a l s  in t roduced 
i n t o  t h e  marine  environment (S iebur th  
1976). Such c o l o n i z a t i o n  l e a d s  t o  t h e  
format ion of b a c t e r i a l  f i l m s ,  which may 
b e  important  f o r  t h e  s e t t l i n g  of o t h e r  
f o u l i n g  organisms. B a c t e r i a l  f o u l i n g  
occurs  on l i v i n g  andldead macroorganisms, 
a s  w e l l  a s  on a b i o t i c  m a t e r i a l s ,  and 
t h e  b a c t e r i a l  popu la t ions  p rov ide  a 
r i c h  food source  f o r  protozoans  and 
o t h e r  small  consumers. I n  fact', it 
h a s  been shown t h a t  t h e  growth o f  micro- 
b i o t a  on d e t r i t u s  (e .g . ,  marsh g r a s s )  
is a major source  o f  t h e  food v a l u e  o f  
t h e  d e t r i t u s  t o  a consumer ( l i e b u r t h  
1976).  

Some workers have suggested t h a t  
b a c t e r i a  occur  p r i m a r i l y  on s u b s t r a t e s  
i n  ocean waters .  However, S iebur th  
(1976) p resen ted  evidence i n d i c a t i n g  t h a t  
marine b a c t e r i a  i n  t h e  water  column a r e  
probably themselves p l a n k t i c  and n o t  
a t t ached  t o  o t h e r  p a r t i c u l a t e s .  Such 
bac te r iop lank ton  popu la t ions  i n  eupho t i c  
wa te r s  may b e  on t h e  o rde r  of 104 c e l l s /  
m l ,  and they  may s e r v e  a s  a n  important  
source  of food f o r  zooplankton and 
a t t ached  f i l t e r  f e e d e r s  (Sorokin 1971, 
S iebur th  1976). 

The consumers i n  marine  wa te r s  con- 
v e r t  about  25% of t h i s  food i n t o  f e c e s ,  
which, a long wi th  t h e  c a r c a s s e s  of dead 
organisms, c a s t  exoskele tons ,  and t h e  
l i k e ,  from what S i e b u r t h  (1976) terms 
t h e  t t fecal -ses tonic"  ecosystem. As 
pointed ou t  p rev ious ly  ( s e e  S e c t i o n  I 

of t h i s  c h a p t e r ) ,  t h i s  f e c a l - s e s t o n i c  
m a t e r i a l  i s  t h e  energy inpu t  t h a t  
suppor t s  t h e  b e n t h i c  b i o t a .  B a c t e r i a  and 
o t h e r  microorganisms co lon ize  t h i s  o rgan ic  
d e b r i s ,  e n r i c h  i t  through t h e i r  own pro- 
duc t ion ,  and break i t  down i n t o  s imple r  
forms, u l t i m a t e l y  r e l e a s i n g  i n o r g a n i c  
n u t r i e n t s .  I n  t h e  sediments,  b a c t e r i a  
con t inue  a d u a l  r o l e  a s  decomposers of 
complex subs tances  and a s  d i r e c t  food 
f o r  d e p o s i t  f e e d e r s .  F u r t h e r ,  t h e  
i n t e r a c t i o n s  of microorganisms wi th  
sediments  a r e  c l o s e l y  r e l a t e d  t o  t h e  
format ion of c e r t a i n  r e sources .  Bac te r i a  
and f u n g i  have con t r ibu ted  t o  t h e  fo r -  
mation of p e a t ,  c o a l ,  pet roleum,  su lphur ,  
and c e r t a i n  o r e  d e p o s i t s  ( i r o n ,  manganese, 
e t c . ) .  

111. INTERTIDAL MARINE SUBSYSTEM 

A. DESCRIPTION 

The marine  i n t e r t i d a l  subsystem con- 
sists of t i d a l  beaches and b a r s  cont iguous 
t o  c o a s t a l  marine  wa te r s .  V i r t u a l l y  a l l  
marine beaches of t h e  Sea I s l a n d  Coas ta l  
Region a r e  on b a r r i e r  i s l a n d s .  These 
b a r r i e r  beaches  form a narrow f r i n g e  
o r  cha in  which extends  from t h e  nor the rn  
t o  t h e  sou the rn  l i m i t s  of t h e  s t u d y  a r e a ,  
and which is i n t e r r u p t e d  a t  f r e q u e n t  in -  
t e r v a l s  by i n l e t s ,  e s t u a r i e s ,  ha rbors ,  
bays ,  and sounds. Th i s  i n t e r t i d a l  sub- 
system extends  from t h e  landward l i m i t  
of t h e  c o a s t a l  marine ecosystem (extreme 
h igh  water  of s p r i n g  t i d e s )  t o  t h e  extreme 
low s p r i n g  t i d e  mark, and it  is charac te r -  
i z e d  by f r e q u e n t  and r e g u l a r  exposure of 
i t s  s u b s t r a t e  t o  a i r  by t i d e s .  The Sea 
I s l a n d  Coas ta l  Region inc ludes  a t o t a l  
of some 293 km (183 mi) of marine  i n t e r -  
t i d a l  beaches ,  excluding t h e  96 km 
(60 mi) long Grand S t rand  a r e a  of South 
Carol ina .  

Major f a c t o r s  which determine t h e  
phys ica l  c h a r a c t e r i s t i c s  of beaches in- 
c l u d e  wave a c t i o n ,  s torms,  t i d e s  and 
t i d a l  range,  beach i n c l i n a t i o n ,  amount of 
groundwater i n p u t ,  and t h e  a c t i v i t i e s  of 
man. Proximity  t o  i n l e t s  and e s t u a r i e s  
may a l s o  markedly i n f l u e n c e  t h e  amount 
of outwel led m a t e r i a l  t h a t  is e v e n t u a l l y  
depos i t ed  on beaches  ( s e e  Fig .  2-4). 
A l l  of t h e s e  f a c t o r s  a f f e c t  t h e  p rocesses  
of sedimentat ion,  e ros ion ,  and sand 
g r a i n  s o r t i n g  which' shape beaches.  Be- 
cause  of t h e  h igh  wave energy f o r c e s  which 
c o n t i n u a l l y  s o r t  t h e  sediments  of beach 
f r o n t s ,  t h e  s u b s t r a t e  can b e  desc r ibed  
a s  e s s e n t i a l l y  f l u i d  and c o n t i n u a l l y  
s h i f t i n g .  Never theless ,  many open i n t e r -  
s t i t i a l  spaces  a r e  maintained between 
sand g r a i n s  due t o  t h e  i n a b i l i t y  o f  most 
f i n e  p a r t i c l e s  t o  s e t t l e  ou t  i n  t h i s  
t u r b i d  environment (R ied l  and McMahan 
1974). Thus, t h e  marine i n t e r t i d a l  zone 
of t h e  South Carolina-Georgia c o a s t  may 
b e  c h a r a c t e r i z e d  a s  a h igh  energy, h ighly  
t u r b i d  environment wi th  a c o n t i n u a l l y  



s h i f t i n g  s u b s t r a t e  of sand con ta in ing  
v e r y  l i t t l e  f i n e s  (mud, c l a y ,  o r  s i l t ) .  
These c h a r a c t e r i s t i c s ,  coupled w i t h  i t s  
r e g u l a r  and f r e q u e n t  exposure  t o  t h e  a i r ,  
make i t  a h a r s h  environment indeed.  

Within t h e  beach s u b s t r a t e  i t s e l f ,  
p h y s i c a l  f a c t o r s  such a s  temperature ,  
wa te r  s a t u r a t i o n ,  s a l i n i t y ,  oxygen con- 
c e n t r a t i o n ,  l e v e l s  of f r e e  C02, wa te r  hard- 
n e s s ,  l i g h t ,  and c o n c e n t r a t i o n  of o rgan ic  
m a t e r i a l s  v a r y  markedly (R ied l  and 
McMahan 1974).  These f a c t o r s  g e n e r a l l y  
e x h i b i t  rhythmic v a r i a t i o n s  w i t h  t i d a l  
day-night and s e a s o n a l  c y c l e s  a l s o .  For 
example, t h e  amount and c h a r a c t e r i s t i c s  
of i n t e r s t i t i a l  wa te r  a r e  determined by 
i n t e r a c t i o n s  of t h e  ocean ( t i d e s ) ,  
evapora t ion  and p r e c i p i t a t i o n ,  and sea-  
s o n a l  v a r i a t i o n s  i n  groundwater i n p u t .  
Most of t h e s e  f a c t o r s  a r e  important  i n  
c o n t r o l l i n g  t h e  d i s t r i b u t i o n  of organisms 
i n  t h e  mar ine  i n t e r t i d a l  subsystem, b u t  
perhaps  t h e  most impor t an t  f a c t o r s  a r e  
degree  of d e s i c c a t i o n ,  s a l i n i t y ,  and 
sediment c h a r a c t e r i s t i c s .  

The organisms of sandy beaches  may 
b e  d iv ided  i n t o  t h r e e  groups  on t h e  
b a s i s  of  t h e i r  d i s t r i b u t i o n  i n  r e l a t i o n  
t o  t h e  s u b s t r a t e  (R ied l  and McMahan 1974).  
These groups  a r e  1 )  t h e  epipsannnon, o r  
surface-dwel l ing,  g e n e r a l l y  m o t i l e  macro- 
fauna;  2) t h e  endopsammon, o r  burrowing 
s p e c i e s  t h a t  a r e  t o o  l a r g e  t o  l i v e  i n  
i n t e r s t i t i a l  spaces ;  and 3)  t h e  
mesopsammon, o r  i n t e r s i t i t i a l  fauna.  The 
epipsammon is l i m i t e d  t o  a few groups  such 
a s  f i s h  o r  b i r d s  which a r e  s t r o n g  o r  speedy 
enough t o  e x p l o i t  t h i s  t u r b u l e n t  environ-  
ment. The endopsammon is a l s o  l i m i t e d  
t o  a r e l a t i v e l y  few t axa ,  mainly  t h e  
hardy and h i g h l y  mobi le  c r u s t a c e a n s  (e.g. ,  
c e r t a i n  amphipods, c r a b s ,  and shr imp) ,  
some mol lusks ,  and a few echinoderms and 
polychaetes .  The mesopsammon, on t h e  
o t h e r  hand, i s  q u i t e  d i v e r s e ,  ". . .each 
beach system c o n t a i n i n g  more than a 
thousand s p e c i e s ,  compared w i t h  s e v e r a l  
dozen i n  t h e  epi -  and endopsammon to- 
ge the r "  (R ied l  and McMahan 1974) .  
Fu r the r ,  wh i l e  t h e  epipsammon c o n s i s t s  
p r i m a r i l y  of p r e d a t o r s  and t h e  endop- 
sammon of a mix tu re  of p r e d a t o r s ,  
f i l t e r e r s ,  and scavengers ,  t h e  mesopsammon 
appea r s  t o  b e  markedly dominated by 
d e t r i t u s - f e e d e r s .  However, a s  R i e d l  and 
McMahan (1974) p o i n t  o u t ,  ' I .  . . ' d e t r i t u s f  
and ' d e t r i t u s  f e e d e r s '  a r e  vague con- 
c e p t i o n s  and o f t e n  a group is l a b e l e d  a s  
d e t r i t u s  f eed ing  o n l y  because  of t h e  
absence of formed food p a r t i c l e s  i n  t h e  
g u t  .I1 Besides  t h e s e  groups ,  t h e  decom- 
pose r s  a r e  be l i eved  t o  b e  v e r y  important  
i n  beach sys tems,  and may themselves s e r v e  
a s  r i c h  food sources .  

B. PRIMARY PRODUCERS 

Primary p roduc t ion  i n  h i g h  energy 
beaches  such a s  t h o s e  on b a r r i e r  i s l a n d s  
i n  t h e  c h a r a c t e r i z a t i o n  a r e a  i s  g e n e r a l l y  

q u i t e  low. Benthic  d ia toms a r e  probably  
t h e  most important  p roduce r s  i n  t h i s  
r ega rd ,  fo l lowed by blue-green a l g a e ,  
b u t  i n  r e a l i t y  v e r y  l i t t l e  is known about  
t h e s e  groups  i n  mar ine  beaches.  Also ,  
because  l i g h t  cannot  p e n e t r a t e  t h e  s e d i -  
ments,  pr imary p roduc t ion  must b e  l i m i t e d  
t o  p l a n t s  occur r ing  i n  t h e  upper few 
m i l l i m e t e r s  of t h e  beach s u b s t r a t e .  
Never the le s s ,  R i e d l  ( i n  R i e d l  and McMahan 
1974) i n d i c a t e d  t h a t  i n  t h e  deepe r  l a y e r s  
blue-green a l g a e  may reach  a d e n s i t y  of 
10,000 c e l l s / l  of sediment ,  b u t  noted t h a t  
t h e i r  t r o p h i c  importance  was unknown. 

Members of s e v e r a l  a l g a l  c l a s s e s  c a n  
be  found growing a t t a c h e d  t o  s o l i d  o b j e c t s  
such a s  rocks ,  s h e l l s ,  p i l i n g s ,  t r e e  
stumps, decaying marsh g r a s s ,  Sargassum, 
e t c . ,  and i n  sand i n  t h e  mar ine  i n t e r -  
t i d a l  zone of t h e  Sea I s l a n d  C o a s t a l  
Region. As y e t ,  however, t h e s e  a l g a e  have 
n o t  been s t u d i e d  i n t e n s i v e l y .  Chapman 
(1971) conducted a q u a l i t a t i v e  su rvey  of 
macroalgae a long t h e  Georgia  c o a s t ,  
p r i n c i p a l l y  i n  t h e  a r e a  of Sapelo  and 
C a b r e t t a  i s l a n d s .  He r eco rded  69 t a x a ,  
of which more than  h a l f  (36 s p e c i e s )  were 
r e d  a lgae .  However, 14 of t h e s e  s p e c i e s  
were t aken  on ly  i n  dredge c o l l e c t i o n s  
o f f s h o r e  from t h e  beach and were n o t  record-  
ed from t h e  i n t e r t i d a l  zone i t s e l f .  Also  
included i n  h i s  su rvey  were 11 s p e c i e s  of 
blue-green a l g a e ,  17 s p e c i e s  of g reen  
a l g a e ,  and 5 s p e c i e s  of  brown ( inc lud ing  
2 s p e c i e s  of Sargassum) a l g a e .  O v e r a l l ,  
Chapman recorded 25 s p e c i e s  of a l g a e  
s p e c i f i c a l l y  from o b j e c t s  i n  t h e  i n t e r -  
t i d a l  zone. 

R. L. Wiseman (1978, Co l l ege  of 
Char l e s ton ,  Char l e s ton ,  South  Caro l ina ,  
unpubl.  d a t a )  h a s  s t u d i e d  t h e  a l g a e  of 
a coquina ou tc rop  a t  Myrt le  Beach, South 
Caro l ina .  The dominant s p e c i e s  on t h e s e  
r o c k s  throughout  t h e  y e a r  a r e  G r a c i l a r i a  
f o l i i f e r a ,  Gelidium c r i n a l e ,  Gymnogongrus 
g r i f f i t h e s i a e ,  Chondria b a i l e v a n a  ( a l l  
r ed  a l g a e ) ,  and a number of s p e c i e s  be- - - 
longing t o  t h e  g reen  a l g a l  genera  
and Enteromorpha. Conspicuously absen t  
a r e  brown a l g a l  s p e c i e s  s o  t y p i c a l  of 
rocky i n t e r t i d a l  a r e a s  throughout  t h e  
world.  I n  s p r i n g ,  however, t h e  brown 
a l g a ,  L e a t h e s i a  d i f f o r m i s ,  forms pro- 
t u b e r a n t  masses on t h e  s u r f a c e s  of  t h e  
b l a d e s  of G r a c i l a r i a  f o l i i f e r a ,  and v a r i o u s  
o t h e r  s p e c i e s  occur  a s  e p i p h y t e s  on some 
of t h e  dominant r eds .  The t i d e  poo l s  
c r e a t e d  i n  t h e  coquina rock  p r e s e n t  a 
s p e c t a c u l a r  c o n t r a s t  t o  t h e  m i l e s  upon 
m i l e s  of s t r a n d  l i n e  devoid of such 
h a b i t a t s .  I n  Georgia ,  Chapman (1971) 
r e p o r t e d  t h e  g reen  a l g a ,  Monostroma 
oxyspermum, a s  common i n  beach t i d a l  
pools .  

The a l g a l  f l o r a  of t h e  i n t e r t i d a l  
sand of mar ine  beaches is a r i c h  and in-  
t r i g u i n g  one dominated by a v a r i e t y  of 
d ia toms and euglenoids .  Blooms of t h e  
euglenoid ,  E u t r e p i a  sp . ,  o f t e n  c o l o r  t h e  



sand sur faces  with a deep green f i lm.  
These sand-dwelling a lgae  provide an 
abundant harves t  f o r  t h e  sand-dwelling 
meiofauna. The seawalls  and beach j e t t i e s  
a r e  c h a r a c t e r i s t i c a l l y  colonized by mem- 
b e r s  of t h e  green a l g a l  genera, & and 
Enteromorpha, by a v a r i e t y  of blue-greens, 
and, during t h e  co lder  months, by t h e  
rhodophytes, Bangia atropurpurea and 
Porphyra spp. Throughout the  year ,  t h e  
dominant red a lgae  is the  turf-forming 
Bostrychia radicans,  which is a l s o  found i n  
s a l t  marshes and growing upon hard sub- 
s t r a t e s  i n  harbors. This species  a l s o  is 
seen commonly i n  s i m i l a r  h a b i t a t s  i n  
Georgia (Chapman 1971). 

A s  t h e  preceding s h o r t  discussion in- 
d i c a t e s ,  very l i t t l e  q u a l i t a t i v e  and a l -  
most no q u a n t i t a t i v e  information is ava i l -  
a b l e  concerning t h e  primary producers of 
marine beaches i n  t h e  Sea Is land Coastal 
Region. The s ign i f icance  of these  p l a n t s  
i n  beach trophodynamics is a l s o  unknown. 
This a rea ,  then, can properly be termed 
a major d a t a  gap f o r  t h e  region. 

C. CONSUMERS 

1. Zooplankton 

The zooplankton of t h e  surf  zone has  
no t  been s tud ied  i n  t h e  Sea Is land Coastal  
Region o r  elsewhere nearby. Nevertheless, 
we would expect i ts general  composition 
t o  be  s i m i l a r  t o  t h a t  of t h e  contiguous 
nearshore marine waters  ( see  Sect ion I1 
of t h i s  Chapter).  It is a l s o  l i k e l y  t o  
include numerous small members of t h e  
benthic  fauna which occas iona l ly  become 
suspended i n  t h e  water column by wave 
turbulence, o r  which per iod ica l ly  (e.g., 
a t  n igh t  o r  a t  high t i d e )  move i n t o  t h e  
water column t o  feed. Larval  s t a g e s  of 
ghost crabs,  burrowing (mole) crabs,  and 
o ther  forms a r e  released i n  t h e  surf  zone, 
and pos t la rvae  of these  spec ies  must be  
r e c r u i t e d  t o  t h e  beach v i a  t h e  sur f  zone. 
Unfortunately, nothing is  known of the  
l a r v a l  dynamics of any of these  species .  
Knowledge of t h e  beach zooplankton, then, 
is  an important da ta  gap f o r  t h i s  region. 

2. Benthic Inver tebra tes  

Environmental condit ions on sandy 
beaches present  a r igorous chal lenge 
f o r  i n v e r t e b r a t e  animals. To occur i n  
such a h a b i t a t ,  a spec ies  must withstand 
s t rong  wave and cur ren t  ac t ion ,  t i d a l  
r i s e  and f a l l ,  s h i f t i n g  s u b s t r a t a ,  heavy 
predat ion,  and wide v a r i a t i o n s  i n  s a l i n i t y  
and temperature. Given such condit ions,  
t h e  fauna is  spec ia l ized  and highly adapted 
f o r  surv iva l .  

AB mentioned previously,  beach- 
dwelling organisms have been divided i n t o  
severa l  ca tegor ies  based upon where they 
occur i n  r e l a t i o n  t o  the  s u b s t r a t e  (Riedl  
and McMahan 1974). Species l i v i n g  on t h e  
surface,  including c e r t a i n  i n s e c t s ,  belong 
t o  the  epipsammon. Burrowing spec ies  

t y p i c a l l y  l i v i n g  i n  t h e  sediment, such a s  
amphipods, pelecypods, and gastropods, 
c o n s t i t u t e  t h e  endopsammon. The i n t e r -  
s t i t i a l  fauna, o r  mesopsammon, includes 
various meiobenthic taxa--gastrotr ichs,  
gnathostomulids, t u r b e l l a r i a n s ,  t a rd igrades ,  
and harpac t ico id  copepods. The r i c h e s t  
assemblage of spec ies  occurs i n  t h e  mesop- 
sammon, but  t h e  groups represented a r e  
genera l ly  r a t h e r  poorly known and w i l l  no t  
be discussed f u r t h e r  here. 

As expected i n  a h igh-s t ress  environ- 
ment, few macrobenthic i n v e r t e b r a t e  spec ies  
occur on an open beach. However, a few 
of those represented occur i n  l a r g e  num- 
bers ;  i n  a study of t h e  fauna inhabi t ing  
a North Carol ina beach, Dexter (1969) 
found both low d i v e r s i t y  and low dens i ty ,  
wi th  dominance by only a few spec ies .  
Most a r e  rap id  burrowers and some, such a s  
the  coquina clam Donax v a r i a b i l i s  and t h e  
mole crab Emerita t a lpo ida ,  a r e  known t o  
migrate  up and down t h e  beach a s  t h e  t i d e s  
r i s e  and recede (Pearse e t  a l .  1942, Turner 
and Belding 1957, Roberts 1974a). F i l t e r  
feeders  dominate t h e  benthos s i n c e  l i t t l e  
organic d e t r i t u s  accumulates i n t e r t i d a l l y  
i n  the  sediments of exposed beaches. AB 
a r e s u l t ,  t h e  system a c t s  a s  an ex tens ive  
food- f i l t e r ing  system (Riedl  and McMahan 
1974). Among the  most abundant macro- 
inver tebra tes  of sandy beaches a r e  the  
amphipods. F i l t e r - feed ing  h a u s t o r i i d s  
a r e  abundant i n t e r t i d a l l y ,  while  var ious  
t a l i t r i d s  o r  "beach hoppers" occur near  
t h e  high t i d e  a r e a  where they feed on 
d e t r i t u s  i n  beach d r i f t .  Various spec ies  
of burrowing decapods a r e  represented near 
o r  below t h e  low t i d e  zone, including 
Cal l ianassa,  Lepidopa, and Emerita. Also 
present  a r e  burrowing polychaete worms 
such a s  Scolepis  squamata. 

Perhaps t h e  most commonly recognized 
macroinvertebrate of marine beaches is  
t h e  abundant ghost c rab ,  Ocypode quadrata. 
This c rab  burrows i n  t h e  beach from the  
upper i n t e r t i d a l  region t o  t h e  dune back- 
shore,  with t h e  youngest and smal les t  
crabs general ly  tending t o  burrow nearer  
t h e  water and t h e  o l d e r ,  a d u l t  crabs 
f a r t h e r  i n t o  t h e  dunes (up t o  0.4 km o r  
.25 m i  from t h e  ocean) (Williams 1965). 
It i s  t h e  most t e r r e s t r i a l  of t h e  decapod 
crustaceans inhabi t ing  t h e  c o a s t a l  region 
of South Carolina and Georgia, only en te r -  
ing  t h e  water a t  i n t e r v a l s  t o  moisten i t s  
g i l l s  and a e r a t e  egg masses o r  r e l e a s e  
l a rvae .  Ghost c rabs  genera l ly  w i l l  not 
run i n t o  water even when d i s tu rbed  
(Williams 1965). The c rabs  can a c t i v e l y  
take  up moisture from damp sand (Wolcott 
1976a, b ) ,  thus f u r t h e r  reducing t h e i r  
dependence on t h e  sea.  

Ocypode quadrata is nocturnal  i n  i ts  
feeding h a b i t s ,  feeding pr imar i ly  a s  a 
predator  on Emerita and Donax populations 
i n  t h e  i n t e r t i d a l  zone (Wolcott 1978), and 
a l s o  a s  a scavenger along the  d r i f t  l i n e  
(Williams 1965). They a r e  occasional ly 



c a n n i b a l i s t i c  a s  w e l l ,  and f r e q u e n t l y  
prey on eggs of loggerhead t u r t l e s  
(Hopkins e t  a l .  1978).  I n  t u r n ,  t h e  
ghost  crab i s  preyed upon by shoreb i rds  
and probably by raccoons and o t h e r  animals  
t h a t  feed i n  t h e  dunes and a long t h e  
fo reshore  (Roberts 1974b).  Thus, a l -  
though t h e  ghost  crab does not  a c t u a l l y  
e n t e r  t h e  s e a  t o  f eed ,  i t  a c t s  a s  a d i r e c t  
t r o p h i c  l i n k  between t h e  marine and 
t e r r e s t r i a l  environments. 

Burrowing a c t i v i t i e s  a r e  genera l ly  
c a r r i e d  o u t  dur ing  t h e  day, wi th  burrows 
of l a r g e r  c rabs  reaching 4 f t  (1.2 m) i n  
depth  (Williams 1965).  Ghost c r a b s  burrow 
and feed a c t i v e l y  dur ing  most of t h e  yea r  
( l a t e  March t o  mid-December i n  Texas; Haley 
1972),  b u t  apparen t ly  s e a l  t h e i r  burrows 
and l i e  dormant dur ing  win te r  (Milne and 
Milne 1946, Haley 1972).  A s i m i l a r  sea- 
s o n a l i t y  probably occurs  a long  t h e  South 
Carolina-Georgia c o a s t .  

s e v e r a l  behav io ra l  s t u d i e s ,  and i t  has  now 
been demonstrated t h a t  g. quadrata  can 
pe rce ive  a s  w e l l  a s  produce sound ( see  f o r  
example Horch and Salmon 1969) .  Ghost 
c rab  popu la t ions  tend t o  dec rease  a s  human 
use  of beaches i n c r e a s e s  and a s  more and 
more dunes a r e  l e v e l e d  t o  make way f o r  
human h a b i t a t i o n s .  

Beaches of t h e  Sea I s l a n d  Coas ta l  
Region t y p i c a l l y  r e c e i v e  r e l a t i v e l y  moder- 
a t e  wave energy, and can b e  considered a s  
on ly  medium i n s t e a d  of h igh energy environ- 
ments. Roberts (1974a) r epor ted  t h a t  such 
beaches have a more d i v e r s e  fauna than 
t h a t  of h igh  energy a r e a s .  He noted t h a t  
Donax and Emerita a r e  of l e s s e r  importance 
i n  such p laces  than on exposed beaches ,  
and t h a t  polychaetes  a r e  b e t t e r  r ep resen ted ,  
a l though h a u s t o r i i d  amphipods a r e  numeri- 
e a l l y  dominant. Two s p e c i e s  of h a u s t o r i i d s ,  
Neohaustorius schmi tz i  and Acanthohaustor ius  
m i l l s i ,  accounted f o r  n e a r l y  90% of t h e  
fauna on t h e  p a r t i a l l y  s h e l t e r e d  beach 
s t u d i e d  by Dexter (1969) i n  North Carol ina .  Ghost c r a b s  a t t a i n  sexual  m a t u r i t y  

a t  a carapace width  of about 24 mm f o r  
males and 26 mm f o r  females (Haley 1969).  
Haley (1972) s t u d i e d  rep roduc t ion  of 2. 
quadrata  i n  Texas and repor ted  c y c l i c  
copulatory a c t i v i t y  wi th  peaks i n  A p r i l  
and September. He p resen ted  evidence f o r  
two matu ra t ions  pe r  female pe r  yea r ,  one 
very synchronous one involving v i r t u a l l y  
a l l  postpuber ty  females i n  A p r i l  and a 
second more d i f f u s e  one i n  summer. 
S imi la r ly ,  t h e  frequency curve f o r  ovi- 
gerous females was bimodal,  w i th  a sma l l  
peak i n  A p r i l  and a l a r g e  one i n  l a t e  
summer ( e s p e c i a l l y  August). Williams 
(1965) r epor ted  t h e  egg-laying season 
f o r  t h i s  s p e c i e s  t o  be from A p r i l  t o  J u l y  
i n  t h e  Carol inas .  Haley (1972) es t imated 
t h e  l i f e  span of female 2. quadra ta  t o  be  
about 3 y e a r s .  

La rva l  development i n  t h e  ghost  c rab  
c o n s i s t s  o f  f i v e  zoea l  s t a g e s  and a 
megalopa (Diaz and Costlow 1972).  The 
l a rvae  a r e  apparen t ly  r e l e a s e d  d i r e c t l y  
i n t o  t h e  s u r f  a t  n i g h t ,  and presumably 
development t akes  p l a c e  a t  sea .  Crane 
(1940) suggested t h a t  t h e  b a s i c  morphology 
of t h e  megalopa ( s t o u t  and globose i n  
appearance and s t r u c t u r e d  s o  t h a t  t h e  l e g s  
can be  drawn t i g h t l y  a g a i n s t  t h e  body, 
inc reas ing  i t s  b a l l - l i k e  appearance) is 
an adap ta t ion  f o r  r ec ru i tmen t  through t h e  
rough s u r f  zone t o  t h e  beach. Presumably 
0.  quadra ta  r eaches  t h e  beach a s  a meg- 
alopa, metamorphoses t h e r e  t o  t h e  c rab  
s tage,  and then g radua l ly  moves f u r t h e r  
away from t h e  water  a s  i t  grows. 

C h a r a c t e r i s t i c  genera l  f e a t u r e s  of 
the  ghost  crab a r e  i t s  burrows, noc tu rna l  
feeding h a b i t s  ( i t  tends  t o  c l ean  up 
organic  r e f u s e  on t h e  beach) ,  l i g h t  and 
v a r i a b l e  c o l o r  which makes i t  d i f f i c u l t  
t o  d e t e c t  a g a i n s t  t h e  beach sand,  extreme 
running speed and a g i l i t y ,  l a r g e  r e t r a c t -  
ab le  eyes ,  and sound product ion.  This  
l a t t e r  f e a t u r e  h a s  been t h e  s u b j e c t  of 
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Another d e t r i t u s - f e e d e r  common on 
many low/moderate energy beaches i s  t h e  
f a m i l i a r  hermit  c r a b ,  Pagurus long ica rpus  
(Roberts 1968).  Recent obse rva t ions  by 
S c u l l y  (1978) have shorn t h a t  t h i s  spec ies  
is  a b l e  t o  use  t h e  o rgan ic  foam generated 
on marine beaches a s  a d i r e c t  food source .  
Perhaps o t h e r  s p e c i e s  a r e  a b l e  t o  do t h i s  
a s  w e l l ,  a s  suggested by Ried l  ( i n  R ied l  
and McMahan 1974).  

The fauna of two beach-re la ted t i d a l  
f l a t s  on Sapelo I s l a n d ,  Georgia ,  were 
s t u d i e d  by Howard and Darjes  (1972) and Dgrjes  
(1977). F i f t y  s p e c i e s  each were found on 
Rannygoat and Cabre t t a  f l a t s ,  bu t  only 27 
s p e c i e s  were common t o  t h e  two a r e a s .  While t h e  
h a u s t o r i i d  amphipods Acanthohaustorius 
sp. and Bathyporeia sp .  were t h e  two most 
abundant macro inver t eb ra te  s p e c i e s  a t  both  
l o c a t i o n s ,  they were much more numerous 
on Cabre t t a  F l a t .  On Nannygoat F l a t ,  a t  
t h e  en t rance  of Doboy Sound, polychaetes  
accounted f o r  38% of t h e  fauna and c rus ta -  
ceans  36%. Among t h e  c h a r a c t e r i s t i c  
s p e c i e s  a t  t h i s  s i t e  were Heteromastus 
f i l i f o r m i s  and Diopatra  cuprea  (po lychae tes ) ,  
Mulinia l a t e r a l i s  (pelecypod) ,  and -- 
Cal l i anassa  sp. (decapod). Water r i c h  i n  
o rgan ic  m a t e r i a l  was observed over  t h i s  
f l a t  a t  h igh  t i d e ,  providing an  abundant 
source  of food f o r  d e p o s i t  and suspension 
f e e d e r s .  Mud comprised 5% - 16% of t h e  
sediment a t  t h i s  s i t e .  On Cabre t t a  F l a t ,  
polychaetes  and c rus taceans  accounted f o r  
28% and 40% of t h e  fauna,  r e s p e c t i v e l y .  
Species  c h a r a c t e r i s t i c  of t h i s  f l a t ,  be- 
s i d e s  h a u s t o r i i d s ,  included Oliva  sayana 
(gast ropod) ,  and Ca l l i anassa  sp. and 
Ogyrides a l p h a e r o s t r i s  (decapods) . Al- 
though t h i s  f l a t  i s  p ro tec ted  from t h e  
ocean by an  i n t e r t i d a l  s h o a l ,  t h e  f l a t  i s  
open a t  e i t h e r  end and f i n e  sediments a r e  
c a r r i e d  away by c u r r e n t s .  



D. M. Knott, D. R. Calder, and R. F. 
Van Dolah (1979, South Carolina Marine 
Resources Division, Charleston, unpubl. 
data)  conducted seasonal  q u a n t i t a t i v e  
sampling of the beach macrofauna a t  
Murrel ls  I n l e t  during cons t ruc t ion  of a 
rubble j e t t y .  Although 88 spec ies  were 
found i n t e r t i d a l l y  during t h e  s tudy,  over 
78% of t h e  animals co l lec ted  belonged t o  
t h r e e  spec ies ,  the  polychaete Sco le lep is  
squamata, the  amphipod Neohaustorius 
schmitzi ,  and the  b iva lve  Donax v a r i a b i l i s .  
Macroinvertebrate assemblages were depau- 
pera te  a t  high t i d e ,  but spec ies  numbers, 
d i v e r s i t y ,  and d e n s i t i e s  of ind iv idua ls  
were higher a t  mid-tide and low t i d e  
l e v e l s  of t h e  beach. Community s t r u c t u r e  
var ied  widely from season t o  season, re- 
f l e c t i n g  t h e  population dynamics of t h e  
numerically dominant spec ies .  Faunal 
d e n s i t i e s  were h ighes t  during periods of 
peak recrui tment  i n  winter  and spring,  and 
were lowest i n  autumn. Construction was 
accompanied by increases  i n  spec ies  num- 
bers  and fauna l  d e n s i t i e s  on t h e  she l te red  
s i d e  of t h e  j e t t y .  This was a t t r i b u t e d  
t o  the  d i r e c t  and i n d i r e c t  e f f e c t s  of re- 
duced wave energy. 

Stephenson and Stephenson (1952) 
s tud ied  t h e  i n t e r t i d a l  b io ta  of rock r ip -  
rap used t o  form j e t t i e s  and breakwaters 
i n  t h e  v i c i n i t y  of Charleston, South 
Carolina. A number of d i f f e r e n t  zones 
were evident i n t e r t i d a l l y  on j e t t i e s  a t  
t h e  entrance of the  harbor. I n  t h e  supra- 
l i t t o r a l  f r i n g e ,  t h e  barnacle  Chthamalus 
f r a g i l i s  was present  i n  a black band of 
blue-green a lgae  and l ichens.  An abun- 
dance of C. f r a g i l i s  was a l s o  evident  high 
i n  the  i n t e r t i d a l  zone. Dominant inverte-  
b r a t e s  i n  the  middle i n t e r t i d a l  zone 
included o y s t e r s  (Crassostrea v i r g i n i c a ) ,  
mussels (Brachidontes exustus) , and 
barnacles  (Balanus eburneus, B. improvisus). 
While barnacles  and mussels were a l s o  
well-represented i n  t h e  lower i n t e r t i d a l  
zone, o y s t e r s  were much l e s s  abundant. 
Other i n v e r t e b r a t e s  reported from t h i s  
zone included Urosalpinx c inerea  
(gastropod), Oculina arbuscula ( c o r a l ) ,  
Molgula manhattensis (asc id ian) ,  As te r ias  
f o r b e s i  (as te ro id) ,  Arbacia punc tu la ta  
(echinoid) , Tubularia crocea (hydroid), 
Anguinella palmata (bryozoan), Bunodosoma 
cavernata  ( a c t i n i a r i a n ) ,  and a red sponge 
bel ieved t o  be Hymeniacidon he l iophi la .  

Within Charleston Harbor, a number 
of changes i n  t h e  i n t e r t i d a l  i n v e r t e b r a t e  
assemblage were noted. Brachidontes 
exustus was l e s s  abundant, t h e  mussel 
Geukensia demissa was more frequent ,  
o y s t e r s  were much more numerous and 
changed i n  general  shape from f l a t  t o  
e r e c t ,  Balanus eburneus was more abundant, 
and Molgula manhattensis replaced many of 
t h e  p l a n t s  and animals i n  t h e  lower 
i n t e r t i d a l .  L i t t o r i n a  i r r o r a t a  
(gastropod) was observed i n  t h e  supra- 
l i t t o r a l  f r i n g e ,  and t h e  isopod = 
exot ica  was well  represented. 

The fauna of sandy beaches i s  exposed 
t o  a number of per tu rba t ions  beyond the  
normal s t r e s s e s  of t h e  environment, in-  
c luding severe storms, o i l  s p i l l s ,  domestic 
and i n d u s t r i a l  p o l l u t i o n ,  cons t ruc t ion  
a c t i v i t i e s  including "beach nourishment" 
p r o j e c t s ,  and t h e  r e c r e a t i o n a l  a c t i v i t i e s  
of humans. Of these,  only t h e  e f f e c t s  
of severe  storms have been inves t iga ted  
i n  t h e  s tudy area.  Croker (1968) found 
l i t t l e  impact on t h e  abundance and d i s -  
t r i b u t i o n  of haus tor i id  amphipods a t  
Sapelo I s land  following passage of two 
hurr icanes i n  1964. The e f f e c t s  of ex- 
t ens ive  freshwater runoff were bel ieved 
t o  represent  a g r e a t e r  t h r e a t  t o  these  
organisms than wind and wave ac t ion .  
Similar  observat ions were made following 
a hurr icane a t  Panama City Beach, Florida.  
by Soloman and Naughton (1977). Although 
beach erosion and property damage were 
severe,  the  storm was not  accompanied by 
p a r t i c u l a r l y  heavy r a i n f a l l  and i ts im- 
pact  on t h e  macrobenthos was r e l a t i v e l y  
minor. Numbers of ind iv idua ls  remained 
v i r t u a l l y  unchanged before and a f t e r  
passage of t h e  hurr icane.  Species num- 
bers  a c t u a l l y  increased temporarily 
following t h e  storm, due t o  t h e  in t ro-  
duct ion of organisms from o t h e r  environ- 
ments. 

No s t u d i e s  on t h e  e f f e c t s  of beach 
nourishment have been undertaken i n  t h i s  
a r e a ,  but i n v e s t i g a t i o n s  conducted else-  
where o f f e r  i n s i g h t  i n t o  t h e  p o s s i b l e  
e f f e c t s  of such operat ions.  Although 
changes i n  beach p r o f i l e  may a l t e r  t h e  
ex ten t  of h a b i t a t  a v a i l a b l e  t o  t h e  fauna, 
t h e  long-term e f f e c t s  of beach nourish- 
ment appear t o  be r e l a t i v e l y  minor i f  
sediments used resemble those of t h e  
o r i g i n a l  beach (Thompson 1973). Sedi- 
ments of a d i f f e r e n t  type o r  g ra in  s i z e  
could a l t e r  community s t r u c t u r e  s ign i -  
f i c a n t l y .  Faunal d i v e r s i t y  and dens i ty  
on a beach a r e  general ly  lowest a t  and 
immediately above t h e  high t i d e  mark, and 
deposi t ion of sediments i n  t h i s  a rea  
of a beach would appear t o  have t h e  l e a s t  
impact on t h e  system. The fauna of 
beaches is made up of spec ies  having high 
r e s i l i e n c e  t o  n a t u r a l  per tu rba t ions ,  and 
reco lon iza t ion  of properly nourished 
beaches should be rap id .  The impacts of 
o i l  s p i l l s  and p o l l u t i o n ,  although l i t t l e  
s tudied,  would be  much more de le te r ious .  
The e f f e c t s  of human use of beaches f o r  
r e c r e a t i o n  on t h e  macroinvertebrate fauna 
have not been inves t iga ted .  

Table 2-18 lists some of t h e  most 
t y p i c a l  benthic  macroinvertebrates  of 
medium-energy sand beaches along the  
South Carolina-Georgia coast .  Additional 
information on epibenthic  spec ies  t h a t  
may be encountered i n  t h e  surf  zone is 
presented i n  t h e  preceding s e c t i o n  on 
benthic  inver tebra tes  of s u b t i d a l  marine 
waters. Also, t h e  common horseshoe crab,  
Limulus polyphemus, may be regarded a s  
benthopelagic and may be considered an 



Table 2-18. Species of macroinvertebrates t y p i c a l  of medium-energy sand beaches i n  the  Carol inian 
Province (from Pearse e t  a l .  1942, Croker 1967, 1968, Dexter 1967, 1969, Howard and 
Dorjes 1972, Shealy e t  a l .  1975, Calder e t  a l .  1976, 1977a, Dorjes 1977). 

Phylum Annelida 
Glycera dibranchiata  
Haploscoloplos f r a g i l i s  
Nerinides sp. 
Onuphis sp. 
Sco le lep is  squamata 

Phylum Mollusca 
Pol in ices  dupl ica tus  
Donax v a r i a b i l i s  
Mulinia l a t e r a l i s  

Phylum Arthropoda 
Chir idotea sp. 
Acanthohaustorius m i l l s i  
Arnphiporeia v i rg in iana  
Bathyporeia sp. 
Lepidactylus dy t i scus  
Monoculodes sp. 
Neohaustorius schmitzi  
Orchest ia  spp. 
Parahaustorius  longimerus 
Talorchest ia  spp. 
Cal l ianassa sp . 
Emerita t a lpo ida  
Lepidopa webster i  
Ocypode quadrata 

occasional  and r e l a t i v e l y  common com- 
ponent of the  sur f  fauna. Specimens 
of C. polyphemus a r e  f requent ly  s t randed 
i n  t h e  i n t e r t i d a l  zone of t h e  beaches. 

3. I n s e c t s  

A v a r i e t y  of nuisance i n s e c t s  can be 
found on marine beaches of the  Sea I s land  
Coastal  Region. These include t h e  non- 
b i t i n g  seaweed and beach f l i e s  (Dobson 
1976, Simpson 1976) and b i t i n g  spec ies  
such a s  s e v e r a l  mosquitoes, sand f l i e s  
(gnats) ,  horse f l i e s ,  and deer  f l i e s  
(Axtel l  1974). On occasion, hordes of 
these  i n s e c t s  may descend upon the  i n t e r -  
t i d a l  marine beaches, rendering them 
e s s e n t i a l l y  u n f i t  f o r  man's r e c r e a t i o n a l  
use. Predacious t i g e r  b e e t l e s  a r e  
commonly seen foraging on various inverte-  
b r a t e s  i n  the  d e t r i t a l  d e b r i s  s t randed on 
the  beaches during spr ing  and summer months. 
These and o ther  spec ies  commonly found on 
c o a s t a l  i s l a n d s  a r e  discussed i n  more de- 
t a i l  i n  Chapter Three. 

4. Fishes 

Several  surveys of t h e  f i s h e s  occur- 
r i n g  i n  marine i n t e r t i d a l  waters  have 
been conducted i n  the  Sea I s land  Coastal 
Region. Nevertheless, l i t t l e  work has 
been done on t h e  eco log ica l  r e l a t i o n s h i p s  
o r  biology of f i s h e s  occupying t h i s  zone 
i n  South Carolina and Georgia. Inves t i -  
ga t ions  of surf  zone f i s h e s  i n  South 

Carolina and Georgia have been l imi ted  
pr imari ly  t o  small beach s e i n e  surveys 
(Mil ler  and Jorgenson 1969, Cupka 1972, 
Dahlberg 1972, Anderson e t  a l .  1977). 
These s t u d i e s  have provided information 
on the  spec ies  composition, d i v e r s i t y ,  
seasonal  occurrence, r e l a t i v e  abundance, 
and length-frequencies of smaller  f i s h e s  
i n  the  sur f  zone h a b i t a t .  I n  add i t ion ,  
F ie lds  (1962) conducted se in ing  s t u d i e s  
a t  t h r e e  permanent s i t e s  along the 
Georgia coas t  and presented d a t a  on re -  
cruitment, s i z e ,  and food h a b i t s  of 
juven i le  pompano occurr ing i n  t h e  s u r f  
zone. Resul ts  of these  s t u d i e s  show 
t h a t  t h e  extensive surf  zone of t h e  Sea 
I s land  Coastal  Region is s i g n i f i c a n t  a s  
a h a b i t a t  f o r  both r e s i d e n t  f i s h e s  (e.g., 
t h e  s t r i p e d  k i l l i f i s h ,  s i l v e r s i d e s ,  and 
anchovies) and migratory spea ies  (e.g., 
Gulf k ingf i sh ,  pompanos, and mul le t s ) .  

Cupka (1972) sampled s i x  regu la r  
surf-zone s t a t i o n s  along t h e  South 
Carolina coast  monthly f o r  one year (1971) 
(Fig. 2-13). He co l lec ted  a t o t a l  of 39 
spec ies  of f i s h ,  represen t ing  18 famil ies .  
On the  b a s i s  of t h e i r  occurrence i n  h i s  
samples, these  spec ies  could be  grouped 
i n t o  t h r e e  ca tegor ies :  r e s i d e n t  spec ies  
(5  spec ies ) ,  seasonal  migrants (17 
spec ies ) ,  and s t r a y s  and occasional6 
(17 spec ies )  (Table 2-19). Species diver-  
s i t y  and biomass were g r e a t e s t  i n  summer 
and l e a s t  i n  winter ,  while  t h e  number of 
ind iv idua l  f i s h  captured was highesf 
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Figure  2-13. Locat ions  of s e i n i n g  survey s t a t i o n s  a long t h e  c o a s t  of  South Carol ina  
d u r i n g  1971 (adapted from Cupka 1972). 

i n  s p r i n g  and lowest i n  f a l l  (Table 2-20). 
I n  an e f f o r t  t o  i d e n t i f y  t h e  most impor- 
t a n t  f i s h  s p e c i e s  i n  t h e  beach s u r f  zone, 
Cupka (1972) c a l c u l a t e d  a n  "importance 
rank" based on t h e  numbers, biomass, and 
occur rences  of each s p e c i e s  c o l l e c t e d .  
R e s u l t s  of t h i s  ranking a r e  summarized i n  
Table 2-21. Not s u r p r i s i n g l y ,  f i v e  of 
t h e  top seven s p e c i e s  a r e  a l s o  r e s i d e n t  
s p e c i e s  (Table  2-19). 

Anderson e t  a l .  (1977) took s e i n e  
samples from t h e  s u r f  and a l a r g e  t i d a l  
pool  a t  F o l l y  Beach, South Caro l ina ,  a t  
approximately  biweekly i n t e r v a l s  from 
October 1969 t o  October 1971. They 
c o l l e c t e d  a t o t a l  of 4 1  s p e c i e s  dur ing  
t h e  2-year s tudy.  Specimens o f  a l l  41 
s p e c i e s  were c o l l e c t e d  from t h e  s u r f ,  
b u t  t h e  t i d a l  pool  y ie lded  on ly  16 spec ies .  
I n  t h e  s u r f  zone, s p e c i e s  d i v e r s i t y  was 
g r e a t e s t  i n  summer and l e a s t  i n  w i n t e r ;  
however, t h e  number of i n d i v i d u a l s  and 
biomass cap tu red  were g r e a t e s t  i n  w i n t e r  
(Table  2-22). Spec ies  d i v e r s i t y  was a l s o  
lowest  dur ing  win te r  i n  t h e  t i d a l  pool ,  
but  s o  were t h e  numbers of  i n d i v i d u a l s  
and biomass. Here, s p e c i e s  d i v e r s i t y ,  
numbers of  i n d i v i d u a l s ,  and biomass were 
g r e a t e s t  i n  f a l l  and s p r i n g  (Table 2-22). 
The s i x  most important  s p e c i e s  o f  f i s h  
taken on F o l l y  Beach a r e  l i s t e d  by rank 
i n  Table  2-23. Note t h e  s i m i l a r i t y  

of t h i s  l i s t  t o  t h a t  g iven by Cupka 
(1972) (Table 2-21). Note a l s o  t h a t  t h e  
A t l a n t i c  s i l v e r s i d e  was t h e  most important  
s p e c i e s  i n  bo th  t h e  s u r f  zone and t h e  
t i d a l  poo l ,  w h i l e  t h e  bay anchovy and 
Gulf k i n g f i s h  were cap tu red  a lmost  ex- 
c l u s i v e l y  i n  t h e  s u r f  zone and t h e  
s t r i p e d  k i l l i f i s h  was t aken  p r i m a r i l y  i n  
t h e  t i d a l  pool.  

M i l l e r  and Jorgenson (1969) con- 
ducted a s e i n e  su rvey  of t h e  f i s h e s  of t h e  
s u r f  zone on S t .  Simons I s l a n d ,  Georgia.  
They sampled a t  biweekly i n t e r v a l s  over  
a n  8-year pe r iod  (March 1953 - May 1961),  
and recorded a t o t a l  of 98 s p e c i e s  of  
f i s h  from t h i s  h a b i t a t .  This  i s  g r e a t e r  
than  twice  t h e  d i v e r s i t y  f o r  surf-zone 
f i s h  popu la t ions  found i n  South Caro l ina  
dur ing  t h e  1- and 2-year s t u d i e s  of  Cupka 
(1972) and Anderson e t  a l .  (19771, re- 
s p e c t i v e l y .  However, t h e  top 10  most 
abundant s p e c i e s  made up 95% of  t h e  t o t a l  
number of specimens c o l l e c t e d  by M i l l e r  
and Jorgenson (1969) (Table  2-24). 
F u r t h e r ,  d e s p i t e  t h e  g r e a t e r  s p e c i e s  
d i v e r s i t y ,  t h e  s u r f  zone i n  Georgia was 
dominated f o r  t h e  most p a r t  by t h e  same 
s p e c i e s  t h a t  dominated on South Caro l ina  
beaches.  I n  f a c t ,  e i g h t  of  t h e  1 0  most 
abundant s p e c i e s  cap tu red  by M i l l e r  and 
Jorgenson (1969) were among t h e  1 0  top- 
ranked s p e c i e s  of  Cupka (1972),  and four  



Table 2-19. Species of f i s h  captured i n  t h e  s u r f  zone of South 
Carolina, grouped by occurrence p a t t e r n  (compiled from 
Cupka 1972). 

RESIDENT SPECIES SEASONAL MIGRANTS STRAYS AND OCCASIONALS 

A t l a n t i c  s i l v e r s i d e  S t r iped  anchovy 
Bay anchovy Creval le  j ack  
S t r iped  k i l l i f i s h  A t l a n t i c  bumper 
Gulf k ingf i sh  Spot 
S t r iped  mullet  Rough s i l v e r s i d e  

Northern k i n g f i s h  
White mul le t  
Planehead f i l e f i s h  
Broad f lounder  
Bluef i sh  
Red drum 
Northern p u f f e r  
A t l a n t i c  need le f i sh  
F l o r i d a  pompano 
Permit 
Palometa 
Bluntnose s t i n g r a y  

Blueback her r ing  
Finetooth shark 
Southern s t a r g a z e r  
S i l v e r  perch 
A t l a n t i c  menhaden 
Horse-eye jack 
S t r iped  b u r r f i s h  
Sheepshead minnow 
Gizzard shad 
Lancer s t a r g a z e r  
Tidewater s i l v e r f i s h  
Southern k i n g f i s h  
Summer f lounder  
Southern f lounder  
Northern sea rob in  
Lookdown 
Northern p i p e f i s h  

Table 2-20. Number of spec ies ,  t o t a l  number of ind iv idua l s ,  and t o t a l  weight of  f i s h  captured 
by season during a 1971 beach s e i n i n g  survey i n  South Carolina (Cupka 1972). 

NO. OF PERCENT NO. OF PERCENT  WEIGHT^ PERCENT 
SEASON SPECIES OF TOTAL SPECIMENS OF TOTAL ( 8 )  OF TOTAL 

Winter 
(Jan. -Mar. ) 8 20.5 1,217 18.7 4,161.5 18.7 

Spring 
(Apr. - June ) 21 53.8 2,598 39.8 6,103.7 27.4 

Summer 
( Ju ly  - Sept.) 26 66.7 1,673 25.7 7,768.4 34.8 

F a l l  
(Oct. - Dec. ) 17 43.6 1,028 15.8 4,272.3 19.1 

were included i n  t h e  top s i x  s p e c i e s  of  
Anderson et a l .  (1977) ( see  Tables 2-21, 
2-23, 2-24). 

Of t h e  10 most abundant spec ies  
captured by M i l l e r  and Jorgenson (19691, 
four  could b e  termed permanent r e s i d e n t s  
of  the  s u r f  zone, while  t h e  o t h e r  s i x  
spec ies  were common t h e r e  only s e a s o ~ l l y  
(Table 2-24). The bay anchovy was t h e  
most abundant spec ies  encountered; i t  
dominated t h e  s u r f  fauna from May through 
October and was a f a i r l y  common r e s i d e n t  
spec ies  during t h e  remainder of  t h e  year .  
The s t r i p e d  mullet  a l s o  could be termed 

a r e s i d e n t  spec ies ,  but i t  was most abun- 
dant from November through Apr i l  and 
occurred i n  only low numbers during t h e  
warmer months. Both spec ies  of  s i l v e r -  
s i d e s  a l s o  were captured year  around, but  
they exh ib i ted  somewhat d i f f e r e n t  p a t t e r n s  
of  seasonal  abundance. Low populat ion 
l e v e l s  were noted from September through 
November f o r  t h e  A t l a n t i c  s i l v e r s i d e ,  and 
from March through May and October through 
December f o r  t h e  rough s i l v e r s i d e .  Spot 
were q u i t e  numerous i n  win te r  and e a r l y  
spr ing  but almost disappeared from t h e  
beaches from Ju ly  through December. I n  
c o n t r a s t ,  t h e  s t r i p e d  anchovy, F lo r ida  



Table 2-21. Numerical rank, weight rank, appearance rank,  and importance rank of t h e  16 most 
important spec ies  c o l l e c t e d  a t  s i x  sur f  zone s t a t i o n s  during a 1971 s e i n i n g  survey 
i n  South Carol ina (Cupka 1972). 

NUMERICAL WEIGHT 
SPECIES RANK RANK 

APPEARANCE SUM OF IMPORTANCE 
RANK RANKS AVERAGE - RANK 

1 3 1.0 1 A t l a n t i c  s i l v e r s i d e  1 1 

Bay anchovy 2 2 

F lor ida  pompano 3 4 

Gulf kingf i s h  4 8 

S t r iped  mullet  8 3 

Rough s i l v e r s i d e  6 11 

St r iped  k i l l i f i s h  7 10 

S t r i p e d  anchovy 5 16 

Spot 18  9 

Permit 1 3  17 

Southern f lounder  22 5 

Finetooth shark  2 2 6 

Bluntnose s t i n g r a y  21 7 

A t l a n t i c  bumper 10 23 

Planehead f i l e f i s h  9 24 

Creval le  j ack  1 5  25 

pompano, and Gulf k ingf i sh  were most 
numerous i n  summer, wi th  few specimens 
captured during t h e  coo le r  months. The 
A t l a n t i c  menhaden was most numerous i n  
spr ing  and e a r l y  summer, while  t h e  dusky 
anchovy was taken only during mid-summer 
(July) . 

year ,  while  t h e  A t l a n t i c  bumper, F l o r i d a  
pompano, white  mul le t ,  southern k ingf i sh ,  
and Gulf k ingf i sh  were abundant only dur- 
ing  t h e  warmer months. 

Hammond and Cupka (1977) conducted a 
survey of t h e  ocean p i e r  f i s h e r y  located 
along t h e  nor thern  South Carolina coas t ,  
including t h e  catch composition of  f i s h e s .  
This f i s h e r y  is located i n  t h e  nearshore 
marine h a b i t a t  and inc ludes  spec ies  which 
frequent  t h e  i n t e r t i d a l  zone. During t h e  
s tudy per iod (Apri l  - November 1974), 8,109 
f i s h  represen t ing  28 f a m i l i e s  and 58 
spec ies  were observed. Four f a m i l i e s  
accounted f o r  over 96% of t h e  t o t a l  number 
of f i s h  taken from t h e  p i e r s :  s c i a e n i d s  
(85.8%) ; jacks (4.6%) ; b l u e f i s h  (3.9%) ; 
and sea  c a t f i s h e s  (1.7%). The predominant 
spec ies  observed were s p o t ,  A t l a n t i c  
croaker ,  and k ingf i shes  (Menticirrhus spp.).  
S i l v e r  perch, F lo r ida  pompano, b l u e f i s h ,  
s e a  c a t f i s h ,  and s e a t r o u t  were o ther  common 
spec ies .  Numbers of  f i s h  harvested were 
h ighes t  during Apr i l ,  J u l y ,  and October, 
when almost 61% of t h e  c a t c h  was made. 
Most of t h e  f i s h  taken by t h e  s e l e c t i v e  

Dahlberg (1972) sampled t h e  f i s h  
populat ions of n ine  c o a s t a l  h a b i t a t s  i n  
Georgia, including Sapelo I s land  beach, 
seven e s t u a r i n e  h a b i t a t s ,  and a f resh-  
water  creek. He sampled t h e  beach sur f  
zone a t o t a l  of about 20 times during a l l  
seasons from Apr i l  1967 through February 
1970. The beach h a b i t a t  had t h e  h ighes t  
d i v e r s i t y  of f i s h  (114 spec ies )  of t h e  
h a b i t a t s  sampled, and t h i s  t o t a l  d i d  no t  
inc lude  38 of t h e  spec ies  recorded by 
Mi l le r  and Jorgenson (1969) from S t .  
Simons I s land  beach. Again, however, 
t h e  assemblage of  important spec ies  was 
s i m i l a r  t o  those  repor ted  from o ther  
beaches i n  t h e  Sea I s land  Coastal  Region: 
t h e  rough s i l v e r s i d e ,  A t l a n t i c  s i l v e r s i d e ,  
s t r i p e d  k i l l i f i s h ,  bay anchovy, and s t r i p e d  
mullet  were common throughout much of t h e  
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gear (hook and l i n e )  were l a r g e r  
specimens. 

South Carolina a l s o  has a  beach haul 
s e i n e  f i shery .  This f i s h e r y  i s  pursued 
c h i e f l y  from September through December, 
when l a r g e  schools of a d u l t  spot and 
mullet move c lose  t o  shore along t h e  
South Carolina coas t .  Not surpr i s ing ly ,  
these  species  dominate t h e  catch.  

Although the  p i e r  and haul s e i n e  
f i s h e r i e s  i n  South Carolina include 
spec ies  which overlap between t h e  i n t e r -  
t i d a l  surf  zone and t h e  s u b t i d a l  marine 
h a b i t a t ,  most f i s h e s  taken occur i n  
very shallow water within a  few hundred 
yards of the  beach. Of t h e  l a r g e r  f i s h e s ,  
those which a r e  d e f i n i t e l y  known t o  occur 
within t h e  i n t e r t i d a l  ( s u r f )  zone include 
s t ingrays  (Dasyatis spp.) ,  carcharhinid 
sharks,  Flor ida pompano, sea c a t f i s h ,  Gulf 
k ingf i sh ,  southern k ingf i sh ,  spo t ,  red 
drum, black drum, and under c e r t a i n  condi- 
t ions ,  spo t ted  sea t rou t ,  b luef i sh ,  sheeps- 
head, and f lounders .  Other spec ies ,  
including most of those taken i n  the  p i e r  
and haul s e i n e  f i s h e r i e s ,  may invade t h i s  
zone on higher  s tages  of t h e  t i d e .  

Species inhabi t ing  the surf  zone 
must t o l e r a t e  wide ranges i n  t u r b i d i t y ,  
turbulence, current  v e l o c i t y ,  and bottom 
c h a r a c t e r i s t i c s ,  a s  wel l  a s  v a r i a t i o n s  i n  
temperature and s a l i n i t y  (Anderson e t  a l .  
1977). It i s  not  surpr i s ing ,  then, t h a t  
even among t h e  most common species  in- 
hab i t ing  t h i s  zone, t h e r e  a r e  s u b s t a n t i a l  
v a r i a t i o n s  i n  occupancy and s a l i n i t y  
to le rance  (Table 2-25). Of these common 
spec ies ,  t h r e e  ( s t r i p e d  mullet ,  spo t ,  and 
red drum) can be  c l a s s i f i e d  a s  euryhal ine,  
being found from marine t o  freshwater 
h a b i t a t s .  S t r i c t l y  marine o r  s tenohal ine 
spec ies  include s t r i p e d  k i l l i f i s h ,  pompano, 
and Gulf k ingf i sh .  Species t o l e r a n t  of 
moderate s a l i n i t y  v a r i a t i o n s  include 
A t l a n t i c  s i l v e r s i d e ,  bay anchovy, and 
southern kingfish.  

Smaller f i s h e s ,  such a s  s t r i p e d  k i l l i -  
f i s h ,  s i l v e r s i d e s ,  juven i le  mul le t s ,  and 
pompano a r e  o f t e n  abundant i n  t i d a l  pools 
and sloughs which r e t a i n  sea  water a f t e r  
t h e  t i d e  has receded. Tidal  pools may 
provide pro tec t ion  f o r  these  f i s h e s  from 
l a r g e r  p reda tors  (Anderson e t  a l .  1977). 
However, some of the  l a r g e r ,  more per- 
manent t i d a l  pools have been found t o  
contain l a r g e  numbers of A t l a n t i c  needle- 

I f i s h ,  and t i d a l  sloughs have been found i n  

1 some ins tances  t o  contain l a r g e  f lounders  
(C. M. Bearden, 1978, South Carolina 
Marine Resources Division, Charleston, 
unpubl. d a t a ) .  

I 
Studies  of t h e  food h a b i t s  and t ro -  

phic  r e l a t i o n s h i p s  of f i s h e s  inhabi t ing  
t h e  surf  zone along t h e  South Carolina 
and Georgia coas t s  a r e  q u i t e  l imi ted .  
F i e l d s  (1962) reported t h a t  juven i le  

I 
pompano feed c h i e f l y  on small mollusks 

95 

and crustaceans (amphipods, copepods, 
isopods, and c rabs) ,  polychaetes, and 
o ther  i n v e r t e b r a t e s ,  a s  well  a s  l a r v a l  
f i s h e s .  Bearden (1963) reported t h a t  
juveni le  Gulf k ingf i sh  feed on amphipods, 
while stomachs of a d u l t s  contained f i s h  
remains, mole c rabs  (Emerita sp.) and 
stomatopods. Odum (1970a) reported t h a t  
mullet from Sapelo Is land beach, Georgia, 
fed l a r g e l y  on macroplant d e t r i t u s .  
From a v a i l a b l e  d a t a ,  i t  appears t h a t  most 
of t h e  predominant small f i s h e s  of t h e  
sur f  zone feed la rge ly  on zooplankters, 
small mollusks, crustaceans,  and organic 
d e t r i t u s .  Trophic l e v e l s  and o t h e r  in- 
formation f o r  t h e  more important spec ies  
occurring i n  t h e  i n t e r t i d a l  marine h a b i t a t  
of t h e  Sea Is land Coastal Region a r e  
summarized i n  Table 2-25. 

Although Anderson e t  a l .  (1977) 
invest igated t h e  occurrence of f i s h e s  
i n  the  beach zone i n  r e l a t i o n  t o  environ- 
mental v a r i a b l e s  such a s  temperature and 
s a l i n i t y ,  l i t t l e  i s  known concerning t h e  
e f f e c t s  of man-induced a l t e r a t i o n s  on 
t h e  f i s h e s  of t h i s  h a b i t a t .  Groins, 
j e t t i e s ,  and o ther  s t r u c t u r e s  f o r  beach 
erosion cont ro l  can se rve  a s  h a b i t a t  and 
feeding a reas  f o r  c e r t a i n  species .  These 
s t r u c t u r e s  o f ten  a r e  covered with s e s s i l e  
marine inver tebra tes  (barnacles ,  bryozoans, 
mollusks, e tc . )  and provide h a b i t a t  f o r  
numerous crustaceans and small f i s h e s ,  
thereby a t t r a c t i n g  l a r g e r  p reda tors  (e.g., 
sheepshead, f lounder ,  s e a t r o u t ,  red drum, 
and oys te r  toadfish)  during favorable  
t i d a l  s tages .  

M o r t a l i t i e s  of surf-zone f i s h e s  along 
the  South Carolina coas t  have accurred occa- 
s i o n a l l y  a s  a  r e s u l t  of mosquito abatement pro- 
grams involving t h e  a e r i a l  app l ica t ion  of 
p e s t i c i d e s  along c o a s t a l  r e s i d e n t i a l  and 
r e s o r t  a reas .  One such k i l l  occurred i n  
1977, apparent ly a s  t h e  r e s u l t  of a e r i a l  
app l ica t ion  of malathion a t  Su l l ivans  
I s land ,  South Carolina. Tissues of 
s t r i p e d  k i l l i f i s h ,  juven i le  pompano, and 
o ther  f i s h e s  were found t o  con ta in  135 ppb 
of malathion (S.C. Department of Health 
and Environmental Control,  1977, Charleston, 
unpubl. d a t a ) .  Presumably, f i s h e s  f re -  
quenting t h e  shallow beach zone, including 
t i d a l  pools and sloughs, a r e  q u i t e  l i k e l y  
t o  be a f fec ted  by p e s t i c i d e s  aimed a t  
nuisance i n s e c t s .  O i l  s p i l l s  could a l s o  
have immediate tox ic  o r  cumulative e f f e c t s .  

Future inves t iga t ions  of t h i s  important 
h a b i t a t  should incorporate  mul t ip le  gear  
sampling (small mesh beach se ine ,  haul  
se ine ,  v a r i a b l e  mesh g i l l  ne t )  on a  seasonal 
b a s i s  t o  provide a  b e t t e r  understanding of 
t h e  f i s h  assemblages present .  Studies  of 
the  ecological  r e l a t i o n s h i p s ,  food h a b i t s ,  
and l i f e  h i s t o r i e s  of t h e  surf-zone f i s h e s ,  
and of t h e  e f f e c t s  of environmental per- 
tu rba t ions  on these  f i s h e s ,  a r e  needed. 
Previous beach s e i n e  surveys have pro- 
vided much information on t h e  smaller ,  
slower moving f i s h e s  present ,  but  l i t t l e  



Table 2-25. Trophic l eve l s ,  seasonal and l i fe -s tage  occurrence, and sa l in i t y  tolerances o f  some 
o f  the more important f i shes  occurring i n  the in ter t idal  marine habitat o f  the Sea 
Island Coastal Region. 

LIFE STAGES PRESENT 
SEASONAL 

OCCURRENCE SALINITY TOLERANCE 

IV. 

Herbivores 

Striped mulleta 
White mullet 

Primary Carnivores 

Striped anchovy 
Bay anchovy 
Atlantic si lverside 
Rough si lverside 

Mid Carnivores 

Striped k i l l i f i s h  
Florida pompano 
Gulf kingf i s h  
Southern k ingf ish  
spot 
Sea c a t f i s h  

Top Carnivores 

Year -round 
Spring, Summer 

Euryhaline 
Marine 

All Stages 
All Stages 
All Stages 
All Stages 

Spring-Fall 
Year -round 
Year -round 
Year -round 

Mesohaline 
Mesohaline 
Mesohaline 
Marine 

All Stages 
Juvenile+Adult 
All Stages 
Juvenile+Adult 
Postlarvae+Adult 
Juvenile+Adult 

Year -round 
Spring, Fall 
Year -round 
Spring-Fall 
Spring-Fall 
Spring, S m e r  

Marine 
Marine 
Marine 
Mesohaline 
Euryhaline 
Mesohaline 

Sharks Juvenile+Adult 
Atlantic needlefish Juvenile+Adult 
Bluefish Juvenile+Adult 
Seatrouts Subadult+Adult 
Red drudchannel bass Young o f  the  Year+Adult 
Black drum Juvenile+Adult 
Flounders Subadult+Adult 

Spring, Summer Marine 
Spring, Summer Euryhaline 
Spring-Fall Mesohaline 
Spring-Fall Mesohaline 
Spring-Fall Euryhaline 
Spring-Fall Mesohaline 
Spring-Fall Euryhaline 

a. Although the striped mullet i s  generally considered a herbivore and detr i tus  feeder as an 
adul t ,  recent data (Bishop and Miglarese 1978) have shown that adults are carnivorous on 
occasion. 

i s  known o f  the ecology o f  the larger 
species (e .  g., adult mullet ,  red drum, 
adult k ingf ishes ,  and several species o f  
sharks and rays) occurring i n  t h i s  zone. 

For a detailed discussion o f  the  
commercial and recreational f i sher ies  o f  
the  Sea Island Coastal Region, re fer  t o  
Volume 11, Chapter Seven. 

5. Reptiles 

The Atlantic loggerhead t u r t l e  i s  the 
only marine rep t i l e  nesting on the barrier 
island beaches o f  South Carolina and 
Georgia. These barrier beaches consti tute 
some o f  the most important loggerhead 
nesting habitat i n  the  Southern United 
States. 

The nesting season i n  t h i s  area gen- 
eral ly  extends from mid-May through m i d -  
August, with peak nesting ac t i v i t y  nor- 
mally occurring i n  la t e  June and early 

July. Female loggerhead tur t l e s  may nest 
as many as f i v e  times during a nesting 
season (Davis and Whiting 1977), emerging 
from the  sea a t  approximately 2-week in- 
tervals t o  deposit eggs. Average clutch 
size for tu r t l e s  nesting on Cape Island, 
South Carolina, was 124 eggs (Caldwell 
1959), and for Cumberland Island, Georgia, 
was 115 eggs (Richardson 1978). Age at  
sexual maturity i s  not known. 

The general concensus among t u r t l e  
biologists  i s  that mature females return 
t o  the i r  natal beaches t o  nes t ,  but t h i s  
be l i e f  has not been substantiated. There 
i s  high probability, however, that tu r t l e s  
w i l l  return to  the same beach where they 
nested previously. Bell and Richardson 
(1978) and T .  Richardson e t  a l .  (1978) 
have observed that there i s  a 49% pro- 
babi l i ty  that  a t u r t l e  which nested on 
Cumberland or L i t t l e  Cumberland Island, 
Georgia, w i l l  return to  nest a second 
time. After the  second nesting,  the 



probability of remigration increases to 
70%. Return migrations to nesting 
beaches occur at intervals of 1 to 4 years. 
In Georgia, the majority (56%) of re- 
migrations recorded on Cumberland and 
Little Cumberland islands occurred at 
2-year intervals, while 31% remigrated in 
3 years, and only 3% returned annually 
(Richardson and Hillestad 1978, T. 
Richardson et al. 1978). Whether some 
of the turtles which do not remigrate 
shift to new nesting grounds is not known. 
However, LeBuff (1974) noted that a logger- 
head turtle originally tagged on Florida's 
lower Gulf coast was observed nesting on 
the Atlantic aoast (Melbourne Beach, 
Florida) over 4 years later. The avail- 
able literature suggests variability in 
nest site tenacity among populations. 
Such variability and migration patterns 
for South Carolina and Georgia populations 
need further study. 

Although the reproductive potential 
of marine turtles is high, survival of 
eggs and hatchlings is low due to a num- 
ber of biological and physical factors. 
Egg predation appears to be a serious pro- 
blem on many nesting beaches, and it has 
increased on Cape Island, South Carolina, 
since Baldwin and Lofton conducted their 
study in 1939 (Caldwell 1959). Baldwin 
and Lofton reported that 44% of the nests 
hatched without being disturbed by pre- 
dators. Ghost crabs (Ocypode quadrata) 
were the most serious predators noted at 
this time, entering 41% of nests; however, 
some of these nests may have produced 
some hatchlings. Raccoons destroyed only 
6% of the nests, but this was after a 
winter of serious raccoon control mea- 
sures. In contrast, recent data for 
four South Carolina barrier islands, 
including Cape Island, indicate that 
raccoons are now by far the most serious 
predator on loggerhead turtle nests, 
while crabs destroy relatively few 
(Table 2-26). Where they occur, feral 
hogs have been noted as important pre- 
dators on loggerhead turtle nests 
(Johnson et al. 1974). Although pro- 
hibited by law, human predation (poach- 
ing) of loggerhead eggs has been noted 
frequently on some South Carolina beaches, 
and was the major cause of nest destruc- 
tion on Sand Island during 1977 (Table 
2-26). 

Physical factors are also responsible 
for some nest destruction. Such factors 

1 are usually much less significant than 
biological factors, but on occasion may 
be quite important (e.g., see Table 2-26, 
Sand Island 1978 and 1979). High spring 
tides accompanied by storm winds may 
erode nesting beaches and destroy turtle 
nests. Abnormal amounts of rainfall, 
usually associated with a tropical storm 
or hurricane, also may drown nests by 
raising an island's water table and in- 
undating the eggs (Ragotzkie 1959a). 
Dean and Talbert (1975) reported the loss 
of 90% of the 1974 year class of turtles 

on Kiayah Island, South Carolina, due to 
excessive rainfall. 

Adult turtles usually are not con- 
sidered prone to predation except by man. 
(See Section I1 of this chapter for dis- 
cussion of impact of fishing activities 
on adult loggerhead turtles.) Baldwin 
and Lofton (in Caldwell 1959) reported 
that two hound dogs were implicated in 
killing two female loggerhead turtles on 
Edisto Island in 1929. Before their ex- 
tinction on the coastal islands, large 
predators such as cougars and wolves may 
have killed occasional turtles but over- 
all were probably beneficial to sea tur- 
tles by reducing the raccoon populations. 
Adult turtles may also be attacked by 
large sharks, particularly when returning 
to the sea from a nesting emergence. At 
such times, turtles are exhausted and less 
able to escape or fend off an attack. 

Hatchlings emerging from nests may be 
eaten by ghost crabs, raccoons, gulls. 
and, to a lesser extent, crows. Most 
hatchling emergences occur at night, which 
provides protection from predatory birds. 
Unfortunately, essentially nothing is 
known about what happens to hatchlings 
from the time they enter the ocean until 
they are observed again in coastal waters 
as juveniles of 50 cm carapace length or 
larger. Further, it is not known whether 
the juveniles which appear along the 
coasts of South Carolina and Georgia 
actually hatched there (Richardson and 
Hillestad 1978). This question of re- 
cruitment is a critical one, but so far 
few data are available. J. Richardson 
et al. (1978) and Richardson and Hillestad 
(1978) observed no evidence of increased 
recruitment to the Little Cumberland 
Island population, although a hatchery on 
that island has produced and released 
6,000 - 10,000 hatchlings yearly since 
1965. A major data gap here is that age 
to maturity is not known for Atlantic 
loggerheads, although it is believed to 
be in the 12 - 20+ years range (Richardson 
and Hillestad 1978, J. Richardson et al. 
1978). Thus, there may be several ex- 
planations for the lack of observable 
effect of the hatchery on recruitment: 
the hatchlings may suffer extremely high 
mortality in the ocean, they may not re- 
turn to their natal beach, or none may 
have yet reached sexual maturity (J. 
Richardson et al. 1978). Nevertheless, 
Richardson and Hillestad (1978) predict 
that the hatchery program eventually may 
increase recruitment by a factor of 
2.3 - 7.0. 

A Sea Grant funded project to deter- 
mine the amount of loggerhead turtle 
nesting on the coastal islands of South 
Carolina was initiated in 1976. Aerial 
reconnaissance of beaches was conducted 
during 1976, 1977, and 1978. However, 
data from this survey have not yet been 
completely analyzed and are not available 
(0. R. Talbert, 1979, University of South 
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Carol ina ,  Columbia, p e r s .  co rn . ) .  The 
fol lowing assessment of r e l a t i v e  n e s t i n g  
a c t i v i t y  is  based upon communications from 
0. R. T a l b e r t  of t h e  Unive r s i ty  of South 
Carol ina  and S. R. Hopkins of t h e  Non- 
game and Endangered Species  Sec t ion ,  South 
Caro l ina  W i l d l i f e  and Marine Resources 
Department. 

Table 2-27. Number of loggerhead t u r t l e  
n e s t s  observed by a e r i a l  
surveys  of Georgia beaches 
dur ing  t h e  pe r iod  26 June - 
31 J u l y  1977 ( d a t a  from 
H i l l e s t a d  e t  a l .  1977) .  

The c o a s t  from North I n l e t  t o  Bu l l  
I s l a n d  con ta ins  t h e  most s i g n i f i c a n t  
loggerhead t u r t l e  r o o k e r i e s  i n  South 
Carol ina ,  wi th  t h e  ma jo r i ty  of t h e  n e s t i n g  
a c t i v i t y  occur r ing  w i t h i n  t h e  Cape Romain 
Nat ional  W i l d l i f e  Refuge. Approximately 
ha l f  of t h e  n e s t i n g  a c t i v i t y  i n  t h e  S t a t e  
is on Cape I s l and .  Raccoon Key, Sand, 
North, Cedar, and South i s l a n d s  rank second 
through s i x t h  i n  n e s t s  o r  emergences pe r  
mi le  of beach. The beaches of t h e  Grand 
Strand (from Pawleys I s l a n d  t o  L i t t l e  
River)  and t h e  Char le s ton  a r e a  (from 
Capers I s l a n d  t o  Stono I n l e t )  support  
only  sporad ic  nes t ing .  Nest ing on t h e  
sou the rn  c o a s t  of t h e  S t a t e  is of low t o  
moderate d e n s i t y ;  t h e  more important  nes t -  
i n g  beaches i n  t h i s  a r e a  a r e  Dolphin Head, 
F r ipp ,  Harbor, O t t e r ,  and Bay Po in t  i s l a n d s .  
Kiawah I s l a n d  had reduced n e s t i n g  a c t i v i t y  
i n  1976 and 1977 compared t o  t h e  y e a r s  
1972 - 1975, when approximately 200 n e s t s  
pe r  season were cons t ruc ted  (Dean and 
T a l b e r t  1975).  

I n  Georgia,  H i l l e s t a d  e t  a l .  (1977, 
s e e  a l s o  Richardson and H i l l e s t a d  1978) 
conducted a n  a e r i a l  survey of loggerhead 
n e s t i n g  a c t i v i t y  on Georgia beaches dur ing  
mid-summer 1977. The i r  r e s u l t s  i n d i c a t e  
t h a t  n e a r l y  a l l  beaches wi th  s u i t a b l e  
dune h a b i t a t  support  some n e s t i n g  
a c t i v i t y .  The g r e a t e s t  numbers of n e s t s  
were observed on t h e  Ossabaw-Raccoon 
Key-Wassaw complex of i s l a n d s ,  on 
Blackbeard I s l a n d ,  and on t h e  Cumberland- 
L i t t l e  Cumberland-Jekyll 1s land complex 
(Table  2-27). Fewest n e s t s  were observed 
on S t .  Simons, Tybee, Pine ,  L i t t l e  Wassaw, 
and Sea i s l a n d s .  

A number of p r o j e c t s  t o  c o l l e c t  d a t a  
on t h e  n e s t i n g  ecology of loggerhead 
t u r t l e s  o r  provide p r o t e c t i o n  f o r  t h e  eggs  
and h a t c h l i n g s  have been conducted o r  a r e  
s t i l l  i n  o p e r a t i o n  i n  t h e  Sea I s l a n d  
Coas ta l  Region. Unfor tunate ly ,  l i t t l e  of 
t h e  d a t a  c o l l e c t e d  has  been analyzed o r  
publ ished t o  d a t e .  Br ie f  s t a t u s  r e p o r t s  
f o r  t h e s e  p r o j e c t s  a r e  given i n  Table 2- 
28. 

A l t e r a t i o n  of c o a s t a l  h a b i t a t s  by 
c o n s t r u c t i o n  of beachfront  dwe l l ings  and 
removal of dunes and n a t u r a l  v e g e t a t i o n ,  
wi th  t h e  a s s o c i a t e d  beach l i g h t i n g  and 
v e h i c u l a r  and p e d e s t r i a n  t r a f f i c ,  may 
a f f e c t  t h e  u t i l i z a t i o n  of beaches by nest -  
i n g  t u r t l e s  and reduce s u r v i v a l  of hatch- 
l i n g s .  Caldwell  (1962) noted t h e  r a p i d  
abandonment of t h e  J e k y l l  I s l and  beach by 
n e s t i n g  loggerheads  a f t e r  s i g n i f i c a n t  
beachfront  development took place .  I n  t h i s  

ISLrWD NO. OF NESTS 

Tybee 
L i t t l e  Tybee 
Wassaw 
Pine and L i t t l e  Wassav 
Raccoon Key 
Ossabaw 
S t .  Ca the r ines  
Blackbeard 
Sapelo 
Wolf 
L i t t l e  S t .  Simons 
Sea 
S t .  Simons 
J e k y l l  
L i t t l e  Cumberland 
Cumberland 

TOTAL - - 

case ,  t h e  n e s t i n g  t u r t l e s  s h i f t e d  t h e i r  
a c t i v i t i e s  t o  t h e  undeveloped and s t r i c t l y  
c o n t r o l l e d  beaches of L i t t l e  Cumberland 
and Cumberland i s l a n d s .  Dean and T a l b e r t  
(1975) have p o s t u l a t e d  t h a t  t h e  i n c r e a s e  
i n  n e s t i n g  on Cape I s l a n d  r e s u l t e d  from 
loggerhead t u r t l e s  abandoning t h e  developed 
beaches of t h e  Grand Strand and Char les ton 
a r e a s  f o r  t h e  undis turbed beaches of t h e  
r e fuge .  However, Mann (1977, 1978) found 
t h a t  i n  Southeastern  F l o r i d a ,  female 
loggerheads  d i d  not  avoid l i g h t e d ,  developed 
beaches i n  f avor  of "na tu ra l "  beaches.  

Even i n  a r e a s  where t u r t l e s  con t inue  
t o  n e s t  on developed beaches ,  t h e  d i s -  
o r i e n t a t i o n  of h a t c h l i n g s  by a r t i f i c i a l  
l i g h t i n g  may s e r i o u s l y  i n t e r f e r e  wi th  t h e  
r ep roduc t ive  p o t e n t i a l  of t h e  beach 
(McFarlane 1963, Mann 1977, 1978).  I n  
some c a s e s ,  h a t c h l i n g s  emerge from n e s t s  
a t  n igh t  and move toward highway o r  
b u i l d i n g  l i g h t s  i n s t e a d  of toward t h e  
s e a ,  which is  t h e  b r i g h t e s t  hor izon i n  a  
n a t u r a l  s i t u a t i o n .  The d i s o r i e n t e d  tu r -  
t l e s  o f t e n  a r e  crushed by pass ing  auto- 
mobiles on roads  ad jacen t  t o  t h e  beaches,  
o r  wander in l and  where they d i e  of dehy- 
d r a t i o n .  Also, heavy p e d e s t r i a n  t r a f f i c  
and t h e  use  o f  heavy equipment on beaches 
have been shown t o  i n c r e a s e  m o r t a l i t y  of 
h a t c h l i n g s  be fo re  they  l e a v e  t h e i r  n e s t s  
(Mann 1977, 1978).  Beach nourishment 
p r o j e c t s  may a f f e c t  h a t c h l i n g  emergence i f  
t h e  amount of sand placed above e x i s t i n g  
n e s t s  is  too  g r e a t .  I d e a l l y ,  p r o j e c t s  
of t h i s  n a t u r e  should be  conducted be- 
f o r e  n e s t i n g  begins  o r  a f t e r  a l l  h a t c h l i n g s  
have emerged. 
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6. B i rds  

a .  Overview and Trophic Relationships. 
Excluding r a r e  o r  unusual spec ies ,  approx- 
imately  36 s p e c i e s  of b i r d s  r e g u l a r l y  u t i -  
l i z e  t h e  marine i n t e r t i d a l  h a b i t a t .  The 
major i ty  of these  a r e  scavengers o r  p i s c i -  
vores  t h a t  a r e  a l s o  prominent i n h a b i t a n t s  
of marine s u b t i d a l  waters .  There a r e ,  how- 
ever ,  s e v e r a l  s p e c i e s  t h a t  feed p r imar i ly  
on macrobenthic i n v e r t e b r a t e s  found only 
i n  t h e  su r f  zone. These b i r d s  a r e  l a r g e l y  
confined t o  t h e  i n t e r t i d a l  beach h a b i t a t .  

The avifauna of i n t e r t i d a l  beaches i n  
South Carol ina and Georgia is composed 
p r imar i ly  of permanent r e s i d e n t s  (25 
s p e c i e s ) ,  14 s p e c i e s  of which a r e  
dominants (Table 2-29). I n  a d d i t i o n ,  one 
win te r  r e s i d e n t  ( t h e  knot)  and one summer 
r e s i d e n t  ( the  l e a s t  t e r n )  a l s o  a r e  con- 
s ide red  dominant. Other i n h a b i t a n t s  of 
the  i n t e r t i d a l  zone inc lude  an a d d i t i o n a l  
f i v e  win te r  and four  summer r e s i d e n t s  
(Table 2-29). No s e r i o u s  a t tempt  has  y e t  
been made t o  quan t i fy  t h e  use  of t h e  beach 
h a b i t a t  by v a r i o u s  b i r d  s p e c i e s  i n  t h e  Sea 
I s l and  Coastal  Region. Ex i s t ing  d a t a  a r e ,  
a t  b e s t ,  s p o t t y  due t o  in f requen t  census- 
ing  . 

Many of t h e  b i r d s  t h a t  u t i l i z e  t h e  
beach h a b i t a t  a r e  p r imar i ly  marine species .  
With t h e  except ion of t h e  insec t ivorous  
black and g u l l - b i l l e d  t e r n s ,  these  b i r d s  
feed on nek ton ic  organisms from t h e  adja-  
cen t  s u b t i d a l  wa te r s  (Fig. 2-14; s e e  a l s o  
Sect ion I1 of t h i s  chap te r ) .  These marine 
b i r d s ,  then,  use  t h e  beach p r imar i ly  f o r  
"loafing" o r  breeding r a t h e r  than f o r  
feeding . 

A v a r i e t y  of b i r d s  commonly use  i n t e r -  
t i d a l  beaches of c o a s t a l  i s l a n d s  a s  feeding 
grounds. The base t roph ic  l e v e l  of t h i s  
h a b i t a t  u t i l i z e d  d i r e c t l y  by t h e  avifauna 
is  the  macrobenthos, which inc ludes  annelids,  
c rus taceans ,  and mollusks. These macro- 
ben th ic  organisms a r e  consumed by American 
oys te rca tchers ,  scaup, ruddy tu rns tones ,  
w i l l e t ,  kno t ,  sander l ings ,  p lovers ,  and 
sandpipers .  P i sc ivorous  s p e c i e s  inc lude  
such dominants a s  t h e  brown pe l i can ,  r o y a l  
t e rn ,  and b lack  skimmer. Beach scavengers  
inc lude  t h e  g u l l s  p l u s  f i v e  t e r r e s t r i a l  
s p e c i e s  ( the  f i s h  crow, common crow, boat- 
t a i l e d  g r a c k l e ,  turkey v u l t u r e ,  and b lack  
v u l t u r e ) .  A l l  of these  b i r d s  r e l y  heav i ly  
on dead animal mat te r  a s  a source of food. 
F i n a l l y ,  t h e  top av ian  p reda to r  on t h e  
beach is  t h e  pe regr ine  fa lcon ,  which preys  
on a l l  t h e  b i r d s  found i n  t h e  i n t e r t i d a l  
zone. Unfor tunately ,  t h e  pe regr ine  f a l c o n  
is  uncollrmon and endangered (U.S. Department 
of I n t e r i o r ,  F i sh  and W i l d l i f e  Serv ice  1973, 
Forsythe 1978, Gauthreaux e t  a l .  1979; s e e  
a l s o  Chapter One, Sect ion VI). 

b. Representat ive  Species.  Since most 
b i r d s  t h a t  u t i l i z e  i n t e r t i d a l  beaches a r e  
a l s o  common r e s i d e n t s  of o t h e r  h a b i t a t s ,  
on ly  four  s p e c i e s  which a r e  l i m i t e d  t o  in-  
t e r t i d a l  beaches have been s e l e c t e d  f o r  

f u r t h e r  d i scuss ion .  These a r e  sander l ing ,  
knot ,  p iping plover,  and Wilson's plover .  
Other s p e c i e s  a r e  t r e a t e d  i n  d e t a i l ,  where 
appropr ia te ,  i n  o t h e r  chap te r s .  

The sander l ing  i s  a common permanent 
r e s i d e n t ,  bu t  does n o t  breed i n  t h e  Sea 
I s l and  Coastal  Region (Tomkins 1936, 
Burle igh 1958, Forsythe 1978). Those 
i n d i v i d u a l s  p resen t  i n  midsummer a r e  
thought t o  be immature (Wayne 1910); 
a d u l t s  breed i n  t h e  A r c t i c  a t  t h i s  time. 
The sander l ing  is n e a r l y  cosmopolitan, 
s i n c e  i ts range inc ludes  t h e  P a c i f i c  and 
t h e  southern hemisphere t o  sou thern  Chi le  
and Peru a s  w e l l  a s  t h e  A t l a n t i c  c o a s t  of 
North America (Bent 1962b). Throughout 
t h i s  ex tens ive  range, t h e  s p e c i e s  is  v i r -  
t u a l l y  confined t o  t h e  beach environment 
(Bent 1962b). I n  South Carol ina,  Wayne 
(1910) never recorded i t  anywhere bu t  on a 
sand beach. However, i n  Georgia,  Burleigh 
(1958) c i t e s  four  r ecords  of t h i s  s p e c i e s  
away from t h e  coas t .  The s a n d e r l i n g ' s  
decided p re fe rence  f o r  beaches is supported 
by i ts choice of food. It probes t h e  
sand i n  t h e  su r f  swash f o r  sand f l e a s ,  
shrimp, smal l  c rus taceans ,  smal l  mollusks, 
marine worms, and smal l  i n s e c t s  (Bent 
1962b). The sander l ing  f a v o r s  high 
energy beaches and i s  t h e  most common and 
we l l  known beach sandpiper .  

The knot is  a f a i r l y  common win te r  
r e s i d e n t  i n  t h e  c h a r a c t e r i z a t i o n  a r e a  
(Burleigh 1958, Forsythe 1978). It is 
most numerous dur ing migrat ion and was 
previously  be l i eved  t o  be only a t r a n s i e n t  
(Wayne 1910, Sprunt and Chamberlain 1949). 
Like t h e  sander l ing ,  t h e  knot breeds  i n  
the  A r c t i c  and win te r s  a s  f a r  south a s  
t h e  extreme t i p  of South America (Hall 
1960).  The knot i s  a l s o  l i m i t e d  t o  t h e  
beach environment, and i s  seldom recorded 
i n  o t h e r  l o c a l i t i e s  (Sprunt and Chamberlain 
1949). According t o  Burleigh (1958), the  
knot i s  s o  r e s t r i c t e d  t o  o u t e r  beaches 
i n  i ts seasona l  movements t h a t  i t  is  one 
of the  l e s s  f a m i l i a r  shoreb i rds  i n  t h e  
s tudy a r e a .  Food of t h i s  s p e c i e s  inc ludes  
minute mollusks and crustaceans,  young 
horseshoe c rabs ,  and marine worms (Bent 
1962b). I n  South Carol ina and Georgia,  
t h e  knot f eeds  ex tens ive ly  on t h e  b u t t e r f l y  
s h e l l  clam and o t h e r  mollusks (Wayne 1910, 
Burleigh 1958). Although s t i l l  found i n  
seemingly l a r g e  f l o c k s ,  t h e  knot was once 
a pr ized game s p e c i e s  dur ing t h e  days of 
shoreb i rd  hunting. As such, i t  was s h o t  
by t h e  thousands when decoyed, and i ts 
numbers were d ramat ica l ly  reduced by 
t h e  t u r n  of t h e  century (Hal l  1960).  

The piping plover  is  a win te r  r e s i d e n t  
of beaches a long t h e  coas t  of South 
Carol ina and Georgia from August through 
May (Forsythe 1978). It is  f a i r l y  common 
during win te r ,  but  is more numerous dur- 
i n g  migrat ion (mid-March t o  mid-May and 
August t o  October ) (Sprunt and- Chamberlain 
1949, Burleigh 1958). Wayne (1910) re -  
garded t h e  p ip ing  plover  a s  a r a r e  t ran-  
s i e n t ,  extremely shy and confined t o  sandy 
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RAPTOR 

Pereqr ine falcon 

PlSClVORES BENTHIVORES 

b u n  pelican, Royal tern, American oystercatcher, Scaup 
Black skimmer 

SCAVENGERS MACROBENTHIVORES 

Herring gull, Ring-billed gull, + Ruddy turnstone, Willet, 
Laughing gull, Fish crow Knot, Sanderling 

lNSECT1,VORES 
I 

Black tern, Gull-billed tern, 
Least sandpiper 

Figure  2-14. Generalized feeding groups (with r e p r e s e n t a t i v e  s p e c i e s )  of b i r d s  on i n t e r t i d a l  
ocean beaches of t h e  Sea I s l a n d  Coastal  Region. 

beaches. This  spec ies  is  s t i l l  n o t  
numerical ly  abundant, but  can be observed 
r e g u l a r l y  on beaches i n  win te r .  The 
p ip ing  plover  f eeds  on marine worms, 
i n s e c t s ,  c rus taceans ,  and mollusks, 
e s p e c i a l l y  t h e  b u t t e r f l y  s h e l l  clam 
(Sprunt and Chamberlain 1949, Bent 1962a). 
Like many shoreb i rds ,  t h i s  s p e c i e s  was 
previously  much more numerous, bu t  was 
reduced almost t o  t h e  p o i n t  of e x t i n c t i o n  
dur ing t h e  l a t e  1800's (Bent 1962a). 

The Wilson's plover  i s  a common 
summer r e s i d e n t  from March t o  mid-October. 
It is a l s o  found predominately on beaches, 
and f a v o r s  i n l e t s  between b a r r i e r  i s l a n d s  
(Sprunt and Chamberlain 1949). This  
b i r d  a l s o  f requen t s  mud f l a t s  and s p o i l  
banks, b u t  p r e f e r s  beaches where i t  n e s t s  
i n  t h e  dune f i e l d  among t h e  foredunes 
(Wayne 1910, Sprunt and Chamberlain 1949, 
Burleigh 1958, Chamberlain and Chamberlain 
1975). Recently. t h i s  s p e c i e s  has  become 
t h e  s u b j e c t  of s p e c i a l  concern due t o  
t h e  reduct ion of i ts breeding h a b i t a t  
through r e s o r t  development (Gauthreaux 
e t  a l .  1979). The Wilson's plover  f eeds  
on f i d d l e r  c rabs ,  o t h e r  smal l  c rabs ,  
shrimp, mollusks, and i n s e c t s  such a s  
b e e t l e s ,  f l i e s ,  a n t s ,  and s p i d e r s  
(Sprunt and Chamberlain 1949, Hal l  1960, 
Bent 1962a). 

Man's impact on t h e  i n t e r t i d a l  beach 
h a b i t a t ,  and i ts  subsequent e f f e c t s  on 
b i r d s ,  i s  c l o s e l y  r e l a t e d  t o  a l t e r a t i o n s  
of t h e  maritime dune and beach communities 
( s e e  Chapter Three).  The p o t e n t i a l  impact 
of o i l  p o l l u t i o n  on b i r d s  of c o a s t a l  

marine wa te r s  h a s  a l r e a d y  been discussed 
( see  Sect ion I1 of t h i s  Chapter).  

7. Mammals 

The i n t e r t i d a l  beaches of t h e  Sea 
I s l and  Coastal  Region of South Carol ina 
and Georgia have not  been s t u d i e d  ex- 
p l i c i t l y  a s  mammal h a b i t a t .  Nevertheless .  
a number of s c a t t e r e d  obse rva t ions  have 
been recorded,  and i n f e r e n c e s  can  be 
drawn from surveys o f  t h e  mamtaale on 
s e v e r a l  i s l a n d s .  (For more d e t a i l e d  in -  
format ion on t h e  mammals of c o a s t a l  
i s l a n d s ,  s e e  Chapter Three, Maritime 
Ecosystem.) 

The i n t e r t i d a l  marine beach cannot be 
considered permanent h a b i t a t  f o r  any 
mammal, bu t  a number oE spec ies  r e s i d e n t  
i n  ad jacen t  dunes and f o r e s t s  w i l l  e n t e r  
t h i s  environment t o  fo rage  o r  t o  escape 
i n s e c t s .  Several  such s p e c i e s  may have 
a cons ide rab le  impact on t h e  i n t e r t i d a l  
zone. Scavengers and p reda to r s  t h a t  can 
b e  considered r e g u l a r  noc tu rna l  v i s i t o r s  
t o  t h e  beaches inc lude  t h e  Vi rg in ia  
opossum, t h e  e a s t e r n  mole, t h e  e a s t e r n  wood 
r a t ,  t h e  co t ton  r a t ,  t h e  raccoon, t h e  
f e r a l  hog, man, and occas iona l ly  t h e  bob- 
c a t  and t h e  nine-banded a rmadi l lo  (Johnson 
e t  a l .  1974, Sanders 1978). I n  add i t ion .  
whi te - t a i l ed  dee r  and c a t t l e  a l s o  may 
come onto t h e  beach. 

I n  genera l ,  t h e  raccoon ( e s p e c i a l l y ) ,  
f e r a l  hog, and man a r e  t h e  most important 
m a m m a l s  occurr ing on marine i n t e r t i d a l  
beaches i n  South Carol ina and Geor'gia. 



Raccoons make n i g h t l y  feeding forays on 
many p a r t i a l l y  developed and undeveloped 
beaches. Recent research on the nes t ing  
success of t h e  At lan t ic  loggerhead t u r t l e  
i n  South Carolina indicated t h a t  raccoons 
destroyed 16% - 34% of the  t u r t l e  n e s t s  
l a i d  on Sand Is land and 59% - 96% of those 
l a i d  on th ree  o ther  i s lands  (Table 2-26). 
Depredation of loggerhead n e s t s  by raccoons 
a l s o  has been noted a t  Hutchinson I s land ,  
Florida (Gallagher e t  a l .  1972); Kiawah 
Is land,  South Carolina (Dean and Talbert  
1975); and Cape I s land ,  South Carolina 
(Caldwell 1959). Raccoons a l s o  feed on a 
v a r i e t y  of f i s h ,  crustaceans,  and mollusks 
deposi ted i n  the  d r i f t  l i n e  o r  captured on 
beaches. 

I n  Georgia, f e r a l  hogs a r e  a major 
problem on Ossabaw Island and probably would 
take a l l  t u r t l e  eggs l a i d  i f  these eggs were 
not  moved t o  a hatchery. The herds of 
f e r a l  hogs have been reduced on Cumberland 
and L i t t l e  Cumberland i s l a n d s ,  and no 
longer pose a g r e a t  t h r e a t  t o  t u r t l e  n e s t s  
(J.  I. Richardson, 1978, Southeastern 
Wi ld l i fe  Services ,  Inc.,  Athens, Georgia, 
pers .  comm.). F e r a l  hogs a l s o  occur on 
many undeveloped South Carol ina i s lands .  
They o f t e n  scavenge along the  beaches and 
roo t  extensively along the  t r a n s i t i o n  a rea  
where dune vege ta t ion  spreads onto the  up- 
per  beach. 

Deer t racks  a r e  common on i n t e r t i d a l  
beaches of i s l a n d s  where deer  populations 
e x i s t .  Deer a r e  thought t o  graze t o  some 
ex ten t  on t h e  dune vegetat ion which spreads 
onto the  upper beach, but the  i n t e r t i d a l  
h a b i t a t  is obviously no t  a p r i n c i p a l  feed- 
ing h a b i t a t .  Rather, the  deer  a r e  thought 
t o  come t o  the  ocean beaches a t  n igh t  i n  an 
attempt t o  escape the  b i t i n g  i n s e c t s  of 
the f o r e s t  and marsh (P. Wilkinson, 1978, 
South Carolina Wi ld l i fe  and Marine Resources 
Department, Charleston, pers .  comm.). They 
may a l s o  use  t h e  beaches a s  a source of 
s a l t ,  by l i c k i n g  s a l t  l e f t  by evaporation 
on exposed ob jec t s .  Like o t h e r  mammals 
which pene t ra te  t h i s  h a b i t a t ,  deer  a r e  
almost e n t i r e l y  nocturnal .  

Pel ton (1975) has recorded bobcat 
t racks  on the  beach a t  Kiawah I s land ,  and 
many of the c o a s t a l  i s lands  have bobcat 
populations (see Chapter Three f o r  more 
information). Thus, i t  i s  reasonable t o  
assume t h a t  bobcats p a t r o l  the  beaches 
a t  n igh t .  The many seab i rds  which r o o s t  
on the  beaches a t  n igh t  c o n s t i t u t e  a 
l i k e l y  source of prey. 

Most of the  small rodents and i n s e c t i -  
vores  which occupy the  dry sandy dune 
a reas  may be expected t o  e n t e r  t h e  beach 
h a b i t a t  a t  n igh t .  For example, t h e  old- 
f i e l d  mouse i s  a l s o  known a s  the  beach 
mouse. It i s  recorded from some, but  no t  
a l l ,  of the  c o a s t a l  i s l a n d s  of Georgia 
(Johnson e t  a l .  1974, Hi l les tad  e t  a l .  
1975). The c o a s t a l  range of t h i s  spec ies  
i n  t h e  Sea Is land Coastal Region is  

apparent ly r e s t r i c t e d  t o  Georgia, a s  i t  
i s  y e t  unreported from the  c o a s t a l  i s l a n d s  
of South Carolina (Golley 1966). 

Rabbit t racks  and f e c a l  p e l l e t s  a r e  
not  unusual on t h e  upper beach adjacent  
t o  dunes. Since both e a s t e r n  c o t t o n t a i l  
r a b b i t s  and marsh r a b b i t s  a r e  known t o  
occupy the dunes, i t  i s  l i k e l y  t h a t  both 
pene t ra te  the  upper beach. The only food 
sources here  a r e  the  succulent  p l a n t s  of 
the upper beach-dune t r a n s i t i o n  zone. 

The Virginia  opossum was once abundant 
on Cumberland I s land ,  bu t  has s i n c e  been 
ex t i rpa ted  there  and on L i t t l e  Cumberland 
Is land (Hi l les tad  e t  a l .  1975). I n  con- 
t r a s t ,  t h e  nine-banded armadil lo  invaded 
Cumberland I s land  i n  1973 and was seen on 
L i t t l e  Cumberland I s land  i n  1974 
(Hi l les tad  e t  a l .  1975). Armadillos a r e  
now regula r ly  seen on L i t t l e  Cumberland 
Is land ( J .  I. Richardson, 1978, South- 
eas te rn  Wi ld l i fe  Services ,  Inc. ,  Athens, 
Georgia, pers .  comm.). 

I n  some cases,  a c t i v i t i e s  of man have 
had a dramatic impact on t h e  beaches a s  
mammal h a b i t a t ,  both d i r e c t l y  and in- 
d i r e c t l y .  The most dramatic d i r e c t  e f f e c t s  
have r e s u l t e d  from r e s i d e n t a l  and r e s o r t  
development. Several  kinds of impacts 
can be recognized e a s i l y .  The most 
obvious is  des t ruc t ion  of adjacent  h a b i t a t ,  
e s p e c i a l l y  t h e  dunes and seaward por t ions  
of maritime f o r e s t s  from which most of the  
t r a n s i e n t  mammals e n t e r  t h e  beach zone. 
On some highly developed beaches (e.g., 
Fo l ly  Beach), t h e  dune zone has been 
l a r g e l y  destroyed and extensive bulkheading 
has taken place. Even where p a r t i a l  
dunes remain, bulkhead construct ion com- 
p l e t e l y  a l t e r s  the  ec tona l  zone between 
dune and upper beach. Examples where 
g r e a t e r  o r  l e s s e r  a l t e r a t i o n  have occurred 
include the  I s l e  of Palms and Sul l ivans  
I s land  near  Charleston, Tybee Is land near  
Savannah, and S t .  Simons and Jekyl l  i s l a n d s  
near Brunswick. 

A s  t h e  amount of human a c t i v i t y  on 
t h e  beaches increases ,  e s p e c i a l l y  a t  n i g h t ,  
use of t h e  beaches by t r a n s i e n t  mammals 
i s  inh ib i ted  even i f  adjacent  h a b i t a t  has  
no t  been destroyed. The use of off-road 
veh ic les  on beaches a t  n igh t  is c l e a r l y  
de t r imenta l  t o  the  use of t h i s  h a b i t a t  
by nocturnal  mammals. 

Beach erosion r e s u l t i n g  from both 
sea  l e v e l  changes and man-made c o a s t a l  
a l t e r a t i o n s  has dramatical ly  a l t e r e d  many 
beaches a s  h a b i t a t  f o r  mannnals. I n  ex- 
treme cases, the  upper beach, which would 
normally be covered only on spr ing  and 
storm t i d e s ,  has been el iminated completely 
by erosion.  

D. DECOMPOSERS AND NUTRIENT CYCLING 

Undoubtedly, most of the  n u t r i e n t  
input  t o  i n t e r t i d a l  marine beaches comes 



from the  sea,  e i t he r  i n  the  form of 
macro-detritus, small pa r t i cu l a t e  matter, 
o r  dissolved organics. S igni f icant  
amounts of these materials  a r e  probably 
imported from nearby e s tua r i e s  and wet- 
lands, and t h e i r  importance a s  d i r e c t  
food sources f o r  beach fauna has already 
been mentioned. I n  addit ion,  the  d e t r i t u s  
and pa r t i cu l a t e  and dissolved organics 
provide subs t ra tes  f o r  the  growth of a 
f a i r l y  dense bac t e r i a l  f l o r a ,  which i n  
turn  releases inorganic nu t r i en t s  and 
serves a s  a food resource f o r  meiobenthic 
nematodes, tu rbe l la r ians ,  and copepods 
(Sieburth 1976). Humm ( i n  Pearse e t  
a l .  1942) reported some 200,000 bac t e r i a l  
c e l l s l g  of sediment on a North Carolina 
beach. These i n t e r s t i t i a l  bac ter ia  were 
primarily involved i n  the  nitrogen cycle 
and c h i t i n  digest ion.  Sulfur  bac ter ia  
a r e  undoubtedly a l s o  important i n  the  
deeper black layers  of marine beaches. 
S tee le  (1974) noted t h a t  even though de- 
composers play a key r o l e  i n  the  de t r i t u s -  
based trophic dynamics of marine beaches. 
v i r t u a l l y  nothing is  known about b a c t e r i a l  
community s t ruc tu re  o r  function i n  marine 
i n t e r t i d a l  sediments. This is a major 
da ta  gap which should receive a t t en t i on  
a t  the  e a r l i e s t  possible opportunity. 
I n t e r t i d a l  marine beaches a r e  pa r t i cu l a r ly  
susceptible t o  catastrophic damage, both 
ecological  and economic, by o i l  s p i l l s .  
Yet, we know v i r t u a l l y  nothing about the  
occurrence and dynamics of t he  important 
petroleum-degrading microflora of beaches 
of the  Sea Island Coastal Region. 



CHAPTER THREE 

MARITIME ECOSYSTEM 

I. GENERAL DESCRIPTION 

A. DEFINITION 

Upland ecological  systems include 
those a reas  not c l a s s i f i e d  a s  wetland o r  
aqua t ic  systems by Cowardin e t  a l .  (1977). 
Further ,  uplands a r e  never flooded during 
years of normal p r e c i p i t a t i o n .  For t h i s  
ecological  charac te r iza t ion ,  we have d i -  
vided uplands i n t o  two d i s t i n c t  ecosys- 
tems: 1 )  an upland ecosystem (see  Chap- 
t e r  S ix) ,  occurr ing only on t h e  mainland, 
and 2) a maritime ecosystem, which is de- 
f ined simply a s  a l l  upland a reas  located 
on b a r r i e r  i s lands .  Colquhoun and Pierce 
(1971) described a general ized b a r r i e r  
i s l a n d ,  such a s  those of t h e  Sea I s land  
Coastal  Region, a s  follows: 

"Recent b a r r i e r  i s l a n d s ,  i n  
p l a i n  view, a r e  gen t ly  arcuate-  
shaped sand bodies developed 
along shore l i n e s .  Their  sea- 
ward margins a r e  c u r v i l i n e a r  i n  
p l a i n  view, t h e i r  landward 
margins, i r r e g u l a r ,  r e s u l t i n g  
from washover fans ,  t i d a l  
d e l t a s ,  and marshes . . . True 
b a r r i e r  i s lands  a r e  separated 
from t h e  mainland by sounds o r  
bays and the  mainland is  ex- 
pressed a s  a submerged shore- 
l i n e .  Where separated from 
t h e  mainland, b a r r i e r  i s lands  
a r e  r e l a t i v e l y  narrow f e a t u r e s ,  
usua l ly  l e s s  than a mile  i n  
width ." (For more geological  
information on b a r r i e r  i s lands ,  
see  Volume I . )  

The maritime ecosystem, then, is  l imi ted  
on i t s  ocean s i d e  by t h e  extreme high 
spring t i d e  mark ( i . e . ,  the  landward 
l i m i t  of t h e  marine i n t e r t i d a l  subsystem) 
and on the landward s i d e  by t i d a l  marshes, 
creeks,  o r  r i v e r s .  

B. SUBSYSTEMS 

We recognize four  subsystems within 
the  maritime ecosystem, each d i f f e r e n t i -  
a ted  from the  o t h e r  pr imari ly  by physical  
f e a t u r e s  and vege ta t ive  communities. One 
of these ,  t h e  b i r d  key and bank subsys- 
tem, i s  a s p e c i a l  u n i t  physical ly  sepa- 
ra ted  from t h e  o thers  by water.  The 
o ther  th ree  subsystems ( the  dune, t r a n s i -  
t i o n  shrub, and maritime f o r e s t  u n i t s )  
a r e  contiguous and grade i n t o  one another 
(Fig. 3-1) . 
1. Bird Key and Bank Subsystem 

Bird keys and banks (also ca l led  
sand s p i t s  and sand bars)  a r e  small ,  iso-  
l a t e d  i s l a n d s  usual ly found i n  t i d a l  in- 
l e t s  and broad bays. Following t h e  

terminology of Hayes and Kana (19761, 
these  f e a t u r e s  would genera l ly  be c l a s s i -  
f i e d  a s  ebb o r  f lood t i d a l  d e l t a i c  islands 
o r  a s  swash b a r s  (see Volume I, s e c t i o n  
V I .  D.). A l l  exh ib i t  low topographic pro- 
f i l e s  and a r e  frequent ly sub jec t  t o  over- 
wash by spr ing  t i d e s  and storm act ion.  
Addit ional ly,  these  small i s l a n d s  a r e  
known t o  be geological ly unstable  and t o  
migrate i n  response t o  i n l e t  morphology 
(Hayes e t  a l .  1975). 

Sand keys and banks (bars )  a r e  found 
throughout t h e  Sea Is land Coastal  Region 
and general13 a r e  l e s s  than one square 
mile  (2.6 km ) i n  s i z e .  They a r e  found 
commonly near  r i v e r  mouths but a l s o  may 
be assoc ia ted  with harbor and i n l e t  j e t -  
t i e s .  These b a r s  a r e  character ized by er-  
r a t i c  f l u c t u a t i o n s  i n  s i z e ,  shape, and 
vege ta t ive  cover from year  t o  year  a s  the  
sand s h i f t s  i n  response t o  storms and 
o t h e r  physical  forces .  A good example of 
such changes is Deveaux Bank, which l i e s  
near  t h e  mouth of t h e  North Edisto River, 
South Carolina. I n  1975, it was composed 
of 35% vegetated a r e a ,  55% mud f l a t s ,  and 
10% bare  sand; by 1977 these .propor t ions  
had changed dramatical ly  t o  15% vege- 
t a ted  a r e a s ,  35% mud f l a t s ,  and 50% bare 
sand (Gaddy 1977). 

2. Dune Subsystem 

A v a r i e t y  of dunes, ranging from low, 
sprawling dune f i e l d s  t o  high,  well- 
developed dunes, a r e  found i n  t h e  maritime 
ecosystem. A l l  of the  dunes discussed 
here a r e  "open dunes ;I' "closed dunes," o r  
former dunes covered with woody vegetation, 
a r e  discussed under t h e  t r a n s i t i o n  shrub 
and maritime f o r e s t  subsystems. 

Sand, wind, and vegetat ion i n t e r a c t  
t o  form c o a s t a l  dunes. Windblown sand ac- 
cumulates behind wrack (dead grass  culms, 
usual ly smooth cordgrass washed up on t h e  
beach), which provides seedbed f o r  p lan t s  
such a s  beach hogwort, sea o a t s ,  Russian 
t h i s t l e ,  seabeach orach, sea rocket ,  sea  
beach panic g rass ,  and creeping spurge, 
a l l  of which a i d  i n  t h e  i n i t i a l  s tages  of 
dune-building (Hosier 1975). Sea o a t s  
and s e a  beach panic g rass ,  however, a r e  
of longer-term s ign i f icance  i n  dune for-  
mation (Johnson e t  a l .  1974). Because 
these two perennials  t o l e r a t e  in tense  
s a l t  spray,  a s  well  a s  develop extensive 
l a t e r a l  roo t  systems, they a r e  ins t ru -  
mental i n  the  s t a b i l i z a t i o n  and growth of 
newly formed dunes (Fig. 3-2). 

3. Trans i t ion  Shrub Subsystem 

The t r a n s i t i o n  shrub community, a l s o  
c a l l e d  the  "maritime shrub th icke t , "  i s  a 
dense but general ly  narrow ecotonal  band 
between the  maritime f o r e s t  and the  dune 
community. Its loca t ion  depends on s a l t  
spray i n t e n s i t y .  The community i s  char- 
ac te r ized  by low d i v e r s i t y  of p l a n t  
spec ies ,  extremely dense s t r u c t u r e  with 
l i t t l e  o r  no understory, and a t o t a l  



Figure 3-1. Generalized cross section of the maritime ecosystem of the Sea Island Coastal Region. 

height of up to 13 ft (3.9 m) (Hosier 
1975). Typically, the bank may be only a 
few yards in width but, in unusual cases, 
may be several hundred yards in depth. 
Wells and Shunk (1938) reported the oc- 
currence of transition shrub communities. 
from 0.1 mi (0.16 km) (Myrtle Beach, 
South Carolina) to 1.25 mi (2 km) (Kitty 
Hawk, North Carolina) from the mean high 
water mark. The precise location and 
width of the transition shrub zone is a 
function of the angle of the beach in re- 
spect to the prevailing winds and the 
height of the fore and back dunes (i.e., 
the amount of protection the zone has 
from salt spray). 

4. Maritime Forest Subsystem 

Precise limits of the maritime forest 
are extremely difficult, if not impossi- 
ble, 'to define. Bourdeau and Oosting 
(1959) noted that dominance by live oak 
seemed to be a good indicator of the ex- 
tent of the maritime forest. Wells and 
Shunk (1938) and Oosting (1954) used lob- 
lolly pine and turkey oak as indicators 
of the beginning of non-maritime forests. 
Rayner (1974) termed maritime vegetation 
"all vegetation within a distinct zone 
extending from the surf zone of the outer 
beach inland to the beginning of the 
southeastern oak-hickory association." 
Other researchers have generally defined 
maritime vegetation in terms of the pres- 
ence of salt spray (Oosting and Billings 
1942. Boyce 1954). The zone of maritime 

I forest vegetation has been called the 
"maritime strand," "the salt spray zone," 
and, more simply, "maritime forest" (Wells 
1939, Oosting 1954). Here, the maritime 
forest is considered that zone of forest 
vegetation between the transition shrub 
communities on the seaward and landward 
sides of barrier islands (see Fig. 3-1). 

C. MODEL 

The distinct zonation of plants is 
the characteristic feature of the mari- 
time ecosystem. Salt spray, which is the 
result of tide, wind, and wave interac- 
tion, is the major causative factor con- 
tributing to the characteristic plant 
distribution and zonation of the maritime 
ecosystem. Details of the physical and 

climatic features of barrier island mari- 
time systems are given in Volume I, 
Physical Features. 

In the maritime ecosystem, as in all 
others, the primary source of energy is 
the sun (Fig. 3-3). The sun provides the 
basic energy for the synthesis of organic 
molecules from C02 by autotrophic organ- 
isms (plants) through photosynthesis. In 
turn, the organic carbon produced by the 
autotrophs provides the basic energy for 
nearly all other life forms (the hetero- 
trophs). In the maritime ecosystem, as 
in other upland systems, the trees and 
shrubs account for nearly all primary pro- 
duction; algae and phytoplankton are gen- 
erally insignificant in this regard. 
These primary producers are grazed exten- 
sively by first level heterotrophs (e.g., 
many insects, birds, amphibians, herbi- 
vorous and omnivorous mammals) that feed 
on leaves. stems, twigs, fruits, seeds, 
roots, etc. Many primary heterotrophs 
then become food for secondary hetero- 
trophs (e.g., insects, reptiles), which in 
turn are eaten by tertiary consumers (e.g., 
hawks, bobcats, and man). The size of 
predatorlparasite populations tends to 
regulate the size of prey populations and 
vice versa. Excretion and death at each 
level result in the release of nutrients 
either directly into the soil or through 
the action of decomposers (bacteria and 
fungi). The decomposers themselves may 
release nutrients directly to the soil or 
may be grazed by heterotrophs, which in 
turn excrete and decompose. An important 
source of nutrient input is the salt 
spray, which is characteristic of the marl- 
time ecosystem (see Maritime Forest Sub- 
system and Figure 3-3 for more details). 
Other avenues of nutrient renewal are dis- 
cussed in Chapter One under Biogeochemical 
Cycles. 

Upland systems such as the maritime 
ecosystem are characterized by having a 
large amount of primary production which 
is not directly grazed by heterotrophs 
(Steele 1974). Thus, much of the total 
primary production eventually falls to 
the maritime forest or shrub floor as lit- 
ter (dead leaves, twigs, sterns, seeds, 
flowers, tree trunks, etc.), where it may 
be browsed directly by a complex litter 
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fauna or, more commonly, be decomposed. 
In addition, the maritime ecosystem re- 
ceives inputs of detritus on its seaward- 
facing beach and on its landward marsh 
side. Although most of the detritus 
originates in estuarine wetlands and be- 
comes deposited on the margins of the 
maritime system by tides, that of the 
ocean beach often contains quite a bit of 
Sargassum, m, and other more oceanic 
material, in addition to dead cordgrass 
culms. Both types of detritus are uti- 
lized extensively by a wide variety of 
browsers and decomposers. 

Not all of the maritime ecosystem's 
production is utilized in situ; consider- 
able amounts are exported and such exports, 
like the imports of detritus, serve to 
connect this system to others. For ex- 
ample, many of the motile animals (rab- 
bits, raccoons, deer, bobcats, birds, 
etc.) which feed extensively in maritime 
habitats are not restricted to these hab- 
itats, although there may be resident 
populations. Such feeding by nonresident 
species results in a net export of or- 
ganic matter. However, the reverse situ- 
ation also holds true; for example, mari- 
time resident populations of raccoon and 
deer may feed extensively in adjacent 
beach and wetland systems, respectively, 
thereby serving as mechanisms of import. 
Other kinds of export include harvest of 
timber resources and game populations by 
man. runoff into oceanic or estuarine en- 
vironments, island erosion, etc. 

Throughout the ecosystem, physical 
factors such as temperature, nutrient 
concentrations, degree of soil moisture, 
quantity of salt spray, wind, etc., de- 
termine limits for the various kinds and 
rates of biological production. Popula- 
tions of a given kind of organism flour- 
ish only within certain limits of environ- 
mental conditions; when those conditions 
change, the populations are reduced or 
eliminated and other organisms are fa- 
vored (see Chapter One). Similarly, 
growth and reproduction of many organisms 
vary seasonally with such factors as tew 
perature and day length. 

D. GENERALIZED FOOD WEB 

Food webs in the maritime ecosystem 
are highly complex, with many branches, 
connections, and overlaps. Figure 3-4 
illustrates in a very generalized fashion 
some of the trophic interrelationships of 
major groups of organisms represented in 
the Sea Island Coastal Region. As im- 
plied by the numerous connecting links in 
the diagram, these interrelationships are 
far from simple. Few large groupings of 
organisms, other than the producers, can 
be confined to a single trophic level. 
Much more commonly, representatives of a 
given group feed at more than one trophic 
level, resulting in many "horizontal 
links" in the food web. 

Within a food web, the magnitude of 
production at each trophic level is de- 
termined by three primary factors: 
trophic efficiency, transfer rate. and 
number of horizontal links. Trophic ef- 
ficiency is the efficiency (usually taken 
to be lo%, Odum 1971) with which a popula- 
tion transfers energy to the next step 
(horizontal or vertical) in the food web. 
Transfer rate refers to the rapidity with 
which energy is transformed from one step 
in the food web to the next through graz- 
ing, predation, waste, or death. The 
more horizontal links present in the food 
web, the greater the degradation of energy 
within a given trophic level, and the less 
energy available for transfer to the next 
level. These factors are discussed in 
more detail in Chapter l'wo, Marine Eco- 
system. 

The outstanding feature of almost any 
terrestrial community, including the mari- 
time community, is the presence of large, 
rooted green plants, which are the chief 
primary producers. This situation is in 
distinct contrast to the marine environ- 
ment, where single cell phytoplankters ac- 
count for nearly all the primary produc- 
tion (see Chapter Two). Further, usually 
4 0 %  of the plant material produced in 
terrestrial ecosystems is consumed alive, 
despite the presence of large, active 
herbivores (e.g., rodents, birds, deer) 
(Steele 1974). Yet, in the oceans, herbi- 
vores graze down the phytoplankton almost 
as fast as it is produced. Thus, herbi- 
vores in the maritime ecosystem generally 
are not as food resource-limited as are 
those in the marine environment (Steele 
1974). 

Because relatively little of the 
maritime ecosystem's primary production 
is consumed directly, much of it falls to 
the forest floor as litter (leaves, stems, 
fruits, seeds, tree trunks, etc.). This 
litter buildup decays, forming a large or- 
ganic reserve on and within the forest 
soil, and provides nutrition for a com- 
plex assemblage of small consumers known 
as the litter fauna. It is this mass of 
dead and decaying plant matter, seeds, and 
decomposer organisms that forms the major 
food compartment in the maritime ecosystem. 
Thus, the energy fixed by the trees enters 
the maritime food web primarily by way of 
decomposers (especially fungi), plus in- 
vertebrate consumers of wood, foliage, and 
other plant parts, a few grazers and 
browsers, and many fruit- and mast-eating 
birds and mamals (Johnson et al. 1974). 
Within the maritime forest, it is likely 
that live oak acorns comprise the single 
most important food source for many 
species of wildlife including deer, rac- 
coons, feral hogs, wild turkeys, and other 
birds (Elton 1968, Johnson et al. 1974). 

Secondary and tertiary consumers in- 
clude various insects, reptiles, birds, 
and mammals. There are relatively few 
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Figure 3-4. A generalized food web for the maritime ecosystem of 
the Sea Island Coastal Region. 

mammalian carnivores on the islands, most 
of those formerly present (e.g., foxes, 
wolves, pumas, bears) having been exted- 
nated. The terminal carnivore niches are 
filled mainly by predatory birds, the 
Eastern diamondback rattlesnake, the bob- 
cat, and relatively inefficient mammalian 
predators/omnivores such as raccoons and 
opossums (Johnson et al. 1974). 

11. REPRESENTATIVE BIOTA 
AND INTERACTIONS 

The four subsystems of the maritime 
ecosystem are occupied by distinctly dif- 
ferent vegetative communities. On the 
other hand, the communities of motile con- 
sumer species are often quite similar, 
especially in the contiguous subsystems, 



although t h e r e  may be marked d i f fe rences  
i n  t h e  r e l a t i v e  importance of var ious 
species .  Thus, we have described the  
p l a n t  communities separa te ly  f o r  each 
subsystem and have lumped discussions of 
animal populations, taking c a r e  t o  point  
out major d i f fe rences  i n  t h e  r o l e s  of 
p a r t i c u l a r  animal spec ies  o r  groups i n  
the  various subsystems. 

A. PRODUCERS 

1. Bird Key and Bank Communities 

Zonation of vegetat ion i n  c o a s t a l  
environments is determined by two major 
fac tors :  1 )  wind a s  a c a r r i e r  of s a l t  
spray, and 2) to le rance  of p l a n t s  t o  s a l t -  
water immersion (Wagner 1964). Not sur-  
p r i s i n g l y ,  then, vegetat ion of  sand keys 
and banks i s  l imi ted  t o  only pioneer, 
s a l t - t o l e r a n t  p lan t s .  Two s t u d i e s  of t h e  
p lan t  communities on sand keys and banks 
have been conducted i n  South Carolina 
(Pinson 1973, Gaddy 1977). and t h e i r  re- 
s u l t s  a r e  sumar ized  below. No d a t a  
s p e c i f i c a l l y  p e r t i n e n t  t o  t h i s  system a r e  
ava i lab le  f o r  Georgia, but  considerable  
information on t h e  s i m i l a r  dune subsystem 
is ava i lab le  and i s  summarized i n  t h e  
next sec t ion .  

Pinson (1973) described t h e  vegeta- 
t ion  of Bird Bank, a 3.2 km (2 mi) long 
by 100 - 200 m (100 - 200 yds) wide sand 
key located across  t h e  south j e t t y  of 
Winyah Bay, South Carolina. This bank 
c o n s i s t s  of "low back dunes" dominated by 
saltmeadow cordgrass ,  and "higher fore-  
dunes" dominated by panic g rass  with scat- 
t e red  clumps of sea  o a t s  and beach e l d e r .  
Saltmeadow cordgrass and panic g rass  were 
t h e  overwhelming dominants; beach e l d e r ,  
a co-dominant, was t h e  only woody p l a n t  
found (Table 3-1). 

Gaddy (1977) l i s t e d  seven p lan t  
communities from Deveaux Bank, a 1.2 km 
(0.75 mi) long sand bank i n  t h e  North 
Edisto River, South Carolina. These were: 
1 )  a glasswort community, 2) a smooth 
cordgrass  community, 3) a saltmeadow cord- 
g rass  community, 4) a saltmeadow cord- 
grass-panic g rass  assoc ia t ion ,  5) a mixed 
shrub-forb-grass assoc ia t ion  (dominated 
by dog fennel ,  camphorweed, beach e l d e r ,  
sea  myrt le ,  and saltmeadow cordgrass) ,  
6) a panic g rass  community, and 7) a mixed 
smooth cordgrass-sea purslane-glasswort 
assoc ia t ion .  Communities 1, 2, and 7 a r e  
marsh communities, while 3, 4 ,  5, and 6 
a r e  dune communities. Figure 3-5 i l l u s -  
t r a t e s  t h e  zonation of these communities 
on Deveaux Bank (because of i t s  r a r i t y ,  
community 7 is not  included i n  the  f ig -  
ure) .  Panic g rass  dominates high fore-  
dunes because of i ts to le rance  t o  inten-  
s i v e  s a l t  spray,  and saltmeadow cordgrass  
is the  low dune dominant because of i t s  
to le rance  t o  immersion (Gaddy 1977). 
The r e l a t i v e  r a r i t y  of sea  o a t s  on 
Deveaux Bank, Bird Bank, and i n  severa l  
o ther  South Carolina dune communities is 
discussed i n  t h e  following sec t ion .  

2. Dune Communities 

I n  South Carol ina,  dune vegetat ion 
has been described i n  most d e t a i l  by 
Pinson (1973) ( fo r  Debidue, North, South, 
Cedar, Murphy, Cape, Bull ,  Capers, Dewees, 
I s l e  of Palms, Kiawah, Seabrook, Edisto,  
Hunting, Fripp,  and Hil ton Head i s l a n d s ) ,  
S t a l t e r  (1974a) ( f o r  Huntington Beach, 
I s l e  of Palms, and Hunting i s l a n d s ) ,  and 
Hosier (1975) ( f o r  Kiawah I s l a n d ) .  Fig- 
u r e  3-6 presents  a general ized p r o f i l e  of 
the zonation of dune p l a n t s  commonly en- 
countered i n  South Carol ina,  based p r i -  
mari ly  on the  work of these  authors .  

Pinson (1973) recognized f i v e  f lo -  
r i s t i c  zones i n  t h e  dunes of the  i s lands  
he s tudied:  1 )  fo res lope  of foredunes, 
2) back s lope  of foredunes, 3) foreslope 
of back dunes, 4) back s lope  of back dunes, 
and 5) interdune.  He l i s t e d  a t o t a l  of 
68 spec ies  from these  zones, including 
four no t  previously reported from South 
Carolina (golden a s t e r ,  seashore paspalum, 
beach grass ,  and sweet g rass ) .  P l a n t s  
most commonly encountered by Pinson (1973) 
were sea  o a t s ,  saltmeadow cordgrass ,  sand 
grass ,  panic g rass ,  camphoweed, beach 
e l d e r ,  euphorbia, horseweed, evening prim- 
rose ,  and beach pennywort. From calcu- 
l a t i o n s  of community "coef f ic ien t s  of 
s i m i l a r i t y , "  he concluded t h a t  t h r e e  gen- 
e r a l  f l o r i s t i c  p a t t e r n s  o r  communities 
occurred i n  h i s  s tudy s i t e s :  1 )  a sea  
oats-panic grass-beach e l d e r  p a t t e r n  
(peak dens i ty  on t h e  fo res lopes  of fore-  
dunes), 2) a sand grass-camphorweed- 
evening primrose p a t t e r n  (peak dens i ty  on 
the  s lopes  of back dunes), and 3) a s a l t -  
meadow cordgrass-horseweed-beach pennywort 
p a t t e r n  (peak dens i ty  i n  interdune a reas ) .  

I n  general ,  Pinson (1973) found t h a t  
dune p lan t  communities were q u i t e  s i m i l a r  
and were dominated by sea  o a t s  on a l l  the  
i s l a n d s  he s tud ied  except those (South, 
Cedar, and Murphy) i n  the  Santee Delta .  
There, panic g rass  was more important 
(Fig. 3-7). He speculated t h a t  t h e  lower 
s a l i n i t y  of the  Santee River, the  presence 
of Piedmont c lays ,  o r  a high n i t rogen  con- 
t e n t  (see Wagner 1964) may be responsible  
f o r  the  dominance of panic g rass  on these  
i s lands .  

S t a l t e r  (1974a) concluded, based on 
sample quadrants, t h a t  sea o a t s  most com- 
monly dominate on tops of the  foredunes 
and back dunes. Beach e l d e r  favors  the  
f ron t  and top of foredunes, although i t  
may a l s o  be dominant i n  o ther  zones. 
Saltmeadow cordgrass was most commonly 
found i n  the depressions,  a s  were sand- 
spurs ,  euphorbia, beach pennywort, and 
diodia.  Horseweed and camphorweed were 
found "well away from the  ocean," f re -  
quent ly i n  spur a r e a s  on o l d  dunes. 

Hosier (1975) described s i x  vegeta- 
t i o n  zones (s t rand l i n e ,  foredune, dune- 
f i e l d ,  reardune, mesic s lack ,  and x e r i c  
s l a c k )  from the dunes of Kiawah I s land ,  
South Carolina. The s t rand  l i n e  i s  



Table 3-1. Frequencya and d e n s i t y  of dune vege ta t ion  on Bird Bank, 
South Carol ina,  based upon 186 samples of m2 p l o t s  
(Pinson 1973). 

Species  Frequency Densi ty  

Sea o a t s  9.1 0.67 

Saltmeadow cordgrass  43.0 7.13 

Panic  g rass  32.3 6.38 

Beach e l d e r  16.1 1.23 

Euphorbia 7.5 0.14 

Horseweed 2.1 0.04 

Sandspurs 3.7 0.13 

Sea rocke t  3.7 0.12 

Russian t h i s t l e  4.3 0.16 

Sea purs lane  1.1 0.02 

Finger  g r a s s  0.5 0.01 

a .  Frequency i s  percent  t o t a l  p l o t s  con ta in ing  a given spec ies .  
Densi ty  i s  average number of i n d i v i d u a l  p l a n t s  p e r  u n i t  a r e a  
(Wagner 1964). 

1-GLASSWORT FLAT 3- SALTMEADOW 5-MIXED SHRUB/ 
CORDGRASS FORB/ GRASS 

2-SMOOTH CORDGRASS 4- SALTMEADOW &PANIC GRASS 
CORDGRASS/ 7-BEACH 

PANIC GRASS 
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k W w I b  (beach elder). ..................... 
AnomalYlvr pwrwlur (pigweed) ................. 
Cok* Aorwi ( rea rocket) ..................... ................. -8 /n;bukider, (whdspur ....................... Crdan ~wrcto$us (craton) ........... AfnpcU arnavio (seabeach orach) 
EwAarM po/w'ilb/io (@up hor bia) ......,..... .................. Wrok kdi (Russian lhirtle ) 
trt;pkui pwpuno (sand grass) .............. 

p/nt (raltmradow cordgmr) ........ I 
Shsp~ostr/es wok (beach &a).. .......... 
-8 ~ i m ' c u r  (dropwed) 
W d m Q k  bawrrirnrir ( kaoh pomywort) .... 
Andr- wiviiniur (broom sedge) 
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Smi/ox a - n o x  (catbrier) ................... ................... k'wr /-do (loblolly pine). 
-/a -8 ( d i d k )  .... .:. .................... 

Figure 3-6. Generalized zonation of  common South Carol ina dune p l a n t s ,  based on Coker (1905), 
Pinson (1973). S t a l t e r  (1974a). and Hosier (1975). (MHW = mean high water; zone 
1 = s t rand  l i n e ;  zone 2 = fo res lope  of foredunes; zone 3 = back s lope  of  foredunes; 
zone 4 = interdune a r e a ;  zone 5 = fo res lope  of back dunes; zone 6 = back s lope  of  
back dunes; s o l i d  black bar  i n d i c a t e s  presence of spec ies . )  

dominated by beach e l d e r ,  with beach hog- 
wort ( c ro ton) ,  sea  o a t s ,  and s e v e r a l  an- 
nua l s  p resen t .  The dominant foredune 
p l a n t  on Kiawah I s l a n d  is  sea o a t s ,  com- 
p r i s i n g  over 50% of t h e  p lan t  cover, wi th  
beach hogwort, beach e l d e r ,  and panic 
g r a s s  a l s o  common. Dune f i e l d s  (o ld  dune 
r idges  t h a t  have become poorly def ined 
due t o  wind a c t i o n )  occur between f o r e  
and r e a r  dunes. Here aga in ,  s e a  o a t s  a r e  
dominant, wi th  camphorweed, sand grass ,  
beach pennywort, evening primrose, broom 
sedge, and horseweed a l s o  present .  Rear 
dunes a r e  i n i t i a l l y  vegetated with ca t -  
b r i e r  and b u t t e r f l y  pea ( C l i t o r i a  mariana);  
however, wax myrt le ,  l i v e  oak, red bay, 

and yaupon h o l l y  a r e  t h e  succeeding domi- 
nan t s  (see Trans i t ion  Shrub s e c t i o n ) .  
Hosier (1975) def ined s l a c k s  a s  "low de- 
p ress ions  formed during dune development 
o r  by blowouts i n  t h e  dune f i e l d . "  Mesic 
(moist) s l a c k s  a r e  dominated by beach 
pennywort, s a l t  marsh f i m b r i s t y l i s ,  l i t t l e  
bluestem, and wax myrtle.  I n  x e r i c  (dry) 
s l a c k s  on Kiawah I s l a n d ,  beach pennywort, 
s a l t  marsh f i m b r i s t y l i s ,  marsh-gentian, 
and camphorweed a r e  dominant. Shrub 
" thickets"  a r e  a l s o  present  i n  s l a c k s  on 
Kiawah I s land .  They a r e  in te r spersed  
among x e r i c  and mesic s l a c k s ,  and a r e  
dominated by yaupon h o l l y  and wax myrt le .  
These t h i c k e t s  a r e  very s i m i l a r  i n  spec ies  



mnicum ornorum U- (panic gross) 

SOUTH CAROLINA ISLANDS 

Figure 3-7. Importance of sea oats and panic grasa on South Carolina dunee (adapted from Pinaon 
1973). 

composition to transition shrub communi- 
ties. 

In Georgia, several authors have re- 
ported on the vegetation of maritime is- 
lands. Duncan (1955), Francisco et al. 
(1970) and Worthington (1972) listed the 
plants of Sapelo, Wassaw, and Cumberland 
islands, respectively, but did not char- 
acterize separate communities. However, 
Somes and Ashbaugh (1973) described the 
vegetation of St. Catherines Island, in- 
cluding two distinct dune communities: 
1) a sea oats grassland type, and 2) a 
beach grass type. The sea oats grassland 
was dominated by sea oats, with beach 
pennywort, sandspur, beach hogwort (cro- 
ton), cape-weed, euphorbia, and prickly 
pear also common. The beach grass com- 
munity included salt grass, sandspur, 
Bermuda grass, beach hogwort, cape-weed, 
beach pennywort, euphorbia, and Russian 
thistle. Bozeman (1975) described six 
dune communities from Cumberland Island. 
The species composition and occurrence of 
these communities are listed in Table 3-2. 
The fore and rear dunes of Cumberland Is- 
land seem to be vegetatively similar to 
those of South Carolina's barrier islands. 
However, the presence of extensive inter- 
dune woody plant communities suggests that 
the dune field and interdune communities 
of Cumberland Island are at a more ad- 
vanced successional stage than are those 
of South Carolina interdune communities. 
(See Maritime Forest Communities for in- 
formation on succession on barrier islands.) 

Plant zonation in dune communities 
results from the considerable differences 
in plant tolerance to salt spray (Wells 
and Shunk 1937). Boyce (1954) explained 
that droplets from breaking waves are 
carried inland by wind. Intensity of this 
"salt spray'' is directly proportional to 
distance from the ocean. Vegetation of 
foreslopes of the front dunes, therefore, 
is limited to only the most salt-tolerant 
plants (sea oats, beach elder, etc.). 
Plants less tolerant to salt spray may oc- 
cur on the leeward side of front dunes 
(foredune backslope in Pinson's (1973) 
terminology), because the salt spray is 
much decreased there. However, foreslopes 
of back dunes are unprotected from wind 
and spray and thus cannot harbor the same 
plants as the foredune backslope. Oosting 
(1945) determined that seabeach orach, 
saltmeadow cordgrass, sea oats, beach 
elder, finger grass (Chloris petraea) , and 
beach hogwort (croton) were among the 
plants most tolerant of salt apray (in the 
order listed). As one moves into zones of 
lesser salt spray intensities, non- 
tolerant and mildly tolerant species dom- 
nate. 

Generally, woody vegetation occurs 
only in very restricted areas in dune com- 
munities of the Southeastern United States. 
However, where extremely high foredunea or 
extensive interdune areas are present, com- 
munities of mildly salt-tolerant woody 
species such as wax myrtle, yaupon holly, 
live oak, and red bay may exist (see 
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Table 3-2). The limit of "open" dune com- 
munities is usually determined as that 
area where salt spray intensity has de- 
creased to such a degree that a transi- 
tional shrub thicket is present. Woody 
plants such as live oak, red bay, yaupon 
holly, and southern red cedar are perma- 
nently established here, with an "espalier" 
canopy being the obvious effect of salt 
spray (see next section) . 

Dune communities are especially sus- 
ceptible to destruction by the natural 
forces of wind and water. Beach erosion, 
of course, is a natural process, but it 
may be accelerated by human activity 
(road construction, dune removal, plant 
removal) or by grazing. Oosting and 
Billings (1942) and Bozeman (1975) have 
pointed out that intense grazing eventu- 
ally destroys dune plants (which stabilize 
the dunes), ultimately creating wildly 
shifting dunes. These unvegetated dunes 
intrude into maritime forests, burying 
acres of trees. During storms, such dunes 
may be completely destroyed, leaving 
blowouts that are easily flooded. 

3. Transition Shrub Communities 

Shrub communities are commonly found 
in three habitats on barrier islands: 
1) in the transition zone between beach 
front dunes and maritime forest communi- 
ties; 2) in the transition zone between 
high marsh and maritime forest communities 
(normally on the landward side of barrier 
islands and around the perimeter of marsh 
islands or hammocks); and 3) in interdune 
slacks or depressions, as discussed in 
the preceding section. The communities 
to be discussed below (primarily numbers 
1 and 2) are collectively referred to as 
transition shrub communities or "thickets.'* 
The distinction between shrub communities 
and transitional communities occurring be- 
tween shrub and forest communities is not 
clear. Bozeman (1975) separated these 
two community types by referring to one 
as "shrub" community and the other as 
"scrub" community. As evident in Figure 
3-1, no sudden change from one community 
to the next is obvious; instead, there is 
a gradual gradation from shrub to forest. 
Shrub comrmnities alone will be dealt with 
here; for information on scrub and low 
forest conrmunities, see Maritime Forest 
Communities. 

The shrub zone between the front 
dunes and the seaward margin of the mari- 
time forest is perhaps the best-known and 
documented of the barrier island shrub 
communities. This dune-forest community 
is noted for its characteristic sheared 
or "espaliered" canopy. The height of 
the canopy increases with distance inland, 
ranging from ground level to the point at 
which the shrub community blends into 
maritime forest (see Fig. 3-1). Sharitz 
(1975) reported that on Kiawah Island, 
South Carolina, the dune-forest transition 
ehrub community averaged from 4 to 6 ft 

(1.5 to 2 m) in height with a cover of 
90% - 95%. Rayner (1974) described shrub 
communities on three South Carolina bar- 
rier islands (Bull, Kiawah, and Daufuskie) 
as ranging from ground level to 10 ft 
(3 m). 

It was originally thought that the 
shape of this transition shrub community 
was due to wind intensity, as is the case 
in alpine wind-formed canopies (Wells 
1932). Wind-blown sand was also suggested 
as a major factor in shaping the espalier 
canopy. Later, Wells and Shunk (1938) re- 
ported that intensity of salt spray, not 
wind per se, was primarily responsible 
for the shape of the shrub zone. Doutt 
(1941) proposed a theory combining the 
drying effect of wind, wind-blown sand, 
and salt spray. Wells and Shunk's (1938) 
theory was later confirmed by Oosting and 
Billings (1942) and Boyce (19541, who 
added that wind and wind-blown sand are of 
secondary importance in the determination 
of the shape and extent of the "salt 
spray" shrub community. 

Rayner (1974) studied transition 
shrub communities on Bull, Kiawah, and 
Daufuskie islands (among others) in South 
Carolina. The most frequently encountered 
plants were wax myrtle and yaupon holly; 
however, live oak, eastern red cedar, red 
bay, and various vines such as catbrier, 
pepper vine, trumpet vine, and Virginia 
creeper were also common. Sharitz (1975) 
pointed out that a thick shrub layer is 
present near the edge of the maritime 
forest on Kiawah Island in "areas of more 
recent dune development and . . . extreme 
exposure to salt spray and wind." Here 
wax myrtle dominates, with live oak, 
French mulberry, cabbage palmetto, and 
sea myrtle also abundant. On Kiawah Is- 
land, this community was covered by a 
dense growth of pepper vine. In Georgia, 
Bozeman (1975) described a "dune shrub 
thicket" from Cumberland Island. This 
community was formed on the foreslopes of 
the rear dunes and was "highly unstable 
and mobile." Wax myrtle, yaupon holly, 
red bay, and live oak were common, as also 
were saw palmetto and tough buckthorn, 
both of which are absent from South 
Carolina shrub communities. 

In areas of well-developed dunes, 
small shrub communities or thickets may be 
present in dune slacks (interdune areas). 
Rayner (19741, Bozeman (1975), Hosier 
(19751, and Sharitz (1975) all noted the 
presence of these thickets. Species com- 
position of these communities is generally 
the same as the dune-forest transitional 
shrub communities (wax myrtle and yaupon 
holly are dominants). The major differ- 
ence between these communities is that 
slack communities are interdune and iso- 
lated, whereas the transition community 
grades into maritime forest. 

The marsh-forest transitional shrub 
community on the landward side of barrier 



islands probably owes its shrubby nature 
to periodic invasion by extremely high 
(spring and storm) tides or to sterile 
soil conditions (Hosier 1975). Because 
of the absence of salt spray here, this 
community grades to forest more abruptly 
than do beach front shrub communities. 
It also does not have the characteristic 
"espaliered" slope of the beach front 
dune-forest coonnunity. Here the transi- 
tion zone is narrower and more abrupt 
(Fig. 3-1). A transitional shrub com- 
munity may be present around entire marsh 
islands or hammocks. 

Hosier (1975) termed the marsh-forest 
transition community of Kiawah Island, 
South Carolina, a "marsh thicket. " He 
noted that this "thicket" occurs on marsh 
islands as well as barrier islands. The 
dominants are sea myrtle, marsh elder, 
sea ox-eye, black needlerush, salt marsh 
fimbristylie, and sea lavender. Hosier 
(1975) also indicated that the width of 
the transition shrub zone is dependent on 
the slope from high ground to marsh. 
Elsewhere in South Carolina, Tiner (1977) 
listed sea myrtles, orach, switchgrass, 
wax myrtle, broom sedges, and seaside 
goldenrod as the possible dominants of the 
community (see also Chapter Four, Estu- 
arine Ecosystem for additional informa- 
tion). 

In Georgia, Bozeman (1975) charac- 
terized the marsh-forest transitional 
shrub community as a narrow zone "infre- 
quently or rarely'' flooded. Marsh elder, 
sea ox-eye, sea myrtles, wax myrtle, 
yaupon holly, southern red cedar, and live 
oak are present here, along with Florida 
privet, which is absent from South 
Carolina. 

Other sources of information on 
coastal island maritime shrub communities 
include the following: for South Carow, 
Coker (1905), Stalter (1971, 1972a, 1973a, 
b, 1974a, b, c, d, e, 1975a, b, c), Plnson 
(1973). and Radford (1976); for Georgia, 
Duncan (1955), Francisco et al. (1970), 
Worthington (1972). Somes and Aehbaugh 
(1973). and Oertel and Larsen (1976). 

Destruction of the traneition shrub 
communities often results in the invasion 
of the maritime forest by dunes (in the 
case of beach front transition communi- 
ties), or in severe tidal erosion (in the 
case of the marsh-forest transition com- 
munity). Sharitz (1975) ranked the shrub 
coonnunities of Kiawah Island, South 
Carolina, as the most critical areas on 
the island. She noted that destruction of 
these zones would allow sand and salt 
spray to invade the forest proper, de- 
stroying inland species that are more 
sensitive to salt spray than those of 
shrub communities. 

4. Maritime Forest Communities 

For the purpose of this study, mari- 
time forests have been defined loosely as 
"those forests found on barrier islands." 
Most maritime forests are distinct from 
inland forest communities; however, on 
barrier islands of Pleistocene origin 
(e.g., Hilton Head, Jekyll, Ossabaw, and 
Cumberland), comunities may be present 
that are also found in inland forests. 
These communities are discussed both here 
and under the Upland Ecosystem (Chapter 
Six). 

As noted previously, maritime zona- 
tion is determined by a combination of: 
1) salt spray (especially), 2) the drying 
effect of wind, and 3) wind-blown sand 
(Wells 1932, Wells and Shunk 1938, Doutt 
1941, Oosting and Billings 1942, Boyce 
1954). Few trees can withstand the rigors 
of a climate created by salt spray and 
wind. Live oak and cabbage palmetto are 
more tolerant of salt spray than any other 
trees. Live oaks occur within the rear 
dunes (of the beach front), often becoming 
part of the transition shrub community and 
almost always dominating the low forest 
that exists between the shrub comunity 
and the maritime forest proper. Cabbage 
palmettos often form a supercanopy above 
the level of the transition shrub com- 
munity, facing the direct impact of the 
salt spray. 

As one moves inland away from intense 
salt spray, both species and structural 
diversity increase (Rayner 1974). Gradu- 
ally, the effect of salt spray lessens, 
the species number increases, and finally, 
all signs of salt spray disappear (in the 
Sea Island Coastal Region, this usually 
does not occur until one has left the bar- 
rier islands and moved inland). 

Sharitz (1975) provided the most de- 
tailed description of a South Carolina 
maritime forest in her work on Kiawah Is- 
land. She distinguished the following 
five major types of maritime forest com- 
munities : 

1) Oak-pine (see Fig. 3-8) - 
This community is dominated by 
.laurel oak, with loblolly and 
lqngleaf pines forming a super- 
canopy. Red bay, hickories, 
cabbage palmetto, and sweet gum 
are present in lesser numbers. 
Sapling and shrub layers are 
dominated by yaupon holly and 
red bay, along with American 
holly and blueberries. 

2) Oak-palmetto-pine (see 
Fig. 3-8) - This community is 
dominated by laurel oak, cab- 
bage palmetto, and pines (again 
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Figure 3-8. Profiles of oak-pine and oak- 
palmetto-pine forest types 
(adapted from Sharitz 1975). 

forming a supercanopy). Live 
oak and southern red cedar are 
important subcanopy trees. This 
community occurs adjacent to 
transition shrub communities 
where salt spray intensity is 
great. Longleaf pines and live 
oak are more common near shrub 
comunities, but as one moves 
inland, loblolly pine and 
laurel oak become increasingly 
dominant. Yaupon holly and 
red bay again dominate the 
understory. Elsewhere, a 
slash pine-saw palmetto forest 
has been reported in flatwoods 
of Pleistocene origin on 
Hilton Head Island, South 
Carolina. This community is 
nearly identical to the slash 
pine community of upland 
forests (see Chapter Six) 
(National Wetlands Inventory 
1978). 

3) Oak-magnolia or oak-bay 
(see Fig. 3-9) - In these 
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Figure 3-9. Profiles of oak-magnolia and 
palmetto forest types 
(adapted from Sharitz 1975). 

communities, which also may be 
called mixed oak-hardwood com- 
munities, oaks (laurel or live) 
dominate, with bull bay 
(magnolia) or red bay as co- 
dominants. Pines are still 
present in the supercanopy, but 
in lesser densities. Yaupon 
holly and red bay dominate the 
understory. 

4) Palmetto (Fig. 3-9) - The 
palmetto forest community occurs 
along edges of ponds on Kiawah 
Island. Cabbage palmetto is 
dominant, with laurel oak also 
present in high densities. A 
pine supercanopy contains both 
loblolly and longleaf pines. 
Wax myrtles, southern red cedar, 
and bull bay (magnolia) are 
also found here, but in lower 
proportions. Yaupon holly domi- 
nates the understory. 

5) Low oak woods ( ~ i ~ .  3-10) - 
 his community is usually found 
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Figure 3-10. Profile of low oak woods 
forest type (adapted from 
Sharitz 1975). 

in a band immediately behind 
the transition shrub community. 
Pines form a sparse supercanopy 
with live oak and some laurel 
oaks dominating the sub-canopy. 
Red bay and wax myrtle are 
abundant under the sub-canopy. 
This community is somewhat 
transitional in nature, grad- 
ing into the oak-palmetto-pine 
c o m n i t y  on the inland side. 
and into the transition shrub 
cornunity on the seaward side. 

Another significant report on South 
Carolina maritime forests is that of 
Rayner (1974), who studied the vegetation 
of several South Carolina barrier islands. 
He concluded that the various maritime 
forest communities are different stages 
of maturity of the same basic forest type. 
However, his transects covered only the 
obvious salt spray zones and did not ex- 
tend completely across each island. Ac- 
cording to Rayner's (1974) findings, 
transition shrub communities are the most 
immature of the maritime wooded communi- 
ties, and the live oak-palmetto-bull bay 
communities are the most mature. Pine is 
a supercanopy tree only in Rayner's (1974) 
mature maritime forest, which is higher 
in basal area and diversity than the more 
immature communities. Rayner (1974) 
pointed out that in areas where salt spray 
intensity is low, laurel oak (which some- 
times dominates), sweet gum, water oak, 
and pignut hickory may be present along 
with cabbage palmetto, pines, and live 
oak. 

On Hunting Island, South Carolina, 
Radford (1976) reported that slash pine, 
live oak, laurel oak, cabbage palmetto, 
and red bay dominated the canopy and sub- 
canopy. He also noted that as one moves 
down the coast from North Carolina to 
Georgia, slash pine replaces loblolly 

pine; palmettos gradually appear; and, 
finally, saw palmetto replaces dwarf 
palmetto in the understory. 

Bozeman (1975) provided the most de- 
tailed analysis of a Georgia maritime 
forest in his work on Cumberland Island. 
He dcecribed the following eight vegetative 
comunities: 

1) Dune oak-buckthorn scrub 
community - This community is 
similar to Sharitz's (1975) 
"low oak woods." It occurs on 
the tops and backslopes of rear 
dunes, and is transitional be- 
tween the transition shrub com- 
munity (Bozeman's "dune shrub 
thicket") and more inland plant 
associations. 

2) Oak-juniper-palm (palmetto) 
community - This community is 
also essentially transitional. 
It occurs adjacent to the marsh- 
forest transition shrub com- 
munity and grades into a taller 
canopy. It is also found on 
islands ("hammocks") in the 
marsh and on peninsulas. 

3) Lowland mixed hardwood 
community - This community is 
found in drains and depressions, 
and is dominated by evergreen 
trees and shrubs (see also 
Chapter Five, Palustrine 
Forests). 

4) Pine-oak scrub community - 
This association occupies mod- 
erate to poorly drained soils. 
and is dominated by pond and 
slash pine. 

5 )  Oak scrub community - This 
community is "characterized by a 
dense scrubby growth of broad- 
leaved evergreens and scattered 
pines. " 

6) Oak-palmetto community - 
Here live oak, red bay, and cab- 
bage palmetto are dominants. 

7) Oak-pine forest - This is a 
secondary community, growing on 
land that was formerly cultivated. 

8) Mixed oak-hardwood forest - 
This community represents the 
most advanced successional stage 
on Cumberland Island, and is less 
widespread than the oak-pine 
forest. 

In an earlier study of sand ridge 
vegetation in the coastal plain of Georgia, 
Bozeman (1971) sampled forest communities 
on several barrier islands (Jekyll, 
Blackbeard, Wassaw, Sapelo, and Skidaway). 
He described three forest associations 
from these islands. Two of these, the 



live oak-yaupon holly and the myrtle oak- 
Chapman oak association, are true forest 
communities, while his live oak-yaupon 
holly-sea oats association is a composite 
of dune, shrub, and dwarf forest communi- 
ties. Other dominants of the live oak- 
yaupon holly association are catbrier, 
cabbage palmetto, and tough buckthorn. 
Bozeman (1971) noted that, although this 
community is confined to barrier islands, 
the same species may also be found in in- 
land sand ridge communities. The myrtle 
oak-Chapman oak community includes rusty 
lyonia and giant-seeded beak rush as other 
dominants. This community is especially 
interesting in that it is found on bar- 
rier island sand ridges of Pleistocene 
origin and on inland sand ridges (see 
also Chapter Six, mixed Hardwood Forest 
Community). 

More recently, Wharton (1978) de- 
scribed four generalized maritime forest 
types from Georgia. His "lowland mari- 
time forest" corresponds to Bozeman's 
(1975) "lowland hardwood" community. 
What Bozeman (1975) had termed oak-juniper- 
palm is called "maritime strand forest" 
by Wharton (they agree on species con- 
tent). Wharton's "upland forest" corre- 
sponds to Bozeman's "mixed oak-hardwood" 
community and is the climax for barrier 
islands (Wharton 1978). Finally, Wharton 
has combined Bozeman's "dune oak-buckthorn 
scrub" and "dune shrub thicket1' communi- 
ties [corresponding to Sharitz's (1975) 
"low oak woods" and "wax myrtle thicket"] 
into one community, which he calls the 
"dune oak-evergreen shrub" type. Wharton' s 
(1978) species information for each com- 
munity or forest type is similar to 
Bozeman's (1975), with minor modifica- 
tions. 

From the preceding descriptions, it 
is clear that maritime forests in South 
Carolina and Georgia are quite similar. 
Live oak, cabbage palmetto, and bull bay 
(magnolia) seem to be significant domi- 
nants in South Carolina and Georgia mari- 
time forests, along with laurel oak and 
various pines. However, there are some 
important floristic differences. Tough 
buckthorn is much more important on 
Georgia barrier islands than on South 
Carolina islands. Saw palmetto is present 
in some South Carolina maritime forest 
connrmnities, but it is not found as ex- 
tensively as it is in Georgia and it does 
not occur in interdune communities in 
South Carolina. Some floristic elements 
of the Georgia islands, such as rusty 
lyonia, tarflower, Florida privet, dwarf 
blueberry, milk pea, myrtle oak, and paw- 
paw are completely absent from South 
Carolina barrier islands. 

Further information on the floristic 
characteristics of maritime forests may be 
obtained from the following sources: 1) 
general works - Wells (1939), Boyce 
(1954), Oosting (1954), Brown (1959), Art 
(1976), Godfrey and Godfrey (1976); 

2) South Carolina works - Coker (1905), 
Stalter (1971, 1972a, b, 1973a, b, 1974b, 
c, d, e, 1975a, b, c), and Radford (1976); 
and 3) Georgia works - Duncan (1955), 
Francisco et al. (1970), Worthington 
(1972), Somes and Ashbaugh (19731, and 
Oertel and Larsen (1976). 

Wells and Shunk (1938) described the 
zones of maritime vegetation as polycli- 
maxes (i.e., the zones are climaxes in 
their own right, though maintained by salt 
spray, and are not advancing toward a more 
advanced stage). Wells (1939) coined the 
term "salt spray climax" and pointed out 
that, in general, maritime zonation pro- 
ceeded according to polyclimax theory. 
Oosting and Billings (1942) termed mari- 
time communities "salt-spray maintained 
sub-climaxes . " Oosting (1954) agreed with 
Wells (1939) somewhat, but continued to 
advocate a modified mono-climax theory. 
Rayner (1974) avoided the term "climax" 
and described maritime zonation in terms 
of stages of maturity; earlier stages of 
development (e.g., transition shrub com- 
munities) are held static by the influ- 
ence of salt spray, whereas more advanced 
stages of maturity (including the appear- 
ance and dominance of laurel oak) occur 
where the influence of salt spray is less- 
ened. Art (1976) explained that labels 
such as "pioneer" and "climax" are mean- 
ingless in environments that are continu- 
ally disturbed (salt spray zones). He 
felt that the terms "succession" and 
"climax" are more useful for describing 
directional changes in inland communities. 

Despite the differences of opinion on 
succession and climax in maritime connnuni- 
ties, it is nonetheless clear that suc- 
cession does occur in these communities. 
Probably the best available information on 
vegetative succession on barrier islands 
is that provided by Bozeman (1975) for 
Cumberland Island, Georgia. The succes- 
sional trends on this island are summa- 
rized in Figure 3-11. Bozeman (1975) 
noted that succession in dune and transi- 
tion shrub communities occurs "only as a 
result of the growth of the island sea- 
ward, thus reducing the effect of the salt 
spray ." In the forests, Bozeman indicates 
that the pine-oak scrub and oak-shrub corn.- 
munities are successional stages of the 
more advanced oak-palmetto community. 
Also, the oak-pine community on Cumberland 
Island is a secondary stage of old field 
succession and is relatively young. The 
most advanced successional stage in the 
forests of Cumberland Island is the mixed 
hardwood community (Fig. 3-11). 

The relationships between vegetative 
community development and nutrient cycles, 
sources, and limits have not been studied 
in maritime environments of the Southeast- 
ern United States. However, information 
is available from two studies (Art et al. 
1974, Art 1976) of an ecosystem on Long 
Island, New York, that is comparable to 
barrier island forests. Art et al. (1974) 
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Figure 3-11. Successional relationships of plant comrmnities on Cumberland Island, 
Georgia (redrawn from Bozeman 1975). 

pointed out that in the Sunken Forest (a 
dwarf dune forest strongly influenced by 
salt spray), the primary source of nutri- 
ents is meteorological in the form of 
aerosols from salt spray. The leaves of 
the trees are coated with minerals from 
the spray, and these minerals are subse- 
quently washed down to the roots of the 
trees by rainfall (Fig. 3-12). Art (1976) 
further noted that in some forests (in- 
cluding barrier island forests on sterile 
sands), the sole source of nutrients may 
be meteorological. In maritime forests 
(especially in the salt spray zone), 
meteorological input is enhanced by a 
large leaf area facing seaward, many 
finely divided twigs to capture minerals 
present in salt spray, and an extensively 
developed root system for the absorption 
of nutrients. In inland forested ecosys- 
tems, soil nutrients are generally sup- 
plied by weathering, which may produce as 
much as five times the nutrient flow that 
meteorological forces produce. 

Monk (1966) suggested that evergreen 
plants may play a major role In nutrient 

cycling and conservation. In evergreen 
wetlands (e. g. , Cumberland Island) and in 
predominantly evergreen forests (e.g., 
maritime forests), leaves are dropped year 
around. The evergreen habitat thus may 
have evolved on poorer soils (sterile dune 
sands) where year-round leaf litter pro- 
vides a major source of soil nutrients. 
Monk's theory has not been tested,.but ap- 
pears plausible in light of the ideas of 
Art (1976) (Fig. 3-12). 

As Sharitz (1975) pointed out, tran- 
sition shrub communities are the most 
critical vegetated areas on barrier ie- 
lands. They essentially act as a buffer 
between the salt spray and other wlnd- 
driven forces and the forest., If they are 
destroyed, then the forest becomes vulner- 
able to invasion and destruction by dunee, 
salt water, and erosion. 

Within maritime forests, fire is 
probably the most destructive force other 
than man. However, fire can perpetuate ae 
well as destroy certain forest communitiee 
(Bozeman 1975) (for a detailed discussion 
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Figure 3-12. A hypothetical outline of sedimentary nutrient flow on a sandy barrier island. 
Arrow width represents the proportion of flow relative to other sections of the 
model. Solid lines represent measurements from a Long Island, New York barrier 
island (Art et al. 1974) ; dotted lines represent hypothetical flows which have not 
been measured (adapted from Richardson and Worthington 1975). 

of the effects of fire in upland forests, 
see Chapters Five and Six). Cabbage pal- 
mettos are fire-resistant when mature, 
but extremely susceptible to destruction 
by fire when young (Sharitz 1975). Live 
oak is tolerant of "cool" fires, but where 
live oak is mixed with other hardwood 
species, these trees may be destroyed by 
moderately hot fires. 

The most obvious perturbation or dis- 
turbance on barrier islands is clearing 
of land for development. All unprotected 
(not owned by State, Federal, private con- 
servation agencies) barrier islands are 
vulnerable to this form of alteration. 

B. CONSUMERS 

1. Invertebrates 

Invertebrate communities of maritime 
environments are composed primarily of 
numerous insects and spiders, plus a het- 
erogeneous soil (litter) fauna and one 
species of crab. Information on forest 
insect communities and soil fauna is pre- 
sented in detail in Chapter Six (Upland 
Ecosystem), and will not be repeated here. 

The invertebrate population of dune 
communities is limited almost entirely to 
insects, Absent are anirnals with moist 
skins, such as worms. The only macro- 
crustacean inhabiting the dune environ- 
ment of high energy sandy beaches is the 
common ghost crab, yp adrata. This 
crab burrows in th.",'ea%f-upper 
intertidal region to the dune backshore, 
with the youngest and smallest crabs gen- 
erally tending to burrow nearer the water, 
while some older, adult crabs burrow far- 
ther into the dunes (up to 0.25 mi or 0.40 
km from the ocean) (Williams 1965). It is 
the most terrestrial of the decapod crus- 
taceans inhabiting the coastal region of 
South Carolina and Georgia, only entering 
the water at intervals to moisten its 
gills and to aerate egg masses or release 
larvae. For a more complete discussion of 
the common ghost crab, see Chapter Two 
(Intertidal Marine Subsystem). 

Many insect species cannot be placed 
conveniently into single habitats. Nu- 
merous species traverse many af the habi- 
tats being categorized in this study. 
Indeed, for some species of flying insects 
under consideration, individuals are 



capable  of  f l y i n g  t o ,  o r  over ,  a l l  of t h e  
h a b i t a t s  involved. Fur the r ,  d i f f e r e n t  
l i f e  s t a g e s  of a s i n g l e  s p e c i e s  of i n s e c t  
o f t e n  r e q u i r e  markedly d i f f e r e n t  h a b i t a t s .  
For example, t h e  immature naiad s t a g e  of 
a dragonfly  r e q u i r e s  an a q u a t i c  h a b i t a t  
and would be  found i n  a l a c u s t r i n e ,  palus- 
t r i n e ,  o r  r i v e r i n e  s e t t i n g ,  whi le  a f t e r  
emergence t h e  a e r i a l  a d u l t  can f l y  wi th  
ease  t o  a number of o t h e r  h a b i t a t  types. 
such a s  s a l t  marsh, dune, t r a n s i t i o n  
shrub community, o r  mixed hardwood f o r e s t .  
Treatment of t h i s  group i s  a l s o  compli- 
ca ted  by t h e  presence of many t r a n s i e n t s ,  
vagrants ,  and o t h e r  s p e c i e s  whose capacity 
t o  range widely o,ften p laces  them i n  lo-  
c a t i o n s  o t h e r  than those  of which they a r e  
genera l ly  c h a r a c t e r i s t i c .  Because of 
t h e s e  complicat ions ,  t h i s  s tudy w i l l  con- 
s i d e r  p r imar i ly  t h e  i n s e c t  communities 
t y p i c a l l y  found i n  p a r t i c u l a r  h a b i t a t s .  

Due t o  t h e  mobi l i ty  of maritime dune 
and t r a n s i t i o n  shrub i n s e c t s ,  pa r t i cu -  
l a r l y  a e r i a l  s p e c i e s ,  t h e s e  communities 
a r e  b a s i c a l l y  in te rchangeab le  and a r e ,  
t h e r e f o r e ,  t r e a t e d  toge the r  here .  P r i -  
mary f a c t o r s  a f f e c t i n g  d i s t r i b u t i o n  of 
dune and t r a n s i t i o n  shrub i n s e c t s  (and 
o t h e r  i n v e r t e b r a t e s  i n  t h e s e  h a b i t a t s )  
include:  mechanical damage by a i r b o r n e  
sand p a r t i c l e s ;  phys ica l  i n j u r y  by desic-  
c a t i o n  and s a l t  content  of onshore wind; 
s h e l t e r ;  and food (Heerdt and Bruyns 
1960). 

I n  o t h e r  a r e a s .  Ranwell (1972) re-  
por ted t h a t  t h e  Coleoptera ,  Hymenoptera, 
and Dip te ra  were t h e  i n s e c t  groups b e s t  
represented i n  dune and shrub h a b i t a t s .  
Ardo (1957) found t h a t  t h e  d ip te rous  
fauna of sand dunes was "overwhelmingly 
r i c h .  " 

H i l l e s t a d  e t  a l .  (1975) surveyed in- 
s e c t s  of in te rdune  f l a t s  (dry s i t e )  on 
Cumberland I s l a n d ,  Georgia. They found a 
r i c h  fauna of o r thop te rans  (short-horned, 
long-horned, and wingless long-horned 
grasshoppers ,  c r i c k e t s ,  and pygmy mole 
c r i c k e t s ) ,  hemipterans ( a s s a s s i n  and 
lygaeid bugs) ,  hemopterans ( l e a f  hoppers),  
dermapterans (earwigs),  co leop te rans  
( c l i c k  b e e t l e s ,  ground b e e t l e s ,  da rk l ing  
b e e t l e s ,  sca rab  b e e t l e s ,  rove  b e e t l e s ,  
tumbling f lower  b e e t l e s ,  sap  b e e t l e s ,  
h i s t e r  b e e t l e s ,  snout  b e e t l e s ,  and p e d i l i d  
b e e t l e s ) ,  hymenopterans ( sp ide r  wasps and 
a n t s ) ,  and numerous d i p t e r a n s .  Also known 
t o  be  p resen t  i n  maritime dune and t ran-  
s i t i o n  shrub h a b i t a t s  a r e  va r ious  b u t t e r -  
f l i e s  and moths ( l ep idop te rans ) ,  and 
d r a g o n f l i e s  and damse l f l i e s  (odonatans).  

Davis (1978) provided a c h e c k l i s t  of 
i n s e c t  s p e c i e s  known o r  expected t o  occur  
i n  c o a s t a l  South Carol ina,  including those 
of dunes, t h e  sometimes moist depress ions  
between dunes, and o t h e r  maritime habi- 
t a t s .  Reproduction of  t h i s  ex tens ive  l i s t  
(nea r ly  750 spec ies )  i s  no t  p r a c t i c a l  
he re .  

A number of nuisance i n s e c t s ,  pre- 
dominantly d i p t e r a n s ,  i n h a b i t  t h e  dune 
and t r a n s i t i o n  shrub zone and venture  onto 
ad jacen t  beaches, o f t e n  i n  overwhelming 
numbers. The annoyance caused by t h e s e  
i n s e c t s ,  e s p e c i a l l y  dur ing summer, may ad- 
v e r s e l y  a f f e c t  tour ism and i n t e r f e r e  wi th  
man i n  r e c r e a t i o n a l  a c t i v i t i e s .  At 
t imes,  beaches can be rendered almost com- 
p l e t e l y  u n s u i t a b l e  f o r  r e c r e a t i o n  due 
e i t h e r  t o  l a r g e  numbers of b i t i n g  i n s e c t s  
o r  non-biting d i p t e r a n s  such a s  seaweed 
f l i e s  (Dobson 1976) o r  beach f l i e s  
(Simpson 1976). The more important b i t i n g  
i n s e c t s  inc lude  s e v e r a l  mosquitoes 
(Anopheles, e, and Culex), Cu l ico ides  
sand f l i e s  ( a l s o  known commonly a s  "no- 
see-urns ," "punkies ," " b i t i n g  gna t s  ," o r  
" b i t i n g  midges"), and tabanid f l i e s  
(horse  f l i e s  and deer  f l i e s )  (Axte l l  1974). 
A l l  of t h e s e  b i t i n g  i n s e c t s  a t t a c k  man and 
o t h e r  warm-blooded animals i n  sea rch  of 
blood meals. However, whi le  b i t i n g  a d u l t  
s t a g e s  a r e  abundant i n  t r a n s i t i o n  shrub 
zones, maritime dunes, and t h e  ad jacen t  
beaches, t h e  w e t t e r  marsh and upland habi- 
t a t s  a r e  p r imar i ly  respons ib le  f o r  t h e  
product ion and e a r l y  development of t h e s e  
s p e c i e s  ( see  Chapters Four and S i x ,  In- 
v e r t e b r a t e s ) .  

I n s e c t s  important i n  t h e  maritime 
f o r e s t  environment inc lude  f l i e s ,  mosqui- 
t o e s ,  midges, grasshoppers,  ka tyd ids ,  
c r i c k e t s ,  cockroaches, mant ids ,  walking 
s t i c k s ,  and f l e a s .  A more d e t a i l e d  t r e a t -  
ment of t h i s  community is given i n  Chapter 
S ix ,  Upland Ecosystem. 

2. Amphibians and Rep t i l e s  

a .  Bird Key and Dune Communities. 
Normally, b i r d  keys and banks support  no 
r e s i d e n t  populat ions  of amphibians o r  rep- 
tiles. Occasional ly ,  Carol ina diamondback 
t e r r a p i n s  may u t i l i z e  b i r d  keys f o r  bask- 
ing and perhaps egg l ay ing ,  bu t  most nes t -  
i n g  a c t i v i t y  t a k e s  p lace  on high ground 
along t i d a l  creeks  (Johnson e t  a l .  1974). 
The A t l a n t i c  loggerhead t u r t l e  may crawl  
up on b i r d  keys seeking n e s t i n g  s i t e s ,  bu t  
r a r e l y  n e s t s  he re  (G. F. U l r i c h ,  1977, 
South Carol ina Marine Resources Div i s ion ,  
Charles ton,  pe r s .  corn.) .  Any o t h e r  rep- 
t i l e s  found on b i r d  keys a r e  s t r a g g l e r s .  

The r i g o r s  of maritime dune h a b i t a t s  
a r e  not  u n l i k e  many experienced i n  a r i d  
d e s e r t - l i k e  cond i t ions .  Animals inhab i t -  
i n g  c o a s t a l  dunes a r e  s u b j e c t  t o  s a l t  
sp ray ,  l i m i t e d  vege ta t ion ,  wind, s h i f t i n g  
sand,  drought,  occas iona l  f looding,  f u l l  
l i g h t  i n t e n s i t y ,  h igh evaporat ion,  high 
temperatures ,  and p reda t ion  (Johnson e t  
a l .  1974, H i l l e s t a d  e t  a l .  1975). I n  ad- 
d i t i o n  t o  t h e  problems of phys io log ica l  
adap ta t ions ,  food supply is  bo th  q u i t e  
l i m i t e d  i n  q u a n t i t y  and r e s t r i c t e d  i n  type  
(Parne l l  and Adams 1971). Possibly  indica- 
t i v e  of t h e  s i m i l a r i t y  between c o a s t a l  dune 
communities and the  a r i d  southwestern 
United S t a t e s  i s  t h e  es tabl ishment  of a 



feral population of Texas horned lizards 
on Sullivans Island and the adjacent Isle 
of Palms, South Carolina. This species 
is an introduction and appears to be 
limited to the dune communities (Gibbons 
1978). 

The six-lined racerunner is probably 
the most characteristic reptile species 
of maritime dunes. It has been recorded 
in this specific habitat on the Isle of 
Palms and Kiawah Island, South Carolina 
(Poer 1967, Gibbons and Harrison 1975), 
and St. Catherines Island, Georgia 
(Zweifel and Cole 1974). This lizard is 
also known from a number of other islands 
in the Sea Island Coastal Region 
(Hillestad et al. 1975, Ringler 1977). 
Its presence among dunes on North Carolina 
as well as Florida islands (Engels 1942, 
1952, Blaney 1971, Parnell and Adams 
1971) indicates habitation of this com- 
munity where available. Engels (1952) and 
Poer (1967) observed six-lined racerunners 
to retreat into burrows of ghost crabs for 
refuge when pursued. 

Other reptiles characteristically en- 
countered in dunes include the island 
glass lizard and the eastern coachwhip. 
Little is known about the habitats of the 
island glass lizard, but its distribution 
in Georgia and South Carolina is limited 
to coastal areas. This lizard is con- 
sidered rare in coastal South Carolina 
(Gibbons 1978), but Neil1 (1948) found it 
to be "astonishingly abundant" in the 
tidal wrack area in front of insular dunes 
in Georgia. Gibbons and Harrison (1975) 
observed eastern coachwhips most often 
among dunes on Kiawah Island but did not 
consider it an abundant species. 

Specific records of other species oc- 
curring in dune habitats within the char- 
acterization area include three species 
of toads, one lizard species, three 
species of snakes, and one species of tur- 
tle. After periods of rain, Gibbons and 
Harrison (1975) found southern toads, 
eastern spadefoot toads, and eastern nar- 
rowmouth toads in dunes on Kiawah Island, 
and Poer (1967) captured southern toads 
and eastern spadefoot toads in dunes on 
the Isle of Palms. The eastern glass 
lizard, southern black racer, northern 
scarlet snake, and eastern diamondback 
rattlesnake also have been recorded from 
dune areas (Zweifel and Cole 1974, 
Gibbons and Harrison 1975, Hillestad et 
al. 1975, Ringler 1977). Insular dunes 
are the prime nesting habitat of the 
Atlantic loggerhead turtle (see Chapter 
Two, Marine Intertidal Subsystem). 

The number of amphibian and reptile 
species that may occur in maritime dunes 
is undoubtedly more extensive than listed 
here, but specific records are absent. 
The locomotory abilities of herpetofauna 
would allow almost any of the insular 
species to wander into dunes, if only as 
transients. Frequency of transients 

might be expected to increase in cool or 
wet periods (Gibbons and Harrison 1975). 
Locally occurring species reported from 
dune areas on islands off North Carolina 
and in the Gulf of Mexico include the 
southern leopard frog, eastern box turtle, 
cottonmouth, southern black racer, and the 
eastern glass lizard (Engels 1942, Blaney 
1971, Parnell and Adams 1971). Specific 
food habits of herpetofauna in dune habi- 
tats are unknown, but probably do not dif- 
fer from those of mainland species except 
for the limited supply of species and 
numbers of prey. Maritime dunes are par- 
ticularly vulnerable to development and 
human encroachment, and these impacts are 
probably more detrimental to herpetofauna 
than to other vertebrate groups. A review 
of amphibians and reptiles recorded from 
the islands along the Georgia and South 
Carolina coast is provided by Gibbons and 
Coker (1978). 

b. Transition Shrub and Maritime 
Forest Communities. Greater numbers of 
individuals and species of amphibians and 
reptiles are found in maritime shrub habi- 
tats than among adjacent dunes. Shrub 
habitats, located immediately inland from 
dunes, are not as demanding physiologi- 
cally as dune areas, and they offer 
greater protection and diversity of vege- 
tation. 

With the exception of the island glass 
lizard, all species recorded in dune habi- 
tats on South Carolina islands also have 
been observed in transition shrub zones 
(Poer 1967, Gibbons and Harrison 1975, J. W 
Gibbons, 1977, Savannah River Ecology 
Laboratory; Aiken, pers. comm.). Gibbons 
and Harrison (1975) did not discuss the 
transitional shrub zone separately, but 
they captured the following additional 
species in this habitat: slimy salaman- 
ders, green treefrogs, squirrel treefrogs, 
southern leopard frogs, green anole, 
ground skink, broadhead skink, southeastern 
five-lined skink, rough green snake, yel- 
low rat snake, and southeastern crowned 
snake (J. W. Gibbons, 1977, Savannah River 
Ecology Laboratory, AQken,, pers. comm.). 

In Georgia, Martof (1963), Johnson 
et al. (1974), Zweifel and Cole (1974), 
Hillestad et al. (1975), Anderson et al. 
(1976), and Ringler (1977) mention a 
number of species as being distributed 
throughout an island, but only the eastern 
diamondback rattlesnake was specifically 
noted as a common inhabitant of transition 
shrub areas on Cumberland Island 
(Hillestad et al. 1975). Engels (1942, 
1952), Blaney (1971), and Parnell and 
Adams (1971) observed several species com- 
mon to the Sea Island Coastal Region from 
transition shrub habitats on islands off 
Florida and North Carolina. The mobility 
of herpetofauna would allow almost any of 
the island species to traverse the shrub 
habitats. Perturbations and depredations 
upon herpetofauna in transition shrub com- 
munities are similar to those experienced 
in dune habitats. 



A l l  non-marine herpetofauna found on 
t he  coas ta l  i s lands  u t i l i z e  maritime 
fo r e s t s .  It i s  here  t ha t  the  most pro- 
tec ted  and "stable" freshwater h a b i t a t s  
occur, t h a t  food is most abundant, and 
t ha t  physiological s t r e s s e s  a r e  reduced. 
Although no herpetofauna a r e  endemic t o  
the  coas ta l  i s lands  within the  study a rea ,  
subspeciation has occurred on i s lands  and 
adjacent mainlands north and south ( fo r  
examples, see  Carr and Goin 1942, Conant 
and Laze11 1973). Gibbons and Coker 
(1978) a t t r i bu t ed  t he  absence of endemism 
on South Carolina and Georgia b a r r i e r  i s -  
lands t o  t h e i r  geological ly recent  o r ig in  
and a high po t en t i a l  f o r  gene-flow from 
t h e  mainland. 

Within the Sea I s land  Coastal Region, 
however, d i s t r i bu t i on  of the  i s land  g lass  
l i z a r d  appears t o  be l imited t o  coas ta l  
i s lands  and the  immediate mainland. Col- 
l e c t i ng  s i t e s  f o r  t h i s  species  i n  Georgia 
and South Carolina a r e  generally b a r r i e r  
i s lands  (Nei l l  1948, McConkey 1954, Martof 
1963, Johnson e t  a l .  1974, Hi l les tad  e t  
a l .  1975, Gibbons 1978), but Nei l l  (1948) 
reported specimens from a shor t  d i s tance  
inland ( i . e . ,  Bluffton, South Carolina). 
In  peninsular  Florida,  t h i s  spec ies  occurs 
i n  sand-pine scrub and adjacent  flatwoods 
of the i n t e r i o r  and d i f f e r s  i n  co lora t ion .  
The i n su l a r  population i n  Georgia and 
South Carolina may warrant taxonomic rec- 
ognit ion (McConkey 1954), but the  spec ies  
is poorly known and considered r a r e  
(Gibbons 1978). 

Gibbons and Coker (1978) attempted t o  
co r r e l a t e  se lec ted  var iab les  with t he  
number of spec ies  recorded from e ight  bar- 
r i e r  i s l ands  located from Virginia t o  
Georgia. They obtained s i gn i f i c an t  posi- 
t i v e  co r r e l a t i ons  between t he  number of 
insu la r  r e p t i l e  spec ies  and the  a r ea  of 
maritime fo r e s t s ,  and between number of 
i n su l a r  amphibian and r e p t i l e  spec ies  and 
number of mainland spec ies  plus a rea  of 
maritime fo r e s t .  

Relat ively complete lists of herpeto- 
fauna of e igh t  b a r r i e r  i s lands  within t h e  
Sea I s land  Coastal Region a r e  ava i lab le  
(four were included i n  Gibbons and Coker 
1978): I s l e  of Palms (Poer 1967, 
Harrison 1978), Kiawah (Gibbons and 
Harrison 1975, Gibbons and Coker 1978). 
Ossabaw (Johnson e t  a l .  1974, Zweifel and 
Cole 1974, Ringler 1977), S t .  Cathetines 
(Johnson e t  a l .  1974, Zweifel and Cole 
1974), Sapelo (Martof 1963, Teal and Teal 
1964, Johnson e t  a l .  1974, Anderson e t  a l .  
1976), L i t t l e  Cumberland (Johnson e t  e l .  
1974, Hi l les tad  e t  a l .  1975). Cumberland 
(Johnson e t  a l .  1974, Hi l les tad  e t  a l .  
1975), and J eky l l  (Johnson e t  a l .  1974, 
Anderson e t  a l .  1976). Occurrences of 
spec ies  on other  i s lands  a r e  mentioned by 
Johnson e t  a l .  (1974). Gibbons (1978). and 
Harrison (1978), but these records r e f e r  
t o  pa r t i cu l a r  spec ies  r a t he r  than i s land  
check-l is ts .  Poer (1967). Zweifel and 
Cole (1974), and Gibbons and Coker (1978) 

l i s t e d  i n su l a r  herpetofauna a s  wel l  a s  
species  occurring on the adjacent  main- 
land ( i . e . ,  po t en t i a l  colonizers) .  

Available l ists f o r  t he  aforemen- 
tioned e igh t  i s lands  i n  the  character iza-  
t i on  a rea  were combined fo r  comparison 
(Table 3-3). Several shortcomings a r e  in- 
herent i n  such lists. Some of the  i s land  
surveys a r e  not  comprehensive (D. B. Means, 
1977, Ta l l  Timbers Research S ta t ion ,  Tal la-  
hassee,  F la . ,  pers .  comm.), and a r e  there- 
f o r e  conservative fo r  numbers of species. 
In  addit ion,  t h e  exact d i s t r i bu t i ona l  
limits of c e r t a i n  spec ies  a r e  not  well  
known on the  adjacent mainland and t h e i r  
c l a s s i f i c a t i on  a s  po t en t i a l  colonizers  ac- 
cording t o  Conant's (1975) d i s t r i bu t i on  

maps is questionable (G. K. Williamson, 
1977, Savannah Science Museum, Savannah, 
pers. comm.). County records of Georgia 
herpetofauna i n  the  Savannah Science 
Museum co l l e c t i on  were a l s o  used t o  judge 
mainland d i s t r i bu t i ons  (Williamson and 
Moulis 1979). 

Despite numerous da t a  gaps, coloniza- 
t i on  t rends of s p e c i f i c  herpetofauna 
groups a r e  obvious, with salamanders and 
t u r t l e s  being l e a s t  successful  and l i z a r d s  
most successful  (Gibbons and Coker 1978) 
(Fig. 3-13). Another s t r i k i n g  f ea tu r e  of 
colonizers  and po t en t i a l  colonizers  i s  the  
repeated occurrence o r  absence of particu- 
l a r  species  on t he  i s lands  (Table 3-3). 

The pauci ty of salamander species  on 
t he  i s lands  undoubtedly r e s u l t s  from t h e i r  
i n a b i l i t y  t o  osmoregulate i n  hypertonic 
so lu t ions ,  t h e i r  in to le rance  t o  dry condi- 
t ions ,  and t h e i r  l imi ted  ambulatory a b i l i -  
t i e s .  Cumberland Is land exhibi ted t he  
g r ea t e s t  amount of colonizat ion with four 
(cen t ra l  newt, mole salamander, southern 
dusky salamander, dwarf salamander) of  a 
poss ib le  15 spec ies  represented; one sala-  
mander was s t a t ed  t o  occur on adjacent  
L i t t l e  Cumberland, but Hi l les tad  e t  e l .  
(1975) f a i l e d  t o  mention the  species .  No 
salamanders were found by Poer (1967) on 
t he  I s l e  of Palme, South Carolina. 

Frogs and toads a r e  be t t e r  repre- 
sented on b a r r i e r  i s lands  than a r e  sala-  
manders. Again, Cumberland Is land ex- 
h ib i t ed  t he  l a r g e s t  number of anuran 
colonizers  with 14 of 21 p o s s i b i l i t i e s ,  
while t h e  I s l e  of Palms exhibi ted the  
fewest with only 6 of 23 p o s s i b i l i t i e s .  
Overall,  37.6% of the  frogs and toads 
known from the  region have success fu l ly  
colonized b a r r i e r  i s lands  (Fig. 3-13). 
Species common t o  most of  t h e  e igh t  is- 
lands include the  southern toad, eas te rn  
spadefoot toad,  eas te rn  narrowmouth toad, 
southern leopard frog,  green t reef rog ,  and 
s q u i r r e l  t reefrog.  Obvious unsuccessful 
colonizers  on most o r  a l l  i s lands  include 
t h e  spring peeper, southern chorus frogs,  
bronze frog,  and bul l f rog .  Gibbons and 
Coker (1978) a t t r i bu t ed  t he  absence of the  
l a t t e r  group t o  t h e i r  dependence on stand- 
ing water during winter  f o r  breeding o r  



Table 3-3. Successful and potential herpetofauna c ~ l o n i z e r s  o f  etght islands along the Georgia 
and South Carolina coast. Potential colonizers are those established on the adjacent 
mainland according t o  Conant (1975) and Williamson and Moulis (1979). Typical marine 
or introduced species are not included. Blank spaces indicate that  the species has 
not been recorded on the  island or the adjacent mainland because the area i s  outside 
the l im i t s  o f  the  current known range o f  the  species. Information sources are l i s t ed  
in t e x t .  Plural forms represent more than one subspecies. 

- PRESENT 

ORDER: CAUDATA, Salamanders 
FAMILY: AMBYSTOMATIDAE, Mole Salamanders 

Flatwoods Salamander 
Spotted Salamander 
Mabee's Salamander 
Marbled Salamander 
Mole Salamander 
Eastern Tiger Salamander 

FAMILY: AMPHIUMIDAE, Amphiurnas 
. Two- toed Amphiuma 

FAMILY: PLETHODONTIDAE, 
Woodland Salamanders 

* * *  * *  POTENTIALLY OCCURRING 

(Blank) ABSENT 

........................... Southern Dusky Salamander . . . .  ........ Southern Two-l~ned Salamander a...4D...0...4D...0...O...I ...... ~hree-lined Salamander I..., ..... Dwarf Salamander I........B...~~ -.... ................. Slimy Salamander .. . .of ................. Southern Red Salamander 
Mud Salamanders ~ ~ . o . a . . . ~ ~ . . . ~ . . . n . . . a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m  ......... Many-lined Salamander 

FAMILY: PRO'TEIDAE, Mud Pupp~es and 
Waterdogs ....... Dwarf Waterdog 

FAMILY: SALAMANDRIDAE, Newts ............ .... Central Newt . . . a  

FAMILY: SIRENIDAE, Sirens 
Broad-striped Dwarf Siren D...41....e... 

Eastern Lesser Siren aD...4I...aI... 

Greater Siren a...,8...a 

4 

I #  

D.0.4I.0.4 

~b...a.......a 

...........a 

O...................... 

............ 
...41..., o............................. 

l...O...lb*C.4 
...a 

............. 
. . I , o  

............ 

..... I .......... 
0. .an.. 



Table 3-3. Continued 

ORDER: ANURA, Frogs and Toads 
FAMILY: BUFONIDAE, Toads 

Southern Toad I 

Oak Toad I . . . . O . . . .  ....a...41... I 

FAMILY: HYLIDAE, Tree, Cricket and 
Chorus Frogs 

Southern Cricket Frogs 
Green Treefrog 
Spring Peepers 
Pine Woods Treefrog 
Barking Treefrog 
Squirrel Treefrog 
Gray Treefrogs 
Litt le Grass Frog 
Southern Chorus Frog 
Ornate Chorus Frog 0 0 . 0 ~  ...a ~ . a . a  ...am...(~...ll..f.....4 .............. Brimley's Chorus Frog 

FAMILY: MICROHYLIDAE, 
Narrowmouth Toads 

Eastern Narrowmauth Toad L I 

FAMILY: PELOBATIDAE, Spadefoot Twda ...... Eastern Spadefoot Toad _....I 
FAMILY: RANIDAE, True Frogs ...................................... Crawfish Frogs a........ ....................... Bullfrog D, I .............. Bronze Frog ...#........(I.....*..( 

Pig Frog -.... B . . . . ~ . . . .  B...a....q~...u, ..................................... River Frog ......... Pickerel Frog 
Southern Leopard Frog - 0  ...a m 0.0. . ........................................ Carpenter Frog 

- PRESENT 

0. 0.0 POTENTIALLY OCCURRING 

(Blank) ABSENT 



Table 3-3. Continued 

FAMILY: IGUANIDAE, lguanid Lizards 
Green Anole  ha ham el eon") 
Southern Fence Lizard 

ORDER: CROCODILIA, Crocadilians 
FAMILY: ALLIGATORIDAE, Alligators 

American All igator 

ORDER: SOUAMATA 

FAMILY: SCINCIDAE, Skinks 
Ground Skink 
Five -lined Skink 
Broadhead Skink 
Southeastern Five-ltned Skink 
Northern Mole Skink 

FAMILY: TEIDAE, Whiptails 
Six-l ined Racerunner 

SUBORDER: LACERTILIA, Lizards 
FAMILY: ANGUIDAE, Lateral-fold Lizards 

Eastern Glass Lizard 
Eastern Slender Glass Lizard 
Island Glass Lizard 

I 

SUBORDER: SERPENTES, Snakes 
FAMILY: COLUBRIDAE 

Banded Water Snake .... ......... Redbelly Water Snake I) ........m................. .............. Florida Green Water Snake * ~ * b * * * ~ b ~ ~ e ~ ~ e e ~ 4 b e m ~ ~  ..................................... brown Water Snake ................... ............... Glossy Crayfish Snake 4 1 e e e e  .............. D........ ............ Black Swamp Snakes a,* a n  

Eastern Garter Snake ee..4 
Eastern Ribbon Snakes ..... .......... ....................... Eastern Earth Snake $be..a .............. Rough Earth Snako 4B* - .0e*0041* * * * * * *e4~eeee  

...... 

CONTINUED - PRESENT 

* e  POTENTIALLY OCCURRING 

(alank) ABSENT 
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Table 3-3. Concluded 

(Blank) 

ORDER: TESTUOINES, TURTLES 
FAMILY: CHELYDRIDAE, Snapping Turtle 

Common Snapping Turt le 

FAMILY: KINOSTERNIDAE, Mud Turt les 
Striped Mud Tur t le  
Eastern Mud Turtle 
Stinkpot 

FAMILY: EMYDIDAE, Box and Water Turt les 
Spotted Turtle 
Eastern Box Turtle 
Eastern Chicken Turtle 
Eastern River Cooter 
Florida Cooter 
Yellowbell y Slider 

FAMILY: TESTUDINIDAE, Tortoises 
Gopher Tortoise 

FAMILY: TRIONYCHIDAE, Soft-she1 led Turt les 
Florida Softshell  
Gvlf Coast Spiny Softshell 

As a group, l i z a r d s  a r e  t he  most suc- 
cess fu l  ba r r i e r  i s land  colonizers  (Table 
3-3, Fig. 3-13). Their emall body e i ze ,  
frequency of associat ion with r a f t i ng  
material ,  insectivoroue d i e t ,  and to le r -  
ance of xer ic  and ea l i ne  conditions prob- 
ably account f o r  t h e i r  succeee i n  t h i s  
regard (Gibbons and Coker 1978). An aver- 
age of 55.8% of mainland l i z a rd  species 
were recorded on the  e igh t  ielands;  again, 
Cumberland Island showed the highest  col- 
onizat ion l eve l  (9 of 11 poesible species), 
and t he  I s l e  of Palms t he  lowest (3 of 10 
possible epeciee) (Fig. 3-13). The east-  
ern g lass  l i z a rd  i e  known from a l l  e i gh t  
of t he  is lands;  t he  green anole, ground 
ekink, and broadhead skink a r e  known from 
a l l  but one of t he  eight;  and t he  six-  
l ined  racerunner i e  recorded from a l l  but 
two of the  l i s t e d  ie lands  (Table 3-3). 

Serpente a r e  the  t h i rd  most succese- 
f u l  group of i s land  colonizers  (average 
30.8%). based on t he  e ight  is land herpeto- 
faunal  surveys ava i lab le .  They exhib i t  an 
i n t e r e s t i ng  pa t te rn  of i s land  representa- 
t ion.  Ten epecies were present on s i x  o r  
more of t h e  is lande;  these include the  
banded water snake, eaetern ga r t e r  snake. 

- 
- 

.......... - 

- 
PRESENT 

POTENTIALLY OCCURRING 

.... 

.............. m.............. 

A B S E N T  

eas te rn  ribbon snake, rough green snake, 
southern black racer ,  yellow r a t  anake, 
corn snake, northern s c a r l e t  snake, east-  
ern kingsnake, and cottomnouth. The re- 
peated presence of theee specie8 a t t e s t s  
t o  t h e i r  mobility and adaptabi l i ty .  The 
eas te rn  coachwhip is known from four is- 
lands. Canebrake ra t t lesnakes  have been 
recorded from Cumberland, S t .  Catherinee, 
and Kiawah i s lands .  Kiawah is  the  only 
i s land  of the  e ight  reviewed tha t  supports 
populations of southern copperheads and 
southeastern crowned snakes (Gibbons and 
Harrison 1975); pine snakes and eca r l e t  
kingsnakes were found only on Cumberland 
Island (Hil lestad e t  a l .  1975). Again, 
44.1% of the  potent ia l  colonizers  were 
establ ished on Cumberland Island,  while 
only about a t h i rd  a s  many were found on 
I s l e  of Palms (Fig. 3-13). 

..... 

......................... 
. . . .1D. . . . . . . .4  

Most species of aquatic  and small,  
c rypt ic  snakes a r e  surpr i s ingly  poor colo- 
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SUMMARY - PERCENT OF 
POTENTIAL COLONIZERS 

CUMBERLAND 
LITTLE 

CUMBERLAND JEKYLL 

NO OF 
GROUP % OF POTENTIAL 

COLON'ZERS COLONIZERS 

SALAMANDERS 9.6 (15 - 19) 

FROGS R TOADS 37.6 (21 - 23) 

ALLIGATORS Et LIZARDS 58.5 ( 1  1 - 12) 

SNAKES 30.8 (34- 36) 

TURTLES 19.4 (10- 13) 

SAPELO OSSABAW K l AWAH 
ISLE OF 
PALMS 

51.6 29.0 19.8 36.8 33.7 26.3 31.3 15.2 
MEAN % 

Figure 3-13. Summary of percent of p o t e n t i a l  herpetofauna colonizers  on se lec ted  South Carolina 
and Georgia c o a s t a l  i s l a n d s  Cbox shows o v e r a l l  percent of success fu l  co lon izers  by 
herpetofauna group) (information sources l i s t e d  i n  t e x t ) .  

whereas t h e  freshwater subspecies ( the  
broad-banded water snake) would dr ink  s a l t  
water and subsequently succumb t o  i ts  ef-  
f e c t s .  Di f fe ren t  species  of mainland 
water snakes i n  t h e  study a rea  may exhib i t  
drinking behavior s i m i l a r  t o  t h a t  of the 
broad-banded water  snake i n  sa l twate r  
a reas ,  and thus experience t h e  same f a t e .  
Absences of two o ther  highly aqua t ic  
spec ies ,  t h e  e a s t e r n  mud snake and t h e  
rainbow snake, may r e s u l t  not  only from an 
i n a b i l i t y  t o  osmoregulate i n  hypertonic 
s a l i n i t i e s ,  but a l s o  from t h e i r  highly re-  
s t r i c t e d  d i e t  of e e l - l i k e  salamanders 
(Amphiuma) and e e l s ,  respect ively.  The 
small s i z e  of ground snakes (S tore r ia ,  
T a n t i l l a ,  Virginia ,  Diadophis, Carphophis, 
Micrurus) would grea t ly  decrease t h e i r  
a b i l i t y  t o  survive inhosp i tab le  condit ions 
i n  t h e  marshes and e s t u a r i e s  which must be 
crossed t o  reach b a r r i e r  i s lands .  Also, 
these  spec ies  a r e  burrowers i n  l i t t e r ,  de- 
cayed logs,  dense ground cover, e t c . ,  
irhich probably reduces t h e i r  chances f o r  
recruitment t o  i n s u l a r  h a b i t a t s .  The ab- 
sence of t h e  eas te rn  and southern hognose 
snakes i s  an enigma. 

Non-marine t u r t l e s  a r e  genera l ly  ab- 
sen t  from b a r r i e r  i s lands .  No spec ies  a r e  
recorded from two of t h e  e i g h t  i s lands  

surveyed ( Jekyl l  and I s l e  of Palms), but 
f i v e  of a poss ib le  11 mainland spec ies  a r e  
es tab l i shed  on Cumberland I s l a n d .  The 
gopher t o r t o i s e  i s  es tab l i shed  on 
Cumberland I s land ,  but i t s  presence may 
have resu l ted  from an introduct ion by man 
(Johnson e t  a l .  1974); thus,  i t  was not  
l i s t e d  a s  a colonizer  (Table 3-3). Over- 
a l l ,  an average of 19.4% of t h e  10 - 12 
mainland spec ies  (excluding the  gopher tor-  
t o i s e )  were represented on t h e  i s lands  
(Table 3-3). Gibbons and Coker (1978) a t -  
t r i b u t e d  t h e  diminutive colonizat ion suc- 
cess  of non-marine t u r t l e s  t o  t h e  poss ib le  
absence of f resh  water during severe 
droughts o r  sa l twate r  flooding. Raccoons 
a r e  the  most s i g n i f i c a n t  predator  of marine 
t u r t l e  eggs i n  the  Sea Is land Coastal 
Region (Johnson e t  a l .  1974, Hopkins e t  a l .  
1978), and they may a l s o  prey heavi ly on 
eggs of freshwater t u r t l e s .  

The eas te rn  mud t u r t l e  is  the  most 
widespread i n s u l a r  non-marine species  of 
t u r t l e ,  with v i a b l e  populations on f i v e  of 
t h e  e igh t  i s lands .  Its success probably 
r e s u l t s  from i t s  to le rance  of brackish 
water and des icca t ion  (Zweifel and Cole 
1974, Gibbons and Coker 1978). Fresh- 
water ponds on Sapelo, S t .  Catherines, and 
Ossabaw i s lands  support populations of 



eastern chicken turtles, and yellowbelly 
sliders are found on Cumberland, Ossabaw, 
and Kiawah islands (Martof 1963, Zweifel 
and Cole 1974, Gibbons and Harrison 1975, 
Ringler 1977). It is not known why such 
widely distributed and abundant species as 
the common snapping turtle, stinkpot, and 
eastern box turtle are not more success- 
ful in colonizing barrier islands (Gibbons 
and Coker 1978). 

Except for the cottonmouth, thorough 
studies of behavior, biology, and ecology 
of the herpetofauna of coastal islands 
have not been made. Wharton (1969) in- 
vestigated this venomus snake on Sea 
Horse Key, Florida, and found that it ag- 
gregates beneath bird rookeries in spring 
and extensively utilizes carrion dropped 
by adult and nestling birds. Similar be- 
havior for the cottonmouth has been noted 
near heron and ibis roosts on the Isle of 
Palms and Capers Island, South Carolina 
(Sass 1926, M. D. McKenzie, 1977, South 
Carolina Marine Resources Division, 
Charleston, pers. corn.). 

Differences in colonization of bar- 
rier islands by herpetofaunal species may 
be related to the relative ages of the is- 
lands. Most barrier islands in the Sea 
Island Coastal Region are considered to 
be of Holocene age, but several islands 
(Cumberland, Jekyll, Sapelo, St. 
Catherines) are combinations of Pleisto- 
cene and Holocene deposits (Hoyt 1968). 
Thus, time for colonization is far greater 
for such islands than for those of only 
Holocene age (e.g., Little Cumberland, 
Ossabaw, Kiawah, Isle of Palms). It 
should not be surprising, then, that the 
three islands (Cumberland, Sapelo, St. 
Catherines) with the largest percentage of 
mainland species (Fig. 3-13) are of 
Pleistocene and Holocene age. 

Human habitation may also influence 
the occurrence of herpetofauna on islands. 
Jekyll Island is relatively heavily popu- 
lated, and records of poisonous snakes are 
absent. These species may well have been 
present historically, but were extirpated 
because of their undesirability in urban 
situations. The apparent low overall per- 
centage (15.2%) of colonization on the 
Isle of Palms may be related to the inten- 
sity and duration of human habitation, 
but it is also likely a function of the 
fact that the herpetofauna of this island 
has been very incompletely surveyed to 
date. Typical island species such as the 
southern leopard frog, green anole, broad- 
head skink, eastern garter snake, eastern 
ribbon snake, corn snake, and rough green 
snake probably occur on the island, but 
simply were not observed by Poer (1967). 

a. Bird Key and Bank Communities. 
WILnin the characterization area, there 
are three major bird key and bank communi- 
ties that support the overwhelming 
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majority of the area's breeding marine 
birds (see Atlas Plates 31 - 40). 
The most significant of these is in the 
Cape Romain National Wildlife Refuge, 
South Carolina, where seven small islands 
are regarded as one unit. The second 
major area is Deveaux Bank at the mouth of 
the North Edisto River, South Carolina 
(Beckett 1966); this bank is under lease 
to the National Audubon Society as the 
Alex Sprunt, Jr., Sanctuary. The third 
major bird bank community is on Little 
Egg Island, Georgia. This island served 
as a major bird bank community during the 
mid-19501s, and was the subject of orni- 
thological observations by Kale and Teal 
(1958), Kale et al. (1965), and Kale 
(1967). Previous observations showed nest- 
ing colonies of black skimmers; royal, 
least, and gull-billed terns; American 
oystercatchers; Wilson's plovers; willets; 
and boat-tailed grackles. However, 
Shanholtzer (1974a) made seven trips to 
Little Egg Island from mid-April to the 
second week of August 1970 and observed no 
evidence of nesting by any of these 
species. Shanholtzer (1974a) also stated 
that the abandoned black skimmer colony of 
Little Egg Island appears to have relo- 
cated at a pelican spit near Little St. 
Simons Island. He recorded approximately 
110 skimmers from the air and, subsequent 
to the nesting season, observed a small 
population of young skimmers. No evidence 
of terns or other species typical of nest- 
ing on South Carolina bank communities was 
reported. 

In addition to these three major bird 
banks, there are several smaller communi- 
ties of some importance. Bird Key near 
Folly Beach, South Carolina, provides 
suitable habitat for nesting marine species. 
Hillestad et al. (1975) noted that approx- 
imately 200 pairs of black skimmers nested 
near the mouth of Christmas Creek on 
Cumberland Island, Georgia, during 1973. 
Dopson and Richardson (1968) reported 15 
downy young and 400 adult and immature 
skimmers on a small bird key and bank com- 
munity in St. Andrews Sound, Georgia. 

A total of 18 bird species regularly 
breed on the keys and banks of the char- 
acterization area (Table 3-4). Dominant 
spycies include the royal tern, laughing 
gull, brown pelican, Louisiana heron, and 
snowy egret. These birds comprise the 
bulk of colonial activity, particularly on 
the larger islands. Several other species 
(see Table 3-4) nest on these islands in 
moderate to low numbers. One of these, the 
least tern, suffers from heavy predation by 
laughing gulls and, consequently, prefers 
to site its colonies well away from larger 
species. Several other species (e.g., 
Wilson's plover, cornon tern, black skim- 
mer, American oystercatcher) are compati- 
ble with the least tern, however, and can 
be found nesting around the edges of its 
colonies. 





Reproductive success  of ind iv idua l  
spec ies  v a r i e s  from year  t o  year  (e.g.,  
s e e  Table 3-5), with weather (p r inc ipa l ly  
t i d a l  overwash) t h e  main phys ica l  f a c t o r  
a f f e c t i n g  reproduction. Species such a s  
the  l e a s t  t e r n ,  American oys te rca tcher ,  
black s k i m e r ,  and g u l l - b i l l e d  t e r n  a r e  
most o f t e n  a f f e c t e d  by overwash. Winter 
storms a l s o  produce problems through re- 
duct ion of dunes. This e l imina tes  t h e  
p re fe r red  nes t ing  s i t e s  f o r  t h e  brown 
pel ican,  causing year ly  f l u c t u a t i o n s  i n  
breeding populations. To p a r t i a l l y  com- 
pensate  f o r  t h i s  f a c t o r ,  t h e  brown pe l ican  
may r e l o c a t e  breeding co lon ies  
(Chamberlain and Chamberlain 1975), but  
smal le r  dune-nesting spec ies  o f t e n  s u f f e r  
seasons wi th  very low reproduct ive success. 

Brown pe l icans  a r e  perhaps t h e  most 
widely known and recognized b i r d s  t h a t  
breed on keys and banks. However, r e la -  
t i v e l y  few i s l a n d s  wi th in  t h e  Sea I s land  
Coastal  Region provide acceptable  breed- 
ing  sites f o r  brown pe l icans .  Brown p e l i -  
can n e s t i n g  i s l a n d s  apparent ly  must meet 
two p r i n c i p a l  requirements: 1 )  i s o l a t i o n  
from predators  such a s  raccoons, and 2) 
s u f f i c i e n t  e leva t ion  t o  preclude widescale  
f looding of t h e  n e s t s  (Blus e t  a l .  1974a). 
A list of brown pe l ican  breeding i s l a n d s  
i n  South Carol ina i s  given i n  Table 3-6. 
No brown pe l ican  n e s t i n g  a c t i v i t i e s  have 
been reported from Georgia key and bank 
communities. Brown pe l icans  s igh ted  i n  
Georgia a r e  non-nesting a d u l t s  o r  young 
produced a t  co lon ies  i n  t h e  Cape Romain, 
South Carolina, a r e a  o r  a t  S t .  Augustine, 
F lo r ida  (Hi l l es tad  et a l .  1975). 

H i s t o r i c a l l y ,  few d a t a  a r e  a v a i l a b l e  

t on t h e  numbers of pe l i cans  occurr ing i n  

I 
South Carolina; however, Blus e t  a l .  

I 
(1974a) have provided r e l i a b l e  records on 
t h e  Cape Romain colony s i n c e  t h e  1930's.  
Brown pe l icans  have been reported t o  n e s t  
a t  va r ious  times on t h e  Refuge a t  Marsh 
I s land  (Vessel Reef),  Bird Bank, White 
Banks, Cape I s l a n d ,  and Raccoon Key 
(Sandy Po in t ) .  Blus et a l .  (1974a) a l s o  
repor ted  t h a t  a s  many a s  t h r e e  colony 
sites on t h e  refuge have been occupied 
simultaneously. 

Brown p e l i c a n s  have used t h e  Cape 
Romain Nat ional  Wi ld l i fe  Refuge a s  a breed- 
ing  a r e a  f o r  many y e a r s ,  bu t  t h e  number of 
n e s t i n g  b i r d s  has  var ied  considerably from 
year  t o  year  (Blus et a l .  1974a. 1979). 
Sprunt and Chamberlain (1949) reported a 
maximum of 800 breeding p a i r s  i n  1946. 
However, Blus e t  a l .  (1974a) s t a t e d  t h a t  
E. Milby Burton (Charleston Museum) re-  
corded over 1,000 n e s t s  i n  one colony on 
t h e  refuge i n  t h e  1930's.  Estimates of 
t h e  number of n e s t i n g  p a i r s  on t h e  refuge 
ranged from 500 t o  650 from 1962 through 
1968; but  over 1,000 n e s t s  were a c t u a l l y  
counted i n  1969 (Blus e t  a l .  1974a). 

Avai lable  d a t a  i n d i c a t e  d i s t i n c t  an- 
nual  f l u c t u a t i o n s  i n  brown pe l ican  repro- 
duc t ive  success  (Tables 3-7 and 3-8). 

According t o  Blus e t  a l .  U979),  reproduc- 
t i v e  success  f o r  pe l i cans  has  been gen- 
e r a l l y  higher  (except f o r  1969) on 
Deveaux Bank than a t  Cape Romain, although 
more breeding p a i r s  u t i l i z e  t h e  CapeRomain 
s i t e s  (Table 3-8). They a t t r i b u t e d  t h i s  
d i f f e r e n c e  t o  t i d a l  f looding of n e s t s ,  
which occurs f requen t ly  a t  Cape Romain but  
uncomonly on Deveaux Bank. They a l s o  
noted t h a t  i n  any year  reproduct ive suc- 
c e s s  i n  one colony p a r a l l e l e d  t h a t  i n  t h e  
o ther .  

Despi te  t h e  f a c t  t h a t  t h e  s i z e  of t h e  
brown pe l ican  breeding populat ion i n  South 
Carol ina is growing s t e a d i l y ,  reproduct ive 
success  has  o f t e n  been below t h e  r e c r u i t -  
ment s tandard of 1.2 - 1.5 f l e d g l i n g s  per  
n e s t  pe r  year  bel ieved necessary t o  main- 
t a i n  a s t a b l e  populat ion (Beckett 1966, 
Henry 1972. Blus et a l .  1979) (Table 3-8). 
Nevertheless ,  success fu l  reproduct ion i n  
1973, 1976, and 1977 (see Table 3-8 and 
Blus e t  a l .  1979) suggests  t h a t  t h e  s i t u -  
a t i o n  may be improving. 

Within t h e  primary n e s t i n g  co lon ies  
of marine b i r d s  i n  t h e  c h a r a c t e r i z a t i o n  
a rea ,  t h e  brown pe l ican  tends t o  occupy 
t h e  higher  ground, p a r t i c u l a r l y  a r e a s  where 
t h e r e  i s  ample vege ta t ion  handy f o r  n e s t  
cons t ruc t ion .  The laughing g u l l  c o n s t r u c t s  
i t s  n e s t s  on t h e  f r i n g e s  of t h e  brown pe l i -  
can n e s t i n g  a rea  t o  t ake  advantage of t h e  
food source provided by t h e  pe l i can  eggs 
and young (Beckett 1966). The laughing 
g u l l  a l s o  preys heav i ly  on t h e  eggs and 
young of t e r n s ,  p a r t i c u l a r l y  t h e  roya l  
t e r n  (Bent 1963a, Hatch 1970). However, 
t h e  dens i ty  of r o y a l  t e r n  n e s t s  is ex- 
tremely high,  and t h i s  o f f e r s  good pro- 
t e c t i o n  a g a i n s t  predat ion.  Only those 
n e s t s  on t h e  edge of t h e  r o y a l  t e r n  colony 
a r e  r e g u l a r l y  predated (Buckley and 
Buckley 1977). Other spec ies  such a s  t h e  
Wilson's plover ,  black skimmer, and w i l l e t  
a r e  s c a t t e r e d ,  and have no s p e c i a l  a ssoc i -  
a t i o n s .  

L i t t l e  information e x i s t s  on t h e  use 
of keys and banks by non-marine species .  
Shorebirds such a s  t h e  knot and sander l ing  
can be expected on t h e  beach regu la r ly ,  
b u t ,  due t o  t h e  genera l  pauci ty  of vegeta- 
t i o n ,  o ther  s p e c i e s  a r e  uncommon. Thqse 
noted, however, include t h e  nighthawk 
[found breeding on Bird Bank i n  Bulls  Bay 
by Sprunt (1925)], and t h e  blue-winged 
t e a l  [found roos t ing  i n  l a r g e  numbers dur- 
ing  migrat ion on Bird Key i n  t h e  Stono 
River by Chamberlain and Chamberlain 
(1975) 1. The bald eag le  was observed prey- 
i n g  on i n h a b i t a n t s  of key breeding co lon ies  
a s  e a r l y  a s  1831 by Audubon and a s  r e c e n t l y  
a s  1972 by Beckett (Herrick 1968, 
Chamberlain and Chamberlain 1975). 

Man's impact on b i r d  keys and bank 
communities has been s i g n i f i c a n t  dur ing  re- 
cent  years .  Shanholtzer (1974b) reported 
e f f e c t s  of man on t h e  L i t t l e  Egg I s land  
skimmer and t e r n  colony i n  Georgia. Al- 
though t h i s  community once served a s  a 
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Table 3-6. Islands used for nesting by the brown pelican in South Carolina (Blus et al. 1974a). 

Island Year 

Unidentified, Georgetown County 1934 

Raccoon Key (Sandy Point) 

Cape Island 

White Banks 1956; 1958 - 1960; 1963; 1965 
Marsh Island (Vessel Reef) 

Bird Bank 

1947 - 1948; 1951; 1955.- 1959; 1962; 
1964 - 1965; 1967 through 1972 

Unidentified, on beach near Charleston 1901 

Bird Key (wuth of Stono River) Unknown 

Deveaux Bank 1947 through 1972 

Egg Bank (near Beaufort, also called Bird Bank) 1904; 1943 

Unidentified, 18 m i  east of Beaufort 1943 

Bay Point (large colony) 1901 

Table 3-7. Number of young brown pelicans fledged each year 
from 1949 go 1970 in the Cape Rdmain National 
Wildlife Refuge,South Carolina (Schreiber and 
Risebrough 1972). 

Years 

Estimated 
Numbers of Birds 
Fledged Annually 



Table 3-8. Reproductive success  of brown p e l i c a n s  i n  South Caro l ina ,  1969 - 1976 (Blus et  a l .  
1979).  

Year Colony 
No. of 
Nests  

No. of 
Young 

Fledged 

Young 
Fledged 
P e r  Nest 

Cape Romain 
Deveaux Bank 
Both Colonies  

Cape Romain 
Deveaux Bank 
Both Colonies 

Cape Romain 
Deveaux Bank 
Both Colonies  

Cape Romain 
Deveaux Bank 
Both Colonies  

Cape Romain 
Deveaux Bank 
Both Colonies 

Cape Rornain 
Deveaux Bank 
Both Colonies 

Cape Romain 
Deveaux Bank 
Both Colonies  

Cape Romain 
Deveaux Bank 
Both Colonies 

a .  Estimated numbers - a l l  o t h e r  f i g u r e s  a r e  based on a c t u a l  counts .  

major c o l o n i a l  n e s t i n g  a r e a ,  r e c r e a t i o n a l  
a c t i v i t i e s  (boat ing,  p i cn ick ing ,  e t c . )  
have e l imina ted  o r  reduced n e s t i n g  colo- 
n i e s  o f  skimmers, t e r n s ,  American oys te r -  
c a t c h e r s ,  and plovers .  Gauthreaux et al.  
(1979) r epor ted  t h a t  t h e  Wilson's p lover  
and l e a s t  t e r n  popu la t ions  have shown 
s i g n s  of dec reas ing  wi th in  South Carol ina 's  
c o a s t a l  a r e a  because o f  beach h a b i t a t  
modi f i ca t ion  and d e s t r u c t i o n .  

Perhaps man's g r e a t e s t  impact on t h e  
community s t r u c t u r e  of b i r d  keys and banks 
has  been through i n d i s c r i m i n a t e  u s e  o f  
p e s t i c i d e s .  Beckett  (1966) r e l a t e d  t h i s  
problem t o  t h e  Deveaux Bank n e s t i n g  colony. 
Blus e t  a l .  (1974b, 1977, 1979) found t h a t  
eggs c o l l e c t e d  from brown p e l i c a n  n e s t s  i n  
South Caro l ina  a f t e r  1969 had 10% - 17% 
t h i n n e r  s h e l l s  than  t h o s e  c o l l e c t e d  p r i o r  
t o  1947. Such e g g s h e l l  t h inn ing  i s  re -  
l a t e d  t o  inc reased  m o r t a l i t y  of embryos. 
Residues of 10  - 1 3  organochlor ine  com- 
pounds ( inc lud ing  DDE, d i e l d r i n  and PCB's), 
p l u s  mercury and o t h e r  heavy meta l s ,  were 
r o u t i n e l y  encountered i n  brown p e l i c a n  

eggs i n  South Caro l ina  {Blus e t  a l .  1974a, 
b,  1977, 1979) However, DDE and PCB's 
made up t h e  m a j o r i t y  o f  t h e  organochlor ine  
r e s i d u e s  i d e n t i f i e d  (see Table  3-9). DDB 
is  known a s  t h e  o rganoch lo r ine  whlch e x e r t s  
t h e  wst d e t r i m e n t a l  i n f l u e n c e  on p e l i c a n  re- 
product ion (Blus et a l .  1974a3 b, 1917, 1979)' 
and i t  i s  h igh ly  encouraging t h a t  l e v e l s  of 
t h i s  contaminant and o t h e r  organochlor ines  
except PCB's appear  t o  b e  dec reas ing  i n  
p e l i c a n  eggs (see Table  3-9). Never theless ,  
cons ide rab le  p o t e n t i a l  f o r  d e l e t e r i o u s  
e f f e c t s  of t h e s e  cnemicals remain. I n  
South Caro l ina ,  b reed ing  brown p e l i c a n s  
f eed  almost e x c l u s i v e l y  upon young-of-thi?- 
yea r  A t l a n t i c  menhaden, which tend t o  accu- 
mulate  org8nochlor lshs  d u r i n g  t h e i r  r e s i d e n c e  
i n  e s t u a r i e s  (Blus et a l .  1977, 1979). Blo- 
magn i f i ca t ion  from such f i s h  t o  p e l i c a n  egge 
may b e  a s  g r e a t  a a  31 t imes  f o r  DDE and 
23  times f o r  t o t a l  organochlor ine  (Blus 
st a l .  1977).  

b. Dune Blrd  Communities. The mari- 
time dune f i e l d  community is a ha r sh  
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environment w i t h  such l i m i t i n g  s t r e s s  
f a c t o r s  a s  blowing sand, h igh  summer tem- 
p e r a t u r e ,  low a v a i l a b l e  water ,  and s p a r s e  
v e g e t a t i v e  cover.  The dominant p l a n t  i n  
t h e  dunes i s  s e a  o a t s  ( see  previous  sec- 
t i o n s ) ,  which may compose 50% of t h e  t o t a l  
p l a n t  cover (Hosier 1975) and i s  t h e  major 
seed producer f o r  granivorous  b i r d  s p e c i e s  
u t i l i z i n g  t h e  dune f i e l d .  That dunes a r e  
a r e l a t i v e l y  seed-r ich environment i s  re-  
f l e c t e d  i n  t h e  s p e c i e s  composition of t h e  
b i r d  popu la t ions ,  which a r e  l a r g e l y  smal l  
seed-eat ing forms. 

Of a t o t a l  of approximately 33 
s p e c i e s  u t i l i z i n g  t h i s  h a b i t a t ,  11 may b e  
considered dominant (Table 3-10). The 
k e s t r e l  o r  sparrow hawk, mourning dove, 
ground dove, f i s h  crow, b o a t - t a i l e d  
g rack le ,  and red-winged b lackb i rd  a r e  
permanent r e s i d e n t s .  The l e a s t  t e r n  and 
nighthawk a r e  common summer r e s i d e n t s .  
I n  w i n t e r ,  t h e  t r e e  swallow, yellow-rumped 
warbler ,  and Savannah sparrow a r e  a l s o  
dominant. 

Seasonal balance i s  about equa l  over- 
a l l ;  16  s p e c i e s  a r e  permanent r e s i d e n t s ,  
and an a d d i t i o n a l  e i g h t  s p e c i e s  each occur  
h e r e  dur ing  summer and w i n t e r ,  respec- 
t i v e l y  (Table 3-10). One a d d i t i o n a l  
s p e c i e s ,  t h e  bobol ink,  i s  a migrant occur- 
r i n g  from Apr i l  t o  May and from J u l y  t o  
December. Of t h e  16 permanent r e s i d e n t s  
(Table 3-10), t h e  sharp-shinned hawk is 
r a r e  dur ing  t h e  summer, and t h e  f i e l d  
sparrow is a s s o c i a t e d  wi th  o t h e r  h a b i t a t s  
dur ing  t h e  same pe r iod  (Sprunt and 
Chamberlain 1949, Burle igh 1958, 
Shanhol tzer  1974b, Forsythe 1978).  

Most s p e c i e s  which u t i l i z e  t h e  dune 
h a b i t a t  a r e  a l s o  found i n  o t h e r  t e r r e s -  
t r i a l  h a b i t a t s .  Sea b i r d s  a r e  f r e q u e n t l y  
observed f l y i n g  over  dunes,  and t h e  gu l l -  
b i l l e d  t e r n ,  l e a s t  t e r n  and Wilson's 
p lover  a r e  c l o s e l y  a s s o c i a t e d  wi th  dunes 
and breed i n  t h e  foredune a r e a .  

A genera l i zed  diagram of t r o p h i c  re-  
l a t i o n s h i p s  among b i r d s  of t h e  dune com- 
munity is given i n  F igure  3-14. At t h e  
mst fundamental l e v e l  i n  t h e  dune habi- 
t a t  a r e  t h e  granivorous  s p e c i e s  t h a t  r e l y  
h e a v i l y  on s e a  o a t  seeds .  This  l a r g e  
group inc ludes  t h e  doves,  b l a c k b i r d s ,  
c a r d i n a l ,  pa in ted  bunt ing,  American gold- 
f i n c h ,  and sparrows. Insec t ivorous  
s p e c i e s ,  such a s  t h e  nighthawk, swallows, 
chimmney s w i f t ,  warb le r s ,  and t h e  g u l l -  
b i l l e d  t e r n  comprise t h e  second l a r g e s t  
group. As might b e  suspected,  granivorous  
s p e c i e s  o c c a s i o n a l l y  e a t  i n s e c t s ,  and 
some i n s e c t i v o r e s  may consume smal l  amounts 
of vege tab le  ma t t e r .  I n  a d d i t i o n ,  t h e r e  
a r e  a few s p e c i e s  t h a t  can be cha rac te r -  
i z e d  b e s t  a s  omnivores. Most n o t a b l e  a r e  
t h e  b o a t - t a i l e d  g rack le  and t h e  common 
g rack le .  Both s p e c i e s  consume about  40% 
animal ma t t e r  and 60% v e g e t a b l e ,  b u t  ani-  
mal ma t t e r  inc ludes  c rabs ,  shrimp, and 
minnows i n  a d d i t i o n  t o  i n s e c t s  (Wayne 
1910, Sprunt  Cnd Chamberlain 1949).  

The r o l e  of av ian  scavenger i n  t h e  
dune h a b i t a t  i s  f i l l e d  l a r g e l y  by t h e  f i s h  
crow. This  s p e c i e s  consumes predominantly 
marine organisms picked up a long  t h e  beach, 
a s  w e l l  a s  v a r i o u s  b e r r i e s  and t h e  eggs of 
o t h e r  b i r d s .  Scavenged m a t e r i a l  inc ludes  
s h e l l f i s h ,  minnows, f i d d l e r  c r a b s ,  and 
c a r r i o n  (Sprunt and Chamberlain 1949, Bent 
1963a).  

The most common, a l though n o t  t h e  
most vorac ious ,  r a p t o r  of t h e  dune f i e l d  
is t h e  sparrow hawk o r  k e s t r e l .  It i s  
considered a permanent r e s i d e n t ,  bu t  i t  is 
r a r e  dur ing  summer (Wayne 1910, Sprunt  and 
Chamberlain 1949, Burle igh 1958).  I n  t h e  
s tudy  a r e a ,  t h e  sparrow hawk i s  predomi- 
n a n t l y  i n s e c t i v o r o u s ,  preying e s p e c i a l l y  
on l a r g e  grasshoppers ,  b u t  i t  a l s o  con- 
sumes roden t s ,  r e p t i l e s ,  amphibians,  and 
smal l  b i r d s  (Wayne 1910, Sprunt and 
Chamberlain 1949, Burle igh 1958). 

The most vorac ious  r a p t o r  of t h e  dunes 
is t h e  g r e a t  horned owl. Its food inc ludes  
mammals a s  l a r g e  a s  r a b b i t s  and b i r d s  a s  
b i g  a s  l a r g e  hawks (Bent 1961).  Large 
concen t ra t ions  of g r e a t  horned owls have 
been observed i n  t h e  dune f i e l d  a t  n i g h t ,  
and prey h a s  been noted t o  inc lude  n e s t i n g  
c o l o n i a l  b i r d  s p e c i e s  (Sprunt and 
Chamberlain 1949, Chamberlain and 
Chamberlain 1975). 

The l e a s t  t e r n  i s  a common p i s c i v o r e  
o f  t h e  dune h a b i t a t .  It i s  a summer r e s i -  
d e n t ,  occur r ing  from mid-March t o  l a t e ,  
October,  and i s  observed on ly  r a r e l y  i n  
win te r  (Forsythe 1978).  Th i s  s p e c i e s  su f -  
f e r e d  g r e a t  depreda t ions  by plume hun te r s  
around t h e  t u r n  of t h e  cen tu ry ,  bu t  i t  had 
recovered by t h e  1930 's  (Wayne 1910, 
Sprunt and Chamberlain 1949, Tomkins 1959).  
Today, t h e  l e a s t  t e r n  i s  a g a i n  i n  t r o u b l e ,  
p r i m a r i l y  because of poor r ep roduc t ive  
success  and dwindling breeding h a b i t a t  
(Gauthreaux e t  a l .  1979).  The l e a s t  
t e r n  commonly feeds  i n  c o a s t a l  marshes and 
wa te r s ,  bu t  r e l i e s  on dunes f o r  breeding 
h a b i t a t .  Nest ing occurs  c o l o n i a l l y  i n  
t h e  foredune a r e a  where v e g e t a t i o n  i s  
s p a r s e .  F a v o r i t e  l o c a l i t i e s  appear  t o  
b e  a d j a c e n t  t o  i n l e t s  on b a r r i e r  beaches ,  
s p e c i f i c a l l y  recurved s p i t s ,  a l though 
o t h e r  beach l o c a t i o n s  a r e  a l s o  known 
(Chamberlain and Chamberlain 1975).  Poor 
r ep roduc t ive  success  can be  a t t f i b u t e d  t o  
a number of f a c t o r s  inc lud ing  reduc t ion  
i n  amount of s u i t a b l e  h a b i t a t  a v a i l a b l e ,  
n a t u r a l  d i s a s t e r s ,  and h igh  p reda t ion  
r a t e s .  Colonies on Kiawah I s l a n d  were 
observed t o  s u f f e r  p reda t ion  by hogs, 
c o t t o n  r a t s ,  people ,  snakes ,  ghost c rabs ,  
and t h e  g r e a t  horned owl (Chamberlain and 
Chamberlain 1975). Tomkins (1959) r epor ted  
t h a t  t h e  n e s t i n g  success  o f  t e r n s  i n  t h e  
Savannah River  a r e a  was reduced by d a i l y  
f o r a y s  of f i s h  crows, which e v e n t u a l l y  
caused abandonment of t h e  Oysterbed I s l a n d  
n e s t i n g  s i t e  by t e r n s .  
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Savmmh sparrow 

Figure 3-14. Generalized t rophic  re la t ionsh ips  of represen ta t ive  
b i rd s  of the  maritime dune community. 

The Savannah sparrow is a common 
granivore and winter  res ident ,  occurr ing 
from l a t e  September t o  mid-May 
(Shanholtzer 1974b, Forsythe 1978). This 
species  is by f a r  t h e  most common sparrow 
of t he  dune f i e l d .  It is an e lu s ive  b i rd ,  
running through t he  ground cover o r  f lush-  
ing  f o r  sho r t ,  e r r a t i c  f l i g h t s  only t o  
d ive  again i n t o  the  vegetat ion.  The 
Savannah sparrow is not  highly s o c i a l  and 
does no t  f lock i n  t he  t r ue  sense. Winter 
dens i ty  of t h i s  species  has been reported 
t o  be about 4 t o  5 b i rd s  per  a c r e  (Norris 
1963). The Savannah sparrow's d i e t  is 
mostly vegetable matter ,  with seeds ac- 
counting fo r  an average of 97%; t he  re- 
maining 3% was found t o  be inser+ .s  (Quay 
1947). 

Unlike the  Savannah sparrow, which 
occurs i n  o ther  h a b i t a t s  a s  well  a s  dunes, 
the Ipswich sparrow race  f s  r e s t r i c t e d  t o  t he  
dune f i e l d .  This b i rd  was formerly re- 
garded a s  a separa te  species  (American 
Ornithologists '  Union 1973). Because of 
i ts r e s t r i c t e d  hab i t a t ,  the  Ipswich spar- 
row has been proposed f o r  endangered 
s t a t u s  i n  South Carolina (Gauthreaux e t  
a l .  1979). (See a l s o  Chapter One, Sec- 
t i on  VI.) The Ipswich sparrow is a la rge ,  
pa le  sparrow t h a t  v i r t u a l l y  blends i n  with 
the  dunes. H i s to r i c a l l y ,  i t  has been r a r e  
i n  t he  Sea Is land Coastal Region, with the  
f i r s t  Georgia and South Carolina specimens 
described by Worthington (1890) and Wayne 
(1902). respect ively.  Since i ts discovery, 

the  s t a t u s  of t h i s  race has changed l i t t l e .  
The Ipswich sparrow breeds only on Sable 
I s land  of f  Nova Scotia ,  where t he  t o t a l  
population ranges from 1,000 t o  4,000 in- 
d iv idua ls  (Burleigh 1958, Chamberlain 
1974). Since the  winter  range includes the  
immediate coast  from New Jersey t o  
Cumberland Is land,  Georgia (Bent 19681, it 
is understandable t h a t  t h i s  sparrow is 
ra re .  The Ipswich sparrow's reputed limi- 
t a t i o n  t o  the  dune hab i t a t  is f u l l y  sup- 
ported by t he  f i e l d  work of Wayne, who 
found it on the  mainland only t h r ee  times 
i n  46 years  (Sprunt and Chamberlain 1949). 
Tomkins recorded t h i s  species  only four  
times i n  Georgia. Each of h i s  observa- 
t i ons  were on Oysterbed I s land  (Burleigh 
1958). Food on t he  winter  range is l imi ted  
t o  sea  o a t s  (Wayne 1910). 

The ground dove, another granivorous 
permanent r e s i den t ,  occurs commonly i n  t he  
dune f i e l d  except during winter  (Sprunt 
and Chamberlain 1949). It d isp lays  a def- 
i n i t e  preference for  sandy a reas  and breeds 
i n  the  dune f i e l d .  Nests a r e  located 
t yp i ca l l y  i n  wax myrt le  shrubs, found i n  
mesic s lacks  between dune r idges.  Food of 
the  ground dove cons i s t s  almost wholly of 
seeds from such p l an t s  as  crab grass ,  wire 
grass ,  f o x t a i l  g rass ,  purslane,  ragweed, 
amaranth, and sedges (Sprunt and 
Chamberlain 1949). 

The s t a t u s  of the ground dove has 
changed d r a s t i c a l l y  s i nce  t he  tu rn  of t he  



century. Wayne (1910) reported t h i s  
species  t o  be "exceedingly abundant" pr ior  
t o  t h e  cold wave of 1899. By 1949, it 
was l e s s  common, a f a c t  a t t r i b u t e d  t o  t h e  
reduct ion of s u i t a b l e  breeding a reas .  
This dec l ine  continues today due t o  gen- 
e r a l  h a b i t a t  l o s s ,  and t h e  ground dove is 
now l i s t e d  a s  a species  of s p e c i a l  con- 
cern f o r  South Carolina (Gauthreaux e t  a l .  
1979). 

Man's in te r fe rence  with the n a t u r a l  
maritime dune system has destroyed many 
nes t ing  colonies  of b i r d s  along t h e  South 
Carolina and Georgia coas t .  The f r a g i l e  
na ture  of dunes and t h e  importance of 
dune s t a b i l i t y  t o  t h e  o v e r a l l  ecology of 
t h e  beachfront have long been recognized 
by s c i e n t i s t s .  However, many land devel- 
opers have ignored t h e  importance of 
dunes. Consequently, some of South 
Carol ina 's  and Georgia's most a t t r a c t i v e  
beaches and dunes have been modified 
d r a s t i c a l l y  by development. Most of t h e  
dune complex has been destroyed by devel- 
opment of North Myrtle Beach, Myrtle 
Beach, Sur fs ide  Beach, Cherry Grove Beach, 
Savannah Beach, and S t .  Simons and J e k y l l  
i s l ands .  Dunes a t  many other  beaches and 
i s lands  wi th in  t h e  s tudy a rea  a l s o  have 
been a l t e r e d  t o  a g r e a t  ex ten t .  

Obviously, b i r d s  such a s  g u l l s ,  terns ,  
pel icans,  plovers, e t c . ,  which requi re  
t h e  beach and dune a reas  f o r  nes t ing  habi- 
t a t ,  a r e  forced t o  r e l o c a t e  when t h e  sys- 
tem i s  a l t e r e d  and man encroaches upon 
the  a rea .  Most dune and beach nes t ing  
spec ies  a r e  highly aggravated by t h e  pres- 
ence of man and seek i s o l a t e d  nes t ing  
s i t e s  away from human a c t i v i t y .  

Loss of dune vege ta t ion  from over- 
grazing a l s o  con t r ibu tes  t o  des tab i l i za -  
t i o n  and erosion of t h e  dune complex, and 
i n d i r e c t l y  a f f e c t s  the  nes t ing  success of 
breeding colonies .  Free-ranging l ivestock 
has s e r i o u s l y  depleted and removed dune 
p l a n t s  from some of t h e  b a r r i e r  i s l a n d s  
(e.g., s e e  Johnson e t  a l .  1974 f o r  infor-  
mation on reduct ion of dune vegetat ion on 
Ossabaw, L i t t l e  S t .  Simons, and 
Cumberland i s l a n d s ,  Georgia, by overgraz- 
ing) .  

The use  of veh ic les  on t h e  beach and 
dune complex has introduced a new element 
i n t o  t h e  management of b a r r i e r  i s lands .  
Al l - t e r ra in  veh ic les  a r e  t ransported t o  
many of t h e  i s l a n d s  by boat, .  and a r e  used 
t o  t r a v e r s e  t h e  dune landscape. The en- 
vironmental consequences a r e  s e r i o u s  when 
such t r a f f i c  is  d i rec ted  over dune vege- 
t a t i o n  and through b i r d  nes t ing  a reas .  
Vehicles on t h e  beach can a l s o  play havoc 
with shorebirds .  Heavily used beaches 
and dune f i e l d s  have few nes t ing  b i r d s ,  
s i n c e  these  b i r d s  requ i re  a c e r t a i n  de- 
gree of s o l i t u d e  t o  r a i s e  young. Vehicles 
and beachcombers have a tendency t o  
f r i g h t e n  adul t  b i r d s  from t h e i r  n e s t s ,  
exposing t h e  eggs and young t o  t h e  in-  
tense i n s o l a t i o n  and heat  on t h e  beach. 

The mor ta l i ty  r a t e  of young chicks i s  
high when a d u l t s  a r e  not  present  t o  
s h i e l d  t h e  sun 's  rays  (Hi l les tad  e t  a l .  
1975). 

Birds most a f fec ted  by recrea t iona l  
t r a f f i c  i n  the  beach and dune h a b i t a t  a r e  
t h e  gu l l -b i l l ed  and l e a s t  t e rns .  These 
b i r d s  have had l i t t l e  breeding success i n  
recent  years  on many of t h e  b a r r i e r  
beaches because of uncontrol led t r a f f i c  
through nes t ing  colonies .  The l e a s t  t e r n ,  
however, has been reported recen t ly  breed- 
ing on tops of bu i ld ings  i n  l a r g e  shop- 
ping cen te rs  i n  Charleston and o ther  l a rge  
c i t i e s  i n  t h e  Sea I s land  Coastal Region 
(Gauthreaux e t  a l .  1979). 

c .  Trans i t ion  Shrub Bird Communities. 

(1) Overview. Because of i t s  
l a c k  of understory,  genera l ly  low p l a n t  
dens i ty ,  and low p l a n t  he igh t ,  t h e  mari- 
time shrub community provides much l e s s  
h a b i t a t  f o r  b i r d s  than does t h e  f o r e s t ,  
and i ts  b i rd  community is  correspondingly 
smaller .  A t o t a l  of approximately 24 b i r d  
species  regu la r ly  u t i l i z e  t h e  t r a n s i t i o n  
shrub community, of which n ine  spec ies  can 
be regarded a s  dominants (Table 3-11). 
Permanent r e s i d e n t s  a r e  represented by t h e  
ground dove, mockingbird, yel lowthroat ,  
and t h e  red-winged blackbird.  A l l  a r e  
common breeding spec ies  i n  t h i s  h a b i t a t .  
Other common breeders  a r e  t h e  t h r e e  sunnner 
r e s i d e n t s ,  t h e  eas te rn  kingbird,  yellow- 
breasted cha t ,  and the  painted bunting. 
Dominant winter  r e s i d e n t s  a r e  t h e  abundant 
t r e e  swallow and the  yellow-rumped warbler. 

Most spec ies  t h a t  u t i l i z e  maritime 
shrub communities a r e  r e s i d e n t s  of o ther  
h a b i t a t s ,  p a r t i c u l a r l y  t h e  adjacent  dune 
and maritime f o r e s t  communities. Several 
spec ies  breed i n  t h i s  shrub community, but  
feed extensively i n  adjacent  h a b i t a t s .  
This  group includes the  ground dove, red- 
winged blackbird,  and painted bunting. 
Two spec ies ,  t h e  t r e e  swallow and yellow- 
rumped warbler,  a r e  c lose ly  associated 
with the  abundant wax myrt le  bush, and 
u t i l i z e  i t s  f r u i t .  These b i r d s  a r e  both 
predominantly insect ivorous throughout 
most of t h e  year ,  but  i n  winter  consume 
l a r g e  q u a n t i t i e s  of wax myrt le  b e r r i e s  
(Sprunt and Chamberlain 1970). 

Twelve spec ies  found i n  t h e  maritime 
shrub community a r e  permanent res iden ts  
(Table 3-11). Of these ,  t h e  sharp-shinned 
hawk and ca tb i rd  a r e  much more common i n  
winter .  Their d i s t r i b u t i o n  i n  t h i s  a r e a  
i n  summer is  s o  s c a t t e r e d  and i r r e g u l a r  
t h a t  they a r e  regarded a s  r a r e  during t h i s  
season (Sprunt and Chamberlain 1949, 
Forsythe 1978). During the  winter ,  par- 
t i c u l a r l y  severe ones, populations of t h e  
insect ivorous barn swallow and p r a i r i e  
warbler a r e  d r a s t i c a l l y  reduced (Sprunt 
and Chamberlain 1949). 

Winter res iden ts  a r e  represented by 
only four  spec ies ,  and summer r e s i d e n t s  
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by six (Table 3-11). There are two com- 
mon migrants, the American redstart and 
the bobolink. 

Granivorous species such as the 
ground dove and cardinal eat seeds, making 
them the most basic consumers in this 
habitat (Fig. 3-15). Since seeds and 
fruits are extremely limited, many species 
eat both insects and fruit, depending on 
the abundance of either food. Most con- 
sistent in this practice are omnivores 
such as the mockingbird and boat-tailed 
grackle. Some species, such as the tree 
swallow, are seasonally omnivorous (see 
following discussion). Insects are con- 
sumed by the bulk of species utilizing 
maritime shrub communities, as illustrated 
by the eastern kingbird and the yellow- 
throat. The sparrow hawk also consumes 
quantities of insects but, by including 
an occasional small bird or mammal in its 
diet, joins the sharp-shinned hawk as a 
top predator. 

(2) Representative Species. 
Based on their abundance and roles in the 
maritime transition shrub community, two 
species, the tree swallow and the yellow- 
breasted chat, have been selected for more 
detailed discussion. 

habits and preference for virtually in- 
penetrable thickets. In the South 
Carolina and Georgia coastal plain, the 
chat is most common in overgrown fields 
with dense brush thickets; however, it 
also occurs on barrier islands in dense 
wax myrtle thickets (Chamberlain and 
Chamberlain 1975). The yellow-breasted 
chat breeds commonly in transition shrub 
zones, but the nest site is always con- 
fined to extremely dense thicket vegeta- 
tion. For this reason, some writers have 
discussed the apparent scarcity of nests 
(Wayne 19101, but recently this myth has 
been dispelled by more active field work 
(Sprunt and Chamberlain 1970). This 
species is predominantly insectivorous, 
feeding on weevils, beetles, bees, ants, 
caterpillars, moths, and mayflies. Some 
vegetable material is also eaten, includ- 
ing strawberry bush, blackberries, and 
wild grapes (Sprunt and Chamberlain 1949). 

Man's impact on the maritime transi- 
tion shrub community is closely associated 
with his activities in maritime dune and 
forest systems. As these areas are ex- 
ploited through development activities, 
the nesting habitat for ground doves, red- 
winged blackbirds, painted buntings, etc., 
is destroyed. 

The tree swallow is an abundant win- 
ter resident of the South Carolina and 
Georgia coasts (Sprunt and Chamberlain 
1949, Burleigh 1958). This species is 
present almost year around '(July to June), 
but does not breed here. The southern 
limit of its breeding range is southeast- 
e m  Virginia, which perhaps explains the 
tree swallow's absence for only a brief 
period. Although generally abundant in 
South Carolina and Georgia, particularly 
in fall, the tree swallow also has been 
known to be irregular in its winter oc- 
currence. Wayne (1910) attributed this 
not to adverse weather, but to an inade- 
quate food supply. Through most of the 
year, the tree swallow is insectivorous, 
with approximately 80% of its diet com- 
posed of various flies, beetles, ants, 
leafhoppers, and dragonflies (Sprunt 
and Chamberlain 1949). In fall and win- 
ter, a dietary shift is made to vegetable 
matter, which accounts for about 20% of 
the total diet. Virtually all of the 
vegetable material eaten is seeds of the 
wax myrtle. Tree swallows often concen- 
trate when feeding on wax myrtle berries, 
and flocks numbering in the hundreds are 
commonplace. At these times, feeding is 
chaotically intense, and the birds are 
so oblivious to their surroundings that 
they can be captured by hand (Wayne 1910). 

The yellow-breasted chat is the 
largest of the North American warblers, 
and is a common summer resident of the Sea 
Island Coastal Region from March through 
November (Sprunt and Chamberlain 1949). 
Although numerically common, this species 
is not well known due to its secretive 

d. Maritime Forest Bird Communities. 

(1) Overview. Relatively lit- 
tle information exists on avian diversity 
in maritime forests of the characteriza- 
tion area. However, some observations 
have been recorded for Bull, Capers, 
Kiawah, Turtle, Wassaw, Sapelo, Cumberland, 
Wolf, Tybee, and Blackbeard islands 
(Sprunt 1936, Folk 1939, Teal 1958a, U.S. 
Department of Interior, Fish and Wildlife 
Service 1971, Chamberlain and Chamberlain 
1975, Chamberlain 1979). Apparently, the 
maritime forest provides essential resting 
and feeding habitat for many passerine mi- 
grants along the coasts of South Carolina 
and Georgia. Maritime forest plant associ- 
ations are becoming increasingly important 
for many songbird species as live oaks on 
the mainland are replaced by pine planta- 
tions. Generally, the maritime forest is 
in an advanced stage of succession and 
supports most of the non-marine birds on 
barrier islands. These birds are primarily 
insectivores. 

Excluding several rare and accidental 
species, the total number of species in- 
habiting maritime forests in the study 
area can be placed at 83 (Table 3-12). 
This number appears to be significantly 
'lower than for mainland forests, and there 
is a corresponding paucity of individuals 
(for comparison, see sections on birds of 
upland forests, Chapter Six). This situ- 
ation can be attributed to a number of 
factors. The dense vegetation character- 
istic of undisturbed maritime forests un- 
doubtedly restricts bird mobility. This 
has been verified in tropical communities 
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RAPTORS 

Sharp -&Inned hawk, 
Amer icon kestrd 
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Ground dove, Eastern kingbird, 
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Mockingbird, T m swaltow, 
Boat-toiled grackl, Yellow-rmpd warbkr 

Figure  3-15. General ized t r o p h i c  r e l a t i o n s h i p s  of r e p r e s e n t a t i v e  b i r d s  of mari t ime 
t r a n s i t i o n  shrub c o m u n i t i e s .  

and monotypic p i n e  s t a n d s  (Karr and Roth 
1971). I n  homogeneous h a b i t a t s ,  a de- 
c r e a s e  i n  t h e  number o f  r e s i d e n t  s p e c i e s  
a l s o  has  been explained by patchy occur- 
r ence  (MacArthur and Pianka 1966). Fur- 
t h e r ,  t r o p i c a l  s p e c i e s  have been found t o  
e x h i b i t  l a r g e r  home ranges  i n  homogeneous 
h a b i t a t s  (Karr and Roth 1971).  The pro- 
p o r t i o n  of s p e c i e s  w i t h  l a r g e  home ranges  
f avors  t r o p i c a l  a r e a s  d r a m a t i c a l l y ,  51% 
t o  3%, over  a t e m p e r a t e  l o c a l e  
( I l l i n o i s )  (Karr and Roth 1971).  Maritime 
f o r e s t s  i n  South Caro l ina  and Georgia can 
b e  considered more o r  l e s s  semi - t rop ica l ,  
perhaps t o  t h e  e x t e n t  t h a t  av ian  home 
ranges  a r e  s u f f i c i e n t l y  l a r g e  t o  reduce 
t h e  number of i n d i v i d u a l s  p r e s e n t ,  a s  w e l l  
a s  t h e  s p e c i e s  d i v e r s i t y .  

The mari t ime f o r e s t  r e p r e s e n t s  t h e  
f i r s t  major t e r r e s t r i a l  h a b i t a t  in l and  
from t h e  marine environment, and i t  i s  
dominated by p a s s e r i n e  b i r d  spec ies .  
Most s p e c i e s  a r e  i n s e c t i v o r o u s ,  and l e a f -  
g l eaner s  o f  bo th  t h e  unders to ry  and 
canopy a r e  w e l l  r ep resen ted .  There  a r e  
no forms unique t o  t h e  mari t ime f o r e s t ,  
however, and most s p e c i e s  can be  found i n  
s e v e r a l  t e r r e s t r i a l  h a b i t a t s .  

The mari t ime f o r e s t  can b e  d iv ided  
i n t o  f i v e  genera l  v e r t i c a l  zones o r  n i c h e s  
a s  f a r  a s  u s e  by b i r d s  is concerned: 
ground, unders to ry ,  mid-story, canopy, 
and a e r i a l  (adapted from Dunlavy 1935). 
Most b i r d  s p e c i e s  f avor  a p a r t i c u l a r  ver-  
t i c a l  zone, a l though i n d i v i d u a l s  f r e -  
quen t ly  d e v i a t e  from t h i s  zone f o r  escape,  
migra t ion ,  e t c .  V e r t i c a l  d i s t r i b u t i o n  i s  

more pronounced, however, i n  f o r e s t s  w i t h  
g r e a t e r  canopy he igh t  than  t h e  mari t ime 
f o r e s t .  Canopy h e i g h t  is t y p i c a l l y  on ly  
80 f t  (24 m) o r  l e s s  i n  Southeastern  mari- 
t ime f o r e s t s  (Shar i t z  1975),  and v e r t i c a l  
d i s t r i b u t i o n  o f  b i r d s  is correspondingly 
compressed. This s i t u a t i o n  o f t e n  r e s u l t s  
i n  s p e c i e s  occupying more than  one v e r t i -  
c a l  zone (e.g. ,  t h e  yellow-rumped warb le r ) .  

A t o t a l  o f  39 s p e c i e s  a r e  dominant 
r e s i d e n t s  of t h e  mari t ime f o r e s t ,  includ-  
i n g  23 permanent r e s i d e n t s ,  e i g h t  w i n t e r  
r e s i d e n t s ,  seven summer r e s i d e n t s ,  and one 
migrant  (Table 3-12). A l toge the r ,  perma- 
n e n t  r e s i d e n t s  i n c l u d e  40 s p e c i e s .  Of 
these ,  popu la t ions  o f  t h e  red-shouldered 
hawk, which p reys  h e a v i l y  on k r p e t o f a u n a ,  
a r e  much reduced dur ing  w i n t e r .  Popula- 
t i o n s  of t h r e e  smal l  i n s e c t i v o r e s ,  t h e  
blue-gray gna tca tche r ,  yel low-throated 
warb le r ,  and t h e  p r a i r i e  warb le r ,  a r e  
s i m i l a r l y  reduced, depending on t h e  se-  
v e r i t y  of t h e  w i n t e r  (Sprunt and 
Chamberlain 1949).  Conversely,  popula- 
t i o n s  of t h e  r e d - t a i l e d  hawk, sharp- 
shinned hawk, and c a t b i r d  i n c r e a s e  dur ing  
win te r .  Summer r e s i d e n t s  a r e  r ep resen ted  
by a t o t a l  o f  1 6  s p e c i e s .  These b i r d s  a r e  
p r i m a r i l y  warb le r s ,  a l though swallows, 
summer t anager ,  orchard o r i o l e ,  
and t h e  two bun t ings  a l s o  must b e  in -  
cluded. Twenty-three s p e c i e s  of win te r  
r e s i d e n t s ,  p r i m a r i l y  wrens, hawks, and 
sparrows,  r e p l a c e  a number o f  surmner in -  
eec t ivores .  Th i s  predominance o f  w i n t e r  
r e s i d e n t s  is o f f s e t  s l i g h t l y  by f o u r  mi- 
g r a n t  s p e c i e s .  The American r e d s t a r t  is 
a comon t r a n s i e n t  v i s i t o r ,  and t h e  
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He a l s o  s t a t e d  t h a t  spec ies  found i n  a reas  
of low s a l i n i t y  exh ib i t  high r e s i l i e n c e  t o  
dis turbance a s  a r e s u l t  of t h e i r  t y p i c a l l y  
high fecundity and rap id  growth. Pol luted 
a reas  i n  t h e  polyhal ine zone of Hampton 
Roads, Vi rg in ia ,  were found t o  be populated 
by eurytopic macrobenthic spec ies  t y p i c a l  
of lower s a l i n i t y  regions (Boesch 1973). 
Similar ly,  t h e  e f f e c t s  of flooding during 
Tropical Storm AGNES i n  t h e  Chesapeake Bay 
system had l e s s  impact on t h e  benthos of 
the upper e s t u a r i n e  regions than i n  higher  
s a l i n i t y  areas  (Boesch e t  a l .  1976b). 
These observat ions suggest t h a t  t h e  e f f e c t  
of a given s t r e s s  would there fore  have a 
g r e a t e r  impact on e s t u a r i n e  b i o t a  where 
environmental constancy is high, where 
l a r g e r  numbers of r e l a t i v e l y  s teno top ic  
species  ( i . e . ,  having a narrow range of 
a d a p t a b i l i t y )  a r e  present ,  and where d i -  
v e r s i t y  is  t h e r e f o r e  t y p i c a l l y  high. A t  
the  same time, t h e  v u l n e r a b i l i t y  of the  
e n t i r e  e s t u a r i n e  h a b i t a t  t o  human dis turb-  
ance should not  be underestimated (Boesch 
1974). Careful and thoughtful  management 
w i l l  be necessary i f  t h e  environmental in- 
t e g r i t y  of these b io log ica l ly ,  economi- 
c a l l y ,  and a e s t h e t i c a l l y  valuable a reas  is 
t o  be maintained. 

C. GENERALIZED FOOD WEB AND 
RELATIONSHIPS (Fig. 4-3) 

Food chains dep ic t  t h e  t r a n s f e r  of 
energy from one organism t o  another  i n  an 
ecosystem. Since a s u b s t a n t i a l  percentage 
of t h e  p o t e n t i a l  energy may be l o s t  a t  
each t r a n s f e r ,  t h e  number of sequent ia l  
l e v e l s  i n  most food chains is usual ly 
l imited t o  not more than four  o r  f i v e  
(Odum 1971). Odum recognized two types of 
food chains: 1 )  a grazing food chain, in- 
volving t r a n s f e r  of energy from l i v i n g  
p lan ts  t o  animals, and 2) a d e t r i t u s  food 
chain, involving t r a n s f e r  of energy from 
p lan ts  t o  animals v i a  organic d e t r i t u s .  
Food chains a r e  var ious ly  interconnected,  
o f t e n  i n  complex p a t t e r n s ,  t o  form what is 
known a s  a food web. 

Studies  a t  t h e  Universi ty  of Georgia 
Marine I n s t i t u t e  (Schelske and Odum 1962) 
have shown t h a t  e s t u a r i e s  of t h e  Sea Is- 
land Coastal  Region a r e  among t h e  most 
productive n a t u r a l  systems on ear th .  
Schelske and Odum a t t r i b u t e d  t h e  high pro- 
d u c t i v i t y  of these  waters t o  t i d a l  ac t ion ,  
abundant n u t r i e n t  suppl ies ,  conservation 
and rapid turnover of n u t r i e n t s ,  t h r e e  
u n i t s  of primary production (marsh g r a s s ,  
benthic  algae,  and phytoplankton), and 
year-round production. Much of t h e  pro- 
d u c t i v i t y  is a t t r i b u t a b l e  t o  t h e  extensive 
s a l t  marshes behind t h e  b a r r i e r  i s l a n d s ,  
and espec ia l ly  t o  smooth cordgrass. While 
a small  amount of t h e  t o t a l  production of 
t h i s  p l a n t  is consumed d i r e c t l y  by grazers  
such a s  i n s e c t s ,  most is reduced t o  d e t r i -  
t u s  by b a c t e r i a l  and fungal decomposers. 
The d e t r i t u s ,  because of i ts associated 
microbes, is  bel ieved t o  be more nu t r i t iona l  

than Spart ina t i s s u e  alone (Odum and de l a  
Cruz l.g6f), 'and e s t u a r i e s  of Georgia and 
South Carolina a r e  based t o  a g r e a t e r  de- 
gree on d e t r i t u s  food chains than on graz- 
ing food chains. Darnel1 (1967) indicated 
t h a t  l a r g e  q u a n t i t i e s  of p a r t i c u l a t e  or- 
ganic d e t r i t u s  a r e  ingested by e s t u a r i n e  
consumers, whether l a r g e  o r  small,  inverte- 
b r a t e  o r  v e r t e b r a t e ,  benthic  o r  supraben- 
t h i c .  Darnel1 s t r e s s e d  t h e  important s tor-  
age, t r a n s p o r t ,  and buf fe r  aspec t s  of 
organic d e t r i t u s  t o  the  e s t u a r i n e  environ- 
ment. Energy is  s to red  i n  d e t r i t u s  and 
u t i l i z a t i o n  occurs a t  d i f f e r e n t  time in- 
t e r v a l s .  Transport occurs through t h e  
ac t ion  of t i d a l  cur ren ts ,  which d i sperse  
d e t r i t u s  throughout t h e  estuary.  D e t r i t u s  
c o n s t i t u t e s  a buf fe r  because i t  is ava i l -  
a b l e  t o  consumers during periods when pr i -  
mary production is low (e.g. ,  during win- 
t e r ) .  

Energy is  t rans fe r red  through t h e  
e s t u a r i n e  food chain both from d e t r i t u s  
and i t s  assoc ia ted  microbiota t o  t h e  higher 
t rophic  l e v e l s  l a r g e l y  through bottom- 
dwelling inver tebra tes  and detr i tus-feeding 
f i s h e s ,  and from phytoplankton, macrophytes, 
and benthic  microphytes t o  g razers  includ- 
ing benthic  inver tebra tes ,  zooplankton, 
and c e r t a i n  f i s h e s .  Middle carnivores  in- 
c lude l a r g e r  nektonic species  and zooplank- 
ton predators .  Top carnivores  include 
l a r g e r  f i s h e s ,  predatory b i r d s ,  and mammals. 

Although the  number of species  is 
t y p i c a l l y  reduced under e s t u a r i n e  condi- 
t i o n s ,  t h e  food web remains i n t r i c a t e ,  even 
i n  s impl i f i ed  terms (Fig. 4-3). The food 
h a b i t s  of one spec ies ,  the  s t r i p e d  mul le t ,  
r e f l e c t  t h i s  complexity. This f i s h  i s  
p a r t  of both a grazing food chain (feeding 
on benthic  algae)  and a d e t r i t u s  food chain 
(feeding on organic d e t r i t u s ) .  It i s  a l s o  
known t o  s h i f t  t rophic  l e v e l s  from primary 
consumer t o  predator ,  preying on polychaete 
worms (Bishop and Miglarese 1978). Mullet,  
i n  tu rn ,  a r e  preyed upon by o ther  spec ies  
of f i s h ,  b i r d s ,  and mammals, including man. 
The complexity of food r e l a t i o n s h i p s  i n  
e s t u a r i n e  nekton has been discussed by 
deSylva (1975). 

11. SUBTIDAL ESTUARINE SUBSYSTEM 

A. DESCRIPTION 

The s u b t i d a l  subsystem ". . . includes 
t h a t  p a r t  of the  Estuarine System i n  which 
the  s u b s t r a t e  is continuously submerged" 
(Cowardin e t  a l .  1977). Many e s t u a r i e s  of 
t h e  Sea Is land Coastal Region a r e  small ,  
with drainage bas ins  r e s t r i c t e d  t o  t h e  
c o a s t a l  p l a i n ,  although the  Altamaha, 
Ogeechee, Savannah, Edisto,  Santee, and 
Pee Dee r i v e r s  o r i g i n a t e  wi th in  the  Pied- 
mont a rea  o r  beyond (see Volume I). Georgia 
and South Carolina combined have an e s t i -  
mated 598,700 acres  (242,291 ha) of shallow 
s u b t i d a l  es tuar ine  h a b i t a t ,  compared wi th  
2,206,600 acres  (892,999 ha) f o r  North 



Figure 4-3. A generalized food web f o r  the estuarine ecosystem of the Sea Island Coastal Region. 
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Carolina, 1,670,000 acres C675,840 ha) for 
Virginia, and 1,406,100 acres (569,041 ha) 
for Maryland (Spinner 1969). While the 
numbers of species are less than that of 
marine waters, densities are often high. 
Penaeid shrimp, oysters, blue crabs, hard 
clams, and certain fishes occur in suffi- 
cient abundance to support commercial and 
recreational fisheries in the area (see 
Volume 11). 

B. PRODUCERS 

1. Phytoplankton 

Although there is a paucity of infor- 
mation on phytoplankton populations in 
estuaries of South Carolina and Georgia, 
studies performed to date give some indica- 
tion of the structure and dynamics of non- 
vascular flora in the myriad of habitats 
associated with estuarine ecosystems. 

Estuaries provide a rich and varied 
environment for phytoplankton populations. 
Environmental factors in estuaries fluctu- 
ate more frequently and over wider ranges 
than in either fresh water or seawater. 
In addition, the proximity of estuarine 
waters to land increases the environmental 
variables by subjecting phytoplankton pop- 
ulations to urban, industrial, and agri- 
cultural discharges, as well as the normal 
constituents of land drainage. The dy- 
namics of this ecosystem are thus trans- 
lated to the phytoplankton, resulting in 
population characteristics which normally 
deviate greatly from either the freshwater 
or seawater extremes of a typical estuary. 
Rice and Ferguson (1975) summarized the 
factors influencing phytoplankton popula- 
tions in estuaries (Table 4-1). As indi- 
cated in this table, a relatively large 
number of factors, abetted by both natural 
and man-imposed variation, impact upon 
estuarine phytoplankters. Despite these 
continuous perturbations, estuarine phy- 
toplankton populations tend to be larger 
and thus more productive than populations 
in adjacent systems. 

It is generally accepted that the 
majority of phytoplankton in lower estu- 
arine systems are derived from the marine 
environment. Recent evidence, however, 
seems to support the concept that fresh- 
water phytoplankton can comprise a signif- 
icant portion of estuarine populations, 
and it has been suggested that they form 
an important part of the organic detritus 
of an estuary. A classic representation 
of the composition of phytoplankton popu- 
lations in estuaries would show a domi- 
nance of limnetic (freshwater) forms in 
the oligohaline (0.50100 - 5OIoo) areas, 
an either rapid or gradual diminution of 
these forms in the mesohaline (5O/00 - 
18°/oo) areas (dependent on tidal prism, 
river flow, etc.), and an increasing domi- 
nance of marine forms through the poly- 
haline zone (18°/oo - 30°/oo) to the sea. 
Few phytoplankters, either limnetic or 

marine, have wide enyironrqental tolerances. 
True estuarine forms, if they exist, are 
not well represented. 

Taxonomic studies of estuarine phyto- 
plankters in South Carolina and Georgia are 
not numerous. A listing of all species 
identified or suspected from coastal South 
Carolina can be found in Manzi and Zingmark 
(1978). They listed over 360 marinelestu- 
arine taxa; although this list is not com- 
plete, it does include all the abundant and 
most of the common genera associated with 
these aquatic systems (see Table 4-2 for a 
partial listing). 

In terms of temporal distribution, 
very little is known about phytoplankton 
dynamics in the estuaries of South Carolina 
and Georgia. A compilation of abundance 
by season from the Santee River system 
(J. J. Manzi, 1977, South Carolina Marine 
Resources Division, Charleston, unpubl. 
data) is given in Table 4-3. 

It is becoming more evident that tne 
nanoplankton (phytoplankton which passes 
through fine-mesh plankton nets) is at 
least as important numerically as the net 
phytoplankton (phytoplankton retained by 
ordinary plankton nets) in estuarine waters. 
Data in Table 4-2, and results from several 
other recent studies (Campbell 1973, Van 
Valkenburg and Flemer 1974, Gallagher 
1975), indicate that phytoplankton studies 
can no longer ignore the nanoplankton 
fraction, particularly when it may contrib- 
ute up to 75% of the total phytoplankton 
productivity of estuarine systems (Williams 
and Murdoch 1966, Van Valkenburg and 
Flemer 1974). An additional area of high 
interest concerning phytoplankton distribu- 
tion is the airlwater interface or surface 
microlayer. While population densities 
and productivity are high in estuarine 
waters of South Carolina (Sellner 1973, 
Sellner et al. 1976, Zingmark 1977) and 
Georgia (Ragotzkie 1959b, Teal 1962, 
Pomeroy et al. 1976), it appears that popu- 
lation densities can be several times 
higher, and thus the contribution to total 
productivity greater, in the surface micro- 
layer than in subsurface waters (Gallagher 
1975. Manzi et al. 1977a). This is par- 
ticularly important because many pollutants 
are also concentrated in this interface, 
thus magnifying the impact that pollutant 
additions to estuarine systems can have on 
microphyte productivity. 

2. Macrophytes 

A general absence of solid, permanent 
substrates, as well as turbidity and the 
scouring action of the tides, severely 
limit the growth of macroscopic algae in 
the estuarine environment of Georgia and 
South Carolina. The continuously immersed 
parts of sea walls, groins, oyster reefs, 
pilings, jetties, and subtidal substrates 
such as shell, man-discarded objects, and 
invertebrates like the g~rgonian Leptogorgia 



Table 4-1, Natural and man-imposed conditions which determine levels and rates of change of 
factors affecting abundance and succession of estuarine phytoplankton @,ice and 
ferguson 1975). 

Fac tors Natural Conditions 

.~ . . . . . .  . . . .  - -  -- - 

Man-imposed Conditions 

Salinity 

Temperature 

Light Intensity 

At surface 

Below surface 

Nutrients 

Metabolites 

Toxic Substances 

Petroleum 

Radionuclides 

Heavy Metals 

Synthetic 
Toxicants 

Precipitation, runoff 
evaporation, circula- 
tion of water 

Latitude, season, weather, 
time of day, circulation 
of water 

Latitude, season, weather, 
time of day 

Reflection, absorption, 
scattering 

Drainage, runoff, circula- 
tion of water, sediments 

Living and dead plants 
and animals 

Deposits 

Primordial deposits, 
cosmic-ray produced 

Terrestrial deposits, 
sediments, land drainage 

Water impoundment, channeli- 
zation, dredge and fill, 
mosquito ditching 

Heated effluent, d m ,  canals 
and waterways, stream chan- 
nelization 

Air pollution - emog 
Dredging, waste dumping, 
erosion 

Sewage and industrial wastes, 
urban and agricultural drain- 
age, erosion 

Sewage, urban and agricul- 
tural drainage, erosion 

Leads and spills during 
drilling, transport, storage, 
use of disposal 

Fallout, nuclear power re- 
actors, other releases 

Industrial and domestic 
wastes, mining, erosion 

Industrial, agricultural, 
domestic use 

virgulata, provide places for algae to at- 
tach. Floating piers and docks offer an 
unusual substrate for algae, and if the 
salinity remains high, as it does at the 
marinas of Murrells Inlet, South Carolina, 
a diverse and luxuriant group of algae 
may be found. At this locality, poly- 
styrene floats provide places of attach- 
ment for such red algal species as Grinnel- 
lia americana and Neogardhiella baileyi, - 
and in the winter and early spring, the 
large, strap-shaped brown alga, Petalonia 
fascia, is the dominant species. Inter- 
mixed with this algal assemblage through- 
out the year are a variety of hydroids, 
bryozoane, and tunicates. This faunal and 
algal community offers a highly varied 
habitat for decapods and small fish. In 
less saline areas, such floats support a 
lower diversity of algae dominated by reds 
such as Polysiphonia denudata and 

Ceramium strictum, chlorophytes like 
Enteromorpha and -, ectocarpoid browns, 
and blue-greens. 

In Charleston Harbor, very few algal 
species appear in trawl and dredge sampleo. 
Infrequently collected species include the 
red algae Gynmogongrus griffithesiae, 
Gracilaria verrucosa, and Chondria 
tenuissima; the green algae Enteromorpha 
and -; and, during the colder months, 
the brown algae Ectocarpus and Giffordia. 
In winter and early spring, species of the 
sheet-like red algal genus Porphyra are a 
conspicuous element of shallow subtidal 
and intertidal areas. 

The subtidal jetty flora of South 
Carolina is impoverished compared with that 
of North Carolina. Schneider and Searleo 
(1978) listed 116 species found on North 
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Table 4-3. Seasonal abundancea of phytoplankton in the Santee River system, South Carolina (J. 
J. Manzi, 1977, South Carolina Marine Resources Division, Charleston, unpubl. data). 

S m e r  Fall Winter Spring 

Bacillariophyta 

Pyrrophy ta 

Chlorophyta 

Chrysophyta 

Cryptophyta 

Cyanophyta 

a. Abundance is represented in cells/ml and is the arithmetic mean of four samples taken 
over a 25-hour period. 

Carolina jetties. This is a mixed flora 
of intertidal and subtidal species, and 
many of the records represent species 
found on the Cape Lookout jetty, which has 
a more marine influence compared to the 
large harbor jetties at Winyah Bay and 
Charleston. However, a comparison of the 
algal diversity from an estuarine jetty 
like the one at Radio Island in Beaufort 
Inlet, North Carolina, with the above men- 
tioned jetties demonstrates how impover- 
ished the algal flora of South Carolina 
actually is. After surveying the 
Charleston Harbor jetties, Stephenson and 
Stephenson (1952) commented that the flora 
and fauna of these jetties ". . . is sub- 
nonnal for a rocky marine area." The sub- 
tidal and intertidal algal flora is very 
depauperate due to siltation on the rock 
surfaces and to water turbidity. The jet- 
ties now being constructed at Murrells 
Inlet should provide a greater nearshore 
marine habitat for benthic marine algae 
in South Carolina. 

The largest and most striking alga of 
the Charleston Harbor jetties is the large, 
membranous red alga, Grateloupia gibbesii, 
originally described by Harvey (1853) from 
specimens collected in Charleston Harbor. 
Rather rare species for the Western North 
Atlantic, e.g., Pterosiphonia pennata and 
Hypoglossum tenuifolium, have been re- 
ported by Wiseman and Schneider (1976) 
from the Charleston jetties. Oddly, these 
two species of red algae are found at Cape 
Lookout, North Carolina, but not on the 
jetty at Radio Island. 

3. Limiting Factors 

There is general a~reement among ma- 
rine ecologists that available NO3 and 
PO4 are major factors controlling phyto- 
plankton abundance. The most favorable 
N/P (nitrogen/phosphorus) ratios usually 

occur between 10:l and 30:l. In estuaries 
of South Carolina and Georgia, inorganic 
nitrogen, and more probably light, can be 
major limiting factors in phytoplankton 
abundance. A recent study by Gardner 
(1975) indicated that low tide runoff from 
intertidal marshes in South Carolina is 
rich in silica, phosphate, bicarbonate, 
and ammonia. The quantity of input of 
these substances into coastal waters ap- 
pears to be equal to that supplied by the 
entire freshwater runoff in the State 
(Windom et al. 1975). In addition to run- 
off, the primary sources of nutrients in 
estuaries are sediments and seawater. The 
estuaries of South Carolina and Georgia 
appear to depend to a large extent on run- 
off (both marsh and freshwater input) and 
sediments for usable fonns of nitrogen and 
phosphate. The turbid estuaries behind the 
barrier islands of the Sea Island Coastal 
Region maintain a large concentration of 
sediment in suspension, and there is a cor- 
responding high rate of exchange of nutri- 
ents between sediments and water. The 
sediment can contain enonnous amounts of 
nutrients, and apparentlj* most of the phos- 
phorus available to phytoplankton is de- 
rived from the clay sedimentlwater exchange 
(Hobbie et al. 1972, Hobbie 1976). Nutrients 
are also made available to estuarine waters 
through precipitation (Reimold and Daiber 
1967, Ilaines 1976), groundwater (Valiela et 
a1 . 19 78) , microbial decomposition (Ketchum 
1967, Odum and de la Cruz 1967, Reimold and 
Daiber 1970, Thayer 1971, 1974, Wiebe 1975, 
Christian and Wiebe 1978), and bacterial 
and algal nitrogen fixation (Whitney et al. 
1975, Carpenter et al. 1978). 

The classic concept of estuarine waters 
being the recipient of large quantities of 
usable organic and inorganic particulate 
and dissolved material from marshes is 
being questioned seriously. While most 
earlier studies seemed to indicate net ex- 
ports from the marsh (Odum and de la Cruz 



1967, Keefe 1972), many recent studies 
have had more ambiguous results. Axelrad 
et al. (19761, in studies of irregularly 
flooded brackish marshes, found a net loss 
of estuarine-derived phosphorus (total, 
dissolved organic, and orthophosphate) and 
nitrogen (nitrate and nitrite) to the 
marsh. With both nutrients, particulate 
forms were imported to the marsh where 
presumably they were mineralized and re- 
tuned to the estuary as dissolved inor- 
ganic and organic forms. Heinle and 
Flemer (1976), in a Chesapeake marsh sys- 
tem similar to the one studied by Axelrad 
et al., found little measurable net export 
of particulate carbon. Further, Woodwell 
et al. (1977, 1979) found no annual net 
exchange of organic matter between salt 
marsh and estuary. Thayer (1974) suggested 
that microbial immobilization of nitrogen 
and phosphorus during decomposition of or- 
ganic matter imported to estuarine waters 
from marshes may limit nutrient availa-. 
bility to phytoplankton. He also sug- 
gested that the annual cycles of nutrient 
concentration in estuarine waters may, in 
part, result from shifts in the equilibrium 
between microbial immobilization and re- 
mineralization. The above evidence, if 
nothing else, indicates that the exchange 
of nutrients between marshes and estuarine 
waters is not well understood and that 
these exchanges, as well as their rela- 
tionships to phytoplankton populations, 
must be subjected to further intensive 
study. See Gardner and Kitchens (1978) 
for a more detailed summary of nutrient ex- 
changes between marshes and contiguous 
waters. 

Estuarine productivity is dependent 
on three separate, but interdependent, 
units of primary production, i.e., marshes 
and their resultant detritus, benthic 
micro- and macrophytes, and phytoplankton. 
Both benthic and planktonic algae are ex- 
tremely important as the basis of food 
chains, reaching not only every habitat of 
the estuarine ecosystem but also habitats 
of marine, palustrine, and riverine sys- 
tems. Estuarine microphytes are directly 
utilized by the zooplankton, fish, macro- 
faunal, and meiofaunal populations. Their 
importance in various food chains has been 
estimated to some extent (Odum 1970a, 
Fisher 1975, Moll 1975, Kirby-Smith 1976), 
but no data exist on their quantitative 
and qualitative significance in the estu- 
aries of South Carolina and Georgia. 

Food chains in estuaries are, in 
general, markedly different than in the 
open sea. In the past, this has been at- 
tributed to the predominance of the detri- 
tus-based food system in estuaries. It 
could be speculated that the difference 
between the contributions of benthic macro- 
and microalgae in estuaries and the open 
sea is in part responsible for this dis- 
crepancy. Another feature of estuarine 
food chains is that zooplankters are 
quantitatively less important, while 

organisms which utilize detritus (or rather 
the microorganisms associated with detri- 
tus) and benthic algae are the dominant 
herbivores. Thus, a likely distribution of 
standing stock in a Southeastern estuary 
would be: benthic microheterotrophs > 
benthic macroheterotrophs > benthic micro- 
autotrophs > nekton > aquatic autotrophs 
(Thayer 1974). Many interpretations of 
this hierarchy are possible, but all must 
accept the potential of rapid autotrophic 
production. Since a typical effect of sub- 
lethal concentrations of heavy metals and 
trace contaminants is a significant reduc- 
tion in photosynthesis (Reish et al. 1978), 
any impacts on estuarine autotrophs are 
likely to be magnified in higher trophic 
levels. Table 4-4 lists several of the 
more common substances toxic to phyto- 
plankton and the concentrations necessary 
to either change photosynthetic rate or 
cause mortality (see also Zingmark and 
Miller 1975, Reish et al. 1978). 

C. CONSUMERS 

1. Zooplankton 

Zooplankton biomass and numbers are 
usually greater in estuaries than in any 
other aquatic habitat, reflecting the over- 
all high productivity of the estuarine en- 
vironment. Estuarine zooplankton is pre- 
dominantly of marine origin, but it also 
includes groups originating from freshwater 
and terrestrial ancestors (Green 1968a). 
Also, the assemblage includes forms with 
herbivorous, detritivorous, and carnivorous 
feeding habits, each of which provides an 
essential link in the estuarine food web. 
Estuarine zooplankton is of considerable 
trophic importance. The species of fish 
and shellfish responsible for over 85% by 
weight of the commercial fisheries land- 
ings of the Southeastern Atlantic States 
are estuarine or estuarine-dependent at 
some life stage (Burrell 1975). For many 
species that depend on estuaries as spawn- 
ing or nursery grounds (e.g., Atlantic 
croaker, Atlantic menhaden, seatrout or 
drum, blue crab, and white shrimp), an 
abundant zooplanktonic population is a neces- 
sity. Small herbivores, particularly cope- 
pods and cladocerans, are essential as food 
for early fish larvae and for larger pre- 
dacious zooplankters, which in turn are 
fed upon by late larval and postlarval fish 
and other forms. Detritivores, such as 
mysid shrimp and gammarid amphipods, may 
be the most important food chain link in 
estuaries bounded by extensive salt and 
brackish marshes, which themselves often 
are important fish nursery grounds 
(Ragotzkie 1959b, Van Engel and Joseph 
1968, University of Georgia Marine Insti- 
tute 1971). 

Estuarine zooplankton must be able to 
accommodate regular salinity variations, 
which may fluctuate more than 12O/00 during 
a single tidal cycle (Van Engel and Joseph 
1968). Therefore, true estuarine species 



Table 4-4. Concentrations of substances t o x i c  t o  phytoplankton (Rice and Ferguson 1975). 

Species Range of Minimum Concentrations 
Substance Tested Tested Producing Toxici ty  (ppm) Duration of 

Geometric Experiment 
Type Number Number Low High Mean Days 

Chlorine 1 2 1.5 > 20 -- < 0.1 

Detergents 2 1 32 0.1 > 1000 14.00 1 - 210 

Heavy metals 5 5 3 0.001 
(Hg, Cu, Zn, Ag) 

Hydrocarbons 2 14 0.01 100 0.52 2 - 5  

Nitrogen 3 4 1.1 28,000 120.00 < 1 - 4 2  
(No3, N02, NHq) 

Pes t ic ides  50 4 6 0.000015 > 200 0.70 1 - 30 

Phosphorus (P04) 1 2 -- 70,000 -- 7 

Polychlorinated 1 5 0.01 > 1 0.80 4 
biphenyls 

a r e  c h a r a c t e r i s t i c a l l y  euryhal ine,  with 
more s tenohal ine spec ies  r e s t r i c t e d  t o  
e i t h e r  upper o r  lower por t ions  of t h e  
estuary according t o  t h e i r  a f f i n i t y .  

Dispersion i s  a l s o  a problem f o r  zoo- 
plankters  because of t h e i r  l imi ted  locomo- 
t i v e  c a p a b i l i t i e s .  Tidal  and r i v e r  cur- 
ren t s  appear t o  play the  major r o l e  i n  
moving both holo- and meroplankton within 
es tuar ies .  When a s a l t  wedge is presen t ,  
net t ranspor t  is upstream on t h e  bottom 
for  some d i s tance  above t h e  mouth, and 
zooplankton may be t ransported up t h e  estu- 
ary i n  lower s t r a t a .  I n  a thoroughly 
mixed estuary,  zooplankton may be t rans-  
ported up t h e  es tuary  by s e l e c t i v e l y  ris- 
ing i n t o  t h e  water column on favorable  
t i d e s  and s e t t l i n g  t o  t h e  bottom when 
t i d a l  d i r e c t i o n  i s  unfavorable. Such d i s -  
persa l  s t r a t e g y  has been suggested or  
demonstrated f o r  e s t u a r i n e  o r  c o a s t a l  zoo- 
plankton by Carr iker  (19511, Bousfield 
(19551, Sandifer  (19751, and o thers .  

Estuarine zooplankters must a l s o  have 
means of repopulation. Holoplanktonic forms 
may be r e c r u i t e d  from the  sea ,  by repro- 
duction of r e s i d e n t  s tocks  coupled with 
re ten t ion  of t h e  progeny, o r  from r e s i s t -  
an t  eggs i n  the sediments. Rivers having 
l a r g e  drainage basins  o r i g i n a t i n g  above 
the f a l l  l i n e  may on occasion be f r e s h  
throughout, even beyond the  mouth (Burrel l  
1977). Many stenohal ine marine spec ies  
would not  survive the  d i l u t e  mixture,  
while nearly a l l  would be swept out  t o  sea. 
Repopulation of t r u e  es tuar ine  holoplank- 
t e r s  a f t e r  these  events  would probably be 

from "pocket populations"; such pockets may 
occur due t o  r e s t r i c t e d  f lush ing  (as  i n  
bays ly ing  a t  t h e  mouths of some r i v e r  sys- 
tems), marsh pot ho les ,  t i d a l  creeks with 
high s i l ls  a t  t h e  mouth, o r  from c o a s t a l  
waters and adjacent  e s t u a r i e s .  Meroplankkonic 
forms a r e ,  f o r  t h e  most p a r t ,  l a rvae  
of nektonic o r  benthic  organisms, and re- 
population would be a problem only i f  in-  
clement condit ions,  such a s  low s a l i n i t y  
o r  excessively cold temperatures, a f fec ted  
surv iva l  of a d u l t s ' o r  l a r v a e ,  o r  i f  high 
runoff prevented recruitment of l a r v a l  
forms t o  adu l t  populations. 

The zooplankton of severa l  e s t u a r i e s  
of t h e  Sea Is land Coastal Region has been 
described i n  varying degrees of d e t a i l .  
Bears Bluff Laboratories ,  Inc. (1964, 
1965) surveyed t h e  Ashley, Cooper, Wando, 
and Santee r i v e r s ,  and P r i c e  I n l e t ,  South 
Carol ina,  over an annual cycle. Lonsdale 
and Coull (1977) described seasonal aspects  
of zooplankton i n  North I n l e t ,  South 
Carolina, and the U.S. Naval F a c i l i t i e s  
Engineering Command (1977) completed a 
year-long zooplankton study i n  the  S t .  
Marys-Cumberland Sound Estuary i n  Georgia. 
Stickney and Knowles (1976) described verti- 
c a l  d i s t r i b u t i o n  of se lec ted  groups i n  the 
Skidaway River, Georgia, over t h r e e  seasons. 
I n  South Carolina, t h e  Marine Resources 
Research I n s t i t u t e  has recen t ly  completed 
a f i e l d  e f f o r t  t o  charac te r ize  the  zoo- 
plankton of the Edisto,  Cooper, Wando, and 
Santee r i v e r s  and Winyah Bay, but  only a 
cursory summary of information is presen t ly  
ava i lab le .  Data from d i f f e r e n t  s t u d i e s  a r e  
d i f f i c u l t  t o  compare because mesh s i z e ,  n e t  



diameter, volume strained estimatesl depth 
sampled, and level of identifications are 
different for nearly every investigation. 

Studies by Bears Bluff Laboratories, 
Inc. (1964, 1965) indicated that maximum 
numbers of net zooplankters occurred in 
each estuary in the fall, while Lonsdale 
and Coull (1977) and the U.S. Naval 
Facilities Engineering Command (1977) 
found maximum abundance in spring. This 
discrepancy appears to be due to differ- 
ences in the methods of sampling employed; 
nets used in Bears Bluff studies had large 
mesh sizes which failed to capture small 
forms, such as copepods, in proportion to 
their true abundance. 

Copepods, coelenterates, and crab 
larvae were reported as the most numerous 
zooplankters in all Bears Bluff studies 
except in the Price Inlet area, where cope 
pods ranked ninth. These forms were most 
abundant in June, July, and August, and 
made up over 98% of all zooplankton col- 
lected in some systems studied by Bears 
Bluff investigators. Mysid shrimp were 
most abundant during fall and winter in 
all Bears Bluff samples except those from 
Price Inlet. Grass shrimp larvae 
(Palaemonetes spp.) were more abundant in 
the North Santee than in other South 
Carolina estuaries. They reached maximum 
abundance in June and July. Gammarid am- 
phipods were very common at upriver sta- 
tions, particularly in the North Santee 
River. They were present nearly all year 
and were most abundant in August. Other 
common zooplankters of South Carolina estu- 
arine systems included a sergestid shrimp 
(Lucifer faxoni), miscellaneous crab lar- 
vae (such as xanthids), penaeid shrimp 
postlarvae, and fish larvae and postlarvae. 

Hester (1976) recorded 20 species of 
hydromedusae from South Carolina. Black- 
fordia virginica, Nemopsis bachei, 
Phialidium languidurn, and Phialucium 
carolinae were the most common. Calder 
and Hester (1978) listed the most common 
scyphomedusae in South Carolina as Cyanea 
capillata, Rhopilema verrilli, Stomolophus 
meleagris, and Chrysaora quinquecirrha, 
while Kraeuter and Setzler (1975) found 
that medusae of Chiropsalmus quadrumanus 
were abundant and Rhopilema and Cyanea 
were rare in Georgia. Calder and Burrell 
(1978) listed Mnemiopsis leidyi, M. 
mccradyi, and Beroe ovata as the most abun- 
dant ctenophores. 

Lonsdale and Coull (1977) found that 
copepods made up between 64% - 69% of the 
zooplankton in North Inlet, South Carolina. 
The principal holoplankton species found 
in North Inlet were the calanoid copepods 
Parvocalanus crassirostris and Acartia 
tonsa, the cyclopoid copepod Oithona 
colcarva, the harpacticoid Euterpina 
acutifrons, and the larvacean Oikopleura 
sp. Barnacle nauplii were the most common 
meroplankters, with bivalve and polychaete 

larvae also important. Greatest numbers of 
zooplankters were present between April and 
July. Lonsdale and Coull (1977) considered 
that this fauna was most closely allied 
with that of Florida waters. 

The Marine Resources Research Insti- 
tute at Charleston has completed field work 
of a 2-year study of zooplankton of the 
Wando River, a relatively low salinity estu- 
ary near Charleston Harbor (V. G. Burrell, 
1975, South Carolina Marine Resources Di- 
vision, Charleston, unpubl. data). Five 
stations, extending from the mouth to an 
area 22 km (13 mi) up estuary, were occu- 
pied monthly during this study. The most 
abundant zooplankter each season was the 
copepod Acartia tonsa. The jellyfish 
Blackfordia virginica, barnacle larvae, and 
the zoeae of mud crabs and fiddler crabs 
were the predominant meroplanktonic elements. 
A preliminary listing of species from all 
stations (Table 4-5) indicates that many of 
the same species found in North Inlet by 
Lonsdale and Coull (1977) occur in the 
Wando River as well. Chief differences are 
the greater contribution to the total popu- 
lation by the copepod Parvocalanus -- 
sirostris in North Inlet and the presence 
of Oikopleura sp. and pluteus larvae there. 
Eurytemora affinis, a polyhaline copepod, 
was seasonally abundant in the Wando River, 
but was not found in North Inlet. Distri- 
bution of these species is indicative of 
different salinity regimes in the two study 
areas, with North Inlet having the higher 
salinity. 

Acartia tonsa was the most abundant -- 
zooplankton species in the Dauphin, 
Skidaway, St. Marys and Wilmington rivers 
and Doboy Sound in Georgia (Jacobs 1968, 
Stickney and Knowles 1975, 1976, U.S. Naval 
Facilities Engineering Command 1977). 
Other common plankters were the copepods 
Parvocalanus crassirostris and Pseudodiap- 
tomus coronatus, tunicates, and, in certain 
seasons, the larvae of barnacles, gastro- 
pods, and pelecypods . 

How zooplanktonic populations react to 
human activities, such as harvesting of 
commercial species, lowering of water qual- 
ity, altering flow, etc., is virtually un- 
known for most estuaries, with those of the 
Sea Island Coastal Region being no excep- 
tion. In some cases, alterations within 
a system can be inferred from the change in 
zooplankton distribution and abundance af- 
ter such events. Most commercial species 
with planktic larvae, except in rare cases 
when the entire brood stock is virtually 
eliminated, have good or bad year classes 
as a result of poorly understood environ- 
mental conditions. 

Investigations to determine the impact 
of industrial effluent on zooplankton have 
not, in most instances, documented a direct 
relationship. Studies in South Carolina by 
Bears Bluff Laboratories, Inc. (1964, 1965) 
in Price Inlet and North Santee River, both 



Table 4-5. A prel iminary l is t  of t h e  most common spec iee  of zooplankton found i n  t h e  Wando River,  
August 1972 - August 1974 (V. G. Bur re l l .  1975, South Carolina Marine Resources 
Divis ion,  Charleston, unpubl. d a t a ) .  XXX abundant, XX common, X present .  

Arthropoda 
Copepoda 

Calanoida 
Acar t i a  tonsa -- 
Centropages f u r c a t u s  
Centropages hamatus 
Eucalanus sp. 
Eury temra  a f f i n i s  
Labidocera a e s t i v a  
Parvocalanus c r a s s i r o s t r i s  
Pseudodiaptomus coronatus 
Temora long icorn i s  
Temora setacaudatus  
Tortanus setacaudatus  

C v c l o ~ o i d a  - 
0Ahona sp. 
Orthocyclops sp. 
Ergas i lus  sp. 

~ a r p a c  t i c o i d a  
Euterpina a c u t i f r o n s  
Scot tolana canadensie 
Harpacticoid (un iden t i f i ed)  

Calagoida 
Unident i f ied sp. 

Other 
Cladocerans 
Ostracods 
Barnacle l a r v a e  
Mysids 
Cumaceans 
Ieopods 
Capre l l id  amphipods 
Gammarid amphipods 
Penaeus sp.  l a r v a e  
Serges t id  shrimp 
Palaemonetes sp. 
Pagurid l a r v a e  
Rhithropanopeus h a r r i s i i  
Pinnotheres  sp.  
Uca sp. - 
Decapod megalopae 

Cnidaria 
Blackfordia  v i r g i n i c a  
Moerisia l y o n s i  
Nemopsie bachei  
Lovenella g r a c i l i s  
Eutima mira -- 
Obelia sp. 

Ctenophora 
Mnemiopsie sp. 

Annelida 
Polychaete l a r v a e  

Mollusca 
Gastropod l a r v a e  
Pelecypod l a r v a e  

Chordata 
Chaetognaths 
Tunicate l a r v a e  
F i sh  eggs 
F i sh  l a r v a e  

XXX XXX 

XXX 

X 

X 

XX 

X 

XXX 

XXX 

XXX 

XX 

X 

XXX 

X 

x > x  

X 

XXX 

X 

XXX 

X 

X 



r e l a t i v e l y  p r i s t i n e  a r e a s ,  and i n  t h e  
Cooper R ive r ,  a  h i g h l y  i n d u s t r i a l i z e d  a r e a ,  
show remarkably s i m f l a r  numbers of zoor  
p l a n k t e r s .  Conceivably,  p l a n k t i v o r o u s  
anadromous f i s h e s  may n o t  u s e  a  p o l l u t e d  
e s t u a r y  t o  a s  g r e a t  an  e x t e n t  a s  a  l e s s  
impacted one,  t he reby  masking d e t r i m e n t a l  
e f f e c t s  o f  p o l l u t i o n  on p lankton popula- 
t i o n s .  

Pulpwood p roces s ing  i s  a  s i g n i f i c a n t  
a c t i v i t y  i n  t h e  Sea I s l a n d  C o a s t a l  Region. 
S t u d i e s  of k r a f t  m i l l  was t e  wa te r  showed 
no t o x i c  e f f e c t s  on t h e  shrimp Palaemonetes 
pa ludosus  o r  on l a r v a e  o f  t h e  mud c r a b  
Rhithropanopeus h a r r i s i i ,  even a t  100% con- 
c e n t r a t i o n  ( U n i v e r s i t y  of Georgia  Marine 
I n s t i t u t e  1971) .  However, t h e s e  t e s t s  
were o f  s h o r t  d u r a t i o n  and long-term e f -  
f e c t s  were n o t  de termined.  

Channel d redg ing ,  a  c o n s t a n t  neces- 
s i t y  i n  many a r e a s  of t h e  Sea I s l a n d  
Coas t a l  Region, may a d v e r s e l y  a f f e c t  zoo- 
p lankton popu la t ions  i n  s e v e r a l  ways. In- 
c r eased  t u r b i d i t y  lowers  pr imary produc- 
t i o n ,  t he reby  r educ ing  food o f  h e r b i v o r e s  
(Will iams and Murdoch 1966) ,  wh i l e  c o n t r i -  
b u t i n g  t o  t h e  f o u l i n g  of s u b s t r a t e s  neces-  
s a r y  f o r  a t tachment  of some b e n t h i c  or -  
ganisms. Me ta l s  and hydrocarbons 
a s s o c i a t e d  w i t h  i n d u s t r i a l  p r o c e s s e s ,  
a g r i c u l t u r a l  chemicals ,  and t h o s e  t h a t  
l e a c h  n a t u r a l l y  i n t o  s t r eams ,  a r e  o f t e n  
concen t r a t ed  i n  sediments  l y i n g  n e a r  t h e  
mouths of e s t u a r i e s .  When t h e s e  sediments  
a r e  d i s t u r b e d ,  c o n c e n t r a t i o n s  i n  t h e  wa te r  
column may i n c r e a s e  d r a m a t i c a l l y .  S t u d i e s  
of Cha r l e s ton  Harbor wa te r  c o n t a i n i n g  
dredged sediments  have shown i t  t o  be  t o x i c  
t o  p l a n k t o n i c  s p e c i e s  ( U n i v e r s i t y  o f  South  
Caro l ina  1973, Hoss e t  a l .  1974, DeCoursey 
and Vernberg 1975) .  

A v a r i e t y  o f  s t u d i e s  have cons ide red  
t h e  e f f e c t s  of p e s t i c i d e s ,  PCB's, heavy 
m e t a l s ,  o i l ,  and c h l o r i n e  on e s t u a r i n e  
zoop lank te r s ,  p a r t i c u l a r l y  t h e  meroplank- 
t o n i c  l a r v a e  of e s t u a r i n e  i n v e r t e b r a t e s .  
Some o f  t h e s e  a r e  l i s t e d  below by way of 
example. For more d e t a i l s  on t h e  e f f e c t s  
of p o l l u t a n t s  i n  e s t u a r i n e  w a t e r s ,  t h e  
r e a d e r  is  r e f e r r e d  t o  Re i sh  r t  a l .  (1978) 
and o t h e r  reviews.  

The p e s t i c i d e s  mirex ,  methoxychlor,  
ma la th ion ,  i n s e c t  j u v e n i l e  hormone mimics,  
and kepone have been shown t o  be  n o t  on ly  
a c u t e l y  t o x i c  t o  c r ab  l a r v a e ,  b u t  a l s o  t o  
cause  such s u b l e t h a l  e f f e c t s  a s  de layed 
development,  i nc reased  i n c i d e n c e  of ab- 
n o r m a l i t i e s ,  and b e h a v i o r a l  mod i f i ca t ions  
(Bookhout e t  a l .  1972, 1976, 1979, Forward 
and Costlow 1976,  Bookhout and Monroe 
1977, C h r i s t i a n s e n  e t  a l .  1977a, b ,  Costlow 
1977) .  Petroleum hydrocarbons ,  PCB's, and 
endr in  have been shown t o  have s i m i l a r  
e f f e c t s  on l a r v a l ,  j u v e n i l e ,  and a d u l t  
g r a s s  shr imp,  Palaemonetes (Tatem 
1975, Tyler-Schroeder 1976, 1979) .  How- 
e v e r ,  Nimmo e t  a l .  (1974) found t h a t  P. 
pugio e x h i b i t e d  no m o r t a l i t y  when exposed 

t o  PCB-contaminated sediments  i n  open-water 
cages  o r  i n  flowing-water l a b o r a t o r y  sys- 
tems. 

S t u d i e s  on t h e  e f f e c t s  of heavy m e t a l s  
(mercury,  coppe r ,  z i n c )  on bryozoan l a r v a e ,  
t u b e  worms, b i v a l v e  mol lusks ,  and b r i n e  
shrimp by Wisely and B l i ck  (1967) showed 
t h e i r  t o x i c i t y  t o  be  g r e a t e r  a t  lower pH 
b u t  s t i l l  s i g n i f i c a n t  a t  t h e  pH o f  s eawa te r .  
Ben i j  ts-Claus and Beni j  ts (1975) found t h a t  
low c o n c e n t r a t i o n s  (up t o  50 ppb) o f  z i n c  
and l e a d  caused a  s i g n i f i c a n t  d e l a y  i n  l a r -  
v a l  development of t h e  e s t u a r i n e  mud c r a b ,  
~ h i t h r o ~ a n b ~ e u s  h a r r i s i i .  Shealy  and 
Sand i f e r  (1975) found t h a t  i u s t  a  48-hour 
exposure  o f  g r a s s  shrimp (P. v u l g a r i s )  l a r -  
v a e  t o  s u b l e t h a l  c o n c e n t r a t i o n s  of mercury 
r e s u l t e d  i n  de layed e f f e c t s  such a s  reduced 
s u r v i v a l  through metamorphosis,  prolonged 
development,  more l a r v a l  i n s t a r s ,  and in-  
c r eased  i n c i d e n c e  of d e f o r m i t i e s .  Calabrese 
e t  a l .  (1977) exposed o y s t e r  ( C r a s s o s t r e a  
v i r g i n i c a )  and clam (Mercenaria mercena r i a )  
l a r v a e  t o  mercury ,  s i l v e r ,  coppe r ,  n i c k e l ,  
and z i n c  (clam o n l y ) .  The o r d e r s  of t ox i c -  
i t y  were a s  fo l lows :  o y s t e r ,  Hg > Ag > Cu 
> Ni;  clam, Hg > Cu > Ag > Zn > Ni. Low 
l e v e l s  of m e t a l  had no d e t e c t a b l e  i n f l u e n c e  
on l a r v a l  growth, b u t  a t  t h e  LC50 concen- 
t r a t i o n  ( i . e . ,  t h e  l e v e l  t o x i c  t o  50% of 
t h e  t e s t  o rgan i sms) ,  growth was markedly ' 

reduced. P a f f e n h o f f e r  and Knowles (1978) 
found t h a t  t h e  h o l o p l a n k t o n i c  copepod. 
Pseudodiaptomus co rona tus  , fed  and-  grew a t  
a  normal r a t e  i n  wa te r  c o n t a i n i n g  5 u g / l  
cadmium, b u t  i t s  r e p r o d u c t i v e  r a t e  was r e -  
duced by 50%. 

Besides  p e s t i c i d e s  and heavy m e t a l s ,  
chlor ine- induced o x i d a n t s  i n  e s t u a r i n e  
w a t e r s  have been shown t o  have  d e t r i m e n t a l  
e f f e c t s  on t h e  s u r v i v a l  and development of 
mud c r a b  (Panopeus h e r b s t i i ) ,  he rmi t  c r a b  
(Pagurus l o n g i c a r p u s ) ,  and clam (Mulinia 
l a t e r a l i s )  l a r v a e  (Rober ts  e t  a l .  1979) .  
Ch lo r ine  is used e x t e n s i v e l y  a s  a  d i s i n -  
f e c t a n t  i n  sewage t r ea tmen t  p l a n t s  and f o r  
c o n t r o l  of f o u l i n g  i n  power p l a n t s ,  and t h u s  
i s  f r e q u e n t l y  r e l e a s e d  i n t o  e s t u a r i n e  wa- 
t e r s .  

A major  gap i n  o u r  unde r s t and ing  o f  
t h e  e f f e c t s  o f  p o l l u t a n t s  on e s t u a r i n e  o r -  
ganisms concerns  t h e  long-term e f f e c t s  of 
cont inuous  o r  i n t e r m i t t e n t  exposures  of 
t h e s e  organisms t o  s u b l e t h a l  contaminant 
c o n c e n t r a t i o n s .  To d a t e ,  n o t  v e r y  much 
work has  been done i n  t h i s  a r e a ,  a l t hough  
t h e  s i t u a t i o n  is  improving. However, r e -  
s u l t s  from one r e c e n t  s t u d y  (Tyler -  
Schroeder 1979) s e r v e  a s  an  example o f  how 
impor t an t  c o n s i d e r a t i o n s  of l i f e - c y c l e  e f -  
f e c t s  a r e  ( s e e  Table  4-6). From t h e s e  
d a t a ,  i t  i s  obvious  t h a t  l e v e l s  of t h e  
p e s t i c i d e  e n d r i n  s u b s t a n t i a l l y  lower t han  
t h e  96-hour LC50 " toxic"  c o n c e n t r a t i o n s  may 
have s i g n i f i c a n t  d e t r i m e n t a l  e f f e c t s  on 
l i f e - c y c l e  p roces ses  over  a  s i n g l e  genera- 
t i o n .  



Table 4-6. Tox ic i ty  of endr in  t o  g r a s s  shrimp (Palaemonetes pugio) i n  a 145-day l i f e - c y c l e  ex- 
posure (Tyler-Schroeder 1979).a 

L i f e  Stage 
Generation o r  Function E f f e c t  

Endrin Concentrations 
Producing E f f e c t  (pg / l )  

Pa ren ta l  Juven i l e  a d u l t  Death 0.38, 0.79 

Reproduction Delay i n  onse t  of 0.03, 0.05, 0.11, 0.18, 
spawning 0.38, 0.79 

Reduction i n  number 
of females spawning 

Larvae Death 0.11, 0.18, 0.38, 0.79 

P o s t l a r v a l  s t a g e  Delayed metamorphosis 

Decrease i n  growth, 0.1, 0.18, 0.38, 0.74 
f i n a l  l eng th  

Decrease i n  growth, 0.05, 0.11, 0.18, 0.38, 
f i n a l  weight 0.79 

a .  The a c u t e  96-hour LC50 was 1.2 p g / l  f o r  l a r v a e ,  0.35 p g / l  f o r  j u v e n i l e s ,  and 0.69 p g / l  
f o r  a d u l t s .  

Another major gap i n  our  understanding 
of t h e  e f f e c t s  of contaminants on e s t u a r i n e  
zooplankton concerns t h e  poss ib le  syner- 
g i s t i c  i n t e r a c t i o n s  of p o l l u t a n t s  wi th  t h e  
highly v a r i a b l e  phys ica l  cond i t ions  of 
e s t u a r i e s  and with  t h e  myriad o t h e r  pol- 
l u t a n t s  dumped i n t o  e s t u a r i n e  wa te r s .  
Re la t ive ly  few s t u d i e s  involving zooplank- 
t e r s  have considered such s y n e r g i s t i c  e f -  
f e c t s  (Cairns 1968). Much of t h e  
work t h a t  has  been done concerns t h e  ef-  
f e c t s  of power p l a n t s ,  s i n c e  one of  t h e i r  
major impacts on e s t u a r i n e  a r e a s  is thought 
t o  be entrainment of  zooplankton. A major 
concern is  t h a t  power p l a n t s  may e n t r a i n  
enough f i s h  eggs and l a r v a e  i n  a given lo -  
c a l i t y  t o  adversely  a f f e c t  recrui tment  t o  
populat ions  of  commercially o r  recrea-  
t i o n a l l y  important  f i s h e s  (Dahlberg 1978). 
The combination of temperature shock, ex- 
posure t o  b ioc ides  (ch lo r ine ,  copper),  
perhaps mechanical damage r e s u l t i n g  from 
passage through power p l a n t  condensers is  
known t o  k i l l  copepods (Heinle 1969) and 
f i s h  eggs and l a rvae .  Hoss e t  a l .  (1975, 
1977) demonstrated exper imental ly  t h a t  
thermal shock increased t h e  m o r t a l i t y  of 
juven i l e  e s t u a r i n e  f i s h e s  exposed t o  chlo- 
r i n e  o r  copper a s  they pass  through a 
power p l a n t  condenser.  This  f i n d i n g  is  
p a r t i c u l a r l y  s i g n i f i c a n t  s i n c e  t h e  need 
f o r  b ioc ides  and an t i - cor ros ion  measures 
inc reases  with  s a l i n i t y ;  t h e  f u r t h e r  sea- 
ward on an e s t u a r y  t h a t  a power p l a n t  is 
loca ted ,  then,  t h e  g r e a t e r  i ts  p o t e n t i a l  
impact on t h e  zooplankton. 

I n  o t h e r  s t u d i e s ,  DeCoursey and 
Vernberg (1972) and Vernberg e t  a l ,  (1973, 

1977) showed t h a t  temperature, s a l i n i t y ,  
and contaminant (mercury, PCB's) s t r e s s  in- 
t e r a c t e d  s y n e r g i s t i c a l l y  t o  a f f e c t  l a r v a e  
of the  f i d d l e r  c rab ,  k p u g i l a t o r .  Simi- 
l a r l y ,  Middaugh and Floyd (1978) descr ibed 
some s y n e r g i s t i c  e f f e c t s  of s u b l e t h a l  cad- 
mium concen t ra t ions  and suboptimal s a l i n i -  
t i e s  on g r a s s  shrimp (P. pugio)  l a rvae .  
I n  c o n t r a s t ,  Benij  ts-Claus and Benij ts 
(1975) repor ted  t h a t  some combinations of 
l ead  and z inc  tended t o  n e u t r a l i z e  t h e  
g r e a t e r  t o x i c i t y  of t h e  l ead  t o  l a r v a l  mud 
c rabs  (R. h a r r i s i i )  and i n  f a c t  t o  accel-  
e r a t e  l a r v a l  development. Nimo and Bahner 
(1976) attempted t o  a s s e s s  t h e  t o x i c  e f -  
f e c t s  of a heavy metal  (cadmium), a p e s t i -  
c i d e  (methoxychlor), and a PCB, s e p a r a t e l y  
and i n  combination, on an e s t u a r i n e  shrimp 
(Penaeus duorarum). They observed addi- 
t i v i t y  of  e f f e c t s ,  but  no dramatic  syner- 
g i s t i c  i n t e r a c t i o n s .  This  genera l  a r e a  of 
s y n e r g i s t i c  i n t e r a c t i o n s  of  p o l l u t a n t s  
needs a g r e a t  d e a l  more s tudy.  

2. Benthic  Meiof auna 

Benthic  meiofauna (defined a s  those 
bottom-dwelling animals which pass  through 
a 500-um s e i v e  bu t  a r e  r e t a i n e d  by a 63-um 
s e i v e )  have been l i t t l e  s tud ied  i n  es tu-  
a r i n e  s u b t i d a l  waters  of t h e  Sea I s l and  
Coastal  Region. The most p e r t i n e n t  d a t a  
have been generated by Coull and Fleeger  
(19771, who s tud ied  t h e  meiofauna of two 
d i s s i m i l a r  s t a t i o n s  1 km (.62 mi) a p a r t  i n  
t h e  North I n l e t  e s t u a r y ,  South Carol ina,  
w e r  a 3-year per iod.  One s t a t i o n  was 
charac te r i zed  by a muddy, organic-r ich sub- 
s t r a t e ,  whi le  t h e  o t h e r  a rea  cons i s t ed  of 



medium sand exposed to continual wave ac- 
tion. Coull and Fleeger (1977) found that 
the meiobenthic copepod communities at 
these two stations differed markedly in 
species composition; similarity measure- 
ments indicated that < 5% of the fauna 
was shared between the stations. The 
copepod fauna at the sand station con- 
sisted primarily of interstitial forms, 
while burrowing or epipelic species pre- 
dominated at the mud station. The mud 
station community showed distinct, regu- 
lar seasonal shifts, while the sand sta- 
tion fauna exhibited no marked seasonal- 
ity. Despite these and other differences 
between the two communities, they ex- 
hibited roughly equal diversity. Coull 
and Fleeger (1977) suggested that main- 
tenance of equivalent species diversity 
was made possible by the greater micro- 
habitat diversity and niche overlap within 
the sand habitat and by seasonal cycling 
of species suites at the mud station. 

Potential effects of perturbations on 
estuarine subtidal meiofauna of the char- 
acterization area are essentially unknown. 
Vernberg and Coull (1975) examined the 
combined effects of temperature, salinity, 
and anaerobiosis on the three species of 
meiobenthic copepods most connnonly en- 
countered in the North Inlet samples 
(Thompsonula hyaenae. ~seudobradia 
pulchera, and Scottolana canadensis). 
~em~erature-salinity interactions were not 
significant for any-of these species over 
the ranges tested [lSO, 22O, 37.5'~ (5g0, 
71.6O, 99. SOF) ; 250/00, 300/00, 350/00]. 
However, there was a great difference in 
the sensitivity of the species to high 
temperature, with 2. hyaenae the most sen- 
sitive. Both temperature and salinity af- 
fected resistance to anaerobiosis, and, 
not surprisingly, in a comparative test 
involving an additional six species of 
copepods, those typically.found in muddy 
substrates proved more resistant to 
anaerobiosis than the sand-dwelling 
species. Thus, it is likely that major 
thermal additions or perturbations that 
produce anaerobic conditions in estuarine 
sediments will cause changes in the com- 
position of local meiofaunal communities. 
Coull and Vernberg (1975) reported that 
the dominant meiobenthic copepods in the 
North Inlet estuary appear to remain in 
reproductive condition throughout the 
year, while less abundant species exhib- 
ited seasonal reproductive periods. Thus, 
short-term perturbations which interfere 
with copepod reproduction are likely to 
have a relatively greater effect on the 
recruitment of less abundant species. 

For additional information on estu- 
arine meiobenthos, see sections on inter- 
tidal subsystems. 

3. Benthic Macroinvertebrates 

a. General Ecology and Distribution. 
Studies of subtidal macrobenthic communi- 
ties have been conducted in several South 

Carolina estuaries, including Little River 
Inlet (Calder et al. 1977a), Murrells In- 
let (Calder et al. 1976), the North and 
South Santee rivers (Calder et al. 1977b), 
the estuary complex around Kiawah Island 
(Coull 1975), the North and South Edisto 
rivers (Calder et al. 1977b), and Port 
Royal Sound (Parrish 1972). These systems 
encompass a wide range of conditions from 
highly stable to highly variable. 

Species composition of the subtidal 
macroinvertebrate communities of the North 
and South Santee rivers reflected the 
highly variable salinity conditions typi- 
cal of these two estuaries. Fewer species 
were represented in both the epifauna and 
infauna compared with more homoiohaline 
(salinity-stable) areas such as the North 
Edisto River (Calder et al. 1977b) and 
Murrells Inlet (Calder et al. 1976). The 
fauna consisted largely of species known 
to be eurytopic, and the samples were domi- 
nated by euryhaline opportunists, estuarine 
endemics, and freshwater species. The 
presence of subtidal oyster reefs near the 
mouths of both estuaries was attributed to 
the wide fluctuations of salinity which 
limit oyster predators and competitors. 
There was no obvious decline in species 
diversity with distance from the ocean 
(as was observed by Boesch (1972) in the 
more homoiohaline Chesapeake-York-Pamunkey 
estuary, Virginia), because of both the 
lack of a stable, uniform halocline and the 
effects of two floods during the study. 
The impact of flooding appeared to be 
greatest on benthic communities in the 
lower portions of each river and least on 
those present near the head of the estu- 
aries. 

Despite their proximity, the North 
and South Edisto rivers differ signifi- 
cantly in hydrography and benthic com- 
munity structure (Calder et al. 1977b). 
Salinities were low in the South Edisto, 
except at the mouth, because most of the 
fresh water from the system is discharged 
through this tributary. In contrast, lit- 
tle fresh water enters the North Edisto, 
and salinities were polyhaline for the 
most part throughout the entire river. 
Due to variations in freshwater flow, the 
South Edisto is a moderately fluctuating 
or poikilohaline estuary, although salini- 
ties are much less variable than in the 
Santee estuary. Only minor fluctuations 
of salinity were observed in the North 
Edisto, and the estuary is regarded as 
homoiohaline (salinity-stable) . 

Because of the absence of a signifi- 
cant freshwater source, a well defined 
halocline from the mouth to the head of 
the North Edisto River was generally lack- 
ing during this study. Differences were 
noted in the benthos from one location to 
another in this estuary, but these were 
largely attributable to dissimilarities in 
substrate type rather than to a salinity 
gradient. Similar circumstances were ob- 
served in Murrells Inlet by Calder et al. 



(19761, where salinities were relatively 
homogeneous throughout. Major differences 
in the benthos among various stations in 
the inlet were due primarily to substrate. 
Likewise, a sharp break in bottom type 
from sand to shell along the inner channel 
of Little River Inlet was accompanied by 
a pronounced change in the benthic as- 
semblage (Calder et al. 1977a). Similarly, 
Coull (1975) found that polychaetes, mol- 
lusks, and crustaceans dominated the 
macroinvertebrate fauna at five stations 
near Kiawah Island, South Carolina, and 
variations in benthic community structure 
reflected differences in the nature of 
the substrate (coarse sand, fine-mud sand, 
medium sand, fine clean sand). Likewise, 
Parrish (1972) found that substrate in- 
fluenced the benthic communities of Port 
Royal Sound. Most of the organisms col- 
lected were detrital feeders, and densi- 
ties were typically highest in spring. 
The number of species was high in bottoms 
consisting of silt and sand or silt, clay 
and sand, while fewest species were col- 
lected in medium to fine sand. Substrates 
of clay with silt or fine sand and detri- 
tus also harbored a reduced number of 
species. 

A distinct salinity gradient was evi- 
dent on the South Edisto River. Salini- 
ties varied from polyhaline or euhaline 
at the mouth to essentially limnetic at 
the uppermost station. As expected for a 
gradient estuary, the combined number of 
species in dredge and grab samples de- 
clined from a maximum at the highest sa- 
linity station to a minimum at the station 
having the lowest salinity. Dissimilari- 
ties in species composition among stations 
on this estuary were due partly to sub- 
strate differences, but salinity was con- 
sidered to be the primary factor. 

Under conditions of high and rela- 
tively uniform salinity, the number of 
species observed in the North Edisto River 
was relatively high in both dredge and 
grab samples. A total of 126 species of 
epifaunal invertebrates was identified in 
dredge collections from the North Edisto, 
compared with 71 from the South Edisto 
and 41 from the entire Santee estuarine 
area (Calder et al. 1977b). The number 
of species was also highest in grab sam- 
ples from the North Edisto River; more 
than 70 taxa were identified from five 
of the eight stations sampled. By com- 
parison, the greatest number of species 
on the South Edisto River was 32, while 
the maximum number at a given station on 
the Santee estuary was 51. The mean num- 
ber of species per collection (three 
grabs) at stations on the North Edisto was 
27, compared with 11 from the South Edisto 
and 13 from the Santee estuaries. Species 
diversity was consistently higher in col- 
lections from the North Edisto, where en- 
vironmental constancy was relatively high. 
than in those from either the South 
Edisto or Santee, where stresses were 

higher and environmental constancy was 
lower. 

Several investigations of benthic 
macroinvertebrates have been undertaken in 
estuaries of Georgia. Howard and Frey 
(19751, citing the work of Heard and Heard 
(19711, listed 268 species from trawl and 
bucket dredge samples taken in Sapelo 
Sound, St. Catherines Sound, and the North 
and South Newport rivers. Most of the 
species captured (85%) were arthropods, 
mollusks, and polychaetes. 

Dtlrjes and Howard (1975) conducted 
animal-sediment studies in the Ogeechee 
River-Ossabaw Sound estuary using both a 
box corer and a beam trawl. A total of 
163 species, mostly polychaetes, crusta- 
ceans, and mollusks, was found in box core 
samples. Collections from the transition 
area between fresh and brackish water at 
the head of the estuary consisted largely 
of the polychaete Scolecolepides viridis 
and the amphipod Lepidactylus dytiscus. 
No epifaunal invertebrates were collected 
from this region of the estuary.. The in- 
fauna of low salinity areas was dominated 
by Heteromastus filiformis (polychaete), 
Bostrichobranchus pilularis (ascidian), 
Cyathura burbancki (isopod), Nereis suc- 
cinea (polychaete), and Macoma constricta 
(bivalve). Epifaunal samples taken by 
beam trawl yielded specimens of Molgula 
manhattensis (ascidian) and Neopanope sayi 
(decapod). Numbers of species increased 
markedly in areas of higher salinity. 
Numerical dominants in such regions in- 
cluded Spiophanes bombyx (polychaete), 
Solen viridis (bivalve), Oxyurostylis -- 
smithi (cumacean), and Pinnixa cf. 
chaetopterana (decapod). Twenty epifaunal 
species were collected, including 10 ar- 
thropods, 4 echinoderms, 3 mollusks, 2 
cnidarians, and 1 ascidian. Salinity was 
believed to constitute a more important 
factor than sediment texture in observed 
patterns of faunal zonation. 

Differences in the vertical and lat- 
eral distribution of species in the rela- 
tively high-salinity Doboy Sound were at- 
tributed primarily to water circulation 
patterns and velocities by Mayou and 
Howard (1975). Maximum species diversity 
and density were observed subtidally along 
channel margins; areas characterized by 
poor circulation and low current velocity 
had much lower faunal densities and 
species diversity. The observed fauna was 
dominated numerically by polychaetes, which 
accounted for over 60% of the individuals 
collected. 

Five distinct communities of macroin- 
vertebrates were recognized in the 
Ogeechee River, Georgia, by Darjes (1977). 
Tvo of these were found off the mouth of 
the river and three were within the estu- 
ary. Of the three in the estuary, the 
amphipod Lepidactylus dytiscus and the 
polychaete Scolecolepides viridis were 



dominant i n  the  oligohaline-lirnnetic area.  
Charac te r i s t ic  species  of the mesohaline 
zone were the  bivalve Macoma cons t r i c t a ,  
the  polychaete Heteromastus f i l i f o m i s ,  
and the ascidian Bostrichobranchus 
p i l u l a r i s .  Burrowing o r  tube-dwelling 
species  were typ ica l  of muddy polyhaline 
areas.  In f i n e  sands near i n l e t  shoals ,  
the haus tor i id  amphipods Acanthohaustorlus, 
Haustorius, and Bathyporeia were dominant; 
other  common species  included the  poly- 
chaetes  Onuphis eremita,  2. microcephala, 
Magelona sp. ,  and Spiophanes bombyx, the  
bivalves Solen v i r i d i s  and Tel l ina  c f .  
taxana, the  sand do l l a r  Mel l i t a  quinquies- 
pe r fo r a t a ,  and the  shrimp Ogyrides &- 
phaeros t r i s .  

b. Impacts. Shoaling i s  a major 
problem i n  t he  At lan t ic  In t racoas ta l  
Waterway, harbors, and o ther  es tuar ine  
a reas  of South Carolina and Georgia (see 
Volume I f o r  d e t a i l s ) ,  and periodic dredg- 
ing is necessary t o  maintain navigation 
channels. Dredging obviously d i s t u rb s  the  
bottom and thus t h e  benthic communities i n  
t he  a rea  dredged. Spoil  from such dredg- 
ing i s  usua l ly  placed on high land d is -  
posal a reas ,  but i n  some cases, overboard 
disposal  i s  necessary. Such overboard 
disposal  of dredge spo i l  d i r e c t l y  impacts 
benthic epifauna and infauna (especial ly)  
through smothering, exposure t o  po l lu tan ts  
which may be concentrated i n  c e r t a i n  sedi- 
ments, and ove ra l l  hab i t a t  modification. 
Reported e f f e c t s  of dredging and deposi- 
t i on  of dredge s p o i l  on benthic comuni- 
t i e s  a r e  incons is ten t ,  ranging from very 
l i t t l e  to  severe (see Van Dolah e t  a l .  
1979 f o r  b r ie f  review). 

The d i r e c t  e f f e c t s  of dredging on 
es tuar ine  benthic communities have been 
the  subject  of two s t ud i e s  i n  the  Sea 
Is land Coastal Region. Stickney and 
Perlmutter (1975) s tudied e f f e c t s  of in- 
t racoas ta l  waterway dredging on muddy- 
bottom communities i n  the Ossabaw Sound 
area  of Georgia. They observed t h a t  re-  
colonizat ion a f t e r  dredging was rap id ;  
within 2 months, species  d ive r s i t y  and 
composition were s imi la r  i n  both dredged 
and cont ro l  a reas .  In South Carolina, Van 
Dolah e t  a l .  (1979) s tudied e f f e c t s  of 
dredging and unconfined dredge spo i l  dis-  
posal on benthic conrmunities i n  Sewee Bay, 
a euhal ine neut ra l  embayment j u s t  west of 
Bulls Bay. These inves t iga tors  found t h a t  
dredging had de tec tab le  e f f e c t s  on both 
benthic epifaunal  and infaunal  inverte-  
b ra tes ,  but these e f f e c t s  general ly were 
shor t  term and local ized.  Unconfined dis-  
posal of dredge s p o i l  had a major e f f ec t  
a t  one s t a t i o n  through smothering, but 
other  s t a t i o n s  were not  severely disturbed, 
although some changes i n  community composi- 
t i on  a t t r i bu t ed  t o  the  dredged sediments 
were seen. Overall,  Van Dolah e t  a l .  
(1979) concluded t h a t  "the inf luence of 
dredging operat ions on benthic communities 
i n  Sewee Bay were shor t  term and i so l a t ed .  
Furthermore, it is unlikely t ha t  dredged 

material  disposal  had a profound e f f e c t  a t  
any s t a t i on  i n  terms of the ecological  in- 
t e r ac t i ons  of benthic communities with 
higher t rophic levels ."  To mi t iga te  ef-  
f e c t s  of dredging and overboard disposal  
of dredge s p o i l  on benthic communities, 
they recommended that :  1 )  dredging and d is -  
posal be conducted during l a t e  f a l l  o r  
e a r l y  winter t o  minimize adverse e f f ec t s  
on recruitment of benthic organisms. 2)  
dredging i n  any given area be  conducted 
r e l a t i v e l y  o f t en  s o  t ha t  t he  volume of 
material  removed and disposed is not l a rge  
a t  any given time, and 3) when disposed 
overboard, dredge s p o i l  be placed on sev- 
e r a l  s i t e s  r a t he r  than concentrated on one. 

Ef fec t s  of pes t ic ides ,  heavy metals, 
and other  po l lu tan ts  on se lec ted  species  
of es tuar ine  benthic inver tebra tes  have 
received some a t t en t i on ,  but not  a g rea t  
deal  (see Reish e t  a l .  1978 f o r  review of 
l i t e r a t u r e ) .  Most of the  spec ies  chosen 
f o r  study have been r e l a t i ve ly  l a rge ,  epi- 
benthic forms such a s  penaeid and grass  
shrimp, c rabs ,  and oys te rs ,  which a l s o  a r e  
of major commercial, r e c r ea t i ona l ,  and 
ecological  s ignif icance.  Generally, the  
contaminants s tudied have proven tox ic  t o  
one or  more es tuar ine  organisms a t  some 
exposure l eve l ,  but tox ic  concentrat ions 
of a given pol lu tan t  may vary widely among 
spec ies ,  l i f e  h i s t o ry  s tages  of t he  same 
spec ies ,  and with experimental conditions. 
For example, Nimmo e t  a l .  (1977) reported 
t ha t  t h e  grass  shrimp (P. vulgar i s )  was 
severa l  times more s e n s i t i v e  than Penaeus 
duorarum t o  cadmium poisoning. Tyler- 
Schroeder (1979) showed t ha t  d i f f e r en t  l i f e  
cycle s tages  of g rass  shrimp (z. e) 
di f fe red  i n  t h e i r  s e n s i t i v i t y  t o  t he  pes t i -  
c i de  endrin (see Table 4-6). Sunda e t  a l .  
(1978) demonstrated t h a t  the  d i r e c t  tox- 
c i t y  of cadmium t o  P. pugio is dependent 
on the  amount of f r e e  cadmium ion i n  solu- 
t ion ;  t h i s ,  i n  turn,  is determined by the  
degree of complexation of cadmium by chlo- 
r i d e  o r  che la t ing  agents. Thus, a given 
amount of cadmium is l e s s  t ox i c  t o  P. pugio 
a t  high s a l i n i t i e s  o r  i n  the  presence of a 
che la t ing  agent than a t  low s a l i n i t i e s .  

A few s tud ies  have considered e f f e c t s  
of po l lu tan ts  on es tuar ine  benthic comuni- 
t i e s ,  r a t he r  than individual  species .  Tagatz 
e t  a l .  (1976) exposed experimental commun- 
i t i e s  of benthic inver tebra tes  and sheeps- 
head minnows t o  simulated runoff from 
areas  t rea ted  with mirex t o  control  f i r e  
an ts .  To simulate runoff ,  mirex was 
leached from f i r e  an t  b a i t  by f r e sh  water, 
which was then mixed with s a l t  water f o r  
t h e  experiment. The exposure concentra- 
t i o n  averaged 0.038 ug mirex l l .  S ign i f i -  
cant  mor t a l i t i e s  were observed among a l l  
t he  crustaceans exposed t o  the  leached 
mirex (grass shrimp, P. vulgar i s ;  pink 
shrimp, Penaeus duorarum; mud crabs,  
Panopeus h e r b s t i i ;  and hermit crabs,  
Clibanarius v i t t a t u s ) .  Mor ta l i t i es  of two 
f i l t e r - feed ing  mollusks, the  oyster  
(Crassostrea v i rg in i ca )  and t he  ribbed mus- 
s e l  (Geukensia m s a ) ,  however, were 



lower i n  t h e  mirex- t reated t anks .  Tagatz 
e t  a l .  (1976) a t t r i b u t e d  t h i s  t o  t h e  s i g -  
n i f i c a n t  r educ t ion  i n  c rab  p reda to r s  i n  
t h e  t r e a t e d  tanks .  A l l  t r e a t e d  organisms 
and t h e  sediment i n  t h e  t e s t  t anks  con- 
c e n t r a t e d  mirex from t h e  water .  Maximum 
concen t ra t ions  ranged from up t o  1,500X 
f o r  sediment,  t o  5,500X f o r  pink shr imp,and 
t o  73.700X f o r  o y s t e r s .  I n  o t h e r  s t u d i e s ,  
Tagatz e t  a l .  (1977, 1978) examined t h e  
e f f e c t s  o f  pentachlorophenol (PCP) on t h e  
development of ben th ic  communities re-  
c r u i t e d  from p lank ton ic  l a r v a e  i n  e s tu -  
a r i n e  wa te r s  passed through c o n t r o l  and 
t e s t  aquar i a .  Annelids,  a r th ropods ,  and 
mollusks dominated t h e  ben th ic  communities 
t h a t  developed i n  t h e  c o n t r o l  tanks .  The 
mollusks were t h e  most s e n s i t i v e  t o  PCP; 
t h e i r  numbers were reduced markedly i n  
tanks  t r e a t e d  wi th  7 o r  16 p g / l .  Annelids 
and a r th ropods  decreased s i g n i f i c a n t l y  a t  
h igher  concen t ra t ions  (76 o r  161  p g / l ) .  
The PCP caused reduc t ion  i n  numbers of 
both i n d i v i d u a l s  and s p e c i e s .  Tagatz e t  
a l .  (1978) concluded t h a t ,  i n  e s t u a r i n e  
systems, concen t ra t ions  of PCP s i m i l a r  t o  
those t e s t e d  i n  t h e  l a b o r a t o r y  could d i s -  
rup t  s t a b l e  e c o l o g i c a l  r e l a t i o n s h i p s ,  such 
a s  predator-prey i n t e r a c t i o n s ,  through r e -  
duct ion i n  abundance of polychaetes  and 
o t h e r  important  prey organisms, and de- 
c rease  abundance of commercially important  
mollusks and c rus taceans .  

c.  Se lec ted  Species  of Commercial 
Importance. Several  ben th ic  macroinverte- 
b r a t e s  a r e  of commercial v a l u e  i n  t h e  Sea 
I s l and  Coasta l  Region ( s e e  Volume 11, 
Chapter Seven). Two of t h e s e ,  t h e  
American o y s t e r  (Crassos t rea  v i r g i n i c a )  
and t h e  hard clam (Mercenaria mercenar ia)  
have been chosen f o r  more d e t a i l e d  d i s -  
cuss ion here .  

(1) American Oyster .  The oys- 
t e r  i s  common-to-abundant sou th  of 
Massachusetts a long  t h e  e a s t  c o a s t  o f  t h e  
United S t a t e s ,  a l though smal l  popu la t ions  
a r e  loca ted  i n  Maine and New Hampshire. 
Crassos t rea  v i r g i n i c a  is adapted t o  an  
ex i s t ence  i n  wa te r s  having cons ide rab le  
v a r i a t i o n s  i n  s a l i n i t y  and temperature.  
Its optimum s a l i n i t y  range is  roughly 
10o/oo - 28O/00, but  i t  can s u r v i v e  pe- 
r i o d s  o f  extended f r e s h e t s .  The sexes  
a r e  s e p a r a t e  and hermaphrodites a r e  r a r e .  
Eggs and sperm a r e  discharged i n t o  open 
waters ,  where f e r t i l i z a t i o n  occurs .  The 
l eng th  of l a r v a l  l i f e  is approximately  
2 weeks, depending on food,  temperature ,  
and o t h e r  environmental f a c t o r s .  Larvae 
can swim weakly us ing  a h i g h l y  developed 
velum, a l though they a r e  u s u a l l y  t r ans -  
ported by c u r r e n t s  and t i d e s .  P r i o r  t o  
metamorphosis o r  s e t t i n g ,  t h e  l a r v a e  
develop i n t o  p e d i v e l i g e r s ,  c h a r a c t e r i z e d  
by eye s p o t s  and a f o o t .  The p r e - s e t t i n g  
per iod is most c r i t i c a l ,  f o r  t h e  o y s t e r  
v i l l  d i e  u n l e s s  s u i t a b l e  s u b s t r a t e  is  
found. Oyster  s h e l l s  a r e  t h e  most common 
c u l t c h  ( s u b s t r a t e )  m a t e r i a l .  Food con- 
sumed by o y s t e r  l a r v a e  inc ludes  

microscopic  phytoplankton, p l a n t  d e t r i t u s ,  
and b a c t e r i a  (Gal tsoff  1964, Loosanoff 
1965, Shaw 1969) .  

General ly ,  o y s t e r  s e t t i n g  i n  South 
Carol ina  occurs  from e a r l y  May through 
e a r l y  October,  p l u s  o r  minus 2 weeks 
(McNulty 1953).  S l i g h t l y  more than 1% of 
s p a t  f a l l  occurs  a t  o t h e r  t imes dur ing  t h e  
year .  Two s e t t i n g  pu l ses  a r e  u s u a l l y  noted 
each season.  The h ighes t  se t t l emen t  occurs  
from e a r l y  June through J u l y ,  and a second 
and l e s s e r  peak t akes  p l a c e  dur ing  August 
o r  e a r l y  September. Considerable  s e t t i n g  
i n t e n s i t y  may a l s o  occur  be fo re ,  between, 
and a f t e r  t h e  two pu l ses  (McNulty 1953).  

I n  Georgia,  Furukawa and Linton (1970) 
found t h a t  maximum o y s t e r  s p a t  s e t s  occur- 
r ed  nea r  t h e  middle of June i n  a medium 
s a l i n i t y  sound a t  temperatures  o f  about 
2 5 ' ~  ( 7 7 ' ~ ) .  Major concen t ra t ions  of s p a t  
were found 100 - 160 cm (39.4 - 63.1 i n )  
below t h e  s u r f a c e ,  bu t  t h e s e  concen t ra t ions  
s h i f t e d  seasona l ly .  Durant (1970) observed 
peak spawning i n  Georgia dur ing  J u l y ,  
August, and September w i t h i n  a spawning 
pe r iod  of 7 months. Oysters  were observed 
t o  begin  spawning a t  temperatures  above 
2 3 ' ~  ( 7 3 ' ~ ) .  

Oyster  growth v a r i e s  wi th  s i z e ,  tem- 
p e r a t u r e ,  q u a n t i t y ,  and q u a l i t y  o f  food. 
General ly ,  o y s t e r s  i n  South Caro l ina  and 
Georgia grow throughout t h e  yea r  u n l e s s  
exposed t o  extreme temperatures  o r  o t h e r  
adverse  environmental c i rcumstances .  I n  
South Carol ina ,  approximately  95% of t h e  
o y s t e r  s t and ing  crop i s  i n t e r t i d a l  (Lunz 
1952). 

Oysters  a r e  s u s c e p t i b l e  t o  p r e d a t i o n  
by numerous enemies. The eggs ,  e a r l y  em- 
b ryos ,  and l a r v a e  a r e  e a t e n  by protozoans ,  
c tenophores ,  j e l l y f i s h e s ,  hydroids ,  worms, 
b i v a l v e s ,  b a r n a c l e s ,  l a r v a l  and a d u l t  
c rus taceans ,  and f i s h e s  (Loosanoff 1965).  
I n  South Caro l ina ,  o y s t e r  p reda to r  s t u d i e s  
have been p r i m a r i l y  concerned wi th  p e s t s  
found on n a t u r a l  beds. Lunz (1935, 1940, 
1941, 1943) r epor ted  t h e  fol lowing com- 
monly occur r ing  o y s t e r  p e s t s  and p reda to r s :  
t h e  bor ing  sponges Cl iona c e l a t a ,  Cl iona 
l o b a t a ,  and Cl iona t r u i t t i ;  t h e  o y s t e r  
d r i l l s  Urosalpinx c i n e r e a  and Eupleura 
caudata ;  t h e  knobbed whelk Busycon c a r i c a ;  
t h e  anne l id  worm Polydora sp . ;  and t h e  
s t a r f i s h  A s t e r i a s  f o r b e s i i .  Of t h e s e ,  bor- 
i n g  sponges probably cause t h e  g r e a t e s t  
damage t o  South Caro l ina  o y s t e r s  (Lunz 
1943).  Cl iona c e l a t a ,  t h e  most common 
bor ing  sponge i n  Georgia,  i s  u s u a l l y  l i m -  
i t e d  t o  wa te r s  having s a l i n i t i e s  g r e a t e r  
than 20°/oo (Hoese and Durant 1970).  
Cl iona l o b a t a  occurred over  a s a l i n i t y  -- 
range from 10°/oo t o  300/00, and Cl iona 
t r u i t t i  was found i n  s a l i n i t i e s  0-00 
o r  l e s s .  Although Cl iona v a s t i f i c a  was 
found t o  be  r a r e  i n  Georgia (Hoese and 
Durant 1970) ,  i t  is common i n  South 
Carol ina  (Hopkins 1956).  



The epifauna assoc ia ted  wi th  o y s t e r  
beds was examined i n  South Carol ina by 
Hopkins (19561, and i n  Georgia by Durant 
(1970). Beds i n  high s a l i n i t y  Georgia 
waters  exh ib i t ed  t h e  g r e a t e s t  number (21) 
of assoc ia ted  species .  Populations of 
l a r g e  o y s t e r  d r i l l s ,  Urosalpinx c inerea ,  
Thais haemastoma, and Eupleura caudata ,  
have been reported i n  marshlands of 
Georgia by Hoese (1970). 

Fouling organisms such a s  ba rnac les  
(Balanus eburneus),  bryozoans (Bugula 
n e r i t i n a ) ,  s e a  s q u i r t s  (Molgula manhat- 
t e n s i s ) ,  and hooked mussles (Ischadium 
recurvum) a r e  commonly observed growing 
on o y s t e r s  (Linton 1970). I n f e s t a t i o n s  
by mud worms (Polydora spp.) a r e  common 
i n  South Carol ina (Lunz 1940, Grice 1951). 
I n  t h e  North Santee River,  South Carol ina,  
t h e  boring clam Martesia  sp.  was repor ted  
a t  s e v e r a l  s t a t i o n s .  A widespread patho- 
genic  sporozoan (Perkinsia  marina),  which 
i n f e c t s  o y s t e r s  from Delaware Bay t o  
Mexico, is  commonly found i n  South 
Carol ina and presen t s  a problem when 
t ransp lan t ing  seed o y s t e r s  (Anderson 
1973); P. marina i n f e c t i o n  r a t e s  i n  
Georgia were observed t o  be h ighes t  i n  
a r e a s  e x h i b i t i n g  t h e  g r e a t e s t  n e t  f lush-  
ing  (Hoese 1970). A common o y s t e r  commen- 
s a l  o r  p a r a s i t e ,  t h e  pea crab Pinnotheres  
ostreum, is found throughout the  e s t u a r i n e  
waters  of  t h e  Sea I s land  Charac te r iza t ion  
Area. 

South Caro l ina ' s  f i r s t  comprehensive 
i n v e s t i g a t i o n  of i t s  n a t u r a l  o y s t e r  beds 
was completed during t h e  win te r  of 1890- 
91 aboard t h e  steamer Fish Hawk. Charac- 
t e r i s t i c s  of n a t u r a l  o y s t e r  beds and bot- 
tom a r e a s  s u i t a b l e  f o r  c u l t i v a t i o n  were 
surveyed along t h e  e n t i r e  South Carol ina 
c o a s t ,  wi th  t h e  except ion of t h e  North 
and South Santee e s t u a r y ' ( B a t t 1 e  1892, 
Dean 1892). Lunz (1938a) s tud ied  o y s t e r  
m o r t a l i t y  i n  s i x  d i f f e r e n t  a r e a s  of  coastal 
South Carol ina from Charleston t o  t h e  
Santee River and concluded t h a t  dredging 
operat ions conducted i n  t h e  I n t r a c o a s t a l  
Waterway i n  1936 were n o t  de t r imenta l  t o  
o y s t e r s ;  only those a c t u a l l y  buried by 
dredged m a t e r i a l  were k i l l e d .  Another r e -  
port  by Lunz (1938b) descr ibed t h e  optimum 
s a l i n i t y  range (140/00 - 320100) f o r  oys- 
t e r s  i n  South Carol ina.  Smith (1949) sum- 
marized o y s t e r  c u l t i v a t i o n  progress  i n  t h e  
S t a t e  during 1939-40 and i n s i s t e d  t h a t  the  
most important f a c t o r s  l i m i t i n g  o y s t e r  
production i n  South Carol ina and Georgia 
were s i l t i n g  and an average t i d a l  range of 
7 f t  (2 m). Other surveys of i n t e r t i d a l  
and s u b t i d a l  o y s t e r  resources  i n  South 
Carolina were completed by Bears Bluff 
Laborator ies ,  Inc. (1964) i n  the  Ashley, 
Cooper, Wando, and Santee r i v e r s .  To ta l  
o y s t e r  acreage was est imated and t h e  
s tanding crop was assessed i n  U.S. bushels ,  
along wi th  a n c i l l a r y  information concern- 
ing o y s t e r  condi t ion and predators .  Kei th  
and Cochran (1968) es t imated 700 a c r e s  of  
s u b t i d a l  seed o y s t e r s  i n  South Carolina. 

and McKenzie and Badger (1969) surveyed 
i n t e r t i d a l  o y s t e r s  i n  t h e  Savannah River 
Basin a rea .  South Carol ina 's  l a r g e s t  sub- 
t i d a l  o y s t e r  beds and seed source,  occur- 
r i n g  i n  the  Santee Del ta  (see Volume 11, 
Chapter Seven), a r e  threatened by t h e  pro- 
posed Cooper River Rediversion Pro jec t  
( see  Volume I, Chapter Six) .  The rediver-  
s i o n  w i l l  r e s u l t  i n  increased freshwater  
flow and decreased s a l i n i t y  i n  t h e  Santee 
River,  with subsequent l o s s  of s u b t i d a l  
oys te r  beds (U.S. Army Corps of Engineers 
1975). This p red ic t ion  is  supported by 
B u r r e l l ' s  (1977) observat ions of high 
m o r t a l i t i e s  among s u b t i d a l  and i n t e r t i d a l  
o y s t e r  populat ions i n  t h e  Santee River dur- 
ing spr ing  f loods i n  1975. 

E a r l i e r  s t u d i e s  on d i s t r i b u t i o n  and 
abundance of i n t e r t i d a l  o y s t e r  s tocks  i n  
Georgia were completed by Drake (1891) and 
Gal tsoff  and Luce (1930). I n  1966, another  
survey (Linton 1970) w a s  i n i t i a t e d  on t h e  
Florida/Georgia border and proceeded north- 
ward t o  completion a t  t h e  GeorgiafSouth 
Carol ina boundary i n  1967. Approximately 
10,182 a c r e s  (4,120 ha) of i n t e r t i d a l  oys- 
t e r  beds were assessed during t h e  survey. 
Higher q u a l i t y  o y s t e r s  were genera l ly  found 
t o  b e  more p r o l i f i c  i n  t h e  northern por t ion  
of t h e  S t a t e .  A s  i n  South Carol ina,  very 
few s u b t i d a l  o y s t e r  beds were loca ted  i n  
Georgia (Linton 1970). According t o  Linton 
(1970), comparison of r e s u l t s  with Gal tsoff  
and Luce (1930) shows l i t t l e  change i n  t h e  
d i s t r i b u t i o n  of  i n t e r t i d a l  o y s t e r s  i n  
Georgia. 

(2) Hard Clam. Another spec ies  
of commercial importance i n  Georgia and 
South Carolina e s t u a r i e s  i s  t h e  hard clam, 
Mercenaria mercenaria ( see  Volume 11, 
Chapter Seven). Hard clams a r e  subjected 
t o  i n t e n s e  predat ion by b lue  c rabs  and mud 
crabs ( c h i e f l y  Panopeus h e r b s t i i )  i n  t h i s  
a r e a  (Wetstone and Eversole  1978). Other 
p reda tors  inc lude  s t i n g  rays ,  whelks 
(Busy con spp . ) , moon s n a i l s  (Po l in ices  
d u p l i c a t u s ) ,  o y s t e r  d r i l l s  (Urosalpinx 
c inerea  and Eupleura caudata) ,  and s tone  
c rabs  (Menippe mercenaria) .  The combined 
e f f e c t s  of  these  p reda tors  apparent ly  
l i m i t  t h e  d i s t r i b u t i o n  of  clams t o  a reas  
which have an abundance of s h e l l  i n  t h e  
s u b s t r a t e .  Shel ly  a r e a s  s u i t a b l e  f o r  hard 
clams a r e  p r imar i ly  l imi ted  t o  o y s t e r  
"bars" and t o  a r e a s  near  t h e  low t i d e  mark, 
but extend throughout t h e  i n t e r t i d a l  zone. 
An example of t h e  r e l a t i v e  dens i ty  of 
clams i n  s h e l l y  s u b s t r a t e  ve rsus  bottom 
without a s h e l l  mat r ix  was provided by 
s t u d i e s  of clam d i s t r i b u t i o n  i n  t h e  Santee 
River es tuary .  Resu l t s  (P. J. Eldridge,  
1973, South Carol ina Marine Resources D i -  
v i s i o n ,  Charleston,  unpubl. da ta )  revealed 
a dens i ty  of about 100 clams/m2 i n  s h e l l y  
s u b s t r a t e  compared wi th  about 0.25 clams/ 
m2 i n  sandy bottom areas .  

The d i s t r i b u t i o n  of clams is a l s o  de- 
termined by t h e  s t a b i l i t y  of  t h e  s u b s t r a t e  
Clams i n  t h i s  a r e a  a r e  not  found i n  bays 



and sounds exposed to wave action, and 
they also do not occur where strong cur- 
rents periodically change bottom contours. 
Instead, clams are found in the more pro- 
tected small coastal creeks. Although 
most clams are found around the low water 
mark, some occur close to high water in 
the roots of marsh vegetation. 

Major intertidal beds of clams are 
found along the Atlantic Intracoastal 
Waterway (AIWW) throughout South Carolina 
wherever salinity and substrate condi- 
tions are favorable (South Carolina Marine 
Resources Division, 1978, Charleston, 
unpubl. data). Clams are seldom found in 
the channel of the AIWW, possibly due in 
part either to dredging operations or to 
the unsuitable nature of the bottom. 

Growth studies using clams planted 
in protected trays have shown that clams 
can reach market size (45 - 50 mm total 
length) within 18 months after planting 
in both Georgia and South Carolina waters 
(Godwin 1968, Eldridge et al. 1979). 
Indications are that clams spawn er 
are capable of spawning almost 9 months 
of the year. This suggests that the lim- 
iting factor on clam abundance is not 
lack of spawning or spawner abundance, but 
a lack of suitable habitat for clams to 
escape predation, especially from crabs. 
If this is true, it would appear that 
artificial enhancement of the substrate, 
such as shelling of bottoms or the use of 
plastic nets, could lead to extensive clam 
mariculture operations in this region. 

Although a few shells of the southern 
quahog, Mercenaria campechiensis, have 
been reported from South Carolina, live 
specimens of this species have not been 
recorded here. This does not mean that 
the southern quahog is not present, but it 
does suggest that the species occurs in- 
frequently. Eldridge et al. (1976) re- 
ported g. mercenaria notata from 11 loca- 
tions in South Carolina, but these 
comprised only 1.2% of the clams sampled. 

Clams in this area are apparently 
relatively free of disease, although this 
aspect of their biology is poorly known. 
The greatest threat to the clam resource 
in the Sea Island Coastal Region appears 
to be coastal development and pollution. 

4. Fishes 

Fishes of subtidal estuarine habitats 
such as sounds, bays, tidal rivers, and 
large creeks, have been investigated more 
intensively than those of any other en- 
vironment within the Sea Island Coastal 
Region. Much of the work on the ecology 
and life histories of these fish species 
has been based on sampling with the otter 
trawl, which is selective for more slowly 
moving, demersal species. The biological 
conclusions of these studies should be 
reviewed with this bias in mind. The 

problems associated with sampling motile 
estuarine animals have been discussed in 
depth by Herke (1971). 

a. Distribution and Relative Abun- 
dance. In South Carolina, Bears Bluff 
Laboratories conducted reeular trawl - 
sampling for fishes and invertebrates at 
20 regular monthly stations located from 
Price Inlet southward to Calibogue Sound, 
South Carolina, during the period 1953 - 
1964 (Bears Bluff Laboratories, Inc. 1964, 
1965). Shealy (1974, 1975) and Shealy 
et al. (1974, 1975) reported on bottom 
trawl investigations conducted during 
1972 - 1974 in estuaries of South Carolina. 
The Marine Resources Division of the South 
Carolina Wildlife and Marine Resources 
Department continued these trawl sampling 
investigations in the Cooper River, Santee 
River, and Winyah Bay estuaries through 
1978. These trawl investigations have 
shown that, in South Carolina, the domi- 
nant benthic estuarine fish species are 
sciaenids (including star drum, Atlantic 
croaker, spot, weakfish, silver perch, and 
kingfishes), as well as bay.anchovy, white 
catfish, spotted hake, Atlantic menhaden, 
blackcheek tonguefish, flounders, and 
whiffs (Etropus sp. and Citharichthys sp.). 
The subtidal estuarine habitat in South 
Carolina varies from high salinity un- 
stratified estuaries having considerable 
"live bottom" habitat (Murrells Inlet, 
North Inlet, Bulls Bay-Isle of Palms, Port 
Royal Sound) to brackish water estuaries 
having muddy bottoms and considerable 
freshwater discharge from large rivers 
(Winyah Bay, Santee estuary, Charleston 
Harbor, South Edisto River). Although the 
above-mentioned species have generally 
been found to predominate in all areas of 
the State, certain species are common in 
some estuaries and uncommon or absent in 
others. 

Bears Bluff Laboratories, Inc. (1965) 
collected a total of 23,420 fishes repre- 
senting 67 species during a 12-month trawl 
survey of the Price Inlet area, an estu- 
arine zone of the South Carolina coast 
characterized by highly saline, unstrati- 
fied waters and a "live bottom" of octo- 
corals, sponges, and other epibenthic in- 
vertebrates. Common estuarine species 
accounted for about 70% of the total num- 
ber of fishes captured (spot, Atlantic 
croaker, star drum, hogchokers, tongue- 
fishes, and flounders) (Table 4-7). How- 
ever, black sea bass, pigfish, and oyster 
toadfish, which are uncommon in inter- 
mediate to low salinity areas, made up 
slightly more than 12% of the total number 
of fishes collected. 

In the more brackish-water areas of 
South Carolina such as the Santee estuary, 
species commonly collected and not present 
in the higher salinity areas include white 
catfish and threadfin shad (South Carolina 
Marine Resources Division, 1975 - 1978, 
Charleston, unpubl. data). These species 



Table 4-7.  Fishes  t aken  by t r awl  i n  P r i c e  I n l e t ,  South Caro l ina ,  from J u l y  1964 through June 
1965 (adapted from Bears Bluff  Labora to r i e s ,  Inc .  1965).  

Species  Number Percent  o f  Total  

Spiny dogf i sh  
Clearnose s k a t e  
A t l a n t i c  s t i n g r a y  
Southern s t i n g r a y  
Smooth b u t t e r f l y  r ay  
Sea c a t f i s h  
G a f f t o p s a i l  c a t f i s h  
Conger e e l  
Alewife 
Gizzard shad 
Blueback h e r r i n g  
A t l a n t i c  th read  h e r r i n g  
A t l a n t i c  menhaden 
Bay anchovy 
Inshore  l i z a r d f i s h  
Northern p i p e f i s h  
Chain p i p e f i s h  
Lined seahorse  
Spotted hake 
Southern hake 
A t l a n t i c  s i l v e r s i d e  
S t r i p e d  mul le t  
A t l a n t i c  c u t l a s s f i s h  
Lookdown 
Blue f i sh  
Harvestf i s h  
B u t t e r f i s h  
Black s e a  bass  
Rock s e a  bass  
Pigf i s h  
Porgies  
Sheepshead 
Pinf i s h  
I r i s h  pompano 
Spot ted s e a t r o u t  
Weakfish 
S i l v e r  s e a t r o u t  
Banded drum 
S i l v e r  perch 
S t a r  drum 
Spot 
A t l a n t i c  croaker  
Southern k i n g f i s h  
Northern k i n g f i s h  
A t l a n t i c  spadef i sh  
Planehead f i l e f i s h  
Orange f i l e f i s h  
P u f f e r s  
S t r iped  sea rob in  
Northern sea rob in  
Leopard sea rob in  
Southern s t a r g a z e r  
Oyster  toadf  i s h  
A t l a n t i c  midshipman 
Clingf i s h  
Feather  blenny 
S t r i p e d  blenny 
S t r iped  cusk-eel 
Summer f lounder  
Southern f lounder  
Oce l l a t ed  f lounder  



Table 4-7. Concluded 

Species Number Percent o f  Total 

Spotted w h i f f  
Bay w h i f f  
Fringed flounder 
Windowpane 
Hogchoker 
Blackcheek tonguefish 

made up approximately 10% and 15% o f  the  
t o ta l  numbers o f  f i shes  collected a t  
Santee stat ions during 1975 and 1976, re- 
spectively.  A t o t a l  o f  28,807 f i s h  speci- 
mens, representing 77 species,  were taken 
during 1975 and 1976 i n  the Marine Re- 
sources Division's survey trawl sampling 
program i n  the  Santee estuary. This 
represents a greater d i ve r s i t y  than has 
been recorded i n  previous trawl surveys 
i n  South Carolina for a single estuarine 
system. Sampling stat ions were located 
a t  distances o f  1 ,  4 ,  7 ,  and 11 mi 
(1.6, 6.4, 11.3, and 17.7 km) from the  
Atlantic Ocean i n  both t he  North and South 
Santee r i ve r s .  

Five species (At lant ic  croaker, bay 
anchovy, hogchoker, white c a t f i s h ,  and 
s i lver  perch) made up almost 70% o f  the  
t o ta l  number o f  f i shes  collected a t  Santee 
trawl stat ions i n  1975 and 1976. Atlantic 
croaker were largely young-of-the-year 
f i s h ,  and were most abundant at the  4- and 
7-mile s ta t ions  during the  summer months. 
Bay anchovy were found during the  en t i r e  
year i n  the Santee area. 'These f i shes  
were most commonly collected a t  the  1- and 
4-mile s ta t i ons ,  decreasing i n  numbers up- 
r iver  t o  near zero a t  t he  two low s a l i n i t y  
11-mile s ta t ions .  Hogchokers were much 
more common i n  the  North Santee than i n  
the  South Santee, especially  a t  the  4-, 
7- ,  and 11-mile s ta t ions .  Although these 
f i shes  were found throughout t he  year, 
they were most abundant i n  trawl catches 
during the  f a l l  and winter (November - 
February). White c a t f i s h ,  as expected, 
were most common a t  the  lower s a l i n i t y ,  
upriver s ta t ions  i n  t he  Santee area 
(miles 7 and 11) .  White c a t f i s h  were 
collected during every month o f  the  year. 
Si lver perch were most abundant a t  the 1- 
and 4-mile s ta t ions  i n  t he  North and South 
Santee r i ve r s ,  decreasing t o  near zero a t  
the upriver 11-mile s ta t ions .  These 
f i shes  were most common i n  trawl collec-  
t i ons  during l a t e  summer and f a l l .  Tables 
4-8 and 4-9 present the seasonal abundance, 
t o t a l  numbers, and rankings o f  the more 
common f i s h  species collected by o t t e r  
trawl a t  North and South Santee r ivers  
stat ions during 1975 and 1976, respec- 
t i v e l y .  

An in tens ive  trawl invest igation o f  
the  nearby Winyah Bay estuary,  which i s  
also strongly influenced by freshwater dis-  
charge from coastal r i ve r s ,  has recently 
been completed by the  Marine Resources D i -  
v i s ion ,  and analysis  o f  data i s  currently 
underway. 

Shealy e t  a l .  (1974) reported re su l t s  
o f  t he  f i r s t  year o f  a 2-year trawl sur- 
vey which encompassed 33 estuarine stat ions 
across the coastal zone o f  South Carolina, 
from Winyah Bay south t o  Calibogue Sound. 
A l l  s tat ions were sampled a t  leas t  quar- 
t e r l y ,  and 17 stat ions i n  the  Cooper, North 
Eilisto, and South Edisto r ivers  were sam- 
pled monthly. A t o t a l  o f  62,684 f i s h e s ,  
representing 88 species from 46 fami l ies ,  
was caught by bottom trawl i n  these estu- 
ar ies  during the  12-month sampling period. 
However, the vas t  majority o f  the t o ta l  
catch was comprised o f  but a few species. 
Star drum and bay anchovy accounted for 
over ha l f  o f  the  t o t a l  number o f  f i shes  
caught during the  year. These two species,  
along with Atlantic croaker and spot ,  made 
up 80.5% o f  the  t o t a l  number caught. Table 
4-10 presents t he  numbers,nelative ablmdance, 
and biomass o f  t he  f i s h  species collected.  

Contributions t o  the t o t a l  catch i n  
terms o f  weight were spread over a s l ight ly  
larger number o f  species,  wi th  nine species 
consti tut ing 80.6% o f  the  t o t a l  catch by 
weight. Fourteen species each contributed 
a t  l eas t  1% o f  the t o t a l  catch biomass. 
Except for white c a t f i s h ,  the f i v e  most im- 
portant species by weight were sciaenids. 
In decreasing order o f  abundance, these 
sciaenids were star drum, Atlantic croaker, 
spot ,  s i l ve r  perch, and weakfish. Because 
it i s  small, even as an adul t ,  bay anchovy 
contributed only 3.5% o f  the  t o ta l  catch 
biomass. Total length,  bottom s a l i n i t y ,  
temperature, and primary location a t  which 
the  88 f i s h  species were collected by bot- 
tom trawling are presented i n  Table 4-11. 

O f  t he  three estuaries sampled inten- 
s i ve l y  by Shealy e t  a l .  (19741, the  North 
Edisto River exhibited the  greatest d i -  
v e r s i t y  o f  benthic f i shes  (62 spec ies) ,  
followed by the  Cooper River (57 spec ies) ,  
and the  South Edisto (47 spec ies) .  Star 
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drum, followed by a bay anchovy-spot- 
A t l a n t i c  croaker assemblage, dominated 
the North Edisto community; common species 
included spot ted hake, weakfish, s i l v e r  
perch, and blackcheek tonguefish. Bottom 
waters of t h e  South Edisto River were a l s o  
dominated by s t a r  drum, followed by an 
At lan t ic  croaker-white catfish-bay anchovy 
assemblage. A t l a n t i c  bumper, spot ted hake, 
weakfish, spo t ,  hogchoker, blackcheek 
tonguefish, and s i l v e r  perch a l s o  were 
captured frequent ly.  The demersal f i s h  
fauna of t h e  Cooper River was co-dominated 
by s t a r  drum and A t l a n t i c  croaker ,  f o l -  
lowed by a bay anchovy-Atlantic menhaden- 
spot ted hake assemblage which replaced t h e  
supporting sc iaen id  assemblage of t h e  
North Edisto River. Weakfish, spo t ,  blue- 
back her r ing ,  white  c a t f i s h ,  th readf in  
shad, and s i l v e r  perch were common i n  
North Edisto t rawl samples. 

Fishes of es tuar ine  s u b t i d a l  waters 
of South Carolina have been but  poorly 
inves t iga ted  with gear o t h e r  than bottom 
trawls .  Hicks (1972) conducted g i l l  net  
sampling i n  the  channel reaches of Port  
Royal Sound during Apri l  and Ju ly  of 1970 
(Table 4-12). Species, d i v e r s i t y ,  and 
numbers were q u i t e  d i f f e r e n t  than from 
small mesh o t t e r  t rawl c o l l e c t i o n s  taken 
during o t h e r  surveys within s i m i l a r  habi- 
t a t s  (e.g. , see  Tables 4-9, 4-10). 
Shealy (1975) found t h a t  bay anchovy com- 
pr i sed  over 90% of t h e  t o t a l  catch taken 
with a 1.5-in Cobb midwater t rawl a t  15 
s t a t i o n s  i n  t h e  North Edisto,  South Edisto, 
and Cooper r i v e r s .  

I n  Georgia, major inves t iga t ions  of 
s u b t i d a l  e s t u a r i n e  f i s h  populations have 
been c a r r i e d  ou t  by M i l l e r  and Jorgenson 
(1969), Dahlberg and Odum (1970), Dahlberg 
(1972). Hoese (1973), and Mahood e t  a l .  
(1974a, b, c ,  d ) .  Dahlberg and Odum (1970) 
conducted a 1-year survey using a 20 f t  
(6.1 m) o t t e r  t rawl 11% i n  (3.2 cm) mesh] 
a t  14 s t a t i o n s  i n  t h e  es tuar ine  system of 
Sapelo and S t .  Catherines sounds. A t o t a l  
of 31,637 f i s h e s  comprising 70 spec ies  
and 37 fami l ies  was co l lec ted .  The most 
common spec ies  i n  order  of decreasing 
abundance were s t a r  drum, blackcheek 
tonguefish, weakfish, sea  c a t f i s h ,  bay 
anchovy, s i l v e r  perch, spo t ,  A t l a n t i c  
croaker ,  spot ted hake, A t l a n t i c  menhaden, 
f r inged f lounder ,  and hogchoker (Table 
4-13). These 12 spec ies  made up 90X of 
t h e  t o t a l  numbers of f i s h e s  co l lec ted .  
The abundance and occurrence of predomi- 
nant spec ies  i n  t h i s  study a r e  q u i t e  
s i m i l a r  t o  what would be expected i n  mod- 
erate-high s a l i n i t y  sounds i n  South 
Carolina (Bearden and Farmer 1972, Shealy 
e t  a l .  1974). 

Dahlberg and Odum (1970) found t h a t  
s t r u c t u r e  of t h e  benthic  f i s h  communities 
i n  t h e  two e s t u a r i e s  sampled was in- 
fluenced by seasonal changes i n  taxa.  
numbers of spec ies  and ind iv idua ls ,  and 
average s i z e  of f i s h e s .  Species d i v e r s i t y  

was s tudied with respec t  t o  seasonal  var ia-  
t i o n  i n  t h r e e  ecological  zones: sounds, 
l a r g e r  creeks,  and smaller  creeks. Four 
d i v e r s i t y  ind ices  were compared, and sea- 
sonal  v a r i a t i o n  was found with "equita- 
b i l i t y "  and "evenness" ( ind ices  of t h e  
d i s t r i b u t i o n  of ind iv idua ls  among t h e  
various spec ies  i n  a sample), but no t  with 
t h e  Shannon-Wiener index o r  spec ies  "rich- 
ness" (index of species  numbers divided by 
the  n a t u r a l  logarithm of t h e  t o t a l  number 
of ind iv idua ls  of a l l  spec ies  i n  a sample). 
Figure 4-4 presents  comparisons of t h e  
four  ind ices  with respec t  t o  annual cycles .  
A seasonal change i n  r e l a t i v e  abundances 
resu l ted  pr imari ly  from t h e  i n f l u x  of 
juven i les  i n  l a t e  summer and autumn. 

Hoese (1973) conducted a 12lnonth 
t rawl survey of f i s h e s  and inver tebra tes  
on the  Georgia inshore con t inen ta l  she l f  
and adjacent  Doboy Sound. The most char- 
a c t e r i s t i c  f i s h  spec ies  taken i n  es tuar ine  
waters  was t h e  s t a r  drum. Other important 
spec ies  included bay anchovy, sc iaen ids  
(spot ,  A t l a n t i c  croaker ,  s i l v e r  perch, 
weakfish), spot ted hake, and.blackcheek 
tonguefish. Hoese concluded t h a t  t h e  ab- 
sence of l a r g e  ben th ic  p l a n t  communities 
i n  South Carolina and Georgia excludes t h e  
l a r g e  fauna associated with submerged grass  
beds ( t u r t l e  g rass ,  Halodule, e e l  g rass )  
found t o  the  nor th  and south of t h e  char- 
a c t e r i z a t i o n  area.  Hoese a l s o  found t h a t  
a small ,  cool,  temperate fauna invaded the  
a r e a  during winter, 'when spec ies  such a s  
spiny dogfish and spot ted hake became com- 
mon i n  c o l l e c t i o n s .  The d i s t r i b u t i o n  of 
many spec ies  of f i s h e s  was cor re la ted  with 
freshwater in f luence  of t h e  Altamaha River, 
temperature, and o t h e r  hydrographic fac tors .  
Up t o  eight  times t h e  biomass of f i s h e s  
and inver tebra tes  was found i n  the  estuarfne 
s u b t i d a l  zone compared with o f f shore  waters. 

Dahlberg (1972) s tudied t h e  d i s t r i b u -  
t i o n  of marine and es tuar ine  f i s h e s  i n  re- 
l a t i o n  t o  ecological  f a c t o r s  i n  the  estu-  
a ry  formed by -St. Catherines Sound, Newport 
River, and Sapelo Sound, Georgia. H i s  
i n v e s t i g a t i o n  included t rawl sampling i n  
t h e  lower reach of t h e  es tuary  a s  well  a s  
t h e  upper and middle reaches and an oligo- 
h a l i n e  creek. I n  t h e  lower reach of the  
estuary,  100 spec ies  of f i s h e s  were found 
compared t o  61 spec ies  i n  the  middle reach. 
Eurythermal spec ies  ( i . e . ,  those found 
year  around) were A t l a n t i c  s t ingray ,  bay 
anchovy, s i l v e r  perch, A t l a n t i c  croaker, 
spo t ,  southern k ingf i sh ,  hogchoker, black- 
cheek tonguefish, and oys te r  toadfish.  
Species common only during t h e  warm months 
included sea c a t f i s h ,  weakfish, s t a r  drum, 
and A t l a n t i c  spadefish,  while those taken 
commonly only during t h e  cold months in- 
cluded hakes, spo t ted  s e a t r o u t ,  oce l la ted  
f lounder ,  and southern flounder. The 
o l igoha l ine  sec t ion  of Riceboro Creek 
yielded only 40 f i s h  spec ies ,  including 
21 spec ies  considered s t r a g g l e r s .  Char- 
a c t e r i s t i c  spec ies  included bay anchovy, 
s t r i p e d  mul le t ,  t idewater  s i l v e r s i d e s ,  
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Table 4-13. Seasonal occurrence of f i s h  spec ies  taken by trawl i n  Sapelo and S t .  Catherines 
sounds, Georgia (adapted from Dahlberg and Odum 1970) . 

Family-species Total  Number Captured Seasonal Occurrence 

Carcharhinidae 
Blacktip shark 1 uncommon 

Sphyrnidae 
Bonnethead 

Squalidae 
Spiny dogfish 1 colder  months 

Ra j idae 
Clearnose ska t e  9 year around 

Dasyatidae 
Southern s t ingray  
At lan t ic  s t ingray  
Bluntnose s t ingray  
Smooth bu t t e r f l y  ray 

uncommon 
year around 
uncommon 
uncommon 

Lepisosteidae 
Longnose gar 1 uncommon 

Clupeidae 
Hickory shad 
American shad 
At lan t ic  menhaden 
Scaled sa rd ine  
At lan t ic  thread her r ing  

uncommon 
colder  months 
year  around 
uncommon 
uncommon 

Engraulidae 
Str iped anchovy 
Bay anchovy 

uncommon 
year around 

Synodontidae 
Inshore l i z a rd f i sh  6 warmer months 

Ariidae 
Gafftopsai l  c a t f i s h  
Sea c a t f i s h  

year around 
year around 

I c t a lu r i dae  
White c a t f i s h  4 uncommon 

Ophichthidae 
Shrimp e e l  1 uncommon 

Cyprinodontidae 
Munrmichog 5 uncommon 

Gadidae 
Southern hake 
Spotted hake 

colder  months 
colder  months 

Syngnathidae 
Northern pipefish 
Chain pipef i s h  

year around 
year around 

Serranidae 
Rock sea  bass 
Black sea  bass 

year around 
year around 

Pornatomidae 
Bluefish 2 uncommon 



Table 4-13. Continued 

Family-species Total Number Captured Seasonal Occurrence 

Atlantic bumper 1 uncommon 
Lookdown 3 uncommon 

Pomadasyidae 
3 1 warmer months 

Sciaenidae 
Silver perch 1,191 year around 
Spotted seatrout 52 year around 
Silver seatrout 70 warmer months 
Weakfish 3,458 year around 
Banded drum 129 year around 

1,113 year around 
Southern kingfish 1,527 year around 
Atlantic croaker 94 7 year around 
Black drum 1 uncommon 
Star drum 15,272 year around 

Chaetodipteridae 
Atlantic spadefish 256 warmer months 

Trichiuridae 
Atlantic cutlassfish 8 uncommon 

Highfin goby 1 uncommon 

Black-wing searobin 1 uncommon 
Striped searobin 14 7 year around 
Leopard searobin 8 7 year around 

Uranoscopidae 
Southern stargazer 15 year around 

Blennidae 
Crested blenny 1 uncommon 
Feather blenny 37 colder months 

Striped cusk-eel 18 year around 

Stromateidae 
Harvestfish 8 uncommon 
Butterfish 24 colder months 

Striped mullet 2 uncommon 

Atherinidae 
Rough silverside 1 uncommon 
Atlantic silverside 8 uncommon 

Ocellated flounder 70 colder months 
12 warmer months 

Fringed flounder 516 year around 
Gulf flounder 1 uncommon 
Summer flounder 4 3 year around 
Southern flounder 65 year around 
Windowpane 62 colder months 

299 year around 

195 



Table 4-13. Concluded 

Family-species Total Number Captured Seasonal Occurrence 

Cynoglossidae 
Blackcheek tonguefish 

Monacanthidae 
Planehead filefish 

Tetraodontidae 
Northern puffer 

Diodontidae 
Striped burrfish 

Batrachoididae 
Oyster toadf ish 

2,391 year around 

7 warmer months 

6 year around 

17 warmer months 

49 year around 

munanichog, mosquitofish, longnose gar, 
white catfish, hogchoker, and southern 
flounder. American eel and northern pipe- 
fish were found in the oligohaline area 
and further upstream in the freshwater 
habitat of tidal rivers. 

During the period October 1970 through 
September 1973, Mahood et al. (1974a. b, 
c, d) conducted a survey of the distribu- 
tion, seasonal abundance, size composition, 
and life histories of marine and estu- 
arine fishes and certain invertebrates of 
coastal Georgia. This investigation in- 
cluded sampling of fishes by 40 ft (12.2 
m) otter trawl [2 in (5 cm) stretched 
mesh] and monofilament gill nets [2  7/8 in 
(7 cm) and 4 in (10 cm) stretched mesh] 
in tidal creeks and sounds. 

Trawl samples yielded representatives 
of 44 families of fishes. The catches 
were dominated by sciaenids (spot, Atlantic 
croaker, star drum, and weakfish), which 
made up 63% of the total catch, plus 
Atlantic menhaden, sea catfish, white cat- 
fish, blackcheek tonguefish, and spotted 
hake (Mahood et al. 1974a, b, c, d). 
Tidal creeks produced 48.5%, sounds 38.6%, 
and nearshore marine waters 12.9% of the 
total catch of fishes taken by trawl. 
Seasonal trends in abundance of fishes 
collected were noted, with peak catches 
occurring during July and August (probably 
a result of maximum seaward migration of 
fishes of a size susceptible to the gear 
used). Low catches were observed during 
December and January. Seasonal differ- 
ences were also noted among the southern 
(St. Andrews Sound - St. Simons Sound), 
central (Doboy Sound - Sapelo Sound), and 
northern (Ossabaw and Wassaw sounds) sec- 
tions of the State. Largest catches of 
marine and estuarine fishes were taken 
from fall to mid-spring in the southern 
section; catches were greatest in the 

central and northern sections during late 
spring and summer. 

Gill net sampling in tidal creeks and 
sounds produced 24 families of marine and 
estuarine fishes, mostly the adult and sub- 
adult stages of sciaenids (spotted sea- 
trout, weakfish, spot, Atlantic croaker, 
red drum, southern kingfish), bluefish, 
sea catfish, Atlantic menhaden, Spanish 
mackerel, striped mullet, and crevalle 
jack (Mahood et al. 1974a. b, c, d). 
Again, sciaenids were by far the most 
abundant group, comprising 56.3% of the 
total 3-year catch. 

b. Recruitment and Life History. 
Previous zooplankton sampling by various 
workers (Bears Bluff Laboratories, Inc. 
1964; South Carolina Marine Resources Di- 
vision, 1973 - 1978, Charleston, unpubl. 
data) within the subtidal estuarine habi- 
tat has provided some information on the 
seasonal recruitment patterns, sizes, and 
occurrence of various species of fish 
larvae and postlarvae. Peak recruitment 
of larvae and postlarvae of species which 
spawn offshore (e.g., spot, Atlantic 
croaker, Atlantic menhaden, pinfish, eels, 
flounders, and mullets) occurred from 
January through March. Spot and Atlantic 
croaker postlarvae dominated plankton 
catches during this period (Bears Bluff 
Laboratories, Inc. 1964). Due to the 
selective nature of the sampling gear, 
however, the abundance of common species 
such as mullet and Atlantic menhaden prob- 
ably was not accurately indicated. Dur- 
ing spring and summer, larvae and postlar- 
vae of nearshore and estuarine spawners 
became dominant in the subtidal estuarine 
habitat. Dominant species included gobies, 
bay anchovy, silversides, catfish, and 
sciaenids such as star drum. Again, due 
to gear selectivity, common species such 
as ladyfish, Atlantic thread herring, 
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Figure 4 - 4 .  Annual cycles  of species diversity indices for f i shes  i n  three 
Georgia estuarine zones (Dahlberg and Odum 1970). 



hogchoker, and blackcheek tonguefish were 
not taken. 

Powles and Stender (1976) reported 
on the  spec ies  composition, numbers, and 
d i s t r i bu t i on  of l a r v a l  and pos t la rva l  
f i she s  taken i n  ichthyoplankton survey 
c ru ises  i n  1973 o f f  the  South Carolina 
and Georgia coas t s .  Their da ta  concerning 
species  common t o  the  e s tua r i e s ,  such a s  
menhaden, hakes, mullets .  b luef i sh ,  spot ,  
and At lan t ic  croaker, correspond with the 
observed recruitment of l a r v a l  and post- 
l a r v a l  f i she s  i n t o  the  es tuar ine  a rea  
(Bears Bluff Laboratories ,  Inc. 1964; 
South Carolina Marine Resources Division, 
1973 - 1978, Charleston, unpubl. da ta ) .  
Other information on the  l a r v a l  develop- 
ment and recruitment of various spec ies ,  
including mul le t s ,  l adyf i sh ,  pompano, and 
c r eva l l e  jack along t h e  South Carolina 
and Georgia coas t s ,  has been presented by 
severa l  authors  (Anderson 1957, 1958, 
Berry 1959, Gehringer 1959, F ie lds  1962). 

Although a considerable amount of in- 
formation has been amassed on t he  spec ies  
occurrence, d ive r s i t y ,  abundance, d i s t r i -  
but ion,  and l i f e  h i s t o r i e s  of the  f i she s  
occurring i n  t he  subt ida l  es tuar ine  habi- 
t a t ,  much information is lacking concern- 
ing  reproduction, age and growth, popula- 
t i o n  dynamics, and ecological  relationships. 
Limited information is a l s o  ava i l ab l e  
concerning t he  movements and migrations 
of those f i she s  i n  response t o  environ- 
mental f a c to r s .  Data from previous tag- 
ging s tud ies  ind ica te  some southerly 
coas ta l  movement of severa l  spec ies  
(Atlant ic  croaker ,  southern k ingf i sh ,  
southern flounder) during f a l l  and win te r ,  
while o thers  (such a s  spiny dogfish) move 
northward i n  the  spring (C. M. Bearden, 
1971, South Carolina Marine Resources D i -  
v i s ion ,  Charleston, unpubl. da ta ) .  Off- 
shore movements during t h e  f a l l  and 
winter ,  o r  f o r  spawning purposes, a r e  
known t o  occur i n  t he  case of many f i s h e s ,  
including sc iaen ids ,  mullets ,  At lan t ic  
menhaden, flounders, and American e e l ,  
but very l imited da ta  e x i s t  concerning 
migratory pa t te rns  and of fshore  spawning 
loca t ions .  Brief l i f e  h i s t o ry  summaries 
of some of  t he  more conrmon species  a r e  
given below. 

(1) Mullet.  Early development, 
growth, and occurrence of s t r i ped  mullet 
and white mullet have been described by 
Anderson (1957. 1958). Spawning of these  
spec ies  occurs offshore on t he  continental  
shelf  near t he  Gulf Stream during October - 
February, with e a r l y  development and 
growth up t o  a length of 20 - 25 m (0.8 - 
1.0 i n )  taking place offshore,  a f t e r  which 
they move i n t o  inshore waters (see Chapter 
Two). Growth is rapid,  about 17 mm (0.7 
i n )  per month, i n  es tuar ine  waters  of 
Georgia from Apr i l  t o  November. 

(2) Ladyfish. Gehringer (1959) 
described t he  ea r l y  development and 

metamorphosis of the  ladyf i sh ,  another of f -  
shore spawner. Leptocephali of t h i s  
species  move i n t o  inshore waters a t  a 
length of 40 - 45 mm (1.6 - 1.8  in), where 
they undergo metamorphosis. 

(3) Spot. Dawson (1958) and 
Music (1974) described the  biology and l i f e  
h i s t o ry  of the spot  i n  waters of South 
Carolina and Georgia. Both s tud ies  indi-  
c a t e  t h a t  spot  t o l e r a t e  a wide range of 
s a l i n i t y  and temperature condit ions,  spawn 
offshore from October t o  March, and occur 
throughout the winter i n  es tuar ine  waters. 
Length frequency da ta  ind ica te  t h a t  these 
f i e h  reach 135 - 165 mm (5.3 - 6.5 i n )  by 
the  end of t h e i r  f i r s t  year. 

(4) Seatrout .  Lunz and Schwartz 
(1970) and Mahood (1974) presented da ta  on 
t he  d i s t r i bu t i on ,  seasona l i ty ,  movements, 
reproduction, length frequencies ,  and 
abundance of s ea t rou t s  of t he  genus 
Cynoscion. In these f i s h e s ,  spawning oc- 
curs  i n  sounds or  nearshore waters during 
summer. Young spotted sea t rou t  spend t h e i r  
e a r l y  l i v e s  i n  small t i d a l  marsh creeks,  
whereas weakfish occupy t h e  sub t i da l  estu- 
a r i ne  zone of l a rge r  streams f o r  the most 
pa r t .  In  many e s tua r i e s ,  spot ted sea t rou t  
is t he  most common top carnivore,  and thua 
i t  has l i t t l e  competition f o r  an abundant 
food supply (Tabb 1966). Both young and 
adu l t s  a r e  t o l e r an t  of rigorous environ- 
mental condit ions,  and the  e n t i r e  l i f e  
cycle is spent within the  estuary.  Spotted 
sea t rou t  a r e  general ly non-migratory, a l -  
though they have been found t o  make seaward 
movements i n  response t o  f r e she t s  and low 
water temperatures (Tabb 1966). 1 

(5) Kingf i shes .  Bearden (1963) 
reported t h a t  t h e  southern k ingf i sh ,  t he  

1 
most common species  of kingfishes i n  the  
subt ida l  es tuar ine  hab i t a t .  spawns o f f -  
shore near t he  coast  from May to  Ju ly ,  and 
the young move i n t o  e s tua r i e s  during the  
summer. Young-of-the-year were found t o  
be eurythermal, whereas adu l t s  migrated t o  
deeper water offshore during the colder 
months. 

(6) At lan t ic  Croaker. The dis-  
t r i bu t i on  and abundance of At lan t ic  croaker 
i n  es tuar ine  waters of South Carolina were 
described by Bearden (1964). Spawning OC- 

curs  well  offshore primari ly during winter ,  
and then la rvae  and post larvae migrate 
landward where they move up i n t o  t i d a l  
streams a s  f a r  a s  s a l t  water penetrates .  
Young-of-the-year croakers reach an average 
length of 150 m (5.9 i n )  within one year .  
No s i gn i f i c an t  dec l ine  i n  abundance of 
A t l an t i c  croaker was noted over a lo-year 
period (1953 - 1962). Bearden (1964) re- 
ported t h a t  the  s i z e  of At lan t ic  croaker 
varied over t he  es tuar ine  s a l i n i t y  gradi- 
en t ,  with t he  smaller f i s h  occurring i n  
lower s a l i n i t y  waters. 

c .  Trophic Relat ionships.  Limited 
information is ava i lab le  concerning food 



habits and trophic relationships of marine 
and estuarine fishes found in the subtidal 
estuarine habitat of the characterization 
area. Results of several investigations 
in South Carolina and Georgia can be used, 
however, to make some generalizations 
along these lines (see also Table 2-12 
in Chapter Two, Marine Ecosystem). 

Of the more common fish species 
found within the subtidal estuarine zone, 
the predominant herbivores are mullets and 
menhaden. The food of striped mullet in 
various habitats has been described by 
Odum (1970a), who listed the principal 
items as micro-plant detritus and living 
algae. However, it is also known to 
shift trophic levels from primary con- 
sumer to predator, preying on polychaete 
worms (Bishop and Miglarese 1978). Men- 
haden postlarvae feed largely on zoo- 
plankton and function as primary carni- 
vores when young, but undergo internal 
changes in the digestive system during 
metamorphosis. During the remainder of 
their lives, they are filter feeders, 
primarily consuming phytoplankton. Odum 
(1968) observed juveniles of striped mul- 
let, white mullet, and Atlantic menhaden 
feeding heavily in a bloom of dinoflagel- 
lates (Kryptoperidinium) in the headwaters 
of the Duplin River, Georgia. 

The predominant primary carnivore 
within the subtidal estuarine habitat is 
the bay anchovy, which feeds largely on 
copepods and other zooplankters (Odum 
1970a). Most of the common young-of-the- 
year fishes found within the subtidal 
estuarine hahitat (including star drum, 
Atlantic croaker, spot, silver perch, 
juvenile weakfish, flounders, hogchokers, 
blackcheek tonguefish, white catfish, and 
spotted hake) are opportunistic mid carni- 
vores, feeding on a wide variety of 
planktonic and benthic organisms, includ- 
ing mysid shrimp, harpacticoid and cala- 
noid copepods, amphipods, isopods, small 
crabs, shrimp, mollusks, polychaetes, and 

I 
small fishes (Dawson 1958, Bearden 1964, 

1 Odum 1970a, Sikora et al. 1972, Stickney 

! et al. 1974, Heard 1975, Kjelson et al. 
1975, Kjelson and Johnson 1976, Stickney 

/ 1976). Top carnivores in estuarine sub- 
tidal waters include various species of 1 sharks such as carcharinids and hammer- 
heads (Bearden 1965, Hicks 1972), as well 
as longnose gar, Atlantic needlefish, 
striped bass, white perch, bluefish, lady- 
fish, Spanish mackerel, weakfish, sea- 
trout, red drum, and flounders. The young 
of many of these species may function as 
mid carnivores or even primary carnivores 
as postlarvae and early juveniles. These 
species feed largely on smaller fishes 
including the herbivores, primary carni- 
vores, and mid carnivores mentioned above, 
as well as on penaeid shrimp, grass shrimp 
(Palaemonetes spp.), crabs, squid, mol- 
lusks. and other motile and sessile in- 

d. Effects of Perturbations. In- 
vestigations of the effects of environ- 
mental perturbations on fishes of the 
estuarine subtidal zone have dealt pri- 
marily with pesticide residue levels in 
tissues, the effects of pesticides on 
various species, and the effects of dredg- 
ing and dredged materials. 

In 1965, the U.S. Department of Health, 
Education and Welfare conducted pollution 
studies in Charleston Harbor. It was found 
that many industries, especially those on 
the Ashley River, were grossly polluting 
the area with chemical wastes. Mortalities 
of estuarine fishes (especially Atlantic 
menhaden), presumably caused by organophos- 
phorous compounds, were a commonplace oc- 
currence in the Ashley River system. 

The U.S. Environmental Protection 
Agency (1971) conducted investigations on 
the accumulation and movement of mirex in 
selected estuaries of South Carolina. Mi- 
rex was found to move widely from treated 
areas into estuarine fishes, although no 
mortalities or other direct effects were 
noted during the study period. However, 
birds and other organisms which feed on 
fish contaminated with mirex can be af- 
fected adversely (Kaiser 1978). Markin 
et al. (1974) also reported on mirex and 
other organochlorine substances (DDT and 
metabolites, PCB residues) in flounder, 
weakfish, mullets, and Atlantic croaker 
samples from Savannah and Charleston. Mi- 
rex was found only in samples from 
Savannah, an area with a history of exten- 
sive use of this pesticide. 

Reimold et al. (1973) conducted a 3- 
year research project to study toxaphene 
contamination in relation to estuarine 
ecology in Terry Creek and Duplin estuary, 
Georgia. Toxaphene levels (ppb) were de- 
termined for muscle and liver tissue of a 
number of estuarine fishes, including 
striped mullet, American eel, mummichog, 
silversides, silver perch, weakfish, star 
drum, spot, kingfishes, menhaden, Atlantic 
cutlassfish, gobies, anchovies, flounders, 
blackcheek tonguefish, and hogchoker. 
Toxaphene concentrations in effluents from 
a plant manufacturing this chemical near 
Terry Creek decreased over one order of 
magnitude during the study period, and the 
toxaphene content of the flora and fauna, 
including estuarine fishes, decreased 
simultaneously. Concurrent with this was 
a significant increase in species diversity, 
as determined from otter trawl collections. 

Reimold and Shealy (1976) monitored 
residue levels of a number of pesticides 
and mercury in young-of-the-year spot and 
silver perch from 11 estuaries represent- 
ing all the major Atlantic drainage basins 
in South Carolina and Georgia. Chlorinated 
hydrocarbons for which analyses were con- 
ducted included DbT, DDE, TDE, dieldrin, 
endrin, polychlorinated biphenyls (PCB's), 



toxaphene, mirex, and chlordane. Also 
monitored were t o t a l  mercury, phenoxyr 
herb ic ides ,  carbamate, and organophos- 
phorous p e s t i c i d e s .  

Low l e v e l s  of DDT were de tec ted  i n  
both spot  and s i l v e r  perch from s e v e r a l  
e s t u a r i e s ,  bu t  only p r i o r  t o  sp r ing  1973. 
This disappearance may have r e f l e c t e d  t h e  
1972 ban on DDT use by t h e  U.S. Environ- 
mental P ro tec t ion  Agency. .However, t h e  
metabo l i t i e s  of  DDT, namely DDE and TDE, 
were seasona l ly  ubiqui tous,  a l b e i t  a t  
r e l a t i v e l y  low concentrat iohs,  throughout 
t h e  s tudy.  Residues o f  o ther  ch lor ina ted  
hydrocarbons ( d i e l d r i n ,  PCB's, toxaphene, 
chlordane, endrin,  and mirex), phenoxy- 
herb ic ides ,  carbamate, and organophos- 
phorous p e s t i c i d e s  were not  detected i n  
concentrat ions above 10 ~ g / k g  i n  t h e  es tu -  
a r i n e  h a b i t a t  during t h e  2-year s tudy 
per iod.  Mercury was de tec ted  during a l l  
seasons and i n  both f i n f i s h  spec ies  moni- 
tored.  During spr ing  1973, mercury l e v e l s  
exceeded t h e  500 pg/kg maximum concentra- 
t i o n  of mercury i n  food s e t  by t h e  Food 
and Drug Administration (Lepple 1973) by 
a f a c t o r  of six. Mercury l e v e l s ,  although 
d e t e c t a b l e ,  were lower and w e l l  wi th in  t h e  
FDA guide l ines ,  both before  and a f t e r  
sp r ing  1973. 

Martin (1980) inves t iga ted  e f f e c t s  of  
two petroleum compounds, benzo(a)pyrene 
and methycholanthrene, on sheepshead min- 
nows and channel c a t f i s h .  Most of t h e  
e f f e c t s  on sheepshead minnows were g i l l -  
r e l a t e d ,  i . e . ,  fungal  i n f e c t i o n s  o r  ero- 
s ion  and n e c r o s i s  o f  g i l l  lamellae.  Other 
pathologies  included hemorrhagic a r e a s  on 
body sur faces  and hemorrhagic g i l l s .  
Pathological  condi t ions observed i n  channel 
c a t f i s h  were s i m i l a r  t o  those noted i n  
sheepshead minnows. I n  add i t ion ,  channel 
c a t f i s h  exh ib i t ed  v e r t e b r a l  d i sor ien ta -  
t i o n s .  S i g n i f i c a n t  m o r t a l i t i e s  of  both 
spec ies  occurred a s  a r e s u l t  of  exposure 
t o  the  petroleum compounds. 

Further  s t u d i e s  of impacts of man- 
made substances en te r ing  c o a s t a l  e s t u a r i n e  
systems and t h e i r  b i o t a  a r e  needed. Future 
monitoring a c t i v i t i e s  should inc lude  sam- 
p l i n g  of  d i f f e r e n t  t roph ic  l e v e l s  a t  v a r i -  
ous geographic l o c a t i o n s ,  p a r t i c u l a r l y  
where s i g n i f i c a n t  contaminant concentra- 
t i o n s  a r e  detected.  F i n f i s h  monitoring 
should be continued and compared per iod i -  
c a l l y  t o  t h e  b a s e l i n e  res idue  l e v e l s  now 
es tab l i shed  t o  determine whether t h e s e  
p o l l u t a n t s  a r e  inc reas ing ,  decreasing,  o r  
maintaining a s teady s t a t e  i n  e s t u a r i e s  
and i n  i n d i c a t o r  f i n f i s h  spec ies  of t h e  
Sea I s land  Coastal  Region. 

Stickney (1972) reported on t h e  ef-  
f e c t s  of i n t r a c o a s t a l  waterway dredging 
on ichthyofauna and ben th ic  macroinverte- 
b r a t e s  i n  Georgia. Although some shor t -  
term changes i n  populat ion s t r u c t u r e  o r  
s tanding crop appeared t o  have been as- 
soc ia ted  with dredging, t h e s e  e f f e c t s  

long-term e f f e c t s  of dredging on mot i l e  
spec ies .  I n  South Carol ina,  Hoss e t  a l .  
(1973) s tudied e f f e c t s  of dredged sedi-  
ments on l a r v a l  e s t u a r i n e  f i s h e s  common t o  
Charleston Harbor. Survival  and growth of 
t h e  l a r v a e  were a f f e c t e d  a t  t h e  h ighes t  
concentrat ions of  e x t r a c t  t e s t e d ,  and d i f -  
f e r e n t  spec ies  were shown t o  have d i f f e r e n t  
s u r v i v a l  r a t e s .  Larval  f lounder ,  s p o t ,  
A t l a n t i c  menhaden, p i n f i s h ,  and A t l a n t i c  
croaker  were used a s  t e s t  animals.  Hoss 
e t  a l .  (1973) recommended t h a t  dredging be 
conducted, i f  poss ib le ,  during per iods 
when l a r v a l  forms of  more important spec ies  
a r e  n o t  abundant i n  e s t u a r i n e  waters .  D i s -  
posal  of dredged m a t e r i a l s  on upland s i t e s  
having impervious d ikes  was f e l t  t o  be t h e  
l e a s t  damaging type of  d i sposa l .  Most 
previous i n v e s t i g a t i o n s ,  including the  
aforementioned and those conducted by t h e  
South Carol ina Marine Resources Divis ion 
(Charleston, unpubl. d a t a ) ,  i n d i c a t e  t h a t  
dredging of unpolluted sediments,  and t h e  
r e s u l t a n t  increased t u r b i d i t i e s ,  have lit- 
t l e  long-term e f f e c t  on f i s h e s ;  However, 
the  e f f e c t s  of dredging sediments contain- 
i n g  t o x i c  m a t e r i a l s  a r e  not  w e l l  understood, 
and a d d i t i o n a l  s t u d i e s  a r e  needed t o  de- 
termine methods of  removing and disposing 
of such m a t e r i a l  i n  a manner t h a t  w i l l  not 
adversely a f f e c t  t h e  b i o t a .  

Other environmental pe r tu rba t ions  af-  
f e c t i n g  e s t u a r i n e  f i s h e s  which a r e  no t  y e t  
f u l l y  understood and need a d d i t i o n a l  in-  
v e s t i g a t i o n  inc lude  t h e  d ivers ion  of 
c o a s t a l  s t reams,  channel izat ion and a l t e r a -  
t i o n  of upland drainage p a t t e r n s ,  marina 
cons t ruc t ion ,  power p l a n t  s i t i n g  along t h e  
c o a s t ,  excavation i n  wetland a r e a s ,  and 
o t h e r  phys ica l  a l t e r a t i o n s  i n  t h e  c o a s t a l  
zone. 

e .  Anadromous Species. Six spec ies  
of anadromous f i s h e s  occur i n  t h e  e s t u a r i n e  
waters  of t h e  Sea I s land  Coastal  Region. 
These spec ies  a r e  p r imar i ly  t r a n s i e n t s  i n  
e s t u a r i e s  a s  they pass from t h e  marine en- 
vironment t o  t h e  r i v e r i n e  systems during 
t h e i r  spawning migrat ions.  The juven i les  
of some spec ies  u t i l i z e  e s t u a r i e s  a s  p a r t  
of  t h e i r  nursery grounds, but  most of 
t h e i r  l i v e s  a r e  spent  i n  c o a s t a l  marine 
waters .  

Adult American shad t r a v e r s e  t h e  estu-  
a r i e s  i n  l a t e  w i n t e r l e a r l y  spr ing ,  when 
water temperatures a r e  approximately 10°c 
( 5 0 ' ~ )  t o  reach t h e i r  spawning grounds i n  
t h e  c o a s t a l  r i v e r s .  Juven i les  a r e  found 
i n  e s t u a r i n e  waters  during autumn a s  they 
migrate  t o  s e a  a f t e r  spending approximately 
6 months i n  f r e s h  water .  

Hickory shad e n t e r  the  e s t u a r i e s  a s  
a d u l t s  i n  mid-January on t h e i r  way t o  
f reshwater  spawning grounds ( S t r e e t  1970). 
Juven i le  hickory shad leave  t h e  upr iver  
spawning a r e a s  much e a r l i e r  than o t h e r  
spec ies  of Alosa (Mansueti 1962, P a t e  



1972). Crochet (1976), sampling t h e  
Waccamaw and Pee Dee r i v e r  s y s t m s  i n  
South Carol ina ,  found j u v e n i l e  hickory 
shad on ly  i n  lower Winyah Bay. Godwin and 
Adams (1969) and S t r e e t  (1970),  who worked 
on t h e  Altamaha River  i n  Georgia,  a l s o  
found t h e  ma jo r i ty  of j u v e n i l e  hickory 
shad concentra ted i n  t h e  lower r eaches  of 
t h e  e s t u a r y .  

Adult blueback h e r r i n g  migra te  
through t h e  e s t u a r i e s  from e a r l y  January 
through t h e  s p r i n g  a s  they make t h e i r  
spawning runs  i n t o  c o a s t a l  r i v e r s  ( S t r e e t  
1970). J u v e n i l e  blueback h e r r i n g  a r e  
found i n  t h e  e s t u a r i e s  dur ing  v e r y  e a r l y  
summer, bu t  migra te  upstream by J u l y  and 
remain t h e r e  u n t i l  t h e  f a l l  when they m i -  
g r a t e  t o  t h e  ocean. S t r e e t  (1970) found 
j u v e n i l e s  i n  e s t u a r i n e  a r e a s  of t h e  
Altamaha River  dur ing  e a r l y  June (be fo re  
they moved upstream), and aga in  i n  Novem- 
be r  when water  temperatures  i n  t h e  r i v e r  
dropped. 

S t r iped  bass  a d u l t s  migra te  through 
t h e  e s t u a r i e s  i n  l a t e  win te r  and e a r l y  
s p r i n g  when water  temperatures  a r e  nea r  
1 4 ' ~  (57'F), en rou te  t o  spawning grounds 
i n  c o a s t a l  r i v e r s .  Populat ions  of a d u l t  
s t r i p e d  bass  sou th  of Cape H a t t e r a s  usually 
r e t u r n  t o  ad jacen t  sounds a f t e r  spawning 
(Trent and Hass le r  1968).  Smith (1970) 
found i n  t h e  Savannah, Ogeechee, and 
Altamaha r i v e r s  of Georgia t h a t  subadu l t  
and a d u l t  s t r i p e r s  u t i l i z e  t h e  e s t u a r i e s  
dur ing t h e  f a l l ,  w i n t e r ,  and e a r l y  s p r i n g  
months. He a l s o  found t h a t  f i n g e r l i n g  
s t r i p e d  bass  u t i l i z e  t h e  e s t u a r i n e  por- 
t i o n s  of those  r i v e r s  where s a l i n i t i e s  a r e  
3.Z0/oo o r  l e s s .  Smith (1968) c o l l e c t e d  
j u v e n i l e s  only  a t  e s t u a r i n e  s t a t i o n s  i n  
t h e  Altamaha River ,  i n d i c a t i n g  t h a t  t h i s  
was probably t h e  major nur se ry  a r e a  f o r  
t h e s e  f i s h .  

Adult  A t l a n t i c  s tu rgeon  e n t e r  t h e  
e s t u a r i n e  a r e a s  of Georgia and South 
Carol ina  c o a s t a l  r i v e r s  a s  e a r l y  a s  
February on t h e i r  way t o  spawning grounds 
i n  b rack i sh  and t i d a l  f r e shwate r  r eg ions  
of t h e  r i v e r s .  This  immigration co inc ides  
wi th  Huf f ' s  (1975) r e p o r t  t h a t  spawning 
migra t ions  begin  dur ing  February i n  
F l o r i d a ,  Georgia,  and North Carol ina .  

The eggs a r e  l a i d  i n  b rack i sh  o r  
f r e s h  water  (b rack i sh  water  p o s s i b l y  pre- 
f e r r e d )  ove r  a hard bottom of c l a y ,  rub- 
b l e ,  g r a v e l ,  o r  s h e l l  i n  shal low running 
water  o r  i n  water  up t o  30 f t  (9  m) deep 
(Vladykov and Greeley 1963).  The eggs 
a r e  demersal,  adhesive ,  and occur  i n  
s t r i n g y  c l u s t e r s  o r  r ibbons .  Smith (1907) 
found North Caro l ina  s turgeon capab le  of 
producing 1 m i l l i o n  t o  2.5 m i l l i o n  eggs. 
Ryder (1890) es t imated fecund i ty  of 
Delaware River  s turgeon t o  range from 0.8 
m i l l i o n  t o  2.4 m i l l i o n  eggs. Vladykov and 
Greeley (1963) examined a S t .  Lawrence 
River specimen t h a t  contained approxi-  
mately 3.8 m i l l i o n  eggs. 

After spawning, a d u l t  s tu rgeon  may 
s t a y  i n  t h e  r i v e r i n e  o r  e s t u a r i n e  system 
t o  feed f o r  2 t o  3 months be fo re  r e t u r n i n g  
t o  t h e  ocean. However, some a d u l t s ,  o r  
those  i n  c e r t a i n  a r e a s ,  may r e t u r n  t o  t h e  
s e a  ve ry  soon a f t e r  completion of spawning 
a c t i v i t y .  A popu la t ion  of t h e  Gulf of 
Mexico subspec ies  A. oxyrhynchus d e s o t o i  
i n  t h e  Suwannee River ,  F l o r i d a ,  does  n o t  
f eed  i n  t h e  r i v e r ,  but  r e t u r n s  t o  t h e  s e a  
s h o r t l y  a f t e r  spawning (Huff 1975).  

A f t e r  hatching,  t h e  young s tu rgeon  
w i l l  remain i n  t h e  r i v e r i n e  and e s t u a r i n e  
systems up t o  5 y e a r s  (W. Dovel, 1978, 
Oceanic Soc ie ty ,  West Rectory Church, 
Yonkers, New York, pe r s .  comm.). The ju- 
v e n i l e  s tu rgeon  then migra te  t o  t h e  ocean, 
where they undergo an  a c c e l e r a t e d  pe r iod  
of growth p r i o r  t o  r e t u r n i n g  t o  t h e i r  
n a t a l  s t ream t o  spawn a t  an  age of approxi- 
mately 10  - 15  yea r s .  J u v e n i l e s  spend t h e  
s p r i n g  and summer i n  f r e s h  wa te r ,  moving 
i n t o  e s t u a r i n e  a r e a s  t o  overwinter  a s  wa- 
t e r  temperatures  drop i n  t h e  f a l l  &rawski 
and Pacheco 1977). 

Data on A t l a n t i c  s tu rgeon  popu la t ions  
i n  South Caro l ina  and Georgia a r e  extremely 
l i m i t e d .  Based on commercial f i s h e r i e s  
d a t a ,  t h e  South Caro l ina  r i v e r s  i n  which 
s tu rgeon  a r e  most abundant a r e  a s  fo l lows ,  
i n  dec reas ing  o r d e r  of importance: Winyah 
Bay a r e a  (Waccamaw and Pee Dee r i v e r s ) ,  
Santee  River ,  Ed i s to  River ,  Savannah Rive r ,  
and Ashepoo and Combahee r i v e r s .  L i t t l e  
informat ion is a v a i l a b l e  on Georgia At l an t i c  
s tu rgeon  popu la t ions ,  a s  t h e  f i s h e r y  is 
inconsequen t i a l ;  however, t h e  Altamaha, 
Ogeechee, Savannah, and S t .  Marys r i v e r s  
a r e  be l i eved  t o  be  t h e  most important  
s tu rgeon  a r e a s  i n  t h e  S t a t e .  

P r e s e n t l y ,  t h e  South Caro l ina  W i l d l i f e  
and Marine Resources Department 's  Marine 
Resources Div i s ion  and t h e  U.S. F i s h  and 
W i l d l i f e  Se rv ice  a r e  conduct ing an  i n v e s t i -  
g a t i o n  of s tu rgeon  popu la t ions  i n  South 
Caro l ina  (D. E. Marchet te  and T. I.  J. 
Smith, 1980, South Caro l ina  Marine Re- 
sources  Div i s ion ,  Char les ton,  pe r s .  comm.). 
This  p r o j e c t  w i l l  provide much needed in-  
formation on t h e  l i f e  h i s t o r y  and commercial 
importance o f  t h i s  s p e c i e s .  

Prel iminary d a t a  from t h i s  s tudy  in-  
d i c a t e  t h a t  spawning of A t l a n t i c  s turgeon 
occurs  a s  e a r l y  a s  mid-February i n  t h e  
ocean o f f  South Carol ina .  Ripe females 
can be  taken i n  t h e  ocean around t h e  mouths 
o f  r i v e r s  by e a r l y  t o  mid-March when water  
temperatures  reach 10' - 1 2 . 6 ' ~  (50' - 
5 5 ' ~ ) .  

Ripe females captured t o  d a t e  averaged 
16 y e a r s  ( range 11 - 27 yea r s )  and had an  
average t o t a l  weight  of 75 kg (165 l b ) .  
Ripe males averaged 12 y e a r s  (range 5 - 29 
y e a r s )  and had an  average t o t a l  weight of 
40.9 kg (90 l b ) .  The average age of a l l  
f i s h  sampled i n  t h e  ocean f i s h e r y  was 13.5 
y e a r s  (range 5 - 29 yea r s )  and mean t o t a l  



weight was 56.3 kg (124 l b ) .  Average 
fecundity f o r  spawning females averaged 
732,500 eggs, with a range of 370,000 t o  
1,100,000. 

Exact spawning loca t ions  a r e  d i f f i -  
c u l t  t o  ascer ta in ;  however, t h e  following 
i d e a l  spawning s i t e s  have been i d e n t i f i e d  
by research personnel and c o m e r c i a l  f i sh-  
ermen: the  Tee of t h e  Cooper River ,  t h e  
marl outcroppings a t  Jamestown on t h e  
Santee River, t h e  marl ho le  above Givhan's 
Ferry on the  Edisto River, Jordan Lake 
(an oxbow) on t h e  Great Pee Dee, t h e  
junction of t h e  Great and L i t t l e  Pee Dee 
r i v e r s ,  and Bull  Creek, a connecting wa- 
terway between t h e  Pee Dee and Waccamaw 
r i v e r s .  Inves t iga t ions  a r e  cur ren t ly  
underway t o  determine i f  any of these  
s i t e s  a r e ,  i n  f a c t ,  spawning l o c a l i t i e s  
f o r  A t l a n t i c  sturgeon. 

The endangered shortnose sturgeon is 
found i n  e s t u a r i n e  and r i v e r i n e  a reas  of 
South Carolina and Georgia ( see  Sect ion 
V I  i n  Chapter One). Apparently, t h i s  
spec ies  is primari ly  r i v e r i n e  and estu-  
a r i n e  i n  its d i s t r i b u t i o n ,  and it is not  
known t o  make regula r  migrat ions t o  the  
ocean. The abundance and ecology of t h i s  
spec ies  a r e  poorly known a t  present .  It 
is poss ib le  t h a t  a s u b s t a n t i a l  number of 
t h e  juveni le  sturgeon repor ted ly  caught i n  
shad n e t s  a r e  shortnose r a t h e r  than 
At lan t ic  sturgeon. 

5. Rept i l es  

The only r e p t i l e  t r u l y  c h a r a c t e r i s t i c  
of t h e  e s t u a r i n e  s u b t i d a l  region,  and pr i -  
marily r e s t r i c t e d  t o  t h i s  h a b i t a t ,  is t h e  
Carolina diamondback t e r r a p i n .  Although 
t u r t l e s  of t h e  fami l ies  Cheloniidae and 
Dermochelidae a l s o  occur i n  t h e  e s t u a r i e s ,  
they a r e  pr imari ly  marine forms. Certain 
freshwater r e p t i l e s  have been noted i n  
brackish water a r e a s ,  but  t h e i r  incursions 
i n t o  t h e  e s t u a r i e s  w i l l  be covered i n  t h e  
sec t ions  deal ing with r i v e r i n e ,  l a c u s t r i n e ,  
and p a l u s t r i n e  h a b i t a t s  (Chapter Five) .  

Seven races  of t h e  diamondback t e r -  
rap in  a r e  recognized, ranging from 
Massachusetts t o  south Texas. The race  
occupying waters of South Carolina and 
Georgia i s  Malaclemys t e r r a p i n  c e n t r a t a .  
DeSola and Abrams (1933) noted t h a t  o ther  
races  have been found i n  Georgia because 
of the  escape of ind iv idua ls  from connner- 
c i a 1  t e r r a p i n  farms and t h e i r  colonizat ion 
of t h e  surrounding marshes. It is unknown 
i f  any ves t iges  of t h e  o ther  races  s t i l l  
e x i s t  on t h e  Georgia coast .  

Although t h i s  t u r t l e  can survive f o r  
prolonged periods i n  f r e s h  water and has 
been noted t o  occur i n  c o a s t a l  r i v e r s  
above t h e  inf luence of s a l t  water (Coker 
1906). it is most abundant i n  t h e  creeks 
and e s t u a r i e s  of t h e  c o a s t a l  s a l t  marsh, 
p a r t i c u l a r l y  over s h e l l  bottoms and near 
oys te r  bars .  Pre fe r red  food items of 

Carolina diamondback t e r r a p i n s  i n  t h e  a rea  
of Beaufort,  North Carolina, a r e  a s n a i l  
( L i t t o r i n a  i r r o r a t a )  , f i d d l e r  crabs (L& 
spp.) ,  annel id worms, and smooth cordgrass 
(Coker 1906). Although cordgrass was found 
i n  a l l  stomachs examined, Coker believed 
t h a t  it was taken i n c i d e ~ ~ t a l l y  by t u r t l e s  
ea t ing  L i t t o r i n a .  

Diamondback t e r r a p i n s  have a l i f e  span 
i n  excess of 40 years ,  reaching sexual  
maturity a t  an average age of 6 years  
(Hildebrand 1932). Nesting occurs on any 
sandy a rea  r i s i n g  above mean high water 
near  s a l t  marsh. Diamondback t e r r a p i n s  
n e s t  annually, l ay ing  a s  many a s  f i v e  
c lu tches  of eggs i n  a season (Coker 1951). 
Average c lu tch  s i z e  is 8 o r  9 eggs, but  a s  
many a s  16 eggs have been found i n  a s i n g l e  
nes t .  I n  t h e  Beaufort a rea ,  North Carolina, 
hatching occurs 8 - 9 weeks a f t e r  l ay ing  
(Hay 1917). 

I n  t h e  l a t e  1800's and e a r l y  19001s, 
t h e  diamondback t e r r a p i n  was hunted in- 
t ens ive ly  f o r  t h e  gourmet food t rade.  
I n i t i a l l y ,  the  g r e a t e s t  demand was f o r  
northern diamondback t e r r a p i n s  (Malaclemys 
t e r r a p i n  t e r r a p i n ) ,  but  dec l in ing  popula- 
t i o n s  of t h i s  r a c e  opened t h e  market f o r  
Carolina diamondback t e r r a p i n s ,  which were 
a l s o  s e r i o u s l y  depleted by market hunters .  
The market f o r  t h e  diamondback t e r r a p i n  
col lapsed a f t e r  World War I and never made 
a s i g n i f i c a n t  comeback. Although no pub- 
l i s h e d  accounts of t h e  present  population 
s t a t u s  of t h i s  t e r r a p i n  a r e  ava i lab le ,  
casua l  observat ions i n d i c a t e  t h a t  they a r e  
r e l a t i v e l y  abundant i n  c o a s t a l  South 
Carolina and Georgia. 

A small s c a l e  and highly seasonal  
f i s h e r y  f o r  diamondback t e r r a p i n s  is pres- 
e n t l y  conducted near  Beaufort,  South 
Carolina. T u r t l e s  a r e  held i n  t i d a l  en- 
c losures  from summer, when the  f i s h e r y  
opera tes ,  u n t i l  l a t e  f a l l  and e a r l y  winter ,  
when demand peaks. Primary market o u t l e t s  
f o r  these  t u r t l e s  a r e  i n  Baltimore and 
New York. 

Observations by Burger (1976) i n  New 
Jersey  i n d i c a t e  t h a t  while man is no longer 
a s i g n i f i c a n t  predator  of diamondback t e r -  
rap ins  i n  most a r e a s ,  predat ion of eggs and 
hatchl ings by raccoons and foxes is con- 
s i d e r a b l e ,  e.g.,  60% of observed n e s t s  were 
dis turbed by these  two predators .  Based on 
experience with loggerhead t u r t l e  n e s t s ,  
it is l i k e l y  t h a t  the  major predator  of 
Carolina diamondback eggs i n  t h e  Sea I s land  
Coastal  Region is t h e  raccoon. To d a t e ,  
however, no s t u d i e s  have been conducted on 
population l e v e l s ,  nes t ing  a c t i v i t y ,  o r  
predat ion within t h e  charac te r iza t ion  area.  

I n  add i t ion  t o  t h e  Carolina diamond- 
back t e r r a p i n ,  e s t u a r i n e  waters a r e  a l s o  
frequented by t h e  t y p i c a l l y  marine spec ies  
of t u r t l e s .  The ex ten t  t o  which marine 
t u r t l e s  u t i l i z e  es tuar ine  waters of sounds, 
bays, and t i d a l  creeks is presen t ly  unknown, 



and our da ta  a r e  l imi ted  t o  s c a t t e r e d  ob- 
se rva t ions  and i n c i d e n t a l  captures  by f i sh -  
ermen. A t l a n t i c  loggerhead t u r t l e s  a r e  
reported t o  ascend t i d a l  c reeks  t o  t h e  
freshwater zone and above, and i t  i s  be- 
l ieved t h a t  they a r e  abundant i n  e s t u a r i n e  
waters  during summer months. The taking 
of a mature A t l a n t i c  leatherback and a 
juven i le  A t l a n t i c  green t u r t l e  i n  es tu-  
a r i n e  waters  of South Carol ina was noted 
in Chapter Two. 

The e s t u a r i n e  s u b t i d a l  o r  open water  
system is u t i l i z e d  p r imar i ly  by b i r d s  f o r  
r e s t i n g  and feeding.  I n  terms of t r o p h i c  
re la t ionsh ips ,  the  primary groups occur- 
r i n g  i n  t h i s  h a b i t a t  a r e  t h e  scavengers, 
p i sc ivores ,  benthivores ,  and occasional  
i n s e c t i v o r e s  (Table 4-14; Fig. 4-5). 

Dominant scavengers inc lude  t h e  her- 
r i n g  g u l l ,  r ing-b i l l ed  g u l l ,  and laughing 
g u l l .  The p i sc ivores ,  which should be 
assigned dominance s t a t u s ,  inc lude  t h e  
brown pel ican,  red-breasted merganser, and 
royal  t e rn .  I n  c o n t r a s t  t o  the  scavengers 
and f i sh -ea t ing  b i r d s ,  benthivores  includ- 
ing t h e  sur f  s c o t e r ,  black s c o t e r ,  and 
canvasback feed on mussels, clams, a lgae ,  
e t c .  Occasional i n s e c t i v o r e s  occurr ing i n  
t h i s  h a b i t a t  inc lude  t h e  laughing g u l l ,  
r ing-b i l l ed  g u l l ,  gu l l -b i l l ed  t e r n ,  and 
black t e rn .  

Gulls  a r e  considered t o  occupy t h e  
upper t roph ic  l e v e l s  i n  e s t u a r i n e  s u b t i d a l  
open wate rs .  Although g u l l s  a r e  t h e  most 
conspicuous group of b i r d s  found on t h e  
coas t s  of South Carol ina and Georgia, very 
l i t t l e  information has  been gathered on 
t h e i r  populat ion dynamics. Forsythe 
(1973) s tud ied  seasonal  f l u c t u a t i o n s  and 
numbers of g u l l s  i n  t h e  Charleston a r e a .  
He found seven spec ies ,  laughing, he r r ing ,  
r ing-b i l l ed ,  Bonaparte 's,  g r e a t  black- 
backed, black-headed, and Iceland g u l l s ,  
wi th in  a 500 m i 2  (1,295 km2) p l o t  during 
t h e  s tudy year  (1971-72). Of these,  
laughing, r ing-b i l l ed ,  and Bonaparte's 
were t h e  most common. About 2,200 laughing 
g u l l s  were summer r e s i d e n t s  i n  t h e  
Charleston a r e a ,  bu t  over 3,000 were pre- 
s e n t  during t h e  f a l l  migrat ion.  Approxi- 
mately 3,600 r ing-b i l l ed  g u l l s  wintered i n  
t h e  a r e a ,  and s l i g h t l y  lower numbers of 
he r r ing  g u l l s  were observed during t h e  same 
period. Bonaparte 's g u l l s  were found from 
November through March, wi th  about 400 pre- 
s e n t  during February. 

Gulls  and t e n s  known t o  n e s t  i n  t h e  
study a r e a  include t h e  laughing g u l l ,  
gu l l -b i l l ed  t e r n ,  F o r s t e r ' s  t e r n ,  l e a s t  
t e r n ,  r o y a l  t e r n ,  Caspian t e r n ,  and sand- 
wich t e rn .  Of these ,  only t h e  g u l l - b i l l e d  
t e r n ,  l e a s t  t e r n ,  and r o y a l  t e r n  have been 
reported a s  nes t ing  i n  c o a s t a l  Georgia 
(Shanholtzer 1974a). This  gap i n  nes t ing  
occurrence f o r  t h e  Georgia coas t  is both 
unexplained and of g r e a t  i n t e r e s t .  Other 
marine b i r d s  which breed along t h e  A t l a n t i c  

nor th  t o  South Carol ina but not  i n  Georgia 
inc lude  t h e  brown pe l ican  and t h e  double- 
c res ted  cormorant. 

The her r ing  g u l l  is t h e  most widely 
d i s t r i b u t e d  g u l l  of t h e  northern hemisphere 
and is probably b e s t  knarJn a s  a scavenger. 
As such, t h i s  spec ies  renders  a g r e a t  serv-  
i c e  i n  keeping harbors  and beaches re la -  
t i v e l y  f r e e  from dead f i s h  and refuse.  The 
her r ing  g u l l  a l s o  captures  small  l i v e  f i s h  
by plunging headlong i n t o  t h e  water .  Fre- 
quent ly ,  these  b i r d s  are seen i n  open wa- 
t e r s  feeding on schools  of menhaden. Gulls  
feeding i n  t h i s  manner usua l ly  do s o  i n  
f l o c k s ;  Bent (1963a) gave a d e t a i l e d  de- 
s c r i p t i o n  of such behavior.  

The smaller  r ing-b i l l ed  g u l l  is very 
s i m i l a r ' i n  h a b i t s  t o  t h e  her r ing  g u l l .  It 
feeds  mostly on f i s h  i n  t h e  open water 
e s t u a r i n e  h a b i t a t ,  bu t  has been observed i n  
a v a r i e t y  of feeding a c t i v i t i e s .  For ex- 
ample, i t  is  o f t e n  seen inland fol lowing 
plows and t r a c t o r s  i n  t h e  f i e l d ,  picking 
i n s e c t s  from t h e  ground. Also, t h i s  spe- 
c i e s  feeds  on f i e l d  mice and o ther  small  
roden ts  (Bent 1963a). Ring-billed g u l l s  
were observed t r y i n g  t o  rob red-breasted 
mergansers of f i s h  by Bent (1963a), who 
a l s o  s t a t e d  t h a t  they may ex tens ive ly  
damage eggs of o ther  spec ies .  Meyerriecks 
(1965) reported observing approximately 
1,500 r ing-bi l led g u l l s  feeding on f i d d l e r  
c rabs  i n  F lor ida .  H e  noted that s e v e r a l  
he r r ing  g u l l s  and hundreds of laughing 
g u l l s  were wi th in  v i s u a l  and audi tory range 
of t h e  feeding a c t i v i t y  but were not  a t -  
t r a c t e d  t o  t h e  food supply by t h e  c a l l s  o r  
behavior of t h e  r ing-b i l l ed  g u l l s .  

h e  laughing g u l l  is of ten  seen i n  
e s t u a r i n e  open wate rs  and feeds on a 
v a r i e t y  of organisms. Bent (1963a) and 
Sprunt and Chamberlain (1970) commented on 
its p i r a t i c a l  na tu re ,  p a r t i c u l a r l y  d i r e c t e d  
toward t h e  brawn pe l ican .  Bent (1963a) 
s t a t e d :  "Wherever a number of pe l i cans  a r e  
diving and feeding t h e s e  g u l l s  a r e  a p t  t o  
ga ther  i n  l a r g e  numbers and wi th  t h e i r  
warning c r i e s  of ' h a l f ,  h a l f ,  half . '  t o  
s h a r e  i n  t h e  f e a s t .  A s  soon a s  t h e  pe l i can  
appears  above t h e  s u r f a c e  wi th  a pouch f u l l  
of small  f r y  one o r  another  of t h e  g u l l s  
a t tempts  and o f t e n  succeeds i n  a l i g h t i n g  on 
t h e  pe l i cans  head and helping i t s e l f  t o  the  
bount i fu l  supply i n  t h e  capacious pouch." 
The laughing g u l l ,  l i k e  t h e  r ing-bi l led 
g u l l ,  is an  i n s e c t  e a t e r  too,  and a l s o  may 
be found i n  a g r i c u l t u r a l  lands.  

The roya l  t e r n  is very common i n  
c o a s t a l  Georgia and South Carol ina,  espe- 
c i a l l y  i n  t h e  e s t u a r i n e  open waters  where 
it feeds  e n t i r e l y  on f i s h .  One of t h e  
l a r g e s t  nes t ing  co lon ies  ever  found i n  
South Carol ina occurred on Cape I s l a n d ,  
j u s t  south of t h e  Santee River De l ta  
(Sprunt and Chamberlain 1970). Th is  
spec ies  a l s o  n e s t s  on "Egg Bank" i n  S t .  
Helena Sound, and Chamberlain (1962) re- 
ported an estimated 6,000 n e s t s  on Dweaux 
Bank. The only place t h e  roya l  t e r n  is 
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SCAVENGERS 
Herring gull 

Ring-billed gull 
Laughing gull 

/ Brown pelican 
Red-breasted merganser 

Royal tern 

II 
BENTHIVORES 

Surf scoter 
Black scoter 
Canvasback 

OCCASIONAL INSECTIVORES 

Laughing gull 
Ring-billed gull 
Gull-billed tern 

Black tern 

Figure 4-5. Generalized trophic relationships of representative birds 
of the estuarine subtidal system. 

known to nest in Georgia is on Little Egg 
Island near Altamaha Sound (Kale et al. 
1965). This represents the southern-most 
colony of the royal tern on the Atlantic 
coast. The only other accounts of this 
species nesting in Georgia are Burleigh's 
(1958) report of nesting on Blackbeard 
Island in 1914, and the finding of a single 
egg from Oysterbed Island at the Savannah 
River entrance in 1933 by G. R. Rossignol 
(Tomkins 1934). 

Although not restricted to the estu- 
arine habitat, the brown pelican is ob- 
served frequently in the estuarine open 
waters and bays. Apparently, two breeding 
colonies have sustained the brown pelican 
population of the Sea Island Coastal Region, 
one in the Cape Romain National Wildlife 
Refuge and another on Deveaux Bank south of 
Charleston. The reader is referred to the 
marine subtidal system in Chapter Two and 
the bird key and bank communities in Chap- 
ter Three for further discussion on this 
species. 

Waterfowl of estuarine open waters 
and bays include the pochards or diving 
ducks, dabbling ducks, and sea ducks. 
Among the more common pochards known to 
utilize this habitat are scaup, mergansers, 
ring-necked ducks, ruddy ducks, redheads, 
and canvasbacks (Table 4-14). These spe- 
cies generally feed in relatively deep 
waters on both animal and plant matter. 

The most frequently observed dabbling 
duck is the baldpate or American wigeon, 
which occurs in small flocks throughout 
the open waters of the coastal area. 

Although Sprunt and Chamberlain (1970) 
stated that these birds are largely con- 
fined to freshwater situations, M. D. 
McKenzie (1978, South Carolina Marine Re- 
Sources Division, Charleston, unpubl. data) 
has frequently observed small flocks of 
baldpates feeding on what appeared to be 
sea lettuce (w) in subtidal open waters 
of Charleston Harbor. Of the sea ducks 
occurring in this habitat, the surf and 
black scoters are the more common. Great 
flocks of black scoters have been reported 
in Bulls Bay (Sprunt and Chamberlain 1970). 
These birds dive deeply and feed on mol- 
lusks and shellfish. The surf scoter, al- 
though common in estuarine open waters, is 
at home on the front beaches of barrier 
islands where old trees have fallen into 
the surf. These birds feed on barnacles, 
mussels, and other marine growth on these 
fallen trees (Sprunt and Chamberlain 1970). 

The osprey is the most common bird of 
prey in the estuarine subtidal habitat. 
However, it cannot be considered a dominant 
since it prefers other habitats, as dis- 
cussed elsewhere (Chapter Five). 

Other species which play moderate and 
minor roles in this habitat are listed in 
Table 4-14. Obviously, there is consider- 
able overlap in bird utilization between 
the estuarine and marine subtidal habitats. 
Both serve as feeding and resting grounds 
for marine birds. Many of the large bays 
and sounds of South Carolina and Georgia 
serve as refuges during the waterfowl sea- 
son when estuarine impoundments are hunted. 
Large flocks of mixed waterfowl species 



occur throughout the  estuarine subtidal 
waters during shooting hours. 

The impact o f  man on bird populations 
o f  the estuarine subtidal system cannot 
be separated from that o f  the estuarine 
in ter t idal  emergent wetlands, and w i l l  be 
treated there (see also Chapters Two and 
Three for discussion o f  man's impact on 
marine b i rds ) .  

Although there i s  substantial mam- 
malian ac t i v i t y  along the edges o f  estu- 
arine open waters and bays, only two 
mammal species, the Atlantic bottle-nosed 
dolphin and the river o t t e r ,  are s u f f i -  
c ient ly  aquatic and abundant to  be con- 
sidered rather consistent components o f  
the faunal complex o f  t h i s  habitat .  

The Atlantic bottle-nosed dolphin i s  
the dominant mama1 o f  estuarine bays and 
open waters as well as the  nearshore ma- 
rine habitat. Along the coastl ine,  dol- 
phins can be expected i n  every bay, i n l e t ,  
and river mouth. I t s  feeding niche i n  
these waters i s  essentially the same as 
i n  the nearshore coastal waters where 
dolphin prey on a variety o f  f i shes ,  with 
striped mullet and Atlantic menhaden prob- 
ably consti tuting the  bulk o f  i t s  d i e t .  
Also, as Gunter (1950) has reported, dol- 
phins consume penaeid shrimp and probably 
other crustaceans. However, i t  i s  un- 
l i ke l y  that the dolphin exerts a s i g n i f i -  
cant population constraint on any f i s h  or 
crustacean species within the  Sea Island 
Coastal Region (see Chapter Two for more 
information on dolphins). 

The river o t t e r ,  although not nearly 
as aquatic as the dolphin, does enter estu- 
arine open waters and bays and feeds i n  
subtidal waters. A denizen o f  r i ver s ,  
ponds, lakes ,  and sa l t  marshes, it i s  com- 
mon i n  South Carolina (Sanders 1978). 
Otters are also f a i r l y  comon on the 
coastal plain and i n  the  sa l t  marshes o f  
Georgia, but are rare i n  the Piedmont 
(Golley 1962). Wilson (1954) reported 
that f i s h  were the preferred food o f  o t ters  
i n  North Carolina marshes, appearing i n  
91% o f  the  samples taken. Crustaceans 
were the next preferred food (39%),  with 
insects ,  birds,  muskrats, and clams being 
eaten t o  a lesser  extent .  The predator 
pressure exerted by o t t e r s  i s  probably not 
s u f f i c i e n t  t o  s igni f icant ly  a f f e c t  prey 
populations. The river o t t e r  reaches 
sexual maturtty i n  1 year, and breeding 
probably occurs i n  l a t e  f a l l  or winter. 
The gestation period i s  about 2 months. 
but delayed implantation may extend it up 
t o  270 days (Lowery 1974). The l i t t e r ,  
consisting o f  three t o  four,  i s  born i n  
April and there i s  only one l i t t e r  per 
year. 

The o t t e r  i s  probably not subjected 
t o  any s igni f icant  predation when i n  t h i s  

environment. Elsewhere, however, trappers 
may be an important cause o f  mortality 
since o t ter  fur i s  highly prized (e.g., i n  
the 1972-73 trapping season i n  Louisiana, 
an o t t e r  pelt brought $42). Otter fur i s  
the standard by which a l l  other furs are 
measured as to  texture and durabil i ty.  In 
some subtidal areas, o t ters  may become en- 
tangled i n  underwater f ishing gear and 
drown. Crab pots are numerous i n  the Sea 
Island Coastal Region, but no documenta- 
t i on  ex i s t s  that they consti tute a source 
o f  mortality for the o t t e r .  Young ot ters  
may occasionally be taken by great horned 
owls, other birds o f  prey, or larger carni- 
vores. 

Several other mammals infrequently ap- 
pear i n  t h i s  habitat ,  but they play no con- 
s i s t en t  role i n  t h i s  compartment o f  the 
ecosystem. On rare occasion, a harbor seal 
w i l l  appear i n  a given bay and remain for a 
few days or weeks. The West Indian manatee 
occasionally straggles as far north as the 
Santee River. When manatees appear, they 
are not l i k e l y  t o  remain i n  the open bays 
since the rooted subtidal vegetation on 
which they subsist i s  generally lacking. 

D .  DECOMPOSERS - BACTERIA AND FUNGI 

In contrast t o  open seas, ner i t i c  wa- 
t e r s  and estuaries are populated by bacteria 
and fungi which are normally c lass i f ied  as 
weakly halophilic (salt- loving) or merely 
halotolerant ( sa l t  tolerant)  (Larsen 1962). 
Although there are species which are unique 
t o  brackish waters (Rheinheimer 1970), most 
bacteria and fungi common t o  ner i t i c  waters 
are allochthonous (derived from marine and 
freshwater populations). 

Bacteria o f  estuarine and ner i t i c  wa- 
t e r s  are normally gram-negative, pleomorphic 
(occurring i n  a variety o f  forms) assem- 
blages o f  moti le ( f l a g e l l a t e d ) ,  non-spore 
forming facul ta t ive  anaerobes (Zobell 1946, 
Wood 1965, 1967, Wiebe and Hendricks 1974). 
In addition, some terres tr ia l  bacteria 
which are capable o f  growth i n  aquatic media 
are viable i n  coastal water for  limited 
periods (Rheinheimer 1974). Soil  bacteria 
also p l a y  an important role i n  the flora o f  
r iver  waters, including the estuarine en- 
vironment. Thus, species o f  Azotobacter 
and the n i t r i f y i n g  bacteria Nitrosomas and 
Nitrobacter are comon i n  estuaries (Brooks 
e t  a l .  1971), though their  principal habi- 
t a t  i s  arable so i l .  In addition, t i d a l  and 
nontidal river svstems o f t e n  suuuort large - - 
populations o f  the genera Vibrio , sp i r i l ia ,  
Thiobaci l l i ,  Micrococci, Flavobacterium, 
Cytophaga, Sarcinae, and Spirochaetes 
(Murchelano and Brown 1968, 1970. Kaneko 
and Colwell 1973, Cook a n d - ~ o l d k n  1976). 

As Stevenson and Erkenbrecher (1976) 
have pointed ou t ,  estuarine waters normally 
support larger bacterial populations with 
greater heterotrophic potential than do 
oceanic and some inland waters. They listed 
4 major f i t ness  t r a i t s  which may contribute 



to the persistence of certain bacteria in normal microflora of estuaries, they are 
estuarine environments: 1) tolerance of often introduced into this environment 
sea salts and associated heavy metals, through the widespread use of estuaries for 
2) competitive efficiency in utilizing sewage disposal and through runoff. Thus, 
organic nutrients at relatively low a variety of pathogenic microorganisms may 
concentrations, 3) ability to attach to occur in estuarine areas where they may 
and colonize particulate material, and pose public health and other problems. (See 
4) dormancy. the Atlas #or shellfish grounds whieh have 

been closed due to sewage pollution). 
Relatively little is known about the 

natural bacterial flora of estuarine waters 
in the Sea Island Coastal Region. However, The density of specific enteric and 
a few studies have been conducted in the pathogenic microorganisms in a given estu- 
North Inlet estuary near Georgetom, South ary depends on a variety of interacting 
Carolina. Sizemore et al. (1973) reported factors, including the degree of sewage 
that 44% - 62% of the bacteria they iso- treatment, the ability of the organisms to 
lated from the North Inlet area were survive in estuarine waters, and the sizes 
proteolytic. They observed no major sea- and characteristics of the human and ani- 
sonal differences in numbers of proteolytic ma1 populations around the estuary. Recent 
bacteria but found a higher percentage of work by Colwell and Kaper (1978) in 
proteolytic forms in the water than in the Chesapeake Bay have shown the incidence and 
sediments. Stevenson et al. (1974) re- survival of fecal streptococci, fecal coli- 
ported that the concentration of bacteria forms, and such pathogenic forms as c- 
in a salt marsh creek was lowest (2 x 103 monella spp. and Clostridium botulinum to 
bacterialml) at maximum high tide and be much greater than previously believed. 
highest (2.2 x 1041ml) at low tide. They These authors further reported that in- 
suggested that this tide-associated dif- fectious human enteroviruses (such as 
ference in bacterial density was due to poliovirus) could be recovered after ex- 
the flushing of sediment- and detritus- posure to estuarine and marine waters for 
associated bacteria into the water column 46 weeks. Temperature was the main factor 
as the tide ebbed across the marsh. Simi- affecting survival of the viruses; viral 
larly, Erkenbrecher and Stevenson (1975) persistence was much greater during colder 
found that densities of aerobic, hetero- months. Colwell and Kaper (1978) suggested 
trophic bacteria were greatest at two that, under conditions of environmental 
saltmarsh creek stations in the North stress, the indigenous microflora of estu- 
Inlet area just before low tide. Levels aries and coastal waters can be replaced by 
of particulate organic carbon (POC) and introduced species, many of which may be 
ATP also increased during ebb tide. Later, pathogenic to man. 
Erkenbrecher and Stevenson (1977) studied 
effects of a number of variables (time, In studies of estuarine residential 
depth, temperature, current velocity, canals in Galveston, Texas, Gerba and M c h d  
salinity, dissolved oxygen level, pH, ATF', (1976) and Smith et al. (1978) demonstrated 
and POC) on tidal fluctuations in bacterial that fecal coliforms and enteric viruses 
populations. Flood tide waters were char- survived much longer in bottom sediments 
acterized by little relationship among the than in the water column. Later, Goyal et 
variables, while ebb tide waters exhibited al. (1979) showed that a significantly 
significant relationships. These results higher number of transferable drug- 
appeared to support the idea that the in- resistant bacteria, both pathogenic and 
crease in bacterial density during ebb non-pathogenic, occur in the canal sedi- 
tide was primarily due to suspension of ments than in the overlying water. Goyal 
marsh sediment bacteria. This is further et al. (1977) suggested that the canal sedi- 
supported by the fact that the number of ments may serve as "long-term reservoirs" 
bacteria in estuarine sediments is greatest of fecal bacteria; these sediments could be 
in the surface slime and decreases with resuspended through the action of storms, 
depth. This surface slime would be most dredging, boating, etc., and thus recon- 
readily disturbed by tidal waters. taminate the water. 

In Florida, Ahearn et al. (1977) re- In addition to introduced species, 
ported that the surface microlayer (top some pathogenic bacteria occur naturally 
10 pm) of estuarine waters contained popu- in estuaries. Among the best known of these 
lations of heterotrophic microorganisms is Vibrio parahaemolyticus, which has been 
(bacteria, yeasts, filamentous fungi) 1 studied extensively in Chesapeake Bay by 
to 2 orders of magnitude greater than the Colwell, Kaneko, and others (see Colwell 
populations existing at a depth of 10 cm and Kaper 1978 for references). This patho- 
(3.9 in). They further found that pesti- gen causes gastroenteritis, and within the 
cides, which often tend to become concen- bay it has been isolated from water, sedi- 
trated in surface slicks, inhibited the ments, zooplankton, oysters, soft clams, 
growth and metabolism of many of the sur- and blue crabs. In Chesapeake Bay, y. 
face layer microorganisms. parahaemolyticus is found only in estuarine 

waters; it has not been isolated from the 
Although human enteric bacteria and freshwater zone nor will ocean-strength 

viruses generally are not part of the seawater support its growth. This bacteria 
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exhib i t s  a d i s t i n c t  seasonal cycle,  being 
r e s t r i c t ed  t o  the  sediments during winter  
and occurring i n  maximum numbers i n  water, 
zooplankton, and sediments during sununer 
(Colwell and Kaper 1978). Although i t  is 
bes t  documented from Chesapeake Bay, 1. 
parahaemolyticus probably occurs i n  o ther  
es tuar ies  along t he  At lan t ic  coas t ,  includ- 
ing those of t he  Sea Island Coastal Region. 

I n  addit ion t o  1. arahaemolyticus, 
Colwell and Kaper (1978: noted t ha t  the  
causat ive agent of cholera,  x. cholerae, 
has been i so l a t ed  i n  low numbers from 
Chesapeake Bay. It is found only a t  sa- 
l i n i t i e s  between 50/00 and 15O/oo, and i t  
appears t o  be a ubiquitous member of the  
brackish-water microflora. I n  the bay, 
V. cholerae has been ieo la ted  from water, - 
sediment, and oysters .  

Fungal populations of es tuar ine  wa- 
t e r s  i n  t he  Sea Island Coastal Region 
have been even l e s s  s tudied than bac ter ia .  
Kohlmeyer (1978) compiled a l ist  of 14 
species of marine fungi from South 
Carolina. Johnson and Sparrow (1961), 
summarizing Hohnk's work on es tuar ine  
fungi i n  the  1950'8, reported a decrease 
i n  the number of lower fungi  ( the  "phy- 
comycetes") a s  s a l i n i t y  decreased, and a 
subsequent increase i n  the  Ascomycetes and 
Fungi Imperfecti.  I n  a study of a North 
Carolina estuary,  Johnson (1967) found 
very few Phycomycetes d i s t r i bu t ed  through- 
out the  system. Only four species,  a 
Rhizophydium, an Olpidium, and two species 
of Pythium occurred throughout the estuary 
up t o  s a l i n i t i e s  of 32O/oo. He showed no 
evidence fo r  any d i s t r i bu t i ona l  pa t te rns  
i n  r e l a t i o n  t o  pH o r  concentrations of 
dissolved oxygen, n i t r a t e s ,  o r  phosphates. 

Despite our very l imited knowledge of 
them, the  microorganisms of es tuar ies  a r e  
extremely important. The ro l e s  of bacteria 
i n  biogeochemical cycl ing of e s sen t i a l  
nu t r i en t s  is described b r i e f l y  i n  Chapter 
One and reviewed by Zobell (1973). 
Burchard (1972) demonstrated t ha t  a va- 
r i e t y  of autotrophic and heterotrophic 
bac ter ia  were involved i n  the  cycling and 
mineral izat ion of carbon, ni trogen,  su l fur ,  
and phosphorus i n  t he  Chesapeake Bay, but 
he did not determine whether these bacteria 
were indigenous t o  the  estuary o r  in t ro-  
duced from t e r r e s t r i a l  sources. Coull 
(1973) noted t h a t  microorganisms serve a s  
d i r e c t  food fo r  meiofauna and rap id ly  de- 
grade dead meiobenthos. Bacteria a l so  
play a major r o l e  i n  governing the dis-  
t r i bu t i on  of meiofauna. Most meiofauna 
s e l e c t  sands coated with a bac t e r i a l  f i lm, 
and many meiofaunal species can d i s t i n -  
guish between sands inhabited by a d i f -  
fe ren t  bac ter ia .  Individual species a r e  
a t t r ac t ed  t o  sediments inhabited by pre- 
fe r red  bac ter ia .  Thus, within a given 
sediment, the d i s t r i bu t i on  of bac ter ia  
plays a major r o l e  i n  cont ro l l ing  t he  d is -  
t r i bu t i on  of meiofauna. 

Although some advances i n  knowledge 
of es tuar ine  microorganiems have been made 
i n  recent  years, t he  major data gaps re- 
main those l i s t e d  by Zobell (1973) i n  h i s  
review. These include the  e f f ec t s  of estu- 
a r i ne  microbee on pol lu tan ts  such a s  pes t i -  
cides,  o i l s  and sur fac tan ts ,  and quanti- 
t a t i v e  data on microbial impact on nutrient 
cycling i n  e s tua r i e s ,  the  physiochemical 
conditions of various es tuar ine  environ- 
ments, and the e f f e c t s  of es tuar ine  mi- 
c r o o r g a n i m  on t he  heal th and well-being 
of higher organisms, including man and 
species of commercial importance, i n  estu- 
a r i e s .  

111. INTERTIDAL ESTUARINE SUBSYSTEM - 
EMERGENT WETLANDS 

The i n t e r t i d a l  subsystem " . . . in- 
cludes t h a t  pa r t  of the Estuarine System 
i n  which the  subs t ra te  is exposed and 
flooded by t ides .  It a l s o  includes the 
associated splash zone" (Cowardin e t  a l .  
1977). This subsystem i s  dominated by 
s a l t  marshes and f l a t s  i n  t he  Sea Island 
Coastal Region of Georgia and South 
Carolina. Emergent wetlands a r e  charac- 
te r ized  by e r ec t ,  rooted, herbaceous hy- 
drophytes (Cowardin e t  a l .  1977). I n  estu- 
a r i e s ,  such hab i t a t s  may occur from the  
mouths of r i v e r s  and o ther  t i d a l l y  in- 
fluenced bodies of water landward t o  t he  
0.5O/oo isohaline.  The s a l t  marshes of the  
study area  a r e  t h e  most extensive on the  
At lan t ic  seaboard. Spinner (1969) e s t i -  
mated t ha t  vetlands cover over 500,000 
acres  (202,347 ha) i n  South Carolina and 
nearly 400,000 acres (161,878 ha) i n  
Georgia. 

The i n t e r t i d a l  zone i s  typica l ly  an 
a rea  of high environmental s t r e s s  and low 
species d ivers i ty .  According t o  Cooper 
(19741, s a l t  marshes a r e  t i d a l l y  s t ressed  
environments which a r e  subjected t o  rapid 
diurnal  changes. Cooper considered the 
major fac tors  l imi t ing  t h e  occurrence of 
species t o  be s a l i n i t y ,  drainage, and tem- 
perature. Another rac tor  which might be 
added t o  t h i s  l ist  i s  desiccat ion.  Al- 
though environmental s t r e s see  a r e  high i n  
the es tuar ine  i n t e r t i d a l  subsystem, bio- 
l og i ca l  productivi ty i s  a l so  very high. 
Sa l t  marshes a r e  believed t o  be among the  
most productive na tura l  a reas  on ear th  
(Schelske and Odum 1962). Det r i tus  from 
decomposing saltmarsh p lan ts  i s  believed t o  
form the primary bas i s  of the food chain i n  
e s tua r i e s  of the area (Schelske and Odum 
1962, Teal 1962). Accordingly, such wet- 
lands a r e  of grea t  importance t o  waterfowl, 
invertebrates,  and f i shes  (Spinner 1969). 

A. PRODUCERS 

1. Nonvascular f l o r a  

The taxonomy of es tuar ine  microphytes 
and macrophytes inhabit ing the  benthos of 



i n t e r t i d a l  e s t u a r i n e  systems has not  been 
well s tudied.  The edaphic a l g a l  f l o r a  of 
the  mud f l a t s ,  marsh pannes (unvegetated 
sand f l a t s ) ,  creek banks, and s o i l s  i n  
beds of halophytic angiosperms is mainly 
composed of small pennate diatoms and blue- 
green algae.  Yellowish-green f i lms  of t h e  
a lga  Vaucheria (Taylor 1969, Simons 1974) 
and euglenoids a r e  frequent ly encountered. 
D. R. Wiseman (1978, College of Charleston, 
Charleston, unpubl. d a t a )  i d e n t i f i e d  the  
following species  of edaphic blue-green 
algae i n  the  Leadenwah Creek a r e a ,  South 
Carolina: Agmenellum thermale, Anacystis 
dimidiata ,  A. montana var .  montana, A. 
marina, Gomphosphaeria appol l ina ,  Entophy- 
s a l i s  confer ta ,  E .  deusta ,  Anabaena o s c i l -  
l a r io ides .  Calothrix crustacea,  Microcoleus 
lyngbyaceus, O s c i l l a t o r i a  l u t e a ,  2. &- 
membranacea, Prophyrosiphon n o t a r i s i i ,  
Schizothrix a renar ia ,  2. c a l c i c o l a ,  and 
Spi ru l ina  subsalsa.  Ralph (1977) sug- 
gested t h a t  t h e  myxophycean (blue-green 
algae)  assoc ia t ions  found i n  t h e  marsh 
areas  may form I' . . . a s i n g l e  ubiquitous, 
endemic temperate North At lan t ic  blue-green 
a l g a l  assoc ia t ion ."  Comparison of t h e  
above l ist  of blue-greens with Ralph's 
list from t h e  marshes of southern Delaware 
confirms h i s  hypothesis.  

The o t h e r  major edaphic element of 
the  s a l t  marsh is t h e  pennalean ( b i l a t e r -  
a l l y  symmetrical) diatom community. This 
community remains incompletely surveyed i n  
South Carolina. Thin l a y e r s  of diatoms 
typ ica l ly  occur on macroscopic a lgae ,  
oys te r  s h e l l s ,  and submerged marsh vegeta- 
t ion.  Car te r  (1932, 1933) described t h e  
a l g a l  f l o r a  of two s a l t  marshes i n  Br i ta in  
and was one of t h e  f i r s t  t o  recognize non- 
vascular  f l o r i s t i c  zones i n  t i d a l  marshes. 
Hustedt (1955) described marine l i t t o r a l  
diatoms from a small number of samples 
co l lec ted  near  Beaufort,  North Carolina. 
W i l l i a m s  (1962) s tudied the  ecology of 
diatom populations i n  t h e  s a l t  marshes 
near Sapelo I s land ,  Georgia. He described 
79 species  and t h r e e  v a r i e t i e s  of diatoms, 
and speculated t h a t  i n t e r t i d a l  diatom pop- 
u l a t i o n s  probably conta in  wel l  over 400 
species  a t  c e r t a i n  times of t h e  year. 
Williams concluded t h a t  t h e  dark green t o  
golden brown f i lm which is so  no t iceab le  
over much of t h e  marsh sediments through- 
out  most of t h e  year  c o n s i s t s  of mot i le  
microscopic forms - primari ly  pennate dia-. 
toms and secondari ly  filamentous blue- 
greens and euglenoids. He l i s t e d  four  
diatom genera, Cylindrotheca, Gyrosigma, 
Navicula, and Nitzschia ,  a s  most important 
i n  both Spart ina marsh and bare mud in- 
t e r t i d a l  a reas .  The pr inc ipa l  d i f fe rence  
i n  diatom populations of bare mud and 
vegetated a reas  of marsh seems t o  be i n  
seasonal  v a r i a b i l i t y .  Williams noted rela- 
t i v e l y  l a r g e  short-term v a r i a t i o n  on mud 
f l a t s  and l e s s  pronounced seasonal  popula- 
t i o n  dynamics. He ascr ibed t h e  appreci- 
a b l e  seasonal  v a r i a b i l i t y  i n  vegetated 
a reas  t o  changes i n  grazing pressure.  
Table 4-15 lists t h e  d i s t r i b u t i o n  of 

diatoms i n  various h a b i t a t s  invest igated by 
Williams (1962). More recent  s t u d i e s  of 
sal tmarsh a l g a l  taxonomy have been com- 
pleted i n  Delaware. There, Ralph (1975). 
Somers (1975). and Sul l ivan (1975, 1976) 
have described t h e  diatom and blue-green 
components of edaphic a l g a l  connnunities. 
Sul l ivan (1975) encountered 104 taxa of 
edaphic diatoms, not ing t h a t  about one- 
t h i r d  had a general  d i s t r i b u t i o n  over t h e  
f i v e  h a b i t a t s  s tud ied  ( t a l l  Spart ina,  dwarf 
Spart ina,  D i s t i c h l i s ,  bare bank, and panne). 
D. R. Wiseman (1978, College of Charleston, 
Charleston, South Carolina, unpubl. da ta )  
made a preliminary survey of t h e  edaphic 
diatoms of Leadenwah Creek, South Carolina. 
Members of the  pennate genus Navicula were 
the  most conspicuous members of t h e  com- 
munity. Members of the  following pennalean 
genera have been i d e n t i f i e d :  Amphora, &- 
phiphleura,  Amphiprora, B a c i l l a r i a ,  Caloneis, 
Denticula, F r u s t u l i a ,  Gyrosigma, Mastogloia, 
Nitzschia ,  Pleurosigma, Rhaphoneis, Rhopa- 
l o d i a ,  Stauroneis ,  S u r i r e l l a ,  Synedra, and 
Scoliopheura. A number of cen t ra lean  dia- 
toms were a l s o  observed but probably repre- 
sen t  ind iv idua ls  from t h e  phytoplankton. 

I n  genera l ,  t h e  nonvascular marsh f lo ra  
of South Carolina and Georgia seems t o  d i f -  
f e r  from most o t h e r  a reas  i n  t h a t  i t  has a 
pauci ty of macroscopic forms. There a l s o  
seems t o  be a tendency f o r  mot i le  micro- 
phytes ( i . e . ,  pennate diatoms, euglenoids, 
and blue-greens) t o  dominate. Williams 
(1962) suggested t h a t  t h e  dominance of 
mot i le  microphytes r e s u l t s  from t h e  high 
t u r b i d i t y  and rapid sedimentation t y p i c a l  
of the  Sea Is land Coastal Region. Thus, 
t h e  macroscopic Rhodophyta and Phaeophyta 
t y p i c a l  of o t h e r  i n t e r t i d a l  marshes a r e  
w e t l y  absent  from t h e  Sea I s land  Coastal 
Region, i n  p a r t  because they cannot outgrow 
t h e  r a t e  of s i l t a t i o n .  The mot i le  micro- 
phytes can remain i n  t h e  euphotic zone by 
migrat ion and thus maintain a reproductive 
population. 

The macroscopic a lgae  colonizing estu-  
a r i e s  of South Carolina have not  been s tudied 
in tens ive ly .  The mud f l a t s ,  marsh pannes, 
creek banks, s o i l s  of halophytic angiosperm 
zones, oys te r  r e e f s ,  s h e l l  banks, p i l i n g s ,  
and sea  wal l s ,  a s  wel l  a s  t h e  sur face  f i lms  
and subsurface waters t h a t  ebb and flow 
over t h e  e s t u a r i e s ,  support a d iverse  a l g a l  
f l o r a .  Batson and Blackwelder (1974) ex- 
amined t h e  s t a l k s  of Spart ina a l t e r n i f l o r a  
from t h e  Cooper and Wando r i v e r s  i n  t h e  
summer of 1971. They reported 15 spec ies  
of a lgae  (nine cyanophytes, th ree  rhodo- 
phytes ,  and th ree  chlorophytes).  The f i l a -  
mentous green a l g a ,  Chaetomorpha minima, 
and t h e  coccoid blue-green, Entophysalis 
confer ta ,  were the  most abundantly occur- 
r i n g  species .  Blackwelder (19721, i n  the  
summer of 1970, inves t iga ted  the  s a l t  
marshes of t h e  Por t  Royal Sound a rea .  
Twenty-eight spec ies  of a lgae  were l i s t e d  
(6 rhodophytes, 4 chlorophytes, and 18 
cyanophytes). Most of t h e  a l g a l  growth 
occurred i n  the  wet te r  a reas  of t h e  marshes 
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and along the creek banks. Dead and living 
Spartina stems and the marsh periwinkle, 
Littorina irrorata, were the main sub- 
strates. The dominant epiphytes on 
Spartina in the wetter areas were two spe- 
cies of red algae, Bostrychia radicans 
(reported as g.  rivularis) and ~ a l o ~ o s s a  
leprieurii. The Caloglossa-Bostrychia 
assemblage is found throughout the world's 
estuarine systems (Post 1936). Ulva 
lactuca and Chaetomorpha minima, two 
chlorophytes, and a variety of blue-greens 
shared the role of dominants with the 
above-mentioned reds. D. R. Wiseman 
(1978, College of Charleston, Charleston, 
South Carolina, unpubl. data) made a pre- 
liminary survey of the algae in the vi- 
cinity of Leadenwah Creek, which merges 
with the North Edisto River, South Carolina. 
In the wetter areas of the marsh, the fol- 
lowing macroscopic algae predominate: the 
chlorophytes Enteromorpha spp., Ulva spp., 
Monostroma oxyspermum, Ulothrix flacca, 
Blidingia minima, Chaetomorpha minima, 
Bryopsis hypnoides, and Rhizoclonium 
riparium; the rhodophytes Bostrychia 
radicans, Caloglossa lepieurii, Polysi- 
phonia denudata, and Ceramium diaphanum; 
and 16 species of blue-greens. 

Within the estuary, oyster reefs, 
shell banks, pilings, and sea walls pro- 
vide substrate for macroscopic algae that 
inhabit the intertidal zone. The inter- 
tidal zone is dominated by a number of 
blue-greens, greens, and reds. In the 
colder months, brown algae of the order 
Ectocarpales appear. With few exceptions, 
the intertidal zonation of algae in 
Charleston Harbor compares strikingly with 
the zonal patterns discerned by Earle and 
Humm (1964) for Beaufort Harbor, North 
Carolina. They described six zones, be- 
ginning with the uppermost level of algal 
growth and extending downward to below 
mean low water for the summer algal flora. 
The highest zone is solely inhabited by 
the blackish-appearing cyanophyte, w- 
thrix crustacea. The lowest zone, desig- 
nated as the Polysiphonia zone, ranged 
from 4 in (10 cm) above mean low water to 
the mean low water level. This zone was 
solely colonized by P. denudata. Earle 
and Humm pointed out that, although there 
may be many obvious similarities in the 
intertidal zonation patterns of Beaufort 
and stations north and south of this lo- 
cality, "There are many differences also, 
differences of such importance that it 
seems unwise to attempt to generalize or 
to distinguish universal or even wide- 
spread features or specific zones.'' In 
Charleston Harbor, some of the sea walls 
at Fort Johnson deviate somewhat from what 
Earle and Humm observed at Beaufort. For 
example, in the zone that they designated 
as the ~nteromorpha-~yngb~a zbne [which 
extends from 18 to 14 in (45.7 to 35.6 
cm) above mean low water], they did not 
report two common reds (B~S trjchia radicans 
and Gelidium pusillum) that appear in this 
zone throughout the year at Fort Johnson. 

211. 

Pomeroy (1959) investigated the pro- 
ductivity of benthic microflora in the 
Duplin River marshes of Georgia. He esti- 
mated that the annual gross algal produc- 
tion in that area was s200 g~/m2. Net pro- 
duction was estimated to be not less than 
90% of the gross production. He also in- 
dicated that direct relationships exist 
between productivity, tide, and season, and 
postulated a relationship between produc- 
tivity and light regime. 

Among the diatoms, the edaphic pen- 
naleans appear to contribute a significant 
percentage of the total primary produc- 
tivity of estuarine and coastal wetlands, 
ranging from 5 to 246 g~/m2/yr (Riznyk et 
al. 1978). An assemblage of decapods, 
copepods, annelids, nematodes, amphipods, 
and gastropods graze on diatoms. These 
algal cells become suspended in the water 
column and contribute to the food webs of 
the estuarine waters. 

Gallagher (1975) compared the plankton 
communities associated with surface films 
and the remainder of the water column in a 
Georgia salt marsh. Thick films form on 
the tidal waters flooding the marsh sur- 
faces. He observed that the film is mainly 
composed of edaphic, pennalean diatoms. At 
high tide, when film development appeared 
maximal, algal cells were about five times 
more abundant in the surface film than in 
the underlying water. As the tide ebbed, 
surface film counts dropped rapidly to the 
level of the water column. Gallagher 
stated that the surface film community was 
more strongly autotrophic in the spring 
than in early summer. 

A summary of rates of benthic algal 
productivity, as reported in the litera- 
ture, is presented in Table 4-16. An esti- 
mate of 685 g~/m2/yr (1.90 g~/m2/day) was 
made recently for the North Inlet estuary 
(Zingmark 1977). While the magnitude of 
this estimate does not agree well with 
previous work (see Table 4-16), it is only 
slightly higher than estimates of annual 
productivity in the surface microlayers 01 
the adjacent Santee River systems, South 
Carolina (J. J. Manzi, 1976, South Carolina 
Marine Resources Division, Charleston, un- 
publ. data). Benthic diatoms also appear 
to be important sediment stabilization 
elements in coastal wetlands (Holland et 
al. 1974). 

The edaphic blue-green algae are im- 
portant members of the marsh community; 
some fix atmospheric nitrogen (Carpenter 
et al. 1978). others stabilize sediments, 
many are grazed by herbivores, and all con- 
tribute to the protein-enrichment of the 
sediments when they are acted upon by bac- 
teria. Somers and Brown (1978) determined 
that living and dead blue-green cells have 
an affinity for Ca-H and perhaps contribute 
to calcium recycling in the marsh by ex- 
change reactions. Moribund or dead cells 
could serve as temporary reservoirs of this 



Table 4-16. Annual r a t e s  of benthic a l g a l  productivi ty f o r  a va r i e ty  of es tuar ine  and coas ta l  
environments (adapted from Zingmark 1977). 

Locat ion 
Method of Rate of Production 

Measurement &/m2/yr Reference 

Georgia estuary O2 200 Pomeroy (1959) 

South Carolina estuary 14c 685 Zingmark (1977) 

Puget Sound 02 143 - 226 Pamatmat (1968) 

Danish Lake 14c 143 Hunding (1971) 

Western Wadden Sea 14c l O e  40 Cadee and 
Hegeman (1974) 

Danish Wadden Sea 14c 115 - 178 Grontved (1962) 

Danish f j o rds  14c 116 Grontved (1962) 

New England e s tua r i e s  14c 

~ c o t t i s h  estuary 1 4 ~  

81  Marshall e t  a l .  
(1971) 
. . 

31 Leach (1970) 

I n t e r t i d a l  sandy beach 14c 4 - 9  S tee le  and 
Baird (1968) 

cation.-During periods of rapid growth, 
t he  sheaths and c e l l s  of t he  blue-greens 
bind the  cat ion and then r e l ea se  t he  cal-  
cium during t h e i r  demise. Somers and 
Brovn (1978) s t a t ed  t h a t  t h e  t o t a l  mass of 
these algae may not be enough t o  make a 
subs tan t ia l  contr ibution t o  t he  calcium 
needs of a marsh community and suggested 
t ha t  o ther  algae,  abundant when blue-greens 
a r e  not conspicuous, m y  play a e imi la r  
ro le .  As  observed by Ralph (1977) and 
D. R. Wiseman (1979, College of Charleston, 
Charleston, South Carolina, unpubl. da t a ) ,  
t he  marsh supports t h e  l a rges t  populations 
of blue-greens i n  t he  sumner, but s i g n i f i -  
cant  reduced populations p e r s i s t  through- 
out the  colder months i n  masses of macro- 
scopic green algae,  among dead culms of 
marsh grasses,  and within marsh sediments 
and s o i l s .  A l l  vegetat ional  zones of t he  
angiosperm halophytes a r e  colonized by a l l  
of t he  blue-green species found i n  the 
saltmarsh hab i t a t ,  but t he  densi ty and 
d i s t r i bu t i on  of any one species may vary 
between zones. The marsh a t  Leadenwah 
Creek near Bears Bluff ,  South Carolina, 
l i k e  the  marshes observed by Ralph (1977) 
i n  southern Delaware, is dominated by 
three  osc i l la tor iaceous  species,  Micro- 
coleus lyngbyaceus, Schizothrix ca lc ico la ,  
and 2. arenaria.  

2. Vascular Flora 

Marshes dominate the  coas ta l  wetlands 
of Georgia and South Carolina. Though a 

complex, nutr ient-r ich ecosystem, vascular 
plant  d ive r s i t y  here is  r e l a t i ve ly  low due 
t o  l imi t ing  f ac to r s  such a s  s a l i n i t y ,  
drainage, temperature, and t i d a l  influence. 
Estuarine emergent wetlands may be divided 
i n to  two major d iv is ions ,  s a l t  and brackish 
marshes. 

a .  S a l t  Marsh. S a l i n i t i e s  i n  s a l t  
marshes range from 100/oo t o  a s  high a s  
70d/oo i n  s a l t  pannes o r  s a l t  barrens. 
Such marshes a r e  composed of two zones de- 
f ined by elevation.  The regular ly  flooded 
zone ("low marsh") is  flooded a t  l e a s t  once 
but usually twice da i l y ,  while t he  irregu- 
l a r l y  flooded zone ("high marsh") is  flooded 
only during spring and storm t ides .  

Various chemical, physical, and bio- 
l og i ca l  fac tors  i n t e r a c t  to  influence the  
d i s t r i bu t i on  of vascular p lan ts  i n  the  estu- 
ary. Johnson e t  a l .  (1974) l i s t e d  water 
l e v e l  f luc tua t ions ,  s a l i n i t y ,  substratum 
type, a c id i t y ,  f i r e ,  and ava i lab le  nutr ients  
a s  major fac tors  i n  determining p lan t  com- 
pos i t ion  i n  es tuar ine  wetlands. Penfound 
(1952) included aera t ion ,  temperature. 
l i g h t ,  plant  competition, animal a c t i v i t y ,  
and human a c t i v i t i e s  (canalizing,  cu t t ing ,  
draining,  e t c . )  as  possible fac tors .  Kurz 
and Wagner (1957) l i s t e d  s a l t  spray and 
s o i l  nu t r ien ts  a s  fac tors .  Baden e t  a l .  
(1975) pointed out t h a t  tex ture ,  organic 
content, and pH do not seem t o  be important 
so i l - re la ted  fac tors  i n  determining plant  
composition. 



Johnson and York (19151, Wells (1928). 
Chapman (1938). and Hinde (1954) all agreed 
that tidal inundation is the most critical 
factor in saltmarsh zonation. Adam 
(1963) basically agreed with the above, Eut 
stated that the primary factor was "tide- 
elevation influences." Stalter (1968) in- 
dicated that saltmarsh zonation was due to 
the combination of salinity together with 
duration and depth of flooding. Johnson 
et al. (1974) concluded that zonation was 
related to "elevation as it determines 
frequency, depth and duration of inunda- 
tion, and soil salinity." Other workers 
have stressed the importance of single 
factors such as' salinity (Bourdeau and 
Adame 1956, Kerwin 1966) and acidity 
(Wherry 1920). 

(1) Low Marsh. The regularly 
flooded marsh ("low marsh") is dominated 
by extensive stands of smooth cordgrass. 
R o m  a distance, this zone seems to be a 
uniform comaunity with no apparent zona- 
tion. Upon closer examination, however, 
distinctive zonation can be seen in the 
smooth cordgrass. Teal (1958b) described 
three zones in smooth cordgrass stands 
around Sapelo Island, Georgia (Fig. 4-6) : 

1) Tall Spartina Edge Marsh. 
This marsh type occurs along 
the banks of creeks. Here 
smooth cordgrass reaches its 
maximum height, ranging up to 
3 m (9 ft). The substrate is 
characterized by low sand con- 
tent (10%). 

3) Short Spartina Low Marsh. 
Pound between drainage creeks, 
m o t h  cordgrass in this zone 
ranges 10 - 50 cm (4 - 20 in) 
sell. Sand content of the 
substrate varies between 0 and 
10%. 

Stalter (1968) described two cornuni- 
ties in the regularly flooded zone of South 
Carolina: 

1) Low Low Marsh - dominated 
by tall smooth cordgrass. 

2) High Low Marsh - dominated 
by dwarfed smooth cordgrass. 

Stalter and Batson (1969) and Stalter 
(1974d) used the same community designa- 
tions in describing other regularly flooded 
marshes in South Carolina. 

Gallagher et al. (1975) described 
three types of smooth cordgrass marsh from 
McIntosh County, Georgia. They lumped 
Teal's (1958b) "tall Spartina edge" and 
"medium Spartina levee" marshes into 
"streambank" Spartina alterniflora, while 
describing the remainder of the regularly 
flooded zone as either "creekhead Spartina" 
or, in intercreek areas, "short Spartina." 

Bozeman (1975) noted that the smooth 
cordgrass cornunity of Cumberland Island, 
Georgia, was similar to that described in 
Teal (1958b), with short and tall smooth 
cordgrass ecotypes. Radford (1976) de- 
scribed the same community type from the 
regularly flooded marshes of Beaufort 
County, South Carolina, as did Eyles (1939) 
from several islands in the Savannah River 
estuary. 

Adams (1963) described "die-out areas" 
in the medium Spartina zone. These areas, 

2) Medium Spartina Levee 
Marsh. Found atop natural 
levees along creek banks, 
smooth cordgrass here averages 
1 m (3 ft) in height. Sand 
content of the subscrate varies 
from 0 to 10%. 

I 
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TSEM = Tall Sporllno edge marsh MM = Mlnax marsh 

MSLM = Medium Sporlino Ievae marsh S-DM = So//cornio-D/slichl/s marsh 
SSLM = Short Sporl/no low marsh JM. = Juncus marsh 



which a r e  probably caused by t h e  accumula- 
t i o n  of  masses of dead cordgrass stems 
("wrack"), occur a s  mud f l a t s  o r  non- 
vegetated a reas  i n  the  regu la r ly  flooded 
zone. Smith (1970) l i s t e d  o ther  poss ib le  
causes of cordgrass "die-back" i n  
Louisiana. I n  time, t h e  wrack e i t h e r  de- 
cays o r  i s  washed away and smooth cord- 
grass  re-colonizes the  barren a r e a .  (See 
I n t e r t i d a l  Estuarine Subsystem - F l a t s  f o r  
f u r t h e r  information on exposed mud areas 
i n  t h e  regu la r ly  flooded zone.) 

Cooper (1974) pointed ou t  t h a t  the  
smooth cordgrass  community i s  more exten- 
s i v e  and wel l  developed i n  t h e  Sea Island 
Coastal Region than elsewhere because of 
t i d a l  range [as much a s  8 f t  (2.5 m)]. 
Saltmeadow cordgrass becomes increas ing ly  
dominant t o  t h e  north. 

(2) High Marsh. The i rregu-  
l a r l y  flooded marsh ("high marsh") is ,  
un l ike  the  monospecific regu la r ly  flooded 
marsh, a mixture of s e v e r a l  spec ies  of 
grasses ,  fo rbs ,  and rushes. Teal  (1958b) 
i l l u s t r a t e d  four  communities o r  marsh 
types found i n  i r r e g u l a r l y  flooded marshes 
of Sapelo Is land,  Georgia (Fig. 4-6): 

1 )  Short Spart ina High Marsh. 
A t r a n s i t i o n a l  a rea  between 
high and low marsh, t h i s  type 
is  dominated by smooth 
cordgrass t h a t  ranges from 10 
t o  50 cm (4 t o  20 i n )  i n  
height .  Here the  sand content 
of t h e  s u b s t r a t e  ranges from 
40% t o  70X. 

2) Minax Marsh (termed 
"minax" a f t e r  the  dominant 
spec ies  of f i d d l e r  crab found 
t h e r e ,  Uca minax). This type 
occurs  between types 1 and 3 
and is  dominated by extremely 
shor t  smooth cordgrass 110 - 
20 cm (4 - 8 in)].  Rain 
water accumulation and evap- 
o ra t ion  from t h i s  community 
cause a s a l i n i t y  variance 
from 10e/oo t o  70°/oo). 

3) Sa l icorn ia -Dis t ich l i s  
Marsh. Glassworts and s a l t  
g rass  dominate t h i s  community, 
with s c a t t e r e d  ind iv idua ls  of 
smooth cordgrass present .  
P a r t s  of t h i s  community a r e  
unvegetated sand f l a t s  where 
high s a l i n i t i e s  and tempera- 
t u r e s  occur i n  summer. These 
a reas  a r e  sometimes r e f e r r e d  
t o  a s  " s a l t  pannes" o r  " s a l t  
barrens .'I This community 
( including t h e  sand f l a t s )  is  
only flooded during spr ing  
and storm t i d e s .  

4) Juncus Marsh. Black 
needlerush is t h e  dominant 
here.  This community is  

most common on the  mainland 
s i d e  of s a l t  marshes and 
i n  l a r g e  e s t u a r i e s .  

S t a l t e r  (1968) divided t h e  i r r e g u l a r l y  
flooded zone i n t o  middle marsh, low high 
marsh, and high high marsh. The middle 
marsh ls a t r a n s i t i o n a l  community between 
t h e  regu la r ly  and i r r e g u l a r l y  flooded zones. 
S a l t  g rass ,  sea lavender, glassworts ,  and 
shor t  smooth cordgrass a r e  present  i n  t h i s  
zone. Table 4-17 shows spec ies  abundance 
i n  S t a l t e r ' s  low high and high high marshes. 
The low high marsh dominants were black 
needlerush and glassworts ;  i n  t h e  high high 
marsh, dropseed, s a l t  g rass ,  saltmeadow 
cordgrass, and black needlerush a r e  t h e  most 
commonly found p lan ts .  

Radford (1976) described an i r regu-  
l a r l y  flooded marsh i n  Beaufort County, 
South Carol ina,  a s  having two communities, 
1 )  a s a l t  grass-glasswort community, and 
2) a black needlerush community. Bozeman 
(1975) termed high marsh vege ta t ion  on 
Cumberland I s land ,  Georgia, a "grass-forb- 
rush" community. He l i s t e d  glassworts ,  
sa l twor t ,  s a l t  g rass ,  salt-marsh bulrush,  
black needlerush, sea  lavender, and s a l t -  
meadow cordgrass a s  occurr ing i n  t h i s  com- 
munity. 

Tiner  (1977) described four  high marsh 
communities i n  an inventory of coas ta l  
marshes i n  South Carolina: 

1 )  Short smooth cordgrass. A t  
t h e  lowest l e v e l  (near t h e  mean 
high water mark) of t h e  high 
marsh, smooth cordgrass l e s s  
than 1 m t a l l  i s  found. 

2) Sand barrens.  Devoid of 
vegetat ion,  these  a r e a s  a r e  
s l i g h t l y  higher i n  e leva t ion  
than the  shor t  smooth cordgrass 
community. 

3) Vegetated s a n d f l a t s .  Topo- 
g raphica l ly  s i m i l a r  t o  the  sand 
barrens,  t h i s  community may be 
dominated by s tands of glass-  
worts o r  smooth cordgrass, s a l t  
g r a s s ,  and sea lavender mixed 
with glassworts.  Occasionally, 
sea -b l i t e  and black needlerush 
a r e  present  here.  

4 )  Black needlerush. This 
community is  genera l ly  domi- 
nated by black needlerush, but 
p l a n t s  such a s  s a l t  marsh 
f i m b r i s t y l i s ,  marsh e l d e r ,  
s a l t  g rass ,  sea  ox-eye, and 
saltmeadow cordgrass may be 
present  i n  openings between 
s tands  of needlerush. 

Other spec ies  occur i n  t h e  i r r e g u l a r l y  
t ~ o o d e d  'zone, but  s a l t  marshes a r e  no t  a reas  
of high p lan t  spec ies  d i v e r s i t y .  P l a n t s  
from s a l t  marshes of South Carolina, and 



Table 4-17. Species, dens i ty ,  frequency, and t o t a l  number of p l a n t s  found on m2 quadrats located 
i n  d i f f e r e n t  high marsh vegetat ion zones (adapted from S t a l t e r  1968). 

Range of Tota l  Number 
Density Density Frequency of P l a n t s  

High Marsh 

a .  High H i  h Marsh 
(15 1-m3 samples) 

Species 
S a l t  g r a s s  
S a l t  marsh a s t e r  
Sea-bl i te  
Saltmeadow 

cordgrass 
Glasswort 
Black needlerush 
Sea ox-eye 
Dropseed 
Sea lavender 
Goldenrod 
Smooth cordgrass 

TOTAL 

b. Low High Marsh 
(13 1-m2 samples) 

Species 
(1) S a l t  g r a s s  
(2) Sea ox-eye 
(3) Black needlerush 
(4) Glasswort 
(5) Smooth cordgrass 
(6) Sea lavender 
(7) S a l t  marsh a s t e r  

1,012 
796 

5,524 
3,836 

612 
220 

4 

TOTAL 12,004 

the  zones i n  which they occur, a r e  l i s t e d  
i n  Table 4-18. The "marsh-upland border" 
is a t r a n s i t i o n a l  zone t h a t  has been char- 
ac te r ized  by Shriner  (1972), Boseman 
(1975), Radford (1976), Tiner  (1977) and 
others .  Woody spec ies  such a s  wax myrt le  
and s e a  myrt les  a r e  found here along wi th  
broom sedges, switchgrass ,  and orach. I n  
Georgia, Bozeman (1975) noted F lor ida  
p r i v e t ,  milkvine, and common three-square 
i n  t h i s  zone. The marsh-upland t rans i -  
t i o n a l  community usual ly grades i n t o  the  
maritime t r a n s i t i o n a l  shrub community. 

Coastal  Region: the  Altamaha, the  
Savannah, and the  Santee. 

T iner  (1977) l i s t e d  the  p l a n t s  char- 
a c t e r i s t i c  of brackish marshes i n  South 
Carol ina (Table 4-19), and described t h e  
zonation of brackish marsh p l a n t s  from the 
r i v e r  mouths toward the freshwater  l ine .  
The seaward l i m i t s  of t h e  brackish marsh 
a r e  very s i m i l a r  t o  t h e  high s a l t  marsh and 
a r e  dominated by black needlerush. Smooth 
cordgrass  is found along r i v e r  and creek 
banks where s a l i n i t i e s  a r e  higher .  Many 
t y p i c a l  high sal tmarsh p l a n t s  may be pres- 
e n t ,  including salt-marsh bulrush, s a l t -  
meadow cordgrass, and s a l t  marsh a s t e r .  
Moving upstream, g i a n t  cordgrass replaces 
black needlerush a s  t h e  dominant. Bul- 
rushes and c a t - t a i l s  become common, domi- 
nat ing the  marsh i n  patches. I n  some a reas ,  
bulrushes e x h i b i t  ve rna l  dominance on s i t e s  
t h a t  a r e  dominated by g i a n t  cordgrass dur- 
ing the  l a t e  s m e r  and f a l l .  F ina l ly ,  i n  
t h e  brackish-fresh marsh t r a n s i t i o n  zone. 

b. Brackish Marsh. Brackish 
marshes, those occurring i n  s a l i n i t i e s  
from 0.5O/oo t o  10°/oo, occur between s a l t  
marshes and t i d a l  freshwater wetlands ( see  
Chapter Five) .  Although r e g u l a r l y  and 
i r r e g u l a r l y  flooded zones e x i s t  i n  such 
marshes, p l a n t  zonation here seems t o  be 
more dependent on s a l i n i t y  than on dura- 
t i o n  of flooding. The most extensive 

I areas  of brackish marshes occur alone t h e  



Table 4-18. Species list of p lan ts  occurring i n  the  s a l t  rqarshes of South Carolina (adapted 
from Tiner 1977). 

Sc i en t i f i c  Name Common Name Location within S a l t  Marsh 

Awelopsis  arborea 
Andropoaon sp. 
Andropogon scopar i u s  
Androponon v i ra in icus  
Aster subulatus 
Aster t enu i fo l i u s  
Atr iplex pa tu l a  

Pepper-vine 
Broom-straw 
L i t t l e  bluestem 
Broom sedge 
Annual s a l t  marsh a s t e r  
S a l t  marsh a s t e r  
Orach 

Marsh-upland border 
Marsh-upland border 
Marsh-upland border 
Marsh-upland border 
High marsh 
High marsh 
High marsh 

Baccharis angus t i fo l ia  
Baccharis ha l imifo l ia  
Bacova monnieri 
Ba t i s  maritima 
Borrichia frutescens 

Chenopodium album 
Chloris  petraea 
Cladium jamaicense 

D i s t i ch l i s  sp i ca t a  

Eleocharis sp. 

F imbr is ty l i s  spadicea 

Hibiscus moscheutos 

Iva frutescens 
7 

Juncus roemerianus 

Kosteletskya v i rn in i ca  

Li l iaeops is  chinensis  
Limonium carolinianum 
Limonium nash i i  
Lythrum l i nea r e  

Myrica c e r i f e r a  

Panicum virgatum 
Pluchea purourascens 

Rumex v e r t i c i l l a t u s  
Ruppia maritima 

Sabal palmet t o  
Sabat ia  dodecandra 
Sabat ia  s t e l l a r i s  
Sal icornia b ine lov i i  
Sal icornia europaea 
Sal icornia v i rn in ica  
Scirpus americanus 
Scirpus robustus 
Sesuvium maritimum 
Sesuvium portulacastrum 
Solidano s empervirens 
Spart ina a l t e r n i f l o r a  
Spart ina cynosuroides 
Spart ina patens 
Spergularia marina 
Sporobolus v i ra in icus  
Suaeda l i n e a r i s  

Typha angus t i fo l ia  
TVpha dominnensis 

False willow 
Sea myrtle 
Water-hyssop 
Saltwort 
Sea ox-eye 

Marsh-upland border 
Marsh-upland border 
High marsh 
High marsh 
High marsh 

Lamb's quar te rs  
Finger grass  
Sawgrass 

Marsh-upland border 
Marsh-upland border 
High marsh 

S a l t  g rass  

Spikerush 

S a l t  marsh f imbr i s t y l i s  

Rose mallow 

Marsh elder  

Black needlerush 

Seashore mallow 

Eastern l i l a e o p s i s  
Sea lavender 
Sea lavender 
Loosestr i fe  

Wax myrt le  

Panic grass  
Marsh fleabane 

Swamp dock 
Widgeon grass  

Cabbage palmetto 
Sea pink 
Sabat ia  
Glasswort 
Glasswort 
Perennial  glasswort 
Common three-square 
Salt-marsh bulrush 
Sea purslane 
Sea purslane 
Seaside goldenrod 
Smooth cordgrass 
Giant cordgrass 
Saltmeadow cordgrass 
Sand spurrey 
Dropseed 
Sea-bl i te  

Narrow-leaved ca t - t a i l  
Southern c a t - t a i l  

High marsh 

High marsh 

High marsh 

High marsh 

High marsh 

High marsh 

High marsh 

High marsh 
High marsh 
High marsh 
High marsh 

Marsh-upland border 

Marsh-upland border 
High marsh 

High marsh 
Marsh ponds and potholes 

Marsh-upland border 
Marsh-upland border 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 
Low marsh and high mersh 
High marsh 
High marsh 
High marsh 
High marsh 
High marsh 

High marsh 
High marsh 



Table 4-19. List of plants characteristic of brackish water marshes in South Carolina (adapted 
from Tiner 1977). 

Scientific Name Common Name 

Alternanthera philoxeroides 
Amaranthus cannabinus 
lknmannia teres 
Andropogon sp. 
Apios americana 
Aster tenuifolius 

Baccharis angustifolia 
Baccharis halimifolia 
Borrichia frutescens 

Carex sp. - 
Cicuta maculata 
Cladium lamaicense 
Cyperus spp. 

Dichromena colorata 
Distichlis spicata 

Eleocharis sp . 
Fimbristylis spadicea 

Hibiscus militaris 
Hibiscus moscheutos 
Hymenocallis crassifolia 

Iris virginica - 
Iva frutescens - 

I 

1 Juncus ef f usus -- 
Juncus roemerianus 

i 
Juncus spp. 

Alligatorreed 
Water hemp - - 
Broom-straw 
Groundnut/Potato bean 
Salt marsh aster 

False willow 
Sea myrtle 
Sea ox-eye 

Sedges 
Water hemlock 
Saw grass 
Sedges 

Star-rush 
Salt grass 

Spikerush 

Salt marsh fimbristylis 

Halberd-leaved marsh mallow 
Rose mallow 
Spider-lily 

Blue flag 
Marsh elder 

Soft rush 
Black needlerush 
Rushes 

, 
Kosteletskya virninica Seashore mallow 

Lilaeopsis chinensis 
Limonium carolinianum 
L~thrum lineare 

I Panicum virgatum 

Peltandra virginica 
Pluchea ourpurascens 
Polynonum spp. 
Pontederia cordata 
Ptilimnium caoillaceum 

Rosa palustris - 
Rumex verticillatus 
Ruopia maritima 

1 Sagittarla spp. 
Scirpus americanus 
Scirpus olneyi 
Scirpus robustus 
Scirpus validus 
Sesbania exaltata 
Setaria seniculata 
Setaria 
Sium suave -- 
Solidago sempervirens 
Spartina alterniflora 
Spartina cynosuroides 
Spartina patens 

Eastern lilaeopsis 
Sea lavehder 
Loosestrife 

Panic grass 
Arrow-arum 
Marsh fleabane 
Smartweeds 
Pickerelweed 
Mock-bishopweed 

Swamp rose 
Swamp dock 
Widgeon grass 

Arrowheads 
Common three-square 
Olney's three-square bulrush 
Salt-marsh bulrush 
Soft-stem bulrush 
Coffee-weed 
Foxtail grass 
Foxtail grass 
Water parsnip 
Seaside goldenrod 
Smooth cordgrass 
Giant cordgrass 
Saltmeadow cordgrass 



Table 4-19. Concluded 

Scientific Name Common Name 

Typha angustifolia 
domingensis 

Zizania aquatica 
Zizaniopsis miliacea 

Narrow-leaved cat-tail 
Southern cat-tail 

Wild rice 
Giant cutgrass 

freshwater species become increasingly 
common. Have1 (1976) listed giant cord- 
grass, salt-marsh bulrush, southern bul- 
rush, soft-stem bulrush, and salt marsh 
aster as dominants in the brackish marshes 
of the lower Santee River flood plain. 

Brackish marsh zonation in Georgia 
seems to be very similar to that of South 
Carolina. Johnson et al. (1974) pointed 
out that giant cordgrass was the dominant 
plant of Georgia brackish marshes, along 
with salt-marsh bulrush to a lesser extent. 
Gallagher and Reimold (1973) referred to 
the brackish marshes in Georgia as "mid- 
dle estuary" and pointed out that salini- 
ties may range from Oo/oo to 200/00. 
Gallagher et al. (1975) mapped the fresh, 
brackish, and salt marshes of the Altamsha 
River Delta in Georgia (Fig. 4-7). They 
found that giant cordgrass, black needle- 
rush, cat-tails, and bulrushes dominate 
the brackish marsh. 

c. Ecology of Emergent Wetlands. 
Plants of estuarine emernent wetlands vary - 
in the degree of seasonality they exhibit. 
In South Carolina, smooth cordgrass of the 
low marsh community usually dies back in 
winter, although culms from the previous 
year normally remain standing. Peak 
height is reached in late summer, and 
flowering occurs in September and October. 
However, two crops of smooth cordgrass per 
year may be produced in Georgia (Schelske 
and Odum 1962). McIntire and Dunstan 
(1975) studied seasonal growth variations 
in three smooth cordgrass communities of 
Georgia. Winter height and percentage of 
dead material both show that the smooth 
cordgrass is a seasonal community (Figs. 
4-8 and 4-9). The high marsh community, 
unlike that of the low marsh, exhibits 
little or no visually perceptible season- 
ality. Equal amounts of dead (gray), dy- 
ing (brown), and live (green) black needle- 
rush stems seem to be present year around. 
However, Foster (1968) has shown that this 
is not actually the case. Primary produc- 
tion decreases in winter and leaf produc- 
tion varies throughout the year (Table 
4-20). Black needlerush flowers from 
April through May (Eleuterius 1975). 

Unlike low marshes, high marshes are 
subjected to occasional fires. Burned 

areas of black needlerush quickly revege- 
tate from rhizomes with no successional 
sequence evident. Fire is much more com- 
mon in brackish marshes. After these 
areas are subjected to controlled burns in 
late winter, various species of bulrushes 
and spikerushes exert almost complete 
dominance. Salt-marsh bulrush, common 
three-square, soft-stem bulrush, and spike- 
rushes are usually the dominants after 
fire (Tiner 1977). In brackish marshes 
not subjected to fire, bulrushes or cat- 
tails may be the early season dominants, 
but they are usually replaced by giant 
cordgrass later in the growing season. 

Estuarine emergent wetland communi- 
ties exhibit little or no internal physi- 
cal structure. The most significant 
structural difference from community to 
community is height. Black needlerush 
marshes are generally taller than smooth 
cordgrass communities, except for tall 
smooth cordgrass stands, ranging from 1 
to 2 m (3 to 6 ft) high. Brackish marshes 
are usually taller than salt marshes, with 
soft-stem bulrush and giant cordgrass 
ranging as high as 5 m (15 f t) , though 
they and other species of this community 
normally average from 1.7 to 2.0 m (5 to 
6 ft) high (Odum and Fanning 1973). 

Succession in salt marshes is the re- 
sult of a combination of site salinity and 
site elevation. On a given site, if the 
salinity or the hydrology of the site is 
not changed, existing vegetation will re- 
main indefinitely. If the vegetation of 
the site is destroyed and no changes in 
salinity or hydrology have taken place, the 
same vegetation normally returns. In some 
cases, however, black needlerush will not 
succeed itself. Stalter (1968) described 
general successional trends along salinity 
and elevation gradients. 

An extensive literature exists concem- 
ing nutrient cycles and productivity in 
estuarine emergent wetlands. Because all 
of this information cannot be dealt with 
here, major works from Georgia and South 
Carolina are used as principal sources. 

Pomeroy et al. (1969) and Pomeroy et 
al. (1972) discussed the nutrient cycle in 
salt marshes in Georgia. Pomeroy et al. 
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Figure 4-7. Fresh, brackish, and s a l t  marshes of the Altamaha River Delta, Georgia (Gallagher 
e t  a l .  1975). 



Schelske and Odum (1962) listed five 
tors that combine to maintain high 
ductivity in salt marshes: 

m i  WlLMlNGTON RIVER 

10 4 SKI DAWAY RIVER 
I . . . . , . . , . ,  
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Figure 4-8. Seasonal variation of growth 
(cm) of three smooth cord- 
grass communities in Georgia 
(McIntire and Dunstan 1975). 

(1969) pointed out that the uppermost 
meter of sediment in a smooth cordgrass 
marsh contains enough phosphorus to sup- 
port 500 years of cordgrass production and 
enough zinc to support 5,000 years of pro- 
duction. The role of smooth cordgrass as 
a medium for the introduction of phos- 
phorus and zinc into the food chain was 
also dealt with by Pomeroy et al. (1969). 
They pointed out that these minerals are 
passed on through bacteria and detritus 
feeders during smooth cordgrass decompo- 
sition. The extremely high concentration 
of these two elements in saltmarsh bac- 
teria is explained here by the ability of 
smooth cordgrass to transfer zinc and 
phosphorus from sediment to organism. 

The nutrient cycle and energy flow of 
the high marsh, black needlerush community, 
is relatively unknown. Williams and 
Murdoch (1966) noted no significant export 
from black needlerush marshes and pointed 
outthat, unlike smooth cordgrass, black 
needlerush is not part of the principal 
food web of the salt marsh. 

Teal (1962) analyzed energy flow in 
saltmarsh communities. Smooth cordgrass 
acts as a vital link in the nutrient cycle 
as well as in the flow of food energy 
through the salt marsh [see Gosselink and 
Kirby (1974) for further information on 
decomposition]. 

1) Number of primary production 
units. Salt marshes have three 
primary production units, all 
maintaining high productivity. 
They are: a) mud algae, b) phy- 
toplankton, and c) Spartina 
alterniflora and other emergent 
vegetation. 

2) Tidal action. Tidal action 
increases the surface area in 
which phytoplankton photosyn- 
thesis may occur, transports de- 
composing Spartina to all areas 
of the salt marsh, and distributes 
nutrients throughout the marsh. 

3) Abundant nutrients. The 
abundance of nutrients allows 
photosynthesis to continue at a 
high rate, with little or no 
nutrient limitations to pro- 
ductivity. 

4) Conservation and rapid turn- 
over of nutrients. The fact -- 
that nutrients (such as phos- 
phorus) are rapidly turned over 
and remain in the estuary is 
more important than the actual 
concentrations of these nutrients. 

5) Year-round production. In 
Georgia, Spartina produces two 
crops per year, while mud algae 
and phytoplankton are productive 
throughout the year. 

These five factors make the salt marsh 
one of the most productive natural systems 
on earth. Primary production has probably 
been more intensively studied in salt 
marshes than in any other community. 
Turner (1976). Dawson (1977), and Reimold 
and Linthurst (1977) have reviewed salt- 
marsh productivity studies and methodology. 
Considerable variation in productivity 
values has occurred due to methodological 
and/or latitude differences. 

Turner (1976) cited 29 references to 
productivity studies in smooth cordgrass 
(Spartina alterniflora) communities. Pro- 
duction varied from 3990 g dry wt/m2 for 
tall Spartina in Georgia to 350 g dry wt/m2 
for short Spartina in Connecticut. Dawson 
(1977) summarized results of 10 studies of 
smooth cordgrass productivity from the Sea 
Island Coastal Region (Table 4-21). Stand- 
ing crop biomass ranged from 70 to 3229 
g/m2. 

The black needlerush community is 
generally less productive than the smooth 
cordgrass community. Production in black 
needlerush communities (Turner 1976) ranged 
from 370 g dry wt/m2 in Connecticut to 
2261 g dry wt/m2 in Georgia. Dawson (1977) 
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Figure 4-9. Monthly percentages of total dead dry wt/m2 in three smooth cordgrass 
communities of Georgia (McTntire and Dunstan 1975). 

Table 4-20. Production of new leaves by black needlerush at existing shoots in growth plots 
(leaves/100 shoots/28 days) (Foster 1968). 

Period New Leaves Period New Leaves 

March 24 to May 14 18.8 October 23 to November 13 5.5 

May 14 to June 4 12.5 November 13 to December 11 4.0 

June 4 to July 2 21.2 December 11 to January 24 1.0 

July 2 to July 31 10.9 January 24 to February 25 4.9 

j July 31 to August 28 8.9 February 25 to March 23 15.4 

August 28 to September 25 15.1 March 23 to April 15 8.8 

September 25 to October 23 9.6 April 15 to May 6 10.3 
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listed five studies of productivity in 
black needlerush marshes in South 
Carolina and Georgia (Table 4-21); 
standing crop biomass ranged from 1,227 
to 2,430 g/m2. 

Odum and Fanning (1973) compared 
productivity in salt marshes with that of 
brackish marshes. The smooth cordgrass 
of salt marshes was more productive than 
the giant cordgrass of brackish marshes, 
although production in the giant cord- 
grass marsh was high by other standards, 
with maximum production values of 3,990 
g/m2 for smooth cordgrass and 2,092 g/m2 
for giant cordgrass. Dawson (1977) listed 
several other studies of production from 
brackish marshes in South Carolina and 
Georgia (see Table 4-21). These investi- 
gations show that estuarine emergent wet- 
lands are extremely productive environ- 
ments. 

Johnson et al. (1974) listed dredging, 
filling, diking, and ditching as major 
causes of the destruction of estuarine 
emergent wetlands. Spinner (1969) pointed 
out that approximately 0.7% of Georgia's 
coastal marshes were destroyed (primarily 
by dredge and fill) from 1954 to 1968. 
Windom (1976) noted the impact of channel 
construction and dredged material disposal 
on estuarine wetlands. Dredged material 
disposal areas may be open or confined by 
dikes. Open disposal banks or "spill" 
areas are recolonized by vegetation, but, 
due to an increase in elevation, the domi- 
nant plants are usually high marsh (sea 
ox-eye, sea myrtle, etc.) and upland 
plants. Diked spoil areas eventually may 
be recolonized by smooth cordgrass and 
other estuarine plants, but large areas 
of vegetation are often destroyed. How- 
ever, revegetation of disposal areas may 
be expedited by transplantation of estu- 
arine plants, as shown by Dunstan et al. 
(1975a) and Stalter and Batson (1969) in 
Seorgia and South Carolina, respectively. 

Windom (1976) also noted the danger 
of the deposition of polluted dredged 
material in estuarine wetlands. Smooth 
cordgrass often fails to recolonize areas 
with high methylmercury concentrations. 
In other areas, estuarine flora does re- 
vegetate polluted spoil banks, but may 
pass toxic materials into the estuarine 
food chain by way of plant consumers and 
decomposers (Dunstan et al. 1975b, 
Windom 1975). 

Baker (1970) pointed out the effects 
of oils on the physiology of plants. The 
potential disturbances in estuarine wet- 
lands from oil spills is documented in the 
final environmental impact statement for 
South Atlantic OCS Oil and Gas Lease Sale 
No. 43 (U.S. Department of Interior, 
Bureau of Land Management 1977). Miller 
and Egler (1950) described areas where 
marsh grasses had been killed due to mos- 
quito ditching. Johnson et al. (1974) 

pointed out that estuarine wetlands in 
Georgia have been destroyed during at- 
tempts to convert high marsh areas to 
agricultural lands. Additionally, Chabredc 
(1968) found that intensive use of marshes 
by livestock (grazing) resulted in changes 
in plant composition and reduction in 
plant density. Smith (1970) suggested 
that water pollution may play a signifi- 
cant role in what he termed Spartina "die- 
back. " 

B, CONSUMERS 

1. Benthic Heiofauna 

Meiofauna (those animals passing 
through a 500-um sieve but retained by a 
63-um sieve) of intertidal estuarine areas 
of the Sea Island Coastal Region have re- 
ceived relatively little attention. Most 
of the available data are the result of 
work in the high salinity marshes of the 
North Inlet area, South Carolina, by B. C. 
Coull and his associates at the University 
of South Carolina (see also section on 
meiofauna of estuarine subtidal environ- 
ments). 

Distribution patterns of meiofaunal 
species in estuarine environments are not 
well known. Coull (1973) noted that there 
is commonly a reduction in the number of 
meiofaunal species with decreasing salinity 
up estuary. A similar phenomenon is seen 
with most other estuarine faunas and is a 
reflection of the fact that estuarine com- 
munities are primarily composed of marine 
species with varying degrees of eury- 
halinity. Coull (1973) also pointed out 
that, in addition to salinity, a variety 
of other factors, including sediment gran- 
ulometric characteristics, redox potential, 
and the distribution of bacteria (see 
subtidal section), significantly influence 
the distribution of meiofauna. 

The distribution of meiobenthos across 
saltmarsh gradients has been studied in 
some detail in the Sea Island Coastal 
Region. In Georgia, Teal and Weiser (1966) 
examined the abundance and vertical dis- 
tribution of nematodes at six stations 
spread from the low tide level to the 
landward edge of a salt marsh behind 
Sapelo Island. They found nematodes to 
be most abundant and distributed over a 
greater sediment depth [12 - 14 cm (4.7 - 
5.5 in)] at the highly productive edge of 
the low marsh. Teal and Weiser (1966) 
further found that nematodes accounted for 
only 3% of the total respiration of Sapelo 
marsh muds, compared to 25X - 33% for a 
similar marsh area near Woods Hole, 
Massachusetts. This suggested a much les- 
ser role for the meiobenthic nematodes in 
the energy flow of southern marshes. In 
South Carolina, Coull et al. (1979) in- 
vestigated the distribution of meiobenthic 
copepods over a gradient from creek bot- 
tom to high marsh in North Inlet (Table 
4-22). The copepods were second only to 



Table 4-22. Densities of meiobenthic copepods at five sites on a saltmarsh gradient in North 
Inlet estuary, South Carolina (adapted from Coull et al. 1979). 

Number copepods/lO cm2 
Range Mean 

X copepods of 
total meiofauna 

Creek Bottom 
(Low tide depth, 
3 m) 

Subtidal 
(Low tide depth, 
0.5 - 1 m) 

Mud flat 
(Exposed 5 h/ 
12 h tidal cycle) 

Low Spartina Marsh 
(Exposed 5 - 6 h/12 h 
tidal cycle; tall 
Spartina) 

Hi'gh Spartina Marsh 
(Exposed s 7 h/12 h 
tidal cycle; 
short Spartina) 

nematodes in importance in the meiobenthic 
assemblage. Coull et al. (1979) found 
densities of copepods to be highest in the 
low marsh and lowest in the high marsh 
(Table 4-22). They suggested that the 
peak numbers in the low marsh were the re- 
sult of increased spatial heterogeneity 
(i.e., greater diversity of microhabitats) 
with only limited tidal exposure. In con- 
trast, the much greater exposure, with 
consequent great fluctuations in physical 
factors, in the high marsh proved limit- 
ing to many copepods. 

In a more detailed, micro- 
distributional study, Bell et al. (1978) 
examined variations in meiofaunal assem- 
blages around and between Spartina culms 
and fiddler crab (Uca burrows and be- 
tween the surface to 0.5 cm (to 0.2 in)] 
and deeper layers r' 0.5 - 3 cm (0.2 - 1.2 
in)] of the sediment. They found more 
total meiofauna in the surface sediment 
regardless of location. During spring, 
surface meiofaunal densities were greater 
between rather than around Spartina culms. 
However, nematodes were more numerous in 
the surface layer around Uca burrows than 
between them, while the opposite case was 
true for copepods. In contrast to indi- 
cations from Teal and Weiser's (1966) 
study of a low marsh area in Georgia, 
Bell et al. (1978) found no relationship 
or a negative association of meiobenthos 
with root biomass. They noted that the 
amount of root material in their high 
marsh area was 6 - 7 times that typically 

seen in low marsh. Overall, Bell et al. 
(1978) showed that. at any given time. 
levels of variation in meiobenthic as- 
semblages within their 5 m2 study site 
were as great as reported seasonal varia- 
tions in other studies. They concluded 
that small-scale spatial heterogeneity 
probably has a major influence on meio- 
faunal distribution, and thus on meio- 
faunal-macrofaunal relationships. 

To date, only one long-term study of 
marsh meiobenthos has been conducted in 
the Sea Island Coastal Region. Bell (1979) 
looked at short- and long-term variation 
in the meiobenthos of a high Spartina 
marsh near North Inlet over a 22-month 
period. On the average, nematodes made up 
73% of the meiofauna, with copepods second- 
in abundance. Bell found that the high \-- 
marsh meiobenthic assemblages she studied 
were characterized by marked variation, 
with little similarity of assemblages with- 
in seasons or between years. She reported 
peak densities of nematodes, copepods, and 
total meiofauna in fall, with a secondary 
peak in spring. 

The trophic relationships of the meie 
benthos are quite poorly known. Coull 
(1973) suggested that meiofauna may pro- 
vide up to 5 times as much food as the 
macrofauna at any location. He further 
suggested three major trophic pathways for 
meiofauna: 1) consumption by benthic 
macrofauna such as shrimps and polychaetes; 
2) consumption by nektonic forms; and 



3) decomposition and nutrient regeneration 
through microbial action. Coull (1973) 
stated that the nutrient regeneration 
pathway is likely to be the most important, 
especially in view of the relative scar- 
city of meiofaunal predators. However, 
Bell and Coull (1978) have definitely 
shown that some macrofaunal predators, 
specifically the grass shrimp Palaemonetes 
pugio, can play a major role in regulating 
meiofaunal populations in marsh environ- 
ments. Much more work is needed in the 
area of meiofaunal trophic dynamics and 
the trophic relationships between meio- 
fauna and macrofauna. 

2. Benthic Macroinvertebrates 

The number of macroinvertebrate 
species represented in salt marshes is 
limited due to a number of environmental 
stresses, the more important of which in- 
clude salinity, drainage, temperature, 
and exposure, together with rapid changes 
in environmental conditions (Teal 1962, 
Cooper 1974). Nevertheless, a variety of 
invertebrates are found in salt marshes 
(Table 4-23). While invertebrate communi- 
ties are somewhat overshadowed by the 
productivity of plant assemblages in salt 
marshes, densities and biomass for some 
taxa such as decapods and mollusks are 
high (Tables 4-24, 4-25). Wolf et al. 
(1975) utilized a removal sampling tech- 
nique to estimate densities of the fid- 
dler crab Uca pugnax in marshes of the 
Duplin River estuary, Georgia. Numbers 
varied from location to location and 
showed extreme aggregation even within a 
given area, but total density was esti- 
mated at 205 individuals/m2. Of these, 
an estimated 30/m2 were larger individuals. 
Kraeuter (1976) provided estimated den- 
sities for several Georgia marsh inverte- - 
brate species, including Uca pugnax (301 
mZ), the gastropod Littorina irrorata 
(73/m2), the fiddler crab & pugilator 
(6.6/m2), and the mussel Geukensia demissa 
(6.4fm2). Kuenzler (1961) estimated a 
population density of 7.8 specimens/m2 
of Geukensia demissa and a biomass of 
11.5 g/m2 in marshes near Sapelo Island. 
As with the fiddler crabs, Kuenzler found 
that ribbed mussels varied in density from 
one location to another and showed clumped 
distribution even in seemingly uniform 
areas. Vernberg and Sansbury (1972) 
studied the macroinvertebrates of several 
saltmarsh habitats in Port Royal Sound 
(Tables 4-23 and 4-24). The fiddler crab 
Uca pugnax was the most ubiquitous species - 
in their samples. Another fiddler crab, 
Uca pugilator, was frequent near high - 
tide in sandy substrates. Clumps or beds 
of oysters (Crassostrea virginica) were 
common and provided habitat for a variety 
of other invertebrates, including crabs 
and polychaetes. They found mussels 
(Geukensia demissa) in substrates of 
sandy mud and on oyster shells. The 
marsh periwinkle Littorina irrorata was 
frequent on Spartina in the high marsh, 

while the mud snail Ilyanassa obsoleta 
occurred in the low marsh on wet and muddv 
substrates. Of the polychaetes, Nereis 
succinea was most widespread, being found 
in association with Spartina. In the 
marshes of Georgia studied by D'drjes 
(1977), dominant macroinvertebrates of the 
low marsh included the mollusks Geukensia 
demissa, Littorina irrotata, and Crass- 
ostrea virginica; the decapods Uca pugnax, 
Sesarma reticulatum, Panopeus herbstii, 
and Eurytium limosum; and the polychaete 
Nereis succinea. The high marsh was oc- 
cupied primarily by kpugilator, al- 
though some local areas were inhabited by 
U. pugnax and g. =. - 

Teal (1962) demonstrated that the 
fauna of marshes on Sapelo Island was 
made up of species from a number of dif- 
ferent environments. Estuarine organisms 
were present from the Salicornia marsh to 
subtidal areas, but the number of estu- 
arine species increased toward the low 
tide level. The number of terrestrial and 
freshwater species was small on the creek 
banks but became numerous elsewhere, 
particularly at the edge of the marsh and 
in levee areas. The number of species 
typically restricted largely to salt 
marshes was small; these organisms encom- 
passed the region from the creek banks to 
the Salicornia marsh, but the largest 
number of species was present in the marsh 
proper. 

DUrjes (1977) did not consider the 
creek banks to represent typical saltmarsh 
environments. The macroinvertebrates 
found there, including oysters (Crassostrea 
virginica) , mud snails (Ilyanassa obsoleta), 
polychaetes (Diopatra cuprea and Hetero- 
mastus filiformis), and the decapod Upo- 
gebia affinis, occur elsewhere in inter- 
tidal or subtidal unvegetated areas. The 
extent of such habitat in Georgia and 
South Carolina is expansive, however, and 
many of the oyster beds in these States 
occur intertidally along the creek banks, 
particularly in higher salinities. As- 
pects of the energetics of intertidal oys- 
ter reefs on creek banks adjacent to salt 
marshes have been studied by Dame (1972a, 
b, 1974, 1976) and Bahr (1976). 

Teal (1962) provided a detailed sum- 
mary of energy flow in a Georgia marsh. 
Among the more important herbivorous in- 
vertebrates found by Teal were the salt 
marsh grasshopper Orchelimum, the salt 
marsh plant hopper Prokelisia, the crabs 
Uca and Sesarma, the mollusks Littorina - 
and Geukensia, various annelids including 
the polychaetes Streblospio and Capitella, 
and oligochaetes. Important invertebrate 
carnivores included spiders, dragonflies, 
and the xanthid crab Eurytium. Kraeuter 
(1976) emphasized the importance of in- 
vertebrate biodeposits in marsh biogeo- 
chemical cycles. He calculated that 53% 
of the yearly production in a marsh could 
be processed by invertebrates, although 
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Table 4-24. Maximuer n w b e r s h 2  of some cammon macrotnvrrtebratee i n  salt sarehea adjacent t o  
Port  Royal Sound, South Carolina. mdecapod, B-btvalve, Olgaetropod, P-polychaete 
(Vernberg and Sanebury 1972). 

Species 

Location 
Checheeeee Colleton Sawmill UacKay Bil ton 

Creek River Creek Creek Bead 

Uca rmRnax (Dl 

&g puni la tor  (D) 

Ge- demiesa (B) 

L i t t o r inq  i r r o r a t a  (G) 

llvenaeea paeoleta (GI 

H e r e i ~  euccinea (P) 

Laeonereis cu lver i  (PI 

A a ~ l o s c o l o ~ l o s  f r a n i l i s  (P) 

llaldanidae (undet . ) (P) 

Table 4-25. Estimated nmbere of adu l t  c rabs13  i n  various saltmarsh ronee of Sapelo Island,  
Georgia (Teal 1958b). 

Species 
Uca - Uca Uca - Seearma Seearma Bury t ium 

minax p u u G t o r  p u m a  ret iculatum cinereurn limosum 

Creek bank 

Tal l  Spart ina 
Edge Marsh 

Medium Spart ina 
Levee Marsh 

Short Spartina 
Low Mareh 

Short Spart ina  
High Harsh 

Minax Marsh 

Salicornia - 
Dis t i ch l i s  

Juncue . - 



he considered a s u b s t a n t i a l l y  lower y a l u e  
t o  be more r e a l i s t i c ,  The i n s e c t s  were 
estimated by Smalley (1959) t o  consume 7% 
of the  marsh grasses .  The r o l e  of in- 
ver tebra tes  i n  reworking t h e  sediment was 
considered important by Kraeuter (1976) i n  
view of t h e i r  observed d e n s i t i e s .  

Cammen (1976) s tudied t h e  coloniza- 
t ion  of inver tebra tes  i n  Spart ina beds 
planted on dredge s p o i l  i n  North Carolina. 
Factors  con t ro l l ing  development of macro- 
inver tebra te  cormunities included t h e  
s i m i l a r i t y  of t h e  s p o i l  a rea  i n  e leva t ion  
and sediment type t o  n a t u r a l  marsh, r a t e s  
of sedimentation', proximity t o  n a t u r a l  
marsh a reas ,  and t h e  maturi ty  of the  com- 
munity i n  adjacent  n a t u r a l  marshes (see 
sec t ion  on macrobenthos of e s t u a r i n e  sub- 
t i d a l  environments f o r  d i scuss ion  of e f -  
f e c t s  of per tu rba t ions  on benthos). 

3. Insec t s  

To r e t u r n  t o  an aqua t ic  exis tence,  
i n s e c t s ,  pr imari ly  t e r r e s t r i a l  o r  a e r i a l  
organisms, have had t o  so lve  severa l  eco- 
l o g i c a l ,  physiological ,  and physical  prob- 
lems. For such a r e t u r n  t o  evolve, t h e r e  
has been a need f o r  "bridging" hab i ta t s .  
Between land and sea ,  these  environments 
a r e  provided by such h a b i t a t s  a s  s a l t  
marshes and o ther  s i m i l a r  i n t e r t i d a l  zones 
(Cheng 1976). The majori ty  of our so- 
ca l led  "marine" i n s e c t s  a r e  s t i l l  found i n  
these h a b i t a t s .  

The i n s e c t  fauna of Georgia and South 
Carolina s a l t  marshes has not  been s tudied 
comprehensively. Inves t iga t ions  on 
t rophic r e l a t i o n s  of smooth cordgrass 
marshes show t h a t  i n s e c t s  a r e  s i g n i f i c a n t  
i n  energy flow within t h e  marsh ecosystem 
(Smalley 1960, Teal 1962, Marples 1966, 
Foster  and Treherne 1976). General sur- 
veys i n d i c a t e  t h a t  t h e  sal tmarsh i n s e c t  
fauna i s  var ied  and abundant (Davis and 
Gray 1966, Cameron 1972, Foster  and 
Treherne 1976) (see Table 4-26). Davis 
(1978) l i s t e d  i n s e c t s  co l lec ted  from the  
following saltmarsh environments of South 
Carolina: a )  t h e  i n t e r t i d a l  smooth cord- 
g rass  marsh, inundated a t  every high t i d e ;  
b) t h e  glasswort-smooth cordgrass marsh, 
i n  t h e  v i c i n i t y  of t h e  high t i d e  mark, 
where d a i l y  inundation is of b r i e f  dura- 
t ion ;  c )  black needlerush and s a l t  g rass  
marshes, reached only by spring t i d e s  and 
storm t i d e s ;  d )  saltmeadow cordgrass, 
flooded only r a r e l y  (during storms o r  ex- 
t r a o r d i n a r i l y  high t i d e s ) ;  and e) panic  
g rass ,  o f ten  appearing i n  dense s tands  on 
t h e  landward s i d e  of black needlerush 
marshes, where freshwater drainage pro- 
duces s o i l  water of reduced s a l i n i t y .  
Davis (1978) a l s o  l i s t e d  t h e  i n s e c t s  as- 
soc ia ted  with p l a n t s  occupying r e l a t e d  
"special" h a b i t a t s  o r  s c a t t e r e d  among t h e  
dominant vege ta t ion  of s a l t  marshes, in- 
cluding 1 )  sea  ox-eye, o f ten  growing 
p l e n t i f u l l y  along the  high t i d e  mark; 
2) common three-square and sawgrass, which 

can form s tands  on t h e  landward s i d e  of 
black needlerush marshes, 3) marsh e l d e r ,  
which can grow among saltmeadow cordgrass 
and black needlerush, and 4) sea  myrt le ,  
o f t e n  appearing a t  t h e  edge of the  s a l t -  
meadow cordgrass and black needlerush 
marshes. 

SpecIes from a l l  the  major Insec t  
o rders  have been recorded from s a l t  marshes, 
although Diptera ( f l i e s ,  mosquitoes, and 
midges), Coleoptera (bee t les )  , and Hemip- 
t e r a  ( t r u e  bugs) appear t o  predominate, 
comprising more than 75% of the  spec ies  re- 
corded. Vernberg and Sansbury (1972) col- 
l ec ted  represen ta t ives  of severa l  o rders  
of i n s e c t s ,  including t h e  Homoptera, 
H d p , t e r a ,  Diptera ,  Odonata, and Lepidop- 
t e r a ,  i n  high s a l i n i t y  marshes of t h e  Por t  
Royal Sound system, South Carolina. No 
dens i ty  est imations were made, but  on the  
b a s i s  of general  observat ions,  the  o v e r a l l  
i n s e c t  cormnunity dens i ty  appeared t o  be 
g r e a t e s t  during August. 

The saltmarsh i n s e c t  fauna can be di-  
vided i n t o  aqua t ic ,  subterranean, and 
surface-l iving groups (Foster and Treherne 
1976). Water-oriented spec ies  i n  t h e  
marsh a r e  invaders of freshwater o r ig in .  
These include d ip te rous  l a r v a e  (espec ia l ly  
those of t h e  fami l ies  Culicidae,  Chiro- 
nomidae, and Ceratopogonidae), heterop- 
t e r a n s ,  coleopterans,  and c e r t a i n  trichop- 
t e r a n  la rvae  (Nicol 1935, Balfour-Brown 
1958, S u t c l i f f e  1961a, b, Green 1968b). 
The subterranean and surface-l iving f o r m  
a r e  ev iden t ly  of t e r r e s t r i a l  o r i g i n  and in- 
clude represen ta t ives  of most major i n s e c t  
o rders .  

Good drainage (dewatering) o f t e n  oc- 
curs  only a t  marsh edges and i n  t h e  s o i l  
bordering es tuar ine  creeks and salt-pannes 
(Chapman 1960, Foster  and Treherne 1976). 
I n  edge regions,  t h e  s o i l  has an enlarged 
pore s t r u c t u r e ,  usua l ly  i n  t h e  form of ex- 
tens ive  cracks and f i s s u r e s  (Macleod 1967, 
Foster  and Treherne 1975), which a r e  s u i t -  
ab le  f o r  colonizat ion by i n s e c t s  and o ther  
marine and e s t u a r i n e  inver tebra tes .  The 
physical  f a c t o r s  associated with s o i l  
s t r u c t u r e  a r e  probably important i n  re- 
s t r i c t i n g  d i s t r i b u t i o n  of some i n s e c t s  
within a marsh. A good example is the  re- 
s t r i c t i o n  of aphids i n  lower marshes t o  
t h e  f i s s u r e d  s o i l  of regions bordering the  
edges of creeks and salt-pannes (Foster 
and Treherne 1975, 1976). A s i m i l a r  "edge 
e f fec t"  has a l s o  been described f o r  o t h e r  
i n s e c t  spec ies ,  including a number of 
b e e t l e s  (Evans e t  a l .  1971) and collem- 
bolans (Green 1968b). 

I n  i n t e r t i d a l  marshes, i n s e c t s  of 
t e r r e s t r i a l  o r i g i n  may per iod ica l ly  be 
separated from t h e i r  normal oxygen supply. 
Aquatic i n s e c t s ,  however, face  no unique 
r e s p i r a t o r y  problems in smooth s a l i n e  waters 
(Foster and Treherne 1976). For surface- 
l i v i n g  spec ies ,  t h e  length of separat ion 
should roughly equate  t o  the  length of 
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inundat ion by t i d a l  wa te r s .  Some i n s e c t s  
may avoid  submergence by b e h a v i o r a l  adap- 
t a t i o n s ,  w h i l e  o t h e r s  do n o t ,  Avoidance 
was shown i n  l a b o r a t o r y  and f i e l d  respon- 
s e s  of 1 2  i n s e c t  s p e c i e s  t o  a r i s i n g  t i d e  
(Davis and Gray 1966). I n s e c t s  e x h i b i t i n g  
avoidance behavior  included two Or thop te ra ,  
f o u r  He te rop te ra ,  two Homoptera, two Dip- 
t e r a ,  and two Coleoptera .  No i n s e c t s  were 
observed t o  be  submerged by inunda t ing  
t i d e s .  Submergence was avoided by f l i g h t ,  
c l imbing,  o r  movement on t h e  s u r f a c e  f i l m  
of t h e  wa te r .  Other examples of  i n s e c t s  
avoiding t i d a l  coverage a r e  g iven by Arndt 
(1914), Tea l  (1962),  Payne (1972),  Ranwell 
(1972), and Polhemus (1976).  

Some s a l t m a r s h  i n s e c t s  may be  washed 
away d u r i n g  t i d a l  coverage (Arndt 1914, 
Dexter  1943). Sal tmarsh mosquitoes do n o t  
u s u a l l y  b reed  i n  marshes s u b j e c t  t o  t i d a l  
i nunda t ions ,  perhaps  because they  cannot. 
w i ths t and  f r equen t  f l u s h i n g  of  t h e i r  habi-  
t a t s  by t h e  t i d e  (Connell  1940).  

The g e n e r a l l y  l i m i t e d  number o f  p l an t  
s p e c i e s  i n  s a l t  marshes r e s t r i c t s  t h e  
v a r i e t y  of  p o t e n t i a l  food sources  f o r  her- 
b ivo rous  i n s e c t s  ( F o s t e r  and Treherne  
1976).  Also ,  t h e  l a r g e  p ropor t ion  of  de- 
t r i t u s  swept away from t h e  marsh s u r f a c e  
by t h e  t i d e s  (Teal  1962, Cameron 1972, 
J e f f r i e s  1972) d e c r e a s e s  t h e  amount of  
food a v a i l a b l e  t o  d e t r i t u s - f e e d i n g  i n s e c t s .  
Algae provide  a food s o u r c e  f o r  i n s e c t  
i nvade r s  from t e r r e s t r i a l  and f r e s h w a t e r  
environments ( F o s t e r  and Treherne  1976).  
The d e t a i l e d  s t u d y  by Davis and Gray 
(1966) of  t h e  i n s e c t s  of  North Caro l ina  
marshes showed t h a t  t h e s e  organisms were 
s e l e c t i v e  i n  t h e i r  a s s o c i a t i o n s  w i t h  par- 
t i c u l a r  p l a n t  zones (Table 4-27). F i f t y  
pe rcen t  o f  t h e  p l a n t  t i s s u e  and s a p  
f e e d e r s  were a s s o c i a t e d  wi th  on ly  one o f  
t h e  f i v e  major p l a n t  zones d e l i n e a t e d .  

Most of  t h e  i n s e c t  s p e c i e s  i n h a b i t i n g  
b r a c k i s h  and s a l t  marshes a r e  h e r b i v o r e s  
and f a l l  i n t o  t h r e e  c a t e g o r i e s  ( see  Table  
4-27). The f i r s t  group, t hose  t h a t  feed 
on p l a n t  t i s s u e s ,  i n c l u d e s  i n s e c t s  w i t h  
chewing mouth p a r t s .  The p r i n c i p a l  her- 
b ivo rous  chewing i n s e c t s  i n  most,  o r  a l l ,  
t ypes  o f  s a l t m a r s h  v e g e t a t i o n  a r e  t h e  
grasshoppers ,  b u t  s e v e r a l  s p e c i e s  of  a n t s  
a r e  a l s o  common i n  saltmeadow cordgras s .  
The second group, t h o s e  t h a t  f eed  on p l a n t  
s a p ,  i s  composed o f  i n s e c t s  w i t h  p i e r c i n g  
mouth p a r t s ,  which enab le  them t o  pene- 
t r a t e  p l a n t  t i s s u e s .  These s a p  f e e d e r s  
a r e  abundant i n  a l l  t y p e s  of  marshes ex- 
cep t  b l ack  need le rush ,  and i n c l u d e  many 
of t h e  common c o a s t a l  s p e c i e s  of  homop- 
t e r a n s  and hemipterans .  The t h i r d  group 
comprises t h o s e  t h a t  p r i n c i p a l l y  s u b s i s t  
on f l u i d s  s e c r e t e d  by marsh p l a n t s .  In- 
c luded a r e  s e v e r a l  common s p e c i e s  of f l i e s  
(Dip te ra ) ,  p a r t i c u l a r l y  Chaetopsis  f u l v i -  
f r o n s ,  Chaetopsis  a p i c a l i s ,  and Conio- 
s c i n e l l a  i n f e s t a .  

While t h e  p r i n c i p a l  non-aquatic 
ca rn ivorous  a r th ropods  i n  s a l t  and 

b r a c k i s h  marshes a r e  g e n e r a l l y  s p i d e r s  
(Barnes 1953, Marples and Odum 1964, Davis 
and Gray 1966),  t h e  most abundant c a r n i -  
vorous  i n s e c t s  a r e  odonates ,  b e e t l e s ,  
a s i l i d s ,  mosquitoes,  and r eduv i ids .  Pre- 
daceous i n s e c t s  can be  d iv ided  i n t o  two 
groups,  1 )  t hose  t h a t  f eed  p r i m a r i l y  on 
s o l i d  t i s s u e s ,  and 2) those  t h a t  e x t r a c t  
t h e  body f l u i d s  of t h e i r  prey.  Examples 
of  i n s e c t s  belonging t o  t h e  f i r s t  group 
a r e  d r a g o n f l i e s  such a s  Ery th rod ip lax  
b e r e n i c e ,  Pachydiplax long ipenn i s ,  and 
Erythemis s i m p l i c i c o l l i s ,  i n d i v i d u a l s  of  
which can o f t e n  be seen  f l u t t e r i n g  about  
b l a c k  need le rush  marshes f eed ing  on sma l l  
f l y i n g  i n s e c t s .  The second group of  pred- 
a t o r s  inc ludes  t h e  a s i l i d  f l i e s ,  which can 
sometimes be  observed preying on marsh 
grasshoppers .  Midges and c u l i c i d s  may b e  
abundant i n  poor ly  d ra ined  marshes and 
e s p e c i a l l y  i n  s a l t  g r a s s  s t ands .  Sciomyzid 
f l i e s  (e .g . ,  D ic tya  oxybeles  and Hoplo- 
d i c t y a  s p i n i c o r n i s )  can be  encountered i n  
smooth co rdgras s  and cordgrass-glasswort -  
s e a  l avender  communities. It has  been sug- 
ges t ed  t h a t  a l l  sciomyzid l a r v a e  a t t a c k  
s n a i l s  (Berg e t  a l .  1955).  I f  s o ,  i t  i s  
l i k e l y  t h a t  t h e  l a r v a e  of  Dictya  oxybeles  
and Hoplodic tya  s p i n i c o r n i s  f eed  upon t h e  
marsh pe r iwink le ,  L i t t o r i n a .  Predaceous 
bugs,  such a s  t h e  r e d u v i i d s  Doldina i n t e r -  
j ungens ,  Sinea  diadema, Zelus  c e r v i c a l i s ,  
and t h e  nab id ,  Nabis c a p s i f o m i s ,  can b e  
widely  d i s t r i b u t e d  i n  t h e  h ighe r  marsh 
zones.  

D e t r i t u s ,  de r ived  p r i n c i p a l l y  from 
p l a n t  t i s s u e s ,  i s  an abundant source  of 
food i n  we t l ands  (Teal  1959b). Not s u r -  
p r i s i n g l y ,  t hen ,  t h e  d e t r i t u s - f e e d i n g  
ephyr id  and dol ichopodid  f l i e s  a r e  common 
i n  smooth co rdgras s ,  cordgrass-glasswort -  
s e a  l avender ,  and s a l t  g r a s s  s t ands .  

D ip te rous  l a r v a e  p a r a s i t i z e  sa l tmarsh  
p l a n t s ,  e s p e c i a l l y  smooth co rdgras s ,  where 
they  l i v e  i n  t h e  stems. The a d u l t s  of 
p a r a s i t i c  Hymenoptera ( c h a l c i d s ,  braconids ,  
ichneumonids, t i p h i i d s ,  and s c e l i o n i d s )  
occur  i n  most o r  a l l  t ypes  of  s a l i n e  
marshes ,  and t h e i r  l a r v a e  undoubtedly in -  
f e c t  v a r i o u s  t y p e s  o f  s a l tmarsh  i n s e c t s  
(Davis and Gray 1966).  

The major energy f low between auto-  
t r o p h i c  and h e t e r o t r o p h i c  l e v e l s  i n  s a l t  
and b r a c k i s h  marshes i s  through t h e  d e t r i -  
t u s  r a t h e r  than  t h e  g raz ing  food cha in  
(Odum and Smalley 1959, Smalley 1960, Teal  
1962) ( s e e  F ig .  4-3). S ince  most sa l tmarsh 
i n s e c t s  a r e  g r a z e r s  (Marples 1966) ,  t h e i r  
r o l e  i n  t h e  consumption of primary pro- 
ducers  should  be sma l l .  However, Smalley 
(1960) e s t ima ted  t h a t  a grasshopper  
(Orchelimum f id i c in ium)  popu la t ibn  of  a 
Georaia s a l t  marsh consumed 1% of t h e  - 
S p a r t i n a  p roduc t ion ,  and Tea l  (1962) e s t i -  
mated t h a t  t h e  he rb ivorous  i n s e c t s  (Or_ 
chelimum, P r o k e l i s i a  marginata)  on a- 
Georaia  s a l t  marsh a s s i m i l a t e d  approxi- - - - 
mately  4.6% of  t h e  S p a r t i n a  product ion.  
A number of  o t h e r  i n s e c t s  have been shown 
t o  f eed  on Georgia s a l t m a r s h  p l a n t s  (Davis 
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and Gray 1966, Marples 19661, and It may 
be reasonable t o  a s s m e ,  following 
Kraeuter and Wolf (19741, t h a t  i n sec t s  on 
these  marshes a t  times may consume a s  much 
a s  10% of the  annual Spart ina production. 

Any treatment of s a l t  and brackish 
marshes of South Carolina and Georgia 
should include t he  important saltmarsh 
grasshopper, Orchelimum fidicinium, an in- 
s e c t  more frequently found i n  t h i s  hab i ta t  
than i n  any other .  Much of the  following 
is summarized from t h e  exce l len t  paper by 
Smalley (1960). 

Orchelimum fidicinium is the  only 
species  of grasshopper commonly found on 
open s a l t  marshes of the  Carolinas and 
Georgia, although o ther  species  occur near 
t e r r e s t r i a l  vegetat ion (e.g., Orphulella 
ol ivacea,  Conocephalus spp., Clinocepha- 
l u s  e l e g ~ ,  ahd Mermiria i n t e r t ex t a ) .  
The saltmarsh grasshopper is an abun- 

pa r a s i t e s  have been recorded from brackish 
and s a l t  marshes (Foster and Treherni 
1976). Birds, many spec ies  of which feed 
commonly on saltmarsh i n sec t s ,  a r e  the  
most important ve r t eb r a t e  predators  (Green 
1968a). Birds prey pa r t i cu l a r l y  on her- 
bivorous i n sec t s  seeking refuge on t a l l  
vegetat ion during t i d a l  submergence (Arndt 
1914, Smalley 1960, Teal 1962, Davis and 
Gray 1966). 

dant and consp i cu~us  insec t .  Nymphs 
f i r s t  appear i n  Apri l  and May, and 
by the  end of summer only sca t te red  in- 
dividuals  remain. One generation is pro- 
duced each year, and hatching occurs 
u i t h i n  a shor t  period. The saltmarsh 
grasshopper is most common i n  moderately 
t a l l ,  dense smooth cordgrass. Orchelimum 
is general ly not  found i n  extremes of 
cordgrass growth, i n  the  very t a l l  g rass  
[>2 m (6.6 f t ) ]  along l a r g e r  creeks,  o r  
i n  very sho r t  .grass[<l m (3.3 f t ) ]  growing 
i n  extensive a reas  of high and poorly 
drained marsh. During high t i de s ,  these  
grasshoppers c l i ng  t o  Spart ina stems pro- 
ject ing above the water. They may dive 
under water a t  t he  approach of man o r  
boat, but  normally ;hey a r e  a e r i a l .  Dur- 
ing very high t i de s ,  grasshoppers would 
appear t o  be vulnerable t o  predators ,  bu t  
unusually nigh mor ta l i ty  during spring 
t ides  has not  been detected by quanti ta-  
t i v e  sampling. 

Species such a s  2. fidicinium. which 
hatch, grow, and d i e  within 1 year ,  pre- 
sent  an exce l len t  opportunity f o r  study 
of population energy flow i n  nature.  
Smalley (1960) s tudied the  population 
density, growth r a t e s ,  resp i ra tory  r a t e s ,  
ca lor ic  content, and r a t e s  of defecat ion 
fo r  t h i s  grasshopper i n  Georgia s a l t  
marshes. Spart ina ingested by the  grass- 
hoppers, assimilated with an e f f ic iency  
of about 27%, amounts t o  approximately 
2% of the net  production of t h i s  marsh 
plant. Grass which is ingested bu t  not  
assimilated does not  en t e r  the  energy 
balance of the population. However, t h i s  
process can be ecological ly s i gn i f i c an t ,  
s ince t he  grass  is removed from the cord- 
grass stems and deposited on the  marsh o r  
in  t i d a l  waters i n  t he  form of feces ,  
where i t  becomes ava i lab le  t o  a d i f f e r en t  
group of organisms. 

Insec ts  se rve  a s  an important food 
source i n  t he  wetland community, and a 
wide va r i e t y  of i n sec t  predators  and 

237 

One of the  b i rd s  which consumes l a r g e  
quan t i t i e s  of brackish and saltmarsh in- 
s ec t s  is the  marsh wren. Kale (1965). i n  
a study of the ecology and energet ics  of 
t he  marsh wren i n  Georgia s a l t  marshes, 
provided a considerable list of i n sec t s  
consumed by t h i s  predator  and t h e i r  f re -  
quency of occurrence i n  the d i e t  (Table 
4-28). This information not only serves 
t o  reemphasize the  important r o l e  of in- 
s e c t s  i n  marsh energe t ics ,  but  a l so  pro- 
v ides  a useful  l i s t i n g  of i n sec t s  present 
i n  s a l t  marshes of the  study area.  Kale 
(1965) a l s o  provided est imates of marsh 
insec t  and sp ider  population dens i t i e s ,  
report ing a mean densi ty of aver  500 in- 
dividualslm2. This densi ty produced a 
mean dry biomass/m2 of about 300 mg, and 
a mean energy content of 1,500 g cal/m2. 
Kale concluded t h a t  the marsh wren is an 
important predator  on 1 )  herbivorous in- 
s ec t s  of marsh vegetat ion;  2) hymenopterana, 
espec ia l ly  an t s  (Formicidae) ; 3) small 
p a r a s i t i c  wasps (Braconidae, Chalcidae, 
Ichneumonidae. Scel ionidae);  and 4) spiders  
t h a t  prey on insec ts .  This wren may, 
therefore ,  be a major f a c to r  i n  the con- 
t r o l  of secondary consumers among the 
arthropods of the grazing food chain. It 
is reasonable t o  assume t h a t  a number of 
o the r  coas ta l  b i rd s  would s imi la r ly  in- 
f luence i n sec t  and o the r  arthropod popula- 
t i o n  dynamics i n  brackish and s a l t  marshes. 

S a l t  marshes provide breeding hab i t a t  
f o r  severa l  medically and economically im- 
portant  i n sec t  species ,  pa r t i cu l a r l y  b i t -  
ing Diptera (Daiber 1974, Axte l l  1976, 
Linley 1976, O'Meara 1976). The important 
b i t i ng  i n sec t s  along the  coast  of the  
eas te rn  United S t a t e s  include severa l  spe- 
c i e s  of mosquitoes (Family Culicidae) ,  
gnats o r  sand f l i e s  (Family Ceratopogoni- 
dae) ,  and tabanids such a s  greenhead f l i e s  
and deer  f l i e s  (Family Tabanidae). These 
species  t yp i ca l l y  develop i n  d i f f e r en t  
port ions of the  marsh and upland. I n  gen- 
e r a l  (see Fig. 4-10), the  saltmarsh (e) 
mosquitoes breed i n  higher  and only in- 
t e rmi t t en t l y  flooded port ions of the marsh, 
o f ten  character ized ove ra l l  by black 
needlerush vegetat ion.  Mosquitoes do not  
breed i n  the  low marsh, which is flooded 
by each high t i d e ,  bu t  tabanid f l i e s  and 
gnats do. One species  of gnat, Culicoides 
melleus, breeds i n  the  very sandy margins 
of these marshes, a s  well  a s  along the 
margins of creeks and sounds (Axtel l  1974). 

The socioeconomic impact of these in- 
s e c t s  is considerable. Control of 



Table 4-28, S a l t m r s h  i n sec t s  consumed by t he  marsh wren i n  Georgia s a l t  m r s h e s ,  and t h e i r  
average frequency of occurrence i n  pooled stomach s e l e s  (adapted f rom Kale 1965). 

Insec ts  
Frequency 
(percent) 

Percent 
Total  

Volume 

Total  Hymenoptera 
Formicidae 
Ichneumonidae 
Braconidae 
Chalcididae 
Others 

Total  Homoptera 
Fulgoridae 

Total Coleoptera 
Curculionidae 
Anthribidae 
Cleridae 
Me1 yr idae  
Mordellidae 
Others 
Larvae 

Total  Diptera 
Ephydridae 
O t i t i dae  
Dolichopodidae 
Others 
Larvae 

Total  Hemiptera 
(Ischnodemus badiue) 

Total  Lepidoptera 
Larvae b Eggs 

Total  Orthoptera 
(Orchelimum fidicinium) 

Total  Insec t  Eggs 

mosquitoes and b i t i n g  f l i e s  i n  coa s t a l  
a reas  has been a d i f f i c u l t ,  expen- 
s ive ,  and continuous task over t h e  pas t  
severa l  decades. Such cont ro l  has of ten  
been necessary t o  prevent d i sease  t rans-  
mission. It a l so  provides r e l i e f  from 
a t t a ck  f o r  c i t i z e n s  and helps various seg- 
ments of t he  economy, espec ia l ly  t h e  tour- 
ist and recrea t iona l  indus t r ies .  

With t he  advent of pes t ic ides ,  par- 
t i c u l a r l y  t he  chlorinated hydrocarbons 
such a s  DDT, cont ro l  of nuisance i n sec t s  
has been aided,  but  not  without major en- 
vironmental complications. Ecological 
impacts of such pes t ic ides  have been wel l  
documented and w i l l  not be  repeated here  
because t he  l i t e r a t u r e  is massive. For 
f u r t he r  information, t he  reader  is d i -  
rected t o  Springer and Webster (1951) 
and Springer (1961). Also, t h e  Office of 

Biological  Services (U.S. Department of 
I n t e r i o r ,  Fish and Wild l i fe  Service 1976) 
produced an extensive annotated bibliog- 
raphy on mosquito cont ro l  procedures and 
prac t ices  and t h e i r  e f f e c t  on the environ- 
ment. Reimold and Shealy (1976) monitored 
such pes t ic ides  reaching nontarget or- 
ganisms from runoff i n t o  11 es tua r i e s  
represent ing a l l  t h e  major At lan t ic  drain- 
age basins i n  Georgia and South Carolina. 
Low but  de tec tab le  l eve l s  of DDT (10 - 33 
ppb) and i ts  metaboli tes  DDE (10 - 23 ppb) 
and TDE (10 - 20 ppb) were found i n  these  
nontarget es tuar ine  animals, desp i te  the  
f a c t  t h a t  use of DDT was discontinued i n  
1972. 

Man has a l s o  a t  times aggravated t he  
mosquito problem through coas t a l  dredge 
and disposal  a c t i v i t i e s .  Extensive dredg- 
ing  t o  maintain channels i n  coas ta l  r i v e r s  
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0.9. : 

C. me//eus 

Figure 4-10. Diagram of sal tmarsh h a b i t a t s  showing breeding s i t e s  of mosquitoes (Culicidae) ,  
deer  f l i e s  and greenhead f l i e s  (Tabanidae), and b i t i n g  gnats  (Ceratopogonidae) i n  
r e l a t i o n  t o  dominant marsh vegetat ion and t i d e  l e v e l s .  This i s  general ized and 
t h e  v e r t i c a l  s c a l e  is highly exaggerated (Axtel l  1974). 

and t h e  A t l a n t i c  I n t r a c o a s t a l  Waterway 
(AIWW) o f t e n  br ings  about concurrent near- 
by depos i t ion  of dredged mater ia l s .  These 
d i sposa l  s i t e s  o f ten  present  i d e a l  condi- 
t i o n s  f o r  breeding mosquitoes. D r .  W. 
Bruce Ezel l .  Jr. and h i s  a s s o c i a t e s  i n  t h e  
Department of Biology, The Ci tade l ,  a r e  
studying i n s e c t  succession i n  dredged 
mater ia l  d i sposa l  s i t e s .  These d a t a  a r e  
being cor re la ted  wi th  p l a n t  succession and 
s o i l  condit ions,  including information on 
s o i l  and water chemistry and p l a n t  pro- 
d u c t i v i t y .  These i n v e s t i g a t o r s  a r e  a l s o  
researching c o a s t a l  mosquitoes and a r e  
comparing h a b i t a t s  such a s  swales of bar- 
r i e r  i s l a n d s ,  dredge d i sposa l  s i t e s ,  and 
duck ponds, including diked-off o l d  r i c e  
f i e l d s  (W. B. E z e l l ,  1979, The Ci tade l ,  
Charleston, South Carol ina,  pers .  corn.).  

4. F i shes  

A number of s t u d i e s  have been con- 
ducted on f i s h e s  inhabi t ing  t h e  emergent 
wetlands of t h e  Sea I s land  Coastal Region. 
Dr. John M. Dean (ongoing research,  
Universi ty  of South Carolina) is i n v e s t i -  
ga t ing  the f i s h e s  of shallow t i d a l  creeks 
i n  the  Santee es tuary  using a v a r i e t y  of 
c o l l e c t i n g  methods, including small  mesh 
s t o p  n e t s ,  g i l l  ne t s ,  bottom t rawls ,  and 
nekton ne t s .  I n  o ther  a r e a s  of South 
Carolina, inves t iga t ions  of t h e  f i s h e s  of 
i n t e r t i d a l  creeks assoc ia ted  with emergent 
wetlands have been c a r r i e d  out .  Turner 
and Johnson (1972, 1974) co l lec ted  f i s h e s  

and inver tebra tes  i n  small  t i d a l  creeks of 
Por t  Royal Sound and the  Cooper River. I n  
1972, t h e  Marine Resources Divis ion con- 
ducted s t o p  n e t  surveys i n  small i n t e r t i d a l  
creeks a t  severa l  l o c a t i o n s  along t h e  
South Carolina coast  (South Carolina Marine 
Resources Divis ion,  1972, Charleston, un- 
publ. da ta ) .  Cain (1973) s tud ied  the  an- 
nual  occurrence, abundance, and d i v e r s i t y  
of f i s h e s  i n  an i n t e r t i d a l  creek a t  North 
I n l e t .  Burns (1974) inves t iga ted  t h e  spe- 
c i e s  and d i v e r s i t y  of l a r v a l  f i s h e s  i n  a 
high marsh t i d a l  creek a t  North I n l e t .  

I n  Georgia, Dahlberg (1972) conducted 
i n v e s t i g a t i o n s  of f i s h e s  i n  t i d a l  creeks 
and marshes of severa l  e s t u a r i e s .  Mil ler  
and Jorgenson (1969) recorded 56 f i s h  
spec ies  from t h e  high marsh h a b i t a t  i n  
Georgia. Mahood e t  a l .  (1974a, b ,  c ,  d )  
conducted se in ing  i n  small t i d a l  creeks 
throughout c o a s t a l  Georgia over a 3-year 
period. 

The National Marine F isher ies  Service 
(NMFS) Beaufort Laboratory i n  North 
Carolina has conducted sampling f o r  ju- 
v e n i l e  A t l a n t i c  menhaden i n  t i d a l  creeks 
of Georgia and South Carol ina s ince  1966. 
Very l i t t l e  of t h i s  information is i n  pub- 
l i shed  form, although i t  has been used t o  
c a l c u l a t e  an annual crude index of year- 
c l a s s  abundance. Tagging s t u d i e s  of ju- 
v e n i l e  A t l a n t i c  menhaden a l s o  have been - 
conducted by NMFS along the  South A t l a n t i c  
(Kroger and Guthrie  1972). 



Fishes which t yp i ca l l y  inhabi t  i n t e r -  
t i d a l  marshes of South Carolina and 
Georgia include those which move i n  and 
out with the  t i d e  and those which frequent 
potholes and standing pools of water re- 
maining a f t e r  the  t i d e  recedes. The most 
common res ident  spec ies  a r e  the mummichog, 
sheepshead minnow, At lan t ic  s i l ve r s i de ,  
and bay anchovy. Transient spec ies  which 
frequent i n t e r t i d a l  wetlands during vari-  
ous s tages  of t h e i r  l i f e  cycle include 
mullets  and sc iaen ids  (spotted s ea t rou t ,  
s i l v e r  perch, and spot ) .  Tidal  pools i n  
the  high marsh a r e  inhabited by cyprino- 
donts ,  s a i l f i n  molly, mosquitofish, and 
other  s t r e s s - t o l e r an t  species .  Other 
f i she s  a t  times found i n  t i d a l  pools in-  
clude ladyf i sh ,  juvenile  tarpon, and 
snook. 

In  South Carol ina,  Cain and Dean 
(1976) co l lec ted  16,611 ind iv idua ls  repre- 
sen t ing  51 spec ies  of marine and es tuar ine  
f i she s  from a t i d a l  creek i n  t he  North 
I n l e t  a rea  over a  1-year period. They 
sampled with a small mesh s t op  se ine .  
In  e a r l y  spring,  t h e  a r ea  was dominated 
by mununichog and A t l an t i c  s i l ve r s i de ,  
although bay anchovy, s t r i ped  k i l l i f i s h ,  
and l a r v a l  o r  pos t l a rva l  spo t ,  A t l an t i c  
croaker ,  and mullet were numerous. The 
mummichog, s t r i p e d  k i l l i f i s h ,  and A t l an t i c  
s i l v e r s i d e  feed almost exclusively on l a r -  
v a l  f i she s ,  whereas bay anchovy subsisted 
l a rge ly  on planktonic crustaceans (cope- 
pods, e t c . ) .  I n  t he  summer, young spot  
were most abundant, followed by juvenile  
mul le t ,  s i l v e r  perch, and spo t f i n  
mojarra. Larger predatory spec ies  a l s o  
were present ,  including A t l an t i c  needle- 
f i s h ,  b luef i sh ,  c reva l le  jack, and floun- 
de r s ,  but these f i she s  were not  numerous. 
In  t he  f a l l ,  mummichog again became t he  
most abundant species .  Other abundant 
f i she s  were s i l v e r s i d e s ,  s i l v e r  perch, 
anchovies, and mullets .  Predators  such 
a s  longnose gar ,  At lan t ic  needlef i sh ,  
jacks, and f lounders  were numerous. In  
winter ,  A t l an t i c  s i l ve r s i de s  were domi- 
nant ,  followed by mummichog, s t r i ped  
k i l l i f i s h ,  and p inf i sh ;  t he  f i r s t  th ree  
spec ies  feed on spot  and mullet  larvae.  

The d ive r s i t y  of f i she s  i n  the  i n t e r -  
t i d a l  creek appears t o  be cor re la ted  with 
annual temperature cycles (Cain 1973). 
Only a  l imited number of common species  
( including mummichog, At lan t ic  s i l v e r s i d e .  
s t r i ped  k i l l i f i s h ,  and bay anchovy) would 
be considered year around, eurythermal 
res idents .  

During January 1977, Shenker and Dean 
(1979) in tens ive ly  sampled a high s a l i n i t y  
creek (25O/oo - 32O/oo) i n  the  same North 
I n l e t  estuary.  A t o t a l  of 14,730 f i she s  
represent ing a t  l e a s t  22 spec ies  were 
captured. O f  t h i s  t o t a l ,  11,051 were 
immature f i s h  and represented a t  l e a s t  
13 spec ies .  

Of t he  l a r v a l  forms present ,  s i x  spe- 
c i e s  made up 99% of t he  t o t a l  catch of i m -  
mature f ishes:  l a r v a l  spo t ,  juvenile  mul- 
l e t ,  t h e  leptocephalus of t he  speckled 
worm e e l ,  l a r v a l  p inf i sh ,  l a r v a l  f lounders ,  
and l a r v a l  At lan t ic  croaker. Larval spot  
was by f a r  the  most abundant but showed no 
apparent day-night pa t te rn .  No day-night 
pa t t e rn  was evident f o r  l a r v a l  p inf i sh ,  
juvenile  mul le t ,  and A t l an t i c  croaker. 
Eel  leptocephali  were captured more f re -  
quently during daylight  while l a r v a l  
flounders were taken more frequently a t  
n igh t .  

The f i she s  u t i l i z i n g  the  i n t e r t i d a l  
marsh-creek areas have a d i s t i n c t  advan- 
tage  over o ther  species  i n  t h e  estuary i n  
t ha t  they have more ava i l ab l e  productive 
hab i t a t .  Species t h a t  can withstand t he  
r i go r s  of i n t e r t i d a l  a reas  a r e  extremely 
important ecological ly.  

Fishes which exhib i t  the  highest  an- 
nual  biomass and abundance i n  i n t e r t i d a l  
e s t ua r i ne  wetlands a r e  de t r i t i vo re s ,  omni- 
vores,  o r  primary consumers. None appear 
t o  be l imi ted  t o  an exclusive t rophic  
l e v e l ,  s i nce  feeding behavior changes a s  
they grow. Odum (1970a) s t a t ed  t ha t  most 
food chains i n  shallow e s tua r i e s  a r e  based 
upon plant  d e t r i t u s  and microalgae r a the r  
than on phytoplankton-zooplankton produc- 
t ion .  Fishes and o ther  animals rep lace  
zooplankton a s  the  c r i t i c a l  herbivore l ink .  
For example, i n  marsh creeks,  mullet feed 
la rge ly  on marsh d e t r i t u s  and l i v ing  algae,  
and i n  t u rn  a r e  preyed upon by mid and top 
l e v e l  carnivores.  

Turner and Johnson (1973, 1974) con- 
ducted inves t iga t ions  of t he  s tanding crops 
of f i she s  and inver tebra tes  inhabit ing 
t i d a l  creeks i n  t h e  Por t  Royal and Cooper 
River e s t ua r i e s ,  South Carolina, using 
small  mesh s top  ne t s .  Although species  
d ive r s i t y  was g r ea t e r  i n  the  high s a l i n i t y  
Port  Royal a rea  (59 species)  than i n  the  
brackish Cooper River a rea  (45 spec ies ) ,  I 

t o t a l  numbers of f i she s  and biomass were 
considerably higher i n  t i d a l  creeks of the  I 
l a t t e r  estuary (Table 4-29). A t l an t i c  I 
s i l v e r s i d e ,  s t r i ped  mul le t ,  bay anchovy, 
mummichog, At lan t ic  menhaden, s i l v e r  perch, 
and f lounders  were the  most abundant species  
co l lec ted  i n  the  Port  Royal creeks. In 

i 
Cooper River t i d a l  creeks,  At lan t ic  croaker, 

1 
mummichog, A t l an t i c  menhaden, and spot  pre- 
dominated, with o ther  abundant spec ies  in -  
cluding t idewater  s i l v e r s i d e ,  s i l v e r  perch. 
s t r i ped  mullet ,  freshwater goby, and 
southern flounder. Common inver tebra te  
food organisms associated with the  f i she s  
i n  t i d a l  creeks included grass  shrimp (e- 
monetes spp . ) ,  penaeid shrimp (Penaeus spp.) ,  
juveni le  blue crabs, and squid (Lolliguncula 
brev is ) .  S a l i n i t y  i n  Cooper River t i d a l  
creeks was very low during the  study pe- 
r i od  (O.oO/oo - 3.0°/oo). This study is 
one of t he  few quan t i t a t i ve  inves t iga t ions  
conducted i n  low s a l i n i t y  t i d a l  creeks i n  
the  upper reaches of an estuary i n  e i t h e r  



n O n  
rln m r l  
~ n .  m .  
u r. 

m 
-In 

N m 



Ta
bl
e 

4-
28

. 
Co
nt
in
ue
d 

CO
OP
ER
 R

~
W

R
 CR
EE
KS
 

P
O
R
T
 R
O
Y
A
L
 S
OU
ND
 C
RE
EK
S 

Ju
ly
 

No
ve
mb

er
 

Ju
ly
 

Oc
to
be
r 

-
 
-
 

-
 

En
gr
au
li
da
e 

Ba
y 

an
ch
ov
y 

St
ri
pe
d 
an
ch
ov
y 

Sy
no
do
nt
id
ae
 

In
sh

or
e 
li
za
rd
ii
eh
 

Ic
ta
lu
ri
da
e 

Wh
it

e 
c
a
t
f
i
e
h
 

Ar
ii
da

e 
Se
a 

ca
tf
is
h 

Ba
tr
ac

ho
id
id
ae
 

Oy
et
er
 
to
ad
fi
eh
 

Ga
di
da
e 

W
h
i
t
e
 h

a
k
e
 

He
mi
ra
mp
hi
da
e 

(s
ee
 E
xo
co
et
id
ae
) 

Ha
lf
 b
ea
k 

Be
lo
ni
da
e 

At
la
nt
ic
 
ne
ed
le
fi
sh
 

Cy
pr
in
od
on
ti
da
e 

Mu
ar
mi
ch
og
 

St
ri
pe
d 
ki
ll
if
is
h 

Po
ec
il
ii
da
e 

Mo
sq
ui
to
fi
sh
 



h 
h m 
rlrl 

ws 
$ 6  

V 

h 
rl N 
4 .  m rl 

V 

h 
u rr) 
r l .  
4 0 

V 

h 
rlrl 

? 

h 
rlrl 4 2  

9 9 



T
ab

le
 4

-2
9.

 
C

on
ti

nu
ed

 

FI
SE

E
S 
-
 

CO
O

PE
R 

RI
VE

R 
CR
EE
KS
 

PO
RT

 
RO

YA
L 

SO
UN

D 
C

R
Em

S 
A

p
ri

l 
J
u

ly
 

N
ov

em
be

r 
A

p
ri

l 
J
u
lp

 
O

ct
ob

er
 

-
 
-
 

-
 
-
 

G
er

re
id

ae
 

S
il

v
er

 j
en

n
y 

P
oa

rs
da

ey
id

ae
 

P
ig

f i
.b

 

S
ci

ae
n

id
oa

 
A

tl
a

n
ti

c 
cr

oa
k

er
 

B
la

ck
 d

ru
m

 

si
lv

e
r

 p
er

ch
 

S
p

ot
 

S
p

ot
te

d
 a

ea
tr

ou
t 

W
ea

kf
 ia

h
 

E
ph

ip
pi

da
e 

A
tl

a
n

ti
c 

sp
ad

ef
ie

h
 

M
u

gi
li

d
ae

 
S

tr
ip

ed
 m

u
ll

et
 

Sp
hy

ra
en

id
ae

 
G

re
at

 b
rr

a
cu

d
a

 



T
a
b
l
e
 4

-2
9.

 
C
o
n
t
i
n
u
e
d
 

F
I
S
H
E
S
 

C
O
O
P
E
R
 R
I
V
E
R
 C
R
E
E
K
S
 

P
O
R
T
 R
O
Y
A
L
 
S
O
U
N
D
 C
R
E
E
K
S
 

A
p
r
i
l
 

Ju
ly
 

N
o
v
e
m
b
e
r
 

A
p
r
i
l
 

Ju
ly
 

O
c
t
o
b
e
r
 

-
 

-
 

B
l
e
n
n
i
i
d
a
e
 

F
e
a
t
h
e
r
 b
le
nn
y 

G
o
b
i
i
d
a
e
 

C
l
o
w
n
 
go
by
 

F
r
e
s
h
w
a
t
e
r
 g
ob
y 

G
r
e
e
n
 g
ob
y 

L
y
r
e
 g
ob
y 

Na
ke
d 

go
by
 

S
h
a
r
p
t
a
i
l
 g
ob
y 

T
r
i
c
h
i
u
r
i
d
a
e
 

A
t
l
a
n
t
i
c
 c
u
t
l
a
s
s
f
i
s
h
 

S
c
o
m
b
r
i
d
a
e
 

S
p
a
n
i
s
h
 m
a
c
k
e
r
e
l
 

S 
t
r
o
m
a
t
e
i
d
a
e
 

S
o
u
t
h
e
r
n
 h
a
r
v
e
s
t
f
i
s
h
 

B
u
t
t
e
r
f
i
s
h
 

T
r
i
g
l
i
d
a
e
 

L
e
o
p
a
r
d
 s
e
a
r
o
b
i
n
 

Bo
 t
h
i
d
a
e
 

Fr
in
ge
d 

f
l
o
u
n
d
e
r
 



T
a
b
l
e
 4
-2
9.
 

Co
nc
lu
de
d 

C
O
O
P
E
R
 R
I
V
E
R
 
CR
EE

KS
 

P
O
R
T
 R
O
Y
A
L
 S

O
U
N
D
 C
RE
EK
S 

Ap
ri
l 

Ju
ly

 
No
ve
mb
er
 
a
 

Ju
ly
 

Oc
to
be
r 

-
 
-
 

-
 
-
 

F
I
S
H
E
S
 

Bo
th
id
ae
 
(C
on
ti
nu
ed
) 

S
o
u
t
h
e
r
n
 
fl
ou
nd
er
 

S
u
m
m
e
r
 f
lo
un
de
r 

Oc
el
la
te
d 

f
l
o
u
n
d
e
r
 

Ba
y 

w
h
i
f
f
 

Gu
lf
 
fl
ou
nd
er
 

Un
id
en
ti
fi
ed
 
y
o
u
n
g
 

S
o
l
e
i
d
a
e
 

Ho
gc
ho
ke
r 

C
y
n
o
g
l
o
s
s
i
d
a
e
 

B
l
a
c
k
c
h
e
e
k
 
to
ng
ue
fi
sh
 

B
a
l
i
s
t
i
d
a
e
 

O
r
a
n
g
e
 
f
 il
ef
 i
sh
 

Py
gm
y 

f
i
l
e
f
i
s
h
 

Di
od
on
ti
da
e 

St
ri
pe
d 

bu
rr
fi
sh
 

T
O
T
A
L
 F

I
S
H
E
S
 

N
U
M
B
E
R
 O

F
 
SP
EC
IE
S 

24
 

30
 

32
 

32
 

4
0

 
3 6

 



South Carolina o r  Georgia, and i n d i c a t e s  
t h a t  the  s ign i f icance  of these  a reas  may 
be much grea te r  than previously recognized. 

I n  1972, the  South Carolina Marine 
Resources Divis ion (unpubl. da ta )  conducted 
t i d a l  creek blockage sampling with a small 
mesh s t o p  s e i n e  a t  four  se lec ted  s t a t i o n s  
from Sewee Bay south t o  Toogoodoo Creek 
a t  the  head of the  North Edisto River. A 
t o t a l  of 33 spec ies  of f i s h  was co l lec ted .  
A t l a n t i c  s i l v e r s i d e ,  mummichog, s t r i p e d  
k i l l i f i s h ,  and s t r i p e d  mullet  were by f a r  
the  most abundant spec ies  co l lec ted  (Table 
4-30). 

and d i s t r i b u t i o n  of f i s h e s  i n  the in te r -  
t i d a l  wetlands of South Carolina and 
Georgia, l i t t l e  work has been done on t h e i r  
l i f e  h i s t o r i e s ,  t rophic  re la t ionsh ips ,  o r  
population dynamics. Likewise, t h e  e f f e c t s  
of man-induced changes on t h e  f i s h e s  of 
t h i s  h a b i t a t  a r e  l i t t l e  known o r  under- 
stood. Fishes found i n  i n t e r t i d a l  wetlands 
a r e  highly suscep t ib le  t o  p e s t i c i d e s  ap- 
p l ied  f o r  i n s e c t  con t ro l  on adjacent  coastal  
i s l a n d s  and a g r i c u l t u r a l  l ands ,  and k i l l s  
due t o  t h e  introduct ion of chemicals such 
a s  malathion, parathion and toxaphene have 
been frequent  i n  recent  years  (South 
Carolina Marine Resources Division, 
Charleston, unpubl. d a t a ) .  Dredge and f i l l  
operat ions,  drainage modif icat ions on ad- 
jacent  uplands, d i tch ing ,  and o ther  a l t e r a -  
t i o n s  can a l s o  have a s i g n i f i c a n t  but l i t t l e  
known h p a c t  upon t h e  marine and es tuar ine  
f i s h e s  inhabi t ing  i n t e r t i d a l  wetlands. 

Mahood e t  a l .  (1974a. b ,  c ,  d )  col- 
l ec ted  46 spec ies  of f i s h e s  from se ine  
c o l l e c t i o n s  made i n  small t i d a l  creeks 
located i n  every major es tuary  of Georgia. 
The most common spec ies  encountered were 
mullet ,  spo t ,  black drum, A t l a n t i c  croaker, 
and spot ted s e a t r o u t .  To ta l  numbers and 
average s i z e s  of juven i les  of t h e  12 most 
important spec ies  taken a r e  presented i n  
Table 4-31. I n  t h e  high marsh, Mi l le r  and 
Jorgenson (1969) recorded 56 spec ies  of 
f i shes .  Table 4-32 presents  abundance 
f i g u r e s  f o r  the  10 most common spec ies  
co l lec ted  during t h i s  inves t iga t ion .  I n  
t h i s  h a b i t a t ,  the  mummichog was the  most 
abundant species .  Dahlberg (1972) de- 
scr ibed t h e  d i s t r i b u t i o n  of f i s h e s  i n  re- 
l a t i o n  t o  environmental f a c t o r s  i n  a 
Georgia es tuary  and adjoining beach and i n  
c o a s t a l  p l a i n  creeks. The d i s t r i b u t i o n s  
of 168 f i s h  spec ies  were r e l a t e d  t o  nine 
recognizable h a b i t a t s ,  including high 
marsh, low s a l i n i t y  t i d a l  pool,  and high 
s a l i n i t y  t i d a l  pool. He recorded 22 spe- 
c i e s  from the low s a l i n i t y  t i d a l  pool habi- 
t a t .  Species c h a r a c t e r i s t i c  of t h i s  habi- 
t a t  included ladyf i sh ,  tarpon,  sheepshead 
minnow, mummichog, mosquitofish, s a i l f i n  
molly, mullets ,  snook, and spo t .  Species 
r e s t r i c t e d  t o  low s a l i n i t y  t i d a l  pools 
include marsh k i l l i f i s h ,  f a t  s l e e p e r ,  and 
freshwater goby. Not surpr i s ing ly ,  high 
s a l i n i t y  t i d a l  pools i n  Georgia supported 
a more d iverse  f i s h  fauna (37 spec ies ) .  
Large numbers of cyprinodontiformes (mum- 
michog, s a i l f i n  molly, sheepshead minnow, 
s t r i p e d  k i l l i f i s h ,  mosquitofish) and 
s p o t f i n  mojarra were found i n  shallow 
pools of t h i s  type,  while young s i l v e r  
perch, spo t ,  and gobies were numerous i n  
nearby deep pools. Ladyfish, mul le t s ,  
and bay anchovy were found i n  l a r g e  num- 
bers  i n  both types of pools. 

During an inves t iga t ion  of sal tmarsh 
f i s h e s  a t  Sapelo I s land ,  Georgia (Linton 
and Rickards 1965), r e l a t i v e l y  l a r g e  num- 
b e r s  of young-of-the-year snook were col- 
l ec ted  by small mesh se ines  i n  the  upper 
reaches of t i d a l  marsh creeks.  Fishes 
usual ly taken i n  assoc ia t ion  with snook 
included juveni le  tarpon,  l adyf i sh ,  mojar- 
r a s ,  mul le t s ,  spot ,  s a i l f i n  molly, mos- 
q u i t o f i s h ,  sheepshead minnow, and gobies. 

Although much information is ava i l -  
a b l e  on t h e  spec ies  occurrence, d i v e r s i t y ,  
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5.  Amphibians and Rept i l es  

Few amphibians and r e p t i l e s  a r e  repre-  
sented i n  the  i r r e g u l a r l y  flooded i n t e r -  
t i d a l  a r e a s  of e s t u a r i e s  i n  Georgia and 
South Carol ina,  and none reported from t h i s  
h a b i t a t  a r e  t r u l y  c h a r a c t e r i s t i c .  Most 
records a r e  of ind iv idua ls  reported from 
a r e a s  ou ts ide  t h e  Sea I s land  Coastal Region. 
but  because of the s i m i l a r i t y  of h a b i t a t s  
and condit ions,  these  spec ies  would be ex- 
pected t o  occasional ly v i s i t  o r  u t i l i z e  
t h i s  h a b i t a t  along t h e  Georgia and South 
Carolina coas t s ,  i f  only a s  t r a n s i e n t s .  
The pauci ty of herpe to log ica l  research i n  
s a l i n e  h a b i t a t s  of the  United S t a t e s  was 
noted by N e i l l  (1958). 

Southern toads were observed by Engels 
(1952) t o  invade i r r e g u l a r l y  flooded a r e a s  
of Shackleford Banks, North Carolina, and 
N e i l l  (1958) reported e a s t e r n  narrowmouth 
toads on glasswort f l a t s  of Merr i t t  I s land ,  
F lor ida .  Eastern spadefoot toads a r e  
known t o  occur i n  the  Altamaha Basin, 
Georgia (Georgia Department of Natural Re- 
sources,  1979, At lan ta ,  unpubl. da ta ) .  
Southern leopard f rogs  a r e  o f t e n  reported 
from sal tmarsh h a b i t a t s  (Pearse 1936, Carr 
1940, N e i l l  1958, Blaney 1971), and they 
a r e  probably the  most connnon amphibians i n  
t h i s  h a b i t a t  wi th in  t h e  charac te r iza t ion  
a rea .  N e i l l  (1958) reported l i t t l e  g rass  
f rogs ,  green t ree f rogs ,  and chorus f rogs  
from various halophytic  f l o r a  such a s  
"black rushes" (= Juncus?), cordgrass  and 
"salt-marsh vegetat ion" on M e r r i t t  I s land ,  
Florida.  Green t r e e f r o g s  were noted i n  
brackish h a b i t a t s  near  Kiawah I s land ,  South 
Carolina (Gibbons and Harrison 1975), and 
a s i m i l a r  species ,  the  s q u i r r e l  t r e e f r o g ,  
was observed i n  sal tmarsh vegetat ion i n  
northwest Florida (Blaney 1971). The few 
r e p o r t s  of salamanders i n  es tuar ine  in- 
t e r t i d a l  s i t u a t i o n s  involve circumstances 
which ca tegor ize  the  occurrence a s  acci-  
den ta l  (see Neil1 1958, and Amphiuma ac- 
count under the  subsect ion on f l a t s  of t h e  
I n t e r t i d a l  es tuar ine  subsystem). 
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No snakes a r e  cornon i n  i r r e g u l a r l y  
flooded e s t u a r i n e  a reas .  Gibbons and 
Harrison (1975) occas iona l ly  found banded 
water snakes, cottonmouths, and yellow 
r a t  snakes i n  t h i s  h a b i t a t  around Kiawah 
I s l a n d ,  South Carolina. Rough green 
snakes have been observed feeding i n  high 
marsh a r e a s  ( i - e . ,  s h o r t  Spar t ina  a l t e r n i -  
flora) around James I s land ,  Charleston 
County, South Carol ina (C. H. Bearden, 
1979, South Carol ina Marine Resources Di- 
v i s i o n ,  Charleston,  pe rs .  comm.), and 
Engels (1942) c o l l e c t e d  a rough green 
snake among black needlerush on Ocracoke 
I s land ,  North Carol ina.  There e x i s t  sev- 
e r a l  r e p o r t s  of brown water  snakes i n  sa- 
l i n e  h a b i t a t s  of South Carol ina.  Along 
t h e  lower Combahee River ,  t h i s  spec ies  
was found i n  s a l t  water  where t h e  associ-  
a t e d  fauna was mostly marine (Nei l l  1951). 
Jobson (1940) and Obrecht (1946) reported 
t h i s  spec ies  from t i d a l  creeks o r  r i v e r s  
i n  t h e  Georgetown a r e a ,  but t i d a l  i n f l u -  
ence does not  n e c e s s a r i l y  i n d i c a t e  s a l i n e  
condi t ions ;  these  records may be marginal 
because t h e  specimens were c o l l e c t e d  in- 
land from t h e  usua l  ex ten t  of  t h e  1°/oo 
i s o h a l i n e  (Estuar ine Survey, 1978, South 
Carol ina Marine Resources Divis ion,  
Charleston,  unpubl. d a t a ) .  

The e a s t e r n  g a r t e r  snake and t h e  is- 
land g l a s s  l i z a r d  were found i n  associa-  
t i o n  with f i d d l e r  c rabs  (5) near  
Bluff ton,  Beaufort County, South Carol ina 
(Nei l l  1958). I n  northwest F l o r i d a ,  t h e  
e a s t e r n  g l a s s  l i z a r d  was a l s o  noted t o  u s e  
Uca burrows (Blaney 1971). The t y p i c a l l y  - 
f reshwater  e a s t e r n  mud snake was reported 
by N e i l l  (1958) t o  i n h a b i t  " i n l e t s ,  e s tu -  
a r i e s ,  s a l t  c reeks ,  and s a l t  marshes" 
a long the  Georgia and South Carol ina 
coas t s .  I n  i ts normal h a b i t a t s ,  t h i s  
snake feeds almost exc lus ive ly  on s a l a -  
manders of t h e  genera Amphiuma and Siren, 
but  i n  these  s a l i n e  a reas  i t  is  piscivo-  
rous ( N e i l l  1958). 

Carol ina diamondback t e r r a p i n s  a r e  
perhaps t h e  most c h a r a c t e r i s t i c  r e p t i l e  of 
i r r e g u l a r l y  flooded i n t e r t i d a l  e s t u a r i n e  
h a b i t a t s .  This a r e a  is  u t i l i z e d  f o r  sun- 
ning and egg lay ing  (Coker 1906, Johnson 
e t  al .  1974). and f o r  foraging during 
per iods of high t i d e  (Johnson e t  a l .  1974). 
Other t u r t l e  spec ies  recorded from t h i s  
h a b i t a t  by N e i l l  (1958) inc lude  t h e  connnon 
snapping t u r t l e ,  s t r i p e d  mud t u r t l e  [ see  
Conant (197511, e a s t e r n  mud t u r t l e ,  and 
chicken t u r t l e .  

American a l l i g a t o r s  are not  in f re -  
quent ly  encountered i n  e s t u a r i n e  emergent 
wetlands i n  t h e  Sea I s land  Coastal  Region 
(Obrecht 1946, N e i l l  1958, Gibbons and 
Harrison 1975). An ind iv idua l  was seen by 
Allen and N e i l l  (1949) i n  a s a l t  marsh 
(= Spart ina?)  i n  South Carol ina,  and 
Obrecht (1946) reported n e s t i n g  i n  " t i d a l  
marshes" near  Myrt le  Beach, South 
Carolina, but he included no s a l i n i t y  
data .  H i l l e s t a d  e t  a l .  (1975) reported 

t h a t  a l l i g a t o r s  f requen t ly  moye between 
t h e  i s l a n d s  and mainland a s  w e l l  a s  be- 
tween i s l a n d s  o f f  t h e  Georgia coas t .  Also, 
t h e  l a r g e r  a l l i g a t o r s  i n  i s l a n d  ponds move 
i n t o  t i d a l  creeks i n  the  s a l t  marshes 
(Zweifel and Cole 1974). 

The r e g u l a r l y  flooded s a l t  marshes of 
c o a s t a l  South Carol ina and Georgia provide 
a unique h a b i t a t  f o r  b i r d s ,  and s i g n i f i c a n t  
eco log ica l  r e l a t i o n s h i p s  e x i s t  between 
l a r g e  numbers of  b i r d s  and t h e  marsh vege- 
t a t i o n .  Tn such a pulse-s table  ecosystem 
(Odum 1971), these  r e l a t i o n s h i p s  assume 
both d i r e c t  and i n d i r e c t  dimensions 
(Shanholtzer 1974b). 

Di rec t  a ssoc ia t ions  a r e  those involv- 
i n g  s p a t i a l  and physical  u t i l i z a t i o n  of 
emergent wetlands by b i r d s .  The vege ta t ion  
i t s e l f  se rves  a s  a base  f o r  feeding,  repro- 
duct ion,  and roos t ing  a c t i v i t i e s  f o r  b i r d s  
and o ther  v e r t e b r a t e s  (Johnson et a l .  
1974). Feeding h a b i t a t  provided by emer- 
gen t  wetlands v a r i e s  with seasons, t i d e s ,  
and p l a n t  s p e c i e s ,  h e i g h t ,  and abundance. 
Shanholtzer (1974b) discussed seasonal  
d i e t a r y  s h i f t s  i n  b i r d s  which r e s u l t  i n  
d i f f e r e n t  a c t i v i t y  p a t t e r n s .  For example, 
t h e  seas ide  sparrow and red-winged black- 
b i r d  a r e  carnivorous during t h e  surmner and 
granivorous during f a l l  and winter .  Thus, 
a v e r t i c a l  s h i f t  i n  space u t i l i z a t i o n  is  
implied. Peak per iods  of feeding i n  smooth 
cordgrass  by b i r d s  occurs  during f a l l  and 
spr ing  migrat ions.  

Nesting by marsh b i r d s  o f t e n  t akes  
p lace  i n  conjunction with feeding a c t i v i -  
t i e s .  These r a t h e r  d i s c r e t e  a r e a s  a r e  
many t imes defended a g a i n s t  o ther  members 
of  t h e  same spec ies .  Other marsh b i r d s  
n e s t  i n  co lon ies  away from the  feeding 
t e r r i t o r i e s .  The long-billed marsh wren 
is an example of t h e  former (Kale 1965), 
and heron spec ies  assemblages exemplify 
t h e  l a t t e r  (Shanholtzer 1974a). 

The use of Spar t ina  marsh by n e s t i n g  
b i r d s  can remove a s u b s t a n t i a l  amount of 
g r a s s  l o c a l l y ,  a s  discussed by Shanholtzer 
( 1 9 7 4 ~ ) .  This is e s p e c i a l l y  t r u e  of 
c o l o n i a l  avian n e s t i n g  sites i n  t h e  marsh. 
White i b i s  on South Carolina and Georgia 
c o a s t a l  marsh i s l a n d s  a r e  c o l o n i a l  n e s t e r s  
and remove s u b s t a n t i a l  a r e a s  of marsh vege- 
t a t i o n  during nes t ing  (Shanholtzer 1 9 7 4 ~ ) .  
Tn c o n t r a s t ,  t h e  long-bi l led marsh wren 
uses  less g r a s s  i n  cons t ruc t ion ,  does n o t  
n e s t  i n  dense co lon ies ,  and removes r e l a -  
t i v e l y  l i t t l e  marsh g rass .  

S a l t  marsh is a l s o  used a s  roos t ing  
o r  r e s t i n g  sites f o r  breeding and non- 
breeding marsh b i r d s .  Surface roos t ing  
spec ies  inc lude  t h e  rails, whi le  red- 
winged blackbirds ,  s v a l l w s ,  and wrens a r e  
p lan t  roos t ing  species .  Also, va r ious  
s h o r e b i r d s  use  wracks of dead smooth cord- 
g r a s s  a s  r e s t i n g  s i t e s .  Most plant-based 



r o o s t i n g  occurs  i n  t h e  medium t o  t a l l  
smooth cordgrass  zone, where t h e  g r a s s  
presumably is b e t t e r  a b l e  t o  support  t h e  
b i r d ' s  weight (Shanholtzer 1 9 7 4 ~ ) .  

I n d i r e c t  r e l a  t i o n s h i p s  between b i r d s  
and e s t u a r i n e  emergent wet lands invo lve  
n u t r i e n t  and m a t e r i a l  cyc l ing  i n  t h e  s a l t  
marsh and d i s p e r s a l  of halophyte  seeds. 
Shanhol tzer  ( 1 9 7 4 ~ )  i n v e s t i g a t e d  n u t r i e n t  
cyc l ing  and enrichment v i a  f e c a l  inpu t  
from c o l o n i a l  nes t ing  b i r d s  i n  a s a l t  
marsh near  t h e  S a t i l l a  River ,  Georgia. 
An est imated 3 - 4 m e t r i c  tons  (wet 
weight) of f e c a l  m a t e r i a l  were excreted 
on a smal l  marsh i s l a n d  from a heron 
colony of 3,000 - 4,000 a c t i v e  n e s t s .  A l -  
though t h e  s i g n i f i c a n c e  of t h i s  inpu t  has  
n o t  been q u a n t i f i e d ,  s t u d i e s  of a r t i f i -  
c i a l l y  f e r t i l i z e d  cordgrass  marsh have 
shown a two-fold inc rease  i n  l i v e  s tanding 
crop of s tun ted  and s h o r t  Spar t ina .  S ince  
av ian  f e c a l  and u r i n a r y  m a t t e r  a r e  con- 
c e n t r a t e d  wi th  ammonium n i t r a t e ,  t h e  en- 
richment p rocess  from c o l o n i a l  n e s t i n g  
could b e  l o c a l l y  s i g n i f i c a n t .  Also, m i -  
g r a t o r y  s p e c i e s  such a s  t r e e  swallows and 
barn swallows a r e  observed by t h e  thou- 
sands feed ing  and migra t ing  above t h e  
marsh su r face .  These b i r d s ,  i n  a d d i t i o n  
t o  shoreb i rds  and waterfowl, .deposi t  f e c a l  
ma t te r  i n  t h e  marsh and c o n t r i b u t e  t o  t h e  
n u t r i e n t  cyc le  (Shanholtzer 1974b). 

Approximately 70 spec ies  of b i r d s  u s e  
t h e  e s t u a r i n e  emergent wet lands i n  t h e  
c o a s t a l  zone of Georgia and South Carol ina,  
b u t  only about  27 should be considered a s  
dominant i n  terms of r e l a t i v e  abundance 
and t r o p h i c  dynamics (Table 4-33). Most 
dominant spec ies ,  such a s  herons, e g r e t s ,  
g u l l s ,  and r a p t o r s ,  a r e  permanent r e s i -  
d e n t s  of t h e  e s t u a r i n e  emergent wetlands. 
Red-breasted merganser, l e s s e r  scaup, and 
t r e e  swallow a r e  win te r  r e s i d e n t s .  The 
only dominant summer r e s i d e n t  is t h e  l e a s t  
t e r n .  

Eco log ica l ly ,  t h e  dominant s p e c i e s  
can b e  grouped i n t o  e i g h t  t r o p h i c  l e v e l s  
o r  c l a s s e s  - r a p t o r s ,  p i sc ivores ,  scav- 
engers,  i n s e c t i v o r e s ,  a q u a t i c  herbivores .  
macrobenthivores,  microbenthivores ,  and 
omnivores (Fig. 4-11). Of t h e s e  t r o p h i c  
groups, t h e  p i s c i v o r e s  i s  probably t h e  
l a r g e s t .  Es tua r ine  emergent wet lands a r e ,  
i n  p a r t i c u l a r ,  t h e  g r e a t  f eed ing  grounds 
of herons, e g r e t s ,  and i b i s e s .  A char- 
a c t e r i s t i c  s i g h t  on t h e  South Carol ina 
and Georgia coas t  i s  a l i n e a r  o r  V-shaped 
formation of i b i s e s  f l y i n g  o u t  t o  t h e  
marshes i n  e a r l y  morning and r e t u r n i n g  
t o  roos t ing  o r  n e s t i n g  a r e a s  dur ing even- 
ing.  

The whi te  i b i s  is apparen t ly  more 
abundant now than i n  h i s t o r i c a l  t imes and 
c e r t a i n l y  breeds  more commonly i n  South 
Caro l ina  and Georgia today than i t  form- 
e r l y  d id  (Sc ip le  1963. Burton 1970). Also, 
i t  has  adapted a s  man's use  of t h e  envi- 
ronment has  changed. Many e a r l i e r  au thors  

i n d i c a t e d  t h a t  f reshwater  c r a y f i s h  con- 
s t i t u t e d  t h e  p r i n c i p a l  food i tem of the  
whi te  i b i s  (Audubon 1840, Wayne 1910, Bent 
1963c, Sprunt and Chamberlain 1970). Most 
of t h e s e  s ta tements  r e f e r  t o  a t ime when 
s u b s t a n t i a l  a r e a s  of wetlands were f resh-  
water o r  s l i g h t l y  b rack i sh  r i c e  f i e l d s .  
Wayne (1910) even made t h e  s u r p r i s i n g  
s t a tement  t h a t  " the  b i r d s  a r e  ve ry  r a r e l y  
t o  be  met wi th  on t h e  s a l t  marshes." To- 
day, whi te  i b i s  feed ex tens ive ly  on f i d -  
d l e r  c rabs  and e x h i b i t  l i t t l e  dependence 
on c r a y f i s h .  

The g lossy  i b i s ,  a l though no t  a domi- 
nant  s p e c i e s  i n  t h i s  h a b i t a t ,  has  spread 
northward d ramat ica l ly  dur ing t h e  p resen t  
century.  Wayne (1910) d i d  n o t  mention it, 
and Sprunt and Chamberlain (1949) con- 
s ide red  it  r a r e .  However, Burton (1970), 
i n  t h e  supplement t o  Sprunt and 
Chamberlain's work, changed i ts  recorded 
s t a t u s  t o  permanent r e s i d e n t  i n  South 
Carol ina,  whi le  Shanhol tzer  (1974b) l i s t e d  
i t  a s  a f a i r l y  common summer r e s i d e n t  i n  
Georgia. At p resen t ,  it appears  t o  be  a l -  
most a s  abundant a s  t h e  whi te  i b i s ,  a l -  
though p r e c i s e  counts  a r e  n o t  a v a i l a b l e  f o r  
comparison. S t a t u s  of t h e  g lossy  i b i s  has  
changed over t h e  l a s t  2 decades i n  c o a s t a l  
Georgia. Burle igh (1958) repor ted  t h i s  
s p e c i e s  a s  extremely r a r e ,  and S c i p l e  
(1963) presented d a t a  i n  support  of popula- 
t i o n  inc reases .  Hebard (1950) had pub- 
l i s h e d  t h e  on ly  breeding record  f o r  t h e  
g lossy  i b i s  i n  Georgia p r i o r  t o  
Shanho l tze r ' s  (1970) r e p o r t  on breeding 
records  and d i s t r i b u t i o n  of t h i s  spec ies .  
Shanhol tzer  found two Georgia n e s t i n g  
s i t e s :  t h e  Darien rookery (McIntosh 
County) contained about 745 n e s t i n g  p a i r s .  
and t h e  S a t i l l a  River  rookery (Camden 
County) contained 16 a d u l t s .  T h i s  obser- 
v a t i o n  f i l l e d  t h e  h i a t u s  i n  t h e  breeding 
d i s t r i b u t i o n  f o r  g lossy  i b i s  i n  Georgia,  
a s  noted by Tea l  (1959a). More r e c e n t l y ,  
Odom (1976) repor ted  e i g h t  a c t i v e  n e s t s  
and es t imated 40 a d u l t  b i r d s  p resen t  a t  
t h e  S a t i l l a  River  rookery. The food 
h a b i t s  of t h e  g lossy  i b i s  have n o t  been 
s tud ied  i n  t h i s  a r e a ,  bu t  Baynard (1912) 
inves t iga ted  i ts food preference i n  
F l o r i d a  where it  u t i l i z e d  f reshwater  habi- 
t a t s .  It is now o f t e n  seen i n  t h e  marshes 
wi th  t h e  whi te  i b i s ,  and one could rea- 
sonably assume t h a t  i ts food h a b i t s  i n  
t h i s  environment do n o t  d i f f e r  appreciably 
from those  of t h e  whi te  i b i s .  

The wood i b i s  is no t  an i b i s  i n  t h e  
s t r i c t  sense,  b u t  a t r u e  s t o r k .  It is no t  
abundant (Hamel 1977), b u t  i t  is one of 
t h e  most spec tacu la r  i n h a b i t a n t s  of South 
Carol ina and Georgia marshes i n  summer. 
When feeding i n  marshes, t h e  wood i b i s  
p reys  on f i s h e s  and c rus taceans ,  including 
f i d d l e r  c rabs .  Trophic ecology of t h i s  
spec ies  has  been s tud ied  i n  recen t  y e a r s  
on ly  i n  a predominantly f reshwater  environ- 
ment of F l o r i d a  (Kahl 1964). Audubon 
(1840) s t a t e d  "besides  t h e  g r e a t  q u a n t i t y  
of f i s h e s  t h a t  t h e s e  i b i s e s  des t roy ,  they  



T
a

b
le

 4
-3

3.
 

B
ir

d
s 

o
f 

th
e

 e
st

u
a

ri
n

e
 e

m
er

g
en

t 
w

e
tl

a
n

d
s 

(S
p

ru
n

t 
an

d
 C

h
am

b
er

la
in

 
1

9
4

9
, 

1
9

7
0

, 
A

ud
ub

on
 F

ie
ld

 N
o

te
s 

1
9

6
7

 -
 1

9
7

0
, 

C
h

am
b

er
la

in
 1

9
6

8
, 

A
m

er
ic

an
 

B
ir

d
s 

1
9

7
1

 - 
1

9
7

7
, 

F
o

rs
y

th
e

 1
9

7
8

).
 

D
O

M
IN

A
N

T 
M

O
D

ER
A

TE
 

M
IN

O
R 

G
re

a
t 

b
lu

e
 h

e
ro

n
 

C 
PR

 
G

re
en

 h
e

ro
n

 
C 

PR
 

Y
el

lo
w

-c
ro

w
n

ed
 

n
ig

h
t 

h
e

ro
n

 
FC

 
PR

 

L
it

tl
e

 b
lu

e
 h

e
ro

n
 

C 
PR

 
B

la
ck

-c
ro

w
n

ed
 

n
ig

h
t 

h
e

ro
n

 
C

 
PR

 
L

e
a

st
 b

it
te

rn
 

FC
 

PR
 

L
o

u
is

ia
n

a
 h

e
ro

n
 

C
 

PR
 

G
lo

ss
y

 i
b

is
 

FC
 

PR
 

A
m

er
ic

an
 

b
it

te
rn

 
U

 
PR

 

G
re

a
t 

e
g

re
t 

C 
PR

 
B

la
ck

 d
u

ck
 

C 
W
R
 

S
e

p
t.

 
- 

A
p

ri
l 

W
oo

d 
s

to
rk

 
FC

 
PR

 

Sn
ow

y 
e

g
re

t 
C 

PR
 

B
u

ff
le

h
e

a
d

 
FC

 
WR

 
N

ov
. 

- 
A

p
ri

l 
B

a
ld

p
a

te
 

C 
W
R
 

N
ov

. 
- 

A
p

ri
l 

W
h

it
e 

ib
is

 
C 

PR
 

H
oo

de
d 

m
er

g
an

se
r 

C
 

WR
 

N
ov

. 
- 

A
p

ri
l 

C
om

m
on

 
g

o
ld

en
ey

e 
FC

 
WR

 
N

ov
. 

- 
A

p
ri

l 

L
e

ss
e

r 
sc

au
p

 
C 

WR
 

O
ct

. 
- 

A
p

ri
l 

V
ir

g
in

ia
 

r
a

il
 

FC
 

W
R
 

A
ug

. 
-M

a
r.

 
R

ud
dy

 d
u

ck
 

C
 

WR
 

0
c

t.
-

A
p

r
il

 

R
ed

-b
re

as
te

d
 

m
er

g
an

se
r 

C 
WR

 
O

ct
. 
- 

A
p

ri
l 

S
o

ra
 

FC
 

WR
 

A
ug

. 
- A

p
ri

l 
S

h
ar

p
-s

h
in

n
ed

 
ha

w
k 

FC
 

PR
 

M
ar

sh
 

ha
w

k 
N

 
C 

PR
 

'a
 

c.
 

A
m

er
ic

an
 

k
e

s
tr

e
l 

C
 

PR
 

C
la

p
p

er
 r

a
il

 
C 

PR
 

S
p

o
tt

e
d

 s
a

n
d

p
ip

e
r 

C 
PR

 

H
e

rr
in

g
 g

u
ll

 
C 

PR
 

R
in

g
-b

il
le

d
 

g
u

ll
 

L
au

g
h

in
g

 
g

u
ll

 

F
o

rs
te

r'
s 

te
rn

 

L
e

a
st

 
te

rn
 

B
la

ck
 

sk
im

m
er

 

B
e

lt
e

d
 

k
in

g
fi

sh
e

r 

T
re

e
 s

w
al

lo
w

 

B
ar

n
 s

w
al

lo
w

 

F
is

h
 c

ro
w

 

C 
PR

 

C 
SR

 
M

ar
. 

- 
O

ct
. 

C 
PR

 

C 
PR

 

C 
WR
 

Ju
ly

 -
 J

u
n

e 

C 
PR

 

C 
PR

 

A
m

er
ic

an
 o

y
st

e
rc

a
tc

h
e

r 
C 

PR
 

S
em

ip
al

m
at

ed
 

p
lo

v
e

r 
C 

PR
 

B
la

c
k

-b
e

ll
ie

d
 

p
lo

v
e

r 
C 

PR
 

R
ud

dy
 

tu
rn

st
o

n
e

 
C 

PR
 

W
hi

m
br

el
 

FC
 

PR
 

W
il

le
t 

G
re

a
te

r 
y

e
ll

o
w

le
g

s 

L
e

a
st

 
sa

n
d

p
ip

e
r 

D
u

n
li

n
 

D
o

w
it

ch
er

 

S
em

ip
al

m
at

ed
 

sa
n

d
p

ip
e

r 

W
es

te
rn

 
sa

n
d

p
ip

e
r 

G
u

ll
-b

il
le

d
 

te
rn

 

C
om

m
on

 
te

rn
 

O
sp

re
y

 

M
er

 1
 in

 

P
e

re
g

ri
n

e
 

fa
lc

o
n

 

A
m

er
ic

an
 

c
o

o
t 

L
e

ss
e

r 
y

e
ll

o
w

le
g

s 

U 
WR

 
A

u
g

.-
M

a
y

 

C 
PR

 

FC
 

WR
 

J
u

ly
 -

 M
ay

 

C 
PR

 
S

h
o

rt
-b

il
le

d
 

m
ar

sh
 w

re
n

 
FC

 
WR

 
S

ep
t.

- 
M

ay
 

FC
 

SR
 

A
p

ri
l-

 
O

ct
. 

B
o

b
o

li
n

k
 

C 
T

 
A

p
ri

l-
 

M
ay

 
Ju

ly
 -

 O
ct

. 





Sharp-shinned hawk 

AQUATIC HERBIVORES MACROBENTH IVORES 
Barn swallow White ibis 

American kestrel Block duck Clapper rail 
Long-billed marsh wren 

OMNIVORES 
Boat-taild grackle 

Seaside sparrow 
Red-winged blackbird 

M ICROBENTH IVORIES 
Spotted sandpiper 

Dunlin 

Figure 4-11. Generalized t rophic  r e l a t i onsh ip s  of represen ta t ive  
b i rd s  of e s t ua r i ne  emergent wetlands. 

a l s o  devour frogs,  young a l l i g a t o r s ,  wood 
r a t s ,  young r a i l s  and grackles,  f i d d l e r s  
and other  crabs, a s  well  a s  snakes and 
small t u r t l e s . "  However, Kahl (1964) was 
unable t o  induce cap t ive  wood i b i s  t o  
feed on marsh r i c e  r a t s  even when other  
foods were withheld f o r  a number of days, 
and Hansen (1975) i l l u s t r a t e d  t h e  depend- 
ence of wood i b i s  on f i s h .  

Egrets  and herons (great  egre t ,  snowy 
egre t ,  Louisiana heron, green heron, g rea t  
blue heron, l i t t l e  b lue  heron, and n ight  
heron), by v i r t u e  of t h e i r  s i z e  and abun- 
dance, a r e  t he  dominant avian predators  i n  
es tuar ine  emergent wetlands on a year 
around bas i s .  Small f i she s ,  shrimp, and 
f i d d l e r  crabs a r e  t he  predominant food or- 
ganisms of these wading b i rds .  Pr inc ipa l  
f i s h e s  preyed upon i n  wetlands of South 
Carolina and Georgia a r e  the  mlmmichog, 
mullets ,  and juvenile  A t l an t i c  menhaden. 
White and brown shrimp a r e  a l s o  taken ex- 
tensively.  Pf e l f  f e r  (1974) observed c a t t l e  
egre t s ,  which normally feed i n  c a t t l e  
grazing f i e l d s ,  feeding i n  Sapelo I s land  
s a l t  marshes. According t o  h i s  repor t ,  
these  b i rd s  were probably explo i t ing  the  
cordgrass f o r  saltmarsh grasshopper 
(Orchelimum fidicinium),  wolf sp iders  

(Lycosidae), and other  arthropods. 
P f e i f f e r  (1974) noted t h a t  t h e  feeding of 
c a t t l e  eg r e t s  i n  t h i s  hab i t a t  might change 
t he  establ ished food web i n  the  marsh com- 
munity on Sapelo Ieland.  Since herons and 
eg re t s  a r e  not preyed upon by o ther  marsh 
inhabi tan ts  t o  any appreciable ex ten t ,  t h e  
energy they consume here  is l a rge ly  l o s t  
t o  the  marsh and aqua t ic  system. On t he  
o ther  hand, it could represent  a s i gn i f i -  
cant  t r an s f e r  of energy t o  s eve ra l  t e r -  
r e s t r i a l  systems. 

Wayne's clapper r a i l  is one of t he  
dominant components of t he  e s tua r i ne  wet- 
land avifauna of South Carolina and 
Georgia. It is , a  permanent res ident  of t he  
wetlands, and feeds, roos t s ,  nes t s ,  and 
r a i s e s  i t e  young within t he  Spar t ina  marsh. 
Clapper r a i l s  feed extensively on m a l l  
f i d d l e r  crabs, marsh crabs, and blue crabs 
and, un l ike  t h e  herons and egre t s ,  w i l l  
probe i n  t he  mud f o r  worms with t h e i r  b i l l s  
(Twkina 1937, .Burleigh 1958, Sprunt and 
Chamberlain 1970) . 

The clapper r a i l  seems ab l e  t o  main- 
t a i n  high population l eve l s  desp i te  a num- 
ber of major mor ta l i ty  sources, including 
hunting. Not surprislingly, t h i s  b i rd  has 



a high reproductive p o t e n t i a l .  Two broods 
per year (each with 9 - 12 eggs) a r e  usual, 
although more than two can be produced 
when n e s t s  a r e  destroyed by storms, t i d e s ,  
o r  predators  (Sprunt and Chamberlain 1970). 
The breeding season is  obviously a long 
one. Mink, o t t e r ,  raccoon, and r a t s  a l l  
prey on r a i l  n e s t s ,  and a d u l t  r a i l s  a r e  
occasional ly caught by l a r g e r  mammalian 
predators  a s  w e l l  a s  by hawks. Domestic 
c a t s ,  which f requent ly  en te r  marshes near 
human hab i ta t ions ,  a r e  ab le  t o  capture 
a d u l t  r a i l s  with apparent ease. 

Segr l  e t  a l .  (1968) reported complex 
ecological  i n t e r a c t i o n s  between clapper 
r a i l s  and laughing g u l l s  i n  New Jersey  
c o a s t a l  cordgrass  marshes. When t h e  two 
species  nested i n  t h e  same h a b i t a t ,  they 
exhibi ted ecological  competition, preda- 
tor-prey re la t ionsh ips ,  and simple propin- 
qu i ty  which led  t o  i n t e r s p e c i f i c  aggres- 
s ion.  Segr l  e t  a l .  (1968) found j o i n t  use 
of t h e  same n e s t s  by g u l l s  and r a i l s  and 
gave evidence t h a t  clapper r a i l s  prey upon 
the  eggs of laughing g u l l s .  I n  tu rn ,  
g u l l s  on occasion prey on t h e  chicks of 
r a i l s ,  and t h e  two spec ies  compete a t  n e s t  
s i t e s .  

Several  o ther  r a i l s  occasional ly oc- 
cupy t h e  c o a s t a l  marshes, but because 
they a r e  usua l ly  present  i n  smaller  num- 
bers ,  they a r e  no t  near ly  a s  s i g n i f i c a n t  
a s  t h e  clapper r a i l .  

A number of shorebirds ,  including 
the  w i l l e t ,  g r e a t e r  yellowlegs, l e s s e r  
yellowlegs, American oystercatchers ,  do- 
witchers ,  and severa l  kinds of sandpipers, 
feed wi th in  the  marsh on a seasonal  bas i s .  
They consume mostly smaller  crustaceans,  
mollusks, and annel ids  and do not  o f f e r  
much competition f o r  those species  a l -  
ready described. 

A curious and poorly understood s t o r y  
surrounds t h e  h i s t o r y  of t h e  curlews i n  
c o a s t a l  marshes of t h e  study a r e a .  P r i o r  
t o  the  l a t t e r  p a r t  of t h e  l a s t  century,  
t h e  long-billed curlew was an abundant 
res iden t  of t h i s  coast  and, i n  f a c t ,  was 
considered more abundant tnan t h e  Hudsonian 
curlew. Wayne (1910) indicated t h a t  a f t e r  
1885, t h e  long-billed curlew was v i r t u a l l y  
replaced by t h e  Hudsonian. He a t t r i b u t e d  
t h i s  t o  a s h i f t  i n  t h e  migration pathway 
of t h e  Hudsonian and speculated t h a t  t h e  
long-billed curlew could not  compete wi th  
t h e  new a r r i v a l  f o r  t h e i r  primary food, 
t h e  f i d d l e r  crab. While competition may 
have played a r o l e ,  Wayne's explanation 
seems unl ikely.  A t  present ,  t h e  long- 
b i l l e d  curlew is only r a r e l y  seen i n  South 
Carolina or  Georgia s a l t  marshes. The 
Hudsonian curlew could not be considered 
common, but  i t  i s  occasional ly seen i n  
small f locks .  

The most d e t a i l e d  bioenerget ics  s tudy 
of any b i rd  population within t h e  marsh 
community was t h a t  conducted by Kale 

(1965) on the  long-billed marsh wren i n  
Georgia. The same subspecies (Cistothorus 
p a l u s t r i s  g r i s e u s )  occupies marshes of t h e  
e n t i r e  Sea Is land Coastal  Region, and most 
of Kale's f ind ings  can be reasonably ex- 
pected t o  apply throughout t h i s  region.  
These wrens a r e  highly t e r r i t o r i a l  during 
t h e  summer nes t ing  period, but  Kale found 
t h a t  t h e  average t e r r i t o r y  s i z e  was only 
about 100 m2 (120 yd2). A number of f a l s e  
n e s t s  o r  r e s t i n g  n e s t s ,  bu t  only one breed- 
ing n e s t ,  a r e  constructed wi th in  t h i s  t e r -  
r i t o r y .  Nesting success v a r i e s  widely 
from season t o  season; Kale's est imates  
over a 4-year period varied from 6.8% t o  
42.0%- The major source of mor ta l i ty ,  
a s i d e  from storm t i d e  f looding,  was n e s t  
predat ion by m a m m a l s .  P r i n c i p a l  p reda tors  
i n  Georgia marshes were t h e  raccoon, marsh 
r i c e  r a t ,  and mink. Since these mammals 
a r e  present  i n  a l l  e s t u a r i n e  emergent wet- 
lands of t h e  study a rea ,  one would expect 
t h e  same condit ions t o  p r e v a i l  throughout. 

Long-billed marsh wrens a r e  almost 
e n t i r e l y  insect ivorous.  They u t i l i z e  a 
v a r i e t y  of insec t s ,  which Kale (1965) e s t i -  
mated t o  be  58% herbivores ,  '30% predators ,  
and 12% d e t r i t u s  feeders  by volume. Thus, 
t h e  long-billed marsh wren is a secondary 
and t e r t i a r y  consumer i n  t h e  grazing food 
chain of t h e  saltmarsh ecosystem. 

Two sparrows a r e  inhabi tan t s  of t h e  
marsh community. The sharp-tai led sparrow 
e x i s t s  a s  s e v e r a l  races  which overwinter 
i n  the  marshes of our region. These b i r d s  
a r e  pr imari ly  seed e a t e r s ,  re ly ing  princi-  
p a l l y  on t h e  seeds of Spar t ina .  However, 
Wayne (1910) reported t h a t ,  i n  e a r l y  
spring,  t h i s  sparrow feeds  on a maritime 
moth common t o  t h e  marshes. Macgil l ivray 's  
seas ide  sparrow i s  a permanent res iden t  of 
e s t u a r i n e  marshes, but i t  undergoes an in-  
t e r e s t i n g  seasonal s h i f t .  During f a l l  and 
winter ,  i t  i s  found almost e n t i r e l y  i n  
high s a l i n i t y  marshes, espec ia l ly  those 
adjacent  t o  t h e  c o a s t a l  i s lands .  Then, i n  
spr ing  and e a r l y  summer, i t  s h i f t s  inland 
t o  brackish or even freshwater marshes, 
where it  nes t s .  When t h e  young a r e  a b l e  
t o  f l y ,  they s h i f t  back t o  t h e  s a l t  marshes. 
This  sparrow i s  reported (Sprunt and 
Chamberlain 1970) t o  be much more dependent 
on animal food than is  t h e  sharp-tai led 
sparrow. It u t i l i z e s  seeds of Spart ina 
bu t  depends la rge ly  on marsh i n s e c t s  and 
even marine crustaceans and worms. 

Several  blackbirds a r e  s i g n i f i c a n t  
members of t h e  marsh community by v i r t u e  of 
t h e i r  numbers. The red-winged blackbird 
n e s t s  extensively i n  t h e  c o a s t a l  i n t e r t i d a l  
marshes, but i t s  nes t ing  is  by no means 
l imited t o  t h i s  h a b i t a t .  According t o  
feeding s t u d i e s  i n  environments o ther  than 
s a l t  marshes, t h e  red-wing feeds  on seeds 
a s  wel l  a s  i n s e c t s .  The boat- ta i led 
grack le  a l s o  feeds  extensively i n  wetlands, 
but  does not  n e s t  there  (Snyder and Snyder 
1969). Its feeding is q u i t e  un l ike  other  
I c t e r i d a e ,  a t  l e a s t  i n  t h e  marsh 



environment, a s  i t  r e l i e s  heav i ly  on small  
f i s h  and crustaceans.  Thus, i t  func t ions  
a s  a secondary and t e r t i a r y  consumer simi- 
l a r  t o  t h e  herons and e g r e t s .  

Several  spec ies  of hawks and owls 
make use of s a l t  marshes a s  a hunting area.  
Perhaps t h e  b e s t  known i n  t h i s  a r e a  i s  the  
marsh hawk. This  spec ies  i s  present  i n  
South Carol ina and Georgia year  around, 
bu t  it is much more abundant i n  t h e  f a l l  
and winter  when northern migrants  a r e  
added. Although t h e  marsh hawk preys on 
clapper  r a i l s  i n  c o a s t a l  wetlands, i t  de- 
pends t o  a much g r e a t e r  ex ten t  on small 
mammals, p a r t i c u l a r l y  t h e  marsh r i c e  r a t .  
The red-tai led hawk and red-shouldered 
hawk a l s o  feed i n  t h e  marsh, and l ikewise  
depend predominantly on small  mammals, in- 
c luding marsh r a b b i t s  and rodents .  During 
darkness, g r e a t  horned owls feed i n  t h e  
marsh. This  owl occas iona l ly  cap tures  
ducks, p r imar i ly  those a l ready  in ju red ,  
during win te r  (Burleigh 1958, Sprunt and 
Chamberlain 1970). 

There a r e  few d a t a  a v a i l a b l e  which 
s p e c i f i c a l l y  address  man's impact on b i r d s  
i n  t h e  Sea I s l a n d  Coastal  Region. However, 
considering Odum's (1971) detr i tus-based 
ecosystem and t h e  r o l e  of b i r d s  i n  a 
t roph ic  sense,  one can r e l a t e  t h e  genera l  
e f f e c t s  o r  impacts of man on b i r d s  and 
a l s o  apply s t u d i e s  from o t h e r  a reas .  For 
example, t h e  e f f e c t s  of dredging and f i l l -  
ing i n  t h e  e s t u a r i n e  wetlands have been 
wel l  documented (Lunz 1938a. I n g l e  1953. 
Mackin 1961, Odum 1963, Krenkel and 
Burdick 1976). The e f f e c t s  of p e s t i c i d e s  
on e s t u a r i n e  fauna have been reported and 
t h e r e  a r e  extensive d a t a  a v a i l a b l e  on 
b i o l o g i c a l  magnif icat ion of t o x i c  compounds 
i n  e s t u a r i n e  organisms (Butler  1966. 1968a. 
b, 1969a. b, 1973; U.S. Department of In- 
t e r i o r ,  F i sh  and Wi ld l i fe  Serv ice  1962. 
1963, 1964, 1965). 

During t h e  pas t  2 decades, t h e  ef-  
f e c t s  of d i t c h i n g  t i d a l  marshes f o r  mos- 
q u i t o  c o n t r o l  have been a major concern 
i n  wetlands management. Bourn and Cottam 
(1939, 1950) found t h a t  d i t c h i n g  a c t i v i -  
t i e s  i n  c o a s t a l  marshes adversely a f f e c t e d  
shoreb i rds  and waterfowl by reducing food 
supply, p r imar i ly  mollusks and crustaceans. 
Ditching a l s o  impacts b i r d s  such a s  t h e  
clapper  r a i l  when low wet marshes are 
a l t e r e d .  Other b i r d s  t h a t  need a con- 
s t a n t  water  supply, such a s  t h e  American 
and l e a s t  b i t t e r n s ,  pied-bi l led grebe,  a d  
American coot,  a r e  a l s o  a f f e c t e d  by 
drainage d i t c h e s .  Urner (1935) reported 
s i m i l a r  d e l e t e r i o u s  e f f e c t s  on black 
ducks, w i l l e t s ,  rails, and some of t h e  
herons. Bradbury (1938) reported d r a s t i c  
d e c l i n e s  i n  shoreb i rds  and waterfowl a f t e r  
d i t c h i n g  opera t ions  i n  c o a s t a l  marshes. 

I n  sharp c o n t r a s t  t o  t h e  adverse im- 
p a c t s  of d i t c h i n g  i n  wetlands a r e  t h e  
b e n e f i c i a l  e f f e c t s  on b i r d s .  Ditching 
can inc rease  t h e  "edge e f f e c t "  through 

t h e  encouragement of smooth cordgrass  i n  
t i d a l  areas .  Thus, more s h e l t e r  and nest-  
ing s i t e s  f o r  spec ies  such a s  c lapper  r a i l s  
and b lack  ducks can be provided (Ferr igno 
1961). Stewart  (1951) a.cf.ually recommended 
t h a t  d i t c h e s  be  sloped t o  produce the  de- 
s i r e d  edge e f f e c t .  He found nes t  d e n s i t i e s  
t o  be  g r e a t e r  with d i s t i n c t i v e  edges be- 
tween t a l l  and shor t  forms of cordgrass .  

The e f f e c t s  of impounding marshlands 
have been a con t rovers ia l  c o a s t a l  zone 
management i s s u e  during recen t  years .  
While t h e r e  a r e  many b e n e f i c i a l  and d e t r i -  
mental a spec t s  t o  be considered, t h e  over- 
a l l  impact on avifauna has probably been 
b e n e f i c i a l .  Bradbury (1938), G r i f f i t h  
(1940), MacNamara (1949), Allen (1950), 
Chabreck (19601, Neely (1960), Morgan e t  
a l .  (1975). and Landers e t  a l .  (1976) a l l  
d i s c u s s  t h e  s i g n i f i c a n c e  of impoundments 
t o  waterfowl management. Other inves t i -  
g a t o r s  have reported t h e  increased usage of 
impoundments by b i r d s  (Ca t t s  1957, Darsie  
and Springer  1957, Plorschutz  1959, T inda l l  
1961, Mangold 1962, Shoemaker 1964, Lesser 
1965, Provost 1968, Smith 1968). Dars ie  
and Springer  (1957) found some 86 spec ies  
of b i r d s  i n  an impounded a rea ,  a s  compared 
t o  55 p r i o r  t o  impoundment. T i n d a l l  (1961) 
i d e n t i f i e d  a th ree fo ld  inc rease  i n  spec ies  
d i v e r s i t y  r e l a t e d  t o  impoundment of marshes. 
Smith (1968) reported 62 s p e c i e s  of b i r d s  
on impoundments compared with 39 on natu- 
r a l  marsh a reas .  Several  of these  i n v e s t i -  
g a t o r s  reported inc reases  i n  annual  broods 
following impoundment. Impoundments o f f e r  
a v a r i e t y  of submergent and emergent foods 
f o r  ducks; f i s h  and i n v e r t e b r a t e s  a l s o  
se rve  a s  food f o r  wading b i r d s .  I n  addi- 
t i o n ,  impoundments provide open water f o r  
r e s t i n g  a r e a s  and flooded cover f o r  nest-  
ing sites. 

Conversely, some b i r d  spec ies  have 
decl ined wi th  t h e  impounding of wetlands. 
The clapper  r a i l ,  i n  response t o  t h e  ab- 
sence of f i d d l e r  crabs,  is genera l ly  no t  
found i n  impounded wetlands (Darsie and 
Springer  1957, Mangold 1962, Shoemaker 
1964). Decl ines  i n  small b i r d  populat ions 
(song sparrows, seas ide  sparrows, sharp- 
t a i l e d  sparrows, and yellow-throated 
warblers)  a s  a r e s u l t  of t h e  l o s s  of nest-  
ing s i t e s  and food have been reported by 
Mangold (1962) and Shoemaker (1964). 

According t o  Smith (1968), marsh 
wrens and s e a s i d e  sparrows were r e l a t i v e l y  
abundant where high t i d e  brush was p resen t  
a long d i t c h e s  and pools.  On M e r r i t t  
I s l and ,  F lo r ida ,  Provost (1969) found a 
d e c l i n e  i n  dusky s e a s i d e  sparrows and f i s h -  
e a t i n g  b i r d s  following impoundment. How- 
ever ,  he  concluded t h a t  t h e r e  was an in- 
c rease  i n  numbers f o r  22 spec ies  of b i r d s  
a f t e r  impoundment. Thus, while  most in- 
v e s t i g a t o r s  have found enhanced b i r d  usage 
following impoundment, i t  appears  t h a t  
more research is  needed i n  t h i s  a rea .  



There a r e  a l s o  sane b e n e f i c t a l  im- 
pac t s  of  dredging and f i l l i n g  i n  es tu-  
a r i n e  emergent wetlands. One of  t h e  major 
b e n e f i t s  t o  b i r d s  appears  t o  b e  t h e  d i s -  
posal  banks and.dredge i s l a n d s  c rea ted  by 
maintenance dredging and o t h e r  water- 
r e l a t e d  cons t ruc t ion  a c t i v i t i e s .  When 
dredged m a t e r i a l  i s  deposi ted on t h e  
marshes, i t  genera l ly  forms a wide, cone- 
shaped mound. This  mound o f t e n  extends 
above t h e  water  l e v e l ,  forming an i s l a n d .  
Such i s l a n d s ,  u s u a l l y  c a l l e d  dredge-spoil  
i s l a n d s ,  r e g u l a r l y  occur ad jacen t  t o  
dredged channels i n  t h e  South Carol ina and 
Georgia s tudy  a rea .  General ly ,  they have 
been considered a s  undes i rab le  by-products 
of t h e  dredging and f i l l i n g  process .  How- 
ever ,  s t u d i e s  on eco log ica l  succession of  
breeding b i r d s  i n  r e l a t i o n  t o  p l a n t  suc- 
cess ion  on t h e s e  i s l a n d s  have demonstrated 
t h e i r  importance (Soots and P a r n e l l  1975). 
Quay (1947, 1959) and Funderburg and Quay 
(1959) recorded dredge i s l a n d s  among t h e  
s i t e s  used by breeding b i r d s  i n  North 
Carol ina and l i s t e d  s p e c i e s  of b i r d s  as- 
soc ia ted  with  va r ious  h a b i t a t s  found on 
t h e  i s l a n d s .  Funderburg (1956) emphasized 
t h e  importance of f r equen t  depos i t ion  of 
dredge s p o i l  on i s l a n d s  i n  maintaining 
e a r l y  s t a g e s  of v e g e t a t i v e  succession 
necessary f o r  ground-nesting b i r d s .  Soots 
and P a r n e l l  (1975) repor ted  succession of 
breeding b i r d s  assoc ia ted  with  v e g e t a t i v e  
changes on dredge i s l a n d s .  It appears  that 
dredge i s l a n d s  provide n e s t i n g  cond i t ions  
comparable t o  those  on n a t u r a l  s i t e s .  
The year-round dense cover on t h e s e  is- 
lands could be  respons ib le  f o r  such d i -  
ve r se  av ian  populat ions .  

7. Mammals 

Emergent e s t u a r i n e  wet lands a r e  o f t e n  
t r e a t e d  a s  two s e p a r a t e  h a b i t a t s ,  t h e  two 
being separa ted  by t h e  degree of  regular-  
i t y  w i t h  which they a r e  flooded. For t h e  
purpose of  desc r ib ing  t h e  r o l e  of m a m l s  
i n  e s t u a r i n e  marshes, r e g u l a r l y  and ir- 
r e g u l a r l y  flooded marshes w i l l  be  t r e a t e d  
toge the r .  At t h e  same time, we recognize 
t h a t  some mammals a r e  more a t  home i n  one 
type than t h e  o t h e r .  For most s p e c i e s ,  
however, movement between high and low 
marsh is common, being c o n t r o l l e d  l a r g e l y  
by t h e  s t a g e  of t h e  t i d e .  

I 
The herbivorous mammal  most c l o s e l y  

assoc ia ted  w i t h  t h e  e s t u a r i n e  marsh, and 
t h e  one of g r e a t e s t  e c o l o g i c a l  s i g n i f i -  
cance, is t h e  marsh r a b b i t .  This  s p e c i e s  
occurs  throughout t h e  Sea I s l and  Coas ta l  
Region of both Georgia and South Carol ina 

1 and feeds  on a v a r i e t y  of  herbaceous 
m a t e r i a l s ,  inc lud ing  cordgrass  (Golley 
1962). Nevertheless ,  only a minor com- 
ponent of  marsh p l a n t  m a t e r i a l  is con- 
sumed and routed through t h e  food web v i a  
t h i s  pathway, and it is doub t fu l  t h a t  t h e  
marsh r a b b i t  i s  ever  s u f f i c i e n t l y  abundant 
t o  c o n t r o l  marsh p l a n t  l e v e l s .  

I Young and a d u l t  marsh r a b b i t s  con- 
s t i t u t e  a n  important l i n k  i n  t h e  food 

chain t o  b i r d s  ~f prey. Bent u 9 6 1 ) ,  c i t r  
ing  unpublished r e p o r t s  from T d i n s ,  re- 
por ted t h a t  t h e  marsh hawk i n  s a l t  marshes 
of South Carol ina and Georgia depends p r i -  
m a r i l y  on marsh r a b b i t s  dur ing  win te r .  I n  
summer, o t h e r  hawks no doubt e x e r t  con- 
s i d e r a b l e  p reda t ion  pressure .  It i s  l i k e l y  
t h a t  p reda t ion  r a t h e r  than food supply is 
t h e  p r i n c i p a l  populat ion c o n t r o l  on marsh 
r a b b i t s .  S p e c i f i c  populat ion es t ima tes  
have n o t  been at tempted,  t o  our  knowledge, 
b u t  t h e  marsh r a b b i t  is known t o  be abun- 
dan t  i n  a l l  c o a s t a l  coun t ies .  

The marsh r a b b i t  n e s t s  on t h e  main- 
land ad jacen t  t o  marsh, o r  on smal l  brushy 
i s l a n d s  of dredged m a t e r i a l  s c a t t e r e d  
wi th in  t h e  marsh, r a t h e r  than wi th in  t h e  
i n t e r t i d a l  p o r t i o n  of t h e  marsh i t s e l f .  
The n e s t  is u s u a l l y  concealed wi th in  dense 
brush o r  under f a l l e n  logs .  Breeding may 
occur yea r  around, bu t  i n  Georgia,  Tomkins 
(1935) found peak reproduc t ive  a c t i v i t y  i n  
l a t e  win te r ,  wi th  a depressed per iod i n  
t h e  f a l l .  The g e s t a t i o n  per iod i n  
Louis iana is repor ted  by Lowery (1974) t o  
be  28 - 32 days. Lowery s t a t e d  t h a t  up t o  
s i x  l i t t e r s  per  yea r  may be  produced by a 
s i n g l e  female. Tomkins (1935) es t imated 
an average l i t t e r  s i z e  i n  Georgia of t h r e e  
young. Even wi th  a l i t t e r  s i z e  t h a t  is  
smal l  f o r  r a b b i t s  i n  genera l ,  t h e  f r e -  
quency of breeding is s u f f i c i e n t  t o  i n s u r e  
a high reproduc t ive  capac i ty .  

A marsh he rb ivore  t h a t  one might ex- 
pec t  i n  t h e  c o a s t a l  marshes of t h e  Sea 
I s l and  Coastal  Region is t h e  muskrat,  bu t  
i t  is e n t i r e l y  absent .  One reason f o r  i ts 
absence may be  t h e  t i d a l  range,  because it  
occurs  in land  i n  both S t a t e s  (Golley 1962, 
1966). This  s p e c i e s  is  p resen t  i n  c o a s t a l  
a r e a s  both n o r t h  and sou th  of t h e  charac- 
t e r i z a t i o n  a r e a  and is s u f f i c i e n t l y  abun- 
dant  i n  c o a s t a l  Louisiana marshes t o  pro- 
v i d e  t h e  b a s i s  of a v a l u a b l e  f u r  indus t ry .  
The U.S. F i sh  and W i l d l i f e  Serv ice  a t -  
tempted t o  e s t a b l i s h  a muskrat colony on 
Cape Is3and i n  t h e  Cape Romain National 
W i l d l i f e  Refuge i n  1950 b u t ,  according t o  
Golley (1966), t h e  populat ion d i d  n o t  sur-  
v ive .  An e c o l o g i c a l l y  r e l a t e d  e x o t i c  mam- 
mat, t h e  n u t r i a ,  was introduced about t h e  
same time on Blackbeard I s l and  i n  Georgia. 
Neuhauser and Baker (1974) ind ica ted  t h a t  
n u t r i a  survived i n t o  t h e  l a t e  f i f t i e s ,  bu t  
were e x t i r p a t e d  by 1960. Wilson (1968) 
suggested t h a t  a few n u t r i a  may e x i s t  i n  
t h e  marshes around Brunswick, Georgia. 

The meadow v o l e  is  n o t  genera l ly  as- 
s o c i a t e d  with  t h e  Sea I s l and  Coastal  Region, 
bu t  a populat ion was found i n  Charles ton 
County nea r  t h e  Santee River.  S k u l l s  of 
59 i n d i v i d u a l s  were found i n  ba rn  owl 
p e l l e t s  (Nelson 1934), and specimens were 
taken i n  low s tands  of  saltmeadow cord- 
g r a s s  on Cape I s l and  i n  1939; t h e  l a t t e r  
record is based on museum records  and i s  
c i t e d  by Sanders (1978). 

White-tailed dee r  o f t e n  g raze  i n  t h e  
high marsh, feeding on saltmeadow cordgrass 



and on severa l  species  of glasswort,  
This is  most common where the  marsh is 
adjacent t o  dense cover. Unless pursued, 
deer seldom venture i n to  t he  lower marsh 
due t o  i ts  s o f t  subs t ra te .  However, deer  
a r e  exce l len t  swimmers and w i l l  c ross  
l a rge  marsh creeks. The d i s t r i b u t i o n  of 
deer i n  the various coas ta l  l o c a l i t i e s  i s  
t rea ted  i n  connection with maritime fo r e s t  
mammals (Chapter Three). I n  addi t ion  t o  
deer ,  severa l  l a rge  domesticated herbi- 
vores such a s  horses,  c a t t l e ,  and goats ,  
may u t i l i z e  the  upper e leva t ions  of the  
s a l t  marsh. Florida manatees have a l so  
been observed grazing i n  Georgia marshes 
(M. Hardisky. 1978, Georgia Department of 
Natural Resources. Brunswick, pers .  comm.). 

The pr inc ipa l  omnivorous mammal of 
the  saltmarsh community i s  t he  marsh r i c e  
r a t ,  which is a l s o  among the  most highly 
aqua t ic  of t he  coas t a l  rodents. Unlike 
most other  marsh mammals i n  t h i s  a rea ,  
the  marsh r i c e  r a t  may remain permanently 
i n  t he  marsh. Nests a r e  of ten  made of 
cordgrass, but marsh r i c e  r a t s  a l s o  u t i -  
l i z e  abandoned ne s t s  of marsh wrens 
(Golley 1962). The most de t a i l ed  s tudy 
of the ecology of t h i s  species  is  t h a t  of 
Negus e t  a l .  (1961) on Breton Is land i n  
t he  Gulf of Mexico; no quan t i t a t i ve  
s tud ies  have been conducted i n  t h i s  area.  
Although regular ly  flooded s a l t  marsh was 
not a major hab i t a t  on Breton I s land ,  
much of t he  information provided by Negus 
e t  a l .  (1961) would be applicable t o  the  
Sea Is land Coastal Region of Georgia and 
South Carolina. 

Although many rodents  a r e  predomi- 
nantly herbivorous, such i s  not  neces- 
s a r i l y  t h e  case with t he  marsh r i c e  r a t .  
Certainly,  p lan t  mater ia l  is l e s s  impor- 
t an t  i n  i ts d i e t  during some months than 
o thers  (Fig. 4-12). Golley (1962) re-  
ported t ha t  marsh r i c e  r a t s  feed on cord- 
grass  i n  Georgia coa s t a l  marshes, but 
they a l s o  u t i l i z e  crabs (probably f i d d l e r  
and o ther  marsh crabs)  and i n sec t s .  Kale 
(1965) noted extensive predation by marsh 
r i c e  r a t s  on t he  eggs and young of t h e  
marsh wren. Sharp (1962) reported t ha t  
the  major port ion of the  d i e t  of the  
marsh r i c e  r a t  consisted of crabs and in- 
s e c t  larvae.  Such s t ud i e s  i n d i ca t e  t ha t  
the  marsh r i c e  r a t  is  an oppor tun is t ic  
omnivore. 

Not only is the  marsh r i c e  r a t  an i n r  
portant  predator  within t he  es tuar ine  wet- 
lands,  i t  i s  a l so  an important prey spe- 
c i e s ,  espec ia l ly  f o r  b i rds .  In  addit ion 
t o  t he  recognized b i rd s  of prey (hawks and 
owls) which seek rodents i n  l e s s  densely 
vegetated sec t ions  of the  marsh (Sprunt 
and Chamberlain 1970), many of t he  l a rge r  
wading b i rds  (e.g., g r ea t  blue heron, 
g rea t  egre t ,  n igh t  herons, wood s t o rk )  
w i l l  a l so  prey on rodents  whenever they 
have t he  opportunity t o  do so  (Bent 1963~).  

Marsh r i c e  r a t s  seldom l i v e  more 
than 1 year ,  and they undergo dramatic 

seasonal chanfjes i n  abundance CNegus e t  
a l .  19611. On Breton Is land,  decreases i n  
population dens i ty  appeared t o  be  elated 
to  t he  durat ion and s eve r i t y  of the  winter, 
and Negus e t  a l .  speculated t ha t  harsh win- 
t e r s  influenced Tat populations by control-  
l i n g  the  food supply. These authors  
p r d i d e d  a simple model t o  show the  re la -  
t lonsh ip  of environmental f a c to r s  t o  popu- 
l a t i o n  dens i ty  (Fig. 4-13). 

Tn most hab i t a t s ,  t h e  raccoon is 
properly considered an omnivore, but i t  
funct ions exclusively a s  a carnivore i n  
t he  s a l t  marsh. Raccoons u t i l i z e  prac t i -  
c a l l y  a l l  coa s t a l  p la ins  hab i t a t s ,  but 
t h e i r  populations appear t o  be espec ia l ly  
high i n  marshes and i n  woodlands adjacent 
t o  marshes. The raccoon is  predominantly 
nocturnal ,  general ly spending t he  day i n  
i ts  den i n  a l a rge  t r e e  and leaving t o  
forage a t  night .  This behavior pa t t e rn  
may be somewhat modified i n  es tuar ine  wet- 
lands because of t he  t i de s .  It is not  un- 
usual  t o  s ee  raccoons feeding i n  the  marsh 
i n  f u l l  day l igh t  on i so l a t ed  coas ta l  is- 
lands,  but such observations a r e  much l e s s  
common near  human habi ta t ions  even though 
raccoon populations may be qu i t e  la rge  
there.  The raccoon is  without doubt the  
most cha r ac t e r i s t i c  medium-sized mammal of 
t h e  coas t a l  marshes. Within the  marsh, i t  
depends r a the r  heavily on crustaceans 
( f i dd l e r  crabs,  marsh crabs,  juvenile  blue 
c rabs) ,  competing with the  clapper r a i l  
and white i b i s  f o r  the  same food resources. 
I n  addit ion t o  crustaceans, marsh mollusks 
a r e  important food items, espec ia l ly  small 
i n t e r t i d a l  oys te rs  and mussels. Kale 
(1965) reported predation by raccoons on 
t he  ne s t s  and young of marsh wrens. Rac- 
coons a l s o  cons t i t u t e  a source of mortality 
f o r  clapper  r a i l  eggs and young. 

The raccoon has  few o r  no predators  
i n  high s a l i n i t y  wetlands, but a l l i g a t o r s  
may cause s i gn i f i c an t  mor ta l i ty  i n  low 
s a l i n i t y  marshes. Coastal a reas  and wet- 
lands provide the  raccoon a v i r t u a l l y  un- 
l imi ted  food supply, s o  f a c to r s  other  than 
food must cont ro l  i t s  population leve ls .  
Hunting and trapping pressures on raccoons 
i n  coa s t a l  a reas  a r e  r a t he r  l i g h t .  The 
marsh o r  low country raccoon is considered 
t o  have a low qua l i t y  p e l t  compared t o  up- 
land populations. Probably t he  g r ea t e s t  
s i ng l e  source of raccoon mor ta l i ty ,  o ther  
than d isease ,  is  t he  automobile. Yet, on 
many coas t a l  i s l ands  t h i s  ceases t o  be an 
important element of mor ta l i ty  because 
automobile t r a f f i c  i s  e i t h e r  non-existent 
o r  extremely l imited.  A t  present ,  d i sease  
is probably the pr inc ipa l  f a c t o r  control-  
l i n g  raccoon populations. Raccoons a r e  
q u i t e  suscept ib le  t o  a distemper-llke 
resp i ra tory  d i sease ,  which is almost cer- 
t a i n l y  densi ty dependent. 

In  the  charac te r iza t ion  a rea ,  the 
raccoon breeding season may range from 
l a t e  February i n t o  August, but t he  raccoon 
does not  breed within t he  marsh because 
den t r e e s  a r e  general ly required f o r  



Figure  4-12. Food h a b i t s  of t h e  marsh r i c e  r a t  on Breton I s l a n d ,  Gulf of Mexico, a s  determined 
by stomach ana lyses  of 6 1  animals from v a r i o u s  seasons ,  1957-1959 (Negus e t  a l .  
1961).  

n e s t i n g .  The g e s t a t i o n  pe r iod  is  63 days, 
and usua l ly  a  s i n g l e  l i t t e r  i s  produced 
each year .  About 50% of females  w i l l  
breed when 1 year  of age,  b u t  f u l l  s i z e  
and m a t u r i t y  may no t  be  a t t a i n e d  u n t i l  t h e  
second yea r .  The young remain w i t h  t h e  
mother f o r  s e v e r a l  months a f t e r  they a r e  
weaned, and they a r e  given c l o s e  a t t e n t i o n  
and t r a i n i n g .  

The r i v e r  o t t e r  i s  r e l a t i v e l y  abun- 
dan t  i n  s a l t  marshes of t h e  Sea I s l a n d  
Coas ta l  Region. Johnson e t  a l .  (1974) 
list t h i s  s p e c i e s  a s  occur r ing  on v i r t u -  
a l l y  a l l  of t h e  Georgia c o a s t a l  i s l a n d s .  
Sanders  (1978) c i t e d  r e c o r d s  from most 
South Caro l ina  c o a s t a l  coun t i e s ,  b u t  i t  
undoubtedly occurs  i n  a l l .  The r i v e r  o t -  
t e r  is e n t i r e l y  carnivorous  i n  t h e  marsh 
h a b i t a t  and probably depends more on f i s h e s  
and c r a b s  than do t h e  o t h e r  marsh mam- 
mal ian p reda to r s  (Wilson 1954).  I ts num- 
b e r s  a r e  too  low t o  e x e r t  s i g n i f i c a n t  pop- 
u l a t i o n  c o n t r o l s  on any of i ts prey or- 
ganisms, and t h e  o t t e r  i t s e l f  i s  n o t  
s u b j e c t  t o  s i g n i f i c a n t  p reda t ion  i n  t h i s  
h a b i t a t .  F a c t o r s  c o n t r o l l i n g  i ts popula- 
t i o n  s i z e  a r e  no t  known. 

Like t h e  r i v e r  o t t e r ,  t h e  mink is a  
semi-aquatic mammal t h a t  f r e q u e n t l y  occu- 
p i e s  c o a s t a l  marshes,  b u t  i t  t o o  i s  f a r  
from r e s t r i c t e d  t o  t h i s  environment. The 
d i e t  of t h e  mink i s  more v a r i e d  and is 

l i k e l y  t o  inc lude  marsh b i r d s  and marsh 
roden t s  a long w i t h  f i s h  and c rus taceans  
(Golley 1966).  Like t h e  o t t e r ,  t h i s  spe- 
c i e s  occurs  i n  r e l a t i v e l y  low populat ion 
d e n s i t i e s  and is  u n l i k e l y  t o  c o n t r o l  prey 
popu la t ion  l e v e l s .  

The i n t e r f a c e  between t h e  marsh and 
o t h e r  h a b i t a t s  i s  ex tens ive ly  used a s  a  
f eed ing  ground by mammals o t h e r  than those  
a l r e a d y  mentioned. These s p e c i e s  w i l l  be  
t r e a t e d  i n  connect ion wi th  o t h e r  h a b i t a t s .  

The impacts of dredging,  f i l l i n g ,  
d i t c h i n g ,  and o t h e r  human a c t i v i t i e s  on 
marshes have been t r e a t e d  elsewhere. Habi- 
t a t  d e s t r u c t i o n  of t h e  marsh would gener- 
a l l y  have t h e  same e f f e c t s  on mammals a s  
on o t h e r  f a u n a l  components, except  t h a t  
most mammals a r e  no t  permanent r e s i d e n t s  
of t h e  marsh. A few excep t ions ,  however, 
should b e  noted. Most mammals, except  f o r  
t h e  most a q u a t i c ,  make more ex tens ive  use  
of t h e  h igh  marsh than they do of t h e  low 
marsh. Thus, p a r t i a l  f i l l i n g  which con- 
v e r t s  low marsh t o  high marsh may b e  a  
f avorab le  change f o r  mammals, d e s p i t e  t h e  
r e s u l t i n g  l o s s  of p r o d u c t i v i t y  t o  t h e  
a q u a t i c  system. Likewise, t h e  former 
p r a c t i c e  of b u i l d i n g  smal l  i s l a n d s  w i t h i n  
t h e  marsh wi th  dredge s p o i l  m a t e r i a l  may 
c r e a t e  more f a v o r a b l e  cond i t ions  f o r  mam- 
mals.  
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Figure 4-13. Schematic diagram of the  Breton I s land  marsh r i c e  r a t  population and i t s  response t o  
t h e  environment. Dotted l i n e s  represent  hypothe t ica l  aspec t s  of the  scheme (Negus 
e t  a l .  1961). 

With t h e  no tab le  exception of promot- 
ing o r  allowing domestic animals t o  graze 
i n  the  marsh, most mammals on t h i s  coast- 
l i n e  have l i t t l e  d i r e c t  e f f e c t  on t h e  
marsh h a b i t a t .  Analyses of grazed and un- 
grazed t r a n s e c t s  suggest t h a t  grazing may 
not only crop down the  vegetat ion but a l s o  
may a l t e r  t h e  zonation. Trampling by 
heavy mammals such a s  c a t t l e  and horses  
may have a d i r e c t  unfavorable impact on 
some marsh p lan t  species .  

8. Decomposers 

See sec t ions  on decomposers of estu-  
a r i n e  s u b t i d a l  waters  and i n t e r t i d a l  f l a t s .  

I V .  INTERTIDAL ESTUARINE 
SUBSYSTEM - FLATS 

A. DESCRIPTION 

According t o  Cowardin e t  a l .  (1977), 
f l a t s  a r e  ". . . l e v e l  landforms composed 
of unconsolidated sediments. Normally, 
F l a t s  occur only i n  a r e a s  she l te red  from 
strong cur ren ts  and wave act ion.  They may 

be i r r e g u l a r l y  shaped or  elongate  and con- 
tinuous with t h e  shore, whereas b a r s  gen- 
e r a l l y  a r e  elongate ,  p a r a l l e l  t o  the  
shore l ine ,  and separated from the shore by 
water.  Water regimes a r e  r e s t r i c t e d  t o  
i r r e g u l a r l y  exposed, regu la r ly  flooded, 
i r r e g u l a r l y  flooded, seasonal ly flooded, 
temporarily flooded and i n t e r m i t t e n t l y  
flooded. " 

Gray (1974) noted t h a t  f l a t s  have pro- 
nounced grad ien ts  of environmental condi- 
t i o n s  such a s  s a l i n i t y ,  temperature, t i d a l  
inf luence,  and bottom type. He obsemed 
t h a t  t i d e s  con t ro l  water exchange and t h a t  
the  t i d a l  range determines the ex ten t  and 
dura t ion  t h a t  f l a t s  a r e  exposed o r  sub- 
merged. T i d a l  cur ren ts  a r e  important i n  
determining the  na ture  of the  s u b s t r a t e ,  
which i n  tu rn  determines t h e  types of or- 
ganisms present .  Although f l a t s  present  
a r igorous h a b i t a t  f o r  aqua t ic  organisms, 
d e n s i t i e s  i n  some cases  may be very high. 
Sanders e t  a l .  (1962) encountered e s t i -  
mated d e n s i t i e s  of 7,000 - 355,000 benthic  
invertebrates/m2 on i n t e r t i d a l  f l a t s  i n  
Barnstable  Harbor, Massachusetts. 



Recovery from natural disasters is 
generally rapid on mud flats if the sub- 
strate has not been permanently altered 
(Gray 1974). According to Gray, permanent 
damage may result from filling, sewage 
contamination, disposal of industrial 
waste, and pesticide runoff. Intertidal 
areas are also particularly vulnerable to 
oil spills. 

Most of the oysters in higher salin- 
ity regions of Georgia and South Carolina 
estuaries are restricted to the intertidal 
zone, where they form clusters or "rocks." 
Hard clams are also abundant in the lower 
intertidal zone of estuarine flats in the 
Sea Island Coastal Region. 

B. PRODUCERS 

1. Nonvascular Flora 

Refer to the section on nonvascular 
flora of the emergent wetlands of the in- 
tertidal estuarine subsystem. 

2. Vascular Flora 

Sand and mud flats are common in the 
estuarine intertidal zone. Mud flats are 
generally below the level of the lowest 
stands of smooth cordgrass or within the 
smooth cordgrass community (Teal 1958b, 
Adams 1963). Creekbank mud flats are ex- 
posed during low tides, with additional 
areas of mud being exposed during neap 
tides. Although these flats are rich in 
productive mud algae, no vascular plants 
are found. Within smooth cordgrass com- 
munities, flats or "die-off" areas are 
occasionally present (Adams 1963, Smith 
1970). One cause of these areas is the 
accumulation of dead smooth cordgrass 
culms ("wrack"). The wrack usually covers 
living rhizomes of smooth cordgrass in 
winter; the rhizomes fail to re-sprout in 
spring due to lack of light, and a barren 
area is formed. The wrack usually decom- 
poses or is transported to another part 
of the marsh. Regeneration from rhizomes 
of the mud flat may begin immediately if 
the wrack has been in place for only a 
season. However, if the wrack remains for 
several years, a complete rhizome die-off 
usually occurs. Regeneration is then a 
longer process, with smooth cordgrass 
gradually re-invading the mud flat. An- 
nual glassworts are common in mud flats 
until the smooth cordgrass re-colonizes. 

Smith (1970) described mud flat areas 
within smooth cordgrass stands and along 
creeks. Termed Spartina "die-back" areas, 
these openings may be the result of several 
factors. Smith (1970) listed excess 
salinity, wrack accumulation (a minor 
factor, according to Smith), waterlogging, 
lack of available iron, hydrogen sulfide 
toxicity, oxygen deficiency (in roots), 
tidal regime changes, and water pollution 
as possible factors in die-back of smooth 
cordgrass. 

Sand flats are commonly found in the 
transitional zone between low and high 
marsh (slightly above the mean high tide 
level), or between the low marsh and upland 
communities if no high marsh is present. 
In Figure 4-6, the zones in which sand 
flats may occur are the minax marsh and the 
~alicornia-~istichlis marsh (see Teal 
1958b). Tiner (1977) ~ointed out that sand - .  
flats may be unvegetated ("salt pannes" or 
"sand barrens") or vegetated. In unvege- 
tated sand flats, temperatures may reach 
as high as 45OC (113OF), causing rapid 
evaporation and producing a soil of high 
salinity (up to 70°/oo - thus the name 
"salt pannes") (Teal 1958b, Cooper 1974). 
Sand flats are components of the irregu- 
larly flooded marsh and are inundated only 
during spring and storm tides. For a dis- 
cussion of sand flats in the context of 
saltmarsh zonation, see the subsection on 
emergent wetlands of the intertidal estu- 
arine subsystem. 

C. CONSUMERS 

1. Benthic Meiofauna 

Refer to section on benthic meiofauna 
of estuarine intertidal wetlands. 

2. Benthic Macroinvertebrates 

Rich infaunal communities inhabit many 
of the sheltered intertidal flats occurring 
in estuarine areas of the Sea Island Coastal 
Region. These communities are influenced by 
pronounced gradients and/or fluxes in a num- 
ber of factors, including salinity, tempera- 
ture, tidal influence, and substrate type 
(Gray 1974, Roberts 1974a). As a result of 
wide variations in temperature and salinity, 
the resident fauna is made up largely of 
eurythermal and euryhaline species. Water 
currents partly determine the nature of the 
substrate, and sediment type is known to be a 
major factor determining the assemblage of 
animals present at a given locale. The extent 
and time that a flat is exposed, as well as 
water exchange over the flat, are governed 
by tidal action. 

Intertidal benthic communities recover 
rapidly following natural perturbations, such 
as those caused by hurricanes, if the substrate 
has not been seriously and permanently altered 
(Gray 1974, Roberts 1974a). Damage may be 
more permanent from disposal of sewage and in- 
dustrial wastes, filling operations, or from 
pesticides carried in water runoff. Populations 
of some tidal flat species such as the polychaet~ 
Chaetopterus variopedatus and the commensal crab 
Pinnixa chaetopterana have been decimated by 
over-collecting in the vicinity of marine labo- 
ratories (H. Porter, 1978, Institute of Marine 
Science, University of North Carolina, Morehead 
City, pers. corn.). 

A number of different "sof t-bottom" estua- 
rine intertidal habitats have been investigated 
in both Georgia and South Carolina (Table 4-34). 
On point bars studied by Dijrjes (1977) in 
Georgia, different assemblages of invertebrates 
were found in different subenvironments. In 
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c l e a n  sands, t h e  h a u s t o r i i d s  Acanthohaus- 
t o r i u s ,  Lepidactylus ,  and Bathyporeia  and 
t h e  decapod C a l l i a n a s s a  sp .  predominated. 
Numbers of s p e c i e s  inc reased ,  b u t  t h e  num- 
b e r  of i n d i v i d u a l s  dec l ined  wi th  an in-  
c r e a s e  i n  t h e  percentage of c l a y  and or-  
gan ic  d e b r i s  i n  t h e  sediment.  Typ ica l  
i n h a b i t a n t s  on t h e  channel  s i d e  of t h e s e  
po in t  b a r s  included such s p e c i e s  a s  
Laeonereis  c u l v e r i ,  Heteromastus fili- 
formis ,  and Onuphis microcephala  (poly- 
chae tes )  , T e l l i n a  c f .  texana (pelecypod) , 
and s e v e r a l  amphipods. Occasional ly ,  a 
number of o t h e r  s p e c i e s  such a s  Nassa r ius  
v ibex  and I l y a n a s s a  o b s o l e t a  (gast ropods)  
and & spp. (decapods) were p resen t .  I n  
muddier sediments  toward t h e  marsh, 
Diopatra  cuprea, S t h e n e l a i s  &, Glycera 
d ib ranch ia ta ,  and D r l l o n e r e i s  longa (poly- 
chae tes ) ,  Tagelus  p l e b e i u s  (pelecypod),  
and Upogebia a f f i n i s  (decapod) were prev- 
a l e n t .  

S e v e r a l  s t u d i e s  on i n t e r t i d a l  inver-  
t e b r a t e  communities have been conducted i n  
t h e  high s a l i n i t y  North I n l e t  e s t u a r y ,  
South Caro l ina .  Holland and Dean (1977a) 
recognized f o u r  subregions  on i n t e r t i d a l  
sand b a r s  of North I n l e t ,  each of which 
was c h a r a c t e r i z e d  by a d i s c r e t e  f a u n a l  
assemblage. Along t i d a l  c reek  f r i n g e s ,  
t h e  h a u s t o r i i d s  Acanthohaustor ius  m i l l s i  
and Pseudohaustor ius  c a r o l i n e n s i s  were 
dominant. I n  t i d a l  channels  and p o i n t  
a r e a s ,  Acanthohaustor ius  m i l l s i  and w- 
h a u s t o r i u s  deichmannae were most important  
numerical ly .  I n  thccentral r eg ion  of t h e  
sandbars,  Lep idac ty lus  d y t i s c u s  was t h e  
most abundant s p e c i e s ,  w i t h  Haploscoloplos  
f r a g i l i s  t h e  on ly  o t h e r  important  macro- 
i n v e r t e b r a t e  animal.  Heteromastus fili- 
formis  was numerical ly  dominant i n  lagoon 
a r e a s ,  followed by Glycera  d i b r a n c h i a t a  
and Pseudohaustor ius  c a r o l i n e n s i s .  Mean 
s p e c i e s  d i v e r s i t y  was low a t  each of t h e  
f o u r  subregions ,  ranging from a low of 
0.23 i n  c e n t r a l  r eg ions  t o  a h igh  of 1.44 
on t i d a l  channels  and p o i n t  a r e a s .  Di- 
v e r s i t y  decreased w i t h  e l e v a t i o n  above 
MLW. While community s t r u c t u r e  d i f f e r e d  
i n  d i f f e r e n t  s u b s t r a t e s  and a long eleva- 
t i o n a l  g r a d i e n t s ,  s easona l  changes a t  a 
sample s i t e  nea r  t h e  c e n t e r  of a l a r g e  
sandbar were smal l  and were a s s o c i a t e d  
wi th  t h e  popu la t ion  dynamics of t h e  nu- 
m e r i c a l l y  dominant s p e c i e s  (Holland and 
Polgar  1976). 

Dame (1976) conducted a s e a s o n a l  
abundance s t u d y  of t h e  macrobenthos of 
i n t e r t i d a l  o y s t e r  r e e f s  i n  North I n l e t ,  
South Carol ina .  Of 37 s p e c i e s  i d e n t i -  
f i e d ,  numerical  dominants included t h e  
American o y s t e r  (Crassos t rea  v i r g i n i c a ) ,  
t h e  scorched mussel (Brachidontes  exus tus ) ,  
a gas t ropod (Odostomia impressa) ,  and two 
s p e c i e s  of polychaetes  ( K e r o m a s t u s  fili- 
formis  and Nere i s  succ inea ) .  D e n s i t i e s  
va r i ed  from 2,476 - 4,077 organisms/m2, 
wi th  maximum numbers i n  e a r l y  summer. 

Oyster c l u s t e r s ,  formed by success ive  
y e a r l y  s e t s  of "spat" on o l d e r  o y s t e r s ,  

a r e  cornon i n  t h e  i n t e r t i d a l  zone of 
Georgia and South Caro l ina  e s t u a r i e s  (Fig. 
4-14). As new s e t s  occur  and o y s t e r s  grow, 
t h e  c l u s t e r s  develop, o f t e n  becoming shaped 
l i k e  bushes.  According t o  Ke i th  and Gracy 
(19721, c l u s t e r s  a t t ached  t o  a s o l i d  matrix 
may a t t a i n  a h e i g h t  of 45 cm (18 i n )  o r  
nore. As new growth occurs ,  t h e  added 
re ight  pushes t h e  lower o y s t e r s  i n t o  t h e  

mud where they  e v e n t u a l l y  s u f f o c a t e .  Only 
t h e  o u t e r  and top-most o y s t e r s  remain a l i v e .  

I n t e r t i d a l  o y s t e r s  a r e  a l s o  found i n  
groups known a s  "oyster  rocks" (Kei th  and 
Gracy 1972). These o y s t e r s  e v i d e n t l y  g r w  
on a f i r m  foundat ion and probably begin a s  
a v e r y  t h i c k  mat o f , c l u s t e r  o y s t e r s .  Suc- 
c e s s i v e  s e t s  occur  and even tua l ly  t h e  
c l u s t e r s  j o i n  t o  form a cont inuous group. 
Through a pe r iod  of many y e a r s ,  t i e r s  of 
o y s t e r s  a r e  l a i d  one upon ano the r .  The 
lwer -mos t  o y s t e r s  d i e  o f  s u f f o c a t i o n  o r  
s t a r v a t i o n  be fo re  they  eve r  r each  a harvest- 
a b l e  s i z e .  Even tua l ly  t h e  "oys te r  rocks" 
grow t o  be  s e v e r a l  f e e t  t h i c k  ( s e e  F ig .  
4-15). Only t h e  uppermost o y s t e r s  a r e  
a l i v e  and, due t o  t h e i r  prolonged exposure 
t o  t h e  e lements ,  they u s u a l l y  remain of an  
unharves tab le  s i z e .  Local ly ,  t h e s e  o y s t e r s  
a r e  sometimes r e f e r r e d  t o  a s  "coon oys te r s . "  
To b e  of economic va lue ,  such o y s t e r s  must 
b e  broken i n t o  "seed" and d i s t r i b u t e d  t o  
b e t t e r  growing a r e a s .  

The ub iqu i tous  i n t e r t i d a l  o y s t e r  
c l u s t e r s  and o y s t e r  rocks  provide microhab- 
i t a t s  and food f o r  o t h e r  b e n t h i c  spec ies .  
Spec ies  commonly occur r ing  i n  c r e v i c e s  
among t h e  c l u s t e r e d  o y s t e r s  a r e  mud c r a b s  
(Panopeus h e r b s t i i ,  Neopanope s a y i .  Eury- 

panopeus depressus ) ,  snapping shrimp 
(Alpheus spp . ) , amphipods , i sopods , numer- 
ous polychaetes ,  and gob i id  and b l e n n i i d  
f i s h e s .  S e s s i l e  and e n c r u s t i n g  forms such 
a s  ba rnac les ,  bryozoans, and tub icu lous  
worms a r e  a l s o  common. J u v e n i l e  b l u e  
c r a b s  ( C a l l i n e c t e s  sapidus)  and o y s t e r  
t o a d f i s h  may occas iona l ly  be  found among 
i n t e r t i d a l  o y s t e r s ,  bu t  a r e  much more com- 
mon where t h e  o y s t e r  f l a t s  a r e  submerged. 
Between clumps of o y s t e r  s h e l l s ,  b u r r w s  
of t h e  abundant and n e a r l y  ub iqu i tous  f i d -  
d l e r  c rabs ,  Uca spp.,  may b e  p resen t .  

3. I n s e c t s  

Refer  t o  t h e  s e c t i o n  on i n s e c t s  of t h e  
emergent wet lands  of t h e  i n t e r t i d a l  e s tu -  
a r i n e  subsystem. 

4. F i s h e s  

Few previous  i n v e s t i g a t i o n s  on f i s h e s  
of e s t u a r i n e  i n t e r t i d a l  f l a t s  i n  t h e  Sea 
I s l a n d  C o a s t a l  Region of South Caro l ina  and 
Georgia have been conducted. T h i s  h a b i t a t  
is c h a r a c t e r i z e d  by mud and/or  sand f l a t s ,  
o f t e n  i n t e r s p e r s e d  w i t h  i n t e r t i d a l  o y s t e r  
r e e f s .  S t u d i e s  by Dahlberg (1972) and 
Mahood e t  a l .  (1974a, b ,  c ,  d) included 
c o l l e c t i n g  i n  Georgia i n t e r t i d a l  a r e a s  by 
means of s e i n e s  and g i l l  n e t s .  Hicks (1972) 
conducted s e a s o n a l  g i l l  n e t  sampling i n  
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Figure 4-14. Representat ive i n t e r t i d a l  oys te r  beds i n  c o a s t a l  
South Carolina. 

Figure 4-15. Generallzea c r o s s  sec t ion  of 
an i n t e r t i d a l  oys te r  rock. 

shore a r e a s  of Por t  Royal Sound, South 
Carolina. The South Carolina Marine Re- 
sources Divis ion (Noe 1977) conducted a  
1-year g i l l  n e t  sampling program on an in- 
t e r t i d a l  f l a t  i n  Charleston Harbor, South 
Carolina. 

Resident f i s h  spec ies  known t o  f re -  
quent t h e  i n t e r t i d a l  e s t u a r i n e  h a b i t a t  i n  
South Carolina and Georgia include s i l v e r -  
s ides ,  bay anchovy, and mummichog (Dahlberg 
1972, Turner and Johnson 1972, 1974). 
Transient  f i s h e s  which frequent  i n t e r t i d a l  
es tuar ine  f l a t s  seasonal ly during var ious  
s tages  of t h e i r  l i f e  cycles  include s t i n g  
rays,  mullets ,  sea  c a t f i s h ,  A t l a n t i c  men- 
haden, mojarras, p ipef i shes ,  p inf i sh ,  and 
sc iaen ids  ( spo t ,  s i l v e r  perch, and Atlant ic  
croaker) .  Juveni les  and a d u l t s  of southern 
k ingf i sh ,  carangids, pompanos, and At lan t ic  
thread her r ing  a r e  a l s o  common during t h e  
warmer months over t h e  i n t e r t i d a l  f l a t s  i n  
the  lower reaches of e s t u a r i e s .  

Larger predatory f i s h e s  which invade 
t h e  i n t e r t i d a l  f l a t s  during higher s tages  
of t h e  t i d e  f o r  feeding purposes include 
small  carcharinid and hammerhead sharks,  
longnose gar ,  s t r i p e d  bass ,  white perch, 
b l u e f i s h ,  spot ted sea t rou t ,  red drum, black 
drum, and southern flounder. Table 4-35 
Dresents numbers of ind iv idua ls  of var ious 
spec ies  taken monthly by g i l l  n e t  sampling 
on an i n t e r t i d a l  f l a t  i n  Charleston Harbor 
(Noe 1977). Major f i s h  spec ies  taken dur- 
ing g i l l  ne t  sampling i n  shallow t i d a l  
a r e a s  of ~ e 0 r ~ i a - b ~  &hood e t  a l .  (1974a, 
b ,  c,  d) were spot ted sea t rou t ,  weakfish, 
spo t ,  A t l a n t i c  croaker, red drum, southern 
k ingf i sh ,  b luef i sh ,  sea c a t f i s h ,  A t l a n t i c  
menhaden, Spanish mackerel, s t r i p e d  mullet ,  
and c r e v a l l e  jack. 

I n t e r t i d a l  oys te r  r e e f s  a r e  commonly 
s i t u a t e d  along t h e  shore l ines  of e s t u a r i e s  
o r  in te r spersed  on mud f l a t s ,  and form a 
unique h a b i t a t  type. Fishes commonly as- 
sociated with oys te r  r e e f s  such a s  those 
found i n  the  charac te r iza t ion  a rea  include 
gobies, blennies ,  s k i l l e t f i s h ,  k i l l i f i s h e s ,  
and oys te r  toadfish.  Other f i s h e s  o f ten  
associated with oys te r  r e e f s  a t  high t i d e  
include mullets ,  spot ted s e a t r o u t ,  red 
drum, and southern flounder. Adult spot ted 
sea t rou t  f requent  oys te r  r e e f s  f o r  both 
food and cover. During co lder  weather, 
spot ted sea t rou t  and, t o  a  c e r t a i n  extent  
small  red drum, apparent ly u t i l i z e  oys te r  
r e e f s  a s  p ro tec t ive  cover from predators  
such a s  A t l a n t i c  bo t t l enose  dolphin. 

Dahlberg and Conyers (1973) conducted 
an eco log ica l  study of two spec ies  of gobies 
associated with shallow water oys te r  r e e f s  
near Sapelo I s land ,  Georgia. This  included 
both l a r g e r  i n t e r t i d a l  r e e f s  and small  sub- 
t i d a l  reef  patches. Sexual dimorphism, 
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nest ing behavior, spawning, and fecundity 
of t h e  naked goby and the  seaboard goby 
were inves t iga ted .  Seven spec ies  of r e s i -  
dent  f i s h e s  c h a r a c t e r i s t i c  of the  oys te r  
r e e f s  were co l lec ted .  I n  add i t ion  t o  the  
two gobies, the  following spec ies  were 
found: oys te r  toadf i sh ,  s k i l l e t f i s h ,  and 
blennies  ( fea ther  blenny, s t r i p e d  blenny, 
and c res ted  blenny). 

The above f i s h e s  associated with oys- 
t e r  r e e f s  were found t o  remain within t h e  
i n t e r s t i c e s  of the  reef  throughout the  
t i d a l  cycle  during t h e  warmer months, be- 
coming scarce  o r  absent i n  winter .  Other 
f i s h e s  associated with the  r e e f s  were c las -  
s i f i e d  a s  temporary v i s i t o r s .  The oys te r  
reef  provides nes t ing  s i t e s ,  food, and 
pro tec t ion  from predators  f o r  the spec ies  
which inhabi t  them. Food of gobies on the  
r e e f s  included amphipods (Gammarus) and 
other  crustaceans,  small  f i s h ,  eggs, an- 
n e l i d  worms, and dying oys te rs .  

On t h e  i n t e r t i d a l  e s t u a r i n e  mud and 
mud/sand f l a t s ,  the  movement of var ious  
spec ies  of f i s h e s  depends l a r g e l y  upon 
t i d a l  s tage .  These f l a t s  a r e  u t i l i z e d  by 
t r a n s i e n t  spec ies  f o r  feeding t o  some ex- 
t e n t ,  but  many spec ies  move quickly across  
f l a t s ,  once the t i d e  has covered them, and 
i n t o  adjacent  i n t e r t i d a l  creeks and 
marshes. Generally, t h e  f i r s t  f i s h e s  t o  
move onto f l a t s  a t  e a r l y  s tages  of the  
flood t i d e  a r e  mullets ,  m m i c h o g s ,  rays,  
p i n f i s h ,  f lounders  such a s  southern 
f lounder ,  and juveni le  sc iaen ids  (spot ,  
s i l v e r  perch). Wind and wave ac t ion  on 
f l a t s  s t i r  up t h e  bottom sediments along 
with benthic  food organisms. Moti le  food 
organisms (penaeid shrimp, g rass  shrimp, 
and other  small  crustaceans)  a r e  abundant 
during the lower s t a g e s  of t h e  t i d e ,  but 
animals such a s  these rap id ly  move i n t o  
adjacent  marshlands a s  the  t i d e  r i s e s .  
Predators  such a s  red drum, spot ted sea- 
t r o u t ,  and b luef i sh  move across  those 
a r e a s  a t  high t i d a l  s tages.  A s i m i l a r  
p a t t e r n  of movement occurs on the ebb t i d e ,  
with mullet  and other  spec ies  t o l e r a n t  of 
high temperature and t u r b i d i t y  remaining 
u n t i l  t h e  water becomes very shallow. 

I n t e r t i d a l  f l a t s  could be considered 
a s  extensions of the  s u b t i d a l  es tuar ine  
h a b i t a t ,  and a number of f i s h  spec ies  com- 
monly found on f l a t s  a r e  t h e  same a s  those 
occurring i n  deeper waters and channels. 
However, some spec ies  common t o  the  l a t t e r  
a rea  a r e  r a r e l y ,  i f  ever ,  taken i n  the  in -  
t e r t i d a l  zone. For example, s t a r  drum, 
juveni le  A t l a n t i c  croaker, weakfish, and 
black sea  bass  found i n  deeper s u b t i d a l  
waters a r e  no t  usua l ly  found on i n t e r t i d a l  
f l a t s .  Conversely, mul le t ,  mummichog, 
At lan t ic  s i l v e r s i d e s ,  and o thers  appear t o  
be abundant i n  the shallow waters of f l a t s  
and smaller  marsh creeks. 

No published information could be 
found concerning the e f f e c t s  of environ- 
mental a l t e r a t i o n s  on f i s h e s  of i n t e r t i d a l  
f l a t s .  I t  i s  assumed t h a t  these  spec ies  

would be suscep t ib le  t o  a e r i a l  p e s t i c i d e  
app l ica t ion  and po l lu tan ts  en te r ing  estu-  
a r i e s  from adjacent  land drainage. 

I n  t h e  pas t ,  the re  has been a tendency 
t o  place more emphasis on t h e  importance 
of vegetated marshlands i n  South Carolina 
and Georgia than on open water shoa l  habi- 
t a t  such a s  i n t e r t i d a l  mud f l a t s .  I n  some 
ins tances ,  f i l l i n g  of f l a t s  t o  c r e a t e  new 
marshlands has been considered a s  an a l -  
t e r n a t i v e  f o r  d i sposa l  of dredged mater ia l s .  
I n  view of the present  high r a t i o  of marsh- 
lands t o  open water shoa l  h a b i t a t  i n  South 
Carolina and Georgia, and considering the  
eco log ica l  s ign i f icance  of f l a t s  and as-  
sociated oys te r  r e e f s ,  t h i s  p r a c t i c e  should 
be discouraged wherever other  environmen- 
t a l l y  acceptable  a l t e r n a t i v e s  a r e  ava i lab le .  

Further  study of t h e  f i s h e s  and o ther  
b io log ica l  f e a t u r e s  of i n t e r t i d a l  f l a t s  i n  
the  South Carolina and Georgia c o a s t a l  
a r e a s  i s  needed t o  determine t h e  ecological  
s ign i f icance  of these a reas .  Invest iga-  
t i o n s  employing mul t ip le  gear sampling 
techniques during various t i d a l  cycles  w i l l  
be required t o  obtain information about the  
occurrence, d i v e r s i t y ,  abundance, p a t t e r n s  
of movements, and t rophic  r e l a t i o n s h i p s  of 
the  f i s h e s  u t i l i z i n g  these  a reas .  In te r -  
t i d a l  mud f l a t s  a r e  a common h a b i t a t  type 
i n  both S t a t e s  and present  i n  an extremely 
d i f f i c u l t  a rea  f o r  sampling due t o  t h e  
o f ten  s o f t  na ture  of the bottom and the  
frequent  presence of i n t e r t i d a l  oys te r  
mounds o r  r e e f s .  Sampling of these  a r e a s  
might bes t  be accomplished with v a r i a b l e  
mesh g i l l  n e t s  and l a r g e  s t o p  n e t s  (seines)  

5. Amphibians and Rept i l es  

Refer t o  the sec t ion  on emergent wet- 
lands of the i n t e r t i d a l  es tuar ine  subsystem. 

Estuarine i n t e r t i d a l  f l a t s  i n  the 
study a rea  support d iverse  b i o t i c  communi- 
t i e s ,  which i n  tu rn  support a l a r g e  and 
d i v e r s e  avian population. At p resen t ,  how- 
ever ,  the re  e x i s t  no q u a n t i t a t i v e  d a t a  on 
the  numbers of b i r d s  u t i l i z i n g  i n t e r t i d a l  
f l a t s  i n  the South Carolina-Georgia c o a s t a l  
zone. On the o ther  hand, t h e  occurrence 
of var ious spec ies  i n  t h i s  h a b i t a t  i s  well  
documented. 

Approximately 23 spec ies  of b i r d s  a r e  
dominant res iden ts  t h a t  regu la r ly  u t i l i z e  
exposed i n t e r t i d a l  f l a t s  (Table 4-56). Of 
t h i s  number, a l l  but  one, t h e  l e a s t  t e rn ,  
a r e  permanent res iden ts .  Perhaps the  most 
conspicuous of these  dominants, and cer- 
t a i n l y  among the  most important eco log ica l  
elements of the  i n t e r t i d a l  f l a t  community, 
a r e  the  wading b i rds .  Five spec ies  of 
e g r e t s  and herons make extensive use of 
i n t e r t i d a l  f l a t s  a s  feeding a reas .  The 
g r e a t  egre t ,  snowy e g r e t ,  and Louisiana 
heron a r e  the  most abundant and appear t o  
occur i n  nearly equal numbers i n  the  s tudy 
area.  Somewhat l e s s  abundant a r e  t h e  
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g r e a t  b l u e  heron and l i t t l e  b l u e  heron. 
Black-crowned n i g h t  herons  and yellow- 
crowned n i g h t  herons  a l s o  u t i l i z e  t h e  
f l a t s ,  b u t  because of t h e i r  noc tu rna l  feed- 
ing h a b i t s ,  i t  is d i f f i c u l t  t o  e s t i m a t e  
t h e i r  r e l a t i v e  abundance. 

Al toge the r ,  e s t u a r i n e  i n t e r t i d a l  
f l a t s  a r e  f requented by 37 permanent r e s i -  
d e n t  s p e c i e s ,  p l u s  t h r e e  summer r e s i d e n t s  
and four  win te r  r e s i d e n t s  (Table  4-36). 
Many of the  permanent r e s i d e n t s ,  a l though 
p resen t  year  around, a r e  l e a s t  abundant 
dur ing w i n t e r  (e .g . ,  t h e  l i t t l e  b l u e  heron, 
Louis iana heron, w i l l e t ,  laughing g u l l ,  
r o y a l  t e r n ,  and b l a c k  skimmer) (Sprunt and 
Chamberlain 1949, Burle igh 1958).  Popula- 
t i o n s  of o t h e r  s p e c i e s  i n c r e a s e  dur ing  t h e  
win te r  season a s  nor the rn  b i r d s  migra te  t o  
t h e  South Caro l ina  and Georgia c o a s t s  t o  
win te r .  Included i n  t h i s  group a r e  t h e  
American o y s t e r c a t c h e r ,  h e r r i n g  g u l l ,  r ing-  
b i l l e d  g u l l ,  and t h e  double-crested cor-. 
morant (Sprunt and Chamberlain 1949, 
Burle igh 1958).  J o i n i n g  t h e s e  b i r d s  a r e  
win te r  r e s i d e n t s  such a s  t h e  marbled- god- 
w i t ,  l e s s e r  yel lowlegs ,  American avocet ,  
and Bonapar te ' s  g u l l .  

During summer, t h e  l e a s t  t e r n ,  g u l l -  
b i l l e d  t e r n ,  and sandwich t e r n  a r e  common 
r e s i d e n t s  t h a t  breed and feed  i n  o t h e r  
h a b i t a t s .  Many of t h e  shoreb i rds ,  although 
regarded a s  permanent r e s i d e n t s ,  do no t  
breed i n  t h i s  a r e a  and a r e  g e n e r a l l y  l e s s  
common i n  t h e  slimmer season.  Typ ica l  non- 
breeding permanent r e s i d e n t s  inc lude  t h e  
semipalmated plover ,  b l ack-be l l i ed  plover ,  
ruddy tu rns tone ,  l e a s t  sandpiper ,  dun l in ,  
dowitcher,  semipalmated sandpiper ,  and t h e  
western  sandpiper .  I n d i v i d u a l s  of t h e s e  
s p e c i e s  over-summering on t h e  South 
Carolina-Georgia c o a s t a l  f l a t s  a r e  thought 
t o  b e  subadu l t s ,  b u t  more i n v e s t i g a t i o n  of 
t h i s  m a t t e r  is needed. 

Many of t h e  t r u e  shoreb i rds  r each  
peak numbers i n  t h e  Sea I s l a n d  Coas ta l  
Region dur ing  s p r i n g  and f a l l  migra t ion .  
An e x c e l l e n t  example i s  t h e  whimbrel o r  
Hudsonian curlew. Th i s  s p e c i e s  is  a  non- 
breeding permanent r e s i d e n t  t h a t  is uncom- 
mon dur ing  mid-winter and mid-summer b u t  
abundant dur ing  migra t ion .  Large numbers 
a r e  r e g u l a r l y  observed near  t h e  i n t e r t i d a l  
f l a t s  from mid-April t o  mid-May and aga in  
from e a r l y  J u l y  t o  mid-September (Sprunt 
and Chamberlain 1949, Burle igh 1958).  

As pointed o u t  above, most of t h e  
s p e c i e s  t h a t  p lay a  major r o l e  i n  t h e  in- 
t e r t i d a l  f l a t  h a b i t a t  a r e  e i t h e r  wading 
b i r d s  o r  t r u e  shoreb i rds .  These s p e c i e s  
spend much of t h e i r  t ime feeding on t h e  
ben th ic  and nek ton ic  fauna of t h e  f l a t s .  
J u v e n i l e  penaeid shrimp, f i d d l e r  c rabs ,  
and smal l  f i s h  a r e  major food i tems,  par- 
t i c u l a r l y  of t h e  wading b i r d s .  The 
American o y s t e r c a t c h e r  f e e d s  on o y s t e r s  
(Tomkins 1947, 1954). Other shoreb i rds ,  
i nc lud ing  t h e  dowitcher,  g r e a t e r  and l e s s e r  
yel lowlegs ,  marbled godwits,  and w i l l e t s ,  

probe i n  sediments of t h e  f l a t s ,  f eed ing  on 
i n f a u n a l  forms; w i l l e t s  a l s o  t ake  smal l  
f i s h e s  t h a t  become t rapped i n  t i d a l  pools .  
Severa l  o t h e r  s p e c i e s  (e .g . ,  brown pe l i can ,  
double-crested cormorant,  and 12 s p e c i e s  of 
g u l l s  and t e r n s )  u t i l i z e  f l a t s  f o r  r e s t i n g  
and feed p r imar i ly  i n  a d j a c e n t  h a b i t a t s .  
Never theless ,  t h e  g u l l s  a t  l e a s t  f u n c t i o n  
t o  some degree  a s  p r e d a t o r s  and scavengers  
i n  t h i s  h a b i t a t .  Two s p e c i e s  not  g e n e r a l l y  
thought of a s  a q u a t i c ,  t h e  b o a t - t a i l e d  
g r a c k l e  and t h e  f i s h  crow, a l s o  commonly 
feed on i n t e r t i d a l  f l a t s .  The g r a c k l e  is 
the  more abundant,  and both  consume inver- 
t e b r a t e s  (probably j u v e n i l e  c rabs ,  shrimp, 
and o t h e r  c rus taceans )  and smal l  f i s h e s  
(Wayne 1910).  

The t r o p h i c  i n t e r a c t i o n s  of t h e  av i -  
fauna, desc r ibed  i n  p a r t  i n  t h e  preceding 
paragraph, a r e  summarized i n  F i g u r e  4-16. 
The smal l  sandp ipe r s  u t i l i z e  t h e  base  
t r o p h i c  l e v e l ,  where they e a t  sma l l  quant i -  
t i e s  of marine a l g a e  a long wi th  t h e  amphi- 
pods, anne l ids ,  and o t h e r  ben th ic  organisms 
t h a t  compose t h e  bu lk  of t h e i r  d i e t .  Larger 
c r u s t a c e a n s  and mollusks a r e  consumed by 
p lover s ,  l a r g e  sandpipers ,  and v i r t u a l l y  
a l l  of t h e  l a r g e  wading b i r d s  and scavengers. 
F i shes  a r e  t h e  main food source  f o r  t h e  
l a r g e r  spec ies .  Herons and e g r e t s  a r e  
h igh ly  p reda to ry  and, a l though g e n e r a l l y  
regarded a s  scavengers ,  g u l l s  a l s o  can b e  
predatory.  The top  p reda to r  is  t h e  pere- 
g r i n e  f a l c o n .  Th i s  b i r d  is n o t  a  t y p i c a l  
s p e c i e s  of t h i s  h a b i t a t ,  b u t  i n  i ts r o l e  
i n  a d j a c e n t  h a b i t a t s  i t  w i l l  occas iona l ly  
prey on b i r d s  of exposed i n t e r t i d a l  f l a t s .  

One b i r d ,  t h e  American o y s t e r c a t c h e r ,  
dese rves  s p e c i a l  mention here .  It i s  one 
of t h e  l a r g e s t  and most s p e c t a c u l a r l y  
marked shoreb i rds .  Although i t  n e s t s  on 
open ocean beaches,  t h e  o y s t e r c a t c h e r  f eeds  
a lmost  e x c l u s i v e l y  on e s t u a r i n e  i n t e r t i d a l  
banks and f l a t s .  T h i s  s p e c i e s  is r a r e  over 
most of its range,  and its g r e a t e s t  con- 
c e n t r a t i o n s  occur  i n  t h e  Sea I s l a n d  Coas ta l  
Region. Tomkins (1947) s t u d i e d  t h i s  spe- 
c i e s  i n  South Caro l ina  and Georgia c o a s t a l  
wa te r s  and repor ted  on feeding h a b i t s  and 
l i f e  h i s t o r y .  The b reed ing  o y s t e r c a t c h e r s  
of c o a s t a l  South Carol ina  and Georgia a r e  
permanent r e s i d e n t s ,  b u t  t h e i r  numbers a r e  
augmented i n  win te r  when breeding b i r d s  
from V i r g i n i a  and North Caro l ina  a r r i v e .  
The Cape Romain a r e a  appears  t o  b e  t h e  
p r i n c i p a l  win te r ing  grounds on t h e  A t l a n t i c  
c o a s t .  Even so ,  t h e s e  b i r d s  a r e  not  abun- 
dan t .  Hunters  reduced o y s t e r c a t c h e r  popu- 
l a t i o n s  t o  near  e x t i n c t i o n  l e v e l s  around 
t h e  t u r n  of t h e  cen tu ry .  Sprunt  and 
Chamberlain (1970) e s t ima ted  t h e  win te r  
concen t ra t ion  of American o y s t e r c a t c h e r s  i n  
t h e  Cape Romain a r e a  t o  be  around 1,500 
b i r d s  i n  1940; they considered t h i s  t o  b e  
a  record number. Fopu la t ion  e s t i m a t e s  f o r  
r e c e n t  y e a r s  a r e  l ack ing ,  and e f f o r t s  
should b e  made t o  o b t a i n  such d a t a .  S i n g l e  
f l o c k s  exceeding 100 b i r d s  have been ob- 
served,  and t h e  t o t a l  number of oys te r -  
c a t c h e r s  i n  t h e  prime win te r ing  ground is 
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Figure 4-16. Generalized t roph ic  r e l a t i o n s h i p s  of r e p r e s e n t a t i v e  b i r d s  of e s t u a r i n e  
i n t e r t i d a l  f l a t s .  

believed t o  exceed s e v e r a l  thousand in- 
d iv idua l s .  

Nan's impacts on b i r d s  of t h e  estu-  
a r i n e  i n t e r t i d a l  f l a t s  a r e  very s i m i l a r  
t o  those discussed i n  t h e  emergent wet- 
lands s e c t i o n  of t h i s  chapter .  An addi- 
t i o n a l  impact, n o t  p reva len t  i n  t h e  i n t e r -  
t i d a l  marshes, has  t o  do with t h e  presence 
of people on t h e  f l a t s .  Recrea t iona l  use  
of f l a t s  has become more i n t e n s i v e  with 
increases  i n  numbers of b o a t e r s  i n  t h e  
area.  F l a t s  a r e  o f t e n  used f o r  picnicking, 
s h e l l f i s h  ga ther ing ,  hunting, f i s h i n g ,  and 
other  r e c r e a t i o n a l  a c t i v i t i e s .  Also, com- 
mercial o y s t e r  and clam ga ther ing  i s  a 
major a c t i v i t y  on t h e  i n t e r t i d a l  f l a t s .  
Such a c t i v i t y  is obviously d i s r u p t i v e  t o  
b i rd  populat ions u t i l i z i n g  t h i s  h a b i t a t .  

7. Mammals 

Es tuar ine  i n t e r t i d a l  f l a t s  a r e  pre- 
dominantly a q u a t i c  environments, bu t  one 
t e r r e s t r i a l  mammal, t h e  ubiqui tous raccoon, 
makes extensive use  of  them a s  feeding 
grounds. Where i n t e r t i d a l  f l a t s  a r e  no t  
widely separated from ad jacen t  highlands, 
raccoons r e g u l a r l y  v i s i t  t h e  f l a t s  when 
exposed, e s p e c i a l l y  a t  n i g h t ,  t o  forage 
f o r  food. I n  i s o l a t e d  a r e a s ,  raccoons may 
be seen on t h e  f l a t s  i n  f u l l  day l igh t ,  a l -  
though they a r e  predominantly noc turna l  
wanderers. 

Much of t h e  success  of t h e  raccoon i n  
coas ta l  environments is due t o  i t s  gen- 
e ra l i zed  h a b i t a t  and food requirements.  
On i n t e r t i d a l  f l a t s ,  raccoons feed pre- 
dominantly on crustaceans and mollusks. 
Blue c rabs  which become trapped i n  t i d e  
pool depressions by receding t i d e s  a r e  
espec ia l ly  sought. Many o l d e r  accounts  
r e f e r  t o  raccoons feeding on i n t e r t i d a l  

o y s t e r s  and clams, although i t  is l i k e l y  
t h a t  c rus taceans  a r e  of g r e a t e r  importance. 
On those i n t e r t i d a l  f l a t s  over which f i d -  
d l e r  c rabs  range, they a r e  preyed upon 
heav i ly  by raccoons. 

The marsh r i c e  r a t  occas iona l ly  ranges 
o u t  onto t h e  i n t e r t i d a l  f l a t s  bu t  only 
where t h e r e  a r e  adjacent  marsh o r  high land 
a reas .  This  rodent  is l a r g e l y  carnivorous 
i n  c e r t a i n  h a b i t a t s  and w i l l  feed on f i d -  
d l e r  c rabs  where they a r e  ava i lab le .  

8. Decomposers 

The r o l e s  of decomposers, p r i n c i p a l l y  
b a c t e r i a  and fungi ,  i n  e s t u a r i n e  i n t e r t i d a l  
f l a t s  and marshes have been reviewed r e c e n t l y  
by Peterson and Peterson (1979). Basical ly ,  
these  so-called decomposers perform th ree  
major func t ions  i n  i n t e r t i d a l  environments: 
1) t h e  decomposition of dead organ ic  mat te r  
i n t o  inorgan ic  n u t r i e n t s  and t h e  cyc l ing  of 
these  n u t r i e n t s  ( see  s e c t i o n  on biogeo- 
chemical cyc les  i n  Chapter One); 2) the  
conversion of o f t e n  i n d i g e s t i b l e  p l a n t  
m a t e r i a l s  (such as c e l l u l o s e )  i n t o  a form 
( i . e . ,  mic rob ia l  biomass) i n  which i t  can 
be  ass imi la ted  r e a d i l y  by d e t r i t u s -  and 
deposit-feeding organisms; and 3) the  con- 
ve rs ion  of dissolved organic  and inorganic  
m a t e r i a l s  i n t o  consumable p a r t i c u l a t e  mat- 
t e r .  A number of i n v e s t i g a t o r s  have noted 
t h a t  t h e  colonizing macroflora appears t o  
provide most of t h e  n u t r i t i v e  v a l u e  of de- 
t r i t u s  t o  consumers, s i n c e  t h e  b a c t e r i a  
and fungi  appear t o  be  ass imi la ted  during 
passage through t h e  g u t s  of d e t r i t i v o r e s  
while  t h e  d e t r i t u s  i t s e l f  is defecated i n  
enriched form. A s  Peterson and Peterson 
(1979) p o i n t  o u t ,  t h e  process  of re-  
development of microbial  populat ions on 
defecated d e t r i t a l  m a t e r i a l  may be  "an 
important ra te - l imi t ing  s t e p  which 



determines t he  abundance of various de- 
posit-feeding species  i n  marine benthic 
communities. " 

L i t t l e  work has been done concerning 
the e f f e c t s  of perturbat ions on i n t e r t i d a l  
microbial populations i n  the Sea Is land 
Coastal Region. Chr i s t ian  e t  a l .  (1978) 
subjected marsh p lo t s  near Sapelo Is land,  
Georgia, t o  two kinds of perturbat ions:  
1) cl ipping the shoots and pruning the  
below-ground pa r t s  of the  smooth cordgrass 
cover f o r  periods up t o  18 months and 2) 
enrichment of defo l ia ted  and cont ro l  p l o t s  
with glucose, ammonium n i t r a t e ,  o r  both. 
Microbial responses t o  these  per turba t ion  
indicated t h a t  t he  s o i l  microbial com- 
munity was r e l a t i v e l y  unlinked t o  p lan t  
growth and q u i t e  r e s i s t a n t  t o  change. 
Thus, per turba t ions  which may d r a s t i c a l l y  
a f f e c t  marsh vegetat ion may have re la -  
t i v e l y  l i t t l e  impact on the i n t e r t i d a l  
microf lo ra .  

V.  INTERTIDAL ESTUARINE 
SUBSYSTEM - IMPOUNDMENTS 

A. DESCRIPTION 

Numerous impoundments, ranging i n  
s i z e  from a f r ac t i on  of an ac r e  t o  severa l  
thousand acres ,  occur pr inc ipa l ly  within 
the South Carolina sec tor  of t he  Sea Is- 
land Coastal  Region. Most of these  a r e  
former r i c e  f i e l d s ,  although some may con- 
sist of newly diked brackish marsh 
(Johnson e t  a l .  1974, Tiner 1977). Many 
have been maintained and managed a s  game 
preserves s ince  t he  demise of casmercial 
r i c e  production i n  t h i s  a rea  during the 
l a t t e r  half of the l a s t  century. Most im- 
poundments were constructed by diking off  
wetland a reas  in te rsec ted  by t i d a l  creeks. 
I n  some instances,  e n t i r e  marsh-creek 
a r ea s  were completely e n e i ~ c l e d  by dikes,  
although the  most common p rac t i c e  was t o  
dike off the  open end of a marsh slough 
bounded by high lands. These impoundments 
a r e  usual ly equipped with flood ga tes  o r  
other  s t r uc tu r e s  f o r  regulat ing water 
l eve l  and s a l i n i t y .  This is done i n  most 
cases t o  manage p lan t  growth su i t ab l e  f o r  
waterfowl u r i l i z a t i o n ,  but  s a l i n i t i e s  i n  
a few a r e  cont ro l led  f o r  aquacultural  pur- 
poses (Morgan 1974. Tiner 1977). For a 
complete descr ip t ion  of the  h i s t o ry  and 
development of r i c e  f i e l d  impoundments, 
s ee  Volume 11, Chapter Six. 

S a l i n i t i e s  i n  impoundments vary f r a o  
completely f r e sh  t o  a s  much a s  2S0/oo i n  
those along the l w e r  es tuar ine  reaches. 
Impoundments with s a l i n i t i e s  averaging 
g r ea t e r  than O.SO/oo a r e  herein considered 
pa r t  of the  es tuar ine  subsystem. Because 
of t h e i r  brackish nature,  the  f l o r a  and 
fauna of es tuar ine  impoundments can b e s t  
be compared and contrasted with b i o t i c  
communities of the e s tua r i ne  i n t e r t i d a l  
system, although technica l ly  these  en- 
closures a r e  a r t i f i c i a l l y  i n t e r t i d a l  ( i .e . ,  

t i d a l  waters a r e  regulated i n t o  and out of 
the impoundments). 

New ecological  systems replace old 
ones when port ions of an es tuary  a r e  im- 
pounded (Copeland 1 9 7 4 ,  and s i gn i f i c an t  
changes i n  hydrography accompany the  im- 
poundment of such an area.  Water c i rcu la -  
t i on  i s  reduced and may become p rac t i c a l l y  
non-existent; increased sedimentation 
changes t he  na ture  of the  subs t ra te ;  smoth- 
er ing of aquat ic  vegetat ion may occur; and 
water s a l i n i t y ,  temperature, oxygen, pH, 
and nu t r i en t  l eve l s  a r e  a l t e r ed  (Copeland 
1974, Dean 1975). Periodic draining and 
va r i a t i ons  i n  hydrographic parameters 
l im i t  the number of species  occurring within 
impoundments, pa r t i cu l a r l y  i n  shallow r i c e  
f i e l d  systems. The lack  of adequate water 
c i r cu l a t i on  may be l im i t i ng  t o  many f i l t e r  
feeding benthic organisms. Although Such 
a reas  a r e  character ized by low spec ies  d i -  
ve r s i t y ,  overa l l  productivi ty is high 
(Dean 1975). 

I n  South Carolina, 14% - 16% of 
coa s t a l  marshes [approximately 70,000 ac r e s  
(28,328.6 ha)] a r e  funct ional  impoundments. 
While being used primari ly f o r  waterfowl 
management, t h e i r  capaci ty f o r  o ther  uses 
(e.g., aquaculture, waste treatment, and 
recrea t ion) ,  a s  well  a s  t h e i r  ecological  
importance a s  e l a e n t s  of marsh systems, 
has brought impoundments t o  t he  foref ront  
of i n t e r e s t  a s  ecological  systems. The 
unique advantages of saltmarsh impoundments 
f o r  aquaculture have been known f o r  many 
years. The use of ponds f o r  bivalve cul- 
t u r e  can be t raced back t o  the Roman em- 
p i r e  i n  the f i r s t  century B.C., and may 
have originated even e a r l i e r  with t he  
Chinese (Yonge 1960). I n  the  Southeastern 
United S t a t e s ,  research i n  pond cu l t u r e  
was s t imulated by the  observation of g i -  
gantism i n  blue crabs (Call inectes  sapidus), 
and i n i t i a l  experimental success i n  the 
polyculture of f i s h ,  crabs,  and oys te rs  
(Lunz 1951, 1968). This i n i t i a l  success.  
was r e i t e r a t e d  and quantif ied i n  more re- 
cent s t ud i e s  a t  severa l  loca t ions  i n  South 
Carolina (Anderson 1976, Manzi e t  a l .  
1977b). 

Despite t h e i r  abundance and the  in-  
creased pressure f o r  reclamation, l i t t l e  
research is presen t ly  underway t o  study the 
ecological  processes of impounded wetlands. 
The general  l a ck  of knowledge concerning 
saltmarsh impoundments makes t h i s  a r ea  of 
marsh ecology a p r i nc ipa l  da t a  gap. 

B. PRODUCERS 

1. Nonvascular Flora 

The nonvascular mlcrophytes and macro- 
phytes which inhabi t  es tuar ine  impoundments, 
and t h e i r  r o l e  i n  impoundment processes, 
have been inves t iga ted  only marginally. 
Dominant forma have been documented t o  some 
extent  (Manzi and Zingmark 1978, Wiseman 
1978), and i n  general  seem t o  be cor re la ted  



with estuarine/tidal creek population dy- 
namics. Apparent deviations in microphyte 
population structure between impoundments 
and their adjacent tidal creeks include 
larger components of nannoplanktonic flag- 
ellata and benthonic blue-green algae in 
impounded areas (J. J. Manzi, 1978, South 
Carolina Marine Resources Division, 
Charleston, unpubl. data). In a recent 
study of the feasibility of bivalve cul- 
ture in several South Carolina saltmarsh 
impoundments, phytoplankton concentrations 
were found to be generally higher in im- 
pounded areas than in adjacent tidal creeks 
(Manzi et al. 1977b). Figure 4-17 illus- 
trates this dissimilarity and provides a 
comparison between the ponds and creeks 
encompassed by this study. As indicated 
by this information and other data 
(Anderson 19761, productivity is rela- 
tively high in low marsh impoundments and 
appears to reflect a classic nitrogen-lim- 
iting system. 

Salt marshlands, particularly im- 
pounded areas with continuous or inter- 
mittent access to tidal creeks, normally 
act as sinks for both matter and energy 
(Odum and de la Cruz 1967, Odum 1970b, 
Pmeroy et al. 1972, de la Cruz 1973). 
The sinks are flushed or diluted regularly 
by spring tides and irregularly by storms, 
thus transporting nutrient-rich wastes and 
detritus to coastal waters (de la Cruz 
1973). Periodic outwelling is indeed a 
primary factor in the high productivity of 
coastal waters. In a recent study, Manzi 
et-al. (1977b) measured phytoplankton 
.biomass, nutrient concentrations, and 
rates of primary production. Their data 
illustrate the concentrating properties 
of tidal creeks and impoundments (Fig. 4- 
17), and reflects this fertility in oyster 
growth and meat yields. Areas character- 
ized by low marshlands and good tidal ex- 
change (Blue Heron and Waring ponds, South 
Carolina) normally exhibited high concen- 
trations of phytoplankton with resultant 
decreases in available nitrate. Hitchcocks 
Pond, while surrounded primarily by mari- 
time forest, was fed by Adams Creek, a 
long narrow tidal inlet surrounded by ex- 
tensive low marsh, and subsequently ex- 
hibited the same high phytoplankton, low 
nitrogen concentration characteristic. 
Orthophosphate was present in high con- 
centrations at all locations and was prob- 
ably not a limiting factor for phytoplank- 
ton populations. Estimates of primary 
productivity (Fig. 4-18) suggested strongly 
that increased fertility of saltmarsh im- 
poundments led to increased oyster yields. 
Potential primary productivity was without 
exception higher in impoundments than in 
adjacent creeks or rivers, and was cor- 
related directly with oyster growth among 
the impoundments. 

2. Vascular Flora 

Because of their value to waterfowl, 
the desired and usually dominant plant 

species found in managed brackish water im- 
poundments are edgeon grass, salt-marsh 
bulrush, and dwarf spikerush (Baldwin 1956, 
Wilkinson 1970, Tiner 1977). Other desir- 
able plants for waterfowl management are 
sago pondweed, dotted smartweed, musk- 
grasses (all nonvascular species), and 
vascular species such as soft-stem bulrush 
and common three-square (Baldwin 1956, 
Johnson et al. 1974). Tiner et al. (1976) 
interviewed impoundment managers in the 
Santee River estuary concerning management 
procedures and dominant plants; results are 
listed in Table 4-37. A list of plants 
common to brackish water impoundments in 
South Carolina is given in Table 4-38. 

Baldwin (1968) discussed impoundments 
in regularly and irregularly flooded salt 
marshes. He concluded that diked but regu- 
larly flooded smooth cordgrass marsh can be 
managed for viageon grass with the least ef- 
fort. In irregularly flooded marshes, im- 
poundments are generally shallower and tend 
to be vegetated with various bulrushes, 
dwarf spikerush, wild millets, panic 
grasses, and giant foxtail grass. Baldwin 
suggested managing these impoundments for 
salt-marsh bulrush for maximum waterfowl 
utilization. 

Wilkinson (1970) carefully studied 
dominance in five newly diked brackish 
marshes on South Island, Georgetown County, 
South Carolina. Management procedures for 
each were as follows: 

Impoundment I: "Drawn down in March 
to keep the marsh soil dry. Flooded in 
October just prior to the usual time of 
arrival of waterfowl." 

Impoundment 11: "Water levels main- 
tained at ground level, which produced a 
saturated soil condition from March through 
September. This impoundment was also 
flooded in October just prior to the usual 
time of arrival of waterfowl." 

Impoundment 111: "Water level slowly 
raised from March through September to a 
depth of 24 inches, and drained during 
February of each year." 

Impoundment IV: "Water level main- 
tained at full pond depth (approximately 
24 inches), except during each February, 
when it was drained." 

Impoundment V: "The inflow and out- 
flow gates were left open to allow the tide 
to flood and ebb in the impoundment from 
March through September of each year. Dur- 
ing each October the impoundment was 
flooded to a depth of approximately 24 
inches, and held at that depth until the 
following March ." 
Impoundment I was therefore basically dry, 
Impoundment I1 was saturated, Impoundment 
111 was characterized by a slowly rising 
water level, Impoundment IV was fully 
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POTENTIAL PRIMARY PRODUCTIVITY 

@ = '20.0 mgC/m3/hr 

Figure 4-18. Comparative monthly (ordinate scale) estimates of potential primary production in 
four South Carolina tidal impoundments (shaded) and their adjacent feeder creeks 
(clear) (Manzi et al. 1977b). (Sampling dates given.) 

flooded, and Impoundment V was open to 
normal tidal fluctuation. These procedures 
are representative of the possible methods 
of managing brackish impoundments in the 
characterization area. 

In Impoundment I, giant cordgrass in- 
creased its dominance dramatically, while 
salt-marsh bulrush, saltmeadow cordgrass, 
and other species increased in lesser pro- 
portions (Table 4-39). Changes in the 
saturated impoundment are presented in 
Table 4-40; here, dwarf spikerush very 
rapidly increased in abundance, although 
giant cordgrass maintained dominance. In 
Impoundment 111, widgeon grass and smooeh 
cordgrass both increased considerably in 
abundance, while dwarf spikerush declined 
(Table 4-41). In Impoundment IV, widgeon 
grass and salt-marsh bulrush became domi- 
nant (Table 4-42). Narrow-leaved cat-tail 
also increased in dominance, although most 
other species declined. Impoundment V was 
dominated by giant and smooth cordgrass 
(Table 4-43). Wilkinson's conclusions 
support the management strategies of most 

local managers of brackish waterfowl im- 
poundments in that Impoundments 111 and 
IV were most successful in attracting 
waterfowl. 

Morgan (1974) described the three 
basic methods by which the plant composi- 
tion of brackish water impoundments in the 
Ashepoo-Combahee-Edisto area of South 
Carolina is managed. Cyclical fluctuations 
in water level produce salt-marsh bulrush 
dominance, while slowly rising water level 
and permanent flooding favor w.idgeon grass. 
Neely (1960) described in detail how care- 
ful fluctuations of impoundment water 
levels at 4 - 6 in (10 - 15 cm) intervals 
up to 12 in (30 cm) in depth produce salt- 
marsh bulrush dominance, with dwarf spike- 
rush sometimes dominating former bare spots 
in the impoundments. 

If the flood gates of the brackish 
water impoundment remain intact and the 
water level is no longer managed, the im- 
poundment will gradually change into a 
fresher water environment with sago pondwed 
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Table 4-38. List of vascular plants common to brackish water impoundments of South Carolina 
(adapted from Tiner 1977). 

Scientific Name Common Name 

Alternanthera philoxeroides 
Aster subulatus 

Baccharis halimifolia 
Bacopa monnieri 
Borrichia frutescens 

Ceratophyllum demersum 
Cladium jamaicense 
Cyperus strigosus 

Distichlis spicata 

Echinochloa walteri 
Eleocharis parvula 
Eupatorium capillifolium 

Iva frutescens 

Juncus roemerianus 

Lemna spp. 
Leptochloa sp. 

Myrica cerif era 

Naj as guadalupensis 
Nymphaea mexicana 
Nymphaea odorata 

Panicum spp. 
Pluchea purpurascens 
Polygonum punctatum 
Polygonum sp. - 
Potamogeton berchtoldii 
Potamogeton pectinatus 

Ruppia maritima 

Salicornia euroDaea - - -  

Scirpus americanus 
Scirpus olneyi 
Scirpus robustus 
Scir~us validus -- 
Sesbania exaltata 
Setaria magna 
Spartina alterniflora 
Spartina cynosuroides 
Spartina patens 
Spirodela polyrrhiza 

Typha angustifolia 
Typha domingensis 
Typha glauca -- 
Typha latifolia 

Alligator-weed 
Annual salt marsh aster 

Sea myrtle 
Water hyssop 
Sea ox-eye 

Coon tail 
Saw grass 
Sedge 

Salt grass 

Salt marsh millet 
Dwarf spikerush 
Dog fennel 

Marsh elder 

Black needlerush 

Duckweeds 
Sprangletop 

Wax myrtle 

Bushy pondweed 
Banana water-lily 
White water-lily 

Panic grasses 
Marsh fleabane 
Dotted smartweed 
Smar tweed 
Narrow-leaved pondweed 
Sago pondweed 

Widgeon grass 

Glasswor t 
Common three-square 
Olney's three-square bulrush 
Salt-marsh bulrush 
Soft-stem bulrush 
Coffee-weed 
Giant foxtail 
Smooth cordgrass 
Giant cordgrass 
Saltmeadow cordgrass 
Big duckweed 

Narrow-leaved cat-tail 
Southern cat-tail 
Blue cat-tail 
Common cat-tail 



Table 4-39. Vegetative ana lys i s  of Impoundment I (bas ica l ly  dry; s ee  t e x t  f o r  explanation of 
management procedures used i n  t h i s  impoundment) (adapted from Wilkinson 1970). 

P lan t  Species Percent Occurrence 
1967 1968 1969 

Smooth cordgrass 42.0 33.3 15.3 

Bare 40.0 28.5 27 .O 

Giant cordgrass 8.0 13.8 36.3 

S a l t  g rass  4.0 + 0.9 

Saltmeadow cordgrass 

Glasswort 

Salt-marsh bulrush 

Black needlerush 

Marsh f leabane 

Sedge 

Panic grasses 

Marsh e lde r  

Table 4-40. Vegetative ana lys i s  of Impoundment I1 ( sa tura ted  s o i l ;  see  t e x t  f o r  explanation of 
management procedures used in t h i e  impoundment) (adapted from Wilkinson 1970). 

P lan t  Species Percent Occurrence 
1967 ' 1968 1969 

Bare 

Giant cordgrass 

Soft-stem bulrush 

Salt-marsh bulrush 

Narrow-leaved. c a t - t a i l  

Dwarf spikerush 

S a l t  g rass  

Marsh fleabane 

Smooth cordgrass 



Table 4-41. Vegetative analyeis of Impoundment I11 (elowly rising water level; see text for ex- 
planation of management procedure8 ueed in this impoundment) (adapted from Wilkinson 
1970). 

Plant Species Percent Occurrence 
1967 1968 1969 

Salt grass 45.3 33.8 29.5 

Narrow-leaved cat-tail 13.8 1.5 2.2 

Giant cordgrass 

Bare 

Widgeon grass 14.6 33.3 15.2 

Saltmeadow cordgrass 2.6 + 4.0 

Smooth cordgrass 1.7 7.6 20.5 

Salt-marsh bulrush 1.3 2.2 4.0 

Marsh fleabane 1.3 0.0 0.0 

Dwarf spikerush 0.4 4.5 0.0 

Sedge 0.4 0.0 0.0 

Table 4-42. Vegetative analysis of Impoundment IV (fully flooding; eee text for explanation of 
management procedures ueed in thie impoundment) (adapted from Wilkinson 1970). 

Plant Species Percent Occurrence 
1967 1968 1969 

Open water, nothing growing 

Narrow-leaved cat-tail 

Giant cordgrass 

Dwarf epikerueh 

Widgeon grass 

Salt grass 

Salt-marsh bulrush 

Algae (Cladophora spp.) 



Table  4-43. Vegetat ive  a n a l y s i s  of Impoundment V (normal t i d a l  f l u c t u a t i o n ;  s e e  t e x t  f o r  ex- 
p lana t ion  of management procedures used i n  t h i s  impoundment) (adapted from Wilkinson 
1970). 

P l a n t  Species  Percent  Occurrence 
1967 1968 1969 

Narrow-leaved c a t - t a i l  0 .0  3.4 4.0 

Giant  cordgrass  38 .O 49.1  48.3 

Salt-marsh bu l rush  0.0 10.1 9.2 

Smooth cordgrass  0.0 1.1 22.7 

Bare 62.0 36.3 15.8 

and o the r  pondweeds appear ing f i r s t ,  and 
southern c a t - t a i l  and w a t e r - l i l y  qu ick ly  
fol lowing.  I n  i r r e g u l a r l y  f looded,  sha l -  
low impoundments, exposed s o i l  s p e c i e s  in-  
vade t h e  unmanaged impoundment, wi th  a l l i -  
gator-weed and v a r i o u s  c a t - t a i l s  a s s e r t i n g  
dominance (Baldwin 1968). I f  t h e  water- 
c o n t r o l  s t r u c t u r e s  of  t h e  impoundments a r e  
no longer  operable ,  o r  i f  t h e  d ikes  a r e  
broken, t h e  impoundment w i l l  g radua l ly  
change i n t o  marsh environment correspond- 
ing  with  those  of s i m i l a r  e l e v a t i o n  and 
s a l i n i t y .  Baden e t  a l .  (1975) s t u d i e d  two 
abandoned r i c e  f i e l d s  i n  Georgetown County, 
South Carol ina.  I n  Thousand Acre Rice 
F ie ld ,  they found a b rack i sh  marsh with  
p l a n t  zonat ion according t o  e l e v a t i o n ;  
smooth cordgrass  dominated t h e  lower por- 
t i o n s  of  t h e  marsh, whi le  g i a n t  cordgrass  
and b lack  needlerush were dominants i n  t h e  
h igher  a r e a s .  Fur the r  in land ,  t h e  much 
f r e s h e r  upper marsh was found t o  be  domi- 
nated by narrow-leaved c a t - t a i l ,  g i a n t  
cordgrass ,  common three-square ,  and s o f t -  
stem bulrush.  These marsh types  corre-  
spond c l o s e l y  t o  o t h e r  marshes of s i m i l a r  
s a l i n i t i e s  and e l e v a t i o n s  t h a t  have never  
been impounded. 

F r i t z  (1975) s tud ied  a q u a t i c  primary 
p r o d u c t i v i t y  i n  an impoundment i n  
Georgetown County, South Carol ina,  and 
measured t h e  s t and ing  crop biomass of an- 
o t h e r  impoundment dominated by b lack  
needlerush,  widgeon g r a s s ,  and s a l t  g rass .  
F r i t z  compared i ts  t o t a l  biomass t o  t h a t  
of a nearby unimpounded smooth cordgrass  
marsh and concluded t h a t  t h e  smooth cord- 
g r a s s  marsh was 1 . 3  t o  1 . 8  t imes more pro- 
d u c t i v e  than t h e  impounded marsh ( F r i t z  
1975). Fur the r  comparative s t u d i e s  a r e  
needed t o  g a i n  a b e t t e r  unders tanding of 
n u t r i e n t  cyc les ,  t o t a l  biomass, and p r i -  
mary p r o d u c t i v i t y  i n  e s t u a r i n e  impound- 
men ts. 

C. CONSUMERS 

1. Zooplankton 

No in-depth s t u d i e s  of t h e  zooplankton 
of e s t u a r i n e  impoundments of t h e  Sea Is- 
land Coas ta l  Region have been completed t o  
d a t e .  However, c e r t a i n  p a r a l l e l s  may b e  
i n f e r r e d  from t h e  work of Deevey (19481, 
who s tud ied  Great Pond, Massachusetts,  an 
impoundment p e r i o d i c a l l y  opened and closed 
t o  t h e  sea .  When f r e e  exchange occurred,  
t h e  pond fauna c l e a r l y  resembled t h a t  pres- 
e n t  i n  ad jacen t  open wa te r s .  S a l i n i t y  a l -  
t e r a t i o n s  brought on by p e r i o d i c  c l o s u r e  
t o  t h e  sea  r e s t r i c t e d  numbers of  some zoo- 
p l a n k t e r s  i n  t h e  pond. I n  genera l ,  Deevey 
found t h a t  s u c c e s s f u l  pond zooplankters  
were h igh ly  euryha l ine  and t h a t  temperature  
was most important i n  c o n t r o l l i n g  seasona l  
succession.  

Zooplankton is introduced when impound- 
ments of t h e  Sea I s l a n d  Coas ta l  Region a r e  
f looded with  water from ad jacen t  c reeks ,  
r i v e r s ,  o r  i n l e t s .  R e s i s t a n t  eggs appear  
t o  p lay  l i t t l e  i f  any r o l e  i n  e s t a b l i s h i n g  
t h e  zooplankton community. To be  success-  
f u l  i n  t h e s e  temporary a q u a t i c  h a b i t a t s ,  
zooplankters  must b e  h igh ly  euryha l ine  be- 
cause s a l i n i t y  i s  o f t e n  d r a s t i c a l l y  and 
d e l i b e r a t e l y  a l t e r e d .  Meroplankton is 
probably l e s s  important i n  impoundments 
than i n  ad jacen t  open water  areas. In  
many cases ,  t h e  l a r v a e  of b e n t h i c  inver te -  
b r a t e s  a r e  l e s s  t o l e r a n t  of  s a l i n i t y  f l u c t -  
u a t i o n s  than t h e  a d u l t s  and, perhaps more 
important ly ,  t h e  ponds do n o t  n e c e s s a r i l y  
r e c e i v e  e s t u a r i n e  water  dur ing peak spavn- 
ing  seasons f o r  many spec ies .  

Overal l ,  t h e  degree of s i m i l a r i t y  be- 
tween zooplankton of  impoundments and ad- 
j a c e n t  open e s t u a r i n e  wa te r s  probably 



depends upon t h e  following fac tors :  1 )  
the time of year t h e  impoundment is  
flooded, 2) t h e  amount and frequency of 
water exchange permitted between impound- 
ment and open estuary,  3) t h e  mean s a l i n i t y  
maintained i n  t h e  impoundment and t h e  var- 
i a t i o n  about t h a t  mean, and 4) t h e  amount 
and frequency of r a i n f a l l .  Since t h e  
most successful  e s t u a r i n e  holoplankters  
a r e  s t rongly  euryhal ine,  dominant zoo- 
plankters  i n  impoundments may well  be t h e  
same a s  those i n  adjacent  e s t u a r i n e  waters. 
However, d i f fe rences  i n  abundance of in-  
dividual  spec ies  between t h e  two h a b i t a t s  
might be g r e a t  because f a c t o r s  such a s  
predation, o r  those mentioned above, could 
se lec t ive ly  favor one spec ies  over another. 

Impoundments may enhance produc t iv i ty  
of es tuar ine  a reas  by providing protected 
nursery grounds and spawning s i t e s  f o r  
zooplankton, which a r e  then per iod ica l ly  
released i n t o  t h e  open es tuary  when water 
is released. This would se rve  t o  concen- 
t r a t e  food f o r  planktivorous animals, and 
would permit zooplankters t o  reach l a r g e r  
s i z e  p r io r  t o  d i spers ion  by cur ren ts .  

Recent s t u d i e s  i n d i c a t e  t h a t  phyto- 
plankton production is  higher  i n  c o a s t a l  
brackish ponds than i n  t h e i r  feeder  creeks 
(Anderson 1976). Thus, impoundments may 
support l a r g e  zooplankton populations. 
The zooplankton, i n  tu rn ,  may play a major 
r o l e  i n  recycl ing n u t r i e n t s  such a s  n i t ro -  
gen, which is believed t o  l i m i t  primary 
production i n  e s t u a r i n e  impoundments dur- 
ing sunrmer (Anderson 1976). 

Predators such a s  small f i shes ,  
American e e l ,  and juveni le  crabs may e n t e r  
impoundments when they a r e  i n i t i a l l y  
flooded and whenever a d d i t i o n a l  water is  
taken in .  These organisms probably con- 
t r o l  t h e  abundance of zooplankton i n  im- 
poundments. I n  summer, low l e v e l s  of d i s -  
solved oxygen, which of ten  r e s u l t  i n  f i s h  
k i l l s ,  probably a l s o  reduce zooplankton 
numbers s i g n i f i c a n t l y .  

I n  a study of a flooded former r i c e  
f i e l d  adjacent  t o  t h e  North Santee estuary, 
Deaq (1975) reported t h a t  a copepod Acartia 
(presumably Aeart ia  tonsa)  , grass  shrimp 
(Palaemonetes sp.) ,  and s e v e r a l  decapod 
crustacean la rvae  (Uca pugnax, Sesarma 
reticulatum, and Eurypanopeus depressus) 
were important zooplankters. He noted 
tha t  dens i ty  and d i v e r s i t y  of zooplankton 
were low i n  t h i s  brackish impoundment, but  
gave no numerical da ta .  Molluscan la rvae  
were no t  reported from t h i s  h a b i t a t .  

Knott (1980) compared zooplankton 
populations of two man-made ponds f i l l e d  
from t h e  North Edioto River wi th  those of 
the North Edisto estuary i t s e l f .  The im-  
poundments were completely i s o l a t e d  from 
the r i v e r ;  water input  from t h e  r i v e r  was 
accomplished by pumping. Knott (1980) re-  
ported t h a t  t h e  annual mean dens i ty  of 
zooplankton was much g r e a t e r  i n  t h e  r i v e r  

(10,148 organisms/m3) than i n  e i t h e r  of t h e  
ponds (3,417/m3 and 5,450/m3). Further, 
the  r i v e r  zooplankton community was more 
d iverse  and more s t a b l e  over t h e  year than 
those of t h e  impoundments. The copepod 
Acart ia  tonsa was t h e  dominant zooplankter -- 
i n  both environments, but was more impor- 
t a n t ,  and frequent ly more abundant, i n  t h e  
impoundments than i n  t h e  r i v e r  (Table 4- 
44). It a l s o  exh ib i ted  a marked seasonal  
v a r i a t i o n  i n  abundance i n  t h e  impoundments, 
but  such v a r i a t i o n  was much l e s s  pronounced 
i n  the  r i v e r .  Other important zooplankters 
i n  these  environments a r e  l i s t e d  i n  Table 
4-44. 

The impact on zooplankton of environ- 
mental a l t e r a t i o n s  i n  brackish-vater ponds 
has no t  been inves t iga ted  and can be pre- 
d ic ted  a t  present  only from s t u d i e s  of open 
e s t u a r i n e  systems. The same degree of a l -  
t e r a t i o n  would be expected t o  have a more 
pronounced e f f e c t  i n  an impoundment than 
i n  an open es tuary  because: 1 )  animals 
have l e s s  chance t o  avoid a contaminant be- 
cause of a r e a l  cons t ra in t s ,  2) d i l u t i o n  
proceeds more slowly because,of l e s s  circu-  
l a t i o n ,  and 3) temperatures o f t e n  a r e  
higher ,  tending t o  a c c e l e r a t e  response of 
organisms t o  tox ic  substances. 

2. Benthic Meiofauna 

No s t u d i e s  of t h e  meiobenthos of im-  
poundments have been conducted i n  t h e  Sea 
Is land Coastal Region. See t h e  sec t ion  on 
meiofauna of e s t u a r i n e  i n t e r t i d a l  wetlands 
f o r  information most l i k e l y  t o  be per t inen t  
t o  t h i s  environment. 

3. Benthic Macroinvertebrates 

Over t h e  l a s t  t h r e e  decades, impound- 
ments have been s tud ied  with a view toward 
i n t e n s i v e  c u l t i v a t i o n  of commercially im- 
por tan t  spec ies  of aqua t ic  inver tebra tes  
and f i s h e s  i n  South Carolina. S tud ies  on 
t h e  r e a r i n g  of shrimp, crabs,  and o y s t e r s  
i n  ponds were undertaken a t  Bears Bluff 
Laboratories  between 1946 and 1969. These 
inves t iga t ions  demonstrated t h a t  growth of 
shrimp was rapid i n  ponds and t h a t  high 
q u a l i t y  oys te rs  could be  grown i n  such 
a r e a s  (Lunz 1951, 1952a, 1955, 1956, 1957, 
1958, Lunz and Bearden 1963). Bal lard 
(1975a. b )  s tud ied  growth and s u r v i v a l  of 
o y s t e r s  (Crassostrea v i r g i n i c a )  and clams 
(Metcenaria mercenaria) i n  a 250 a c r e  
(101.2 ha)  pond a t  Annandale P lan ta t ion ,  
Georgetown County, South Carolina. In- 
t ens ive  s t u d i e s  a l s o  have been conducted 
by t h e  South Carolina Marine Resources Re- 
search I n s t i t u t e  (Charleston) on pond cul- 
t u r e  of the  Malaysian prawn, Macrobrachimn 
rosenbergi i ,  a t  var ious loca t ions  i n  South 
Carolina, including Cayce (Richland County). 
Bonneau (Berkeley County), and Bears Bluff 
(Charleston County). Smith e t  a l .  (1976) 
observed low mor ta l i ty  and rap id  growth of 
prawns. Duration of grow-out season var ied  
from 5 t o  6.5 months, depending upon t h e  
s i t e .  



Table 4-44. Numerically abundant zooplankters collected from the North Edisto River and two ad- 
jacent impoundments over a 1-year period (from Knott 1980). 

Overall 
Rank 

% Of 
Total 
Fauna 

7 
% Of Total Number 

Pond Pond Edisto 
1 3 River 

1. Acartia tonsa 65.88 79.22 93.97 41.36 

2. Euterpina acutifrons 5.34 0.12 0.09 11.04 

3. Pseudodiaptbmus coronatus 4.38 6.37 1.36 5.62 

4. Parvocalanus crassirostris 4.12 0.63 0.35 8.12 

5. Copepod nauplii 3.69 1.94 0.78 6.40 

6. .Rotif era 

7. Cirripedia larvae 

8. Tortanus setacaudatus 

9. Gastropod veligers 

10. Oithona colcarva 

11. Decapod larvae 

12. "Saphirella tropica" 

13. sp. 

14. Polychaete larvae 

15. Foramenifera 0.48 0.04 0.01 0.97 

16. Oikopleura sp. 0.36 0.00 0.00 0.77 

17. Nematoda 0.28 1.20 0.02 0 .a 
TOTALS 98.52 97.82 99.49 98.22 

An extensive data base exists on wa- 
ter quality and productivity of ponds used 
for fish culture, particularly for fresh- 
water systems. However, little informa- 
tion is available on the benthos of estu- 
arine impoundments, particularly for the 
coastal plains of Georgia and South 
Carolina. Ballard (1975a) observed high 
densities of Palaemonetes in a pond at 
Annandale Plantation. Also present were 
planktonic larvae of the decapods 5 
pugnax, Sesarma reticulaturn, and Eurypan- 
opeus depressus. The absence of natural 
oyster beds in the pond was attributed to 
the lack of suitable substrate and to 
periodic draining of the impoundment. 
Blue crabs (Callinectes sapidus) and 
penaeid shrimp (Penaeus spp.) were shown 
to thrive in ponds at Bears Bluff Labora- 
tories (Bears Bluff Laboratories, Inc. 
1956). 

Results of studies on culture of oys- 
ters in impounded environments along the 
Atlantic and Gulf coasts are described by 
Lunz (1951), Shaw (1965), and May (1969). 
Comprehensive reviews of early oyster cul- 
ture and artificial propagation of larvae 
can be found in Dean (1892a, 1893), 
Baughman (1948), Loosanoff and Davis (1963), 
Galtsoff (1964), and Joyce (1972). 

Oyster culture in enclosed tidal areas 
(Dean 1892, L893) was first reported in 
South Carolina by Colson (1888) in his 
history of the mill pond oyster, a delicacy 
which proliferated in large sawmill ponds 
from 1830 to 1869. Successful production 
was attributed to tidal flushing and the 
presence of floating logs bearing oysters 
(Colson 1888). Battle (1892) proposed 
tidal pond cultivation in South Carolina 
during his comprehensive investigation for 



the  U.S. Fishery Comission.  However, 
c u l t i v a t i o n  of oys te rs  and f i s h e s  i n  
marsh impoundments using an experimental 
approach was not  i n i t i a t e d  i n  South 
Carolina u n t i l  1943 (Lunz 1968). Further 
experimentation i l l u s t r a t e d  congruent 
polycul ture of f i s h ,  crabs,  and oys te rs  i n  
the  same pond. Ponds dug i n  the marsh ap- 
peared t o  be l e s s  product ive than i m -  
pounded marshlands. I n  one annual s tud 
oyster  y i e l d  was estimated t o  be 35.2 m 
of s h e l l  stock10.4 ha (Lunz 1968). 

Not a l l  a t tempts  t o  c u l t u r e  oys te rs  
i n  sa l twate r  ponds of South Carolina have 
been successful .  Lunz (1955) reported a 
d i s a s t r o u s  mor ta l i ty  r e s u l t i n g  from what 
was l a t e r  thought t o  be t h e  pathogenic 
fungus, Perk ins ia  marina, and possibly 
other  predators .  Boring sponges (Cliona) 
and oys te r  d r i l l s  (Urosalpinx cinerea and 
Eupleura caudata) a r e  sometimes reported 
i n  impoundments where s a l i n i t i e s  a r e  
s u i t a b l e .  Other high s a l i n i t y  predators ,  
such a s  whelks and s t a r f i s h e s ,  a r e  l e s s  
frequent ly observed due t o  the  character-  
i s t i c a l l y  reduced impoundment s a l i n i t i e s .  
Mussels (Brachidontes spp.) a r e  o f t e n  
found growing on oys te rs  i n  ponds, a s  a r e  
barnacles  (Balanus eburneus, Balanus im- 
provisus)  and b l i s t e r s  of mud worms 
(Polydora webs te r i ) .  Blue crabs (G- 
nectes  sapidus) and occasional ly s tone 
crabs (Menippe mercenaria) i n h a b i t  the  im-  
poundments bu t  a r e  not  usua l ly  found in -  
s i d e  oys te r  t r a y s  (Anderson 1976). Lunz 
(1968) ind ica ted  t h a t  predators  such a s  
the  boring sponge could be con t ro l led  by 
lowering the  s a l i n i t y  o r  d ra in ing  the  
pond and allowing t h e  o y s t e r s  t o  be ex- 
posed t o  a i r .  

MacGregor (1970), using two groups of 
2 - 3 year  old Crassostrea v i r g i n i c a  i n  a 
0.27 ha (0.67 acre )  pond a t  Sapelo I s land ,  
i n  a 4-week experiment reached no conclu- 
s ions  concerning the  f e a s i b i l i t y  of com- 
mercial  pond cu l tu r ing  of o y s t e r s  i n  
Georgia s a l t  marshes. Bal lard (1975a) 
speculated on techniques and t h e  po ten t ia l  
of impoundment oys te r  c u l t u r e  i n  South 
Carolina. 

Recent s t u d i e s  i n  impoundments lo-  
cated on Wadmalaw and Kiawah i s l a n d s ,  
South Carolina (Anderson 1976, Manzi e t  a 1  
1977b) have subs tan t ia ted  t h e  acce le ra ted  
growth r a t e s  and favorable  s u r v i v a l  ob- 
served by o thers  (Lunz 1955, 1956, 1968, 
Badger 1968). These experiments, however, 
were no t  designed t o  e s t a b l i s h  the  eco- 
nomic f e a s i b i l i t y  of oys te r  c u l t u r e  i n  h- 
poundments. 

Use of s a l t w a t e r  ponds f o r  aquacul- 
t u r e  has t h e  following advantages over 

t open e s t u a r i n e  areas:  1 )  p ro tec t ion  from 
s t rong  waves and adverse cur ren ts ,  2) 
e a s i e r  access  t o  bottoms f o r  p lan t ing  and 
management, 3) predator  con t ro l ,  4) modi- 
f i c a t i o n  of t i d a l  exchange, and 5) a r t i -  
f i c i a l  f e r t i l i z a t i o n  (Bouchon-Brandely 
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1882, Gaarder and Splrck 1932, Turner 1951, 
Lunz 1955, Carr iker  1956, 1959, Korringa 
and Postuma 1957, Binmore 1964, Loosanoff 
1964, Shaw 1965) . 
4. I n s e c t s  

The i n s e c t  fauna of c o a s t a l  impound- 
ments i n  the  charac te r iza t ion  a rea  has not  
been s tudied i n  d e t a i l  bu t  is  expected t o  
be  s i m i l a r  t o  t h a t  of marshes (see sec t ion  
on i n s e c t s  of e s t u a r i n e  i n t e r t i d a l  wet- 
l ands) .  

5. Fishes 

Dean (1975) inves t iga ted  the  maricul- 
t u r e  p o t e n t i a l  of s e v e r a l  marine and estu-  
a r i n e  f i s h e s ,  including A t l a n t i c  croaker 
and ladyf i sh ,  i n  impoundments a t  Annandale 
P lan ta t ion ,  South Carolina. Thei l ing and 
Loyacano (1976) s tudied t h e  age and growth 
of red  drum from a sa l twate r  marsh impound- 
ment a t  South I s land .  In Georgia, i n v e s t i -  
ga t ions  of the  f i s h e r i e s  of n a t u r a l  brack- 
i s h  ponds occurr ing on c o a s t a l  i s l a n d s  
have been c a r r i e d  out by Hi l les tad  e t  a l .  
(1975). 

The maricul ture p o t e n t i a l  of sa l twate r  
impoundments f o r  f i s h e s  was inves t iga ted  
a t  Bears Bluff Laboratories  over a number 
of years  (Lunz 1951, 1956; Bearden 1967; 
Bears Bluff Laboratories ,  Inc.,  Wadmalaw 
Is land ,  South Carolina, unpubl. da ta ) .  
During t h e  period of 1947 - 1967, 1-acre 
(0.4 ha) marsh impoundments a t  Bears Bluff 
Laboratories  were stocked annually with 
marine f i s h e s  and inver tebra tes  by t i d a l  
f looding through r a t e r  con t ro l  s t r u c t u r e s ,  
and drained each f a l l .  Biomass of f i s h e s  
harvested from these  ponds ranged from 
61.5 t o  382 l b l a c r e  (68.9 t o  428.1 kglha) ,  
averaging approximately 200 l b l a c r e  (224.2 
kglha) . Mullet ,  spot ,  l adyf i sh ,  and mum- 
michog were t h e  most abundant species .  
Biomass of smaller  f i s h e s  (mummichog, sil- 
vers ide)  was no t  normally recorded. These 
da ta  suggested t h a t  during c e r t a i n  times 
t h e  mean biomass of f i s h e s  i n  impoundments 
may be g r e a t e r  than t h a t  of n a t u r a l ,  unim- 
pounded t i d a l  marsh areas .  Turner and 
Johnson (1974), f o r  example, found a mean 
biomass of 92 l b l a c r e  (103.1 kglha) f o r  
e s t u a r i n e  f i s h e s  i n  t i d a l  creeks of t h e  
Cooper River estuary,  with a range of from 
7.3 t o  257.1 l b l a c r e  (8.2 t o  288.2 kglha) 
during Apri l  through November. This  does 
not  imply t h a t  impoundments a r e  necessar i ly  
more productive on an annual b a s i s  than 
a r e  n a t u r a l  t i d a l  marsh creeks,  s i n c e  the  
former a r e  semi-enclosed systems from 
which l i t t l e  emigration may take place,  
whereas recrui tment  and emigration take 
place con t inua l ly  i n  the  l a t t e r  zone. 

Sixty-one spec ies  of marine and estu-  
a r i n e  f i s h e s  (Table 4-45) have been i d e n t i -  
f i e d  from sa l twate r  impoundments i n  South 
Carolina (Bears Bluff Laboratories, Inc.,  
Wadmalaw Is land ,  South Carolina, unpubl. 
d a t a ) .  Such impoundments a r e  t y p i c a l l y  
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Table 4-45, Systematic l i s t i n g  of f i s h  species  known t o  occur i n  s a l t  and brackish water im- 

poundments i n  South Carolina (Bears Bluff Laboratories, Inc.,  Wadmalaw Island,  South 
Carolina, unpubl. da t a ) .  

Order Elopif ormes 
Family Elopidae 

Ladyf i s h  
Tarpon 

Order Anguilliformes 
Family Anguillidae 

American e e l  

Order C lupe i fones  
Family Clupeidae 

At lan t ic  menhaden 
Gizzard shad 

Family Engraulidae 
Bay anchovy 

Order Cypriniformes 
Family Cyprinidae 

Carp 

Order Si luriformes 
Family Ari idae 

Sea c a t f i s h  

Order Batrachoidiformes 
Family Batrachoididae 

Oyster toadf i sh  

Order Gadiformes 
Family Gadidae 

Spotted hake 
Family Ophidiidae 

S t r iped  cusk-eel 

Order Atheriniformes 
Family Belonidae 

At lan t ic  needlefish 
Family Atherinidae 

A t l an t i c  s i l v e r s i d e  

Order Atheriniformes (Con 
Family Cyprinodontidae 

Sheepshead minnow 
Mwmnichog 
Str iped k i l l i f i s h  

Family Poec i l i idae  
S a i l f i n  molly 
Mosquitofish 

Order Gasterosteiformes 
Family Syngnathidae 

Chain p ipef i sh  

Order Perciformes 
Family Percichthyidae 

S t r iped  bass 
Family Serranidae 

Rock sea bass  
Family Pomatomidae 

Bluefish 
Family Carangidae 

Creval le  jack 
At lan t ic  bumper 

Family Gerreidae 
I r i s h  pompano 
Mojarras 

Family Lutjanidae 
Gray snapper 

Family Pomadasyidae 
Pigf i s h  

Family Sparidae 
Pinf i s h  
Sheepshead 

Family Sciaenidae 
S i lver  perch 
Weakfish 
Spotted sea t rou t  
Banded drum 
Spot 

~ t . )  Order Perciformes (Cont .) 
Family Sciaenidae 

Southern k ingf i sh  
Northern kingfish 
Black drum 
At l an t i c  croaker 
Red drum 

Family Ephippidae 
At lan t ic  spadefish 

Family Mugilidae 
Str iped mullet 
White mullet 

Family Blenniidae 
Feather blenny 
Str iped blenny 

Family Gobiidae 
Sharp ta i l  goby 
Naked goby 
Marked goby 
Highfin goby 

Family Eleotr idae 
Fat  s leeper  
Spinycheek s leeper  

Family Tr ig l idae  
S t r iped  searobin 
Leopard searobin 

Order Pleuronectiformes 
Family Bothidae 

Ocellated flounder 
Bay whiff 
Fringed flounder 
Summer flounder 
Southern flounder 

Family Soleidae 
Hogchoker 

Family Cynoglossidae 
Blackcheek tongue£ i s h  

inhabited both by year-round res ident  f i s h  
species  and spec ies  which en t e r  periodi-  
c a l l y  from outs ide  waters  a s  la rvae  o r  
post larvae but a r e  not  capable of repro- 
ducing there.  Resident f i she s  a r e  usual ly 
numerically dominated by the  mummichog, 
sheepshead minnow, mosquitofish, s a i l f i n  
molly, and At lan t ic  s i l ve r s i de .  The most 
abundant spec ies  introduced during the  
flooding of such impoundments a r e  s t r i ped  
mullet ,  American e e l ,  spot ,  A t l an t i c  
croaker, red drum, spotted sea t rou t ,  sil- 
ver  perch, At lan t ic  menhaden, bay anchovy, 
mojarras, p inf i sh ,  southern flounder, and 
ladyfish.  Impouqdments a l s o  provide prime 
hab i t a t  f o r  t h e  young of severa l  spec ies  
of f i she s  not  commonly found i n  adjacent  
es tuar ine  waters, including snook and t a r -  
pon. Large numbers of juvenile  tarpon, 
ranging from 59 t o  300 m SL, have been 
co l lec ted  from sa l twater  impoundments i n  
South Carolina during l a t e  summer and fa l l .  

One co l l e c t i on  of 130 juvenile  tarpon was 
made from an  8-acre (3.2 ha) impoundment 
near Adams Creek, South Carolina, i n  1965 
(C. M. Bearden, 1978, South Carolina Marine 
Resources Division, Charleston, unpubl. 
d a t a ) .  Juveniles  of red drum and spotted 
sea t rou t  a r e  o f t en  more common i n  impound- 
ments than i n  adjacent  na tu r a l  a r ea s  
(Bears Bluff Labpratories, Inc. ,  Wadmalaw 
Island,  South Carolina, unpubl. da ta ) .  
Same of t he  low s a l i n i t y  impoundments i n  
the  Sea Island Coastal Region a l s o  contain 
populations of carp. These f i s h  have been 
observed i n  impoundments on the  Santee 
es tuary  and have apparent ly adapted t o  
brackish water condit ions.  

On many of the  South Carolina and 
Georgia coas ta l  i s lands ,  na tu r a l l y  occur- 
r i ng  ponds formed i n  shallow depressions 
and influenced by t i d a l  a c t i on  occasionally 
contain numbers of euryhal ine f i s h  species .  



In Georgia, Hillestad et al. (1975) sampled 
the aquatic systems on Cumberland Island, 
including brackish and freshwater ponds 
and their drainage outflows. Several of 
these ponds are closely associated with 
the ocean and are subject to occasional 
tidal flooding. Eight species of eury- 
haline fishes were found in the brackish 
water ponds. Large numbers of the sheeps- 
head minnow, sailfin molly. mosquitofish, 
and striped mullet were present, feeding 
on the abundant organic detritus of pond 
bottoms. Mosquitofish occurred in the 
saline and freshwater ponds of the island 
as well as in the drainage outflow sys- 
tems. Sailfin mollies also occurred in 
the drainage systems and were found in 
eutrophic pools of water beneath oak trees 
along the drainage channels. The lower, 
tidally influenced portions of the pond 
drainage outflows contained mullets, 
mojarras, mummichogs, marsh killifish, and 
American eels. 

Impoundments provide a rich habitat 
and an abundant food supply for many fish 
species. Growth rates of many species 
appear to be higher in impoundments than 
in surrounding waters (Bearden 1967, Dean 
1975). Average growth rates for four fish 
species commonly found in impoundments are 
given in Table 4-46. 

Food habits and trophic relationships 
of fishes occurring in salt or brackish 
water impoundments are not well understood, 
and additional research along these lines 
is needed. Predominately herbivorous 
species such as mullets, Atlantic menhaden, 
sheepshead minnows, and sailfin mollies 
would presumably feed primarily upon the 
large quantities of phytoplankton, benthic 
algae, and vascular plant material present. 
Odum (1975) estimated that striped mullet 
in a brackish-pond fed largely on living 
algae and to a lesser extent upon plant 
detritus. Primary and mid-level carni- 
vores, such as mummichog, mosquitofish, 
spot, and Atlantic croaker, would be ex- 
pected to feed largely on smaller fishes, 
Palaemonetes shrimp, insects, and benthic - 
invertebrates such as polychaete worms, as 
well as organic detritus and plant 
material. In brackish ponds on the Santee 
estuary, South Carolina, young Atlantic 
croaker were found to feed largely on in- 
sects, insect larvae, and crustaceans 
(Dean 1975). Top level carnivores. in- 
cluding ladyfish, tarpon, red drum, black 
drum, spotted seatrout, and flounders, are 
known to feed extensively on Palaemonetes 
and penaeid shrimp, mummichogs, mosquito- 
fish, sailfin mollies, mullets, silver- 
sides, and other small fishes (Bearden 
1967; Dean 1975; Bears Bluff Laboratories, 
Inc., Wadmalaw Island, South Carolina, 
unpubl. data). Table 4-47 presents trophic 
levels of the most abundant fish species 
conrmonly found in coastal saltwater im- 
poundments. 

Fluctuations of several environmental 
factors (e.g., temperature, salinity, 

dissolved oxygen) in coastal impoundments 
are more extreme than in nearby estuarine 
waters. Mortalities due to low dissolved 
oxygen and low temperatures are common- 
place in impoundments. Fish kills associ- 
ated with pesticide applications on ad- 
jacent agricultural lands have frequently 
occurred in impoundments in past years in 
South Carolina (South Carolina Marine Re- 
sources Division, Charleston, unpubl. 
data), and the U.S. Environmental Pro- 
tection Agency (1971) conducted a study of 
the movement of the pesticide mirex in 
small impoundments near Charleston. The 
major limiting factor of shallow natural 
ponds on coastal islands is water level 
fluctuation. Alterations in drainage 
brought about by development could have 
disastrous effects on this habitat. 

While salt and brackish water impound- 
ments provide valuable habitat for many 
marine and estuarine fish species, unless 
properly managed with respect to water ma- 
nipulation (flooding and lowering at stra- 
tegic times), many introduced species can- 
not survive the rigorous extrepes of 
temperature and dissolved oxygen supply 
found within these areas. The drawdown or 
draining of coastal impoundments in the 
fall, provided such measures are compatible 
with waterfowl or mariculture activities, 
could result in the release of large num- 
bers of fishes and invertebrates to the 
natural estuarine system. 

Much research is needed concerning the 
biology and ecological relationships of the 
fishes in coastal impoundments in South 
Carolina and Georgia. Comparison of pro- 
ductivity and significance as habitat of 
impoundments versus natural marsh creek 
systems should be conducted. The maricul- 
ture and sportfishing potential of impound- 
ments for marine and estuarine fishes also 
needs much further study. 

6. Amphibians and Reptiles 

Salinities in estuarine impoundments 
vary widely, depending on their location 
and how they are managed. Numbers and di- 
versity of amphibians and reptiles are much 
higher in low-salinity (<50/00) impound- 
ments. For purposes of this section, how- 
ever, discussion of amphibians and reptiles 
will be limited to impoundments exhibiting 
estuarine characteristics. 

Amphibians are the only class of ver- 
tebrates which have not adapted to saline 
waters, and only a few reptiles have 
adapted to estuarine conditions. The only 
characteristically estuarine reptile along 
the Georgia and South Carolina coast is the 
Carolina diamondback terrapin, which in- 
habits the estuarine zone throughout its 
entire range (Conant 1975). This turtle 
is relatively common and feeds on mollusks 
and crustaceans (Coker 1906, 1920); the 
natural history of a Gulf coast subspecies 
was reviewed by Cagle (1952). North and 
south of the Sea Island Coastal Region, 



Table 4-46. Average growth r a t e s  of  f o u r  f i s h  s p e c i e s  i n  b rack i sh  ponds of South Carol ina 
(Bearden 1967). 

Age i n  Years 
I I1 111 

T o t a l  T o t a l  Tot a 1  
Length Weight Length Weight Length Weight 

Species  ( i n ~ h e s ) ~  ( ~ o u n d s ) b  ( inches)  (pounds) ( inches)  (pounds) 

Red drum 14.5 1.5 20.5 3.5 26 .O 7.1 

Spot 7.5 0.3 9.8 0 .5  11.5 0.8 

Black drum 9.3 0 .6  15.0 1 .8 18.5 3.8 

A t l a n t i c  croaker  8.5 0 .3  10.5 0.5 -- -- 

a .  1 i n 1 2 . 5 4 c m .  
b. 1 l b  = .45359 kg. 

Table 4-47. Trophic l e v e l s  of predominant f i s h  spec ies  found i n  s a l t w a t e r  impoundments i n  t h e  
Sea I s l and  Coas ta l  Region (C. M. Bearden 1978, South Carol ina Marine Resources 
Divis ion,  Charles ton,  unpubl. d a t a ) .  

I. HERBIVORES 
Sheepshead minnov 
S a i l f i n  molly 
A t l a n t i c  menhaden 
S t r iped  mul le t  

11. PRIMARY CARNIVORES 
Mosquitof i s h  
S i l v e r s i d e  
Bay anchovy 

111. MID CARNIVORES 
Mummichog 
American e e l  

MID CARNIVORES (Cont .) 
Pinf i s h  
Spot 
A t l a n t i c  croaker  
S i l v e r  perch 

I V .  TOP CARNIVORES 
Ladyf i s h  
Tarpon 
Weakfish 
Spotted s e a t r o u t  
Red drum 
Black drum 
Southern f lounder  

two subspecies  of water  snakes have adapted 
t o  s a l i n e  cond i t ions  and, w i t h i n  t h e i r  
range, a r e  c h a r a c t e r i s t i c  sa l tmarsh  fauna. 
The Carol ina s a l t  marsh snake i s  found 
along t h e  Outer Banks and ad jacen t  main- 
land of  North Carol ina (Conant and Laze11 
19731, and t h e  A t l a n t i c  s a l t  marsh snake 
is found along t h e  nor th -cen t ra l  por t ion  of 
F lo r ida ' s  e a s t  coas t  (Conant 1975). 

The herpetofauna of e s t u a r i n e  i m -  
poundments i n  South Carol ina and Georgia 
h a s  n o t  been inves t iga ted .  n u s ,  much of 
t h i s  d i scuss ion  is r e s t r i c t e d  t o  animals 
recorded from impoundment-like s i t u a t i o n s  
o r  t h e i r  probable occurrence i n  such habi- 
t a t s .  Anurans ( f rogs  and toads)  a r e  t h e  
only group of amphibians found with  some 
r e g u l a r i t y  i n  a r e a s  s i m i l a r  t o  e s t u a r i n e  
impoundments. Pearse  (1936) observed t h e  

southern leopard f r o g  i n  s a l i n i t i e s  of 
g r e a t e r  than 210/00 near  Beaufort,  North 
Carol ina.  Most r ecords  of t h i s  spec ies ,  
however, were i n  s a l i n i t i e s  of  l e s s  than 
5O/00. Ruibal (1959) observed t h a t  s a l i n i -  
t i e s  of g r e a t e r  than 5O/00 were l e t h a l  t o  
t h e  eggs of  t h e  c l o s e l y  r e l a t e d  nor the rn  
leopard f rog .  Other r ecords  of  t h i s  spe- 
c i e s  occur r ing  i n  low-sal ini ty  wa te r s  
a long the  A t l a n t i c  and Gulf c o a s t s  of t h e  
Southeastern United S t a t e s  have been published 
by Viosca (?.923), Carr (1940). Hardy (1953). 
Liner  (1954j,  Ne i l1  (1958), and Blaney 
(1971). On t h e  west coas t  of F lo r ida ,  a 
populat ion of excep t iona l ly  l a r g e  leopard 
f r o g s  occurs ,  ind iv idua l s  of which com- 
monly i n g e s t  f i d d l e r  c rabs  and a r e  capable  
of  swallowing week-old a l l i g a t o r s  (Springer 
1938). Another d i s t i n c t  populat ion of 
leopard f rogs ,  bu t  of diminut ive s i z e ,  



e x i s t s  i n  the  same general  a rea  and caused 
Nei l l  (1958) t o  s t r e s s  the  need f o r  a study 
of t h e  herpetofauna of sa l twate r  a reas .  
Other anurans reported from s a l i n e  habi- 
t a t s  of the  South At lan t ic  and Gulf c o a s t s  
include t h e  southern toad, oak toad, green 
t ree f rog ,  s q u i r r e l  t ree f rog ,  southern 
c r i c k e t  f rog,  and t h e  eas te rn  narrowmouth 
toad (Viosca 1923, Allen 1932, Carr 1940, 
Burger e t  a l .  1949, Hardy 1953, Smith and 
L i s t  1955, Nei l l  1958). 

The two-toed amphiuma has been re-  
corded s e v e r a l  times from the f r o n t  beach 
on Hatteras  Is land,  North Carolina, but  
i n  each case the  occurrence appeared ac- 
c iden ta l ,  i . e . ,  j u s t  a f t e r  a hurr icane o r  
heavy r a i n s .  The specimens were probably 
washed from drainage canals  along roads 
or  from t y p i c a l l y  freshwater ponds ( J .  R. 
Bailey, 1978, Duke Universi ty ,  Durham, 
North Carolina, pers .  corn.) .  

The American a l l i g a t o r  i s  t h e  only 
n a t u r a l l y  occurr ing c rocodi l i an  i n  Georgia 
and South Carolina, although t h e  F lor ida  
crocodile  i s  found elsewhere i n  t h e  South- 
eas t .  Al l iga tors  frequent  sal tmarsh i m -  
poundments (Obrecht 1946, Allen and N e i l l  
1949, Engels 1952), but  success fu l  nes t ing  
i s  probably l imi ted  t o  impoundments where 
s a l i n i t i e s  a r e  l e s s  than 10°/oo. A sa- 
l i n i t y  of 17O/oo was determined t o  be 
l e t h a l  t o  newly hatched a l l i g a t o r s  (Joanen 
e t  a l .  1972). Dietary and physiological  
changes r e s u l t i n g  from increased s a l i n i -  
t i e s  a r e  not known, but  Chabreck (1972) 
found s i g n i f i c a n t l y  l e s s  food i n  stomachs 
of a l l i g a t o r s  taken i n  s a l i n i t i e s  of 3O/oo 
t o  16°/oo, compared t o  those of a l l i g a t o r s  
taken i n  f r e s h  water.  He suggested t h a t  
a l l i g a t o r  growth may be reduced i n  s a l i n e  
waters because of low food in take .  A l l i -  
gator surv iva l  and reproduct ion can be a f -  
fected by management of impoundments f o r  
waterfowl (e.g., through f looding of n e s t s  
and changes i n  s a l i n i t y ) .  Adults a r e  a l s o  
subject t o  s h i f t s  i n  reproduction due t o  
thermal loading around nuclear  power pro- 
duction r e a c t o r s  (T. Murphy, 1978, South 
Carolina Wi ld l i fe  and Marine Resources 
nepartment, Green Pond, unpubl. d a t a ) .  

Where s a l i n i t i e s  a r e  low, a s  on 
Kinloch and South I s land  p lan ta t ions ,  
Georgetown County, South Carolina, i m -  
poundments provide optimum h a b i t a t  f o r  
a l l i g a t o r s .  Bara (1971) c o n s i s t e n t l y  ob- 
served t h e  highest  concentrat ions of a l l i -  
gators  i n  canals  within marsh impoundments. 
Abundant food supply, deep and shallow wa- 
t e r ,  and c rea t ion  of nes t ing  s i t e s  on 
dikes a r e  s e v e r a l  b e n e f i t s  of these  im- 
poundments (Chabreck 1960). I n  add i t ion ,  
p r iva te  lands and game qlanagement a reas  
provide pro tec t ion  from i l l e g a l  hunting. 
Of 17 n e s t s  s tudied by Bara (19761, 12  
were associated with diked impoundments. 
Most of t h e  12 n e s t s  were located on a 
dike berm or  d i r e c t l y  on an old abandoned 
dike. Pr inc ipa l  nes t  mate r ia l s  of these  
17 nes t s  r e f l e c t e d  t h e  brackish na ture  of 
the h a b i t a t .  

Impoundments a t  the  Savannah National 
Wi ld l i fe  Refuge (SNWR) a r e  managed f o r  wa- 
terfowl,  and s a l i n i t i e s  i n  t h e  feeder  creeks 
t y p i c a l l y  range from f r e s h  water t o  about 
10°/oo (R. H.  Dunlap, J r . ,  1978, South 
Carolina Marine Resources Divis ion,  
Charleston, pers .  comm.). For severa l  suc- 
cess ive  years ,  Bara (1976) cruised a l i n e  
24 m i  (38.6 km) i n  length within the  SNWR, 
and the  mean number of a l l i g a t o r s  s ighted 
per mile  was a s  follows: 1971-9.38; 1972- 
8.33; 1973-7.54; 1974-10.21; 1975-8.02 
[only 9.6 m i  (15.4 km) of t h e  t r a n s e c t  were 
surveyed i n  19753. The l a r g e s t  number of 
ind iv idua ls  observed was 245 f o r  t h e  24-mi 
(38.6 km) t r a n s e c t  (Bara 1976). 

Newly hatched a l l i g a t o r s  weigh l e s s  
than 2 oz (62 g) and measure about 8 i n  
(10.3 cm) long. The young usua l ly  remain 
i n  the n a t a l  a rea  f o r  2 or  3 years ,  feeding 
mainly on i n s e c t s  but  a l s o  on c r a y f i s h  and 
s n a i l s  when they a r e  a v a i l a b l e  (Valentine 
e t  a l .  1972). They a r e  oppor tun is t i c  
feeders ,  s h i f t i n g  t o  l a r g e r  prey a s  they 
mature. After a t t a i n i n g  a length of 4 f t  
(1.2 m), they usual ly d i sperse  from the  n a t a l  
a r e a .  Growth of a l l i g a t o r s  v a r i e s  from 4 t o  
6 in /yr  (10.2 t o  15.2 cmlyr) i n  South 
Carolina (Bara 1976), o r  about half  t h e  r a t e  
observed i n  Louisiana and Florida (McIlhenny 
1934). The slower growth r a t e  i n  South 
Carolina r e s u l t s  i n  g rea te r  juven i le  mor- 
t a l i t y  because t h e  young a r e  exposed t o  
predators ,  such a s  herons, e g r e t s ,  and pre- 
dacious f i s h ,  f o r  a longer period.  Major 
predators  on young a l l i g a t o r s  a r e  herons, 
e g r e t s ,  and predacious f i s h .  Predators  of 
l e s s e r  importance include raccoons, bobcats ,  
and a d u l t  a l l i g a t o r s  (Nei l l  1971). 

Al l iga tors  reach sexual  maturi ty  upon 
a t t a i n i n g  a length of about 6 f t  (1.8 m). 
Growth slows t o  about 2 in /yr  (5.1 cmlyr) 
t h e r e a f t e r ,  and becomes neg l ig ib le  on ap- 
proaching maximum length.  The normal maxi- 
mum length  i s  9 f t  (2.7 m) f o r  females and 
12 f t  (3.7 m) f o r  males. Weight ga in  is 
rapid u n t i l  sexual matur i ty  i s  reached. Age 
t o  sexual maturi ty  i n  South Carolina a l l i -  
ga tors  i s  delayed due t o  t h e  slower growth 
r a t e ;  such information i s  unavai lable  f o r  
specimens from Georgia. Information on 
growth r a t e s  and the  time required t o  reach 
sexual  matur i ty  is necessary t o  determine 
the  p o s s i b i l i t y  of a regulated harves t  
(Bara 1976). The reproduct ive cycle  is sea- 
sonal  and r e l a t e d  t o  temperature; a cool  
spr ing  may delay reproduct ion,  while a warm 
one may i n i t i a t e  the process e a r l y .  The 
onset of spermatogenesis usua l ly  occurs dur- 
ing t h e  l a s t  2 weeks of May and t h e  f i r s t  
2 weeks of June. Open waters  a r e  necessary 
f o r  successful  courtship and breeding 
(Yichols e t  a l .  1976) . 

Nest construct ion and egg lay ing  
take place during the  f i r s t  2 weeks of July.  
Secluded a r e a s  a r e  sought f o r  nest ing.  The 
n e s t s ,  constructed from vegetat ion a t  t h e  
s i t e ,  a r e  approximately 3 f t  (0.92 m) i n  
diameter a t  t h e  base and 2.5 f t  (0.76 m) 
t a l l .  The n e s t  i n t e r i o r  provides a 



microhabi tat  having a s t a b l e ,  high re la -  
t i v e  humidity a s  wel l  a s  some hea t  gen- 
e ra ted  through decomposition of p lan t  ma- 
t e r i a l  (Joanen 1969). Clutch s i z e  averages 
40 eggs, and incubation takes about 60 
days depending on t h e  nes t  s i t e ,  construc- 
t ion ,  and temperature. Eggs deposited i n  
shaded o r  poorly constructed n e s t s  requ i re  
a longer incubation time. Most eggs hatch 
during t h e  f i r s t  2 weeks i n  September, and 
females may be aggressive around t h e  nes t  
s i t e .  S tab le  water l e v e l  is  an important 
f a c t o r  a f f e c t i n g  the  hatching success; 
both drought and f looding a r e  detr imental .  
The raccoon is  the  major predator  on n e s t s ,  
and t h e  number destroyed may exceed 50% 
where t h e r e  is  land access ,  a s  on t h e  s i d e  
of impoundment dikes and levees.  Should 
misfortune b e f a l l  a n e s t ,  reproduction by 
t h a t  female is  l o s t  f o r  t h e  year ,  f o r  re-  
nes t ing  is unknown. 

A l l i g a t o r s  genera l ly  become semidor- 
mant from t h e  second week of October t o  
t h e  second week of March, although there  
may be  l imi ted  basking on mild days i n  
winter .  Feeding a c t i v i t y  begins again i n  
spr ing  only a f t e r  water temperatures ex- 
ceed ~ 2 5 ' ~  ( ~ 7 7 ' ~ ) .  

According t o  Chabreck (1966), l a r g e  
a d u l t s  c o n s t i t u t e  a small por t ion  of t h e  
a l l i g a t o r  population [e.g.,  only 20% ex- 
ceed 6 f t (1.8 m) long]. Juveni les  should 
comprise a t  l e a s t  80% of an expanding pop- 
u l a t i o n ,  with a 60:40 sex r a t i o  favoring 
males. Size c l a s s  d i s t r i b u t i o n  and sex  
r a t i o s  a r e  unknown f o r  mature, s t a b l e  pop- 
u l a  t ions. 

Range requirements must be considered 
when h a b i t a t  needs f o r  the  spec ies  a r e  
evaluated. I n  Louisiana, t h e  home range 
of an a d u l t  male is  2,200 a c r e s  (890.3 ha); 
of nes t ing  females, 21 acres  (8.5 ha); and 
of 3 - 6 f t  (0.92 - 1.83 m) animals, 500 
a c r e s  (202.3 ha) (Joanen and McNease 1970, 
1973). These f i g u r e s  may not  necessar i ly  
apply t o  populations i n  South Carol ina and 
Georgia, but  such da ta  a r e  unavai lable  
from these  S t a t e s .  

The s tanding crop of a l l i g a t o r s  prob- 
ab ly  exceeds t h a t  of any o ther  l a r g e  carni-  
vore  because of t h e  wide extremes i n  s i z e  
(8 i n  t o  12 f t )  (20.3 cm t o  3.7 m), and 
the  d i f f e r e n t  h a b i t a t  u t i l i z a t i o n  and 
niche requirements f o r  d i f f e r e n t  s i z e  
c lasses .  

Ecological ly,  a l l i g a t o r s  funct ion a s  
a top carnivore on many prey species .  
Chabreck (1972) found t h a t  v e r t e b r a t e s  
were important food items i n  freshwater 
a reas ,  with b i r d s  comprising one-third of 
t h e  d i e t  by weight. Other prey organisms 
include f i s h e s ,  t u r t l e s ,  snakes, and var ious  
mannnals. I n  add i t ion ,  a . l l ipa tors  maintain 
open, deep water a r e a s  and open t r a i l s  i n  
t h e  marsh t h a t  a r e  u t i l i z e d  by o ther  wild- 
l i f e .  Because of t h e i r  longevi ty (some 
may l i v e  40 years ) ,  a l l i g a t o r s  can be 

usefu l  a s  an i n d i c a t o r  spec ies  f o r  moni- 
t o r i n g  n a t u r a l  systems. 

Al l iga tors  a r e  important t o  man aes- 
t h e t i c a l l y  and economically. I n  recent  
years ,  a l l i g a t o r  h ides  have brought a s  
much a s  $17/ l inear  f o o t ,  but  fashion de- 
mands cause pr ices  t o  f l u c t u a t e  consider- 
ably.  Commercial harvest ing f o r  h ides  
reached a peak i n  t h e  l a t e  1800's (McIlhenny 
1935), and by 1960 t h e  a l l i g a t o r  had been 
p r a c t i c a l l y  eliminated from i t s  o r i g i n a l  
range (Chabreck 1968). During t h e  1960'8, 
p ro tec t ive  l e g i s l a t i o n  was enacted by a l l  
S t a t e s  within i ts range, and t h e  a l l i g a t o r  
now rece ives  f u l l  Federal  p ro tec t ion  under 
the  1973 Endangered Species Act. I n  re- 
cent  years ,  numbers of a l l i g a t o r s  have in -  
creased i n  t h e  Southeast (Powell 19711, 
including South Carolina (Bara 1971) and 
Georgia (Joanen 1974) . 

I n  February 1977, t h e  s t a t u s  of a l l i -  
ga tor  populations i n  South Carolina and 
Georgia south of Winyah Bay, e a s t  of high- 
ways 17A and I n t e r s t a t e  95, and north of 
t h e  F lor ida  S t a t e  l i n e  was changed from 
"endangered" t o  "threatened ." This  change 
i n  s t a t u s  was based o n p o p u l a t i o n  e s t i -  
mates. The s t a t u s  of o ther  a l l i g a t o r  popu- 
l a t i o n s  i n  South Carolina and Georgia is 
s t i l l  c l a s s i f i e d  a s  endangered. (See 
Chapter One f o r  a d d i t i o n a l  information on 
endangered species . )  Ho-wever, census da ta  
alone do not  provide a l l  t h e  information 
needed t o  manage the  species .  Areas of 
research t h a t  need t o  be addressed include: 
1 )  ways of accura te ly  aging individuals ,  
2) mor ta l i ty  r a t e s  and f a c t o r s ,  3) t h e  im- 
portance of s i z e  d i s t r i b u t i o n  on reproduc- 
t ion ,  4) h a b i t a t  s u i t a b i l i t y ,  e s p e c i a l l y  a s  
it a f f e c t s  reproduction, and 5)  the  northern 
ex ten t  of i ts  range. 

As a l l i g a t o r  and human populat ions con- 
t i n u e  t o  expand, t h e r e  a r e  c e r t a i n  t o  be 
i n t e r a c t i o n s  between the  two species ,  some 
of which w i l l  be negat ive.  Increased de- 
velopment, e s p e c i a l l y  i n  c o a s t a l  a reas ,  is 
l i k e l y  t o  be  a l i m i t i n g  f a c t o r  on a l l i g a t o r  
populations through d i r e c t  h a b i t a t  destruc-  
t ion .  Research i s  presen t ly  underway t o  
determine the  type and amount of h a b i t a t  
needed t o  maintain hea l thy  a l l i g a t o r  popula- 
t i o n s  and t o  ensure t h a t  t h i s  top carn ivore  
does no t  s u f f e r  a s  it did i n  years  pas t .  

Population da ta  f o r  South Carolina 
c o a s t a l  counties  i n  1973 (Table 4-48) show 
a t a b l e  populations i n  Dorchester, Berkeley, 
and Georgetown counties ,  and increas ing  .. 
populations i n  Colleton, Beaufort,  Jasper ,  
and Charleston counties  (Joanen 1974). 
Joanen's survey of Georgia the  same year 
revealed increasing populations i n  a l l  
c o a s t a l  counties  (Table 4-48). The Non- 
game and Endangered Species Sect ion of t h e  
South Carolina Wi ld l i fe  and Marine Resource8 
Department is conducting surveys of a l l i -  
gator  populations on South, Murphy, and 
Cedar i s lands ,  and i n  the.Bear I s land  Game 
Management Area. Resul ts  of these  surveys 





w i l l  provide information on the  s i z e  and 
s t r uc tu r e  of a l l i g a t o r  populations i n  in- 
t e r t i d a l  es tuar ine  impoundments i n  South 
Carolina. 

Other r e p t i l e  spec ies  indigenous t o  
the  Georgia and/or South Carolina coas t ,  
and recorded i n  hab i t a t s  s im i l a r  t o  estu- 
a r i ne  impoundments, include the  common 
snapping t u r t l e ,  eas te rn  mud t u r t l e ,  
s t r i ped  mud t u r t l e  (see Conant 1975), 
chicken t u r t l e ,  Florida s o f t s h e l l  t u r t l e ,  
s t r iped  c rayf i sh  snake, cottonmouth, yellow 
r a t  snake, banded water snake, eas te rn  
ga r t e r  snake, and t he  eas te rn  mud snake 
(Viosca 1923, Engels 1942, 1952, Nei l l  
1958. Conant 1975, Gibbons and Harrison 
1975, Gibbons 1978). These spec ies  a r e  
not  cha r ac t e r i s t i c  of es tuar ine  impound- 
ments, and t h e i r  occurrence i n  t h i s  habi- 
t a t  is considered marginal. Nei l l  (1958) 
provided a de t a i l ed  discussion and l i t e r a -  
t u r e  review of herpetofauna i n  s a l i n e  
a reas .  

7. Birds 

The hab i t a t s  formed by numerous im-  
pounded wetlands i n  South Carolina and 
Georgia a r e  among t he  most dramatic and 
ac t i ve  ecological  u n i t s  f o r  b i rds .  Some 
68 species  comonly or  occasional ly occur 
i n  impoundments (Table 4-49). Trophic re- 
l a t ionsh ips  of these b i rds  a r e  i l l u s t r a t e d  
i n  Figure 4-19. Spec i f ic  groups of b i rds  
use r a the r  d i s t i n c t  a reas  within the  i m -  
poundments. Waterfowl, f o r  instance,  use  
the  open water a r ea s  f o r  feeding, whereas 
shorebirds concentrate  along the  edges 
and adjacent  shallow f l a t s .  Earthen dikes 
de l imi t  t he  hab i t a t  and provide an excel- 
l e n t  "edge e f fec t"  when f u l l y  s t ab i l i z ed  
with vegetat ion.  Species such a s  t he  
sparrows, long-billed marsh wren, and com- 
mon snipe a r e  found i n  border vegetat ion 
and ecotonal communities. 

Impoundment border vegetat ion is a 
fundamental l i n k  among nearly a l l  spec ies  
and provides f o r  feeding, roost ing,  nest-  
ing, and cover. Impoundments i n  coas ta l  
South Carolina and Georgia a r e  general ly 
managed f o r  waterfowl and a r e  character-  
ized by the dominance of brackish or  
freshwater vegetat ion,  espec ia l ly  des i r -  
ab le  duck food p l an t s .  The management of 
coas ta l  impoundments f o r  a t t r a c t i n g  wa- 
terfowl has been documented by Chabreck 
(1960), Neely (1960, 1962), Baldwin (19681, 
and Morgan e t  a l .  (1975). 

Waterfowl occurr ing i n  impoundments 
of t he  Sea Is land Coastal Region can be 
divided i n t o  four  major groups: 1 )  swans 
and t r u e  geese, 2).surface-feeding or  
puddle ducks. 3) diving ducks o r  pochards, 
and 4) sea ducks. Among these four  groups, 
there  a r e  some 19 spec ies  which occur reg- 
u l a r l y  i n  the  impoundments each year .  

Swans and t r u e  geese a r e  represented 
by only one major species ,  the  Canada 

goose. This species ,  a common v i s i t o r  t o  
coas ta l  South Carolina and Georgia, has 
become more abundant i n  recent  years  due 
t o  in tens ive  management. Geese forage i n  
water and on land, and la rge  crops of g ra in  
i n  ag r i cu l t u r a l  f i e l d s  have a t t r a c t ed  them. 

Puddle ducks, probably the  most abun-. 
dant waterfowl group i n  coas ta l  impound- 
ments, include mallards, blue-winged t e a l ,  
green-winged t e a l ,  gadwall, baldpate, wood 
ducks, and shovelers. Among the  f avo r i t e  
food p l an t s  of puddle ducks a r e  wild r i c e ,  
spikerush, pondweeds, smartweeds, bulrushes, 
widgeon grass ,  acorns, Cyprus b a l l s ,  and 
various f r u i t s  (Kerwin and Webb 1972). 
Animals such a s  mollusks, insec ts ,  small 
f i s h ,  c rayf i sh ,  and small crabs a r e  a l s o  
u t i l i z e d  f o r  food t o  a l e s s e r  extent  by the  
puddle ducks (Sprunt and Chamberlain 1970). 

Pochards, o r  diving ducks. occupy a 
d i f f e r en t  niche i n  coas ta l  impoundments 
from t h a t  of t he  puddle ducks. They feed 
i n  deeper waters of open bays, sounds, and 
coas ta l  waters and a r e  gregarious, tending 
t o  r a f t  up i n  large f locks.  Commonly oc- 
curr ing pochards include the  ring-necked 
duck, canvasback, l e s s e r  scaup, g rea te r  
scaup, and redhead. The ring-necked duck, 
canvasback, and redhead a r e  more herbi- 
vorous than carnivorous and consume seeds 
of the  water - l i ly ,  water-shield, and spike- 
rush. Scaup, however, feed on a wide va- 
r i e t y  of animal matter .  

Sea ducks play a r e l a t i v e l y  minor r o l e  
i n  es tuar ine  impoundments. Like t he  
pochards, they spend most of t h e i r  time i n  
open bays and sounds and t h e  sea.  Buffle- 
heads, hooded mergansers, and ruddy ducks 
a r e  common winter res idents  which u t i l i z e  
deeper waters of impoundments. They a r e  
l a rge ly  c a r n i v o r ~ u s ,  feeding on f i s h ,  in- 
s ec t s ,  mollusks, and crustaceans. Sprunt 
and Chamberlain (1970) reported two records 
of hooded mergansers nes t ing  i n  South 
Carolina. The hooded merganser is a l s o  
more common than the  common merganser and 
t he  red-breasted merganser and seldom mixes 
with these other  two species ,  s ince  they 
general ly feed i n  d i f  f e r en t  areas.  The 
red-breasted merganser and common mer- 
ganser include more f i s h  i n  t h e i r  d i e t s  
than does t he  hooded merganser. 

Ra i l s ,  g a l l i nu l e s ,  and coots  a r e  com- 
monly found i n  es tuar ine  impoundments. 
The king r a i l  is r a r e l y  seen i n  a reas  other 
than those character ized by freshwater veg- 
e t a t i on ,  such a s  c a t - t a i l s  and rushes, and 
is therefore not considered t o  be a r e s i -  
dent of es tuar ine  impoundments. Conversely, 
the  clapper r a i l  is commonly found a t  the  
water margins of e s t ua r i ne  impoundments 
where smooth cordgrass grows. This spe- 
c i e s  i s  a common, permanent salt-marsh 
res ident .  The common ga l l i nu l e  i s  another 
common permanent res ident ,  occurr ing i n  
both brackish and freshwater impoundments. 
Gall inules  frequently intermingle with 
coots and ducks and feed on p lan t  and 
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SCAVENGERS PlSClVORES 
Herring gull Snowy egret, a 3 ~ r e ~ ,  

Ring-billed gull Hooded merganser, Bald eagle, 

I Belted kingfisher 

M ICROBENTHIVORES \ 1 MACROBENTH IVORES 
Semipalmated sandpiper 

Western sandpiper \ Clapper rail 
Greater yellowlegs 

Green-winged teal 
Shoveler 

American coot 

Figure 4-19. Generalized t rophic  r e l a t i o n s h i p s  of represen ta t ive  b i r d s  of e s t u a r i n e  
impoundments. 

animal matter .  The American coot ,  a l s o  a  
permanent res iden t ,  i s  extremely abundant 
i n  es tuar ine  impoundments. I t s  food con- 
sists primari ly  of seeds,  r o o t s ,  vegeta- 
t i v e  p a r t s  of aqua t ic  p lan ts ,  smartweed, 
small f i s h ,  s n a i l s ,  tadpoles, and i n s e c t s .  
The Virginia  r a i l  and the sora  a r e  o ther  
common winter  r e s i d e n t s  which frequent  the  
marshes and marsh edges within impound- 
ments, consuming mixtures of animal and 
vegetable matter .  

The herons, s t o r k s ,  and i b i s e s  con- 
s t i t u t e  another group of b i rds  which a r e  
abundant throughout much of the c o a s t a l  
ecosystem but espec ia l ly  i n  es tuar ine  i m -  
poundments. Among the dominant o r  char- 
a c t e r i s t i c  spec ies  within t h i s  h a b i t a t  a r e  
the g r e a t  e g r e t ,  the snowy e g r e t ,  the  
Louisiana heron, and the white i b i s .  Also 
occurring, but  playing a  moderate-to-minor 
r o l e  i n  ecological  i n t e r a c t i o n s ,  a r e  t h e  
g rea t  blue heron, l i t t l e  blue heron, 
glossy i b i s ,  green heron, black-crowned 
night  heron, yellow-crowned n igh t  heron, 
and the wood i b i s  o r  wood s to rk .  

Both the  grea t  and snowy e g r e t s  a r e  
common permanent r e s i d e n t s  i n  c o a s t a l  i m -  
poundments. These "plume birds"  have made 
a  dramatic comeback s ince  the days of 
Wayne (1910), when they were s laughtered 
f o r  mi l l inery  purposes. Both spec ies  n e s t  
i n  rookeries  within c o a s t a l  South Carolina 
and Georgia and feed i n  shallow water i m -  
poundments. The snowy e g r e t  appears t o  
venture out  i n t o  sa l twate r  marshes and 
creeks more than does the grea t  e g r e t ,  
which p r e f e r s  f reshwater  ponds, marshes, 
and impoundments. These b i rds  a r e  com- 
monly seen i n  communal r o o s t s  i n  t r e e s  ad- 
jacent  t o  impoundments. The grea t  egre t  

is a s t i l l  hunter and can be observed i n  a  
motionless  s tance  seeking i ts prey. Its 
d i e t  c o n s i s t s  of small f i s h e s  such a s  gizzard 
shad, minnows, and sunfishes.  Sprunt and 
Chamberlain (1970) reported t h a t  f rogs ,  
mice, l i z a r d s ,  f i d d l e r  crabs,  grasshoppers 
and o ther  i n s e c t s ,  and even small  a l l i g a t o r s  
a r e  consumed. I n  c o n t r a s t ,  t h e  snowy egre t  
is an a c t i v e  hunter ,  always moving and 
s tabbing a t  f i d d l e r  crabs,  shrimp, s n a i l s ,  
small f i s h ,  i n s e c t s ,  f rogs ,  and l i z a r d s .  
No o ther  e g r e t  o r  heron feeds  i n  t h i s  man- 
ner .  

The Louisiana heron is perhaps t h e  
most abundant heron i n  the  study a rea .  It 
is a common permanent res iden t  which n e s t s  
i n  rookeries  with o ther  herons and i b i s e s ,  
a s  wel l  a s  i n  d i s s i m i l a r  loca t ions  such a s  
washed oys te r  s h e l l  banks and cypress l a -  
goons. Its d i e t  cons i s t s  of k i l l i f i s h ,  
shrimp, c rayf i sh ,  sp iders ,  and i n s e c t s .  

The l i t t l e  blue heron, a l s o  a  common 
permanent res iden t ,  e x h i b i t s  nes t ing  and 
feeding h a b i t s  s imi la r  t o  those of the  
Louisiana heron agd a l s o  e a t s  f rogs ,  tur-  
t l e s ,  and snakes. The green heron and 
black-crowned n igh t  heron a l s o  a r e  common 
permanent r e s i d e n t s  of impoundments. The 
yellow-crowned n igh t  heron is a common sum- 
mer r e s i d e n t ,  but  i t  i s  no t  a s  numerous 
around impoundments a s  a r e  t h e  o ther  herons. 
The l a t t e r  t h r e e  herons feed on small  f i s h e s ,  
crustaceans,  and i n s e c t s  i n  the  impound- 
ments and congregate with o ther  herons i n  
nes t ing  . 

One of the most d i s t i n c t i v e  shorebirds  
occurr ing within impoundments is t h e  wil le t .  
This spec ies  i s  a  permanent res iden t  of the 
South Carolina and Georgia coas t ,  occurr ing 



i n  g rea t  abundance during summer. These 
b i r d s  can of ten  be seen feeding on small 
mollusks, f i d d l e r  crabs, and i n s e c t s  along 
the banks, f l a t s ,  and shore l ines  of es tu -  
a r i n e  impoundments. Wi l le t s  f requent ly  
n e s t  along sandy overgrown impoundment 
dikes,  a s  well  a s  on b a r r i e r  i s lands  o r  i n  
open pastures .  They genera l ly  p re fe r  
a reas  where vege ta t ion  is t a l l  enough t o  
conceal the  n e s t s .  Bent (1962a) gave a 
d e t a i l e d  descr ip t ion  of w i l l e t  nest ing 
hab i t s  near Bulls  Bay, South Carolina. 

The grea te r  yellowlegs, a permanent 
res iden t ,  is  a l s o  a typ ica l  shorebird of 
impoundments a n d w a t e w a y s  throughout the  
c o a s t a l  region. Although t h i s  b i r d  feeds 
i n  the  shallows l i k e  o ther  shorebirds ,  i ts 
long l e g s  enable i t  t o  use deeper waters  
i n  catching minnows, i n s e c t s ,  and s n a i l s .  

A number of other  shorebirds ,  includ- 
ing the  l e s s e r  yellowlegs, semipalmated 
plover, black-bellied plover, ruddy turn-: 
s tone,  dowitcher, and sandpipers, occur 
commonly i n  es tuar ine  impoundments. How- 
ever, two r e l a t i v e l y  r a r e  b i r d s ,  t h e '  
American avocet and black-necked s t i l t ,  
a r e  undoubtedly among the  most spec tacu la r  
of impoundment shorebirds .  Wayne (1910) 
never observed an avocet i n  c o a s t a l  South 
Carolina, but i n  recen t  years t h i s  b i rd  
has been observed on numerous occasions i n  
impoundments. Sprunt and Chamberlain 
(1970) reported t h a t  one specimen was 
taken i n  t h e  Santee River i n  1923, with 
t h e  g r e a t e s t  number (about 50) observed on 
South Is land i n  1946. "Apparently, these 
b i r d s  overwintered t h e r e  (Sprunt and 
Chamberlain 1970). American avocets  a r e  
now observed annually i n  t h e  South Is land 
impoundments and elsewhere i n  the  Sea 
Is land Coastal Region of South Carolina 
and Georgia (Wilkinson 1970). 

The black-necked s t i l t ,  a r a r e  r e s i -  
dent ,  is  one of the  most d i s t i n c t i v e  
shorebirds  i n  t h e  c o a s t a l  area.  Wayne 
(1910) observed one p a i r  of these b i r d s  
during h i s  many years  i n  the  f i e l d .  Today, 
the s t i l t  appears regu la r ly  i n  small num- 
bers  within the  c o a s t a l  a rea ,  and breeding 
records a r e  now es tab l i shed  (Sprunt and 
Chamberlain 1970). 

The g u l l s  and t e r n s  a r e  represented 
i n  es tuar ine  impoundments by the her r ing ,  
r ing-b i l l ed ,  and laughing g u l l s ,  and the  
common, l e a s t ,  royal ,  and Caspian te rns .  
These b i r d s  feed to some ex ten t  i n  i m -  
poundments, p a r t i c u l a r l y  during summer 
f i s h  k i l l s  caused by oxygen def ic ienc ies .  
These b i r d s  a l s o  r e s t  on open waters within 
impoundments . 

During the pas t  2 decades, there  have 
been many ecological  object ions ra i sed  
over t h e  diking and impounding of wetlands. 
These object ions a r e  based on the following 
r a t i o n a l e ;  the  blocking of t i d a l  exchange 
r e s u l t s  i n  a reduct ion of n u t r i e n t  export;  
valuable marsh nursery grounds a r e  l o s t  f o r  
marine organisms; publ ic  i n t e r e s t  f a c t o r s  
a r e  not  considered. The ob jec t ions  could 
go f u r t h e r  and i n  many cases t h e  above 
r a t i o n a l e  is  reasonable. However, the re  
a r e  c e r t a i n  advantages t o  consider i n  eval- 
uat ing c o a s t a l  saltmarsh impoundments. 
Perhaps t h e  g r e a t e s t  ecological  advantage 
is the valuable h a b i t a t  created f o r  c e r t a i n  
b i rds .  Waterfowl, wading b i r d s ,  shorebirds, 
and song b i r d s  f ind  compatible niches i n  
t h i s  ecosystem. A s  f o r  adverse impacts, 
the  use of p e s t i c i d e s  i n  nearby agr icu l -  
t u r a l  a reas  (e.g.,  soybean f i e l d s ,  tomato 
crops, e t c . )  would appear t o  be t h e  most 
damaging t o  avifauna. According t o  C. M. 
Bearden (South Carolina Marine Resources 
Division, 1978, Charleston, pers .  corn.) ,  
t h e r e  a r e  f i s h  k i l l s  annually i n  the  
c o a s t a l  impoundments of lower South 
Carolina. Available evidence points  t o  the 
use of pes t ic ides  i n  nearby a g r i c u l t u r a l  
lands a s  a leading cause. Many times, 
var ious b i r d s  a r e  observed feeding on the 
dead f i s h ,  and occasional ly a dead b i rd  is 
found near  the  impoundments. This problem, 
although present  i n  Georgia, is not  prev- 
a l e n t  because t h e r e  a r e  fewer c o a s t a l  i m -  
poundments. The b io log ica l  magnification 
of p e s t i c i d e s  i n  avian populations is 
probably the  g r e a t e s t  impact. These ef-  
f e c t s  have been well  documented over the  
years  (U.S. Department of I n t e r i o r ,  
Fish and Wi ld l i fe  Service 1962, 1963, 1964, 
1965, Keith 1968). Borthwick e t  a l .  (1973) 
found mirex res idues  i n  78% of b i r d s  col-  
l ec ted  from a s tudy a rea  near  Charleston, 
South Carolina. The highest  l e v e l  of mirex 
was found i n  t h e  be l ted  k ingf i shers  and 
demonstrated t h e  f a t e  of organochlorides 
i n  t h e  e s t u a r i n e  environment. 

Another important impact on b i r d s  i n  
e s t u a r i n e  impoundments i s  hunting. An- 
nual ly,  the re  a r e  thousands of waterfowl 
harvested from c o a s t a l  impoundments i n  
South Carolina and Georgia. For a de ta i led  
discussion of hunter p a r t i c i p a t i o n  and 
harvest  records,  the  reader is  re fe r red  t o  
Volume 11, Chapter Eight.  

8. Mammals 

Refer t o  the  sec t ion  on mammals of 
es tuar ine  i n t e r t i d a l  emergent wetlands. 

The osprey and bald eagle ,  although 
uncommon i n  t h i s  h a b i t a t ,  have been ob- 
served t o  forage these impoundments i n  the 
Cape Romain-Santee Delta  a r e a  of South 
Carolina (G. R. Gar r i s ,  1979, U.S. Fish 
and Wildl i fe  Service,  Awendaw, South 
Carol ina,  pers .  comm.). 



CHAPTER FIVE 

FRESHWATER ECOSYSTEMS 

I. MAJOR CHARACTERISTICS 

A. DEFINITIONS AND MODELS 

Freshwater environments include all 
wetland systems where average salinities 
measure less than 0.5'/00 (Cawardin et al. 
1977). Swamps, bays, savannahs, pocosins, 
flood plains, freshwater marshes, lakes, 
ponds, reservoirs, creeks, and rivers are 
all considered freshwater environments. 
Biologically, freshwater environments have 
many similarities due to their common 
aquatic nature. For this reason, this 
chapter describes the three freshwater 
ecosystems - palustrine, lacustrine, and 
riverine systems - as a group. (See 
Atlas Frontispiece for delineations of the 
freshwater ecosystems.) 

The palustrine system is defined 
(Cowardin et al. 1977) as ". . . all 
nontidal wetlands dominated by trees, 
shrubs, persistent emergents, nonaquatic 
mosses or lichens, and all such wetlands 
that occur in tidal areas where salinity 
due to ocean-derived salts is below 0.5O/oo. 
It also includes wetlands lacking such 
vegetation, but with all the following 
characteristics: 1) size less than 8 
hectares; 2) absence of an active wave-formed 
or bedrock shoreline feature; 3) water 
depth in the deepest part of basin less than 
2 m at low water; and 4) salinity due to 
ocean-derived salts less than 0.5O/00. " 
In the study area, this palustrine defini- 
tion would include most, if not all, of 
the freshwater coastal impoundments, the 
emergent and forested wetlands, and such 
features as Carolina Bays, depressions, 
pond margins, bogs, savannahs, and 
ditches. 

The diversity of the palustrine 
ecosystem is reflected in the richness of 

i its species composition and the high rate 

I of production. In a stylized model of 
i energy flow in palustrine systems (Fig. 
i 5-l), it is possible to reduce the com- 

plicated food webs and biogeochemical 
I 
E 

cycles to a simple schematic indicating 
major flows of energy and matter. Figure 
5-1 indicates that major inputs into 
palustrine systems include solar energy and 
a variety of allochthonous material from 
river water, groundwater, sediments, soil 
drainage, precipitation, and tides (where 
appropriate). The nonvascular and vascular 
autotrophs incorporate this energy and 
matter through photosynthesis in primary 
production. This chemical bond energy is 
then made available to various consumer 
trophic levels. Final energy degradation 
takes place through the decomposition of 
organic materials by bacteria and fungi, 
and the resultant release of various 

producers. It should be remembered that 
palustrine systems are not closed but rely 
heavily on allochthonous input and sub- 
stantial export. Thus, the system must be 
viewed in a broad context including both 
autochthonous and allochthonous activity. 

Cowardin et al. (1977) defined 
lacustrine as those systems which ". . . 
include wetlands and deep-water habitats 
with all of the following characteristics: 
1) situated in a topographic depression 
or a dammed river channel; 2) lacking 
trees, shrubs, persistent emergents, 
nonaquatic mosses or lichens with greater 
than 30 percent areal coverage; and 
3) greater than 8 hectares (20 acres) in 
size. Similar wetlands and deep-water 
habitats smaller than 8 ha are also in- 
cluded in the Lacustrine System if an 
active wave-formed or bedrock shoreline 
feature forms all or part of the boundary 
or if the water depth in the deepest 
part of the basin is greater than 2 m at 
low water." This definition includes 
both tidal and nontidal waters but limits 
ocean-derived salinity to less than 0.5O/oo. 

Two subsystems are recognized com- 
ponents of the lacustrine system. The 
limnetic subsystem includes all profundal 
or deepwater habitats within the lake 
and may be absent from many small lacustrine 
systems. The littoral subsystem includes 
all wetlands within the system and normally 
extends from the shoreward boundary of the 
lake to a depth of 2 m (6.5 ft) or to the 
maximum extent of nonpersistent emergent 
vegetation. The littoral lacustrine sub- 
system is difficult to separate from 
palustrine systems in certain habitats of 
the Sea Island Coastal Region. In many 
areas palustrine wetlands may lie within 
the boundaries of lacustrine systems. 
Solution-formed ponds, oxbow lakes, old mill 
ponds, rice field reserves, farm ponds, 
and man-made lakes (such as Lake ~oultrie) 
are expressions of lacustrine systems in 
the South Carolina - Georgia study area. 

The general ecology of lacustrine systems 
in the study area has not been well studied. 
A simple model (Fig. 5-2 and Atlas plate 
6 ) ,  however, can indicate observed and 
expected ecological relationships in the 
lacustrine systems. Figure 5-2 illustrates 
the flow of energy and matter in a quali- 
tative manner. Major influences on the 
system include solar energy, water (through 
rain as well as river and groundwater), 
climatological influence (temperature, 
wind, cloud cover, etc.), and man (through 
economic activities, i.e., dams, sewage, 
drainage, agriculture, lumber, etc .) . 
These and other influences impact upon the 
entire system by regulating productivity 
and stability. Net primary production, 
through the principal autotrophs (non- 
vascular and vascular ~lants), drives the 
system by supplying chemical bond energy 
converted from solar energy and nutrients 
by phytosynthesis. These organic molecules 







a r e  u t i l i z e d  by primary consumers and 
passed up the  t r o p h i c  ladder .  F i n a l  de- 
gradat ion of t h i s  energy is reached through 
decomposition of organics  by b a c t e r i a  and 
fungi.  Inorganic n u t r i e n t s  a r e  thus re- 
cycled, through decompostion, f o r  uptake 
by au to t rophs  and t h e  cyc le  cont inues.  

A l l  wetland and deepwater h a b i t a t s  
contained wi th in  a channel a r e  r i v e r i n e  
ecosystems (see At las  p l a t e  7 ) .  
Cowardin e t  a l .  (1977) q u a l i f y  t h i s  r a t h e r  
broad d e f i n i t i o n  by excluding wetlands 
dominated by t r e e s ,  shrubs,  p e r s i s t e n t  
emergents, and nonaquatic mosses o r  lichens, 
and h a b i t a t s  with water containing ocean- 
der ived s a l i n i t y  i n  excess of 0.5O/00. 
On the  shoreward s i d e ,  t h e  r i v e r i n e  
system is bounded by upland, channel 
bank (both n a t u r a l  and man-made) o r  by 
nonaquatic plant-dominated wetlands o r  
wetlands dominated by p e r s i s t e n t  emergents. 
trees, o r  shrubs. Downstream, t h e  r i v e r i n e  
system terminates  a t  t h e  o l igoha l ine  
es tuary  ( s a l i n i t y  > 0 . 5 ~ / 0 0 )  a t  mean annual 
low flow or  when t h e  channel e n t e r s  a lake. 
Upstream, t h e  system terminates  a t  t h e  
stream o r i g i n  o r  where t h e  channel l eaves  
a lake.  The r i v e r i n e  system inc ludes  f o u r  
subsystems: the  t i d a l ,  lower perennial ,  
upper pe renn ia l ,  and i n t e r m i t t e n t .  I n  
t h e  Sea I s land  Coastal  Region only t h e  
t i d a l  subsystem is  expressed. This  sub- 
system is described a s  t h a t  s e c t i o n  of 
the  r i v e r i n e  system where water v e l o c i t y  
i s  low and f l u c t u a t e s  under t i d a l  
in f luence  . 

A simple energese model is presented 
(Fig. 5-3) t o  i l l u s t r a t e ,  i n  a q u a l i t a -  
t i v e  manner, t h e  major flows of energy 
and mat te r  through a r i v e r i n e  ecosystem. 
This system t y p i f i e s  t h e  dependence on 
allochthonous mate r ia l .  Primary pro- 
ducers  (nonpers i s ten t  emergents and 
phytoplankton), and most consumers a r e  
ephemeral components en te r ing  and leaving 
e i t h e r  pass ive ly  (with f l o r a )  o r  a c t i v e l y  
(with most fauna) .  The d r i v i n g  f o r c e s  o r  
i n p u t s  inc lude  r i v e r  and groundwater, 
r a i n  and drainage,  sediments,  t i d e ,  and. 
of course,  s o l a r  rad ia t ion .  The non- 
vascu la r  and vascu la r  autotrophs synthe- 
s i z e  organic  substances wi th  h igh  chemical 
bond energy from s u n l i g h t  and var ious  
inorganic  (and some organic)  compounds 
through photosynthesis .  Energy is thus 
made a v a i l a b l e  i n  usab le  form f o r  t h e  
r e s t  of t h e  t roph ic  s t r u c t u r e .  Nut r ien t s  
a r e  regenerated and energy degraded i n  
the  process  of decomposition. I n  t h i s  
process ,  b a c t e r i a  and fung i  c a t a b o l i z e  
organic  wastes  and dead t i s s u e  l i b e r a t i n g  
inorganic  n u t r i e n t s  which a r e  then u t i l l z e a  
by t h e  autotrophs.  It  should be remembered 
t h a t  t h i s  cyc l ing  of energy and mat te r  is 
n o t  c losed and t h a t  import and export  a r e  
occurr ing cons tan t ly  i n  a l l  systems. 

B. GENERALIZED FOOD WEB AND RELATIONSHIPS 

The t roph ic  dynamics of f reshwater  
environments a r e  extremely complex due 

t o  t h e  almost i n f i n i t e  number of 
eco log ica l  n iches  e x i s t i n g  i n  swamps, 
marshes, l akes ,  and r i v e r s .  Figure 5-4 
is a simplied food web diagram f o r  f resh-  
water environments. The d e t a i l s  of food 
webs f o r  p a l u s t r i n e ,  l a c u s t r i n e ,  and 
r i v e r i n e  environments, of course,  vary 
considerably. This  diagram, however, 
a t tempts  t o  por t ray  t h e  s i m i l a r i t i e s  
of these  t h r e e  ecosystems i n  a simple 
manner. The primary producers i n  f reshwater  
environments a r e  vaseu la r  and nonvascular 
macrophytes and phytoplankton. These groups. 
along wi th  d e t r i t u s ,  form t h e  t roph ic  
foundat ion of t h e  freshwater  food web. The 
consumers of t h e  freshwater  system, on 
t h e  o t h e r  hand, occupy s e v e r a l  t roph ic  
l e v e l s .  Birds ,  f o r  example, may be  con- 
s ide red  primary consumers because some 
b i r d s  a r e  granivores  o r  herbivores ,  
secondary consumers because some b i r d s  a r e  
insec t ivores ,  o r  t e r t i a r y  consumers because 
some b i r d s  a r e  p i sc ivores .  Table 5-1 
i d e n t i f i e s  common organisms occupying f resh-  
water t roph ic  l e v e l s  and Figure 5-5 
i l l u s t r a t e s  t h e i r  r e l a t i o n s h i p s .  

Bac te r ia  and fung i  decompose organic  
mat te r  from t h e  system, regenerat ing new 
n u t r i e n t s .  R ivers  f requen t ly  b r ing  l a r g e  
n u t r i e n t  supp l ies  i n t o  l a c u s t r i n e  and palus- 
t r i n e  sys tem.  Floodplain systems and lacus- 
t r i n e  systems fed by r i v e r s  sometimes have 
extremely high productivity rates (Wharton 
1970, Kitchens e t  a l .  1975). However, di-  
v e r s i t y  i n  f reshwater  environments i s  not  di-  
r e c t l y  r e l a t e d  t o  p roduc t iv i ty .  Highly pro- 
duc t ive  systems may produce n a t u r a l  monocul- 
t u r e s  of  a q u a t i c  vege ta t ion  (such a s  water- 
l i l y  ponds, water hyacinth beds,  o r  P o r a z i l i a  
elodea) with low fauna l  spec ies  d i v e r s i t i e s .  
For f u r t h e r  information on food webs i n  fresh- 
water environments, s e e  s p e c i f i c  ecosystem 
s e c t i o n s  and At las  p l a t e s  5, 6 ,  and 7. 

The var ious  i n t e r a c t i n g  f a c t o r s  which 
r e s u l t  i n  t h e  p roduc t iv i ty  cyc le  of  a 
f reshwater  system a r e  u l t i m a t e l y  der ived 
from t h e  physiogeographic charac te r  of t h e  
system. Figure 5-6 is a modif icat ion of 
t h e  Rawson Diagram (Rawgon 1939). Although 
prepared many years  ago, t h i s  diagram 
accura te ly  por t rays  t h e  phys ica l  charac te r s  
of f reshwater  systems t h a t  d i r e c t l y  o r  in-  
d i r e c t l y  in f luence  t h e  b i o t i c  and a b i o t i c  
cycles .  Foremost among the  var ious  cycles  
assoc ia ted  with these  systems a r e  t h e  
organic  cyc le  of p roduc t iv i ty  ( t h e  carbon 
cyc le ) ,  n i t r o g e n  cyc le ,  phosphorous 
cycle ,  and the  t roph ic  c y c l e  of energy 
flow. A l l  organisms occupying n iches  i n  a 
f reshwater  system a r e  interdependent  by 
means of n u t r i t i o n  o r  t roph ic  r e l a t i o n s .  
In  a s imple energy flow diagram (Fig. 5-71. 
we see t h a t  s o l a r  energy is converted t o  
chemical bond energy by autotrophs 
(vascular  and nonvascular p l a n t s ) .  This 
energy is then used by au to t rophs  i n  
t h e i r  own c e l l u l a r  r e s p i r a t i o n  processes  
o r  is passed on t o  consumers o r  decomposers. 
Thus, n u t r i t i o n a l  dependence of f reshwater  
communities r e s t s  u l t imate ly  with s o l a r  
energy. Community primary consumers 





Figure 5-4. A generalized food web for freshwater ecosystems of the Sea Island Coastal Region. 
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Table 5-1. Trophic levels of freshwater consumers, 

I. PRIMARY CONSUMERS 
(Feed directly on producers) 

Zooplankton (cladocerans, rotifers, copepods) 
Herbivorous invertebrates (amphipods, mayfly larvae) 
Granivorous and herbivorous birds (Savannah sparrow, mallard) 
Omnivorous vertebrates (carp) 
Granivorous and herbivorous mammals (rice, shrews, deer) 

11. SECONDARY CONSUMERS 
(Feed on primary consumers) 

Omnivorous invertebrates (dragenfly larvae, isopods) 
Omnivorous vertebrates (salamanders, frogs) 
Insectivorous birds (short-billed marsh wren, northern 

parula) 
Predacious fish (crappie, bluegill) 
Predacious reptiles and amphibians (water snakes) 
Mammals (otter, raccoon, mink) 

111. TERTIARY CONSUMERS 
(Feed on some secondary consumers) 

Omnivorous vertebrates (salamanders, frogs) 
Predacious reptiles and amphibians (alligators, cottonmouths) 
Predacious fish (largemouth bass) 
Piscivorous birds and birds of prey (osprey, hawks, eagles) 
Mammals (bobcat, man) 

(herbivores and omnivores) utilize auto- 
trophic producers for nutrition and, in 
turn, become food for secondary, tertiary, 
and quaternary consumers. Microorganisms 
obtain energy through decomposition of 
metabolic wastes and dead tissues of both 
consumers and producers, thus recycling 
minerals and nutrients back to producers 
and effecting final degradation of energy. 

This interdependence of organism? in 
freshwater systems is exemplified by the 
cyclical pathways of specific nutrients. 
Biogeochemical cycles are important 
aspects of aquatic systems and serve as 
good models for illustrating organic 
interdependence. The reader is referred 
to Chapter One for a discussion of bio- 
geochemical cycles. 

11. PALUSTRINE ECOSYSTEM 

a A. NONVASCULAR FLORA 

The nonvascular plants of freshwater 
environments in South Carolina and Georgia 
have not been well studied. The earliest 
work in South Carolina and Georgia was 
performed by Ravenel, who did not publish 
until 1882. Bailey (1851) made collections 
from 60 sites in a trip through South 
Carolina, Georgia, and Florida, including 

I many in Charleston and Jasper counties. 
He listed over 80 freshwater species from 

South Carolina and Georgia. Wood (1874) 
attempted the first comprehensive treatise 
on American freshwater algae, including 
many of his own collections from South 
Carolina as well as the records of 
Ravenel. Philson (1939) published a 
systematic survey of algae in South 
Carolina, listing 15 species of cyanophyta; 
later, Philson (1940) added six new 
species of Oedogonium. Brown (1930) in- 
cluded South Carolina and Georgia in his 
listing of desmids from the southeastern 
coastal plain, and Frohne (1942) published 
a report on the occurrence of Phymatodocis 
in Jasper County, South Carolina, and 
several counties in Georgia. Corbin (1951) 
identified 15 new species of Myxophyceae 
in South Carolina, and Metcalf (1907) pub- 
lished a list of 54 algal genera collected 
from a freshwater pond on Wadmalaw Island, 
South Carolina. In a study of the algae 
of the Savannah River Plant area, Macfie 
and Swails (1957) discovered a new species 
of Micrasterias. Dillard (1967) listed 
44 algal taxa in a summary of his records 
for South Carolina. 

In more recent studies, Jacobs (1968, 
1971) listed 585 taxa in her preliminary 
survey of the freshwater algae of the 
Baruch Plantation in Georgetown, South 
Carolina. Zingmark (1975) listed 114 
taxa from a freshwater pond in an environ- 
mental inventory of Kiawah Island, and 
Grant (1974) reported a dominance of 
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diatoms (105 t axa )  i n  t h e  pe r iphy ton l  
phytoplankton component o f  t h e  upper 
Cooper R ive r -Ta i l r ace  Canal system i n  
South Carol ina .  I n  a n  environmental 
assessment r e p o r t  f o r  t h e  Amoco Chemicals 
Corporat ion (Dames and Moore Assoc ia te s  
1975) ,  f o u r  d i v i s i o n s  of a l g a e  were 
c o l l e c t e d  a s  per iphyton i n  t h e  Cooper 
River  a r e a  of South Carol ina .  Included 
i n  t h e  f o u r  d i v i s i o n s  were 33 s p e c i e s  of 
diatoms, 8 s p e c i e s  of Chlorophytes,  
2 s p e c i e s  of Cyanophytes, and 1 euglenoid.  
I n  t h e  same s tudy ,  a t o t a l  of 35 phyto- 
plankton s p e c i e s  were i d e n t i f i e d ,  wi th  
diatoms t h e  most abundant form i n  both 
per iphyton and phytopLankton samples. 
Go lds te in  and Manzi (1976) l i s t e d  a 
t o t a l  of 259 t axa  i d e n t i f i e d  from f resh -  
water f i s h  c u l t u r e  ponds i n  South 
Carol ina .  I d e n t i f i e d  t axa  included 146 
Chlorophyta,  11 Pyrrophyta ,  46 Cyanophyta, 
45 Chrysophyta, 9 Euglenophyta, and 1 
Rhodophyta. Numerous Cryptophytes were 
noted,  b u t  none were i d e n t i f i e d  t o  s p e c i e s .  
Among nonvascular f l o r a ,  d ia toms have 
rece ived  only l i m i t e d  d e t a i l e d  scudy i n  
f r e shwate r  systems of t h e  Southeast .  I n  

a s tudy  of haptobenthic  a l g a l  f l o r a  i n  
two North Caro l ina  s t reams,  D i l l a r d  
(1966) r epor ted  a t o t a l  of 70 diatom 
taxa.  I n  h i s  review of  a l g a l  r e sea rch  
i n  South Caro l ina  ( D i l l a r d  1967) ,  he  
r epor ted  on ly  25 diatom taxa .  The 
Savannah River ,  which s e r v e s  a s  both  
a p o l i t i c a l  and n a t u r a l  boundary between 
South Caro l ina  and Georgia,  has  been 
t h e  s i t e  of i n t e n s i v e  diatom r e s e a r c h  by 
t h e  Academy of  Natural  S c i e r ~ c e s  of  
Ph i l ade lph ia  (Reimer 1966, P a t r i c k  e t  a l .  
1967). I n  a r e c e n t  s tudy  (Camburn e t  a l .  
1978) ,  haptobenthic  diatom f l o r a  were 
s tud ied  i n  Long Branch Creek. South 
Caro l ina ,  t o  provide a d e t a i l e d  
f l o r i s t i c  survey of  t h e  diatom f l o r a  i n  
an a r e a  of North America where few such 
s t u d i e s  have been conducted. They re -  
por ted 268 diatom taxa  r e p r e s e n t i n g  3 1  
genera,  t h e  most numerous o f  which in -  
cluded Eunotia,  Achnanthes, Navicula,  
P i n n u l a r i a ,  Gomphonema, and Ni tz sch ia .  
A complete l i s t i n g  o f  a l l  f r e shwate r  
s p e c i e s  i d e n t i f i e d  t o  d a t e  i n  t h e  c o a s t a l  
coun t i e s  of South Caro l ina  has  been 
publ ished by Manzi and Zingmark (1978). 
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Figure 5-6. Productivity cycle of a freshwater system (adapted from Rawson 1939). 

Algae that inhabit freshwater environ- 
ments constitute a diverse assemblage with 
differing physiological requirements and 
variations in terms of tolerance to physical 
and chemical environmental parameters. The 
open water algae, phytoplankton, are re- 
gulated both spatially and temporally by 
several major classes of environmental 
factors. Light, temperature, and turbidity 
interact with a number of inorganic and 
organic nutrient factors in the succession 
of algal populations. Unlike marine systems, 
successional periodicity of phytoplankton 
biomass and productivity in undisturbed 
freshwater systems is fairly constant. 
Seasonal changes are muted in lover 
latitudes, although periodicity of phyto- 
plankton biomass and productivity are 
often out of phase, e.g., growth rates 
of blue-greens are rapid and turnover times 
are shortened during summer months in 
South Carolina and Georgia. 

Aside from the descriptive studies 
listed above, little is known about 
nonvascular plant associations and popula- 
tion dynamics in freshwater habitats of 
South Carolina and Georgia. Despite 
this paucity of data, certain generaliza- 
tions can be made concerning algal 
associations in lakes with various nutrient 
loads and in various states of succession 

from 01.igotrophy to eutrophy. Some of 
these associations are set out in Table 
5-2. It must be remembered, however, 
that these are generalized data, and 
the table should be used only as a broad 
comparison for observed data. This is 
primarily because the categories do not 
present a satisfactory spectrum of all 
the intergradations between lake trophic 
levels and the shifts that occur seasonally 
at each level. 

Seasonal and spatial population dynamics 
of algae result from a large and constantly 
changing array of environmental parameters 
interacting with physiological character- 
istics of the organisms. The succession of 
algal populations in freshwater systems 
must be analyzed in the context of several 
interacting factors, particularly: 1) 
rmtrient limitations, 2) light, 3) tenpera- 
ture, 4) organic rnicronutrients, and 5) 
biological factors (competition, predation, 
etc.). Wetzel (1975) noted that generaliza- 
tions concerning seasonal patterns and peri- 
odicity of nonvascular plants in fresh water 
are difficult, but suggested that several 
aspects were reasonably consistent. These 
include: 1) relatively constant seasonal peri- 
odicityof phytoplankton biomass - if the system 
is not subjected to outside perturbations, 
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Figure 5-7. Energy flow through an 
aquatic ecosystem 
(adapted from Cole 1975). 

such as the activities of man in water- 
shed aodifications, nutrient loading, 
etc.; 2) the seasonal amplitude of phyto- 
plankton biomass is usually large - up to 
a thousandfold in polar and temperate 
lakes and fivefold to a hundredfold insub- 
tropical and tropical lakes; 3) the perio- 
dicity of rates of primary production is 
quite often out of phase with maxima and 
minima observed in biomass and numbers; 
and 4) species composition fluctuates in 
a regular way on an annual basis if the 
eyetern is not seriously perturbed. 

B. VASCULAR FLORA 

1. Tidal Impoundments 

Most freshwater impoundments in 
coastal South Carolina and Georgia occupy 
former rice fields along major rivers 
(~oundments with salinities less than 
0.5°/oo are considered here). (See Chapter 
Four for a discussion of impoundments 
with salinities greater than 0.5O/oo. ) 
These impoundments generally occur up- 
stream from the river estuary in the fresh- 
vater zone (consult Atlae plates 9 - 18). 
Water control structures are present for 
purposes of manipulating the impoundment 
water level and keeping out brackish water 
(if the impoundment is located near the 
brackish-fresh transition zone of the 

river), The principal use of these 
impoundments is for waterfowl feeding; 
however, some may be used for cattle 
pasturage, snipe hunting, planting cypress, 
or wildlife sanctuaries (Morgan 1974). 

Morgan (1974) lists four possible 
types of wetlands that may occur in 
freshwater impoundments: 1) open water. 
2) submerged plants, 3) pad plants, and 
4) emergent plants. Baldwin (1956) lists 
four slightly different types: 1) summer 
drawdown edge; 2) shallowly flooded marsh; 
3) pad plants, surface mats, and floating 
plants; and 4) submerged aquatics. 
Baldwin's type 1 and type 2 are generally 
emergent6 and coincide with Morgan's type 
4; and, although Baldwin does not include 
an open water category, his type 3, which 
includes floating plants, seems to be 
broad enough to contain the open water 
type. 

Emergent communities in freshwater 
impoundments are dominated by the smart- 
weeds, spikerushes, red root, wild millet. 
Asiatic dayflower, giant cutgrass, panic 
grass, duck potato, cat-tails, alligator- 
weed, wild rice, and soft-stem bulrush 
(Baldwin 1956, Conrad 1966, Morgan 1974). 

The submergent dominants are the 
pondweeds, coontails, bladderworts, fan- 
wort, and proliferating spikerush (Baldwin 
1956, Morgan 1974). Floating communities 
(pad, surface, and floating plants) are 
dominated by duckweeds and water-shield 
in open water areas, and by water-lily, 
white water-lily, frog's bit, pennyworts, 
and alligator-weed near shore (Baldwin 
1956, Morgan 1974). (See Table 5-3 for 
a list of common marsh plants associated 
with freshwater impoundments in South 
Carolina.) Percival (1968) studied the 
ecology of six plant species commonly 
found in freshwater impoundments: Asiatic 
dayflower, water-shield, jointed spikerush, 
square-stem spikerush, tearthumb, and 
swamp smartweed. Here the influence of 
water level and soil acidity on species 
dominance can be seen. Table 5-4 pre- 
sents sunrmarized data from Percival (19681, 
the only available work on nutrients in 
freshwater impoundments in the Sea Island 
Coastal Region. Quantitative nutrient 
information is available in other tables 
in that work. 

Succession in managed freshwater 
impoundments rarely proceeds in a natural 
sequence because of water level mani- 
pulations by impoundment managers. 
However, impoundments with constantly 
maintained water levels become dominated 
by floating and submergent vegetation. 
The dominants vary according to depth of 
impoundment, but white water-lily, duck- 
weeds, coontails, and bladderworts are 
usually the most common species. 
Succession here is comparable to succession 
in shallow lakes; for a discussion of 
succession in lakes, see the lacustrine 
ecosystem section of this chapter. 
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Table 5-3. List of vascular plants associated with freshwater 
impoundments in South Garolina (adapted from ~iher 
1977). 

SCIENTIFIC NAME - G O W N  NAME 

Alternanthera philoxeroides 
Aneilema keisak 

Baccharis spp. 
Brasenia schreberi 

Cabomba caroliniana 
Gephalanthus occidentalis 
Geratophyllum spp. 
Cyperus erythrorhizos 
Cyperus odoratus 
Cyperus polystachos 
Cyperus spp. 

Echinochloa crusgalli 
Echinochloa spp. 
Egeria densa 
Eichhornia crassipes 
Eleocharis baldwinii 
Eleocharis equisetoides 
Eleocharis quadrangulata 
Elodea spp. 
Erianthus spp. 

Hydrochloa caroliniensis 
Hydrocotyle spp. 

Juncus ef fusus -- 
Lachnanthes caroliniana 
Leersia hexandra 
Leersia oryzoides 
Zemna spp. - 
Limnobium spongia 
Ludwigia peploides 

Melochia corchori.f_o& 
Myriophyllum &e~ophyllum 

Najas guadalupensig 
Nelumbo lutea -- 
Nelumbo pentapetela 
F v e n a  
ymphaea odorata 

Panicum bisulcatum 
Panicum dichotomiflorum 
Panic- hemitomon - --- 
Paspalum boscianum 
Peltandra virginica 
Pluchea spp. 
Polygonum arifolium 
Polygonum densiflorum 
Polygonum hydropiperoides 

Alligator-weed 
Asiatic dayflower 

Sea myrtles 
Water-shield 

Fanwort 
Button bush 
Coontails 
Redrooted nutgrass 
Sedge 
Sedge 
Sedges 

Wild millet 
Millets 
Water-weed 
Water hyacinth 
Proliferating spikerush 
Jointed spikerush 
Square-stemspikerush 
Water-weeds 
Plume grasses 

Water grass 
Pennyworts 

Soft rush 

Redroot 
Rice cutgrass 
Rice cutgrass 
Duckweeds 
Frog's bit 
Water-primrose 

Chocolate-weed 
Water milfoil 

Bushy pondweed 
Lotus 
Lotus 
Spatter-dock 
White water-lily 

Asiatic panic grass 
Fall panic grass 
Maidencane 
Bullgrass 
Arrow-arum 
Marsh fleabanes 
Tearthumb 
Southern smartweed 
Swamp smartweed 

Polygonum pensylvanicum Large-seed smartweed 
Polygon* portoricense Southern smartweed 
Polygonum sagittaturn Tear thumb 
Polygonum setaceum Swamp smartweed 
Polygonum spp. Smartweeds 
Pontederia cordata Pickerelweed 
Potamogeton berchtoldii Narrow-leaved pondweed 
Potamogeton diversifolius Variable-leaved pondweed 
Potamogeton pectinatus Sago pondweed 



Table 5-3. Concluded 

SCIENTIFIC NAME COmON NAME --- 
Sagit taria graminea 
Sagittaria latifolia 
Sagittaria spp. 
Salix spp. 
Scirpus validus 
Sesbania macrocarpa 
3artina cynosuroides 
Spirodela polyrrhiza 

epha latifolia 
Tgpha glauca 

Utricularia spp. 

Zizania aquatica 
Zizaniopsis milliacea 

The most widespread utilization of 
successional trends by the impoundment 
manager is summer drawdown. Drawdown 
(the lowering or removal of water) insures 
germination of many annuals, allows for 
seasonal burning, and permits grazing or 
cultivation (Baldwin 1950). Cultivated 
crops, such as corn, brown-top millet, 
wheat, barley, rye, soybean, and grain 
sotghym may be planted after drawdown 
(Tiner 1977). If cultivation is not the 
desired use, the period of drawdown may 
be shortened, promoting growth of various 
smartweeds. Prolonged drawdowns sometimes 
allow for germination of cat-tails, willows, 
and button bush, all undesirable plants 
to waterfowl management. Fanwort-pondweed 
beds, also undesirable, may be controlled 
by prolonged drawdown, with the more 
desirable muskgrass, a nonvascular plant 
gaining dominance upon reflooding 
(Baldwin 1950). 

In summary, successional trends are 
manipulated by impoundment managers to 
produce desired vegetation for the specific 
use the manager envisions, be it waterfowl 
management, grazing, or cultivation. 

2. Tidal Emergent Wetlands 

Commonly referred to as "tidal fresh- 
water marsh" or "river marsh," palustrine 
tidal emergent wetlands are found in 
estuaries between palustrine tidal forested 
wetland and estuarine emergent wetland 
coamunities (i.e., between forested flood 
plain and brackish marshes) (Tiner 1977, 
Wharton 1978). The tidal freshwater marsh 
zone is relatively wide just upriver from 
a point where salinities are 0.5O/oo; but 
as one moves further upriver and tidal 
amplitude decreases, the tidal fresh- 
water marsh becomes a narrow fringe along 

Delta duck potato 
Duck potato 
Arrowheads 
Willows 
Soft-stem bulrush 
Seban 
Giant cordgrass 
Big duckweed 

Coonion cat-tail 
Blue cat-tail 

Bladderworts 

Wild rice 
Giant cutgrass 

the edge of the forested flood plain. The 
tidal freshvater marsh extends only to the 
edge of the river channel by definition; 
floating mats and nonpersistent emergent6 
found in the actual channel are discussed 
under the section on vascular flora of 
the riverine system. Figure 5-8 illus- 
trates the location of tidal freshwater 
marsh communities in an estuary. 

Tiner (1977) described tidal fresh- 
water marsh as a zone of coastal rivers 
where low or no salinity is present and 
where tidal amplitude fluctuates re- 
latively little. Plant distribution 
here seems to be more contingent upon 
river floods (in the spring and after 
severe storms) than on invasion of 
brackish water (with spring tides), al- 
though both factors exert some influence 
on the vegetation (Tiner 1977). Al- 
though the boundary between brackish and 
tidal freshvater marsh is given in this 
text as the point at which salinities 
fall below 0.5O/oo [based on Cowardin 
et al. (1977)], this boundary, in reality, 
is a transitional zone and not a clear 
demarcation. Some plants of the upper 
(upriver) zones of brackish marsh (e.g., 
giant autgrass, wild rice, water parsnip, 
cat-tails, and saw grass) become more 
common in tidal freshwater marsh. Giant 
cutgrass, wild rice, and cat-tails are the 
more obvious plants of this community, 
but plant diversity is greater here than 
in either salt or brackish marshes, as 
witnessed by the many co-dominants found 
in the tidal freshwater marsh (Tiner 1977). 
Table 5-5 lists the plants of South 
Carolina's tidal freshwater marshes. 

Have1 (1976) noted that smooth cordgrass 
(.typically a saltmarsh species) giant cordgrass 
(typically a brackish marsh species), and 
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Figure 5-8. The location of the tidal freshwater marah community in relation to marine, estuarine, 
riverine, upland, and forested wetland systems. 

wild rice (typically a tidal freshwater recognized, the giant cutgrass community 
marsh species) were all found in a transi- and the arrow-arum community. The giant 
tional zone between the tidal freshwater cutgrass community is a uniform, single- 
marsh and the brackish marsh on the South species community, whereas the arrow- 
Santee River. Have1 pointed out that on a r m  community contains 60 other species 
the North Santee River freshwater plants (Mellinger and Mellinger 1962). 
were found growing nearer to the river 
mouth than were freshwater plants on the Many tidal freshwater marsh commu- 
South Santee. He attributed this anomaly nities were rice fields in the eighteenth 
to the fact that most fresh water of the and nineteenth centuries. The dikes and 
Santee River system flows out of the canals that were necessary for rice 
northern branch. The dominants of the cultivation are still obvious on aerial 
Santee tidal freshwater marsh are wild photographs of tidal freshwater and 
rice, giant cutgrass, arrorarum, arrow- brackish marshes (Tiner 1977, Georgia 
heads, emartweeds, sedges, and pickerel- Department of Natural Resources 1978). 
weed (Have1 1976). 

Little or no data specific to pro- 
In Georgia, tidal freshwater marshes ductivity in tidal freshwater marshes 

of the Altamaha River Delta are dominated are available on these subcategories. 
by giant cutgrass, wild rice, pickerelweed, Jervis (1964) studied productivity of 
soft-stem bulrush, arrow-arum, spikerush, a nontidal freshwater marsh in New 
and cat-tail (Gallagher and Reirnold 1973, Jersey; Odum and Fanning (1973) corn- 
Gallagher et al. 1975). In other river pared productivity of salt and brackish 
aystems, giant cutgrass also seems to be marshes, but did not deal with pro- 
the tidal freshwater marsh dominant, while ductivity of tidal freshwater marshes; 
wild rice, pickerelweed, arrow-arum, plume and Boyd (1970) and Boyd and Hess (1970) 
grass, beak rush, water hemlock, and marsh discussed the productivity of common 
daisy are often co-dominants (Wharton cat-tail and common three-square in 

nontidal marshes. A general comparison 
between tidal freshwater and estuarine 

Mellinger and Mellinger (1962) de- wetlands is presented in Table 5-6. 
acribed tidal freshwater marsh conmunities 
of the Savannah National Wildlife Refuge 
along the Savannah River, Two types were 
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Table 5-5. Species list of characteristic plants in tidal 
freshwater marshes of South Carolina (adapted 
from Tiner 1977). 

SCIENTIFIC NAME COMMON NAME 

Alnus serrulata 
Alternanthera philoxeroides 
Amaranthus cannabinus 
Amorpha fruticosa 
Aneilema keisak 
Arundo donax -- 
Aster spp. 
-4zolla caroliniana 

Baccharis halimifolia 
Bidens spp. 
Brasenia schreberi 

Carex spp. 
Carpinus caroliniana 
Cassia fasciculata 
Cephalanthus occidentalis 
Chenopodium 
Cicuta maculata 
Cinna arundinacea 
Cladium jamaicense 
Clematis crispa 
Clethra alnifolia 
Cuscuta sp. 
Cyperus spp. 

Dichromena colorata 

Echinochloa crusagalli 
Egeria densa 
Eleocharis spp. 
Elodea spp. 
Elymus virginicus 
Erianthus giganteus 
Eryngium aquaticum 
Eupatorium capillifolium 

Tag alder 
Alligator-weed 
Water hemp 
False indigo 
Asiatic dayflower 
Giant reed 
Asters 
Mosquito fern 

Sea myrtle 
Beggar ticks 
Water-shield 

Sedges 
Ironwood 
Partridge pea 
Button bush 
Lamb's quarters 
Water hemlock 
Wood reed 
Saw grass 
Leather-flower 
Sweet pepperbush 
Dodder 
Sedges 

Wild millet 
Water-weed 
Spikerushes 
Water-weeds 
Wild rye grass 
Plume grass 
Marsh eryngo 
Dog fennel 

Gleditsia aquatica Water locust 

Hibiscus militaris Halberd-leaved marsh mallow 
Hibiscus moscheutos Rose mallow 
Hydrocotyle ranunculoides Pennywort 
Hydrocotyle spp. Pennywo rt s 
Hymenocallis crassxrolia. Spider-lily 

Impatiens capensis 
Iris virginica 

Lemna spp. 
Lilaeopsis chinensis 
Limnobium spongia 
Liquidambar styraciflua 
Lobelia cardinalis 
~udwigias~~. 
Lythrum lineare 

Mikania scandens 
Myrica cerifera 
Myriophyllum sp. 

Nuphar lut eum 
Nymphaea odorata 
Nyssa aquatica 

sylvatica 

Jewel-weed 
Blue flag 

Duckweeds 
Eastern lilaeopsis 
Frog's bit 
Sweet gum 
Cardinal flower 
Water-primroses 
Loosestrife 

Climbing hempweed 
Wax myrtle 
Water milfoil 

Yellow pond-lily 
White water-lily 
Water tupelo 
Black gum 



Table 5-5. Concluded 

SCIENTIFIC NAME - 
Orontium aquaticum 
Osmunda regalis 

Panicum spp. 
Paspalum distichum 
Peltandra virginica 
Phragmites communis 
Pluchea spp. 
Polygonum spp . 
Pontederia cordata 
Potamogeton spp. 
Ptilimnium capillaceum 

Rhynchospora sp. 
Rosa palustris 
Rumex verticillatus 

Sacciolepis striata 
Sagittaria spp. 
Salix caroliniana 
Sambucus canadensis 
Saururus cernuus 
Scirpus americanus 
Scirpus cyperinus 
Scirpus olneyi 
Scirpus robustus 
Scirpus validus 
Scutellaria sp. 
Senecio sp. 
Setaria magna 
Sium suave -- 
Solidago sempervirens 
Spartina cynosuroides 
Spirodela polyrrhiza 

Taxodium distichum 
Tripsacum dactyloides 
Typha angustifolia 

domingensis 
Typha glauca 

latifolia 

Uniola latifolia 
Uniola laxa -- 
Utricularia spp. 

Verbesina occidentalis 
Vernonia sp. 
Viburnum dentatum 

Zizania aquatica 
Zizaniopsis miliacea 

COMMON NAME 

Golden club 
Royal fern 

Panic grasses 
Bullgrass 
Arrow-arum 
Reed 
Marsh fleabanes 
Smartweeds 
Pickerelweed 
Pondweeds 
Mock-bishopweed 

Beak rush 
Swamp rose 
Swamp dock 

Sacciolepis 
Arrowheads 
Swamp willow 
Elderberry 
Lizard's tail 
Common three-square 
Bulrush 
Olney's three-square bulrush 
Salt-marsh bulrush 
Soft-stem bulrush 
Skullcap 
Butterweed 
Giant foxtail grass 
Water parsnip 
Seaside goldenrod 
Giant cordgrass 
Big duckweed 

Bald cypress 
Gamma grass 
Narrow-leaved cat-tail 
Southern cat-tail 
Blue cat-tail 
Common cat-tail 

Spike-grass 
Spike-grass 
Bladderworts 

Crownbeard 
Ironweed 
Arrowwood 

Wild rice 
Giant cutgrass 
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I 3. Tidal  Forested Wetlands. 

Al l  forested wetlands of t he  r i v e r  
systems of the  Sea Is land Coastal Region 
a r e  included i n  t h i s  pa lus t r ine  t i d a l  sub- 
sec t ion .  The t i d a l  zone of the  pa lu s t r i ne  
system extends upriver  t o  the  point  a t  which 
no measurable t i d a l  f l uc tua t i on  i n  water 
l e v e l  is  percept ib le  ( s a l i n i t y  is not  a 
f a c to r  i n  t h i s  de f i n i t i on )  (Cowardin e t  
a l .  1977). Near t he  inland boundaries 
of t h e  study area (espec ia l ly  i n  South 
Carolina), sho r t  sec t ions  of severa l  
r i v e r s  and t h e i r  t r i b u t a r i e s  a r e  not  
t i d a l l y  influenced. Technically. these  
sec t ions  should be described under the  
nont ida l  pa lu s t r i ne  subsection; but  be- 
cause these  a reas  a r e  not  b io log ica l ly  
d i s t i n c t  from the  pa lu s t r l ne  t i d a l  
forested wetlands, they a r e  d e a l t  with 
here . 

The pa lu s t r i ne  t i d a l  fores ted  wet- 
lands a r e  t he  "black" and "red" r i v e r  
flood p l a in s  of common parlance. Bozeman 
and Darre l l  (1975) described three  c l a s s e s  
of coa s t a l  p l a i n  " r iver  swamps": Class  I 
r i v e r s  o r i g ina t e  i n  t h e  mountains o r  
Piedmont and flow through t he  coas t a l  
p l a in  ( these  a r e  t he  "red" o r  muddy 
r i ve r s )  ; Class I1 r i v e r s  (black r i v e r s )  
o r i g ina t e  i n  t he  upper coa s t a l  p la in ;  
and Class I11 r i v e r s  o r i g ina t e  on lower 
coa s t a l  p l a in  te r races  and a r e  dominated 
by t i d a l  cur ren ts .  Wharton (1978) 
separated coas t a l  p l a in  r i v e r s  i n t o  two 
general types (with s eve ra l  sub-types): 
1)  t h e  blackwater r i v e r  and swamp system 
and 2) t h e  a l l u v i a l  r i ve r  and swamp 
system. Penfound (1952) divided southern 
flood p l a in s  i n t o  deep swamps (cypress- 
tupelo communities) and shallow swamps 
(bottomland hardwood communities). 
Pa lus t r ine  t i d a l  fores ted  wetlands may 
therefore  be broken down i n t o  two general 
f loodplain o r  r i v e r  swamp types, t h e  
a l l u v i a l  and t h e  blackwater (nonal luvial) ,  
both of which po t en t i a l l y  harbor deep and 
shallow communities (Penfound 1952, Bozeman 
and Darrell 1975, Wharton 1978). 

Al luv ia l  r i v e r s  of the  Sea Is land 
Coastal Region include t h e  Great Pee Dee, 
Santee. Savannah, Ogeechee, and Altamaha. 
The flood p l a in s  of those r i v e r s  may 
be from 3 t o  12 miles  (5  t o  19 km) i n  
width, with oxbow lakes ,  deep sloughe, 
na tu r a l  levees,  and high b l u f f s  (along 
t he  edge of t h e  flood p la in)  common. These 
flood p l a in s  a r e  character ized by grea t  
f luc tua t ions  i n  water l e v e l  and by heavy 
sediment load. The f lood p l a in  of a l l u v i a l  
r i v e r s  is f a r  from being a f l a t  plain.  A 
high na tu r a l  levee is o f t en  present  along 
the  r i v e r  banks, with deep sloughs a l t e rna t i ng  
with r idges  throughout t he  flood plain.  Fre- 
quently, back swamps occupy the  broad 
sloughs adjacent  t o  t he  f loodplain b lu f f s .  
(See Bozeman and Darre l l  1975 and Wharton 
e t  a l .  1976 fo r  addi t iona l  information.) 

I Blackwater r i v e r s  a r e  so-called because 
t he  high organic ac id  content of t h e i r  

waters gives them the  appearance of being 
black i n  deep a reas  ( t he  water i s  ac tua l l y  
t e a  colored). The flood p l a in s  of these 
r i v e r s  a r e  general ly narrower than those 
of a l l u v i a l  r i v e r s  and, unl ike a l l u v i a l  
r i v e r s ,  blackwater r i v e r s  car ry  a l i g h t  
sediment load ( these  r i v e r s  o r i g ina t e  i n  
t h e  sands and c lays  of t h e  coas t a l  p la in) .  
Bozeman and Darre l l  (1975) pointed out  
t h a t  though na tu r a l  l evees  a r e  low and 
narrow i n  blackwater flood p l a in s  
( h i s  c l a s s  I1 r i v e r s ) ,  t h e  same geomorphic 
processes t h a t  govern a l l u v i a l  r i v e r s  
(meander development, oxbow formation, 
cut-offs, e tc . )  a r e  a c t i ve  i n  t he se  
smaller flood p la ins .  Al l  of t he  non- 
a l l u v i a l  r i v e r s  and t h e i r  flood p l a in s  
(of t h e  Sea Is land Coastal Region) a r e  
included under t he  blackwater r i v e r  
category, along with most t r i b u t a r i e s  of 
a l l u v i a l  r i v e r s  ( those t r i b u t a r i e s  
t h a t  o r i g ina t e  i n  t h e  coas t a l  p l a in ) .  
These c l a s s i f i c a t i o n s  a r e  presented i n  
Table 5-7. Because t h e i r  terminology 
and subsystems a r e  complex, no attempt 
w i l l  be made t o  i n t eg ra t e  t h e  c l a s s i f i c a t i o n  
systems. However, t h e  t h r ee  inves t iga tors  
agree t h a t  t he  two bas ic  f o r e s t  types 
found i n  t h e  pa lu s t r i ne  t i d a l  fores ted  
wetlands a r e  t he  bottomland hardwood 
and t he  cypress-tupelo fo r e s t s .  The 
following na r r a t i ve  describes each 
f o r e s t  type. 

Bozeman and Da r r e l l  (1975) noted t h a t  
t h e  cypress-tupelo f o r e s t  is flooded by 
1 f t  (0.3 m) or  more of water f o r  6 
months o r  longer. This community usua l ly  
has canopies with 100% cover, but cypress 
t r e e s  allow considerable l i g h t  penetrat ion.  
The understory is  composed of only two t o  
t h r ee  spec ies  of small t r e e s ,  and a shrub 
layer  is absent. The cypress-tupelo swamp 
f o r e s t ,  a l s o  ca l l ed  t he  bald cypress-water 
tupelo community, occupies deep sloughs, 
margins of oxbows, and wet f l a t s .  The 
buttressed cypress bases and omnipresent 
cypress knees a r e  c h a r a c t e r i s t i c  of t h i s  
community. The dominant p l an t s  of the  
cypress-tupelo fo r e s t  type a r e  l i s t e d  i n  
Table 5-8. 

The bottomland hardwood f o r e s t  type 
is d r i e r  than t h e  cypress-tupelo fo r e s t  
with a considerably shor te r  hydroperiod. 
These connnunities a r e  usua l ly  uneven-aged 
(except where cu t t i ng  o r  f i r e  has been 
presen t ) ,  with dense canopies (100% cover). 
The understory is l e s s  dense than the  
canopy, and shrub l aye r s  may be  completely 
absent. Wharton (1978) noted t h a t  a 
s l i g h t l y  ac id  (5.1 pH] t o  a l ka l i ne  s o i l  
was important t o  t h e  surv iva l  of bottom- 
land hardwoods. Be a l s o  noted t h a t  ex- 
tens ive  t r a c t s  of t h i s  community a r e  absent  
from Georgia's blackwater f lood p la ins .  
Figure 5-9 i l l u s t r a t e s  t h e  physiography 
of Wharton's (1978) bottomland hardwoods 
subcommunities. Gaddy e t  a l .  (1975) l i s t e d  
10  community types from an  o ld  growth 
a rea  of t h e  Congaree River flood p l a in  
( inner  coa s t a l  p la in ,  South Carolina) 
(Table 5-9). Table 5-10 summ~arizes t he  
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Table 5-8. Dominant cypress-tupelo f o r e s t  vege ta t ion  documented f o r  p a l u s t r i n e  
t i d a l  fo res ted  wetlands. 

INVESTIGATOR LOCATION DOMINANTS 

Bozeman and D a r r e l l  1975 Altamaha River,  Ga. CANOPY 
Canooche River,  Ga. 

Bald cypress ,  Mter tupelo,  over- 
cup oak, green ash,  water ash,  black 
gum, pond cypress ,  swamp tupelo,  
Ogeechee plum, white  ash ,  r ed  maple, 
water oak, l a u r e l  oak, sweet bay 

UNDERSTORY 

Swamp p r i v e t ,  swamp dogvood, f e t t e r -  
bush, sweet pepperbush, wax myrt le ,  
t i t i ,  myrt le  ho l ly ,  possum haw, 
s t o r a x ,  Georgia fever  bark 

Wharton 1978 

Woodwell 1958 

Klawit ter  1962 

Altamaha River,  Ga. Bald cypress ,  sweet gum, water 
tupelo,  b lack  gum, swamp tupelo,  red 
bay, dwarf palmetto 

North Carol ina THREE DOMINANT COMMUNITIES 
South Carol ina 

1 )  Cypress-bald cypress  
2) Water tupe lo  - f e t t e r - b u s h  dominated 

by sweet bay, red  maple, swamp 
tupelo 

3) Water tupelo-cypress dominated by 
water  tupelo,  bald cypress ,  swamp 
tupelo 

Santee River,  S.C. Swamp tupelo,  bald cypress ,  green ash,  
water  tupe lo ,  r ed  maple, wax myrt le ,  
t i t i  

Penf ound 1952 Southeastern U.S. Bald cypress ,  pond cypress ,  water  
tupelo,  swamp tupe lo  

t h e  dominant vege ta t ion  repor ted  by these  
and o ther  i n v e s t i g a t o r s  f o r  t h e  bottomland 
hardwood f o r e s t s .  

The obvious s t r u c t u r a l  f e a t u r e s  of 
cypress-tupelo communities ( e s p e c i a l l y  
bald cypress-dominated communities) a r e  
t h e  bu t t ressed  bases  of t h e  cypresses  and 
t h e  presence of cypress  "knees." Mattoon 
(1915) pointed ou t  t h a t  b u t t r e s s  develop- 
ment d i f f e r s  with hydroperiod and t h a t  
b u t t r e s s  shape is  i n d i c a t i v e  of  t h e  swamp 
o r  f loodpla in  type i n  which the  t r e e  is 
found. Low, very broad bases  a r e  t y p i c a l  
of "non-alluvial wet swamps" (blackwater 
r i v e r  swamps); t r e e s  wi th  high, f u l l  b a s a l  
swel l  a r e  t y p i c a l  of a r e a s  subjected t o  
deep inundat ions;  and t r e e s  with small 
basa l  swel l  are t y p i c a l  of in land  
( p a l u s t r i n e  non t ida l  fo res ted  wetlands) 

and a l l u v i a l  swamps. Kurz and Demaree 
(1934) a s s e r t e d  t h a t  b u t t r e s s  curve is a 
good i n d i c a t o r  of r e l a t i v e  per iod of in- 
unda t ion.  

Penfound (1952) noted that dominants 
of cypress-tupelo communities (bald cypress ,  
pond cypress ,  water  tupelo,  and swamp 
tupelo)  a l l  have pneumatophores o r  knee- 
l i k e  p ro jec t ions .  Mattoon (1915) and 
Wells (1942) proposed t h a t  t h e  purpose 
of cypress  knees was f o r  anchorage and gas 
exchange. When r o o t s  of t h e  t r e e  were 
submerged, t h e  emergent knees could c a r r y  
ou t  r e s p i r a t i o n ,  they reported.  Penfound 
(1952) r e j e c t e d  t h e  gas exchange theory, 
po in t ing  ou t  t h a t  cypress  does not  produce 
knees on d ry  land o r  on s o i l s  cont inously 
inundated by water where knees would r e a l l y  
be needed. Penfound analyzed t h e  wood of 



A- Notuml kvee or fmnt 
swamp cottonwood, silwr made, 
wilbws, river birch 

&Flats or back swamps 
m r c u p  oak, water hickory, 
sugarberry, groan ash, red 
maple, American elm 

C-Low ridge 
mmet gum, willow oak, grun amh 

0- High ridge or old 
natural levee 

white oak, black gum, winged elm, 
hiclroriw, loblolly pine 

E- Second bottom flats 
swmt gu'm, 10-1 oak, willow mk, 
gram amh, red maple 

F- Second bottom low ridge 
swamp chestnut oak, cherrybark 
oak, water oak, Mack gum, 
winged elm 

6 - Second bottom high ridge 
or old natural Ievee 

white oak, black gum, winged elm, 
hickories, loblolly pine 

H-High ground 
I - River channel 
J-Oxbow lake 

Figure 5-9. The physiography o f  bottomland hardwoods o f  a Georgia f lood p l a i n  (adapted from 

Wharton 1978). 



Table 5-9. Plant  communities of the  Beidler Tract  of the  Congaree flood p l a i n  
South Carolina (adapted from Gaddy e t  a l .  1975). 1 

PHYSIOGRAPHY 

~ o b l o l l y  Pine-Mixed Hardwoods 
Riverbank Hardwoods 
Cherrybark Oak-Sweet Gum-Swamp 

Chestnut Oak 
Loblolly Pine-Swamp Tupelo 
Sweet Gum-Mixed Hardwoods 
Laurel Oak-Sweet Gum 
Overcup Oak 
Ash-Red Maple 
Swamp Tupelo 
Water Tupelo-Bald Cypress 

High r idges  
Levees and along creeks 
High inter-f loodplain r idges  

Seepage a r ea s  a t  t he  edge of t he  flood p l a in  
F l a t s  and low r idges  
Low f l a t s  
Shallow sloughs 
Low f l a t s  
Boggy seepage a rea  near f loodplain b l u f f s  
Deep sloughs and creeks 

Table 5-10. Dominant bottomland hardwood f o r e s t  vegetat ion documented f o r  pa lu s t r i ne  
t i d a l  fores ted  wetlands. 

INVESTIGATOR LOCATION DOMINANTS 

Bozeman and Darre l l  1975 Altamaha River, Ga. CANOPY 
Canoochee River, Ga. 

Overcup oak, water hickory, green 
ash,  American elm, sweet gum, water 
oak, red maple, swamp chestnut  oak, 
l a u r e l  oak, r i v e r  b i rch ,  black gum, 
water ash, Ogeechee plum, water 
tupelo,  sweet bay 

UNDERSTORY 

Water elm, ironwood, persimmon, 
swamp holly,  buttonbush, Sebast ian 
bush, Virginia willow, dwarf 
palmetto, greenbrier ,  blackberry, 
r a t  tanvine 

Wharton 1978 Georgia See Figure 5-9 

Klawit ter  1962 Santee River, S.C. Water oak, l a u r e l  oak, overcup oak, 
water hickory, sweet gum, green 
ash, lob lo l ly  pine,  bald cypress  

Gaddy e t  a l .  1975 Congaree River, S.C. Beech, l a u r e l  oak, h ickor ies ,  
cottonwoods, r i v e r  birch,  sweet gum, 
willows 



cypress  knees and found t h a t  no 
aerenchymous t i s s u e  was p r e s e n t .  The 
r o l e  of cypress  knees i n  s t a b i l i z i n g  t h e  
t r e e  i n  s o f t  sediments needs f u r t h e r  in-  
v e s t i g a t i o n  ( s e e  Mattoon 1915). 

Water l e v e l  i s  important  i n  germina- 
t i o n  and regenera t ion  of t h e  cyprese-tupelo 
community. Mattoon (1915), Demaree (1932). 
Shunk (1939), and Wells (1942) have point-  
ed out  t h a t  bald  cypress  and water tupe lo  
seeds  w i l l  not  germinate whi le  submerged. 
S o i l s  o f  t h e  cypress-tupelo community must 
be  exposed f o r  a s h o r t  pe r iod  of t i m e  i n  
l a t e  s m e r  o r  e a r l y  f a l l  i f  germinat ion 
is t o  occur.  Demaree (1932) went on t o  
po in t  out  t h a t  young cypresses  w i l l  n o t  
su rv ive  i f  they a r e  permanently inundated. 
Cypress-tupelo communities t h a t  a r e  sub- 
j e c t  t o  abnormal amounts of s tanding water  
a r e  c h a r a c t e r i z e d  by an open unders tory 
wi th  l i t t l e  o r  no succession occur r ing  
[succession may occur on stumps o r  on 
f l o a t i n g  l o g s  s e e  Woodwell (1958) and 
Dennis (1973)j;  i n  a r e a s  where water  has  
been excluded due t o  damming o r  d ra in ing ,  
cypress-tupelo is  invaded by sweet gum, 
green ash, and o t h e r  d r i e r - s i t e  spec ies .  

Klawi t t e r ' s  (1962) conclusions  con- 
ce rn ing  t h e  eco log ica l  r e l a t i o n s h i p s  
among sweet gum, swamp tupe lo ,  and water  
tupe lo  s i t e s  can be suuunarized as fol lows:  

1. Sweet gum and swamp tupe lo  a r e  
found a t  h igher  e l e v a t i o n s  than 
water  tupelo,  but  sweet gum sites 
tend t o  be b e t t e r  drained than 
swamp tupelo s i t e s  because t h e  
former a r e  loca ted  p r imar i ly  on 
f i r s t  bottom s lopes .  

2. The water  t a b l e  is  a t  about t h e  
same depth on swamp tupe lo  and 
water  tupe lo  s i t e s  when t h e  r i v e r  
is  below f lood  s t age ,  but  t h e  
l a t t e r  a r e  more deeply inundated 
by t h e  Santee River. Water t a b l e  
he igh t  on sweet gum sites is  
u s u a l l y  below t h a t  occur r ing  on 
t h e  o t h e r  two types  of s i t e s  
when t h e  r i v e r  is  n o t  f looding.  

3. Sur face  s o i l  r e a c t i o n  is h ighes t  
02 sweet gum s i t e s ,  in te rmedia te  
on water  tupelo s i t e s ,  and lowest 
on swamp tupelo s i t e s .  

4. Organic mat te r  con ten t ,  a s  
approximated by l o s s  on i g n i t i o n ,  
is  h i g h e s t  on swamp tupe lo  s i t e s ,  
lowest on sweet gum s i t e s ,  and 
in te rmedia te  on water  tupelo 
s i t e s .  

5 .  S i l t  p l u s  c l a y  content  of t h e  
s u r f a c e  s o i l  on sweet gum and 
water  tupe lo  s i t e s  averages  
considerably higher  than on 
swamp tupe lo  s i t e s .  Further- 
more, t h e r e  is  a decided 
decrease  i n  t h e  s i l t  p l u s  c l a y  
content  of s u b s o i l s  under each 
spec ies .  

An important s t r u c t u r a l  f e a t u r e  of 
p a l u s t r i n e  t i d a l  f o r e s t e d  wetland 
communities is  t h e  height  and g i r t h  some 
of t h e  c o n s t i t u e n t  t r e e s  a t t a i n .  A l l u v i a l  
swamps harbor  l a r g e ,  fast-growing t r e e s .  
I n  t h e  Congaree Swamp near  t h e  Savannah 
River P l a n t ,  Swai ls  et a l .  (1957) found 
t r e e s  120 - 130 y e a r s  o l d  wi th  b r e a s t  
he igh t  d iamete r s  ranging from 25 t o  40 i n  
(63.5 t o  101.6 cm). I n  t h e  Be id le r  
Trac t  of t h e  Congaree River f lood  p l a i n ,  
Gaddy e t  a l .  (1975) found t h a t  t h e  canopy 
averaged from 110 t o  130 f t  (33.5 t o  
39.6 m) i n  he igh t ,  wi th  some trees a s  t a l l  
a s  170 f t  (51.8 m) . Gaddy (1977) l i s t e d  
14  S t a t e  and n a t i o n a l  record t r e e s  from 
t h i s  same o l d  growth f o r e s t ,  many of which 
were l a r g e r  than 20 f t  (6.1 m) i n  c i r c u n r  
f erence. 

Bozeman and D a r r e l l  (1975) l i s t e d  
willows, water  e l m ,  sycamore, water  l o c u s t ,  
and r i v e r  b i r c h  as e a r l y  success iona l  
s p e c i e s  of bottomland hardwoods. Green 
ash,  s i l v e r  maple, swamp cottonwood, oaks, 
and water  hickory were noted a s  p l a n t s  of 
l a t e r  success iona l  s t a g e s .  

Gaddy e t  a l .  (1975) pointed ou t  t h e  
importance of windthrow a s  a r egenera t ive  
agent  i n  o l d  growth bottomland hardwoods. 
F igure  5-10 is a genera l i zed  diagram of 
succession on bottomland f l a t s  i n  t h e  
Congaree River f lood  p l a i n .  P ines ,  
cottonwoods, willows, and r i v e r  b i r c h e s  
a r e  a l l  p ioneer  s p e c i e s  i n  t h e  Congaree 
f lood  p l a i n ;  sweet gum occur i n . b o t h  e a r l y  
and l a t e  success iona l  f o r e s t s  ( s e e  Pig.  
5-10). Beech, l a u r e l  oak, h i c k o r i e s ,  
and o t h e r  shade- tolerant  hardwoods a r e  
found i n  t h e  most undis turbed communities 
(Gaddy e t  a l .  1975).  The r o l e  of f i r e  
a s  a success iona l  agent  i n  bottomland 
hardwoods needs more s tudy.  

Wharton (1970) pointed ou t  t h a t  r i v e r  
swamps ( a l l u v i a l  swamps) a r e  among t h e  
most product ive of t h e  world's environ- 
ments. A l l u v i a l  swamps have an  es t imated 
g ross  primary product ion p o t e n t i a l  of 
between 20,000 and 40,000 kcal/m2/yr.  
Odum (1969) descr ibed t h e  a l l u v i a l  swamp 
a s  a f l u c t u a t i n g  water  l e v e l  environment 
wi th  p u l s e s  o f  h igh  primary p r o d u c t i v i t y .  
A f lood  p l a i n  may produce a s  much a s  30 
met r i c  t o n s l h a l y r  of p l a n t  m a t e r i a l  
(Wharton 1970). 

Conner and Day (1976) s tud ied  t h e  pro- 
d u c t i v i t y  of Lac des  Allemands swamp i n  
t h e  M i s s i s s i p p i  River  f lood  p l a i n  (a  
f lood  p l a i n  comparable i n  ecology, i f  not 
s i z e ,  t o  t h e  a l l u v i a l  swamps of t h e  Sea 
I s l a n d  Coastal  Region). Net primary pro- 
d u c t i v i t y  was 1,140 5 / m 2 / y r  f o r  cypress- 
tupelo and 1 , 1 7 A  g/m / y r  f o r  bottomland 
hardwoods. Herbaceous product ion was 
much h igher  i n  bottomland hardwoods 
than i n  cypress-tupelo swamps (high water 
l e v e l s  l i m i t  t h e  growth of herbs  i n  
cypress- tupelo communities). Table 5-11 
compares t h e  p r o d u c t i v i t y  of v a r i o u s  
swamp communities i n  t h e  Southeast .  



I. After tire or clearcutting, sweet gum 

dominates regeneration. 

2. As forest ages, laurel oaks and other 
shade-tolerant hardwoods oppeor A m  
In understory. 

3. Laurel ooks and shade-tolerant 
hardwoods approach canopy size. 

4. Sweet gum-mixed hord wood canopy 
~ventuolly tolls or i8 Mown down (duo 
to ago). Laurel oak8 and othr r h a d t  
-rant hardwood8 arrumcl damlnanca. 
In openings, sweet gums and other 
hordwooda renow the cyck. 

L M t  OAK h SWEET GUM 

MIXED W R ~ O O O S  (WADE TOLERANT) MIXED HARDWOODS (SHADE INTOLERANT) 

Figure 5-10. Plant Succession in bottomland hardwoods (adanted f r o m  C=AA.r -+ -1 i a 7 c \  
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Monk (1968) analyzed mineral levels 
in wetland communities in north-central 
Florida. Mixed swamps (blackwater river 
swamps in his study) had the highest 
concentrations of calcium (8,131 ppm), 
magnesium (295 ppm), potassium (1,974 ppm), 
and phosphorus (75 ppm) of any of the 
wetland types. 

Brinson (1975) studied nutrient 
cycling in an alluvial swamp in the 
coastal plain of North Carolina. 
Litterfall there was near the upper 
limits of the range for temperate forests 
(6,430 kg/ha/yr), and phosphorous and 
nitrogen cycling in the litterfall were 
higher than that reported for most eco- 
systems. 

4. Nontidal Emergent Wetlands 

Nontidal emergent wetlands are fresh- 
water wetlands that are associated with 
Carolina Bays, depressions, pond margins, 
bogs, and ditches. They are, therefore, 
distinct from palustrine tidal emergent 
wetlands, although there are many plants 
that occur in both types of wetlands. 
The palustrine tidal emergent wetlands 
are almost always referred to as "fresh- 
water marshes"; however, the nomenclature 
for palustrine nontidal emergent wetlands 
is much more complex. Penfound (1952) 
listed some of the possible names for 
palustrine nontidal emergent wetlands: 
1) "rush marshes or wet prairies" (Davis 
1946) ; 2) "wet meadows" (Hotchkiss and 
Stewart 1947); 3) "grass-sedge bogs" 
(Wells 1942, Garren 1943); 4) "pitcher 
plant lands" (Pessin 1933); and 5) "moist 
pine barrens or savannahs" (Wright and 
Wright 1932). Recently, Wharton (1978) 
referred to a similar environment as a 
"herb bog or pitcher plant bog" (in 
Georgia). Woodwell (1956) pointed out 
that, in the Southeast, the term "savannah" 
is often used to mean open woodland areas 
with a ground cover of herbaceous 
vegetation. In this text, the term 
"savannah" is differentiated from "forested 
savannah.'' Areas that fit ~oodwell's 
(1956) description are referred to as 
forested savannahe; while the term 
savannah is used here to mean a treeless 
or almost treeless shallow wetland that 
is dominated by herbaceous vegetation. 

Penfound (1952) divided the fresh- 
water marshes of the South into two 
groups, deep marshes and shallow marshes. 
Deep marshes are found along rivers, 
in pond margins, in deep bays and natural 

1 depressions, and in ditches and man-made 
depressions. Shallow marshes, on the 

E other hand, are usually found in or ad- 
1 jacent to upland communities. They 

are common in poorly drained flats, wet 
openings in pine woods, and shallow 
depressions in upland communities. In 
deep marshes, the water table is usually 
at or above the soil surface throughout 
the year; on the other hand, shallow 

the winter and in the early part of the 
growing season, with drying out occurring 
in late summer and fall (Wells 1928, 
Penfound 1952). 

Deepwater marshes may contain many 
species of emergents, but the most common 
dominants are cat-tails, woolgrass bulrush, 
giant plume grass, maidencane, black 
needlerush, beak rushes, and sedges. Wells 
(1928) described a "hydric fresh water 
marsh" association from the coastal plain 
of North Carolina that was dominated by 
cat-tails and bulrushes, though he pointed 
out that this association probably con- 
tained more than 450 species of plants. 
Penfound and Hathaway (1938) called the 
dominant deepwater marsh community of 
Louisiana a cat-tail - bulrush - maidencane 
community. In South Carolina, five 
deepwater marsh communities were recognized 
during the course of a survey of coastal 
wetlands (National Wetlands Inventory 1978). 
These communities are: 1) maidencane marsh, 
probably the shallowest of the deepwater 
marshes; 2) cat-tail marsh, common near 
pond edges and in disturbed wetlands; 
3) woolgrass bulrush-giant plume grass 
marsh, found in ditches and near pond 
edges; 4) water loosestrife marsh, a low 
shrub-dominated deep marsh; and 5) button 
bush marsh, a high shrub deep marsh. 

Occasionally, deep marshes are found 
in openings in swamps or bays. Porcher 
(1966) described several nonforested 
openings in a Carolina Bay that contained 
beak rush, yellow pitcher-plant, and blue 
flag, along with the woody St. John's- 
wort and a mat of peat moss. Big 
Openings, a nonforested marsh in Hellhole 
Swamp, South Carolina, is dominated by 
St. John's-wort, three-way sedge, beak 
rush, woolgrass bulrush, and various 
invading trees and shrubs (South Carolina 
Wildlife and Marine Resources Department 
1974a). 

The shallow marshes or wetlands (they 
are not commonly referred to as marshes) 
include the wet prairies, grass-sedge 
bogs, and wet meadows that were mentioned 
above. In the Sea Island Coastal Region, 
the shallow wetlands of the palustrine 
nontidal emergent grouping may be divided 
into: 1) the fern-sedge bogs and 2) the 
savannahs [the grass-sedge bogs of Wells 
(1942) and the herb or pitcher plant 
bogs of Wharton (197811. 

The fern-sedge bogs are dominated 
by either Virginia chain fern or 
Walter's sedge or both species. Sometimes 
blue flag or maidencane (usually found in 
deeper wetlands) may co-dominate. Woodwell 
(1956) noted the presence of a "Woodwardia 
union" in coastal wetlands of the 
Carolinas. He pointed out that Virginia 
chain fern was the dominant here, with a 
mat of peat moss almost always present. 
Bozeman (1965) described a "sedge-peat 
bog" community from McIntosh County, 
Georgia, dominated by Walter's sedge and 



peat moss. In  the southeastern coas ta l  
p l a in  of South Carolina, Virginia chain 
fe rn  and Walter 's sedge co-dominate i n  
t r ee l e s s  a reas  t ha t  a r e  underlain with 
a clay hardpan (National Wetlands 
Inventory 1978). In deeper a reas  of the  
same wetland t p e ,  blue f l a g  dominates. 
The fern-sedge bogs a r e  the  wet tes t  of the  
shallow marshes. The s o i l  surface d r i e s  
out f o r  only a shor t  durat ion each year; 
usually it is  sa tura ted  o r  under water. 
The long hydroperiod and the  f a c t  t ha t  
the  clay hardpan i s  so c lose  t o  the  s o i l  
surface pro tec ts  t h i s  conmnity from in- 
vasion by woody species.  

The savannahs a r e  extremely shallow 
and have a shor te r  hydroperiod. Standing 
water is present i n  winter and during 
the ea r ly  growing season, but l a t e r  i n  the  
year, the s o i l  may completely dry out. 
The water regime here would permit the  
invasion and dominance of woody p l an t s  
i f  i t  were not f o r  the occurrence of 
f i r e  (Wells and Shunk 1928). Annual f i r e s  
prevent the invasion of woody p lan ts  i n to  
t h i s  community and maintain a geophyte- 
dominated grass-herb population (geophytes 
a r e  bulbous o r  rhizomatous perennials) .  

Savannahs a r e  most commonly found i n  
poorly drained interstream f l a t s  among 
pine flatwoods. Wells (1942) pointed 
out t ha t  savannahs a r e  probably the  re- 
s u l t  of the removal of pines from wet 
flatwoods t ha t  a r e  annually burned. The 
annual f i r e  prohib i t s  the  reestablishment 
of pines a f t e r  they have been removed. 
The savannahs of the southeastern coas ta l  
p l a in  of North Carolina and t he  north- 
eas te rn  coas ta l  p l a in  of South Carolina 
a r e  good examples of t h i s  comunity. 
In  Georgia, savannahs a r e  l imited t o  
smaller a reas  interspersed i n  pine 
communities (Wharton 1978). Dominance 
i n  savannahs is usually seasonal o r  even 
monthly. Burning general ly occurs i n  
ea r ly  spring (or  l a t e  f a l l )  and is followed 
by a progression of p lan ts  t ha t  flower 
f o r  a short  period of time and then 
disappear (they a r e  s t i l l  present ,  j u s t  no 
longer obvious). 

I n  South Carolina, toothache grass,  
meadow beauty, gentians,  white-bracted 
sedge, orchids, rosebud orchid, rose 
pogonia, pitcher-plants, milkworts, and 
ray less  goldenrod a r e  common i n  savannahs 
(South Carolina Wild l i fe  and Marine 
Resources Department 1974b, 1975a, Radford 
1976). I n  Georgia, Wharton (1978) l i s t e d  
meadow beauty, seed box, orchids, Barbara's 
buttons, clubmosses, pi tcher-plants  (includ- 
ing Parrot  pi tcher-plant ,  which does not 
occur i n  South Carolina), toothache grass ,  
yellow-eyed grass,  pipeworts, c o l i c  root ,  
beak rbehes, s t i cky  t o f i e l d i a ,  and gentians 
a s  common species of the  "herb bog." 

Dominance i n  marsh communities is  
usually determined by hydroperiod. 
Wells and Shunk (1928) pointed out t ha t  
the savannah community does not occur 

on peaty s o i l s  (even a f t e r  f i r e )  but i s  
found on mineral s o i l s .  Wells (1928) 
noted t ha t  a deep marsh s o i l  type could 
a l s o  play an important ro le .  Sandy and 
clayey s o i l s  may be dominated by 
d i f f e r en t  communities, even though both 
s o i l  types occur i n  the  same marsh with 
the  same hydroperiod. 

Nontidal emergent wetlands a r e  
dormant i n  winter and productive i n  
summer months. No year-round producers 
a r e  present .  However, the savannah 
communities exhib i t  considerable seasonal 
and intraseasonal  changes i n  dominance. 
Savannah communities a r e  burned i n  
l a t e  winter or  ear ly  spring (by man). 
o r  i n  l a t e  summer o r  ea r ly  f a l l  
(na tura l ly) .  I n  February o r  March, 
when the  f i r s t  spring dominants appear, 
sun-bonnets usually appear and bloom 
f i r s t .  A s  soon a s  these ea r ly  dominants 
begin t o  f r u i t ,  another group of p l an t s  
becomes dominant. This  flowering sequence 
makes t he  savannah one of the  most 
picturesque of the  coas ta l  p l a in  
communities (Wells 1932, Wharton 1978). 
Table 5-12 is a list of t he  p lan t  
dominants i n  a coas ta l  p l a i n  savannah 
f o r  each month of the  growing season. 
I f  f i r e  does not occur, t he  flowering 
sequence is a l t e r ed  with woody p lan ts  in- 
vading during t he  l a t t e r  months of the  
growing season. 

Most communities of the nontidal  
emergent wetlands a r e  s ingle-t iered,  but ,  
occasionally,  two-tiered communities with 
a sca t te red  shrub overstory and emergent8 
beneath may be found ( t a l l  shrub communities 
a r e  discussed i n  the Upland sec t ions) .  
Monocots a r e  t he  dominant f l o r i s t i c  form 
i n  the  nontidal  emergent wetlands. I n  
savannahs, t he  presence of annual f i r e  has 
prompted the predominance of p lan ts  with 
special  modifications. Wells and Shunk 
(1928) pointed out t ha t  95% of t he  species 
i n  a North Carolina grass-sedge bog were 
perennials  ( the  seeds of most annuals 
a r e  destroyed by f i r e ) .  Wells and Shunk 
a l s o  noted the  abundance of geophytes 
(bulbous o r  rhizomatous p lan ts )  i n  t he  
savannah community (see Radford 1976). 

Savannahs a r e  known to  have a low s o i l  
ni trogen content CPl~naner 1963). Wells and 
Shunk (1928) found no legumes i n  t h e i r  
study. Many of the savannah p lan ts  here. 
therefore,  adapted t o  a nitrogen-deficient 
environment. Plants  such a s  sundews, 
pi tcher-plants ,  b u t t e w o r t s ,  and Venus' 
f l y  t raps  have taken on s t ruc tu ra l  leaf  
modifications and have become insectivorous 
a s  a means of overcoming nut r ien t  
deficiencies.  The insect ivorous pi tcher-  
p lan ts ,  f o r  example, use t he  nut r ien t  
gained from t h e i r  prey t o  compensate f o r  
nut r ien t  deficiency (Hepburn e t  a l .  1920, 
Plummer and Kethley 1964). Christensen 
(1976), however, s tudied yellow pitcher-  
p lan ts  and found tha t  the  "ava i lab i l i ty  
of i n sec t s  resu l ted  i n  s i gn i f i can t ly  higher 



Table 5-12. Seasonal plant dominance in a coastal plain savannah 
(adapted from Wells and Shunk 1928, Wells 1932). 

MONTH DOMINANTS 

March Chaptalia tomentosa (sun-bonnets) 
Sarracenia flava (trumpet-plant) 
Pinguicula spp. (butteworts) 
Utricularia subulata (bladderwort) 
Drosera spp. (sundews) 

April 

June 

July 

August 

Sarracenia minor (hooded pitcher-plant) 
Sarracenia purpurea (flytrap pitcher-plant) 
Sisyrinchium mucronatum (blue-eyed grass) 
Amianthium muscaetoxicum (fly-poison) 
Aletris farinosa (colic root) 

Pogonia ophioglossoides (rose pogonia) 
Cleistes divaricata (spreading pogonia) 
Spiranthes praecox (grass-leaved ladies' tresses) 
Calopogon spp. (grass-pinks) 
Polygala lutea (red-hot poker) 
Helenium vernale (sneeze-weed) 

Eriocaulon spp. (pipeworts) 
Erigeron vernus (fleabane) 
Rhexia spp. (meadow beauties) 
Sabatia brachiata (sabatia) 
Lycopodium alopecuroides (foxtail clubmoss) 
Ctenium aromaticum (toothache grass) 
Dichromena latifolia (white-bracted sedge) 
Coreopsis falcata (coreopsis) 

Ludwigia spp. (water-primroses) 
Cynoctonum sessilif olium (mitewort) 
Habenaria spp. (orchids) 
E s  spp. (yellow-eyed grasses) 

Zigadenus densus (crow-poison) 
Oxypolis rigidior (dropwort) 
Eryngium integrifolium (eryngo) 
Coreopsis spp. (coreopsis) 
Babenaria spp. (orchids) 

September Liatris spp. (blazing stars) 
Tofieldia glabra (false asphodel) 
Chondrophora nudata (rayless goldenrod) 

October Aster spp. (asters) - 
Solidago spp. (goldenrods) 

t 

tissue concentrations of nitrogen and 
i phosphorus, but had no effect on calcium, 

magnesium, and potassium [concentrations]. " 

Palustrine nontidal emergent wetlands 
may be pioneer communities, fire-maintained 
communities, or communities maintained by 
a long hydroperiod. Most deepwater 
communities are maintained by long hydro- 
period; they are successionally static com- 
munities due to the presence of water year 
around. However, long-term aggradation of 
sediments from decaying vegetation may even- 
tually shorten the hydroperiod and change the 
nature of the counnunikies (Llndeman 1942, 

Vogl 1969). Emergent communities may 
be pioneer communities where cutting of 
swamps has taken place. Woolgrass bul- 
rush is a common dominant of communities 
of this type. After a few years, however, 
woody vegetation shades out emergents 
and becomes dominant if the hydroperiod 
is suitable. Savannah communities are 
fire-maintained and gradually succeed 
into evergreen shrub bog communities 
(holly - myrtle - titi) if fire is absent 
(Wells and Shunk 1928). The evergreen 
shrub bog may be maintained by recurrent 
fire or succeed to a bay forest community 
(see Fig. 5-11). 





J e r v i s  (1964) s tud ied  production savannahs (Kohlsatt  1974). The pine - 
i n  a New Jersey deep marsh. C a t - t a i l  toothache grass  savannahs a r e  s l i g h t l y  
connnunities averaged 10.88 g/m2/day, Wetter than pine - three-awn g r a s s  
a s  oppoeed t o  9.72 g/m2/day f o r  sedge- savannahs. Orchids, gent ians,  and 
shrub communitiee, and 8.52 g/m2/day meadow beaut ies  a r e  common i n  both 
f o r  sedge swale communities. Table 5-13 communities (Wells and Shunk 1928, 
compares n e t  primary production and Kohlsat t  1974, Radf ord 1976) ( s e e  p a l u s t r i n e  
seasonal  production within four  nont ida l  emergent wetlands f o r  a complete 
community types. Figure 5-12 i l l u s -  discussion of savannah p l a n t s ) .  
t r a t e s  g raphica l ly  t h e  d i f fe rence  i n  
eeasonal production r a t e s  among these  Pine savannahs a r e  found on poorly 
four communities; J e r v i s  (1964) noted drained in te rs t ream f l a t s  and a r e  o f t e n  
t h a t  marshes may become n u t r i e n t  s i n k s  t r a n s i t i o n a l  between t r e e l e s e  eavannahe 
when they a r e  located i n  depressions and pine flatwoods communities. Re- 
surrounded by uplands. cur ren t  f i r e s  have el iminated t h e  

organic l a y e r  of t h e  s o i l ,  exposing a 
Ca t - ta i l s  marshes seem t o  be t h e  mineral s o i l  (Redford 1976). 

we t  productive nont ida l  emergent wet- 
lands according t o  J e r v i s  (1964), b. Pond Cypress Communities. 
Boyd and Hess (1970), and Boyd (1970). Communities dominated by pond cypress  
Savannahe, on t h e  o ther  hand, seem t o  may occur i n  shallow o r  deep depreesione, 
be t h e  most nu t r ien t -def ic ien t  of these  s inks ,  o r  i n  Carolina Bays. Pond cypreee 
wetlands. (See nonvascular p l a n t  s e c t i o n  savannahs a r e  found i n  shallow depreeeions 
of t h i s  chapter  f o r  a d d i t i o n a l  freshwater i n  pine flatwoods where f i r e  i e  a b l e  t o  
marsh produc t iv i ty  data .)  invade t h e  community (Wharton 1978). 

Due t o  t h e  presence of f i r e ,  sub-canopy 
5. Nontidal Forested Wetlands and shrub l a y e r s  a r e  absent ,  a e  i n  t h e  

p ine  savannah above. The herbaceous 
P a l u s t r i n e  nont ida l  fo res ted  wet- l a y e r  i s  dominated by grasses ,  sedges, 

lands a r e  widespread i n  t h e  Sea Is land pi tcher-plants ,  orchids,  and o ther  common 
Coastal Region. These wetlands, commonly savannah p lan ts .  (See t h e  p a l u s t r i n e  non- 
cal led swamps o r  bogs, may be found t i d a l  emergent wetlands sec t ionand  Wharton 
i n  a v a r i e t y  of physiographic s i t u a t i o n s .  1978,) Pond cypress savannahs have a l s o  
Poorly drained in te rs t ream f l a t s ,  been reported from Carolina Bays i n  South 
depressions, einks, Carol ina Bays, t h e  Carolina (Dennis 1975a). The community 
"bays" of r i d g e  and bay topography, and here  is  considerably wet te r  than t h a t  re- 
flood p l a i n s  a l l  harbor p a l u s t r i n e  non- ported by Wharton (1978) i n  Georgia. 
t i d a l  fo res ted  communities. Table 5-14 Walter 's sedge, yellow pi tcher-plant ,  
l i e t s  e igh t  b a s i c  vege ta t ion  types and b lue  f l a g ,  milkwort, and various grasees  
the phyeiography with which they a r e  a r e  some dominants of t h e  Carolina 
generally associated.  Each vegetat ion Bays of t h e  Santee Coastal  Reserve i n  
type l i s t e d  i n  t h e  t a b l e  includes one Charleston County, South Carol ina (Dennis 
or nore community types. I f  a par t icu-  1975a). Porcher (1966) described two 
l a r  vegetat ion type includes only one pond cypress savannah communities from 
co~nmunity type, t h e  terms community Wambaw Creek Bay (Berkeley County, South 
type and vege ta t ion  type may be  ueed Carol ina) .  The pond cypress-St. John'e- 
eynonymously. As may be  seen i n  t h e  wort community is  dominated i n  the  under- 
table, some vege ta t ion  types occur i n  s t o r y  by a s p a r s e  low shrub layer  of 
more than one physiographic type. shrubby St .  John's-wort with milkwort, 
The p a r t i c u l a r  f o r e s t  type presen t  on beak rush ,  and yellow pi tcher-plant  a l s o  
any e i t e  is dependent upon severa l  connnon. The pond cypress-beak rush 
factors: 1 )  f i r e  regime, 2) hydroperiod, community is  present  i n  shallower water 
3) preeence and depth of peat  o r  organic than is  t h e  pond cyprees-St. John'e-wort 
muck, and 4) degree of dis turbance community. Both communities a r e  t y p i c a l  
(cutting, e t c . ) .  Below, t h e  vege ta t ion  of pond cypress savannahs wi th  a sparse  
typee l i s t e d  i n  Table 5-13 a r e  discussed canopy, no sub-canopy, l i t t l e  o r  no 
i n  the sequence given i n  t h e  t ab le .  shrub l a y e r ,  and a dense layer  of 

herbaceous vegetat ion.  F i r e  undoubtedly 
a. Pine Savannah Cormnunitiee. i s  responsible  f o r  maintaining t h i s  

These community types a r e  fo res ted  community (Fig. 5-11). 
("forested" i e  defined h e r e  a s  30% 
or greater  canopy coverage) phases of Redford (1976) described a lime s ink  
the eavannah community described e s r l i  e r  i n  Berkely County, South Carolina, and 
(eee nont idal  emergent wetland8 s e c t i o n ) .  l i s t e d  t h e  dominant t r e e  ae pond cypress  
The canopy is sparse  and i e  dominated (98% dominance). Only t h r e e  o ther  woody 
by longleaf pine wi th  pond p ine  of ten  species  were found i n  t h e  s ink  i t s e l f :  
preeent. Frequent f i r e s  have el iminated dahoon, swamp tupelo (2% dominance), 
the eub-canopy and ehrub l a y e r s ,  l eav ing  and pond spice.  Along t h e  edge of t h e  
a savannah-like understory. Tvo s i n k ,  red maple, sweet gum, l o b l o l l y  
herbaceous dominants a r e  recognized i n  pine, water oak, dahoon, pond sp ice ,  and 
the pine eavannah: toothache grass  and wax myrt le  were common. Standing water 
three-awn graee. Pin* savannahs a r e ,  there-  was present  i n  t h e  s ink  a l l  year ,  but no 
fore, re fe r red  to a s  winter  pine - teoth-  well-developed aqua t ic  community was 
ache grass  o r  pine - three-awn grass  present .  
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Table 5-13. Summary of seasonal and intercomunity differences in net primary production 
in a New Jersey deep marsh (aerial parts only). Seasonal rates are given 
in g/m2/day. Annual net production is in g/m2/yr (Jervis 1964). 

COMMUNITIES 

OPEN AQUATIC CAT-TAIL SEDGE SWALE SEDGE-SHRUB MARSH AVERAGE 

Spring 3.16 17.31 5.48 7.03 8.25 

Early Summer 18.35 20.86 22.78 21.77 20.94 

Late Summer 3.37 -7.64 -10.27 -11.06 -6.40 

Fall -17.27 -5.86 1.00 -6.49 -7.16 

Growing Season 8.85 10.88 8.52 9.72 9.50 

Annual Net 1,547.14 1,904.76 1,491.65 1,698.99 1,665.63 
Production 

As one moves southward in the Sea 
Island Coastal Region, the pond cypress- 
dominated depression becomes more common. 
In Beaufort and Jasper counties (South 
Carolina), small circular depressions 
(domes?) are frequently found to be 
dominated by pond cypress, with dahoon 
and fetter-bush common in the shrub layer. 
These communities are only found where 
fire has been present. Without fire, the 
depression is invaded by swamp tupelo 
(National Wetlands Inventory 1978). 

In Georgia, Wharton (1978) listed 
two general types of "cypress ponds" 
(cypress domes and irregularly shaped 
cypress ponds). The cypress dome or 
"head" is a circular depression with the 
tallest trees in the center of the 
depression, forming a dome.. The cypress 
dome is extremely common in northcentral 
Florida, where extensive work has been 
carried out in this community. Brown 
(1963), Monk and Brown (1965), Monk 
(1968), Ewel (1976), Ewel and Mitsch 
(1975), and Sroka (1975) are all excellent 
studies of cypress domes in Florida. 
From a cross-sectional survey of the Austin 
Cary Forest cypress dome in Florida, 
Sroka (1975) listed 22 plant species 
according to abundance, water depth, and 
location in the dome. Table 5-15 lists 
his results. The dominants were pond 
cypress (note that only three tree species 
are present), fetter-bush, beak rush, and 
Virginia chain fern. 

McEwan (1976) studied the floating 
log communities of the Auatin Cary cypress 
dome and found 18 species of vascular 
plants. The dominants (highest frequency) 
were St. John's-wort , bugleweed, beggar 

ticks, and peat moss. Ewel and Mitsch 
(1975) observed the effects of fire on 
two domes in Florida. They pointed out 
that fire destroys pines and hardwoods 
that have invaded the domes, acting as 
an agent in the perpetuation of pond 
cypress domination. 

Cypress ponds, Wharton (1978) point- 
ed out, differ from cypress domes in that 
they are irregular in outline. According 
to Faircloth (1971), an almost pure pond 
cypress community occurs in the deepest 
part of cypress ponds (see the pond 
cypress-swamp tupelo section of this 
chapter for a discussion of the shallower 
sections). Many ponds have permanent 
standing water with aquatic communities 
dominated by water-shield, water-lily. 
yellow pond-lily, floating hearts, 
lotus, pondweeds, and f anworts (Faircloth 
1971, Wharton 1978). (See earlier 
discussion of lime sinks in South 
Carolina for comparison of communities.) 

Bozeman (1965) described several 
cypress ponds occurring on a fluvial sand 
ridge adjacent to the Altamaha River. 
They varied from ponds completely 
dominated by pond cypress (dahoon was the 
most common shrub here) to pond cypress 
stands mixed with bay species (a "cypreee- 
bay forest,'' according to Bozeman) . (See 
pond cypress-swamp tupelo and bay forest 
sections for additional discussions of 
the cypress-bay community.) Porcher (1966) 
noted the presence of a cypress pond 
adjacent to a Carolina Bay in Berkeley 
County, South Carolina. 
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Figure 5-12. Seasonal production rates for four freshwater marsh communities (adapted from 
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d. Pond Cypress-Swamp Tupelo 
Communities. One must be c a r e f u l  t o  d i s -  
t ingu ish  t h e  pond cypress-swamp tupelo of 
depressions,  ponds, and Carolina Bays from 
t h e  bald cypress-water tupe lo  communities 
of l a r g e  f loodpla in  systems (Penfound 
1952). (See t h e  s e c t i o n  on p a l u s t r i n e  
t i d a l  fo res ted  wetlands f o r  a d i scuss ion  
of t h e  l a t t e r  community.) Bald cypress  
and pond cypress  a r e  r a r e l y  found growing 
together .  Bald cypress  is found where 
a l k a l i n e  (o r  circumneutral) s o i l  cond i t ions  
p r e v a i l ,  whi le  pond cypress  i s  found i n  
a c i d i c  s o i l s  (Caessle 1942, Monk and Brown 
1965, Monk 1966). 

Monk (1968) l i s t e d  swamp tupelo a s  
present  i n  every one of 15 cypress  domes 
i n  a north-central  F lo r ida  s tudy a rea .  
although he gathered no dens i ty  o r  b a s a l  
a r e a  da ta .  Brown (1963) a l s o  s tud ied  
cypress  domes i n  nor th -cen t ra l  F lo r ida  
and l i s t e d  pond cypress  a s  having a n  
importance value of 182 compared t o  a 
value of 47 f o r  swamp tupelo (an 
importance value of 300 would mean t h e  
community was a pure s tand) .  From these  
two s t u d i e s ,  it may be  concluded t h a t  
pond cypress-swamp tupelo communities 
occur i n  cypress  domes, and t h a t  pond 
cypress  is t h e  most abundant t r e e  of t h e  
assoc ia t ion .  It may f u r t h e r  be noted 
t h a t  both t h e  depth of  t h e  depression and 
t h e  presence of f i r e  a r e  l i m i t i n g  f a c t o r s  
f o r  swamp tupe lo  ( see  Woodwell 1956, 
Mitsch and Ewe1 1976). 

The most common physiographic 
s i t u a t i o n  i n  which the  pond cypress- 
swamp tupe lo  cornuni ty  is found is t h e  
Carol ina Bay. Porcher (1966) s tud ied  n ine  
Carol ina Bays i n  Berkeley County, South 
Carol ina;  f i v e  of t h e s e  bays had well- 
developed pond cypress-swamp tupelo 
communities. Buel l  (1939) pointed ou t  
t h a t  pond cypress  i s  a pioneer  t r e e ,  
colonizing t h e  rim of bay l akes  ( i n  deep 
bays) and gradual ly  encroaching on t h e  
lake.  The bases  of t h e  cypresses  a r e  
i s l a n d s  f o r  zenobia, titi, sweet pepper- 
bush, r ed  bay, and r e d  maple. Evident ly ,  
t h e  Carolina Bays i n  t h e  Georgia c o a s t a l  
p l a i n  a r e  deeper and younger geo log ica l ly  
(based on Bue l l ' s  theory) than those of 
South Carolina. Wharton (1978) descr ibed 
t h r e e  Carolina Bays from Georgia t h a t  
contained pond cypress  and aqua t ic  
communities; none contained t h e  pond 
cypress-swamp tupe lo  connnunity . 

Bozeman and D a r r e l l  (1975) l i s t e d  
t h e  pond cypress-swamp tupelo community 
a s  one of t h e  dominant a s s o c i a t i o n s  of 
r i v e r s  t h a t  o r i g i n a t e  i n  t h e  c o a s t a l  p l a i n  
( s t rong ly  a c i d i c  f lood p l a i n s  f laeded 6 
months o r  more). Woodwell (1956) a l s o  
descr ibed t h i s  community from t h e  f lood 
p l a i n s  of t h e  c o a s t a l  p l a i n  o f  North and 
South Carolina. Because most of t h e  
l e n g t h  of  c o a s t a l  r i v e r  systems i n  t h e  
Sea I s l a n d  Coastal  Region a r e  under t h e  
in f luence  of t i d a l  p ressure ,  t h e  pond 
cypress-swamp f loodpla in  community is 

discussed i n  t h e  s e c t i o n  on p a l u s t r i n e  
t i d a l  fo res ted  wetlands. 

e .  Evergreen Shrub Communities 
(pocosins) . Commonly c a l l e d  " p o c o s i ~ s ,  " 

evergreen shrub communities may be 
found on poorly drained in te r s t ream f l a t s ,  
i n  depressions,  i n  Carol ina Bays, and i n  
t h e  "bays" of r idge  and bay topography. 
Two phases of t h e  evergreen shrub 
community have been descr ibed:  t h e  t a l l  
(high) shrub zone and t h e  s h o r t  (low) 
shrub zone (Penfound 1952, Woodwell 1956, 
Porcher 1966, Radford 1976). Some au thors  
have c a l l e d  t h i s  community t h e  pond pine- 
evergreen shrub community, due t o  t h e  
presence of an open canopy of pond p ines  
(Woodwell 1956). However, most authors  
use  t h e  terminology "evergreen shrub bog" 
o r  "pocosin," both of which w i l l  b e  used 
here .  

Penfound (1952) c a l l e d  t h e  pocosin a 
'jpeaty f r e s h  water  swamp" and l i s t e d  t h e  
dominants of t h e s e  "evergreen shrub 
swamps" a s  sweet g a l l b e r r y ,  t i t i ,  and 
zenobia. Woodwell (1956) noted t h a t  
pocosins occurred on c e r t a i n  upland 
f l a t s  i n  North and South Carol ina.  
Woodwell l i s t e d  pond p ine  a s  t h e  dominant 
t r e e  (of 56 s tudy  s i t e s ) ,  wi th  t h r e e  
geographical ly  d i s t i n c t  shrub unions 
occurr ing i n  t h e  understory: 1 )  t h e  
t i t i  union, dominant i n  North Carol ina 
pocosins;  2) t h e  fe t ter-bush union, 
dominant i n  South Carol ina pocosins; and 
3) t h e  zenobia union, common i n  an over- 
lapping a r e a  of t h e  two o t h e r  unions. 
Sweet g a l l b e r r y  and fe t t e r -bush  a r e  
common i n  t h e  t i t i  union; sweet g a l l b e r r y  
may be codominant wi th  fe t t e r -bush  i n  
t h e  fe t t e r -bush  union; and fet ter-bush,  
sweet g a l l b e r r y ,  sweet bay, red  bay, and 
t i t i  occur i n  t h e  zenobia union. 

In  Georgia, Wharton (1978) pointed 
out  t h a t  a "low d i v e r s i t y "  shrub bog may 
form a r i n g  community around cypress  
ponds ( see  t h e  s e c t i o n  on pond cypress  
communities i n  t h i s  chap te r ) .  This bog 
i s  genera l ly  composed of a s i n g l e  species-- 
e i t h e r  t i t i  o r  black t i t i  (black t i t i  
does no t  occur nor th  of Georgia).  

The b e s t  examples of t h e  pocosin 
(evergreen shrub) community i n  South 
Carol ina and Georgia a r e  found i n  Carolina 
Bays. Buel l  (1946) documented t h e  pre- 
sence of  t h e  evergreen shrub community i n  
a peaty Carolina Bay i n  North Carolina. 
Buel l  noted a "low shrub'' community 
dominated by zenobia (with l ea ther - lea f  
and sweet pepperbush a l s o  common), and a 
" t a l l  shrub" zone ("simply a l a t e r  
s t age .  . .of t h e  former1') dominated by 
pond pine,  f e t t e r -bush ,  bamboo b r i e r ,  
zenobia, smooth winterberry,  l ambki l l ,  
male-berry,and Vi rg in ia  willow. 

Porcher (1966) s tud ied  n i n e  Carolina 
Bays i n  Berkeley County (South Carolina) 
and l i s t e d  t h e  following spec ies  a s  common 
i n  pocosin communities: 1 )  low shrub 
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fetter-bush and wax myrtle; and 2) high 
shrub zone--pine, loblolly bay, red bay, 
sweet bay, red maple, and swamp tupelo, 
with bamboo brier growing over the top 
of the high shrub layer. Porcher found 
peat moss as a ground cover in openings. 
Wharton (1978) listed 15 shrubs as co- 
dominants of Georgia pocosin communities 
of Carolina Bays (pond pine, sweet bay. 
red bay, red maple, and loblolly bay 
are common trees, with black titi and 
titi as the dominant shrubs). Co- 
dominants of Wharton's "high diversity 
bog" not common in North and South 
Carolina pocosins are: rusty lyonia, 
odorless wax myrtle, possum haw, and 
dwarf laurel. According to Wharton et 
al. (1976), the length of the interval 
between fires is responsible for low 
or high diversity in shrub communities. 

The bays or depressions of ridge and 
bay topography also contain pocosin or 
evergreen shrub vegetation. Woodwell 
(1956) included this physiographic type 
among his 56 pocosin study areas. Site 
specific data are unavailable for these 
bays, but the bays of the ridge and bay 
areas of the upper Sea Island Coastal 
Region (Georgetown County, South 
Carolina) probably are dominated by 
Woodwell's (1956) zenobia union and his 
fetter-bush union, with a scattered 
overstory of pond pine (Woodwell 1956, 
National Wetlands Inventory 1978). 

Wells (1942) pointed out that the 
pocosin community always occurs on peat. 
In most forested wetlands, the soil sur- 
face is considerably lower than the 
surrounding uplands; however, in the 
pocosin community, the soil surface is 
nearly level with that of surrounding 
uplands. The depression has become filled 
by peat (see Fig. 5-13; note that the 
peat is deeper in Carolina Bays than in 
poorly drained interstream areas). Wells 
(1942, 1946) explained the role of the 
peat level in controlling hydroperiod. 
During wet seasons (usually winter and 
spring), the water table is near the 
surface, but during dry seasons (summer 
and fall), the surface is very dry and 
susceptible to burning. Therefore, fire 
is common in pocosins. Recurrent fires 
sweep through the evergreen communities, 
often burning the shrubs back to ground 
level. However, if a deep peat burn does 
not occur, the evergreen shrubs return. 
(Wells 1946). Pond pine is fire-adapted 
in that its pine cones open only after 
hot fires; consequently, if pines are 
destroyed in pocosin fires, new seeds 
are made available to regenerate the 
community. Thus, alternate exposure 
of plant roots to standing water and 
drought, along with the effects of 
fire, determine the ecology of the pocosin 
community (Wells 1942). 
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Figure 5-13. A comparison of peat depth 
in various forested wetland 
communities (stippled por- 
tion = peat layer; W = depth 
of water table. 

f. Bay Forest Communities. Bay 
forests or "bayheads" are successionally 
related to pocosins (evergreen shrub) and 
pond cypress-swamp tupelo communities. 
Most researchers think that the bay forest 
is a later stage of the pond cypress-swamp 
tupelo community (following aggradation 
of organic matter), and that bay forests 
follow pocosins where fire has been ex- 
cluded (Wells 1928, Penfound 1952, Monk 
1968, Radford 1976). Consequently, the 
bay forest is common in the same physio- 
graphic types as are the pond cypress- 
swamp tupelo and pocosin communities-- 
poorly drained flats, shallow depressions, 
Carolina Bays, and ridge and bay topo- 
graphy. Buell (1946) pointed out the 
relationship between the high or tall 
shrub stage of the pocosin and the bay 
forest (see the preceeding section on 
evergreen shrub communities). He listed 



sweet bay, red maple, highbush b lueber ry ,  
f e t t e r -bush ,  V i r g i n i a  willow, r e d  bay, 
and bamboo b r i e r  a s  t h e  components of t h e  
bay f o r e s t .  Red bay and sweet bay com- 
p r i s e d  t h e  dominant bay a s s o c i a t i o n  given 
by Penfound (1952). Th i s  a s s o c i a t i o n  was 
one of t h e  climax phases  of h i s  "peaty 
swamp complex." 

- Although Porcher (1966) d i d  n o t  u s e  
t h e  term "bay f o r e s t , "  some of t h e  high 
shrub communities h e  desc r ibed  from 
Carol ina  Bays seem t o  f i t  t h e  d e s c r i p t i o n  
of t h e  bay f o r e s t  community. He noted 
t h a t  r e d  bay, l o b l o l l y  bay, and sweet 
bay were connnon i n  t h e  high shrub zone. 
Radford (1976) s a i d  t h a t  t h e  bay f o r e s t  
is  dominated by red bay, sweet bay, 
l o b l o l l y  bay, swamp tupe lo ,  pond cypress ,  
r ed  maple, and pond p i n e  i n  t h e  canopy 
and by t i t i ,  h o l l i e s ,  sweet pepperbush, 
zenobia,  f e t t e r -bushes ,  m y r t l e s ,  and r e d  
chokeberry i n  t h e  shrub l a y e r .  He a l s o  
pointed o u t  t h a t  bay f o r e s t s  a r e  o f t e n  
found a long  t h e  margins o f  t a l l  shrub 
pocosins  (Buel l  1946, Radford 19761.. 

I n  Georgia and f a r t h e r  south ,  bay 
f o r e s t  communities a r e  c a l l e d  "bayheads." 
Bozeman (1965) desc r ibed  two communities 
from a n  Altamaha sand r i d g e  t h a t  appear  
t o  be  r e l a t e d  t o  t h e  bay f o r e s t .  Another 
bay f o r e s t - l i k e  community c a l l e d  a 
"cypress-bay f o r e s t "  occurred i n  ponds 
on t h e  sand r i d g e  and appeared t o  be  
s i m i l a r  t o  p rev ious ly  desc r ibed  bay 
f o r e s t  communities except  f o r  t h e  
dominance of pond cypress .  Monk (1968) 
pointed o u t  t h a t  bayheads i n  nor th-  
c e n t r a l  F l o r i d a  were dominated by sweet,  
r ed ,  and l o b l o l l y  bavs. 

g. Bottomland Hardwood Communities. 
The bottomland hardwood community occurs  
i n  t h e  f lood  p l a i n s  of major r i v e r  
systems and t h e i r  t r i b u t a r i e s .  Although 
some c reeks  and smal l  r i v e r s  of t h e  s tudy  
a r e a  may b e  n o n t i d a l ,  most of t h e  b o t t m -  
l and  hardwood communities of t h e  Sea I s l and  
e o a s t a l  Region a r e  a s s o c i a t e d  wi th  t i d a l  
r i v e r s  and a r e  discussed i n  t h e  s e c t i o n  on 
p a l u s t r i n e  t i d a l  f o r e s t e d  wetlands. 

h. Bald Cypress-Water Tupelo 
Communities. The ba ld  cypress  and water  
~p 

t upe lo  community is  a s s o c i a t e d  wi th  t h e  
deep s loughs  of r i v e r  f lood  p l a i n s ,  and 
is d i scussed  i n  t h e  s e c t i o n  on p a l u s t r i n e  
t i d a l  f o r e s t e d  wet lands .  

i. Succession. P ine  savannahs 
and pond cypress  savannahs a r e  f i r e -  
maintained communities t h a t  e x h i b i t  
cons ide rab le  seasona l  o r  monthly change 
( see  t h e  s e c t i o n  on p a l u s t r i n e  n o n t i d a l  
emergent wet lands) .  Pond cypress ,  swamp 
tupe lo ,  pond cypress-swamp tupe lo ,  
bottomland hardwood, b a l d  cypress-  
water  tupe lo ,  and o t h e r  deciduous 
communities a r e  cha rac te r i zed  by normal 
w i n t e r  - s p r i n g  - summer - f a l l  season- 
a l i t y  common i n  temperate zones. Ever- 
green shrub (pocosin) and bay f o r e s t  

cormsunities, on t h e  o t h e r  hand, a r e  
dominated by broad-leaved evergreens  and 
show l i t t l e  o r  no seasona l  f l u c t u a t i o n s  
i n  appearance (Wells 1932).  

The p i n e  savannah is thought t o  have 
a r i s e n  from t h e  c u t t i n g  of wet p ine  
savannahs (Wells 1942).  I f  annual  f i r e  
is p r e s e n t ,  t h e  community remains a t r e e -  
l e s s  savannah (p ine  seeds  a r e  dest royed 
by annual  f i r e ) ;  however, i f  f i r e  is 
excluded, t h e  evergreen shrub community 
( shor t  shrub phase) becomes dominant 
(Wells 1942. 1946).  I f  f i r e  is  absen t  
f o r  a longer  pe r iod  of t ime, t h e  t a l l  
shrub phase of t h e  evergreen shrub 
(pocosin) community dominates.  Ul t imately ,  
t h e  bay f o r e s t  community w i l l  dominate 
i f  f i r e  i s  n o t  p r e s e n t .  I f  t h e  t a l l  shrub 
phase of t h e  evergreen shrub community 
is burned, t h e  a r e a  r e v e r t s  t o  t h e  s h o r t  
shrub phase  ( a f t e r  sp rou t ing  t a k e s  p l a c e ) .  
A deep pea t  burn i n  t h e  s h o r t  shrub phase 
o f t e n  r e s u l t s  i n  pond cypress-swamp tupe lo  
community, which may g radua l ly  aggrade 
i n t o  a bay f o r e s t  (without f i r e )  o r  become 
a pond cypress  savannah (wi th  f i r e )  
(Penfound 1952) ( s e e  Fig .  5-14). 

I n  Carol ina  Bays, t h e  bay l a k e  i s  
g radua l ly  f i l l e d  i n  by encroachment of a 
pond cypress- is land community (Fig .  5- 
14) .  Pond cypress  co lon izes  b a r e  sand 
a long t h e  l a k e  edge dur ing l a t e  summer 
and e a r l y  f a l l ;  g r a d u a l l y ,  communities 
of shrubs  and smal l  t r e e s  ( e .g . ,  t iti ,  
zenobia,  sweet pepperbush, and r e d  
maple) e s t a b l i s h  themselves on t h e  
b u t t r e s s e d  bases  of t h e  cypresses  (Buel l  
1939).  A s  t h e  cypress  shrub f r i n g e  
encroaches upon t h e  l a k e ,  a mat o f  r o o t s  
is  extended i n t o  t h e  water  ( a  marsh zone 
is  n o t  p r e s e n t  a s  i n  n o r t h e r n  bog l a k e s ) .  
M a t e r i a l  is  washed from t h e  f r i n g e  and 
t h e  m a t  i n t o  t h e  l a k e  bottom, g radua l ly  
f i l l i n g  i t  i n .  A f t e r  t h e  l a k e  becomes 
p e a t - f i l l e d ,  t h e  pond cypress  is 
e l imina ted  by t h e  shor t en ing  of t h e  hydro- 
pe r iod ,  r e s u l t i n g  i n  t h e  dominance of 
t h e  evergreen shrub (pocosin) community 
(Fig. 5-14). Success ion i n  t h e  Caro l ina  
Bay evergreen shrub community proceeds 
s i m i l a r l y  t o  success ion  i n  a poor ly  
d ra ined  i n t e r s t r e a m  f l a t  ( see  Fig .  5-11). 

Monk (1968) viewed t h e  southern mixed 
hardwood (hydr ic )  community a s  t h e  climax 
i n  nor th -cen t ra l  F l o r i d a  wetland couununities. 
The bayhead community was preceded suc- 
c e s s i o n a l l y  by t h e  pond p i n e  phase  of what 
Monk termed t h e  "flatwood complex," o r  
by cypress  swamps. F igure  5-15 i l l u s t r a t e s  
Monk's success iona l  r e l a t i o n s h i p s .  
Succession i n  bottomland hardwood and 
ba ld  cypress-water t u p e l o  communities has  
been d i scussed  under p a l u s t r i n e  t i d a l  
f o r e s t e d  wet lands .  

Mitsch and Ewe1 (1976) po in ted  o u t  
t h a t  i n  pond cypress  ( cypress  domes) 
communities, t r e e  growth is  s lowest  i n  
s t i l l  s t and ing  water.  Flowing water  i n  
pond cypress  communities b r i n g s  i n  



BAY LAKE I LEGEND I 

POND CYPRESS RIM A 

7 e&kN POND CYPRESS SAVANNAH 

SHRUB ISLAND .Q 

EVERGREEN SHRUB (POCOSIM 
7 " f 

Short P h w  DEEP PEAT . . . . h p*ELo 

BAY FOREST 

Figure 5-14. Successional relationships in Carolina Bays. 
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Figure 5-15. Successional re la t ionsh ips  i n  the  southern mixed hardwoods complex (adapted from 
Monk 1968). 

n u t r i e n t s  and reduces competition from 
pines and hardwoods. They f u r t h e r  noted 
t h a t  cypress growth is f a s t e r  i n  drained 
cypress  domes, but  t h a t  p ines  and hard- 
woods eventual ly invade the  dome and 
e l imina te  t h e  cypresses. F ina l ly ,  
Mitsch and Ewe1 (1976) a s s e r t  t h a t  t h e  
f loodplain o r  r i v e r i n e  cypress  (bald 
cypress?) communities a r e  t h e  most pro- 
duc t ive  of a l l  cypress communities. 

Woodwell (1958) explained t h e  slow 
growth of pond pines and evergreen 
shrubs i n  pocosins and Carolina Bays by 
point ing out t h e  presence of g l i o t o x i n s  
i n  pea t .  These tox ins  i n h i b i t  mycorhizal 
fungi, thus slowing t r e e  growth. Further- 
more, t h e  high a c i d i t y  i n  peat  excludes 
most b a c t e r i a  t h a t  ca r ry  out  n i t r i f i c a -  
t ion .  Most n i t rogen  i n  pocosins is pro- 
bably atmospherically f ixed (Woodwell 
1958). 

The e f f e c t s  of c u t t i n g ,  f i r e ,  and 
o ther  dis turbances have been more care- 
f u l l y  s tudied i n  t h e  cypress domes of 
north-central  F lor ida  than i n  o ther  wet- 
land environments. Timber harvest ing and 
f i r e  o f ten  r e s u l t  i n  a community rever t -  
ing t o  an e a r l i e r  successional  s tage.  
This i s  e s p e c i a l l y  t r u e  i n  the  evergreen 

shrub (pocosin)-bay f o r e s t  sequence; 
i f  a bay f o r e s t  i s  burned, an evergreen 
shrub community follows. The drainage 
of p a l u s t r i n e  nont ida l  fo res ted  wetlands 
has become a common p r a c t i c e  i n  poorly 
drained in te rs t ream f l a t s ,  Carolina Bays, 
and pine savannahs. Acres of these 
wetland types have been di tched,  drained,  
and planted i n  s l a s h  and l o b l o l l y  pines.  
Large Carolina Bays have been di tched 
and diked and a r e  now being farmed 
(National Wetlands Inventory 1978). 

C.  INVERTEBRATES 

1. Zooplankton 

S tud les  of t h e  zooplankton of 
p a l u s t r i n e  h a b i t a t s  i n  t h e  Sea I s land  
Coastal  Region a r e  l imi ted  t o  t h e  work of 
Turner (1910). Zooplankton of p a l u s t r i n e  
t i d a l  h a b i t a t s  a r e  expected t o  c lose ly  
p a r a l l e l  t h a t  of t h e  r i v e r i n e  t i d a l  
h a b i t a t s .  (See the  s e c t i o n  on inverte-  
b r a t e s  of t h e  r i v e r i n e  ecosystem.) 
Riverine t i d a l  waters  flood i n t o  emergent 
and fores ted  wetland communities of 
p a l u s t r i n e  t i d a l  wetlands, d i s t r i b u t i n g  
zooplankton from one ecosystem t o  another. 
Zooplankton of nont ida l  p a l u s t r i n e  
h a b i t a t s  a r e  more c l o s e l y  r e l a t e d  t o  t h a t  



of lacustrine habitats. (See the section 
on invertebrates of the lacustrine eco- 
system.) 

Water pH greatly influences zoo- 
plankton communities. Separate faunas 
are found in acidic (as in lacustrine 
and palustrine nontidal habitats) and in 
alkaline (or basic) waters (as in riverine 
and palustrine tidal habitats). Zoo- 
plankton assemblages of temporary ponds 
are characterized by groups which have 
very short life cycles and often exhibit 
desiccation-resistant stages. Such 
species are generally successful in 
temporary water bodies until predators 
become established in them. For ex- 
ample, the fairy shrimp Streptocephalus 
seali is a very common inhabitant of 
drainage ditches and other temporary 
waters but is rarely found in the stable, 
predator-rich waters of other coastal 
habitats (Moore 1955). N. A. Chamberlain 
(1978, College of Charleston, Charleston, 
South Carolina, pers. corn.) has found 
this species in two ponds in the Francis 
Marion National Forest (Berkeley County, 
South Carolina), and Coker (1938) re- 
ported it from a ditch near Society 
Hill, South Carolina. The freshwater 
decapod shrimp Palaemonetes paludosus 
is common in coastal South Carolina 
(P. A. Sandifer, 1978, South Carolina 
Marine Resources Division, Charleston, 
pers. comm.) and Georgia (Wharton 1978). 
Although larval development in this shrimp 
is abbreviated, it still exhibits a 
meroplanktonic larval phase. Certain 
zooplanktonic copepods are associated with 
bogs, swamps, and temporarily flooded 
areas. Robertson (1972), in studies of 
Oklahoma calanoid copepods, found that 
the preferred habitat of Osphanticum 
laboronectum was swampy areas. He also 
reported Diaptomus salticulinus present 
in temporary ponds, and 2. saskatchewanensis 
present in swampy areas. Coker (1938) 
found Cyclops crassicaudi regularly ocurred 
in wagon ruts near Chapel Hill, North 
Carolina. Insect larvae are also present 
in palustrine zooplankton but will be 
treated below. 

Turner (1910) listed 4 species of 
calanoid copepods, 10 cyclopoids, 1 
harpacticoid, and 24 species of 
Cladocera from temporary and permanent 
ponds, ditches, and "holes fed by creeks" 
in the vicinity of Augusta, Georgia. 
While most Entomostraca were collected 
in submerged vegetation, many of these 
species would likely be planktonic on 
occasion. The copepod Cyclops serulatus 
and the cladoceran Simocephalus serrulatus 
vere the most widely distributed species 
in Turner's samples. No cladocera bear- 
ing "winter eggs" were found in these 
samples, even though temperatures were 
on occasion just above zero. 
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In the Sea Island Coastal Region, 
various insects of freshwater environ- 
ments have a number of comon life 
patterns and requirements, regardless of 
whether they are associated with palustrine, 
riverine, or lacustrine habitats. Much 
of the following introductory material, 
which holds true for all of these environs, 
is summarized from Pennak (1953), Borror 
and Delong (L964), and Gosner (1971). 
Table 5-16 summarizes orders of hydrophilic 
insects, their basic life history patterns, 
and whether any species of each order are 
associated with salt (marine or estuarine) 
or fresh (riverine, lacustrine, or 
palustrine) waters, or both. 

Eleven of the 30 to 35 orders of 
insects (depending upon the classification 
system followed) contain species that are 
partially or totally limnetic. Among the 
primitive insects that have no metamorphosis, 
Collembola (springtails) is the only 
order in which freshwater species occur. 
A few of these occur on the surface of 
ponds and pools. 

The Hemiptera (true bugs) is the 
only paurometabolous (gradual metamorphosis) 
order containing freshwater forms. In 
this group, metamorphosis is gradual 
and the series of immature forms (nymphs) 
resemble adults except in size, body 
proportions, and wing development. Many 
species of Hemiptera occur below the 
surface in both nymphal and adult stages, 
while others move about the surface film. 

The mayflies (~phemeroptera) , 
dragonflies and damselflies (~donata), 
and stoneflies (Plecoptera) are hemi- 
metabolous insects. The adults are 
terrestrial, but a series of aquatic 
nymphs (naiads) occurs, usually possessing 
accessory gills. 

The remaining six aquatic orders are 
holometabolous, with developmental stages 
consisting of the egg, active larva, 
acquiescent pupa, and adult. A few lace- 
wings (Neuroptera), moths and butterflies 
(Lepidoptera), numerous beetles 
   ole opt era), flies, mosquitoes, and 
midges (Diptera) , and all alderf lies, 
dobsonflies, and f ishf lies (~egaloptera) , 
and caddisflies (Trichoptera) have 
aquatic larvae. All caddisflies and many 
dipterans have aquatic pupae. A very 
few hymenopterans are egg parasites, 
entering water only long enough to find 
and ovideposit on eggs of their aquatic 
hosts. 

With fev exceptions, aquatic insects 
are found near shorelines, in shallov 
waters, and where an adequate supply of 
oxygen exists. Only a few dipterans are 



Table 5-16. S-ry of hydrophil ic  i n sec t  l i f e  h i s t o ry  pa t t e rn s  and hab i t a t  dis-  
t r i bu t i on  (adapted irom Gosner 1971). 

LIFE 
CLASS INSECTA c m  HAWE  FRESH^ - S ~ ~ I N E ~  HI STORY^ - 

Subclass Apterygota 

Order Collembola Sp r ing t a i l s  
Order Thysanura B r i s t l e  t a i l s  

Subclass Pterygota 

Order Plecoptera 
Order Odonata 
Order Ephemeroptera 
Order Hemiptera 
Order Frichoptera 
Order Megaloptera 
Order Neuroptera 
Order Lepidoptera 
Order Diptera 
Order Coleoptera 
Order Hymenoptera 

S tonef l ies  
Dragonflies 
Mayflies 
True bugs 
Caddisf l ies  
Alderf l i e s  
Lacarlags 
Bu t t e r f l i e s ,  moths 
F l i e s ,  mosquitoes 
Bee t l e s  
Wasps 

+ + 
shore l ines  

+ 
+ 
+ 
+ 
+ 
+ 
+ ' 

+ 
+ 
+ 

P a r a s i t i c  

a h e s h  - r i ve r i ne ,  l a cus t r i ne ,  o r  pa lu s t r i ne  waters and associated environs. 
b ~ a l i n e  - marine o r  e s t ua r i ne  waters and associated environs. 
cam = ametabolous; pa - paurometabolous; he - hemimetabolous; ho - holometabolous. 

cons is ten t ly  found i n  deeper lakes  and 
i n  waters possessing reduced oxygen 
supplies .  The free-moving plankton has 
evolved only i n  some of t h e  midge 
(Diptera) larvae.  The majori ty of in- 
s e c t s  aqua t ic  i n  t h e  adu l t  s t ane  a r e  
nektonic, a s  exemplified by th; water 
bee t l e s  (Coleoptera) o r  neustonic and 
pleustonic a s  exemplified by the  water 
s t r i d e r s  (Hemiptera). 

Hi l les tad  e t  a l .  (1975) provided 
a l i s t i n g  of  orders  and fami l ies  of 
i n s e c t s  from freshwater shrub marsh on 
Cumberland I s l a ~ d ,  Georgia (Table 5-17). 
Included i n  t h e i r  co l l e c t i ons  were re- 
p resen ta t ives  of t h e  i n sec t  o rders  
Orthoptera, Hemiptera, Hornoptera, 
Coleoptera, Diptera, and Rymenoptera. 
The Orthoptera were dominated by c r i cke t s  
(Gryll idae) ,  followed by short-horned 
grasshoppers (Acrididae), roaches 
(Blat t idae) ,  and long-horned grasshoppers 
(Tet t igoniidae)  . These were undoubtedly 
found i n  and around a e r i a l  por t ions  of 
emergent vegetat ion,  a s  these  i n sec t s  
a r e  not  aqua t ic  i n  any l i f e  s t age  
(Pennak 1953, Borror and Delong 1961). 
This would a l s o  be  t r u e  of t h e  homopteran 
leafhoppers (Cicadellidae) , froghoppers 
and sp i t t l ebugs  (Cercopidae), and the  
hemipteran aesass in  bugs (Reduviidae). 
Toad b*lgs (Hemiptera: Gelastocoridae) 
were a l so  present  and a r e  general ly 
associated with moist shores of ponds, 
marshes. and streams (Pennak 1953). 
The bee t l e s  (Coleoptera) were t h e  most 

d iverse  i n  numbers of fami l ies  (9). with 
t h e  ground bee t l e s  (Carabidae) being pre- 
dominant. Dipterans ( t r u e  f l i e s )  and 
hymenopteran8 (an ts  and sawfl ies)  were 
a l s o  comon. 

3. Benthic Inver tebra tes  

Commonly occurr ing benthic inver tebra tes  
of  pa lu s t r i ne  ecosystems include sponges, 
hydrozoans, tu rbe l la r ians ,  nematodes. 
r o t i f e r e ,  bryozoans, ol igochaetes ,  leeches,  
pelecypods, gastropods, ostracods,  harpact i-  
cold and cyclopoid copepods, isopods, 
amphipods, c rayf i sh ,  numerous l a r v a l  
i n sec t s ,  severa l  species  of adu l t  bugs and 
bee t l e s ,  and arachnids such a s  water mites  
and f i s h e r  spidere.  

Inver tebra tes  of temperate ponds under- 
go pronounced seasonal  pa t t e rn s  of a c t i v i t y  
and faunal  density. Act iv i ty  is m i n i m a l  
during t h e  winter ,  and t h e  fauna is variously 
adapted f o r  surv iva l  of cold water tempera- 
t u r e s .  Several types of " res t ing  stages" 
a r e  known, pa r t i cu l a r l y  in t h e  lover  inverte-  
b r a t e  phyla. ('.emPlules, cons is t ing  of a 
mass of  c e l l s  protected by a hard inner  
membrane and an outer  l ayer  of columnar 
sp icu les ,  a r e  formed by sponges during 
autumn. Certain hydroids and entoprocts  
l o se  t h e i r  hydranthe and calyces, respec- 
t i ve ly ,  during l a t e  autumn o r  winter and 
en t e r  a dormant s tage.  Species i n  a 
number of t a m ,  including t h e  Hydrozoa, 
Turbe l la r ia ,  and Rotifera,  produce "winter 
eggs" which survive t he  cold. Freshwater 
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bryozoans form dormant s t a t ob l a s t s ,  con- 
s i s t i n g  of a c e l l  mass covered by 
chi t inous valves. Produced i n  enormous 
numbers during summer and autumn, these 
s t a t o b l a s t s  provide an important means 
of d i spe r s a l  a s  well  a s  being t o l e r an t  of 
both low temperatures and desiccat ion.  
With t h e  r e tu rn  of favorable environmental 
condit ions,  each of these " res t ing  stages" 
opens and begins development. Other 
species ,  including some annel ids,  mollusks, 
and arthropods, burrow i n t o  t h e  sediments 
and hibernate.  A few, such a s  c e r t a i n  
oligochaetes, mollusks, i n sec t  l a rvae ,  
isopods, and amphipods, may remain a c t i v e  
a l l  winter. A s  temperatures r i s e  i n  l a t e  
winter and ea r l y  spring,  faunal  a c t i v i t y  
increases markedly and reproductive 
cycles  commence f o r  many species .  Insec ts  
such a s  mayflies, c add i s f l i e s ,  and dragon- 
f l i e s ,  which cons t i t u t e  an important p a r t  
of t he  pa lu s t r i ne  benthos a s  la rvae ,  
metamorphose i n t o  adu l t a  and leave t he  
water. I n  cont ras t ,  severa l  o ther  insec ts ,  
including water bugs (Notonectidae, 
Corixidae, Belostomatidae, Naucoridae) and 
water bee t l e s  (Halipl idae,  Dytiscidaa, 
Noteridae, Gyrinidae, Hydrophilidae), a r e  
common pond inhabi tan ts  a s  adul t s .  

Water l e v e l s  frequently drop i n  
pa lu s t r i ne  environments during summer, and 
some per iod ica l ly  dry up. Despite t h i s ,  
such ponds support a community of benthic 
inver tebra tes  made up of both temporary 
and permanent res idents .  Many temporary 
res idents  a r e  insec t  l a rvae  whose develop- 
ment is s u f f i c i e n t l y  rapid t o  ensure 
metamorphosis p r i o r  t o  t he  time when such 
ponds normally go dry. Permanent res idents  
e i t h e r  burrow i n  sediments and ae s t i va t e ,  
o r  survive a s  cy s t s  o r  o ther  s t age s  adapted 
t o  withstand drying. Species numbers a r e  
usual ly lower i n  these  hab i t a t s  than i n  
"permanent" ponds, and a r e  a l s o  reduced 
i n  ponds having low l eve l s  of dissolved 
o m e n .  Nevertheless, spec ies  adapted 
t o  such condit ions a r e  o f t en  present  i n  
l a rge  numbers. 

Among pa lu s t r i ne  a r ea s  of the  Sea 
I s land  Coastal  Region a r e  lakes  of un- 
c e r t a i n  o r i g in  known a s  "Carolina ~ a y s . "  
Most of these  have become f i l l e d  with 
depos i t s  o r  have been drained (Iiutchinson 
1957). but a few still cons t i t u t e  lakes. 
They a r e  typ ica l ly  shallow, usual ly 
a c id i c  (pH of 4 - 5) ,  and have bottoms 
of pea t  and sand (Yount 1966). Although 
product iv i ty  is low, t h e  f i s h  fauna i s  
of ten  q u i t e  extensive (Frey 1951). The 
benthic inver tebra tes  of severa l  Caroline 
Bays have been examined by R e y  (1948, 
1949). I n  Lake Waccamaw, North Carolina, 
an average dens i ty  of 579 organisms/m2 
was found. Of these,  t h e  most abundant 
taxa included molluskpl (208/m2), annel ids 
(179/m2), and i n s e c t s  (160/mZ). Fewer 
inver tebra tes  were found i n  t he  more 
ac id i c  lakes,  and mollusks i n  p a r t i c u l a r  
vere  more scarce.  

Dragonflies (Odgnata) and other  
inver tebra tes  of a 1-ha (2.5 acre)  
farm pond a t  t h e  Savannah River Plant  
near Mken, South Carolina, were s tudied 
by Cross (19551, Benke (1972, 19761, 
and Benke and Benke (1975). Benke (1976) 
observed a dens i ty  of 10,000 l a r v a l  
midges (Chironomidae) /m2 i n  Ekman grab 
samples taken from May t o  September. 
Biomass of l a r v a l  midges and mayflies 
( la rge ly  Caenis sp.) amounted t o  0.6 g/m2 
(dry weight),  o r  about two-thirds of t he  
t o t a l  macrobenthos other  than dragonfl ies .  
The remaining t h i r d  consisted mostly of 
bee t l e s  (Coleoptera) and ho r se f l i e s  and 
deer f l i e s  (Tabanidae), although 
cadd i s f l i e s  (Trichoptera) ,  b i t i n g  midges 
(Ceratopogonidae) , damself l ies  (Zygoptera) , 
predacious bugs (Hemiptera), and various 
microcrustaceans were a l s o  present .  Bio- 
mass of t h e  dominant l a r v a l  dragonfl ies  
(Ladona deplanata, Eiptheca spp., and 
Celithemis f a s c i a t a )  du r i  g May- s September was about 6 g/m , while t o t a l  
odonate biomass was estimated a t  8 g/m2. 
Such high predator-to-prey r a t i o s  were 
possible  because of high turnover r a t e s  
i n  prey populations. Suf f ic ien t  refuges 
were a l s o  believed by Benke (1976) t o  be 
responsible f o r  preventing t he  annihi la-  
t i o n  of prey populations. Since high 
populations of l a r v a l  dragonfl ies  have 
been observed elsewhere on the  Savannah 
River P lan t  and i n  a lagoon near Athens, 
Georgia, Benke and Benke (1975) suggested 
t h a t  they may be a predominant f e a tu r e  
of pond ecosystems i n  t he  Southeastern 
United S ta tes .  

The food chain i n  a managed f i s h  
pond i n  Georgia was included i n  Odum 
(1971) from Welch (1967). The number 
of food chains i n  such ponds i s  

' i n t en t i ona l l y  reduced t o  increase pro- 
duct ion of desired spec ies  of f i s h .  
Growth of vascular  p l an t s  is  discouraged 
and producers a r e  r e s t r i c t e d  t o  phyto- 
plankton, which a r e  preyed upon by zoo- 
planktonic crustaceans. Det r i tus  from 
plankton i s  fed on by benthic inver tebra tes .  
including la rge  numbers of l a r v a l  midges 
(chironomids), which a r e  food fo r  sunfish.  
Sunfish, i n  tu rn ,  a r e  preyed upon by 
bass, a des i rab le  game f i s h .  

The ecology and community s t r uc tu r e  
of benthic inver tebra tes  i n  pa lu s t r i ne  
ecosystems of t h e  Sea Is land Coastal 
Region have general ly been ignored and 
cons t i t u t e  a major da t a  gap. 

D. FISHES 

Few in-depth s t ud i e s  concerning 
freshwater f i s h e s  have been conducted i n  
t he  coas t a l  counties  of Georgia and South 
Carolina. Early faunal  r epo r t s  (Jordan 
1877, 1878, 1885, Welsh 1916, Fowler 
1935, 1945) have proved usefu l ,  but must 
be used with some caution due t o  possible  
mis ident i f ica t ions  and t he  uncertain 



taxonomic s t a t u s  of severa l  species  a t  
t ha t  time. Loyacano (1975) and Dahlberg 
and Scot t  (1971) provided much needed 
information on species  d i s t r i bu t i on  i n  
t h e i r  repor t s  on freshwater f i she s  of 
South Carolina and Georgia, respect ively.  
These works were primari ly based on a re- 
view of e a r l i e r  co l lec t ions  such a s  those 
a t  the  University of Georgia, Cornell 
University, and Tulane University. Inas- 
much a s  most of the ea r l y  co l l e c t i ons  were 
inland co l lec t ions ,  a s i gn i f i c an t  da ta  
gap e x i s t s  f o r  t h e  coas t a l  zone of Georgia 
and South Carolina. 

Recent freshwater f i s h e r i e s  research 
i n  the  Sea Is land Coastal Region has 
de a l t  pr imari ly with t he  commercially or  
recrea t iona l ly  important anadromous species  
(Vaughn 1967, Rees 1968, S t r ee t  1969* 
1970, White 1969, 1970, 1972, Wade 1971). 

Numerous other  unpublished, unsummarized 
pro jec t  r epo r t s  containing freshwater f i s h  
data a r e  ava i l ab l e  from each S ta te .  Fund- 
ing f o r  these  p ro j ec t s  came: from t h e  
Anadromous Commercial F isher ies  Act 89-304 
and D-J funds (~ in~e l l - . Johnson )  from 
the Federal Aid i n  Fish and Wild l i fe  
Restoration Acts. The Georgia r epo r t s  a r e  
ava i lab le  from the  Georgia Department of 
Natural Resources, Game and Fish Division, 
and t h e  South Carolina r epo r t s  a r e  avai l-  
ab le  from t h e  South Carolina Wi ld l i fe  
and Marine Resources Department, Division 
of Wildl ife  and Freshwater F isher ies .  
(See Directory of Information Sources f o r  
complete addresses.) 

Anderson (1964a, b) and Seehorn (1975) 
provide more recent  information on species  
abundance and d i s t r i b u t i o n  f o r  t he  
Combahee and Ashepoo r i v e r s  and t he  Santee 
and Cooper r i v e r s ,  respect ively.  Anderson 
based h i s  r epo r t s  so l e ly  on h i s  own 
col lect ions,  while  Seehorn's repor t  was 
divided evenly between ac tua l  co l lec t ions  
and review of reference co l lec t ions .  
Another source of d i s t r i bu t i ona l  information 
is the unpublished co l lec t ion  da t a  on in- 
cidental  catches made i n  conjunction with 
various programs conducted by t h e  Game 
and Freshwater F ish  Division of t h e  Georgia 
Department of Natural Resources and the  
South Carolina Wi ld l i fe  and Marine Resources 
Department (C. W. H a l l ,  1978, Georgia 
Department of Natural Resources, Richmond 
H i l l ,  pers. comm.; M. G. White, 1978, 
South Carolina Wi ld l i fe  and Marine Resources 
Department. Bonneau, pers .  comm.). 

Wharton (1978) provides an attempt a t  
c lassifying,  defining,  and describing t he  
natural  environments of Georgia. While 
th i s  work provides a comprehensive review 
of the composition of various ecosystems, 
it contains s i gn i f i c an t  da t a  gaps a s  f a r  
as d i s t r i bu t i on  and l i f e  h i s t o ry  of the  
ichthyofauna. Trcaphic and reproduction 
information is  provided on major species ,  
but the bas ic  species  d i s t r i bu t i on  infor-  
mation is taken from Dahlberg and Scot t  
(1971), which does no t  e f f ec t i ve ly  de l inea te  

339 

the  range of the  species  within a given 
watershed, This i s  a basic  da t a  gap 
i n  the  research of these .areas. 

Poole (1978) provides a l imi ted  
l i t e r a t u r e  and co l lec t ion  review of the 
f i she s  of t he  coas t a l  zone of South 
Carolina, and gives one of t he  f i r s t  
attempts a t  generat ing a checkl i s t  f o r  
coa s t a l  zone freshwater f i she s  i n  the 
S ta te .  Limited co l l e c t i on  da t a  a r e  pro- 
vided on most species .  This list should 
be viewed a s  an i n i t i a l  s t a r t  i n  achieving 
a comprehensive checkl i s t  of coas ta l  
freshwater f i shes .  

~ o r r o w ' s  (1972) attempt t o  quantify 
Georgia's w i l d l i f e  and ava i lab le  hab i t a t  
generated da ta  on aquat ic  acreage of 
impoundments and streams within t he  coas t a l  
p l a in ,  along with t h e  carrying capaci ty,  
dominant species  information, and harvest  
s t a t i s t i c s  f o r  t he  major species .  This 
information should be considered a general  
guidel ine and should be used with caut ion.  

Eleven r i v e r  drainages a r e  considered 
i n  t h i s  charac te r iza t ion  (Table 5-18). 
Many smaller drainages occur within the  
study a rea ,  but a l l  possess a s a l i n i t y  
>0.5O/oo during times of low flow; con- 
sequently, they a r e  discussed i n  t he  
es tuar ine  system. The Georgia drainages 
discussed i n  t h i s  sec t ion  a r e  t he  S t .  
Marys, S a t i l l a ,  Altamaha, Ogeechee, and 
Savannah. The South Carolina r i v e r  
systems considered here  a r e  the  Combahee, 
Ashepoo, Edisto,  Cooper ( including Lake 
Moultrie and t he  lower por t ion  of Lake 
Marion), Santee, and Pee Dee, which 
includes the  Black River. Ponds, im-  
poundments, and other  bodies of water 
within t h e  study a r ea  which dra in  i n t o  
each system a r e  included a s  p a r t  of t ha t  
system. 

The ichthyofaunal d i s t r i b u t i o n  among 
these  drainage systems is presented i n  
Table 5-18. The t ab l e  includes both 
documented species  and undocumented 
species ,  t .e. ,  species  which a r e  believed 
t o  be present ,  though no record is 
cur ren t ly  known. A t o t a l  of 104 spec ies  
of freshwater f i she s ,  represent ing 18  
famil ies ,  has been reported f o r  t he  11 
major watersheds of t h e  Sea I s land  Coastal 
Region (Table 5-18). Anadromous, 
catadromous, and predominantly marine 
species  which range i n t o  f r e sh  water, such 
a s  s t r i ped  bass, blueback herr ing,  American 
e e l ,  hogchoker, and At lan t ic  needlefish,  
were not included here a8  these spec ies  
a r e  discussed i n  t he  sec t ions  deal ing 
with t h e i r  primary habi ta t s .  

The observed species  d ive r s i t y  among 
these  systems may be more a r e f l e c t i on  of 
t h e  concentration of research towards some 
of the l a rge r  r i v e r s  - e.g., Altamaha, 
Ogeechee, Savannah, Edisto,  and Cooper - 
than a t r u e  ind ica t ion  of a c tua l  d ivers i ty .  
The Savannah River drainage shows t he  
higheat d ive r s i t y ,  with 75 documented species  
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and nine other  species of probable 
occurrence. 

Thirty-one species of f i shes  repred 
sent ing  11 fami l ies  a r e  common t o  a l l  
of t he  drainages i n  t he  coas ta l  zone of 
Georgia and South Carolina. Nine other  
species representing two addi t iona l  
fami l ies  a r e  l i s t e d  a s  probably occurring 
i n  each of these systems. n u s ,  approxi- 
mately 38% of the species noted f o r  t he  
study area a r e  found throughout it. 

Habitat u t i l i z a t i o n  f o r 8 2  f i s h  species 
belonging t o  16 fami l ies  found within the 
study area is given i n  Table 5-19. Each 
species is  refer red  t o  a s  being common, 
frequent, occasional, or  ra re .  When con- 
s ider ing  hab i t a t  d i s t r i bu t i on ,  i t  should 
be remembered t h a t  f i s h  a r e  extremely 
moti le  animals and a s  such may occur i n  
any hab i t a t  provided no na tura l  o r  
a r t i f i c i a l  b a r r i e r s  a r e  present  t o  pre- 
vent  movement. Thirteen species a r e  l i s t e d  
a s  frequent, occasional, or  r a r e ,  indicat-  
ing they a r e  not  abundant i n  any freshwater 
hab i t a t  of t h e  Sea Island Coastal Region. 
Sixteen species occur throughout the  
coas ta l  zone a s  common o r  frequent com- 
ponents of t he  ichthyofauna i n  a l l  major 
freshwater hab i t a t s .  

Food hab i t s  of f i s h e s  usually vary 
not  only with season but a l so  with changing 
habi ta t .  Holder (1973). i n  s tudies  i n  
the  Swannee River, Georgia, found t h a t  
d i e t  of t he  bowfin would change from pis- 
civorous during periods of low water when 
they were confined wi th in  t h e  main r i v e r  
and streams t o  a d i e t  cons is t ing  almost 
en t i r e ly  of c rayf i sh  during periods of high 
water when they foraged on the flood p l a in  
and i n  t h e  swamps. Wilbur (1969) s tudied 
the  redear  sunfish i n  two s imi la r  lakes  
i n  Florida.  He found tha t  while t he  over- 
a l l  types of food (gastropods, crustaceans, 
and aquat ic  i n sec t  larvae)  were similar .  
species composition varied s igni f icant ly .  
He s t a t ed  t ha t  seasonal changes i n  the  
redear sunfish 's  d i e t  were d i r ec t l y  re- 
l a t ed  t o  the  food organisms available.  
Bass and H i t t  (1974) arr ived a t  the  
s imi la r  conclusion t h a t  redbreast  sunfish 
tend t o  feed on any type food item of cor- 
r e c t  s i z e  t h a t  is present. 

Considering t he  v a r i a b i l i t y  of t he  
d i e t s  of f i shes ,  it would be erroneous 
t o  apply food habi t  s tud ies  conducted i n  
one a rea  t o  other  a reas  except i n  general 
terms. Food habi t s  of every f i s h  species 
i n  t he  various ecological  cornuni t ies  a r e  
potent ia l ly  d i f f e r en t ,  and spec i f i c  
s tudies  would be required fo r  each. 

Food hab i t s  of 37 species and/or 
genera of f i shes  which occur i n  the  Sea 
Island Coastal Regior, a r e  presented i n  
Table 5-20. This information is  primari ly 
drawn from s tudies  outside t he  study area 
and from unpublished observations. Trophic 
analysis  represents  a gap i n  the acology 

of coaetal  freshwater fiehee. The importance 
of zooplankton a s  a orimar;l b o d  during t he  
ea r ly  development of f i shes  is ahown An 
Table 5-20. Zooplankton is consumed by 
every species and i e  a major forage item of 
22 speciee and/or genera. Benthic inverte- 
bra tes  and ineecte a r e  u t i l i z e d  bY 35 
species and/or genera, and serve a s  a major 
item i n  the  d i e t  of 27 and 34 species and/ 
o r  genera, respect ively.  Fishes serve a s  
food t o  22 epecies and/or genera of f iehee  
and a c t  a s  a s i gn i f i can t  forage i t e m  t o  
14 of these. Organic d e t r i t u s ,  vascular 
p lan ts ,  and/or a lgae  a r e  found i n  t he  d i e t  
of 19 epeciee and/or genera and serve a s  a 
major forage t o  eeven of theae. Phyto- 
plankton is u t i l i z e d  by the  lowest number 
of f i shes ,  with only s i x  of the  speciee 
and/or genera regularly feeding on it. 

Ae with a l l  l i f e ,  there  e x i s t s  an  
i n t r i c a t e  web of i n t e r ac t i ons  between f i shes  
and other  l i f e  around them. Other than man, 
piecivorous b i r d s  a r e  probably the  dominant 
predators  on freshwater f i shes  i n  t he  
coas ta l  zone. Such forms a s  grebes, 
anhingas, loons, eg re t s ,  herons, gu l l s ,  
t e rns ,  eagles,  ospreys, and vul tures  a r e  
common f i s h  predators. Repti les  and 
amphibians such a s  al l igators ' ,  t u r t l e s ,  
water snakes, f rogs ,  and salamanders a l s o  
feed regular ly  on freshwater f i shes .  
AmDng the  mammals which consume f i s h  
(foxes, bobcats, raccoons, opossums, 
minks, and o t t e r s ) ,  t h e  o t t e r  u t i l i z e s  f i s h  
i n  its d i e t  t o  a higher degree than t h e  
r e s t .  Fish a l so  f i gu re  i n t o  t he  d i e t  of 
many aquat ic  inver tebra tes  such a s  t h e  
g ian t  waterbug, leeches,  and crayfish.  
Comprehensive s tudies  of these i n t e r ac t i ons  
within t he  study area do not e x i s t  and must 
be drawn from species accounts. 

1. Impoundments 

Most pa lu s t r i ne  impoundments i n  the 
Sea Island Coastal Region a r e  former 
r i c e  f i e l d s  with dikes i n  varying s tages  
of erosion,  allowing f r e e  exchange of 
water and ichthyofauna with t he  various 
o ther  subsystems such a s  pa lu s t r i ne  
emergent wetlands. The small port ion of 
former r i c e  f i e l d s  t h a t  have maintained 
dikes a r e  managed primari ly f o r  water- 
fowl. Shallow water impoundments managed 
fo r  waterfowl average 30 - 45 cm (12 - 18 
i n )  i n  depth and a r e  dry a t  varying 
i n t e rva l s ,  some annually, o thers  no more 
than once every 10 years  (R. J. Rhodes, 
1978, South Carolina Marine Resources 
Division, Charleston, pers .  corn.). 
Centrarchids a r e  by f a r  t h e  dominant f i s h  
family occurring here. Redfin and chain 
pickerel ,  bowfin, largemouth bass, carp,  
longnose gar ,  mosquitofish, golden shiner .  
bullheads, gizzard shad, and threadfin 
shad a r e  t he  most prominent species of 
t h i s  impoundment type (Table 5-19). 

The vas t  majori ty of f i s h  species in- 
habit ing pa lus t r ine  impoundments a r e  nes t  
building spawners. Carp, r ed f in  p ickere l ,  
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and longnose g a r  a r e  among t h e  few 
except ions .  The s u n f i s h  family  is  
e s p e c i a l l y  s u c c e s s f u l  i n  reproducing i n  
t h i s  h a b i t a t  and is  s u s c e p t i b l e  t o  over- 
populat ion (Swingle 1950, Lagler  1956).  
Most s p e c i e s  p r e f e r  t o  n e s t  n e a r  o r  among 
submerged v e g e t a t i o n  o r  o b s t r u c t i o n s ,  
though spawning w i l l  occur throughout 
t h e  h a b i t a t .  

During p e r i o d s  of drawdown i n  
former r i c e  f i e l d s ,  o r  dur ing  low water  
i n  smal l  impoundments, p i sc ivorous  b i r d s ,  
mammals, r e p t i l e s ,  and amphibians con- 
c e n t r a t e  i n  l a r g e  numbers around t h e s e  
c a n a l s  and pools .  Vu l tu res ,  foxes ,  bob- 
c a t s ,  and opossums r e g u l a r l y  f eed  on dead 
f i s h  washed ashore  dur ing  p e r i o d s  when 
die-off  occurs .  

2. Emergent Wetlands 

The shal low water  edges a long  r i v e r  
banks where v a r i o u s  a q u a t i c  p l a n t s  abound 
provide a  wide a r r a y  of n iches  and food 
organisms f o r  t h e  ichthyofauna u t i l i z i n g  
t h i s  a rea .  Because of t h e  d i v e r s i t y  of 
n i c h e s  and food p r e s e n t  i n  t h i s  community, 
coupled w i t h  t h e  immediate access  t o  t h e  
deep water  r i v e r i n e  h a b i t a t ,  t h i s  a r e a  has  
t h e  h i g h e s t  d i v e r s i t y  of f r e shwate r  f i s h e s  
common t o  t h e  c o a s t a l  zone ( s e e  Table  5- 
19) .  A t o t a l  of 52 of 82 genera  and/or  
s p e c i e s  l i s t e d  i n  Table  5-19 a r e  commonly 
found i n  t h i s  community, wi th  ano the r  14 
genera and/or  s p e c i e s  f r e q u e n t l y  occupy- 
ing  t h i s  a rea .  

Former r i c e f i e l d s  wi th  d i k e s  which 
a l low f r e e  exchange wi th  cont iguous 
r i v e r i n e  h a b i t a t  a r e  p r e s e n t  on most of t h e  
r i v e r  systems i n  t h e  Sea I s l a n d  Coas ta l  
Region. Some of t h e  b e s t  examples of 
t h e s e  can be  found on t h e  Cooper and 
Altamaha r i v e r s .  Th i s  h a b i t a t  has  ichthyo- 
fauna ve ry  s i m i l a r  t o  t h a t  of t h e  l a c u s t -  
r i n e  l i t t o r a l  environment, though i t  t ends  
t o  be somewhat r i c h e r  i n  s p e c i e s  d i v e r s i t y .  
Th i s  d i v e r s i t y  i s  l inked  i n  p a r t  t o  i ts  
in te rmed ia te  p o s i t i o n  between t h e  r i v e r i n e  
h a b i t a t  and t h e  p a l u s t r i n e  f o r e s t e d  wet- 
l ands  environment. Members o f  t h e  s u n f i s h ,  
c a t f i s h ,  and minnow f a m i l i e s ,  a long  w i t h  
g a r s ,  bowfins,  sucker s ,  and p i c k e r e l s  
dominate t h i s  h i g h l y  p roduc t ive  a r e a .  

Most of t h e  a v a i l a b l e  f i s h  informa- 
t i o n  of f r e shwate r  environments is  no t  
c l e a r l y  d i f f e r e n t i a t e d  by h a b i t a t .  Th i s  
is  e s p e c i a l l y  t r u e  f o r  emergent wet lands .  
Thus, wh i l e  Anderson (1964a) and Bayless  
(1968) p resen t  p h y s i c a l  d e c r i p t i o n s  of 
t h e i r  c o l l e c t i o n  s i t e s ,  most l i f e  h i s t o r y  
and r e l a t e d  s t u d i e s  re .  g., Buntz (1966),  
McSwain (1971),  Holder (19731, Bass 
and H i t t  (1974),  Sandow e t  a l .  (1974),  
and Germann e t  a l .  (1975)J provide l i t t l e  
informat ion a s  t o  s p e c i f i c  h a b i t a t  
d e s c r i p t i o n s  of c o l l e c t i o n  s i t e s .  For 
example, Sandow e t  a l .  (1974) d e f i n e  t h e  
c o l l e c t i o n  a r e a  f o r  r edbreas t  a s  'I. . . 
mainstream of t h e  S a t i l l a  River from 

r i v e r  mi le  206 n e a r  Pearson,  Georgia,  
downstream t o  r i v e r  mi le  52. . # "  Thus, 
t h e r e  i s  no way t o  know i f  a l l  of t h e  
specimens occurred w i t h i n  t h e  r i v e r i n e  
system o r  i f  most specimens a r e  taken 
from p a l u s t r i n e  emergent wet lands .  This  
problem r e s u l t s  from r e s e a r c h  being 
conducted on a  r i v e r  system b a s i s ,  r a t h e r  
than  on an e c o l o g i c a l  community b a s i s .  

Some of t h e  most f r e q u e n t l y  u t i l i z e d  
food organisms of f i s h e s  i n  t h i s  h a b i t a t  
a r e  i n s e c t s ,  i n s e c t  l a r v a e ,  c rus taceans ,  
and smal l  f i s h e s .  I n  F l o r i d a ,  Wilbur 
(1969) found i n s e c t s  and c rus taceans  pre- 
dominant i n  t h e  d i e t  of r e d e a r  s u n f i s h ,  a  
prominent s p e c i e s  of t h e  emergent wet- 
l ands .  Food h a b i t s  of S a t i l l a  River  
r e d b r e a s t  s u n f i s h  a r e  presented i n  Table 
5-21, and a r e  an  example of t h e  genera l  
d i e t  of s e v e r a l  s p e c i e s  of t h e  genus 
Lepomis, which dominates i n  t h i s  h a b i t a t .  
Chain p i c k e r e l ;  r e d f i n  p i c k e r e l ;  bowfin; 
largemuuth b a s s ;  longnose g a r ;  b l ack  
c rapp ie ;  wh i t e  c a t f i s h ;  yel low,  brown, 
and f l a t  bu l lheads ;  and channel  c a t f i s h  
r e p r e s e n t  t h e  dominant p r e d a t o r s  which 
r e g u l a r l y  fo rage  on smal l e r  f i s h e s  such 
a s  s h i n e r s ,  k i l l i f i s h ,  chubsuckers,  
sma l l  s u n f i s h e s ,  d a r t e r s ,  and t h e  brook 
s i l v e r s i d e .  These l a t t e r  f o r a g e  s p e c i e s ,  
i n  t u r n ,  f eed  h e a v i l y  on i n s e c t s  and 
i n s e c t  l a r v a e ,  zooplankton, and c r u s t a -  
ceans. The mosqui tof ish ,  which abounds 
i n  t h i s  h a b i t a t .  f eeds  a lmost  e n t i r e l y  
on mosquito l a r v a e  when they  a r e  a v a i l -  
a b l e .  The c a r p ,  which is common t o  
t h i s  a r e a ,  i s  t h e  most prominent he rb i -  
vore .  Many f i s h  s p e c i e s  such a s  whi t e  
b a s s ,  wh i t e  perch,  and f l a t h e a d  c a t f i s h ,  
a long  wi th  l a r g e  i n d i v i d u a l s  of largemouth 
b a s s ,  channel  c a t f i s h ,  b l u e  c a t f i s h ,  and 
ca rp ,  though no t  r e s i d i n g  i n  t h i s  shal low 
water  community, w i l l  r e g u l a r l y  u t i l i z e  
t h i s  a r e a  a s  a  f eed ing  ground. 

As Holder (1970) p o i n t s  ou t  f o r  a  
s i m i l a r  e c o l o g i c a l  community on t h e  
Suwannee River i n  Georgia,  t h i s  is  a  
s i g n i f i c a n t  spawning and nurse ry  ground 
p rov id ing  s t o c k  f o r  t h e  mainstream fauna.  
As is  t h e  c a s e  wi th  f i s h  i n  t h e  l a c u s t r i n e  
l i t t o r a l  environment,  f i s h e s  spawning i n  
t h i s  h a b i t a t  f a l l  i n t o  two primary 
c a t e g o r i e s ,  t h e  n e s t  b u i l d e r s  and t h e  
broadcast  spawners. (See t h e  d i scuss ion  
i n  t h e  l a c u s t r i n e  l i t t o r a l  subsystem on 
spawning p r a c t i c e s  f o r  t h e  d e s c r i p t i o n  of 
each spawning type. )  Bowfin, largemouth 
b a s s ,  r edea r  s u n f i s h ,  warmouth, b l u e g i l l ,  
f l i e r s ,  and t h e  v a r i o u s  bu l lheads  r e -  
p resen t  some of t h e  dominant n e s t i n g  
s p e c i e s  recognized a s  important  t o  man. 
Some of t h e  more prominent b roadcas t  
spawners u t i l i z i n g  t h i s  a r e a  a r e  t h e  
cha in  p i c k e r e l ,  r e d f i n  p i c k e r e l ,  longnose 
g a r ,  F l o r i d a  g a r ,  wh i t e  bass ,  and t h e  
g izza rd  and t h r e a d f i n  shads .  

The ichthyofauna p r e s e n t  i n  t h i s  
community i n t e r a c t s  wi th  a  wide a r r a y  of 
p reda to ry  r e p t i l e s  such a s  American 



Table 5-21. Relat ive occurrence of food items i n  stomachs of redbreast  sunf i sh  co l lec ted  from the  
S a t i l l a  and L i t t l e  S a t i l l a  r i v e r s ,  Georgia, 15 Ju ly  1971 - 5 January 1972 (adapted 
from Sandow e t  a l .  1974). 

I Food Item 

Frequency of occurrencea 
Number of Percentage of Stomachs 

Stomachs Containing Food 

Decapoda 14 8.00 
freshwater shrimp 
c rayf i sh  

Insec ta  
I sop te ra  
Orthop t e r a  
Odonata 
Hemiptera 
Coleoptera 
Tricoptera 
Diptera 
Hymenop t e r a  
Uniden t i f i ab le  

Osteichthyes 
Notropis sp. 
f i s h  s c a l e s  

Miscellaneous 
organic matter  & d e t r i t u s b  
sandb 

Stomachs containing food 
Empty stomachs 
Total number f i s h  examined 

a. Note t h a t  d a t a  r e f l e c t s  co-occurrences, i . e . ,  stomachs o f t e n  contained more than one food 
item. 

b. These a r e  considered t o  be consumed i n c i d e n t a l  t o  normal feeding. 

a l l i g a t o r s ,  common snapping t u r t l e s ,  and 
cottonmouths; amphibians such a s  t h e  bul l -  
f rog  and northern and southern leopard 
frogs;  and mammals such a s  fox, bobcat, 
opossum, raccoon, mink, and r i v e r  o t t e r .  
The r e p t i l e s  and amphibians, along with 
mink and o t t e r ,  a c t i v e l y  seek out  f i s h  
a s  prey. while t h e  opossum, fox, bobcat,  
and t o  a l e s s e r  extent  raccoons, feed 
primari ly  on dead f i s h  t h a t  wash ashore. 
Piscivorous b i r d s  ( g u l l s ,  t e r n s ,  e g r e t s ,  
herons, anhingas, k ingf i shers ,  ospreys, 
and bald eag les ) ,  however, a r e  t h e  pr i-  
mary predators  of t h i s  community. 

3. Forested Wetlands 
i 

Forested wetland communities of t h e  
p a l u s t r i n e  system account f o r  a s i g n i f i c a n t  
proport ion of t h e  freshwater  h a b i t a t  with- 
i n  t h e  c o a s t a l  zone of South Carolina and 

Georgia. Two of t h e  more prominent and 
b e s t  known f e a t u r e s  of t h i s  community a r e  
t h e  cypress-tupelo swamps (which occur 
along a l l  11 drainage systems discussed 
here in) ,  and t h e  Carolina Bays which a r e  
s c a t t e r e d  throughout t h e  c o a s t a l  zone 
of both S t a t e s .  Wharton (1978) provides 
t h e  b e s t  a v a i l a b l e  information on these 
a r e a s ,  though t h e  ecosystem breakdown 
v a r i e s  considerably from t h a t  used i n  t h i s  
study. 

This community i s  commonly u t i l i z e d  
by over ha l f  of t h e  82 genera and/or 
spec ies  of f i s h e s  l i s t e d  i n  Table 5-19, 
with an a d d i t i o n a l  24 genera and/or 
spec ies  frequent ly u t i l i z i n g  t h e  a rea ,  
ind ica t ing  a wide d i v e r s i t y  of f i s h e s .  

This community, although inadequately 
s tud ied ,  has  received more a t t e n t i o n  than 



most of t h e  freshwater communities i n  
t he  coas t a l  zone. This has probably re- 
su l ted  from the  i n t r i gue  held f o r  one area 
of t h i s  community, the cypress swamp. 
The primary work conducted i n  t h i s  a rea  
has been inventory o r  survey type work 
by Anderson (1964a). Bayless (1968). 
and Seehorn (1975). Wharton (1978) gives 
information on some of t he  major species  
inhabit ing t h i s  a rea .  Segments of s t ud i e s  
conducted i n  other  a reas  which a r e  s imi la r  
t o  t h i s  a rea  can be applied.  Such s t ud i e s  
conducted on the  lower Suwannee River, 
a r e  espec ia l ly  useful .  Holder (19731, 
Sandow e t  a l .  (1974), Germann e t  a l .  
(1975). and Coomer e t  a l .  (1978) pro- 
vide s t ud i e s  deal ing with various l i f e  
h i s t o ry  f ace t s  of redbreast  sunfish,  
warmouth, bovfin, and spotted sucker. 

Bayless (1968), i n  h i s  survey of t he  
Edisto River, col lected 30 species  of 
f i she s  i n  one rotenone sample of a 0.4 
a c r e  a rea  (0.2 ha) i n  Timothy Swamp 
(Berkeley County, South ~ a r o l i n a )  (Table 
5-22). A t o t a l  of 585 specimens, 
weighing i n  excess of 41.5 l b  (19 kg), was 
co l lec ted ,  ind ica t ing  a wide d ive r s i t y  
i n  t he  ichthyofauna and the  preference of 
smaller sunfish species  f o r  t h i s  hab i ta t .  
The largemouth bass,  redbreast  sunfish,  
warmouth, bowfin, and r ed f in  p ickere l  
represent  the more abundant predators  
occurring i n  t h i s  community (Table 5-19). 
This hab i t a t  i n  t he  Edisto River has v i r -  
t u a l l y  become synonymous with recrea t iona l  
angling f o r  redbreast  sunfish,  spot ted 
sunfish,  d o l l a r  sunfish,  and t he  f l i e r .  
Forage f i s h  commonly found i n  t h i s  hab i t a t  
include the  dusky sh iner ,  i roncolor  
sh iner ,  golden sh iner ,  and creek chub- 
sucker, along with t he  smaller  species  
of sunf i sh  (Table 5-19). 

Fishes res id ing  i n  forested wetland 
hab i t a t s  feed primari ly on insec ts ,  in- 
s e c t  l a rvae ,  crustaceans,  o r  o ther  
f i shes .  Holder (1971) found t h a t  bowfin 
i n  the  Suwannee River switched from a 
heavily piscivoroub r i ve r i ne  d i e t  t o  a 
crustacean (p r i nc ipa l l y  c rayf i sh)  d i e t  
during times of f loodplain inundation. 
Warmouth co l lec ted  i n  the  Okefenokee 
Swamp were found t o  feed pr inc ipa l ly  
on crustacea (primari ly c rayf i sh)  and 
i n sec t s  (odonata being the  most abundant 
order) (Holder 1971). Sandow e t  a l .  
(1974) found t ha t  i n sec t s  comprised 60% 
of the  d i e t  of redbreast  sunfish i n  the  
S a t i l l a  River. Crustacea and i n sec t s  
play an equal ly important r o l e  i n  the  
d i e t s  of smaller  f i she s  such a s  sh iners ,  
creek chubsucker, brook s i l ve r s i de ,  and 
the pygmy sunfishes.  During times of 
flooding, food organisms of t e r r e s t r i a l  
o r i g in  were found t o  play an increasingly 
important r o l e  i n  the  d i e t s  of these  
f i she s  (Woodall e t  a l .  1975). Although 
f i she s  do not  play a s i gn i f i c an t  r o l e  
i n  t he  d i e t s  of warmouth and redbreas t ,  
they a r e  a major item i n  t he  d i e t s  of 
largemouth bass and r ed f in  pickerel .  

Forested swampland8 sene ks a major 
@pawning and nursery ground f o r  a s i g d f i -  
cant  propoflion of t h e  f i she s  inhabat ing 
each r i v e r ,  Holder (1970) and Wyatt and 

-Holder (1969) i den t i f i ed  such an  area 
on the Suwannee River a s  a prime spawning 
and nursery area.  The majori ty of spawning 
a c t i v i t y  t h a t  occurs here is car r ied  ou t  
i n  n e s t s  ( see  l a cus t r i ne  l i t t o r a l  aub- 
system) by such species  a s  the  bowfin. 
members of t he  sunfish family, ewampfish, 
and t he  p i r a t e  perch. Most nes t ing  
a c t i v i t y  begins i n  ear ly  spring and 
continues through the  end of summer, with 
decreasing amplitude from l a t e  June. 
Many nes t ing  species  such a s  largemouth 
bass, redbreast  sunfish,  and bowfin con- 
s t r u c t  t h e i r  ne s t s  near o r  among submerged 
obstruct ions,  while bullheads and madtome 
prefer  submerged objec ts  l i k e  logs  and 
stumps. 

The ichthyofauna of t h i s  a rea  pro- 
bably 'has a higher i n t e r ac t i on  l e v e l  v i t h  
mammal s ,  r e p t i l e s ,  and aaphibians than 
most of the  o ther  communities. Such 
animals a s  o t t e r s ,mccoous .  water snakes, 
a l l i g a t o r s ,  snapping t u r t l e s ,  s.irens, 
and bul l f rogs  ac t i ve ly  feed,  t o  varyi- 
degrees, on f i she s  i n  t he  a rea .  Herons, 
egre t s ,  i b i s e s ,  b i t t e r n s ,  anhingas, and 
k ingf i shers  a r e  the  dominant piscivoroue 
b i rd s  u t i l i z i n g  t h e  a rea .  

E. AMPHIBIANS AND REPTILES 

1. Tidal  Impoundment6 

Because of t h e i r  jux tapos i t ion  t o  
r i v e r i n e  systems, he rp t i l e s  inhabi t ing  
freshwater t i d a l  impoundments do not  
d i f f e r  subs t an t i a l l y  from those of t he  
r i v e r  i t s e l f .  Combinations of abundant 
food, d iverse  aqua t ic  vegetat ion,  re- 
s t r i c t e d  water flow, and proximity of 
dry land i n  impoundments, however, tend 
t o  c r ea t e  an ecotonal e f f e c t .  Thus, 
c e r t a i n  spec ies  such a s  grea te r  s i rens ,  
dwarf waterdogs, and two-toed amphiumas 
f ind  t h i s  hab i t a t  more favorable than t h e  
adjacent  r i v e r .  These aquat ic  amphibians 
a r e  general ly found among sub t i da l  
vegetat ion,  bottom debr i s ,  o r  r oo t s  of 
f l oa t i ng  aqua t ics  (Conant 1975, Harrison 
1978). Food items of amphiurnas and 

i r e n s  include crustaceans,  mollusks, 
sf,, i n s ec t s ,  small f i s h ,  e t c .  (.Conant 

J). Freshwater impoundments a l so  
.rovide good hab i t a t  f o r  t he  aqua t ic  
;ainbow snake and eas te rn  mud snake, which 
feed primari ly on the  American e e l  and 
ee l - l i ke  salamanders, respec t ive ly  
(Conant 1975, Wharton 1978). 

Several species  of t u r t l e s  exhib i t  
r e l a t i ve ly  generalized requirements f o r  
aquat ic  hab i t a t s  and a r e  found regular ly  
i n  impoundment communities. Such spec ies  
include the  common snapping t u r t l e ,  
eastern mud t u r t l e ,  and s t inkpots  (Conant 
1975). These species  a r e  nocturnal and 
seldom bask (J. R. Harrison, 1978, College 



Table 5-22. Fishes taken i n  a rotenone c o l l e c t i o n  from a 0.4 a c r e  a rea  i n  Timothy Swamp, Berkeley 
County, South Carolina (Bayless 1968). 

Length Class  Total  W t .  
< 4 inchesa 4-6 inches > 6 inches (pounds)b 

Tadpole madtom 40 3 0 0.1 
Largemouth bass  1 1 12 10.5 
Chain p ickere l  6 0 17 3.5 
Redfin p ickere l  4 0 12 1.5 
Warmouth 4 6 24 8.5 
Spotted sunf i sh  1 1 3  3 2.5 
Redbreast sunf i sh  9 0 10 3.1 
Dollar sunf i sh  3 0 0 Trace 
Bluespotted sunf i sh  18 0 0 Trace 
Banded sunf i sh  4 0 0 Trace 
Banded pygmy sunf i sh  71 0 0 Trace 
Mud sunf i sh  1 0 2 0.2 

0 1 0 0.1 
Pumpkinseed 0 1 0 Trace 
Creek cnubsucker 3 0 20 8.3 
Longnose gar  0 0 2 0.1 
Brook s i l v e r s i d e  3 0 0 Trace 

0 0 1 0.4 
Brown bullhead 1 0 6 1.2 
Golden sh iner  1 1 2 0.1 
Moequitofish 4 0 0 Trace 
P i r a t e  perch 102 0 0 0.3 

19 0 0 Trace 
Ironcolor  sh iner  30 0 0 Trace 
Dusky sh iner  104 0 0 0.1 
Eastern mudminnow 2 0 0 Trace 
Swallowtail sh iner  8 0 0 Trace 
American e e l  Present  
Pinewoods sh iner  6 0 0 Trace 
Piedmont d a r t e r  1 0 0 Trace 

a. l i n = 2 . 5 4 c m  
b. 1 l b  = 453.59 g 

of Charleston, Charleston, South Carolina, f l o a t i n g  (alligator-weed), and f loa t ing-  
pers. comm.). The s t r i p e d  mud t u r t l e  is  leaved p l a n t s  (water- l i ly ,  f l o a t i n g  h e a r t ) .  
found i n  extreme southern Georgia and would (See t h e  s e c t i o n  on p a l u s t r i n e  t i d a l  
probably i n h a b i t  impoundments found within impoundments f o r  a d d i t i o n a l  vegetat ion 
i ts range. Other t u r t l e s  which occupy im-  information.) These p l a n t s  o f t e n  occur 
poundments include Florida coo te rs ,  yellow- i n  dense s tands  o r  mats and, i f  not  too 
be l ly  s l i d e r s ,  eas te rn  chicken t u r t l e s ,  expansive, improve the  h a b i t a t  f o r  many 
Florida s o f t s h e l l s ,  and Gulf Coast spiny f rogs  and water snakes. Hylids occurring 
s o f t a h e l l s  (Conant 1975, Mount 1975, Gibbons among emergent o r  f l o a t i n g  vegetat ion i n  
1978). Young Florida coo te rs  a r e  omnivorous, p a l u s t r i n e  impoundments throughout t h e  
whereas the  young of yellowbelly s l i d e r s  Sea I s land  Coastal Region include southern 
a r e  pr imari ly  carnivorous; a d u l t s  of both c r i c k e t  f rogs ,  Cope's gray t ree f rogs ,  
spec ies  a r e  herbivorous. Eastern chicken green t ree f rogs ,  and s q u i r r e l  t ree f rogs  
t u r t l e s ,  Flor ida s o f t s h e l l s ,  and Gulf (Conant 1975, Harrison 1978). The Florida 
Coast spiny s o f t s h e l l s  a r e  carnivorous c r i c k e t  f rog  is found throughout peninsular  
(Mount 1975). Tur t les  l a y  eggs above t h e  Florida and along t h e  immediate Georgia 
normal high-water l i n e ,  with t h e  emydids coas t  north t o  t h e  Savannah River, while 
and t r ioncychids p r e f e r r i n g  sandy, f r i a b l e  t h e  southern c r i c k e t  f rog  is found through- 
s o i l ,  while k inos te rn ids  a e l e c t  s o i l  of out most of t h e  remaining c o a s t a l  p l a i n  of 
high organic content  f o r  nes t ing  s i t e s  Georgia and a l l  of t h a t  of South Carolina 
(Mount 1975). Levees provide nes t ing  sub- ( see  Conant 1975 f o r  d i s t r i b u t i o n ) .  In  t h e  

Savannah National Wi ld l i fe  Refuge, the  
northern c r i c k e t  f rog  has invaded old r i c e  

Aquatic vegetat ion i n  impoundments is  f i e l d s  along t h e  Savannah River (J. R. 
r e l a t i v e l y  abundant with many emergent Harrison, 1978, College of Charleston, 
(pickerelweed, arrowhead, c a t - t a i l ,  cu tgrass ) ,  Charleston, South Carolina, pers .  comm.). 
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This spec ies  is considered r a r e  i n  the  
coas ta l  zone (Harrison 1978). 

Float ing vegetat ion and levees  pro- 
v ide  temporary h a b i t a t  f o r  ran id  frogs.  
Common i n h a b i t a n t s  include bul l frogs.  p i g  
frogs,  bronze frogs,  and southern leopard 
frogs.  Present ly within the  Sea Is land 
Coastal  Region, p a l u s t r i n e  impoundments 
a r e  perhaps the most i d e a l  h a b i t a t  f o r  
p ig  frogs.  It is  i n  t h i s  h a b i t a t  t h a t  
they a r e  most abundant, and -lea can be 
heard c a l l i n g  among f l o a t i n g  and herbaceous 
emergent vegetat ion day and n igh t  during 
spr ing  and summer (Wright and Wright 1949). 

The c l o s e  proximity of dry land, water. 
abundant vegetat ion,  and food cont r ibu te  
t o  make p a l u s t r i n e  impoundments prime 
h a b i t a t  f o r  aqua t ic  serpents .  Redbelly 
water snakes, banded water snakes, brown 
water snakes, and cottonmouths a r e  common 
o r  even l o c a l l y  abundant (Conant 1975, 
Gibbons 1978). Float ing vegetat ion near  
levees a l s o  provides good h a b i t a t  f o r  
rough green snakes and eas te rn  ribbon 
snakes (Conant 1975). The green anole 
i s  abundant among vegetat ion near aqua t ic  
environments (Gibbons 1978) and would not  
be unexpected among emergent aqua t ics  i n  
impoundments. Species  uncommon o r  r a r e  
i n  impoundments a r e  general ly  uncommon 
o r  r a r e  throughout t h e  c o a s t a l  zone. 
These spec ies  include the  F lor ida  green 
water snake, glossy c r a y f i s h  snake, and 
t h e  Carolina and nor th  F lor ida  swamp 
snakes (Martof 1956, Conant 1975, Gibbons 
1978). I n  extreme southeastern Georgia, 
adjacent  t o  F lor ida ,  t h e  s t r i p e d  c r a y f i s h  
snake is found i n  impoundment-type h a b i t a t s ,  
a l b e i t  uncommonly (Martof 1956, Conant 
1975). 

The a r e a  immediately nor th  and south 
of t h e  Savannah River is  a t r a n s i t i o n  zone 
f o r  s e v e r a l  subspecies  of h e r p t i l e s  common 
t o  p a l u s t r i n e  impoundments. I n  add i t ion  
t o  t h e  southern c r i c k e t  f rogs  a l ready  
mentioned, subspecies of ribbon snakes, 
swamp snakes, and cottonmouths d i f f e r  
between most of c o a s t a l  Georgia and most 
of c o a s t a l  South Carolina. The peninsula  
r ibbon snake, nor th  F lor ida  swamp snake, 
and F lor ida  cottonmouth inhabi t  most of 
c o a s t a l  Georgia, whereas t h e  e a s t e r n  
r ibbon snake, Carolina swamp snake, and 
e a s t e r n  cottonmouth inhabi t  most of 
c o a s t a l  South Carol ina (Conant 1975). 

2. T ida l  Emergent Wetlands 

During times of high t i d e ,  t h i n  
h a b i t a t  may be occupied by any spec tes  of 
herpetofauna i n  t h e  adjacent  r i v e r .  The 
emergent por t ions  of c a t - t a i l s ,  pickerel-  
weeds, arrowheads, and s i m i l a r  aqua t ic  
vegetat ion a r e  inhabi ted by severa l  hy l id  
f rogs ,  including southern c r i c k e t  f roge,  
green t ree f rogs ,  and s q u i r r e l  t reefroge.  
Although these  f rogs  a r e  seldom seen 
un less  purposely sought, t h e i r  presence 
and numbers a r e  revealed by t h e i r  mating 

c a l l s  during the  breeding season. These 
c a l l s  a r e  o f t e n  t h e  major component of 
n igh t  sounds heard along r i v e r s  i n  spring 
and summer. 

More conspicuous, v i s u a l l y ,  a r e  the  
t r u e  f rogs  (Ranidae) which a r e  general ly  
l a r g e r  and l e s s  s e c r e t i v e  than the hy l ids .  
Several  spec ies  a t t a i n  a s i z e  t o  meri t  
commerical importance f o r  human food 
and research.  The bu l l f rog  and p i g  frog 
a r e  t h e  most common l a r g e  ranids.  Both 
spec ies  a r e  nocturnal  and feed on most 
moti le  animals of swallowable s i z e .  Diets  
of bu l l f rogs  a r e  known t o  include o ther  
frogs,  b i rds ,  snakes, t u r t l e s ,  and mice 
(Mount 1975). Other ran id  represen ta t ives  
which a r e  l o c a l l y  common i n  t h i s  h a b i t a t  
include bronze f rogs  and southern leopard 
f rogs  (Conant 1975, Mount 1975, Harrison 
1978). I n  c o a s t a l  South Carol ina,  t h e  
p ickere l  f rog  i n h a b i t s  grassy a r e a s  along 
r i v e r  o r  stream banks, but i t  is  con- 
s idered  r a r e  (Harrison 1978). It has 
not  been reported from c o a s t a l  Georgia 
(Martof 1956). 

Water snakes and s e v e r a l  aqua t ic  
t u r t l e s  (pr imari ly  of t h e  genus Chrysemys) 
u t i l i z e  emergent p a l u s t r i n e  wetlands a s  
feeding s i t e s .  Many snakes seek prey 
spec ies  including f r o g s ,  amphiurnas, o r  
small  f i s h  among herbaceous vegetat ion.  
The ribbon snake and rough green snake 
a r e  semiaquatic spec ies  frequent ing 
vegetated edges of r i v e r s  and streams 
(Mount 1975). 

3. T ida l  Forested Wetlands 

A considerable  number of herpetofaunal  
spec ies  endemic t o  t h e  c o a s t a l  p l a i n  a r e  
found i n  f lood p l a i n  f o r e s t s ;  however, few 
a r e  r e s t r i c t e d  t o  t h i s  h a b i t a t .  Aquatic 
salamanders inhabi t ing  backwaters, 
sloughs, o r  shallow ponds throughout t h e  
Sea Is land Coastal Region inc lude  t h e  ee l -  
l i k e  g r e a t e r  s i r e n ,  two-toed a m p h i m ,  
broken-striped newt, and c e n t r a l  newt 
(Martof 1956, Harrison 1978, Wharton 1978). 
These spec ies  range i n  abundance from un- 
common t o  l o c a l l y  common throughout most 
o f  t h e  Sea Is land Coastal  Region. A number 
of ambystomid and plethodontid salamanders 
a r e  common o r  even abundant i n  f loodpla in  
f o r e s t s .  Spotted, marbled, Mabee's, mole, 
southern dusky, southern two-lined, dwarf, 
and slimy salamanders a r e  commonly found 
under decaying logs ,  among damp f o r e s t  
debr i s ,  o r  near margins of aqua t ic  a r e a s  
(Martof 1956, Conant 1975). The mud 
salamander is  found uncommonly i n  c o a s t a l  
Georgia and South Carolina and t y p i c a l l y  
i n h a b i t s  seepage s lopes  o r  spr ings  i n  hard- 
woods (Martof 1956, Harr ison 1978). 
Another spec ies  considered uncommon i n  
c o a s t a l  South Carolina is  t h e  three-lined 
salamander. This  spec ies  is an a s s o c i a t e  
of t h e  more common two-lined salamander 
and is found i n  r i v e r  swamps, stream 
margins, seepage s lopes,  and spr ings ,  
p a r t i c u l a r l y  i n  a reas  near limestone outcrops 



(Harrison 1978). Martof (1956) did not 
report this species as occurring in the 
lower coastal plain of Georgia. Terres- 
trial eft stages of broken-striped, central, 
and striped newts are also found near 
aquatic areas in floodplain forests 
(Conant 1975). 

A number of anuran species are common 
in this habitat. Southern toads are 
ubiquitous throughout the coastal plain 
of both States (Martof 1956, Harrison 
1978), and the eastern narrowmouth toad 
is associated with a wide variety of 
aquatic situations (Martof 1956, Conant 
1975, Harrison 1978). Among swamps or 
floodplain forests near water, the 
following hylid species are commonly 
found in the Sea Island Coastal Region: 
southern cricket frog, Cope's gray tree- 
frog, green treefrog, barking treefrog, 
and squirrel treefrog (Martof 1956, Conant 
1975, Harrison 1978). Other inhabitants 
whose distribution is limited within the 
study area include the northern cricket 
frog, upland chorus frog, Brimley's 
chorus frog, and the eastern bird-voiced 
treefrog. Northern cricket frogs are 
rare in coastal South Carolina and are 
restricted to cool, moist ravines along 
major rivers (Harrison 1978) (see Chapter 
Six, Upland Ecosystem). Coastal popula- 
tions of northern cricket frogs may be a 
relict from the last glacial period 
(Harrison 1970). Upland chorus frogs are 
typical of the Piedmont province, but 
disjunct populations occur in coastal 
South Carolina. Schwartz (1957) re- 
corded this species in the counties of 
Berkeley, Charleston, and Dorchester. 
Neither the northern cricket frog nor 
the upland chorus frog has been reported 
from the coastal region of Georgia. 

The eastern bird-voiced treefrog is 
common in its range, but it is restricted 
to river swamps along the Savannah River 
drainage in Georgia and South Carolina 
(Conant 1975, Harrison 1978). Brimley's 
chorus frog inhabits low, wet hardwood 
forests and river swamps throughout 
coastal South Carolina and a armall area 
of coastal Georgia adjacent to the 
Savannah River (Martof 1956, Conant 1975, 
FIarrison 1978). Because of their ambulant 
nature and often changing environmental 
conditions (rain, drought, day, night, 
etc.), hylid frogs occur in a number of 
mlcrohabitats, but they are usually 
found near water or humid situations. 
During day or in times of drought, they 
seek moist places such as under boards, 
logs, bark of standing dead trees, 
shallow edges of ponds, etc. 

Bullfrogs, bronze forgs, river frogs, 
and southern leopard frogs are the most 
common ranids in forested flood plains in 
coastal Georgia and South Carolina 
(Martof 1956, Conant 1975, Barrison 1978). 
These species are more aquatic than molt 
hylids, and frequently are found along 
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banks or vegetated areas of swamps, wet 
areas, or oxbow lakes. The southern 
leopard frog is the most terrestrial of 
the group and, during summer, can be 
found considerable distances from water 
(Conant 1975). Swamp stream banks are 
favorite environs of the river frog 
(Wharton 1978). 

Several turtles common to floodplain 
forests exhibit relatively generalized 
habitat preferences and occur in a 
variety of aquatic environments such as 
small sloughs, streams, back-water areas, 
and swamps. The common snapping turtle, 
eastern mud turtle, stinkpot, Florida 
cooter, yellowbelly slider, and eastern 
chicken turtle are considered common or 
locally common throughout the Sea Island 
Coastal Region of Georgia and South 
Carolina (Martof 1956, Schwartz 1956, 
Conant 1975, Gibbons 1978). In larger 
and deeper bodies of water (oxbows and 
back waters, for example), Florida 
softshells and Gulf coast spiny softshells 
may also be found. The rare spotted 
turtle is more frequently associated with 
small streams and branch swamps than large 
river flood plains (Wharton 1978). The 
distribution of softshells and the spotted 
turtle in the stqdy area is restricted; 
Conant (1975) provides a range map for 
each. 

Almost any freshwater turtle may be 
occasionally encountered in terrestrial 
situations in floodplain forests, parti- 
cularly near standing water, oxbow lakes, 
or rivers. Some species are more fre- 
quently encountered than others (Gibbons 
1978), but all are considered transients. 
The only species encountered commonly and 
considered terrestrial is the eastern 
box turtle, which is partial to more 
mesic hardwood forests (J. R. Harrison, 
1978, College of Charleston, Charleston, 
South Carolina, pers. connn.). (See 
also Chapter Six, Upland Ecosystem.) 

Snake species generally restricted 
to dry, sandy areas are the only species 
which would be unexpected in floodplain 
forest environments. Most other species 
indigenous to coastal Georgia or South 
Carolina occur in this habitat at least 
occasionally. Characteristic of, but not 
con£ ined to, non-flowing waters in river 
flood plains and swamps are the glossy 
crayfish snake, north Florida swamp snake. 
Carolina swamp snake, and striped crayfish 
snake (Uharton 1978). These relatively 
small snakes are reported to favor float- 
ing mats of aquatic vegetation such as 
those formed by water hyacinth (Conant 
1975) or alligator-weed. Perhaps most 
characteristic of river swamps ia the 
rainbow snake (Wharton 1978). Other species 
inhabiting non-flowing aquatic habitats 
include the banded water snake, the red- 
belly water snake, the uncommon Florida 
green water snake, and the cottonmouth 
(Martof 1956, Gibbons 1978); the brown 



water snake may occur here, but it is 
more abundant near flowing vaters (Gibbons 
1978). 

A number of smali, secretive snakes 
are found in and among farest-floor debris 
of forested flood plains. Although there 
species are not conaidered aquatic, their 
habitats are moist and, because ofytheir 
location, are subject to periodie inunda- 
tion. Some of these cryptic rpecies are 
rarely found and none are considered more 
than locally common'(Gibb0ns 1978). The 
following species inhabit forested flood 
plains, but none are restricted solely 
to this environment: eastern worn snake, 
southern ringneck snake, redbelly snake, 
rough earth snake, and eastern earth 
make. The scarlet kinganake and the 
pine woods snake are also secretive species 
which occur chiefly under bark or in the 
interior of decaying pine trees, but may 
be found in floodplain situations (Martof 
1956, Conant 1975). 

Active terrestrial snake species such 
as the southern black racer, corn snake, 
yellow rat snake, and eastern kingsnake are 
common in forested flood plains and, to- 
gether with the water snakes, comprise 
the most conspicuous components of the 
herpetofauna. Eastern ribbon anakes, 
eastern garter snakes, and rough green 
snakes are also well represented in t h i ~  
habitat. 

All crotalids inhabiting coastal 
Georgia and South Carolina occur on high 
ground of forested palustrine environ- 
ments. Most abundant, however, are the 
canebrake rattlesnake and the southern 
copperhead. Pigmy rattlesnakes and eastern 
diamondback rattlesnakes occur less fre- 
quently in this habitat type. These 
species are generally secretive and not 
as active as the larger colubrids and, 
therefore, do not form a conspicuous com- 
ponent of the herpetofauna. 

The American alligator is prevalent 
throughout the floodplain forests of the 
Sea Island Coastal Region. All coastal 
counties of South Carolina and Georgia 
have stable, prosperous populations. For 
a detailed discussion of the alligator, 
refer to Chapter One (endangered species 
section) and also to Chapter Four (section 
on impoundments of the intertidal estuarine 
subsystem). 

In South Carolina, palustrine forested 
wetlands seem to support smaller alligator 
populations than palustrine impounbents. 
In Georgia, however, the higher populations 
of alligators are not found in the coastal 
section of the study area but in more in- 
land locations. Population estimates 
range from 300 animals in Effingham County 
to 2,000 animals in MeIntosh County. 
Where habitat changes from the estuarine 
to palustrine habitats, as in Ware, 
Wayne, Bulloch, and Charleston counties, 

the population estimates in 1973 were 
$,n the thouoande, to a h4gh of 5,000 
for Ware Co\iaty (this county ie included 
~.JI the Okefenokee Swamp) CJoanen 1974). 

4. Nontidal Forested Wetlands 

Nontidal forested wetlands encompass 
a variety of wet and seasonally wet 
cormrmnities such as cypress ponds, gum 
ponds, Carolina Bays, bay swamps, shrub 
bogs, and pocosins. Typically, herpeto- 
fauna inhabiting these colamrnities are 
similar to those of riverine forested 
flood plains, but during dry seasons, 
amphibians and reptiles from surrounding 
pine flatwoods may intrude (Wharton 1978). 
The edges of these wetlands are ecotones 
and many typically terrestrial forms may 
be encountered. 

In and near cypreee ponds in coastal 
Georgia? Wharton (1978) considered the 
following herptiles as dominant: southern 
dusky salamander, dwarf salamander, 
southern cricket frog, little grass 
frog, eaetern narrowmouth toad, oak toad, 
southern black racer, bandediwater snake, 
cottonmouth, and southern ringneck snake. 
Alao reported to occur are the many-lined 
salamander, slimy salamander, carpenter 
frog, eastern slender grass lizard, 
eastern glass lizard, and the eastern indigo 
snake (Wharton 1978). 

The edges of cypress ponds appear to 
be important habitats for several species 
considered rare or uncommon; earth snakes, 
scarlet kingsnakes, northern scarlet snakes, 
pine woods snakes, and the,aoutheastern 
crowned snake are fossorial or semi-foesorial 
species frequently found in this transition 
zone (Wharton 1978). 

The presence of wetlands in pine 
forests is crucial to the maintenance and 
perpetuation of many amphibian and reptile 
species. Recent qualitative and quantita- 
tive investigations have shown that there 
exists a dynamic relationship among 
herpetofauna populations in surrounding 
pinelands and wetlands. Species composi- 
tion varies from pond to pond, and the 
number inhabiting a single pond can be 
quite impressive. Drift fences, funnel 
traps, and can traps revealed the presence 
of nine species of salamanders, nine 
species of snakes, and three species of 
turtles in one small gum pond (Wharton 
1978). 

Surface water is necessary for the 
reproduction of all amphibians and many 
reptiles and wetlands in pine flatwoods 
serve as reproductive sites for many 
herpetofaunal populations. Utilization of 
wetlands for reproduction is cyclic and 
begins with the arrival of breeding adults, 
followed in sequence by egg deposition, 
adult departure, egg hatching, larval 
growth, and finally immature amphibian 
(or reptile) emigration (Wharton 1978). 



Thue, theee wetlande eerve not  only a s  
nureery aream f o r  amphibians and many 
repc i lee  but  a leo  a s  ne t  exportere t o  the  
eurrounding landecape ( J e t t e r  and Harris  
1976). The r o l e  of these wetlands, 
however, i e  reversed by eutrophication. 
When t rea ted  sewage e f f l uen t  was released 
i n t o  a cypresn dome i n  Florida,  t he  
hab i t a t  switched from producer to  a 
"coneumer" of amphibians. This was 
a t r ibu ted  t o  the  f a c t  that few la rvae  
eurvive i n  anaerobic waters and that in- 
creaeed vegetat ion r e su l t i ng  from eutro- 
phication enhanced ineect  populations 
which, i n  turn, a t t r ac t ed  anurans. The 
overa l l  r e eu l t  was tha t  standing biomass 
of anurane wae grea ter ,  but  production 
lower, i n  t he  cyprese dome receiving 
t rea ted  e f f l uen t  than i n  t he  dome receiv- 
ing groundwater. Aleo, anurane were more 
concentrated i n  t he  eutrophicated cypress 
dome and, ae a co~~sequence,  predation 
increaeed ( J e t r e r  and Harris  1976). 

Becauee of t h e i r  i so la ted  nature,  
theee wetlande a r e  pa r t i cu l a r ly  vulnerable 
t o  a number of perturbat ions.  F i r e  is  a 
major agent in modifying and maintaining 
herb boge, ehrub bogs, cypress ponds, 
gum ponds, bog ewamps, and bay swamps. 
Burning in te rva le  may be yearly f o r  herb 
boge o r  a s  long a s  150 years  f o r  some 
cypreee ponde (Wharton 1978). These 
burns a r e  regulated by droughts which 
aleo a f f e c t  herpetofaunal populations. 
Uharton (1978) reported observing several  
cottonmouthe around a drying cypress pond 
and suggested t ha t  t he  l a rge r  frogs 
(Bana epp.) may bury themselves i n  
m i e t  l i t t e r  during such times. Bennett 
e t  a l .  (1970) found tha t  mud t u r t l e s  
emigrated a s  f a r  a s  600 m (656 yd) from a 
Carolina Bay and burrowed i n t o  sand o r  
litter; time on land ranged up t o  142 
daye. Droughts subject  t he  fauna to  
etrees and increase t h e i r  vu lnerabi l i ty .  
Charred carapaces of s t r i ped  mud t u r t l e s  
were found i n  Florida cypress domes a f t e r  
ewere  burne ( J e t t e r  and Harris  1976). 

1. Colonial Wading Bird Rookeries 

Supported by an abundance of es tuar ine  
urd freshwater swamp hab i t a t ,  t he  Sea 
Ieland Coaetal Region of South Carolinc 
and Georgia maintains a high population 
of colonial  wading birds.  Reinforced by 
large food supplies ,  s t a b l e  water regimes, 
and freedom from disturbance, colonial  
wading b i rd s  continue t o  t h r ive  and re- 
produce i n  nest ing colonies sca t te red  
throughout t he  area.  

Although colonia l  wading b i rd  
rookeriee have been kncwn from t h i s  a rea  
for well over 100 years ,  l i t t l e  doeumenta- 
tion ex is ted  p r io r  t o  1975 f o r  comparisonn 
of present and past  populations. However, 
recent s tudies  by Odum (1976). Custer and 
Oeborn (1977) , Osborn and Custer (1978), 
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and Sprunt e t  a l .  (1978) have located 
and censused approximately 291 colonies 
of egre ts ,  herons, and t h e i r  a l l i e s  
along t he  At lan t ic  coast  of the  United 
States.  (See t he  Atlas f o r  rookery 
locat ions.)  

Twelve avian species a r e  commonly 
associated with wading b i rd  rookeries,  
a s  indicated i n  Table 5-23. Of these. 
four species a r e  considered dominant, 
the  white i b i s ,  c a t t l e  egre t ,  Louisiana 
heron, and snowy egre t .  All  a r e  common 
res idents  t ha t  occur most frequently i n  
rookeries. 

There a r e  e ight  types of colonies 
based on t he  se lec t ion  of hab i t a t  (see 
Table 5-24). These can be broadly 
classed a s  upland s i t e s ,  inland swamps, 
es tuar ine  i s lands ,  and m a l l  ponds. 
Upland s i t e s  a r e  t h e  l e a s t  common of 
wading b i rd  rookeries, a s  t h e i r  use is  
la rge ly  confined t o  the  grea t  blue 
heron and t he  grea t  egre t .  This type of 
colony i s  typica l ly  small, with l e s s  than 
150 pa i r s  of b i rd s ,  and has no standing 
water. Nests a r e  usually constructed i n  
t a l l  pine t r e e s  ( l ob lo l l y  pine and s l a sh  
pine) with a very dense understory of ten  
composed of myrtle (wax myrt le) ,  cabbage 
palmetto. o r  saw palmetto. (See Chapter 
Six f o r  addi t iona l  information on b i rds  
of upland systems.) 

Inland swamp s i t e s  can be divided 
i n to  two d i s t i n c t  types, na tura l  swamps 
and man-made swamps o r  reserves. Natural 
swamp loca t ions  a r e  commonly sloughs 
where standing water hes accumulated. 
Nests a r e  often constructed i n  bald 
cypress, black gum, sweet bay, water 
tupelo, o r  willows. Nesting success and 
s i t e  tenac i ty  a r e  highly var iab le  i n  
t h i s  type and a r e  highly dependent on t he  
a v a i l a b i l i t y  of standing water. 

Man-made o r  a r t i f i c i a l  swamps a r e  
primarily the  remnants of ear ly  at tempts 
t o  cu l t i va t e  r i c e  i n  t he  eighteenth 
century. Old r i c e  f i e l d s  gradually 
undergoing succession a r e  sometimes 
u t i l i z ed ,  i f  standing water is present 
and adequate nest ing platforms a r e  pro- 
vided by water-tolerant t r ee s .  Most 
commonly, old reserves o r  water s torage 
a reas  provide t he  rookery s i t e s .  These 
a reas  a r e  of ten  la rge ,  up t o  several  
hundred acres ,  and constantly maintain 
standing water severa l  f e e t  deep through 
a system of dikes and d i tches .  Long 
abandoned, old r i c e  f i e l d  reserves fre-  
quently contain dense old growth stands 
of bald cypress, water tupelo, swamp 
tupelo, and red maple. The understory is  
sparse,  l imited ch ief ly  t o  button bush, 
sweet bay, and fetter-bush. The 
s t a b i l i t y  of the  reserve rookery made it  
the most favored s i t e  f o r  many wading 
b i rds  pr ior  t o  the  advent of spo i l  i s lands  
i n  the  1940's. Populations i n  reserve 
colonies were typ ica l ly  l a rge ,  with 
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thousands of p a i r s  of herons, e g r e t s ,  
and i b i s e s  a cornon s i g h t .  A l l  l o c a l l y  
breeding spec ies  of co lon ia l  wading b i r d s  
were represented,  with t h e  exception of 
t h e  g rea t  b lue  heron, which is l o c a l l y  
d i s t r i b u t e d .  

S r l l  ponds a r e  a l s o  u t i l i z e d  by 
co lon ia l  wading species ,  although i n  re- 
duced numbers. As a general  type, s r l l  
ponds can be divided i n t o  a l l i g a t o r  
holes ,  i s l a n d  sloughs, and a r t i f i c i a l  
ponds. A l l i g a t o r  holes  a r e  commonly found 
throughout t h e  lower c o a s t a l  p l a i n  and 
can be character ized by t h e i r  small s i z e  
and presence of a hole  5 - 10 f t  (1.5 - 
3.0 m) deep created by t h e  a l l i g a t o r  i n  
times of drought. Vegetation around 
these  holes i s  t y p i c a l l y  composed of 
willows, wax myrt le ,  and cabbage palmetto. 
Al l iga tor  holes  a r e  o f ten  used by such 
species  a s  t h e  green heron, anhinga, 
black-crowned n i g h t  heron, and yellow- 
crowned night  heron, which of ten  form 
small i s o l a t e d  colonies .  For t h i s  reason, 
there  a r e  doubtlessly many more colonies  
of t h i s  type than a r e  c u r r e n t l y  known. 

Is land sloughs a r e  l imi ted  t o  b a r r i e r  
i s l a n d s  where they a r e  formed between 
dune r idges.  Also known a s  cat-eye ponds 
(Hayes e t  a l .  1975). these  sloughs a r e  
f requent ly  without s tanding water and a r e  
sub jec t  t o  rap id  succession. Vegetation 
may be composed of c a t - t a i l s ,  willows, 
wax myrt les ,  popcorn t r e e s ,  o r  cabbage 
palmettos. Is land sloughs o f t e n  support 
a v a r i e t y  of wading b i r d s  i n  moderate 
numbers (Chamberlain and Chamberlain 
1975). A r t i f i c i a l  o r  man-made ponds in- 
clude farm ponds, waterfowl impoundments, 
and diggings of t h e  remnant phosphate 
industry of t h e  l a t t e r  por t ion  of t h e  
l a s t  century. These ponds vary widely i n  
s i z e  and shape and i n  t h e  numbers of 
b i rds  using them. Vegetation is  pr i -  
marily wax myrt le ,  willow, cabbage palmetto, 
and but ton bush. 

Estuarine i s l a n d s  a l s o  play an 
important r o l e  i n  rookery s i t e  s e l e c t -  
t ion,  and these may be classed a s  
n a t u r a l  i s l a n d s  o r  dredge s p o i l  
is lands.  Natural i s lands  a f ford  i so la -  
t i o n  and reduced predat ion,  but  they 
a r e  a l s o  sub jec t  t o  storm overwash and 
erosion. Vegetation is  o f t e n  sparse ,  
dominated by smooth cordgrass ,  black 

/ needlerush, saltmeadow cordgrass ,  sea- 
beach panic g rass ,  and occasional ly wax 1 myrtle. Man-rde s p o i l  i s l ands  a r e  a 
recent a d d i t i o n  t o  n e s t i n g  s i t e s  se lec ted  
i n  e s t u a r i n e  a reas .  Beginning i n  t h e  
l a t e  19401s, these  a r e a s  received periodic  
s p o i l  d i sposa l  u n t i l  they were s i g n i f i -  
can t ly  higher than surrounding marsh 
is lands.  As vege ta t ion  became estab- 
l i shed ,  s p o i l  i s l ands  became a t t r a c t i v e  
t o  co lon ia l  wading species .  Such i s lands  
a r e  u t i l i z e d  highly by wading b i r d s  i n  
the  e a r l y  s t a g e s  of vege ta t ive  succession 
when s e a  myrt le  and wax myrt le  a r e  

species  such a s  sugarberry and white 
mulberry dominate, but  b i r d  populations 
decl ine a s  these species  develop a 
closed canopy (T. A. Beckett,  1978, 
Charleston, South Carolina, pers .  corn.; 
E. Cutts ,  1978, Charleston, South 
Carolina, pers .  corn.) .  

A review of rookeries  by type is  
given i n  Table 5-24. A t  p resen t ,  
rookeries  i n  Georgia outnumber those 
known i n  South Carolina wi th  emphasis 
on upland s i t e s  and a r t i f i c i a l  ponds. 
This r e f l e c t s  a l a r g e r  number of g r e a t  
b lue  heron rookeries  a s  well  a s  a g rea te r  
number of small,  mixed-species co lon ies  
associated with man-made impoundments. 
In  South Carolina, however, t h e  g r e a t e s t  
numbers of wading b i r d s  a r e  concentrated 
on s p o i l  i s l ands ,  n a t u r a l  swamps, and 
old reserves.  Individual  colony loca- 
t i o n s  with est imates  of spec ies  composi- 
t i o n  and population l e v e l s  a r e  given i n  
Table 5-25. 

The d i s t r i b u t i o n  of wading b i r d  
colonies  i n  t h e  c o a s t a l  zone of South 
Carolina and Georgia is sub jec t  t o  
year ly  f luc tua t ion .  Small colonies  a r e  
more vulnerable  t o  such f a c t o r s  a s  dis-  
turbance and predat ion than a r e  l a r g e ,  
wel l-establ ished rooker ies  t h a t  have been 
a c t i v e  f o r  s e v e r a l  years  (Buckley and 
Buckley 1976). I n  support of t h i s  
observat ion,  one small colony s tud ied  
i n  c o a s t a l  Georgia suf fe red  a minimum 
n e s t l i n g  mor ta l i ty  of 50% i n  four of 
i ts f i v e  spec ies .  Predat ion resu l ted  i n  
n e s t  des t ruc t ion ,  and when no attempt 
t o  re-nest was made, t h e  colony was 
abandoned (Teal 1958a). Weather condi- 
t i o n s  a r e  a l s o  a major cause of c o l o n i a l  
f luc tua t ion ,  p a r t i c u l a r l y  when drought 
reduces t h e  a v a i l a b l e  food supply. The 
white i b i s  is  extremely s e n s i t i v e  t o  
drought and o f t e n  responds with massive 
population s h i f t s  (Dusi and Dusi 1968). 
T ida l  overwash can a l s o  f o r c e  populat ion 
s h i f t s  on e s t u a r i n e  i s lands ,  p a r t i c u l a r l y  
when eggs a r e  washed during t h e  c r i t i c a l  
incubation period (P. J. DeCoursey, 1978, 
Universi ty  of South Carolina, Columbia, 
pers .  comm.). White i b i s  a r e  a l s o  known 
t o  make dramatic s h i f t s  i n  nes t ing  lo- 
c a t i o n s  without apparent cause. In  
1950, about 1,000 p a i r s  of white i b i s  
deser tea  a well-known South Carolina 
rookery t h a t  had been occupied continuously 
f o r  28 years  (Sprunt 1922, Denton e t  a l .  
1950). Yearly f l u c t u a t i o n s  between 
rookeries  a r e  a l s o  common, a s  noted 
between Drum Island and Pumpkinseed Is land 
i n  South Carolina (T. A. Beckett,  1978, 
Charleston, South Carolina, pers .  corn; 
P,  J. DeCoursey, 1978, University of South 
Carolina, Columbia, pers .  corn.).  A more 
unusual s h i f t  i n  populations was noted 
i n  1975 when t h e  white i b i s  from t h e  
two above-mentiofied rookeries  relocated 
i n  t h e  Okefenokee Swamp, Georgia, over 
200 miles  (322 km) i n  d i s tance  (Ogden 
1978). 
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I n  s p i t e  of year ly  populat ion 
s h i f t s ,  s e v e r a l  l a r g e  rooker ies  have 
been i n  continuous use f o r  over a ha l f  
century. Blake's Reserve, known t o  be  
an a c t i v e  rookery s i n c e  1823, had a 
populat ion of f i v e  s p e c i e s  with 1,125 
p a i r s  i n  1922, n o t  r a d i c a l l y  d i f f e r e n t  
i n  s i z e  from i t s  presen t  populat ion 
(Sprunt and Chamberlain 1949; Charleston 
Museum, 1922, Charleston, South Carol ina,  
unpubl . da ta )  . 

Variat ion i n  rookery populat ions i s  
c l o s e l y  t i e d  t o  bo th  spec ies  composition 
and h i s to ry .  At the  t u r n  of t h e  century,  
wading b i r d s  were under extreme pressure  
from plume hunte rs  and egg c o l l e c t o r s .  
Breeding populat ions were reduced t o  t h e  
po in t  t h a t  formerly abundant spec ies  
such a s  t h e  g r e a t  e g r e t  and snowy e g r e t  
were almost e x t i n c t  (Wayne 1910). By 
t h e  1930's, these  b i r d s  had made a s t rong  
comeback, wi th  t h e  l i t t l e  b l u e  heron t h e  
most abundant breeder  (Sprunt and 
Chamberlain 1949, Burleigh 1958, Ogden 
1978). Beginning i n  the  1920fs ,  t h e  
gradual  nor thern  range extension of t h e  
white  i b i s  began. Th is  massive popula- 
t i o n  movement was an important in f luence  
on t h e  charac te r  of present-day rooker ies  
i n  both South Carol ina and Georgia. 
While F lor ida  was t h e  recognized cen te r  
f o r  breeding white  i b i s ,  t h i s  spec ies  
was known t o  breed a s  f a r  n o r t h  as t h e  
Altamaha Swamp region of Georgia i n  the  
1860's (Burleigh 1958, Bent 1962a). 
By 1922, however, t h e  white  i b i s  was 
breeding i n  South Carol ina and was in- 
c reas ing  i n  numbers from t h e  o r i g i n a l  
discovery of a few hundred t o  n e a r l y  
3,000 b i r d s  i n  1947 (Sprunt 1922, Sprunt 
and Chamberlain 1949). Today, t h e  white  
i b i s  is t h e  dominant breeding c o l o n i a l  
wading b i r d  i n  South Carol ina and 
Georgia, with a t o t a l  populat ion 
estimated a t  65,000 b i r d s  (Ogden 1978). 

The number of  wading b i r d s  breeding 
i n  t h e  Southeast was a l s o  supplemented by 
the  n a t u r a l  in t roduc t ion  of t h e  c a t t l e  
e g r e t  from Africa v i a  South America. 
Although t h i s  spec ies  a r r i v e d  i n  North 
America about  1942, t h e  f i r s t  breeding 
record f o r  F l o r i d a  was 1953 (Sprunt 
1954). The c a t t l e  e g r e t  extended i ts 
range rap id ly ,  reaching Georgia i n  1954 
and South Carol ina i n  1953 (Burleigh 
1958, Burton 1970). The f i r s t  record 
of t h e  c a t t l e  e g r e t  breeding i n  South 
Carol ina was i n  1956, when 2 p a i r s  were 
found on Drum I s l a n d  i n  Charleston 
Harbor (Burton 1970). The p resen t  
breeding populat ion is  est imated a t  
25,000 ind iv idua l s  f o r  both Georgia 
and South Carol ina,  while  i n  F lor ida  
t h e  c a t t l e  e g r e t  populat ion exceeds a l l  
o t h e r  wading b i r d s  i n  t h e  Eas te rn  United 
S t a t e s  by 70,000 ind iv idua l s  (Custer 
and Osborn 1977, Ogden 1978). 

The c a t t l e  e g r e t  has  no t  only ex- 
tended its range n o r t h  along t h e  A t l a n t i c  
coas t ,  but  has a l s o  moved inland t o  

become a dominant breeding wader i n  t h e  
upper c o a s t a l  p l a i n  and Piedmont regions 
of South Carolina and Georgia (Davis 
1960, Post  1970). In  inland a r e a s ,  t h e  
c a t t l e  e g r e t  does no t  compete with o t h e r  
waders t o  any s i g n i f i c a n t  l e v e l  s i n c e  
t h e  o ther  spec ies  a r e  l e s s  common. 
However, i t  has  been accused of competing 
success fu l ly  a g a i n s t  the  l i t t l e  b lue  
heron i n  c o a s t a l  a r e a s ,  a l though t h e r e  
is c u r r e n t l y  l i t t l e  evidence t o  support 
such a b e l i e f  (Ogden 1978). 

One o t h e r  spec ies ,  t h e  glossy i b i s ,  
i s  a l s o  a recen t  a d d i t i o n  t o  t h e  wading 
b i r d s  breeding i n  t h e  c o a s t a l  a rea .  
Arr iving i n  South Carol ina i n  1947 and 
Georgia i n  1949, t h e  glossy i b i s  popula- 
t i o n s  have remained wel l  below t h a t  of 
t h e  white  i b i s  and c a t t l e  e g r e t  (Sprunt 
and Chamberlain 1949, Burleigh 1958). 

The breeding season f o r  wading 
spec ies  i n  t h e  Sea I s land  Coastal  Region 
begins  i n  l a t e  February and e a r l y  March 
when t h e  l a r g e r  s p e c i e s  begin concentrat-  
ing  a s  a prelude t o  t h e  a c t u a l  n e s t i n g  
process. Depending on t h e  s e v e r i t y  of 
win te r ,  g r e a t  b lue  herons begin n e s t i n g  
from mid-to-late March. Great e g r e t s  
fo l low i n  l a t e  Apr i l  t o  e a r l y  May, a s  
do t h e  o t h e r  s p e c i e s  with t h e  except ion 
of t h e  l i t t l e  b l u e  heron. Nesting of 
t h e  l i t t l e  b l u e  heron normally occurs  i n  
l a t e  May o r  June, r e s u l t i n g  i n  increased 
competi t ion wi th  t h e  f i n a l  a r r i v a l  of 
t h e  c a t t l e  egre t  i n  June o r  J u l y  (Sprunt 
and Chamberlain 1949, Burleigh 1958). 
Competition i n  t h e  rookery commonly 
invo les  n e s t  e i t e  s e l e c t i o n  and s t e a l i n g  
of nes t ing  mate r ia l .  

Although t h e r e  a r e  s e v e r a l  types of 
rooker ies  based on h a b i t a t ,  t h e r e  a r e  
only t h r e e  genera l  types based on composi- 
t i o n :  upland co lon ies ,  mixed spec ies  
co lon ies ,  and n i g h t  heron co lon ies .  
Upland colonies  a r e  dominated by t h e  g r e a t  
b lue  heron and occas iona l ly  include 
n e s t i n g  g r e a t  e g r e t s .  Mixed spec ies  
co lon ies  u s u a l l y  con ta in  g r e a t  b lue  
herons o r  g r e a t  e g r e t s  which occupy t a l l e r  
n e s t  s i t e s  throughout t h e  colony (Burger 
1978, Wiese 1978). Smaller s p e c i e s  f i l l  
ou t  t h e  balance of t h e  colony, with green 
herons and yellow-crowned n i g h t  herons 
occupying t h e  o u t e r  edge, i f  they a r e  
p resen t  (Sprunt and Chamberlain 1949). 
Due t o  t h e  s o l i t a r y  n a t u r e  of t h e  
yellow-crowned and black-crowned n i g h t  
herons, they o f t e n  n e s t  i n  small ,  remote 
co lon ies .  This  is p a r t i c u l a r l y  common 
of t h e  yellow-crowned n igh t  heron, which 
i s  much l e s s  s o c i a l  than t h e  black-crowned 
n igh t  heron (Wayne 1910, Sprunt and 
Chamberlain 1949, Bent 1 9 6 3 ~ ) .  

Several  spec ies  a r e  commonly found 
i n  small numbers i n  assoc ia t ion  with 
c o l o n i a l  waders. The most common is t h e  
anhinga o r  snake b i r d .  The anhinga was 
found i n  28% of Georgia's co lon ies  and 
46% of South Caro l ina ' s  co lon ies ,  a s  



l i s t e d  i n  Table 5-25. Common g a l l i n u l e s  
a r e  a l s o  found i n  f reshwater  rooker ies ,  
a s  a r e  c lapper  r a i l s  i n  e s t u a r i n e  co lon ies  
(T. A. Beckett ,  1960 - 1977, Charles ton,  
South Carol ina,  unpubl. d a t a ) .  Common 
grackles  a r e  a l s o  commonly assoc ia ted  
with  wading b i r d  co lon ies  where they 
n e s t  a t  t h e  f r i n g e  of the  colony an$ 
occas iona l ly  prey on t h e  eggs of un- 
guarded n e s t s  (Sprunt and Chamberlain 
1949). 

Two of t h e  more unusual spec ies  
a ssoc ia ted  with  wading b i r d  co lon ies  
a r e  t h e  osprey and t h e  g r e a t  horned 
owl. The osprey has colonized Blake 's  
Reserve f o r  many years  and now b o a s t s  a 
populat ion of approximately 39 p a i r s  
(P. M. Wilkinson, 1978, South Carol ina 
Wi ld l i f e  and Marine Resources Department, 
Charles ton,  pers .  comm.; T. A. Beckett .  
1978, Charles ton,  South Carol ina,  pe r s .  
comm.). On r a r e  occasions ,  t h e  g r e a t  
horned owl has  a l s o  been known t o  i n h a b i t  
wading b i r d  co lon ies ,  r ebu i ld ing  abandoned 
g r e a t  b l u e  heron o r  osprey n e s t s  (Bent 
1963c; T. A. Becket t ,  1969, Charles ton,  
South Carol ina,  unpubl. d a t a ) .  

One of t h e  p r i n c i p a l  causes  of low 
produc t iv i ty  i n  wading b i r d s  i s  t h e  l o s s  
of  eggs and young t o  p reda to r s .  Figure  
5-16 g ives  a s i m p l i s t i c  view of t h e  
t roph ic  r e l a t i o n s h i p s  commonly assoc ia ted  
with  wading b i r d  co lon ies .  Avian pre- 
d a t o r s  inc lude  such r a p t o r s  a s  t h e  red- 
t a i l e d  hawk and t h e  barred owl, but  t h e  
f i s h  crow i s  commonly t h e  most d e s t r u c t i v e  
(Sprunt and Chamberlain 1949; Dusi and 
Dusi 1968; T. A. Becket t ,  1978, 
Charleston, South Carol ina,  pe r s .  comm.). 
Roving i n  l a r g e  f l o c k s ,  f i s h  crows can 
v i r t u a l l y  e l i m i n a t e  a rookery by de- 
s t roy ing  unguarded eggs. Such behavior 
was respons ib le  f o r  t h e  l o s s  of one 
South Carol ina rookery i n  t h e  1950's 
(Cut ts  1955). At t h e  in te rmedia te  
l e v e l ,  two p reda to r s  a r e  a l s o  members 
of t h e  wading b i r d  colony. Both t h e  
black-crowned n i g h t  heron and yellow- 
crowned n i g h t  heron a r e  known t o  prey 
on young of o t h e r  herons, e g r e t s ,  and 
i b i s .  On Drum Is land  i n  South Carol ina,  
t h e  ground beneath t h e  n e s t s  of n i g h t  
herons is  o f t e n  strewn wi th  p a r t i a l l y  
d iges ted  n e s t l i n g  whi te  i b i s  and c a t t l e  
e g r e t s  which t h e  young n i g h t  herons 
a r e  unable t o  swallow (T. A. Becket t ,  
1978, Charleston, South Carol ina,  pers .  
corn.) .  External  p reda to r s  inc lude  such 
f a m i l i a r  animals a s  raccoons and American 
a l l i g a t o r s ,  but snakes and even man a l s o  
play important r o l e s  (Teal 1958a, Bent 
1963c. Dusi and Dusi 1968), I n  t h e  re- 
cen t  p a s t ,  l o c a l  crabbers  had t o  be pre- 
vented from using young herons and 
e g r e t s  f o r  b a i t  i n  South Carol ina (T. 
A. Beckett ,  1978, Charleston, South 
Carol ina,  pers .  comm.). 

Although p reda t ion  t akes  a heavy 
t o l l  on young wading b i r d s ,  o t h e r  
f a c t o r s  reduce breeding p roduc t iv i ty .  

Poor n e s t  s i t e  s e l e c t i o n  and poor n e s t  
cons t ruc t ion  r e s u l t  i n  t h e  l o s s  of some 
eggs and young, a s  does cannibalism i n  
some spec ies  such a s  t h e  c a t t l e  e g r e t  
(Dusi and Dusi 1970). On a much g rea te r  
s c a l e ,  s i t e  d i s tu rbance  dur ing t h e  
e a r l y ,  c r i t i c a l  p o r t i o n  of t h e  breeding 
season can cause n e s t  d e s e r t i o n  and 
wholesale l o s s  of young (Buckley and 
Buckley 1976). In t roduc t ion  of c e r t a i n  
environmental p o l l u t a n t s  has  a l s o  
caused i n f e r t i l i t y  and eggshe l l  th inn ing ,  
f u r t h e r  c o n t r i b u t i n g  t o  low reproduc t ive  
success  (Ohlendorf e t  a l .  1978).  

The f u t u r e  of wading b i r d s  i n  Georgia 
and South Carol ina i s  genera l ly  p ro jec ted  
t o  be  good. I f  t h e  a p p l i c a t i o n  of 
ch lo r ina ted  hydrocarbon p e s t i c i d e s  remains 
under s t r i c t  c o n t r o l ,  t h e r e  should be no 
reduc t ion  of n e s t i n g  p r o d u c t i v i t y  a s  
experienced i n  t h e  1950's and 1960's.  
While c o a s t a l  ( p a r t i c u l a r l y  e s t u a r i n e )  
co lon ies  a r e  expanding i n  numbers, in -  
land s i t e s  a r e  undergoing populat ion 
reduc t ions  a s  f reshwater  swamp h a b i t a t  
i s  coming under inc reased  developmental 
p r e s s u r e  (Ogden 1978). Although t h e  
range extension of t h e  c a t t l e  e g r e t  has 
masked t h i s  problem t o  a degree,  t h e  
c a t t l e  e g r e t  has a l s o  expanded a t  such 
a r a t e  t h a t  i t  may s e r i o u s l y  t h r e a t e n  
n a t i v e  spec ies  such a s  t h e  l i t t l e  b l u e  
heron and snowy e g r e t  through n e s t i n g  
competition (Dusi and Dusi 1970, Ogden 
1978). 

2. Nonforested Wetlands 

The fol lowing d i scuss ion  of b i r d s  i n  
p a l u s t r i n e  nonforested wetlands inc ludes  
t reatment  of emergent wetlands and i m -  
poundments toge the r  a s  one eco log ica l  
u n i t .  Separat ion of avifauna occurr ing 
i n  emergent wetlands and impoundments 
would be purely  a r t i f i c i a l ,  j u s t i f i a b l e  
only a s  a convenience. I n  r e a l i t y ,  they 
a r e  inseparab le  and eco log ica l  d i s t u r -  
bances which might e f f e c t  b i r d s  i n  one 
h a b i t a t  i n e v i t a b l y  a f f e c t  b i r d s  i n  t h e  
o t h e r  h a b i t a t .  

The p a l u s t r i n e  nonforested wetlands 
of t h e  upper Santee ,  Ed i s to ,  Combahee, 
Savannah, Ogeechee, Altamaha. S a t i l l a ,  
and S t .  Marys r i v e r s  of t h e  c o a s t a l  
p l a i n  province a r e  i d e a l l y  s u i t e d  t o  t h e  
needs of  a v a r i e t y  of b i r d s .  The 
s u b t l e  t r a n s i t i o n  from brackish water  
t o  f r e s h  water produces an abundant 
n a t u r a l  food supply through a d i v e r s i t y  
of vege ta t ion  (Tomkins 1958, Wharton 
1978). The emergent wetland p l a n t s ,  
toge the r  wi th  those i n  ad jacen t  n a t u r a l  
upland and man-made l evees ,  c r e a t e  
h a b i t a t  and s t r u c t u r a l  foundat ions  f o r  
feeding,  roos t ing ,  and breeding a c t i v i t i e s  
of many b i r d s .  Peak pe r iods  of u t i l i z a -  
t i o n  of p a l u s t r i n e  nonforested wetlands 
by b i r d s  occur  dur ing sp r ing  and f a l l  
migrat ions .  
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Figure 5-16. Trophic l eve l s  associated with co lonia l  wading b i rd s .  

Feeding habi ta t s  may be q u i t e  
seasonal, coinciding with s h i f t s  i n  
d i e t .  For example, d i e t s  of the  red- 
vinged blackbird and seaside sparrow 
s h i f t  from a carnivorous d i e t  i n  spring 
and summer t o  a granivorous d i e t  i n  
f a l l  and winter when wild r i c e  seed i s  
read i ly  avai lable.  Meanley (1972) 
s tudied the  importance of wild r i c e  and 
other  freshwater marsh p lan ts  t o  the  
red-winged blackbird and found t ha t  seeds 
of smartweed, wild r i c e ,  m i l l e t ,  and 
corn formed the bulk of i t s  d i e t  during 
l a t e  sunnner and f a l l .  

Often, nes t ing  occurs i n  wetland 
a reas  where feeding a l s o  occurs; t he  
long-billed marsh wren is a prime ex- 
ample. Other b i rds ,  such a s  herons, 
assemble i n  nes t ing  colonies but feed 
primari ly i n  a va r i e t y  of loca t ions  
some d is tance  away (see Lacustrine eco- 
system). Both breeding and non-breeding 
spec ies  use t he  pa lus t r ine  nonforested 
wetlands a s  roos t ing  and/or r e s t i n g  
s i t e s .  Swallows, marsh wrens, and red- 
vinged blackbirds a r e  examples of p l an t  
roost ing species ,  whereas the king r a i l  
i s  a ground roos t ing  species .  Racks of 
dead marsh grass  a l so  ac t  a s  r e s t i ng  
s i t e s  f o r  shorebirds.  

There is an obvious overlap of 
hab i t a t  requirements f o r  many of the  
b i rd s  found i n  a a l t ,  brackish, and 
freshwater wetlands. Birds of prey 
such a s  t he  marsh hawk, osprey, and 
bald eagle a r e  frequently observed 
soaring over es tuar ine  and pa lus t r ine  
emergent wetlands and impoundments. 
Perching b i rds  such a s  the  red- 
vinged blackbirds, long-billed marsh 

wren, sparrows, and grackles,  a r e  
a l so  found i n  both kinds of wetlands. 
On t he  o ther  hand, some spec ies  a r e  
more hab i t a t  s e l ec t i ve .  For ins tance ,  
the  boat- tai led grackle is a fami l ia r  
b i rd  i n  t he  es tuar ine  area,  but i t  
r a r e ly  overlaps with t he  common grackle,  
a permanent res ident  of the  coas t a l  
p l a in  which n e s t s  i n  colonies near  
freshwater marshes. Macgillivtay 's 
seaside sparrow provides another in-  
t e r e s t i ng  example of hab i t a t  s e l ec t i v i t y .  
This species  is a permanent res ident  
of t he  coas ta l  p la in  and, because of 
its prevalence i n  t he  s a l t  marshes dur- 
ing f a l l  and winter ,  Wayne (1910) looked 
i n  these a r ea s  f o r  nes t ing  b i rd s .  
However, Wayne's e f f o r t s  were f r u i t l e s s .  
U t e r ,  Sprunt (1924) acc identa l ly  found 
t h i s  spec ies  nes t ing  i n  a brackishlfresh-  
water marsh area.  Since then,  t he  nes t ing  
hab i t a t s  of Macgil l ivary 's  seaside 
sparrow have been well  documented i n  
pa lu s t r i ne  nonforested wetlands r a t h e r  
than i n  s a l t  marshes. 

Approximately 78 species  of birds 
occur i n  t h i s  hab i t a t  (Table 5-26). 
Of these ,  only 22 spec ies  should be 
considered a s  dominant, based on r e l a t i v e  
abundance and t h e i r  eco logica l  r o l e s  i n  
t h i s  hab i ta t .  Dominant permanent res idents  
include t he  bel ted k ingf i sher ,  barn 
swallow, long-billed marsh wren, g rea t  
blue heron, great  eg r e t ,  white i b i s ,  
yellowthroat, eas te rn  meadowlark, common 
grackle,  and red-winged blackbird. 
Dominant winter res idents  include the  
marsh hawk, American k e s t r e l ,  eas te rn  
phoebe, t r e e  swallow, shor t -b i l l ed  marsh 
wren, Savannah sparrow, and t he  swamp 
sparrow. 
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Ecolog ica l ly ,  av i fauna  of t h e  
p a l u s t r i n e  nonfores ted wet lands  can be  
divided i n t o  seven t r o p h i c  l e v e l s .  These 
a r e  t h e  p r e d a t o r s ,  omnivores, g ran ivores ,  
i n s e c t i v o r e s ,  he rb ivores ,  p i s c i v o r e s ,  
and scavengers  (Fig. 5-17). The marsh 
hawk and sparrow hawk a r e  t h e  more common 
b i r d s  of prey i n  t h i s  h a b i t a t .  However, 
t h e  osprey and bald  e a g l e  occupy t h e  
h ighes t  av ian  t r o p h i c  l e v e l s  i n  t h e  
c o a s t a l  p l a i n .  

While t h e  osprey is  f a i r l y  common i n  
bo th  South Caro l ina  and Georgia,  t h e  
bald  e a g l e  is  r e p o r t e d l y  observed more 
i n  South Caro l ina  than  i n  Georgia. Re- 
c e n t l y ,  t h e r e  have been few r e p o r t s  of 
bald  e a g l e s  n e s t i n g  i n  Georgia.  One 
of t h e  l a s t  r epor t ed  a c t i v e  bald  e a g l e  
n e s t s  i n  Georgia was on S t .  Ca the r ines  
I s l and  i n  1970 (W. D. Chamberlain, 1978, 
South Carol ina  Marine Resources Divis ion,  
Charleston, unpubl. d a t a ) .  However, 
Burle igh (1958) r epor ted  bald  e a g l e s  
n e s t i n g  p rev ious ly  on t h e  Georgia coas t  
a t  S t .  Marys, Cumberland I s l a n d ,  Blackbeard 
I s l and ,  Darien, Savannah, and L i t t l e  Tybee 
I s l and .  Hebard (1941) c i t e s  a number of 
r ecords  f o r  t h e  Okefenokee Swamp i n  
Georgia. The l a r g e  number of impoundments 
i n  South Caro l ina  has  been suggested a s  a 
major f a c t o r  i n  t h e  number of n e s t i n g  
e a g l e s  i n  t h a t  S t a t e .  

The ba ld  e a g l e  is a p i s c i v o r e  a s  w e l l  
a s  a r a p t o r ,  p r e f e r r i n g  f i s h  a s  a s t a b l e  
d i e t  i t em when a v a i l a b l e ,  a l though c a r r i o n  
i s  a l s o  r e a d i l y  taken. The bald  e a g l e  
a l s o  - ca tches  some b i r d s ,  e s p e c i a l l y  water- 
fowl and American coo t s ,  and some mammals. 
Bald e a g l e s  w i l l  o f t e n  f o r c e  ospreys  t o  
drop f i s h ,  which then a r e  caught i n  mid- 
a i r  by t h e  eag le  (Burle igh 1958). I n  
t h e  c o a s t a l  p l a i n ,  n e s t s  a r e  u s u a l l y  con- 
s t r u c t e d  i n  l i v i n g  p ines ,  mainly s l a s h  o r  
l o b l o l l y .  Large, o ld  t r e e s  wi th  b i g  
crowns a r e  u s u a l l y  s e l e c t e d .  Such t r e e s  

a r e  seldom l e s s  than 70 y e a r s  old  
(Chamberlain 1974).  Perch t r e e s  a r e  
apparen t ly  a necessary component of t h e  
n e s t i n g  h a b i t a t .  They may be loca ted  
a s  f a r  a s  one-quarter mi le  from t h e  n e s t  
and, g e n e r a l l y ,  d e f i n e  t h e  n e s t i n g  
t e r r i t o r y .  The t e r r i t o r y  s i z e  v a r i e s  
from 28 t o  112 a c r e s  (12 t o  47 ha ) ,  w i th  
an  average of 57 a c r e s  (24 h a ) .  There a r e  
approximately 1 8  n e s t i n g  t e r r i t o r i e s  i n  
t h e  South Caro l ina  Sea I s l a n d  Coas ta l  
Region (Table 5-27). 

A number of f a c t o r s  have con t r ibu ted  
t o  t h e  d e c l i n e  i n  ba ld  e a g l e  popu la t ions  
(e.g.. shoo t ing ,  e l e c t r o c u t i o n ,  l o s s  of 
s u i t a b l e  n e s t i n g  a r e a s ,  and seve re  
weather) .  The g r e a t e s t  s i n g l e  f a c t o r  a t  
t h i s  t ime,  however, seems t o  be t h e  
lowering of reproduct ion caused by 
p e s t i c i d e  build-up i n  t h e  food chain .  
The e f f e c t  of such accumulation i n  bald  
e a g l e s  has  caused an almsot complete 
l a c k  of reproduct ion i n  many n e s t s .  Key 
h a b i t a t  requirements  f o r  t h e  bald  e a g l e  
inc lude  s u i t a b l e  n e s t  t r e e s  and r o o s t  
s i t e s ,  and water  a r e a s  which can provide 
adequate  s u p p l i e s  of s u i t a b l e  food, 
mainly f i s h .  During migra t ion ,  t h e  ba ld  
e a g l e  w i l l  t r a v e l  cons ide rab le  d i s t a n c e s  
from water  and is then sometimes seen i n  
t h e  mountains,  but  a t  a l l  o t h e r  times 
t h e  e a g l e  shows a s t r o n g  p re fe rence  f o r  
c o a s t a l  a r e a s  o r  f o r  l a r g e  in land  bodies  
of water .  It does no t  t o l e r a t e  i n t e n s e  
human a c t i v i t y ,  hence r e q u i r i n g  r e -  
l a t i v e l y  l a r g e  a r e a s  wi th  l i t t l e  d i s -  
turbance (Chamberlain 1974) .  

As shown i n  Figure  5-17, t h e r e  is  a 
common e c o l o g i c a l  bond between t h e  marsh 
hawk and American k e s t r e l  and t h e  t y p i c a l  
omnivores, g ran ivores ,  and i n s e c t i v o r e s  
i n  t h e  p a l u s t r i n e  nonfores ted h a b i t a t .  
The bobolink, o r  r i c e b i r d ,  a r a t h e r  
abundant g ran ivore  i n  t h e  s p r i n g  and f a l l ,  
i s  a t a r g e t  s p e c i e s  f o r  t h e  b i r d s  of prey.  

PlSClVORES 
Green heron 
Great egret 

INSECTIVORES HERBIVORES 
Red-winged blackbird Bobolink Eastern phoebe Mallard 

Common grackle Savannah sparrow Short-billed marsh wren Green-winged teal 

Figure  5-17. General ized t r o p h i c  r e l a t i o n s h i p s  of r e p r e s e n t a t i v e  b i r d s  of p a l u s t r i n e  
nonfores ted wet lands  of t h e  Sea I s l and  Coasta l  Region. 
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SCAVENGER 
Black vulture 

Turkey vulture 



Table 5-27. Act ive  Southern bald  e a g l e  n e s t i n g  t e r r i t o r i e s  i n  South Carol ina  dur ing 1978 seasona 
(T. M. Murphy, 1979, South Carol ina  W i l d l i f e  and Marine Resources Department, Green 

I 
Pond, unpubl. d a t a ) .  

1 
I 
\ 

Savannah River  e a s t  of  Highway 1-95 

Hunting I s l a n d  i 
Two on Combahee River  between Highway 17 and Highway 17-A 

Combahee River  e a s t  of Highway 17 I 
Chehaw River  I 
Two on Ashepoo Rlver  e a s t  of Highway 17 I 
Dawhoo Creek 

Four on Cooper River  n o r t h  of  t h e  Tee 

Two i n  San tee  Coas ta l  Reserve 

South I s l a n d  

Cat I s l a n d  

Winyah Bay, e a s t  of Highway 17 

- - 
a. Lake Marion and Lake Wateree may be  considered a s  p robab le  n e s t i n g  t e r r i t o r i e s  o u t s i d e  t h e  Sea 

I s l a n d  Coas ta l  Region. 

The bobolink has  been c h a r a c t e r i z e d  as a  
d e s t r u c t i v e  b i r d  i n  t h e  lower c o a s t a l  
p l a i n ,  due t o  i t s  depreda t ions  on t h e  
r i c e  c rops  i n  t h e  mid-1800's. These 
b i r d s  were d i r e c t l y  r e s p o n s i b l e  f o r  t h e  
l o s s  of m i l l i o n s  of d o l l a r s .  The 
Eas te rn  phoebe, an i n s e c t i v o r e ,  is a l s o  
l inked  t o  t h e  b i r d s  of prey. This s p e c i e s  
is a  f l y c a t c h e r  and consumes mostly 
i n s e c t s  i n  i t s  d i e t .  The red-winged 
b lackb i rd  and common g r a c k l e  (omnivores) 
a r e  a l s o  common components of  t h e  
p a l u s t r i n e  nonfores ted  t r o p h i c  s t u r c t u r e s .  

Waterfowl a r e  w e l l  r ep resen ted  i n  
t h i s  h a b i t a t  by dabbl ing ducks such a s  t h e  
mal lard ,  gadwall ,  blue-winged t e a l ,  green- 
winged t e a l ,  p i n t a i l ,  and wood duck. For 
t h e s e  ducks, t h e  f r e shwate r  vege ta t ion  
p r e s e n t  i n  p a l u s t r i n e  nonfores ted wet lands  
i s  more important  f o r  f eed ing  than  t h a t  
of s a l t  marsh a r e a s  (Kerwin and Webb 
1972). Of t h e  pochards,  t h e  ring-necked 
duck is more commonly found i n  f re shwate r  
a reas .  Th i s  i s  probably due t o  i t s  food 
p re fe rences ,  a s  i t  f e e d s  on seeds  of t h e  
wa te r - l i ly ,  water-shie ld ,  e t c .  The 
canvasback i s  a l s o  commonly found i n  
t h i s  h a b i t a t ,  where i t  feeds  on vege tab le  
ma t t e r .  

Closely  a s s o c i a t e d  wi th  t h e  waterfowl 
a r e  t h e  American coo t ,  k i n g  ra i l ,  yellow 
r a i l ,  V i r g i n i a  r a i l ,  and so ra .  A l l  o f  
t h e  above s p e c i e s  have s i m i l a r i t i e s  b u t  

a l s o  major d i f f e r e n c e s  i n  t h e i r  d i e t s .  
According t o  Horak (1970),  t h e  s o r a ,  
having a  s h o r t  heavy beak, consumes 
about 73% seeds  i n  i t s  d i e t .  The 
Vi rg in ia  r a i l ,  w i th  i t s  long,  s l e n d e r  
decurved beak, e a t s  approximately 62% 
i n s e c t s .  These d i f f e r e n c e s  i n  food 
h a b i t s  demonstra te  t h a t  avian fauna 
i n  t h i s  h a b i t a t  can l i v e  t o g e t h e r  
wi thout  s e r i o u s  food compet i t ion.  The 
k i n g  r a i l  occupies  a  unique n iche  i n  
t h i s  h a b i t a t  and is considered t o  be 
nonspec i f i c  w i t h  t h e  c l apper  r a i l  ( a  
s a l t w a t e r  r e s i d e n t ) ,  a s  they  boch 
f r e e l y  i n t e r b r e e d  i n  c o a s t a l  a r e a s  
where f r e s h  and s a l t  water  mix. 

The g a l l i n u l e s ,  c l o s e  r e l a t i v e s  of 
t h e  r a i l s  and c o o t s ,  a r e  a l s o  w e l l  rep- 
r e s e n t e d  i n  t h e  p a l u s t r i n e  nonfores ted  
h a b i t a t .  Both t h e  p u r p l e  g a l l i n u l e  and 
common g a l l i n u l e  n e s t  i n  f r e shwate r  marsh 
of t h i s  h a b i t a t .  

The wading b i r d s ,  p a r t i c u l a r l y  t h e  
herons ,  a r e  q u i t e  euryphagous and f r e -  
quen t ly  feed i n  t h e  p a l u s t r i n e  nonfores ted  
wet lands  on f r o g s ,  f i s h ,  snakes ,  f i e l d  
mice, and i n s e c t s .  A l l  t h r e e  of t h e  
common permanent r e s i d e n t s  (Louis iana 
heron, g r e a t  b l u e  heron,  and l i t t l e  
b l u e  heron) occupy l a r g e  rooker i e s  i n  
t h e  Sea I s l a n d  Coas ta l  Region. Although 
herons  and e g r e t s  a r e  more commonly 
found i n  s a l t  marshes,  they do feed  a long 



the  shore l ines  and t i d a l l y  exposed banks 
of t h i s  freshwater h a b i t a t .  The white 
i b i s  i s  a common summer res iden t  of 
p a l u s t r i n e  wetlands and feeds on cray- 
f i s h  and insec t s .  However, i n  l a t e  f a l l ,  
the  white i b i s  feeds more i n  s a l t  
marshes (on f i d d l e r  crabs)  than i n  
p a l u s t r i n e  a reas .  Many of these 
rookeries ,  which may a l s o  include i b i s e s  
and night  herons, a r e  located near  the  
r i c e  f i e l d  - marsh - swampland complex. 
(See t h e  l a c u s t r i n e  ecosystem sec t ion  
and t h e  s e c t i o n  on co lon ia l  wading b i r d s  
of t h e  p a l u s t r i n e  ecosystem.) Here, 
one needs t o  consider the  i n d i r e c t  re- 
l a t ionsh ips  between t h e  avifauna and 
the wetlands. For example, t h e  herons 
must cycle  l a r g e  amounts of organic 
matter and n u t r i e n t s  from impounded 
waters t o  t h e  marshes, swamps, and land 
(Shanholtzer 1974b). This enrichment 
process may be l o c a l l y  s i g n i f i c a n t  and 
may p a r t i a l l y  account f o r  l a r g e  stand- 
i n g  crops of Southern wild r i c e ,  cat-  
t a i l s ,  e t c .  A s i m i l a r  s i t u a t i o n  probably 
e x i s t s  i n  t h e  e s t u a r i n e  impoundments 
and emergent wetlands. 

3. Forested Wetlands 

The p a l u s t r i n e  forested wetlands 
a r e  perhaps t h e  most i d e a l l y  s u i t e d  
h a b i t a t  f o r  b i r d s  i n  t h e  Sea Is land 
Coastal  Region. The leng th  of time 
the  f o r e s t  f l o o r  i s  covered with water 
con t ro l s  o r  determines t h e  spec ies  
d i v e r s i t y  and numbers of ind iv idua ls  
found i n  t h i s  h a b i t a t .  Odum (1969) 
i d e n t i f i e d  p a l u s t r i n e  fo res ted  wetlands 
( r i v e r  swamps) a s  f l u c t u a t i n g  water 
l e v e l  ecosystems. Such an environment, 
according t o  Odum, has "pulses" of 
primary product ivi ty .  The r i v e r  swamp 
i s  a hydrologic community, where dra- 
matic f l u c t u a t i o n s  occur within t h e  
framework of t h e  n a t u r a l  sequence of 
high and low water l e v e l s .  

Avian produc t iv i ty  i n  t h i s  efiviron- 
ment i s  based on t h e  various s u b s t r a t e s  
f o r  l i f e  forms found i n  t h i s  hydrologic 
stratum. The v a r i a b i l i t y  of wet and 
dry s i t e s ,  of mesic and hydric  f o r e s t  
t r e e  species ,  and of g rasses  and closed 
canopy s i t e s  a l l  con t r ibu tes  t o  t h e  
d i v e r s i t y  of avifauna i n  t h i s  environ- 
ment. Approximately 122 spec ies  of 
b i r d s  occur i n  t h e  p a l u s t r i n e  fo res ted  
wetlands of t h e  Sea I s land  Coastal 
Region (Table 5-28). This represents  
t h e  g r e a t e s t  d i v e r s i t y  found i n  any 
of t h e  n a t u r a l  environments of t h e  study 
area.  About 42 of these  spec ies  a r e  
dominants i n  t h i s  h a b i t a t .  

Dennis (1966) observed b i r d s  i n  
the  o ld  growth Congaree flood p l a i n  
of South Carol ina and found t h a t  the  
most abundant breeding b i r d s  were, 
i n  order  of abundance: red-eyed v i reo ,  
northern parula ,  ca rd ina l ,  and Carolina 
wren. Other permanent o r  breeding 

r e s i d e n t s  were t h e  yellow-crowned night  
heron, wood duck, red-shouldered hawk, 
chimney s w i f t ,  American woodcock, 
barred owl, p i lea ted  woodpecker, ha i ry  
woodpecker, blue jay,  Carolina chickadee, 
t u f t e d  titmouse, Swainson's warbler ,  
common grackle,  and rufous-sided towhee. 
Additional summer or  spr ing  r e s i d e n t s  
were green heron, swallow-tailed k i t e ,  
Miss i ss ipp i  k i t e ,  Acadian f lyca tcher ,  
veery, white-eyed v i reo ,  prothonotary 
warbler,  hooded warbler,  and Swainson's 
warbler.  A summer survey of unal tered 
cypress-gum swamps of t h e  Savannah 
River (Aiken County, South Carolina) by 
Briese and Smith (1974) revealed a 
s i m i l a r  avifauna. Beckett (1975) 
s tudied t h e  Santee-Cooper Basin and found 
235 species  of b i r d s ,  many of which were 
s i m i l a r  t o  those on t h e  Dennis (1966) 
l ist .  The above l i s t i n g  is  general ly  
t r u e  f o r  f lood p l a i n s  of t h e  ou te r  c o a s t a l  
p l a i n  of t h e  Sea Is land Coastal Region, 
with t h e  add i t ion  of herons and e g r e t s  
a s  dominant species  (Table 5-28). 

In  considering avian t rophic dynamics 
i n  t h i s  envionment, e igh t  major t rophic  
l e v e l s  can be c l e a r l y  defined (Fig. 5-18). 
The predatory b i r d s  a r e  bes t  represented 
by t h e  red-shouldered hawk, barred owl, 
sharp-shinned hawk, and red-tai led hawk. 
These b i r d s  prey on smaller  species  of 
b i r d s  a s  wel l  a s  on r e p t i l e s  and amphibians 
f o r  t h e  major por t ion  of t h e i r  d i e t .  
Waterfowl such a s  t h e  mallard, black 
duck, and wood duck overwinter i n  the  
r i v e r  swamp h a b i t a t  where they can feed 
on acorns, hickory nu ts ,  and cypress 
b a l l s ,  a s  wel l  a s  f r u i t s  of gum, water 
elm, ho l ly ,  dogwood, and some spec ies  
of i n s e c t s  (Martin e t  a l .  1951, Sprunt 
and Chamberlain 1970). The l a r g e r  
wading b i r d s  such a s  herons, e g r e t s ,  and 
b i t t e r n s  feed on f i s h  and o ther  small 
ver tebra tes ,  while smaller  b i r d s  feed 
primari ly  on i n s e c t s .  There is  an abun- 
dance of food f o r  avian spec ies  i n  t h i s  
environment because t h e  bulk of t h e  l i f e  
s tages  of many i n s e c t s  occurs  i n  the  
r i v e r  swamps. Also, l a r g e  aggregations of 
salamanders, f rogs ,  and o ther  r e p t i l e s  
and amphibians occur during avian breed- 
i n g  seasons. 

Endangered and threatened spec ies  a r e  
in t imate ly  associated with coas ta l  swamps 
and flood p l a i n s .  (For add i t iona l  in-  
formation on endangered spec ies ,  see  
Chapter One .) For example, ~achman 's 
warbler,  a r a r e  summer r e s i d e n t ,  appears  
t o  be dependent upon swamps f o r  s u r v i v a l  
(Shuler 1977). Swainson's warbler ,  a more 
common spec ies ,  i s  c lose ly  assoc ia ted  
with patches of r i v e r  cane i n  c o a s t a l  
flood p la ins .  Formerly, t h e  Carolina 
parakeet and t h e  ivory-bi l led woodpecker 
were inhabi tan t s  of t h i s  environment. 
The l a s t  of t h e  Carolina parakeets  a r e  
believed by some o r n i t h o l o g i s t s  t o  have 
ex is ted  i n  t h e  Santee River Swamp during 
1936 - 1938. This spec ies  was c lose ly  
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Figure 5-18. Trophic s t r u c t u r e  of avifauna i n  p a l u s t r i n e  fo res ted  wetlands. 

associated with cypress t r e e s  (Sprunt and 
Chamberlain 1970). The ivory-bi l led wood- 
pecker, on t h e  o ther  hand, required v a s t  
acreages of bottomland hardwoods such a s  
found i n  t h e  c o a s t a l  f lood p la ins .  These 
b i rds  a r e  thought t o  have disappeared from 
t h e  Santee River f lood p l a i n  wi th  con- 
s t r u c t i o n  of t h e  Santee-Cooper Diversion 
Pro jec t  i n  t h e  l a t e  1930's. This  p ro jec t  
resu l ted  i n  a  d r a s t i c  a l t e r a t i o n  of t h e  
flood p l a i n  and, combined wi th  develop- 
ment and logging operat ions,  the  spec ies  
vanished. (See Volume I, Chapter S ix  f o r  
a  discussion of t h e  Santee-Cooper Diver- 
s i o n  and Rediversion pro jec t s . )  The food 
h a b i t s  of t h e  ivory-bi l led woodpecker 
were, i n  p a r t ,  responsible  f o r  i ts dis-  
appearance. I t  was a  spec ia l ized  feeder ,  
feeding on wood-boring i n s e c t s  such  a s  
l a r v a l  Coleoptera which i n h a b i t  dying 
t rees .  According t o  Tanner (1942), the  
r e a l  t h r e a t  t o  t h i s  spec ies  came from t h e  
c u t t i n g  of big t r e e s  i n  v i r g i n  f o r e s t s .  
This e s s e n t i a l l y  destroyed t h e  b i r d ' s  food 
supply 

Feeding h a b i t s  of woodpeckers occupy- 
ing t h e  r i v e r  swamp h a b i t a t  a r e  q u i t e  d i f -  
f e r e n t .  The p i l e a t e d  woodpecker feeds on 
boring grubs much l i k e  t h e  ivory-bi l led 
woodpecker. The most important d i f fe rence  
between the  two b i r d s  is t h a t  t h e  ivory- 
b i l l e d  woodpecker feeds mostly on borers  
occupying t h e  a r e a  j u s t  beneath t h e  bark 
of decaying t r e e s .  The p i lea ted  woodpecker 
feeds  mostly on borers  deep within t h e  
sap and h e a r t  of dead t r e e s  (Tanner 1942). 
The red-bel l ied woodpecker occupies a  s i m i -  
l a r  niche i n  t h e  r i v e r  swamp, but,  unl ike 
t h e  p i l e a t e d  woodpecker, i t  feeds on la rva l  
b e e t l e s  i n  l i v e  t r e e s .  

Many s e c r e t i v e  spec ies  of b i rds  a l s o  
breed i n  p a l u s t r i n e  fo res ted  wetlands t o  
hide t h e i r  n e s t s  i n  dense f o l i a g e  or  i n  
t r e e  hollows. Colonial n e s t e r s ,  such a s  
t h e  herons, e g r e t s ,  e t c . ,  a r e  f a r  too con- 
spicuous t o  hide t h e i r  n e s t s  and, there-  
fo re ,  construct  t h e i r  n e s t s  over o r  near  
water f o r  p ro tec t ion  from invaders .  
Blake 's  Reserve se rves  a s  a  good example of 
such nes t ing  h a b i t a t .  This  a r e a  deserves 
s p e c i a l  a t t e n t i o n  s i n c e  i t  has been of 
g rea t  s ign i f icance  i n  the  h i s t o r y  of b i r d  
surv iva l  i n  t h i s  country and cont inues to- 
day a s  a  haven f o r  s e v e r a l  endangered and 
threatened species .  

A t  t h e  tu rn  of t h e  century,  s e v e r a l  of 
our  most a t t r a c t i v e  wading b i rds ,  including 
t h e  snowy egre t  and t h e  grea t  egre t ,  were 
near ex t inc t ion  because of t h e  heavy mor- 
t a l i t y  due t o  plume hunters .  Wayne (1910) 
s t a t e d  t h a t  he had n o t  seen a  snowy egre t  
i n  10 years .  This  is  d i f f i c u l t  t o  imagine 
considering t h e i r  abundance today and con- 
s ider ing  t h a t  Wayne was almost continuously 
i n  the  f i e l d  and concentrated h i s  e f f o r t s  
on t h e  coast .  He a l s o  indicated t h a t  t h e  
g rea t  egre t  was general ly  absent except i n  
those a r e a s  where i t  was afforded protec- 
t ion .  Blake 's  Reserve, o r  Washoe a s  i t  was 
formerly known, has a  continuous record of 
being used a s  a  rookery by these  two spe- 
c i e s  s ince  1823. Since i t  was included i n  
t h e  property of a  p r i v a t e  hunting club 
p r i o r  t o  t h e  tu rn  of the  century,  i t  was 
afforded pro tec t ion  a t  a  most c r i t i c a l  
time. 

In  add i t ion  t o  e g r e t s ,  t h e  white i b i s ,  
glossy i b i s ,  and grea t  b lue  heron a l s o  n e s t  
i n  the  reserve.  The h i s t o r y  of these  two 
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i b i s e s  i s  d i f f i c u l t  t o  determine. The 
f i r s t  r epor t  of whi te  i b i s  us ing t h i s  
rookery was n o t  provided u n t i l  1943, and 
t h e  f i r s t  s e r i o u s  suggest ion t h a t  g lossy  
i b i s  nested h e r e  was i n  1947. It is  gen- 
e r a l l y  agreed t h a t  t h e  g lossy  i b i s  i s  a  
recen t  a d d i t i o n  t o  t h e  avifauna o f  t h i s  
c o a s t a l  a rea ,  bu t  t h e  whi te  i b i s  i s  a  
long-recognized common r e s i d e n t  (Wayne 
1910). Burton (1970) repor ted  t h a t  a l -  
though t h e  number of whi te  i b i s  n e s t i n g  i n  
Blake 's  Reserve had been es t imated i n  re- 
cent  y e a r s  t o  be a s  high a s  5,000 p a i r s ,  
they had more r e c e n t l y  abandoned t h a t  a r e a  
i n  favor  of Drum Is land  i n  t h e  Cooper 
River. He a l s o  ind ica ted  t h a t  a s  many a s  
200 p a i r s  of g lossy  i b i s  had r e c e n t l y  been 
recorded a s  using t h e  rookery of p lake's 
Reserve. More recen t  observat ions  on nes t -  
i n g  of i b i s e s  i n  t h e  rese rve ,  a l though un- 
published, i n d i c a t e  t h a t  Blake's Reserve 
is a l s o  a  s i g n i f i c a n t  nes t ing  s i t e  f o r  t h e  
osprey, which a t  t h e  p resen t  t ime seems t o  
be succeeding q u i t e  w e l l  i n  t h i s  a r e a .  
Here i n  t h e  rese rve ,  t h e  osprey fol lows < t s  
usual  p a t t e r n  of n e s t i n g  i n  dead t r e e s ,  
genera l ly  dead cypress  i n  t h i s  case .  Th 
most r ecen t  published counts of n e s t s  i n  
the  rese rve  were 30 provided by Henry and 
Noltemeier (1975) and 39 by T. M. Murphy 
(1978, South Carol ina W i l d l i f e  and Marine 
Resources Department, Green Pond, pe r s .  
comm.). The osprey does n o t  p a r t i c i p a t e  
s i g n i f i c a n t l y  i n  t h e  t r o p h i c  r e l a t i o n s h i p s  
of t h i s  community except it does, of 
course, feed i ts young here .  Its f i s h i n g  
t a c t i c s  a r e  much b e t t e r  s u i t e d  t o  open 
waters  which a r e  c l o s e  by. 

One of t h e  more spec tacu la r  wading 
b i r d s  i n  t h i s  h a b i t a t  i s  t h e  wood s t o r k .  
This  spec ies ,  t h e  only t r u e  s t o r k  of regu- 
l a r  occurrence i n  t h e  na t ion ,  i s  a  perma- 
nen t  r e s i d e n t  i n  t h e  South Carol ina and 
Georgia Sea I s l and  Coastal  Region. Sprunt 
and Chamberlain (1970) and Burle igh (1958) 
d i s c u s s  t h e  occurrence of t h i s  spec ies  i n  
t h e  f reshwater  f o r e s t e d  wet lands such a s  
t h e  Santee River and Okefenokee swamps, 
and Hamel (1977) reviewed t h e  occurrence 
o f  the  wood s t o r k  i n  South Carol ina and 
emphasized t h e  highly v o l a t i l e  and un- 
c e r t a i n  s t a t u s  of t h e  spec ies .  Kahl (1964) 
s t r e s s e d  t h e  wood s t o r k ' s  dependence upon 
highly s p e c i f i c  cond i t ions  of water  l e v e l  
f o r  feeding and nes t ing .  

There i s  a  r a t h e r  d i s t i n c t  movement 
of wood s t o r k s  from freshwater  f o r e s t e d  
wetlands t o  s a l t  marshes i n  July,  where 
they feed throughout t h e  s m e r .  Feeding 
h a b i t s  a r e  i n t e r e s t i n g  i n  t h a t  a  number 
of b i r d s  w i l l  seek out  a  pool and, by stir- 
r i n g  up mud and water wi th  t h e i r  f e e t ,  
br ing food t o  t h e  s u r f a c e  where it is 
ava i l ab le .  The wood s t o r k ' s  d i e t  c o n s i s t s  
of f i s h  (mostly minnows), f r o g s ,  smal l  
t u r t l e s ,  snakes, f i d d l e r  c rabs ,  and wood 
r a t s .  Young r a i l s  and g rack les  have a l s o  
been found i n  t h e i r  stomachs (Sprunt and 
Chamberlain 1970). 

Although a  v a r i e t y  of ducks u t i l i z e  
swamps and f lood  p l a i n s ,  t h e  wood duck is  
without  ques t ion  t h e  most c h a r a c t e r i s t i c .  
This  i s  our  only major duck t h a t  n e s t s  i n  
t h e  Sea I s l a n d  Coastal  Region, and i t  is a  
permanent r es iden t .  P a l u s t r i n e  f o r e s t e d  
wetlands a r e  n o t  only major feeding a r e a s ,  
b u t  a l s o  important n e s t i n g  a r e a s .  The 
wood duck i s  one of t h e  few ducks t h a t  does 
n o t  n e s t  on t h e  ground, and n e s t  boxes have 
been very success fu l  i n  helping t h i s  spe- 
c i e s  su rv ive  t h e  l a c k  of a v a i l a b l e  n e s t i n g  
t r e e s  (hollow s tand ing  dead t r e e s ) .  Hester  
and Dermid (1973) found t h a t  over 60% of 
t h e  females n e s t i n g  i n  boxes one y e a r  nested 
t h e r e  aga in  t h e  following year .  The food 
p re fe rences  of t h e  wood duck a r e  we l l  known. 
It  feeds  almost exc lus ive ly  on a q u a t i c  
p l a n t  m a t e r i a l ;  duckweed and s c a l e s  of cy- 
p r e s s  b a l l s  a r e  ex tens ive ly  u t i l i z e d .  A 
number of t h e  o t h e r  p l a n t s  and p l a n t  p a r t s  
a r e  a l s o  favored, inc lud ing  arrow-arum, 
pondweeds, wa te r - l i ly  seeds ,  wi ld  grapes. 
water  elm seeds,  and buttonbush. The ani-  
mal m a t e r i a l  consumed by wood ducks seldom 
exceeds 10% of t h e i r  d i e t  and i n  t h i s  en- 
vironment would c o n s i s t  p r i n c i p a l l y  of 
a q u a t i c  i n s e c t s  (Sprunt and Chamberlain 
1970). 

Odum e t  a l .  (1976) found 63 spec ies  of 
b i r d s  i n  a  cypress  groundwater dome dur ing  
a  2.5 yea r  sampling per iod i n  F lo r ida .  
Aquatic f eeders  and a  l a r g e  number of un- 
common b i r d s  (e .g . ,  brown c reeper ,  prothono- 
t a r y  warbler ,  Cape May warbler ,  and black- 
p o l l  warbler)  were f requen t ly  s igh ted  i n  
t h i s  cypress  dome. 

Overal l ,  t h e  av i fauna  i n  n o n t i d a l  
p a l u s t r i n e  a r e a s  i s  n o t  a s  d i v e r s e  a s  i n  
f loodp la in  ( t i d a l  p a l u s t r i n e )  a r e a s .  How- 
ever ,  t h e  n o n t i d a l  p a l u s t r i n e  h a b i t a t  is 
extremely important t o  b i r d s  of surrounding 
p i n e  f  latwoods. 

G. MAMMALS 1 
1. Impoundments I 

The mammals assoc ia ted  with  p a l u s t r i n e  
impoundments can be considered i n  two 
groups. F i r s t ,  and most numerous, a r e  
those  which u t i l i z e  t h e  d ikes  and t h e  emer- 
gent  o r  shrub a r e a s  of t h e  land-water in -  
t e r f a c e ;  t h e  second group c o n s i s t s  of a  
few s p e c i e s  which e n t e r  t h e  water  and feed 
on a q u a t i c  prey. 

The p r i n c i p a l  he rb ivores  of t h i s  habi- 
tat inc lude  t h e  marsh r a b b i t  and a v a r i e t y  
of smal l  rodents .  Marsh r a b b i t s  a r e  good 
swimmers and w i l l  not  h e s i t a t e  t o  e n t e r  
water ;  however, t h e i r  feeding a c t i v i t i e s  
a r e  l a r g e l y  confined t o  g rasses  and herba- 
ceous p l a n t s  of t h e  moist edges. Pe l ton  
(1975) t rapped a  number of rodents  a long 
t h e  edge of an impoundment on Kiawah I s -  
land. These included e a s t e r n  wood r a t s ,  
co t ton  r a t s ,  cot ton mice, and marsh r i c e  
r a t s .  The presence of these  smal l  mammals 



at trac ts  a number o f  predators, including 
rep t i l e s  and raptorial  b irds .  

The principal omnivores of t h i s  habi- 
t a t  are the raccoon and opossum. The 
raccoon, o f  course, enters the  water t o  
feed on aquatic forms. I f  the  water i s  
fresh,  cray f i sh  and frogs cons t i tu te  sig- 
n i f i can t  portions o f  t he  raccoon's d i e t .  
In estuarine impoundments, f iddler  crabs, 
marsh crabs, m d  blue crabs assume great 
importance i n  the  d i e t .  In southeastern 
Georgia, the  nine-banded armadillo should 
be included along with the  opossum and 
raccoon as a user o f  the  land-water in- 
ter face .  The nine-banded armadillo i s  
largely insectivorous. 

Several small carnivorous mammals are 
common t o  the emergent impoundment edge 
environment. These include the  easnern 
mole, the star-nosed mole, and a l l  three 
native species o f  shrews: the  short- 
t a i l ed ,  l eas t ,  and southeastern shrew. 

The principal predatory mammals, and 
the only ones t o  feed extensively within 
impoundment waters, are the mink and the  
r iver  o t t e r .  The predatory habits o f  
both species were studied extensively by 
Wilson (1954) i n  eastern North Carolina, 
and h i s  f indings would almost certainly 
be appropriate t o  the Sea Island Coastal 
Region. The mink i s  a more generalized 
predator than the  river o t t e r ,  u t i l i z i n g  
a wide select ion o f  small mammals, b irds ,  
r ep t i l e s ,  amphibians, arthropods, and 
f i shes .  The r iver  o t t e r ,  on the  other 
hand, feeds almost exclusively on f i shes  
and crustaceans i n  the same general en- 
vironment. 

2. Forested Wetlands 

Palustrine forested wetlands include 
a wide var ie ty  o f  fores t  types,  d i f f e r i n g  
wi th  respect t o  frequency and consistency 
with which the fores t  f loor i s  flooded. 
Consequently, most t e r re s t r ia l  mammals o f  
the Sea Island Coastal Region w i l l  be 
found a t  one time or another i n  fores ts  
f i t t i n g  t h i s  broad c la s s i f i ca t ion .  The 
principal exceptions would be those 
ground-dwelling mammals which are ecologi- 
ca l ly  linked t o  sandy so i l s  or dry grassy 
areas. 

Although small herbivorous mammals 
are not well represented i n  palustrine 

i forested wetlands, the eastern wood rat  
shows an in teres t ing  adaptation t o  t h i s  
environment. This species i s  well known 

1 for the  large nes ts  or dens which are con- 
structed o f  s t i c k s  and twigs. In wood- ! lands that are seldom flooded, these dens 

I are usually b u i l t  on the fores t  f loor  near 
the base o f  a large t r ee .  However, the 
eastern wood ra t  also constructs arboreal 
dens, and i n  regularly or permanently 
flooded fo res t s ,  the  t r ee  den i s  the 
typ ical  form (Lowery 1974). In palustrine 

ra t  i s  abundant, it i s  an important l ink  
i n  the  food web. I t  i s  en t i r e l y  herbi- 
vorous and cons t i tu tes  an important source 
o f  prey for r ep t i l e s  and predacious mammals. 
Because the eastern wood rat  i s  largely 
nocturnal, it i s  preyed upon extensively by 
owls instead o f  hawks. 

Another herbivore that  a t  one time 
was prevalent throughout both States i s  
the  beaver. Although the  beaver's popula- 
t i o n  has been decimated, t h i s  species i s  
making a comeback i n  some areas because o f  
protection and reintroduction (Golley 1962, 
1966). The beaver occurs primarily i n  the  
Georgia portion o f  the  Sea Island Coastal 
Region. According t o  Parrish (1960), 
Golley (1962, 1966), and Hicks (1977), the  
beaver i s  found along r i ve r s ,  streams, and 
lakes primarily along the  Savannah and 
Altamaha river drainages. In South 
Carolina, the  c loses t  reported population 
t o  t he  coast i s  also along the Savannah 
River a t  t he  Savannah River Plant (Golley 
1966; D .  Shipes, 1979, South Carolina 
W i l d l i f e  and Marine Resources Department, 
Columbia, pers. comm.). However, reports 
have recently been confirmed o f  range ex- 
tensions i n t o  t he  Georgetown County area 
( P .  M .  Wilkinson, 1979, South Carolina 
W i l d l i f e  and Marine Resources Department, 
Charleston, pers. comm.). 

Food items for beaver consist  o f  woody 
and aquatic plants ,  especially  sweet gum, 
willow, alder,  blue beach, dogwood, yellow 
poplar, maple, water- l i ly ,  and corn (Hicks 
1977). Some control over localized concen- 
t ra t ions  i s  deemed necessary; there fore  
both States permit t he  harvesting o f  beaver. 
For additional information concerning har- 
v e s t ,  see Chapter Eight o f  Volume 11. 

The mouse most characterist ic  o f  
floodplain fores ts  i s  the cotton mouse. 
This  mouse i s  not f u l l y  herbivorous, as i s  
the  case o f  the  eastern wood r a t .  During 
summer, insec ts  and small invertebrates 
cons t i tu te  a s igni f icant  portion o f  i t s  
d i e t .  The marsh rabbit i s  also an impor- 
tant  component o f  the  mammalian fauna o f  
palustrine forested wetlands. According 
t o  Tomkins (1955), the  marsh rabbit i s  
l e s s  abundant i n  floodplain f o re s t s  than 
i n  t he  brackish-water marshes further 
downstream. As i n  other habi ta ts ,  t h i s  
rabbit cons t i tu tes  an important source o f  
prey for larger hawks and owls and may be 
the principal food source for bobcats i n  
forested wetlands. The gray squirrel  i s  
t he  most abundant arboreal mammal o f  pa- 
lus tr ine  forested wetlands and can e x i s t  
where the forest  f loor i s  permanently 
flooded only i f  t ree  cover i s  dense enough 
t o  allow t rans i t  from t r ee  t o  t r ee .  As i n  
other habi ta ts ,  the gray squirrel  i s  al-  
most en t i r e l y  herbivorous, ex is t ing  on a 
wide var ie ty  o f  nu t s ,  buds, and seeds. 

The large herbivore o f  the  swamps i s  
the white-tailed deer. Deer occupy v ir tu-  
a l l y  a l l  types o f  palustrine forested 



wetlands, a s  long a s  i s lands  of high 
ground a r e  avai lable.  They a r e  probably 
most abundant i n  f loodplain fo r e s t s  where 
shrubs a r e  ava i lab le  f o r  browse. Deer 
have no serious predators  other  than man; 
i t  is i n  t he  infrequented floodplain for- 
e s t s  tha t  they a r e  l e a s t  susceptible t o  
hunting pressure. Older and l a rge r  white- 
t a i l e d  deer would be expected t o  be found 
i n  these  environments. 

The opossum and raccoon a r e  the  two 
pr inc ipa l  omnivorous mammals of forested 
wetlands of the  Sea Island Coastal Region. 
Both species a r e  abundant i n  every coas ta l  
county. Caldwell (1963) found the  raccoon 
t o  be more abundant i n  pa lus t r ine  forested 
wetlands than i n  other  hab i t a t s  i n  north- 
cen t r a l  Florida. In  the  Sea Island Coastal 
Region, however, raccoon populations a r e  
probably most dense i n  the  es tuar ine  en- 
vironment (see Chapter Four, Estuarine 
Ecosystem). 

The most de ta i led  ana lys is  of raccoon 
food habi t s  i n  forested areas i n  the  South- 
ea s t  a r e  those conducted by Johnson (1970) 
i n  Alabama. One of Johnson's study areas 
(Red  T. Stimson Game Sanctuary) was a 
coas ta l  p l a in  area t ha t  included forested 
swamps. A s  expected, a var ie ty  of p lan t  
and animal mater ia l s  was consumed. F ru i t s ,  
ber r ies ,  and acorns were t he  pr inc ipa l  
p lan t  materials .  Insects ,  espec ia l ly  
beet les  and grasshoppers, .were t h e  most 
commonly encountered animal remains i n  
stomach content analyses. During f a l l ,  
the raccoons tha t  Johnson studied u t i l i z ed  
plant  materials  almost exclusively.  
Johnson's food analyses a r e  l i k e l y  t o  be 
appropriate t o  Georgia and South Carolina 
forested wetlands, wfth crayfish,  amphib- 
ians ,  and f i shes  playing a grea ter  r o l e  i n  
t he  raccoon d i e t  i n  wetter  forested wet- 
lands. The opossum is more l i k e l y  t o  be 
found i n  d r i e r  habi ta t s .  It seems t o  r e l y  
on i n sec t s  t o  a grea ter  ex ten t  than does 
t he  raccoon. 

Pa lus t r ine  forested wetlands were 
h i s t o r i c a l l y  t he  home of another omnivore. 
t h e  black bear. These la rge  omnivores 
were formerly wtdespread i n  forested wet- 
lands, but today a r e  r e s t r i c t ed  t o  a few 
la rge  f loodplain fores t s .  According t o  
records c i t e d  by Golley (1962), a s  many a s  
500 bears ex is ted  a s  recently a s  1953 i n  
the Okefenokee Swamp. It  is unlikely t ha t  
bears a r e  su f f i c i en t l y  abundant i n  any of 
the pa lus t r ine  fores ted  wetlands of the 
Sea Island Coastal Region today t o  have 
appreciable ecological  s ignif icance.  

The top mammalian carnivore of for- 
ested wetlands today is  the  bobcat. This  
species s t i l l  occurs within the  l a rge r  
flood p l a in s  i n  a l l  coas t a l  counties of 
South Carolina, but i t s  d i s t r i bu t i on  i s  
l e s s  c l ea r  i n  Georgia. Although we f ind  
no recent records, it is l i k e l y  t h a t  
f loodplain fo r e s t s  bordering the  major 
r i v e r s  of the Georgia coast  s t i l l  harbor 

populations of t h i s  c a t .  Certainly,  i t  
s t i l l  e x i s t s  i n  t he  Okefenokee Swamp j u s t  
west of t he  Sea Island Coastal Region. 

The bobcat i s  more l i ke ly  t o  be found 
i n  t he  la rger  flood p l a in s  and spends most 
of i t s  time i n  d r i e r  environments. How- 
ever, the  bobcat is not averse t o  en ter ing  
the  water. Within t he  f loodplain environ- 
ment, the  marsh rabbi t  can be expected t o  
be the  pr inc ipa l  item of d i e t ,  though r a t s ,  
mice, and b i rds  may a l s o  be consumed. Bob- 
ca t s  w i l l  occasionally prey upon young 
fawns, but t h i s  i s  a r e l a t i ve ly  infrequent  
occurrence. 

The r i v e r  o t t e r  and mink a r e  smaller 
but more numerous predators within the 
pa lus t r ine  forested wetland hab i t a t  and 
a r e  qui te  a t  home i n  swamps with perma- 
nently standing water. Although quantita- 
t i v e  est imates a r e  lacking, i t  i s  general ly 
believed t ha t  mink and r i v e r  o t t e r  a r e  more 
abundant i n  es tuar ine  environments than i n  
swamps. Food s tud i e s  have not  been con- 
ducted on mink or  o t t e r  i n  South Carolina 
o r  Georgia swamps, but a North Carolina 
study by Wilson (1954) did include t h i s  
habi ta t .  Small f i s h  (pr inc ipa l ly  cyprino- 
donts) and a var ie ty  of small mammals, 
b i rds ,  r e p t i l e s ,  amphibians, and aquatic  
inver tebra tes  (mostly crayfish)  const i tuted 
the pr inc ipa l  d ie ta ry  items f o r  mink. In 
general, the  food of mink re f lec ted  t he  
faunal makeup of t he  swamp environment. 
In cont ras t ,  mink depended r e l a t i v e l y  more 
on rodents when feeding i n  t he  marsh en- 
vironment. River o t t e r  depend t o  a much 
higher degree on f i shes ,  whether i n  swamp 
o r  marsh environments. 

The gray fox i s  another common pred- 
a t o r  but i s  generally r e s t r i c t ed  t o  those 
port ions of the  swamp which a r e  flooded 
i r r egu l a r ly .  While i n  t h i s  environment. 
small mammals, b i rds ,  and i n sec t s  consti- 
t u t e  t h e  pr inc ipa l  foods. I n  t he  lower 
coas t a l  counties  of Georgia, the  nine- 
banded armadillo is an addi t iona l  predator 
i n  i r r egu l a r ly  flooded fo re s t s .  The nine- 
banded armadillo is  largely insect ivorous.  

Several small f o s so r i a l  mammal pred- 
a to r s ,  including t he  southeastern shrew 
and t h e  eastern mole, a r e  common i n  swamp 
margins and i n  i r r egu l a r ly  flooded fo re s t s .  
These animals obviously cannot e x i s t  where 
the  ground is completely sa tura ted  o r  
flooded . 

111. LACUSTRINE ECOSYSTEM 

A. VASCULAR FLORA ( fo r  nonvascular p lan ts ,  
see the  pa lus t r ine  sec t ion)  

1. L i t t o r a l  Subsystem 

The l acus t r i ne  l i t t o r a l  subsystem i s  
defined a s  t h e  zone t h a t  extends from the  
shoreward boundary of t he  lacus t r ine  body 
t o  the point  a t  which depths a r e  2 m 



(6.5 f t )  o r  g r e a t e r ,  o r  t o  t h e  maximum ex- 
t e n t  of  n o n p e r s i s t e n t  emergents,  i . e . ,  i f  
t hey  extend o u t  beyond t h e  2 m (6.5 f t )  
depth  zone. Some l a c u s t r i n e  water  bod ies  
may be complete ly  l i t t o r a l ,  n o t  being 
g r e a t e r  than 2 m deep a t  any p o i n t .  Some 
depres s ions  and s i n k s  i n  t h e  Sea I s l a n d  
Coas ta l  Region f i t  t h i s  d e s c r i p t i o n .  
These a r e a s  must, however, be g r e a t e r  t han  
20 a c r e s  (8 ha) t o  be  c a l l e d  l a c u s t r i n e .  

Most l a c u s t r i n e  bod ies  have a lit- 
t o r a l  zone; however, t h e  l i t t o r a l  zone is 
g e n e r a l l y  b e t t e r  de f ined  i n  m i l l  ponds, 
s o l u t i o n  ponds, and farm ponds than i n  ox- 
bow l a k e s  and r i c e  f i e l d  r e s e r v e s .  The 
gene ra l  ecology of t h e  l i t t o r a l  zone i n  
Sou theas t e rn  l a c u s t r i n e  systems i s  complex 
and has  not  been d e a l t  w i t h  adequate ly  i n  
t h e  l i t e r a t u r e .  The few sources  a v a i l a b l e  
a r e  concerned p r i m a r i l y  wi th  s p e c i e s  com- 
p o s i t i o n .  Eco log ica l  success ion  i n  t h e  
l a c u s t r i n e  system w i l l  be  t r e a t e d  i n  t h e  
d i s c u s s i o n  of t h e  l i m n e t i c  subsystem. 

Ey les  (1941) descr ibed t h e  f l o r a  of 
a s e r i e s  of solution-formed "boggy ponds" 
l o c a t e d  i n  t h e  Georgia c o a s t a l  p l a i n  j u s t  
o u t s i d e  of  t h e  Sea I s l a n d  Coas ta l  Region. 
These ponds a r e  sha l low ( l e s s  than 2 m 
deep) wi th  pea ty  bottoms, and range up t o  
30 a c r e s  (12.5 ha) i n  s i z e .  The dominant 
p l a n t s  of  t h e s e  ponds were wh i t e  water- 
l i l y  and wa te r  m i l f o i l  i n  eve ry  case .  
Common p l a n t s  of t h e  Nymphaea-Myriophyllum 
community of t h e s e  ponds a r e  l i s t e d  i n  
Table  5-29 i n  o r d e r  of abundance. Eyles  
po in ted  ou t  t h a t  b i g  f l o a t i n g  h e a r t ,  ye l -  
low-eyed g r a s s ,  water  m i l f o i l ,  and spike-  
r u s h  a r e  most c h a r a c t e r i s t i c  of t h e  solu-  
t i o n  pond, wh i l e  many o t h e r  s p e c i e s  found 
i n  t h e  s o l u t i o n  ponds a r e  a l s o  found i n  
o t h e r  types  of  l a c u s t r i n e  environments.  

The zona t ion  of p l a n t s  i n  t h e  solu-  
t i o n  ponds was n o t  commented upon by Eyles ,  
bu t  i t  was noted t h a t  t h e  e n t i r e  s u r f a c e  
of each pond was covered wi th  whi tg  water- 
l i l y .  Based on s t r u c t u r a l  c h a r a c t e r i s t i c s  
of  t h e  f l o r a  desc r ibed ,  t h e  ponds probably  
e x h i b i t  some shore- to-center  zonat ion.  
Of t h e  p l a n t s  l i s t e d  i n  Table  5-29, 1 3  a r e  
n o n p e r s i s t e n t  emergents ,  f o u r  a r e  f l o a t i n g -  
leaved ( r o o t e d ) ,  one is  a submergent, and 
one is a shrub.  The n o n p e r s i s t e n t  emer- 
gen t s  probably  a r e  more common n e a r  t h e  
shore ,  wh i l e  t h e  f loa t ing - l eaved  ( roo ted )  
and submergent p l a n t s  a r e  probably  f 01 ind 
i n  deeper  water .  

Radford (1976) and South Caro l ina  
W i l d l i f e  and Marine Resources Department 
(1974d) desc r ibed  a s e r i e s  of  s i n k s  i n  
Berkeley County, South  Caro l ina .  Radford 
(1976) c a l l e d  t h e s e  d e p r e s s i o n s  "lime" 
s i n k s ,  p o i n t i n g  o u t  t h a t  they r e s u l t e d  
from l imes tone  s o l u t i o n .  South Caro l ina  
W i l d l i f e  and Marine Resources Department 
(1974d) impl ied  t h a t  some of  t h e  l a r g e r  
ponds may be deep pocosins .  Radford re-  
p o r t e d  burmannia, hedge hyssop, S t .  John's- 
wort ,  b ladderwort ,  Muhlenberg's 

amphicarpum, and sedge from s i n k s ;  no sub- 
mergents o r  f loa t ing - l eaved  p l a n t s  were 
l i s t e d .  South Caro l ina  W i l d l i f e  and Marine 
Resources Department (1974d) l i s t e d  b i g  
f l o a t i n g  h e a r t ,  water-hoarhounds, and water 
s p i d e r  o rch id  among l a c u s t r i n e  h e r b s  of 
t h e  s i n k s  (because some of  t h e s e  s i n k s  have 
a canopy coverage of more than  30%, they 
a r e  a l s o  d e a l t  w i t h  i n  t h e  s e c t i o n  on pa- 
l u s t r i n e  f o r e s t e d  we t l ands ) .  

Dennis (1975b) surveyed t h e  f l o r a  of 
Blake 's  Reserve,  a former r i c e  f i e l d  i m -  
poundment i n  Char l e s ton  County, South 
Caro l ina .  T h i s  l a c u s t r i n e  f e a t u r e  is  s u r -  
rounded by p a l u s t r i n e  wet lands  i n  t h e  form 
of  bald  cypress-water t u p e l o  communities. 
I n  a r e a s  where canopy d e n s i t y  is l e s s  t h a n  
30% a r e a l  coverage, t h e  dep th  of  t h e  r e -  
s e r v e  is  such t h a t  i t  l i m i t s  t h e  growth of 
emergent v e g e t a t i o n .  The l i t t o r a l  vege- 
t a t i o n  i n  Blake 's  Reserve,  t h e r e f o r e ,  i s  
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of  o t h e r  
l a c u s t r i n e  bodies .  Due t o  t h e  d e p t h  of  
t h e  l i t t o r a l  zone, most of t h e  l a c u s t r i n e  
f l o r a  a t  t h e  Reserve is  consequent ly  sub- 
mergent , f loa t ing - l eaved  ( r o o t e d ) ,  o r  
f l o a t i n g  macrophytic v e g e t a t i o n .  Table  
5-30 l ists t h e  common p l a n t s  of  B lake ' s  
Reserve.  I n  t o t a l  numbers of  p l a n t s ,  t h e  
f loa t ing - l eaved  ( rooted)  and t h e  f l o a t i n g  
macrophytes dominate t h e  l i t t o r a l  (and 
l i m n e t i c )  zone of B lake ' s  Reserve.  Sur face  
v e g e t a t i o n  i s  f r e q u e n t l y  s o  t h i c k  t h a t  a 
boa t  cannot  be  paddled through it. F loa t -  
i n g  l o g  and mat communities a r e  p r e s e n t  i n  
t h e  l i t t o r a l  subsystem of t h e  Reserve,  b u t  
because they a r e  more common i n  the  deepe r  
wa te r ,  t hey  w i l l  be  d e a l t  w i t h  i n  t h e  lim- 
n e t i c  s u b s e c t i o n .  

The l i t t o r a l  zone of oxbow l a k e s  is  
ve ry  l i m i t e d  o r  complete ly  absen t .  ~ i z a r d ' s  
t a i l ,  dayf lower ,  pennyworts, arrowheads,  
and pickere lweed a r e  o f t e n  p r e s e n t  i n  t h e  
n o n p e r s i s t e n t  emergent zone. L i t e r a t u r e  
concerning t h e  f l o a t i n g  and submergent 
f l o r a  of oxbow l a k e s  i n  t h e  Sea  I s l a n d  
Coas ta l  Region is  n o n e x i s t e n t .  I n  North 
Caro l ina ,  l a c u s t r i n e  f e a t u r e s  (bay l a k e s )  
a r e  p r e s e n t  i n  l a r g e  Caro l ina  Bays. Many 
South Caro l ina  and Georgia  pond cypress-  
dominated deep bays  have many l a c u s t r i n e  
c h a r a c t e r i s t i c s  ( s e e  Wharton 1978) b u t  do 
n o t  f i t  t h e  d e f i n i t i o n  of  t h e  l a c u s t r i n e  
system used h e r e  (Cowardin e t  a l .  1977).  
For a d i s c u s s i o n  of deepwater Caro l ina  
Bays and cypres s  ponds, s e e  t h e  s e c t i o n  on 
v a s c u l a r  f l o r a  of  t h e  p a l u s t r i n e  system. 

The s t r u c t u r e  of  l i t t o r a l  l a c u s t r i n e  
subsystems is  gene ra l i zed  i n  F igure  5-19. 
T h i s  s t r u c t u r e  i s  determined by wa te r  
depth .  I n  most l i t t o r a l  zones,  nonper s i s t -  
e n t  emergents a r e  found i n  t h e  sha l lowes t  
wa te r ,  submergents dominate s l i g h t l y  i n  
deeper  wa te r ,  and f loa t ing - l eaved  ( roo ted )  
p l a n t s  and f l o a t i n g  macrophytes a r e  domi- 
n a n t  i n  t h e  deepes t  l i t t o r a l  and sha l lowes t  
l i m n e t i c  zones. The number and d e n s i t y  of  
growth forms found i n  l i t t o r a l  l a c u s t r i n e  
zones i s  u s u a l l y  i n d i c a t i v e  of t h e  presence 



Table 5-29. F lo ra  of t h e  Nymphaea-Myriophyllum community, i n  o rder  of abundance, i n  a s e r i e s  of 
solution-formed "boggy ponds" loca ted  i n  t h e  Georgia c o a s t a l  p l a i n  (Eyles  1941). 

S c i e n t i f i c  Name Common Name 

Myriophyllum pinnatum 
Nymphaea odorata  
Xyris smal l iana 
1 

Eleochar is  sp .  
Eleochar is  e longa ta  
Eleochar is  r o b b i n s i i  
Bacopa c a r o l i n i a n a  
Nymphaea bombycina 

Brasenia  s c h r e b e r i  
Cephalanthus o c c i d e n t a l i s  
Panicum hemitomon 
Polygonum hirsutum 
Sc i rpus  e tubercu la tus  

water  m i l f o i l  
whi te  w a t e r - l i l y  
yellow-eyed g r a s s  
bladderwort 
b ig  f l o a t i n g  h e a r t  
spikerush 
sp ike rush  
sp ike rush  
lemon bacopa 
w a t e r - l i l y  
pipewort 
jo in ted  sp ike rush  
pea t  moss 
marsh pennywort 
bald  r u s h  
water-shield  
bu t ton  bush 
maidencane 
smartweed 
bu l rush  

o r  absence of c l e a r l y  def ined zonation. 
I n  Eyles' (1941) s tudy,  1 3  emergent spe- 
c i e s ,  1 submergent spec ies ,  and 4 f l o a t -  
ing-leaved ( roo ted)  s p e c i e s  were found i n  
a s e r i e s  of shal low s o l u t i o n  ponds. The 
h igh  number of emergent s p e c i e s  was prob- 
a b l y  due t o  t h e  very shal low n a t u r e  of t h e  
s inks .  I n  Blake's Reserve, on t h e  o t h e r  
hand, t h e  n m b e r  and d e n s i t y  of f l o a t i n g -  
leaved (rooted)  and f l o a t i n g  macrophytic 
p l a n t s  f a r  exceeded t h a t  of emergent and 
submergent p l a n t s .  Th i s  was because t h e  
water depth was 1 - 3 f t  (0.3 - 0.9 m) a t  
t h e  beginning o f  t h e  l i t t o r a l  zone. 

2. L i w e t i c  Subsystem 

The l imne t ic  subsystem inc ludes  those 
a r e a s  of l a c u s t r i n e  systems where t h e  wa- 
ter is deeper than 2 m (6.5 f t )  a t  low 
water, except  when nonpers i s t en t  emergents 
grow beyond t h e  2 m depth zone; then, t h e  
l i m n e t i c  zone begins  a t  t h e  maxinnun e x t e n t  
of t h e s e  p l a n t s .  Vegetat ion h e r e  c o n s i s t s  
e n t i r e l y  o f  submergents, f loat ing- leaved 
( roo ted)  p l a n t s ,  f l o a t i n g  macrophytes, 
f l o a t i n g  mats, and vege ta t ion  of f l o a t i n g  
logs .  

Table 5-30 l ists common submergent, 
f loat ing- leaved ( roo ted) ,  f l o a t i n g  macro- 
phytes ,  f l o a t i n g  log ,  and f l o a t i n g  mat 
p l a n t s  of Blake's Reserve. Float ing-  
leaved (rooted)  p l a n t s  and f l o a t i n g  macro- 
phytes  a r e  t h e  most common growth-forms 
encountered i n  t h e  l i w e t i c  zone, wi th  
f l o a t i n g  h e a r t s ,  f rog ' s -b i t ,  mosquito fern, 
and duckweeds t h e  most commonly seen spe- 
c i e s  (Dennis 1975b). Water s p i d e r  o rch id  

and f a l s e  n e t t l e  a r e  very common on f l o a t -  
i n g  l o g s  i n  Blake 's  Reserve, and swamp 
smartweed is  t h e  most abundant p l a n t  o f  
t h e  f l o a t i n g  mats. Figure  5-19 i l l u s t r a t e s  
p l a n t  zonat ion i n  Blake 's  Reserve. 

Hunt (1943) descr ibed f o u r  zones of 
vege ta t ion  on f l o a t i n g  mats i n  a r e s e r v o i r  
nea r  Charles ton,  South Carol ina.  The 
p ioneer  zone, t h e  advancing p o r t i o n  of t h e  
mat, was dominated by water-primrose, a l l i -  
gator-weed, and buttercup-leaved pennywort. 
Th i s  zone averaged about 50 f t  (15 m) i n  
width. These p l a n t s  formed t h e  mat base  
on which o t h e r  f l o r i s t i c  zones r e s t .  The 
second zone, t h e  c a t - t a i l  zone, was domi- 
na ted  by common c a t - t a i l  and v a r i e d  from 
25 t o  s e v e r a l  hundred f e e t  i n  width. A 
narrow shrub zone of wax myr t l e  and black 
willow was found between t h e  c a t - t a i l  zone 
and t h e  nex t  zone, which Hunt r e f e r r e d  t o  
a s  t h e  "main body." The main body of t h e  
mat had reached t h e  f o r e s t  s t a g e  and was 
dominated by woody p l a n t s .  Red maple was 
common w i t h  red bay and bald cypress  oc- 
c a s i o n a l l y  being found. The s u r f a c e  of 
t h e  main body of t h e  mat was made up of a 
t h i c k  l a y e r  of p e a t  moss (Hunt 1943). 

Dennis (1975b) is t h e  only a v a i l a b l e  
re fe rence  concerning f l o a t i n g  l o g  communi- 
ties i n  Southeastern l a c u s t r i n e  bodies.  
a l though Dennis (1973), Dennis and Batson 
(1974), and McEwan (1976) d i scussed  f l o a t -  
ing  l o g  communities i n  p a l u s t r i n e  environ- 
ments. Several  spec ies  a r e  common t o  
f l o a t i n g  logs  i n  both p a l u s t r i n e  and l a -  
c u s t r i n e  systems (notably water  s p i d e r  
orchid and f a l s e  n e t t l e ) .  Table 5-30 lists 



Table 5-30. Common p l a n t s  of the  l a c u s t r i n e  system ,f Blake's Reserve, Charleston 
County, South Carolina (Dennis 1975b, National Wetlands Inventory 
1978). 

. 

EMERGENT SUBMERGENT FLOATING-LEAVED (ROOTED) 

Decondon v e r t i c i l l a t u s  Cabomba caro l in iana  Hydrocotyle ranunculoides 
(water l o o s e s t r i f e )  ( f anwort) (pennywort 

Polygonum hydropiperoides Ceratophyllum echinatum Alternanthera phi loxeroides 
(swamp smar tweed) (coontai l )  (alligator-weed) 

Bacopa caro l in iana  
(lemon bacopa) 

U t r i c u l a r i a  inf l a t a  Nymphoides aquat ica 
(bladderwort) (big f l o a t i n g  hear t )  

Taxodium d i s t  ichum Potamogeton berth . l.& Limnobium spongia 
(bald cypress) (narrow-leaved pc. :' (frog 's-bi t )  

Nymphaea odorata 
(white water- l i ly)  

Nymphoides cordata  
( l f t t l e  f l o a t i n g  h e a r t )  

FLOATING MACROPHYTES 

Azolla ca ro l in iana  
(mosquito fe rn)  

Spirodela  polyrrhiza 
(big duckweed) 

Lewa spp. 
(duckweeds) 

Wolf f ie l l a  f lo r idana  
(eastern wolf f i e l l a )  

FLOATING LOGS FLOATING MATS 

Habenaria repens Alternanthera..philaxeroides 
(water s p i d e r  orchid) (alligator-weed) 

Centel la  a s i a t i c a  Polygonum hydropiperoides 
(Chinaman ' s sh ie ld)  (swamp smartweed) 

Dulichium arundinac, n Decodon v e r t i c i l l a t u s  
(three-way sedge) (water l o o s e s t r i f  e )  

I t e a  v i r g i n i c a  Sacciolepis  s t r i a t a  
< v i r g i n i a  willow) ( sacc io leps i s )  

Boehmeria c y l i n d r i c a  
( f a l s e  n e t t l e )  

Carex decomposita 
(sedge) 



PALUSTRINE LACUSTRINE 

EMERGENT ZONE : SUBMERGENT : FLOATING-LEAVED FLOATING 
ZONE : f ONE (ROOT ED) MACROPHYTES ' 

M m  A/tectmnt@m . Pbtumgetm : Nymphma Sphob/u 
vertici//utus @//oxerdes : w. . wdoratu W. 

(water loosestrife) (alligator-weed) : (pondweeds1 , (water lilv) (duckweeds) 
SU/IX Sugitturiu - Cemtophy/Iurn : Nymp/rw'des Lmtm 

WP. w. SOP. - WP. WP. 
(willows) (arrowheads) (coontails) : . (floating hearts) (duckweeds) 

Cephaunthus Pontederiu : Myrhphy//um : Limnobiurn Wdffie//u 
miabmtdis cwdatu : w. : wongiu fkridunu 
(button bush) (pickerelweed) : (water milfoils) : (frog's bit) (Eastern 

T Y P ~ ~  fb/ygonum Nujus wo/f fie//u) 

SPP. w. w. 
(cat-tails) (knotweeds) : (bushy pondweeds1 : 

Figure  5-19. L i t t o r a l  l a c u s t r i n e  p l a n t  zonat ion of B lake ' s  Reserve (Char les ton County, South 
Caro l ina ) .  

common p l a n t s  found on f l o a t i n g  logs  i n  
Blake 's  Reserve. 

Success ion i n  Sou theas te rn  l a c u s t r i n e  
environments is  poor ly  documented. L i t t l e  
o r  no l i t e r a t u r e  e x i s t s  concerning succes- 
s i o n  i n  s i n k s ,  r i c e  f i e l d  r e s e r v e s ,  and 
o t h e r  s t a t i c  wa te r - l eve l  l a c u s t r i n e  fea- 
tu res .  Hunt (1943) d i scussed  success ion  
i n  Goose Creek Reservoir  (South Caro l ina ) ,  
an  impounded f lood  p l a i n .  Success ion 
t h e r e  proceeded from marsh t o  f o r e s t  on 
f l o a t i n g  mats. Hunt (1943) compared suc- 
cess ion  i n  Sou theas te rn  r e s e r v o i r s  wi th  
t h a t  of Northern bog l a k e s .  Rese rvo i r s  
(such a s  Goose Creek) do not go through 
t h e  "bog phase," he noted, because t h e i r  
wa te r s  a r e  a c t i v e l y  c i r c u l a t i n g .  Water 
c i r c u l a t i o n  keeps t h e  pH of t h e  r e s e r v o i r s  
a t  a  low a c i d  l e v e l ,  i n  c o n t r a s t  t o  t h e  
h igh ly  a c i d i c  wa te r  of bog l a k e s  (Oosting 
1956). Oxbow l a k e s  undergo a  g radua l  suc- 
c e s s i o n a l  t r end  from r i v e r  t o  l a k e  t o  a  
bald  cypress-water tupe lo  community. Re- 
peated f loods  b r i n g  i n  silt ,  f i l l i n g  t h e  
l akes  i n  a  slow process .  

L a c u s t r i n e  systems may be  c l a s s i f i e d  
a s  o l i g o t r o p h i c  o r  eu t roph ic ,  based on 
t h e i r  p r o d u c t i v i t y  (Table 5-2). Oligo- 
t r o p h i c  l a k e s  a r e  low i n  p r o d u c t i v i t y  due 
t o  phosphorous l i m i t a t i o n s  ( t h e  carbon 
con ten t  i n  t h e s e  l a k e s  i s  c h a r a c t e r i s t i -  
c a l l y  high) ;  e u t r o p h i c  l a k e s  a r e  h igh  i n  
phosphorus and a r e  h igh ly  p roduc t ive  
(Wetzel 1975).  Most o f  t h e  l a c u s t r i n e  
bodies  i n  t h e  Sea I s l and  Coas ta l  Region 
genera l ly  e x h i b i t  e u t r o p h i c  cond i t ions .  
S t u d i e s  of  n u t r i e n t s  and p r o d u c t i v i t y  i n  
l a c u s t r i n e  environments a r e  unava i l ab le  
f o r  t h e  s i n k s ,  oxbow l a k e s ,  and r i c e  f i e l d  
r e s e r v e s  of  t h e  Sea I s l a n d  Coas ta l  Region; 
however. l i m i t e d  informat ion does  e x i s t  
concerning t h e  r e s e r v o i r s  of t h e  a r e a .  

Boyd (1971), r e f e r r i n g  t o  P a r r  Pond 
i n  Aiken County, South Carol ina ,  po in ted  
out  t h a t  o l i g o t r o p h i c  l a k e s  i n  t h e  South- 
e a s t  may have a  well-developed v a s c u l a r  
f l o r a .  Rooted v a s c u l a r  p l a n t s  do not  have 
t o  compete wi th  phytoplankton and nonrooted 
macrophytes f o r  n u t r i e n t s  and, t h e r e f o r e ,  
may f l o u r i s h  i n  bod ies  of wa te r  wi th  a  low 



supply of d i s so lved  n u t r i e n t s  ( rooted 
vascu la r  p l a n t s  absorb  i o n s  through both 
r o o t  and l e a f  t i s s u e s ;  phytoplankton and 
nonrooted macrophytes absorb  only  d i s -  
solved n u t r i e n t s ) .  

Penfound and E a r l e  (1948) s t u d i e d  
t h e  p r o d u c t i v i t y  of water  hyac in th  i n  
Louis iana.  Biomass ranged from 630 - 
1,472 g d ry  wt /m2 and annual  f r o d u c t i v i t y  
ranged from 1,500 - 4,400 g/m / y r .  Float- 
ing-leaved and submergent v a s c u l a r  p l a n t s  
normally have s t a n d i n g  crop biomasses of 
l e s s  than 500 g dry wt/m2. Emergent 
p l a n t s  have hiomass ya lues  t h a t  range 
from 500 - 1,500 g/m CBoyd 1971). 

B . INVERTEBRATES 

1. Zooplankton 

Pennak (1953) desc r ibed  f r e shwate r  
l i m n e t i c  zooplankton communities a s  r e -  
markably s imple  from a s p e c i e s  d i v e r s i t y  
s t andpo in t .  I n  s t u d i e s  of 79 l a k e s  around 
t h e  world,  inc lud ing  37 i n  Colorado, he 
found t h a t  copepods were u s u a l l y  repre-  
sen ted  hy one o r  two s p e c i e s ,  c ladocerans  
by one t o  t h r e e  s p e c i e s ,  and r o t i f e r s  by 
t h r e e  t o  seven s p e c i e s  i n  any given l ake .  
The i n d i v i d u a l  s p e c i e s  p r e s e n t  may change 
seasona l ly ,  b u t  i n  a " typ ica l "  l a k e  s i t u a -  
t i o n  80% of a l l  copepods p r e s e n t  a t  a 
given time a r e  o f  one s p e c i e s ,  a s  a r e  78% 
of t h e  c ladocerans  and 64% of t h e  r o t i f e r s .  
Pennak a l s o  found t h a t  l a r g e r  l a k e s  tended 
t o  have more s p e c i e s  p r e s e n t  a t  a g iven 
time than  d i d  s m a l l e r  l a k e s .  He f u r t h e r  
r epor ted  t h a t  i n  any given l a c u s t r i n e  en- 
vironment,  i t  i s  unusual f o r  more than one 
s p e c i e s  o f  a p a r t i c u l a r  genus t o  be repre-  
sen ted  i n  t h e  zooplankton a t  a t ime. I n  
r a r e  i n s t a n c e s  when congener ic  s p e c i e s  d id  
occur ,  one s p e c i e s  almost always outnum- 
bered t h e  o t h e r  by a t  l e a s t  20 t o  one. 

The zooplankton of l a c u s t r i n e  habi- 
t a t s  i s  g e n e r a l l y  composed of the,same 
groups found i n  r i v e r i n e  s i t u a t i o n s ;  those  
o f  g r e a t e s t  importance a r e  t h e  f r e e - l i v i n g  
nonphotosynthet ic  p r o t i s t a ,  r o t a t o r i a ,  
and c rus taceans  ( see  t h e  s e c t i o n  on in- 
v e r t e b r a t e s  o f  t h e  r i v e r i n e  eocsystem f o r  
a d e t a i l e d  d i s c u s s i o n  of t h e s e  groups) .  
However, s p e c i e s  composition of t h e s e  
groups i n  l a c u s t r i n e  h a h i t a t s  on occasion 
may be q u i t e  d i f f e r e n t  from t h a t  observed 
i n  r i v e r i n e  s i t u a t i o n s .  Fur ther ,  l a k e  
zooplankton popu la t ions  a r e  genera l ly  
denser  than those  of r i v e r i n e  environ- 
ments. 

The chemist ry  of l a c u s t r i n e  wa te r s  
may be a l i m i t i n g  f a c t o r  f o r  some s p e c i e s  
of l imne t i c  p l a n k t e r s .  Some cladocerans  
such a s  Holopedium gibberum a r e  u s u a l l y  
found i n  s o f t  s a l t w a t e r  l a k e s  and a lmost  
never i n  hard water .  Some, p a r t i c u l a r l y  
pond s p e c i e s ,  a r e  t o l e r a n t  of low oxygen 
concen t ra t ions  (Hutchinson 1967). 
Ahlstrom (1938) found t y p i c a l l y  a l k a l i n e  
o r  a c i d  water  r o t i f e r  s p e c i e s  a s  w e l l  a s  

a t h i r d  group having a wide pH to le rance .  
Acid wa te r ,  which is  common i n  c o a s t a l  
a r e a s ,  has  g r e a t e r  zooplankton d i v e r s i t y  
than hard a l k a l i n e  water ,  which i s  t y p i c a l  
of t h e  Piedmont region.  

Zooplankton of l a k e s  may be s u b j e c t  t o  
p reda t ion  from many sources .  Most promi- 
nen t  zooplankton f e e d e r s  a r e  f i s h ,  l a r v a e  
of i n s e c t s  such a s  Chaoborus, and o t h e r  
p l a n k t e r s .  Fedorenko (1975) found t h a t  
Chaoborus l a r v a e  preyed h e a v i l y  on copepods, 
consuming 2% of t h e  n a u p l i i ,  3% of  Diap- 
tomus t y r e l l i ,  9% of Diaptomus kena i ,  and 
4% of Diaphanosoma i n  a Canadian l ake .  
The cyclopoid copepods inc lude  many preda- 
c ious  s p e c i e s  (Fryer  1957),  and Anderson 
(1970) r e p o r t s  p reda t ion  by l a r g e r  diap-  
tomid copepods. The c l adocerans  Leptodora 
k i n d t i i  and Polyphemus sp .  a r e  a l s o  h igh ly  
p reda to ry  p l a n k t e r s  (Davis 1955).  While 
no s t u d i e s  of t h e  l a c u s t r i n e  zooplankton 
of t h e  s tudy a r e a  have been made, Hudson 
(1975) descr ibed t h e  zooplankton of Keowee 
Rese rvo i r ,  a South Caro l ina  impoundment of 
t h e  Piedmont region supplying coo l ing  wa- 
t e r  f o r  t h e  Oconee Nuclear S t a t i o n .  Of 
t h e  53 s p e c i e s  of copepods and c ladocerans  
i d e n t i f i e d  from t h e  r e s e r v o i r ,  only  about 
15 s p e c i e s  a r e  common i n  t h e  plankton whi l e  
t h e  remainder a r e  l i t t o r a l  o r  ben th ic  spe- 
c i e s .  Diaptomus m i s s i s s i p p i e n s i s ,  Mesocy- 
c lops  edax, and Tropocyclops p r a s i n u s  were 
t h e  most abundant copepods, wh i l e  Diaphano- 
soma branchyurum, Holopedium amazonicum, 
Daphnia ambigua, and two s p e c i e s  of Bosmina 
were t h e  most abundant p lank ton ic  clado- 
ce rans  i n  1975 (Hudson 1975).  

Ahlstrom (1938) desc r ibed  p lank ton ic  
r o t i f e r s  found i n  North Carol ina ,  and 
Coker (1938) reviewed t h e  d i s t r i b u t i o n  of 
p lank ton ic  c r u s t a c e a  i n  both North and 
South Carol ina .  Coker found many copepods 
and c ladoceran s p e c i e s  o f  t h e  region t o  be 
worldwide i n  d i s t r i b u t i o n .  Coker (1926) 
found no c rus tacean  plankton i n  a s w i f t  
water  c reek  feed ing  Lake James, North 
Carol ina ,  whi le  t h e  l a k e  i t s e l f  had a com- 
p a r a t i v e l y  r i c h  p lank ton ic  Entomostraca. 
Turner (1910) descr ibed copepods and 
c ladocerans  i n  mostly p a l u s t r i n e  h a b i t a t s  
nea r  Augusta, Georgia; however, s e v e r a l  
permanent ponds were sampled and he l i s t e d  
s p e c i e s  t h a t  a r e  found i n  l a c u s t r i n e  sys- 
tems elsewhere (e.g. ,  Diaptomus m i s s i s s i p -  
p i e n s i s ,  Daphnia hya l ina ,  Bosmina long i -  
r o s t r i s )  . 
2. Benthic I n v e r t e b r a t e s  

Most publ ished accounts  o f  l a c u s t r i n e  
ben th ic  i n v e r t e b r a t e  ecology i n  North 
America have been based on s t u d i e s  con- 
ducted i n  t h e  Northern S t a t e s  and Canada. 
S c a t t e r e d  i n v e s t i g a t i o n s  have been under- 
taken i n  t h e  Southeast ,  e s p e c i a l l y  i n  t h e  
l a k e s  of t h e  Tennessee Val ley Author i ty  
( see  v a r i o u s  TVA r e p o r t s ) ,  but  no pub l i -  
c a t i o n s  o r  documents d e a l i n g  wi th  t h e  
ben th ic  ecology o f  such systems i n  t h e  Sea 
I s l and  Coas ta l  Region were found i n  our  



l i t e r a t u r e  survey. I t  seems improbable 
t h a t  t he  species  composition and community 
s t r uc tu r e  of lakes i n  the  Sea Is land 
Coastal Region could accurately be 
in fe r red  from inves t iga t ions  made i n  
l a cus t r i ne  systems f a r  removed from the 
study area. Inver tebra te  assemblages 
a r e  known t o  vary from one lake t o  
another because each l a t u s t r i n e  hab i t a t  
is unique i n  i ts physical and chemical 
cha r ac t e r i s t i c s .  Faunal composition 
appears t o  depend t o  some ex ten t  upon 
lake  s i z e ,  morphology, f e r t i l i t y ,  sedi-  
ment types,  and abundance of p lan t  l i f e .  

Although community composition can- 
no t  be in fe r red  prec ise ly  from s tud ies  
conducted i n  o ther  a reas ,  major taxa 
known t o  occur i n  such ecosystems in- 
clude sponges, hydrozoans, flatworms, 
nematodes, r o t i f e r s ,  bryozoans, entoprocts ,  
ol igochaetes ,  leeches, ostracods, 
cladocerans, mysids, isopods, amphipods, 
decapods, bivalves,  gastropods, and 
l a r v a l  and adul t  i n sec t s  (orders  Odonata, 
Ephemeroptera, Plecoptera, Hemiptera, 
Diptera, Trichoptera, Neuroptera, 
Megaloptera, Coleoptera) (Hart and 
Ful le r  1974, Cole 1975, Ursin 1975, 
Wetzel 1975). Soft  bottom sediments 
typ ica l ly  support populations of 
ol igochaete worms, pelecypods, crusta-  
ceans, and various i n sec t  larvae.  
Another assemblage of organisms, in- 
cluding sponges, hydrozoans, flatworms, 
bryzoans, leeches,  gastropods, and a 
va r i e t y  of crustaceans and l a r v a l  
insec ts ,  occu r s in  hard subs t r a t e s  such 
a s  rocks, logs,  and aqua t ic  vegetat ion.  
Other species ,  including water s t r i d e r s ,  
collembolans, bee t l e s ,  bugs, and sp iders ,  
l i v e  on or  near  the  water surface.  

Seasonal cycles  of a c t i v i t y  and 
abundance, s im i l a r  t o  those described 
e a r l i e r  (see t he  sec t ion  on inver tebra tes  
of t he  pa lu s t r i ne  ecosystem), occur i n  
the benthic inver tebra te  fauna of lakes.  
Af te r  the winter  l u l l ,  spec ies  numbers, 
numbers of ind iv idua ls ,  feeding a c t i v i t y  
and growth r a t e s  a l l  increase i n  spr ing  
a s  eggs and dormant s t age s  hatch and 
hibernat ing spec ies  r e t u rn  t o  ac t iv i ty .  
A s  water temperatures r i s e ,  reproductive 
cycles  commence f o r  raany spec ies  a s  
well.  Seasonal changes i n  faunal  dens i ty  
occur, espec ia l ly  within populations 
of l a r v a l  i n sec t s .  The inver tebra te  
fauna is important i n  the  food web of 
lakes,  and the  s ign i f icance  of i n sec t  
l a rvae  i n  pa r t i cu l a r  a s  prey f o r  f i she s  
has long been recognized. Encrusting 
species  such a s  sponges and bryozoans. 
which overwinter a s  gemmules and s ta to-  
b l a s t s ,  respect ively,  increase grea t ly  
i n  colony s i z e  throughout t he  summer 
and e a r l y  autumn. In  addit ion t o  sea- 
sona l  changes i n  faunal  densi ty,  in- 
ver tebra te  populations a r e  known t o  
undergo f luc tua t ions  i n  abundance from 
one year  t o  another. 

With increasing depth, the  benthos 
of lakes typ ica l ly  decreases i n  terms 

of spec ies  numbers, spec ies  d ivers i ty .  
and biomass. This has been a t t r i b u t e d  
t o  a combination of f a c to r s  including 
grea te r  d ive r s i t y  of hab i t a t  and prey 
se lec t ion  i n  shallow areas,  t he  presence 
of numerous air-breathing i n sec t s  and 
arachnids near t he  water surface,  and 
the  colder  temperature and per iod ica l ly  
low oxygen concentrat ion of t he  waters  
i n  the  profundal zone. Aquatic 
vegetat ion is espec ia l ly  important t o  
the benthos a s  food, subs t ra te ,  and 
she l t e r ,  and macroscopic p l an t s  a r e  
r e s t r i c t e d  t o  shallow water areas.  
Organisms t yp i ca l  of t he  profundal zone 
include ol igochaetes ,  chironomids, 
chaoborids, nematodes, and bivalves of 
the  family Sphaeriidae. The fauna of 
the  l i t t o r a l  zone is much more d iverse ,  
espec ia l ly  i n  she l te red  a reas  having 
beds of aqua t ic  vegetat ion.  Insec t  
l a rvae ,  crustaceans,  ol igochaetes ,  and 
mollusks a r e  t yp i ca l l y  well  represented 
i n  the  upper regions of a lake.  A 
r e l a t i v e l y  depauperate fauna may occur 
i n  sandy, wave-exposed a reas ,  and f resh  
waters severely impacted by domestic 
po l lu t ion  may have a benthic,fauna 
dominated by s t ress - to le ran t  t ub i f i c i d  
ol igochaetes  and chironomids. 

The macrobenthic communities of 
Lake Murray, located i n  t he  South Carolina 
coas t a l  p la in  near  t h e  study area,  were 
character ized by Environmental Research 
Center, Inc. (1976). Thir ty-f ive taxa  
were dis t inguished i n  samples from 
the  lake,  and overa l l  d ive r s i t y  appeared 
t o  be q u i t e  low. The fauna was dominated 
numerically by l a r v a l  dipterans (44.6%), 
ol igochaetes  (34.4%), and mollusks 
(12.6%), while mollusks were dominant 
i n  terms of biomass. Oligochaetes, 
l a rge ly  represented by Limnodrilus sp. 
and Peloscolex sp.,  predominated i n  
deeper regions of t h e  lake.  Nematodes and 
t h e  sphaeri id clam Pisidium sp. were 
a l s o  frequent a t  deepwater s i t e s .  Sedi- 
ments a t  these depths were s i l t y ,  and 
dissolved oxygen l eve l s  approached zero 
during summer s t r a t i f i c a t i o n .  Under 
such condit ions,  species  d ive r s i t y  was 
low. In  shallow waters ,  ol igochaetes  
were of minor importance except a t  one 
sampling s i t e ,  and a more d iverse  fauna 
comprised la rge ly  of l a r v a l  insec ts .  
mollusks, and nematodes was observed. 
The most abundant l a r v a l  i n sec t s  were 
tube dwelling chironomids Chironomus 
sp.,  a l a rge ly  herbivorous organism of 
importance i n  t h e  food web a s  prey 
f o r  f i she s ,  and t he  phantom midge 
Chaoborus sp.,  whose hab i t s  a r e  a s  much 
planktonic a s  benthic.  Mayflies, p r inc i -  
pa l l y  belonging t o  t he  genus Hexapenia, 
were prevalent  i n  a reas  having subs t r a t e s  
of gravel  and organic debris .  Although 
t he  f i nge rna i l  clam Pisidium sp. was well  
represented i n  deeper waters, other  
mollusks were most abundant along the  
shorel ine.  Mussels were p l e n t i f u l  a t  
many loca t ions  i n  shallow waters, and the 
introduced a s i a t i c  clam Corbicula 
manilensis was frequent .  



The paucity of adequate studles on 
benthic invertebrates of lakes d-thin 

. the Sea Island Coastal Region is not 
unusual. According to Brinkhurst et 
al. (1974), ". . . there has never been 
a study of the benthos of a lake which, 
in the senior author's opinion, the 
sampling methodology and schedule have 
been properly evaluated, most of the 
major species identified, and which 
extended over all seasons of the year 
for a consecutive number of veqrs." 

3. Insects 

The insect fauna of the lit-oral 
zone of shallow lakes and ponds in 
South Carolina and Georgia is generally 
rich in abundance and diveristy. The 
emergent and submergent vegetation in 
littoral lacustrine waters provide 
suitable subsurface strata for physical 
support of immatures and adults of 
several aquatic insect orders, while 
still other adult insects capable of 
submerging themselves can often be 
seen in sunlit shallows diving or 
swimming below the surface. Lake and 
pond bottoms also provide habitat for 
many insects and other invertebrates whose 
immature stages require or prefer a 
benthic mode. Still other insects are 
associated with the surface of these re- 
latively quiet, lentic waters. Aecial 
adults of many of these insects hav~.ng 
aquatic stages as immatures can b ~ -  seen 
flying about, hovering and darting above 
the water surface or shoreline or rest- 
ing on emergent vegetation. Murh of 
the following treatment of insect orders 
common to lacustrine habitat s taken 
from Pennak (1953). 

With the exception of tile mosquitoes 
and flies, the dragonflies (Odonata: 
Anisoptera) and damselflies (Odonata: 
Zygoptera) are perhaps the most recogniz- 
able insects of the lacustrine environ- 
ment. The aerial adults are often 
called "darning needles" or "mosquito 
hawks" because of their size, shape, and 
habits. They are medium to large 
insects, with slender abdomens, and often 
are handsomely colored. From early 
morning until late evening, dragonflies 
may be found flying back and forth 
or darting about erratically along the 
shores and over the open waters of 
lacustrine environments. (See also the 
section on insects of the riverine eco- 
system.) 

Only the series of r n;hal stages, 
or naiads, of draeonf lie: '-.d damsel- 
flies are aquatic. These are grotesque 
creatures, robust or elor,ated, and 
gray, greenish, or somber-colored. The 
naiads are commonly found on submerged 
vegetation and the bottoms of ponds, 
marshes, and ne littoral zone of the 
lakes. Rarely found ir ~lluted waters, 
naiads are good indicators of clean 
lakes. 

Adult odonates are often seen mating, 
with male and female in tandem, either 
while at rest or in flight. Among some 
odonates, more than one generation per 
year can occur, while more than 4 years 
may be required to complete the life 
cycle in other species. Odonate nymphs 
may be roughly classified as aquatic 
climbers, sprawlers, or burrowers. The 
climbers move about slowly in dense 
vegetation or debris in still waters. 
To this group belong the families 
Coenagrionidae (narrow-winged damselflies) 
and the Aeschnidae (darners). Most of 
the sprawlers are long-legged, sluggish, 
dull-colored creatures occurring on 
many types of bottoms. To this group be- 
long the Agrionidae (broad-winged damsel- 
flies) and Libellulidae (common skimmers). 
Although not true burrowers, the 
Cordulegasteridae (biddies) lie almost 
hidden in send or silt bottoms. The 
Gomphidae (clubtails) and Petaluridae 
(graybacks) burrow into silt, mud. and 
sand so that usually only the tip of the 
abdomen and the eyes are above the 
substrate. Just before transformation 
to the imago (new adult), the nymph 
crawls out of the water, usually on 
emergent vegetation, where the old exo- 
skeleton splits and releases the adult 
stage. The new adult can often be seen 
clinging to the nymph exoskeleton for 
an hour or so while the wings and body 
become stiff and dry. 

Dragonflies (Odonata) and other 
invertebrates of a 1 ha (2.5 acre) farm 
pond at the Savannah River Plant near 
Aiken, South Carolina, were studied by 
Cross (1955), Benke (1972, 1976), and 
Benke and Benke (1975). Benke (1976) 
observed a density of 10,000 larval 
midges (~hironomidae) /m2 (8,300 larval 
midgeslyd2) in Ekman grab samples taken 
from May to September. Biomass of 
larval midges and mayflies (lar ely 
Caenis sp.) amounted to 0.6 g/mg (dry 
weight), or about two-thirds of the total 
macrobenthos other than dragonflies. 
The remaining one-third consisted mostly 
of beetles (Coleoptera) and horseflies 
and deer flies (Tabanidae), although 
caddisflies (Trichoptera), biting midges 
(Ceratopogonidae), damselflies (Zygoptera), 
predacious bugs (Hemiptera), and various 
microcrustaceans were also present. Bio- 
mass of the dominant larval dragonflies - 
(Ladena deplanata, Epitheca spp., and 
Celithemis fasciata) during May - 
Se~tember was about 6 dm2, while total - .  
odbnate biomass was estimated at 8 g/m2. 
Such high predator t o  prey ratios were 
possible because of high turnover rates 
in prey populations. Sufficient refuges 
were also believed by Benke to be re- 
sponsible for preventing the annihilation 
of prey populations. Because high popu- 
lations of larval dragonflies have been 
observed elsewhere on the Savannah River 
Plant and in a lagoon near Athens, 
Georgia, Benke and Benke (1975) suggested 
that they may be a predominant feature 



of pond ecosystems i n  the  Southeastern 
United S t a t e s .  

Among t h e  t r u e  bugs (order Hemiptera), 
the re  e x i s t s  a group of semiaquatic and 
aqua t ic  fami l ies  which show a gradual 
t r a n s i t i o n  i n  t h e i r  freshwater-associated 
h a b i t a t s  from t h e  damp shores  of ponds 
and lakes t o  t h e  subsurface waters. The 
shore bugs (Sa ld ic iae ) ,  ve lve ty  shore 
bugs (Ochteridae), and toad bugs 
(Gelastocoridae), f o r  example, l i v e  p r i -  
marily on the  shore,  running and jumping 
i n  varying degrees, making s h o r t  f l i g h t s ,  
but general ly  l i g h t i n g  on t h e  water only 
by accident .  The ve lve t  water bugs 
(Hebridae) run about a t  the  water 's  edge 
on f l o a t i n g  vegetat ion,  sur face  of t h e  
water, and t h e  adjacent  damp ground. 
The marsh t readers  and water measurers 
(H~drometr idae) ,  water t readers  
(Mesoveliidae), and some broad-shouldered 
water s t r i d e r s  (Veliidae) venture f a r t h e r  
out and a r e  almost always found on f l o a t -  
ing  a lgae  and p l a n t  r a f t s .  Other v e l i i d s  
and t h e  water s t r i d e r s ,  pond s k a t e r s ,  and 
wherrymen (Gerridae) ska te  rap id ly  over 
t h e  sur face  of t h e  water.  I n  t h e  ve lve t  
water bugs (Hebridae), t h e  body is covered 
with a velvety p i l e  which e f f e c t i v e l y  
sheds water,  but t h e  o ther  surface- 
l i v i n g  fami l ies  usua l ly  have only the  
l e g s  (espec ia l ly  t h e  t a r s i )  covered with 
p i l e .  

S ix  fami l ies  of t r u e  bugs a r e  t r u l y  
aqua t ic  and normally found below t h e  
surface.  Of these,  t h e  water scorpions 
( N e ~ i d a e )  and g ian t  water bugs (Belostoma- 
t i d a e )  usual ly c l i n g  t o  t h e i r  s u b s t r a t e  
but remain more o r  l e s s  i n  con tac t  with 
t h e  sur face  f i lm,  The water boatmen 
(Corixidae) and t h e  back swimmers 
(Notonectidae) a r e  the  t r u e  bugs t h a t  ex- 
c e l  a t  swimming and a r e  among t h e  b e s t  
known of a l l  water bugs. Nearly a l l  
aqua t ic  Hemiptera a r e  s t r i c t  predators ,  
the  p a r t i c u l a r  prey (depending on t h e  
s p e c i f i c  h a b i t a t s  of the various fami l ies )  
being c h i e f l y  small  t e r r e s t r i a l  and 
aqua t ic  i n s e c t s  and entomostraca. A l -  
though some of t h e  semiaquatic Hemiptera 
ov ipos i t  on sphagnum and shore grasses ,  
the eggs of t h e  ,aquat ic  fami l ies  a r e  
normally l a i d  on the  sur face  o r  wi th in  
t h e  t i s s u e s  of submerged p lan ts .  A few 
water boatmen ov ipos i t  on c rayf i sh ,  
s n a i l s ,  and dragonfly nymphs. A l l  molt- 
ings of t h e  aqua t ic  forms occur under 
water. The g r e a t  majori ty  of spec ies  
overwinter a s  a d u l t s  hidden i n  mud, 
debr i s ,  o r  vegetat ion.  

Another i n s e c t  order  t y p i c a l  i n  
freshwater s e t t i n g s  of t h e  Sea Is land 
Coastal Region is  t h e  b e e t l e s  (Coleoptera).  
While many of t h e  more than 150 fami l ies  
of b e e t l e s  a r e  t e r r e s t r i a l ,  some fami l ies  
a r e  t o t a l l y  o r  p a r t i a l l y  aqua t ic  i n  t h e  
adu l t  o r  l a rvae  s tages.  The more common 
fami l ies  include t h e  crawling water 
bee t les  (Halipl idae) ,  with a l l  a d u l t s  

and la rvae  aquat ic;  t h e  predacious diving 
b e e t l e s  (Dytiscidae) ,  with a l l  a d u l t s  
and la rvae  aqua t ic ;  the whi r l ig ig  b e e t l e s  
(Gyrinidae), wi th  a l l  a d u l t s  and la rvae  
aquat ic;  t h e  water scavenger b e e t l e s  
(Hydrophilidae), with t h e  majori ty  of 
spec ies  aqua t ic  both a s  l a rvae  and 
a d u l t s ;  t h e  elmid b e e t l e s  (Elmidae), 
with a l l  l a rvae  and most a d u l t s  
aquat ic;  t h e  helodid b e e t l e s  (Helodidae= 
Cyphonidae), with l a rvae  aqua t ic ,  but 
a d u l t s  t e r r e s t r i a l ;  t h e  l e a f  b e e t l e s  
(Chrysomelidae), with l a rvae  of severa l  
genera found underwater o r  on emergent 
vegetat ion;  and t h e  weevils (Curculionidae), 
with a d u l t s  and immature s tages  of a few 
genera feeding on emergent a q u a t i c  
vegetat ion,  and a d u l t s  occasional ly found 
swimming under water. 

Many a d u l t  aqua t ic  coleopterans a r e  
known t o  f l y ,  and i n  t h i s  way they migrate  
from one body of water t o  another .  Most 
a d u l t  aqua t ic  b e e t l e s  a r e  fundamentally 
dependent upon atmospheric oxygen and. 
when submerged, ca r ry  t h e i r  supply of 
oxygen with them. Adult b e e t l e s  a r e  
very conrmon i n  ponds and protected 
bays of l akes ,  a s  wel l  a s  i n  streams and 
r i v e r s .  They occur i n  t h e  shallows near  
shore, p a r t i c u l a r l y  where there  e x i s t  
q u a n t i t i e s  of debr i s  and aqua t ic  vegeta- 
t i o n ,  bu t  a r e  general ly  absent from 
wave-swept shores and t h e  deeper waters 
of lakes and r i v e r s .  With few exceptions, 
t h e  pupal s t a g e  is t e r r e s t r i a l .  So f a r  
a s  i s  known, a l l  adu l t  aqua t ic  b e e t l e s  
have aqua t ic  l a rvae ,  t h e  eggs usual ly 
being deposited below t h e  water surface.  
I n  general ,  the  l a rvae  occur i n  t h e  
same h a b i t a t s  a s  t h e  a d u l t s .  

The two-wing f l i e s  (Diptera) a r e  
p a r t i c u l a r l y  common i n  and around fresh-  
water h a b i t a t s  and include such f a m i l i a r  
i n s e c t  groups a s  mosquitoes, crane f l i e s ,  
midges, and h o r s e f l i e s .  Although t h e  
a d u l t s  of t h e  order  Diptera  a r e  never 
aqua t ic ,  many fami l ies  have members which 
have aqua t ic  immature s tages .  Such 
la rvae  and pupae occur i n  every type 
of f reshwater  h a b i t a t ,  o f ten  i n  enormous 
numbers. Immatures of only a few 
fami l ies ,  however, such a s  t h e  mosquitoes 
(Culicidae) and black f l i e s  (Simuli idae) ,  
a r e  exclusively aqua t ic .  The egg-laying 
hab i t s  of aqua t ic  Diptera a r e  d iverse .  
The females of some spec ies  s c a t t e r  t h e i r  
eggs j u s t  below t h e  sur face  of t h e  water 
on vege ta t ion  o r  debr i s .  Others ov ipos i t  
i n  regu la r  o r  i r r e g u l a r  ge la t inous  masses 
o r  s t r i n g s  below t h e  sur face ,  a t  t h e  
sur face ,  o r  on ob jec t s  j u s t  above i t .  

Aquatic d ip te ran  la rvae  show g r e a t e r  
v a r i a b i l i t y  i n  s t r u c t u r e  and h a b i t a t  than 
any o ther  order  of aqua t ic  insec t s .  
Usually, however, they a r e  dis t inguished 
by t h e i r  elongated, wormlike body, and 
t h e  absence of eyes and jointed thorac ic  
l egs .  The body is usua l ly  s o f t  and 
f l e x i b l e ,  and t h e  most common co lors  a r e  



whi te ,  gray,  yellow, r edd i sh ,  brown, and 
black.  Many l a r v a e  swim by r ap id  wr igg l ing  
movements of t h e  body. I n  some f a m i l i e s ,  
such a s  t h e  b l ack  f l i e s  and mosquitoes,  
t h e  food c o n s i s t s  of minute organisms and 
p a r t i c l e s  which a r e  s t r a i n e d  from t h e  wa te r .  
I n  o t h e r  f a m i l i e s ,  t h e  mouth p a r t s  a r e  
modified f o r  s c r a p i n g  d e b r i s  from rocks ,  
f o r  f eed ing  on a q u a t i c  p l a n t s ,  f o r  pre-  
d a t o r y  food h a b i t s ,  o r  s imply f o r  consum- 
i n g  p l a n t  and animal  d e b r i s .  

The l a r v a l  s t a g e  of a q u a t i c  d ip -  
t e r a n s  may l a s t  f o r  on ly  s e v e r a l  weeks 
o r  i t  may p e r s i s t  f o r  a t  l e a s t  2 y e a r s ,  
depending on t h e  s p e c i e s ,  temperature ,  
and food cond i t ions .  Although mosquito 
and midge pupae a r e  capable  of r ap id  
w r i g g l i n g  movements, most o t h e r  pupae 
a r e  i n a c t i v e .  Some of t h e  b l ack  f l y  
pupae occur  i n  l o o s e l y  b u i l t  cocoons. 
The pupa l  s t a g e  of a q u a t i c  d i p t e r a n s  
u s u a l l y  l a s t s  l e s s  than 2 weeks, a l -  
though a few types  may overwinter .  

Some of t h e  more common f a m i l i e s  
of d i p t e r a n s  having a q u a t i c  immature 
s t a g e s ,  o r  a e r i a l  o r  t e r r e s t r i a l  a d u l t s  
n e a r  f r e s h  wa te r ,  i n c l u d e  t h e  t r u e  c rane  
f l i e s  (T ipu l idae ) ,  phantom c rane  f l i e s  
( P t y ~ h o ~ t e r i d a e ) ,  moth f l i e s  (Psychodidae) ,  
marsh f l i e s  (Te tanoce r idae ) ,  s h o r e  f l i e s  
(Ephydridae),  phantom midges (Cu l i c idae ) ,  
midges (Tendipedidae) , and b l a c k  f l i e s  
(S imul i idae ) ,  a l though  t h e  l a t t e r  a r e  
most o f t e n  found around f lowing wa te r s .  
Also p resen t  a r e  t h e  b i t i n g  m i d ~ e s ,  
commonly c a l l e d  "no-see-ums" o r  "punkies" 
(Ceratopogonidae);  mosquitoes (Cu l i c idae ) ;  
and h o r s e f l i e s  (Tabanidae).  These l a t t e r  
t h r e e  f a m i l i e s  a l l  c o n t a i n  s p e c i e s  which 
i n f l i c t  i r r i t a t i n g  b i t e s  and, i n  some 
l a c u s t r i n e  environments,  t hey  a r e  o f t e n  
p r e s e n t  i n  such enormous numbers a s  t o  
be s e r i o u s  p e s t s .  

Mayfl ies  (Ephemeroptera) r e p r e s e n t  
ano the r  o r d e r  of i n s e c t s  common t o .  
t h i s  and o t h e r  f r e shwa te r  h a b i t a t s .  
Adult  mayf l i e s  a r e  smal l  t o  medium- 
s i z e d  t e r r e s t r i a l  i n s e c t s  w i th  d e l i c a t e ,  
many-veined, t r a n s p a r e n t  wings which 
a r e  he ld  t o g e t h e r  v e r t i c a l l y  when a t  
r e s t .  They a r e  found on ly  i n  t h e  
v i c i n i t y  of  bod ies  of  f r e s h  water  i n  
which t h e  immature s t a g e s  a r e  passed.  
Much o f  t h e  t ime, p a r t i c u l a r l y  i n  s t r o n g  
winds, t h e  a d u l t s  remain c l i n g i n g  t o  
vege ta t ion ;  b u t  on calm, sunny, s p r i n g  
and summer days  (o r  i n  t h e  evening) ,  t hey  
t a k e  t o  t h e  a i r  i n  g r e a t  hover ing 
swarms. Such swarms a r e  composed a lmost  
e n t i r e l y  of males. Females e n t e r  t h e  
swarm s i n g l y  and emerge almost immediately 
accompanied by a male. Mating then  occur s  
du r ing  f l i g h t .  

Mayfly nymphs a r e  a lmost  e n t i r e l y  
he rb ivorous ,  a l though  a few have been 
observed f eed ing  on exuviae  (shed exo- 
s k e l e t o n s ) ,  t h e  bod ies  of dead nymphs, 
and sma l l  i n v e r t e b r a t e s .  General ly ,  t hey  

browse on t h e  s u b s t r a t e ,  f eed ing  upon 
a l g a e  o r  t i s s u e s  of h i g h e r  a q u a t i c  p l a n t s .  
Unlike t h e  a d u l t ,  nymphal s t a g e s  con- 
s t i t u t e  a r e l a t i v e l y  long p o r t i o n  of t h e  
mayfly l i f e  h i s t o r y .  Most s p e c i e s  have 
an annual  l i f e  c y c l e ,  a l though  a few l i v e  
2 and ~ o s s i b l y  3 y e a r s .  

Another o r d e r  of i n s e c t s  t y p i c a l  o f  
f r e shwa te r  h a b i t a t s  i s  Megaloptera,  con- 
t a i n i n g  t h e  a l d e r f l i e s ,  d o b s o n f l i e s ,  
and f i s h f l i e s .  Megalopterans a r e  d u l l -  
co lo red  and medium t o  l a r g e  i n  s i z e ,  t h e  
a d u l t  l e n g t h  r ang ing  from about  10  - 70 
mm (0 .4  - 2.8  i n ) .  The two p a i r s  of wings 
a r e  s i m i l a r  and a r e  h e l d  f l a t  o r  r o o f l i k e  
over t h e  body when a t  r e s t .  F l i g h t  i s  
r a t h e r  weak. The head b e a r s  long ,  s l e n d e r  
antennae and b i t i n g  mouth p a r t s .  

The a l d e r f l i e s  a r e  sma l l  and d i u r n a l .  
The d o b s o n f l i e s  and f i s h f l i e s ,  on t h e  
o t h e r  hand, a r e  long and n o c t u r n a l .  
Megalopterans a r e  widely  d i s t r i b u t e d  b u t  
r a r e l y  found i n  l a r g e  numbers. La rva l  
s t a g e s  a r e  o f t e n  found i n  l a c u s t r i n e  
environments.  Pupat ion occur s  on shore  
w i t h  a d u l t s  appear ing i n  s p r i n g  and e a r l y  
summer. The minute,  e longated eggs  a r e  
l a i d  i n  rows forming masses of s e v e r a l  
thousand on v e g e t a t i o n  and o b j e c t s  over- 
hanging t h e  wa te r ;  upon h a t c h i n g ,  t h e  
l a r v a e  f a l l  i n t o  t h e  water .  I n  most 
c a s e s  t h e  l a r v a l  s t a g e s  l a s t  f o r  2 o r  3 
y e a r s .  Consider ing t h i s  long p e r i o d  of  
t ime, s u r p r i s i n g l y  few l a r v a l  i n s t a r s ,  
g e n e r a l l y  10 ,  occur .  "Mature" megalopteran 
l a r v a e  a r e  among t h e  most s t r i k i n g  of 
a q u a t i c  i n s e c t s .  The body is  s t o u t ,  
e longa ted ,  from 25 - 90 mm (1.0 - 3.6 i n )  
i n  l e n g t h ,  d u l l  ye l lowish ,  brown, o r  
dusky, and o f t e n  mot t l ed .  The head b e a r s  
four-segmented antennae,  r a t h e r  s m a l l  
compound eyes ,  and s t r o n g  mouth p a r t s .  
The l e g s  a r e  w e l l  developed. 

C. FISHES 

1. L i t t o r a l  Subsystem 

The sha l low a r e a s  of  l a k e s  where l i g h t  
p e n e t r a t e s  t o  t h e  bottom a r e  r i c h  i n  
v e g e t a t i o n .  Th i s  r i c h  bottom a r e a  pro- 
v i d e s  food and s h e l t e r  f o r  a d i v e r s e  a r r a y  
of  f i s h e s .  Spec ie s  w i t h i n  t h i s  a r e a  a r e  
ve ry  s i m i l a r  t o  t h e  f auna  found i n  t h e  
r i v e r s  t h a t  d r a i n  t h e s e  l a k e s  (Table 5-18). 
Th i s  h a b i t a t  i s  t h e  second h i g h e s t  i n  
d i v e r s i t y  of f r e shwa te r  f i s h  s p e c i e s  w i t h  
43 (52%) o f  82 gene ra  and /o r  s p e c i e s  
l i s t e d  f o r  t h e  c o a s t a l  a r e a  common t o  t h i s  
h a b i t a t  (Table 5-19). 

The p r o d u c t i v i t y  of  t h e  l i t t o r a l  sub- 
sys tem is i n d i c a t e d  by t h e  sampl ing of two 
coves on Lake Moul t r i e ,  where an  average 
o f  2 ,813 f i s h l a c r e  (1,173 f i s h / h a )  of  
l i t t o r a l  zone was found (Table 5-31). 
Densi ty  l e v e l s  over  a 14-year p e r i o d  
ranged from a low of 343 f i s h l a c r e  (101 
f i s h / h a )  i n  1974 t o  a h i g h  of  6,490 f i s h /  
a c r e  (2,704 f i s h / h a )  i n  1967 (Table 5-32). 



Table 5-31. Resul ts  of two rotenone samples taken from Lake Moultrie i n  1971 (White 1972). 

Cove # 1  
S.C. Highway 6 
September 29, 1971 
Avg. Depth: 4 f e e t a  
Area: 1 acreb 

Cove 12 
Lion's Beach 
September 30, 1971 
Avg. Depth: 5 f e e t  
Area: 1 acre  

Number of f i s h l a c r e  2,986.0 
Pounds of f i s h / a c r e c  179.8 
Young-of-the-year largemouth bass lac re  147.0 
Pounds of shadlacre 90.7 

Species 
% Total  X Total  % Total  % Total  

Number Weight Number Weight 

Largemouth bass  
Suckers 
P ickere l  
Catf ishes 
Bream 
Shad 
Yellow perch 
Crappie 
Bowfin 

TOTAL 100.0 100.0 100.0 100.0 

a .  1 f t  = 0.3048 m 
b. 1 acre  = 0.4047 ha 
c. 1 l b  = 453.59 g 

Studies  conducted i n  the  l i t t o r a l  
subsystem of the  c o a s t a l  a rea  have d e a l t  
pr imari ly  with monitoring game f i s h  and 
her r ing  s tocks,  tagging anadromous species ,  
and conducting c r e e l  censuses of s p o r t  
f i s h e s  (White 1971, 1972, 1973, 1974, 
1975. 1976). The lack  of s p e c i f i c  l i f e  
h i s to ry  information on the  f i s h e s  of 
t h i s  a rea  makes i t  necessary t o  extrapo- 
l a t e  general  o r  app l icab le  information 
from s t u d i e s  conducted i n  o ther  a reas .  
Segments of works such a s  Wilbur (1969) 
on redear  sunfish;  Sandow e t  a l .  (1974) 
on redbreas t  sunfish;  J e s t e r  (1974) 
on carp; and Mathur (1970) on channel 
c a t f i s h ,  can be appl ied t o  the  f i s h e s  
of t h e  Sea I s land  Coastal  Region. 

The sunf i sh  family (Centrarchidae) 
is probably t h e  most important f i s h  
family of t h i s  h a b i t a t .  A l l  cen t ra rch id  
spec ies  known t o  occur i n  the  c o a s t a l  
a r e a  u t i l i z e  t h i s  h a b i t a t .  Excluding 
anadromous spec ies ,  White (1971, 1972, 
1973, 1974, 1975, 1976) found centrarchids 
t o  cons i s ten t ly  rank t h e  highest  i n  
number of ind iv idua ls  co l lec ted  i n  the 
l i t t o r a l  a r e a s  of Lake Moultrie and Lake 
Marion, South Carolina. P ickere l s  
(Esocidae), minnows (Cyprinidae), suckers 
(Catostomidae), c a t f i s h e s  ( I c t a l u r i d a e ) ,  

bowfins (Amiidae), and yellow perch 
(Percidae) were a l s o  regu la r  components 
of these  co l lec t ions .  

Centrarchid family members a r e  prima- 
r i l y  carnivorous; however, a few spec ies  may 
consume p l a n t  m a t e r i a l  when o ther  food 
suppl ies  diminish. Their d i e t ,  a s  with 
o ther  f i s h e s ,  i s  heavi ly influenced by 
seasonal  f l u c t u a t i o n  i n  abundance of 
the  various forage items. The f i r s t  food 
consumed by t h e  young of t h i s  family 
is zooplankton. As they grow, they 
gradual ly s h i f t  t o  a d i e t  favoring small  
crustaceans,  i n s e c t s ,  small  f i s h e s ,  and 
i n s e c t  larvae.  

Members of t h e  genera Acantharchus, 
Centrarchus, Elassoma, Enneacanthus, 
and Lepomis heavi ly u t i l i z e  crustaceans,  
i n s e c t s ,  and i n s e c t  l a rvae  throughout 
t h e i r  l i f e  when these  a r e  ava i lab le ,  
though a wide a r r a y  of items from vegeta- 
t i o n  and annel ids  t o  f i s h  eggs and small  
f i s h e s  may be consumed. A s  very young 
f i s h e s ,  crappies  and largemouth bass  
u t i l i z e  i n s e c t s  and i n s e c t  l a rvae  a s  a 
s u b s t a n t i a l  p a r t  of t h e i r  d i e t ;  however, 
a t  a r e l a t i v e l y  e a r l y  age, they switch t o  
a d i e t  composed predominantly of f i s h e s  
(Pasch 1974). The d i e t  of the  a d u l t  



Table 5-32. Comparison of rotenone samples on Lake Moultrie,  1960 - 1974 (White 1975). 

Avg. W t .  Avg. W t .  Percent Percent 
Avg. No. FishIAcre Avg. No. Y.O.Y. ShadIAcre Shad Shad 

Year FishIAcre ( l b )  h. ~ a s s l ~ c r e b  ( lb )  by Number by Weight 

a .  1 l b  = 453.59 g 
b. Young-of-the-year largemouth bass 

largemouth bass  is probably one of the  
most d i v e r s i f i e d  of t h i s  family. Given 
the opportunity, they a r e  known t o  e a t  
r e p t i l e s ,  amphibians, small b i rds ,  and even 
small mammals on occasion. 

Ind iv idua ls  of t h e  genera Acantharchus, 
Centrarchus, Elassoma, Enneacanthus, and 
Lepomis serve extensively a s  forage f o r  
l a r g e r  ca rn iv0r .e~  such a s  s t r i p e d  bass ,  
p ickere l s ,  c a t f i s h e s ,  and bowfins. Members 
of the centrarchid family w i l l  a l s o  
r e a d i l y  prey on smaller  family members 
(e.g., largemouth bass  prey on small  
Lepomis) . 

Members of t h e  minnow family . 
(Cyprinidae) a r e  among the  more common 
forage f i s h e s  found i n  t h i s  h a b i t a t  and 
a r e  represented i n  t h e  study a rea  by a t  
l e a s t  25 species .  Many of these a r e  
prominent members of t h e  l i t t o r a l  
community such a s  carp, golden sh iner ,  
and s i l v e r y  minnow. These f i s h  a r e  
omnivorous i n  t h e i r  feeding h a b i t s ,  con- 
suming t e r r e s t r i a l  and aqua t ic  i n s e c t s  
and i n s e c t  l a rvae  along with small 
crustaceans and members of the  zoo- 
plankton community. Algae and aqua t ic  
p l a n t s  serve a s  major items i n  t h e i r  
d i e t s ,  a s  does organic d e t r i t u s  t o  a 
l e s s e r  degree. The r e l a t i v e  importance 
of p lan t  and animal matter  i n  the  d i e t  
v a r i e s  among minnow species ,  and even 
with the  seasons. With the  except ion 
of carp, which reaches lengths i n  excess 
of 90 cm (36 i n ) ,  these f i s h e s  seldom 
exceed 25 cm (10 i n )  i n  length.  

This h a b i t a t  ( i . e . ,  the l i t t o r a l  
subsystem) is  the  primary spawning 

ground f o r  the  majori ty  of species  in- 
hab i t ing  t h e  l a c u s t r i n e  system. The 
southwest s i d e  of Lake Moultrie is a 
primary example of a l i t t o r a l  a rea  
u t i l i z e d  f o r  spawning. Fishes using t h i s  
h a b i t a t  f o r  spawning general ly  f a l l  i n t o  
two categories:  those which deposit 
t h e i r  eggs i n  a n e s t ,  and those which 
broadcast t h e i r  eggs among the  vegetat ion.  
These f i s h e s  a r e  pr imari ly  spring and 
summer spawners. 

F i sh  n e s t s  a r e  general ly  constructed 
i n  o r  near  vegetat ion or  submerged 
obs t ruc t ions  i n  0.3 - 2.0 m (1.0 - 6.5 f t )  
of water, though they may occur i n  deeper 
water. The male of most l a c u s t r i n e  
spec ies  cons t ruc t s  the n e s t  by fanning out  
a depression i n  the  s u b s t r a t e  with i ts  
f i n s .  The male may guard the nes t  u n t i l  
hatching occurs  i n  many species  such. a s  
t h e  b l u e g i l l ,  redbreast  sunf i sh ,  green 
sunfish,  blackbanded sunfish,  some 
d a r t e r s ,  and various minnows. Some spec ies ,  
such a s  the bowfin, w i l l  continue t o  
guard the  young f o r  a varying period 
following hatching. Some species ,  such 
a s  longear sunf i sh  and redear  sunf i sh  
w i l l  form d i s t i n c t  colonies  while 
o thers ,  l i k e  largemouth bass and spo t ted  
sunfish,  form loose-knit nes t ing  colonies .  
The bullhead c a t f i s h e s  and madtoms vary 
from t h i s  form of spawning by nes t ing  under 
logs  and o ther  obstruct ions.  

Non-nesting spec ies  such a s  carp,  
redf in  p ickere l ,  chain p ickere l ,  th readf in  
shad, k i l l i f i s h e s ,  and longnose gar spawn 
by s c a t t e r i n g  t h e i r  eggs among shallow- 
water vegetat ion.  The eggs of most broad- 
cas t  spawners a r e  adhesive and a t t a c h  t o  



vegetat ion o r  submerged obs t ruc t ions ,  
where they remain u n t i l  hatching. 
Species u t i l i z i n g  t h i s  spawning method 
provide no p a r e n t a l  ca re  t o  the  eggs o r  
o f f spr ing .  Upon hatching, t h e  f r y  seek 
s h e l t e r  among t h e  food-rich vegetat ion 
f o r  p ro tec t ion  from predators .  

Many spec ies  spend t h e i r  e n t i r e  l i v e s  
i n  t h i s  community, moving i n t o  l imnet ic  
h a b i t a t s  only when forced t o  do so by 
unfavorable condit ions such a s  excessively 
high or  low temperature. Even then t h e  
departure i s  only f o r  a s h o r t  period of 
time. The pygmy sunfishes,  largemouth 
bass, redf in  p ickere l ,  chain p ickere l ,  
mosquitofish, and l e a s t  k i l l i f i s h  
a r e  some of the  f i s h e s  which may spend 
t h e i r  e n t i r e  l i v e s  i n  t h i s  h a b i t a t .  
Others, such a s  a d u l t s  of white bass  and 
la rge  c a t f i s h ,  a r e  t r a n s i e n t s  u t i l i z i n g  
t h i s  a rea  p r imar i ly  f o r  feeding purposes. 

Water l e v e l  drawdowns can cause 
severe damage t o  a balanced population 
by producing an increase i n  predat ion.  
Small f i s h e s  may even be stranded i n  
some cases (Bennett 1962). Drawdown has 
been one method employed t o  c o n t r o l  carp 
populat ions by exposing t h e  shallow 
vegetated spawning a r e a  immediately 
following t h e  spawn (Sprague 1961). 

2. Limnetic Subsystem 

The l imnet ic  subsystem e x h i b i t s  over 
a 50% reduct ion i n  ichthyofaunal  d i v e r s i t y  
compared t o  t h e  l i t t o r a l  community 
(Table 5-19). This is d i r e c t l y  r e l a t e d  
t o  the  drop i n  d i v e r s i t y  of h a b i t a t  and 
food types a v a i l a b l e  i n  the  subsystem. 
The l i m e t i c  zone of l akes  o f f e r s  a more 
s t a b l e ,  though l e s s  productive, h a b i t a t  
than does the  l i t t o r a l  zone. Consequently, 
many predominantly l i t t o r a l  spec ies  such 
a s  b l u e g i l l ,  d o l l a r  sunfish,  e a s t e r n  
mudminnow, and s tarhead topminnow w i l l  
r e t r e a t  t o  these more s t a b l e  waters during 
periods of unfavorable condit ions (e.g., 
extreme temperatures) i n  t h e  l i t t o r a l  
h a b i t a t .  The use of t h i s  h a b i t a t  a s  a 
r e t r e a t  i s  r e f l e c t e d  by t h e  high number 
of spec ies  which a r e  l i s t e d  a s  frequent ly 
o r  occasional ly inhabi t ing  t h i s  a r e a  
(Table 5-19). 

Dominant predatory f i s h e s  cormnonly in- 
hab i t ing  these  waters  inc lude  white  bass ,  
white crappie,  largemouth bass ,  and long- 
nose gar ,  along with many of t h e  l a r g e r  
c a t f i s h e s  such a s  the white c a t f i s h ,  blue 
c a t f i s h ,  yel low'bul lhead,  brown bul lhead,  
and channel c a t f i s h .  Anadromous her r ing  
spec ies  a r e  by f a r  t h e  most abundant 
forage spec ies  i n h a b i t i n g  the  area.  
Gizzard shad and th readf in  shad a r e  a l s o  
very abundant i n  t h i s  h a b i t a t  and se rve  
a s  major forage species .  Other small  
forage spec ies  which a r e  commonly found 
i n  t h i s  a r e a  inc lude  t h e  s i l v e r y  minnow, 
golden sh iner ,  c o a s t a l  s h i n e r ,  creek 
chubsucker, and l a k e  chubsucker. 

Catf ishes a r e  t h e  most abundant 
bottom-dwelling predator  inhab i t ing  t h i s  
community. Stevens (1959), using d a t a  from 
g i l l  ne t  and t r o t l i n e  c o l l e c t i o n s  i n  l akes  
Marion and Moultrie,  showed t h a t  white 
c a t f i s h  outnumbered channel c a t f i s h  four  
t o  one. Channel c a t f i s h  were r a r e  i n  
Lake Marion wi th  only nine co l lec ted  
compared t o  173 i n  Lake Moultrie f o r  t h e  
same period. White (1975) found white 
and channel c a t f i s h  t o  be even i n  re- 
l a t i v e  abundance i n  these two lakes  during 
1974-75. Collect ions by Stevens (1959) 
and by White (1975) i n d i c a t e  t h a t  a major 
expansion i n  t h e  channel c a t f i s h  population 
occurred i n  these  r e s e r v o i r s  during t h i s  
16-year period.  However, White (19751, 
while s t a t i n g  t h a t  h i s  c o l l e c t i o n s  were 
combined f o r  both lakes ,  makes no reference 
t o  v a r i a t i o n  i n  t h e  r e l a t i v e  abundance of 
var ious  spec ies  between the  two reservo i r s .  
Consequently, t h e  channel c a t f i s h  is 
assumed t o  be more common i n  t h e  cur ren t  
ichthyofauna of Lake Marion. Morrow 
(1972) found white  c a t f i s h  t o  be of 
l i t t l e  importance i n  Georgia impoundments, 
while the  channel c a t f i s h  is considered 
very important.  

The majori ty  of f i s h e s  which normally 
feed i n  t h i s  community u t i l i z e  two major 
food groups, plankton (both p lan t  and animal) 
and small  f i s h e s .  The various spec ies  of 
anadromous her r ings ,  the  gizzard shad, and 
the  th readf in  shad a r e  t h e  most abundant 
consumers of plankton i n  t h i s  community. 
Young of these  primary consumers provide 
a major source of food f o r  p reda tors  
l i k e  white  bass  and l a r g e r  c a t f i s h e s ,  
which regula r ly  r e s i d e  and forage i n  
t h i s  community. Stevens (1959) showed 
t h a t  members of t h e  her r ing  family 
(Clupeidae) comprised roughly 28% of the  
d i e t  of white and channel c a t f i s h e s .  
T r o t l i n e  c o l l e c t i o n s  of channel c a t f i s h  
were 59% higher using cu t  her r ing  than 
octagon soap, and they were 210% higher  
using cut  her r ing  than dough b a i t ,  show- 
ing  a d e f i n i t e  preference f o r  her r ing  
by channel c a t f i s h  (White 1975). Stevens 
(1959) found t h a t  f i s h  c o n s t i t u t e d  64% 
and 76% of t h e  d i e t  i n  white and channel 
c a t f i s h e s ,  respec t ive ly .  Mollusks, 
i n s e c t s ,  crustaceans,  and some p l a n t  
mate r ia l  were a l s o  found t o  be a p a r t  of 
t h e i r  d i e t .  Young channel c a t f i s h  tend 
t o  feed mainly on aqua t ic  i n s e c t s  (Bailey 
and Harrison 1948) o r  on bottom ar th ro-  
pods (Darnell 1958); but  f i s h  over 100 mm 
(3.9 i n )  i n  length a r e  usua l ly  omnivorous 
(Bailey and Harrison 1948, Darnel1 1958) 
o r  piscivorous (Stevens 1959). 

Many spec ies  of f i s h  inhabi t ing  t h i s  
zone spawn i n  t h e  upstream r i v e r i n e  systems 
such a s  those t h a t  d ra in  i n t o  Lake Marion 
and Lake Moultrie (e. g.,  Congaree and 
Wateree r i v e r s ) .  Considerably fewer 
spec ies  of f i s h  u t i l i z e  t h i s  a r e a  a s  a 
spawning ground than they do the l i t t o r a l  
subsystem. Many commonly l i t t o r a l  nes t ing  
spec ies ,  such a s  t h e  redear  sunf i sh ,  t h e  



white and black crappie,  and the large-  
mouth bass, w i l l  occasional ly u t i l i z e  
these deeper waters. Ca t f i sh ,  espec ia l ly  
the  l a r g e r  spec ies ,  w i l l  f requent ly 
u t i l i z e  t h i s  zone f o r  spawning, seeking 
out  hollow logs  o r  o ther  cavern-like 
places t o  cons t ruc t  t h e i r  nes t ;  c a t f i s h  
f r y  general ly  move t o  the  food-rich 
l i t t o r a l  zone soon a f t e r  hatching. The 
gizzard shad and th readf in  shad have 
been found t o  spawn i n  t h i s  zone by ran- 
domly s c a t t e r i n g  t h e i r  eggs i n  open water 
(Mil ler  1963). The l imnet ic  subsystem 
serves  a l s o  a s  t h e  primary nursery ground 
f o r  young anadromous her r ings ,  gizzard 
shad, and th readf in  shad. 

The l imnetic  sybsystem is  a v i t a l  
p a r t  of the  l a c u s t r i n e  system, o f f e r i n g  
a more s t a b l e  h a b i t a t  where seasonal  
changes occur a t  a much slower r a t e  than 
i n  l i t t o r a l  waters. The car ry ing  
capaci ty of l i t t o r a l  waters per  u n i t  
volume is  usua l ly  l e s s  than t h a t  of the  
l imnet ic  waters, and i s  usual ly composed 
of f i s h  species  t h a t  a r e  l e s s  d e s i r a b l e  
t o  man (M. G. White, 1978, South 
Carolina Wi ld l i fe  and Marine Resources 
Department, Bonneau, pers .  corn.).  

D. AMPHIBIANS AND REPTILES 

1. L i t t o r a l  Subsystem 

Lacustr ine a r e a s  supporting emergent 
vegetat ion a r e  e x c e l l e n t  h a b i t a t s  f o r  
most aqua t ic  r e p t i l e s  and amphibians. 
Except f o r  per iods of extreme drought, 
vegetated lake  shallows a r e  r e l a t i v e l y  
s t a b l e  environments compared t o  aqua t ic  
h a b i t a t s  with f l u c t u a t i n g  water l e v e l s .  
Rept i l e  spec ies  d i v e r s i t y  i n  l i t t o r a l  
l a c u s t r i n e  environments c lose ly  p a r a l l e l s  
t h a t  of p a l u s t r i n e  ecosystems; amphibian 
d i v e r s i t y  i n  l i t t o r a l  l a c u s t r i n e  a reas  
i s  somewhat reduced a s  compared t o  
p a l u s t r i n e  h a b i t a t s ,  r e f l e c t i n g  t h e  
g r e a t e r  abundance of predatory f i shes .  

I 
Southern c r i c k e t  f rogs ,  green t ree -  

f rogs,  s q u i r r e l  t ree f rogs ,  and l i t t l e  
g rass  f rogs  a r e  commonly found a t  lake 
edges or  among emergent vege ta t ion  
(Mount 1975, Harrison 1978). Other 
anurans u t i l i z i n g  t h i s  h a b i t a t  include 
the p i g  frog,  bu l l f rog ,  bronze frog,  and 
the  southern leopard f rog  (Conant 1975, 
Mount 1975, Harrison 1978). 

Newts inhabi t  a number of aqua t ic  
environments, including unpolluted 
lakes ,  throughout c o a s t a l  Georgia and 
South Carolina. Toxic s k i n  s e c r e t i o n s  
of newts allow them t o  occupy permanent 
water bodies r e l a t i v e l y  unmolested from 
would-be predators .  Their d i e t  includes 
i n s e c t s ,  crustaceans,  leeches,  worms, 
mollusks, young amphibians, and f rog  
eggs (Conant 1975). Two-toed amphiumas 
and g r e a t e r  s i r e n s  a r e  r e l a t i v e l y  abundant 

i among emergent vegetat ion.  It is here 
t h a t  t h e i r  primary food items ( i n s e c t s ,  

c rayf i sh ,  small f i s h )  a r e  found, and t h a t  
they may seek pro tec t ion  from a primary 
predator ,  t h e  e a s t e r n  mud snake. I n  
l a c u s t r i n e  environments support ing s izeab le  
populations of American e e l s ,  rainbow 
snakes may a l s o  be common. 

Emergent vege ta t ion  tend t o  increase  
t h e  a r e a  of t h e  "edge e f f e c t , "  where 
numbers and species  of animals a r e  usual ly 
g rea te r  (Odum 1971). This i s  p a r t i c u l a r l y  
t r u e  f o r  a ir-breathing amphibians and 
r e p t i l e s .  Redbelly water snakes, banded 
water snakes, and cottonmouths a r e  common 
i n  t h i s  h a b i t a t  (Conant 1975, Gibbons 
1978). Although they do not  ob ta in  t h e i r  
g r e a t e s t  dens i ty  here, cottonmouths appear 
t o  be more abundant along vegetated l a k e  
shallows and adjoining sloughs than 
along r i v e r s .  F lor ida  green water snakes, 
glossy c rayf i sh  snakes, and black swamp 
snakes a r e  uncommon throughout c o a s t a l  
Georgia and South Carolina (Martof 1956, 
Gibbons 1978). In  t h e  extreme south- 
e a s t e r n  por t ion  of Georgia adjacent  t o  
F lor ida ,  the  s t r i p e d  c rayf i sh  snake 
i n h a b i t s  vegetated l a k e  edges, a l b e i t  
uncommonly. The semi-aquatic e a s t e r n  
ribbon snake and rough green snake a r e  
frequent ly found among emergent vegetat ion 
(Conant 1975, Mount 1975). Emergent 
and f loat ing-leaved vege ta t ion  (cat-  
t a i l s ,  pickerelweed, arrowhead, a l l i g a t o r -  
weed, water hyacinth, e t c . )  provides 
aqua t ic  snakes p ro tec t ion  from preda tors ,  
easy access  t o  water,  and an environment 
i n  which food is  abundant. Green anoles  
a r e  a l s o  common among c a t - t a i l s  and o ther  
emergents near shore.  

T u r t l e s  occurr ing i n  open waters  
general ly  frequent  a reas  of emergent 
vegetat ion f o r  feeding or  a s  t r a n s i e n t s .  
Species more c h a r a c t e r i s t i c  of vegetated 
lake shallows a r e  e a s t e r n  mud t u r t l e s ,  
s t r i p e d  mud t u r t l e s ,  s t inkpots ,  yellow- 
b e l l y  s l i d e r s ,  eas te rn  chicken t u r t l e s ,  and 
common snapping t u r t l e s  (Conant 1975, 
Gibbons 1978). 

The American a l l i g a t o r  is  common i n  
the  l i t t o r a l  zone of l a c u s t r i n e  environ- 
ments. Where well-developed emergent 
zones a r e  associated with f l o a t i n g  vegeta- 
t i o n ,  l a r g e  populat ions of a l l i g a t o r s  
a r e  found. Bara (1976) recorded the  
following observat ions ( a l l i g a t o r s  per 
mile) on Goose Creek Reservoir i n  
Berkeley County, South Carolina: 1972- 
6.44; 1973-2.79; 1974-3.53; and 1975- 
4.56. (See vege ta t ion  of the  lacus- 
t r i n e  l imnet ic  subsystem f o r  descrip- 
t i o n  of t h e  f l o a t i n g  vegetat ion of Goose 
Creek Reservoir.) Murphy (1977) observed, 
i n  Par r  Pond i n  Barnwell County, South 
Carolina, t h a t  a l l i g a t o r s  were near ly  a l -  
ways seen within 100 yd (91.4 m) of the  
shore l ine  and were seldom v i s i b l e  i n  open 
water.  



2. Limnetic Subsystem 

The two-toed amphiuma occur s  h e r e  
uncommonly, whereas t h e  g r e a t e r  s i r e n  
is found r e l a t i v e l y  f r e q u e n t l y  (Mount 
1975).  Numbers of bo th  i n c r e a s e  toward 
shore  where submergent v e g e t a t i o n  and 
bottom d e b r i s  a r e  more abundant.  
Nearly a l l  f r e shwa te r  t u r t l e s  occur r ing  
i n  t h e  c o a s t a l  zone can be found i n  open 
l a k e  wa te r s .  Spec ie s  most common t o  
t h i s  h a b i t a t  a r e  t h e  e a s t e r n  chicken 
t u r t l e ,  common snapping t u r t l e ,  F l o r i d a  
c o o t e r ,  ye l lowbe l ly  s l i d e r ,  and t h e  
F l o r i d a  s o f t s h e l l  (Gibbons 1978).  
Eas t e rn  mud t u r t l e s ,  s t i n k p o t s ,  r i v e r  
c o o t e r s ,  and gu l f  c o a s t  s p i n y  s o f t s h e l l s  
( see  Conant 1975) occur  i n f r e q u e n t l y  
(Gibbons 1978). Water snakes  of  t h e  
genera  Merodia. Seminatr ix ,  and 
Fa ranc ia  u t i l i z e  t h e  pe r iphe ry  of  l a r g e  
l a k e s  and a r e  probably  o n l y  t r a n s i e n t s  
i n  open wa te r s .  Where h a b i t a t  is undis- 
turbed and s i z a b l e  popu la t ions  exist, 
American a l l i g a t o r s  f r e q u e n t l y  spend 
t ime i n  open wa te r s ;  however, they a r e  ' 

g e n e r a l l y  more common i n  l i t t o r a l  a r eas .  

E. BIRDS 

Approximately 7 1  s p e c i e s  of  b i r d s  
occur  i n  l a c u s t r i n e  systems (Table 5- 
33). Because t h e r e  is such  a n  e x t e n s i v e  
o v e r l a p  between b i r d s  i n  l i t t o r a l  and 
l i m n e t i c  h a b i t a t s  w i t h i n  t h i s  system, 
they  w i l l  be t r e a t e d  a s  one e c o l o g i c a l  
u n i t .  About 23 s p e c i e s  dominate t h e  
a v i f a u n a  of  t h e  l a c u s t r i n e  ecosystem 
and i n c l u d e  t h e  fo l lowing permanent 
r e s i d e n t s :  p i e d - b i l l e d  grebe,  anhinga,  
g r e a t  b l u e  heron, g reen  heron, l i t t l e  
b l u e  heron, g r e a t  e g r e t ,  snowy e g r e t .  
wh i t e  i b i s ,  wood duck, common g a l l i n u l e ,  
American coot ,  b e l t e d  k i n g f i s h e r ,  and 
t r e e  swallow. Dominant w i n t e r  r e s i d e n t s  
i n c l u d e  t h e  ma l l a rd ,  green-winged t e a l ,  
blue-winged t e a l ,  ba ldpa te ,  r ing-necked 
duck, g r e a t e r  scaup, l e s s e r  scaup, ruddy 
duck, and hooded merganser.  

The b i r d s  of  p rey  o c c u r r i n g  i n  
l a c u s t r i n e  h a b i t a t s  i n c l u d e  t h e  p e r e g r i n e  
f a l c o n  and mer l in ,  bo th  of  which a r e  of 
i n c i d e n t a l  s i g n i f i c a n c e  i n  t h e  t r o p h i c  
s t r u c t u r e  (Fig. 5-20). The p e r e g r i n e  
f a l c o n  h a s  exper ienced d ramat i c  d e c l i n e s  
w i t h i n  t h e  c o n t i n e n t a l  United S t a t e s .  
Within South  Caro l ina  and Georgia,  t h i s  
s p e c i e s  i s  r e g u l a r l y  r e p o r t e d  on ly  du r ing  
mig ra t ion  and i n  t h e  w i n t e r  (Gauthreaux 
e t  a l .  1979). 

The mer l in ,  formerly  known a s  t h e  
p igeon hawk, is a f a i r l y  common w i n t e r  
r e s i d e n t  o c c u r r i n g  i n  t h i s  h a b i t a t .  The 
m e r l i n ' s  d i e t  c o n s i s t s  c h i e f l y  of b i r d s ,  
u s u a l l y  warb le r s ,  sparrows,  and v i r e o s .  
It a l s o  t a k e s  i n s e c t s ,  d r a g o n f l i e s ,  g ra s s -  
hoppers,  b e e t l e s ,  and s m a l l  mammals. 

and because  of  t h e  h i g h  degree  of  m o b i l i t y  
possessed by b i r d s ,  t h e  avi fauna of  t h e s e  
two ecosystems is  q u i t e  s i m i l a r .  For 
a d d i t i o n a l  i n fo rma t ion  on t h e  b i r d s  common 
t o  bo th  systems, t h e  r e a d e r  is r e f e r r e d  
t o  t h e  s e c t i o n s  on b i r d s  of  t h e  p a l u s t r i n e  
ecosystem. 

See  t h e  s e c t i o n  on mammals of t h e  
p a l u s t r i n e  ecosystem f o r  in fo rma t ion  on 
mammals i n  f r e shwa te r  ecosystems. 

I V .  RIVERINE ECOSYSTEM 

A. VASCULAR FLORA ( f o r  nonvascu la r  p l a n t s ,  
s e e  t h e  p a l u s t r i n e  s e c t i o n )  

Vascular  f l o r a  o f  t h e  r i v e r i n e  eco- 
sys tem i n c l u d e s  on ly  t h e  n o n p e r s i s t e n t  
emergent,  submergent, and f l o a t i n g  
v e g e t a t i o n  found w i t h i n  r i v e r  o r  t r i b u t a r y  
s t r eam channels .  Wetlands dominated by 
t r e e s ,  sh rubs ,  o r  p e r s i s t e n t  emergents a r e  
included under t h e  p a l u s t r i n e  sys tem 
where s a l i n i t i e s  a r e  l e s s  than'  0,5O/oo and 
under t h e  e s t u a r i n e  sys tem where s a l i n i t i e s  
a r e  g r e a t e r  t han  O.SO/oo. I f  t h e  r i v e r  o r  
s t r eam channel  is n o t  e a s i l y  de f ined ,  
t h e  beginning of  p e r s i s t e n t  emergents (e.g. ,  
Typha spp. )  marks t h e  p a l u s t r i n e  boundary 
of  t h e  r i v e r i n e  sys tem (Cowardin e t  a l .  
1977).  

Very l i t t l e  i n fo rma t ion  is a v a i l a b l e  
on t h e  ecology of r i v e r  channel  p l a n t  
communities. S e v e r a l  s p e c i e s  lists, 
however, e x i s t  f o r  t h i s  h a b i t a t  i n  South 
Caro l ina .  A t r a n s e c t  su rvey  of t h e  
a q u a t i c  v e g e t a t i o n  of t h e  San tee  and 
Cooper r i v e r s  was c a r r i e d  o u t  i n  1971 and 
1972 ( C u r t i s  1972) .  Water-weed and 
a l l i ga to r -weed ,  both  in t roduced  a q u a t i c s ,  
dominated t h e  f l o r a  of  t h e  Cooper R ive r  
channel ,  wh i l e  a l l igator-weed dominated 
i n  t h e  Santee .  Table  5-34 lists t h e  
s p e c i e s  and t h e i r  occurrence  from t h e  
above s tudy .  Nelson (1974) l i s t e d  
pickere lweed,  arrowheads,  l i z a r d ' s  t a i l ,  
swamp dock, wa te r  hemlock, l e a t h e r -  
f lower ,  s p i d e r - l i l y ,  water-pr imroses ,  
e a s t e r n  l i l a e o p s i s ,  and arrow-arum a s  
n o n p e r s i s t e n t  emergents from t h e  Cooper 
River ;  a l l igator-weed was l i s t e d  a s  t h e  
on ly  f loa t ing - l eaved  p l a n t .  

Have1 (1976) added wa te r  hemp, marsh 
f l eabane ,  two smartweeds, knotweed, and 
tearthumb t o  t h e  l i s t  of  n o n p e r s i s t e n t  
emergents from t h e  San tee  River  channel .  
T ine r  (1977) r e p o r t e d  approximately  33 
n o n p e r s i s t e n t  emergents,  3 submergents,  and 
1 3  f l o a t i n g  p l a n t s  t h a t  p o t e n t i a l l y  occur  
i n  t h e  r i v e r  channels  of South Caro l ina  
(9ee Tables  5-3 and 5-5): Common f l o a t i n g  
a q u a t i c s  l i s t e d  were f r o g ' s - b i t ,  ye l low 
pond- l i l y ,  wh i t e  w a t e r - l i l y ,  pennyworts,  

Because of t h e  g r e a t  s i m i l a r i t y  
between l a c u s t r i n e  and p a l u s t r i n e  h a b i t a t s  
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PREDATORS 

(incidental) 
Peregrine falcon 

Merlin 
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Black vulture Great egret 
Common crow 
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Greater yellowlegs / 

d 
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Tree swallow 
Spotted sandpiper 

Baldpate 
Blue-winged teal 

Figure 5-20. Trophic structure of the avifauna of lacustrine environments. 

duckweeds, big duckweed, water-weeds, 
golden club, and mosquito fern. Common 
submergents included parrot-feather and 
pndweeds. Nonpersistent emergents 
listed by Tiner (1977) as common were 
lizard's tail, mock-bishopweed, and 
sacciolepis, In protected river channels, 
floating mats of vegetation often occur. 
Butter-leaved pennywort, smartweeds, 
and alligator-weed are common in these 
mats which are most common along black- 
water rivers (National Wetlands Inventory 
1978). 

The ecology of southeastern riverine 
or channel vegetation has not been well 
documented. Most vascular vegetation 
in the river channels of the study area 
clings close to the channel edge, rarely 
lindering navigation. Submergent vegeta- 
tion is common in still, deep water, but 
the flow rate of most rivers prevents 
colonization of the deeper parts of 
the channel. Nonpersistent emergent, 
submergent, and floating vegetation is 
common within the channels of slow-flowing 
tributary streams of the Sea Island 
Coastal Region, but its distribution and 
ecology are poorly documented. 

B. INVERTEBRATES 

1. Zooplankton 

While much of the zooplankton of 
riverine environments is washed in from 
drainage basin lakes, ponds, and back 
waters, there is a resident holoplanktonic 
component. Zooplankton development is 
most pronounced An the slower moving 
portions of a river system where reduced 
current velocity and silt deposition tend 
to make these habitats nearly indistinguish- 
able from typical lentic habitats. These 

same situations, however, may be dominated 
by dense floating or rooted vegetation, 
which may effectively filter zooplankton 
out. 

Some tidal riverine zooplankton is 
chiefly of marine ancestry and is charac- 
terized by the ability to maintain inter- 
nal fluids hypertonic to the surrounding 
water (Pennak 1953). These organisms 
generally are considered stenohaline, but 
very euryhaline estuarine species may 
occur regularly in riverine situations. 
These euryhaline forms differ from marine 
zooplankters in that they tend to have 
fewer eggs and more often are carried by 
the parent until they hatch. Floating 
eggs almost never occur in freshwater 
species (except in cladocerans and insects), 
whereas they are common among marine zoo- 
plankton species. No large zooplankton 
taxonomic groups are exclusively riverine 
(fresh water), but the Rotatoria, 
Nematomorpha, Cladocera, and Hydroacorina 
are generally considered freshwater 
organisms because there are so few marine 
and estuarine species in these groups. 

The problem of maintaining zooplankton 
populations in riverine systems when 
currents are always strong enough to carry 
the zooplankton seaward may be solved in 
three ways: 1) resting eggs may be trans- 
ported upstream by fishes, birds, or 
other animals; 2) repopulation may be from 
populations present in lacustrine or 
palustrine elements of a drainage basin; 
and 3) the organisms may exhibit high 
reproductive rates coupled with short life 
cycles. In Sea Island Coastal Regior, 
rivers, probably each of these mechanisms 
is involved, with the extensive contiguous 
palustrine forested wetlands most important 
as reservoirs of seed stock. 



Table 5-34. Checklist of aquatic vegetation collected in 1971 and 1972 from the Santee and Cooper 
rivers (adapted from Curtis 1972).a 

Scientific Name Common Name 
Cooper Santee 
River River 

Egeria densa 
Cabomba caroliniana 
Cabomba sp. 
Ceratophyllum demersum 
Chara sp. (non-vascular) 
- 

Cladium jamaicense 
Eleocharis parvula 
Eleocharis sp. 
Eryngium aquaticum 
Bacopa caroliniana 
Juncus biflorus 
Leersia hexandra 
Lemna minor -- 
Lycopus sessilifolius 
Myriophyllum heterophyllum 
Nelumbo lutea -- 
Nitella sp. (non-vascular) 
Nymphaea odorata 
Polygonum sp. 
Pontederia cordata 
Potamogeton diversifolius 
Potamogeton ap. 
Ruppia maritima 
Rhynchospora careyana 
Rhynchospora macrostachya 
Sagittaria latifolia 
Samolus parviflorus 
- 

Scirpus etuberculatus 
Scirpus validus 
Spartina sp. 

Typha angustif olia 
Typha latifolia 
Utricularia sp. 
X ris caroliniana 
k c h e l l i a  palustris 
Zostera marina -- 

Broadleaf waterplantain 
Alligator-weed 
Water-weed 
Water-weed 
Fanwor t 
Fanwor t 
Coontail 
Muskgrass 
Saw grass 
Dwarf spikerush 
Spikerush 
Marsh eryngo 
Lemon bacopa 
Rush 
Cutgrass 
Duckweed 
Bugleweed 
Water milfoil 
Lotus 
Nitella 
White water-lily 
Smar tweed 
Pickerelweed 
Variable-leaved pondweed 
Pondweed 
Widgeon grass 
Beak rush 
Beak rush 
Duck potato 
Water pimpernel 
Bulrush 
Bulrush 
Cordgrass 
Narrow-leaved cat-tail 
Common cat-tail 
Bladderwort 
Yellow-eyed grass 
Horned-pondweed 
Eel grass 

a. Includes brackish water plants. 

Protozoa may be found in all aquatic 
habitats, and many are planktonic. Class 
Sporozoa has only parasitic members, and 
although these may parasitize plankton, 
they are not true plankters themselves. 
A number of soft-bodied forms belonging 
to the Sarcodina and Infusoria are found 
in the plankton. However, most fresh- 
water zooplanktonic protista belong to 
the class Mastigophora; in many in- 
stances, they are second only to green 
algae in importance. Free-living pro- 
tozoa exhibit varied types of nutrition, 
from holophytial (plant-like) photo- 
synthesis to saprophytic (absorb salts 
and organic compounds from surroundings) 
to holozoic (herbivores, carnivores, and 
oomivores). The protozoa, in turn, are 

important as food for many species of 
rotifers, cladocerans, and copepods. 
Kathorobic protozoa are found in streams 
and rivers rich in oxygen and low in 
organic matter and would likely be 
prominent in riverine situations. Patrick 
et al. (1967) listed a large number of 
protozoa from the Savannah River, some of 
which would likely be planktonic. Asexual 
reproductive bodies of sponges may be 
tychoplanktonic ("accidental" plankton) 
at times, with reproduction occurring in 
the fall. 

Ploimate rotatoria are the most 
characteristic taxonomic group of zoo- 
plankton in a stable river system. This 
is one of the few groups to have originated 



i n  f r e s h  water, and of 1,700 known species ,  
more than 1,600 spec ies  occur there  
(Winner 1975). Rot i fe r s  feed on per i -  
phyton, d e t r i t u s ,  and small planktonic 
organisms such a s  algae,  small cladocera, 
and la rvae  of o ther  r o t i f e r s .  Partheno- 
gene t ic  reproduction takes place most of 
the  year, with t h e  population c h i e f l y  
female. Males, usua l ly  appearing only 
a t  c e r t a i n  times of t h e  year ,  a r e  a l l  
planktonic, a n d l i v e  a very shor t  time. 
The males a r e  spec ia l ized  f o r  reproduc- 
t i o n  and of ten  lack  a d i g e s t i v e  t r a c t .  
F e r t i l i z e d  o r  r e s t i n g  eggs may be pro- 
duced i n  response t o  environmental change. 
Some spec ies  may have one abundance peak 
per year, while o t h e r s  e x h i b i t  two o r  
more. Most r i v e r i n e  plankton communities 
average betwen 40 - 500 r o t i f e r s l l i t e r  
(150 - 2,000 r o t i f e r s / g a l l o n ) .  

Cladocera a r e  pr imari ly  freshwater 
crustaceans and a r e  found i n  a l l  f r e s h  
water except rapid streams, brooks, and 
heavi ly po l lu ted  waters. They rank j u s t  
behind r o t i f e r s  i n  importance a s  r i v e r i n e  
zooplankters. They feed on algae,  pro- 
tozoa, organic d e t r i t u s ,  and bac te r ia .  
Some a r e  predacious (e.g., Leptodora and 
Polyphemus), feeding on r o t i f e r s  and 
small crustaceans.  Parthenogenetic re-  
production occurs during most of t h e  
year, with only females produced, except 
during spr ing  and f a l l  when males appear 
and f e r t i l i z e d  or  r e s t i n g  eggs a r e  formed. 
One or  more population maxima may occur 
during t h e  year. P a t r i c k  e t  a l .  (1967) 
reported two spec ies  of cladocera from 
the Savannah River, Georgia. 

Copepods a r e  the t h i r d  important 
component of r i v e r i n e  zooplankton. While 
of marine or ig in ,  f i v e  of t h e  seven orders  
have freshwater represen ta t ives .  Only 
freshwater calanoids, cyclopoids, and 
euryhal ine harpact icoids such a s  
Scot tolana canadensis a r e  present  a s  
holoplankters. Most calanoids a r e  
f i l t e r  feeders  on algae; however, 
cyclopoids have mouth p a r t s  modified 
f o r  s e i z i n g  o ther  zooplankters. Eggs 
a r e  held i n  ovisacs at tached t o  the  
female u n t i l  they hatch, and only 
f e r t i l i z e d  eggs a r e  v iab le .  Larvae 
hatch out  a s  n a u p l i i  and, a f t e r  f i v e  
molts, metamorphose i n t o  copepodids. 
There a r e  f i v e  copepodid i n s t a r s  p r i o r  
t o  the  a d u l t  s tage.  Special  thick- 
walled eggs a r e  produced t o  withstand 
adverse environmental condit ions,  a l -  
though ordinary eggs a r e  thought t o  
overwinter i n  an extended incubat ion 
period. Cyclops encysts  a s  a copepodid; 
i ts  c y s t s  a r e  r e s i s t a n t  t o  desiccat ion.  
Seasonal copepod maxima i n  temperate 
cl imates  probably vary with temperature, 
a s  was the  case i n  the Pamunkey 
River, Vi rg in ia  (Bur re l l  1972). 

Neomysis americanus, a euryhal ine 
es tuar ine  mysid shrimp, may occur i n  
t i d a l  r i v e r i n e  zooplankton , par t icu-  
l a r l y  a s  juveni les .  This spec ies  was 

found regula r ly  a t  a freshwater s t a t i o n  
i n  t h e  Pamunkey River by B u r r e l l  (19681, 
and is  known t o  be abundant i n  South 
Carolina e s t u a r i e s  (Kelley 1978). Banner 
(1953) described a freshwater mysid 
shrimp spec ies ,  Taphromysis lou is ianae ,  
from southern waters of the  United S ta tes .  

Gammarid amphipods may occur i n  
r i v e r i n e  plankton co l lec t ions ,  but most 
a r e  t r u e  p lankte rs  and may be car r ied  
off t h e  bottom by cur ren ts .  P a t r i c k  
e t  a l .  (1967) l i s t e d  Gammarus f a s c i a t u s  
and Crangonyx g r a c i l i s  from t h e  Savannah 
River. Fox (1978) reported Crangonyx 
pseudo g r a c i l i s  and spec ies  of t h e  
Gammarus f a s c i a t u s  t i g i u r w  complex t o  
be presen t  i n  t h e  Southeast.  

Larvae of shrimp and xanthid crabs 
a r e  t h e  most common r i v e r i n e  decapod 
plankters .  Species reported o r  thought 
t o  be presen t  i n  t h e  Sea Is land Coastal 
Region a r e  Palaemonetes paludosus, 
Macrobrachium ohione, Macrobrachium - 
acanthurus, Uca minax, and Rhithropanopeus 
h a r r i s i i .  Wharton (1978) l i s t e d  
Macrobrachium ohione and Macrobrachium 
acanthurus a s  present  i n  t h e  Ochlockonee 
River and Palaemonetes paludosus a s  pre- 
sen t  i n  t h i s  system and i n  t h e  Altamaha 
River, both i n  Georgia. He a l s o  l i s t e d  
Palaemonetes kadiakensis  a s  widely d i s -  
t r i b u t e d  i n  Georgia streams, but t h i s  
spec ies  is  not known from South Carolina 
and is perhaps a mis iden t i f i ca t ion  (P. A. 
Sandifer ,  1978, South Carolina Marine 
Resources Division, Charleston, pers .  
comm.). P a t r i c k  e t  a l .  (1967) a l s o  
found Macrobrachium ohione, Macrobrachium 
acanthurus, and Palaemonetes paludosus 
present  i n  the  Savannah River, Georgia. 

Riverine zooplankton of c o a s t a l  
South Carolina and Georgia has not been 
s tudied in tens ive ly  a s  a group i n  any 
system. The most indepth study was of 
t h e  Cooper River and adjacent  streams 
from a March 1975 sampling program 
(Dames and Moore Associates 1975). 
Twelve taxa of Rotator ia ,  four taxa of 
copepods, and two taxa of Cladocera were 
i d e n t i f i e d  from samples taken near high 
t i d e  and near low t i d e  a t  s i x  midchannel 
s i t e s .  Tota l  densi ty of zooplankton 
ranged from 14.4 organ ismsl l i t e r  t o  38.21 
l i t e r .  Rot i fe r s  and copepods were 
dominant a t  each s t a t i o n ,  together  com- 
p r i s i n g  88% - 100% of the  zooplankton 
community. The numbers of r o t i f e r s l l i t e r  
ranged from 6.6 t o  20.4, with Polyarthra 
sp,  and Kera te l la  coch lear i s  most 
abundant. Copepods var ied  from 6.6 t o  
2 0 . 7 l l i t e r  (25 t o  79/gal lon) ,  with t h e  
most abundant taxa i d e n t i f i e d  only a s  
naupl i i .  The only copepod genus 
d i f f e r e n t i a t e d  was Diaptomus, which 
was present  a t  f i v e  s t a t i o n s .  Cladocerans 
varied from 4% t o  12% of the  zooplankton 
a t  each s t a t i o n  and consis ted of two 
species ,  Bosmina l o n g i r o s t r i s  (most 
numerous) and Alonella sp .  Six of the  
12 genera of r o t i f e r s  found usual ly 



dominate t h e  zooplankton of running 
waters ;  i n  t h i s  s tudy,  however, copepods 
were equa l ly  abundant. Heard and Heard 
(1971) found t h e  zooplankton of Riceboro 
Creek, Georgia, t o  be c h i e f l y  un iden t i f i ed  
spec ies ,  freshwater copepods, and clado- 
ce rans  during wet seasons,  and l a r v a e  of 
e s t u a r i n e  spec ies  during dry seasons. 

I n  s t u d i e s  of t h e  zooplankton of 
Keowee Reservoir ,  South Carolina, 
Hudson (1975) found s e v e r a l  of t h e  same 
spec ies  reported from r i v e r i n e  reaches 
of t h e  Pamunkey River,  Vi rg in ia ,  by 
B u r r e l l  (1968, 1972). Those spec ies  
reported from both a r e a s  a r e  probably 
a l s o  present  in c o a s t a l  r i v e r i n e  
environments i n  South Carolina. They 
include the  cyclopoid copepods 
Eucyclops a g i l i s ,  Cyclops v e r n a l i s ,  and 
Mesocyclops +, and t h e  cladocerans 
Leptodora k i n d t i ,  Sida c r y s t a l l i n a ,  
Diaphanosoma branchyurum, I lyocryp tus  
sordidus,  and Simocephalus exspinosus. 
Willlams (1966) l i s t e d  K e r a t e l l a  s p . ,  
Polyar thra  sp., and Trichocera sp. a s  
the  most abundant r o t i f e r s  present  i n  
the  Savannah River a t  North Augusta, 
South Carolina. 

2. Benthlc Inver tebra tes  

L i t e r a t u r e  dea l ing  with the  benthic  
i n v e r t e b r a t e s  of r i v e r i n e  environments 
i n  t h e  United S t a t e s  is l a r g e l y  taxonomic 
i n  approach, and papers dea l ing  with 
ind iv idua l  taxa a r e  numerous. Keys, 
desc r ip t ions ,  and i l l u s t r a t i o n s  of 
spec ies ,  and lists of important 
references t o  t h e  i n v e r t e b r a t e  fauna 
of  such h a b i t a t s  a r e  provided i n  pub- 
l i c a t i o n s  such a s  those of Pennak (1953) 
and Edmondson (1959). I n v e r t e b r a t e  
phyla having f ree - l iv ing  represen ta t ives  
i n  f reshwater  environments inc lude  t h e  
Por i fe ra ,  Cnidar ia ,  Platyhelminthes ,  
Rhynchocoela, Rot i fe ra ,  Nematoda, 
Nematomorpha, Bryozoa, Gas t ro t r i cha ,  
Annelida, Mollusca, Tardigrada, and 
Arthropoda. 

Hynes (1970) noted t h a t  inver te -  
b r a t e s  c h a r a c t e r i s t i c  of  s o f t  r i v e r i n e  
s u b s t r a t e s  include t u b i f i c i d s  (annel ids) ,  
chironomids ( i n s e c t s ) ,  burrowing may- 
f l i e s ,  prosobranch gastropods, and 
pelecypods. The fauna on hard sub- 
s t r a t e s  cormnonly inc ludes  t h e  s e s s i l e  
sponges, hydrozoans, and bryozoans a s  
wel l  a s  more mot i l e  forms such a s  f l a t -  
worms, i n s e c t  l a rvae ,  gastropods, 
amphipods, and isopods. Nematodes a r e  
ub iqu i toas  bu t  e a s i l y  overlooked be- 
cause of t h e i r  s i z e .  Other small and 
e a s i l y  overlooked spec ies  inc lude  r o t i f e r s  
(common on d e t r i t u s  and a q u a t i c  p l a n t s  
during t h e  warmer months), g a s t r o t r i c h s  
( f requent  on d e t r i t u s ,  submerged vegeta- 
t i o n ,  and i n  sandy s u b s t r a t e s ) ,  and 
t a rd ig rades  (oecaslonal  on mosses, a lgae ,  
a q u a t i c  tracheophytes, d e t r i t u s ,  and 
s u b s t r a t e s  of sand and mud). Various 
spec ies  of i n v e r t e b r a t e s  a r e  known t o  

be e s p e c i a l l y  abundant i n  t r i b u t a r i e s  
immediately below lakes  because of an 
abundant food supply i n  the  form of 
plankton (Hynes 1970) . 

Crayfish,  among t h e  more conspicuous 
freshwater  i n v e r t e b r a t e s  because of t h e i r  
s i z e ,  a r e  represented by 24 spec ies  i n  
South Carol ina (Wishart and Loyacano 
1974). Although Wishart and Loyacano 
found c r a y f i s h  wi th in  t h e  Sea I s land  
Coastal  Region, they d id  no t  observe 
concentrat ions l a r g e  enough t o  support 
a commercial f i s h e r y .  The spread of t h e  
introduced A s i a t i c  clam Corbicula 
mani lensis  i n t o  r i v e r s  of  t h e  Georgia and 
South Carolina c o a s t a l  p l a i n  is  of 
p a r t i c u l a r  concern. This  spec ies ,  a 
nuisance i n  many a r e a s  of t h e  country, 
is  now known t o  occur i n  many of  t h e  
r i v e r i n e  systems of t h e  s tudy a rea .  One 
of t h e  more curious i n s e c t s  known from 
t h e  s tudy a r e a  is  a mayfly of t h e  genus 
Tortopus: Larvae of t h i s  spec ies  con- 
s t r u c t  U-shaped burrows i n  c lay  banks 
along t h e  Savannah River (Sco t t  1959, 
Hynes 1970). 

Fac tors  l i m i t i n g  t h e  occurrence and 
d i s t r i b u t i o n  of ben th ic  i n v e r t e b r a t e s  
i n  l o t i c  h a b i t a t s  include cur ren t  v e l o c i t y ,  
water temperature-( including seasonal  and 
a l t i t u d i n a l  d i f f e r e n c e s ) ,  s u b s t r a t e  type 
( including vege ta t ion  and degree of 
s i l t a t i o n ) ,  dissolved substances,  
drought and f loods ,  food, i n t e r s p e c i f i c  
competition, shade, and zoogeography 
(Hynes 1970), a s  w e l l  a s  p o l l u t i o n .  
Benthic community composition t y p i c a l l y  
changes along t h e  reach from mouth t o  
head of a r i v e r ,  r e f l e c t i n g  changes i n  
sediments,  water c u r r e n t s ,  vege ta t ion ,  
t u r b i d i t y ,  food, and water  chemistry. 
S i g n i f i c a n t  changes a l s o  occur ac ross  a 
r i v e r  from t h e  shore t o  t h e  channel.  Beds 
of a q u a t i c  p l a n t s ,  d e t r i t u s  accumulations. 
and the  a v a i l a b i l i t y  of d i v e r s e  s u b s t r a t e s  
combine t o  provide food and s h e l t e r  f o r  
a d iverse  ben th ic  fauna i n  t h e  shallows. 
Fewer spec ies  normally oacur i n  t h e  
predominantly sand and c l a y  bottoms of 
current-scoured channels.  

Most f reshwater  animals a r e  steno- 
ha l ine ,  and few pene t ra te  very f a r  i n t o  
e s t u a r i n e  a r e a s  (Remane and Schl ieper  1971). 
Remane (1934) demonstrated t h a t  spec ies  
numbers d e c l i n e  p rogress ive ly  a s  s a l i n i t y  
dec l ines ,  t o  a minimum near  t h e  junc ture  
of the  o l igoha l ine  and mesohaline zones. 
The number of spec ies  then i n c r e a s e s  
r a p i d l y  i n t o  f r e s h  waters .  Freshwater 
and marine faunas a r e  e s s e n t i a l l y  d l s t i n c t ,  
d e s p i t e  t h e  occurrence of  a few holeury- 
h a l i n e  spec ies .  I n  a s tudy of t h e  hydroids, 
only one spec ies  (Cordylophora caspia)  
was found i n  both l imne t ic  and e s t u a r i n e  
zones of  va r ious  r i v e r s  i n  c o a s t a l  South 
Carol ina (Calder 1976). A s  a group, t h e  
hydroids a r e  l a r g e l y  marine, and the  few- 
e s t  number of s p e c i e s  encountered along 
t h e  h a l o c l i n e  was found i n  f reshwater  a reas .  



Seasonal changes in benthic community 
structure are well known in temperate 
riverine environments (Hynes 1970). Such 
changes are closely tied to life histories 
of the species comprising the invertebrate 
assemblages, and to predation. Major 
seasonal fluctuations in numbers are 
especially evident in the larval insect 
component of the fauna. Invertebrate 
densities are often lowest during the 
summer, a time when predation is high 
and many of the insect larvae have 
metamorphosed into adults. 

A number of year-round studies on 
the benthic invertebrates of lotic environ- 
ments in the mountains and Piedmont areas 
of the Carolinas and Georgia have been 
published (e.g., Tebo and Hassler 1961, 
Nelson and Scott 1962). A few field 
studies on invertebrate community ecology 
have been undertaken in freshwater environ- 
ments of the Sea Island Coastal Region, 
mostly as part of impact assessments, 
but little has been published in journals 
or in other readily available sources. 
Patrick et al. (1967) listed the flora 
and fauna, including species of benthic 
invertebrates, from the Savannah River 
near the Savannah River Plant. Dorjes 
(1977) observed that the dominant macro- 
benthic invertebrates from freshwater areas 
of the Ogeechee estuary were the amphipod 
Lepidactylus dytiscus and the polychaete 
Scolecolepides viridis. Several studies 
have been undertaken in the Charleston 
area for various industrial concerns 
(Westvaco Corporation 1972, Academy of 
Natural Sciences of Philadelphia 1974, 
Enwright Associates, Inc. 1977). Through 
the cooperation of DuPont, Westvaco, and 
South Carolina Electric and Gas corpora- 
tions, we have been granted permission 
to include information from these reports 
(Tables 5-35 and 5-36). The most com- 
prehensive of these studies is that by 
Enwright Associates, Inc., who sampled 
the fauna quantitatively over several 
seasons near the Arthur M. Williams 
station of South Carolina Electric and 
Gas Company. A total of 176 taxa were 
distinguished in their samples, including 
78 insects, 28 oligochaetes, 16 gastropods, 
and 10 amphipods. In addition. 88 species 
of macroinvertebrates collected in 
ichthyoplankton samples were also identified 
and counted. 

Some data are also available from 
benthic studies conducted during the mid- 
1970's at stations in fresh waters by 
the Estuarine Survey Program of the South 
Carolina Marine Resources Research 
Institute. The amphipod Lepidactylus 
dytiscus and the polychaete Scolecolepides 
viridis accounted for nearly 60% by num- 
ber of the macroinvertebrates from a limnetic 
(occasionally oligohaline) station on the 
South Edisto River (Table 5-37). Sampling 
was conducted on a sandy bottom, and 
Lepidactylus densities averaged 139/m for 
the year (Calder et al. 1977b). 

Community structure was considerably 
different at the Tee on the Cooper River 
(Table 5-38) and reflected the predominantly 
hard clay bottom at this location (Calder 
and Boothe 1977). At a sandy bottom 
location in the Waccamaw River, oligochaetes, 
the bivalve Corbicula manilensis, the 
polychaete Scolecolepides viridis, chironomid 
larvae, and the amphipod Lepidactylus 
dytiscus accounted for over 85% of the 
numbers of macroinvertebrates (Table 5- 
39). All the areas sampled by the 
Estuarine Survey Program near the limnetic- 
oligohaline border (i.e., within the 
riverine tidal reach) have been characterized 
by the presence of relatively few species 
of macroinvertebrates and rather low species 
diversity, particularly in comparison with 
shelly bottom areas in high and stable 
salinities along the coast. (See also the 
following section on insects of the riverine 
ecosystem. ), 

3. Insects 

Several investigators have included 
riverine insects among their field surveys 
of the study area. Curtis (1971) con- 
ducted a survey of macrobenthos of both 
the Santee and Cooper rivers, South 
Carolina, to determine the relative abun- 
dance and species composition of bottom 
fauna in these rivers. Results of the 
insect portion of that survey are shown 
in Table 5-40. All benthic riverine 
insects obtained during that sampling 
study were immature stages, either nymphs, 
larvae, or pupae. Midges (Diptera) 
outnumbered all other insects, and only 
oligochaete worms (not tabled) were as 
numerous among all the other benthic 
mecrofauna collected. 

A number of other macroinvertebrate 
studies have resulted in a useful com- 
pilation of South Carolina riverine in- 
sect information (Westvaco corporation 
1972, Richardson 1974, Enmight 
Associates, Inc. 1977). Richardson (1974) 
studied insects of the Santee-Cooper 
River System and found that the riverine 
 donate (dragonfly and damselfly) fauna 
was well distributed. Damselflies were 
particularly abundant among beds of 
Brazilian elodea, but were also found on 
trailing roots, submerged and floating 
wood, and entrapped debris. Representa- 
tives of each type (climbers, crawlers, 
and burrowers) of dragonfly naiad were 
found. Among the most common species of 
climbers were Nasiaeschna pentacantha and 
Coryphaeschna ingens, which clambered 
among the erect stems of the coarse marsh 
vegetation. The sprawlers and burrowers 
were much mare abundant than the climb- 
ing species, and the soft flocculent mud 
near riverine creek inlets and heavy 
deposits of decaying vegetation elsewhere 
were well suited for a number of species 
(e.g. Epicordulia princeps and Tetragoneuria 
cynosura). 



Table 5-35. Taxa of macroinvertebrates 
(exclusive of Insecta) from 
statione in or near the lim- 
netic zone of the Cooper 
River. Charleston County, 
South Carolina (Fuller 1974). 

Table 5-36. Taxa of macroinvertebrates 
identified from the lim- 
netic zone of the Cooper 
River, Charleston County, 
South Carolina (Enwight 
Associates. Inc. 1977). 

TAXON NUMBER OF SPECIES 

Porif era 1 
Platyhelminthes 1 
Nematoda 1 
Bryozoa (Ectoprocta) 2 
Annelida 

Oligochaeta 
Hirudinea 

Mollusca 

Pelecypoda 
Gas tropoda 

Arthropoda 

Isopoda 
Amphipoda 
Decapoda 
Acarina 

Three families of mayflies 
(Ephemeroptera) were found by 
Richardson. These families are parti- 
eularly well suited to slow-flow riverine 
conditions. The Baetidae, particularly 
Callibaetis, were very numerous in 
Brazilian elodea beds along the river 
margins. The Caenidae were represented 
by two prolific species. Caenis sp. and 
Tricorythodes sp., both of which are most 
often associated with slow (but still 
lotic), silted, backwater habitats. 
Members of the mayfly family Heptageniidae, 
represented by Stenonema. were restricted 
mainly to floating wood, but, when pre- 
sent, their populations were large. 

The Diptera, or true flies, were 
dominated by the midges (Chironomidae) , 
although the true crane flies (Tipulidae), 
biting midges (Ceratopogonidae), horseflies 
(Tabanidae) and marsh flies (Sclomyzidae) 
were also represented. Richardson (1974) 
Pound that species diversities of true bugs 
(Hemiptera) , beetles (Coleoptera) , and 
caddisflies (Trichoptera) in permanently 
flowing waters were most abundant inland 
adjacent to palustrine areas and decreased 
in the direction of the coast. 

Among the true bugs, large popula- 
tions of giant water beetles (Belaetomatidae) 
and creeping water bugs (Naueoridae) were 
harbored where vast beds of aquatic macro- 
phytes were present. Along river margins, 
water measurers (Hydrometridae) and marsh 

TAXON NUMBER OF SPECIES 

Porif era 1 
Cnidaria 2 
Platyhelminthee 4 
Rhynchocoela 1 
Nematoda ? 
Entoprocta 1 
Bryozoa (Ectoprocta) 2 
Annelida 

Oligochaeta 
~olfchaeta 
Hirudinea 

Arthropoda 

Branchiura 
Isopoda 
Amphipoda 
Decapoda 
Arachnida 
Insecta 

Mollusca 

Gastropoda 
Pelecypoda 

treaders (Mesoveliidae) were exceedingly 
common. At upper riverine locations 
having low flow, the most numerous true 
bugs were the striders (Gerridae). 

Representative of the beetles were 
the whirligig beetles (Gyrinidae) Gyrinus 
analis and Dineutus assimilis, the elmid 
beetle Dubiraphia bivittata, and the 
crawling water beetles (Haliplidae) 
Haliplus triopsis and Peltodytes 
sexmaculatus. Among the caddisflies. 
the dominant group was the leptocerids, 
with Triaenoides injusta in great abun- 
dance. 

Enwright Associates, Inc. (1977) also 
surveyed riverine insects and included 
bottom (ponar dredge) and water column 
(plankton net) collections, as well as 
qualitative sampling of shoreline end 
submergent vegetation. Results of that 
insect survey are provided in Table 5-41 
for comparison of findings with those of 
Curtis (1971) and Richardson (19741, and 
to augment the summary of known riverine 
insect taxa for the Sea Island Coastal 
Region. 
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Table 5-38. Species of macroinvertebrates collected at a freshwater riverine station on the 
Cooper River in July 1973 and January 1974, and their estimated densities in numbers/ 
m2. Percent of fauna, cumulative percent, and rank by number are given for each 
species. A = Amphipod, I = Isopod, B = Bivalve, In = Insect larvae and pupae (Calder 
and Boothe 1977). 

Species 
X of Cumul. Rank by 

July January fauna % Number 

Gammarus sp. (A) 

Cyathura polita (I) 

Corbicula manilensis (B) 

Diptera larva (undet.) (In) 

Diptera pupae (undet.) (In) 

Unidentified Taxon 

Chironomidae (undet . ) (In) 
Corophium lacustre (A) 

Mytilopsis leucophaeata (B) 

Gas tropoda (undet . ) 

No. Individuals 424 439 

No. Species 8 5 

Species Richness 1.16 0.66 

Species Diversity (H' ) 2.15 0.86 

Evenness (J' ) 0.72 0.37 

In a 5-year riverine study of macro- 
scopic bottom-dwelling invertebrates 
conducted for the Westvaco Corporation 
by the Institute of Paper Chemistry 
(Westvaco Corporation 1972), dipteran 
(true fly) insects were included. This 
study is particularly useful in that 
it provides density estimates for these 
riverine insects. The midge family 
(Chironomidae) dominated the dipteran 
assemblage, with densities ranging from 
0 to 324 individuals1m2 (0 to 270 
individuals~~d~) for Calopsectra, 0 to 
54 individuals/m2 (0 to 45 individuals~~d') 
for Procladius and Cryptochironomus, 
and 0 to 81 individuals/mZ (0 to 68 
individuals/ yd2) for Polypedilum. The 
Georgia Water Quality Control Board (1971, 
1972) surveyed a number of sites along the 
Chattahoochee and Flint rivers in Georgia, 
and included riverine insects in their 
sampling. Insects present at various 
Chattanoochee River stationb were sub- 
divided into groups generally considered 
to be intolerant, partially tolerant, 

or tolerant of polluted river waters. 
A summary of these results is provided 
in Hammer, Siler and George Associates 
(1975). 

A common order of insects found in 
and around aquatic habitats (particularly 
lotic environments) of the study area is 
the caddisflies (Trichoptera). Adult 
caddisflies are small-to-medium-sized 
moth-like insects found near streams 
(and also ponds and lakes), particularly 
from spring to early fall. Flight in 
most species is rapid, with well-developed 
dodging movements. Mouth parts are feeble 
and specialized for the ingestion of liquid 
foods (Pennak 1953). 

Caddisfly larvae are chiefly omnivorous, 
although the Limnephilidae, Hydropsychidae, 
and many Hydroptilidae feed primarily on 
diatoms, other algae, and higher plants. 
Some other trichopterans are thought to 
be generally carnivorous. Animal food of 
these latter caddisfly larvae consists of 



Table 5-39. Taxa of macroinvertebrates collected during January and April 1977 at a station in 
the Waccamaw River 6 miles above Georgetown, South Carolina. Estimated densities 
are given in numbers/m2. Percent of fauna, cumulative percent, and rank by number 
are given for each taxon. B = bivalve; P = polychaete; A = amphipod; I = isopod 
(D. R. Calder and B. B. Boothe,1978, South Carolina Marine Resources Division, 
Charleston, unpubl. data). 

Taxon 
% of Cumul. Rank by 

January April Fauna % Number 

Oligochaeta (undet . ) 
Corbicula manilensis (B) 

Scolecolepides viridis (P) 

Chironomidae (undet.) 

Lepidactylus dytiscus (A) 

Acetes americanus carolinae 

Ceratopogonidae (undet.) 

Gammarus sp. (A) 

Chiridotea sp. (I) 

Mysidacea (undet.) 

Batea catharinensis (A) 

Hirudinea (undet.) 

Cumacea (undet . ) 
Isopoda (undet . ) 
Amphipoda (undet.) 

No. Individuals 785 948 

No. Species 10 12 

Species Richness 1.35 1.60 

Species Diversity (H') 2.51 2.21 

Evenness (J') 0.76 0.62 

small crustaceans, annelids, and insect 
larvae. Host caddisfly larvae move 
about actively in search of lood, but 
those stream forms that build catch-nets 
simply eat the plant and animal material 
that collects on the inner surface of 
the nets. 

bother insect order characteristic 
of riverine habitats in the Sea Island 
Coastal Region is the stoneflies 
(Plecoptera). Pennak (1953) pointed 
out that adult stoneflies are actually 
terrestrial, but that they are seldom 

found very far from running water, the 
habitat of the inrmature stages. The 
adults are somber-colored, elongated, 
somewhat flattened, medium to large, 
and decidedly primitive in structure. 
The legs are well developed. The two 
pairs of long wings are folded over 
the back when at rest. Although mouth 
parts are of the biting type, they are 
rather weak and, in some cases, the 
mandibles are reduced. Stoneflies are 
poor fliers and are usuallv found resting 
on objects along the sho~es of dtreams 
(or lakes). In temperate climates, such 



Table 5-40. Number of r i ve r i ne  i n sec t s  obtained from macrobenthic sampling of the  Santee and 
Cooper r i v e r s  (adapted from Cur t i s  1971). 

Taxa Santee Cooper 

Collembola 
Isotomurus 

Ephemeroptera 
Caenis (nymph) 
Paraleptophlebia (nymph) 
Cloeon (nymph) 

Odonata 
Helocordulia (nymph) 
Lestes (nymph) 
Agr ion (nymph) 
Gomphus (nymph) 

Trichoptera 
Hydropsyche ( larvae)  
Triaenodes ( larvae)  
Neurecl ipsis  ( larvae)  

Odontoceridae ( larvae)  

Coleoptera 
Dystiscidae ( larvae)  

Cybister ( larvae)  

Diptera 
Tendipedidae 

Pentaneura ( larvae)  44 36 
Pentaneura (pupae) 10 8 
Hydrobaneus ( larvae)  9 5 
Hydrobaneus (pupae) 5 
Metriocnemus ( larvae)  66 2 7 
Tendipes ( larvae)  8 38 
Tendipes (pupae) 6 7 

telmatogen ( larvae)  4 
tetnans ( larvae)  15 

Calospectra ( larvae)  53 
Coryneura ( larvae)  1 

Pelopiinae (pupae) 1 
Culicidae 

Chaoborus ( larvae)  2 4 
Ceratopogonidae 

Culicoides ( larvae)  3 
Palpomyia ( larvae)  18 1 

as  t h a t  of t h e  study a rea ,  most adu l t s  
a r e  found between mid-fall and l a t e  
summer, although t he  spec i f i c  time of 
appearance of the adu l t  s tage  va r i e s  
from species  t o  species .  As  adul t s ,  
s t one f l i e s  do not  l i v e  more than severa l  
weeks (Pennak 1953). 

For t he  most pa r t ,  s tonef ly  nymphs 
a r e  sluggish. They occur i n  debris ,  
masses of leaves and algae,  and under 
s tones i n  p r ac t i c a l l y  every kind of 
l o t i c  environment. In  general ,  they 
are only found where dissolved oxygen 
i s  abundant. Many species  a r e  qu i t e  
spec i f i c  i n  t h e i r  ecological  preferences. 

Some occur only i n  small streams; o thers ,  
espec ia l ly  t h e  l a rge r  forms, occur i n  
l a rge r  r i ve r s .  Som a r e  found only 
where the cur ren t  i s  sw i f t e s t ;  o thers ,  
only i n  pools. 

Additional taxonomic, l i f e  h i s tory ,  
ecological ,  behavioral and economic in- 
formation may a l s o  be found i n  the  
sec t ion  on i n sec t s  of the  l a cus t r i ne  
ecosystem f o r  the  orders  Ephemeroptera 
(mayflies),  Odonata (dragonfl ies  and 
damself l i e s ) ,  Hemiptera ( t r u e  bugs), 
Megaloptera ( a l de r f l i e s ,  dobsonflies, 
and f i s h f l i e s )  , Coleoptera ( bee t l e s ) ,  
and Diptera ( f l i e s ,  mosquitoes, and 



Table 5-41. Summary of riverine insects collected from the bottom, shoreline and submergent vege- 
tation, and the water column of the Santee-Cooper River system (Cooper portion) 
(adapted from Enwright Associates, Inc. 1977). 

Insects 

Riverine Habitat 
Shoreline 6 
Submergent Water 

Bottom Vegetation Column 

Collembola 
Isotomidae 
Isotomus palustris 

Ephemeroptera 
Caenidae 
Caenis sp. 
Tricorythodes 

Heptageniidae 
Stenonema sp. 

Baet idae 
Baetis sp. 
Callibaetis fluctuans 
C. sp. - 
Unidentified Baetidae 

Odonata 
Aeschnidae 
Anax junius - 

Libellulidae 
Macrodiplax sp. 
Pseudoleon sp. 
Unidentified Libellulidae 

Coenagrionidae 
Enallagma signatum 
E. sp. - 
Ischnura ramburii 
I. sp. - 
Unidentified Coenagrionidae 

Hemiptera 
Corixidae 
Trichocorixa sp. 
Unidentified Corixidae 

I 

Gerridae 
I Rheumatobates sp. 
I Trepobates sp. 
I Mesoveliidae 
I Mesovelia mulsanti 
I 

Belostomatidae 

I Belostoma flumineurn 

I 
Neuroptera 
Sisyridae 

1 Climacia areolaris 
Trichoptera 
Psychomyiidae 

! cyrn.=llus f raternus 
1 Polycentropus cinereus 

P. sp. 
Hy&oPsychidae 
Hydropsyche orris 

Hydroptilidae 
Agraylea sp. 
Hydroptila sp. 
Orthotrichia sp. 
Oxyethira sp. 

Leptoceridae 
Arthripsodes transversus 
Leptocella candida 
Leptocerus americanus 

1 Cecet is cinerascens 

i C. sp. - 
Triaenodes iniusta 



Table 5-41. Concluded 

Insects 

Riverine Habitat 
Shoreline & 
Submergent Water 

Bottom Vegetation Column 

Lepidoptera 
Pyralidae 
Nymphula maculalis 
Synclita sp. 

Coleoptera 
Hydrophilidae 
Berosus aculaetus 

Elmidae 
Stenelmis sp. 

Chrysomelidae 
~Hlerucella nymphaeae 

Di~tera 
~haoboridae 
Chaoborus punctipennis 
C. sp. 

~hTronomidae 
Tanypodinae 
Ablabesmyia sp. 
Clinotanypus sp. 
Coelotanypus concinnus 
C. scapularis - 
C. sp. - 
Labrundinia sp. 
Larsia sp. 
Procladius (~silotanypus) bellus 
P. (2.5.) sp. 

~orrnoneurinae 
Thienemanniella sp. 

Orthocladiinae 
Cricotopus sp. 
Heterotrissocladius sp. 
Nanocladius sp. 
Parakiefferiella 

Chironominae 
Chironomus near attenuatus 
C. sp. - 
~r~~tochironomus sp. 
Dicrotendipes modestus 
D. nervosus - 
D. sp. - 
Endochironomus sp. 
Paratanytarsus sp. 
Pol edilum (2.s.) "convictum" group 
P. b s i m u l a n s "  group - 
Pseudochironomus sp. 
Robackia sp. 
Tanytarsus sp. 
Xenochironomus (Anceus) 

Ceratopogonidae 
Culicoides sp. 
Dasyhelea sp . 
Bezzia/Palpomyia complex 
Unidentified Ceratopogonidae 

Tetanoceridae 
Sepedon fuscipennis 



midges), all of which are typical of 
both riverine and lacustrine habitats. 

C. FISHES 

1. Freshwater Species 

Approximately 24 fish species are 
common in the riverine system, with an 
additional 22 species utilizing this 
habitat less frequently (Table 5-19). 
This system is thus comparable to the 
limnetic lacustrine subsystem in the 
total number of common species. Morrow 
(1972) gives an average carrying capacity 
range of 113 - 125 lb (51 - 57 kg) of 
fishes per acre for streams in the 
coastal plain of Georgia. It is assumed 
that this figure probably includes the 
contiguous palustrine emergent wetlands 
and, subsequently, is not the carrying 
capacity of the riverine habitat or 
the palustrine emergent wetlands, 
individually. 

Fish studies conducted in this zone 
of the Sea Island Coastal Region, 
especially those conducted by State 
government agencies, have dealt pri- 
marily with anadromous herrings and 
striped bass (Caaieu and Bayless 
1968; Rees 1968; White 1969; Curtis 
1970 a, b; Wade 1971; Crochet 1977; 
Dudley et al. 1977). Life histories 
of fishes occupying this zone in both 
States have received little attention. 
Although limited census work has been 
conducted on the Cooper, Santee, and 
Combahee rivers (Curtis 1970b, 1973, 
19751, not enough data are available to 
discern the ecological communities to 
which these fishes belong. Curtis 
(1970b) presents limited age-growth 
information on redbreast sunfish, blue- 
gill, and largemouth bass in the 
Combahee River. 

Catfishes (e-g., white, chgnnel, 
blue, and flathead catfishes, plus the 
various bullheads), largemouth bass, 
black crappie, white bass, and yellow 
perch are among the most common fish 
species considered important to man in 
the riverine system. Other species such 
as gizzard and threadfin shad, creek 
and lake chubsucker, spotted sucker, 
golden shiner, green sunfish, carp, 
whitefin shiner, coastal shiner, and 
longnose gar are also common constituents 
of the riverine ichthyofauna. 

Most species residing in this 
community regularly utilize the shallow, 
food-rich, palustrine emergent wetland 
communities as foraging grounds. The 
diversity of food items available in 
this community is rather restricted com- 
pared to the emergent wetlands area. 
Plankton, benthic invertebrates, 
crustaceans, limited insect drift, and 
fishes are the priglary available foods. 
In a comparison of the diets of the 

redbreast sunfish and the spotted sucker 
in the Satilla River, Coomer et al. 
(1978) found a portion of the diet of 
these two species to overlap, especially 
in the fall. But due to their 
different feeding habits, these two 
species did not enter into intense 
competition for these food items (Table 
5-42). While the spotted sucker feeds 
on benthic organisms, the redbreast will 
feed at the surface or bottom and is be- 
lieved to utilize food organisms 
colonizing snags (Coomer et al. 1978). 
It was also found that when the diet of 
these species was compared to the total 
available food supply (Tables 5-43 and 
5-44), little selection could be shown 
for either species, indicating that they 
are opportunistic feeders. 

Stevens (1959), in a study of the 
white and channel catfish of the upper 
Cooper River and lakes Marion and 
Moultrie, found fishes to be the princi- 
pal food item consumed by both (Table 
5-45). Gizzard and threadfin shad were 
the most prominent species in the diet 
of white catfish, while other catfishes 
and herrings were most prominent in 
the diet of channel catfish. One inter- 
esting item was that pondweed occurred 
in 23% of the stomachs of white catfish 
and in less than 2% of the channel cat- 
fish stomachs examined. 

Accounts of spawning activities of 
the various species within the riverine 
system for species other than the 
anadromous stocks are virtually non- 
existant. J. Bayless (1978, South 
Carolina Wildlife and Marine Resources 
Department, Bonneau, pers. comm.) 
suggests that the riverine system is the 
primary spawning ground for blue, channel, 
and flathead catfishes. This area is 
also utilized to a lesser degree for 
spawning by largemouth bass, black 
crappie, white crappie, redbreast sunfish, 
and redear sunfish. 

Because of its relative inaccessibi- 
lity from high ground, the interaction 
of riverine ichthyofauna with other pre- 
datory animals is more limited than that 
occurring in the palustrine system. 
Prominent among the predators of fishes 
are otters, alligators, turtles, amphiuma, 
and sirens. Piscivorous birds, pri- 
marily gulls, terns, kingfishers, and 
ospreys, are the most significant pre- 
dators in this area. 

2. Anadromous Species 

The riverine systems of the Sea 
Island Coastal Region are important to 
six species of anadromous fishes and one 
catadromous species. The anadromous 
species are American shad, hickory shad, 
blueback herring, striped bass, Atlantic 
sturgeon, and shortnose sturgeon; the 
American eel is the sole catadromous 



Table  5-42. Percent  composition by weight of food i t ems  found i n  t h e  stomachs of r e d b r e a s t  sun- 
f i s h  (RS) and spo t t ed  suckers  (SS) captured from t h e  S a t i l l a  River ,  Georgia, dur ing 
t h e  d i f f e r e n t  seasons (Coomer e t  a l .  1978). 

Food Items 
Winter Spring Summer F a l l  

RS S S RS SS RS SS RS SS 

Annelida 
Arachnoidea 
Crustacea 

Cladocera 
Copepoda 
Other 

I n s e c t a  
Coleoptera 
Dip te ra  

Ceratopogonidae 
Chironomidae 
Cul ic idae 
Simulidae 

Ephemerop ter a 
Hemiptera 
Hymenop t e r a  
Odonata 
P lecop te ra  
Tr ichop te ra  
I n s e c t  pupa 

Osteichthyes  

T o t a l  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

a.  T = Trace 

spec ies .  Anadromous spec ies  annual ly  
u t i l i z e  t h e  r i v e r s  a s  spawning grounds a s  
w e l l  a s  nurse ry  grounds f o r  developing 
l a r v a e  and juven i l es ,  whi le  t h e  catadromous 
American e e l  spends most of  i ts a d u l t  l i f e  
i n  t h i s  and ad jo in ing  freshwater  ecosystems. 

a .  American shad. Adult American 
shad spend most of t h e i r  l i v e s  i n  t h e  
ocean, bu t  migrate  up c o a s t a l  r i v e r s  t o  
spawn. The spawning migrat ion occurs  i n  
t h e  s p r i n g  i n  Georgia and South Carol ina,  
beginning i n  e a r l y  January when water 
temperatures  a r e  lo0 - 15OC and ending 
by l a t e  Apri l .  Most American shad 
mature a t  3 t o  6 y e a r s  of age, w i t h  t h e  
major i ty  of males e n t e r i n g  t h e  r i v e r s  
f o r  t h e  f i r s t  t ime a t  4 y e a r s  of age and 
t h e  major i ty  of t h e  females a t  5 years .  
It is thought t h a t  most American shad 
r e t u r n  t o  t h e i r  n a t a l  r i v e r s  t o  spawn 
( H o l l i s  1948). 

Spawning genera l ly  occurs  from t h e  
t i d a l  por t ion  of r i v e r s  t o  t h e  headwaters, 
i f  n a t u r a l  o r  man-made o b s t r u c t i o n s  do not  
r e s t r i c t  upstream movement; however, 
most American shad seem t o  spawn i n  t i d a l l y  
inf luenced f r e s h  water (Pacheco 1968). 
Walburg and Nichols (1967) repor ted  major 
spawning grounds i n  t h e  Waccamaw River  
t o  be nea r  Conway. Crochet e t  a l .  (1976), 

working i n  t h e  Waccamaw and Pee Dee r i v e r s ,  
determined t h a t  t h e  Pee Dee was probably 
t h e  major spawning stream of the  Winyah 
Bay system, wi th  p o s s i b l e  important 
spawning s i t e s  near  Hunt's Bluff  and t h e  
Hasty Point-Thoroughfare Creek a r e a .  I n  
t h e  Lynches River ,  Walburg and Nichols 
(1967) determined t h e  major spawning 
ground:ts be  near  t h e  U.S. Hwy. 378 b r idge  
nea r  Lake Ci ty  and Hannah, South Carol ina;  
they  a l s o  reported t h a t  r i p e  females in- 
d i c a t e d  spawning grounds ranging from 
near  Andrews t o  Kingstree ,  South Carol ina,  
i n  t h e  Black River.  I n  t h e  Santee River,  
Walburg and Nichols (1967) de l inea ted  
major spawning grounds a s  being between 
t h e  U.S. Hwy. 52 b r idge  and Wilson Dam. 
The major spawning a r e a  i n  t h e  Cooper 
River  was near  Stony Landing, j u s t  below 
t h e  t a i l r a c e  cana l  of P inopo l i s  Dam 
(Walburg and Nichols 1967). C u r t i s  (1970b) 
repor ted  t h a t  American shad spawn above 
Sland 's  Bridge (Hwy. 17-A, r i v e r  mile  34) 
i n  t h e  Ashley River .  Severa l  s t u d i e s  have 
been made on t h e  Ed i s to  River  t o  l o c a t e  
spawning grounds: Hildebrand and Cable 
(1938) found spawning t o  t a k e  p l a c e  
between Givhans Ferry S t a t e  Park and West 
Bank; Walburg (1956) produced s i m i l a r  
r e s u l t s ,  a l though h i s  samples were smal l ;  
and Wade (1971) repor ted  t h a t  92% of spawn- 
i n g  a c t i v i t y  i n  t h e  Ed i s to  occurred between 



Table 5-43. Estimated number of organisms/10 .m3 by season c a l c u l a t e d  from d r i f t  samples taken i n  
t h e  S a t i l l a  R ive r ,  Georgia,  from 20 September 1973 t o  26 September 1974 (Coomer e t  
a l .  1978). 

C l a s s i f i c a t i o n  Winter 

Annelida 2.0 
Arachnoidea 
I n s e c t a  

Coleoptera  2.4 
Dy t i sc idae  ( l a r v a e )  
Elmidae ( a d u l t )  
Elmidae ( l a r v a e )  2.4 

D i p t e r a  61.0 
Ceratopogonidae 37.5 
Chironomidae 23.5 
Cu l i c idae  
T ipu l idae  

Ephemeroptera 
Heptagenidae 
Othera  

Odonata 
Coenagrionidae 
Gomphidae 
Other 

P lecop te ra  
Tr i chop te ra  

Hydropsychidae 
Psychomiidae 
Phi lopotamidae 
Other 0.8 

I n s e c t  pupae 0.4 
Os te i ch thyes  0 .4  

Spr ing  Summer 

8.0 34.7 

F a l l  Average 

17.6  15.6 
1.1 

0.4 3 .8  
0.4 

0.4 0.5 
2.9 

197.7 104.7 
81.0 42.9 

103.3  58.0 
9.9 2.6 
3.5 1.2 

75.0 19.0 
0 .2  

75.0 18 .8  
1.9 1.1 
1.9 0.9 

0 .1  
0.1 

17.6  4.9 

a.  I n d i v i d u a l s  p l aced  i n  t h i s  ca t egory  could  o n l y  b e  i d e n t i f i e d  a s  t o  o rde r .  They may o r  may 
n o t  be members of t h e  f a m i l i e s  l i s t e d .  

West Bank Landing and J e l l i c o ' s  Landing, 
and t h a t  8% occurred between J e l l i c o ' s  and 
Givhans Fe r ry  S t a t e  Park .  Walburg and 
Nichols (1967) r epor t ed  spawning grounds 
i n  t h e  Ashepoo River  from 20 m i  132.2  Ion) 
below Walterboro,  South Caro l ina ,  t o  t h e  
headwaters n e a r  Walterboro, and i n  t h e  
Combahee River  from 40 t o  60 mi (64.4 t o  
96.6 Ion) upstream nea r  Miley, South 
Caro l ina .  C u r t i s  (1970b) could n o t  
d e l i n e a t e  spawning grounds due t o  t i d a l  
i n f l u e n c e  a t  h i s  lower sampling s t a t i o n  
(Hwy. 17 b r idge )  i n  t h e  Combahee R ive r ,  
b u t  he  d i d  r e p o r t  t h a t  t h e r e  were in -  
d i c a t i o n s  of  spawning w i t h i n  1 0  mi (16.1 
km) of t h e  b r idge ;  sampling a t  t h e  U.S. 
Hwy. 17-A b r i d g e  on t h e  Combahee i n d i c a t e d  
t h a t  t h e  b r idge  was n e a r  t h e  lower end of  
t h e  major spawning grounds ( C u r t i s  1970b).  

I n  t h e  Savannah R ive r ,  Walburg and 
Nichols  (1967) r e p o r t e d  t h a t  American 
shad spawned from t h e  U.S. Hwy. 301 
b r i d g e  upstream t o  t h e  Savannah Lock 
w i t h  some spawning i n  B r i e r  Creek, a 
t r i b u t a r y  e n t e r i n g  t h e  r i v e r  between 
t h e  mouth of t h e  r i v e r  and t h e  lower 
lock.  White (1970) co r robora t ed  Walburg 

and Nichols '  f i n d i n g s .  Spawning grounds 
i n  t h e  Ogeechee River  a r e  l o c a t e d  between 
Kings Fe r ry  and Midv i l l e ,  Georgia (Walburg 
and Nichols  1967).  I n  t h e  Altamaha 
R ive r ,  Walburg and Nichols  (1967) recorded 
spawning from Hwy. 144 b r i d g e  upstream 
t o  bo th  t r i b u t a r i e s  ( t h e  Oconee and Ocmulgee 
r i v e r s ) .  Godwin and McBay (1967) and McBay 
(1967) d e l i n e a t e d  spawning grounds i n  
t h e  Altamaha River from t h e  v i c i n i t y  of 
Doctortown, Georgia,  upstream t o  both  
t r i b u t a r i e s .  I n  t h e  S a t i l l a  and S t .  
Marys r i v e r s ,  Walburg and Nichols (1967) 
r epor t ed  major spawning grounds near  
Owens Fe r ry  and between Trade r s  H i l l  
and Folks ton,  Georgia,  r e s p e c t i v e l y .  

American shad a r e  f r e e  spawners, 
b roadcas t ing  t h e i r  eggs and m i l t  i n  open 
water  when wa te r  temperatures  a r e  120 - 
20°C (54 - 6a°F), w i t h  median temperatures  
f o r  spawning between 16O - 170C (61° - 
63 '~)  (Pacheco 1968).  Fecundity ranges  
from 100,000 t o  600,000 eggs ,  depending 
on body s i z e  and o r i g i n  of  t h e  f i s h  
(Davis 1957, Cheek 1968).  Davis (1957) 
determined a f e c u n d i t y  of  360,000 - 
480,000 f o r  shad from t h e  Ed i s to  R ive r ,  



Table 5-44. Estimated number of organisms/m2 by season c a l c u l a t e d  from ben th ic  samples taken i n  
t h e  S a t i l l a  River ,  Georgia,  from 20 September 1973 t o  26 September 1974 (Coomer e t  
a l .  1978).  

C l a s s i f i c a t i o n  Winter Spring Summer F a l l  

Annelida 
Arachnoidea 
Crustacea 

Cladocera 
Copepoda 
Decapoda 
Isopoda 

Insec  t a  
Coleoptera 

Dyt i sc idae  ( a d u l t )  
Dyt i sc idae  ( l a rvae)  
Elmidae ( a d u l t )  
Elmidae ( l a rvae)  
Gyrinidae ( l a r v a e )  
S taphy l in idae  

Dip te ra  
Ceratopogonidae 
Chironomidae 
Cul ic idae  
Empididae 
Simulidae 
T ipu l idae  

Ephemeroptera 
Ephemeridae 
Heptagenidae 
Baet idae 
Other 

Megaloptera (Corydalidae) 
Neuroptera (S l sy r idae )  
Odonata 

Coenagrionidae 
Gomphidae 
L i b e l l u l i d a e  
~ t h e r s b  

P lecop te ra  
Trichoptera  

Hydropsychidae 
Leptocer idae 
Psycomiidae 
Philopotamidae 
Other 

I n s e c t  pupae 
Non-aquatic 
Osteichthyes  

Averaee 

0 .1  
0.3 
5.6 
2.8 
2.8 
0 .1  

T 
48.7 

4.3 
0.7 
0 .5  
2.2 
1 .0  
0 .1  

T 
10.9 
0 .1  
3.1 
0.2 
0 .1  
7.4 

T 
3.0 
0.4 
0.2 
1.1 
1.4 
0 .1  
0 .1  
0.3 
0 .1  
0 .1  
0.2 
0 .1  
0.7 
5.0 
3.0 
0.2 
0 .3  
0.2 
0.7 
1.1 
0 .3  
0.3 

a .  T = Trace 
b. Ind iv idua l s  placed i n  t h i s  ca tegory  could only be i d e n t i f i e d  a s  t o  o rder .  They may o r  may 

n o t  be members of t h e  f a m i l i e s  l i s t e d .  

South Carol ina,  and 359,000 - 501,000 f o r  
Ogeechee River,  Georgia, shad. Vaughn 
(1967) repor ted  f e c u n d i t i e s  ranging from 
273,000 t o  486,700, wi th  a mean of 
364,700 f o r  shad from t h e  Altamaha River,  
Georgia. 

When depos i t ed ,  t h e  eggs a r e  pink o r  
amber t r ansparen t  spheres  and average about 
1.3 mm i n  diameter.  Af te r  f e r t i l i z a t i o n ,  
they "water-harden" t o  a diameter  of 

approximately 2 .5  - 3.8 mm. The eggs a r e  
s l i g h t l y  heav ie r  than water  and a r e  non- 
adhesive,  s ink ing  t o  t h e  bottom where 
they a r e  c a r r i e d  by c u r r e n t s .  Hatching 
occurs  wi th in  a temperature range of 
12O - 2 9 O ~  (54O - 84OF), wi th  optimum 
hatching success  a t  17OC (63OF) i n  3 - 8 
days (Leim 1924, Leach 1925). 

The l a rvae ,  approximately 9 - 10  mm 
long when hatched, grow r a p i d l y  and reach 



Table 5-45. A list of food items found i n  178 f u l l  white c a t f i s h  stomachs and 111 f u l l  channel 
c a t f i s h  stomachs taken i n  Lake Moultrie, Lake Marion, and the  Tai lrace Sanctuary 
between 1 January 1958 and 30 June 1959 (Stevens 1959). 

Food Item 

White Catf ish Channel Cat f i sh  
Frequency Freauency - - . - 

Number Percent Number Percent 

shada 17 9.6 1 0.9 
Gizzard shad 8 4.5 5 4.5 
Threadfin shad 8 4.5 
Herring 5 2.8 12 10.8 
Hickory shad 1 0.9 
Unidentified clupeoids 7 3.9 3 2.7 
Bream (b lueg i l l )  4 2.2 10 9.0 
Crappie 2 1.8 
Yellow perch 1 0.9 
Catf ish 5 2.8 17 15.3 
At lan t ic  needlefish 1 0.6 
Mullet 2 1.8 
American e e l  7 6.3 
Unidentif ied f i s h  51 28.7 21 18.9 
Fish s ca l e s  7 3.9 2 1.8 
Fish eggs 1 0.6 
Mussel 2 1.1 2 1.8 
Crayfish 
Freshwater shrimp 3 1.7 
Mayfly la rvae  28 15.7 16 14.4 
Dragonfly la rvae  1 0.6 1 0.9 
Adult bee t l e s  1 0.6 2 1.8 
Diptera 3 1.7 1 0.9 
Hemiptera 1 0.6 
Hymenoptera 1 0.6 
Unidentified i n sec t s  5 2.8 2 1.8 
Annelid worm 1 0.6 
Filamentous a lgae  3 1.7 
Potamogeton 41 23.0 1 1.8 
Seeds 2 1.7 
Debris 5 2.8 

a. Includes undi f fe ren t ia ted  th readf in  and gizzard shad. 

t he  juvenile  s tage,  approximately 25 rnm Most spawning shad seem t o  prefer  
long, i n  4 - 5 weeks. Juveniles  spend t i d a l  f r e sh  water with extensive f l a t s  
t h e i r  f i r s t  s m e r  i n  t he  r i v e r  of t h e i r  of sandy o r  pebbly shallows near creek 
b i r t h ,  dispersing throughout t he  nursery mouths (Pacheco 1968). However, i n  the  
a rea .  Crochet e t  a l .  (1976) found Altamaha River, Adam (1970) found t he  
primary nursery a r ea s  f o r  American shad main r i v e r  channel t o  be t he  most pro- 
were located between r i v e r  mile  40 and duct ive spawning a rea  f o r  shad. This 
80 on t he  Pee Dee, and between r i v e r  channel is  character ized by moderate 
mile  40 t o  a point  approximately 15 m i  flow [2 - 4 mi/h (3.2 - 6.4 km/h)] near 
(24.1 lan) above Conway, South Carolina, sand bars ,  with an average depth of 
on t he  Waccamaw. 4 - 6 f t  (1.2 - 1.8 m). These a reas  

were usua l ly  over a clean sandy bottom. 
As f a l l  approaches, t h ~  juveniles  

congregate i n  t h e  lower port ions of b. Hickory Shad. The hickory shad, 
t he  r i v e r s  and es tuar ies .  When water ranging along t he  At lan t ic  coast  from 
temperatures drop below 15. ~ O C  ( 6 0 ~ ~ 1 ,  t he  Bay of Fundy t o  Florida,  spends most 
they move t o  sea (Walburg and Nichols of its l i f e  i n  t he  ocean, ascending 
1967). Once out a t  sea,  they probably coas t a l  r i v e r s  i n  t h e  spring t o  spawn. 
overwinter o f f  t he  Middle At lan t ic  region I n  Georgia and South Carolina, t he  runs 
and migrate t o  t he  Gulf of Maine with normally begin i n  e a r l y  January and 
t h e  adu l t s  t h e  following summer. continue through ea r l y  May, with t h e  

415 



major i ty  o f  spawning occurr ing i n  l a t e  
March and Apr i l  (Cadieu and Bayless 1968, 
S t r e e t  1970, White 1970, C u r t i s  1973, 
1974, 1975, 1976, Crochet et  a l .  1976).  

Hickory shad i n  South Caro l ina  and 
Georgia u s u a l l y  mature a t  age  2 and 3. 
White and C u r t i s  (19691, working i n  t h e  
Pee Dee and Black r i v e r s ,  found t h a t  
male hickory shad matured a t  age 2, and 
females a t  age 2 and 3. Wade (1971) 
found t h a t  females i n  t h e  Edis to  spawned 
f i r s t  a t  age  3. I n  t h e  Savannah, White 
(1970) repor ted  t h a t  males spawned f i r s t  
a t  age 3 ,  and females a t  age 2 and 3. 
S t r e e t  and Adams (1969). working i n  t h e  
Altamaha River ,  concluded t h a t  most fe-  
males mature a t  age 2 and t h a t  males made 
t h e i r  f i r s t  spawning runs  a t  age 2 and 3. 

Spawning u s u a l l y  occurs  i n  back water 
a r e a s  o f f  t h e  main channel  of t h e  r i v e r .  
S t r e e t  (1970) repor ted  t h a t  hickory shad 
seem t o  spawn i n  l a r g e r  t r i b u t a r i e s  and 
l a k e s  of t h e  Altamaha River system; bu t  
they  do spawn i n  l a k e s  of t h e  upper r eg ion  
and probably i n  l a k e s  and t r i b u t a r i e s  of 
t h e  whole r i v e r .  Adams (1970) a l s o  re-  
por ted s i m i l a r  f i n d i n g s  i n  t h e  Altamaha. 

Female hickory shad produce an  
average of 500,519 eggs, wi th  a range of 
252,693 - 730,213 eggs ( S t r e e t  1969). 
Fecundity i s  mainly dependent on s i z e  
and weight,  but age is a l s o  important.  
Hickory shad a r e  f r e e  spawners, re-  
l e a s i n g  eggs and m i l t  i n t o  t h e  water 
where f e r t i l i z a t i o n  t a k e s  place.  
U n f e r t i l i z e d  eggs a r e  asymmetrical and 
amber-colored, averaging 1.1 nun i n  dia-  
meter.  A f t e r  f e r t i l i z a t i o n ,  they become 
t ransparen t  spheres  w i t h  a diameter of 
1.3 m. The eggs a r e  s l i g h t l y  adhesive 
bu t  a r e  e a s i l y  dis lodged by c u r r e n t s ,  
becoming semi-demersal i n  slow-moving 
wa te r s  and buoyant under t u r b u l e n t  
cond i t ions .  Hatching occurs  i n  about 
70 hours a t  180C (65OF). The l a r v a e  a t  
ha tch  average 6.0 mm i n  l e n g t h  and 
reach t h e  j u v e n i l e  s t a g e  a t  approximately 
35 mm. 

J u v e n i l e  hickory shad move out  of 
t h e  r i v e r i n e  system much e a r l i e r  than  
o t h e r  s p e c i e s  of he r r ing .  The bulk of 
t h e  young-of-the-year l e a v e  t h e  r i v e r s  
i n  e a r l y  summer, u t i l i z i n g  ad jacen t  
e s t u a r i e s  a s  nurse ry  grounds. (See 
t h e  s e c t i o n  on f i s h e s  of t h e  s u b t i d a l  
e s t u a r i n e  system.) 

c .  Blueba,ck Herring. Aduit blue- 
back h e r r i n g  u s u a l l y  i n h a b i t  a narrow 
band of c o a s t a l  water ,  but  e n t e r  f r e s h  
o r  b rack i sh  water dur ing s p r i n g  t o  spawn. 
I n  South Carol ina,  these  spawning runs  
occur  from l a t e  March t o  l a t e  Apr i l ,  
peaking i n  mid-April ( C u r t i s  1972). 

Most blueback h e r r i n g  e n t e r  t h e  
f i s h e r y  a t  3 t o  6 yea rs  of age, wi th  t h e  
major i ty  of males maturing a t  3 and 4 

yea rs  and t h e  major i ty  of females a t  
4 years .  C u r t i s  (1973, 1974, 1975, 1976), 
working i n  t h e  Santee and Cooper r i v e r s ,  
found spawning populat ions  t o  be dominated 
by 3- and 4-year-old - - - f i s h .  Bulak and 
C u r t i s  (1978) found t h a t  83.3% of  
blueback h e r r i n g  i n  t h e  Santee River were 
4 y e a r s  o l d .  White (1970) found t h a t  
10% of  t h e  males from t h e  Savannah River 
spawned f i r s t  a t  age  2, 30% a t  age 3,and 
60% a t  age  4; 47% of t h e  females spawned 
f i r s t  a t  age 3 and 53% a t  age 4. S t r e e t  
and Adams (1969) repor ted  t h a t  t h e  
major i ty  of males from t h e  Altamaha, 
Ogeechee, and Savannah r i v e r s  spawned f o r  
t h e  f i r s t  t ime a t  3 y e a r s  (67%), and 
t h e  major i ty  of females a t  3 (44%) and 4 
(47%) years .  

Blueback h e r r i n g  a r e  r e p e a t  spawners 
i n  South Carol ina and Georgia. Bulak and 
C u r t i s  (1978) found 8.3% of t h e  h e r r i n g  
i n  t h e  Santee River t o  b e  r e p e a t e r s .  
White (1970), working t h e  Savannah, r e -  
por ted t h a t  10% of t h e  males had spawned 
once p rev ious ly ,  and 10% had spawned 
twice previously .  Of t h e  females,  h e  
found t h a t  10% were spawning f a r  t h e  
second t ime and 5% f o r  t h e  t h i r d  time. 
S t r e e t  and Adams (1969) repor ted  t h a t  
only a smal l  p ropor t ion  of female blue- 
back h e r r i n g  i n  Georgia su rv ive  a f t e r  
t h e i r  i n i t i a l  spawning migra t ion ,  whi le  
males r e t u r n  one o r  two more times. 

Spawning grounds of blueback h e r r i n g  
i n  South Carol ina and Georgia seem t o  b e  
loca ted  i n  flooded swamps and backwaters 
o f f  t h e  main channel of t h e  r i v e r s  ( s e e  
p a l u s t r i n e  system). White and C u r t i s  
(1969) repor ted  t h a t  spawning probably 
occurred immediately upstream from t h e  
U.S. Hwy. 301 b r idge  on t h e  Pee Dee 
River.  Bulak and C u r t i s  (1978) found 
blueback h e r r i n g  u t i l i z i n g  t h e  e n t i r e  
Santee  River from Jamestown t o  Wilson 
Dam f o r  some degree of spawning, and 
t h a t  spawning i n  t h e  Cooper River occurs  
mainly upstream of r i v e r  mi le  44 i n  t h e  
west branch. Godwin and Adams (1969) 
found no h e r r i n g  eggs i n  t h e  main 
channel of t h e  Altamaha River,  Georgia,  
concluding t h a t  spawning probably occurred 
i n  flooded r i v e r  swamps. S t r e e t  (1970) 
corroborated these  r e s u l t s  when he 
c o l l e c t e d  spawning blueback h e r r i n g  i n  
oxbow l a k e s  and flooded woods we l l  above 
t h e  normal l e v e l  of t h e  r i v e r .  

Fecundity of blueback h e r r i n g  v a r i e s  
mainly w i t h  weight and age.  I n  work 
done on t h e  Altamaha, Ogeechee, and 
Savannah r i v e r s ,  S t r e e t  (1970) determined 
t h a t  f ecund i ty  ranged from 121,126 t o  
399,735 eggs, wi th  a n  average of 244,152. 
Af te r  f e r t i l i z a t i o n ,  t h e  eggs a r e  demersal 
and adhesive,  s t i c k i n g  t o  rocks and 
bottom d e b r i s .  They a r e  semi-transparent 
and yel lowish,  wi th  a diameter of 
approximately 1.2 mm. Incubat ion time i s  
2 t o  6 days depending on temperature, wi th  
hatch occur r ing  i n  50 hours a t  22OC. The 



newly hatched l a rvae ,  approximately 
3.5 mm long, reach t h e  l a r v a l  s t a g e  
i n  about 4 days a t  5.2 mm; t h e  pre- 
juven i l e  s t a g e  a t  a l eng th  of 20.5 - 
25.0 mm; and t h e  juven i l e  s t a g e  a t  
30.0 mm. 

Juven i l es  remain i n  t h e  r i v e r s  
dur ing t h e i r  f i r s t  summer. Godwin and 
Adams (1969) concluded t h a t  t h e  main 
nursery a r e a  f o r  blueback h e r r i n g  i n  
t h e  Altamaha River was i n  an a r e a  
between r i v e r  mi le  10 and 30. S t r e e t  
(1970) came t o  t h e  same conclusion i n  
h i s  s t u d i e s  on t h e  Altamaha River.  

d. S t r iped  bass .  S t r iped  bass  a r e  
n a t i v e  t o  t h e  A t l a n t i c  c o a s t  from t h e  
S t .  Lawrence River i n  Canada t o  t h e  
S t .  Johns River,  Flor ida.  They a r e  
u s u a l l y  found i n  c o a s t a l  h a b i t a t s  no t  
f a r  from shore ,  genera l ly  i n  c o a s t a l  
bays, r i v e r s ,  and e s t u a r i e s  (Raney 1952). 
Larger s t r i p e d  b a s s  i n  a r e a s  nor th  of 
North Carol ina undertake ex tens ive  
c o a s t a l  migrat ion,  whi le  smal le r  bass  
tend t o  remain i n  t h e  v i c i n i t y  of t h e i r  
n a t a l  streams. Southern populat ions  
a r e  thought t o  c o n t r i b u t e  l i t t l e  t o  t h e  
migratory s tocks ,  remaining i n  sounds 
near  t h e i r  n a t i v e  streams. I n  t h e  
Savannah River,  tagging s t u d i e s  in- 
d i c a t e  t h a t  s t r i p e d  bass  populat ions  
a r e  r i v e r i n e ,  migrat ing upstream a f t e r  
spawning, remaining i n  a l l  p a r t s  of 
t h e  r i v e r  dur ing win te r ,  and r e t u r n i n g  
downstream t o  spawning a r e a s  i n  s p r i n g  
(Dudlev e t  a l .  1977). 

Spawning migrat ions  of s t r i p e d  bass  
occur i n  l a t e  win te r  and e a r l y  sp r ing .  
Temperature seems t o  be  t h e  c o n t r o l l i n g  
f a c t o r  i n  spawning migrat ions ,  wi th  t h e  
major i ty  of a c t i v i t y  occur r ing  between 
15.50 - 19.5OC (60 - 67OF) (Raney 1952). 

Most s t r i p e d  bass  mature a t  2 t o  6 
yea rs  of age. Most males a r e  m a t u e  
a t  2 yea rs ,  and almost 100% a r e  mature 
a t  3 y e a r s  of age. Females u s u a l l y  
mature l a t e r  than males, wi th  25% 
reaching matur i ty  a t  4 yea rs  of age, 
75% by 5, and 95% by 6 yea rs  of age 
(Merrimen 1941) . 

Spawning u s u a l l y  occurs  i n  t i d a l  
f r e s h  water proximal t o  e s t u a r i n e  zones. 
Crochet e t  a l .  (1976), a l though unable 
t o  pinpoint  a c t u a l  grounds, found eggs 
only i n  t h e  lower Waccamaw River.  
White and C u r t i s  (1969) repor ted  t h a t  
major spawning grounds f o r  s t r i p e d  bass  
i n  t h e  Pee Dee River were loca ted  up- 
stream from t h e  U.S. Hwy. 301 br idge.  
I n  t h e  Black River ,  they found spawning 
immediately upstream from t h e  U.S. Hwy. 
701 b r idge ,  and i n  t h e  Lynches River,  
spawning grounds were loca ted  above 
t h e  Hwy. 41 br idge.  Cadieu and Bayless 
(1968) observed t h a t  p r i n c i p a l  spawning 
a r e a s  f o r  s t r i p e d  bass  i n  t h e  Cooper 
River were loca ted  i n  t h e  v i c i n i t y  of t h e  

lower end of T a i l  Race Canal. I n  t h e  
Ashley River,  C u r t i s  (1970a) found s t r i p e d  
bass  spawning near  t h e  U.S. Hwy. 17-A 
br idge  (Slands Bridge: r i v e r  mile  34). 
C u r t i s  (1970b) maintained t h a t  spawning 
occurred between t h e  U.S. Hwy. 17 and 17-A 
br idges  i n  t h e  Combahee River,  although 
he  was unable t o  p inpo in t  t h e  grounds. 
I n  t h e  Savannah River ,  Smith (1970) re- 
por ted major spawning grounds a t  t h e  
mouth of Back River and a t  t h e  U.S. Hwy. 
17 br idge,  23 m i  (37 km) upstream from 
t h e  sound. I n  t h e  Altamaha River ,  
Smith (1970) found i n d i c a t i o n s  of spawning 
a t  t h e  U.S. Hwy. 17 br idge,  10 m i  
(16.1 km) upstream from t h e  sound. 

S t r iped  bass  a r e  f r e e  spawners; 
u s u a l l y  20 t o  50 males ga the r  around one 
l a r g e  female, which then b roadcas t s  h e r  
eggs i n t o  t h e  water  where they a r e  f e r t i -  
l i z e d .  Female s t r i p e d  bass  produce 
180;000 - 700,000 eggs, t h e  number vary- 
ing  with  age and s i z e  (Raney 1952). 
The eggs, approximately 1.28 - 1.36 
mm i n  diameter a f t e r  f e r t i l i z a t i o n ,  a r e  
s p h e r i c a l ,  non-adhesive, and s l i g h t l y  
heav ie r  than water ,  r e q u i r i n g  a s l i g h t  
c u r r e n t  t o  keep them of f  t h e  bottom. 
Af te r  12 hours ,  when water absorp t ion  is  
u s u a l l y  complete, t h e  eggs range from 
3.2 - 3.8 mm i n  s i z e .  Hatching is  
dependent on water temperature, wi th  
hatch occur r ing  i n  48 hours a t  12.E0C 
(55OF) and i n  70 - 74 hours a t  11.6' - 
12.0°C (53O - 54 '~) .  Larvae a r e  approxi- 
mately 2.5 mm long and reach t h e  post- 
l a r v a l  s t a g e  i n  about 10 days. Af te r  
4 t o  5 weeks, t h e  j u v e n i l e  s t a g e  is  
reached a t  a l eng th  of approximately 
36 mm. 

Juven i l es  a r e  found d i spersed  through- 
o u t  t h e  t i d a l  zones of  t h e i r  n a t i v e  
s t reams,  wi th  t h e  major i ty  spending t h e  
summer i n  e s t u a r i n e  systems ( see  t h e  
s e c t i o n  on f i s h e s  of t h e  s u b t i d a l  e s t u a r i n e  
system). Most a d u l t  s t r i p e d  b a s s  seem t o  
p r e f e r  upper t i d a l  reaches  of f reshwater  
r i v e r s ,  where t h e  bottom is usua l ly  sand 
o r  mud and c u r r e n t  v e l o c i t i e s  a r e  2.5 - 
3.0 mi/h (4 - 5 km/h). Juven i l es  seemingly 
show a p re fe rence  f o r  g r a v e l l y  beaches o r  
mud-sand bottom with  l i t t l e  g rave l  and 
a few s c a t t e r e d  rocks (Merrimen 1941). 

e .  Sturgeon. For d i scuss ion  of t h e  
s turgeons,  Bee Chapter Four. 

3. Catadromous American Eel 

The freshwater  d i s t r i b u t i o n  of t h e  
catadromous American e e l ,  Anguilla r o s t r a t a  
(LeSueur), ranges  from Greenland t o  Trinidad 
(Jensen 1937). Recently, American e e l s  
have recieved much a t t e n t i o n  a s  Or ien ta l  
and European s tocks  have been reduced 
s i g n i f i c a n t l y  due t o  overexp lo i t a t ion .  

The l i f e  cyc le  of t h e  American e e l  
is  repor ted  a s  somewhat complex and in-  
c o n s i s t e n t .  The following l i f e  cyc le  



synops i s  is repor ted  by Bayless  and 
Loyacano (1979). I n  genera l ,  females 
l i v e  i n  f r e s h  water  and males i n  b rack i sh  
t o  s a l t  water  (Vladykov 1966).  When 
s e x u a l l y  mature,  t h e  females migrate  
downstream i n  l a t e  summer t o  e a r l y  
w i n t e r  and meet mature males a t  t h e  mouth 
of r i v e r s .  

According t o  Schmidt (19221, spawn 
i n g  occurs  i n  the  sou theas t  North Atlan- 
t i c ,  e a s t  of F l o r i d a  and the  Bahamas and 
sou th  of Bermuda, i n  t h e  Sargasso Sea. 

Sheldon (1974) s t a t e d  t h a t  females  
produce up t o  15 - 20 m i l l i o n  eggs ,  
each about  1 mm i n  diameter .  A f t e r  
f e r t i l i z a t i o n ,  they develop i n t o  s u r f a c e  
dwel l ing  l a r v a e  o r  l e p t o c e p h a l i  which 
a r e  t r a n s p a r e n t  and shaped l i k e  wi l low 
l e a v e s .  The a d u l t s  a r e  bel ieved t o  d i e  
a t  s e a .  The l e p t o c e p h a l i c  l a r v a e  d r i f t  
w i th  t h e  c u r r e n t s  and, about  1 y e a r  a f t e r  
hatching,  r each  t h e  c o n t i n e n t a l  s h e l f  
when they a r e  from 6 t o  8 cm long. At 
t h i s  t ime. they metamorphose t o  the  
g l a s s  e e l  s t a g e  which i s  shaped l i k e  t h e  
a d u l t  but  l a c k s  a l l  pigment. A s  they 
e n t e r  t h e  r i v e r  mouths, g l a s s  e e l s  begin  
t o  o b t a i n  pigment and a r e  c a l l e d  e l v e r s .  
Severa l  i n v e s t i g a t o r s ,  i nc lud ing  Smith 
and Saunders (1955), have shown t h a t  a l l  
e l v e r s  do not  l e a v e  s a l t w a t e r  h a b i t a t s ,  
and i t  i s  g e n e r a l l y  be l i eved  (Bigelow 
and Welsh 1925) t h a t  mainly female e l v e r s  
move up r i v e r s  above t h e  i n f l u e n c e  of 
t i d e s ,  and most male e l v e r s  remain i n  
b rack i sh  t o  s a l t w a t e r  h a b i t a t s .  However, 
Smith and Saunders (1955) pointed ou t  
t h a t  both  sexes  may develop i n  s a l t  
water  and t h a t  t h e r e  may n o t  be  any c l e a r -  
c u t  seg rega t ion  of sexes  dur ing  e l v e r  
migra t ions  i n t o  f r e s h  water .  

Vladykov (1966) and. Wenner and Musick 
(1974) found a r e l a t i o n s h i p  between s i z e  
of American e e l  e l v e r s  and l a t i t u d e .  
E lve r s  from nor the rn  p a r t s  of North 
America were l a r g e r  than those  c o l l e c t e d  
a t  sou the rn  l a t i t u d e s .  Vladykov (1966) 
f u r t h e r  pos tu la t ed  t h a t  l a r g e r  e l v e r s  
become females and smal l e r  i n d i v i d u a l s  
become males,  t he reby  e x p l a i n i n g  t h e  in- 
c r e a s e  i n  r e l a t i v e  abundance of female 
e e l s  ove r  males a s  one moves from Southern 
United S t a t e s  t o  Canada. Wenner and 
Musick (1974) explained t h i s  south-to- 
n o r t h  s i z e  g r a d i e n t  of e l v e r s  by assuming 
t h a t  s i n c e  l e p t o c e p h a l i  r each  sou the rn  
shores  e a r l i e r  i n  t h e i r  development than  
i n  more nor the rn  r eg ion ,  they metamorphose 
a t  sma l l e r  s i z e s  the reby  producing smal l e r  
e l v e r s .  

Most e l v e r s  begin  t o  e n t e r  t h e  
mouths of r i v e r s  i n  l a r g e  masses i n  l a t e  
win te r  and sp r ing .  According t o  Godfrey 
(1951), they u s u a l l y  e n t e r  wi th  t h e  h igh  
t i d e  and g e n e r a l l y  remain nea r  the  water  
s u r f a c e  c lose  t o  t h e  r i v e r  bank. Godfrey 
(1951) contends t h a t  e l v e r s  may run 
predominantly a t  n i g h t  o r  day depending 
on the  l o c a t i o n .  

Godfrey (1951) a l s o  s t a t e d  t h a t  
e l v e r s  a lmost  complete ly  d i s r e g a r d  d i s -  
tu rbances  dur ing  migra t ion  and a r e  
capable  of surmounting o r  by-passing most 
o b s t a c l e s .  I n  some a r e a s ,  e l v e r  
migra t ions  may b e  d i spe r sed  and l e s s  
conspicuous than  mass migra t ions  t h a t  
o f t e n  occur .  

Limited d a t a  e x i s t  on t h e  biology o f  
t h e  American e e l  f o r  South Caro l ina  and 
Georgia. Few publ ished r e f e r e n c e s  a r e  
a v a i l a b l e  f o r  South Caro l ina  and our  
l i t e r a t u r e  review found no r e f e r e n c e s  f o r  
Georgia. Some unpublished d a t a  e x i s t  from 
bo th  S t a t e s '  n a t u r a l  r e source  agencies .  (See 
Di rec to ry  of  Informat ion Sources.)  

P. C h r i s t i a n  (1980, Georgia Marine 
Extension Se rv ice ,  Brunswick, p e r s .  corn.) 
r e p o r t s  t h a t  Georgia is j u s t  beginning 
more i n t e n s i v e  e e l  r e sea rch .  The S t a t e  
is i n  t h e  process  of conduct ing a n  
exper imental  e e l  f i s h e r y  s tudy ,  which 
began dur ing  February 1980. Th i s  is t h e  
f i r s t  major s tudy  conducted i n  Georgia.  
Add i t iona l ly ,  a 2-year s tudy  i s  planned 
t o  i n v e s t i g a t e  t h e  b i o l o g i c a l  a s p e c t s  of 
t h e  American e e l  t o  i n c l u d e  popu la t ion  
e s t i m a t e s  and migratory behavior .  I n  
South Caro l ina ,  t h e  ma jo r i ty  of  r e sea rch  
has  been conducted on t h e  Cooper River .  
The fol lowing d i s c u s s i o n  summarizes t h i s  
r e sea rch .  

The food h a b i t s  of American e e l s  i n  
t h e  Cooper River were found t o  v a r y  wi th  
s i z e  o f  e e l s ,  season,  and p rey  a v a i l a b i l i t y .  
F i s h  were t h e  most abundant food i t e m ,  
followed by c rus taceans ,  mollusks,  and 
i n s e c t s .  Blueback h e r r i n g  was a n  im- 
p o r t a n t  food i t em i n  w i n t e r  and sp r ing .  
E lve r s  were used a s  food yea r  around. 
Crustaceans  were t aken  i n  t h e  sp r ing ,  and 
i n s e c t s  and mollusks were e a t e n  i n  t h e  
sp r ing ,  summer, and f a l l  (McCord 1977). 
Food h a b i t s  f o r  l a r g e r  e l v e r s  included 
chironomid l a r v a e  and a d u l t s ,  smal l  
b e n t h i c  c rus taceans ,  c l adoce rans ,  
amphipods, and some f i s h  (McCord 1977).  

American e e l s  taken from t h e  Cooper 
River averaged 5 .1  y e a r s  and ranged up t o  
1 5  y e a r s  old .  To ta l  l e n g t h s  ranged from 
98 t o  834 rn and weights  ranged from 1 t o  
1,224 gm. Males c o n s t i t u t e d  only 1.5% of 
t h e  popu la t ion  i n  t h e  f r e shwate r  r eg ions  
of  t h e  Cooper River  ( H a r r e l l  1977). 

Severa l  commercial f i s h i n g  o p e r a t i o n s  
e x i s t  i n  North and South Caro l ina  f o r  
both  a d u l t  eels and e l v e r  s t a g e s  ( H a r r e l l  
1977, McCord 1977, Hornberger 1979). These 
f i s h e r i e s  a r e  p r i m a r i l y  l o c a t e d  on t h e  
Ed i s to  River ,  Cooper River ,  and i n  t h e  
Winyah Bay system (J. V. Miglarese ,  1977, 
South Caro l ina  Marine Resources Divis ion,  
Char l e s ton ,  unpubl. d a t a ;  Hornberger 1979; 
D. E. Marchette,  1979, South Caro l ina  
Marine Resources Div i s ion ,  Char les ton,  
unpubl. d a t a ) .  



Much controversy has centered 
around the recently developing American 
eel industry in South Carolina. 
Fishery biologists for the State are 
concerned with the impact of this 
fishery on sportfishes. However, 
Hornberger (1979) found that eelswere 
not an essential diet item to either 
largemouth or striped bass and that 
preferred fishing gear (fyke nets and 
other traps) of certain mesh and throat 
sizes were not detrimental to non- 
commercial species of fishes. 

Although no seasonal laws exist 
for the taking of eels (those laws that 
did exist were created for other species 
such as catfish), the most productive 
adult eel fishing takes place from 
March through August with March - May 
being by far the most productive period. 
The fishery for the elvers takes place 
from December through May with January 
through April being the more productive 
months (D. E. Marchette, 1979, South 
Carolina Marine Resources Division, 
Charleston, unpubl. data). No infor- 
mation is available concerning the 
economics or commercial value of either 
the adult or elver American eel fishery 
in South Carolina. Abbas (1977) reports 
a tremendous economic advantage when 
fishing part-time in the North Carolina 
fishery. 

D. AMPHIBIANS AND REPTILES 

Amphibians inhabiting riverine 
habitats in the study area are repre- 
sented primarily by three species, each 
belonging to a different family. The 
two-toed amphiuma and greater siren are 
aquatic eel-like amphibians found among 
organic debris and aquatic vegetation. 
Amphiumas are relatively common through- 
out the coastal area (Martof 1956, 
Harrison 1978), but in Alabama (and 
presumably elsewhere), they are rarely 
found in main river channels with sub- 
stantial current (Mount 1975). Greater 
sirens, unlike amphiumas, are found in 
considerable numbers in open bodies of 
water (Mount 1975). The dwarf waterdog 
is an uncommon inhabitant of coastal 
rivers and resides in and among sunken 
logs and bottom debris (Harrison 1978). 
All three of these species are active 
nocturnally and feed on crustaceans, 
worms, insects, and small fish. They 
are occasionally caught on hook and line 
by fishermen. 

Reptile species inhabiting the 
riverine ecosystem are more numerous 
and far more conspicuous than amphibians. 
The river cooter, yellowbelly slider, 
gulf coast spiny softshell (see Conant 
1975 for distribution), brown water 
snake, and banded water snake can be con- 
sidered characteristic. Gulf coast 
spiny softshells and river cooters seldom 
leave the water except for basking and 
egg laying (Mount 1975, Gibbons 1978). 

River cooters are extremely wary and 
difficult to approach while basking, and 
the ecology and distribution of this 
species is poorly known in the coastal 
plain of South Carolina (Gibbons 1978; 
J. R. Harrison, 1978, College of Charleston, 
Charleston, South Carolina, pers. comm.). 
River cooters are herbivorous, whereas 
gulf coast spiny softshells feed on 
aquatic invertebrates and possibly fishes 
(Mount 1975). Brown water snakes and 
banded water snakes are strictly 
carnivorous, feeding on fishes, frogs, 
tadpoles, and occasionally salamanders 
(Mount 1975). In Georgetown County, 
South Carolina, large brown water snakes 
have been captured in herring nets set in 
tidal freshwater creeks (Jobson 1940). 
Glossy crayfish snakes, north Florida 
swamp snakes, striped crayfish snakes, 
southern cricket frogs, eastern ribbon 
snakes, and rough green snakes may occur 
in or among floating vegetation in the 
main river channel. Floating vegetation 
near the river edge or in backwaters and 
sloughs would be more favorable habitat 
for these species, however. Glossy cray- 
fish snakes and north Florida swamp 
snakes are not common in coastal Georgia 
and South Carolina. 

Other turtle species commonly found 
in riverine habitats include common 
snapping turtles, stinkpots, Florida 
cooters, and the Florida softshell. 
These turtles generally inhabit the 
shallow edges of slower flowing streams 
and are not necessarily characteristic 
of open river waters. Redbelly water 
snakes, Florida green water snakes, and 
occasionally cottonmouths occur in this 
habitat (Mount 1975, Gibbons 1978). 

Additional reptile fauna of riverine 
habitats include two unusual species 
of snakes. The rainbow snake and 
eastern mud snake are among the most 
beautifully colored and inconspicuous 
aquatic serpents in the United States. 
They feed primarily on amphiumas, sirens, 
and American eels. They are unusual in 
having a particular anatomical adaptation 
to facilitate capturing their prey. The 
terminal scale is spine-like and is used 
to aid retaining or maneuvering food 
items into swallowing position. It is 
this spine-like tail and the snake's 
penchant for "pricking" its captor which 
is responsible for the stinging-snake 
legend. Rainbow snakes and mud snakes 
are uncommon to common throughout the 
Sea Island Coastal Region of Georgia and 
South Carolina (Martof 1956, Conant 1975, 
Mount 1975, Gibbons 1978). 

American alligators are not infre- 
quently observed in riverine habitats of 
coastal rivers and streams. Both sexes 
utilize open waters in the spring during 
breeding season (Joanen and McNease 
1970, 1973). After breeding, the males 
remain in deep, open waters, while the 
females return to their dens (Chabreck 



1966, Joanen and McNease 1970, 1973). 
A l l i g a t o r s  have responded w e l l  t o  r i g i d  
p ro tec t ion  provided them i n  recen t  
years  and a r e  now r e l a t i v e l y  common 
components of c o a s t a l  r i v e r  fauna. 

Herpetofauna inhab i t ing  c o a s t a l  
r i v e r s  experience r e l a t i v e l y  few adverse 
condi tons not induced by man. Pre- 
d a t i o n  by many common carnivores  i s  a 
major populat ion check. Juven i le  
t u r t l e s ,  a l l i g a t o r s ,  snakes, f rogs ,  and 
salamanders a r e  preyed upon by skunks, 
r i v e r  o t t e r s ,  raccoons, mink, a d u l t  
a l l i g a t o r s ,  hawks, snapping t u r t l e s ,  
a d u l t  b u l l f r o g s ,  l a r g e  predatory f i s h e s ,  
g r e a t  horned owls, herons, and snakes 
(Arthur 1928; Allen and Swindell 1948; 
Barbour 1956; Wharton 1969; Nei l1  1971; 
Lowery 1974; Mount 1975; Garr ick and 
Lang 1977; R. E. Mancke. 1977, South 
Carol ina S t a t e  Museum Commission, 
Columbia, pers .  comm.). Per iod ic  f loods  
r e s u l t  i n  displaced ind iv idua l s  and 
poss ib ly  l o c a l  populat ions depending 
on t h e  f l o o d ' s  s e v e r i t y .  Increased 
s a l i n i t i e s  from drought condi t ions  can 
s t r e s s  animals phys io log ica l ly  and a f f e c t  
t h e i r  food supply, bu t  t h e s e  s i t u a t i o n s  
a r e  genera l ly  temporary and r e s t r i c t e d  
geographical ly .  

E. BIRDS 

Discussion of avifauna i n  t h i s  
h a b i t a t  is l imi ted  t o  open waters  of 
t h e  r i v e r  system and does not  inc lude  
ad jacen t  f reshwater  wetlands (which a r e  
discussed i n  t h e  p a l u s t r i n e  s e c t i o n  of 
t h i s  chap te r ) .  There a r e  s e v e r a l  i m -  
por tan t  f a c t o r s  which s t rong ly  in- 
f luence  avifauna i n  t h i s  p a r t i c u l a r  
ecosystem. The r a t e  of r i v e r  flow i s  
perhaps one of t h e  most important 
l i m i t i n g  f a c t o r s ,  a long with t i d a l  s t age .  
The r e l a t i v e l y  s t rong  t i d a l  and up- 
stream run-off flows, which a r e  
c h a r a c t e r i s t i c  i n  r i v e r s  such a s  t h e  
Santee. Edis to ,  Savannah, Altamaha, 
Ogeechee, and S a t i l l a ,  probably account 
f o r  the  genera l ly  low d i v e r s i t y  of 
b i r d l i f e  occur r ing  i n  t h e  r i v e r  proper. 
There a r e  approximately 47 spec ies  of 
b i r d s  which frequent  t h i s  h a b i t a t  i n  
t h e  s tudy a rea ,  and only 11 can be con- 
s ide red  a s  dominant s p e c i e s  (Table 5-46). 
There a r e  r e l a t i v e l y  low numbers of 
b i r d s  i n  t h i s  h a b i t a t  a s  compared t o  
o t h e r  h a b i t a t s  discussed previously.  
L i t e r a t u r e ,  publ ished and unpublished, 
is scarce  on b i r d s  i n  t h i s  h a b i t a t .  
Overal l ,  t h e  h ighes t  numbers of b i r d s  
i n  t h e  r i v e r i n e  system would coincide 
with spr ing  and f a l l  migrat ions,  while  
t h e  h ighes t  d i v e r s i t y  would correspond 
wi th  t h e  presence of winter  waterfowl 
populat ions.  

Trophic r e l a t i o n s h i p s  a r e  r e l a t i v e l y  
simple here  (Fig. 5-21) compared t o  
some of t h e  o ther  h a b i t a t s .  There is 
apprent ly  no a c t i v e  predat ion i n  t h i s  

h a b i t a t ,  wi th  scavengers occupying t h e  
h ighes t  t roph ic  l e v e l .  

Most b i r d s  occurr ing i n  t h e  . 
r i v e r i n e  a r e a s  a l s o  occur i n  o ther  
h a b i t a t s  and use open water a r e a s  
f o r  r e s t i n g  and feeding. Dominant b i r d s ,  
which a r e  permanent r e s i d e n t s ,  inc lude  
t h e  pied-bi l led grebe, g r e a t  b lue  heron, 
green heron, wood duck, spo t ted  sandpiper ,  
and b e l t e d  k ingf i sher .  Common winter  
r e s i d e n t s  which a r e  dominant spec ies  
include blue-winged t e a l ,  ring-necked 
duck, hooded merganser, and t r e e  swallow. 

The osprey deserves  s p e c i a l  a t t e n t i o n  
i n  t h i s  h a b i t a t  because i t  f requen t ly  n e s t s  
i n  bald cypress  t r e e s  i n  ad jacen t  p a l u s t r i n e  
h a b i t a t s ,  and on dead snags,  channel markers. 
and power l i n e  poles  i n  t h e  r i v e r i n e  system. 
Henry and Noltemeier (1975) surveyed osprey 
n e s t i n g  populat ions i n  t h e  c o a s t a l  Carol inas  
andfound 1$1 a c t i v e  n e s t s  i n  South Carolina. 
T. D. Murphy (1978, South Carol ina Wi ld l i fe  
and Marine Resources Department, Green 
Pond, pers .  comm.) es t imated t h a t  t h e r e  
a r e  approximately 200 osprey n e s t s  i n  
c o a s t a l  South Carol ina.  Most of t h e s e  
n e s t s  a r e  concentrated nor th  of Charleston 
i n  t h r e e  a reas :  t h e  Santee Coastal  Reserve 
near  t h e  mouth of t h e  South Santee River. 
t h e  Waccamaw River near  Georgetown, and i n  
t h e  Charleston v i c i n i t y .  According t o  
Murphy, t h e r e  were 29 a c t i v e  n e s t s  along 
the  Waccamaw River i n  1978. Henry and 
Noltemeier (1975) repor ted  t h a t  only 12 
a c t i v e  n e s t s  were bel ieved t o  e x i s t  i n  
South Carol ina south of Charleston,  and 
t h a t  v e r i f i e d  n e s t i n g  records  f o r  Georgia 
were l i m i t e d ,  except i n  t h e  Savannah 
region.  Denton (1977). however, reported 
50 t o  55 a c t i v e  osprey n e s t s  i n  Georgia 
dur ing  1976. These n e s t s  were genera l ly  
d i s t r i b u t e d  throughout t h e  c o a s t a l  a r e a  
of Georgia and a l s o  i n  t h r e e  in land  
a r e a s ,  t h e  Okefenokee National Wi ld l i fe  
Refuge, Lake Seminole, and t h e  Ocmulgee 
River.  Ospreys were absent  from some 
of t h e  h igh ly  developed b a r r i e r  i s l a n d s  
such a s  Tybee and J e k y l l ,  whi le  t h e  
Wassaw Is land  Nat ional  Wi ld l i fe  Refuge 
had t h e  h ighes t  number of a c t i v e  n e s t s  
(14) i n  t h e  S t a t e  (Denton 1977). 

F. MAMMALS 

See t h e  s e c t i o n  on mammals of t h e  
p a l u s t r i n e  ecosystem f o r  information on 
mammals i n  f reshwater  ecosystems. 

V . PERTURBATIONS 

A. INTRODUCTION 

Freshwater environments a r e  probably 
subjected t o  more man-induced dis turbances 
than any o t h e r  ecosystem o r  ecosystem 
complex. Rivers  a r e  impounded, channelized, 
po l lu ted ,  o r  d iver ted ;  l a k e s  and ponds may 
be drained,  f i l l e d ,  po l lu ted ,  o r  deepened; 
n o n t i d a l  swamps a r e  drained,  f i l l e d ,  
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SCAVENGERS 
Herrina aull 

PlSClVORES 

Spotted sandpiper Great blue heron 
Black tern Belted kingfisher 

White ibis 
Least sandvimr 

HERBIVORES 
Wood duck 

Blue-winged teal . . 
Osprey 

Figure 5-21. Generalized trophic relationships of representative birds of the 
riverine ecosystem. 

clearcut, or impounded; and tidal flood 
plains may be channelized, polluted, 
clearcut, or disturbed through the 
alteration of their flooding regimes. 
Most perturbations (excluding pollution 
and clearcutting) are permanent; con- 
sequently, few unaltered freshwater 
environments still exist in the Sea 
Island Coastal Region. 

Of the major river systems in the 
Sea Island Coastal Region, the Altamaha 
stands as the only relatively undisturbed 
system. Recently, a study team from the 
Georgia Department of Natural Resources 
proposed a 76 mi (122.3 km) stretch of 
the Altamaha as a "Scenic and Recreational" 
River (Georgia Department of Natural 
Resources 1978). The integrity of the 
only natural lakes of the study area, ox- 
bows and barrier island cat-eye ponds, 
is threatened by water level alterations. 
Carolina Bays were once easily located 
in the coastal plain; but today, many 
have been drained and converted into 
pine plantations or farmland. At the 
source of these perburbations is the 
fact that no legal protection exists for 
most wetlands (today, navigable freshwater 
waterways and contiguous wetlands are 
under the permitting jurisdiction of 
the U.S. Army Corps of ~n~ineers). Un- 
like estuarine wetlands, freshwater 
environments are often considered ex- 
pendable ecosystems (see Georgia 
Department of Natural Resources 1976). 

B. PALUSTRINE ECOSYSTEM 

The greatest threats to palustrine 
wetlands are channelization, draining, 
and logging. Other potential distur- 
bances to palustri~te wetlands include 
thermal pollution, permanent flooding, 
and the introduction of solid pollutants 
to these wetlands. 

Wharton (1970, 1978) discussed the 
problems caused by channelization of 
southeastern streams and rivers. An 
unnaturally high levee is usually formed 
by dredged material from the river or 
stream bottom, and this often prevents 
flood waters from reentering the river 
after periods of high water. Consequently, 
trees of sloughs and backswamps often 
die because of this extended hydroperiod. 
Tarplee et al. (1971). comparing natural 
and channelized streams in North 
Carolina, found that natural streams not 
only supported a greater diveristy of 
fish species, with over three times the 
pounds of fish per acre [155.37 lb 
(70 kg) for natural areas and 49.41 lb 
(22 kg) for the channelized areas], but 
that the average size of fishes in 
natural streams was almost 200% larger 
than in channelized streams. One reason 
for the severe drop in the standing crop 
of fish was that a 78.8% reduction of 
macrobenthic invertebrates occurred as 
a result of the alteration of bottom 
type and stream flow associated with 
channelization. In any ecosystem where 
components of lower trophic levels are 
so reduced, consumer biomass at higher 
trophic levels will likewise be rkduced. 

Tarplee et al. (1971) indicate that 
without channel or bank maintenance, a 
channelized stream could revert reasonably 
close to its natural state in a 15- 
year period. This is contrary to the 
findings of Arner et al. (1976), in a 
study of three areas of the Luxapalila 
River, Mississippi, which showed that, 
even after a period of 52 years, a 
channelized stream segment had not achieved 
its original natural state. 

The cutting and/or draining of 
palustrine wetlands may have drastic 
effects on floral and faunal populations. 



Allen (1958) studied succession 
following clearcutting in a "tidewater 
swamp forest" [similar to Bozeman and 
Darrell's (1975) Class III, tidally 
influenced blackwater swamp type - see 
palustrine section, nontidal emergent 
wetlands]. Black willow and cat-tails 
were pioneer plant dominants, with bald 
cypress, swamp and water tupelo, red 
maple, and water ash succeeding in the 
shade of willow comunities. Clear- 
cutting may affect drainage of flood- 
plains, as creeks and sloughs are often 
diked or dannned to facilitate road 
access into wet forest communities. 

Cutting and habitat alteration have 
detrimental effects on the habitats of 
many bird species. Meanley (1972) 
stated that great cmebrskes of southern 
forested wetlands are disappearing, 
directly affecting Swainson's warbler. 
which is dependent upon these canebreaks 
for nesting. Meanley also states that 
the disappearance of Bachman's warbler 
may have been related not only to the 
cutting of virgin swamps in the early 
1900's but also to the clearing of 
canebreaks which provided understory in 
primitive bottomlands. 

Mahan et al. (1975) attempted to 
evaluate the effects on wildlife 
resources of timber harvesting on 
Santee Swamp, located at the headwaters 
of Lake Marion. They concluded that 
most mammals would increase in numbers 
with a selective timber harvest. 
Opossums, raccoons, and other gound- 
dwelling mammals would benefit from the 
harvest; however, the number of mast- 
producing trees (oaks and hickories) would 
be reduced, lowering the potential gray 
squirrel and white-tailed deer populations. 
Drainage of palustrine wetlands would have 
obviously adverse effects on mammals such 
as otters and minks 

Sharitz et al. (1974) analyzed the 
effects of reactor effluents from the 
Atomic Energy Commission's Savannah 
River Plant (Aiken County, South Carolina) 
on a section of the Savannah River flood 
plain. A natural area, and a post- 
thermal area were studied. Figure 5-22 
illustrates the results of this study, and 
reveals that most trees are basically 
intolerant of thermal pollution. Thermal 
pollution, both hyperthermal and hypo- 
thermal, in mild forms usually tends to 
shock a system, killing only the most 
sensitive organisms and sending resident 
species of fish and other aquatic organisms 
into the riverine system or some other un- 
affected community. McFarlane (1976a) 
studied streams receiving hyperthermal 
effluents from the Savannah River plant. 
He found fish diversity and abundance 
reduced not only in the affected area 
but also in first and second order tri- 
butaries ofthe stream as well. 

I + t-v-' 
UPPER PEN STEEL 

THREE RUNS BRANCH CREEK 

ANNUAL HERBS 

PERE.NNIAL HERBS 

WOODY VINES a SHRUBS 

TREES 

Figure 5-22. The influence of thermal 
effluents on vegetative 
structure of a natural area 
(Upper Three Runs), a thermal 
area (Pen Branch), and a post- 
thermal area (Steel Creek) 
in a flood plain at the 
Savannah River Plant 
(adapted from Sharitz et 
al. 1974). 

The effects of permanent flooding in 
flood plains has been documented by Yeager 
(1949) (in Illinois). He found that only 
the trees that are most tolerant of pro- 
longed flooding survive in areas where 
higher than normal water levels persist. 
Teskey and Hinckley (1977) listed button 
bush, swamp privet, green ash, possum 
haw, water tupelo, swamp tupelo, cotton- 
woods, black willow, and bald cypress as 
"very tolerant" of inundation. Table 5- 
47 lists 36 common tree species of the 
flood plains of the Sea Island Coastal 
Region and their tolerance to water level 
changes. 

Dennis (1973, 1975a) described the 
flora of Santee Swamp. Here, impoundment 
of the Santee River to form Lake Marion 
has altered the water level in this 
former flood plain. The successional 
trends now tend toward a wetter type of 
forest (cypress-tupelo). Aquatic plant 
and floating log communities are more 
common here than they are in flood plains 
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o
p

ed
 

a
ft

e
r

 1
5 

d
a

ys
 

(2
1

).
 

S
ee

d
s 

d
id

 n
o

t 
g

er
m

in
a

te
 

u
n
d
er

 
w

a
te

r 
(1

7
).

 
H

ei
g

h
t 

g
ro

w
th

 
d

ec
re

a
se

d
 

in
 

sa
tu

ra
te

d
 

so
il

 
(2

1
).

 

T
re

es
 

a
b
o
ve

 w
a

te
rl

in
e

 
im

p
ro

ve
d
 

(1
0

) . 

W
il

te
d

 l
o

w
er

 
le

a
v

e
s 

a
ft

e
r

 2
 

d
a

ys
. 

R
ec

o
ve

ry
 

sl
o

w
 

(1
8

).
 

F
lo

o
d

in
g

 
p

re
ve

n
ts

 
se

ed
 

g
er

m
i-

 
n

a
ti

o
n

. 
G

oo
d 

g
er

m
in

a
ti

o
n

 
a

ft
e

r
 f

lo
o

d
in

g
 

(1
7

).
 

H
ei

g
h

t 
g
ro

w
th

 
b

e
tt

e
r
 u

n
d

er
 

sa
tu

ra
te

d
 

c
o

n
d

it
io

n
s 

th
a

n
 

fi
e

ld
 

c
a

p
a

c
it

y
 

(2
1

).
 

T
re

e
s 

q
u

ic
k

ly
 d

ie
d

 
a

ft
e

r
 

to
le

ra
n

c
e

 p
er

io
d

 
(1

1
).

 

T
re

e
s 

re
m

a
in

 h
e

a
lt

h
y

 
i
f
 

fl
o

o
d

ed
 

le
s

s
 t

h
a

n
 2

4%
 o

f 
g
ro

w
in

g
 

se
a

so
n

 
(1

0
).

 



S
p

e
c

ie
s 

R
o
o
t 

D
ev

el
o
p
m

en
t 

D
u
ri

n
g
 

S
u

rv
iv

a
l 

U
nd

er
 

C
o

n
st

a
n

t 
S

iz
e

 
-
 

In
u

n
d

a
ti

o
n

 
In

u
n

d
a

ti
o

n
 

C
om

m
en

ts
 

B
e
tu

la
 n

ig
ra

 
(r

iv
e

r
 b

ir
c

h
) 

S
e
e
d

li
n

g
 

C
.1

. 
1
0
0
%

 f
o

r 
u
p
 

to
 3

2 
d

a
ys

 
S

e
v

e
re

ly
 s

tu
n

te
d

 
g
ro

w
th

 
(2

9
).

 
(2

9
).

 

C
a

rp
in

u
s 

c
a

ro
li

n
ia

n
a

 
M

a
tu

re
 

(i
ro

n
w

o
o

d
) 

tr
e

e
 

=a 
a

q
u

a
ti

c
a

 
M

a
tu

re
 

(w
a

te
r 

h
ic

k
o

ry
) 

tr
e

e
 

C
e

lt
is

 l
a

e
v

ig
a

ta
 

M
a
tu

re
 

(s
u

g
a

rb
e

rr
y

) 
tr

e
e

 

C
ep

h
a

la
n

th
u

s 
o

c
c

id
e

n
ta

li
s 

(b
u

tt
o

n
 b

u
sh

) 

C
ra

ta
eg

u
s 

sp
p

. 
(h

a
w

th
o

rn
) 

S
e
e
d

li
n

g
 

M
a
tu

re
 

tr
e

e
 

S
e
e
d

li
n

g
 

M
a
tu

re
. 

tr
e

e
 

D
io

sp
yr

o
s 

v
ir

g
in

ia
n

a
 

M
a
tu

re
 

(p
er

si
m

m
o

n
) 

tr
e

e
 

F
ag

us
 g

r
a

n
d

if
o

li
a

 
M

a
tu

re
 

(A
m

er
ic

a
n

 b
e

e
c

h
) 

tr
e

e
 

B
.1

. 
A

li
v

e
 
i
f
 fl

o
o

d
ed

 
le

s
s

 
R

em
a
in

s 
h

e
a

lt
h

y
 
i
f
 fl

o
o

d
ed

 
th

a
n

 2
6%

 o
f 

g
ro

w
in

g
 

le
s

s
 t

h
a

n
 2

4%
 o

f 
g
ro

w
in

g
 

se
a

so
n

 
(1

1
).

 
se

a
so

n
 

(1
1

).
 

S
h

a
ll

o
w

 w
a

te
r 

im
po

un
dm

en
t 

d
ra

in
ed

 
J

u
ly

 
1

 i
n

cr
ea

se
d

 
ra

d
ia

l 
g

ro
w

th
 

4
5
%

 (
3

)
. 

B
.1

. 
A

ll
 

tr
e

e
s
 d

ie
d

 
a

ft
e

r
 

2
 y

ea
rs

 
(

5
)

. 
R

a
is

in
g

 
w

a
te

r 
ta

b
le

 t
o

 1
2"

 
b

el
o

w
 s

o
il

 
su

rf
a

c
e

 i
n

c
re

a
se

d
 

ra
d

ia
l 

g
ro

w
th

 
4
4
%

 o
ve

r 
d

ro
u

g
h

t 
ye

a
rs

 
(
4

)
. 

C
.1

. 
No

 
m

o
rt

a
li

ty
 i

n
 6

0 
d

a
ys

 
(2

1
).

 

B
.1

. 
H

ar
dy

 
a

ft
e

r
 4

 y
ea

rs
 

(1
0

).
 

T
re

e
s 

d
ie

d
 

a
ft

e
r

 f
lo

o
d

in
g

 
' 

53
%

 o
f 

g
ro

w
in

g
 

se
a

so
n

 
(1

1
).

 

No
 

a
d

v
e

n
ti

ti
o

u
s 

ro
o

t 
fo

rm
a

ti
o

n
, 

an
d 

o
n

ly
 p

ri
m

a
ry

 
ro

o
t 

li
v

e
d

 
a

ft
e

r
 6

0 
d

a
ys

 
(2

1
).

 
S

u
rv

iv
ed

 
b

ec
a

u
se

 s
p

e
c

ie
s 

r
e

s
is

ts
 

d
e

si
c

c
a

ti
o

n
 

(2
1

).
 

A
.1

. 
1
0
0
%

 f
o

r 
30

 
d

a
ys

 
(2

0
).

 
B

e
tt

e
r 

g
e
rm

in
a

ti
o

n
 w

he
n 

se
e
d

s 
w

er
e 

su
bm

er
ge

d 
(
9

)
. 

B
.1

. 
6
9
%

 a
ft

e
r

 7
3

 d
a

ys
 

(1
3

).
 

H
ea

lt
h

y 
i
f
 fl

o
o

d
e
d

 
le

s
s

 t
h

a
n

 3
3%

 
o

f 
g
ro

w
in

g
 

se
a

so
n

 
(1

3
).

 

B
.3

. 
A

ll
 d

ie
d

 
a

ft
e

r
 2

 y
ea

rs
 

H
ea

lt
h

y 
i
f
 fl

o
o

d
e
d

 
le

s
s

 t
h

a
n

 3
1%

 
(
5

)
. 

o
f 

g
ro

w
in

g
 

se
a

so
n

 
(1

1
).

 
B

.1
. 

9
3
%

 a
ft

e
r

 7
3

 d
a

ys
 

(1
3

).
 

Im
po

un
dm

en
t 

d
ra

in
ed

 
J

u
ly

 
1

 i
n

c
re

a
se

d
 

ra
d

ia
l 

g
ro

w
th

 
5
1
%

 (
3

)
. 

B
.1

. 
A

ll
 d

ie
d

 
i
f
 fl

o
o

d
ed

 
m

or
e 

H
ea

lt
h

y 
i
f
 fl

o
o

d
ed

 
le

s
s

 t
h

a
n

 4
%

 o
f 

th
a

n
 1

6
%

 o
f 

g
ro

w
in

g
 

g
ro

w
in

g
 

se
a

so
n

 
(1

1
).

 
se

a
so

n
 

(1
1

).
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S
p
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s 
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t 
D

ev
el

o
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D
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S
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a
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U
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C
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n

st
an
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S

iz
e
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u
n

d
a

ti
o

n
 

In
u

n
d

a
ti

o
n

 
-
 

-
 

C
om

m
en

ts
 

F
o

re
st

ie
ra

 a
cu

m
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at
a 

M
at

u
re

 
(s

w
am

p 
p

ri
v

e
t)

 
tr

e
e

 

F
ra

x
in

u
s 

am
er

ic
an

a 
M

at
u

re
 

(W
h

it
e 

a
sh

) 
tr

e
e

 

F
ra

x
in

u
s 

c
a

ro
li

n
ia

n
a

 
(w

at
er

 a
sh

) 

F
ra

x
in

u
s 

p
en

n
sy

lv
an

ic
a 

M
at

u
re

 
(g

re
e

n
 a

sh
) 

tr
e

e
 

A
dv

en
t i

t
 io

u
s 

an
d

 
se

co
n

d
ar

y
 

ro
o

t 
d

ev
el

o
p

- 
m

en
t 

(1
6

).
 

8
.3

. 
H

ar
dy

 m
o

re
 t

h
a

n
 4

 y
e

a
rs

 
(1

0
).

 

B
.3

. 
A

ll
 d

ie
d

 a
ft

e
r 

3-
4 

y
e

a
rs

 
(5

).
 

B
.1

. 
99

%
 a

ft
e

r 
7

3
 d

ay
s 

(1
3

).
 

A
.1

. 
1

0
0

%
 a

ft
e

r 
5

 d
ay

s,
 

90
%

 a
ft

e
r 

1
0

 d
ay

s,
 

73
%

 a
ft

e
r 

20
 d

ay
s,

 
20

%
 a

ft
e

r 
30

 d
a

y
s 

(2
0

).
 

B
.1

. 
1

0
0

%
 a

ft
e

r 
1

4
 d

ay
s 

(1
8

).
 

C
.1

. 
1

0
0

%
 a

ft
e

r 
6

0
 d

ay
s 

(2
1

).
 

C
.1

. 
1

0
0

%
 a

ft
e

r 
6

0
 d

ay
s 

(2
1

).
 

B
.1

. 
G

re
a

te
r 

th
a

n
 4

 y
e

a
rs

 
(1

0
).

 

B
.3

. 
A

ll
 d

ie
d

 
3

rd
 y

e
a

r 
(5

).
 

B
.1

. 
D

ie
d

 
if

 f
lo

o
d

e
d

 4
4%

 o
f 

g
ro

w
in

g
 

se
as

o
n

 
(1

1
).

 

F
ra

x
in

u
s 

to
m

en
to

sa
 

(p
um

pk
in

 a
sh

) 

Il
e

x
 d

e
c

id
u

a
 

-
-
 

(d
ec

id
u

o
u

s 
h

o
ll

y
) 

L
iq

u
id

am
b

ar
 

s
ty

ra
c

if
lu

a
 

(s
w

ee
t 

gu
m

) 

S
e

e
d

li
n

g
 

S
e

e
d

li
n

g
 

M
at

u
re

 
tr

e
e

 

M
at

u
re

 
tr

e
e

 

A
d

v
e

n
ti

ti
o

u
s 

an
d

 
se

co
n

d
ar

y
 

ro
o

t 
d

e
v

e
lo

p
 

m
en

t 
(1

6
).

 

G
ro

w
th

 b
eg

an
 w

it
h

 s
ta

n
d

in
g

 w
at

er
 

o
n

 s
it

e
. 

G
ro

w
th

 w
as

 
st

e
a

d
y

 w
he

n 
w

a
te

r 
ta

b
le

 w
as

 
2

' 
- 

5'
 

d
ee

p
 

(2
8

).
 

46
%

 g
er

m
in

at
io

n
 w

he
n 

in
u

n
d

at
ed

 b
u

t 
o

n
ly

 5
%

 u
n

d
er

 s
a

tu
ra

te
d

 c
o

n
d

it
io

n
s 

(9
).

 

R
ai

se
d

 w
a

te
r 

ta
b

le
 t

o
 4

6"
 

im
p

ro
v

ed
 

g
ro

w
th

 9
0

%
 - 

96
%

 (
3

,4
).

 
O

b
se

rv
ed

 a
c

c
e

le
ra

te
d

 a
n

a
e

ro
b

ic
 

re
sp

ir
a

ti
o

n
 

(1
6

).
 

C
h

lo
ro

ti
c

 l
o

w
er

 l
e

a
v

e
s 

a
ft

e
r 

8
 d

ay
s 

(1
8

).
 

B
e

tt
e

r 
g

ro
w

th
 

in
 s

a
tu

ra
te

d
 s

o
il

 t
h

a
n

 
s

o
il

 a
t

 f
ie

ld
 c

a
p

a
c

it
y

 
(2

1
).

 
G

oo
d 

g
er

m
in

at
io

n
 

in
 s

w
am

py
 

a
re

a
s 

(4
, 

9
).

 

H
ei

g
h

t 
g

ro
w

th
 

im
p

ro
v

ed
 

in
 s

a
tu

ra
te

d
 

s
o

il
 o

v
er

 s
o

il
 i

n
 f

ie
ld

 c
a

p
a

c
it

y
 

(2
1

).
 

H
ea

lt
h

y
 i

f
 f

lo
o

d
ed

 
le

s
s
 

th
a

n
 3

5%
 

o
f 

g
ro

w
in

g
 s

e
a

so
n

 (
1

1
).

 

Im
po

un
dm

en
t 

d
ra

in
e

d
 J

u
ly

 1
 i

n
c

re
a

se
d

 
ra

d
ia

l 
g

ro
w

th
 

77
%

 - 
8

6
%

 (
3

).
 

R
a

is
in

g
 w

a
te

r 
ta

b
le

 t
o

 1
6

" 
im

p
ro

v
ed

 
ra

d
ia

l 
g

ro
w

th
 

60
%

 (
4

).
 

No
 

a
d

v
e

n
ti

ti
o

u
s 

o
r 

se
co

n
d

ar
y

 r
o

o
t 

d
ev

el
o

p
m

en
t 

w
he

n 
fl

o
o

d
e

d
 

(1
6

).
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bl
e 
5-
47
. 
Co
nt
in
ue
d 

Sp
ec
ie
s 

Ro
ot
 

De
ve
lo
pm
en
t 

Du
ri
ng
 

Su
rv
iv
al
 U
nd
er
 C
on
st
an
t 

Si
ze
 

-
 

In
un
da
ti
on
 

In
un
da
ti
on
 

Li
qu
id
am
ba
r 

Se
ed
li
ng
 

st
yr
ac
if
lu
a 

(s
we
et
 g
um
) 

No
 a
dv
en
ti
- 

ti
ou
s 
ro
ot
 

fo
rm
at
 io
n 

(2
1)
. 

Al
l 
di
ed
 
i
n
 3
2 
da
ys
 
(1
8)
. 

Al
l 
di
ed
 
in
 3
 m
on
th
s 

(2
0)
. 

Af
te
r 
8 
da
ys
, 
re
co
ve
ry
 
sl
ow
 

(1
8)
 - 

Po
or
 g
er
mi
na
ti
on
 w
he
n 
in
un
- 

da
te
d 
(9
).
 

N
y
ss

a 
aq
ua
ti
ca
 

(w
at
er
 t
up
el
o)
 

Ma
tu
re
 

tr
ee
 

Ve
ry
 
to
le
ra
nt
 
(1
5)
. 

Be
st
 
di
am
et
er
 g
ro
wt
h 
wh
en
 

fl
oo
de
d 
(1
4)
. 

Me
ta
bo
li
c 
ad
ap
ta
ti
on
s 
(1
4)
. 

Su
rv
iv
es
 m
od
er
at
e 
si
lt
at
io
n 

0"
 
- 
3"
 
(5
.2
3)
. 

Se
ed
li
ng
 

Se
co
nd
ar
y 

ro
ot
 f
or
ma
- 

ti
on
 
(1
6)
. 

Ad
ve
nt
it
io
us
 

ro
ot
 f
or
ma
- 

ti
on
 
(1
4)
. 

9
0
%
 -
 1
00
% 
su
rv
iv
al
 o
ve
r 

gr
ow
in
g 
se
as
on
 
(1
5)
. 

Ve
ry
 
de
ep
 
fl
oo
di
ng
 r
e-
 

du
ce
d 
su
rv
iv
al
 t
o 
32
% 

(2
3)
. 

Be
st
 
gr
ow
th
 w
he
n 
wa
te
r 
ta
bl
e 

fl
uc
tu
at
es
 (
15
).
 

No
 
se
ed
 
ge
rm
in
at
io
n 
un
de
r 

wa
te
r 

(9
).
 

Ny
ss
a 
sy
lv
at
ic
a 
va
r.
 

Ma
tu
re
 

bi
f 
lo
ra
 

tr
ee
 

(s
wa
mp
 t
up
el
o)
 

Se
ed
li
ng
 

Pi
nu
s 
ta
ed
a 

-
-
 

(l
ob
lo
ll
y 
pi
ne
) 

Pl
an
er
a 
aq
ua
ti
ca
 

(w
at
er
 e
lm
) 

Ma
tu
re
 

tr
ee
 

Se
co
nd
ar
y 

ro
ot
 d
ev
el
op
- 

me
n 
t 

Se
ed
li
ng
 

No
 
ad
ve
nt
i-
 

ti
ou
s 
ro
ot
 

de
ve
lo
pm
en
t;
 

ro
ot
 
sy
st
em
 

di
ed
 
(2
2)
. 

To
le
ra
nt
 
(1
3)
. 

Me
ta
bo
li
c 
ad
ap
ta
ti
on
s 
(1
4)
. 

Su
rv
iv
es
 m
od
er
at
e 
si
lt
at
io
n-
- 

O*
' -

 3
It
 (
5)
. 

9
0
%
 -
 1
00
% 
fo
r 
gr
ow
in
g 

se
as
on
 (
15
).
 

9
0
%
 -

 1
00
% 
fo
r 
gr
ow
in
g 

se
as
on
 (
15
).
 

Po
or
 r
oo
t 
gr
ow
th
 i
n 
st
ag
na
nt
 

wa
te
r 
(1
2.
15
).
 

Be
st
 
gr
ow
th
 i
n 
sa
tu
ra
te
d 
so
il
 

(1
5)
. 

Po
or
 g
er
mi
na
ti
on
 u
nd
er
 w
at
er
 

(7
,9
).
 

B.
1.
 

Di
ed
 
if
 
fl
oo
de
d 
mo
re
 

th
an
 1
7%
 o
f 
gr
ow
in
g 

se
as
on
 (
11
).
 

Re
du
ce
d 
st
em
 a
nd
 
ro
ot
 g
ro
wt
h 

I 

cr
ea
se
d 
he
ig
ht
 a
nd
 
di
am
et
er
 

gr
ow
th
 
(6
).
 

B.
1.
 

Di
ed
 
if
 
fl
oo
de
d 
mo
re
 
th
an
 

Re
ma
in
ed
 
he
al
th
y 
if
 
fl
oo
de
d 

54
% 
of
 
gr
ow
in
g 
se
as
on
 

le
ss
 t
ha
n 
43
% 
of
 
gr
ow
in
g 

(1
1)
. 

se
as
on
 
(1
1)
. 
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p
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n
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-
 

P
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ta
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o
c

c
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e
n
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s 
M

at
u

re
 

(s
y
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o
re
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tr

e
e

 

S
e

e
d

li
n

g
 

P
o

p
u

lu
s 

d
e

lt
o
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e
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further upstream from Santee Swamp 
[see Dennis (1973) and Gaddy et al. 
(1975)l. 

Research to date indicates that 
nutrient addition in t'le form of sewage 
to palustrine wetlands does not have 
uniformly detrimental effects on these 
wetlands. Wharton (1970) pointed out 
the value of the floodplain forest as a 
natural absorption system for sewage 
and organic chemicals (see also Kitchens 
et al. 1975). Odum et al. (1975, 1976) have 
analyzed the feasibility of cypress domes 
as wastewater recycling systems. Selected 
domes have been used for this purpose; 
but as ecological processes are altered 
here (the domes become anaerobic in late 
summer with a significant reduction in 
faunal populations), this approach appears 
to be destined only for limited application. 

C. LACUSTRINE ECOSYSTEM 

In natural lacustrine environments, 
the term "eutrophication" is used to 
describe the natural aging process of a 
lake as it accumulates nutrients. When 
this process is accelerated byman,"cultural 
eutrophication" occurs (Hasler 1947, 
Likens 1972). Nutrient loads from resi- 
dential (sewage) and agricultural (organic 
compounds, especially phosphates) run-off 
speed up the eutrophication process, 
causing algal blooms and anaerobic condi- 
tions. Culturally eutrophicated lacustrine 
bodies may be significantly different in 
species composition than undisturbed 
lacuetrine environments. Vascular macrophytes 
may become more in culturally eutrophicated 
lakes, though species diversity decreases 
drastically (Lind and Cottam 1969). Phyto- 
plankton production may increase threefold 
in culturally eutrophicated lakes, altering 
the ecological stability of the entire 
lacustrine body (Likens 1972). As the 
dense growths of vegetation bloom and 
subsequently decay, periods of oxygen 
imbalance at varying levels of the lake 
occur. Local anaerobic conditions result 
in fish kills and drastically alter the 
species composition of bottom-dwelling 
invertebrates (Swingle 1966, Mackenthun and 
Ingram 1967). 

Thermal changes in lacustrine environ- 
ments also produce significant disturbances. 
Vigerstad and Tilly (1980) found that 
nuclear hyperthermal effluent from the 
Savannah River Plant (Aiken, South 
~arolina) resulted in higher density of two 
cladocerans, Cereodaphnia spp. and 
Diaphanosoma brachyum, while lowering num- 
bers of another species, Bosmina 
longirostris. The same authors, from 
additional unpublished data, found that 
heated effluents appeared to restrict 
vertical movement of Bosmina. This 
cladoceran resided in the water column 
where heated water entered the pond, 
but at a depth where the temperature was the 
same as unheated water. 

Pollution of lacustrine environments 
by the introduction of toxic chemicals 
conaitutes a major disturbance to this 
system. Sherberger and Buikema (1976) 
analyzed the effects of chromium on the 
cladoceran, Daphnia pulex. Gannon and 
Stemberger (1978) discussed zooplankton 
as indicators of water quality in various 
lakes, concluding that quantitative data 
offer more promise than do qualitative 
data; the ratio of one group to another 
often is more meaningful than presence 
or absence of a group. They noted that 
knowledge of zooplankton as indicators 
of trophic conditions of lakes and ponds 
is derived entirely from studies of cold 
temperate lakes, and little is known 
regarding warm temperate and tropical 
lacustrine habitats. Herricks and Buikema 
(1977) have summarized and evaluated 
present-day knowledge of the effects of 
pollutants on freshwater invertebrates. 

D. RIVERINE ECOSYSTEM 

The most obvious disturbance in 
riverine environments is the destruction 
of the environment by impoundment of 
the river. The Santee-Cooper project 
in South Carolina resulting in the 
construction of lakes Marion and 
Moultrie, is an example of riverine 
alteration on a large scale. Acres 
of bottomland hardwood habitat were 
inundated, possibly affecting the last 
remaining nesting areas of the ivory- 
billed woodpecker (Sprunt and Chamberlain 
1970). D. A. Wood (1945, South Carolina 
Wildlife and Marine Resources Department, 
Columbia, unpubl. data) reported adverse 
effects of this project on waterfowl. 
(For discussion of alterations caused 
by Santee-Cooper Diversion and Rediversion 
projects, see Volume I, Chapter Six.) 

Since 1896, available spawning grounds 
for anadromous fishes in the Pee Dee and 
Santee rivers have been reduced by 199 
and 200 miles, respectively, by dams 
(Walburg and Nichols 1967). In Georgia, 
dams on the Savannah River reduced avail- 
able area by 204 miles (Walburg and 
Nichols 1967). Fish passage facilities 
are the only way of maintaining runs 
above the dams in these rivers, but to 
date none have been constructed. On the 
Cooper River, however, navigation locks 
at Pinopolis Dam are operated during 
the blueback herring run to lift these 
fish into the Santee-Cooper lakes, where 
they are important food fish for resident 
landlocked striped bass populations. 

Churchill (1958) discussed many of 
the problems that may result from the 
discharge of reservoir water into river 
systems. Water temperature and oxygen 
content in the released water may be 
substantially different from that of 
the river. During certain periods of 
the year, this fact may significantly 
alter species composition in the 



stretches of river just below the dam 
(Dendy and Stroud 1949, Pfitzer 1954). 

Channelization of river tributaries 
is discussed by Wharton (1970, 1978). 
Channelization wreaks massive destruction 
on vegetation, while reducing organisms 
that comprise the lower trophic levels. 
The fish population is completely re- 
structured from one where high quality 
food and game fish dominate to one where 
numerous rough or undesirable fish 
dominate (Tarplee et al. 1971). Dredging 
of riverine environments, while not as 
drastic as channelization, has a similar 
affect in the removal of macrobenthic 
invertebrates and other low trophic 
level organisms. The practice of snagging 
and clearing of river channels, such 
that proposed for the Altamaha River 
(U.S. Army Corps of Engineers 1977). not 
only removes habitat utilized by fish and 
benthic invertebrates, but effectively 
removes spawning areas for such species 
as largemouth bass, redbreast sunfish, 
crappies, and catfishes. 

Eddy (19321, in a classic study of 
the Sangamon River of Illinois, described 
effects of impoundments, municipal sewage, 
and sewage treatment plants on riverine 
zooplankton. He found that cities on the 
river would impound the water above the 
municipality and dump their raw wastes 
below. This practice results in long 
stretches of river almost devoid of zoo- 
lankton. Sewage treatment plants were 
installed and, within a few years, 
plankton typical of clean water dominated 
waters below municipalities. Williams 
(1966) studied zooplankton in major 
United States rivers and the Great Lakes. 
He found that in winter and early spring 
turbulent silt and other edaphic factors 
influenced abundance of dominant species 
more than industrial or domestic wastes, 
whereas in summer and fall, abundance of 
dominants was closely related to water 
quality. 

Coastal plain rivers of the Sea 
Island Coastal Region receive herbicides, 
insecticides, fertilizers, and other 
chemicals associated with agriculture 
and silvculture, as well as wastes from 
industrial activities located on or 
near their banks. Zooplankton abundance 
would he expected to be lower in the 
vicinity of outfalls or tributary mouths 
where flushing rates may be high or 
toxicants or algal mortalities (in- 
creased due to eutrophication) may be 
concentrated (Gannon and Stemberger 
1978). Herricks and Buikema (1977) 
have recently reviewed studies concerning 
the effects of pollution on invertebrates. 
This work gives a good update on studies 
of zooplankton reaction to substances 
that are presently being introduced into 
rivers and streams of the study area. 

anadromous fishes, but this is con- 
sidered to be a factor in limiting runs. 
One form of pollution that has been 
studied recently is thermal pollution, 
particularly from nuclear power plants. 
(See previous discussion on effects of 
thermal pollution in the section on 
perturbations of the palustrine ecosystem, 
this chapter.) Products of industrial 
and domestic pollution reduce water 
quality directly and indirectly through 
reduction in dissolved oxygen. Tagatz 
(1961) found that young American shad 
could tolerate limited exposure to re- 
ductions in dissolved oxygen to 2 - 4 
ppm in natural waters. Concentrations 
of 91 mg/l gasoline, 167 mg/l diesel 
fuel oil, and 2.417 mg/l bunker oil 
were found to be toxic to young shad at 
the 48-hour median tolerance limit 
(Tagatz 1961). 

Schubel (1974) found that most 
American shad, blueback herring, and 
striped bass eggs can survive the 
typical time-temperature exposures 
experienced during passage through 
cooling systems or entrainment in thermal 
plumes of power plants. Juvenile 
American shad were found to actively 
avoid rapid temperature gradients of 
40C (3g°F), and to avoid effluent 
temperatures of 30'~ (86OF) or more (Moss 
1970, Marcy et al. 1972). If a tempera- 
ture barrier does not extend entirely 
across the river, young shad are capable 
of traversing heated effluents. 

Poor forestry practices (such as 
clearcutting without leaving a river- 
bank buffer zone) result in increased 
siltation and higher river turbidity. 
Anadromous fish populations may be re- 
duced where siltation occurs because 
1) eggs may be trapped on silted 
bottoms; 2) turbidity may delay hatching; 
and 3) the biochemical oxygen demand may 
be increased(by organic compounds), 
resulting in lower dissolved oxygen 
levels. Ellis (1937) noted that high 
sediment loads may destroy insect and 
mollusk populations. 

Pollution from pesticides and 
herbicides has a tremendous overall 
impact on the ecology of riverine 
systems. Residual toxic chemicals such 
as DDT and DDE appear in populations 
of the highest trophic levels through 
biomagnification. Populations of 
piscivores such as the osprey, the bald 
eagle, and, in estuarine waters, the 
brown pelican, may be decimated by egg- 
shell thinning, which results from high 
concentrations of DDE (Ohlendorf et al. 
1978). 

M No studies have been made that 

I quantify the effects of pollution on 



CHAPTER SIX 

UPLAND ECOSYSTEM 

I. GENERAL DESCRIPTION 

A. DEFINITION 

In general, uplands include all 
lands that are not part of previously de- 
fined wetland or aquatic systems (i.e., 
marine, maritime, estuarine, lacustrine, 
palustrine, and riverine ecosystems). 
For this ecological characterization, 
"uplands" have been divided into two dis- 
tinct ecosystems: 1) an upland ecosystem, 
affected by fresh water, and 2) a mari- 
time ecosystem, comprising all upland 
areas located on barrier islands. The 
latter ecosystem has been discussed in a 
previous chapter. 

Soils of upland areas are predomi- 
nantly non-hydric, and the vegetation is 
predominantly mesophytic or xerophytic, 
rather than hydrophytic. Uplands are 
further characterized as lands that are 
never flooded during years of normal pre- 
cipitation. The upland ecosystem is di- 
vided into four major subsystems: 1) old 
field, 2) pine forest, 3) pine-mixed 
hardwood forest, and 4) mixed hardwood 
forest. 

B. FOOD WEB AND MODEL 

Grazing food chains and detritus 
food chains are both important in upland 
habitats. According to Odum (1971), 90% 
or more of the net primary production in 
forest areas is typically used in the 
detritus food chain. On the other hand, 
he observed that 50% or more of the pri- 
mary production of a heavily grazed pas- 
ture may be utilized in the grazing food 
chain. In the latter case, the amount of 
plant material actually assimilated is an 
important consideration because undi- 
gested material enters the detritus food 
chain. The principal type of food chain 
may therefore vary from one upland habi- 
tat to another, although the detritus 
food chain probably predominates in most 
non-agricultural situations. 

Much of the primary production from 
plants in forests and old fields eventu- 
ally falls to the ground, where it is 
acted upon by bacterial and fungal de- 
composers (Fig. 6-1). Soil invertebrates 
are also believed to be important in the 
breakdown and utilization of detritus. 
While the soil fauna serves as a link be- 
tween detritus and higher trophic levels 
in the food chain, these animals are also 
believed to play an important role in 
mineral recycling, a process of impor- 
tance to plant growth (see biogeochemical 
cycles, Chapter One). 

The types and number of links in up7 
land food chains vary considerably, and 

many species function at more than one 
trophic level (Fig. 6-2). Energy trans- 
fer and loss at each trophic level be- 
comes of direct significance to consumers 
and their food supply, including humans. 
Odum (1971) observed that the number of 
humans that can be supported by a given 
output of primary production depends upon 
the number of trophic levels in the food 
chain because of losses in available 
energy at each level. Thus, more people 
can be supported on a diet consisting pri- 
marily of grain and vegetables than on a 
diet consisting primarily of meat and 
other animal products. 

The activities of man and his domes- 
ticated animals have drastically altered 
the upland landscape in much of the Sea 
Island Coastal Region, thereby altering 
the biotic community structure and the 
food webs of these habitats. 

11. PRODUCERS 

A. VASCULAR FLORA 

Because the four major divisions of 
this ecosystem are based on vegetative 
characteristics, Table 6-1 presents a sum- 
mary of the community structure of the 
upland vascular flora. The discussion of 
the vascular flora will follow this or- 
ganization. 

1. Old Field Community 

Most research on old fields in this 
geographic area has been conducted on 
sandy and sandy loam soils within the 
Energy Research and Development Adminis- 
tration's Savannah River Plant near Aiken, 
South Carolina. Odum's (1960) classic 
old field study formed the basis for other 
studies such as those of Golley (19651, 
Gabrielson (1968), and Pinder (1975). 
Studies from old fields at the Savannah 
River Plant are not applicable to all old 
field soil types in the Sea Island 
Coastal Region, but the basic successional 
processes can be understood and extrap- 
olated. 

Odum (1960) studied two old field 
types, a well-drained upland with sandy 
soil and a poorly drained lowland of 
sandy loam. His work, begun immediately 
after agricultural abandonment, is still 
ongoing. During spring of the first grow- 
ing season, toad-flax was an early domi- 
nant in both old field types. Other 
shared dominants included horseweed, ever- 
lastings, and crab grass. Only after the 
first growing season did vegetational 
dominance begin to reflect a difference 
in soil types. Odum (1960) used net pro- 
duction of dry matter rather than fre- 
quency or density of individual plants as 
the measure of vegetational dominance. 
He noted that net productivity for old 
fields was approximately 500 g dry matter/ 
m2lyear during the first year of 





Figure  6-2. A genera l i zed  food web f o r  t h e  upland ecosystem of t h e  Sea I s l a n d  Coas ta l  Region. 

abandonment, w i t h  product ion l e v e l l i n g  o f f  
t o  300 g d ry  m a t t e r ~ r n ~ / ~ e a r  i n  subsequent 
years .  Nu t r i en t  ana lyses  r evea led  t h a t  
h igh  n e t  p roduc t ion  r a t e s  dur ing  t h e  
i n i t i a l  y e a r  probably r e s u l t e d  from r e s i d -  
u a l  n u t r i e n t s ,  e s p e c i a l l y  phosphorus,  
from f e r t i l i z e r s .  

P r o d u c t i v i t y  v a r i e d  d i r e c t l y  wi th  t h e  
percentage of s i l t - c l a y  i n  t h e  s u b s o i l  of 
t h e  f i e l d  (Fig. 6-3). P r o d u c t i v i t y  l e v e l s  
dur ing t h e  f i r s t  yea r  of  abandonment were 
comparable t o  t h a t  o f  an average corn o r  
wheat crop,  bu t  were l e s s  from yea r  2 
through 7 (Odum 1960).  U t i l i z i n g  d a t a  
from Odum (19601, Golley (1965) summarized 
product ion t r e n d s  i n  o ld  f i e l d  communities 
f o r  1952 - 1962 (Fig. 6-4). Pinder  (1975) 
analyzed t h e  e f f e c t s  of s p e c i e s  removal in 
an o ld  f i e l d  t h a t  had been abandoned f o r  
5 yea r s .  He removed t h e  dominants,  broom- 
s t r a w  and t h r e e  awn g r a s s ,  and noted 
changes i n  product ion.  Removal inc reased  
t h e  n e t  product ion o f  subord ina te  

s p e c i e s ,  bu t  t h e  t r a n s f e r  of  product ion 
was no t  enough t o  equa l  t h e  product ion of 
t h e  una l t e red  community. 

Dominants of  wel l -drained and poor ly  
drained s i t e s  d u r i n g  t h e  f i r s t  yea r s  of 
success ion  a r e  p resen ted  i n  Table 6-2. 
Success ion i n  Odum's o l d  f i e l d  s i t e s  l e a d s  
t o  t h e  format ion of  a broom-straw com- 
munity. Broom-straw became important  dur- 
i n g  yea r s  5 and 6 ,  bu t  i t  d i d  n o t  form 
closed s t a n d s  u n t i l  t h e  8 t h  yea r  a f t e r  
abandonment on heav ie r  s o i l  types .  Work- 
i n g  wi th  t h e  broom-sedge community, Golley 
(1965) found t h r e e  d i s t i n c t  l a y e r s  pres-  
en t :  1 )  t h e  algal-moss l a y e r ;  2 )  t h e  
r o s e t t e  p l a n t s ,  i nc lud ing  sour-grass ,  
pineweed, s l e e p y  c a t c h f l y ,  f e scue ,  sedge,  
and t h r e e  awn g r a s s ;  3) t h e  t a l l  s t r a t a  
p l a n t s ,  i nc lud ing  sour-grass ,  e v e r l a s t i n g s ,  
poor-mans pepper ,  da i sy  f l eabane ,  par- 
t r i d g e  pea, Bermuda g r a s s ,  Johnson g r a s s ,  
and horseweed. These s t r a t a  e x h i b i t e d  
seasona l  dominance c y c l e s .  The algal-znoss 



Table 6-1, Cornunity structure of the vascular flora of the upland ecosystem. 

I T. OZDFTELD COMMUNITY 11. PINE FOREST COMMUNTTIES 

Upland (well-drained) 
Lowland (poorly drained) 

111. PTNE-MIXED HARDWOOD COMMUNITTES 

Longleaf 
Slash 
Loblolly 
Mixed pine 

IV. MIXED HARDWOOD COMMUNITIES 

A. Mesic - loblolly dominant A. Mesic slope hardwoods 

1. loblolly-mixed hardwoods community 1. ravine slope hardwoods 
a. white oak phase 2. beech ravine 
b. ravine slope phase 3. mixed mesophytic hardwoods 
c. sweet gum-tupelo phase 4. bluff and slope forest 

5. beech-bull bay community 
2. mixed pine-mixed hardwoods community 

a. shortleaf B. Upland mesic hardwoods (or oak- 
b. loblolly hickory forest, southern mixed 

hardwood forest, or mesophytic 
B. Xeric - longleaf dominant broadleafed forest) 

1. longleaf pine-turkey oak community C. Hammock community 
a. turkey, blackjack, and shrubby 

post oak, plus longleaf dominate 1. lowland broadleaf evergreen 
b. Chapman, live, turkey, shrubby forest 

post oak, longleaf dominate 2. upland broadleaf evergreen 
forest 

2. longleaf-shortleaf-turkey oak 
communities D. Scrub forest community 
a. above, plus slash pine, Chapman 

and laurel oak, mockernut 1. evergreen scrub forest 
hickory 2. evergreen scrub-lichen forest 

b. blackjack and turkey oak, 
shrubby post oak, longleaf pine E. Dwarfed oak-mixed hardwood 

community 

1. turkey oak-longleaf pine 
association 

2. turkey oak association 
3. blackjack oak association 
4. mockernut hickory association 

F. Live oak-mixed hardwood community I 

I 

layer and the rosette plants were winter- 2. Pine Forest Communities 1 

early spring dominants, while species of 
I 

the tall strata reached peak dominance Pine communities dominate the upland 
I 
1 

from mid-summer to late autumn. Changing ecosystem in the study area. The casual I 

dominance patterns from 1959 to 1962 are visitor to the Sea Island Coastal Region 1 
presented in Table 6-3. After the first typically thinks of the forest as either I 

year of abandonment, horseweed a411 ever- live oak or pine. The original upland 
lastings dominated the herb layer, while forests of the study area were probably 
crab grass dominated the lower tier of mixed hardwood and pyric climax pine for- 
plants. From the 2nd to the 5th years of ests (Garren 1943, Quarterman and Keever 
abandonment, Ha~lopappus sp., golden 1962). Subsequent logging and clearing 
aster, and other forbs formed an "over- for agriculture resulted in the creation 
story," while St. John's-wort, buttonweed, and maintenance of a pine-dominated up- 
and Bermuda grass dominated the "under- land. Loblolly pine and mixed pine com- 
story." Odum (1960) pointed out that munities probably occupy more land than 
well-drained sandy fields ultimately give they did in colonial days. Forestry man- 
rise to longleaf pine-turkey oak communi- agement practices today maintain thousands 
ties, while the poorly drained loamier of acres of former upland hardwood areas, 
fields produce loblolly pine and, eventu- flood plains, and swamp lands in pine 
ally, mixed hardwood conrmunities. communities. Many of the original forests 
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Figure 6-3. Relationship between net production and the silt-clay fraction of the subsoil (A2 or 
B1 horizon) at the Savannah River Plant. Each point on the graph represents annual 
production of a different field during one of the three years (1953, 1955, and 1956) 
when production was stabilized and rainfall was normal (Odum 1960). 

FORBS I !!@!‘ I 

Figure 6-4. Production trends in old 
field communities at the 
Savannah River Plant, 1952 - 
1962 (Golley 1965). 

of longleaf pine have either been selec- 
tively logged or have been replaced by in- 
creasingly popular slash pine plantations 
(Wharton 1978). 

Six native species of pines occur in 
the Sea Island Coastal Region, slash, 
spruce, loblolly, pond, longleaf, and 
shortleaf. Slash and spruce pines both 
reach their northern limit in South 
Carolina, where they are less common than 
in Georgia. The Sea Island Coastal Region 
has long been known as a major part of the 
"yellow" or longleaf pine belt and the 
"flatwoods" complex. Based on economic 
considerations, foresters have divided the 
pines into the turpentine group (slash and 
longleaf) and the non-turpentine group 
(pond, spruce, loblolly, and shortleaf) 
(Lehrbas and Eldredge 1941). 

Basic pine communities of the upland 
Sea Island Coastal Region are: 1) the long- 
leaf community, 2) the slash community, 
3) the loblolly community, and 4) the mixed 
pine community. Spruce and pond pine com- 
munities are not discussed in this section 
because of their affinity for lowland 
sites. (For a description of these com- 
munities, see Chapter Five, Freshwater 
Ecosystems.) Loblolly, slash, shortleaf, 
and longleaf pines may be found in wetland 
communities, although they are more com- 
mon in upland situations. 



Table 6-2. Comparison of spec ies  n e t  product ion (g  d ry  wt/m2lyr) dur ing f i r s t  2 yea r s  of 
secondary success ion on two s o i l  t ypes  a t  t h e  Savannah River  P l a n t  (adapted from 
Odum 1960).  

SPECIES 

WELL-DRAINED UPLAND POORLY DRAINED LOWLAND 
FIELD (SAND) FIELD (SANDY-LOAM) 

FIRST SECOND THIRD FIFTH FIRST SECOND 
YEAR YEAR YEAR YEAR YEAR YEAR 

Toad-f l a x  18 
Horseweed 353 
Cudweed 2 
Rabbit  tobacco 4 
Crab g r a s s  75 
Sour-grass -- 
Pin-weed -- 
S t .  John 's-wort  -- 
Evening primrose - - 
Sedges -- 
Haplopappus s p .  - - 
Bermuda g r a s s  -- 
Diodia -- 
Polypremum -- 
Camphorweed -- 
Venus' looking g l a s s  -- 
Poor-mans pepper -- 
Broom-straw - - 
Fescue -- 
Love g r a s s  -- 
Sand g r a s s  -- 
Witch g rass  -- 

a .  Longleaf P ine  Community. This 
community may b e  found on sandy r i d g e  
s o i l s  o r  i n  d r y  f la twoods.  Most r e -  
s e a r c h e r s  b e l i e v e  t h a t  long lea f  comuni -  
t i e s  owe t h e i r  o r i g i n  and pe rpe tua t ion  t o  
t h e  maintenance, e i t h e r  by man o r  l i g h t -  
n ing ,  of an  annual o r  b i e n n i a l  f i r e  regime 
(Chapman 1932b, Garren 1943).  'Chapman 
(1926, 1932a, b ,  1936) demonstrated t h a t  
f i r e  exposes mineral  s o i l s  i n  which germi- 
n a t i o n  of long lea f  p ine  s e e d l i n g s  occurs  
much more f r e q u e n t l y  than i n  o rgan ic  lit- 
t e r .  Heyward (1939) explained t h e  r e l a -  
t i o n s h i p  between long lea f  p ines  and f i r e ,  
no t ing  t h a t  long lea f  p ine  seed l ings  a r e  
s u s c e p t i b l e  t o  d e s t r u c t i o n  by f i r e  a t  two 
s t a g e s  i n  t h e i r  growth. Suscep t ib le  
s t a g e s  occur  dur ing  t h e  f i r s t  yea r  a f t e r  
germinat ion,  and aga in  dur ing  h e i g h t  elon- 
g a t i o n  when t h e  t r e e  is  approximately 
45 cm (18 i n )  t a l l .  A s  a young t r e e ,  t h e  
p i n e  is  p ro tec ted  from f i r e  by a dense 
growth of n e e d l e s  surrounding t h e  terminal 
growth bud ( f r e q u e n t l y  c a l l e d  t h e  "grass" 
s t a g e  of development due t o  i t s  resem- 
blance t o  a t u f t  of g r a s s ) .  As t h e  t r e e  
matures ,  f i r e  p r o t e c t i o n  i s  a f fo rded  by 
t h e  bark. 

The long lea f  community i s  p r e s e n t  i n  
two phases ,  a f i r e  phase and a succes- 
s i o n a l  phase. The f i r e  phase of long lea f  
communities on upland sandy s o i l s  

comprises only  a canopy and a herbaceous 
l a y e r .  The he rb  l a y e r  r a r e l y  reaches  over  
1 m (39 i n )  i n  h e i g h t .  I n  Georgetown 
County, South Caro l ina ,  Almeida (1969) r e -  
por ted nu t  rush ,  camphorweed, beggar t icks ,  
Amorpha herbacea,  pan ic  g r a s s ,  broom-straw, 
and thoroughwort a s  t h e  most common he rbs  
of burned long lea f  p i n e  communities. I n  
Char les ton County, South Caro l ina ,  t h r e e  
awn g r a s s  was common on wel l -drained sandy 
s o i l s ,  bu t  on s o i l s  under l a in  w i t h  hard- 
pans, bracken f e r n ,  g o a t ' s  r u e ,  T r i l i s a  
p a n i c u l a t a ,  beggar t i c k s ,  a s t e r ,  and 
thoroughworts were t h e  dominants. The 
shrub l a y e r  p resen t  i n  burned s t a n d s  was 
composed of s c a t t e r e d  clumps o f  b i t t e r  
g a l l b e r r y  and h u c k l e b e r r i e s  (L. L. Gaddy 
and D. A. Rayner, 1978, South Caro l ina  
W i l d l i f e  and Marine Resources Department, 
Columbia, unpubl. d a t a ) .  

I n  Georgia,  Wharton (1978) noted t h a t  
t h e  long lea f  p ine- three  awn g r a s s  community 
is more common in land  than  i n  c o a s t a l  
coun t i e s .  However, l ong lea f  p i n e  communi- 
t i e s  do occur  i n  c o a s t a l  p ine  f la twoods on 
d r i e r  s i t e s .  Shrub l a y e r s  o f  long lea f  
f la twoods a r e  more common i n  Georgia than 
i n  South Carol ina .  This  sh rub  l a y e r  is 
we l l  developed and has  a herbaceous l a y e r  
below t h e  shrub l e v e l .  While appearing 
two-t iered,  wi th  canopy and shrub l a y e r s ,  
t h e  system is  t h e r e f o r e  a c t u a l l y  



Table 6-3. Changing dominance p a t t e r n s  i n  an o l d  f i e l d  a t  t h e  Savannah qi,yer P l a n t ,  1959 1962 
(adapted from Golley 1965). 

PEAK ABOVEGROUND GREEN BIOMASS, g/m2 

SPECIES 1959 1960 1962 

GRASSES 

Muhly g r a s s  
Three awn g r a s s  
Bermuda g r a s s  
Beard g r a s s  
Switchgrass /panic  g r a s s  
Sandspurs 
Broom sedge and broom-straw 
Johnson g r a s s  

FORBS 

Sedge 
Sour-grass 
Poor-mans pepper 
P a r t r i d g e  pea 
Japanese c lover  
Ser icea  
Pineweed 
Engl ish p l a n t a i n  
Venus' looking-glass  
Haplopappus d i v a r i c a t u s  
Heterotheca 
Fros t  a s t e r  
Daisy f l eabane  
Horseweed 
Pussy-toes 
Rabbit tobacco 
Dog fenne l  

TOTAL IDENTIFIED SPECIES 11 
TOTAL DOMINANT SPECIES 8 

th ree - t i e red .  The shrub l a y e r  is  domi- 
nated by saw palmet to ,  which is absen t  
from most of c o a s t a l  South Carol ina,  a s  
we l l  a s  b i t t e r  g a l l b e r r y ,  running oak, 
s t agger  bush, b l u e b e r r i e s ,  and huckle- 
b e r r i e s .  Where t h e  shrub is more open o r  
absen t ,  g r a s s e s  dominate with  C u r t i s s '  
dropseed, t h r e e  awn g r a s s ,  toothache 
g r a s s ,  F lo r ida  dropseed, muhly g r a s s ,  and 
van i l l a -p lan t  most common (Biswell e t  a l .  
1943, Lemon 1949. H a l l s  e t  a l .  1952). 
Three awn g r a s s  and C u r t i s s '  dropseed a r e  
f i r e  t o l e r a n t ,  having buried l e a f  meri- 
stems and p r o t e c t i v e  l e a f  sheaths .  Other 
p l a n t s  common i n  open long lea f  communi- 
t i e s  a r e  adapted t o  t h e  f i re-maintained 
community i n  having ex tens ive  rhizome sys- 
tems f o r  v e g e t a t i v e  reproduct ion,  and/or  
i n  producing many smal l  seeds ,  a l lowing 
f o r  "high mobi l i ty  and r a p i d  coloniza-  
t ion"  (Lemon 194 9) . 

The success iona l  phase of t h e  long- 
l e a f  community, occurr ing i n  t h e  absence 

of f i r e ,  d i f f e r s  considerably i n  s t r u c t u r e  
from f i r e  phase f o r e s t s .  Here, a t a l l  
shrub-t ransgress ive l a y e r  dominated by 
shrubs and young t r e e s  ranging i n  he igh t  
from 1 t o  7 m (3 t o  23 f t )  is  p reva len t .  
Almeida (1969) noted a change i n  herbaceous 
dominance i n  longleaf  communities no t  sub- 
j ec ted  t o  t h e  in f luence  of f i r e .  Broom- 
s t raw and pan ic  g r a s s  inc reased  i n  numbers, 
whi le  camphorweed, thoroughworts,  and beg- 
g a r  t i c k s  decreased s i g n i f i c a n t l y .  
Almeida a l s o  i l l u s t r a t e d  t h e  eventual  in- 
vasion of shrubs and young t r e e s  t h a t  oc- 
cu r  i n  unburned long lea f  f o r e s t s .  

Heyward (1939) s tud ied  burned and un- 
burned l o l g l e a f  communities i n  F l o r i d a ,  
Georgia,  trnd South Carol ina.  Communities 
p ro tec ted  from f i r e  become pine-mixed 
hardwood s tands  wi th  sweet gum, black gum, 
l o b l o l l y  p ine ,  and wax myr t l e  t h e  t y p i c a l  
p r i n c i p a l  invaders .  I n  Georgia, l o b l o l l y  
may be  replaced by s l a s h  p ine .  A compari- 
son between burned and unburned s t ands  i n  



the  c o a s t a l  p la in  of South Carolina i s  
given i n  Table 6-4. 

b. Slash Pine Community. This com- 
munity i s  more common i n  Georgia than i n  
South Carolina. Occupying a s  much a s  90% 
of the P le i s tocene  flatwoods, i t  i s  t h e  
dominant pine community of Georgia 
c o a s t a l  pine flatwoods (Wharton 1978). 
The s o i l  of pine flatwoods i s  underlain 
with an organic hardpan 45 - 62 cm (18 t o  
24 i n )  beneath t h e  sur face .  This s o i l  a l -  
t e rna te ly  d r i e s  out and becomes water- 
logged (Wharton 1978). Dominant under- 
s to ry  p l a n t s  of t h e  s l a s h  pine community 
a r e  dwarf l a u r e l  and saw palmetto (both 
absent i n  most of South Carol ina) ,  wax 
myrtle, t h r e e  awn grass ,  and dwarf bl-e- 
berry. Although n a t u r a l  f i r e  usual ly oc- 
curs  every 3 - 5 years ,  s l a s h  p ine  com- 
munities cannot t o l e r a t e  f i r e s  a s  in tense  
and frequent a s  those occurr ing i n  long- 
l ea f  communities; the re fore ,  they a r e  
found more frequent ly on t h e  wet tes t  p a r t  
of t h e  flatwoods. 

Ineson and Eldredge (1938) and 
Wharton (1978) pointed ou t  t h a t  t h e  s l a s h  
pine f i r e  climax i s  found on wet te r  f l a t -  
woods than t h a t  of longleaf pine.  The 
moisture excludes annual f i r e  and allows 
s l a s h  pine t o  maintain i t s e l f ;  s l a s h  pine 
is more t o l e r a n t  of f i r e  than hardwoods, 
but l e s s  t o l e r a n t  than longleaf  pine. 
Chapman (1932b) noted t h a t  f i re - f ree  in- 
t e r v a l s  of a t  l e a s t  10 years  a r e  necessary 
f o r  s l a s h  pine perpetuat ion.  

Slash pine communities of c o a s t a l  
Georgia flatwoods bear  g rea te r  resem- 
blance t o  the p ine  communities of Florida 
than those of South Carolina. Gano (1917) 
defined t h e  flatwoods complex of northern 
Florida i n  terms of shrub l a y e r  dens i ty .  
She noted t h a t  longleaf and s l a s h  pine 
occur i n  communities having well-developed 
shrub l a y e r s  dominated by saw palmetto 
and b i t t e r  ga l lber ry .  Working i n  s l a s h  
pine communities i n  nor th  c e n t r a l  Florida,  
Edmisten (1963) found t h a t  t h e  following 
t r e e s ,  shrubs, and herbs occurred i n  50% 
or  more of h i s  sampling p l o t s :  red maple, 
wax myrt le ,  s l a s h  pine,  water oak, milk 
pea, dangleberry, b i t t e r  ga l lber ry ,  c in-  
namon fe rn ,  polygala, running oak, saw 
palmetto, and v a n i l l a  p lan t .  

I n  the  absence of f i r e ,  s l a s h  pine 
communities succeed t o  a southern mixed 
hardwoods community on d r i e r  s o i l s ,  o r  t o  
a bayhead type community on wet te r  s o i l s  
(Monk 1968). Many of t h e  s l a s h  pine com- 
munities present  i n  Georgia and Florida 
flatwoods have no t  been burned i n  5 years  
o r  more, and a r e  gradually succeeding into 
a s l a s h  pine-scrubby understory phase. 
This "scrub" i s  almost impenetrable due to 
the mix of saw palmetto and invading hard- 
wood species .  

c .  Loblolly Pine Community. These 
communities aenera l lv  a r e  most common i n  - 
old f i e l d s  t h a t  have been l e f t  t o  succeed 

i n t o  f o r e s t .  Dense t h i c k e t s  of l o b l o l l i e s  
produce s u f f i c i e n t  shade f o r  hardwood 
spec ies  t o  invade, i f  f i r e  is absent .  By 
t h e  time pines reach maturi ty ,  a well- 
developed hardwood understory i s  present .  
However, managed l o b l o l l y  communities a r e  
commonly cont ro l led  with f i r e .  The 
s tands a r e  per iod ica l ly  thinned out and 
burned, preventing the  invasion of hard- 
woods. These managed l o b l o l l y  communi- 
t i e s  a r e  more widespread i n  counties  in- 
land of t h e  study area.  Porcher (1974) 
noted and mapped the  occurrence of lob- 
l o l l y  s tands  i n  Hampton County, South 
Carolina, j u s t  inland of the  study area.  

d. Mixed Pine Community. The mixed 
pine communities a r e  s i m i l a r  t o  l o b l o l l y  
communities i n  t h a t  they general ly  occur 
i n  a reas  of dis turbance.  Porcher (1974) 
described f i v e  d i f f e r e n t  types of upland 
mixed pine: 1 )  s lash- lob lo l ly ,  2) lob- 
lo l ly -shor t lea f ,  3) s lash-longleaf ,  
4) loblol ly- longleaf ,  and 5) mixed pine. 
Wharton (1978) noted t h a t  lob lo l ly -  
shor t lea f  communities may follow longleaf 
a f t e r  the  s i t e  has been cu l t iva ted .  Mixed 
pine communities a r e  common on the Santee 
Coastal Reserve i n  Charleston County, 
South Carolina, where l o b l o l l y  and long- 
l e a f  a r e  dominant (L. L. Gaddy and D. A. 
Rayner, 1978, South Carolina Wi ld l i fe  and 
Marine Resources Department, Columbia, 
unpubl. d a t a ) .  

Excluding t h e  deciduous understory, 
t h e  various successional  phases of most 
pine communities e x h i b i t  l i t t l e  seasonal  
change. However, communities i n  the  f i r e  
phase a r e  not iceably seasonal .  

Prescr ibed burning i n  longleaf com- 
munities t akes  p lace  i n  February o r  March, 
destroying a l l  of the  l ea f  l i t t e r  from t h e  
previous season. During spring,  t h e  her- 
baceous f l o r a  i s  dominated by bracken fern,  
which may p e r s i s t  i n t o  Ju ly .  Legumes 
(Fabaceae) begin t o  dominate i n  summer 
(goa t ' s  rue i s  a seasonal dominant), and 
grasses  appear. Many legumes a r e  dominants 
from summer u n t i l  f r o s t ,  but  the  most con- 
spicuous dominants of l a t e  summer and 
autumn a r e  t h e  composites (Asteraceae). 
Sunflowers, thoroughworts, a s t e r s ,  and 
goldenrods a r e  commonly encountered (L. L. 
Gaddy and D. A. Rayner, 1978, South 
Carolina Wi ld l i fe  and Marine Resources 
Department, Columbia, unpubl. da ta ) .  
Lemon (1949) and Almeida (1969) pointed 
out  changes i n  the  herbaceous l a y e r  a year  
a f t e r  f i r e  had been excluded from longleaf 
pine communities. Heyward (1939) found 
t h a t  l o b l o l l y  pine and black gum were 
dominant understory invaders i n  a longleaf 
community t h a t  remained unburned f o r  25 
years  (Table 6-4). Garren (1943) summa- 
r ized  succession i n  longleaf communities 
where f i r e  has been excluded (Table 6-51. 

I n  s l a s h  pine communities protected 
from f i r e ,  r e s u l t s  a r e  not  a s  immediately 
obvious. Slash pine,  un l ike  longleaf ,  may 
continue t o  survive i n  the understory, 
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even among hardwood invaders admisten 
1963). 

Edmisten (1963). who studied the 
ecology of Florida pine flatwoods, con- 
centrated on indicator species while 
studying the effects of fire exclusion. 
Saw palmetto and bitter gallberry reached 
a peak similar to that of slash pine, 
doing well up to the 12th to 15th year 
after fire before declining. Stagger 
bush populations increased until approxi- 
mately the 24th year, but wax myrtle pros- 
pered more after each additional year of 
fire exclusion. Frequency of the three 
c m o n  herbs of the fire phase slash for- 
est (vanilla-plant, black-root, and three 
awn grass) dropped drastically when fire 
was absent. 

Laurel oak and sweet gum both eventu- 
ally dominate stands where fire has been 
excluded for 25 years or more. The bays 
(loblolly, sweet, and red), however, fol- 
low a trend similar to saw palmetto and 
slash pine. They peak in population and 
dominance after about 18 years, and then 
decline in numbers. The canopy becomes 
progressively denser with time following 
fire exclusion. Diversity of slash pine 
woods excluded from fire increases until. 
approximately the 15th year, and then de- 
clines rapidly. Garren (1943) summarized 
successional trends in slash pine cormnuni- 
ties following fire exclusion (Table 6-6). 

Shortleaf-loblolly communities may 
persist, like longleaf and slash communi- 
ties, as pyric climaxes after they are 
established. However, loblolly-dominated 
communities are communities of secondary 
succession. They follow longleaf pine, 
hardwood, or old field communities 
(Wharton 1978). The successional dynamics 
of old field to oak-hickory by way of a 
loblolly pine system are discussed in the 
subsections "Old Field Community" and 
"Pine-Mixed Hardwood Communities. " 

The relationship between soil nu- 
trients and successional trends in Florida 
pine flatwoods communities was discussed 
by Edmisten (1963). He pointed out that 
upon fire exclusion soil microflora in- 
creased, subsequently increasing phos- 
phorous content of the soil. Hardwood 
species use this increased phosphorus to 
their advantage, as do species such as 
wax myrtle. A fungus is a symbiont of 
the roots of the wax myrtle, and Edmisten 
(1963) noted that the wax myrtle may be 
able to fix nitrogen at a rate higher 
than that of legumes. 

Several other studies of pine com- 
munities in the Sea Island Coastal Region 
have been conducted. Andrews (1917) ex- 
plained the role of fire in the propaga- 
tion of longleaf pine; Wahlenberg (1965) 
discussed loblolly and slash management 
in the Southeast; Barry (1968) listed the 
vascular flora of the Baruch Plantation 
in Georgetown County, South Carolina; and 

Barry and Batson (1969) related vegetation 
of the Baruch Plantation to soil types. 

3. Pine-Mixed Hardwood Communities 

Pine-mixed hardwood forests are very 
common in the upland ecosystem of the Sea 
Island Coastal Region. They may be found., 
from extremely xeric sites (longleaf pine.- 
mixed hardwood community) to mesic sites 
(loblolly pine-mixed hardwood community). 
Near hydric pine-mixed hardwood conrmuni- 
ties, such as slash pine-mixed swamp hard- 
wood and spruce pine-mixed swamp hardwood, 
are discussed in Chapter Five, Freshwater 
Ecosystems. Upland pine-mixed hardwood 
forests are dominated by two major com- 
munity groupings, mesic pine-mixed hard- 
woods and xeric pine-mixed hardwoods. 

a. Mesic Pine-Mixed Hardwood Com- 
munity. These communities are generally 
made up of a supercanopy of older, taller 
pines dominated by loblolly. .This com- 
munity contains a subcanopy of pines 
(slash, spruce, or shortleaf) and hard- 
woods. The understory is tall and rather 
dense, with a shrub layer present. Be- 
cause of its composition, this community 
is frequently referred to as a "mixed pine- 
mixed hardwood cormnunity." 

Xeric pine-mixed hardwood communities 
are more complex than mesic pine-mixed 
hardwoods. The predominant pine is long- 
leaf, although shortleaf and loblolly oc- 
casionally occur in the canopy. The 
history of fire and logging in the com- 
munity determines canopy height, under- 
story height, and density of both. The 
shrub and herb layers of the xeric pine- 
mixed hardwood communities are usually 
very open, regardless of fire and logging 
history, and areas of exposed soil are corn- 
mon (Wells and Shunk 1931, Kohlsaat 1974). 

Braun (1950) reported that the 
"loblolly pine-hardwoods" community is 
more widespread in the Atlantic Coastal 
Plain region than it formerly was. As a 
second-growth forest, the loblolly- 
hardwoods community has replaced many acres 
of flatwoods that were previously dominated 
by longleaf communities. Data on a long- 
leaf community invaded by loblollies and 
hardwoods after fire was excluded are pre- 
sented in Table 6-4. Braun (1950) listed 
white oak, willow oak, southern red oak, 
water oak, hickories, sweet gum, black gum, 
and red maple as common hardwood co- 
dominants of the loblolly-hardwoods com- 
munity. 

The loblolly-mixed hardwood community 
is common within the Sea Island Coastal 
Region of South Carolina, although it has 
not been as well-documented here as it has 
in the North Carolina coastal plain. In 
a study of the southern mixed hardwood 
forest, Quarterman and Keever (1962) anar 
lyzed four loblolly pine-mixed hardwood 
communities in the coastal plain of South 
Carolina (three of which are in the Sea 



Table 6-5. S u c c e s s i ~ n  i n  long lea f  p i n e  f o r e s t s  a f t e r  f i r e  exclusion (Garren 1943). 

Type of long lea f  f o r e s t  
Next s t a g e ( s )  i n  succession.  (With 
yea rs ,  i f  noted.) 

- - - -- -~ - - - 

1. Lowland, abandoned f i e l d s  

2. Rough, poorly  drained lowlands 

3. Virgin f o r e s t .  lowlands 

4. Areas nea r  l a k e s ,  i n  lowlands 

5. Well drained a r e a s  i n  upper c o a s t a l  
p l a i n  

6. Dry, loamy flatwoods 

7. Moist, sandy flatwoods 

8. Loamy flatwoods, mois ter  s l o p e s  

Wax myr t le  
Laurel  oak 
(12 - 15 years )  

Water oak 
Sweet gum 

Laurel  oak, l i v e  oak (and v a r i e t i e s )  
wi th  undergrowth of wax myr t l e ,  r e d  
bay and h o l l y  (75 years )  

Slash pine-Laurel oak, water  
oak, sweet gum 

Southern red oak 
Post  oak 
Loblol ly  pine 
Shor t l ea f  p i n e  

Southern red oak-oak-hickory, sweet 
gum, p o s t  oak, 

Cypress-tupelo swamps 

Black gum, l o b l o l l y  p ine ,  sweet gum i n  
t h i c k e t s  

Table 6-6. Succession i n  s l a s h  p i n e  f o r e s t s  a f t e r  f i r e  exclusion (Garren 1943). 

- - 

Condition Next Stage o r  S tages  i n  Succession 

S lash  pine,  sc rub  l i v e  oak, scrub oak. 
wi th  f i r e  p r o t e c t i o n  

Live oak 

S lash  p ine ,  saw palmet to ,  b i t t e r  ga l lbe r ry .  Toothache g rass  
Gray on moist sandy flatwoods. Cut t ing Yellow-eyed g rass  i n  bogs 
of a l l  p ines ,  then f requen t  f i r e s  Meadow beauty 

P i t cher -p lan t  

S lash  p ine ,  wi th  f i r e  p r o t e c t i o n  Laurel  oak 
Water oak 
Gums 

S lash  pine. Cut t ing of p ine ,  then f i r e  Sprout ing scrub-hardwoods 
more o f t e n  than 10-year i n t e r v a l s .  



Island Coastal Region). In Jasper County, 
South Carolina, canopy dominants were 
water oak, black gum, and loblolly pine 
with laurel oak, sweet gum, bull bay, 
hickory, and dogwood in the understory. 

Hartshorn (1972) and Radford (1976) 
described loblolly-mixed hardwood communi- 
ties from the coastal plain of North 
Carolina. Hartshorn (1972) listed three 
possible phases of loblolly-mixed hard- 
wood communities, 1) white oak phase, 
2) ravine slope phase, and 3) sweet gum- 
swamp tupelo phase (discussed in Chapter 
Five on Freshwater Ecosystems). The 
white oak phase is dominated by white oak, 
southern red oak, post oak, beech, and 
loblolly. Hartshorn's ravine slope phase, 
which has a very low percentage of lob- 
lolly pine in the canopy, is discussed 
under "Mixed Hardwood Communities." A 
North Carolina coastal plain community 
dominated by sweet gum, tulip tree, swamp 
chestnut oak, and loblolly pine was de- 
scribed by Radford (1976). Subcanopy 
trees were flowering dogwood, red maple, 
sourwood, American holly, and black 
cherry. Blueberry, southern lady fern, 
rattlesnake fern, partridge berry, and 
crane-fly orchid were the dominants of 
shrub and herb layers. 

Barry (1968) correlated three varia- 
tions of the loblolly pine-mixed hardwood 
community with soil types in Georgetown 
County, South Carolina. On coarse, sandy 
Daufuskie soils, loblolly pine dominates 
with live oak, while persimmon and wax 
myrtle dominate the understory. Loblolly 
pine and sweet gum dominate on St. Johns 
soils, which consist of fine sand with a 
clay hardpan 20 - 50 cm (8 - 20 in) below 
the surface; red bay and bitter gallberry 
are common in the understory. Finally, 
loblolly pine, sweet gum, and laurel oak 
are the canopy dominants on Onslow loamy 
sand, with persimmon and yaupon holly 
common in the understory. In ?Table 6-7, 
tree, shrub, and herbaceous dominants are 
listed by soil types (see also Barry and 
Batson 1969). 

Mesic pine-mixed hardwood communi- 
ties are common in Charleston County, 
South Carolina, where two pine-mixed hard- 
wood communities, a mixed pine-mixed hard- 
wood community, and a live oak-water oak- 
mixed pine community were observed (L. L. 
Gaddy and D. A. Rayner, 1978, South 
Carolina Wildlife and Marine Resources 
Department, Columbia, unpubl . data) . 
Loblolly and slash were the dominant pines 
in these communities, while water oak, 
laurel oak, sweet gum, and live oak were 
the most common hardwood species. Porcher 
(1974) also described a mixed pine-mixed 
hardwood community in the coastal plain 
of South Carolina. 

In Georgia, Wharton (1978) described 
coastal plain pine-mixed hardwood communi- 
ties as a "broadleaf deciduous-needleleaf 
evergreen upland forest." He noted that 

this forest type was more common in the 
inland coastal plain counties of Georgia 
(outside the Sea Island Coastal Region). 
Wharton (1978) listed shortleaf pine as 
the common pine of this forest type. He 
also listed mockernut hickory, southern 
red oak, sweet gum, laurel oak, and white 
oak as possible co-dominants with pine in 
this forest type. 

b. Xeric Pine-Mixed Hardwood Com- 
munities. This designation is used here 
to describe only the driest of the pine- 
mixed hardwood communities. The dominants 
here are usually longleaf pine and turkey 
oak, although other oaks may co-dominate 
with turkey oak. The xeric pine-mixed 
hardwood communities of the Sea Island 
Coastal Re~ion are generally found on 
ridges of csarse sand. These ridges are 
usually associated with rivers, but are 
similar in appearance to the coarse grain 
sandhills of the fall line. These areas 
are known by various names, including 
shrubby oak lands (Catesby 17711, and pine 
barrens, scrub oak lands, and turkey oak 
barrens (Kohlsaat 1974). All of these 
refer to arren lands vegetated with pine 
and/or s- 1 oaks. 

Rece. :ly, Wharton (1978) termed the 
longleaf pine-turkey oak community type 
a "dwarf oak forest" in Georgia. He 
listed turkey oak, bluejack oak, shrubby 
post oak, and longleaf pine as possible 
dominant trees. Kohlsaat (1974) called 
the same community a "turkey oak barren" 
in South Carolina. The dominants here 
were longleaf pine, turkey oak, and three 
awn grass. Kohlsaat noted the openness 
of the community by describing bare sandy 
areas that were being invaded by spike- 
moss and reindeer lichen. 

Movi\sg southward in the Sea Island 
Coastal Region, the character of the long- 
leaf pine-turkey oak community changes 
slightly. Dwarfed Chapman oak, gopher 
apples, saw palmetto, and Satureja 
calamintha begin to appear in the com- 
munity. These changes begin approxi- 
mately at the Savannah River, although 
several fluvial ridges on the South 
Carolina side of the river contain some 
of these plants. South Carolina Wildlife 
and Marine Resources Department (1974~) 
found live oak, turkey oak, shrubby post 
oak, and longleaf pine to be dominants of 
a fluvial sand ridge on the South Carolina 
side of the Savannah River (Jasper County). 
Persimmon, sparkleberry, and saw palmetto 
were also common. 

Bozeman (1965) studied the flora of a 
turkey oak-longleaf pine community on a 
fluvial sand ridge along the Altamaha 
River in Long and McIntosh counties, 
Georgia. Turkey oak, longleaf pine, 
dwarfed live oak, bluejack oak, and shrubby 
post oak were the dominants. In the shrub 
layer, Bozeman found Satureja calamintha, 
Georgia plume, and gopher apples. Conmwn 
trees, shrubs, herbs, and grasses from 



Table 6-7. Lis t  of dominant (>do% occurrence) vegetation f o r  major s o i l  types of Baruch 
Plantat ion,  Georgetown County, South Carolina (Barry and Batson 1969). 

SOIL TYPES 

Dauf uskie 
Gnslow 

Loamy Sand St .  Johns 

TREE SPECIES 

Loblolly pine 
Live oak 
Persimmon 
Sweet gum 
Red bay 
Laurel oak 

SHRUBS 

Wax myrtle 
B i t t e r  gal lberry 
Yaupon hol ly  

HERBACEOUS SPECIES 

Camphorweed 
Panic grass 
Spanish moss 
Greenbriars 
Amorpha herbacea 
Beggar t i cks  
Elephant's-foot 
Blackberries 
Black root  
Bracken f e rn  

Bozeman's (1965) study a r e  l i s t e d  i n  
Table 6-8. 

Xeric pine-mixed hardwoods may be 
dominated by t r ee s  other  than longleaf 
pine and turkey oak. Radford (1976) de- 
scribed a longleaf pine-shortleaf pine- 
turkey oak community from Jasper County, 
South Carolina. The South Carolina Wild- 
l i f e  and Marine Resources Department 
(1974e) l i s t e d  l au re l  oak, Chapman oak, 
and mockernut hickory a s  common associ- 
a t e s  of s l a sh  and longleaf pine on a sand 
r idge i n  Jasper County, South Carolina. 
In a study of Georgia sand r idge vegeta- 
t ion ,  Bozeman (1971) described an al l iance 
of black jack oak and turkey oak on "up- 
land sandy loams, c lay  loams, and sand 
ridges." The cha rac t e r i s t i c  p lan ts  of 
t h i s  a l l i ance  a r e  longleaf pine, shrubby 
post  oak, bluejack oak, th ree  awn grass,  
Bonamia patens,  dog-tongue, Tephrosia 
f l o r ida ,  persimon,  Tragia urens, sparkle- 
berry, squaw-huckleberry, and saw pal- 
metto, along with turkey oak and black 
jack oak. These p lan ts  form assoc ia t ions  
t ha t  a r e  found i n  d i f f e r en t  zones of the  
coas ta l  plain.  Sand r idge  communities, 
i n  which pines a r e  not dominant, a r e  dis-  
cussed under the  following sec t ion  on 
'Wxed Hardwood Comunities." 

Quarterman and Keever (1962) carr ied 
out a comprehensive study on the succes- 
s iona l  re la t ionships  of the "southern 
mixed hardwood fores t"  on moist t o  wet 
uplands. In t h i s  work, they described 
several  stands, th ree  of which were i n  
South Carolina, having 30% o r  more domi- 
nance by l ob lo l l y  pine. By analyzing 
understory species,  Quarterman and Keever 
documented t ha t  pines were being replaced 
by hardwoods i n  a l l  of these stands (lob- 
l o l l y  pine is in to le ran t  of shade, see 
Bormann 1956). According t o  Quarterman 
and Keever, a well-developed understory 
of hardwoods is present by the time mesic 
pine stands a r e  30 - 50 years old. Be- 
tween the  approximate ages of 50 - 75 
years, the stand becomes a pine-mixed 
hardwood fo re s t .  

Gano (1917) described old f i e l d  suc- 
cession i n  northern Florida,  and noted 
t ha t  communities dominated by loblo l ly ,  
s l a sh ,  and short leaf  pines and mixed hard- 
woods occurred a t  a mid-successional 
s tage.  Wells (1928) discussed the ro l e  of 
l ob lo l l y  pine i n  the "Pinus Consocies" of 
the '%so-Xeric Pine Forest." He pointed 
out  t ha t  l ob lo l l y  pine f o r e s t s  have taken 
over many former 1ongleaf .pine coamuni- 
t i e s  (1.e.. those t ha t  have been cleared) 
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Table 6-8. Common plants of turkey oak-longleaf pine communities on a coastal plain fluvial 
ridge in Long and McIntosh counties, Georgia (adapted from Bozeman 1965). 

HERBS AND GRASSES 

Spikemoss 
Longleaf pine Broom-straw 
Shrubby post oak Three awn grass 
Bluejack oak Indian grass 
Live oak (usually dwarfed) Beak rush 
Mockernut hickory Dog tongue 

Cottonweed 
Cleome aldenella 
Butterfly pea 

Saw palmetto Lupine 
Gopher apples Summer-farewell 
Dangleberry Stinging needle 
Dwarf huckleberry Queen's delight 
Squaw-huckleberry Blue star 
Satureja calamintha Balduina angustifolia 
Georgia plume Golden aster 

Blazing star 

in the coastal plain. Chapman (1932a) bacterial, fungal, and moisture content. 
and Heyward (1939) documented this fact The carbon to nitrogen ratio ranged from 
(see Table 6-4). In the loblolly pine- 25:l to 40:1, compared with an average of 
mixed hardwood forest, referred to in 10:l for agricultural soils. Wells and 
this work as mesic pine-mixed hardwood Shunk (1931) also observed various adap- 
communities, Wells (1928) noted that the tations of the longleaf pine-turkey oak 
loblolly occupies an "ecologically eva- community to lack of water and to frequent 
nescent" role, being an intermediate fire. Such adaptations included root 
stage between the old field or disturbed elongation, leaf tissue modification, 
flatwoods and the oak-hickory forest. wind-day leaf plane orientation, and sea- 

sonal dominance. 
In xeric pine-mixed hardwood com- 

munities, fire is significant in the suc- Garren (1943) noted that shrub oak 
cession of the community. Wells and forests predominated where all longleaf 
Shunk (1931) pointed out that once the pine seed trees had been removed. However, 
wire grass sod of old growth longleaf Garren noted that after selective cutting, 
pine communities was disturbed, it never infrequent fires produce a longleaf pine 
grew back. Where fire was absent, turkey subclimax normally having a low shrub 
oak quickly invaded, with black jack oak layer of oak "sprouts. " 
following after a leaf litter layer had 
formed. Black jack oak appeared sooner 4. Mixed Hardwood Communities 
in communities where three awn grass 
(wire grass) had not been destroyed. The The southern mixed hardwood forest is 
most common types of disturbance bringing an extremely complex entity, with domi- 
about these changes in longleaf fire cli- nance varying from stand to stand. Wells 
max communities were agriculture (which (1928) described the climax forest of the 
destroyed the wire grass) and logging North Carolina coastal plain as a beech- 
(which usually did not destroy the wire maple association, with oaks and hickories 
grass). The longleaf canopy was often as sub-dominants. Braun (1950) included 
not completely removed, and a community the Sea Island Coastal Region within her 
of small longleaf pines and invading "Southeastern Evergreen Forest Region," 
scrub oaks persisted. which is dominated by pines and evergreen 

hardwoods. As many as 20 different com- 
Wells and Shunk (1931) quantitatively munity variations have been described for 

confirmed the accepted observation that mixed hardwood forests in the Sea Island 
xeric pine-mixed hardwood communities re- Coastal Region, but six basic community 
sult from lack of soil moisture and nu- types form the framework of the mixed 
trients. The sterility of longleaf pine- hardwood forest in this area. These basic 
turkey oak sands have led to the term community types are the mesic slope hard- 
"edaphic" climax for this community, al- woods community, the upland mesic hard- 
though most observers, Wells and Shunk woods community, the hammock community, 
included, think the climax here (without the scrub forest community, the live oak- 
fire) is oak-hickory. They described the mixed hardwood community, and the dwarfed 
coarse sand soils as a type low in oak-mixed hardwoods community. 
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The mesic s l o p e  hardwoods, upland 
mesic hardwoods, harmnock, and l i v e  oak- 
mixed hardwood communities a r e  mul t i -  
t i e r e d  f o r e s t s  wi th  r e l a t i v e l y  high 
s p e c i e s  d i v e r s i t y  i n  t h e  canopy, sub- 
canopy, shrub,  and herbaceous l a y e r s  
(Quarterman and Keever 1962, Monk 1968). 
The sc rub  f o r e s t  and dwarfed oak-mixed 
hardwood communities, on t h e  o t h e r  hand, 
e x h i b i t  l i t t l e  s t r u c t u r a l  o r  s p e c i e s  d i -  
v e r s i t y .  The sc rub  f o r e s t  is u s u a l l y  a 
s i n g l e  o r  double- t iered community wi th  
t r e e  and shrub s p e c i e s  blending i n t o  one 
canopy l e s s  than 6 .1  m (20 f t )  i n  h e i g h t ;  
t h e  herbaceous l a y e r ,  less than  15 cm 
(6 i n )  t a l l ,  is dominated by l i c h e n s  and 
spikemoss. The dwarf oak-mixed hardwood 
community. seldom over  4.6 m (15 f t )  tall, 
i s  a l s o  s ing le -  o r  double- t iered i n  
s t r u c t u r e ,  and ex tens ive  a r e a s  of b a r e  
sand a r e  common (Wharton 1978). The h m -  
mock community o r i g i n a t e s  from s c r u b  f o r -  
est communities, and is  t h e r e f o r e  u s u a l l y  
found on s o i l s  low i n  mineral  con ten t ;  
Monk (1966) suggested t h a t  t h e  evo lu t ion  
towards evergreens  i n  t h i s  community may 
have been a response t o  t h e  s t e r i l i t y  o f  
t h e  s o i l .  

Coarse sand communities (shrub fo r -  
est and dwarfed oak-mixed hardwood com- 
muni t i e s )  occur  on s o i l s  extremely low i n  
o rgan ic  con ten t ,  i n  mic ro f lo ra  and micro- 
fauna,  and i n  s o i l  n u t r i e n t  content  (Wells 
and Shunk 1931).  The l i v e  oak-mixed hard- 
wood community occurs  on s o i l s  t h a t  a r e  
r i c h e r  than sc rub  f o r e s t ,  hammock, and 
dwarfed oak-mixed hardwood communities, 
b u t  lower i n  mine ra l  con ten t  than  mesic 
s l o p e  hardwoods and upland mesic hard- 
woods communities. According t o  Art  
(1976), me teoro log ica l  n u t r i e n t s  may b e  
important  t o  t h i s  community type  ( s e e  
Maritime Ecosystems, Chapter 3). 

a .  Mesic Slope Hardwoods Community. 
Th i s  community i s  known by a v a r i e t y  of 
names, such a s  r a v i n e  s l o p e  hardwoods 
(Hartshorn 1972),  beech r a v i n e  (Kohlsaat 
1974),  mixed mesophytic hardwoods (Braun 
1950, South Caro l ina  W i l d l i f e  and Marine 
Resources Department 1974f ) ,  and b l u f f  
and s l o p e  f o r e s t  (Wharton 1978). I n  
North Caro l ina ,  Har tshorn (1972) found 
w h i t e  oak, beech, mockernut h ickory ,  
t u l i p  t r e e ,  p ignu t  h ickory,  b l ack  oak, 
and s c a r l e t  oak a l l  occur r ing  i n  t h e  
canopy of s e v e r a l  " rav ine  slope" communi- 
ties. I n  South Caro l ina ,  some o f  t h e  
same t r e e s  were found by South Carol ina  
W i l d l i f e  and Marine Resources Department 
(1974f) t o  be  dominants i n  t h i s  community, 
a long wi th  water  oak and p o s t  oak. Braun 
(1950) noted t h a t  beech, red maple, and 
sweet gum were among t h e  dominants of  
what s h e  termed "mixed mesophytic hard- 
woods ." Braun a l s o  desc r ibed  a beech- 
b u l l  bay (magnolia) community from t h e  
Southeast .  Commonly found on d i s s e c t e d  
r i v e r b l u f f s  and r a v i n e s ,  dominants of 
such communities a r e  beech, b u l l  bay. 
whi te  oak, water oak, l a u r e l  oak, 
American h o l l y ,  sou the rn  sugar  maple, and 
redbud. 

Batson e t  a l .  (1957) found a beech- 
b u l l  bay community w i t h i n  t h e  Savannah 
River  d ra inage  system i n  Al lendale  County, 
South Carol ina .  They pointed o u t  t h a t  
t h i s  assemblage was no t  a b l u f f  community, 
b u t  was found on h igh  bottomland. Beech, 
b u l l  bay, l a u r e l  oak, red maple, b l ack  
gum, t u l i p  t r e e ,  sweet gum, and l o b l o l l y  
p ine  were dominants. 

Kohlsaat (1974) c a l l e d  t h e  nor th-  
f a c i n g  b l u f f  f o r e s t s  of  t h e  c o a s t a l  p l a i n  
of  South Caro l ina  "beech ravines ."  Beech 
r a v i n e  dominants a r e  s i m i l a r  t o  t h o s e  de- 
s c r i b e d  by Hartshorn (1972). f o r  r a v i n e  
s l o p e  communities, a s  w e l l  a s  t h e  "bluff  
f o r e s t  wi th  nor the rn  a f f i n i t i e s "  of 
Wharton (1978). Th i s  community is  n o t  
common i n  t h e  Sea I s l a n d  Coas ta l  Region 
of Georgia. 

Wharton's (1978) "bluff  and s l o p e  
f o r e s t s "  may be  compared with  t h e  mesic 
s l o p e  and beech-bull  bay communities d i s -  
cussed above. Wharton l i s t e d  "dry" and 
"seepage" v a r i a t i o n s  of  t h e  b l u f f  com- 
munity. A d ry  b l u f f  on t h e  Altamaha 
River was dominated by sp ruce  p ine ,  beech, 
b u l l  bay, whi te  oak, and l a u r e l  oak. On 
a seepage b l u f f  a t  Magnolia B l u f f ,  b u l l  
bay dominated a long  wi th  swamp ches tnu t  
oak, beech, water oak. overcup oak, and 
o t h e r  bottomland h a r d r x d s  co lon iz ing  t h e  
mois t  s lope .  

b.  Upland Mesic Hardwoods Community. 
This  co rnun i ty  has  a l s o  been c a l l e d  t h e  
"oak-hickory f o r e s t "  (Braun 1950),  t h e  
"southern mixed hardwood fo res t ' '  
(Quarterman and Keever 1962) ,  and t h e  
"mesophytic broadleaved f o r e s t "  (Wells 
1928). Wells (1928) l i s t e d  whi t e  oak and 
b lack  oak a s  t h e  dominants of t h i s  com- 
munity,  wi th  southern red oak, mockernut 
h ickory,  and pignut  h ickory a s  sub- 
dominants. Quartennan and Keever (1962) 
pointed o u t  t h a t  14 t r e e  s p e c i e s  were 
" s t r u c t u r a l l y  important" i n  t h i s  com- 
munity. The 10 most important ,  i n  o r d e r  
of importance,  were beech, l a u r e l  oak, 
b u l l  bay, whi t e  oak, sweet gum, mockernut 
h ickory,  water  oak, southern r e d  oak,  pig- 
nu t  h ickory,  and b lack  gum. 

Hartshorn (1972) desc r ibed  an upland 
mesic hardwoods community dominated by 
whi t e  oak, beech, sweet gum, southern r ed  
oak, and p o s t  oak from t h e  c o a s t a l  p l a i n  
of North Carol ina .  L. L. Gaddy and D. A. 
Rayner (1978, South Carol ina  W i l d l i f e  and 
Marine Resources Department. Columbia, 
unpubl. da ta )  l i s t e d  a water  oak-mockernut 
h ickory community from Charles ton County, 
South Carol ina .  Quarterman and Keever 
(1962) and Monk (1968) have pointed ou t  
t h a t  t h e  sou the rn  mixed hardwood community 
v a r i e s  from s i t e  t o  s i t e ,  where s o i l  t ypes  
and/or  s o i l  mois tu re  d i f f e r s .  

c .  Hammock Cowuni ty ,  Monk (1968) 
noted t h a t  t h e  southern mixed hardwood 
community i s  dominated by broadleaf  decid- 
uous t r e e s  on f e r t i l e ,  mesic s i t e s ,  and by 
broadleaf  evergreens  on s t e r i l e  x e r i c  



sites. The mixed hardwood/broadleaf ever- 
green community is generally referred to 
as the "hammock" community. 

Wharton (1978) divided the hammock 
community into two sub-types, a lowland 
broadleaf evergreen forest and an upland 
broadleaf evergreen forest. He noted 
that the lowland hammock is very common 
in Chatham County, Georgia. Dominants in- 
clude water oak, live oak, laurel oak, 
bull bay, American holly, and spruce pine, 
with saw palmetto, stagger bush, and blue- 
berries in the understory. The upland 
hammock is completely dominated by ever- 
green species (live oak, laurel oak, bull 
bay, American holly, and spruce pine), 
with pignut hickory being the only decid- 
uous tree reported in the canopy. Wild 
olive, saw palmetto, red bay, sparkle- 
berry, and drier-site shrubs are found in 
the understory. 

Bozeman (1965) described a hammock 
community from a sand ridge in McIntosh 
County parallel to the Altamaha River in 
which laurel oak, water oak, live oak, 
white oak, swamp chestnut oak, pignut 
hickory, sweet pignut hickory, bull bay, 
spruce pine, and saw palmetto were the 
most important species. He noted that 
this community corresponds to ~aessle's 
(1942) "mesic hammock," and to what is 
termed "lowland hammock" here. Among the 
shrubs and vines found by Bozeman on the 
hammock were dwarf palmetto, chinquapin, 
witch-hazel, red buckeye, Hercules' club, 
dogwood, fetter-bush, wild azalea, sparkle- 
berry, horse sugar, storax, wild olive, 
French mulberry, summer grape, and coral 
honeysuckle. A low number of herbs was 
found by Bozeman in undisturbed mesic 
hammocks. An even lower hammock, cor- 
responding to Laessle's (1942) "hydric 
hammock," was described from the same 
ridge. The dominant there was cabbage 
palmetto, with mixed hardwoods. 

Bozeman (1971) described a laurel 
oak-wild olive association that seems to 
be comparable to Wharton's (1978) upland 
broadleaf evergreen forest. The charac- 
teristic plants of the laurel oak-wild 
olive association were laurel oak, wild 
olive, bull bay, and dwarf pawpaw. Also 
listed for this community were live oak, 
spruce pine, partridge berry, mockernut 
hickory, horse sugar, and squaw-root. 
Monk (1960) described a mesic hammock 
from northcentral Florida. The dominants 
were laurel oak, bull bay, mockernut 
hickory, southern red oak, hop hornbeam, 
American hornbeam, flowering dogwood, and 
American holly. This community seems to 
fit neither of Wharton's (1978) hammock 
types. Laessle and Monk (1961) noted the 
possible variations of the live oak ham- 
mock in Florida, and pointed out that it 
occurs with accompanying variations on 
flatwoods, sandhills, and dune ridges. 

Although common in Georgia, the ham- 
mock community does not range far into 

South Carolina. Hamilton Ridge along the 
Savannah River in Hampton County has typi- 
cal hammock species such as laurel oak. 
spruce pine, and bull bay in the canopy, 
but they are not dominants (South 
Carolina Wildlife and Marine Resources 
Department 1974f). In Jasper County, 
several lowland or hydric hammocks are 
found near the Savannah River (Wharton 
1978). 

d. Scrub Forest Community. This 
community of sand ridges is common in 
Florida, uncommon in Georgia, and extremely 
rare in South Carolina. Bozeman (1971) 
described a myrtle oak-Chapman oak as- 
sociation consisting of myrtle oak, 
Chapman oak, stagger bush, and giant 
seeded beak rush as the community domi- 
nants, though other species including 
Georgia plume may be present. In Georgia, 
Bozeman pointed out that the scrub forest 
community often occurs as a transitional 
area between turkey oak and hammock com- 
munities. In Florida, the scrub forest 
occurs on the highest, most sterile sands 
with dwarfed oak-mixed hardwood communi- 
ties found on lower more fertile sands 
(Laessle 1958). Wharton (1978) described 
two types of scrub in Georgia: 1) the 
evergreen scrub forest, and 2) the ever- 
green scrub-lichen forest. Wharton noted 
that evergreen scrub forests resemble the 
dune-oak scrub communities of maritime 
dunes (See Maritime Ecosystem, Chapter 
Three) in being a dwarfed oak-dominated 
community. Although scrubby post oak, 
live oak, bull bay, and mockernut hickory 
are present, the dominants are shrubs such 
as myrtle oak, squaw huckleberry, Georgia 
plume, and sparkleberry. Saw palmetto, 
wild olive, and various blueberries may 
also be present. The evergreen scrub- 
lichen forest is found on the driest, 
coarsest sand ridges. Here, dominants are 
dwarfed live oak, dwarfed laurel oak, and 
dwarfed red bay, along with sparkleberry, 
three species of Cladonia lichens, and 
spikemoss. 

Laessle (1958) documented the rela- 
tionship between the longleaf pine-turkey 
oak and scrub communities in Florida. His 
"hilltop scrubs'' resemble the evergreen 
scrub forest communities described by 
Bozeman (1971) and Wharton (1978). Myrtle 
oak, Chapman oak, and saw palmetto domi- 
nate along with sand pine, which is absent 
from the Georgia communities. The extent 
of this community in Florida has led to 
the use of the name "Florida scrub" to 
signify a community with a dense layer of 
dwarfed tree species mixed with saw pal- 
metto and shrubs. This name has also been 
applied to flatwoods communities that have 
been invaded by shrubs and small trees 
upon the exclusion of fire (Laessle 1958). 

e. Dwarfed Oak-Mixed Hardwood 
Community-. On most sand ridges the turkey 
oak-longleaf pine community is dominant. 
Because pine is the dominant tree in natu- 
ral, fire-maintained longleaf pine-turkey 



oak communities, t h i s  community i s  d i s -  
cussed i n  t h e  s e c t i o n  on pine-mixed hard- 
wood communities elsewhere i n  t h i s  chapter.  
A f t e r  s e l e c t i v e  c u t t i n g  of t h e  p i n e s ,  
t h i s  community may become a mixed hard- 
wood community. H i s t o r i c a l l y ,  it seems 
t h a t  longleaf  p i n e  may have been a domi- 
nan t .  

Wells and Shunk (1931) l i s t e d  t h r e e  
(dwarfed) mixed hardwood c o m u n i t i e s  fror.  
t h e  coa r se  sands of North Caro l ina ,  a tur-  
key oak a s s o c i a t i o n ,  a b lack  j ack  oak as- 
s o c i a t i o n ,  and a mockernut h ickory associ-  
a t i o n .  Wells and Shunk explained t h e s e  
non-pine dominated communities i n  terms 
of success iona l  s t a g e s .  They pointed o u t  
t h a t  turkey oak dominates upon t h e  ex- 
c l u s i o n  of f i r e ,  b l a c k  j ack  oak becomes 
more numerous a s  a l a y e r  of l e a f  l i t t e r  
develops ,  and a more mesic f o r e s t  domi- 
nated by mockernut h ickory w i l l  f i n a l l y  
p r e v a i l .  

Black j ack  oak-mixed hardwood com- 
muni t i e s  occur  i n  t h e  in land  p o r t i o n  of 
t h e  Sea I s l a n d  Coas ta l  Region of  South 
Carol ina  on Miocene c layey r i d g e s ,  but  
they do n o t  occur i n  t h e  c o a s t a l  c o u n t i e s  
of Georgia (Bozeman 1971, Wharton 1978).  

f .  Live Oak-Mixed Hardwood 
Communitl. Th i s  community i s  most com- 
monly found on b a r r i e r  i s l a n d s  ( s e e  
Maritime Ecosystem, Chapter Three) .  How- 
e v e r ,  l i v e  oak f o r e s t s  a r e  a l s o  f r equen t  
along t h e  outermost edge of t h e  mainland, 
e s p e c i a l l y  a d j a c e n t  t o  s a l t  marshes. I n  
Char les ton County, South Caro l ina ,  l i v e  
oak, water  oak, h i c k o r i e s ,  and l o b l o l l y  
p ines  dominate mature f o r e s t s  n e a r  t h e  
edge of  t h e  marsh (L. L. Gaddy and D. A. 
Rayner, 1978, South Carol ina  W i l d l i f e  and 
Marine Resources Department, Columbia, 
unpubl. d a t a ) .  Wharton (1978) c a l l e d  
t h i s  co rnun i ty  t h e  "upland mari t ime f o r -  
e s t . "  He found t h a t  l i v e  oak and l a u r e l  
oak were dominants,  w i th  American h o l l y .  
r ed  bay, b u l l  bay, water  oak,  and p ignu t  
h ickory  a l s o  p r e s e n t .  Bozeman (1975) 
termed t h e  same assemblage a "mixed oak- 
hardwood f o r e s t "  community, and considered 
i t  a climax ( s e e  Maritime Ecosystem, 
Chapter Three) .  S lash  p ines  may be i n  
wi th  t h e  canopy i n  Georgia (Bozeman 1971),  
wh i l e  l o b l o l l y  p ines  may be  p resen t  i n  
South Caro l ina  (L. L. Gaddy and D .  A. 
Rayner, 1978, South Carol ina  W i l d l i f e  and 
Marine Resources Department, Columbia, 
unpubl . da ta )  . 

Quarterman and Keever (1962) and 
Monk (1965) r ega rd  t h e  "southern mixed 
hardwood f o r e s t "  a s  a climax f o r e s t  f o r  
t h e  sou theas te rn  c o a s t a l  p l a i n .  Beech- 
b u l l  bay (magnolia) (Gano 1917) and beech- 
maple (Wells 1928) have a l s o  been l i s t e d  
a s  climax communities f o r  t h e  r eg ion .  
Quarterman and Keever (1962) noted t h a t  
t h e  "conspicuous appearance1' of beech and 
b u l l  bay (magnolia) may have l e d  f i e l d  
workers t o  ove res t ima te  t h e i r  importance. 
The r o l e  of b u l l  bay i n  t h e  climax 

southern mixed hardwood f o r e s t  has  been 
f u r t h e r  placed i n  doubt by t h e  a s s e r t i o n  
t h a t  i t  does no t  reproduce i t s e l f  i n  shade. 

Quarterman and Keever 's (1962) f i e l d  
work a p p l i e s  p r i m a r i l y  t o  t h e  upland mesic 
hardwoods community and, t o  a lesser de- 
g r e e ,  t o  t h e  mesic s l o p e  hardwoods com- 
munity. They noted t h a t  t h e  climax f o r  
t h i s  community is a mixed hardwood com- 
munity i n  which shade- in to le ran t  p ines  
have been completely e l imina ted .  The 1 0  
most important  t r e e  s p e c i e s  he re  i n  o r d e r  
of importance a r e :  beech, l a u r e l  oak,  
b u l l  bay (magnolia),  wh i t e  oak, sweet gum, 
mockernut h ickory,  water  oak, sou the rn  r ed  
oak,  p ignut  h ickory ,  and b lack  gum. 

The hammock, sc rub  f o r e s t ,  and 
dwarfed oak-mixed hardwood communities 
a r e  c l o s e l y  r e l a t e d  success iona l ly .  
Bozeman (1971) no ted  t h a t  hammock communi- 
t i e s  fo l low s a n d h i l l  communities (both 
dwarfed oak-mixed hardwood and sc rub  fo r -  
e s t )  a f t e r  f i r e  exc lus ion .  Bozeman (1965) 
desc r ibed  hammock communities a s  being 
common i n  t r a n s i t i o n  f i r e - p r o t e c t e d  a r e a s  
(between s a n d h i l l  c o m u n i t i e s  and swamp 
o r  bay f o r e s t s ) .  Working i n  nor th -cen t ra l  
F l o r i d a ,  Monk (1968) suggested t h a t  sand- 
h i l l  c o m u n i t i e s  c o n s i s t i n g  of dwarfed 
oak-mixed hardwoods g radua l ly  become 
s c r u b  f o r e s t s ,  and even tua l ly  hannnock com- 
m u n i t i e s ,  when f i r e  i s  excluded from t h e  
community. L a e s s l e  (1958) , on t h e  o t h e r  
hand, s t a t e d  t h a t  s a n d h i l l  communities 
and sc rub  f o r e s t  communities a r e  succes- 
s i o n a l l y  d i s t i n c t  and a r e  d i f f e r e n t i a t e d  
a s  a r e s u l t  of edaphic cond i t ions .  
Laess le  and Monk (1961) pointed ou t  t h a t  
i n  l i v e  oak hamnmcks of F l o r i d a ,  a 
"scrubby flatwoods" s t a g e  was g e n e r a l l y  
mainta ined u n t i l  f i r e  was excluded. 
T h e r e a f t e r ,  a subclimax l i v e  oak hammock 
became dominant and even tua l ly  l e d  t o  t h e  
e s t ab l i shment  of a mesic  (climax) hammock. 
I n  t h e  terminology used he re ,  t h i s  t r a n s -  
l a t e s  i n t o  a sc rub  f o r e s t  t o  upland 
( x e r i c )  hammock t o  lowland (mesic) hammock 
success iona l  sequence. 

The l i v e  oak-mixed hardwood community 
i s  considered a climax f o r  upland a r e a s  
ad jacen t  t o  s a l t  marshes on t h e  mainland 
of t h e  Sea I s l a n d  Coasta l  Region (Bozeman 
1975, Wharton 1978). 

Upland mixed hardwood communities 
have been s e l e c t i v e l y  e l imina ted  i n  many 
a r e a s  of t h e  Sea I s l a n d  Coas ta l  Region by 
c u t t i n g  and subsequent p i n e  management 
p r a c t i c e s .  Because of  t h e i r  a c c e s s i b i l i t y ,  
t h e  upland hardwood f o r e s t s  were t h e  f i r s t  
ones t o  be  c u t  i n  c o l o n i a l  t imes. These 
f o r e s t s  were e x t e n s i v e l y  used f o r  bui lding 
m a t e r i a l s  and firewood. I n  modern t imes,  
p ine  management programs, inc lud ing  t h e  
use  of f i r e  and "weed" t r e e  d e s t r u c t i o n  
campaigns, have prevented hardwoods from 
becoming re -es t ab l i shed  i n  upland f o r e s t s .  
Steep b l u f f s  and hammocks surrounded by 
swamps a r e  among t h e  few l o c a t i o n s  harbor- 
i n g  good hardwood s t a n d s  today. (See 



Volume 11, Chapter Six for additional for- 
estry information.) 

4. they increase the surface 
area available for bacterial 
and fungal action; 

111. CONSUMERS 

A. INVERTEBRATES 

1. Soil Fauna 

According to Kevan (1968), the soil 
fauna 'I. . .includes those animals that 
occur in the soil during their whole life, 
or in one or more of their developmental 
stages. 1f.a species only spends part of 
its life in the soil, then only this 
stage is considered to belong to the soil 
fauna." For a discussion of the physical 
characteristics of soils of the Sea Is- 
land Coastal Region, see Volume I, Chap- 
ter Three. 

A diverse and abundant invertebrate 
fauna exists in the soil of terrestrial 
habitats such as old fields and forests 
(Kevan 1955, 1968, Murphy 1962, Burges 
and Rawe 1967, Wallwork 1970, Richards 
1974). Representatives of several in- 
vertebrate phyla occur in the soil fauna, 
including Platyhelminthes, Rhynchocoela, 
Rotifera, Gastrotricha, Nematoda, Nema- 
tomorpha, Annelida, Tardigrada. Mollusca, 
and Arthropoda (KChnelt 1955). The nema- 
todes are often present in immense numbers, 
reaching estimated densities of 20 million 
individuals/mz (Peters 1955). The most 
important soil arthropods are the mites 
(Acarina), springtails (Collembola) and 
certain other insects, and myriapods 
(diplopods, pauropods, chilopods, and 
symphylids), although copepods, amphipods, 
isopods, pseudoscorpions, and phalangids 
are also present (Kevan 1968). An idea 
of the density of soil arthropods may be 
obtained from a study of pasture soil by 
Salt et al. (1948), in which an estimated 
total of 263.6 x 103 individuals/m2 was 
reported. Populations of soil ahimals 
are aggregated, however, and Kevan (1968) 
observed that densities estimated on an 
acreage basis have little real meaning. 

Soil invertebrates are believed to 
be important in the breakdown of detritus 
in forest ecosystems, and are therefore 
important in mineral recycling (Murphy 
1955, Kowal and Crossley 1971, Edwards et 
al. 1973). According to Edwards et al. 
(1973), soil invertebrates play a role in 
the decomposition of organic matter in 
that: 

"1. they disintegrate plant and 
animal tissues and make them 
more easily invaded by 
microorganisms; 

2. they selectively decompose 
and chemically change 
parts of organic residues; 

3. they transform plant resi- 
dues into humic substances; 

5. they form complex aggregates 
of organic matter with the 
mineral part of the soil; 
and 

6. they mix the organic matter 
thoroughly into the upper 
layers of soil. " 

Earthworms have long been recognized 
as being beneficial to agriculture. They 
partially break down organic matter; mix 
clay, humus, and lime; eject ingested 
material as castings; enhance drainage, 
aeration, and root penetration by burrow- 
ing; and produce a soil structure favor- 
able to small soil animals. According to 
Kevan (1968), "the diversity of fauna in 
a good mull soil may be one of its great- 
est assets because the humification 
process flows through a wide variety of 
varying metabolisms and offers better op- 
portunities for degradation of intractible 
compounds." From the studies 'that have 
been made on soil animals has come a 
realization of the influence of faunal 
activity on soil structure and their role 
in the mechanical and biochemical break- 
down of organic material, making it avail- 
able for re-use by plants (Murphy 1955). 
The discovery of their role in humus for- 
mation (Kubiena 1955), and the damage 
that some can do to agricultural crops 
(Brown 1955), have further served to sub- 
stantiate their importance. The litera- 
ture on soil animals is rather extensive; 
Kiihnelt (1963) noted that more than 500 
papers were available on soil arthropods 
alone. 

Major factors influencing the soil 
fauna include topography; soil structure, 
texture, and color; concentration of or- 
ganic matter; electrolyte content; pH; 
light; temperature; moisture content; 
relative humidity; air composition in 
pore spaces; and possibly atmospheric 
pressure (Kevan 1968). Interrelationships 
with other organisms, including both 
plants and animals, are also significant. 
Kevan noted that alterations to the soil 
through tilling, building, excavating, 
draining, flooding, or dumping influence 
the fauna, as do fertilization and the 
rotation of crops. Increased plant growth 
stimulates the soil fauna indirectly; ma- 
nure is also stimulating to these animals 
and introduces the dung fauna (e.g., C.01- 
lembola, dipteran larvae, oribatid mites, 
enchytraeid worms, staphylinid beetles, 
etc.) to the soil. In "mor" soils, where 
organic matter occurs as a discrete layer 
at the surface and is little mixed with 
the mineral horizon below, large numbers 
of small species occur (Murphy 1955). The 
lack of mixing between these layers is 
largely attributable to a lack of earth- 
worms. In "mull" soils, where organic and 
mineral matter are more thoroughly mixed 



i n  v e r t i c a l  p r o f i l e ,  t h e  fauna is  r i c h e r  
with g r e a t e r  biomass, although t h e  number 
of ind iv idua ls  may be smaller .  The ef-  
f e c t s  of i n s e c t i c i d e s  on s o i l  inverte-  
b r a t e s  vary,  depending upon t h e  type and 
concentrat ion of t h e  p e s t i c i d e  (Sheals 
1955, Tinkham 1955). In  an experimental 
apple orchard t h a t  had been subjected t o  
longterm p e s t i c i d e  use i n  t h e  S t a t e  of 
New York, Menhinick (1962) found fewer 
taxa; fewer numbers and spec ies  of l a r g e r  
organisms; an increase  i n  t h e  numbers of 
small ,  t o l e r a n t  animals; and a s h i f t  i n  
t rophic s t r u c t u r e  compared with con t ro l  
a reas  f r e e  of pes t ic ides .  

Microarthropods of old f i e l d s  a r e  
reasanably well-known (see  Engelmann 
1961), and t h e  fauna of l i t t e r  was studied 
a t  the  Savannah River P lan t  near  Aiken, 
South Carolina, by Wiegert (1974). Densi- 
t i e s  of inver tebra tes  i n  th ree  f i e l d s  were 
found by Wiegert t o  be highest  i n  a 1-year 
abandoned cornf ie ld ,  intermediate  i n  a 
12-year lespedeza f i e l d ,  and lowest i n  a 
12-year broom sedge f i e l d .  Dens i t i es  d i f -  
fe red  s i g n i f i c a n t l y  from f i e l d  t o  f i e l d ,  
a s  wel l  a s  with season and l i t t e r  type. 
Density was high during periods when 
moisture content  was high i n  the  l i t t e r ,  
and low during dry  periods.  Animals 
i d e n t i f i e d  from o ld  f i e l d s  i n  l i t t e r  bag 
c o l l e c t i o n s  a r e  l i s t e d  i n  Table 6-9. The 
a n t s  of o l d  f i e l d s  a t  t h e  Savannah River 
Plant  were s tud ied  by Van P e l t  (1966). A 
t o t a l  of 52 spec ies  o r  subspecies of 
formicids were i d e n t i f i e d ,  the  most abun- 
d a n t o f  which was Dorymyrmex pyramicus. 

L i t t l e  information is ava i lab le  on 
the  inver tebra te  fauna of c o a s t a l  pine 
f o r e s t s  i n  t h e  Sea Is land Coastal Region, 
although s t u d i e s  have been conducted by 
s e v e r a l  researchers  i n  North Carolina 
f o r e s t s .  In t h e  Duke Forest ,  Pearse 
(1943, 1946, 1953) reported t h a t  t h e  
Acarina and Collembola together  accounted 
f o r  93% of the  fauna i n  l o b l o l l y  pine 
h a b i t a t s  with c lay  s o i l ,  95% of t h e  fauna 
i n  s h o r t l e a f  pine h a b i t a t s  with sand s o i l ,  
90% of t h e  fauna i n  white  oak h a b i t a t s  
with c lay  s o i l ,  and 92% of t h e  fauna i n  
white oak-post oak h a b i t a t s  with sandy 
s o i l  (Pearse 1946). Orbatid mi tes  
(Acarina) and severa l  o ther  arthropod 
groups i n  pine l i t t e r  and t h e  underlying 
mineral s o i l  were s tudied a t  Oak Ridge, 
Tennessee, by Crossley and Bohnsack 
(1960). Of t h e  t o t a l  number of animals 
co l lec ted ,  82.9% were mites  (Acarina), 
12.2% were s p r i n g t a i l s  (Collembola), and 
3.6% were i n s e c t s  o ther  than Collembola. 
Trophic s t u d i e s  of s o i l  microarthropods 
on pine f o r e s t  lands were undertaken a t  
Oak Ridge by Kowal and Crossley (1971). 
Dominant among the  saprophytes were 
Collembola, o rba t id  mi tes ,  Thysanoptera, 
and pselaphognathid mi l l ipedes  
(Diplopoda), while  predators  included 
cent ipedes (Chilopoda), predatory mi tes ,  
b e e t l e s ,  sp iders ,  and pseudoscorpions. 
Ants were important a s  both saprophytes 
and predators .  Kowal (1969) observed 

t h a t  the  food web i s  r e l a t i v e l y  simple i n  
pine mor compared with o ther  f o r e s t  f l o o r  
types,  cons i s t ing  la rge ly  of decomposing 
pine l i t t e r ,  fungi ,  and microarthropods 
(pr imari ly  mites and s p r i n g t a i l s ) .  

F ina l ly ,  c o l l e c t i o n s  of i n s e c t s  and 
gastropods have been made on Cumberland 
I s land ,  Georgia (Hi l les tad  e t  a l .  1975), 
including areas  occupied by l o b l o l l y  pine 
or  i n  pine-oak scrub f o r e s t  a s  wel l  as  
hardwood a reas .  Collect ions of sp iders  
were made, but no da ta  were given on t h e i r  
h a b i t a t s .  Gastropods included Polygyra 
septemvolva and Succinea campestris; in- 
s e c t s  a r e  l i s t e d  i n  Tables 6-10 and 6-11. 

2. Aer ia l  and Crawling Insec t s  

In addi t ion t o  the  s o i l  inver tebra tes ,  
a number of a e r i a l  and/or crawling i n s e c t s  
can be expected i n  upland f o r e s t  h a b i t a t s ,  
including dragonf l ies  and damself l ies  
(Odonata) and mayfl ies  (Ephemeroptera), 
p a r t i c u l a r l y  near  f r e s h  water ;  t r u e  bugs 
(Hemiptera); lacewings (Neuroptera); but- 
t e r f l i e s  and moths (Lepidoptera); b e e t l e s  
(Coleoptera); f l i e s ,  mosquitoes, and 
midges (Diptera) ;  wasps, bees,  sawf l ies ,  
ichneumons, cha lc ids ,  and a n t s  (Hymenop- 
t e r a ) ;  grasshoppers, katydids,  c r i c k e t s ,  
cockroaches, mantids, and walking s t i c k s  
(Orthoptera); t e rmi tes  ( I s o p t e r a ) ;  ear- 
wigs (Dermaptera); web-spinners (Embiop- 
t e r a ) ;  psocids (Psocoptera); zorapterans 
(Zoraptera) ;  sucking l i c e  (Anoplura) and 
f l e a s  (Siphonaptera),  p a r t i c u l a r l y  i n  t h e  
v i c i n i t y  of farm stock o r  game species;  
t h r i p s  (Thysanoptera), e s p e c i a l l y  on 
flower heads and f r u i t  t r e e s ;  c icadas,  
hoppers, w h i t e f l i e s ,  aphids,  and s c a l e  
i n s e c t s  (Homoptera); and scorp ionf l ies  
(Mecoptera). 

Among d e s t r u c t i v e  i n s e c t s  causing 
g r e a t e s t  damage t o  t r e e s  i n  t h e  study a r e a  
a r e  t h e  southern pine b e e t l e ,  Ips b e e t l e s ,  
and t h e  black tu rpen t ine  b e e t l e .  Aer ia l  
surveys a r e  sometimes necessary f o r  de- 
t e c t i o n  and evaluat ion of these f o r e s t  
p e s t s  (U.S. Department of Agricul ture,  
Forest  Service 1972). 

Destruct ive i n s e c t  i n f e s t a t i o n s ,  
p a r t i c u l a r l y  by b e e t l e s ,  a r e  l i k e l y  t o  
occur on and around pines damaged by 
l igh tn ing .  I f  con t ro l  i s  des i red ,  l i g h t -  
ning-struck t r e e s  may be e i t h e r  f e l l e d  and 
removed from t h e  a rea ,  o r  f e l l e d  and thor- 
oughly sprayed before b e e t l e  broods emerge. 
Quick ac t ion  may prevent b e e t l e  brood 
development i n  the  t r e e s  i n i t i a l l y  a t -  
tacked. Construction o r  o ther  mechanical 
a c t i v i t y  by man, p a r t i c u l a r l y  i n  a reas  
with extensive pine s tands,  may damage 
roo ts  and t runks and may predispose t r e e s  
t o  a t t a c k  by i n s e c t s .  Care should be 
exercised i n  t h i s  regard. 

Since i n s e c t  damage i s  a constant ly 
occurr ing n a t u r a l  phenomenon, con t ro l  of 
i n f e s t a t i o n s  should be considered only i n  
extreme cases.  Insec t  invasion of a t r e e  



Table 6-9, Microarthropods in litter bag samples from an old field in the coastal plain of 
South Carolina (Wiegert 1974). 

Acarina Insecta Chilopoda 

Asca piloja - 
Asca garmani 
Rhodacrus spp. 
Amblyseus spp. 
Tvphlodromus sp. 
Hypoaspis spp. 
Laelaps sp. 
Tarsonemidae (undet . ) 
Pyemotidae (undet.) 
Eupodes sp. 
Lorryia sp. 
Tydeus sp. 
Cunaxa sp. 
Cunaxoides sp. 
Bdellidae (undet.) 
Raphignathus sp. 
Neophyllobius sp. 
Ledermeull-aria sp. 
Eryngiopus sp . 
Petrobia latens 
Aplonobia sp. 
Oligonychus sp. 
Schizotetranychus sp. 
Brvobia praetiosa 
Adamystis sarae 
Anystidae 1 (undet.) 
Anystidae 2 (undet.) 
Cheyletidae (undet.) 
Bimichaelia sp. 
Tyrophagus spp. 
Passalozetes sp. 
Tectocepheus sp. 
Scapheremaeus spp. 
Oppia sp. 
Galumna sp. 
Pergalumna sp. 
Peloribates sp. 
Trhypochthonius sp. 
Cultroribula sp. 
Podoribates sp. 
Mochlozetidae (undet . ) 

Thysanura 
Japygidae (undet .) 
Lepismatidae (undet.) 

Collembola 
Hypogastrura armata 
Brachystomela sp. 
Isotoma viridis -- 
Entomobrya nivalis 
Entomobrya purpurascens 
Lepidocyrtus languinosus 
Lepidocyrtus cyaneus 
Folsomia sp. 
Orchesella zebra 
Sminthurus sp. 
Bourletiella sp. 

Psocoptera 
Psyllipsocidae (undet.) 

Hemiptera 
Lygaeidae (undet . ) 

Coleopt era 
Carabidae (undet.) 
Tachysellus spp. 
Harpalus sp. 
Anisodactylus sp. 
Calisoma sp. 
Pterostichus sp. 
Suprinus sp. 
~legaderus sp . 
Conoderus lividus 
Elateridae (undet.) 
Notovis sp. 
Anthicus sp. 
Helops spp. 
Blapst inus sp . 
Capnochra sp. 
Xylobiops sp. 
Oedionychus sp . 
Philonthus sp. 

Lepidoptera 
Epizeus aenula 
Peridromus margaritosa 
Bucculatrix spp. 
Aluctidae Cundet .) 

Diptera 
Dasyneura leguminicola 

Lithobiomorpha (undet.) 

stand is usually the result of naturally 
induced habitat changes within the stand 
(e.g., lightning strikes, wind damage). 
In most instances, the resulting insect 
invasion changes the stand composition 
only on a minor scale. However, the 
change may provide new feeding or repro- 
duction areas for various other wildlife. 
Woodpeckers, for example, are particularly 
attracted to bark beetle-infested timber 
stands, and at times feed actively in 
such areas following an attack. The 
lightning-induced removal of part of the 
overstory may permit light penetration 

production of groundstory plants. These 
sites provide additional browsing habitat 
for deer (Hillestad et al. 1975). 

Any treatment of insects of the study 
area would be incomplete without a dis- 
cussion of the imported fire ant 
(Solenopsis saevissima). This ant is na- 
tive to South America, but has been in 
this country since at least 1918. It is 
believed to have been accidentally im- 
ported as a stowaway in ship cargo or 
ballast at the port of Mobile, Alabama. 
By the 1950'8, it had spread to nine 



Table 6-10. I n s e c t s  c o l l e c t e d  i n  p i t f a l l  t r a p s  a t  two s i t e s  on Cumberland I s land ,  Georgia 
(Hi l l es tad  e t  a l .  1975). 

Taxon 
Loblol ly  Pine 

Fores t  Pine-Oak Scrub Forest  

Orthoptera 
Te t t igon i idae  
Gry l l idae  
B l a t t i d a e  

Homop t e r a  
Fulgoridae 
Cixidae 

Coleoptera 
Carabidae 
His t e r i d a e  
S i lph idae  
Staphyl inidae 
E l a t e r i d a e  
Ped i l idae  
Tenebrionidae 
Al lecu l idae  
Scarabaeidae 
Chrysomelidae 
Curcul ionidae 

Diptera  

Hymenop t e r a  
Tiphi idae 
Formicidae 
Vespidae 
Sphecidae 
Pompillidae 

Carol ina and Georgia. F i r e  a n t s  a r e  now 
common i n  the  s tudy a r e a .  

The economic impact of  f i r e  a n t s  on 
a g r i c u l t u r e  i s  d i f f i c u l t  t o  a s s e s s  
(But ler  1 9 6 8 ~ ) .  Large mounds b u i l t  i n  
f i e l d s  by these  a n t s  can i n t e r f e r e  with 
t h e  opera t ion  of combines, mowers, and 
o t h e r  farm machinery. Primary l o s s e s  ap- 
pear  t o  occur through reduced e f f i c i e n c y  
of l abor ,  due t o  the  nuisance f a c t o r ,  and 
damage t o  machinery. The a n t s  s t i n g  
f i e l d  workers ha rves t ing  crops,  and mower 
blades may be clogged on f i r e  a n t  mounds. 

Mounds a r e  found i n  most types of 
c o a s t a l  t e r r e s t r i a l  h a b i t a t s .  However, 
f i r e  a n t s  p r e f e r  t o  b u i l d  i n  open a r e a s  
exposed t o  t h e  sun, such a s  farm lands 
and pas tu res .  I n  heav i ly  i n f e s t e d  a r e a s ,  
a s  many a s  50 mounds per  a c r e  (0.4 ha) 
may occur (U.S. Department of Agr icu l tu re  
1973). Colonies of  t h i s  i n s e c t  a r e  com- 
mon along impoundment dikes  and o t h e r  ex- 
posed grounds of t h e  Sea I s land  Coastal  
Region. I n  more populated a r e a s ,  t h i s  
p e s t  bu i lds  i ts  mounds i n  lawns, parks ,  
playgrounds, cemeter ies ,  and o t h e r  s i m i -  
l a r  a r e a s .  

Looking much l i k e  o t h e r  a n t s ,  f i r e  
a n t s  a r e  2 - 7 mu (0.13 - 0.25 i n )  long 
and may be e i t h e r  reddish-brown o r  dark 
brown t o  black i n  co lor .  The f u l l y  mature 
colony, o r  mound, c o n s i s t s  of a queen a n t ,  
winged males and females ( p o t e n t i a l  
queens),  and worker an t s .  An average 
mound may con ta in  s e v e r a l  thousand winged 
forms and 50,000 t o  100,000 workers. 

The method of reproduct ion involves  
a n u p t i a l  f l i g h t  i n  which winged males and 
females l e a v e  t h e  mound and mate i n  the  
a i r .  Mated females a r e  c a r r i e d  by t h e  
wind, and new co lon ies  have been found a s  
f a r  a s  12 mi les  from the  n e a r e s t  mature 
mound. Af te r  descending t o  the  ground, 
t h e  new queen breaks o f f  he r  wings and 
d i g s  a shallow burrow i n  which she l a y s  
her  eggs (Markin e t  a l .  1972). The new 
queen c a r e s  f o r  t h e  eggs and r e s u l t i n g  
l a r v a e  u n t i l  t h e  f i r s t  brood of Worker 
a n t s  develops. Worker a n t s  then assume 
t h e  d u t i e s  of t h e  new mound, including 
foraging f o r  food and bu i ld ing ,  niaintain- 
ing,  and p r o t e c t i n g  t h e  colony. Af te r  t h e  
f i r s t  year ,  winged sexual  forms may be 
produced. At t h e  proper t i m e  of develop- 
ment, they t ake  o f f  f o r  t h e  mating f l i g h t  



Table 6-11. Insects collected in pitfall traps at three sites having predominantly hardwood 
cover on Cumberland Island, Georgia (Hillestad et al. 1975). 

Taxon Oak-Palmet to Mixed Oak-Hardwood Oak-Pine 

Orthoptera 
Acrididae 
Tettigoniidae 
Gryllicrididae 
Gryllidae 
Blattidae 

Hemiptera 
Aradidae 

Coleoptera 
Carabidae 
Histeridae 
Silphidae 
Staphylinidae 
Lycidae 
Elateridae 
Tenebrionidae 
Alleculidae 
Scarabaeidae 
Curculionidae 

Diptera 

Hymenoptera 
Braconidae 
Mut illidae 
Formicidae 
Pompillidae 

and repeat the reproductive cycle. Mating 
flights occur most frequently in late 
spring and early summer (Green 1967). 

Over the past 20 years, a continuing 
controversy has raged over the fire ant, 
the magnitude of the problem it pr'esents, 
the question of whether to make concerted 
attempts to eradicate the insect, and, if 
so, how to go about it. The problem is 
complex and remains unresolved. 

In 1957, the first "war" against the 
fire ant, begun as a response to congres- 
sional and public demand (primarily farm- 
ing interests), was initiated by the Pest 
Control Division of the U.S. Department 
of Agriculture and the chemical industry 
(Davis 1974). Large acreages in the 
Southeast were treated aerially with the 
insecticides dieldrin and/or heptachlor. 
The program was expensive, the pesticides 
were relatively ineffective, fire ant 
populations were not reduced, and some 
nontarget species, including livestock 
poisoned from farm ponds treated by the 
blanket aerial spraying, were inadvert- 
ently killed. 

Reports from environmental scientists 
and concerned public, as well as the 

banning of any residues of heptachlor in 
food by the Food and Drug Administration, 
enforced demands for more refined methods. 
By 1962, mirex, a chlorinated hydrocarbon 
insecticide, was developed specifically 
for use against the invading ant. Again, 
major aerial spraying programs were plan- 
ned and initiated. Mirex is mixed with 
soybean oil and corncob grits to form a 
bait to be carried down into the mounds 
by the ants for consumption. While mirex 
has been shown to be partially effective 
in some localized situations, fire ant 
populations continue to spread, and the 
use of mirex has brought with it a number 
of environmental complications. 

Following its widespread introduction 
to coastal environments, mirex was found 
to be toxic to decapod crustaceans, in- 
cluding juveniles of commercially important 
blue crabs and penaeid shrimp (McKenzie 
1970, Lowe et al. 1971, Bookhout et al. 
1972). In conjunction with a fire ant 
eradication program using aerially applied 
mirex in selected coastal areas of South 
Carolina, field studies were conducted to 
monitor the movement and accumulation of 
the pesticide in estuaries (Borthwick et 
al. 1973). Collections of background and 
periodic post-treatment samples of water, 



bottom sediments, shrimps, crabs, fishes, 
and estuarine-dependent birds and mammals 
were analyzed for mirex. These data 
showed that 1) mirex was translocated frcm 
treated lands and high marsh to estuarine 
biota (all estuarine animal groups sampled 
contained mirex), and 2) biological con- 
centration of mirex occurred, especially 
in predators such as raccoons and birds. 
Mirex residues for respective sample cate- 
gories were water C10.01 ppb, sediment 
50.07 ppm, crabs 50.60 ppm, fishes 50.82 
ppm, shrimps 51.3 ppm, mammals 24.4 ppm, 
and birds 517.0 ppm. Other investigators 
have since added to the considerable 
documentation now available showing eco- 
logical effects of mirex (Cooley et al. 
1972, Collins et al. 1973, Redmann 1973). 

A further environmental complication 
is that mirex, in the presence of light, 
can decompose to several degradation 
products including kepone, a major health 
hazard in aquatic and terrestrial ecosys- 
tems (Ivie et al. 1974). Because of these 
and other problems, including concern 
that application of mirex to marsh areas 
and/or adjacent fields could adversely af- 
fect fishery resources, aerial application of 
mirex in coastal counties was suspended. 
Regardless of whether the final decision is 
to expand mirex use or restrict it fur- 
ther, some adverse economic and ecologic 
effects are likely to occur until a non- 
harmful means of controlling fire ants 
is discovered. In the meantime, the fire 
ant-mirex debate continues. 

B . VERTEBRATES 
1. Amphibians and Reptiles 

Although many amphibians and reptiles 
are restricted to wooded uplands, they 
require moisture to exist. Many of these 
"terrestrial" forms live in micro-habitats 
where humidity approaches 100%. Such 
habitats include accumulated forest lit- 
ter, spring seeps, bogs, margins of tupelo- 
cypress ponds, pocosins, and areas under 
decaying logs. Also, many salamanders 
are fossorial and occupy old root chan- 
nels, crayfish burrows, shrew or mole bur- 
rows, and the like (J. R. Harrison, 1978, 
The College of Charleston, Charleston, 
South Carolina, pers. corn.). 

Temporary pools and semi-permanent 
ponds are necessary for the perpetuation 
of most aquatic amphibian species inhab- 
iting upland woodlands. Many of the ter- 
restrial salamanders, hylid frogs, ranid 
frogs, and toads utilize these palustrine 
habitats for rearing of larvae because 
they are free of fish predators. Accord- 
ing to Martof (1956) and Harrison (1978), 
adult species associated with temporary 
ponds include newts, southern cricket 
frogs, treefrogs, ornate chorus frogs, 
southern chorus frogs. ranid frogs, and 
eastern narrowmouth toads. Newts indig- 
enous to the characterization area in- 
clude the broken-striped newt found 

northeast of the Santee River in coastal 
South Carolina, and the central newt rang- 
ing from just south of the Santee River to 
northern Florida (Conant 1975, Harrison 
1978). Also, the striped newt occurs in 
extreme southeast Georgia and at isolated 
locations on the Georgia coastal plain 
(Conant 1975). (For additional informa- 
tion on these and other herpetofaunal 
species in palustrine habitats, see Chap- 
ter Five.) 

Predators on herpetofaunal species 
are numerous. Skunks, raccoons, mink, 
shrews, and snakes naturally prey on am- 
phibians (Lowery 1974, Mount 1975, Nowak 
and Brodie 1977). Snakes are preyed upon 
by certain other species of snakes, plus 
skunks, hawks (broad-winged hawk, Cooper's 
hawk, sharp-shinned hawk). great horned 
owl, swallow-tailed kite, feral pigs, and 
raccoons (R. E. Mancke, 1978, South 
Carolina Museum Commission, Columbia, 
pers. comm.). 

a. Salamanders. Salamander species 
characteristic and commonly found in pine 
flatwoods include Mabee's salamander, mole 
salamander, and dwarf salamander. Species 
characteristic but uncommon in pine flat- 
woods include the flatwoods salamander, 
eastern tiger salamander, and many-lined 
salamander (Harrison 1978). The many- 
lined salamander is most often found in 
pocosins, tupelo-cypress ponds, and simi- 
lar habitats where sphagnum moss is abun- 
dant ( J .  R. Harrison, 1978, The College of 
Charleston, Charleston, South Carolina, 
pers. comm.). The marbled salamander, 
slimy salamander, and mud salamander are 
species not typically characteristic of 
pine flatwoods, but occasionally are found 
in this habitat (Harrison 1978). Most 
salamander species typical of pine flat- 
woods breed in the fall or winter in tem- 
porary ponds, and salamander populations 
within a certain geographical area utilize 
particular ponds annually (Weller 1977). 
Salamanders are nocturnally active and 
feed on earthworms, insects, and other in- 
vertebrates (Conant 1975). 

Salamander species having adult ter- 
restrial stages in hardwood forests live 
under decaying logs, among accumulated 
forest litter, or near spring seeps and 
bogs where relative humidity.always ap- 
proaches 100%. Species commonly found in 
this habitat throughout most of the study 
area include the spotted salamander, 
marbled salamander, mole salamander, 
southern dusky salamander, slimy salamander, 
and dwarf salamander; infrequently ob- 
served species include the mud salamander 
(see Conant 1975 for distribution of sub- 
species in coastal Georgia), and three- 
lined salamander (Conant 1975, Harrison 
1978). 

b. Frogs and Toads. Hylid frogs are 
common in upland communities, particularly 
near wet areas. These frogs occupy humid 
micro-habitats and are somewhat secretive 



during daylight. Green treefrogs, squirrel 
treefrogs, cope's gray treefrogs, and barf- 
ing treefrogs are most frequently en- 
countered. Brimley's chorus frog is in- 
digenous from just south of the Savannah 
River in Georgia throughout the coastal 
plain to southeast Virginia; in South 
Carolina it inhabits low, wet hardwood 
forests (Conant 1975, Harrison 1978). 

The pine woods treefrog is reported 
to live in the tops of pine trees during 
the warm summer months (Mount 1975), 
where its call is heard throughout the 
day and night. Harper (1932) provided 
an interesting review of his experiences 
with this species in Georgia's Okefenokee 
Swamp. The pine woods treefrog, barking 
treefrog, and the ubiquitous squirrel 
treefrog are found under bark in rotting 
stumps and pine logs, as well as among 
foliage of shrubs or bushes located near 
water (Mount 1975). Two other hylids 
common in pine flatwoods are the ornate 
chorus frog and the southern chorus frog 
(Harrison 1978). Both species inhabit 
ditches and shallow ponds, and breed in 
fall and winter (Conant 1975, Harrison 
1978). The carpenter frog and the craw- 
fish frogs are characteristic pine forest 
species associated with tupelo-cypress 
ponds, pocosins, and emergent vegetation 
(Conant 1975; J. R. Harrison, 1978, The 
College of Charleston, Charleston, South 
Carolina, pers. comm.). The crawfish 
frogs, two subspecies of which occur in 
the characterization area, exhibit rela- 
tively unique behavior among ranids, in- 
habiting burrows, root channels, and 
stump holes during daylight. The 
Carolina crawfish frog ranges from mid- 
coastal North Carolina to mid-coastal 
Georgia, and the Florida gopher frog from 
mid-coastal Georgia throughout most of 
northern Florida (see Conant 1975 for 
map). Florida crawfish frogs are fre- 
quently commensal in burrows of gopher 
tortoises. 

In old field environments, the ab- 
sence of permanent water limits the dis- 
tribution of many species, particularly 
the ranids. Wandering subadult southern 
leopard frogs may be found in small, tem- 
porarily wet depressions (J. R. Harrison, 
1978, The College of Charleston, 
Charleston, South Carolina, pers. corn.). 
During rainy seasons, these areas are 
utilized by the upland chorus frog and 
the ornate chorus frog. The most abundant 
treefrog in old fields is the squirrel 
treefrog; in late winter, northern spring 
peepers and ornate chorus frogs use wet, 
abandoned fields as breeding sites. 

Toads are relatively common in hard- 
wood forests, but only two species, 
southern toads and eastern narrowmouth 
toads, occur with regularity, and neither 
is habitat specific (Harrison 1978). 
Eastern narrowmouth toads are not as re- 
sistant to desiccation as southern toads, 
and are closely associated with hydric 

micro-habitats (Conant 1975). The oak 
toad is abundant and generally restricted 
to pine flatwoods (Harper 1932. Harrison 
1978), whereas southern toads are ubiqui- 
tous throughout the Sea Island Coastal 
Region of Georgia and South Carolina 
(Martof 1956, Harrison 1978). In old 
fields, toads easily dominate the herpeto- 
fauna. The southern toad is probably the 
most common and abundant species. Eastern 
spadefoot toads and eastern narrowmouth 
toads are other common inhabitants of old 
fields, while the oak toad may be found 
along field margins near pine woods. 

c. Turtles. Few species of ter- 
restrial turtles occur in coastal Georgia 
and South Carolina. Eastern box turtles 
may be encountered occasionally, and are 
typically hardwood forest inhabitants 
(J. R. Harrison, 1978, The College of 
Charleston, Charleston, South Carolina, 
pers. comm.). Gopher tortoises occur in 
coastal pinelands on sandy soil in Georgia 
(Martof 1956) and in the extreme southern 
portion of coastal South Carolina (Gibbons 
1978). They tend to aggregate in loose 
colonies, and construct burrows which 
several species of herpetofauna utilize 
commensally as well as for overwintering. 
The distribution of these commensals is 
not dependent on that of the gopher tor- 
toise, but where tortoises occur, these 
species commonly utilize the burrows as 
temporary retreats. Commensals in the 
Sea Island Coastal Region include the 
previously discussed crawfish frogs, 
Florida pine snake, eastern indigo snake, 
eastern coachwhip, and eastern diamondback 
rattlesnake. Mount (1975) and Speake and 
Mount (1974) discussed the relationships 
of these species in Alabama. Although the 
eastern indigo snake is said to occur in 
coastal South Carolina (Allen and Neil1 
19521, there are no documented records. 
However, this species is present in 
Effingham County, Georgia, which is just 
across the Savannah River from Jasper 
County, South Carolina (Williamson and 
Moulis 1979). Concern has been expressed 
for the welfare of these commensals be- 
cause of decreasing tortoise numbers and 
the practice of pouring gasoline down tor- 
toise burrows during rattlesnake roundups, 
usually held in late winter (Speake and 
Mount 1974). Turtles are relatively un- 
common in fields, although an occasional 
eastern box turtle may be encountered 
along field margins near woods. 

Almost any of the freshwater turtles 
may be occasionally encountered in upland 
habitats, particularly near lakes, rivers, 
or swamps. Some species are more fre- 
quently encountered than others (Gibbons 
1978), but all are considered transients. 

d. Lizards. The most commonly en- 
countered lizards include the green anole, 
ground skink, and the six-lined racerunner 
(Conant 1975, Gibbons 1978). Near field 
edges and abandoned home sites, the southern 
fence lizard may be relatively common. TWO 



g l a s s  l i z a r d s  commonly u t i l i z e  abandoned 
f i e l d s .  The e a s t e r n  g l a s s  l i z a r d  and 
e a s t e r n  s l e n d e r  g l a s s  l i z a r d  a r e  f o s s o r i a l  
and somewhat s e c r e t i v e  i n  t h e i r  h a b i t s .  
The i r  d i e t s  c o n s i s t  p r i m a r i l y  of i n s e c t s  
and s p i d e r s  (Mount 1975).  

Accumulated f o r e s t  l i t t e r  provides  
h a b i t a t  f o r  s e v e r a l  o t h e r  l i z a r d s  and 
s e r p e n t s .  L iza rds  common among l i t t e r  
and o rgan ic  d e b r i s  i n c l u d e  t h e  south- 
e a s t e r n  f ive - l ined  sk ink ,  ground s k i n k ,  
e a s t e r n  s l e n d e r  g l a s s  l i z a r d ,  and the  
e a s t e r n  g l a s s  l i z a r d  (Gibbons 1978).  The 
f i v e - l i n e d  sk ink  and broadhead sk ink  a r e  
a l s o  found i n  p i n e  woodlands, bu t  a r e  
more common i n  hardwood f o r e s t s  ( J .  R. 
Harr ison,  1978, The Col lege of  Charleston, 
Char les ton,  South Caro l ina ,  p e r s .  comm.). 
Throughout t h e  c o a s t a l  zone of Georgia,  
t h e  nor the rn  mole sk ink  i n h a b i t s  wel l -  
d ra ined ,  sandy a r e a s  t y p i c a l l y  suppor t ing  
sc rub  v e g e t a t i o n  (Mount 1965, Conant 
1975). Broadhead sk inks  a r e  more arboreal  
than o t h e r  sk inks  of t h e  family  Scincidae,  
and r e a d i l y  climb t r e e s  when pursued;  
they u s u a l l y  i n h a b i t  hollow t r e e s  o r  cavi- 
t i e s  of r o t t i n g  l o g s  o r  stumps (Mount 
1975).  Fo l i age  of  t h e  f o r e s t  subcanopy, 
p a r t i c u l a r l y  nea r  wa te r ,  i s  an i d e a l  
h a b i t a t  f o r  t h e  green ano le ,  a s  w e l l  a s  
t h e  rough green snake and h y l i d  f r o g s  
(Mount 1975, Gibbons 1978). 

One of t h e  most c h a r a c t e r i s t i c  rep- 
t i l e s  of  open p i n e  woodlands is t h e  
sou the rn  f ence  l i z a r d .  Th i s  s p e c i e s  i s  
p r i m a r i l y  i n s e c t i v o r o u s  (Hamilton and 
Po l l ack  1961) and o f t e n  basks  i n  open 
a r e a s  (Conant 1975, Mount 1975).  Its 
l i f e  h i s t o r y  i n  Georgia  was reviewed by 
Crenshaw (1955). The subs to ry  of p i n e  
f o r e s t s  a l s o  harbors  green ano les  and a n  
occas iona l  rough green snake (Mount 1975; 
J. R. Harr ison,  1978, The Col lege of  
Char l e s ton ,  Char l e s ton ,  South Caro l ina ,  
p e r s .  comm.). 

The prey of l i z a r d s  from t h e  a r e a  
of F t .  Benning, Georgia ,  was found t o  
c o n s i s t  of  s e v e r a l  f auna l  groups. Stomach 
con ten t s  of t h e  f ive - l ined  s k i n k ,  south- 
e a s t e r n  f ive - l ined  sk ink ,  and broadhead 
sk ink  c o n s i s t e d  of  i n s e c t s ,  s p i d e r s ,  
l i z a r d s ,  mol lusks ,  and myriapods. The 
ground sk ink  f r e q u e n t l y  inges ted  i n s e c t s ,  
mollusks,  myriapods, s p i d e r s ,  i sopods ,  
and mi tes .  Of t h e  va r ious  l i z a r d  d i e t s  
s t u d i e d ,  t h a t  of t h e  e a s t e r n  g l a s s  l i z a r d  
was t h e  most d i v e r s e .  Commonly consumed 
fauna included no t  on ly  i n s e c t s ,  l i z a r d s ,  
s n a i l s ,  myriapods, and s p i d e r s ,  b u t  a l s o  
c rus taceans ,  a n n e l i d s ,  snakes ,  and a mam- 
mal (Hamilton and Po l l ack  1961).  

e .  Snakes. Snakes i n h a b i t i n g  ground 
l i t t e r  i n  p i n e  f o r e s t s  i n c l u d e  t h e  nor th-  
e r n  s c a r l e t  snake, mole kingsnake,  brown 
snake ( s e e  Conant 1975, f o r  d i s t r i b u t i o n  
of  subspec ies  i n  Sea I s l a n d  Coas ta l  
Region), no r the rn  r e d b e l l y  snake, south- 
e a s t e r n  crown snake, rough e a r t h  snake, 
and e a s t e r n  c o r a l  snake (Gibbons 1978). 

The p i n e  woods snake i s  a l s o  a denizen of  
t h e  l i t t e r  environment, and is  found most 
o f t e n  a t  t h e  margins of pocosins .  ponds, 
and o t h e r  a q u a t i c  environments i n  p i n e  
f la twoods.  The s c a r l e t  kingsnake l i v e s  
beneath bark of  s t and ing  dead t r e e s  o r  
w i t h i n  r o t t e n  stumps (J. R. Harr ison,  
1978, The Col lege of Char les ton,  Charleston, 
South Caro l ina ,  pe r s .  c o r n . ) .  These 
snakes  a r e  genera l ly  smal l  ( < l  m) (<3  f t )  
and i n f r e q u e n t l y  observed. The i r  d i e t s  
inc lude  earthworms, f r o g s ,  salamanders,  
a r th ropods ,  s l u g s ,  l i z a r d s ,  and mice 
(Conant 1975, Mount 1975).  

Larger  snakes  a r e  g e n e r a l l y  l e s s  
s e c r e t i v e  and consequent ly  a r e  among t h e  
more conspicuous animals  of open p i n e  
woods. Species  such a s  t h e  sou the rn  b lack  
r a c e r ,  corn snake, yel low r a t  snake, e a s t -  
e r n  hognose snake, sou the rn  hognose snake,  
e a s t e r n  kingsnake, e a s t e r n  coachwhip, and 
e a s t e r n  g a r t e r  snake a r e  commonly en- 
countered (Conant 1975, Mount 1975, 
Gibbons 1978). Among t h e  l e s s  common 
s p e c i e s  i n  p i n e  woodlands of t h e  Sea Is- 
land Coas ta l  Region a r e  t h e  e a s t e r n  ind igo  
snake i n  Georgia,  and p i n e  snakes  and 
e a s t e r n  diamondback r a t t l e s n a k e s  through- 
o u t  t h e  c o a s t a l  p l a i n  of both S t a t e s  
(Martof 1956, Gibbons 1978).  Commonly in-  
ges ted  food i tems of t h e  l a r g e r  snakes in-  
c lude  smal l  mammals ( p a r t i c u l a r l y  roden t s  
and lagomorphs), b i r d s ,  b i r d  eggs, f r o g s ,  
l i z a r d s ,  and o c c a s i o n a l l y  t u r t l e s .  Black 
r a c e r s ,  k ingsnakes ,  p i n e w o o d s  snakes ,  
coachwhips, e a s t e r n  c o r a l  snakes ,  and in-  
d igo  snakes  feed on snakes  (Hamilton and 
Po l l ack  1956, Mount 1975). 

Snakes c h a r a c t e r i s t i c  of open dry 
woodlands a l s o  f r equen t  o l d  f i e l d s ,  which 
p rov ide  h a b i t a t  f o r  t h e i r  prey. The corn 
snake,  yel low r a t  snake,  sou the rn  b lack  
r a c e r ,  e a s t e r n  kingsnake, mole kingsnake, 
e a s t e r n  coachwhip, p i n e  snake, and e a s t e r n  
diamondback r a t t l e s n a k e  commonly feed  on 
l i z a r d s ,  mice, and/or  sma l l  b i r d s  (Mount 

'1975).  The e a s t e r n  hognose snake and t h e  
southern hognose snake feed  p r i m a r i l y  on 
toads  and some f rogs .  Both s p e c i e s  a r e  
semi - fosso r i a l  (Mount 1975). Eas te rn  
g a r t e r  snakes  have ve ry  genera l i zed  habi- 
t a t  p re fe rences  and a r e  found i n  almost 
any t e r r e s t r i a l  h a b i t a t  (Mount 1975). Old 
f i e l d s  wi th  l o o s e  f r i a b l e  s o i l  a r e  u t i l i z e d  
by t h e  f o s s o r i a l  smooth e a r t h - s n a k e  and 
e a s t e r n  c o r a l  snake. Coral  snakes ,  seldom 
seen ,  e a t  l i z a r d s ,  f r o g s ,  and o t h e r  snakes 
(Conant 1975, Mount 1975).  

Snakes i n h a b i t i n g  f o r e s t  l i t t e r  a r e  
a l l  r e l a t i v e l y  smal l  and e x h i b i t  semi- 
f o s s o r i a l  behavior .  They a r e  n o c t u r n a l l y  
a c t i v e ,  b u t  may l e a v e  t h e i r  p r o t e c t i v e  day- 
t ime h a b i t a t s  dur ing s p r i n g  o r  summer 
r a i n s  (Conant 1975, Mount 1975).  Those 
considered t o  be t y p i c a l  i n h a b i t a n t s  of  
hardwood f o r e s t s  inc lude  t h e  e a s t e r n  worm 
snake, no r the rn  s c a r l e t  snake, s c a r l e t  
kingsnake, sou the rn  r ingneck snake,  brown 
snake, r e d b e l l y  snake, sou theas te rn  : 

crowned snake,  e a s t e r n  e a r t h  snake,  and 
e a s t e r n  c o r a l  snake. 



Larger snakes a r e  general ly  a c t i v e  
d iurna l ly  and a r e  f a r  more no t iceab le  
components of the  herpetofauna than those 
inhabi t ing  fores t - f loor  l i t t e r ,  Depend- 
ing on spec ies ,  food items include rodents, 
young b i r d s ,  l i z a r d s ,  f rogs ,  toads,  and 
other  snakes. The southern black racer  
is common i n  a wide v a r i e t y  of h a b i t a t s .  
Corn snakes, yellow r a t  snakes, and eas t -  
ern kingsnakes a l s o  occur i n  many habi- 
t a t  types,  but a r e  more common i n  hard- 
woods, p a r t i c u l a r l y  those near aqua t ic  
a reas  (Gibbons 1978). Corn snakes and 
r a t  snakes a r e  exce l len t  climbers (Conant 
1975). 

A v a r i e t y  of venomous snakes i n h a b i t  
hardwood f o r e s t s .  I n  add i t ion  t o  an oc- 
casional  eas te rn  c o r a l  snake, southern 
copperheads, cottonmouths, pigmy r a t t l e -  
snakes, and canebrake r a t t l e s n a k e s  occur 
with g rea te r  frequency i n  t h i s  h a b i t a t  
than i n  o ther  a reas  (Gibbons 1978). While 
cottonmouths a r e  aqua t ic ,  concentrat ions 
a r e  o f ten  found near drying,  s luggish 
flowing streams i n  bottomland h a b i t a t s .  

Rat t lesnakes a t  F t .  Benning, Georgia, 
were found t o  feed on a v a r i e t y  of ani- 
mals (Hamilton and Pol lack 1955). Fre- 
quency of occurrence of manrmals (rodents  
and lagomorphs), r e p t i l e s  ( l i z a r d s ) ,  and 
b i rds  i n  26 canebrake ra t t l esnakes  con- 
t a in ing  food was 73.1%. 23.12, and 7.7%, 
respec t ive ly .  Of 1 3  southern copperheads 
t h a t  had fed ,  46.1% contained mammals 
(rodents) ,  30.8% contained r e p t i l e s  ( l i z -  
a rds ,  a snake, and a t u r t l e ) ,  23.1% con- 
ta ined i n s e c t s ,  and 7.7% contained b i r d s .  
Of n ine  eas te rn  cottonmouths examined 
having stomach contents ,  r e p t i l e s  (snakes 
and a t u r t l e )  were present  i n  44.4%, am- 
phibians (frogs)  were present  i n  44.4%. 
and mammals (rodents) were present  i n  
11.1%; surpr i s ing ly ,  none contained f i s h .  
Twelve Carolina pigmy r a t t l e s n a k e s  having 
food i n  t h e i r  stomachs were examined; of 
these,  50.0% contained r e p t i l e s  ( l i z a r d s  
and a snake) ,  33.0% contained chilobods , 
and 17.0% contained mammals (rodents) 
(Hamilton and Pol lack 1955). 

f .  Man's Impacts. Perhaps t h e  
g r e a t e s t  impingements on amphibian and 
r e p t i l e  populations a r e  those r e s u l t i n g  
from man's a c t i v i t i e s .  Lumbering and 
a g r i c u l t u r a l  p r a c t i c e s  such a s  c lea rcu t -  
t i n g ,  land c lea r ing ,  s i t e  preparat ion 
p r i o r  t o  rep lan t ing ,  timber s tand improve- 
ment, and el iminat ion of hardwoods a f f e c t  
a l l  spec ies  d i r e c t l y  and i n d i r e c t l y  
(Mount 1976). Several  populations of t h e  
gopher t o r t o i s e  have suf fe red  d r a s t i c a l l y  
from recent  land c l e a r i n g  f o r  agr icu l tu re ,  
and from timber harvest ing i n  South 
Carolina (R. IIontanucci, 1978, Clemson 
Universi ty ,  Clemson, South Carolina, pers .  
comm.). Pine lands a r e  frequent ly burned 
and, although cont ro l led  burns reportedly 
have l i t t l e  d i r e c t  e f f e c t  on herpetofauna 
(Komarek 1969), i n d i r e c t  e f f e c t s  such a s  
el iminat ion of food items o r  desiccat ion 
of the  s o i l  su r face  have not  been 

assessed.  Wild f i r e  i n  which pine s tands 
a r e  decimated may cause heavy mor ta l i ty  
of many herpetofaunal species ,  but f i r e s  
i n  the Okefenokee Swamp were not  a s  d e t r i -  
mental t o  amphibians o r  r e p t i l e s  a s  the ex- 
treme drought preceding them (Cypert 1961). 

During spring and f a l l  when t h e  her- 
petofauna a r e  very a c t i v e ,  t r a f f i c  on high- 
ways t ravers ing  upland h a b i t a t s  may ac- 

.:count f o r  a l a r g e  number of deaths. Sala- 
manders a r e  p a r t i c u l a r l y  vulnerable  during 
f a l l  and winter spawning migrations when 
highways separa te  breeding ponds from areas 
inhabi ted by adul t s .  Frogs and toads a r e  
a t t r a c t e d  t o  warm pavement a f t e r  heavy 
r a i n s ,  and l a r g e  numbers a r e  k i l l e d  by 
highway t r a f f i c .  Urban sprawl from in- 
creasing human population r e s u l t s  i n  en- 
vironmental degradation and d e l i b e r a t e  
persecut ion of snakes (Mount 1976). U r -  
banizat ion has resu l ted  i n  the e x t i r p a t i o n  
of severa l  populations of the  mud sala-  
mander i n  c o a s t a l  South Carolina (Harrison 
e t  a l .  1979); populations of o ther  her- 
petofaunal spec ies  have been a f f e c t e d  
s imi la r ly  (3. R. Harrison, 6978, The 
College of Charleston, Charleston, South 
Carolina, pers .  comm.). Se lec t ive  k i l l i n g  
of t h e  eas te rn  diamondback r a t t l e s n a k e  has 
resu l ted  i n  reduced populations throughout 
i ts range, and in tens ive  c o l l e c t i n g  f o r  
the  pe t  t rade  is thought t o  be one of t h e  
reasons f o r  t h e  present  r a r i t y  of indigo 
snakes (Mount 1976). Corn snakes, king- 
snakes, s c a r l e t  snakes, r a t  snakes, and 
pine snakes a r e  o ther  highly sought 
spec ies  i n  the  pe t  t rade.  Although no t  a 
problem i n  South Carolina, t h e  p r a c t i c e  
of pouring gasol ine down gopher-tortoise 
burrows during r a t t l e s n a k e  roundups may 
r e s u l t  i n  pine snake m o r t a l i t i e s  (Speake 
and Mount 1974). 

Large-scale farming is not  widely 
prac t iced  i n  the study a r e a ,  and a number 
of t y p i c a l l y  t e r r e s t r i a l  amphibians and 
r e p t i l e s  can be found along f i e l d  margins 
bordering woods. These spec ies  include 
the  corn snake, yellow r a t  snake, southern 
black r a c e r ,  e a s t e r n  coachwhip, eas te rn  
kingsnake, eas te rn  g a r t e r  snake, eas te rn  
diamondback r a t t l e s n a k e ,  and various l i z -  
a rds  and toads discussed e a r l i e r .  

Occasionally some unexpected species  
a r e  found i n  f i e l d s .  Richmond (1945) and 
Knepton (1954) reported the  rainbow snake 
and t h e  two-toed amphiuma, respec t ive ly ,  
being plowed up i n  f i e l d s .  Twelve eastern 
g l a s s  l i z a r d s  were co l lec ted  during t h e  
plowing of a small garden i n  Phenix City,  
Alabama (Hamilton and Pol lack 1961), and 
Jobson (1940) reported t h a t  eas te rn  g l a s s  
l i z a r d s  were commonly plowed up during 
e a r l y  spring i n  Georgetown County, South 
Carolina. Viosca (1924) found a g rea te r  
s i r e n  under a board i n  a wet f i e l d  about 
1 mile  from a marsh, and Hamilton and 
Pol lack (1955) reported the  k i l l i n g  of an 
eas te rn  cottonmouth by a t r a c t o r  mower a t  
l e a s t  a mi le  from the neares t  water. 



Stud ies  comparing herpetofauna of 
t h e  va r ious  s t a g e s  of f o r e s t  succession 
a r e  few. The T a l l  Timbers Research 
S t a t i o n ,  loca ted  i n  northwest F l o r i d a  
j u s t  sou th  of Thomasville, Georgia,  has  
f o r  s e v e r a l  yea r s  been s tudying t h e  b i o l r  
ogy and l i f e  h i s t o r y  of amphibians, rep- 
t i l e s ,  b i r d s ,  and mammals on a r e a s  burned 
a t  s e l e c t e d  schedules .  These s tudy a r e a s  
inc lude  s e r a 1  s t a g e s  of pine and hard- 
woods (D. B. Means, 1978, T a l l  Timbers 
Research S t a t i o n ,  Thomasville, Georgia,  
pers .  comm.). 

Upland succession i n  t h e  Sea I s l and  
Coastal  Region g e n e r a l l y  inc ludes  four  
broad s t a g e s ,  each dominated by four  d i s -  
t i n c t  p l a n t  l i f e  forms which g radua l ly  
succeed one another  (Odum 1959). These 
s t a g e s  a r e  1 )  g rass lands  ( inc lud ing  o l d  
f i e l d  communities), 2) grassland-shrub 
edges, 3) pines ,  and 4) hardwoods. Each 
s t a g e  has d i s t i n c t i v e  breeding popula- 
t i o n s  and c h a r a c t e r i s t i c  d e n s i t i e s  of 
b i r d s .  

a .  Grassland and Edge Communities. 
Some of t h e  h ighes t  concen t ra t ions  of  
b i r d s  i n  t h e  Sea I s l and  Coas ta l  Region 
a r e  found i n  t h e  ecotones  of g rass lands  
and ad jacen t  edge communities. The o ld  
f i e l d  o r  grass land community is  charac- 
t e r i z e d  by broom sedge i n  t h e  s tudy a rea  

Old f i e l d  communities inc lude  o ld  
croplands,  f i e l d s ,  and p a s t u r e s  where 
secondary succession is i n  i t s  e a r l y  
s t ages .  Obviously, t h e r e  a r e  many en- 
vironmental v a r i a b l e s  ( i . e . ,  vege ta t ion  
p resen t ,  s t and  v i g o r ,  s o i l  mois ture ,  s i z e ,  
e t c . )  which i n f l u e n c e  b i r d  populat ion 
d e n s i t y  and composition i n  o l d  f i e l d s .  
Vegetation of  o l d  f i e l d  h a b i t a t s  i n  t h e  
s tudy a r e a  h a s  been d i scussed  e a r l i e r  i n  
t h i s  chapter .  

Johnson and Odum (1956) desc r ibed  
t r ends  i n  populat ion d e n s i t y  and d ive r -  
s i t y  of breeding b i r d s  c o r r e l a t e d  wi th  
t h e  advancement from abandoned a g r i c u l -  
t u r a l  f i e l d s  t o  climax f o r e s t .  Popula- 
t i o n  numbers increased wi th  succession 
from bare  ground t o  t h e  sub-climax, 
whereas a low d e n s i t y  was encountered i n  
young p i n e  f o r e s t s .  Johnson and Odum 
(1956) found grasshopper sparrows and 
meadowlarks i n  e a r l y  f i e l d  success ion  
(1-3 yea rs  o l d )  charac te r i zed  by a forb- 
g r a s s  s t a g e .  Five o t h e r  s p e c i e s  were 
found i n  o l d  f i e l d s  15  yea rs  of age 
(grass-shrub s t a g e ) ,  and a d d i t i o n a l  
s p e c i e s  were found a s  t h e  community pro- 
gressed.  Maximum s p e c i e s  d i v e r s i t y  was 
found i n  t h e  pine-mixed hardwoods s t a g e  
of succession.  

The phenomenon of t h e  edge community 
has  been well-documented by Odum (1971). 
The "edge e f f e c t ' '  occurs  a t  t h e  po in t  of 
con tac t  between two communities such a s  
f i e l d  and f o r e s t .  Edges enable  easy 

access  t o  feeding a r e a s ,  quick escape 
c w e r ,  and a prime n e s t i n g  a r e a  f o r  some 
spec ies  due t o  the  i n t e r s p e r s i o n  of vege- 
: t a t i o n  types .  There i s  cons ide rab le  over- 
l a p  i n  s p e c i e s  use  of t h i s  h a b i t a t .  
Johnson and Odum (1956) found t h a t  from 
40% t o  50% of breeding b i r d s  i n  t h e  
Piedmont of Georgia were f o r e s t  edge b i r d s  
i n  t h e i r  h a b i t a t  requirements.  

Dominant, moderate, and minor s p e c i e s  
of t h e  upland o ld  f i e l d  community a r e  
l i s t e d  i n  Table 6-12. Of t h e  54 s p e c i e s ,  
t h e  red- ta i l ed  hawk and sparrow hawk oc- 
cupy t h e  h ighes t  t roph ic  l e v e l  (Fig. 6-5). 
Red-tailed hawks a r e  commonly seen soar-  
ing  over  the  open f i e l d s  i n  sea rch  of 
prey. The sparrow hawk o r  k e s t r e l  is t h e  
,smal les t  of t h e  hawks occurr ing i n  South 
Carol ina and Georgia. According t o  Sprunt 
and Chamberlain (1970), i t  should be 
named "graschopper hawk," s i n c e  grasshop- 
p e r s ,  r a t h e r  than sparrows, a r e  i t s  p r in -  
c i p a l  food. This  s p e c i e s  usua l ly  perches 
where i t  can observe t h e  open f i e l d ,  and 
i t  o f t e n  r e t u r n s  t o  t h e  perch with  i t s  
prey. Brush f i r e s  a t t r a c t  l a r g e  numbers 
of sparrow hawks, which feed on t h e  
hordes of i n s e c t s  t r y i n g  t o  escape t h e  
f i r e s .  Apparently they a r e  not  bothered 
by t h e  smoke, a s  they d a r t  through i t  i n  
sea rch  of i n s e c t s .  Although t h e  sparrow 
hawk s u b s i s t s  l a r g e l y  on i n s e c t s ,  i t  does 
feed  on v e r t e b r a t e s  such a s  mice and o t h e r  
mammals, r e p t i l e s ,  and o t h e r  b i r d s  (Sprunt 
and Chamberlain 1970). 

I 

The Carol ina wren is  an important  
i n s e c t i v o r e  i n  o l d  f i e l d  communities. 
This s p e c i e s  is of cons ide rab le  agr icu l -  
t u r a l  v a l u e ,  s i n c e  approximately 95% of 
its d i e t  c o n s i s t s  of i n s e c t s  such a s  
c a t e r p i l l a r s ,  moths, b e e t l e s ,  grasshoppers,  
b o l l  weevi ls ,  c r i c k e t s ,  a n t s ,  and f l i e s .  

The mockingbird is  an abundant perma- 
nen t  r e s i d e n t  of t h e  c o a s t a l  a r e a .  This  
s p e c i e s  p r e f e r s  t h e  o l d  f i e l d  h a b i t a t ,  
where i t  takes  advantage of t h e  "edge ef-  
f e c t . "  Mockingbirds defend t h e i r  es tab-  
l i s h e d  t e r r i t o r i e s  wi th  g r e a t  v igor  
a g a i n s t  o t h e r  b i r d s ,  mammals, and r e p t i l e s .  
This behavior  is  q u i t e  apparent  dur ing t h e  
n e s t i n g  season (April-August). Mocking- 
b i r d s  feed p r imar i ly  on vege tab le  mat te r ;  
b e r r i e s  (palmetto, wax myr t l e ,  b i t t e r  
g a l l b e r r y ,  and b u t t e r f l y  pea); f i g s ,  and 
wild f r u i t  form t h e  bulk of i t s  d i e t .  
During l a t e  f a l l  and win te r ,  c o a s t a l  
mockingbirds s u b s i s t  l a r g e l y  on the  china- 
be r ry .  Only a few i n s e c t s  a r e  ea ten  by 
t h i s  s p e c i e s  (Sprunt and Chamberlain 1970). 

The mourning dove i s  not  a r e s i d e n t  
of t h e  o l d  f i e l d  community p e r  s e ,  bu t  
n e s t s  a long the  edges of f i e l d s ,  p a s t u r e s ,  
and o t h e r  c l e a r i n g s .  These b i r d s  feed on 
weed seeds  throughout t h e  yea r ,  and about 
99% of t h e i r  food c o n s i s t s  of p l a n t  ma t te r .  
Waste g r a i n  l e f t  i n  t h e  f i e l d s  a f t e r  har-  
v e s t i n g  i s  an important source of food f o r  
t h e s e  b i r d s  i n  t h e  s tudy a r e a .  Indispens- 
a b l e  i tems i n  the  dove's d i e t  a r e  g rave l  
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GRAN IVORES 

Mourning dove 
Savannah sparrow 
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Red-shouldered hawk 
Red- toi led hawk 
American kestrel 

INSECTIVORES OMNIVORES 

Figure 6-5. Generalized t rophic  r e l a t i o n s h i p s  of represen ta t ive  b i r d s  of o ld  f i e l d  communities 
i n  t h e  upland ecosystem of t h e  Sea Is land Coastal  Region. 

American kestrel 
Carolina wren 

( f o r  grinding food i n  t h e  gizzard)  and 
water.  The mourning dove i s  an important 
game b i r d ,  a s  a r e  the  eas te rn  bobwhite, 
Wilson's sn ipe ,  and American woodcock, 
which a l s o  occur i n  t h e  o ld  f i e l d  hab i ta t .  

Mockingbird 

A number of sparrows occur i n  t h e  
o ld  f i e l d  community, including the chip- 
ping sparrow, f i e l d  sparrow, white- 
throated sparrow, swamp sparrow, song 
sparrow, and Savannah sparrow a s  dominant 
species .  

The impacts of man on b i r d  popula- 
t ions  i n  t h i s  h a b i t a t  vary from adverse 
to  benef ic ia l .  The use  of uncontrol led 
f i r e  has a decidedly negat ive impact on 
c e r t a i n  b i rds .  Burning off  o ld  f i e l d s  
destroys nest ing populations of spec ies  
such a s  meadowlarks, wrens, and sparrows. 

I n  c o n t r a s t  t o  the  d e s t r u c t i v e  
forces of man, c l e a r i n g  of land f o r  a g r i -  
cu l tu re  and c r e a t i o n  of hedgerows a r e  of 
great  benef i t  t o  b i r d s .  Once agr icu l -  
t u r a l  lands a r e  abandoned, they cont inue 
t o  support t h e  avifauna through n a t u r a l  
succession a s  i n  t h e  case of "old f ie lds ."  
The o l d  f i e l d  community p resen ts  a t ran-  
s i t i o n a l  h a b i t a t  where b i r d s  may feed,  
n e s t ,  and f ind  pro tec t ion .  

E I n  recen t  years ,  farmers have r e a l -  
ized t h a t  t h e  most conspicuous b e n e f i t s  
which b i r d s  con t r ibu te  t o  a g r i c u l t u r e  re- 
s u l t  from t h e i r  d i r e c t  consumption of 
i n s e c t s .  The smaller  spec ies  of b i r d s  
assoc ia ted  with a g r i c u l t u r e  have t h e  
highest  metabolic r a t e s  of a l l  animals 

(McFarlane 1976b). To support such l a r g e  
expenditures  of energy, b i r d s  must in- 
g e s t  l a r g e  q u a n t i t i e s  of food. I n s e c t s  
and o t h e r  inver tebra tes  provide a major 
source of food f o r  b i r d s  i n  t h e  agroecosys- 
tem. For example. S t e w a r t ( l 9 7 5 )  re-  
ported t h a t  s i x  avian spec ies  e f f e c t i v e l y  
removed tobacco hornworms and tobacco 
budworms from tobacco p l a n t s .  McFarlane 
(1976b) summarized published work on t h e  
e f f e c t s  of woodpeckers on corn borers  
where b i r d  predat ion was de tec tab le  and 
quant i f i ab le .  

b. Pine Fores t  Communities. The up- 
land pine f o r e s t  o r  pine flatwoods of t h e  
Sea Is land Coastal Region is  character ized 
by a r e l a t i v e l y  low dens i ty  of breeding 
b i r d s ,  compared with var ious  wetland and 
t e r r e s t r i a l  h a b i t a t s  discussed previously. 
Johnson and Odum (1956) found low avian 
dens i ty  i n  25 t o  60-year-old Georgia pine 
f o r e s t s ,  and Odum (1947) made s i m i l a r  ob- 
servat ions f o r  young lob lo l ly -shor t lea f  
pine communities. According t o  t h e i r  in- 
formation, few spec ies  of breeding b i r d s  
appear t o  be s p e c i f i c a l l y  adapted t o  t h e  
pine f o r e s t  community i n  t h e  Southeast.  
Perhaps t h e  most t y p i c a l  breeding b i r d s  
of t h i s  p a r t i c u l a r  h a b i t a t  a r e  t h e  abun- 
dant pine warbler ,  the  l e s s  abundant 
brown-headed nuthatch,  and t h e  l e s s e r  
abundant red-cockaded woodpecker. The 
above spec ies  a r e  somewhat r e s t r i c t e d  t o  
pine f o r e s t s ,  while o ther  b i r d s  occurr ing 
i n  t h i s  h a b i t a t  a r e  more associated with 
t h e  understory. For example, Bachman's 
sparrow and t h e  e a s t e r n  bobwhite a r e  
c h a r a c t e r i s t i c  of the  grass-shrub f o r e s t  
f l o o r ,  r a t h e r  than t h e  upper pine t r e e s .  



There a r e  1 3  dominant s p e c i e s  of 
b i r d s  i n  t h e  p ine  f o r e s t  community (Table  
6-13). Of t h e s e ,  t h e  sc reech  owl is  t h e  
r e p r e s e n t a t i v e  p r e d a t o r  i n  t h e  t r o p h i c  
pyramid (Fig.  6-6). I n s e c t i v o r e s ,  omni- 
v o r e s ,  and g ran ivores  a r e  r ep resen ted  by 
t h e  p ine  warb le r ,  brown-headed n u t h a t c h ,  
and e a s t e r n  bobwhite,  r e s p e c t i v e l y .  
There a r e  some 16 o t h e r  commonly occur- 
r i n g  s p e c i e s  which p lay  moderate ecologi-  
c a l  r o l e s  i n  t h e  p ine  f o r e s t  community. 

There appear  t o  be fewer a v a i l a b l e  
h a b i t a t s  i n  sou the rn  p i n e  f o r e s t s  com- 
pared wi th  t h e  previous  h a b i t a t s  d i s -  
cussed. This  is  r e f l e c t e d  i n  t h e  low 
number of  s p e c i e s  of b reed ing  b i r d s  i n  
t h e  p ine  o v e r s t o r y .  B i rd  popu la t ions  i n  
p ine  f o r e s t s  a r e  probably  determined t o  a  
l a r g e  e x t e n t  by t h e  n a t u r e  of t h e  under- 
s t o r y .  C o a s t a l  p l a i n  p ine  f o r e s t s  seldom 
develop heavy u n d e r s t o r i e s  due t o  d i s -  
turbances  superimposed on t h e  n a t u r a l  
community. For example, f i r e s  and poor 
s o i l  c o n d i t i o n s  d i r e c t l y  i n f l u e n c e  under- 
s t o r y  development and i n t e r f e r e  w i t h  eco- 
l o g i c a l  success ion  (Johnson and Odum 
1956).  Ac tua l  s t u d i e s  on t h e  i n t e r r e l a -  
t i o n s h i p s  between f i r e  and non-game b i r d s  
a r e  r a r e .  Marshal l  (1963) compared d i f -  
f e r e n c e s  i n  t h e  av i f auna  of a  mixed pine-  
hardwood f o r e s t  s u b j e c t e d  t o  f r equen t  
f i r e s  w i t h  a  s i m i l a r  f o r e s t  where f i r e  
was excluded.  Pa rk - l ike  f o r e s t s  were 
produced where r epea ted  unde r s to ry  f i r e s  
had occur red ,  a s  opposed t o  s t u n t e d  and 
t ang led  s t a n d s  where f i r e  had been ex- 
c luded.  Spec ie s  a d j u s t e d  t o  open under- 
s t o r y  and s c a t t e r e d  t r e e s  were found i n  

SCAVENGERS 

Black vulture 
Turkey vulture 

t h e  burned a r e a ,  whereas t h o s e  p r e f e r r i n g  
heavy cover  were more common i n  t h e  un- 
burned f o r e s t .  Each b i r d  i s  b e s t  s u i t e d  
t o  p a r t i c u l a r  s t a g e s  o r  combinations of 
s t a g e s  i n  f o r e s t  success ion .  The re fo re ,  
n a t u r a l  success ion  p rov ides  a  c o n s t a n t l y  
changing s e r i e s  of n i c h e s  and h a b i t a t s .  
Such v a r i a b l e s  a s  food a v a i l a b i l i t y ,  man- 
n e r  of f eed ing ,  n e s t i n g  requirements ,  and 
p h y s i c a l  c h a r a c t e r i s t i c s  a r e  determining 
f a c t o r s  i n  h a b i t a t  s e l e c t i o n .  S a l t  
(19531, who worked i n  t h r e e  con i fe rous  
f o r e s t  t ypes ,  noted t h a t  t h e  n e a r e r  vege- 
t a t i o n a l  systems moved toward c l imax,  t h e  
g r e a t e r  t h e  biomass of  b i r d s  suppor ted.  
I n  Georgia ,  Johnson and Odum (1956) re- 
po r t ed  t h a t  a  peak i n  b i r d  d e n s i t y  might 
b e  expected i n  t h e  l a t e  subclimaxes on 
moi s t  s i t e s .  

The r o l e  of b i r d  popu la t ions  i n  t h e  
f u n c t i o n a l  framework of  t h e  upland p ine  
f o r e s t  i s  r e f l e c t e d  by t h e  f o l i a g e -  
g l e a n e r s  ( e .g . ,  warb le r s )  and t imber 
d r i l l e r s  (e.g. ,  woodpeckers).  The p ine  
warb le r  is a  common permanent r e s i d e n t  
throughout  t h e  c o a s t a l  p l a i n ,  c l o s e l y  as- 
s o c i a t e d  w i t h  p i n e  t r e e s .  This  s p e c i e s  
f o r a g e s  around t h e  t r u n k s  of  t r e e s  l i k e  a  
brown c reepe r  o r  nu tha tch .  P ine  w a r b l e r s  
always n e s t  i n  p i n e  t r e e s  a t  va ry ing  
h e i g h t s ;  Wayne (1910) found n e s t s  from 
4.6 t o  41 .1  m (15 - 135 f t )  above ground. 
The n e s t s  a r e  cons t ruc ted  of  ba rk  s t r i p -  
p ings ,  tw igs ,  and g r a s s e s .  Lined w i t h  
p ine  need les  and f e a t h e r s ,  t h e  n e s t s  a r e  
he ld  t o  t h e  l imbs by cobwebs. The p i n e  
warbler  is i n s e c t i v o r o u s  and. a s  such. 
p l a y s  a n  obvious sys tem-rela ted  func t ion .  

LPP 
PREDATORS 

Great horned owl, 
Sharp-shinned hawk, 

Screechowl \ 

INSECTIVORES 

Red-be1 lied woodpecker 1 'T Crested Pine warbler flycatcher GRANIVORES OMNIVORES 

Chipping sparrow Brown-headed nuthatch 
Mourning dove 

Eastern bobwhite 

Figure  6-6. General ized t r o p h i c  r e l a t i o n s h i p s  of r e p r e s e n t a t i v e  b i r d s  of upland p ine  f o r e s t  
communities of t h e  Sea I s l a n d  Coas ta l  Region. 
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According t o  Martin e t  a l .  (1951). i t s  
p r i n c i p a l  d i e t  c o n s i s t s  of a n t s  and o t h e r  
Hymenoptera, bugs, b e e t l e s ,  c a t e r p i l l a r s ,  
s p i d e r s ,  grasshoppers ,  and f l i e s .  Con- 
s i d e r i n g  t h e  es t imated annual l o s s  of m i l -  
l i o n s  of d o l l a r s  due t o  f o r e s t  i n s e c t  
a c t i v i t y  (Craighead 1950), t h e  r o l e  of in-  
sec t ivorous  s p e c i e s  such a s  t h e  warb le r s ,  
nuthatches ,  chickadees ,  c reepers ,  and 
woodpeckers becomes even more important .  
The pine warbler  a l s o  consumes consider-  
a b l e  vege tab le  mat te r  i n  t h e  w i n t e r ,  in- 
c luding t h e  seeds  of va r ious  p ine  t r e e s  
and sumac, b e r r i e s  of t h e  dogwood, and 
grapes. 

The brown-headed nu tha tch ,  smal les t  
of t h e  nuthatches  found i n  t h e  c o a s t a l  
p l a i n ,  is a permanent r e s i d e n t  comonly  
assoc ia ted  wi th  t h e  p ine  warbler  and o t h e r  
b i r d s  c h a r a c t e r i s t i c  of p i n e  f o r e s t .  Un- 
l i k e  t h e  p ine  warb le r ,  t h e  brown-headed 
nu tha tch  b u i l d s  its n e s t s  i n  a ho le  which 
bo th  t h e  male and female d ig .  They usually 
s e l e c t  decaying t r e e s  and s t u b s  f o r  n e s t -  
ing c a v i t i e s ,  which a r e  usua l ly  b u i l t  a t  
e l e v a t i o n s  of  4.6 - 7.6 m (15 - 25 f t )  o f f  
t h e  ground, a l though Wayne ( i n  Sprunt and 
Chamberlain 1970) found a n e s t  1 5  cm 
(6 i n )  o f f  t h e  ground. Its f a v o r i t e  n e s t  
l i n i n g  is  t h e  t h i n ,  t r a n s p a r e n t  shea th  of  
p ine  seeds .  This  s p e c i e s  f eeds  mostly on 
p ine  seeds  i n  t h e  c o a s t a l  p l a i n ,  bu t  it 
commonly fo rages  around p ine  t r e e  t runks  
f o r  a n t s  and o t h e r  Hymenoptera, moth eggs,  
c a t e r p i l l a r s  and cocoons, and s c a l e  in-  
s e c t s  (Martin e t  a l .  1951, Sprunt and 
Chamberlain 1970). 

The red-cockaded woodpecker is  a l s o  
an important  breeding s p e c i e s  adapted f o r  
e x i s t e n c e  i n  pinelands.  Although i t  i s  
n o t  a dominant b i r d ,  i t  is a permanent 
r e s i d e n t  of the  Sea I s l a n d  Coas ta l  Region 
and i s  t h e  s u b j e c t  of s p e c i a l  f o r e s t  man- 
agement techniques  i n  much of the  s tudy 
a r e a .  Because of i t s  h a b i t a t  r equ i re -  
ments, s i t e  f i d e l i t y ,  and d e c l i n i n g  
numbers, t h i s  s p e c i e s  i s  endangered. With- 
i n  South Caro l ina ,  and e s p e c i a l l y  i n  t h e  
Franc i s  Marion Nat ional  Fores t ,  popula- 
t i o n s  of t h e  s p e c i e s  a r e  i n  very good con- 
d i t i o n .  I t  i s  known t h a t  d i seased  p i n e  
t r e e s  o f t e n  provide n e s t i n g  c a v i t i e s  f o r  
t h i s  s p e c i e s ,  and much has  been w r i t t e n  
concerning t h e  apparent  woodpecker-red 
h e a r t  r o t  fungus a s s o c i a t i o n  found through- 
o u t  southern p i n e  f o r e s t s  (Ligon 1970). 
Pine p l a n t a t i o n s ,  e s p e c i a l l y  i n  South 
Carol ina and Georgia,  and mature pine 
s t a n d s  i n  t h e  Nat ional  Fores t  System, could 
play a n  important  p a r t  i n  t h e  p rese rva t ion  
of t h i s  spec ies .  Trees  more than 75 years  
o l d  a r e  used most ly  f o r  n e s t i n g ,  because 
they a r e  more l i k e l y  t o  have p o r t i o n s  
sof tened by h e a r t  r o t  d i s e a s e  (Lay and 
Russe l l  1970).  The b i r d s  usua l ly  n e s t  i n  
l o b l o l l y  p ine  and r e t u r n  t o  t h e  same 
n e s t  h o l e  year  a f t e r  year  (Sprunt and 
Chamberlain 1970). 

The red-cockaded woodpecker i s  a l s o  
an economically important  spec ies .  It 

feeds  l a r g e l y  on l a r v a e  of wood-boring in- 
s e c t s ,  grubs,  and b e e t l e s .  Dingle (1926) 
a l s o  noted t h i s  s p e c i e s  feeding i n  corn- 
f i e l d s  on bor ing worms. Martin e t  a l .  
(1951) a l s o  l i s t e d  grasshoppers ,  c r i c k e t s ,  
egg cases  of roaches ,  c a t e r p i l l a r s ,  t e r -  
mi tes ,  and s p i d e r s  i n  t h e  d i e t  of t h i s  
spec ies .  

The Bachman's sparrow i s  a dominant 
and c h a r a c t e r i s t i c  b i r d  of t h e  p ine  fo r -  
e s t  unders tory.  The grass-shrub under- 
growths a r e  e s s e n t i a l  t o  i t s  needs, a s  i t  
is  a ground n e s t i n g  b i r d .  This  s p e c i e s  
i s  a f a i r l y  common permanent r e s i d e n t  i n  
c o a s t a l  p l a i n s  p ine  woods. It i s  more 
insec t ivorous  than many of t h e  o t h e r  spa r -  
rows, p r e f e r r i n g  grasshoppers ,  c r i c k e t s ,  
s p i d e r s ,  b e e t l e s ,  moths, c a t e r p i l l a r s ,  
and l e a f  hoppers. Grass seeds  and those 
of sedges and p ines  a r e  a l s o  ea ten  by 
t h i s  s p e c i e s  (Sprunt and Chamberlain 
1970). 

Another c h a r a c t e r i s t i c  s p e c i e s  of  
t h e  pine f o r e s t  unders tory i s  t h e  e a s t e r n  
bobwhite. This  i s  a much s tud ied  and 
popular game b i r d ,  and is very  va luab le  
t o  farmers.  I t s  d i e t  c o n s i s t s  of weed 
seeds ,  g r a i n s ,  b e r r i e s ,  and f r u i t ,  a s  
w e l l  a s  grasshoppers ,  b o l l  weev i l s ,  army 
worms, tobacco worms, cutworms, po ta to  
b e e t l e s ,  cucumber b e e t l e s ,  and squash 
b e e t l e s .  The d i e t a r y  needs of t h e  bob- 
whi te  have probably received more s tudy  
than any o t h e r  wi ld  American b i r d  
(Stoddard 1931, Martin 1935, Martin e t  
a l .  1951).  

Of the  t y r a n t  f l y c a t c h e r s  occur r ing  
i n  upland p ine  f o r e s t s  of t h e  Sea I s l a n d  
Coas ta l  Region, t h e  e a s t e r n  wood pewee 
and t h e  southern c r e s t e d  f l y c a t c h e r  a r e  
t h e  most c h a r a c t e r i s t i c ,  and bo th  s p e c i e s  
a r e  common summer r e s i d e n t s  here .  The 
e a s t e r n  wood pewee i s  t h e  most exc lus ive ly  
insec t ivorous  b i r d  of t h e  f l y c a t c h e r s ,  
wi th  about 99% of i t s  d i e t  comprised of 
i n s e c t s  such a s  wasps, a n t s ,  s a n d f l i e s ,  
f l i e s ,  c a t e r p i l l a r s ,  moths, b e e t l e s ,  and 
grasshoppers  (Sprunt and Chamberlain 
1970). 

The southern c r e s t e d  f l y c a t c h e r ,  a l -  
though a b i r d  of t h e  open woodlands, t akes  
r e a d i l y  t o  man-made s t r u c t u r e s .  (e.g. ,  
mai l  boxes, b i r d  houses, e t c . ) .  Grass,  
p ine need les ,  and f u r  a r e  common n e s t i n g  
m a t e r i a l s ,  a s  w e l l  a s  one unusual i tem 
which is always p resen t  i n  t h e  n e s t ,  a 
discarded snakeskin.  Like mbst f l y -  
c a t c h e r s ,  t h i s  b i r d  consumes many and 
va r ied  i n s e c t  s p e c i e s  dur ing i ts l i f e  
t ime . 

Other s p e c i e s  which might be consid- 
ered dominant o r  c h a r a c t e r i s t i c  of t h e  up- 
land p i n e  f o r e s t  i n  the  Sea I s l a n d  Coas ta l  
Region inc lude  t h e  red-be l l i ed  woodpecker, 
common crow, e a s t e r n  b l u e b i r d ,  Caro l ina  
chickadee, yellow-throated warbler ,  and 
summer tanager  (Table 6-13). 



Species having moderate t o  minor 
r o l e s  i n  t h i s  h a b i t a t  (Table 6-13) deserve 
mention s i n c e  t h e r e  i s  much overlap be- 
tween b i r d s  of the  upland pine f o r e s t ,  
mixed hardwoods, and open f i e l d s .  Al- 
though t h e  r a p t o r s  p re fe r  broken f o r e s t s  
f o r  hunt ing,  spec ies  such a s  the  sharp- 
shinned hawk, Cooper's hawk, red-tai led 
hawk, and F lor ida  red-shouldered hawk n e s t  
i n  the  upland pine f o r e s t .  The red-tai led 
hawk i s  a  res iden t  cormnonly observed soar- 
ing above open country, and i s  t h e  most 
f requent ly seen hawk i n  the  a i r .  The red- 
shouldered hawk, on the  o ther  hand, f r e -  
quents a reas  with deciduous t r e e s ,  such 
a s  wooded swamps, a s  well  a s  pine f o r e s t s .  
Hawks a r e  highly valuable i n  con t ro l l ing  
populations of rodents ,  mainly r a t s  and 
mice. 

Owls a r e  among t h e  most b e n e f i c i a l  
of a l l  avian predators  t o  humans. The 
screech owl and grea t  horned owl a r e  com- 
mon permanent r e s i d e n t s  i n  t h e  Sea I s land  
Coastal Region. The southern screech owl 
n e s t s  i n  c a v i t i e s  of t r e e s ,  usua l ly  o ld  
woodpecker ho les .  Although t h i s  species  
preys upon small b i r d s  (mostly sparrows 
and warblers) ,  i t  is economically bene- 
f i c i a l  because of the mice and i n s e c t s  i t  
consumes. The g r e a t  horned owl is a car-  
n ivore  of t h e  upland pine f o r e s t .  Sprunt 
and Chamberlain (1970) ca l led  t h i s  spec ies  
a  " t i g e r  among birds"  because of i ts  fear-  
l e s s  predatory hab i t s .  These b i r d s  con- 
s i s t e n t l y  prey upon skunks and o ther  mem- 
bers  of t h e  weasel family. The g r e a t  
horned owl i s  probably the  only avian 
predator  of crows. Rather than bui lding 
i ts own n e s t ,  t h i s  spec ies  usual ly occu- 
p i e s  t h e  deserted n e s t  of a  hawk, crow, 
o r  osprey. This owl reportedly w i l l  oc- 
cupy p a r t s  of a  bald e a g l e ' s  n e s t ,  and 
Wayne ( i n  Sprunt and Chamberlain 1970) 
found eggs of t h e  g r e a t  horned owl on t h e  
bare wood of a  deep crotch of a  f o r e s t  
t r e e .  I n  add i t ion  t o  rodents ,  skunks, and 
crows, g r e a t  horned owls prey upon game 
b i r d s ,  r a b b i t s ,  s q u i r r e l s ,  and poultry 
(chickens, turkeys,  ducks, e t c . ) .  There- 
f o r e ,  i ts economic value i s  questioned by 
many farmers. 

Vultures  play moderate t o  minor r o l e s  
i n  t h e  upland pine f o r e s t .  Two spec ies ,  
the  turkey v u l t u r e  and black v u l t u r e ,  oc- 
cur  i n  t h e  study a rea .  The black v u l t u r e  
is t h e  more abundant of the  two i n  t h i s  
area,  and feeds pr imari ly  on car r ion .  It 
is of ten  found around c o a s t a l  rooker ies ,  
where it  feeds on t h e  f i s h  dropped by such 
b i r d s  a s  herons and pe l icans .  It a l s o  
preys on eggs and young b i r d s  from t h e  
rookeries  (Sprunt and Chamberlain 1970). 

Avian communities i n  upland pine 
f o r e s t s  of t h e  c o a s t a l  p la ins  a rea  a r e  

predator-prey r e l a t i o n s h i p s ,  of which we 
know very l i t t l e .  I n  f a c t ,  we know very 
l i t t l e  of the l inkages between avian con- 
sumers and the  dynamics of t h e i r  prey 
populations, and how these  r e l a t i o n s h i p s  
a r e  i n  tu rn  l inked  t o  o ther  components of 
the  upland pine f o r e s t  ecosystem. 

The s t a t u s  of nongame b i r d  spec ies  
has recen t ly  received na t iona l  a t t e n t i o n  
i n  f o r e s t  and range h a b i t a t  management 
(Noble 1974, U.S. Department of Agricul- 
t u r e ,  Forest  Service 1975, Noble and 
Hamilton 1976). Studies  have shown t h a t  
in tens ive ly  managed, pure, even-aged pine 
p lan ta t ions  support s i g n i f i c a n t  b i rd  popu- 
l a t i o n s  (Noble and Hamilton 1976). It is 
general ly  accepted t h a t  both the  kinds and 
dens i ty  of b i r d s  can be increased on any 
t r a c t  of land by permit t ing more vegeta- 
t i v e  s t r a t a  t o  develop. Maximum numbers 
of spec ies  and ind iv idua ls  of. nongame 
b i rds  can be a t t a i n e d  through a d ivers i -  
f i e d  h a b i t a t ,  with a l l  vege ta t ive  s t r a t a  
from ground l e v e l  t o  tree-top height  repre- 
sented throughout the  f o r e s t  s tand 
(Roberts 1963). Dead t r e e s a n d  stumps a r e  
important t o  many spec ies  such a s  wood- 
peckers (except f o r  the  red-cockaded), 
eas te rn  bluebird,  brown-headed nuthatch, 
t u f t e d  titmouse, barred owl, f lyca tchers ,  
prothonotary warbler,  eas te rn  wood pewee, 
Carolina chickadee, and sparrow hawk 
(Noble and Hamilton 1976). 

Large blocks of c o n i f e r s  such a s  
s l a s h  pine,  managed i n  s h o r t  r o t a t i o n s  t o  
supply paper m i l l s ,  a r e  unnatural  and may 
be considered poor w i l d l i f e  h a b i t a t  
(Stoddard 1963). One of the  most harmful 
things modern man has done t o  b i r d s  has 
been the  exclusion of f i r e  a s  a  management 
p r a c t i c e  i n  such pine f o r e s t s .  Stoddard 
(1963) reported the  b e n e f i t s  derived from 
t h e  use of f i r e  i n  " f i r e  type" pine f o r e s t s  
of t h e  Southeast.  Pine f o r e s t s  o f ten  
choke up with brush and l o s e  t h e i r  p r a i r i e -  
l i k e  vegetat ion i n  a  few years  without 
burning. Thus, b i r d s  which a r e  dependent 
on burning f o r  c o n t r o l l i n g  cover can no 
longer  f i n d  food and s h e l t e r .  A v a i l a b i l i t y  
of food appears t o  be the most s i g n i f i c a n t  
a t t r a c t i o n  t o  recen t ly  burned a reas .  
Small b i r d s  f ind  s u i t a b l e  food such a s  
f r u i t s ,  seeds,  and green matter  i n  burned- 
over f o r e s t s .  Birds e s p e c i a l l y  a t t r a c t e d  
t o  burned-over pine woods include robins,  
eas te rn  bluebirds,  mourning doves, spar- 
rows, f l i c k e r s  and o ther  woodpeckers, pine 
warblers ,  and many o thers .  Such b i r d s  
f lock on burns during t h e i r  northward m i -  
g ra t ion  i n  March and Apr i l ,  when most con- 
t r o l l e d  burning i s  done (Stoddard 1963). 
According t o  Wharton (1978). the  longleaf 
pine f o r e s t ,  i f  burned regula r ly ,  can sup- 
por t  up t o  one q u a i l  per ac re ,  plus  o ther  
dominant b i r d s  such a s  the  red-cockaded 
woodpecker, Bachman's sparrow, and brown- 
headed nuthatch. The red-cockaded wood- 
pecker, which n e s t s  only i n  l i v e  pines 
with hear t  d i sease ,  usua l ly  leaves an a rea  
i f  f i r e  i s  excluded f o r  5  years .  Recent 
s p e c i a l  management techniques f o r  t h i s  



spec ies  i n  southern f o r e s t s  have been 
very b e n e f i c i a l  f o r  sus ta ined  longevi ty  
of an endangered spec ies  (Ligon 1970, 
Hopkins and Lynn 1971). 

Conversely, t h e  use  of "clear-  
cu t t ing"  techniques i n  f o r e s t  management 
has  i n  many cases  been detr imental  t o  
b i r d s  of t h e  pine f o r e s t .  Even though 
t h e  c lea r -cu t t ing  s t a g e  of even-aged t i m -  
be r  management is now an  accepted prac- 
t i c e  among f o r e s t e r s ,  its u s e  is contro- 
v e r s i a l .  Hundreds of ac res  a r e  o f t e n  
c lea red  i n  one l a r g e  block, r e s u l t i n g  i n  
t h e  d e s t r u c t i o n  of important w i l d l i f e  
h a b i t a t .  Wharton (1978) discussed man's 
impact on t h i s  h a b i t a t  and observed t h a t  
o l d  growth p ine  can be removed with l i t t l e  
e f f e c t  on t h e  o ther  vege ta t ion .  Consid- 
e r ing  t h i s  f a c t o r ,  the  e f f e c t s  of s c i e n t i f i c  
lumbering on b i r d s  i n  t h i s  h a b i t a t  a r e  
not permanent. 

c .  Pine-Mixed Hardwood Communities. 
The pine-mixed hardwood f o r e s t ,  charac- 
t e r i s t i c  of uplands i n  much of  t h e  Sea 
I s land  c o a s t a i  Region, represen t s  an im- 
por tan t  h a b i t a t  f o r  avifauna.  Many b i r d s  
t h a t  breed i n  t h e  northern ha l f  of North 
America l eave  t h e  co lder  temperatures t o  
winter  i n  t h e  Southeast.  Pine-mixed 
hardwood f o r e s t s  of t h e  c o a s t a l  p l a i n  a r e  
used a s  stopping po in t s  f o r  feeding and 
r e s t i n g  during these  migrat ions.  This 
f o r e s t  community i s  approximately midway 
between pioneer and climax community de- 
velopment, and a well-developed and ac- 
t i v e . 1 ~  growing subcanopy is  presen t .  The 
presence of  such an understory has a pro- 
found impact on avian population dens i ty  
and spec ies  composition. Johnson and 
Odum (1956) presented da ta  from Georgia 
showing an upward t rend i n  b i r d  popula- 
t i o n s  with t h e  progression of p lan t  suc- 
cess ion ,  except i n  t h e  young pine f o r e s t .  
General inc reases  i n  avian d i v e r s i t y  and 
dens i ty  through progressive successional  
s t a g e s  toward climax vege ta t ion  have been 
f u r t h e r  documented by Odum (1950) i n  
North Carol ina.  Inc reases  genera l ly  oc- 
cur  i n  t h e  number of ind iv idua l s  and 
spec ies  of b i r d s  i n  t h e  Sea Is land 
Coastal  Region a s  p l a n t  succession pro- 
g resses .  This ,  of course,  would be de- 
pendent upon s u f f i c i e n t  moisture  and other  
condi t ions  f o r  complete understory develop- 
ment. Avai lable  h a b i t a t s  probably in-  
c rease  i n  number with inc reases  i n  vege- 
t a t i v e  he igh t ,  volume, and d i v e r s i t y .  

Approximately 32 dominant spec ies  of 
b i r d s  commonly occur i n  t h i s  h a b i t a t ,  
while another  20 commonly occurr ing 
spec ies  play moderate eco log ica l  r o l e s  
(Table 6-14). Although t h e  number of  
dominant spec ies  i n  t h i s  h a b i t a t  general ly  
exceeds t h a t  f o r  young pine flatwoods, 
t h e r e  is no t iceab le  overlap between some 
spec ies .  For example, t h e  p ine  warbler ,  
yellow-throated warbler ,  southern crow, 
and Carolina chickadee occur i n  t h e  pine- 
mixed hardwood and mixed hardwood f o r e s t s .  

I n  the  pine-mixed hardwood f o r e s t  com- 
munity, t h e r e  i s  an obvious inc rease  i n  
t h e  number of warblers  t h a t  p a r a l l e l s  t h e  
add i t ion  of a subcanopy of sweet gum, 
oaks, dogwood, and t r e e s  with Spanish moss 
t o  t h e  community s t r u c t u r e .  

From t h e  s tandpoint  of t roph ic  
dynamics (Fig. 6-7), t h e  r o l e  of b i r d s  a s  
insec t ivorous  p reda tors  i n  t h i s  h a b i t a t  
should be recognized. It is  genera l ly  
accepted t h a t  b i r d s  consume tremendous 
numbers of i n s e c t s  and s i m i l a r  inver te -  
b r a t e s .  Considered a s  f a c u l t a t i v e  feeders,  
insec t ivorous  b i r d s  e x p l o i t  a v a r i e t y  of 
prey spec ies  a s  oppor tun i t i e s  a r i s e .  Re- 
cen t  s t u d i e s  have shown t h a t  b i r d s  may 
a c t  a s  agents  i n  t h e  a c t u a l  con t ro l  of in- 
s e c t s  (McFarlane 1976b). 

Woodpeckers have been reported a s  in-  
s e c t i v o r e s  i n  southern f o r e s t s  (Knight 
1958, Solomon 1969). Dominant woodpeckers 
i n  pine-mixed hardwood f o r e s t  communities 
of t h e  s tudy a r e a  inc lude  t h e  p i l e a t e d  
woodpecker, red-bel l ied woodpecker, and 
downy woodpecker. The p i l e a t e d  woodpecker 
has s p e c i f i c  h a b i t a t  requirements f o r  t h i s  
type of  f o r e s t .  It r e q u i r e s  a mature fo r -  
e s t  with dead t r e e s  s c a t t e r e d  throughout. 
I n  sea rch  f o r  food, t h i s  spec ies  removes 
l a r g e  chunks of bark and decaying wood. 
Considered a va luab le  a s s e t  t o  f o r e s t s  and 
t imber ,  t h e  p i l e a t e d  woodpecker e a t s  wood- 
boring b e e t l e s ,  a n t s ,  and grubs. It a l s o  
e a t s  wild f r u i t s ,  b e r r i e s ,  and seeds of 
b u l l  bay (magnolia) (Sprunt and 
Chamberlain 1970). Solomon (1969) inves t i -  
gated woodpecker predat ion on boring in- 
s e c t s  of hardwoods and found t h a t  these  
b i r d s  removed 39% of white  oak bore rs ,  39% 
of l i v i n g  beech bore rs ,  and 13% of poplar  
bore rs .  

The t u f t e d  titmouse is a common com- 
panion of t h e  warblers  i n  t h i s  f o r e s t  habi- 
t a t .  It n e s t s  i n  o ld  woodpecker ho les  o r  
o t h e r  c a v i t i e s .  The t u f t e d  titmouse i s  
insec t ivorous ,  t ak ing  c a t e r p i l l a r s ,  wasps, 
bees, sawfly l a r v a e ,  and b o l l  weevi ls ;  i t  
a l s o  e a t s  acorns,  mulber r ies ,  and wax 
myr t l e  b e r r i e s  (Sprunt and Chamberlain 
1970). The t u f t e d  titmouse r e g u l a r l y  con- 
sumed about 50% of eucosmid i n s e c t  s tocks  
(e.g.,  Ernamonia conicolani)  i n  pine 
p l a n t a t i o n s ,  according t o  Gibb (1958, 
1960, 1962). Tinbergen (1960) repor ted  
t h a t  35% - 40% of lepidopteran l a r v a e  i n  
p ines  were consumed by t h i s  spec ies ,  while  
B e t t s  (1955) found t h a t  about 20% of a f e -  
male win te r  moth populat ion was consumed 
by t h e s e  b i r d s .  

Of t h e  v i r e o s  occurr ing i n  pine-mixed 
hardwood h a b i t a t s ,  the  white-eyed v i r e o  
and red-eyed v i r e o  a r e  most common i n  t h e  
Sea I s land  Coastal  Region. These two 
valuable  i n s e c t i v o r e s  a r e  both common sum- 
mer r e s i d e n t s  and n e s t  i n  the  f o r e s t  t r ees .  
The white-eyed v i reo  e a t s  a v a r i e t y  of in- 
s e c t s ,  including moth and b u t t e r f l y  l a rvae  
and a d u l t s  (Sprunt and Chamberlain 1970). 
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IP_P 
PREDATORS 

Red-tailed hawk 
Red-shouldered hawk 

Screech owl 
Chuck-will's-widow 

INSECTIVORES OMNIVORES 

Blue-gray grmtcatcher Common crow 
Pileated roodpeeker Robin 

Carolina wren 

SCAVENGERS 

Black vulture 
Turkey vulture 

NECTIVORES GRANIVORES VEGETARIANS 

Ruby-thrwted hummingbird Mourning dove Cedar waxwing 
White- throated q m r Q  

Figure 6-7. Generalized trophic relationships of representative birds of upland pine-mixed 
hardwood comunities of the Sea Island Coastal Region. 

The red-eyed vireo eats seeds of the bull 
bay (magnolia), in addition to insects. 
Wayne (in Sprunt and Chamberlain 1970) 
reported as many as 50 of these birds 
feeding on seeds of a single magnolia. 

Habitat availability for dominant 
ground-dwelling species such as the 
Carolina wren, hermit thrush, robin, cat- 
bird, chuck-will's-widow, and eastern 
bobwhite varies with herbaceous and shrub 
vegetation density. Such density is a 
function of forest canopy closure. Since 
the pine-mixed hardwood forest has a well- 
developed understory and sub-canopy, habi- 
tat diversity usually is well-balanced 
and provides space for low to mid-level 
foragers and nesters. MacArthur and 
MacArthur (1961) found that foliage 
height profile determined bird diversity. 
The number of breeding birds was highest 
when the three horizontal layers corre- 
sponding to herbs, shrubs, and trees over 
7.6 m (25 ft) tall had equal amounts of 
foliage. Bird diversity in a pine-mixed 
hardwood forest (basically three-layered) 
can thus be expected to be greater than 
in a young pine forest or old field. 

Logging activities constitute the 
major influence of man on birds in this 
habitat. The grazing and browsing of 
livestock, and the rooting of swine, also 
impact on bird populations here. 

The avifauna of mixed hardwood for- 
est communities in the Sea Island Coastal 

Region is very similar to that of the 
pine-mixed hardwood forest discussed pre- 
viously. Identification of key environ- 
mental features in the selection of one 
habitat over another is very difficult. 
Some species select on the basis of one or 
a few primary factors, while no single 
factor is known to be of primary impor- 
tance for others. Presumably, the pres- 
ence of nest holes, water, food sources, 
and gradients in vegetation densities af- 
fects the preference for one habitat over 
another. Willson (1974) concluded that 
the increase in bird species with the ad- 
dition of shrub and tree layers may not be 
due to an increase in resource productiv- 
ity, but rather to increased habitat patch- 
iness in three dimensions, leading to new 
possibilities of space utilization by 
birds. 

Vegetative structure appears to be a 
primary habitat characteristic controlling 
bird density and diversity. In the case 
of pine-mixed hardwood and mixed-hardwood 
comunities, the dominant factor in- 
fluencing avifauna would probably be under- 
story and sub-canopy characteristics. The 
phyto-vertical distribution of birds in 
this habitat is based on three fundamental 
activities of bird behavior: 1) the 
height at which they feed, 2) the altitude 
of the nesting site, and 3) the elevation 
at which they seek refuge for protection 
(Dunlavy 1935). 



I n  a c l a s s i c  paper d e a l i n g  wi th  
p l a n t  success ion  i n  Georgia,  Johnson and 
Odum (1956) found t h a t  maximum s p e c i e s  
d i v e r s i t y  of  b i r d s  was reached a t  about 
t h e  60th  y e a r ,  o r  dur ing  t h e  pine-mixed 
hardwoods s t a g e .  The number of b i r d  
s p e c i e s  then h e l d  s t e a d y  through t h e  oak- 
hickory climax s t a g e .  These a u t h o r s  r e -  
corded t h e  dominant s p e c i e s  (by d e n s i t y )  
f o r  o l d  p ine  f o r e s t  wi th  well-developed 
deciduous unders to ry  a s  p i n e  warb le r ,  
Carol ina  wren, hooded warb le r ,  and 
c a r d i n a l .  I n  t h e  oak-hickory climax, t h e  
red-eyed v i r e o ,  wood th rush ,  and c a r d i n a l  
were dominants. 

3. Mammals 

Many s p e c i e s  of mammals cannot be  
ass igned convenient ly  t o  a s i n g l e  t e r -  
r e s t r i a l  h a b i t a t .  Th i s  is due i n  p a r t  t o  
t h e i r  g r e a t  m o b i l i t y ,  bu t  perhaps more so  
t o  t h e i r  r a t h e r  genera l i zed  h a b i t a t  r e - .  
quirements.  Also,  t e r r e s t r i a l  f o r e s t e d  
h a b i t a t s  o f t e n  occur  as a mosaic o f  
pa tches ,  inc lud ing  many t r a n s i t i o n a l  
s t a g e s .  For t h e s e  r easons ,  t h e  mammals 
of t h e  upland system w i l l  be summarized 
i n t o  o l d  f i e l d  and f o r e s t e d  communities. 

a. Old F i e l d  Communities. The o l d  
f i e l d  community occurs  i n  a l l  c o a s t a l  
c o u n t i e s  of t h e  Sea I s l a n d  Coas ta l  Region, 
bu t  as a community type ,  i t  i s  no t  wide- 
spread on t h e  b a r r i e r  i s l a n d s .  Th i s  com- 
munity is dominated i n  terms of i ts mam- 
mal ian fauna by smal l  mammals, p a r t i c u l a r l y  
t h e  roden t s  and lagomorphs. 

Among t h e  herbivorous  mammals, t h e  
e a s t e r n  c o t t o n t a i l  r a b b i t  i s  c e r t a i n l y  
one o f  t h e  e c o l o g i c a l  dominants i n  t h i s  
community and a n  important  l i n k  i n  food 
cha ins  of  predacious  mammals, a v a r i e t y  
of  r a p t o r i a l  b i r d s ,  and some r e p t i l e s .  
Gol ley (1962) considered t h e  o l d  f i e l d  
community t o  be  optimum h a b i t a t  f o r  cot-  
t o n t a i l  r a b b i t s  because food and cover 
a r e  abundant.  Food h a b i t s  of  t h e  e a s t e r n  
c o t t o n t a i l  have been s t u d i e d  e x t e n s i v e l y  
i n  o t h e r  a r e a s ,  bu t  n o t  i n  t h e  immediate 
Sea I s l a n d  Coas ta l  Region. S tud ies  have 
shown t h a t  they  consume a l a r g e  v a r i e t y  
of  bark,  twigs ,  l e a v e s ,  seeds ,  and r o o t s  
of  v a r i o u s  p l a n t s  (Golley 1962).  The 
e a s t e r n  c o t t o n t a i l  is  g e n e r a l l y  t h e  most 
abundant of  t h e  medium-sized mammals i n  
t h i s  h a b i t a t ,  and probably t h e  on ly  one 
which may spend i t s  e n t i r e  l i f e  c y c l e  
wi th in  t h i s  community. Reproduction t akes  
p l a c e  over  most o f  t h e  yea r  i n  t h e  a r e a ,  
and t h e  high rep roduc t ive  c a p a c i t y  of t h e  
c o t t o n t a i l  is w e l l  known. The g e s t a t i o n  
pe r iod  is 30 days ,  and even i n  more 
n o r t h e r l y  a r e a s ,  t h r e e  o r  more l i t t e r s  
may b e  r a i s e d  per  yea r  (Ecke 1955).  The 
average l i t t e r  s i z e  i s  four  t o  s i x  young. 
The g rass - l ined  n e s t s  a r e  u s u a l l y  w e l l  
concealed wi th in  t h i c k e t s  and dense g r a s s  
i n  t h e  o l d  f i e l d .  The l e v e l  of  popula- 
t i o n  d e n s i t y  which can occur  i s  suggested 
by Buele and Studholme (1942),  who found 

an es t imated 14 n e s t s  pe r  a c r e  i n  o l d  
f i e l d  communities i n  Pennsylvania.  

Eas te rn  c o t t o n t a i l  r a b b i t s  a r e  gen- 
e r a l l y  more abundant on,  o r  ad jacen t  t o ,  
a g r i c u l t u r a l  l ands  than  i n  n a t u r a l  habi- 
t a t s ,  again  because of  t h e  abundant food 
supply and numerous eco tona l  s i t u a t i o n s .  
The c o t t o n t a i l  does  cons ide rab le  damage 
t o  newly p lan ted  row crops  and e s p e c i a l l y  
truck-garden crops  i f  t h e i r  numbers a r e  
,not c o n t r o l l e d  e i t h e r  by p r e d a t o r s  o r  
hunt ing p ressu re .  

The h igh  rep roduc t ive  capac i ty  of 
t h i s  s p e c i e s  is  matched by a h igh  mortal-  
i t y  r a t e ,  bu t  n e i t h e r  f ecund i ty  nor  mor- 
t a l i t y  h a s  been s p e c i f i c a l l y  measured i n  
t h i s  a r e a .  J u v e n i l e  r a b b i t s  a r e  common 
prey t o  o t h e r  mammals, hawks, owls,  and 
snakes .  Domestic dogs and c a t s  a r e  ef-  
f e c t i v e  p reda to r s  on a d u l t  and j u v e n i l e  
r a b b i t s ,  e s p e c i a l l y  where o l d  f i e l d s  a r e  
c l o s e  t o  human h a b i t a t i o n .  Hunting pres-  
s u r e  on a year-round b a s i s  i s  o f t e n  a 
minor m o r t a l i t y  source .  

The marsh r a b b i t  i s  c l o s e l y  t i e d  t o  
a q u a t i c  communities, b u t  t h i s  s p e c i e s  
e n t e r s  t h e  o ld  f i e l d  community f o r  f eed ing  
i f  a q u a t i c  h a b i t a t s  a r e  nearby. When i n  
t h i s  community, i t s  t r o p h i c  r o l e  i s  es- 
s e n t i a l l y  t h e  same a s  t h e  e a s t e r n  cot ton-  
t a i l  r a b b i t .  

A number of sma l l  roden t s  a r e  com- 
monly abundant i n  o l d  f i e l d  communities, 
i nc lud ing  t h e  marsh r i c e  r a t ,  h a r v e s t  
mouse, o l d - f i e l d  mouse, c o t t o n  r a t ,  p i n e  
mouse, and house mouse. 

The d i s t r i b u t i o n  p a t t e r n  o f  t h e  old- 
f i e l d  mouse i s  no t  c l e a r  i n  t h e  s t u d y  
a r e a .  I t  occurs  i n  s e v e r a l  c o a s t a l  a r e a s  
of Georgia,  b u t  i t s  presence i n  c o a s t a l  
South Carol ina  has  n o t  been documented. 
Cumberland I s l a n d  i s  t h e  on ly  c o a s t a l  is- 
land where i ts presence has  been es t ab -  
l i s h e d .  Even though t h e  o l d  f i e l d  com- 
munity i s  i t s  p r e f e r r e d  h a b i t a t ,  t h e  
o l d - f i e l d  mouse i s  n o t  s i g n i f i c a n t  i n  t h i s  
a r e a  . 

Golley (1962) suggested t h a t  t h e  co t -  
ton  r a t  may we l l  be t h e  most abundant mam- 
mal i n  Georgia.  It i s  a l s o  abundant i n  
South Caro l ina ,  where it f i n d s  optimum 
h a b i t a t  i n  o l d  f i e l d  communities (Golley 
19661, a l though it  is seldom found i n  t h e  
e a r l i e r  s t a g e s  of re-vegeta t ion.  Th i s  
s p e c i e s ,  u n l i k e  some mainland s p e c i e s ,  i s  
p resen t  on most of t h e  c o a s t a l  i s l a n d s .  
Johnson e t  a l .  (1974) recorded t h e  s p e c i e s  
o n  Cockspur, Tybee, Blackbeard, Sapelo ,  
S t .  Simons, J e k y l l ,  L i t t l e  Cumberland, and 
Cumberland i s l a n d s  i n  Georgia.  I n  South 
Caro l ina ,  i t  i s  one of t h e  more abundant 
small mammals of  Kiawah I s l a n d  (Pe l ton  
1975).  It i s  probably p r e s e n t  i n  appro- 
p r i a t e  h a b i t a t s  on most South Caro l ina  
c o a s t a l  i s l a n d s ,  even though i t  has  n o t  
been recorded from most. 



According t o  Gol ley (1962). t h e  food 
h a b i t s  and food requirements  of t h e  cot-  
ton r a t  a r e  w e l l  documented. Stomach 
a n a l y s i s  r evea led  t h a t  herbaceous p l a n t s  
such a s  lespedeza were most commonly eaten, 
wi th  g r a s s e s  such a s  purp le  top  and broom 
sedge being of secondary importance. Like 
many roden t s ,  t h i s  r a t  r e l i e s  t o  a s l i g h t  
e x t e n t  upon i n s e c t s  a s  a food source ,  but  
a l s o  grubs  f o r  r o o t s  and tube r s .  

This  r a t  breeds  over  most of t h e  
yea r ,  w i th  a r e s t i n g  pe r iod  i n  mid-winter. 
The g e s t a t i o n  pe r iod  i s  27 days ,  and an 
average l i t t e r  c o n s i s t s  of about  f i v e  
young. 

The c o t t o n  r a t  i s  an important  prey 
organism f o r  hawks, owls,  predacious  mam- 
mals,  and r e p t i l e s .  For example, Johnson 
e t  a l .  (1974) r epor ted  t h a t  a n a l y s i s  of a 
l a r g e  c o l l e c t i o n  of owl p e l l e t s  from 
Sapelo I s l a n d  y i e l d e d  152 co t ton  r a t  
s k u l l s ,  compared wi th  on ly  26 s k u l l s  of 
t h r e e  o t h e r  mammal s p e c i e s .  

The opossum is g e n e r a l l y  t h e  most 
abundant medium-sized mammalian omnivore 
t o  e n t e r  t h e  o l d  f i e l d  community. A l -  
though it  i s  b a s i c a l l y  a f o r e s t  dwe l l e r ,  
i t  may e n t e r  o l d  f i e l d s  t o  f eed .  Although 
opossums feed  upon a wide v a r i e t y  o f  p l a n t  
and animal m a t e r i a l s ,  they r e l y  h e a v i l y  
upon i n s e c t s  i n  t h e  Sou theas t .  

Among t h e  s t r i c t l y  predacious  mam- 
mals of o l d  f i e l d  communities a r e  t h r e e  
s p e c i e s  of shrews. The l e a s t  shrew, which 
f i n d s  optimum h a b i t a t  requirements  i n  t h e  
o l d  f i e l d  community, is more abundant i n  
t h e  c o a s t a l  p l a i n  than i n  t h e  Piedmont. 
I n  Georgia,  Johnson e t  a l .  (1974) c i t e  i t s  
occurrence on Blackbeard, Sapelo ,  and 
Cumberland i s l a n d s .  I n  South Caro l ina ,  
i t  i s  recorded i n  Char les ton,  Georgetown, 
and Jaspe r  c o u n t i e s ,  a l though i t  probably 
occurs  i n  a l l  c o a s t a l  coun t i e s  of t h e  Sea 
I s l a n d  Coas ta l  Region. P e l t e n  (1975) 
found t h i s  s p e c i e s  of shrew on Kiawah Is- 
land.  The high me tabo l i c  r a t e  and high 
l e v e l  of food consumption of t h i s  and 
o t h e r  shrews Are w e l l  known. I n s e c t s ,  
earthworms, cen t ipedes ,  s n a i l s ,  and some 
p l a n t  m a t e r i a l  a r e  consumed (Golley 1962).  

The s h o r t - t a i l e d  shrew and t h e  south- 
e a s t e r n  shrew can a l s o  be  expected i n  t h e  
o l d  f i e l d  h a b i t a t  of t h e  Sea I s l a n d  
Coas ta l  Region, a l though more mois t  habi- 
t a t s  a r e  considered more s u i t a b l e  f o r  
both  s p e c i e s .  The t r o p h i c  p o s i t i o n s  of 
t h e s e  two shrews a r e  e s s e n t i a l l y  t h e  same 
a s  desc r ibed  f o r  t h e  l e a s t  shrew. 

The f o s s o r i a l  e a s t e r n  mole is abun- 
dan t  i n  t h e  o l d  f i e l d  community, but  i t  
i s  f a r  from r e s t r i c t e d  i n  i ts  h a b i t a t  
s e l e c t i o n .  The food h a b i t s  of t h e  mole 
have n o t  been desc r ibed  f o r  t h i s  a r e a ,  
but  i t  probably depends l a r g e l y  on ea r th -  
worms and s o i l  i n s e c t s  a s  i t  does i n  o t h e r  
a r e a s .  Because of i t s  f o s s o r i a l  h a b i t s ,  
it is no t  h igh ly  s u b j e c t  t o  p reda t ion  by 

r a p t o r i a l  b i r d s  o r  m a m m a l s .  Snakes,  which 
e n t e r  mole burrows, a r e  probably t h e  
p r i n c i p a l  p reda to r s .  The mole has a r e l a -  
t i v e l y  low reproduc t ive  r a t e ,  only  one 
l i t t e r  o f  two t o  f o u r  young being produced 
p e r  y e a r  (Golley 1962).  A low m o r t a l i t y  
r a t e  is o f t e n  accompanied by low fecundi ty .  

The l a r g e r  p reda to ry  mammals which 
f r equen t  t h e  o l d  f i e l d  community can b e  
t r e a t e d  a s  a group. This  group c o n s i s t s  
of t h e  gray and red  foxes .  t h e  bobcat ,  t h e  
long- ta i l ed  weasel ,  and t h e  s t r i p e d  skunk. 
None of t h e s e  s p e c i e s  i s  considered perma- 
nent  r e s i d e n t s  of t h i s  h a b i t a t ,  b u t  a l l  
a r e  a t t r a c t e d  t o  i t  by t h e  abundance of 
small roden t s  and ground n e s t i n g  b i r d s .  

Even without  human i n t e r v e n t i o n ,  t h e  
o l d  f i e l d  community i s  only a t r a n s i t o r y  
h a b i t a t .  I f  undis turbed and allowed t o  
s h i f t  t o  f o r e s t e d  l and ,  t h e  dense under- 
s t o r y  of g r a s s e s ,  v i n e s ,  and t h i c k e t s  be- 
comes d ramat i ca l ly  a l t e r e d ,  and i t s  mam- 
malian fauna s h i f t s  accordingly .  

Human impacts a r e  common, however, 
and two may be noted i n  p a r t i c u l a r .  An 
o l d  f i e l d  community u s u a l l y  r e s u l t s  when 
a g r i c u l t u r a l  l ands  a r e  abandoned o r  a l -  
lowed t o  l i e  f a l l o w  f o r  a pe r iod  of yea r s .  
Abandoned f i e l d s  a r e  n o t  o f t e n  unattended 
permanently,  bu t  a r e  u s u a l l y  converted 
back i n t o  a g r i c u l t u r a l  product ion.  The 
c l e a r i n g ,  plowing, and d i s k i n g  of o l d  
f i e l d s  completely a l t e r s  t h e  h a b i t a t  u n t i l  
:such time a s  t h e  f i e l d  i s  abandoned again .  
Less dramat ic  and l e s s  permanent e f f e c t s  
r e s u l t  from t h e  f r equen t  p r a c t i c e  of con- 
t r o l l e d  burning,  p reven t ing  t h e  o l d  f i e l d  
community from progress ing  t o  more mature  
s e r a 1  s t a g e s .  While burning may have a 
n e g a t i v e  impact on n e s t i n g  mammals and 
j u v e n i l e s ,  t h e  long term e f f e c t  may be 
f avorab le  f o r  some i n  s t i m u l a t i n g  subse- 
quent  growth of herbaceous p l a n t s  and 
g rasses .  

b .  F o r e s t  Communities. From a func- 
t i o n a l  ( t roph ic )  s t andpo in t ,  t h e  f o r e s t  
mammals may be grouped i n t o  t h r e e  cate-  
g o r i e s :  1 )  he rb ivores ,  i nc lud ing  browsers 
and g r a z e r s ;  2) omnivores; and 3) preda- 
t o r s .  The l a r g e s t  o f  t h e s e  u n i t s  i s  t h e  
he rb ivore  group, wi th  s p e c i e s  ranging i n  
s i z e  from s e v e r a l  of t h e  smal l e r  roden t s  
t o  t h e  whi t e - t a i l ed  d e e r ,  and i n  abundance 
from many animals  p e r  a c r e  ( roden t s )  t o  
many a c r e s  pe r  animal (dee r ) .  

The whi t e - t a i l ed  dee r  occurs  i n  sev- 
e r a l  h a b i t a t s ,  bu t  f o r  convenience w i l l  b e  
t r e a t e d  i n  g r e a t e s t  d e t a i l  i n  t h i s  sect ion.  
Severa l  subspecies  have been desc r ibed  
from t h e  c o a s t a l  i s l a n d s  t o  t h e  sou th ,  bu t  
t h e  t y p i c a l  subspec ies ,  Odocoileus 
v i rg inanus  v i rg inanus ,  occurs  on t h e  main- 
land i n  t h e  Sea I s l a n d  Coas ta l  Region. 
The s e v e r a l  desc r ibed  subspec ies  a r e  
t r e a t e d  i n  t h e  chap te r  on mari t ime f o r e s t s  
(Chapter Three) . 



White- ta i led dee r  a r e  u s u a l l y  abun- 
dan t  i n  f o r e s t e d  a r e a s  on bo th  i s l a n d s  
and t h e  mainland. Much of t h e  a r e a  is 
f a i r l y  i s o l a t e d ,  and l a r g e  acreages  have 
been he ld  i n  p r i v a t e l y  owned t r a c t s  on 
which hunt ing p ressu re  has  been t i g h t l y  
c o n t r o l l e d .  Of equal  importance is t h e  
f a c t  t h a t  d e e r  product ion has  been an i m -  
p o r t a n t  c o n s i d e r a t i o n  i n  f o r e s t  manage- 
ment p r a c t i c e s .  An e x c e l l e n t  example of  
t h i s  can be  found on Cat I s l a n d  and South 
I s l a n d ,  South Carol ina .  

Because dee r  a r e  predominantly 
browsers,  f eed ing  on l e a v e s  and green 
twigs  of  sh rubs  and t r e e s ,  t hey  a r e  more 
a t  home i n  mixed hardwood f o r e s t  than i n  
open p i n e  f o r e s t .  Mixed hardwoods a l s o  
provide b e t t e r  cover a s  w e l l  a s  mast from 
oaks  dur ing  f a l l  and win te r .  Deer a l s o  
d e r i v e  a  s i g n i f i c a n t  p o r t i o n  of  t h e i r  nu- 
t r i t i o n  from grazing.  They o f t e n  f eed  i n  
more open p ine  woods, a l though predomi- 
n a n t l y  under cover  of darkness .  Nu t r i en t  
and energy requirements  of  dee r  have been 
f a i r l y  w e l l  s t u d i e d ,  and i t  has  been es- 
t imated t h a t  a 100-pound (45.5 kg) dee r  
r e q u i r e s  about  5 l b  (2 .3  kg) of f r e s h  
browse r2 .5  l b  (1.1 kg) a i r  d r i ed ]  d a i l y  
(Gol ley 1962).  Thorsland (1967) r epor ted  
on t h e  n u t r i t i o n a l  a n a l y s i s  of  s e l e c t e d  
dee r  f eeds  i n  South Carol ina .  

Although dee r  a r e  b a s i c a l l y  woodland 
mammals, t hey  u s e  bo th  p a s t u r e s  and 
p lan ted  f i e l d s  a s  noc tu rna l  f eed ing  
grounds. Soybean f i e l d s  i n  c o a s t a l  
Georgia and South Caro l ina  a r e  e s p e c i a l l y  
a t t r a c t i v e  t o  dee r  from a d j a c e n t  f o r e s t s .  
In  many a r e a s ,  i nc reased  d e e r  popu la t ions  
pose a  seve re  t h r e a t  t o  soybean farmers .  
In  some coun t i e s ,  depredat ion hunt ing per- 
m i t s  a r e  i s sued  t o  farmers  so  they  can 
p r o t e c t  t h e i r  f i e l d s  from dee r .  Newly 
p lan ted  c o r n f i e l d s  can a l s o  be  s e r i o u s l y  
damaged by g raz ing  dee r  dur ing n i g h t  feed- 
i n g  fo rays .  

The breeding season f o r  whi t e - t a i l ed  
d e e r  i n  t h e  Sea I s l a n d  Coasta l  Region ex- 
t ends  from l a t e  August to  mid-January, 
wi th  peak breeding a c t i v i t y  i n  mid- 
November. Based on a  196-day g e s t a t i o n  
pe r iod ,  fawning occurs  from e a r l y  March t o  
e a r l y  August, w i th  a  major peak i n  l a t e  
May and e a r l y  June. Year l ing  does  gen- 
e r a l l y  produce a  s i n g l e  fawn, a l though 
dur ing t h e  pe r iod  from 1970 t o  1975 a lmost  
one- thi rd  of  t h e  pregnant  y e a r l i n g  does 
examined i n  c o a s t a l  South Caro l ina  were 
c a r r y i n g  two embryos. More than 50% of  
pregnant  does  examined c a r r i e d  twin em- 
bryos .  Approximately 20% o f  t h e  fawn 
does i n  some c o a s t a l  a r e a s  were pregnant  
dur ing  sp r ing .  Fawns seldom g ive  b i r t h  
t o  more than a  s i n g l e  o f f s p r i n g .  The 
above c i t e d  d a t a  on rep roduc t ion  a r e  
based on t h e  s t u d i e s  by Moore (1976), a s  
r epor t ed  i n  a  6-year sunnuary. 

White- ta i led dee r  have almost no 
p reda to r s ,  a l though some young fawns f a l l  

prey t o  bobcats  and dogs. The p r i n c i p a l  
sources  of  m o r t a l i t y ,  o t h e r  than hunt ing,  
a r e  d i s e a s e  and p a r a s i t i s m ,  both  of  which 
a r e  enhanced by m a l n u t r i t i o n .  Many 
c o a s t a l  f o r e s t e d  a r e a s  a r e  cons ide red  t o  
be over-populated wi th  dee r  a t  t h e  p resen t  
t ime . 

S q u i r r e l s  a r e  probably t h e  most con- 
spicuous herbivorous  mammals of upland 
f o r e s t s .  Three s p e c i e s  occur  i n  f o r e s t  
a s s o c i a t i o n s  o f  t h e  Sea I s l a n d  Coas ta l  
Region, t h e  gray s q u i r r e l ,  f o x  s q u i r r e l ,  
and f l y i n g  s q u i r r e l .  A l l  t h r e e  occur  i n  
pine-mixed hardwood and mixed hardwood 
f o r e s t s ,  b u t  on ly  t h e  fox  s q u i r r e l  i s  
l i k e l y  t o  be  seen i n  open p i n e  f o r e s t s .  
The gray s q u i r r e l ,  most abundant of t h e  
t h r e e ,  f i n d s  i d e a l  h a b i t a t  i n  mixed hard- 
wood f o r e s t s ,  e s p e c i a l l y  those  i n  which 
oak and h i c k o r i e s  a r e  abundant.  Gray 
s q u i r r e l s  c o n s t r u c t  two types  of n e s t s  i n  
. the  hardwood f o r e s t .  The so-cal led den 
n e s t  i s  u s u a l l y  l o c a t e d  w i t h i n  a  hollow 
p o r t i o n  of a  t r e e  t r u n k ,  and i s  used a l -  
most e x c l u s i v e l y  f o r  bea r ing  and r e a r i n g  
young. The o t h e r  type  of n e s t ,  known a s  
a  l e a f  n e s t ,  is l o o s e l y  cons t ruc ted  i n  
t r e e  branches.  Such n e s t s  provide tem- 
porary s h e l t e r  and a r e  seldom used f o r  re- 
product ion.  Two breeding seasons  occur  i n  
c o a s t a l  South Caro l ina  and Georgia,  t h e  
f i r s t  s t a r t i n g  i n  l a t e  January and t h e  
second i n  e a r l y  June. Year l ings ,  however, 
which make up a l a r g e  p o r t i o n  of t h e  fe- 
male popu la t ion ,  breed on ly  once a  yea r  
(Golley 1962, 1966).  The g e s t a t i o n  pe r iod  
i s  42 t o  45 days ,  and smal l  l i t t e r s  a r e  
t h e  r u l e ;  g e n e r a l l y ,  on ly  two t o  t h r e e  
young a r e  produced. The young remain i n  
t h e  n e s t  f o r  6  t o  8 weeks, and a r e  gen- 
e r a l l y  weaned i n  6  t o  7  weeks. 

A wide v a r i e t y  of  n u t s  and seeds  a r e  
consumed by t h e  gray s q u i r r e l ,  w i t h  hickory 
n u t s  and acorns  probably be ing  t h e  p r i n c i -  
p a l  i t ems  when a v a i l a b l e .  The green s t a g e  
of t h e  p ine  cone i s  a l s o  e x t e n s i v e l y  u t i -  
l i z e d  i n  season.  The degree  t o  which 
s q u i r r e l s  s e r v e  a s  prey i s  no t  a s  w e l l  
known. No doubt ,  bobcats  and long- ta i l ed  
weasels  t a k e  smal l  numbers, bu t  t h e  
l a r g e r  hawks and owls a r e  probably more 
s e r i o u s  p r e d a t o r s .  Where f o r e s t  land is 
a d j a c e n t  t o  human h a b i t a t i o n ,  t h e  house 
c a t  can b e  a  s i g n i f i c a n t  p reda to r .  Hunt- 
ing  p r e s s u r e  is a  major source  of popula- 
t i o n  c o n t r o l  i n  many a r e a s .  

Many c o a s t a l  farms i n  South Caro l ina  
and Georgia have a t  l e a s t  a  few pecan 
t r e e s  and,  i n  some c a s e s ,  r a t h e r  ex tens ive  
orchards ,  Wherever pecan o r  o t h e r  
nut-bear ing t r e e s  a r e  p r e s e n t ,  gray 
s q u i r r e l s  a r e  abundant u n l e s s  d e l i b e r a t e l y  
and c o n t i n u a l l y  e l imina ted .  

The l i f e  h i s t o r y  of  t h e  l a r g e r  fox  
s q u i r r e l  i s  s i m i l a r  t o  t h a t  of  t h e  gray 
s q u i r r e l .  Like t h e  l a t t e r ,  fox  s q u i r r e l s  
have w i n t e r  and summer breeding seasons .  
Ges ta t ion  per iod and l i t t e r  s i z e  a r e  a l s o  



s i m i l a r  i n  t h e  two s p e c i e s .  Fox s q u i r r e l s  
u t i l i z e  den n e s t s  f o r  r ep roduc t ion  and 
l e a f  n e s t s  f o r  s h e l t e r ,  and food h a b i t s  
of t h e  two s q u i r r e l s  a r e  g e n e r a l l y  s i m i -  
l a r .  The p r i n c i p a l  e c o l o g i c a l  d i f f e r -  
ences  between t h e  two s p e c i e s  a r e  a s  f o l -  
lows: 1 )  f o x  s q u i r r e l s  seldom reach  pop- 
u l a t i o n  d e n s i t i e s  comparable t o  t h o s e  of 
g ray  s q u i r r e l s ,  and 2) f o x  s q u i r r e l s  a r e  
much more t o l e r a n t  of open l and  and open 
p i n e  f o r e s t  t han  a r e  g ray  s q u i r r e l s .  

Along t h e  c o a s t ,  t h e  sma l l  f l y i n g  
s q u i r r e l  is p r i m a r i l y  a  r e s i d e n t  of t h e  
hardwood f o r e s t .  It is t h e  l e a s t  ob- 
served of  a l l  t h e  s q u i r r e l s  i n  t h i s  a r e a  
because of  i t s  n o c t u r n a l  h a b i t s ,  and i t s  
abundance is  g e n e r a l l y  underes t imated.  
Under n a t u r a l  c o n d i t i o n s ,  t h e  f l y i n g  
s q u i r r e l  u t i l i z e s  t r e e  c a v i t i e s  f o r  dens ,  
b u t  t hey  f r e q u e n t l y  occupy b i r d  n e s t  
boxes when a v a i l a b l e .  The f l y i n g  s q u i r r e l  
i s  q u i t e  s o c i a b l e ;  o f t e n  f o u r  t o  s i x  
s q u i r r e l s  may b e  found us ing  t h e  same den 
o r  n e s t  box (Golley 1966) .  While f l y i n g  
s q u i r r e l s  u t i l i z e  n u t s ,  s e e d s ,  and f r u i t s  
a s  do t h e  o t h e r  two s q u i r r e l s ,  t hey  a r e  
more predacious .  A v a r i e t y  of i n s e c t s ,  
a s  w e l l  a s  t h e  eggs and young of  b i r d s ,  
may b e  u t i l i z e d  (Golley 1962).  

Seve ra l  s p e c i e s  of  sma l l  roden t s  a r e  
common t o  abundant i n  v a r i o u s  types  o f  
f o r e s t  h a b i t a t s ,  and a r e  e c o l o g i c a l l y  i m -  
p o r t a n t  bo th  a s  he rb ivores  and a s  p rey  
s p e c i e s  f o r  mammals, r e p t i l e s ,  and rap- 
t o r i a l  b i r d s .  

The e a s t e r n  wood r a t  may b e  t h e  most 
t y p i c a l  roden t  of f o r e s t e d  h a b i t a t s  with- 
i n  t h e  c o a s t a l  a r e a .  Two subspec ie s  oc- 
c u r  i n  South Caro l ina ,  w i t h  Neotoma 
f l o r i d a n a  f l o r i d a n a  be ing  t h e  c o a s t a l  
form. Within t h e  Sea I s l a n d  Coas ta l  Re- 
g ion,  wood r a t s  a r e  more l i k e l y  t o  b e  en- 
countered i n  hardwood f o r e s t  bottom l a n d s  
than i n  h igh  open p i n e  f o r e s t .  Th i s  
s p e c i e s  i s  n e i t h e r  a r b o r e a l  no r  f o s s o r i a l ,  
and c o n s t r u c t s  an  unusua l ly  l a r g e  ground 
n e s t  f o r  an  animal i t s  s i z e .  The house ,  
b u i l t  of  a  p i l e  of  s t i c k s ,  l e a v e s ,  and 
t r a s h ,  may b e  s e v e r a l  f e e t  i n  d iameter .  
The n e s t  i t s e l f  is  placed w e l l  w i t h i n  t h e  
i n t e r i o r  o f  t h i s  s t r u c t u r e .  Houses may 
b e  cons t ruc ted  w i t h i n  a  hol low l o g  o r  on 
t h e  ground a d j a c e n t  t o  a  f a l l e n  log .  
Eas t e rn  wood r a t s  develop food caches  and 
t o i l e t  a r e a s  n e a r  t h e  n e s t ,  and f requent ly  
add b i t s  of  g l a s s ,  me ta l ,  pape r ,  and o the r  
a r t i f a c t s  t o  t h e  n e s t  a r e a .  Breeding 
probably occur s  yea r  around i n  c o a s t a l  
a r e a s  of South Caro l ina  and Georgia.  The 
g e s t a t i o n  pe r iod  has  been e s t ima ted  a s  
32 days  (Pearson 1952) o r  42 days  
(Hamilton 1943) .  L i t t e r s  a r e  s u r p r i s -  
i n g l y  s m a l l ,  c o n s i s t i n g  of  two o r  t h r e e  
young. Rainey (1956) suggested t h a t  t h e  
age  of s exua l  m a t u r i t y  may be a s  much a s  
1 y e a r .  The age of m a t u r i t y  and low lit- 
t e r  s i z e  bo th  sugges t  a  low rep roduc t ive  
r a t e  f o r  a  roden t .  This  r a t  is  predomi- 
n a n t l y  a  h e r b i v o r e ,  u t i l i z i n g  twigs ,  n u t s ,  

f r u i t ,  and seeds  (Galley 1966).  Gol ley  
(1962) suggested t h a t  animal food is  taken 
when a v a i l a b l e ,  b u t  Lowery (1974) s t a t e d  
t h a t  t h e  s p e c i e s  i s  a lmost  e x c l u s i v e l y  a  
v e g e t a r i a n .  The l a t t e r  a u t h o r  a l s o  sug- 
ges t ed  t h a t  aco rns  a r e  s i g n i f i c a n t  food 
i t ems  i n  t h e  hardwood f o r e s t .  Th i s  
s p e c i e s  is  no doubt an  important  l i n k  i n  
food cha ins  of  t h e  f o r e s t .  S ince  i t  i s  
s t r o n g l y  n o c t u r n a l ,  i t  i s  probably  no t  
s u b j e c t  t o  s i g n i f i c a n t  p r e d a t i o n  by hawks, 
b u t  t h e  l a r g e r  owls,  n o c t u r n a l  predacious  
mammals, and snakes  f eed  h e a v i l y  on t h e  
e a s t e r n  wood r a t  (Lowery 1974).  

The c o t t o n  mouse i s  a  s m a l l  bu t  
abundant roden t  i n  lowland hardwood fo r -  
e s t s .  Th i s  mouse o f t e n  t a k e s  up r e s i d e n c e  
i n  f o r e s t  land a d j a c e n t  t o  c o t t o n  f i e l d s  
and uses  c o t t o n  t o  l i n e  t h e  n e s t ,  whence 
i t s  name. Although t h i s  s p e c i e s  f e e d s  
upon seeds  and o t h e r  p l a n t  m a t e r i a l s ,  i t  
i s  f a r  from an  o b l i g a t e  he rb ivore .  Ani- 
mal m a t e r i a l ,  p r i n c i p a l l y  i n s e c t s ,  may 
c o n s t i t u t e  ove r  h a l f  of i ts d i e t  i n  sum- 
mer. 

The c o t t o n  mouse b reeds  throughout  
t h e  y e a r ,  b u t  n o t  uniformly by season,  i n  
t h e  Sou theas t .  G r e a t e s t  breeding a c t i v i t y  
occur s  i n  mid-winter, wh i l e  t h e  low ebb of  
r ep roduc t ive  a c t i v i t y  occur s  i n  mid-summer. 
Th i s  s p e c i e s  posses ses  a  h igh  r e p r o d u c t i v e  
p o t e n t i a l .  Both sexes  r each  m a t u r i t y  i n  
about  70 days.  The g e s t a t i o n  p e r i o d  rang- 
from 23 days  i n  non-nursing females  t o  30 
days  f o r  a  n u r s i n g  female.  The mean num- 
b e r  of  young p e r  l i t t e r  is four .  Popula- 
t i o n  d e n s i t y  may fo l low a  r e g u l a r  c y c l e ,  
w i t h  g r e a t e s t  numbers i n  w i n t e r  and lowest  
numbers i n  mid-summer. Th i s  sugges t s  a  
s h o r t  l i f e  span and probably  a  h igh  mor- 
t a l i t y  r a t e  due t o  p reda t ion .  The same 
s p e c i e s  t h a t  p rey  upon t h e  e a s t e r n  wood 
r a t  probably  make even g r e a t e r  u se  of  t h e  
c o t t o n  mouse a s  a  food source .  

S ince  a g r i c u l t u r a l  l a n d s  a r e  purpose- 
f u l l y  managed a s  p l a n t - r i c h  and seed- r i ch  
environments,  r o d e n t s  a r e  abundant i n  such 
a r e a s .  S e v e r a l ,  i n c l u d i n g  t h e  roof  r a t ,  
Norway r a t ,  and house mouse, a r e  much more 
l i k e l y  t o  be  found i n  a s s o c i a t i o n  w i t h  
human h a b i t a t i o n  than  i n  n a t u r a l ,  unmodi- 
f i e d  environmental  t ypes .  Barns and o t h e r  
farm s t o r a g e  b u i l d i n g s  p rov ide  i d e a l  habi- 
t a t  f o r  such r o d e n t s .  These mammals pro- 
duce c o n s i d e r a b l e  l o s s e s  t o  s t o r e d  g r a i n s  
and,  u n l e s s  c o n t r o l l e d ,  develop except ion-  
a l l y  h igh  popu la t ions .  

Other roden t s  such a s  t h e  o l d - f i e l d  
mouse, c o t t o n  mouse, c o t t o n  r a t ,  and e a s t -  
e r n  wood r a t  a r e  more l i k e l y  t o  be found 
i n  g r a s s y  f i e l d s ,  farm wood l o t s ,  o r  hedge 
rows surrounding row c rop  f i e l d s .  Abun- 
dance of t h e s e  roden t s  a l s o  s e r v e s  t o  a t -  
t r a c t  a  v a r i e t y  of p r e d a t o r s ,  i nc lud ing  
hawks and owls,  r e p t i l e s ,  and o t h e r  mam- 
mals. 



Colonial pocket gophers occur through- 
out  the  extent  of the  Georgia port ion of 
the  Sea Is land Coastal Region. Unless 
otherwise indicated,  information on t h i s  
group has been drawn from Golley (1962). 
Dis t r ibu t ion  of the  severa l  species  is 
spot ty  and i n  some cases extremely lim- 
i t e d  within the Georgia coas ta l  counties. 
A l l  of these species  a r e  habitat- l imited 
t o  pine fo r e s t  and pine-mixed hardwoods. 
Idea l  hab i t a t  appears t o  be t h e  sandy 
s o i l s  of longleaf pine fo r e s t s .  The 
southeastern pocket gopher is t he  most 
widely d i s t r i bu t ed ,  being known over t he  
f u l l  length of t he  Georgia coast  from 
Camden t o  Chatham County. While i t  ex- 
tends inland t o  t he  Blue Ridge Mountains, 
it is not known from any of t he  coas t a l  
is lands.  A s  pointed ou t  e a r l i e r ,  t h i s  is 
a f o s so r i a l  mammal l imi ted  t o  sandy s o i l s ,  
and major bodies of water apparently 
l i m i t  i ts spread. The Savannah River 
drainage system e s t ab l i she s  i ts northern' 
boundary. The co lonia l  pocket gopher is  
l imited t o  Camden County i n  t he  extreme 
southeastern comer  of Georgia, but 'it i s  
absent from nearby Cumberland Is land.  
Sherman's pocket gopher i s  known only 
from a s i ng l e  colony located northwest of 
Savannah i n  Chatham County. We f ind  no 
recent  reference t o  t h i s  colony, and no 
information whether it  has survived the  
recent  expansion of metropoli tan Savannah. 

The h is tory  of the  Cumberland Is land 
pocket gopher, which is o r  was r e s t r i c t e d  
to  Cumberland I s land ,  was reviewed by 
Johnson e t  a l .  (1974). When Bangs (1898) 
f i r s t  co l lec ted  and described the species ,  
he indicated t ha t  its mounds were sca t -  
t e red  through the  pine woods f o r  miles .  
E. B. Chamberlain (1978, The Charleston 
Museum, Charleston, South Carolina, pers .  
comm.) s tudied t h i s  spec ies  i n  the ea r l y  
1930's, and described severa l  subs t an t i a l  
colonies i n  h i s  notes. I n  1970, Johnson 
e t  a l .  (1974) found only a s i ng l e  colony 
i n  an old f i e l d  habi ta t .  Several months 
a f t e r  t h e i r  observation, t he  f i e l d  was 
plowed. Johnson e t  a l .  (1974) suggested 
tha t  the  spec ies  is endangered and should 
be added t o  the  endangered species  list. 
This may be too l a t e ,  because Hi l les tad  
e t  a l .  (1975) suggested t ha t  t he  species  
may now be ex t i nc t .  

The l i f e  h i s t o r i e s  of most of these 
pocket gopher species  have not been 
studied,  but presumably t h e i r  mode of 
l i f e  is qu i t e  s im i l a r .  The roo ts  of her- 
baceous p l an t s  cons i t u t e  t h e i r  basic  food 
supply - 

Among omnivorous fo r e s t  mammals, the  
opossum i s  probably the  most abundant. 
This mammal is  ubiquitous but f inds  i ts 
idea l  hab i t a t  i n  hardwood f o r e s t ,  es- 
pec ia l ly  the dense woods along stream and 
r i ve r  bottoms. The unusual reproductive 
habi t s  of t h i s  marsupial a r e  general ly 
well known. The young a r e  born i n  a very 
immature s t a t e  a f t e r  a shor t  ges ta t ion  

period of only 12 t o  13  days. Immediately 
a f t e r  b i r t h ,  the young make t h e i r  way t o  
the  marsupium, where they s e i ze  and be- 
come temporarily attached to  one of ap- 
proximately 13 nipples.  A s  many a s  25 
young may be born, but  no more can be  ac- 
commodated i n  the marsupium than there  a r e  
nipples .  The average number of success- 
f u l l y  reared young is general ly s i x  o r  
seven. I n  cont ras t  t o  the  sho r t  ges ta t ion  
period,  t he  young may remain i n  the  marsu- 
pium f o r  severa l  months and continue t o  
nurse a s  much a s  80 days a f t e r  b i r t h .  I n  
coa s t a l  South Carolina, t he r e  a r e  two 
breeding seasons per year. The f i r s t  
period begins i n  January and continues 
i n t o  ea r l y  March. The second breeding 
period is from mid-April i n t o  June. Fe- 
males with young i n  t he  marsupium a r e  a l -  
most never found i n  autumn. 

One reason for  t he  success of t he  
opossum-is i t s  generalized food hab i t s  and 
requirements. Foods se lec ted  change with 
seasonal a v a i l a b i l i t y  pa t te rns .  A wide 
va r i e t y  of f r u i t ,  b e r r i e s ,  and o ther  p lan t  
matter  may be consumed, although i n sec t s  
may cons t i t u t e  t he  bulk of i ts d i e t  i n  
the  southern coas ta l  p la in .  Small mammals  
and b i rds  may a l s o  be consumed when they 
can be captured. When opossums occur near 
human dwellings, they a r e  frequent sca- 
vengers of garbage. 

With t he  high reproductive po t en t i a l  
of t h i s  species ,  i t  is  obvious t h a t  there  
must be a correspondingly high mor ta l i ty  
r a t e  i f  s t a b l e  opossum populations a r e  t o  
be maintained. After  leaving the  marsu- 
plum, the  small and inexperienced young 
f a l l  easy prey t o  a number of predators ,  
including foxes, weasels, bobcats, dogs, 
f e r a l  c a t s ,  the  l a r g e r  hawks and owls, 
and a var ie ty  of snakes. Aside from dis-  
ease, which is l a rge ly  an unknown f ac to r ,  
the  automobile is probably one of the 
major sources of mor ta l i ty  f o r  adul t s .  
The opossum appears t o  be pa r t i cu l a r l y  
suscept ib le  t o  being run over by automo- 
b i l e s ,  l a rge ly  because of its nocturnal 
hab i t s  and slow movements. 

The raccoon is another major omnivore 
of woodland hab i t a t s ,  p a r t i cu l a r l y  i n  hard- 
wood f o r e s t s  where it  f inds  an abundance 
of su i t ab l e  den t r e e s .  I n  t h e  f o r e s t ,  
raccoons feed on a var ie ty  of nu ts ,  seeds, 
and f r u i t s ,  a s  well  a s  i n sec t s ,  sna i l s ,  
small mammals, and birds.  Where agr icu l -  
t u r a l  lands a r e  adjacent t o  woodlands, 
raccoons may be q u i t e  des t ruc t ive .  Rac- 
coons u t i l i z e  a va r i e t y  of f r u i t s  and vege- 
t ab l e s ,  and a r e  espec ia l ly  troublesome i n  
cornf ie lds  where they frequently break 
down corn s t a l k s  t o  reach the ea r s  of corn. 
The l i f e  cycle of the  raccoon is described 
i n  Chapter Four of t h i s  volume, and w i l l  
not be repeated here. 

As noted f o r  the opossum, the auto- 
mobile may be the  l a rge s t  s i ng l e  source of 
mor ta l i ty  f o r  adul t  raccoons. Where 



automobiles a r e  not  p resen t ,  a s  on the 
i s o l a t e d  c o a s t a l  i s l a n d s ,  raccoon popula- 
t ions  a r e  q u i t e  l a r g e .  Such i s  a l s o  the  
case i n  fo res ted  a reas  along the  Santee 
River, a s  well  a s  i n  i s o l a t e d  port ions of 
the  Francis  Marion National Forest  and 
major fo res ted  areas  i n  Georgia. Hunting 
and t rapping pressures  a r e  a l s o  very 
l i g h t .  Where t y p i c a l  mor ta l i ty  sources 
a r e  missing, endogenous dens i ty  dependent 
f a c t o r s  come more i n t o  play. The raccoon 
seems espec ia l ly  suscep t ib le  t o  a  dis-  
temper-like d i sease  which, a t  t imes, 
causes dramatic population reduct ions.  
Rabies a l s o  appears t o  be widespread a t  
times i n  raccoon populations of the  Sea 
I s land  Coastal Region. 

The s t r i p e d  skunk i s  a  common omni- 
vore of fo res ted  a r e a s ,  though i t  appears 
to  p re fe r  more open land. Skunks usua l ly  
remain i n  a  burrow o r  den during day l igh t  
hours and forage f o r  food a t  n igh t .  A 
v a r i e t y  of f r u i t  and b e r r i e s  i s  consumed 
during summer and f a l l .  I n s e c t s ,  small 
mammals, and car r ion  a r e  u t i l i z e d  whenever 
ava i lab le .  Breeding occurs only once per 
year ,  during t h e  spring.  L i t t e r s ,  which 
average about four  young, a r e  produced i n  
ea r ly  summer a f t e r  a  ges ta t ion  period of 
about 60 days (Golley 1962). Because of 
an e f f e c t i v e  defense mechanism, a d u l t  
skunks a r e  l i t t l e  sub jec t  t o  predat ion.  
However, t h e  young do f a l l  prey t o  owls, 
foxes, and o ther  predators .  The s t r i p e d  
skunk i s  general ly  more abundant on agr i -  
c u l t u r a l  lands than i n  unmodified f o r e s t  
lands,  although i t  requi res  fence rows o r  
wood l o t s  f o r  cover. Str iped skunks f r e -  
quently burrow under abandoned farm build- 
ings t o  c r e a t e  den s i t e s .  

The nine-banded armadil lo  i s  a  recent 
add i t ion  t o  t h e  mammalian fauna of the 
Sea Is land Coastal Region. Although not 
r e s t r i c t e d  by h a b i t a t s ,  i t  i s  b a s i c a l l y  
a  f o r e s t  animal and w i l l  be t rea ted  i n  
t h i s  sec t ion .  An ear ly  account of the  
biology of t h i s  mammal and i t s  geographic 
d i s p e r s a l  was provided by Kalmbach (1943). 
I n  1880, the  nine-banded armadillo was re-  
s t r i c t e d  t o  the  southern t i p  of Texas. 
By 1905, i t  had extended i ts  range north- 
ward through much of c e n t r a l  Texas. By 
1943, the  nine-banded armadil lo  had 
spread eastward, occupying most of 
Louisiana and c ross ing  the  Mississ ippi  
River; i s o l a t e d  specimens were found eas t -  
ward of t h e  a rea ,  but these  were thought 
t o  be the  r e s u l t  of acc iden ta l  introduc- 
t i o n  r a t h e r  than ind iv idua ls  contiguous 
with the  main body of t h e  spec ies  d i s t r i -  
but ion.  Golley (1962) reported t h a t  nine- 
banded armadil los  were present  i n  two 
southwestern counties  i n  Georgia, a s  well  
a s  Bibb County i n  c e n t r a l  Georgia. Golley 
speculated t h a t  these represented sca t -  
t e red  in t roduc t ions .  At p resen t ,  t h e  
nine-banded armadil lo  has occupied a l l  of 
Florida and has spread a t  l e a s t  halfway 
up the  Georgia coas t .  E. B. Joseph (1979, 

Charleston, unpuh. da ta )  r e p o r t s  seeing 
numerous road-ki l led animals i n  Camden and 
Glynn counties ,  and some a s  f a r  nor th  a s  
Midway i n  McIntosh County. Considering 
the  spread of t h i s  species  over the  pas t  
half-century,  there  is  no reason t o  assume 
t h a t  i t s  u l t imate  northern boundary has 
ye t  been reached. Apparently none of the 
coas ta l  i s lands  has y e t  been reached. 
Several i s o l a t e d  records f o r  armadillo 
e x i s t  f o r  South Carol ina,  but there  is  no 
evidence t h a t  any populations have become 
es tab l i shed  i n  t h i s  S ta te .  

The motivation f o r  Kalmbach's (1943) 
s t u d i e s  i n  the  e a r l y  f o r t i e s  was the  f e a r  
t h a t  the  armadillo might be a  se r ious  
predator on q u a i l  nes t s .  To c l a r i f y  t h i s  
i s sue ,  extensive food s t u d i e s  were con- 
ducted on Texas armadil los .  On t h e  b a s i s  
of analyses conducted during each of the  
four  seasons, i n s e c t s  and o ther  inver te -  
b r a t e s  were found t o  c o n s t i t u t e  over 90% 
of i t s  d i e t .  Kalmbach concluded t h a t  
moderate populations of armadil los  con- 
s t i t u t e d  no t h r e a t  t o  ground nes t ing  b i rds .  
No s i m i l a r  s t u d i e s  have been conducted i n  
t h i s  a rea ,  but  there  i s  no reason t o  as- 
sume t h a t  food h a b i t s  would d i f f e r  s i g n i f -  
i c a n t l y .  

The nine-handed armadil lo  has no im- 
por tan t  predators  i n  our a r e a ,  but they 
seem espec ia l ly  suscep t ib le  t o  being h i t  
by automobiles. This is  probably t h e  major 
cause of mor ta l i ty  i n  our a rea .  

The black bear ,  l a r g e s t  omnivorous 
mammal of t h e  Eastern United S t a t e s ,  oc- 
curs  i n  t h e  Francis  Marion National For- 
e s t  and perhaps i n  o ther  por t ions  of t h e  
s tudy a rea .  Although i t s  numbers a r e  
present ly so low t h a t  i t  has l i t t l e  eco- 
l o g i c a l  s ign i f icance ,  i t  i s  s t i l l  an item 
of popular i n t e r e s t .  Black bears  u t i l i z e  
almost any type of food ava i lab le .  Its 
d i e t  includes b e r r i e s ,  n u t s ,  g rasses ,  
l eaves ,  small mammals, i n s e c t s ,  and f i s h e s  
where ava i lab le .  The young of f e r a l  hogs, 
which a r e  r e l a t i v e l y  abundant i n  t h e  
Francis  Marion National Fores t ,  may be a  
s i g n i f i c a n t  food source. The black bear 
has no predators  here  except man, who is  
no doubt t h e  major element of population 
cont ro l  f o r  t h i s  spec ies .  

Ent i re ly  o r  predominantly carnivorous 
f o r e s t  mammals range i n  s i z e  from the  t i n y  
southeastern shrew t o  the  bobcat. The 
southeastern shrew, although apparent ly a  
r a r e  spec ies ,  is of h i s t o r i c a l  i n t e r e s t  i n  
t h i s  charac te r iza t ion  a rea .  It was o r i g i -  
n a l l y  described by Bachman (1837) from t h e  
Santee Swamp, although Golley (1966) re-  
ported t h a t  t h e  a c t u a l  loca t ion  was prob- 
ably on Cat Is land within t h e  study a rea .  
L i t t l e  i s  known of t h i s  predator  except 
t h a t  i t  appears t o  p r e f e r  moist woods. 

The most common f o r e s t  shrew i n  the  
Sea Is land Coastal Region i s  the  short-  



encountered i n  moist  woods where t h e r e  is 
an abundance of l i t t e r  and l e a f  mold, bu t  
i t  may be  found 'n open p i n e  f o r e s t .  The 
s h o r t - t a i l e d  shrew feeds  l a r g e l y  upon in -  
v e r t e b r a t e s ;  i n s e c t s ,  s n a i l s ,  and ea r th -  
worms a r e  thought t o  c o n s t i t u t e  t h e  bu lk  
of i ts  d i e t .  When fo rag ing  on t h e  s u r f a c e  
a t  n i g h t ,  t h i s  shrew is  s u b j e c t  t o  a va- 
r i e t y  of mammalian and avian p r e d a t o r s .  
It is a r e l a t i v e l y  abundant s p e c i e s  wi th  
a h igh  rep roduc t ive  capac i ty ,  and a h igh  
m o r t a l i t y  r a t e  i s  l i k e l y .  

The long- ta i l ed  weasel is a h igh ly  
predacious  mammal i n  f o r e s t e d  a r e a s  of 
t h e  c o a s t .  Two subspecies  occur  i n  t h e  
Sou theas t ,  w i th  Mustela f r e n a t a  o l i v a c e a  
be ing  t h e  subspec ies  on t h e  c o a s t .  Th i s  
mammal is  seldom seen and has  no t  been 
i n v e s t i g a t e d  i n  t h e  s tudy a r e a .  Although 
i ts  abundance is n o t  known, t h e r e  i s  much 
s u i t a b l e  h a b i t a t  f o r  t h i s  s p e c i e s  i n  t h e  
Sea I s l a n d  Coas ta l  Region. Weasels f eed  
l a r g e l y  upon smal l  mammals; r a t s ,  mice, 
shrews, and young r a b b i t s  a r e  a l l  u t i -  
l i z e d .  The weasel i s  a f a s t  and e f f i c i e n t  
p reda to r .  I t s  s l e n d e r  body form al lows 
i t  t o  e n t e r  sma l l  burrows i n  p u r s u i t  of 
prey. Almost no th ing  is known about t h e  
f a c t o r s  which c o n t r o l  i t s  popu la t ion  
l e v e l s .  

Two s p e c i e s  of  foxes ,  t h e  gray and 
r e d ,  occur  i n  t h e  a r e a ,  bu t  t h e  g ray  fox  
is t h e  more common of  t h e  two on f o r e s t e d  
l ands .  The g ray  f o x  is a l s o  l e s s  s t i . i c t ly  
a p r e d a t o r  than t h e  r ed  fox,  a s  i t  f e e d s  
on f r u i t s  and n u t s  t o  a degree. A va- 
r i e t y  of smal l  mammals, b i r d s ,  amphibians, 
r e p t i l e s ,  and i n s e c t s  a r e  preyed upon by 
bo th  s p e c i e s .  Only one l i t t e r  p e r  y e a r  
i s  produced. Breeding occurs  i n  l a t e  
w i n t e r ,  and t h e  young a r e  born from March 
t o  May. Foxes a r e  probably n o t  s u b j e c t  
t o  s e r i o u s  p reda t ion .  Hunting, t r app ing ,  
and automobi le  d e a t h s  a r e  probably t h e  
p r i n c i p a l  m o r t a l i t y  sources .  

The g ray  f o x  is a t t r a c t e d  t o  farms 
l a r g e l y  by t h e  abundance of smal l  mammals 
and b i r d s ,  b u t  i t  a l s o  consumes a v a r i e t y  
of f r u i t s  and o t h e r  p l a n t  m a t e r i a l s .  The 
modernizat ion of  a g r i c u l t u r a l  p r a c t i c e s  
h a s  reduced t h e  number of backyard o r  
barnyard f l o c k s  of  chickens ,  which were a 
c o n s i s t e n t  p a r t  of  t h e  f ami ly  farm i n  
t imes p a s t .  S t i l l ,  many smal l  family  
farms remain i n  c o a s t a l  a r e a s  and unpen- 
ned f l o c k s  o f  p o u l t r y  have n o t  complete ly  
disappeared.  The fox  i n  t h e  hen-house i s  
s t i l l  a food-chain l i n k  i n  t h i s  environ- 
men t . 

The bobcat remains a r e l a t i v e l y  
abundant p r e d a t o r  i n  c o a s t a l  South 
Carol ina  and i n ' p o r t i o n s  of Georgia,  es- 
p e c i a l l y  i n  hardwood and bottomland f o r -  
ests. The i r  d i s t r i b u t i o n  on t h e  c o a s t a l  
i s l a n d s  was d i scussed  i n  Chapter Three, 
Maritime Ecosystem. These c a t s  spend 
most of t h e  day s l e e p i n g  among t h e  upper 
l imbs of hardwood trees, from which they 

descend a t  n i g h t  t o  hunt on t h e  ground. 
Although l a r g e l y  noc tu rna l ,  they occa- 
s i o n a l l y  hunt dur ing  t h e  day. The d i e t  o f  
t h i s  s p e c i e s  is  almost e n t i r e l y  meat. 
Where food s t u d i e s  have been conducted, 
r a t s  and r a b b i t s  c o n s t i t u t e  t h e  b u l k  o f  
t h e  d i e t .  Almost any small mammal o r  b i r d  
t h a t  can be cap tu red  is l i k e l y  t o  be  con- 
sumed. 

The bobcat i s  n o t  s e r i o u s l y  sub jec ted  
t o  p r e d a t i o n ,  and t h e  major popu la t ion  
c o n t r o l s  a r e  hunt ing,  t r app ing ,  and auto- 
mobile-caused m o r t a l i t i e s .  I t  is unl ikely  
t h a t  food l i m i t s  popu la t ions  a t  t h e i r  
p r e s e n t  l e v e l s ,  a l though t h i s  was probably 
t h e  case  be fo re  man-related m o r t a l i t y  
sources  became important .  Decl ines  i n  
a v a i l a b i l i t y  of s u i t a b l e  h a b i t a t  have un- 
doubtedly  been a f a c t o r  i n  t h e  r educ t ion  
of  bobcat  popu la t ions  t o  t h e i r  r e l a t i v e l y  
low c u r r e n t  l e v e l s .  The rep roduc t ive  
c a p a c i t y  i s  r e l a t i v e l y  h igh ,  and breeding 
can  t a k e  p l a c e  a t  any time o f  t h e  year .  
L i t t e r s ,  which o f t e n  c o n s i s t  of  t h r e e  t o  
f o u r  young, a r e  r ea red  i n  dens u s u a l l y  
l o c a t e d  w i t h i n  a hollow l o g  o r  under a 
f a l l e n  t r e e .  



Appendix Table 1. List of vegetation identified in the Sea Island Characterization Study, arranged 
alphabetically by common name (Small 1933, Eyles and Robertson 1944, Bailey 
1951, Mellinger and Mellinger 1962, Radford et al. 1968, Hotchkiss 1972, Bozeman 
1975, Hosier1975, McCollum and Ettman 1977, Teskey and Hinckley 1977, Tiner 
1977, Porcher 1978, Wharton 1978, Rayner et al. 1979). 

Alders 
Alligator-weed 
Amaranth 
American beech 
American climbing fern 
American elm 
American holly 
American hornbeam 
American three-square bulrush 
Annual salt marsh aster 
Arrow-arum 
Arrowhead 
Arrowheads 
Arromod 
Asiatic dayflower 
Asiatic panic grass 
Asiatic panicum 
Aster 
Aster 
Aster 
Aster 
Aster 
Aster 
Aster 
Asters 
Autumn coral-root 

Baggy-knees 
Bald cypress 
Bald rush 
Baldwin's nutrush 
Bamboo 
Bamboo brier 
Banana water-lily 
Barbara's buttons 
Barley 
Bay starvine 
Beach elder 
Beach grass 
Beach hogwort 
Beach pea 
Beach pennywort 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rushes 
Bearded grass-pink 
Beard grass 
Beard grass 
Beard grass 
Bedstraw 
Beech 
Beggar lice 
Beggar lice 
Beggar ticks 
Beggar ticks 
Beggar ticks 
Beggar weeds 
Bermuda grass 

Alnus spp. 
Alternanthera philoxeroides 
Amaranthus spp. 
Fagus grandifolia 
Lygodium palmatum 
Ulmus americana 
Ilex opaca 
Carpinus caroliniana 
Scirpus americanus 
Aster subulatus 
Peltandra virginica 
Sagittaria graminea var. weatherbiana 
Sagittaria spp. 
Viburnum dentatum 
heilema keisak 
Panicum bisulcatum 
Panicum bisulcatum 
Aster laevis var. concinnus -- 
Aster laevis var. laevis -- 
Aster praealtus 
Aster puniceus 
Aster simplex 
Aster squarrosus 
Aster tenuifolius 
Aster spp. 
Corallorhiza odontorhiza 

Sacciolepis striata 
Taxodium distichum 
Psilocarya scirpoides 
Scleria baldwinii 
Smilax laurifolia 
Smilax auriculata 
Nymphaea mexicana 
Marshallia graminifolia 
Hordeum spp. 
Schisandra glabra 
Iva imbricata - 
Panicm amarulum 
Croton punctatus 
Strophostyles helvola 
Hydrocotyle bonariensis 

Rhynchospora glomerata 
Rhynchospora macrostachya 
Rhynchospora megalocarpa 
Rhynchospora plumosa 
Rhynchospora spp. 
Calopogon barbatus 
Andropogon elliottii 
Gymnopogon brevifolius 
Andropogon sp . 
Galium circaezans 
Fagus grandifolia 
Desmodium spp. 
Desmodium marilandicum 
Desmodium spp. 
Bidens spp. 
Bidens pilosa 
Desmodium spp. 
Cynodon dactylon 
Spirodela polyrrhiza 
Nymphoides aquatica 
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Butterfly pea 
Butter-print 
Butterweed 
Butterwort 
Butterwort s 
Button bush 
Buttonweed 

Cabbage palmetto 
Cactus 
Calliopsis 
Camphorweed 
Camphorweed 
Camphorweed 
Canada bluegrass 
Cancer root 
Cancer root 
Cane 
Cape-weed 
Cardinal flower 
Carolina cherry laurel 
Carolina dog-hobble 
Carolina grass-of-pamassus 
Carolina spleenwort fern 
Carolina trillium 
Carpet grass 
Castor-bean 
Castor oil plant 
Catbrier 
Catbriers 
Cat-tail 
Cat-tail 
Cat-tails 
Celery 
Centipede grass 
Chaff -seed 
Chapman oak 
Chapman's sedge 
Cherrybark oak 
Cherry laurel 
China-berry 
Chinaman's shield 
Chinquapin 
Chinquapin oak 
Chocolate-weed 
Chuf a 
Cinnamon fern 
Cinquefoil 
Clearweed 
Climbing fetterbush 
Climbing hempweed 
Close-flowered triple awn grass 
Clovers 
Clubmosses 
Coastal love grass 
Coast bacopa 
Coast pigweed 
Coffee-weed 
Colic root 
Colic root 
Colic root 
Common bladderwort 
Common cat-tail 
Common lespedezas 
Common reed 
Common sundew 
Common three-square 
Coont ail 
Coontail 

Clitoria mariana 
Abutilon theophrastii 
Senecio sp. 
Pinguicula lutes 
Pinguicula spp . 
Cephalanthus occidentalis 
Spermacoce glabra 

Sabal palmetto 
Opuntia compressa 
Coreopsis tinctoria 
Heterotheca graminifolia 
Heterotheca subaxillaris 
Pluchea purpurascens 
Poa compressa 
Conopholis americana 
Orobanche unif lora 
Arundinaria gigantea 
Lippia nodiflora 
Lobelia cardinalis ~ ~ - - -  -- ~ 

Prunus caroliniana 
Leucothoe populifolia 
Parnassia caroliniana - -~ - - 

Asplenium heteroresiliens 
Trillium pusillum var . ~sillum 
Reimarochloa oligostachya 
Ricinus comunis 
Ricinus communis 
Smilax bona-nox --- 
Smilax spp. 
lJ@ domingensis 
Typha glauca 
Twha SDD. d s ~ ~  -..- - 
Apium graveolens 
Eremochloa ophuroides 
Schwalbea americana 
Quercus chapmanii 
Carex chapmanii 
Quercus falcata var. pagodaefl -- 
Prunus caroliniana -~ 

Melia azedarach 
Centella asiatica 
Castanea pumila 
Quercus muehlenbergii 
Melochia corchorifolia 
Cyperus esculentus var 
Osmunda cinnamomea 
Potentilla norvegica 
Pilea pumila -- 
Pieris ~hillvreifolia 
Mikania' scaniens 
- - 

Aristida condensata 
Trif olium spp . 
Lycopodium spp. 
Eragrostis refracta 
Bacopa monnieri 
Amaranthus pumilus 
Sesbania exaltata 
Aletris aurea -- 
Aletris farinosa 
Aletris lutea -- 
Utri.cularia vulgaris 
Twha latifolia 
Lespedeza sp . 
Phragmites communis 
Drosera rotundifolia 
Scir~us americanus 
Ceratophyllum demersum 
Ceratophyllum echinatum 
Ceratophyllum spp . 
Lonicera sempervirens 

sativus 



Cordgrass 
Cordgrass 
Cordgrass 
Cordgrasses 
Coreopsis 
Coreopsis 
Corn 
Cotton rose  
Cottonweed 
Cottonwood 
Cowpea 
Crab grasses  
Cranberr ies  
Crane-fly orchid 
Creeping cucumber 
Creeping f i g  
Creeping rush 
Creeping spikerush 
Creeping spurge 
Creeping water p l a n t a i n  
Crinkled amaranth 
Cross v ine  
Croton 
Crownbeard 
Crow-poison 
Cudweed 
Cudweeds 
Cur t i s s '  dropseed 
Cutgrass 
Cutgrass 
Cutgrass 
Cutgrass 
Cypresses 

Dahoon 
Dahoon 
Daisy f leabane 
Damask r o s e  
Dangleberry 
Dasheen 
Dayf lower 
Day f lower 
Deciduous ho l ly  
Delta  duck po ta to  
Dewberries 
Diodia 
Dock 
Dodder 
Dodder 
Dodder 
Dog fenne l  
Dog fenne l  
Dog-tongue 
Dogwood 
Dotted smartweed 
Downy r a t t l e s n a k e  p lan ta in  
Dropseed 
Dropseed 
Dropwort 
Drummond's p r ick ly  pear  
Duck po ta to  
Duckweed 
Duckweed 
Duckweed 
Duckweeds 
Duckweeds 
Dwarf blueberry 
Dwarf huckleberry 
Dwarf l a u r e l  
Dwarf palmetto 
Dwarf pawpaw 

Spar t ina  a l t e r n i f l o r a  
Spart ina cynosuroides 
Spart  ina  pa tens  
Spar t ina  spp. 
Coreopsis spp. 
Coreopsis f a l c a t a  
Zea mays - 
Filago germanica 
Froe l ich ia  f lor idana 
Populus d e l t o i d e s  

Vigna unguiculata 
D i g i t a r i a  spp. 
Vaccinium spp. 
T ipu la r ia  d i sco lor  
Melothria pendula 
Ficus pumilus 

Amaranthus c r i s p u s  
Anisostichus capreolata  
Croton. punctatus 
Verbesina o c c i d e n t a l i s  
Zigadenus densus 
Gnaphalium purpureum 
Gnaphalium spp. 
Sporobolus c u r t i s s i i  
Leersia  hexandra 
Leersia  l e n t i c u l a r i s  
Leersia  oryzoides 
Leersia  v i r g i n i c a  
Taxodium spp. 

I l e x  cass ine  -- 
I l e x  cass ine  var .  m y r t i f o l i a  -- 
Erigeron s t r i g o s u s  
Rosa damascena 
Gaylussacia frondosa 
Colocasia esculentum 
Commelina e r e c t a  
Commelina v i r g i n i c a  
I l e x  decidua -- - - 

S a g i t t a r i a  graminea 
spp. 

Diodia t e r e s  -- 
Rumex bucephalophorus 
Cuscuta sp.  
Cuscuta cepha lan th i i  
Cuscuta indecora 
Eupatorium c a p i l l i f o l i u m  
Eupatorium c a p i l l i f o l i u m  
Eriogonum tomentosum 
Cornus racemosa 
Polygonum punctatum 
Goodyera pubescens 
~ ~ o r o b o l u s  t e r e t i f o l i u s  
Sporobolus v i r g i n i c u s  
Oxypolis r i g i d i o r  
Opuntia drummondii 
S a g i t t a r i a  l a t i f o l i a  
Lemna minor -- 
Lemna p e r p u s i l l a  
Lemna valdiviana 
Lemna spp. 
Spirodela spp. 
Vaccinium myrsini tes  
Gaylussacia dumosa 
Kalmia h i r s u t a  -- 
Sabal minor -- 
Asimina p a r v i f l o r a  

var  . leptophyllum 



lkarf spikerush 
Dwarf trillium' 
lkarf witch alder 

Eastern cottonwood 
Eastern lilaeopsis 
Eastern red cedar 
Eastern wolffiella 
Eel grass 
Elderberry 
Elderberry 
Elephant's foot 
Elliot' s blueberry 
English plantain 
Eryngo 
Euphorbia 
Evening primrose 
Evening primroses 
Everlasting 
Everlastings 

Fall panic grass 
False asphodel 
False asphodel 
False buckthorn 
False indigo 
False nettle 
False willow 
Fanwort 
Feathery bamboo 
Fern 
Fescue 
Fescue 
Fescue 
Fetter-bush 
Fetter-bush 
Fig 
Finger grass 
Finger grass 
Fishweed 
Flag 
Fleabane 
Floating heart 
Floating hearts 
Floppy water milfoil 
Florida adder's mouth 
Florida bladderwort 
Florida dropseed 
Florida privet 
Flowering dogwood 
Fly-catcher 
Fly-poison 
Flytrap pitcher-plant 
Foxtail clubmoss 
Foxtail grass 
Foxtail grass 
Foxtail grass 
French mulberry 
Fringed loosestrife 
Fringe-leaved paspalum 
~rog's bit 
Frost aster 

Gaillardia 
Gannna grass 
Gentians 
Georgia fever bark 
Georgia plume 
Georgia's bulrush 
Gerardia 
Giant cordgrass 
Giant cutgrass 

Eleocharis parvula 
Trillium pusillum var. pusillum 
Fothergilla gardenii 

Populus deltoides 
Lilaeopsis chinensis 
Juniperus virginiana 
Wolffiella floridana 
Zostera marina - -- 
Sambucus canadensis 
Sambucus simpsonii 
Elephantopus tomentosus 
Vaccinium elliotii 
Plantago lanceclata 
Eryngium integrifolium 
Euphorbia polygonifolia 
Oenothera humifusa 
Oenothera spp. 
Gnaphalium obtusifolium 
Gnaphalium spp. 

Panicum dichotomiflorum 
Tof ieldia glabra 
Tofieldia W s a  
Bumelia lanuginosa 
Amomha fruticosa 
~oehmeria cylindrica 
Baccharis angustifolia 
Cabomba caroliniana 
Bambusa vulgaris 
Polypodium aureum 
Festuca mvuros -- 
Festuca octoflora 
Festuca rubra -- 
Leucothoe racemosa 

Chloris Detraea -- 
Digitaka horizontalis 
Potamogeton illinoiensis 
Iris tridentata 
Erigeron vernus 
Nymphoides aquatica 
Nymphoides spp . 
Myriophyllum k u m  
Malaxis spicata -- 
Utricularia floridana 
Sporobolus floridanus 
Forestiera porulosa 
Cornus f lorida -- 
Sarracenia flava 
Amianthium muscaetoxicum 
Sarracenia purpurea 
Lycopodium alopecuroides 
Setaria geniculata 
Setaria macrosperma 
Setaria magna -- 
Callicarpa americana 
Lysimachia lanceolata 
Paspalum setaceum 
Limnobium spongia 
Aster pilosus -- 

Gaillardia drummondii -- - -  

Tripsacum dactyloides 
Gentiana spp. -- 
Ptikneya pubens 
E iottia racemosa 



Giant f o x t a i l  g r a s s  
Giant plume g r a s s  
Giant reed 
Giant-seeded beak rush 
Giant sp i ra l -o rch id  
Gladiolus  
Glasswort 
Glasswort 
Glasswort 
Glassworts 
Goat's r u e  
Godfrey's sandwort 
Golden a s t e r  
Golden a s t e r  
Golden canna l i l y  
Golden c lub  
Goldenrod 
Goldenrod 
Goldenrod 
Goldenrods 
Gooseberries 
Gopher app le  
Grain sorghum 
Grapef ru i t  
Grass-leaved l a d i e s '  tresses 
Grass-pinks 
Green ash 
Greenbrier 
Greenbrier 
Greenbrier  
Greenbrier 
Greenbriers  
Green f r inged  orchid 
Green f r i n g e l e s s  orchid 
Ground cher ry  
Ground cher ry  
Ground cher ry  
Groundnut 
Gum 

Hackberry 
Elair g r a s s  
Hairy wild-indigo 
Halberd-leaved marsh mallow 
Hartwright i a  
Haws 
Hawthorn 
Hedge hyssop 
Hercules'  c lub  
Hercules'  c lub  
Heterotheca 
Hickory 
Highbush blueberry 
Hight ide bushes 
Hol l i es  
Hooded p i t cher -p lan t  
Hop hornbeam 
Horned bladderuort  
Horned-pondweed 
Hornwort 
Hornwor t 
Hornworts 
Horse balm 
Horse sugar  
Hor seweed 
Huckleberr ies  
Huckleberries 

S e t a r i a  magna 
Erianthus giganteus 
Arundo donax -- 
Rhynchospora megalocarpa 
Spiranthes  l o n g r i l a b r i s  
Gladiolus hor tu lana  
S a l i c o r n i a  b i g e l o v i i  
Sa l i corn ia  europaea 
S a l i c o r n i a  v i r g i n i c a  
Sa l icorn ia  spp . 
Tephrosia v i r g i n i a n a  
Arenaria godfreyi  
Heterotheca f lo r idana  
Heterotheca a ramin i fo l i a  
Canna f l acc ida  
Orontium aquaticum 
Solidago chapmanii 
Solidago gymnospennoides 
Solidago sempervirens 
Solidago spp. 
Vaccinium spp. 
Chrysobalanus ob long i fo l ius  
Sorghum vulgare  
C i t r u s  p a r a d i s i  
Spiranthes  praecox 
Calopogon spp. 
Fraxinus pennsylvanica 
Smilax a u r i c u l a t a  
Smilax bona-nox --- 
Smilax r o t u n d i f o l i a  
Smilax s m a l l i i  -- 
Smilax spp. 
Habenaria l a c e r a  
Habenaria l a c e r a  
Physa l i s  pubescens var .  g r i s e a  
- - 

Physa l i s  v i r g i n i a n a  
Physa l i s  viscosa v a r .  maritima 
Apios americana 
Nyssa s y l v a t i c a  var .  b i f l o r a  

C e l t i s  l a e v i g a t a  
Aira caryophyl lea  
Bapt i s ia  a rachn i fe ra  
Hibiscus m i l i t a r i s  
Hartwright ia  f l o r i d a n a  
Viburnum spp . 
Crataegus sp.  
G r a t i o l a  p i l o s a  
A r a l i a  spinosa 
Zanthoxylum c lava-hercu l i s  
Heterotheca s u b a x i l l a r i s  
Carya spp. 
Vaccinium corymbosum 
Baccharis spp. 
I l e x  spp. 
Sar racen i s  minor 
Ostrya v i r g i n i a n a  
U t r i c u l a r i a  cornuta  
Zannichel l ia  p a l u s t r i s  
Ceratophyllum demersum 
Ceratophyllum echinatum 
Ceratophyllum spp. 
Col l insonia  canadensis 
Symplocos t i n c t o r i a  
Erigeron canadensis 
Gaylussacia spp . 
Vaccinium spp . 

Inc i sed  groovebur 
Indian f i g  

Agrimonia i n c i s a  
Opuntia f icus- indica 



I ris 
Ironweed 
Ironweed 
-Ironweed 
Ironweed 
Ironwood 
Italian rye grass 

. Japanese clover 
'Jerusalem artichoke 
Jewelreed 

E June grass 

Knawel 
Knotweed 
Knotweed 
Knotweeds 

Leather-leaf 
Lemon bacopa 
Lespede zas 
Leuco thoe 
Leuco thoe 
Lippia 
Little bluestem 
Little burhead 
Little floating heart 
Live oak 
Lizard's tail 1 Lobelia 

Loose water milfoil 
Lotus 
Lotus 

t Love grass 
j Love grass 

b Low showy aster 
Lupine 

Macartney rose 
Maidencane 
Male-berry 
Mangrove 
Marsh cress 
Marsh cress 

Sorghastrum nutans 
Sorghastrum secundum 
Iris tridentata 
Vernonia sp. 
Vernonia altissima 
Vernonia blodgettii 
Vernonia harperi 
Carpinus caroliniana 
Lolium multiflorum 

Lespedeza stliiata 
Helianthus tuberosus 
Impatiens capensis 
Sorghum halepense 
Eleocharis equisetoides 
Lindera melissaefolium 
Koeleria phleoides 

Scleranthus annuus 
Polygonum lapathifolium 
Polygonum persicaria 
Polygonum spp. 

Eragrostis capillaris 
Spiranthes laciniata 
Brunnichia cirrhosa 
Kalmia angustifolia var. carolina 
Chenopodium album 
Ipomoea macrorhiza 
Polygonum pensylvanicum 
Smilax laurifolia 
Quercus laurifolia 
Potarnogeton foliosus 
Ophioglossum nudicaule 
Clematis crispa 
Cassandra calyculata 
Bacopa caroliniana 
Lespedeza bicolor 
Leucothoe axillaris 
Leucothoe populifolia 
Lippia nodiflora 
Andropogon scorparius 
Echinodorus parvulus 
Nymphoides cordata 
Quercus virginiana 
Saururus cernuus 
Lobelia elongata 
Gordonia lasianthus 
Pinus taeda -- 
Pinus palustris 
Polygonum longistylum 
Lythrum lineare 
Myriophyllum laxurn 
Nelumbo lutea -- 
Nelmbo pentapetela 
Eragrostis capillaris 
Eragrostis pilosa 
Eragrostis refracta 
Polygala nana 
Aster spectabilis 
Lupinus perennis 

Rosa bracteata 
Panicum hemitomon 

Rorippa sessiliflora 
Boltonia asteroides 
Iva frutescens - 

Marsh eryngo Eryngium aquaticum 



Marsh fleabane 
Marsh fleabane 
Marsh fleabanes 
Marsh-gentian 
Marsh hemp 
Marsh pennyvort 
Marsh-pink 
Marsh purslane 
Meadow beauties 
Meadow beauty 
Meadow beauty 
Melonet te 
Memorial rose 
Milk pea 
Milk-vine 
Milkwort 
Millet 
Millets 
Milo 
Miterwort 
Mock-bishopweed 
Mock-bishopweed 
Mockernut hickory 
Mosquito fern 
Moundlily yucca 
Muhlenberg's amphicarpum 
Muhly grass 
Muhly grass 
Mulberries 
Muscadine grape 
Muscle tree 
Muskgrasses . 
Myrtle holly 
Myrtle oak 
Myrtles 

Narrorleaved cat-tail 
Narrow-leaved pondweed 
Narrorleaved rushfoil 
Needle palm 
Netted chain fern 
Nightshade 
Nitella 
Nodding smartweed 
Nut grass 
Nut rush 
Nut rush 
Nut rush 
Nutmeg hickory 

Oatgrass 
Oats 
Odorless wax myrtle 
Ogeechee plum 
Olive 
Olney's three-square bulrush 
Orach 
Orchids 
Overcup oak 

Panic grass 
Panic grass 
Panic grass 
Panic grasses 
Parrot-feather 
Parrot pitcher-plant 
Partridge berry 
Partridge pea 
Paspalum 
Passion-f lower 
Pawpaw 
Pawpaw 
Pawpaw 
Peanut 

Pluchea purpurascens 
Pluchea rosea -- 
Pluchea spp. 
Sabatia stellaris 
Amaranthus cannabinus 
Hydrocotyle umbellata 
Sabatia foliosa -- 
Ludwigia natans 
Rhexia spp. 
Rhexia alifanus 
Rhexia cubensis 
Melothria crassifolia 
Rosa wichuraniana 
Galactia elliotrii 
Cynanchum palustre 
Polygala grandiflora 
Pennisetum glaucum 
Echinochloa spp. 
Sorghum vulgare 
Cynoctonum sessilifolium 
Ptilimnium capillaceum 
Ptilimnium costatum 
Carya tomentosa 
Azolla caroliniana 
Yucca gloriosa 
Amphicarpum muhlenbergianum 
Muhlenbergia capillaris 
Muhlenbergia expansa 
Morus spp. 
Vitis rotundifolia 
Carpinus caroliniana 
Chara spp. 
Ilex cassine var. myrtifolia -- 
Quercus myrtifolia 
Myrica spp. 

Typha angustifolia 
Potamogeton berchtoldii 
Crotonopsis linearis 
Rhapidophyllum hystrix 
Woodwardia areolata 
Solanum aculeatissimum 
Nitella sp. 
Polygonum lapathifolium 
Cyperus esculentus 
Scleria baldwinii 
Scleria ciliata -- 
Scleria trigolmerata 
Carya myristicaeformn 

Arrhenatherum elatius 
Avena sativa -- 
Myrica inodora 
Nyssa ogeche 
Olea europaea 
Scirpus olneyi 
Atrixplex patula 
Habenaria spp . 
Quercus lyrata 

Panicum amarum -- 
Panicum leucothrix 
Panicum virgatum 
Panicum spp. 
Myriophyllum brasiliense 
Sarraceni& psittacina 
Mitchella repens 
Cassia fasciculata 
Paspalum sp. 
Passiflora lutea 
Asimina incana -- 
Asimina pygmaea 
Asimina triloba -- 
Arachis hypogaea 



Peat  mosses 
Pecan 
Pennywort 
Pennyworts 
Pepper-vine 
Perenn ia l  glasswort  
Per iwinkle  
Persimmon 
Petunia  
Pickerelweed 
Pigeon grape 
Pigmy-pipes 
Pignut  hickory 
Pigweed 
Pigweed . 
Pigweed s 
Pineland agrimony 
Pineweed 
Pin-weeds 
Pipewort 
Pipewort 
P i t cher -p lan t s  
Plume g r a s s  
Plume g r a s s e s  
Poison ivy  
Poke weed 
Polygala  
Polygala  
Polygala  
Polygalas  
Polyp remum 
Pond cypress  
Pond p i n e  
Pond s p i c e  
Pondweed 
Pondweed 
Pondweed 
Pondweed 
Pondweed 
Pondweeds 
Poor-joe 
Poor-mans pepper 
Popcorn t r e e  
Poplar-leaved f e t t e r b u s h  
Poplars  
Possum haw 
Possum haw 
Pos t  oak 
Po ta to  bean 
P r i c k l y  mallow 
Pr ick ly  pea r  
Pr incess-feather  
P r i v e t  
P r o l i f e r a t i n g  sp ike rush  
Pumpkin ash  
Purple  bladderwort 
Purp le  s i l k y s c a l e  
Purple  top 
Pussy-toes 

Queen's d e l i g h t  

Rabbit tobacco 
Ragweed 
Ragweeds 
Rai l road v i n e  
Rain l i l y  

I Rambler r o s e  
Raspberr ies  
Rat t anv ine  

Sphagnum spp. 

Hypericum gen t i ano ides  
Lechea spp. 
Er iocaulon compressurn 
Eriocaulon decangulare 
Sarracenia  spp . 
Erianthus giganteus  
Erianthus spp . 
Rhus rad icans  - 
Phytolacca r i g i d a  

Potamogeton p e c t i n a t u s  
Potamogeton spp. 
Diodia t e r e s  -- 
Lepidium virginicum 
Sapium sebiferum 
Leucothoe p o p u l i f o l i a  
Populus spp. 
I l e x  decidua -- 
Viburnum + 
Quercus s t e l l a t a  
Apios americana 
Sida sp inosa  -- 
Opuntia drummondii 
Polveonum o r i e n t a l e  
~i&itrum japonicum 
Eleochar i s  ba ldwin i i  
Fraxinus tomentosa - -  

U t r i c u l a r i a  purpurea 
Anthaenantia rufa 
Tridens f l a v u s  va r .  f l a v u s  ~ - -  ~~~~ - -- 
Antennaria spp . 
S t i l l i n g i a  s y l v a t i c a  -. 

Gnaphalium ob tus i fo l ium 
Ambrosia a r t e m i s i i f o l i a  
Ambrosia spp. 
Ipomoea pes-caprae --- 
Zephyranthes s impsoni i  
Rosa m u l t i f l o r a  - 
Rubus spp. - 
Berchemia scandens 
C r o t a l a r i a  in termedia  
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S c a r l e t  oak 
S c a r l e t  s p i d e r l i n g  
Scrub oaks 
Seabeach orach 
Seabeach panic g r a s s  
Sea-bl i te  
Sea e l d e r  
Sea lavender 
Sea lavender 
Sea lavenders  
Sea myr t l e  
Sea myrt les  
Sea o a t s  
Sea ox-eye 
Sea pink 
Sea pink - 
Sea purs lane  
Sea purs lane  
Sea purs lanes  
Sea rocket  
Seashore mallow 
Seashore paspallnu 
Seaside goldenrod 
Seban 
Sebas t i a n  bush 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Sedges 
Sedges 
Seed box 
Sens i t ive  f e r n  
Sericea 
Sesbania 
Shepherd's purse 
Short l e a f  p i n e  
Showy a s t e r  
Shrubby post  oak 
Shrub oaks 
Shumard oak 
S i l v e r  maple 
Single-flowered balduina 
Single-flowered cancer r o o t  
Sixweeks fescue  
Skullcap 
S lash  p i n e  
Sleepy catchf  l y  
Slender spikerush 
Sl ippery e l m  
Small-flowered buckthorn 
Small pondweed 
Smartweed 
Smartweeds 
Smooth a s t e r  
Smooth cordgrass  
Smooth win te rber ry  
Sneeze-weed 
Snow-on- the-moun t a i n  
Soapberry 
Soft-haired cornflower 
Soft  rush 
Sof t-stem bulrush 
Sour g rass  
Sour orange 
Souwood 
Southern adder 's  tongue 

Quercus coccinea 
Boerhaavia d i f f u s a  
Quercus spp. 
At r ip lex  a r e n a r i a  
Panicum amarum -- 
Suaeda l i n e a r i s  
Iva  imbricata  - 
Limonium carolinianum 
Limonium n a s h i i  
Limonium spp. 
Baccharis h a l i m i f o l i a  
Baccharis spp. 
Uniola ~ a n i c u l a t a  
Bor r ich ia  f ru tescens  
Sabat ia  dodecandra 
Saba t ia  f o l i o s a  -- 
Sesuvium maritimum 
Sesuvium portulacastrum 
Sesuvium spp. 
Caki le  h a r p e r i  
Kosteleskya v i r g i n i c a  
Paspalum vaginatum 
Solidago sempervirens 
Sesbania macrocarpa 
Sebas t i an ia  l i g u s t r i n a  
Carex decomposita 
Carex j o o r i i  
Carex s h o r t i a n a  
Cyperus b r e v i f o l i u s  
Cyperus odoratus  
Cyperus polystachos 
Cyperus r i v u l a r i s  
Cyperus rotundus 
Cyperus s t r i g o s u s  
Carex spp. 
Cyperus spp. 
Ludwigia p i l o s a  
Onoclea s e n s i b i l i s  
Lespedza cuneata 
Sesbania e x a l t a t a  
Capsella r u b e l l a  
Pinus ech ina ta  
Aster s p e c t a b i l i s  
Quercus margaretta 
Quercus spp. 
Quercus shumardii 
Acer saccharinum 
Balduina u n i f l o r a  
Orobanche u n i f l o r a  
Festuca myuros 
S c u t e l l a r i a  sp.  
Pinus e l l i o t t i i  
S i l ene  a n t i r r h i n a  
Eleocharis  a c i c u l a r i s  
Ulmus rubra -- 
Sagere t i a  m i n u t i f l o r a  
Potamogeton b e r c h t o l d i i  
Polygonwin hirsutum 
Polygonum spp. 
Aster  l a e v i s  var .  l a e v i s  -- 
Spar t ina  a l t e r n i f l o r a  
I l e x  l a e v i g a t a  
Helenium verna le  
Euphorbia marginata 
Sapindus marginatus 
Rudbeckia mol l i s  
Juncus e f fusus  -- 
Scirpus v a l i d u s  
Rlnnex a c e t o s e l l a  
C i t r u s  aurantium 
Oxydendrum arboreum 
Ophioglossum vulgatum var .  pycnostichum 



Southern bog buttons 
Southern bulrush 
Southern cat-tail 
Southern elderberry 
Southern lady fern 
Southern lepuropetalon 
Southern magnolia 
Southern naiad 
Southern red cedar 
Southern red oak 
Southern rein orchid 
Southern smartweed 
Southern smartweed 
Southern spicebush 
Southern sugar maple 
Southern wild rice 
Soybean 
Spanish bayonet 
Spanish moss 
Sparkleberries 
Sparkleberry 
Spatter-dock 
Sphagnum mosses 
Spider-lily 
Spike-grass 
Spike-grass 
Spike-grass 
Spikemoss 
Spikerush 
Spikerush 
Spikerush 
Spikerush 
Spikerush 
Spleenwort 
Sprangletop 
Sprangletop 
Spreading pogonia 
Spring coral-root 
Spring-flowered goldenrod 
Spruce pine 
Square-s tem spikerush 
Squaw-huckleberry 
Squaw-root 
Stagger bush 
Stagger bush 
Star grass 
Star grass 
Star-rush 
Starved aster 
Sticky to f ieldia 
St illingia 
Stinging needle 
St. John' s-wort 
St. John's-wort 
St. John's-wort 
St. John' s-wort 
St. John's-wort 
St. John's-wort 
St. John's-worts 
Storax 
Storax 
Strawberry bush 
Sugarberry 
Sumac 
Summer-farewell 
Summer grape 
Summer grape 
Sun-bonnets 
Sundews 
Sunflower 
Sunflower 
Sun-petaled meadow beauty 
Swamp chestnut oak 

Lachnocaulon beyrichianum 
Scirpus californicus 
Typha domingensis 
Sambucus simpsonii 
Athyrium asplenioides 
Lepuropetalon spathulatum 
Magnolia grandiflora 
Naj as guadalupensis 
Juniperus silicicola 
Quercus falcata 
Habenaria f lava 
Polygonum densiflorum 
Polygonum portoricense 
Lindera melissaefolium 
Acer saccharum floridanum 
Zizaniopsis miliacea 
Glycine 
Yucca aloifolia 
Tillandsia usneoidee 
Vaccinium spp. 
Vaccinium arboreum 
Nuphar advena 
Sphagnum spp. 
Hymenoqallis crassifolia 
Uniola latifolia 
Uniola laxa -- 
Uniola sessiliflora 
Selaginella arenicola 
Eleocharis sp. 
Eleocharis acicularis 
Eleocharis albida 
Eleocharis elongata 
Eleocharis robbinsii 
Asplenium heteroresiliens 
Leptochloa sp. 
Leptochloa uninervia 
Cleistes divaricata 
Corallorhiza wisteriana 
Solidago 
Pinus slabra 
Eleocharis quadrangulata 
Vaccinium stamineum 
Conopholis amer kana 
Lyoniaf erruginea 
Lyonia mariana 
Aletris lutea -- 
Hypoxis seesilis 
Dichromena colorata 
Aster lateriflorus 
Tofieldia racemosa 
Stillingia sylvatica 
Cnidoscolus etimulosue 
Hypericum apocynifolium 
Hypericum fasciculatum 
Hypericum pseudomaculatum 
Hypericum tubulosum 
Hypericum virginicum 
Hypericum walteri 
Hypericum spp . 
Styrax americana 
Styrax grandifolia 
Euonymus americanus 
- 

Celtis laevigata 
& spp. 
Petalostemum pinnatum 
Vitis aestivalis 
Vitis aestivalis var. aestivalis 
Chaptalia tomentoea 
Drosera spp. 
Helianthus angustifoliue 
Helianthus tuberoeus 
Rhexia aristosa 
Quercus michauxii 



Swamp cottonwood 
Swamp dock 
Swamp dogwood 
Swamp holly 
Swamp lily 
Swamp milkweed 
Swamp privet 
Swamp rose 
Swamp smartweed 
Swamp smartweed 
Swamp thistle 
Swamp tupelo 
Swamp willow 
Swaying bulrush 
Sweet bay 
Sweetflag . 
Sweet gallberry 
Sweet grass 
Sweet g m  
Sweet leaf 
Sweet pepperbush 
Sweet pignut hickory 
Sweet pitcher-plant 
Switchgrass 
Sycamore 

Tag alder 
Tall oatgrass 
Tansey-mustard 
Tar f lower 
Tearthumb 
Tearthumb 
Thistle 
Thoroughwort 
Thoroughworts 
Three awn grass 
Three awn grass 
Three awn grass 
Three awn grass 
Three awn grasses 
Three-birds orchid 
Three-seeded mercury 
Three-way sedge 
Thyme-leave speedwell 
Tick trefoil 
Titi 
Toad-f lax 
Toad rush 
Toothache grass 
Toothache grass 
Toothache grasses 
Tough buckthorn 
Trailing lantana 
Trianglestem spikerush 
Trillium 
Tropical carpet grass 
Trumpet-plant 
Trumpet vine 
Tulip tree 
Turkey foot 
Turkey oak 
Turtle grass 
Twig-rush 

I Umbrella tree 
Umbrella tree 

I Vanilla-plant 
Variable-leaved pondweed 
Velvet-leaf 

Populus heterophylla 
Rumex verticillatus 

Ilex decidua 
Crinum americanum 
Aeclepias incarnata sp. 
Forestiera acuminata 
Rosa palustris 
Polygonum hydropiperoides 
Polygonm setaceum 
Carduus carolinianus 
Nyssa sylvatica var. biflora 
Salix caroliniana 
Scirpus subterminalis 
Magnolia virginiana 
Acorus calamus -- 

Sarracenia *a 
Panicum virgatum 
Platanus occidentalis 

Ainus serrulata 
Arrhenatherum elatius 
Descurainia pinnata 
Befaria racemosa 
Polygonum arifolium 
Polygonum sagittaturn 
Carduus carolinianus 
Eupatorium album 
Eupatorium spp. 
Aristida gyrans 
Aristida purpurascens 
Aristida spiciformis 
Aristida stricta 
,Aristida spp. 
Triphore trienthophora 
Acalypha virginica 
Dulichium arundinaceum 
Veronica serpyllifolia 
Desmodium sp. 
Cyrilla racemiflora 
Linaria canadensis 
Juncus bufonius 
Campulosus aromaticus 
Cteniwn aromaticum 
Ctenium spp. 
Bumella tenax -- 
Lantana montevidensfs 
Eleocharis robbinsii 
Trillium pusillum 
Axonopus compressus 
Sarracenia flava 
Campsis radicans 
Liriodendron tulipifera 
Andropogon gerardii 
Quercus laevis -- 
Thalassia testudinum 
Cladium mariscoides 

Magnolia macrophy lla 
Melia azedarach 

Trilisa odoratissima 
Potamogeton diversifolius 
Abutilon theophrastii 



Venus' fly trap 
Venus' looking-glass 
Venus' looking-glasses 
Vervain 
Violet 
Violet 
Violet 
Virginia chain fern 
Virginia creeper 
Virginia willow 

Walter's sedge 
Wampee 
Watches 
Water ash 
Water elm 
Water grass 
Water hemlock 
Water hemp 
Water hickory 
Water-hoarhound 
Water hyacinth 
Water hyssop 
Water hyssop 
Water-lily 
Water-lily 
Water-lily 
Water locust 
Water loosestrife 
Water-meal 
Water milfoil 
Water milfoil 
Water milfoil 
Water milf oil s 
Water nymph 
Water oak 
Water parsnip 
Water' pimpernel 
Water-primrose 
Water-primroses 
Water purslane 
Water-shield 
Water spider orchid 
Water spikerush 
Water tupelo 
Water-weed 
Water-weed 
Water-weeds 
Wax myrtle 
Wedge grass 
Weeping willow 
Wheat 
White arrow-arum 
White ash 
White-bracted sedge 
White colic root 
White-fringed orchid 

White mulberry 
White oak 
White water-lily 
White wicky 
Widgeon grass 
Wild azalea 
Wild grapes 
Wild licorice 
Wild millet 
Wild olive 
Wild plum 
Wild rice 

Dionaea muscipula 
Opecularia perfoliata 
Specularia spp. 
Verbena officinalis 
Viola cucullata . -. - - - - - - - - - - 

Viola papilionacea 
Viola triloba -- 
Woodwardia virginica 
Parthenocissus quinque 
Itea virginica 

folia - 

Carex walteriana 
Eichhornia crassipes 
Sarrencia flava 
Fraxinus caroliniana 
Planera aquatica 
HY - 
- 

drochloa caroliniensis 
Cicuta maculata 
Amaranthus cannabinus 
Carya aquatic5 
Lycopus virginicus 
Eichhornia crassipes 
Bacopa monnieri 
Bacopa rotundifolia 
Nymphaea bombycina 
Nymphaea mexicana 
Nymphaea odorata 
Gleditsia aauatica . -  
Decodon verticillatus 
Wolffia columbiana 
Myriophyllum heterophyllum 
Myriophyllum 
- Myriophyllum pinnatum 
Myriophyllum spp. 
Naj as gudalupensis 
Quercus nigra -- 
Sium suave -- 
Samolus ~arviflorus 
~udwi~ia' peploides 
Ludwigia spp . 
Ludwigia natans 
Brasenia schreberi 
Habenaria repens 
Eleocharis elongata 
Nyssa aquatica 
Elodea canadensis 
Egeria densa -- 
Elodea SDD. . . 
Myrica cerifera 
Sphenopholis intermedia 
Salix babylonica 
Triticum aestivum 
Peltandra sagittaefolia 
Fraxinus americana 
Dichromena latifolia 
Aletris obovata -- 
Habenaria blephariglottis var. 
integrilabia 

Morus alba -- 
Quercus alba -- 
Nymphaea odorata 
Kalmia cuneata -- 
Ruppia maritima 
Rhododendron canescens 
Vitis spp. - 
Galium circaezans 
Echinochloa crusgalli 
Osmanthus americana 
Prunus americana 
Zizania aquatica 





Appendix Table 2 .  List of vegetation identified in the Sea Island Characterization Study, 
arranged alphabetically by scientific name (Small 1933, Eyles and 
Robertson 1944, Bailey 1951, Mellinger and Mellinger 1962, Radford et al. 
1968, Hotchkiss 1972, Bozeman 1975, Hosier 1975, McCollum and Ettman 1977, 
Teskey and Hinckley 1977, Tiner 1977, Porcher 1978, Wharton 1978, Rayner 
et al. 1979). 

Abutilon theophrastii 
Acalypha virginics 
Acer negundo - 
Acer rubrum -- 
Acer saccharinum - 
Acer saccharum floridanum - 
Acorus calamus -- 
Aesculus-e 
Agalinis maritima 
Agrimonia incisa 
Agrostis stolonif era 
Aira caryophyllea - 
Aletris aurea -- 
Aletris farinosa 
Aletris lutea -- 
Aletris obovata -- 
Alisma plantago-aquatica 
Alnus spp. 
Alnus serrulata 
Alternanthera philoxeroides 
Amaranthus spp . 
Amaranthus cannabinus 
Amaranthus crispus 
Amaranthus lividus 
Amaranthus pumilus 
Ambrosia spp. 
Ambrosia artemisiifolia 
Amianthium muscaetoxicum 
Ammannia teres 
Amorpha fruticosa 
Amorpha plabra 
Amorpha herbacea 
Ampelopsis arborea 
Amphicarpum muhlenbergianum 
Amsonia ciliata 
PP 

Andropogon sp. 
Andropogon elliottii 
Andropogon gerardii 
Andropogon scorparius 
Andropogon ternarius 
Andropogon virginicus 
Aneilema keisak 
Anisostichus capreolata 
Antennaria spp. 
Anthaenantia rufa 
Apios americana 
Apium graveolens 
Arachis hypogaea 
Aralia spinosa 
Arenaria godfreyi 
Aristida spp. 
Aristida condensata 
Aristida gyrans 
Aristida purpurascens 
Aristida spiciformis 
Aristida stricta 
Arrhenatherum elatius 
Arundinaria gigantea 
Arundo donax -- 
Asclepias incarnata ssp. pulchra 
Asclepias walteri 
Asimina incana -- 

Velvet-leaf/Butter-print 
Three-seeded mercury 
Box elder 
Red maple 
Silver maple 
Southern sugar maple 
Sveetf lag 
Red buckeye 
Gerardia 
Incised groovebur/?ineland agrimony 
Redtop 
Hair grass 
Colic root 
Colic root 
Stargrass/Colic root 
White 'colic root 
Broadleaf waterplantain 
Alders 
Tag alder 
Alligator-weed 
Amaranth/Pigweeds 
Water hemp/Marsh hemp 
Crinkled amaranth 
Pigweed 
Pigweed/Coast pigweed 
Ragweeds 
Ragweed 
Fly-poison 
-- 
False indigo 
-- 
-- 

Pepper-vine 
Muhlenberg's amphicarpum 
Blue star 
Broom-straw/Beard grass 
BluestemIBeard grass1Broom-straw 
Bluestem/Turkeyfoot 
Little bluestem 
Broom-straw 
Bushy broom sedge1 Broom sedge 
Asiatic dayflower 
Cross vine 
Pussy-toes 
Purple silkyscale/Reddish anthaenantia 
Groundnut/Potato bean 
Celery 
Peanut 
Hercules' club 
Godfrey's sandwort 
Three awn grasses/Wire g.rasses 
Close-flowered triple crown grass 
Three awn grass 
Three awn grass 
Bottlebrush three awn grass/Three awn grass 
Three awn grass 
Tall oatgrass/Oatgrass 
Cane 
Giant reed 
Swamp milkweed -- 
Pawpaw 



Asimina p a r v i f l o r a  
Asimina pygmaea 
Asimina t r i l o b a  -- 
Asplenium h e t e r o r e s i l i e n s  
Asplenium r e s i l i e n s  
As te r  spp. 
Aster l a e v i s  var.  concinnus -- 
Aster l a e v i s  va r .  l a e v i s  -- 
Aster l a t e r i f l o r u s  
Aster  p i l o s u s  
As te r  p r a e a l t u s  
Aster puniceus 
Aster  simplex 
Aster  s p e c t a b i l i s  
Aster  squarrosus - 
Aster  subu la tus  - 
Aster t e n u i f o l i u s  - 
Aster  vimineus 
Athyrium asplenioide? 
At r ip lex  a r e n a r i a  
A t r i p l e x  p a t u l a  
Avena s a t i v a  -- 
Axonopus compressus 
Azolla c a r o l i n i a n a  

Baccharis spp . 
Baccharis a n g u s t i f o l i a  
Baccharis h a l i m i f o l i a  
Bacopa c a r o l i n i a n a  
Bacopa monnieri 
Bacopa r o t u n d i f o l i a  
Balduina a n g u s t i f o l i a  
Balduina u n i f l o r a  
Bambusa v u l g a r i s  
Bap t i s ia  a rachn i fe ra  
B a t i s  maritima 
Befar ia  racemosa 
Berchemia scandens 
Betula  n i g r a  
Bidens spp. 
Bidens p i l o s a  
Boehmeria c y l i n d r i c a  
Boerhaavia d i f f u s a  
~p 

Boltonia  a s t e r o i d e s  
Bonamia p a t e n s  
Borr ichia  f ru tescens  
Botrychium virginianum 
Brachyelytrum erectum 
Brasenia s c h r e b e r i  
Brunnichia c i r r h o s a  
Buddleja sp.  
Bumelia lanuginosa 
- - 

Bumelia tenax -- 
Burmannia b i f l o r a  

Cabomba c a r o l i n i a n a  
Caki le  h a r p e r i  
Calamovilfa b r e v i p i l i s  va r .  b r e v i p i l i s  
Ca l l i ca rpa  americana 
Calopogon spp. 
Calopogon barba tus  
Campsis rad icans  
Campulosus aromaticus 
Canna f l a c c i d a  - 
Capsel la  r u b e l l a  
Carduus ca ro l in ianus  
Carex spp. 
Carex chapmanii 
Carex decomposita - 
Carex joori 
Carex scopar ia  

Dwarf pawpaw 
Pawpaw 
Pawpaw 
Spleenvort/Carolina spleenwort f e r n  
Black-stemmed spleenwort 
As te r s  
Aster  
Smooth a s t e r / A s t e r  
Starved a s t e r  
Fros t  aster 
Aster  
Aster  
Aster  
Showy a s t e r l l o w  showy aster 
Aster  
Annual s a l t  marsh a s t e r  
As te r ISa l t  marsh aster 
Wreath a s t e r  
Southern l ady  f e r n  
Seabeach orach 
Orach 
Oats 
Tropical  c a r p e t  g r a s s  
Mosquito f e r n  

Sea myrtles/High t i d e  bushes 
Fa l se  willow 
Sea myr t l e  
Lemon bacopa 
Water h y s s o p / ~ o a s t  bacopa 
Water hyssop/Roundlesf bacopa -- 
Single-flowered balduina 
Feathery bamboo 
Hairy wild-indigo 
Sal twort  
Tarf lower 
R a t  tanvine 
River b i r c h  
Beggar t i c k s  
Beggar t i c k s  
Fa l se  n e t t l e  
S c a r l e t  s p i d e r l i n g  
Marsh da i sy  -- 
Sea ox-eye 
Rat t lesnake f e r n  
Wood awn-grass 
Water-shield 
Ladies eardrops 
Butterfly-bush 
Fa l se  buckthorn 
Tough buckthorn 
Burmannia 

Fanwo r t 
Sea rocke t  
Riverbank sandreed 
French mulberry 
Grass-pinks 
Bearded grass-pink 
Trumpet v i n e  
Toothache g r a s s  
Golden canna l i l y  
Shepherd's purse  
~his t le /Swamp t h i s t l e  
Sedges 
chapman' s sedge 
Sedge 
Sedge 



Carex shor tiana 
Carex stipata var. maxima 
Carex typhina 
Carex wal teriana 
Carpinus caroliniana 

Carya spp. 
Carya aquatica 
Carya glabra 
Carya illinoensis 
Carya myristicaeformis 
Carya ovalis 
Carya tomentosa 
Cassandra calyculata 
Cassia fasciculata 
Castanea pumila 
Cayaponia boykinii 
Celtis laevigata 
Cenchrus longispinus 
Cenchrus tribuloides 
Centella asiatica 
Centrosema virginianum 
Cephalanthus occidentalis 
Ceratophyllum spp. 
Ceratophyllum demersum 
Ceratophyllum echinatum 
Cercis canadensis 
Chaptalia tomentosa 
Chara spp. 
Chenopodium album 
Chloris petraea 
Chondrophora nudata 
Chrysobalanus oblongifolius 
Cicuta maculata 
Cinna arundinacea 
Citrus aurantium 
Citrus paradisi 
Cladium jamaicense 
Cladium mariscoides 
Cladonia spp. 
Cleistes divaricata 
Clematis crispa 
Cleome aldenella 
Clethra alnifolia 
Cliftonia mnophylla 

Coreopsis spp. 
Coreopsis falcata 
Coreopsis grandiflora 
Coreopsis tinctoria 
Cornus florida -- 
Cornus racemosa 
Cornus stricta -- 
Crataegus sp. 
Crinum americanum 
Crotalaria intermedia 
Crotalaria lanceolata 
Crotalaria retura 
Croton punctatus 
Crotonopsis linearis 
Ctenium spp. 
Ctenium aromaticum 

Sedge -- 
-- 
Walter's sedge 
American hornbeam/Irormood/Blue beach/Muscle 

tree 
Hickory 
Water hickory 
Pignut hickory 
Pecan 
Nutmeg hickory 
Sweet pignut hickory 
Mockernut hickory 
Leather-leaf 
Patridge pea 
Chinquapin -- 
Hackberry/Sugarberry 
Sandspurs 
Sandspure 
Chinaman's shield 
Butterfly pea 
Button bush 
CoontaildHornworts 
Coontail/Hornwort 
Coontail/Hornwort 
Redbud 
Sun-bonnets 
Muskgrasses 
Lamb's quarters 
Finger grass 
Rayless goldenrod 
Gopher apples 
Water hemlock 
Wood reed 
Sour orange 
Grapefruit 
Saw grass 
Twig-rush 
Reindeer lichen 
Spreading pogonia/Rosebud orchid 
Leather-flower -- 
Sweet pepperbush 
Black titi/Buckheat tree 
Butterfly pea 
Stinging needle 
Horse balm 
Dasheen 
Dayf lower 
Dayf lower 
Squaw-root/Cancer root 
Autumn coral-root 
Spring coral-root 
Coreopsis 
Coreopsis -- 
Calliopsis 
Flowering dogwood 
Dogwood 
Swamp dogwood 
Hawthorn 
Swamp lily 
Rattlebox 
Rat tlebox 
Rattlebox 
Croton/Beach hogwort 
Narrow-leaved rushfoil 
Toothache grasses 
Toothache grass 



Cuscuta sp. 
Cuscuta cephalanthii 
Cuscuta indecora 
Cynanchum 
Cynanchum palustre 
Cynoctonum sessilifolium 
Cynodon dactylon 
Cyperus spp. 
Cyperus brevifolius 
Cyperus erythrorhizos 
Cyperus esculentus 
Cyperus esculentus var. sativus 
Cyperus odoratus 
Cyperus polystachos 
Cyperus rsvularis 
Cyperus rotundus 
Cyperus strigosus 
Cyrilla racemif lora 

Decodon verticillatus 
Deecurainia pinnata 
Desmodium sp. 
Desmodium spp. 
Desmodium marilandicum 
Dicerandra odoratissima 
Dichromena colorata 
Dichromena latifolia 
Digitaria spp. 
Digitaria horizontalis 
Diodia spp. 
Diodia teres -- 
Dioda virginiana 
Dionaea muscipula 
Diospyros virginiana 
Distichlis spicata 
Drosera spp. 
Drosera rotundifolia 
Dryopteris dentata 
Dulichium arundinaceum 

Echinochloa spp. 
Echinochloa crusgalli 
Echinochloa polystachya 
Echinochloa walteri 
Echinodorus cordifolius 
Echinodorus parvulus 
Egeria densa 
Eichhornia crassipes 
Eleocharis sp. 
Eleocharis acicularis 
Eleocharis albida 
Eleocharis baldwinii 
Eleocharis elongata 
Eleocharis equisetoides 
Eleocharis parvula 
Eleocharis quadranuulata 
Eleocharis robbinsii 
Elephantopus tomentosus 
Elliottia racemosa 
Elodea spp. - 
Elodea canadensis 
Elymus villosus 
Elmus virginicus 
Eragrostis capillaris 
Eragrostis pilosa 
Eragrostis refracta 
Eremochloa ophiuroides 
Erianthus spp. 
Erianthus niganteus 
Erianthus ravennae 
Erigeron canadensis 
Erigeron strigosus 

Dodder 
Dodder 
Dodder -- 
Milk-vine 
Miterwort 
Bermuda grass 
Sedges 
Sedge 
Redrooted nut grass 
Nut grass 
Chuf a 
Sedge 
Sedge 
Sedge 
Sedge 
Sedge 
Titi 

Water loosestrife 
Tansey-mustard 
Tick trefoil 
Beggar's ticksl~eggar lice/Beggar weeds 
Beggar lice 
Rose dicerandra 
Star-rush 
White-bracted sedge 
Crab grasses 
Finger grass -- 
Diodia/Poor-Joe -- 
Venus' fly trap 
Persimmon 
Salt grass 
Sundews 
Common sundew 
Wood fern 
Three-way sedge 

Millets 
Wild millet 
-- 
Salt marsh millet 
Creeping water plantain 
Little burhead 
Water-weedl~razilian elodea 
Water hyacinth/Wampee 
Spikerush/Creeping spikerush 
Slender spikerush/~pikerush 
Spikerush 
Proliferating spikerush 
~~ikerush/Water spikerush 
Jointed spikerush 
Dwarf spikerush 
Square-stem spikerush 
Spikerush/Trianglestem spikerush 
Elephant's-foot 
Georgia plume 
Water-weeds 
Water-weed 
Wild rye/Wild rye grass 
Wild rye grass 
Lacegrass/Love grass 
Love grass 
Coastal love grass/Love grass 
Centipede grass 
Plume grasses 
Plume grass/Giant plume grass 
Revenna-grass 
Horseweed 
Daisy fleabane 



Erigeron vernus 
Eriocaulon compressum 
Eriocaulon decangulare 
Eriogonum tomentosum 
Eryngium aquaticum 
Eryngium aquaticum var. ravenelii 
Eryngium integrifolium 
Euonymus americanus 
Eupatorium spp. 
~p 

Eupatorium album 
Eupatorium capillifolium 
Eupatorium capillifolium 
Euphorbia marginata 
Euphorbia polygonifolia 
Euphorbia serpens 

Fagus grandifolia 
Festuca myuros 
Festuca octoflora 
Fes tuca rubra -- 
Ficus carica -- 
Ficus pumila 
Filago gennanica 
Fimbristylis harper1 
Fimbristylis spadicea 
Forestiera acuminata 
Forestiera porulosa 
Fothergilla gardenii 
Fraxinus americana 
Praxinus caroliniana 
Fraxinus pennsylvanica 
Fraxinus tomentosa 
Proelichia f loridana 

var . leptophyllum 

Gaillardia drummondii 
Galactia elliottii 
Galium circaezans 
Gaura biennis -- 
Gaylussacia spp. 
Gaylussac ia dumosa 
Gaylussacia frondosa 
Gentiana spp. 
Gladiolus hortulana 
Gleditsia aquatica 
Glycine 
Gnaphalium spp. 
Gnaphalium obtusifolium 
Gnaphalium purpureum 
Goodyera pubescens 
Gordonia lasianthus 
Gratiola pilosa 
Gymnopogon brevif olius 

Habenaria spp. 
Habenaria blephariglottis var. integrilabia 
Habenaria flava 
Habenaria integra 
Habenaria lacera 
Habenaria repens 
Halodule beaudettei 
Hamamelis virginiana 
Haplopappus divaricatus 
Hartwrightia floridana 
Helenium vernale 
Helianthus angustifolius 
Helianthus tuberosus 
Heterotheca spp. 
Heterotheca floridana 
Heterotheca graminifolia 
Heterotheca nervosa 
Heterotheca subaxillarie 

Fleabane 
Pipewort 
Pipewort 
Dog-tongue 
Marsh eryngo 
Ravenel's button snakeroot 
Eryngo 
Strawberry bush 
Thoroughworts 
Thoroughwor t 
Dog fennel 
Dog fennel 
Snow-on-the-mountain 
Euphorbia 
Creeping spurge 

Beech/American beech 
Sixweeks fescue/Fescue 
Fescue 
Red fescue/Fescue 
Fig 
Creeping fig 
Cotton rose -- 
Salt marsh fimbristylis 
Swamp privet 
Florida privet 
Dwarf witch alder/Witch alder 
White ash 
Water ash 
Red ash/Green ash 
Pumpkin ash 
Cottonweed 

Gaillardia 
Milk pea 
Wild licorice/Bedstraw -- 
Huckleberries 
Dwarf huckleberry 
Dangleberry 
Gentians 
Gladiolus 
Water locust 
Soybean 
Cudweeds/Everlastings 
Rabbit tobacco/Everlasting 
Cudweed 
Downy rattlesnake plantain 
Loblolly bay 
Hedge hyssop 
Beard grass 

Orchids 
White-fringed orchid 
Southern rein orchid 
Yellow fringeless orchid 
Green fringed orchid/Green fringeless orchid 
Water spider orchid 
-- 
Witch-hazel -- 
Hartwrightia 
Sneeze-weed 
Sunflower 
Sunflower/Jerusalem artichoke -- 
Golden aster 
Camphor weed/Golden aster -- 
Heterotheca/Camphor weed 



Hibiscus lasiocarpus 
Hibiscus militaris 
Hibiscus moscheutos 
Hordeum spp. 
Hydrochloa caroliniensis 
Hydrocotyle spp. 
Hydrocotyle bonariensis 
Hydrocotyle ranunculoides 
Hydrocotyle umbellata 
Hymenocallis crassifolia 
Hypericum spp. 
Hypericum apocynifolium 
Hypericum fasciculatum 
~ ~ ~ e r i c u m  gentianoides 
Hypericum pseudomaculatum 
Hypericum tubulosum 
Hypericum virginicum 
Hypericum walteri 
Hypoxis sessilis 

Ilex - 
Ilex - 
Ilex 
Ilex - 
Ilex - 
Ilex - 

SPP 
amelanchier 
cassine 
cassine var. 
coriacea 
decidua 

myrtifolia 

Ilex glabra - 
Ilex laevigata 
Ilex opaca - 
Ilex vomitoria - 
Impatiens capensis 
I~omoea macrorhiza 
Ipomoea pes-caprae 
Iris tridentata - 
Iris virginica 
Itea virginica 
Iva annua -- 
Iva frutescens - 
Iva imbricata - 
Juncus spp. 
Juncus bif lorus 
Juncus bufonius 
Juncus ef f usus -- 
Juncus nodatus -- 
Juncus repens 
Juncus roemerianus 
Juncus secundus 
Juncus subcaudatus 
Juniperus silicicola 
Juniperus virginiana 
Jus ticia ovata 

Kalmia angustifolia var. carolina 
Kalmia cuneata -- 
Kalmia hirsuta -- 
Koeleria phleoides 
Kosteletskya virginica 

Lachnanthes caroliniana 
Lachnocaulon beyrichianum 
Lantana montevidensis 
Lechea spp. 
Leersia hexandra 
Leersia lenticularis 
Leersia oryzoides 
~ G s i a  virginica 
Lemna spp. 
Lewa minor -- 
Lemna perpusilla 
Lemna valdiviana 

Halberd-leaved marsh mallow 
Rose mallow 
Barley 
Water grass 
Pennywor ts 
Beach pennywort 
Pennywort/Buttercup-leaved pennywort 
Marsh pennywort 
Spider-lily 
St. John's-worts 
St. John's-wort 
St. John's-wort 
Pineweed 
St. John's-wort 
St. John's-wort 
St. John's-wort 
St. John's-wort 
Star grass/Yellow star grass 

Hollies 
.Sarvis holly 
Dahoon 
Dahoon/Myrtle holly 
Sweet gallberry 
Possum haw/~eciduous holly/~wamp holly 
Bitter gallberry 
Smooth winterberry 
American holly 
Yaupon holly 
Jewel-weed 
Big-rooted manroot/Large-rooted morning glory 
Railroad vine 
Flag/ Iris 
Blue flag 
Virginia willow -- 
Marsh elder 
Beach elder/Sea elder 

Rushes 
Rush 
Toad rush 
Soft rush 
Rush 
Creeping rush 
Black needlerush/Black rush 
Rush 
Rush 
Southern red cedar 
Eastern red cedar/Red cedar -- 
Lambkill 
White wicky 
Dwarf laurel 
June grass 
Seashore mallow 

Redroot 
Bog buttons/~outhern bog buttons 
Trailing lantana 
Pin-weeds 
Rice cutgrass/~utgrass 
Cut grass 
Rice cutgrass/Cutgrass 
Cut grass 
Duckweeds 
Duckweed 
Duckweed 
Duckweed 



Lepidium virginicum 
Leptochloa sp. 
Leptochloa uninervia 
Leptoloma congnatum 
Lepuropetalon spathulatum 
Lespedeza sp. 
Lespedeza b ico lor  
Lespedeza cuneata 
Lespedeza s t r i a t a  
Leucothoe a x i l l a r i s  
Leucothoe popul i fo l ia  

Leucothoe racemosa 
L i a t r i s  spp. 
L i a t r i s  t enu i fo l i a  
Ligustrum j aponicum 
Lilaeopsis  chinensis  
Limnobium spongia 
Limonium spp. 
Limonium carolinianum 
Lfmonium nash i i  
Linaria  canadensis 
Lindera melissaefolium 
Lindernia crustacea 
Lippia nodi f lora  
Liquidambar s t y r ac i f l ua  
Liriodendron t u l i p i f e r a  
Li t sea  a e s t i v a l i s  
Lobelia boykin i i  
Lobelia c a rd ina l i s  
Lobelia elongata 
Lobelia f lo r idana  
Lolium sp. 
Lolium multiflorum 
Lonicera sempervirens 
Ludwigia spp.  

- 

Ludvigia bonariensis  
Ludwigia natans 
cudwigia peploides 
Ludwigia peploides var .  glabrescens 
Ludwigia p i l o s a  

Lycopodium spp. 
Lycopodium alopecuroides 

Lyonia ferruginea 
Lyonia l i g u s t r i n a  
Lyonia l uc ida  
Lyonia mariana 
Lysimachia lanceola ta  
Lythrum l i n e a r e  

Magnolia grandi f lora  
Magnolia macrophylla 
Magnolia v i rg in iana  
Malaxis sp i ca t a  
Mariscus jamaicense 
Marshallia graminifol 
Matelea gonocarpa 

Mikania scandens 
Mitchella repens 
Monotropsis odorata 
Morus spp. 

Poor-mans pepper 
Sprangletop 
Springletop 
Witch grass  
Southern lepuropetalon 
Common lespedezas 
Lespedezas 
Sericea 
Japanese clover  
Leuco thoe 
Leucothoe/Carolina dog-hobble/Poplar-leaved 

fe t te rbush  
Fetter-bush 
Blazing s t a r s  
Blazing s t a r  
P r i ve t  
Eastern l i l a e o p s i s  
Frog's-bit 
Sea lavenders 
Sea lavender 
Sea lavender 
Toad-f l a x  
Jove's frui t /Southern spicebush -- 
Cape-weed/Lippia 
Sweet gum 
Tulip tree/Yellow poplar 
Pond sp i ce  
Boykin's l obe l i a  
Cardinal flower 
Lobelia -- 
Rye grass  
I t a l i a n  rye  grass  
Coral honeysuckle 
Water-primroses 
-- 

Water purslane/Marsh purslane 
Water-primrose 
Big primrose willow 
Seed box 
Lupine 
Clubmoss 
Foxta i l  clubmoss 
Bugleweed 
Bugleweed 
Water-hoarhound 
American climbing f e rn  
Stagger bush/Rusty lyonia 
Male-berry 
Fetter-bush 
Stagger-bush 
Fringed l o o s e s t r i f e  
Loosestr i f  e 

Bull bay/Southern 'mgnol ia  
Umbrella t r e e  
Sweet bay 
Florida adder 's  mouth 
Saw grass  
Barbara's but tons -- 
China-berry/Umbrella t r e e  
Chocolate-weed 
Melonette 
Creeping cucumber 
Climbing hempweed 
Partr idge berry 
Pigmy-pipes 
Mulberries 



Horus alba -- 
Wlenbergia capillaris 
Muhlenbergia expansa 
Muhlenbergia filipes 
Myrica spp. 
Myrica cerif era 
Myrica inodora 
Myriophyllum spp. 
Myriophyllum brasiliense 
Myriophyllum heterophyllum 
Myriophyllum laxurn 

Myriophyllum pinnatum 

Najas spp. 
Najae guadalupensis 
Najas minor 
Narthecium americanum 
Nelumbo lutea -- 
Nelumbo pentapetela 
Nitella sp. 
Nuphar advena 
Nuphar luteum 
Nymphaea bombycina 
Nymphaea mexicana 
Nymphaea odorata 
Nymphoides spp. 
Nymphoides aquatica 
Nymphoides cordata 
m a  aquatica 
Nyssa ogeche 
Nysea sylvatica 
Nyeaa sylvatica var. biflora 

Oenothera spp. 
Oenothera humifusa 
Olea europaea - 
Onoclea sensibilis 
Ophiogloasum nudicaule 
Ophioglossum vulgatum var. pycnostichum 
Opuntia compressa 
Opuntia drummondii 
Opuntia ficus-indica 
Orobanche unif lora 
Orontium aquaticum 
Osmanthue americana 
Oamunda cinnamomea 
Osmunda regalis 
Ostrya virginiana 
Oxydendrum arboreum 
Oxepolis rigidior 

Panicum agros toides 
Panicum spp. 
Panicum amarulum 
Panicum amarum -- 
Panlcum bisulcatum 
Panicum capillare 
Panicum dichotomiflorum 
Panicum hemitomon 
Panicum leucothr ix 
Panicum malacon -- 
Panicum neuranthum 
Panicum ovale -- 
Panicum ramosum -- 
Panicum virgatum 
Parnassia caroliniana 
Paronychia fastigiata 
Paronychia herniarioides 
Parthenociseus quinquefolia 

501 

White mulberry 
Muhly grass 
Muhly grass 
Sweet grass 
Myrtles 
Wax myrtle 
Odorless wax myrtle 
Water milfoils 
Parrot-feather 
Water milfoil 
Water milfoil/Floppy water milfoil/Loose 

watermilfoil 
Water milfoil 

Bushy pondweeds 
Southern naiad/Bushy pondweedlwater nymph 
Bushy pondweed 
Yellow asphodel 
Lotus/Yellow nelumbo 
Lotus 
Nitella 
Spatter-dock 
Yellow pond-lily 
Water-lily 
Banana water-lily/Water-lily 
White water-lily/Water-lily 
Floating hearts 
Floating heart/Big floating heart 
Little floating heart 
Water tupelo 
Ogeechee plum 
Black gum 
Swamp tupelo/Gum 

Evening primroses 
Evening primrose 
Olive 
Sensitive fern 
Least adder's tongue 
Southern adder's tongue 
Cactus 
Drummond's prickly pear/Prickly pear 
Inidan fig 
Single-flowered cancer root/Cancer root 
Golden club 
Wild olive 
Cinnamon fern 
Royal fern 
Hop hornbeam 
Sourwood 
Dropwort 

Panic grasses 
Beach grass 
Panic grass/Sea beach panic grass 
Asiatic panicum/Asiatic panic grass 
Witch grass 
Fall panic grass 
Maidencane 
Panic grass -- 

Brown-top millet 
Switchgrass/Panic grass 
Carolina grass-of-parnassus -- 
Virginia creeper 



Paspalurn sp. 
Paspalum boscianum 
Paspalum dissectum 
Paspalum distichum 
Paspalum setaceum 
Paspalum vaginatum 
Passiflora lutes 
Peltandra sagittaefolia 
Peltandra virginica 
Pennisetum glaucum 
Persea borbonia 
Petalostemum pinnatum 
Petrocaulon pycnostachyum 
Petunia axillaris 
Phlox glaberrima 
Phragmites communis 
Physalis pubescens var. grisea 

maritima 

Pinckneya pubens 
Pinguicula spp. 
Pinguicula lutes 
Pinus clausa -- 
Pinus echinata 
Pinus elliottii 
Pinus glabra 
Pinus palustris 
Pinus serotina 
Pinus taeda -- 
Planera aquatica 
Plantago lanceolata 
Platanus occidentalis 
Pluchea spp. 
Pluchea purpurascens 
Pluchea rosea -- 
Poa compressa - 
Pogonia ophioglossoides 
Polygala spp. 
Polygala cymosa 
Polygala grandiflora 
Polygala lutea 
Polygala nana 
Polygala sanguinea 
Polygonum spp. 
Polygonum arifolium 
Polygonum densiflorum 
Polygonum hirsutum 
Polygonum hydropiperoides 
Polygonum lapathifolium 
Polygonum longistylum 
Polygonum orientale 
Polygonum pensylvanicum 
Polygonum persicaria 
Polygonum portoricense 
Polygonum punctatum 
Polygonum sagittatum 
Polygonum setaceum 
Polypodium aureum 
Polypodium polypodioides 
Polypremum procumbens 
Pontederia cordata 
Populus spp. 
Populus deltoides 
Populus heterophylla 
Potamogeton spp. 
Potamogeton berchtoldii 
Potamogeton diversifolius 

Paspalum 
Bullgrass 
Bullgrass 
Bullgrass 
Fringe-leaved paspalum 
Seashore paspalum 
Passion-flower 
White arrow-arum 
Arrow-arum 
Millet 
Red bay 
Summer-farewell 
Black-root 
Petunia 
-- 
Common reed/Reed 
Ground cherry 
Ground cherry 
Ground cherry 
Poke weed 
Climbing fetterbush 
-- 
Clearweed 
Georgia fever .bark 
Butt erwor t s 
But terwort 
Sand pine 
Short-leaf pine 
Slash pine 
Spruce pine 
Longleaf pine 
Pond pine 
Loblolly pine 
Water elm 
English plantain 
Sycamore 
Marsh fleabanes 
Marsh fleabane/Camphorweed 
Marsh fleabane 
Canada bluegrass/Bluegrass 
Rose pogonia 
Polygalas. 
Polygala 
Milkwort 
Polygala/Red-hot poker 
Low millewort 
Polygala 
Smartweeds/Knotweeds 
Tearthumb 
Southern smartweed 
Smartweed 
Swamp smartweed 
Nodding smartweed/Knotweed 
Long-s tyled smartweed 
Pr incess-f eather 
Large-seed smartweed 
Kno tweed 
Southern smartweed 
Dotted smartweed 
Tearthumb 
Swamp smartweed 
Fern 
Resurrection fern 
Polypremum 
Pickerelweed 
Poplars 
Cottonwood/Eastern cottonwood 
Swamp cottonwood 
Pondweeds 
Narrow-leaved pondweed/Pondweed/Small pondweed 
Variable-leaved pondweed 



Potamogeton foliosus 
Potamogeton illinoensis 
Potamogeton nodosus 
Potamogeton pectinatus 
Potentilla norvegica 
Prunus americana 
Prunus caroliniana 
Prunus serotina 
Psilocarya scirpoides 
Pteridium aquilinum 
Pterocaulon pycnostachyum 
Ptilimnium capillaceum 
Ptilimnium costatum 

Quercus spp. 
Quercus alba 
(Juercus chapmanii 
Quercus coccinea 
Quercus falcata 
Quercus falcata var. pagodaefloia 
Quercus incana 
Quercus laevis 
Quercus laurifolia 
Quercus lyrata 
Quercus margaretta 
Quercus marilandica 
Quercus michawii 
Quercus muehlenbergii 
Quercus myrtifolia 
Quercus nigra 
Quercus phellos 
Quercus pumila 
Quercus rubra 
Quercus shumardii 
Quercus stellata 
Quercus velutina 
Quercus virginiana 

Reimarochloa oligostachya 
Rhapidophyllum hystrix 
Rhexia spp. 
Rhexia alifanus 
Rhexia aristosa 
Rhexia cubensis 
Rhizophora mangle 
Rhododendron canescens 
Rhus spp. 
Rhus radicans 
Rhynchospora spp. 
Rhynchospora careyana 
Rhynchospora corniculata 
Rhynchospora decurrens 
Rhynchospora glomerata 
Rhynchospora macrostachya 
Rhynchospora megalocarpa 
Rhynchospora plumosa 
Ricinus communis 
Rorippa islandica 
Rorippa sessiliflora 
Rosa bracteata 
Rosa damascena 
Rosa multiflora 
Rosa palustris 
Rosa wichuraiana 
Rubus spp. 
Rudbeckia mollis 
Rumex acetosella 
Rumex bucephalophorus 
Rumex sanguineus 
Rumex verticillatus 
Ruppia maritima 

Leafy pondweed/Pondweed 
Pondweed/Fishweed 
Pondweed 
Sago pondweed/Pondweed 
Cinquefoil 
Wild plum 
Carolina cherry laurel/Cherry laurel 
Black cherry 
Bald rush 
Bracken fern 
Black-roo t 
Mock-bishopweed 
Mock-bishopweed 

Scrub oaks/Shrub oaks 
White oak 
Chapman oak 
Scarlet oak 
Southern red oak 
Cherrybark oak 
Bluejack oak 
Turkey oak 
Laurel oak 
Overcup oak 
Shrubby post oak 
Black jack oak 
Swamp chestnut oak 
Chinquapin oak/Yellow chestnut oak 
Myrtle oak 
Water oak 
Willow oak 
Running oak 
Red oak 
Shumard oak 
Post oak 
Black oak 
Live oak 

Carpet grass 
Needle palm 
Meadow beauties 
Meadow beauty 
Sun-petaled meadow beauty 
Meadow beauty 
Mangrove 
Wild azalea 
Sumac 
Poison ivy 
Beak rushes 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rush 
Beak rush/Rusty l~onial~iant-seeded beak rush 
Beak rush 
Castor oil ~lant/Castor-bean 
Marsh cress/Yellow cress 
Marsh cress/Yellow cress 
Macartney rose 
Damask rose 
Rambler rose 
Swamp rose 
Memorial rose 
~lackberries/Raspberries/Dewberries 
Soft-haired cornflower 
Sour-grass 
Dock 
Red-veined dock 
Swamp dock 
Widgeon grass 
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Sisyrinchium mucronatum 
Sium suave -- 
Smilax spp. 
Smilax auriculata 
Smilax bona-nox --- 
Smilax laurifolia 
Smilax rotundifolia 
Smilax smallii -- 
Solanum aculeatissimum 
Solidago spp. 
Solidago chapmanii 
Solidago gymnospermoides 
Solidago sempervirens 
Solidago verna 
Sorbus arbutifolia var. arbutifolia 
Sorghastrum nutans 
Sorghastrum oecundum 
Sorghum halepense 
Sorghum vulgare 
Spart ina spp . 
Spartina alternif lora 
Spartina cynosuroides 
Spart ina patens 
Specularia spp. 
Specularia perfoliata 
Spergularia marina 
Spermacoce glabra 
Spermolepsis echinata 
Sphagnum spp. 
Sphenopholis intermedia 
Spiranthes laciniata 

Spiranthes longilabris 
Spiranthes praecox 
Spirodela spp. 
Spirodela polyrrhiza 
Sporobolus curtissii 
Sporobolus floridanus 
Sporobolus teretifolius 
Sporobolus virginicus 
Stillingia sylvatica 
Stipulicida setacea 
Strophostyles helvola 
Styrax amzcana 
Styrax grandifolia 
Suaeda linearis 
Symplocos tinctoria 

Taxodium spp. 
Taxodium ascendens 
Taxodium distichum 
Tephrosia florida 
Tephrosia virginiana 
Thalassia testudinum 
Tillandsia usneoides 
Tipularia discolor 
Tofieldia glabra 
Tofieldia racemosa 
Trachelospermum difforme 
Tragia urens 
Tridens flavus var. flavus -- 
Trifolium spp. 
Ttilisa odoratissima 
Trilisa paniculata 
Trillium pusillum 
Trillium pusillum var. puoillum 
Triphora trianthophora 

Blue-eyed grass 
Water parsnip 
catbriersfGreenbriers 
Bamboo brierf~reenbrierfcatbrier 
CatbrierfGreenbrier 
Laurel greenbrierfBamboo 
Greenbrier 
Greenbrier 
Nightshade 
Goldenrods 
Goldenrod 
Goldenrod 
Seaside goldenrodfGoldenrod 
Spring-flowered goldenrod 
Red chokeberry 
Indian grassfWoodgrass 
Indian grass 
Johnson grass 
MilofGrain sorghum 
Cordgrasses 
Smooth cordgrassf~ordgrass 
~ordgrassfGiant cordgrass 
Saltmeadow cordgrassfCordgrass 
Venus' looking-glass 
Venus' looking-glass 
Sand spurrey 
Buttonweed 
Bristle-fruited spermolepsis 
Peat mossesfSphagnum mosses 
Wedge grass 
Lace-lip spiral orchidflace-lip ladies 

tresses 
Giant spiral-orchid 
Grass-leaved ladies ' tresses 
Duckweeds 
Big duckweed 
~urtiss' dropseed 
Florida dropseed 
DropseedfWire-leaved dropseed 
Dropseed 
StillingiafQueen1s delight -- 
Beach pea 
Storax 
Storax 
Sea-blite 
Horse sugarfsweet leaf 

Cypresses 
Pond cypress 
Bald cypress -- 
Goat's rue 
Turtle grass 
Spanish moss 
Crane-fly orchid 
False asphodel 
Fdlse asphodelfsticky tofieldia 
False asphodel 

Purple top 
Clovers 
Vanilla-plant -- 
Trillium 
Dwarf trillium/Carolina trillium 
Three-birds orchid 
Sand grass 
Ganm grass 
Wheat 
Cat-tails 



Typha a n g u s t i f o l i a  
=a domingensis 
Typha glauca 
Typha l a t i f o l i a  

Ulmus a l a t a  -- 
Ulmus americana 
Ulmus rubra  -- 
Uniola l a t i f o l i a  
Uniola l axa  -- 
Uniola pan icu la ta  
Uniola s e s s i l i f l o r a  
U t r i c u l a r i a  spp. 
U t r i c u l a r i a  cornu ta  
U t r i c u l a r i a  f l o r i d a n a  
U t r i c u l a r i a  i n f l a t a  
U t r i c u l a r i a  i n f l a t a  va r .  minor 
U t r i c u l a r i a  o l ivacea  
U t r i c u l a r i a  purpurea 
U t r i c u l a r i a  subu la ta  
U t r i c u l a r i a  v u l g a r i s  

Vaccinium spp. 

Vaccinium arboreum 
Vaccinium c a e s a r i e n s e  
Vaccinium corymbosum 
Vaccinium e l l i o t t i i  
Vaccinium m y r s i n i t e s  
Vaccinium stamineum 
Verbena o f f i c i n a l i s  
Verbesina o c c i d e n t a l i s  
Vernonia sp.  
Vernonia a l t i s s i m a  
Vernonia b l o d g e t t i i  
Vernonia h a r p e r i  
Veronica p e r s i c a  
Veronica s e r p y l l i f o l i a  
Viburnum spp. 
Viburnum dentaturn 
Viburnum - 
Vigna unguiculata  
Vinca major 
Viola  c u c u l l a t a  
Viola pap i l ionacea  
Viola t r i l o b a  -- 
V i t i s  spp. 
V i t i s  a e s t i v a l i s  
V i t i s  a e s t i v a l i s  va r .  a e s t i v a l i s  
V i t i s  c i n e r e a  va r .  f l o r i d a n a  -- 
V i t i s  r o t u n d i f o l i a  

Wahlenbergia g r a c i l i s  
Wolff i a  columbiana 
W o l f f i e l l a  f l o r i d a n a  
Woodwardia a r e o l a t a  
Woodwardia v i r g i n i c a  

Xyris spp. 

Xyris c a r o l i n i a n a  
Xyris e l l i o t t i i  
Xyris smal l i ana  
Yucca a l o i f o l i a  
Yucca g l o r i o s a  

Zann iche l l i a  p a l u s t r i a  
Zanthoxylum =-herculis 
Zea mays 
Zenobia pu lve ru len ta  
Zephyranthes candida 
Zephyranthes s impsoni i  
Zigadenus densus 
Zizania  aqua t i ca  
Z izan iops i s  mi l i acea  
Zostera  marina -- 

Narrow-leaved c a t - t a i l  
Southern c a t - t a i l / C a t - t a i l  
Blue c a t - t a i l / C a t - t a i l  
Common c a t - t a i l  

Winged elm 
American elm 
S l ippery  elm 
Spike-grass 
Spike-grass 
Sea o a t s  
Spike g r a s s  
Bladderworts 
Horned bladderwort /Bladdewort  
F lo r ida  bladderwort 
Bladderwort 
Bladderwort 
Bladderwort 
B laddewor t /Purp le  bladderwort 
Bladderwort 
Common b l a d d e w o r t / B l a d d e w o r t  

Blueberries/Cranberries/Gooseberries/ 
Huakleberries/Sparkleberries 

Sparkleberry 
Blueberry 
Highbush b lueber ry  
E l l i o t ' s  b lueber ry  
Dwarf blueberry/Blueberry 
Squaw-huckleberry 
Vervain 
Crambeard 
Ironweed 
Ironweed 
Ironweed 
Ironweed 
Bi rd ' s  eye 
Thyme-leave speedwell 
Haws 
Arrowwood 
Possum haw 
Cowpea 
Per iwinkle  
Vio le t  
Vio le t  
Vio le t  
Wild grapes  
Summer grape 
Summer grape 
Pigeon grape 
Muscadine grape 

Water-meal 
Eas te rn  w o l f f i e l l a  
Netted chain f e r n  
V i r g i n i a  cha in  f e r n  

Yellow-eyed g r a s s e s  
Yellow-eyed g r a s s  
Yellow-eyed g r a s s  
Yellow-eyed g r a s s  
Spanish bayonet 
Moundlily yucca 

Horned-pondweed 
Hercules '  c lub 
Corn 
Zenobia -- 
Rain l i l y  

Crow-poison 
Wild r i c e  
Southern wild  r i c e / ~ i a n t  c u t g r a s s  
Eel  g r a s s  
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Appendix Table 3 .  List of fishes identified in the Sea Island Characterization Study, arranged 
alphabetically by common name (Bailey et al. 1970). 

Alewife 
Almaco jack 
American eel 
American shad 
Angelfishes 
Atlantic bonito 
Atlantic bumper 
Atlantic croaker 
Atlantic cutlassfish 
Atlantic guitarfish 
Atlantic mackerel 
Atlantic menhaden 
Atlantic midshipman 
Atlantic moonfish 
Atlantic needlefish 
Atlantic sharpnose shark 
Atlantic silverside 
Atlantic spadefish 
Atlantic stingray 
Atlantic sturgeon 
Atlantic thread herring 

Balao 
Banded darter 
Banded drum 
Banded pygmy sunfish 
Banded sunfish 
Banded topminnow 
Bandtail puffer 
Barracudas 
Bay anchovy 
Bay whiff 
Bighead searobin 
Blackbanded darter 
Blackbanded sunfish 
Black bullhead 
Blackcheek tonguefish 
Black crappie 
Black drum 
Blackfin snapper 
Blackline tilefish 
Black j umprock 
Black madtom 
Black sea bass 
Blacktip shark 
Blackwing searobin 
Blennies 
Blueback herring 
Blue catfish 
Bluefin killifish 
Bluefish 
Bluegill 
Bluehead chub 
Blue marlin 
Bluespotted sunfish 
Bluntnose stingray 
Bonnethead 
Bowfin 
Broad flounder 
Brook silverside 
Brown bullhead 
Burrfishes 
Butterfish 
Butterfishes 

Alosa pseudoharengus 
Seriola rivoliana 
hguilla rostrata 
Alosa sapidissima 
Holacanthus spp. 
Sarda sarda -- 
Chloroscombrus chrysurus 
Micropogonias undulatus 
Trichiurus le~turus 

Brevoortia tyrannus 
Porichthys porosissimus 
Vomer setapinnis 
Strongylura marina 
Rhizoprionodon terraenovae 
Menidia menidia 
Chaetodipterus faber 
Dasyatis sabina 
Acipenser oxyrhynchus 
Opisthonema oglinum 

Hemiramphus balao 
Etheostoma zonale 
Larimus fasciatus - 
~lassoma~zonatum 
Enneacanthus obesus 
Fundulus cingulatus 
~phoeroides spengleri 
Sphyraena spp. 
Anchoa mitchilli 
Citharichthys spilopterus 
Prionotus tribulus 
Percina nigrofasciata 
Enneacanthus chaetodon 
Ictalurus 
Symphurus plagiusa 
Pomoxis nigromaculatus 
Pogonias cromis 
Lutjanus buccanella 
Caulolatilus cyanops 
Moxostoma cervinum 
Noturus funebris 

Chasmodes spp. 
Alosa aestivalis --- 
Ictalurus furcatus 
Lucania goodei 
Pomatomus saltatrix 
Lepomis macrochirus 
Nocomis leptocephalus 
Makaira nigricans - 
~nneacanthus gloriosus 
Dasyatis sayi 
Sphyrna tiburo 
Amia calva -- 
Paralichthys squamilentus 
Labidesthes sicculus 
Ictalurus nebulosus 
Chilomycterus spp. 
Peprilus triacanthus 
- 

Peprilus spp. 

Carolina hake 
Carp 
Chain pickerel 

Urophycis earlli 
Cyprinus carpio 
Esox niger 



Chain p i p e f i s h  
Channel c a t f i s h  
Christmas d a r t e r  
Clearnose s k a t e  
Clown goby 
Coastal  s h i n e r  
Cobia 
Combtooth b lenn ies  
Conger e e l  
Cownose r a y  
Crappies 
Creek chubsucker 
Crested blenny 
Creva l le  jack 
Cypress minnow 

Darter  goby 
Dar te r s  
Dar te r s  
B o l l a r  sunf i sh  
Dolphins 
Dusky anchovy 
Dusky p i p e f i s h  
Dusky shark  
Dusky s h i n e r  

Eastern mudminnow 
Everglades pygmy sunf i sh  

Fathead minnow 
Fat  s l eeper  
Feather  blenny 
Finetooth shark 
F l a t  bullhead 
Flathead c a t f i s h  
F l i e r  
F lo r ida  blenny 
F lor ida  gar  
F lo r ida  pompano 
Flounders 
Freshwater drum 
Freshwater goby 
Fringed f lounder  

Gaf f topsa i l  c a t f i s h  
Gag grouper 
Gars 
Gizzard shad 
Glassy d a r t e r  
Gobies 
Gobies 
Golden s h i n e r  
Golden topminnow 
Goldfish 

_Gold t i l e f i s h  
Gray snapper 
Great barracuda 
Greater  amberj ack 
Green goby 
Greenhead sh iner  
Green sunf i sh  
Groupers 
Guaguanche 
Gulf f lounder  
-Gulf kingf i s h  

Hakes 
Halfbeak 
Haumerhead sharks  
Harvest f i s h  
Herrings 
Hickory shad 
Highfin carpsucker 
-Highf i n  goby 

Syngnathus lou i s ianae  
I c t a l u r u s  punctatus  
Etheostoma hopkinsi 

a a e g l a n t e r i a  z i  
Microgobius gulosus 
Notropis pe te r son i  
Rachycentron canadum 
Hyposoblennius spp. 
Conger oceanicus 
Rhinoptera bonasus 
Pomoxis spp. 
Erimyzon oblongus 
Hypleurochilus geminatus 
Caranx hippos 
Hybogna thus hayi 

Gobionellus boleosoma 
Etheostoma spp. 
Percina spp. 
Lepomis marginatus 
Coryphaena spp. 
Anchoa l y o l e p i s  
Syngnathus f l o r i d a e  
Carcharhinus obscurus 
No tropi-s cummingsae 

Umbra pygmaea 
Elassoma everg lade i  

Pimephales promelas 
Dormitator maculatus 
Hypsoblennius h e n t z i  
Aprionodon isodon 
I c t a l u r u s  platycephalus  
P y l o d i c t i s  o l i v a r i s  
Centrarchus macropterus 
Chasmodes saburrae 
Lepisosteus p la ty rh incus  
Trachinotus ca ro l inus  
Para l i ch thys  spp. 
Aplodinotus grunniens 
Gobionellus s h u f e l d t i  
Etropus crosFotus 

Bagre marinus 
Mycteroperca microlepis  
Lepisosteus spp. 
Dorosoma cepedianum 
~ t h e o s t o m a  vi t reum 
Gobionellus spp . 
Gobiosoma spp. 
Notemigonus crysoleucas 
Fundulus chrysotus  
Carassius  aura tus  --- 
Lopholat i lus  chamaeleonticeps 
Lutjanus g r i s e u s  
Sphyraena barracuda 
S e r i o l a  dumeri l i  
Microgobius tha lass inus  
Notropis chlorocephalus 
Lepomis cyanel lus  
Mycteroperca spp. 
Sphyraena guachancho 
Para l i ch thys  a l b i g u t t a  
Menticir rhus l i t t o r a l i s  

Urophycis spp. 
Hyporhamphus u n i f a s c i a t u s  
Sphyrna spp. 
Pepr i lus  a lep ido tus  
Alosa spp. 
Alosa mediocris 
Carpiodes v e l i f e r  
Gobionellus oceanicus 



Highfin shiner 
Hogchoker 
Horse-eye jack 

Inshore lizardfish 
Irish pompano 
Ironcolor shiner 

Jacks 

Killifishes 
Kingf ishes 
King mackerel 
King whitings 

Ladyfish - 

Lake chubsucker 
Lancer stargazer 
Largemouth bass 
Least killifish 
Leatherjacket 
Lefteye flounders 
Lefteye flounders 
Lemon shark 
Leopard searobin 
Lined seahorse 
Lined topminnow 
Logperch 
Longear sunfish 
Longnose gar 
Lookdown 
Lyre goby 

Mad toms 
Margined madtom 
Marked goby 
Marsh killifish 
Menhaden 
Ho j arras 
Hosquitof ish 
Mud sunfish 
Mullets 
Mummichog 

Naked goby 
Naked sole 
Niangua darter 
Northern kingfish 
Northern pipefish 
Northern puffer 
Northern searobin 

Oceanic whitetip ehark 
Ocellated flounder 
Ocmulgee shiner 
Ohoopee shiner 
Okefenokee pygmy eunfieh 
Orange filefish 
Oyster toadfish 

Palespotted eel 
Palometa 
Permit 
Piedmont darter 
Pigfish 
Pikes 
Pinf ish 
Pirate perch 
Planehead filefieh 
Pompano 
Porgies 
Porgies 
Puff ers 

Notropis altipinnis 
Trinectes maculatus 
Caranx latus -- 

Synodus foetens 
Diapterus olisthostomus 
Notropis chalybaeus 

Caranx spp. 

Fundulus spp. 
Menticirrhus spp. 
Scomberomorus cavalla 
Menticirrhus spp. 

Elops saurus 
Erimyzon sucetta 
Kathetostoma albigutta 
Micropterus salmoides 
Heterandria formosa 
Oligoplites saurus 
Citharichthys spp. 
Paralichthys spp. 
Negaprion brevirostris 
Prionotus scitulus 
Hippocampus erectus 
Fundulus lineolatus 
Percina caprodes 
Lepomis megalotis 
Lepisosteus osseus 
Selene vomer -- 
Evorthodus lyricus 

Noturus spp. 

Gobionellus stigmaticus 
Fundulus confluentus 
Brevoortia spp. 
Eucinostomus spp. 
Gambusia affinis 
Acantharchus pomotis 
Mugil spp. 
Fundulus heteroclitus 

Gobiosoma bosci 

1 
Gymnachirus melas 
Etheostoma nianguae 
Menticirrhus saxatilis 
Syngnathus fuscus 
Sphoeroides maculatus 
Prionotus carolinus 

Carcharhinus longimanus 
Ancylopsetta quadrocellata 
'Notropis callisema 
Notropis leedsi 
Elassoma okefenokee 
Aluterus schoepfi 
Opsanus tau 

Ophichthus ocellatus 
Trachinotus goodei 
Trachinotus falcatus 
Percina crassa -- 
Orthopristis chrysoptera 
Esox spp. 
Lagodon rhomboides 
Aphredoderus sayanus 
Honacanthus hispidus 
Trachinotus spp. 
Calamus spp. 
Stenotomus spp. 
Sphoeroides spp. 



Pugnose minnow 
Pumpkinseed 
Pygmy f i l e f  i s h  
Pygmy k i l l i f i s h  
Pygmy s u n f i s h e s  

Rainwater k i l l i f i s h  
Redbreast sunf i sh  
Red drum 
Red porgy 
Red snapper 
Redear s u n f i s h  
Redfin p i c k e r e l  
Requiem sha rks  
River carpsucker  
Rock s e a  bass  
Rosef i n  s h i n e r  
Rosyface chub 
Rough s i l v e r s i d e  

S a i l f i n  molly 
S a i l f i n  s h i n e r  
S a i l f i s h  
Sandbar sha rk  
Sand perch 
Savannah d a r t e r  
Sawcheek d a r t e r  
Scaled s a r d i n e  
Scal loped hamerhead  
Scamp grouper 
Seaboard goby 
Sea c a t f i s h  
Searobins  
Sea t rou t  
Sharksucker 
S h a r p t a i l  goby 
Sheepshead 
Sheepshead minnow 
S h i e l d  d a r t e r  
Sh ine r s  
Shorthead redhorse  
Shortnose  s tu rgeon  
Shrimp e e l  
S i l k  snapper 
S i l v e r  jenny 
S i l v e r  perch 
S i l v e r  r edhorse  
S i l v e r  s e a t r o u t  
S i l v e r s i d e s  
S i l v e r y  minnow 
S k i l l e t f i s h  
Smallmouth b a s s  
Smooth b u t t e r f l y  r ay  
Smooth dogf i sh  
Smooth harmerhead 
Smooth p u f f e r  
S n a i l  bu l lhead  
Snappers 
Snook 
Snowy grouper 
Southern f lounder  
Southern hake 
Southern kingf i s h  
Southern s t a r g a z e r  
Southern s t i n g r a y  
Spadef ishes  
Spanish mackerel 
Spanish s a r d i n e  
Speckled hind 
Speckled madtom 
Speckled worm e e l  
Spinycheek s l e e p e r  
Spiny dogf i sh  

Notropis  e m i l i a e  
Lepomis gibbosus 
Monacanthus s e t i f e r  
Leptolucania  ommata 
Elassoma spp. 

Lucania parva 
Lepomis a u r i t u s  
Sciaenops o c e l l a t a  
Pagrus  sedecim 
Lut janus  campechanus 
Lepomis microlophus 
Esox americanus americanus 
Carcharhinus spp. 
Carpiodes c a r p i o  
C e n t r o p r i s t i s  ph i l ade lph ica  
Notropis  a rdens  
Hybopsis r u b r i f r o n s  
Membras m a r t i n i c a  

P o e c i l i a  l a t i p i n n a  
Notropis  hypse lop te rus  
I s t i o p h o r u s  p l a t y p t e r u s  
Carcharhinus m i l b e r t i  
Diplectrum formosum 
Etheos toma f r i cks ium 
Etheostoma s e r r i f e r u m  
Harengula pensacolae  
Sphyrna l e w i n i  
Mycteroperca phenax 
Gobiosoma g i n s b u r g i  
Arius  f e l i s  -- 
Pr iono tus  spp. 
Cynoscion spp. 
~ c h e n e i s  n a u c r a t e s  
Gobionellus h a s t a t u s  
Archosargus probatocephalus  
Cyprinodon v a r i e g a t u s  
Pe rc ina  p e l t a t a  
Notropis  spp. 
Moxostoma macrolepidotum 
Acipenser b rev i ros t rum 
Ophicthus gomesi 
Lut janus  vivanus 
Eucinostomus gula 
B a i r d i e l l a  chrysura  
Moxostoma anisurum 
Cynoscion nothus  
Menidia spp. 
Hybognathus n u c h a l i s  
Gobiesox s t r u m s u s  
Micropterus  dolomieui 
Gymnura micrura  
Mustelus canis 
Sphyrna zygaena 
Lagocephalus l a e v i g a t u s  
I c t a l u r u s  brunneus 
Lut janus  spp. 
Centropomus undecimal is  
Epinephelus n i v e a t u s  
P a r a l i c h t h  s l e thos t igma  
d o  r idanus  
Ment i c i r rhus  americanus 
Astroscopus y-graecum 
Dasya t i s  americana 
Chaetodipterus  spp. 
Scomberomorus maculatus 
S a r d i n e l l a  anchovia -- 
Epinephelus drurmondhayi 
Noturus l ep tacan thus  
Mvrophis uunc ta tus  
E l e o t r i s  p i s o n i s  
Squalus a c a n t h i a s  



Spot 
Spotfin killifish 
Spotfin mojarra 
Spottail shiner 
Spotted eagle ray 
Spotted hake 
Spotted seatrout 
Spotted sucker 
Spotted sunfish 
Spotted whiff 
Star drum 
Starhead topminnow 
Stingrays 
Striped anchovy 
Striped bass 
Striped blenny 
Striped burrfish 
Striped cusk-eel 
Striped killifish 
Striped mullet 
Striped searobin 
Suckermouth redhorse 
Summer flounder 
Sunfishes 
Swallowtail shiner 
Swamp darter 
Swampf ish 

Tadpole madtom 
Taillight shiner 
Tarpon 
Temperate basses 
Tessellated darter 
Threadfin shad 
Thread herrings 
Tidewater silverside 
Tilef ish 
Tomtate 
Tripletail 

Vermilion snapper 

Wahoo 
Walleye 
Warmouth 
Warsaw grouper 
Weakfish 
Whiffs 
Whiffs 
White bass 
White catfish 
White crappie 
Whitefin shiner 
White hake 
White marlin 
White mullet 
White perch 
Windowpane 

Yellow bullhead 
I Yellowedge grouper 

Yellowfin menhaden 
Yellowfin shiner 
Yellow perch 

Leiostomus xanthurus 
Fundulus luciae 
Eucinostomus argenteus 
Notropis hudsonius 
Aetobatus narinari 
Urophycis regius 
Cynoscion nebulosus 
Minytrema melanops 
Le~omis Dunctatus 
Citharichthys macrops 
Stellifer lanceolatus 
Fundulus notti 
Dasyatis spp. 
Anchoa hepsetus 
Morone saxatilis - -- 

Chasmodes bosuuianus 
Chilomycterus schoepfi 
Rissola marginata 
~undulus maialis 
Mugil cephalus 
Prionotus evolans 
MoxoS~OTM D ~ D D ~ ~ ~ O S U ~  . .. - 

Paralichthys dentatus 
Enneacanthus spp. 
Notropis procne 
Etheostoma fusiforme 
Chologaster cornuta 

Noturus gyrinus -- 
Notropis maculatus 
Megalops atlantica 
Morone ~ D D .  -. . 
Etheostoma olrnstedi 
Dorosoma petenense 
Opisthonema spp. 
Menidia beryllina 
Lopholatilus chamaeleonticeps 
Haemulon aurolineatum 
Lobotes surinamensis 

Rhomboplites aurorubens 

Acarithocybium solanderi 
Stizostedion vitreum vitreum 
Lepomis g u l o s 7  - 
~ p i n e p h e m r i t u s  
Cynoscion regalis 
Citharichthvs SDD. . .. 
Etropus spp. 
M-chrysops 
Ictalurus catus 

Morone americana 
Scophthalmus aquosus 

Ictalurus natalis 
Epinephelus flavolimbatus 
Brevoortia smithi 
NDtropis lutipinnis 
Perca flavescens 



Appendix Table 4. List of fishes identified in the Sea Island Characterization Study, arranged 
alphabetically by scientific name (Bailey et al. 1970). 

Acantharchus pomotis 
Acanthocybium solanderi 
Acipenser brevirostrum 
Acipenser oxyrhynchus 
Aetobatus narinari 
@ spp. 

aestivalis 
Alosa mediocris 
A l x  pseudoharengus 
Alosa sapidissima 
Aluterus schoepf i 
Amia calva -- 
Anchoa hepsetus 
Anchoa lyolepis 
Anchoa mitchilli 
Ancylopsetta quadrocellata 
Anguilla rostrata 
Aphredoderus sayanus 
Aplodinotus grunniens 
Aprionodon isodon 
Archosargus probatocephalus 
Arius felis -- 
Astroscopus y-graecum 

Bagre marinus 
Bairdiella chrysura 
Brevoortia spp. 
Brevoortia smithi 
Brevoortia tyrannus 

11 Calamus spp. 
Caranx spp. 
Caranx hippos 
Caranx latus -- 
Carassius auratus 
Carcharhinus spp. 
Carcharhinus limbatus 
Carcharhinus lon~imanus 
Carcharhinus milberti 
Carcharhinus obscurus 
Carpiodes carpio 
Carpiodes velifer 
Caulolatilus cyanops 
Centrarchus macropterus 
Centropomus undecimalis 
Centropristis philadelphica 
Centropristis striata 
Chaetodipterus faber 
Chasmodes spp. 
Chasmodes bosquianus 
Chasmodes saburrae 
Chilomycterus spp. 
Chilomycterus schoepfi 
Chloroscombrus chrysurus 
Chologaster cornuta 
Citharichthys spp. 
Citharichthys macrops 
Citharichthvs spilopterus 
Conger oceanicus 
Corvphaena spp . 
Cmosc ion spp . 
Cynoscion nebulosus 
Cvnoscion nothus 
Cvnoscion regalis 
Cyprinodon variegatus 
Cyprinus carpio 

Mud sunfish 
Wahoo 
Shortnose sturgeon 
Atlantic sturgeon 
Spotted eagle ray 
Herrings 
Blueback herring 
Hickory shad 
Alewife 
American shad 
Orange filefish 
Bowfin 
Striped anchovy 
Dusky anchovy 
Bay anchovy 
Ocellated flounder 
American eel 
Pirate perch 
Freshwater drum 
Finetooth shark 
Sheepshead 
Sea catfish 
Southern stargazer 

Gafftopsail catfish 
Silver perch 
Menhadens 
Yellowfin menhaden 
Atlantic menhaden 

Porgies 
Jacks 
Crevalle jack 
Horse-eye jack 
Goldfish 
Requiem sharks 
Blacktip shark 
Oceanic whitetip shark 
Sandbar shark 
Dusky shark 
River carpsucker 
Highfin carpsucker 
Blackline tilefish 
Flier 
Snook 
Rock sea bass 
Black sea bass 
Atlantic spadefish 
Blennies 
Striped blenny 
Florida blenny 
Burrfishes 
Striped burrfish 
Atlantic bumper 
Swampf ish 
Lefteye flounders1Whiffs 
Spotted whiff 
Bay whiff 
Conger eel 
Dolphins 
Seatrout 
Spotted seatrout 
Silver seatrout 
Weakfish 
Sheepshead minnow 
Carp 



Dasyatis spp. 
Dasyatis americana 
Dasyatis sabina 
Dasyatis sayi 
Diapterus olisthostomus 
Diplectrum formosum 
Dormitator maculatus 
Dorosoma cepedianum 
Dorosoma petenense 

Echeneis naucrates 
Elassoma spp. 
Elassoma everglade1 
Elassoma okefenokee 
Elassoma zonatum 
Eleotris pisonis 
Elops saurus - 
Enneacanthus spp. 
Enneacanthus chaetodon 
Enneacanthus gloriosus 
Enneacanthus obesus 
Epinephelus drummondhayi 
Epinephelus flavolimbatus 
Epinephelus nigritus 
Epinephelus niveatus 
Erimyzon oblongus 
Erimyzon sucetta 
Esox spp. 
Esox americanus americanus - 
Esox ni~er 
Etheostoma spp. 
Etheostoma fricksium 
Etheostoma fusiforme 
Etheostoma hopkinsi 
Etheostoma nianguae 
Etheostoma olmstedi 
Etheostoma serriferum 
Etheostoma vitreum 
Etheostoma zonale 
Etropus spp. 
Etropus crossotus 
Eucinostomus spp. 
Eucinostomus argenteus 
Eucinostomus gi& 
Evorthodus lyricus 

Fundulus spp . 
Fundulus chrysotus 
Fundulus cingulatus 
Fundulus confluentus 
Fundulus heteroclitus 
Fundulus lineolatus 
Fundulus luciae 
Fundulus majalis 
Fundulus notti 

Gambusia affinis 
Gobieeox s trumosus 
Gobionellus spp. 
Gobionellus boleosoma 
Gobionellus hacltatus 
Gobionellus oceanicus 
Gobionellus shufeldti 
Gobionellus stigmaticus 
Gobiosoma spp. 
Gobiosoma bosci 
Gobiosoma ginsburgi 
Gyanachirus melas 
Gymnura micrura 

St ingrays 
Southern stingray 
Atlantic stingray 
Bluntnose stingray 
Irish pompano 
Sand perch 
Fat sleeper 
Gizzard shad 
Threadfin shad 

Sharksucker 
Pygmy sunfishes 
Everglades pygmy sunfish 
Okefenokee pygmy sunfish 
Banded pygmy sunfish 
Spinycheek sleeper 
Ladyf ish 
Sunfishes 
Blackbanded sunfish 
Bluespotted sunfish 
Banded sunfish 
Speckled hind 
Yellowedge grouper 
Warsaw grouper 
Snowy grouper 
Creek chubsucker 
Lake chubsucker 
Pikes 
Redfin pickerel 
Chain pickerel 
Darters 
Savannah darter 
Swamp darter 
Christmas darter 
Niangua darter 
Tessellated darter 
Sawcheek darter 
Glassy darter 
Banded darter 
Left eye flounders 
Fringed flounder 
Mojarras 
Spotf in moj arra 
Silver jenny 
Lyre goby 

Killifishes 
  olden topminnow 
Banded topminnow 
Marsh killifish 
Mummichog 
Lined topminnow 
Spotfin killifish 
Striped killifish 
S tarhead topminnow 

Mosquitof ish 
Skilletfish 
Gobies 
Darter goby 
Sharptail goby 
Highfin goby 
Freshwater goby 
Marked goby 
Gobies 
Naked goby 
Seaboard goby 
Naked sole 
Smooth butterfly ray 



Haemulon aurolineatum 
Harengula pensacolae 
Hemiramphus balao 
Heterandria formosa 
Hippocampu_s erectus- 
Holacanthus spp. 
Hybognathus hayi 
Hybognathus nuchalis 
Hybopsis rubrifrons 
Hypleurochilus geminatus 
Hyporhamphus unifasciatus 
Hypsoblennius spp. 
Hypsoblennius hentzi 

Ictalurus brunneus 
Ictalurus catus 
Ictalurus furcatus 
Ictalurus melas 
Ictalurus natalis 
Ictalurus nebulosus 
Ictalurus playtcephalus 
Ictalurus punctatus. 
Istiophorus platypterus 

Kathetostoma albigutta 

Labidesthes sicculus 
Lagocephalus laevigatus 
Lagodon rhomboides 
Larimus fasciatus 
Leiostomus xanthurus 
Lepisosteus spp. 
Lepisosteus platyrhincus 
Lepisosteus osseus 
Lepomis auritus 
Lepomis cyanellus 
Lepomis gibbosus 
Lepomis gulosus 
Lepomis macrochirus 
Lepomis marginatus 
Lepomis megalotis 
Lepomis microlophus 
Lepomis punctatus 
Leptolucania ommata 
Lobotes surinamensis 
Lopholatilus chamaeleonticeps 
Lucania goodei 
Lucania parva 
Lutianus spp. 
Lutianus buccanella 
Lutjanus campechanus 
Lutjanus griseus 
Lutjanus vivanus 

Makaira niaricans 
Menalops atlantica 
Membras martinica 
Menidia spp. 
Menidia beryllina 
Menidia menidia -- 
Menticirrhus spp. 
Menticirrhus americanus 
Menticirrhus littoralis 
Menticirrhus saxatilis 
Micronobius gulosus 
Micronobius thalassinus 
Micropoaonias undulatus 
Microuterus dolomieui 
Micropterus salmoides 
Minytrema melanops 
Monacanthus hispidus 
Monacanthus setifer 

Tomtate 
Scaled sardine 
Balao 
Least killifish 
Lined seahorse 
Angelfishes 
Cypress minnow 
Silvery minnow 
Rosyface chub 
Crested blenny 
Halfbeak 
Combtooth blennies 
Feather blenny 

Snail bullhead 
White catfish 
Blue catfish 
Black bullhead 
Yellow bullhead 
Brown bullhead 
Flat bullhead 
Channel catfish 
Sailfish 

Lancer stargazer 

Brook silverside 
Smooth puffer 
Pinf ish 
Banded drum 
Spot 
Gars 
Florida gar 
Longnose gar 
Redbreast sunfish 
Green sunfish 
Pumpkinseed 
Warmouth 
Bluegill 
Dollar sunfish 
Longear sunfish 
Redear sunfish 
Spotted sunfish 
Pygmy killifish 
Tripletail 
Tilef ish 
Bluef in killifish 
Rainwater killifish 
Snappers 
Blackfin snapper 
Red snapper 
Gray snapper 
Silk snapper 

Blue marlin 
Tarpon 
Rough silverside 
Silversides 
Tidewater silverside 
Atlantic silverside 
King whitings/Kingfishes 
Southern kingf ish 
Gulf kingf ish 
Northern kingfish 
Clown goby 
Green goby 
Atlantic croaker 
Smallmouth bass 
Largemouth bass 
Spotted sucker 
Planehead filefish 
Pygmy f ilef ish 



Morone spp. 
Morone americana 
Morone chrysops 
Morone saxatilis 
Moxostoma anisurum 
Moxostoma cervinum 
Moxostoma macrolepidotm 
Moxostoma pappillosm 
Mugil spp. 
Mugil cephalus 
Mugil curema 
Mustelus canis 
Mycteroperca spp. 
Mycteroperca microlepis 
Mycteroperca phenax 
mophis punctatus 

Negaprion brevirostris 
Nocomis leptocephalus 
Notemigonus crysoleucas 
Notropis spp. 
Notropis altipinnis 
Notropis ardens 
Notropis callisema 
Notropis chalybaeus 
Notropis chlorocephalus 
Notropis cummingsae 
Notropis emiliae 
Notropis hudsonius 
Notropis hypselopterus 
Notropis leedsi 
Notropis lutipinnis 
Notropis maculatus 
Notropis niveus 
Notropis petersoni 
Notropis procne 
Noturus spp. 
Noturus funebris 
Noturus gyrinus 
Noturus insignis 
Noturus leptacanthus 

Oligoplites saurus 
Ophichthus ocellatus 
Ophichthus gomesi 
Opisthonema spp. 
Opisthonema oglinm 
Opsanus tau 
Orthopristis chrysoptera 

Pargus sedecim 
Paralichthys spp. 
Paralichthys albigutta 
Paralichthys dentatus 
Paralichthys lethostigma 
Paralichthys squamilentus 
Peprilus spp. 
Peprilus alepidotus 
Peprilus triacanthus 
Perca flavescens 
Percina spp. 
Percina caprodes 
Percina crassa -- 
Percina nigrofasciata 
Percina peltata 
Pimephales promelas 
Poecilia latipinna 
Po~onias cromis 
Pomatomus saltatrix 
Pomoxis annularis 
Pomoxis nigromaculatus 
Porichthys porosissimus 

Temperate basses 
White perch 
White bass 
Striped bass 
Silver redhorse 
Black jmprock 
Shorthead redhorse 
Suckermouth redhorse 
Mullets 
Striped mullet 
White mullet 
Smooth dogfish 
Groupers 
Gag grouper 
Scamp grouper 
Speckled worm eel 

Lemon shark 
Bluehead chub 
Golden shiner 
Shiners 
Highf in shiner 
Rosefin shiner 
Ocmulgee shiner 
Ironcolor shiner 
Greenhead shiner 
Dusky shiner 
Pugnose minnow 
Spottail shiner 
Sailfin shiner 
Ohoopee shiner 
Yellowfin shiner 
Taillight shiner 
Whitefin shiner 
Coastal shiner 
Swallowtail shiner 
Mad toms 
Black madtom 
Tadpole madtom 
Margined madtom 
Speckled madtom 

Leatherjacket 
Palespotted eel 
Shrimp eel 
Thread herrings 
Atlantic thread herring 
Oyster toadfish 
Pigf ish 

Red porgy 
Lefteye flounders/flounders 
Gulf flounder 
Summer flounder 
Southern flounder 
Broad flounder 
Butterf ishes 
Harvestfish 
Butterf ish 
Yellow perch 
Darters 
Logperch 
Piedmont darter 
Blackbanded darter 
Shield darter 
Fathead minnow 
Sailf in molly 
Black drum 
Bluefish 
White crappie 
Black crappie 
Atlantic midshipman 



Pr iono tus  spp. 
Pr ionotus  c a r o l i n u s  
Pr iono tus  evolans 
Pr iono tus  salmonicolor 
Pr ionotus  s c i t u l u s  
Pr iono tus  t r i b u l u s  
P y l o d i c t i s  o l i v a r i s  

Rachycentron canadum 
e ~ l a n t e r i a  

Rhinobatos l e n t i g i n o s u s  
Rhinoutera bonasus 
Rhizoprionodon terraenovae 
Rhomboplites aurorubens 
Risso la  marginata 

Sarda sa rda  -- 
S a r d i n e l l a  a n c h w i a  
Sciaenops o c e l l a t a  
Scomber scombrus 
Scomberomorus c a v a l l a  
Scomberomorus maculatus 
Scophthalmus acluosus 
Selene vomer -- 
S e r i o l a  dumer i l i  
S e r i o l a  r i v o l i a n a  
Sphoeroides spp. 
Sphoeroides maculatus 
Sphoeroides s p e n g l e r i  
Sphvraena spp. 
Suhyraena barracuda 
Suhyraena uuachancho 
Sphyrna spp. 
Sphyrna l e v i n i  
Suhyrna t i b u r o  
Sohyrna zygaena 
Squalus a c a n t h i a s  
S te l1 , i f e r  l anceo la tus  
Stenotomus spp. 
S t i z o s t e d i o n  vi t reum vi t reum 
S t r o n m l u r a  marina 
Swrphurus p lag iusa  
S y n ~ n a t h u s  fuscus  
Syngnathus l o u i s i a n a e  
Syngnathus f l o r i d a e  
Synodus f o e t e n s  

Te t rap tu rus  a l b i d u s  
Trachinotus  spp. 
Trachinotus  c a r o l i n u s  
Trachinotus  f a l c a t u s  
Trachinotus  goodei 
Tr ich iu rus  l e p t u r u s  
T r i n e c t e s  maculatus 

I 
Umbra pygmaea 
Urouhvcis spp. 
Urophvcis e a r l l i  
Urophvcis f l o r i d a n u s  
Urophvcis r eg lue  
Urophvcis t e n u i s  

Vomer s e t a p i n n i s  

Searobins  
Northern sea rob in  
S t r i p e d  sea rob in  
Blackwing sea rob in  
Leopard sea rob in  
Bighead sea rob in  
Flathead c a t f i s h  

Cobia 
Clearnose s k a t e  
A t l a n t i c  g u i t a r f i s h  
Cownose r a y  
A t l a n t i c  sharpnose shark 
Vermilion snapper 
S t r i p e d  cusk-eel 

A t l a n t i c  bon i to  
Spanish s a r d i n e  
Red drum 
A t l a n t i c  mackerel 
King mackerel 
Spanish mackerel 
Windowpane 
Lookdown 
Grea te r  amberjack 
Almaco j a c k  
P u f f e r s  
Northern p u f f e r  
Bandtai l  p u f f e r  
Barracudas 
Great  barracuda 
Guaguanche 
Hammerhead sharks  
Scalloped hammerhead 
Bonnethead 
Smooth hammerhead 
Spiny dogf i sh  
S t a r  drum 
Porgies  
Walleye 
A t l a n t i c  n e e d l e f i s h  
Blackcheek tonguef i sh  
Northern p i p e f i s h  
Chain p i p e f i s h  
Dusky p i p e f i s h  
Inshore  l i z a r d f i s h  

White mar l in  
Pompanos 
F l o r i d a  pompano 
Permit 
Palometa 
A t l a n t i c  c u t l a s s f i s h  
Hogchoker 

Eas te rn  mudminnow 
Hakes 
Carol ina hake 
Southern hake 
Spot ted hake 
White hake 

A t l a n t i c  moonfish 



Appendix Table 5. List of amphibians and reptiles identified in the Sea Island Characteriza- 
tion Study, arranged alphabetically by common name (Conant 1975, Collins 
et al. 1978). 

American alligator 
American crocodile 
Atlantic green turtle 
Atlantic hawksbill turtle 
Atlantic leatherback turtle 
Atlantic loggerhead turtle 
Atlantic ridley turtle 
Atlantic salt marsh snake 

Banded water snake 
Barking treefrog 
Black swamp snake 
Box turtle 
Brimley's chorus frog 
Broad-banded water snake 
Broadhead skink 
Broad-striped dwarf siren 
Broken-striped newt 
Bronze frog 
Brown snake 
Brown water snake 
Bullfrog 

Canebrake rattlesnake 
Carolina crawfish frog 
Carolina diamondback terrapin 
Carolina pigmy rattlesnake 
Carolina salt marsh snake 
Carolina swamp snake 
Carpenter frog 
Central newt 
Chicken turtle 
Common garter snake 
C m o n  snapping turtle 
Cope's gray treefrog 
Copperhead 
Corn snake 
Corn snake 
Cottonmouth 
Crawf ish frog 

Dwarf salamander 
Dwarf waterdog 

Earth snakes 
Eastern bird-voiced treefrog 
Eastern box turtle 
Eaetern chicken turtle 
Eaetern coachwhip 
Eaetern coral snake 
Eastern cottonmouth 
Eastern diamondback rattlesnake 
Eaetern earth snake 
Eaetern garter snake 
Eaetern glass lizard 
Eastern hognose snake 
Eaetern indigo snake 
Eastern kingsnake 
Eastern lesser siren 
Eaetern mud snake 
Eaetern mud turtle 
Eaetern narrowmouth toad. 
Eaetern ribbon snake 
Eastern river co0te.r 
Eastern slender glass lizard 
Eaetern epadefoot toad 
Eaetern spadefoot toad 
Eaetern tiger salamander 
Eastern worp snake 

Alligator mississippiensis 
Crocodylus acutus 
Chelonla mydas mydas 
Eretmochelys imbricata imbricata 
Dermochelys coriacea coriacea 
Caretta caretta caretta --- 
Lepidochelys kernpi 
Nerodia fasciata taeniata 

Nerodia fasciata fasciata 
Hyla gratiosa 
Seminatrix pygaea 
Terrapene carolina ssp. 
Pseudacris brimleyi 
Nerodia fasciata confluens 
Eumeces laticeps 
Pseudobranchus striatus striatus 
Noto~hthalmus viridescens dorsalis 
Rana clamitans clamitans - 
Storeria dekayi 
Nerodia taxispilota 
Rana catesbeiana 

Crotalus horridus atricaudatus 
Rana areolata capito - 
Malaclemys terrapin centrata 
Sistrurus miliarius miliarius 
Nerodia sipedon williamengelsi 
Seminatrix D a e a  paludis 
Rana virgatipes - 
Notophthalmus viridescens louisianensis 

Hyla chrysoscelis 
Agkistrodon contortrix ssp. 
Elaphe guttata ssp. 
Eaphe guttata guttata 
Agkistrodon piscivorus ssp. 
Rana areolata ssp.' - 
Eurycea quadridigitata 
Necturus punctatus 

Virginia spp. 
Hyla avivoca ogechiensis 
Terrapene carolina carolina 
Deirochelys reticularia reticularia 
Masticophis flagellum flagellum 
Micrurus fulvius fulvius 
Agkistrodon piscivorus piscivorus 
Crotalus adamanteus 
Virginia valeriae valeriae 
Thamnophis sirtalis sirtalis 
Ophisaurus ventralis 
Heterodon platyrhinos 
Drymarchon corais couperi 
Lampropeltis getulus getulus 
Siren intermedia intermedia 
Farancia abacura abacura 
Xinostern~n subru3rum subrubrum 
Castrophryne carolinensis 
Thamnophis sauritus sauritus 
Chrysemys concinna concinna 
Ophisaurus attenuatus longicaudus 
Scaphiopus holbrooki 
Scaphiopus holbrooki holbrooki 
Ambystoma tigrinum tigrinum 
Carphophis amoenus amoenus 
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Five-lined skink 
Flatwoods salamander 
Florida cooter 
Florida cottonmouth 
Florida crawfish frog 
Florida cricket frog 
Florida green water snake 
Florida pine snake 
Florida softshell 

Garter snakes 
Glossy crayfish snake 
Gopher tortoise 
Gray treefrog 
Greater siren 
Green anole 
Green sea turtle 
Green treefrog 
Green turtle 
Green water snake 
Ground skink 
Gulf Coast spiny softshell 
Gulf salt marsh snake 

Bawksbill turtle 

Indigo snake 
Island glass lizard 

Kemp's ridley turtle 

Leatherback turtle 
Lesser siren 
Little grass frog 
Loggerhead turtle 
Longtail salamander 

Mabee's salamander 
Many-lined salamander 
Marbled salamander 
Mole kingsnake 
Mole salamander 
Mole skink 
Mud salamander 
Mud salamander 
Mud snake 
Mud turtle 

Newts 
North Florida swamp snake 
Northern cricket frog 
Northern diamondback terrapin 
Northern leopard frog 
Northern mole skink 
Northern redbelly snake 
Northern scarlet snake 
Northern snring peeper 

Oak toad 
Ornate chorus frog 

Peninsula ribbon snake 
Pickerel frog 
Pig frog 
Pine snake 
Pine woods snake 
Pine woods treefrog 
Pigmy rattlesnake 

Rainbow snake 
Rainbow snake 
Ranid frogs 
Rat snake 

Eumeces fasciatus 
Ambystoma cingulatum 
Chrysemys floridana floridana 
Agkistrodon piscivorus conanti 
Rana areolata aesopus 
Acris gryllus dorsalis 
Nerodia cyclopion floridana 
Pituophis melanoleucus mugitus 
Trionyx ferox 

Thamnophis spp. 
Rigina rigida rigida 
Gopherus polyphemus 

Hyla versicolor 
Siren lacertina 
Anolis carolinensis 
Chelonia mydas 
Byla cinerea 
Chelonia mydas 
Nerodia cyclopion ssp. 
Scincella lateralis 
Trionyx spiniferus asperus 
Nerodia fasciata clarki 

Eretmochelys imbricata 

Drymarchon corals 
Ophisaurus compressus 

Lepidochelys kempi 

Dermochelys coriacea 
Siren intermedia 
Limnaoedus ocularis 
Caretta caretta -- 
Eurycea longicauda longicauda 

Ambystoma mabeei --- 
Stereochilus marginatus 
Ambystoma opacum 
Lampropeltis calligaster rhombornaculata 
Ambystoma talpoideum 
Eumeces egregius 
Pseudotriton montanus ssp. 
Pseudotriton montanus 
Farancia abacura ssp. 
Kinosternon subrubrum ssp. 

Notophthalmus spp. 
Seminatrix m a e a  pygaea 
Acris crepitans crepitans 
Malaclem s terrapin terrapin 
d n s  - 
Eumeces egregius similis 
Storeria occipitomaculata occipitomaculata 
Cemophora coccinea copei - 
Byla crucifer crucifer 

Bufo quercicus 
Pseudacris ornata 

Thamnophis sauritus sackeni 
Rana palustris 
Rana grylio - 
Pituophis melanoleucus ssp. 
Rhadinaea flavilata 
Byla femoralis 
Sistrurus miliarius ssp. 

Farancia erytrogramma ssp. 
Farancia erytrogramma e-rptr~grm - 
Rana spp. - 
Elaphe obsoleta ssp. 



Redbelly snake 
Redbelly water snake 
Red salamander 
Red-spotted newt 
Ribbon snake 
Ringneck snake 
River cooter 
River frog 
Rough earth snake 
Rough green snake 

Scarlet kingsnake 
Six-lined racerunner 
Slender glass lizard 
Slimy salamander 
Smooth earth snake 
Southeastern crowned snake 
Southeastern five-lined skink 
Southern black racer 
Southern chorus frog 
Southern chorus frog 
Southern copperhead 
Southern cricket frog 
Southern cricket frog 
Southern dusky salamander 
Southern fence lizard 
Southern hognose snake 
Southern leopard frog 
Southern red salamander 
Southern ringneck snake 
Southern toad 
Southern two-lined salamander 
Spiny sof tshell 
Spotted salamander 
Spotted turtle 
Spring peeper 
Squirrel treefrog 
Stinkpot 
Striped crayfish snake 
Striped mud turtle 
Striped newt 

Texas horned lizards 
Three-lined salamander 
Tiger salamander 
Treef rogs 
Two-lined salamander 
Two-toed amphiuma 

Upland chorus frog 

Wonn snake 

Yellowbelly slider 
Yellow rat snake 

Storeria occipitomaculata 
Nerodia erythrogaster erythrogaster 
Pseudotriton 
Notophthalmus viridescens viridescens 
Thamnophis sauritus ssp. 
Diadophis punctatus 
Chrysemys concinna ssp. 
Rana heckscheri 
virginla striatula 
Opheodrya aestivus 

Lampropeltis triangulum elapsoides 
Cnemidophorus sexlineatus sexlineatus 
Ophisaurus attenuatus 
Plethodon glutinosus glutinosus 
Virginia valeriae 
Tantilla coronata 
Eumeces inexpectatus 
Coluber constrictor priapus 
Pseudacris nigrita 
Pseudacris nigrita nigrita 
Agkistrodon contortrix contortrix 
Acris gryllus 
Acris gryllus gryllus 
Desmoznathus auriculatus 
Sceloporus undulatus undulatus 
Heterodon sirnus 
Rana sphencocephala - 
Pseudotriton ruber vioscai 
Diadophis punctatus punctatus 
Bufo terrestris - 
Eurycea bislineata cirrigera 
Trionyx spiniferus ssp. 
Ambystoma maculatum 
Clemys guttata 
Hyla crucifer 
Hyla squirella 
Sternotherus odoratus 
Regina alleni 
Kinosternon bauri palmarum 
Notophthalmus perstriatus 

Phrynosoma cornutum 
Eurycea longicauda guttol.ineata 
Ambystoma tigrinurn 
Hyla spp. 
Eurycea bislineata 
Amphiuma means 
Pseudacris triseriata feriarum 

Carphophis amoenue ssp. 

Chrysemys scripta scripta 
Elaphe obsoleta quadrivittata 



Appendix Table 6 .  List of amphibians and reptiles identified in the Sea Island Characteriza- 
tion Study, arranged alphabetically by scientific name (Conant 1975. 
Collins et al. 1978). 

Acris crepitans crepitans 
Acris gryllus - 
Acris gryllus dorsalis - 
Acris gryllus gryllus 
Agkistrodon contortrix ssp. 
Agkistrodon contortrix contortrix 
Agkistrodon piscivorus ssp. 
Agkistrodon piscivorus conanti 
Agkistrodon piscivorus piscivorus 
Alligator mississippiensis 
Ambystoma cingulatum 

-- 

AmbGtoma mabeei 
Ambystoma maculatum 
Ambystoma opacum 
Ambystoma talpoideum 
Ambystoma tiurinum 
Ambystoma tigrinum tigrinum 
Amphiuma means 

Buf o guercicus - 
Bufo terrestris - 
Caretta caretta -- 
Caretta caretta caretta --- 
Carphophis amoenus ssp. 
Carphophis amoenus amoenus 
Cemophora coccinea copei 
Chelonia mydas 
Chelonia mydas mydas 
Chelydra serpentina serpentina 
Chrysemys concinna ssp. 
Chrysemys concinna concinna 
Chrysemys floridana floridana 
Chrysemys scripta scrfpta 
Clemmys guttata 
Cnemidophorus sexlineatus sexlineatus 
Coluber constrictor priapus 
Crocodylus acutus 
Crotalus adamanteus 
Crotalus horridus atricaudatus 

Deirochelys reticularia ssp. 
Deirochelys reticularia reticularia 
Dermochelys coriacea 
Dermochelys coriacea coriacea 
Desmognathus auriculatus 
Diadophis punctatus 
Diadophis punctatus punctatus 
Drymarchon corais 
Drymarchon corais couperi 

Elaphe guttata ssp. 
Elaphe guttata guttata 
Elaphe obsoleta ssp. 
Elaphe obsoleta quadrivittata 
Eretmochelys imbricata 
Eretmochelys imbricata imbricata 
Eumeces egregius 
Eumeces egregius similis 
Eumeces fasciatus 
Eumeces inexpectatus 
Eumeces laticeps 
Eurycea bislineata 
Eurycea bislineata cirrigera 
Eurycea longicauda guttolineata 

Northern cricket frog 
Southern cricket frog 
Florida cricket frog 
Southern cricket frog 
Copperhead 
Southern copperhead 
Cottonmouth 
Florida cottonmouth 
Eastern cottonmouth 
American alligator 
Flatwoods salamander 
Mabee's salamander 
Spotted salamander 
Marbled salamander 
Mole salamander 
Tiger salamander 
Eastern tiger salamander 
Two-toed amphiuma 
Green anole 

Oak toad 
Southern toad 

Loggerhead turtle 
Atlantic loggerhead turtle 
Worm snake 
Eastern worm snake 
Northern scarlet snake 
Green sea turtle/Green turtle 
Atlantic green turtle 
Common snapping turtle 
River cooter 
Eastern river cooter 
Florida cooter 
YellowGelly slider 
Spotted turtle 
Six-lined racerunner 
Southern black racer 
American crocodile 
Eastern diamondback rattlesnake 
Canebrake rattlesnake 

Chicken turtle 
Eastern chicken turtle 
Leatherback turtle 
Atlantic leatherback turtle 
Southern dusky salamander 
Ringneck snake 
Southern ringneck snake 
Indigo snake 
Eastern indigo snake - 

Corn snake 
Corn snake 
Rat snake 
Yellow rat snake 
Hawksbill turtle 
Atlantic hawksbill turtle 
Mole skink 
Northern mole skink 
Five-lined skink 
Southeastern five-lined skink 
Broadhead skink 
Two-lined salamander 
Southern two-lined salamander 
Three-lined salamander 



Eurycea longicauda longicauda 
Eurycea quadridigitata 

Farancia abacura ssp. 
Farancia abacura abacura 
Farancia erytrogramma ssp. 
Farancia erytrogramma erytrogramma 

Gastrophryne carolinensis 
Gopherus polyphemus 

Heterodon platyrhinos 
Heterodon sirnus 
Byla spp. 
Hyla avivoca ogechiensis 
Hyla chrysoscelis 
Hyla cinerea 
lIyla crucifer 
Hyla crucifer crucifer 
Hyla femoralis 
Hyla gratiosa 
l&& squirella 
Hyla versicolor 

Kinosternon bauri palmarum 
Kinosternon subrubrum ssp. 
Kinosternon subrubrum subrubrum 

Lampropeltis calligaster rhombomaculata 
Lampropeltis getulus getulus 
Lampropeltis triangulum elapsoides 
Lepidochelys kempi 
Limnaoedus ocularis 

Malaclemys terrapin centrata 
Malaclemys terrapin terrapin 
Masticophis flagellum flagellum 
Micrurus fulvius fulvius 

Necturus punctatus 
Nerodia cyclopion ssp. 
Nerodia cyclopion floridana 
~erodia erythrogaster erythrogaster 
Nerodia fasciata clarki 
Nerodia fasciata confluens 
Nerodia fasciata fasciata 
Nerodia fasciata taeniata 
Nerodia sipedon williamengelsi 
Nerodia taxispilota 
Notophthalmus spp . 
Notophthalmus perstriatus 
Notophthalmus viridescens dorsalis 
Notophthalmus viridescens louisianensis 

I Notophthalmus viridescens viridescens 

I Opheodrys aestivus 
Ophisaurus attenuatus 
Ophisaurus attenuatus longicaudus 

I Ophisaurus compressus 
Ophisaurus ventralis 

Phrynosoma cornutum 
Pituophis melanoleucus ssp. 
Pituophis melanoleucus mugitus 
Plethodon glutinosus glutinosus 
Pseudacris brimleyi 
Pseudacris nigrita 
Pseudacris nigrita nigrita 
Pseudacris ornata 
Pseudacris triseriata feriarum 
Pseudobranchus striatus striatus 
Pseudotriton montanus ssp. 

Longtail salamander 
Dwarf salamander 

Mud snake 
Eastern mud snake 
Rainbow snake 
Rainbow snake 

Eastern narrowmouth toad 
Gopher tortoise 

Eastern hognose snake 
Southern hognose snake 
Treef rogs 
Eastern bird-voiced treefrog 
Cope's gray treefrog 
Green treefrog 
Spring peeper 
Northern spring peeper 
Pine woods treefrog 
Barking treefrog 
Squirrel treefrog 
Gray treefrog 

Striped mud turtle 
Mud turtle 
Eastern mud turtle 

Mole kingsnake 
Eastern kingsnake 
Scarlet kingsnake 
Atlantic ridley turtle/Kempls ridley turtle 
Little grass frog 

Carolina diamondback terrapin 
Northern diamondback terrapin 
Eastern coachwhip 
Eastern coral snake 

Dwarf waterdog 
Green water snake 
Florida green water snake 
Redbelly water snake 
Gulf salt marsh snake 
Broad-banded water snake 
Banded water snake 
Atlantic salt marsh snake 
Carolina salt marsh snake 
Brown water snake 
Newts 
Striped newt 
Broken-striped newt 
Central newt 
Red-spotted newt 

Rough green snake 
Slender glass lizard 
Eastern slender glass lizard 
Island glass lizard 
Eastern glass lizard 

Texas horned lizard 
Pine snake 
Florida pine snake 
Slimy salamander 
Brimley's chorus frog 
Southern chorus frog 
Southern chorus frog 
Ornate chorus frog 
Upland chorus frog 
Broad-striped dwarf siren 
Mud salamander 
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Appendix Table 7. List of birds identified in the Sea Island Characterization Study, arranged 
alphabetically by common name (Wetmore 1957, Sprunt and Chamberlain 1970, 
American Ornithologiete' Union 1973, American Ornithologists' Union 1976). 

Acadian flycatcher 
American avocet 
American bittern 
American coot 
American goldeneye 
American goldfinch 
American kestrel 
American oystercatcher 
American redstart 
American wigeon 
American woodcock 
Anhinga 
Arctic peregrine falcon 
Audubon's shearvater 

Bachman's sparrow 
Bachman's warbler 
Bald eagle 
Baldpate 
Bank swallow 
Barn owl 
Barn swallow 
Barred owl 
Barrow's goldeneye 
Belted kingfisher 
Bewick's wren 
Black-and-white warbler 
Black-bellied plover 
Black-bellied whistling duck 
Black-billed cuckoo 
Black-crowned night heron 
Black duck 
Black-headed gull 
Black-necked stilt 
Blackpoll warbler 
Black rail 
Black scoter 
Black scoter 
Black skimmer 
Black tern 
Black-throated blue warbler 
Black-throated green warbler 
Black vulture 
Blue goose 
Blue-gray gnatcatcher 
Blue grosbeak 
Blue grosbeak 
Blue-headed vireo 
Blue jay 
Blue-winged teal 
Blue-winged warbler 
Boat-tailed grackle 
Bobolink 
Bobwhite 
Bonaparte's gull 
Broad-winged hawk 
Brown creeper 
Brown-headed cowbird 
Brown-headed nuthatch 
Brown pelican 
Brown thrasher 
Bufflehead 

Cabot's tern 
Canada goose 
Canvasback 
Cape May warbler 

Empidonax virescens 
Recurvirostra americana 
Botaurus lenti~inosus 
Fulica americana 
Bucephala clangula americana 
Carduelis tristis 
Falco spawerius 
Haematopus palliatus palliatus 
Setophaga ruticilla ruticilla 
Anas americana - 
Philohela minor 
Anhinga anhinga 
Falco peregrinus tundrius 
Puffinus lherminieri 

Aimophila aestivalis 
Vermivora bachmanii 
Haliaeetus leucocephalus 
Anas americana 
Riparia riparia 
Tyto alba 
Hirundo rustica erythrogaster -- 
Strix varia -- 
Bucephala islandica 
Megaceryle alcyon 
Thryomanes bewickii bewickii 
Mniotilta varia 
Pluvialis squatarola 
Dendrocygna autumnalis 
Coccyzus erythropthalmus 
Nycticorax nycticorax 
Anas rubripes - 
Lams ridibundus - 
Himantopus mexicanus mexicanus 
Dendroica striata 
Laterallus iamaicensis 
Melanitta nigr_a 
Melanitta nigra americana 
Rynchops nigra 
Cblidonias niger 
Dendroica caerulescens 
Dendroica virens waynei 
Coragvps atratus 
Chen caerulescens - 
Polioptila caerulea 
Guiraca caerulea 
Guiraca caerulea caerulea 
Vireo solitarius solitarius 
Cyanocitta cristata cristata 
Anas discors -- 
Vermivora pinus 
Quiscalus major 
Dolichonyx oryzivorus 
Colinus virginianus 
Larus philadelphia 
Buteo platypterus 
Certhia familiaris 
Molothrus ater 
-Sitta pusilla pusilla 
Pelecanus occidentalis 
Toxostoma rufum rufum 
Bucephala albeola 

Sterna sandvicensis acuflavidus 
Branta canadensis 
Aythya valisineria 
Dendroica tigrina 



Cardinal  
Carol ina chickadee 
Carol ina parakeet  
Carol ina wren 
Caspian t e r n  
Catbird  
C a t t l e  e g r e t  
Cedar waxwing 
Chimney s w i f t  
Chipping sparrow 
Chuck-will's-widow 
Cinnamon t e a l  
Clapper r a i l  
C l i f f  swallow 
Common crow 
Common e i d e r  
Common f l i c k e r  
Common g a l l i n u l e  
Common goldeneye 
Common g r a c k l e  
Common loon 
Common merganser 
Common s n i p e  
Common t e r n  
Cooper's hawk 

Dark-eyed junco 
Doubled-crested cormorant 
Dowitchers 
Downy woodpecker 
Dun1 i n  
Dusky s e a s i d e  sparrow 

Eastern b lueb i rd  
Eastern bobwhite 
Eastern brown p e l i c a n  
Eastern k ingb i rd  
Eastern meadowlark 
Eastern phoebe 
Eastern wood pewee 
Eskimo curlew 
European wigeon 

F ie ld  sparrow 
F i s h  crow 
F l o r i d a  red-shouldered hawk 
F o r s t e r ' s  t e r n  
Fox sparrow 
Fulvous w h i s t l i n g  duck 

Gadwall 
Gannet 
Glossy i b i s  
Golden-crowned k i n g l e t  
Golden e a g l e  
Golden-winged warbler  
Grasshopper sparrow 
Gray-cheeked th rush  
Great black-backed g u l l  
Great blue heron 
Great c r e s t e d  f l y c a t c h e r  
Great e g r e t  
Greater  scaup 
Grea te r  shearwater 
Greater  yel lowlegs 
Great horned owl 
Green heron 
Green-winged t e a l  
Ground dove 
Gull -bi l led t e r n  

Richmondena c a r d i n a l i s  c a r d i n a l i s  
Parus  c a r o l i n e n s i s  
Conuropsis c a r o l i n e n s i s  c a r o l i n e n s i s  
Thryothorus ludovicianus 
S te rna  casp ia  
Dumetella c a r o l i n e n s i s  
Bubulcus i b i s  i b i s  
Bombycilla cedrorum 
Chaetura pe lag ica  
S p i z e l l a  p a s s e r i n a  passe r ina  
Caprimulgus c a r o l i n e n s i s  
Anas cyanoptera - 
Ral lus  l o n g i r o s t r i s  
Petrochel idon pyrrhonota 
Corvus brachyrhynchos 
Somateria moll iss ima 
Colaptes a u r a t u s  
G a l l i n u l a  chloropus 
Bucephala c langu la  
Quiscalus  qu i scu la  
Gavia i m e r  -- 
Mergus merganser 
Capel la  g a l l i n a g o  
S te rna  hirundo -- 
A c c i p i t e r  c o o p e r i i  

Junco hyemalis 
Phalacrocorax a u r i t u s  
Limnodromus spp . 
Pico ides  pubescens 
C a l i d r i s  a l p i n a  
Ammospiza maritima n ig rescens  

S i a l i a  s i a l i s  -- 
Colinus v i r g i n i a n u s  v i r g i n i a n u s  
Pelecanus o c c i d e n t a l i s  c a r o l i n e n s i s  
Tyrannus tyrannus 
S t u r n e l l a  magna 
Sayornis  phoebe 
Contopus v i r e n s  
Numenius b o r e a l i s  
Anas penelope - 
S p i z e l l a  p u s i l l a  
Corvus o s s i f r a g u s  
Buteo l i n e a t u s  a l l e n i  
S te rna  f o r s t e r i  
P a s s e r e l l a  i l i a c a  
Dendrocygna b i c o l o r  

Anas s t r e p e r a  
&ruspbassanus 
P legad i s  f a l c i n e l l u s  f a l c i n e l l u s  
Regulus s a t r a p a  
Aquila chrysae tos  
Vermivora chrysoptera  
Ammodramus savannarum 
- 

Catharus minimus 
Larus marinus 
7- 

Ardea he rod ias  
Mviarchus c r i n i t u s  
Casmerodius albus 
Aythya mar i l a  
Puf f inus  g r a v i s  
Tr inga melanoleucus 
Bubo v i r g i n i a n u s  v i r g i n i a n u s  - 
Butorides  s t r i a t u s  
Anas c recca  -- 
Columbigallina passe r ina  
Gelochelidon n i l o t i c a  



Hairy woodpecker 
Harlequin duck 
Henslow's sparrow 
Hermit thrush 
Herring gull 
Hooded merganser 
Hooded warbler 
Horned grebe 
House wren 
Hudsonian curlw 

! Iceland gull 

1 Indigo bunting 
Ipswich sparrow 
Ivory-billed woodpecker 

Kentucky warbler 
Kestrel 
Killdeer 
King eider 
King rail 
Kirtland's warbler 
Knot 

Laughing gull 
Least bittern 
Least sandpiper 
Least tern 
Le Conte's sparrow 
Lesser scaup 
Lesser yellowlegs 
Limpkin 
Little blue heron 
Loggerhead shrike 
Long-billed curlw 
Long-billed curlew 
Long-billed marsh wren 
Long-billed marsh wren 
Louisiana heron 
Louisiana waterthrush 

Macgillivray's seaside sparrow 
Magnolia warbler 
Mallard 
Marbled godwit 
Marsh hawk 
Marsh hen 
Masked duck 
Merlin 
Mexican duck 
Mississippi kite 
Mockingbird 
Mockingbird 
Mottled duck 
Mourning dove 
Muscovy duck 

I Nighthawk 
Northern oriole 
Northern parula 
Northern phalarope 
Northern shoveler 
Northern waterthrush 

Oldsquaw 
Orange crowned warbler 
Orchard oriole 
Osprey 
Osprey 
Ovenbird 

Picoides villosus 
Histrionicus histrionicus 
Passerherbulus henslowii 
Catharus guttatus 
Larus argentatus - 
Lophodytes cucullatus 
Wilsonia citrina 
podiceps auritus 
Troglodytes aedon 
Numenius phaeopus hudsonicus 

Larus glaucoides 
Passerina cyanea 
Passerculus sandwlchensis princeps 
Campephilus principalis principalis 

Oporornis formosus 
Falco tinnunculus 
Charadrius vociferus 
Somateria spectabilis 
Rallus elegans 
Dendroica kirtlandii 
Calidris canutus rufa 

Larus atricilla 
Ixobrychus exilis 
Calidris minutilla 
Sterna albif rons 
Passerherbulus caudacutus 
Aythya af f inis 
Tringa f lavipes 
Aramus guarauna 
Florida caerulea caerulea 
Lanius ludovicianus 
Numenius amer icanus 
Numenius americanus americanus 
Cistothorus palustris 
Cistothorus palustris griseus 
Hydranassa tricolor 
Seiurus motacilla 

Ammospiza maritima macgillivraii 
Dendroica magnolia 
Anas platyrhynchos - 
Limosa fedoa -- 
Circus cyaneus 
Rallus longirostris 
W u r a  dominica 
Falco columbarius - 
Anas diazi -- 
Ictinia mississippiensis 
Mimus polyglottos - 

poly?,lottos poly~lottos 
Anas fulvigula -. 
Zenaida macroura 
Cairina moschata 

Chordeiles minor minor 
Icterus galbula 
Parula americana 
Lobipes lobatus 
Anas clypeata - 
Seiurus noveboracensis 

Clangula hyemalis 
Vermivora celata 
Icterus spurius 
Pandion haliaetus 
Pandion haliaetus carolinensis 
Seiurus aurocapillus 
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Surf scoter 
Swainson's thrush 
Swainson's warbler 
Swallow-tailed kite 
Swamp sparrow 
Swamp sparrow 

Melanitta perspicillata 
Catharus ustulatus 
Limnothlypis swainsonii 
Elanoides forficatus 
Melospiza georgiana 
Meiospiza gebrgiana georgiana 

Tennessee warbler 
Tree swallow 
Tufted titmouse 
Turkey 
Turkey vulture 

Veery 
Vesper sparrow 
Virginia rail- 

Wayne's clapper rail 
Western sandpiper 
Whimbrel 
Whip-poor-will 
Whistling swan 
White-breasted nuthatch 
White-eyed vireo 
White-fronted goose 
White ibis 
White-throated sparrow 
White-winged scoter 
Willet 
Wilson's petrel 
Wilson's plover 
Wilson's snipe 
Winter wren 
Woodcock 
Wood duck 
Wood ibis 
Wood stork 
Wood thrush 
Worm-eating warbler 

Yellow-bellied sapsucker 
Yellow-billed cuckoo 
Yellow-breasted chat 
Yellow-crowned night heron 
Yellow rail 
Yellow-rumped warbler 
Yellow-shafted flicker 
Yellowthroat 
Yellow-throated vireo 
Yellow-throated warbler 
Yellow warbler 

Vennivora peregrina 
Iridoprocne bicolor 
Parus bicolor -- 
Meleagris gallopavo 
Cathartes aura aura 

Catharus fuscescens 
Pooecetes gramineua 
Rallus limicola 

Rallus longirostris waynei 
Calidris & 
Numenius phaeopus 
Caprimulgus vociferus 
Olor columbianus - 
Sitta carolinensis 
Vireo griseus 
Anser albifrons 
Eudocimus albus 
Zonotrichia albicollis 
Melanitta deglandi 
Catoptrophorus semipalmatus 
Oceanites oceanicus 
Charadrius wilsonia 
Capella gallinago delicata 
Troglodytes troglodytes 
Philohela minor 
Aix sponsa 
Mycteria americana 
Mycteria americana 
Hylocichla mustelina 
Helmitheros vermivorus 

Sphyrapicus varius varius 
Coccyzus americanus americanus 
Icteria virens -- 
Nyctanassa violacea 
Coturnicops noveboracensis 
Dendroica coronata 
Colaptes auratus auratus 
Geothlypis trichas 
Vireo flavifrons 
Dendroica dominica dominica 
Dendroica petechia 



Appendix Table 8. List of birds identified in the Sea Island Characterization Study, 
arranged alphabetically by scientific name (Wetmore 1957, Sprunt and 
Chamberlain 1970, American Ornithologists' Union 1973, American 
Ornithologists' Union 1976). 

Accipiter cooperii 
Accipiter striatus v& 
Actitis macularia 
Agelaius phoeniceus 
Aimophila aestivalis 
Aix sponsa 
Ammodramus savannarum 
Ammospiza caudacuta 
Ammospiza maritima 
Ammospiza maritima macgillivraii 
Ammospiza maritima nigrescens 
Anas acuta 

americana 
clypeata 

Anas crecca -- 
Anas ganoptera - 
Anas diazi -- 
Anas discors 
Anas fulvigula 
Anas penelope 
Anas platyrhynchos 
Anas rubripes 
Anas strepera - 
Anhinga anhinga 
Anser albifrons 
Aquila chrysaetos 
Aramus guarauna 
Archilochus colubris 
Ardea herodias 
Arenaria interpres 
Asio . f lammeus 
Aythya aff inis 
Aythya americana 
Aythya collaris 
Aythya marila 
Avthya valisineria 

Bombycilla cedrorum 
~onasa urnbellus 
Botaurus lentiginosus 
Branta canadensis 
Bubo virainianus virginianus 
Bubulcus ibis ibis 
Bucephala albeola 
Bucephala clangula 
Bucephala clangula americana 
Buceuhala islandica 
Buteo iamaicensis borealis 
Buteo lineatus alleni 
Buteo lineatus lineatus 
Buteo platypterus 
Butorides striatus 

Cairina moschata 
Calidris alpina 
Calidris canutus rufa 
Calidris mauri 
Calidris minutilla 
Calidris pusillus 
Campephilus principalis principalis 
Capella gallinago 
Capella gallinago delicata 
Caprimulgus carolinensis 
Caprimulgus vociferus 
Carduelis pinus 
Carduelis tristis 

Cooper '8 hawk 
Sharp-shinned hawk 
Spotted sandpiper 
Red-winged blackbird 
Bachman 's sparrow 
Wood duck 
Grasshopper sparrow 
Sharp-tailed sparrow 
Seaside sparrow 
Macgillivray's seaside sparrow 
Dusky seaside sparrow 
Pintail 
American wigeon/Baldpate 
Shoveler/Northern shoveler 
Green-winged teal 
Cinnamon teal 
Mexican duck 
Blue-winged teal 
Mottled duck 
European wigeon 
Mallard 
Black duck 
Gadwall 
Anhinga 
White-fronted goose 
Golden eagle 
Limpkin 
Ruby-throated hummingbird 
Great blue heron 
Ruddy turnstone 
Short-eared owl 
Lesser scaup 
Redhead 
Ring-necked duck 
Greater scaup 
Canvasback 

Cedar waxwing 
Ruffed grouse 
American bittern 
Canada goose 
Great horned owl 
Cattle egret 
Bufflehead 
Common goldeneye 
American goldeneye 
Barrow's goldeneye 
Red-tailed hawk 
Florida red-shouldered hawk 
Red-shouldered hawk 
Broad-winged hawk 
Green heron 

Muscovy duck 
Dunlin 
Knot 
Western sandpiper 
Least sandpiper 
Semipalmated sandpiper 
Ivory-billed woodpecker 
Common snipe/Snipe 
Wilson's snipe 
Chuck-will's-widow 
Whip-poor-will 
Pine siskin 
American goldfinch 



Carpodacus purpureus 
Casmerodius albus 
Cathartes aura aura 
Catharus fuscescens 
Catharus guttatus 
Catharus minimus 
Catharus ustulatus 
Catoptrophorus semipalmatus 
Certhia familiaris 
Chaetura pelagica 
Charadrius melodus 
Charadrius semipalmatus 
Charadrius vociferus 
Charadrius wilsonia 
Chen caerulescens 
Chlidonias niger 
Chordeiles minor minor 
Circus cyaneus 
Cistothorus palustris 
Cistothorus palustris griseus 
Cistothorus platensis 
Clangula hyemalis 
Coccyzus americanus americanus 
Coccyzus erythropthalmus 
Colaptes auratus 
Colaptes auratus auratus 
Colinus virginianus 
Colinus virginianus virginianus 
Columbigallina passerina 
Contopus virens 
Conuropsis carolinensis carolinensis 
Coragyps atratus 
Corvus brachyrhynchos 
Corvus brachyrhynchos paulus 
Corvus ossifragus 
Coturnicops noveboracensis 
Crocethia 
Cyanocitta cristata cristata 

Dendrocvgna autumnalis 
Dendrocvgna bicolor 
Dendroica caerulescens 
Dendroica coronata 
Dendroica discolor discolor 
Dendroica dominica dominica 
Dendroica kirtlandii 
Dendroica magnolia 
Dendroica palmarum 
Dendroica petechia 
Dendroica pinus 
Dendroica pinus pinus 
Dendroica striata 
Dendroica ti~rina 
Dendroica virens waynei 
Dolichonyx oryzivorus 
Dryocopus pileatus pileatus 
Dumetella carolinensis 

Egretta thula thula 
Elanoides forficatus 
Empidonax virescens 
Eudocimus albus 
Euphagus carolinus 

Falco columbarius 
Falco columbarius columbarius 
Falco peregrinus anatum 
Falco peregrinus tundrius 
Falco sparverius 
Falco tinnunculus 

I Florida caerulea caerulea 
Fulica americana 

Purple finch 
Great egret 
Turkey vulture 
Veery 
Hermit thrush 
Gray-cheeked thrush 
Swainson's thrush 
Willet 
Brown creeper 
Chimney swift 
Piping plover 
Semipalmated plover 
Killdeer 
Wilson's plover 
Blue goose/Snow goose 
Black tern 
Nighthawk 
Marsh hawk 
Long-billed marsh wren 
Long-billed marsh wren 
Short-billed marsh wren 
Oldsquaw 
Yellow-billed cuckoo 
Black-billed cuckoo 
Common flicker 
Yellow-shafted flicker 
Bobwhite/Quail 
Eastern bobwhite 
Ground dove 
Eastern wood pewee 
Carolina parakeet 
Black vulture 
Common crow 
Southern crow 
Fish crow 
Yellow rail 
Sanderling 
Blue jay 

Black-bellied whistling duck 
Fulvous whistling duck 
Black-throated blue warbler 
Yellow-rumped warbler 
Prairie warbler 
Yellow-throated warbler 
Kirtland's warbler 
Magnolia warbler 
Palm warbler 
Yellow warbler 
Pine warbler 
Pine warbler 
Blackpoll warbler 
Cape May warbler 
Black-throated green warbler 
Bobolink 
Pileated woodpecker 
Catbird 

Snowy egret 
Swallow-tailed kite 
Acadian flycatcher 
White ibis 
Rusty blackbird 

Merlin 
Pigeon hawk 
Peregrine falcon 
Arctic peregrine falcon 
American kestrel 
Kestrel 
Little blue heron 
American coot 



Gallinula chloropus 
Gavia immer -- 
Gavia stellata 
Gelochelidon nilotica 
Geothlypis trichas 
Guiraca caerulea 
Cuiraca caerulea caerulea 

Haematopus palliatus palliatus 
Haliaeetus leucocephalus 
Haliaeetus leucocephalus leucocephalus 
Helmitheros vermivorus 
Himantopus mexicanus mexicanus 
Hirundo rustica erythrogaster -- 
Histrionicus histrionicus 
Hydranassa tricolor 
Hylocichla mustelina 

Icteria virens -- 
Icterus galbula 
Icterus spurius 
Ictinia mississippiensis 
Iridoprocne bicolor 
Ixobrychus exilis 

Junco hyemalis 

Lanius ludovicianus 
Larus argentatus 
Larus atricilla 
Larus delawarensis 
Larus glaucoides 
Larus marinus -- 
Larus philadelphia 
Larus ridibundus 
Laterallus jamaicensis 
Limnodromus spp. 
Limnodromus griseus 
Limnothlypis swainsonii 
Limosa fedoa -- 
Lobipes lobatus 
Lophodytes cucullatus 

Megaceryle alcyon 
Melanerpes carolinus carolinus 
Melanerpes erythrocephalus erythrocephalus 
Melanitta deglandi 
Melanitta nigra 
Melanitta nigra americana 
Melanitta perspicillata 
Meleagris gallopavo 
Melospiza georgiana 
Melospiza georgiana georgiana 
Melospiza melodia atlantica 
Mergus merganser 
Mergus serrator 
Mimus polygolottos 
Mimus polyglottos polyglottos 
Mniotilta varia 
Molothrus aster 
Morus bassanus 
Mycteria americana 
Myiarchus crinitus 
Myiarchus crinitus crinitus 

Numenius americanus 
Numenius americanus americanus 
Numenius borealis 
Numenius phaeopus 
Numenius phaeopus hudsonicus 
Nyctanassa violacea 
Nycticorax nycticox 

Common gallinule 
Common loon 
Red-throated loon 
Gull-billed tern 
Yellowthroat 
Blue grosbeak 
Blue grosbeak 

American oystercatcher 
Bald eagle 
Southern bald eagle 
Worm-eating warbler 
Black-necked stilt 
Barn swallow 
Harlequin duck 
Louisiana heron 
Wood thrush 

Yellow-breasted chat 
Northern oriole 
Orchard oriole 
Mississippi kite 
Tree swallow 
Least bittern 

Dark-eyed junco 

Loggerhead shrike 
Herring gull 
Laughing gull 
Ring-billed gull 
Iceland gull 
Great black-backed gull 
Bonaparte's gull 
Black-headed gull 
Black rail 
Dowitchers 
Short-billed dowitcher 
Swainson's warbler 
Marbled godwit 
Northern phalarope 
Hooded merganser 

Belted kingfisher 
Red-bellied woodpecker 
Red-headed woodpecker 
White-winged scoter 
Black scoter 
Black scoter 
Surf scoter 
Turkey 
Swamp sparrow 
Swamp sparrow 
Song sparrow 
Common merganser 
Red-breasted merganser 
Mockingbird 
Mockingbird 
Black-and-white warbler 
Brown-headed cowbird 
Gannet 
Wood ibis/Wood stork 
Great crested flycatcher 
Southern crested flycatcher 

Long-billed curlew 
Long-billed curlew 
Eskimo curlew 
Whimbrel 
Hudsonian curlew 
Yellow-crowned night heron 
Black-crowned night heron 



Oceanites oceanicus 
Olor columbianus 
Oporornis formosus 
Otus asio -- 
Otus asio asio --- 
Oxyura dominica 
Oxyura jamaicensis 

Pandion haliaetus 
Pandion haliaetus carolinensis 
Parula americana 
Parus bicolor -- 
Parus carolinensis 
Passerculus sandwichensis 
Passerculus sandwichensis princeps 
Passerella iliaca 
Passerherbulus caudacutus 
Passerherbulus henslowii 
Passerina ciris ciris 
Passerina cyanea 
Pelecanus occidentalis 
Pelecanus occidentalis carolinensis 
Petrochelidon pyrrhonota 
Phalacrocorax auritus 
Philohela minor 
Picoides borealis 
Picoides borealis borealis 
Picoides pubescens 
Picoides pubescens pubescens 
Picoides villosus 
Pipilo erythrophthalmus 
Piranga rubra rubra 
Plegadis falcinellus falcinellus 
Pluvialis squatarola 
Podiceps auritus 
Podilymbus podiceps 
Polioptila caerulea 
Pooecetes gramineus 
Porphyrula martinica 
Porzana Carolina 
Progne subis subis 
Protonotaria citrea 
Puff inus gravis 
Puffinus lherminieri 

Quiscalus maior 
Quiscalus quiscula 

Rallus elegans 
Rallus limicola 
Rallus longirostris 
Rallus longirostris waynei 
Recurvirostra americana 
Regulus calendula 
Regulus satrapa 
Richmondena cardinalis cardinalis 
Riparia riparia 
Rynchops niRra 

Sayornis phoebe 
Seiurus aurocapillus 
Seiurus motacilla 
Seiurus noveboracensis 
Setophaga ruticilla ruticil.1.a 
Sialia sialis -- 
Sitta canadensis 
Sitta carolinensis 
Sitta pusilla pusilla 
Somateria mollissima 
Somateria spectabilis 
Sphyrapicus varius varius 
Spizella passerina passerina 

Wilson's petrel 
Whistling swan 
Kentucky warbler 
Screech owl 
Southern screech owl 
Masked duck 
Ruddy duck 

Osprey 
Osprey 
Northern parula 
Tufted titmouse 
Carolina chickadee 
Savannah sparrow 
Ipswich sparrow 
Fox sparrow 
Le Conte's sparrow 
Henslow's sparrow 
Painted bunting 
Indigo bunting 
Brown pelican 
Eastern brown pelican 
Cliff swallow 
Double-crested cormorant 
American woodcock/Woodcock 
Red-cockaded woodpecker 
Red-cockaded woodpecker 
Downy woodpecker 
Southern downy woodpecker 
Hairy woodpecker 
Rufous-sided towhee 
Summer tanager 
Glossy ibis 
Black-bellied plover 
Horned grebe 
Pied-billed grebe 
Blue-gray gnatcatcher 
Vesper sparrow 
Purple gallinule 
Sora 
Purple martin 
Prothonotary warbler 
Greater shearwater 
Audubon's shearwater 

Boat-tailed grackle 
Common grackle 

King rail 
Virginia rail 
Clapper railfMarsh hen 
Wayne's clapper rail 
American avocet 
Ruby-crowned kinglet 
Golden-crowned kinglet 
Cardinal 
Bank swallow 
Black skinrmer 

Eastern phoebe 
Ovenbird 
Louisiana waterthrush 
Northern waterthrush 
American redstart 
Eastern bluebird 
Red-breasted nuthatch 
White-breasted nuthatch 
Brown-headed nuthatch 
Common eider 
King eider 
Yellow-bellied sapsucker 
Chipping sparrow 



S p i z e l l a  p u s i l l a  
Stelgidopteryx r u f i c o l l i s  s e r r i p e n n i s  
Sterna a l b i f  rons 
Sterna caspia  
Sterna f o r s t e r i  
Sterna hirundo -- 
Sterna maxima -- 
Sterna sandvicensis  
Sterna sandvicensis  acuflavidus 
S t r i x  v a r i a  -- 
Sturne l la  magna 
Sturnus v u l g a r i s  

Thryomanes bewickii bewickii 
Thryothorus ludovicianus 
Toxostoma r u f m  r u f m  
Tringa f l a v i p e s  
Tringa melanoleucus 
Tringa s o l i t a r i a  
Troglodytes aedon 
Troglodytes t roglodytes  
Turdus migrator ius  migrator ius  
Tyrannus tyrannus 
Tyto a l b a  

Vermivora bachmanii 
Vermivora c e l a t a  
Vermivora chrysoptera 
Vermivora peregrina 
Vermivora pinus 
Vireo f l a v i f r o n s  
Vireo gr i seus  
Vireo ol ivaceus 
Vireo s o l i t a r i u s  
Vireo s o l i t a r i u s  s o l i t a r i u s  

Wilsonia c i t r i n a  

Zenaida macroura 
Zonotrichia a l b i c o l l i s  

F ie ld  sparrow 
Rough-winged swallow 
Least t e r n  
Caspian t e r n  
F o r s t e r ' s  t e r n  
Common t e r n  
Royal t e r n  
Sandwich t e r n  
Cabot's t e r n  
Barred owl 
Eastern meadowlark 
S t a r l i n g  

Bewick's wren 
Carolina wren 
Brown thrasher  
Lesser yellowlegs 
Greater  yellowlegs 
S o l i t a r y  sandpiper 
House wren 
Winter wren 
Robin 
Eastern kingbird 
Barn owl 

Bachman's warbler 
Orange crowned warbler 
Golden-winged warbler 
Tennessee warbler 
Blue-winged warbler 
Yellow-throated v i r e o  
White-eyed v i r e o  
Red-eyed v i r e o  
S o l i t a r y  v i r e o  
Blue-headed v i r e o  

Hooded warbler 

Mourning dove 
White-throated sparrow 



Appendix Table 9. List of mammals identified in the Sea Island Characterization Study, 
arranged alphabetically by common name (Hall and Kelson 1959; Golley 
1962, 1966; Ridgeway 1972: Johnson et al. 1974; Lowery 1974; Zingmark 
1978). 

Antillean beaked whale 
Atlantic beaked whale 
Atlantic bottle-nosed dolphin 
Atlantic right whale 

Beaver 
Big brown hat 
Black bear 
Blue whale 
Bobcat 
~ottle-nosed dolphin 
Bowhead whale 
Brazilian free-tailed bat 
Bridled dolphin 
~ryde's whale 

California sea lion 
Colonial pocket gopher 
Common dolphin 
Common porpoise 
Cotton mouse 

Cotton rat 
Cow 
Cumberland Island pocket gopher 

Dolphin 
Domestic hog 
Dwarf sperm whale 

Eastern cottontail 
Eastern cougar 
Eastern mole 
Eastern pipistrelle 
Eastern wood rat 
European 'fallow deer 
European wild hog 
Evening bat 

False killer whale 
Feral hog 
Finback whale 
Florida manatee 
Florida panther 
Flying squirrel 
Fox squirrel 

Goat 
Goose-beaked whale 
Grampus 
Gray fox 
Gray squirrel 
Gray wolf 

Harbor porpoise 
Harbor seal 
Harvest mouse 
Hoary bat 
Horse 
House mouse 
Humpback whale 

Killer whale 

Least shrew 
Little brown myotis 

Mesoplodon europaeus 
Mesoplodon densirostris 
Tursiops truncatus 
Eubalaena glacialis 

Castor canadensis 
Qtesicus fuscug fuscus 
Ursus americanus 
Sibbaldus musculus 
Lynx rufus 
Tursiops truncatus 
Balaena mysticetus 
Tadarida brasiliensis cynocephala 
Stenella frontalis 
Balaenyptera edeni 

Zalophus californianus 
Geomys colonus 
Delphinus delphis 
Phocoena phocoena 
Peromyscus gossypinus/~eromyscus gossypinus 

anastasae 
Sigmodon hispidus 
Bos taurus -- 
Geomys cumberlandius 

Coryphaena hippurus 
Sus scrofa domesticus -- 
Kogia simus 

Sylvilagus floridanus 
Felis concolor cougar 
Scalopus aquaticus/Scalopus aquaticus howelli 
Pipistrellus subflaws subflavus 
Neotoma f lori-o-ana f loridana 
Dama dama -- 
Sus scrofa cristatus -- 
Nycticeius humeralis humeralis 

Pseudorca crassidens 
Sus scrofa -- 
Balaenoptera physalus 
Trichechus manatus latirostris 
Felis concolor coryi 
Glaucomys volans saturatus 
Sciurus Niger/Sciurus niger rufiventer 

Capra hircus 
Ziphius cavirostris 
Grampus griseus 

Phocoena phocoena 
Phoca vitulina concolor 
Reithrodontomys humulis 
Lasiurus cinereus cinereus 
Equus caballus 
Mus musculus - 
Megaptera novaeangliae 

Orcinus orca -- 
Cryptotis parva 
Myotis lucifugus 'ludfugus 



Long-beaked dolphin 
Long-beaked porpoise 
Long-tailed weasel 

Man 
Marsh rabbit 
Marsh rice rat 
Meadow vole 
Mink 
Minke whale 
Muskrat 

Nine-banded armadillo 

Northern yellow bat 
Noway rat 
Nutria 

Old-field mouse 
opossum 

Pine mouse 
Pygym sperm whale 

Raccoon 
Rafinesque's big-eared bat 
Red bat 
Red deer 
Red fox 
River otter 
Roof rat 
Rough-toothed dolphin 
Rough-tooth porpoise 

Sei whale 
Seminole bat 
Sheep 
Sherman's pocker gopher 
Short-finned blackfish 
Short-finned pilot whale 
Short-tailed shrew 
Silver-haired bat 
Southeastern myotis 
Southeastern pocket gopher 
Southeastern shrew 

Southern flying squirrel 
Sperm whale 
Spotted dolphin 
Spotted porpoise 
Star-nosed mole 
Striped dolphin 
Striped skunk 
Swamp rabbit 

True's beaked whale 

Virginia opossum 

West Indian manatee 
White-tailed deer 
White-tailed deer 
White-tailed deer 
White-tailed deer 
White-tailed deer 

Stenella longirostris 
Stenella longirostris - 
Mustela frenata olivacea --- 
Homo sapiens 
Sylvilagus palustris 
Oryzomys palustris 
Microtus pennsylvanicus pennsylvanicus 
Mustela vison -- 
Balaenoptera acutorostrata 
Ondatra zibethicus 

Dasypus novemcinctus/Dasypus novemcinctus 
mexicanus 

Lasiurus intermedius floridanus 
Rattus norvegicus 
Myocastor coypus 

Peromyscus polionotus 
Didelphis marsupialis 

Pitymys pinetorum 
Kogia breviceps 

Procyon lotor 
Plecotus rafinesquii macrotis 
Lasiurus borealis borealis 
Cervus elaphus 
Vulpes fulva 
Lutra canadensis 
Rattus rattus -- 
Steno bredanensis 
Steno bredanensis 

Balaenoptera borealis 
Lasiurus seminolus 
Ovis aries -- 
Geomys fontanelus 
Globicephala macrorhyncha 
Globicephala macrorhyncha 
Blarina brevicauda 
Lasionycteris noctivagans 
Myotis austroriparius 
Geomys pinetis 
Sorex longirostris/Sorex longirostris 

longiros tris 
Glaucomys volans saturatus 
Physeter catodon 
Stenella plagiodon 
Stenella plagiodon 
Condylura cristata/Condylura cristata parva 
Stenella coeruleoalba 
Mephitis mephitis 
Sylvilagus aquaticus 

Mesoplodon mirus 

Didelphis virginiana 

Trichechus manatus latirostris 
Odocoileus virginianus 
Odocoileus virginianus hiltonensis 
Odocoileus virginianus nigribarbis 
Odocoileus virginianus taurinsulae 
Odocoileus virginianus virginianus 



Appendix Table 10. List of mammals identified in the Sea Island Characterization 
study, arranged alphabetically by scientific name (Hall and 
Kelson 1959; Golley 1962, 1966; Ridgeway 1972; Johnson el al. 
1974; Lower 1974; Zingmark 1978. 

Balaena mysticetus 
Balaenoptera acutorostrata 
Balaenoptera borealis 
Balaenoptera edeni 
Balaenoptera physalus 
Blarina brevicauda 
Bos taurus -- 

Canis lupus - 
Caura hircus -- 
Castor canadensis 
Cervus elaphus 
Condylura cristata 
Condylura cristata parva 
Coryphaena hippurus 
Cryptotis parva 

Dama dama -- 
Dasypus novemcinctus 
Dasypus novemcinctus mexicanus 
Delphinus delphis 
Didelphis marsupialis 
Didelphis virginiana 

Eptesicus fuscus fuscus 
Equus caballus 
Eubalaena glacialis 

Felis concolor coryi 
Felis concolor cougar 

Geomys colonus 
Geomys cumberlandius 
Ceomys fontanelus 
Geomys pinetis 
Glaucomys volans saturatus 
Globicephala macrorhyncha 
Grampus griseus 

Homo sapiens 

Kogia breviceps 
Kogia simus 

Lasionvcteris noctivagans 
Lasiurus borealis borealis 
Lasiurus cinereus cinereus 
Lasiurus intermedius floridanus 
Lasiurus seminolus 
Lutra canadensis 
Lynx rufus 

Megaptera novaeangliae 
Mephitis mephitis 
Mesoplodon densirostris 
Mesoplodon europaeus 
Mesoplodon mirus 
Microtus pennsylvanicus pennsylvanicus 
Mus ~sculus - 
Mustela frenata olivacea -- 
Mustela vison -- 
Myocastor coypus 

Neotoma floridana 
Neotoma floridana floridana 
Rycticeius humeralis humeralis 

Bowhead whale 
Minke whale 
Sei whale 
Bryde's whale 
Finback whale 
Short-tailed shrew 
Cow 

Gray wolf 
Goat 
Beaver 
Red deer 
Star-nosed mole 
Star-nosed mole 
Dolphin 
Least shrew 

European fallow deer 
Nine-banded armadillo 
Nine-banded armadillo 
Common dolphin 
Opossum 
Virginia opossum 

Big brown bat 
Horse 
Atlantic right whale 

Florida panther 
Eastern cougar 

Colonial pocket gopher 
Cumberland Island pocket gopher 
Sherman's pocket gopher 
Southeastern pocket gopher 
Flying squirrelfSouthern flying squirrel 
Short-finned pilot whalefshort-finned blackfish 
Grampus 

Man 

Pygmy sperm whale 
barf sperm whale 

Silver-haired bat 
Red bat 
Hoary bat 
Northern yellow bat 
Seminole bat 
River otter 
Bobcat 

Humpback whale 
Striped skunk 
Atlantic beaked whale 
Antillean beaked whale 
True's beaked whale 
Meadow vole 
House mouse 
Long-tailed weasel 
Mink 
Nutria 
Southeastern myotis 
Little brown myotis 

Eastern wood rat 
Eastern wood rat 
Evening bat 
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old field, 434,473 
Aiken County oligotrophic lake, 386 
Alderflies, 391 
Algae, 220,234 
Altamaha River, 38 
associations, 305 
Baruch Plantation, 301 
blooms. 83.432 . . 
blue-green, 37-40,83-84,165,209,211-212, 

273,305 
brown, 40-41,165 
Cabretta Island, 83 
Charleston Harbor, 165,169,211 
Cooper River, 38,209,302 
desmids, 305 
diatoms, 38,209-211,302,305 
Duplin River, 211 
freshwater, 303 
green, 40-41,83,165 
haptobenthic, 302 
Jasper County, 301 
Kiawah Island, 301 
lake, 305 
Leadenwah Creek, 209,211-212 
Little River, 40 
Long Bay, 40 
Long Branch Creek, 302 
Murrell's Inlet, 165 
Myrtle Beach, 41,83 
pond, 302 
Port Royal Sound, 209 
productivity, 211-212, 304 
red, 40-41,83-84,165,169 
Santee River, 211 
Sapelo Island, 41,83 
Savannah River, 302 
seasonality, 83 
succession, 303 
Tailrace Canal, 302 
Wando River, 209 
zonation, 211 

Alligators,132,289,356,395 (See also Ameri- 
can alligator and Herpetofauna) 

holes, 359 
predators, 286 

Alligator-weed, 396 
Allochthonous material, 295 
Alluvial rivers, 313-314 
Altamaha River 
American shad, 415 
bay forest, 332 
beaver, 381 
blueback herring, 201,416-417 
blue-green algae, 38 
bottomland hardwood forest, 317 

cypress-tupelo forest, 315 
cypress ponds, 326 
fishes, 192 
freshwater fish, 340-343 
hickory shad, 201,416 
impoundments, 350 
saltmarsh, 215 
composition, 218 
zonation, 219 

scenic and recreational, 423 
striped bass, 201,417 
toads, 247 
vegetation, 309,445,447-449 
zooplankton, 401 

Altamaha Swamp, white ibis, 368 
Alterations (See Man's impact) 
American alligator, 252,256,287-289,356, 

395,419-420 
endangered species, 26-27 
impacts on, 288 

American coot food habits, 293,374 
American eel, 196,417-419 
American osprey, 26 
American oyster, 179 
American oystercatcher, 138,270 
American peregrine falcon, 24,396 
American shad, 200,412-415 
American wigeon, 205 
Amphibians and Reptiles (See Herpetofauna) 
Amphipods, 85,172,177-178,265,401 
Amphiurnas, 352,419 (See also Two-toed amphi- 

uma) 
Anadromous Commercial Fisheries Act 89-304, 

339 
Anadromous fishes. 200-202.411-417 
Anadromous herring, 394-395,411,416-417 
Anaerobiosis, 176 
Annandale Plantation 
aquaculture, 283 
fishes, 283 
macroinvertebrates, 281-282 

Aquaculture, 272,281,283 
Arcadia Plantation rookery, 363 
Arctic peregrine falcon, 24,396 
Artificial ponds, 359 
Artificial reefs, 61 
Ascomycetes, 208 
Ashepoo River 
bald eagle, 374 
freshwater fish, 339-343 

Ashley River 
fish toxicity, 199 
impoundments, 275 
oysters, 180 
striped bass, 417 
zooplankton, 171 

Asiatic clam, 402 
Asiatic dayflower, 304,308 
Atlantic bottle-nosed dolphin, 76-79,206 
Atlantic croaker, 183,198 
Atlantic green turtle, 28,65-66 
Atlantic hawksbill turtle, 28,65 
Atlantic leatherback turtle, 28,6566 
Atlantic loggerhead turtle, 28,6566,126 
food habits, 67 
migration, 97 
mortality, 67-68 
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nesting, 28.97-99 
nesting destruction, 97-98 
predators, 28,67,97,106 
reproduction, 96 
research summary, 100-102 

Atlantic menhaden, 239 
Atlantic ridley turtle (See Kemp's ridley 

turtle) 
Atlantic salt marsh snake, 286 
Atlantic silverside, 247 
Atlantic sturgeon, 201-202 
Audubon's shearwater, 69 
Autochthonous material, 295 
Awendaw rookery, 361 

Bachman's sparrow, 463,466-467 
Bachman's warbler, 25,375,424 
Bacteria and fungi, 80-82,107,206-208,225, 

271,295,434 
distribution, 81 
marine, 81 
nitrifying, 4,206 
pathogenic, 207-208 

Bacterioplankton, 82 
Bald cypress, 330 
Bald eagle, 23-24,137,373-374 
Banded water snakes, 252,395 
Bar-built estuaries, 158 
Barnacles, 180 
Barrier island definition, 108 
Baruch Plantation 
algae, 301 
vegetation, 443,446 

Bats, 157 
Bay anchovy, 183 
Bay forest 
Altamaha River, 332 
community, 323 
dominants, 332 
succession, 331 

Bayheads, 331-332 
Bay Point Island loggerhead turtle, 99 
Beach 
haul seine fishery, 95 
high energy, 82-83,85 
insects. 87 
invertebrates, 84-86 
nourishment effects, 86.99 
perturbations, 86 
primary production, 83 
stress environment, 84 

Bears Bluff 
impoundments, 282 
oysters, 281 

Beaufort County 
alligators, 289 
rookery, 362-363 
snakes, 252 
vegetation, 326 

Beaver, 381 
Beetles, 390 
Belted kingfisher, 420 
Benthic assemblage, 51 
Benthic diatoms, 83 
Benthic invertebrates, 51-53,84-87,175-178, 

263-265.336-338.402-403 
abundance, 388 

feeding habits, 52 
dtstribution, 402 
impoundments, 281-283 
lakes, 387-388 
river channels, 402 
seasonality, 388 
species composition, 336-338,388,402-403 

Benthic meiofauna, 52,175-176,208 
Berkeley County 
alligators, 289 
Carolina Bays, 326,330-331 
fishes, 352-353 
frogs, 355 
lime sinks, 383 
rookery, 361 

Big Openings vegetation, 321 
Biocides, 174-175 
Biogeochemical cycles, 3-7,208,227.301 
carbon cycle, 4-5 
hydrologic cycle, 4-5 
nitrogen cycle, 4,6 
phosphorous cycle, 4,6-7 
sulfur cycle, 6 

Biological fixation, 4 
Biological magnification, 140,160,170,258, 

294,433 
Bird Bank dune vegetation, 114-115, 

117 
Bird Island rodents, 153 
Bird key definition, 108 
Bird Key rookery, 135 
Bird mortalities. 73,76 
Bird rookeries, 135,137,357-369 
brown pelican, 137,140 
composition, 368 
location, 360-368 
mixed species colonies, 368 
nesting mortality, 359 
night heron colonies, 368 
perturbations, 359 
types, 357-358 
upland colonies, 368 
vegetation, 359 

Birds (See also specific species) 
beach scavengers, 103 
breeding success, 138 
clearcutting effects, 424 468 
diversity, 147,375,420,475 
dominance 
estuarine ecosystems, 204,254-255,268- 

269,291-292 
lacustrine ecosystem, 396-398 
marine ecosystem, 69-70.104 
maritime ecosystem, 136,142-143.146. 

148-150 
palustrine ecosystem, 371-372,376-378 
riverine ecosystem, 420-422 
upland ecosystem, 460-462,465-467,468- 

470 
dredging effects, 258-259 
effects of impoundments. 258 
effects of Santee Diversion, 379 
endangered species, 23-27 
energy flow, 257 
fire effects, 463-464,467 
food habits, 69,103,142,147,151,237.370, 

379 
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habitat requirements, 370,471 
impoundments, 290-294 
intertidal flats, 268-271 
Isle of Palms, 135 
Kiawah Island, 142 
man's impact, 76,105,138,140,145,153,258, 

271,463,468,471 
oil spill impact, 72-73,76 
pesticide effects, 140,258,294,369,456 
rookery nesting success, 359,369 
rookery predators, 135 
saltmarsh distribution, 253 
saltmarsh nesting, 252-253 
saltmarsh nutrient cycling, 253 
Savannah River, 142,375 
seasonality, 69,142,145,270 
South Island, 294 
trophic relationships 
estuarine ecosystem, 203,205,256,270- 

271,290,293 
lacustrine ecosystem, 399 
marine ecosystem, 69,71,103,105 
maritime ecosystem, 142,144,148,152 
palustrine ecosystem, 370,373,375,379 
riverine ecosystem, 420,423 
upland ecosystem, 463-464,468,471 

vertical distribution, 148 
Black bear, 156,382,477 
Blackbeard Island 
cotton rat, 472 
forest communities, 122 
loggerhead turtle, 99 
rookery, 365 
royal tern nesting, 205 
shrews, 473 

Black crappies, 411 
Black-crowned night heron, 368 
Blackfish banks, 36 
Black-necked stilt, 294 
Black needlerush production, 221-223,225 
Black River 
hickory shad, 416 
striped bass, 417 

Black scoter, 72 
Black skimmer, breeding success, 138 
Black vulture, 467 
Blackwater river and swamp system, 313 
Blake's reserve, 369 
impoundments, 383 
plant zonation, 384,386 
rookery, 360,368,379-380 
vegetation, 383-385 

Blooms, phytoplankton, 38-39 
Blueback herring, 201 
Altamaha River, 201,416-417 
life history, 416-417 
Ogeechee river, 416 
Savannah River, 416 

Blue crab 
gigantism, 272 
toxicity, 174 

Bluegill, 411 
Blue-green algae (See Algae, blue-green) 
Blue jay, 151 
Boat-tailed grackle, 152,257,370 
Bobcat, 113,382,478 
food habits, 156 
man's impact, 157 

Bobwhite, eastern (See Eastern bohwhite) 
Boggy ponds, 383-384 
Boring sponge, 179 
Bottle-nosed dolphin (See Atlantic bottle- 

nosed dolphin) 
Bottomland hardwood forest, 313,332 
Altamaha River, 317 
canopy, 313 
fire effects, 318-319 
physiography, 316 
soil, 313 
succession, 318-319 
understory, 313 
vegetation, 317 

Bowfin, 344 
Brazilian elodea, 403-404 
Breach Inlet fishes, 248-249 
Broad-banded water snake, 134 
Broadcast spawners, fishes, 350,393 
Broken-striped newt, 456 
Broom-sedge community, 436 
Brown-headed nuthatch, 463,466-467 
Brown pelican, 137 
breeding success, 137-138 
food habits, 71 
nesting, 71,137,139,205 
pesticide effects, 71,140-141 
predators, 467 
reproduction, 139-140 

Brown shrimp, 55 (See also Penaeid Shrimp) 
Brown water snakes, 419 
Bryan County alligators, 289 
Bryozoans, 180 
Buckfield Plantation rookery,362 
Bullfrogs, 354-355 
Bull Island, 79 
deer, 155 
squirrels, 155 
vegetation, 114,117,119 

Bulls Bay 
black scoter, 72 
macroinvertebrates, 178 

Cabretta Island, macroalgae, 83 
Caddisflies, 406-407 
Calibogue Sound 
fishes, 181 
marine turtles, 67 

California sea lion, 80 
Camden County 
alligators, 289 
pocket gophers, 18,476 
rookery, 363-364 

Canada goose, 290 
Conoochee River bottomland hardwood 

forest, 317 
Canoochee River cypress-tupelo forest, 315 
Canvasback, 290 
Cape Island 
birds, 203 
dune vegetation, 114,117 
loggerhead turtle, 97 
loggerhead turtle nesting, 98 
muskrat colony, 259 

Cape Romain 
American oystercatcher, 270 
birds, 137-140,294 
brown pelican, 24,71-72,205 
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loggerhead t u r t l e ,  28,99 
p e s t i c i d e  e f f e c t s ,  141 
rookery, 135 
shoals ,  52 

Capers I s land  
b i r d s ,  135 
dune vegetat ion,  114 
f e r a l  hogs, 156 

Carbon cycle  (See Biogeochemical cycles)  
Cardinal,  147,375 
Carolina Bay, 330-331,338,351,383 

drainage,  423 
succession, 332-333 
t u r t l e s ,  357 
vege ta t ion ,  321,325 

Carolina diamondback t e r r a p i n ,  126,202, 
252,285 

Carolina parakeet ,  375 
Carolina s a l t  marsh snake, 286 
Carolina swamp snake, 355 
Carolina wren, 152,375,460,471 
Carpenter f rog ,  457 
Caspian t e r n ,  breeding success, 138 
Cas t le  Pinckney rookery, 362 
Catadromous f i s h e s  (See American e e l )  
Catbird,  471 
Catf ishes,  394-395,411 
Cat Is land bald eag le ,  374 
Cat Island P lan ta t ion  rookery, 360 
Cat - ta i l s  

marshes, 325 
production r a t e ,  327 

C a t t l e  e g r e t ,  357,368-369 
breeding success, 138 
food h a b i t s ,  256 

Cedar Is land vegetat ion,  114,117 
Centrarchidae, 392 
Chaetognaths, 42,44 
Channelization, 423,433 
Charleston County 

a l l i g a t o r s ,  289 
f rogs ,  355 
rookery, 360-362 
shrews, 473 
vege ta t ion ,  450 

Charleston Harbor 
a lgae ,  165,211 
benthic  inver tebra tes ,  86 
c o r a l s ,  52,54-55 
f i s h e s ,  189-190,200,266-267 
f i s h  k i l l s ,  65 
marine t u r t l e s ,  66 
shrimp mor ta l i ty ,  50 
t o x i c i t y ,  199 

Chatham County 
a l l i g a t o r s ,  289 
marine t u r t l e s ,  66 
pocket gopher, 476 
rookery, 366-367 
vege ta t ion ,  449 

Chehaw River bald eagle ,  374 
Chemoautotrophs, 80 
Chuck-will's-widow, 471 
Church Creek f i s h e s ,  248-249 
Clapper r a i l ,  258,290 
Class I r i v e r s ,  313-314 
Class I1 r i v e r s ,  313-314 

Class I11 r i v e r s ,  313-314 
Clearcu t t ing ,  424,459,468 
Climax community, 3 
Coastal cur ren ts ,  31-32 
Cockspur Is land cot ton r a t ,  472 
Coelenterates ,  172 
Coleoptera, 336,390 
Collembola, 335 
Colleton County a l l i g a t o r s ,  289 
Colonial pocket gopher, 476 
Combahee River 

bald eag le ,  374 
f i s h e s ,  411 
freshwater f i s h ,  339-343 
impoundments, 275 
snakes, 252 

Common g a l l i n u l e ,  290,369 
Common snapping t u r t l e ,  355,419 
Common t e r n ,  breeding success ,  138 
Congaree River 

b i r d s ,  375 
bottomland hardwood f o r e s t ,  317-318 
physiography, 317 
vegetat ion,  317 

Continental s h e l f ,  36 
Coon o y s t e r s ,  265 
Cooper River 

algae,  209,302 
bald eagle ,  374 
benthic  inver tebra tes ,  403 
b i r d s ,  380 
blueback herr ing,  416 
blue-green algae,  38 
c a t f i s h ,  411 
diatoms, 302 
e e l s ,  189,418 
f i s h e s ,  183,189-191,239-246,283 
freshwater f i s h ,  339-343 
impoundments, 350 
i n s e c t s ,  403,408-410 
macroinvertebrates, 404,406 
oys te rs ,  180 
s t r i p e d  bass, 417 
vege ta t ion ,  396,400 
zooplankton, 171,401 

Cooper's hawk, 26,467 
Copepods, 172,175-176 

abundance, 44 
assoc ia t ions ,  43.45 
dens i ty ,  226 
d i s t r i b u t i o n ,  225 
reproduction. 401 
seasona l i ty ,  44 

Coquina clam, 84 
Coral snakes, 458 
Cotton mouse, 153,381,475 
Cottonmouth, 135,252,395 
Cotton r a t ,  153,472,475 

food h a b i t s ,  473 
predators ,  473 

Cot ton ta i l  r a b b i t  (See Eastern c o t t o n t a i l  
r a b b i t )  

Cougar, Eastern, 18 
Crappies. 392 
Crawfish frogs,  457 
Crayfish, 402 
Crooked River rookery, 363 
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Ctenophores, 46,172,179 
Cumberland Island 

Atlantic  loggerhead t u r t l e ,  28,96,99 
b i rds ,  135,144 
bobcat, 156 
cotton r a t ,  472 
deer, 155 
ea s t  rookery, 364 
fo re s t  communities, 122-123 
herpetofauna, 127-134 
impoundments, 285 
insec ts ,  126,336-337,452,454-455 
mammals, 106 
pocket gopher, 476 
rodents, 153,155 
saltmarsh vegetat ion,  213-214 
shrews, 473 
squ i r r e l s ,  155 
vegetation, 117-118.124 
west rookery, 363 

Cumberland Sound zooplankton, 171 

domes, 334,357 
dome vegetat ion,  329 
groundwater dome, 380 
knees, 315,318 
ponds, 256,326 

Cypress Pond rookery, 363 
Cypress-tupelo fo r e s t ,  313,318 

Altamaha River, 315 
Canoochee River, 315 
canopy, 313 
elevations,  318 
organic matter content, 318 
Santee River, 315 
swamps, 351 
understory, 313 
vegetation, 315 
water tab le ,  318 

Cyprinidae, 393 

Dabbling ducks, 205,374 
Damselflies, 389,403 
Daniel 's Is land r o ~ k e r y ,  361 
Darien rookery, 253,364 
Daufuskie Is land rookery, 363 
Daufuskie Island vegetat ion,  119 
Dawhoo Creek bald eagle,  374 
DDE, 140-141,238,433 (See a l s o  Pes t ic ide  

impacts) 
DDT, 49,199-200,238,433 (See a l s o  Pest i-  

cide impacts) 
Debidue Island dune vegetation, 114,117 
Deep marshes, 321 
Deep swamps, 313-314 
Deer (See White-tailed deer)  
Deer, beach u t i l i z a t i on ,  106 
Denitr i fying bac ter ia ,  4 
Desmids, 305 (See a l so  Algae) 
Detr i tus,  162,208,234 

feeding, 82-83 
food chain, 1,162,434 

Deveaux Bank 
b i rds ,  137,140 
brown pelican,  24,71,205 
dune vegetat ion,  114-115 
pes t ic ide  e f f ec t s ,  140-141 
rodents, 153 
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rookery, 135,362 
royal  t e rn ,  203 

Dewees Island 
dune vegetat ion,  114,117 
f e r a l  hogs, 156 

Diatoms, 38.83.209-211,302,305 (See 
a l so  Algae) 

Die-back areas,  213-214,225,263 
Dieldrin,  140-141,199-200,238,433 (Sea 

a l so  Pes t ic ide  impacts) 
Diptera, 390,404 
Diversi ty 

de f in i t i on ,  2,160 
b i rds ,  147,375,420,471 
f i shes ,  87-88,90,192,197,240,339,351, 

394 
invertebrates,  51  
vegetat ion,  307 

Divers i ty-s tab i l i ty  hypothesis, 2,3 
Doboy Sound 

benthic invertebrates,  85 
f i shes ,  192 
macroinvertebrates, 177 

Dolphin food habi t s ,  67 
Dolphin Head Island loggerhead t u r t l e ,  99 
Dorchester County 

a l l i g a t o r s ,  289 
f rogs ,  355 

Dragonflies, 338,389 
Drainage, wetlands, 423-424 
Drawdown, 307,350,394 
Dredging and f i l l i n g ,  impacts on 

benthic rnacroinvertebrates, 174,178,199-200 
b i rds ,  258-259 
f i shes ,  65,268 
insec ts ,  230,238-239 
mamala, 261 
wetlands, 225 

Drum Island rookery, 361,369,380 
Ducks (See Waterfowl) 
Dune 

fo re s t  colmunity, 119 
formation, 110 
grazing, impacts of ,  119,154 
herpetof auna, . 127 
insec ts ,  125-126 
mammals, 153 
p lan t  zonation, 114-115 
succession, 110 
vegetat ion,  108,114-119 

Duplin River 
algae, 211 
f i dd l e r  crab density, 227 
f i s h  ' toxici ty,  199 

Jlwarf sperm whale, 77-79 
Jlwarf waterdog, 419 

Earthworms, 451 
Eastern bobwhite, 463,466,472 
Eastern box t u r t l e ,  457 
Eastern brown pelican,  24 (See a l s o  

Brown pelican) 
Eastern chicken t u r t l e ,  355 
Eastern c o t t o n t a i l  rabbi t ,  154-155,472 
Eastern cougar, 18 
Eastern diamondback ra t t lesnake ,  113 
Eastern g lass  l i z a rd ,  458 
Eastern indigo snake, 28,457 



Eastern mole, 153,382,473 
Eastern mud snake, 252,419 
Eastern mud turtle, 134,355 
Eastern narrowmouth toad, 247,457 
Eastern phoebe, 374 
Eastern slender glass lizard, 458 
Eastern spadefoot toad, 127,247 
Eastern wood pewee, 466 
Eastern wood rat, 381,475 
Ecological niche, definition, 3 
Ecological succession, definition, 3 
Ecosystem 
components, 1 
definition, 1 
models, 10-11 

characteristics, 10 
estuarine, 161 
lacustrine, 297 
marine, 31 
maritime, 111 
palustrine, 296 
riverine, 299 
symbols, 10-11 
upland, 435 

processes, 1 . 
resilience, 3 
stability, 3 

Ecotone, definition, 108,395 
Edge effect, 230,290,352,395,460 
Edisto Island dune vegetation, 114,117 
Edisto River 
Atlantic sturgeon, 201 
eels, 418 
fishes, 352 
freshwater fish, 340-343 
hickory shad, 416 
impoundments, 275 
zooplankton, 171 

Eels '(see American eel) 
Ef f ingham County 
alligators, 289,356 
snakes, 457 

Eggshell thinning, 140,369 (See also 
Pesticide impacts) 

Egrets, 138,256,268,293,359,368,379 (See 
also Cattle egret, Great egret, Snowy 
egret) 

Element residence time, 82 
Elvers, 418 
Emergent freshwater vegetation, 304 
Endangered species, 11 
amphibians and reptiles, 26-28 
animals, 18-23 
birds, 23-26,375 
definition, 11 
fishes, 28-29 
Georgia, 11-12.17-22 
legislation, 11-12.18 
recovery plans, 12,23-25.27-29 
South Carolina, 12-16.18-22 
vegetation, 12-18 

Endopsilmmon, 83-84 
Endrin, 174-175 (See also Pesticide 

impacts) 
Energy degradation, 112,295,298 
Energy flow, 1-2,lO-11,162,257 
detritus, 234 

estuarine ecosystem, 158,160,162,220,225, 
230 

palustrine ecosystem, 295 
riverine ecosystem, 298 
salt marsh, 227 
upland ecosystem, 434 

Energy principles, 1 
Enteromorpha, 83 
Ephemeroptera, 335,391 
Epifauna, 177-178 
Epipsammon, 83-84 
Eskimo curlew, 23 
Espalier canopy, 119-120 
Esterville Plantation rookery, 360 
Estuarine ecosystem 
definition, 8,158 
energy flow, 158,160,162,220,225,230 
faunal zonation, 177 
food chain, 170 
food web, 162-163,211 
geomorphology, 158 
homoiohaline, 160,176 
hydrography, 158 
microphytes, 170 
model, 161 
oligohaline, 298 
pesticide effects, 174,178,238,294 
physiography, 159 
poikilohaline, 160,176 
primary production, 160,162,170 
stress, 162,208 
tidal currents, 262 
types, 158 
wetlands characteristics, 312 

Euhaline zone, 159,160 
Eurvhaline fishes. 56.95.240 . . .  
~utie~ia, 83 
Eutrophication. 357.432 
~utrophic lakes, 386 
Evergreen shrub bog, 323 
Exchange pool, biogeochemical cycles, 4 

Fairy shrimp, 335 
Fecal-sestonic ecosystem, 82 
Federal Aid in Fish and Wildlife 

Restoration Acts, 339 
Feral hog, 105-106,156,157 
Fern-sedge bogs, 321-322 
Fiddler crab 
density, 227 
effects of toxicity on, 175 

Fire, 124-125,218,307,323-326,330,332,334, 
357,439,442-444,447,449-450 (See also 
Vegetation, fire effects) 

birds, impact on, 460,464,467 
mammals, impact on, 473 - 
savannahs, 322-323.325.332-333 

Fire ant, 453-455 
First Law of Thermodynamics, 1 
Fish crow, 142,369 
Fishes (See also specific localitiee) 
abundance, 89,182-188,196,250-251,200- 

202 
anadromous, 411-417 
artificial reef, 61 
carrying capacity of riverine system. 
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d i s t r i b u t i o n ,  183,196 Food chain,  2,234,237,240 
d i v e r s i t y ,  87-88,90,192,197,240,339, d e f i n i t i o n ,  1 

351,394 d e t r i t u s ,  1,162,434 
dredging e f f e c t s ,  65,200,268 es tuar ine ,  170 
e f f e c t s  of t o x i c i t y  on, 199-200,456 (See grazing, 1,162,234 

a l s o  Fishes, p e s t i c i d e  e f f e c t s )  p e s t i c i d e  impacts, 49-50 
endangered spec ies ,  28-29 types, 1 
e s t u a r i n e  (See Fishes,  h a b i t a t  d i s t r i b u -  upland, 434 

t i o n )  Food h a b i t s  (See s p e c i f i c  organisms) 
euryhal ine,  56,95,240 Food web, 2.11 
food h a b i t s ,  61,63-64,95,199,285,344, e s t u a r i n e ,  162-163,211 

348-351.411 freshwater ecosystems, 300 
forage feeders ,  65 lakes ,  388 
freshwater  (See Fishes, h a b i t a t s )  marine, 32-35 
h a b i t a t s  maritime, 112-113 

d i s t r i b u t i o n ,  56-58 upland, 436 
e s t u a r i n e  impoundments, 57-58,283-285 Forage feeders ,  f i s h e s ,  65 
es tuar ine  i n t e r t i d a l ,  57-58,239-247, Forested savannah, 321 

265-268 Fouling organisms, 180 
e s t u a r i n e  s u b t i d a l ,  57-58,162-199 Fox s q u i r r e l ,  155,474-475 
freshwater,  340-343.411-418 Francis  Marion National Forest  
f reshwater  impoundments, 344-350 black bear ,  477 
freshwater  l imnet ic ,  394-395 zooplankton, 335 
freshwater l i t t o r a l ,  391-394 Freshwater 
f reshwater  wetlands, 350-352 a lgae ,  303 
marine impoundments, 283-285 discharge,  160 
marine i n t e r t i d a l ,  57-58.67-96 f i s h e s ,  339-350,391-395,411-418 
marine sub t ida l .  56-65 food web, 300 

impoundments, 283-286,294,345-347.394 impoundments, 304,345-347,352-354,380- 
i n v e r t e b r a t e  assoc ia t ion ,  240 381 
k i l l s  (See Fishes, mor ta l i ty )  marsh communities, 309,327 
lakes,  392-394,411 runoff ,  32,158 
larvae,  47-48,196,198,240 shrub marsh i n s e c t s ,  336-337 
l i f e  h i s to ry ,  198,392 system produc t iv i ty  cycle ,  303 
marine (See Fishes, h a b i t a t  d i s t r i b u -  Fripp Is land 

t ion)  dune vegetat ion,  114,117 
mor ta l i ty ,  65,95,283,285,294 loggerhead t u r t l e ,  99 
n e s t  bu i lders ,  344,350,352,393-394 Frogs and toads, 127-128,130,247,286-287, 
oys te r  r e e f ,  266,268 353-357,395,456-457 (See a l s o  
p e s t i c i d e  e f f e c t s .  65,95,199,247,268, Herpetofauna and s p e c i f i c  l o c a l i t i e s )  

285 Ft  . Benning r a t t l e s n a k e s ,  459 
s a l i n i t y  range, 189-191 Fungi (See a l s o  Bacter ia  and fungi)  
seasona l i ty ,  56.87-89,184-185,240,267 d i s t r i b u t i o n ,  8 1  
s i z e ,  189-191 imper f e c t i ,  208 
spawning, 350,352,393-394 marine, 8 1  
s tanding crops, 240-246 
s tenohal ine,  95 Gall inules ,  374 
sur f  zone, 87-95 Gannet, 69 
temperature range, 189-191 Geomorphology, es tuar ine  ecosystem, 158 
thermal e f f e c t s ,  50,424 Geophytes. 322 
t i d a l  creek, 248-251 Georgetown County 
t i d a l  pool,  88.91-92 a l l i g a t o r s ,  289 
t rophic  r e l a t i o n s h i p s ,  61.63-64.95-96, beaver, 381 

199,286 Carolina Bays, 331 
Fish k i l l s  (See Mortal i ty ,  f i s h e s )  impoundments, 280 
F loa t ing  log  communities, 326,384 l i z a r d s ,  459 
Float ing vegetat ion,  304,354,396,399,419 rookery, 360,363 
Flooding, e f f e c t s  o f ,  162,307-308,424 shrews, 473 
Flora h o c k  rookery, 366 vegetat ion,  445 
Florida cooters ,  353,355,419 Ghost crab,  84-85 
Florida c r i c k e t  f rog,  353 h a b i t a t ,  84,125 
Florida panther, 23 predator  on loggerhead t u r t l e ,  97 
Florida red-shouldered hawk, 467 Gigantism, blue crabs,  272 
Flowering sequence of savannahs, 322 Gizzard shad, 394-395 
Flying s q u i r r e l ,  474-475 Glossy c rayf i sh  snake, 355 
Fol ly Beach f i s h e s ,  88.91-92 Glossy i b i s ,  253,380 
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breeding success, 138 
rookeries ,  253 

Glynn County 
a l l i g a t o r s ,  289 
marine t u r t l e s ,  66 

Golden eagle ,  26 
Goose-beaked whale, 77-80 
Goose Creek Reservoir 

a l l i g a t o r s ,  395 
vegetat ion,  384 

Gopher t o r t o i s e ,  28,134,457 
Grasshoppers, 227,234,237,256 
Grasshopper sparrows, 460 
Grass shrimp, 172,174,178,227,281-282 
Grass shrimp, e f f e c t s  of t o x i c i t y ,  174- 

175,178 
Gray fox, 382,478 
Gray s q u i r r e l ,  155,381,474 
Grays r e e f ,  36 
Grazing, impacts of (See Vegetation) 
Grazing food chain,  1,162,234 
Great blue heron, 359.420 
Great e g r e t ,  138,268,293,368,379 
Greater shearwater,  69 
Greater s i r e n s ,  395 
Greater yellowlegs, 294 
Great horned owl, 142,151,258,467 
Green heron, 420 
Greenhouse e f f e c t ,  4 
Green sea  t u r t l e  (See A t l a n t i c  green 

t u r t l e )  
Green t ree f rogs ,  395 
Gross primary production, d e f i n i t i o n ,  1 
Ground dove, 144-145.147 
Gulf k ingf i sh  food h a b i t s ,  95 
Gulf s a l t  marsh snake. 133 
Gulf Stream e f f e c t s ,  31-32,39.52,69 
Gull-bi l led t e r n ,  145,270 

breeding success ,  138 
food hab i t s .  103 

Gum ponds, 328 

Hampton County vegetat ion,  449 
Harbor I s land  loggerhead t u r t l e ,  99 
Harbor s e a l ,  80 
Hard clams, 180-181.263 
Har r i s  Neck rookery, 365 
Hawksbill t u r t l e  (See A t l a n t i c  hawksbil l  

t u r t l e )  
Hel lhole  Swamp vegetat ion,  321 
Hemiptera, 335,390 
Heptachlor, 455 (See a l s o  Pes t ic ide  

impacts) 
Herb bog, 322 
Hermit crab,  85 
Hermit crab, e f f e c t s  of t o x i c i t y ,  178 
Hermit thrush, 471 
Herons, 138,256,268,293,359,368,420 
Herpetofauna (See a l s o  s p e c i f i c  spec ies )  

a l l i g a t o r s ,  131,356 
Combahee River, 252 
Cumberland Is land,  127-134 
dunes, 127 
Effingham County, 457 
endangered, 21.26-28 
f rogs  and toads, 127-128,130,247,286- 

287,353-357,395,456-457 

impoundments, 285-288.290 
I s l e  of Palms, 127-134 
James I s land ,  252 
Jasper  County, 457 
J e k y l l  I s land ,  128-134 
Kiawah I s land ,  127-134 
L i t t l e  Cumberland I s land ,  128-134 
l i z a r d s ,  127-128,131,133-134,457-459 
Oke f enokee Swamp, 457 
Ossabaw Is land ,  128-134 
salamanders. 128-129,354,356,456 
Santee River, 456 
Sapelo I s land ,  128-134 
Savannah River, 354 
snakes, 28,113,127,131-135,252,354-356, 

395,419,457-459 
S t .  Catherines Is land,  128-134 
Sul l ivans  I s land ,  127 
t u r t l e s ,  28,65-66.99.133-134,352-353, 

355,357,419,457 
two-toed amphiuma, 129,287,395 

Herring g u l l ,  203 
Heterotrophs, 109 
Hickory shad, 200-201,415-416 
High energy beaches. 82-83,85 
High marsh, 212,214 
Hil ton Head Is land 

dune vegetat ion,  114 
manatee, 80 
rookery, 363 

Holometabolous i n s e c t s ,  335 
Holoplankton. 37 
Homoiohaline e s t u a r i e s ,  160,176 
Hooded merganser, 290 
Hooked mussels, 180 
Horseshoe crab, 86-87 
House mouse, Kiawah Is land.  153 
Hudsonian curlew, 257.270 
Hunting I s land  

bald eagle ,  374 
dune vegetat ion.  114,117 
f o r e s t  communities. 122 

Huntington I s land ,  dune vegetat ion,  114, 
11 7 

Hurricane e f f e c t s ,  86 
Hydroids, 402 
Hydrography, e s t u a r i n e  ecosystem, 158,176- 

177 
Hydrologic cyc le  (See Biogeochemical 

cyc les )  
Hydromedusae, 172 
Hydroperiod, 322 
Hylid frogs,  354,456 
Hyperaaline e s t u a r i e s ,  158 

I b i s e s ,  138,253,359,368,375,380 
Impoundments, 258,272,275 (See a l s o  

s p e c i f i c  l o c a l i t i e s )  
a l t e r a t i o n  e f f e c t s ,  294 
h r i c a n  a l l i g a t o r ,  287-288 
aquaculture, 272,283 
b i rds ,  290-294 
c h a r a c t e r i s t i c s ,  272 
f i s h e s ,  283-286,294,345-347,394 
freshwater,  304,345-347,352-354,380-381 
herpetofauna, 285-288,290 
management, 273,275-276,290,304 
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oysters, 283 
phytoplankton, 273-274 
primary production, 273,275,280 
rice fields, 272,304 
rodents, 380 
salinity, 272,304 
succession, 304,307 
vegetation, 273,277-280,304,306-308 
waterfowl, 290 
zooplankton, 280-282 
tfauna, 177 
tlet morphology, 108 
tsects, 391 
beach, 87 
control, 238 
Diptera, 390-391 
distribution, 126 
dredging effects, 238-239 
dune, 125-126 
freshwater shrub marsh, 336-337 
Hemiptera, 335,390 
holometabolous, 335 
impact on tourism, 126 
lake, 389 
larvae, 234,335,403,407-408 
life history patterns, 335-336 
marine, 50 
maritime forest, 126 
metamorphosis, 335 
paurometabolous, 335 
pests, 87,126,237-238 
river, 403,406 
saltmarsh, 230-234,237,256 
Santee River, 403,408-410 
Savannah River Plant, 389 
soil, 230,252,254-255 
species composition, 404 
succession, 239 
.tertidal flats, 266 
birds, 268-271 
fishes, 266-268 
impacts, 263 
macroinvertebrates, 263-264 
oyster reefs, 266 
.tertidal subsystem, definition, 30 
vertebrates (See also Benthic inverte- 

brates, Benthic meiofauna, Insects, 
Macroinvertebrates, Meiofauna, Zoo- 
plankton) 

associations, fishes, 240 
benthic (See Benthic invertebrates) 
diversity, 51 
dredging effects, 230 
pollution effects, 433 
pond, 336-338 
soil, 434,451-452 
vertical distribution, 177 
welling, 32 
s beetles, 452-453 
swich sparrow, 25,144 
land glass lizard, 127-128 
land sloughs, 359 
le of Palms 
birds, 135 
dune vegetation, 114,117 
herpetofauna, 127-134 
opods, 47 

Ivory-billed woodpecker 
endangered species, 25,375 
food habits, 379 
habitat, 379 

James Island snakes, 252 
Jasper County 
algae, 301 
alligators, 289 
gum ponds, 328 
shrews, 473 
snakes, 457 
vegetation, 326,445-446,449 

Jekyll Island 
cotton rat, 472 
deer, 155 
herpetofauna, 128-134 
loggerhead turtle, 28,99 

Jellyfish, effects of toxicity on, 49 
Jellyfishes, 46,53,56,179 
Jetty 
fauna, 52,54-55,86,169 
flora, 41,165 

Jointed spikerush, 304,308 

Kemp'8 ridley turtle, 65-66 
Kepone, 174,456 (See also Pestfcide 

impacts) 
Kiawah Island 
algae, 301 
birds, 142 
cotton rat, 472 
deer, 154 
dune vegetation, 114,116-117 
forest communities, 120-122 
frogs, 247 
herpetofauna, 127-134 
house mouse, 153 
impoundments, 283,380 
loggerhead turtle, 99 
macroinvertebrates, 176-177 
mammals, 106 
phytoplankton, 38,166-168 
rodents, 155,380 
rookery, 362 
shrews, 156,473 
snakes, 252 
squirrels, 155 
vegetation, 119-120 
whale stranding, 79 

Kingfishes, 198 
King rail, 370,374 
Kings Bay zooplankton, 42 
Kinloch Plantation 
impoundments, 287 
rookery, 360 

Kirtland's warbler, 25 
Knot, 103 

Lacustrine ecosystem 
classification, 386 
definition, 9,295 
model, 297 
perturbations, 432 

Ladyfish, 198 
Lake Marion fishes, 392,394,411 
Lake Moultrie fishes, 391-394,411 
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.4-478. 
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mammals (See Mammals) 
meiofauna, 263 
oil spill, 40.49.72-76,95,225 
pesticides (See Pesticide impacts) 
phytoplankton, 40 
turtles, 67 
zooplankton, 49-50,172,174-175.432 

Marine ecosystem 
definition, 7 
food web, 32-35 
model, 31 
nutrient cycling, 31-33 
primary production, 32-33.35.37-38 

Marine turtles (See Turtles, marine) 
Maritime ecosystem 
definition, 8,108 
food web, 112-113 
model, 111 
nutrient cycling, 109-110 
primary production, 112 

Maritime shrub thicket, 108 
Maritime strand forest, 109,123 
Marsh 

communities, freshwater, 309,327 
deep, freshwater, 321-322 
high, 212,214,218 
low, 212-213.218 
shallow, freshwater, 321-322 

Marsh Island rookery, 360 
Marsh rabbit, 154-155,259,381,472 
Marsh rice rat, 260 

ecological interactions, 262 
food habits. 260-261.271 
nesting, 260 

Marsh thicket, 120 
Marsh wren 

food habits, 237-238 
roosting habits, 370 

Mayflies, 391,404 
McIntosh County 

alligators, 256,289 
marine turtles, 66 
rookery, 364-365 
smooth cordgrass, 213 
vegetation. 321,445,447,449 

Meadowlarks, 460 
Meadow vole, 259 
Meiofauna, 52 
energy flow, 52 
impacts on, 263 
North Inlet, 175-176,225-226 
perturbations, 176 
Sapelo Island, 225 
temperature sensitivity, 176 
trophic relationships, 226 

Mergansers, 205,290 
Merlin, 396 
Mesic slacks, 116 
Mesohaline zone, 159-160 
Mesopsammon, 83-84 
Metamorphosis (See Insects) 
Micrasterias, 301 
Mineral levels, 321,323 
Mink, 156 
Mink food habits, 261,381-382 
Minnow family, 393 
Hirex, 174,178-179,199,455-456 (See 

also Pesticide impacts) 
Mixed hardwood forest succession, 334 
Mockingbird, 460 
Models (See Ecosystem, models) 
Mole crab, 84 
Mortality 
benthic invertebrates, 178 
birds, 73.76 
fishes, 65,95,283,285,294 
herpetofauna. 459 

Mosquitoes 
breeding sites, 239 
control, 238 
saltmarsh, 234 

Moss Island rookery, 365 
Mourning dove, 460,463, 467 
Mud crabs, effects of toxicity on, 178 
Mud turtles, 357 
Mullet, 61,198-199 
M-ichog, 247 
Murphy Island 

deer, 155 
dune vegetation, 114,117 

Murrells Inlet 
algae, 165 
benthic invertebrates, 86 
macrobenthos, 51 
macroinvertebrates, 176 

Muskrat, 259 
Mussels, 180 ,283 
M/V Theodore N. cruises, 42-48 
Myrtle Beach algae, 41,83 

Nanoplankton, 37,164 
Nematodes, 226 
Nematodes, vertical distribution, 225 
Neritic waters, 37-38 
Nest builders, fishes, 344,350,393-394 
Net primary production, 1,318,326 
Newts, 395 
Nine-banded armadillo, 106,381,477 
Nitrates, source of, 31 
Nitrifying bacteria, 4,206 
Nitrogen/phosphorus ratios, 169 
Nitrogen cycle (See Biogeochemical 

cycles) 
Nonallwial river systems, 314 
North Duckpond rookery, 364 
North Edisto River 

fishes, 183,189-192 
hydrography, 176 
impoundments, 281-282 
macroinvertebrates, 176-177 
zooplankton, 282 

Northern cricket frogs, 355 
Northern mole skink, 458 
Northern parula, 375 
Northern phalarope, 69 
Northern spring peepers, 457 
North Florida swamp snake, 355 
North Inlet 
bacteria, 207 
fishes, 239-240 
larval fishes, 240 
macroinvertebrates, 265 
meiofauna, 175-176,225-226 
oysters, 265 

Estuarine Ecosystem, 158-294; Lacustrine Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
Ecosystem, 108-157; Palustrine Ecosystem, 295-382; Riverine Ecosystem, 396-433; Upland Ecosystem, 
434-478. 
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zooplankton, 171-172 
North I s l and  

deer ,  155 
dune vege ta t ion ,  114,117 
loggerhead t u r t l e  n e s t i n g ,  98 

North Newport River macroinver tebrates ,  
177 

North River rookery, 364 
North Santee River 

bor ing clam, 180 
f i s h e s ,  183-185 
freshwater  p l a n t s ,  309 
impoundments, 281 
macroinver tebrates ,  176 
zooplankton, 172 

North Tanner T r a i l  rookery, 364 
Nut r i en t  c y c l e s  (See Biogeochemical 

cyc les )  
Nut r i en t  cyc l ing ,  4,36,106-107,169,271 

(See a l s o  Biogeochemical c y c l e s )  
e s t u a r i n e ,  160,208 
lakes ,  386-387 
marine ecosystem, 31-33 
maritime ecosystem, 109-110 
meteorological ,  124 
mic rob ia l ,  227 
sal tmarsh,  220 
s o i l ,  124-125 
wetlands, 218 

Nut r i en t  loading,  304 
Nut r i en t  source ,  31-33,124,169-170 

Oak toad, 457 
Obligate  aerobes ,  81 
Ocean p i e r  f i s h e r y ,  90 
Ocean s k a t e r s ,  50 
Ochlockonee River zooplankton, 401 
Ocmulgee River osprey, 420 
Octocorals ,  52 
Oedogonium, 301 
Ogeechee River 

American shad, 413-414 
A t l a n t i c  s turgeon,  201 
ben th ic  i n v e r t e b r a t e s ,  403 
blueback h e r r i n g ,  416 
f reshwate r  f i s h ,  340-343 
macroinver tebrates ,  177 
s t r i p e d  bass ,  201 

O i l  s p i l l  impacts,  40,49,72-76,95,225 
Okef enokee swamp 

f i s h e s ,  352 
herpetofauna,  457 
p roduc t iv i ty ,  320 
rooker ies ,  359 

Old f i e l d  (See Vegetat ion,  old  f i e l d )  
Old-field mouse, 472,475 
Oldnor I s l and  rookery, 365 
Oligohal ine 

e s t u a r y ,  298 
zone, 159 

Oligotrophic  l akes ,  386 
open a q u a t i c  community, product ion r a t e ,  

327 
Opossum, 113,156,473,476 

d i s t r i b u t i o n ,  382 
food h a b i t s ,  382,476 

Orbatid mi tes ,  452 

Ornate chorus f rog ,  457 
. O s c i l l a t o r i a  blooms, 38-39 
Osprey, 205,369,373,380,420 
Ossabaw I s land  

herpetofauna,  128-134 
loggerhead t u r t l e ,  99 
mammals, 106 
rookery, 366 
s q u i r r e l s ,  155 

Ossabaw Sound macroinver tebrates ,  179 
Outwelling, 32,39,52,82,160 
Oxbow lakes ,  383,386 
Oysters ,  180,263,266,282-283 

bed a s s o c i a t i o n s ,  180 
e n e r g e t i c s ,  227 
impoundments, 283 
i n t e r t i d a l  f l a t s ,  266 
North I n l e t ,  265 
rocks,  265 
Savannah River ,  180 
s p a t ,  265 
t o x i c i t y ,  174,178 

Oyster r ee f  f i s h e s ,  266,268 

Painted bunt ing,  145,152-153 
P a l u s t r i n e  ecosystem 

benthos, 338 
d e f i n i t i o n ,  9,295 
model, 296 
p e r t u r b a t i o n s ,  423,424 

P a r r i s  I s l a n d  manatee, 80 
Panther  (See F lo r ida  panther)  
Pathogenic b a c t e r i a ,  207-208 
Paurometabolous i n s e c t s ,  335 
PCB, 49,140-141,174-175 (See a l s o  

P e s t i c i d e  impacts) 
PCP, 179 (See a l s o  P e s t i c i d e  impacts) 
Pea c rab ,  180 
Pea t ,  331 

burn, 332 
depth, 331 
moss, 384 
swamp, 330 

Pee Dee River 
American shad, 412 
freshwater  f i s h ,  340-343 
hickory shad, 201.416 

Penaeid shrimp, 42,45-46,50,55,172, 
178,268,282 

Penny Dam rookery, 361 
Peregr ine  fa lcon  24,396 
Periphyton, 302 
P e s t i c i d e  impacts.  140,174,199-200,294, 

433,455-456 
eggshe l l  th inning,  140,369 
e s t u a r i n e  ecosystem, 174,178,238,294 
f i s h e s ,  65,95,199,247,268,285 
macroinver tebrates  food chain,  49-50 
phytoplankton, 49-50.171 

P e s t s ,  i n s e c t ,  87,237-238 
P e t i t  Gauke Hammock rookery, 366 
Phosphates,  source o f ,  31  
Phosphorous c y c l e  (See Biogeochemical 

c y c l e s )  
Photoautotrophs, 80 
Phycomycetes, 8 1  
Phymatodocis, 301 

Es tua r ine  Ecosystem, 158-294; Lacus t r ine  Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
Ecosystem, 108-157; P a l u s t r i n e  Ecosystem, 295-382; River ine Ecosystem, 396-433; Upland Ecosystem.. 
434-478. 



Physiography, e s t u a r i n e  ecosystem, 159 
~ h v t o ~ l a n k t o n  . .  

abundance, 165 
biomass, 37,303-304 
blooms. 38-39 
community s t r u c t u r e ,  164 
Cooper River T a i l r a c e  Canal, 302 
d i s t r i b u t i o n ,  39,164 
e f f e c t s  of t o x i c i t y  on, 171  
freshwater ,  303 
growth, 39-40 
impoundments, 273-274 
Kiawah I s l a n d ,  38,166-168 
man's impact, 40 
populat ion f a c t o r s ,  164-165 
p roduc t iv i ty ,  33,273,303 
Santee River,  164,169 
seasona l i ty , -  40,169 
succession,  165,303 
s u r f a c e  microlayer ,  164,211 
T a i l r a c e  Canal diatoms, 302 

Pied-bi l led grebe,  420 
P i l e a t e d  woodpecker, feeding h a b i t s ,  379 
Pinckney I s l a n d  P l a n t a t i o n  rookery, 363 
Pine I s l a n d  loggerhead t u r t l e ,  99 
P ine  warbler ,  463-464.466-467 
Pine woods snake. 458 
Pine woods t r e e f r o g ,  457 
Pink shrimp, 55 (See a l s o  Penaeid 

shrimp) 
Pink shrimp, e f f e c t s  of t o x i c i t y  on, 178 
P ip ing  p lover ,  103 
P i t cher -p lan t s ,  322 
P l a n t  zonat ion (See Vegetat ion,  zonat ion)  
Plecoptera ,  407 
P le i s tocene  f latwoods, 441 
Pleuston,  50 
Plume b i r d s ,  293 
Plume hun te r s ,  379 
Pneumatophores, 315 
Pochards, 205,290,374 
Pocket gophers, 1 8  
Pocosins,  330 
Po ik i loha l ine ,  160,176 
P o l l u t a n t s ,  s y n e r g i s t i c  e f f e c t s ,  175 
P o l l u t i o n  (See Man's impact) 
Polychaetes ,  51,85,177-178 
Polyhal ine zone, 159-160 
Pompano food h a b i t s ,  87,95 
Pond (See a l s o  impoundments) 

a l g a e ,  302 
a r t i f i c i a l ,  359 
b i r d  rooker ies ,  359 
food cha in ,  338 
i n v e r t e b r a t e s ,  336,338 
management, 338 
temperate,  336 
zooplankton, 335 

Pond cypress ,  330 
P o r t  Royal Sound 

a lgae ,  209 
f i s h e s ,  192-193,239-246,266 
i n s e c t s ,  230 
macroinver tebrates ,  176-177,227.229 

1 

I P r i c e  I n l e t  
I f i s h e s ,  181-183 
1 zooplankton, 171-172 

Es tua r ine  Ecosystem, 158-294; Lacus t r ine  Ecosystem, 
# 

Ecosystem. 108-157: P a l u s t r i n e  Ecosystem. 295-382; 

Primary product ion 
a lgae ,  304 
a l l u v i a l  swamps, 318 
beaches, 83 
black needlerush,  222-223 
deep marsh, 325-327 
d e f i n i t i o n ,  1,295 
e s t u a r i n e  ecosystem, 160,162,170 
f o r e s t s .  434 
g i a n t  cordgrass ,  223 
impoundments, 273,275,280 
marine ecosystem, 32-33,35,37-38 
maritime ecosystem, 112 
mixed s a l t  marsh, 223 
o l d  f i e l d ,  434,436-438 
phytoplankton, 33,273,303 
s a l t  g r a s s ,  223 
s a l t  marsh, 218,222-225 
smooth cordgrass ,  222 
swamps, 320 
wetlands, 218,220 

Product ion/r ,espira t ion r a t i o s ,  302 
P r o t e o l y t i c  b a c t e r i a ,  207 
Pumpkinseed I s l and  rookery, 359-360 
Pygmy sperm whale, 77-79 

Rabbi ts ,  154-155,259,381,472 
Raccoon, 105,113,154,156,260,2~71 

c o n t r o l ,  260 
feeding h a b i t s ,  106 
food h a b i t s ,  260,271,381-382,476 
reproduct ion,  260-261 

Rainbow snake, 355,419 
Ranid f r o g s ,  354 
Rat t lesnake roundups, 457 
Rawson diagram, 298 
Red-bellied woodpecker, 151,379 
Redbelly water snakes, 395 
Redbreast sunf i sh ,  350-351.411-412 
Red-cockaded woodpecker, 25,463,466-467 
Red deer ,  155 
Redear sunf i sh ,  344 
Red-eyed v i r e o ,  375,468,471 
Red fox, 478 
Redhead, 290 
Red-shouldered hawk, 258 
Red-tailed hawk, 258,460.467 
Red-winged b lackb i rd ,  145,257,370 
Reefs, 36,61 
Reservoir pool,  biogeochemical cycles .  4 
Ribbed mussels,  178,227 
Riceboro Creek zooplankton, 402 
Rice f i e l d s ,  272,304,357 
Richmond P l a n t a t i o n  rookery, 361 
Ring-billed g u l l ,  203 
Ring-necked duck, 290,374 
Rip c u r r e n t s ,  31 
River 

ca r ry ing  capac i ty ,  f i s h e s ,  411 
c l a s s e s ,  313-314 
f a u n a l  composition, 413-414 
f loods ,  e f f e c t s  o f ,  307 
i n s e c t s ,  403,406 
nona l luv ia l ,  314 
swamp c l a s s i f i c a t i o n ,  314 
swamps, 318 
swamp snakes, 355 

382-396; Marine Ecosystem, 30-107; Maritime 
River ine Ecosystem, 396-433; Upland Ecosystem, 



River cooter, 419 
River otter, 156,206,261,381-382 

food habits, 206,261 
predators, 206 

Riverine ecosystem 
definition, 9,298-299 
fish, carrying capacity, 411 
model, 299 
perturbations, 420,432-433 

Robin, 467,471 
Rodents, 260-262,271,381,472,475 

Bird Island, 153 
Cumberland Island, 153,155 
Deveaux Bank, 153 
Kiawah Island, 153,155,380 

Rookeries, 135,253,360-369,379-380 
Rotifers, 401 
Royal tern, 137,203 

breeding success, 138 
seasonality, 72 

Ruby-throated hummingbird, 151 
Runoff, freshwater, 32,158 

Salamanders. 128,354,356 (See also 
Herpetof auna) 

Salinity 
effects on macroinvertebrates, 176-177 
impoundments, 272,304 
oscillations, 160 
ranges, fishes, 189-191 

Salt marsh 
Altamaha River, 215 
dredging effects, 225 
energy flow, 230 
grasshopper, 227,234,237,256 
high, 212,214,218 
insects, 230,234,237-239 
distribution, 231-233 
food habits, 234 
trophic relationships, 235-236 

low, 212-213,218 
macroinvertebrates, 228 
mosquitoes, 234 
nutrient cycling, 220 
productivity, 218,222-225 
Santee River, 215 
Savannah River, 215 
species composition, 215-218 
succession, 218 
trophic relationships, 230 
vegetation zones, 213-215.272 

Salt pannes, 212,214,263 
Salt spray 
climax, 123 
effects, 109,117,119-120,122-124 
zone, 109,122 

Sand barrens, 214 
Sand dollar, 178 
Sandflats, vegetation, 214 
Sanderling, 103 
Sand Island loggerhead turtle nesting, 

97-99 
Sandwich tern, 138,270 
Santee Coastal Reserve (See also Blake's 

Reserve) 
bald eagle, 374 
Carolina Bays. 325 
osprey, 420 

Santee-Cooper Diversion and Rediversion, 
180,379,432 

Santee River 
algae productivity, 211 
birds, 294,375,379 
blueback herring, 416 
bottomland hardwood forest, 317 
cypress-tupelo forest, 315 
freshwater fish, 340-343 
herpetofauna, 456 
impoundments, 273,276 
insects, 403,408-410 
manatee, West Indian, 80 
meadow vole, 259 
oysters, 180 
phytoplanktor., 164.169 
saltmarsh. 215 
vegetation, 396,400 
zooplankton, 171 

Sapelo Island 
algae, 41.83 
benthic invertebrates, 51,53,85 
cattle egret, 256 
diatoms. 209-210 
fishes, 90,95,247,266 
forest communities, 122 
herpetofauna, 128-134 
hurricane effects, 86 
impoundments, 283 
jellyfishes, 46 
loggerhead turtle. 99 
macroalgae, 83 
macroinvertebrates, 227,229 
meiofauna, 225 
North Duckpond rookery, 364 
North Tanner Trail rookery, 364 
opossum, 156 
saltmarsh vegetation, 213-214, 272 
shrews, 473 
South Tanner Trail rookery, 364 
squid, 56 
vegetation, 117 

Sapelo Sound 
fishes, 192,194-196 
macroinvertebrates, 177 

Satilla River 
faunal composition, 413-414 
fishes, 350,411 
freshwater fish, 340-343 
rookery, 253,364 

Savannahs, 321 
fire effects, 322-323,325,332-333 
seasonality, 322-323,332 
soils, 322 

Savannah National Wildlife Refuge, 353 
Savannah National Wildlife Refuge impound- 

ments, 287 
Savannah River 
algae, 302 
American shad, 413 
Atlantic sturgeon. 201 
bald eagle, 374 
beaver, 381 
benthic invertebrates, 402-403 
birds, 142,375 
blueback herring, 416 
freshwater fish, 340-343 
frogs, 353,355 

Estuarine Ecosystem, 158-294; Lacustrine Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
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herpetofauna, 354 
hickory shad, 416 
oys te rs ,  180 
saltmarsh, 215 
smooth cordgrass ,  220-221 
s t r i p e d  bass, 201,417 
vegetat ion,  309,445,448-449 
zooplankton, 400-402 

Savannah River P lan t  
beaver, 381 
bobcat, 156 
dragonfl ies ,  338 
i n s e c t s ,  389 
s o i l  inver tebra tes ,  452 
thermal e f f e c t s .  424,432 
vegetat ion,  434,438-640 

Savannah sparrow, 144 
S c a r l e t  ringsnake, 458 
Screech owl, 464,467 
Scyphomedusae, 172 
Seabrook Is land vege ta t ion ,  114.117 
Sea ducks, 205 
Sea Is land loggerhead t u r t l e ,  99 
Sea oa t s ,  114,117 
Seaside sparrow, 370 
Seasonal i ty  

b i rds ,  69,72,142,145.270 
f i s h e s ,  56,87-89,184-185,240,267 
phytoplankton, 40,169 
savannahs, 322-323,332 

Sea s q u i r t s ,  180 
Seatrout ,  198 
Second Law of Thermodynamics. 1 
Sedge-shrub production r a t e ,  327 
Sedge swale production r a t e ,  327 
Sedimentary types, d e f i n i t i o n .  4 
Sewee Bay 

f i s h e s ,  248-249 
macroinvertebrates. 178 

Shallow marshes, 321 
Shallow swamps, 313-314 
Sharp-shinned hawk, 467 
Sharp-tailed sparrow, 257 
Short-finned p i l o t  whales, 77-79 
Shortnose sturgeon, 28-29.202 
Short- ta i led shrew, 477-478 
Shrews, 156,382,473,477-478 
S i l v e r  perch, 183 
Size,  f i s h e s  (See Total  length range) 
Sirens,  352 
Six-lined racerunner, 127 
Sudaway Is land,  122,366-367 
Skidaway River, 171,220-221 
Smooth cordgrass, 213,220-225.307 

regenerat ion,  263 
Savannah River, 220-221 
Skidaway River, 220-221 
t rophic  r e l a t i o n s h i p s ,  230 
Wilmington River, 220-221 
zonation, 213-214 

Snakes, 28,113,127,131-135,252,354-356, 
395,419,457-459 (See a l s o  Herpeto- 
fauna) 

Snapper banks, 36 
Snowy egre t ,  138,268,293,357,368,379 
S o i l ,  318.447-448 

a c i d i t y ,  304 

arthropods, 451 
fauna, 451 
i n s e c t s ,  230,252,254-255 
inver tebra tes ,  434,451 
microarthropods, 452-453 
n u t r i e n t  cyc l ing ,  124-125 
ni t rogen content ,  322 
n u t r i e n t  flow, 125 
s t e r i l e  condit ions,  120 
upland, 434 

Sora, 374 
Southeastern shrew, 382 
South Edisto River 

benthic  inver tebra tes ,  403 
f i s h e s ,  183,189-192 
hydrography, 176-177 
macroinvertebrates, 176,405 

Southern chorus frog,  457 
Southern c res ted  f lyca tcher ,  466 
Southern c r i c k e t  f rogs ,  395 
Southern fence l i z a r d ,  458 
Southern leopard f rog ,  247,286,457 
Southern toads, 247,355,457 
South I s land  

bald eagle ,  374 
b i rds ,  294 
deer ,  155 
dune vegetat ion,  114,117 
impoundments, 273,283,287 
loggerhead t u r t l e  nest ing,  98-99 
red drum, 283 

South New-port River macroinvertebrates. 
177 

South Santee River 
f i s h e s ,  181,183-185 
macroinvertebrates, 176 
osprey, 420 

South Tanner T r a i l  rookery, 364 
Sparrow hawk, 142,147,460 
Spat,  oyster ,  265 
Spawning, f i s h e s ,  350,352,393-394 
Species d i v e r s i t y  ind ices ,  2 
Spider population d e n s i t i e s ,  237 
Spiny s o f t s h e l l s ,  419 
Spot, 198 
Spotted dolphin, 77,80 
Spotted sandpiper, 420 
Spotted sucker, 412 
Square-stem spikerush. 304.308 
Squid, 53.55-56 
Squi r re l s  (See Fox s q u i r r e l ,  Gray 

s q u i r r e l ,  and Flying s q u i r r e l )  
Squi r re l  t ree f rogs ,  395 
S t a b i l i t y  p r inc ip le ,  3 
Standing crop, f i shes .  240-246 
S ta r  drum, 183 
S t .  Catherines I s land  

bald eag le ,  373 
herpetofauna, 127-134 
loggerhead t u r t l e ,  99 
rookery, 365 
vegetat ion,  117 

St .  Catherines Sound 
f i shes .  192.194-196 
macroinvertebrates. 177 

Stenohaline f i s h e s ,  95 
St .  Helena rookery. 362 

Estuarine Ecosystem, 158-294; Lacustr ine Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
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S t .  Helena Sound, b i r d s ,  203 
S t inkpot ,  355,419 
S t .  Marys River 

At lan t ic  sturgeon, 201 
freshwater f i s h ,  340-343 
zooplankton, 42-44.171 

S t o n e f l i e s ,  407-408 
Strandings, marine mammals, 77-79 
Striped bass ,  201,411 

Altamaha River,  201,417 
l i f e  h i s t o r y ,  417 
Ogeechee River,  201 
Savannah River,  201,417 

Striped c ray f i sh  snake, 355 
Striped k i l l i f i s h ,  247 
Striped mud t u r t l e ,  353 
Striped mu l l e t ,  247 
Striped mul le t  food habi t s ,  162,199 
Striped skunk, 477 
S t .  Simons Island 

cot ton r a t ,  472 
deer,  155 
f i s h e s ,  88,90,93-94 
loggerhead t u r t l e ,  99 
opossum, 156 
squirre l s ,  155 
whale strandings, 79 

Submergent dominants, 304 
Subtidal subsystem, 30 
Succession (See Vegetat ion)  
Su l fur  bac ter ia ,  107 
Sul fur  cycle (See Biogeochemical c yc l e s )  
Sul l ivans Island 

f i s h e s ,  95 
herpetofauna, 127 

Summer drawdown, 307 
S u m e r v i l l e  vege ta t ion ,  442 
Sunf i sh  family ,  392 
Surface f i l m s ,  164,211 
Surf sco ter ,  205 
Surf zone, 84 
Surf zone, f i s h e s ,  87-95 
Suwannee River f i s h e s ,  344,350,352 
Swainson's warbler, 375,424 
Swallows, 370 
Swallow-tailed k i t e ,  25 
Swamps, 325 

c l a s s i f i c a t i o n ,  314 
deep, 313-314 
f i r e  e f f e c t s ,  325 
product iv i ty ,  320 
r i v e r ,  318 
shallow, 313-314 
snakes, 355 

Swamp smartweed, 304,308 
Swamp tupelo,  328 
Swash bars,  108 

Tailrace Canal diatoms, 302 
Taylor Property rookery, 363 
TDE, 238 (See a l so  Pest icide impacts) 
Tearthumb, 304,308 
Temperate ponds, 336 
Temperature range, f i s h e s ,  189-191 
Terry Creek f i s h  t o x i c i t y ,  199 
Thermal e f f e c t s ,  175 

f i s h e s ,  424 
zooplankton, 176,432 

Threadfin shad, 394-395 
Threatened spec ies ,  d e f i n i t i o n ,  11 
Tidal  creek,  f i s h e s ,  248-251 
Tidal  currents ,  262 
Tidal  freshwater marsh 

charac t e r i s t i c s ,  312 
communities, 309 
vegetat ion,  310-311 

Tidal pool, f i s h e s ,  88,91-92 
Tidal  subsystem, 298 
Tide e f f e c t s ,  31 
Tiger bee t l e s ,  87 
Timothy Swamp f i s h e s ,  352-353 
Toads (See Frogs and toads)  
Toogoodoo Creek f i s h e s ,  248-249 
Total  length range, f i s h e s ,  189-191 
Tox i c i t y ,  e f f e c t  on 

b i rd s ,  76 
crabs, 175,178 
f i s h e s ,  49,199-200,456 
j e l l y f i s h ,  49 
mussels, 178 
oys ters .  174.178 
phytoplankton, 171 
shrimp, 178 
zooplankton 49-50 

h-ansfer  ra te  o f  energy, 35,112 
Trans i t ion  shrub zone locat ion ,  109 
Tree swallow, 147 
Trees, water l e ve l  e f f e c t s ,  425-431 
Trichoptera, 406 
Trophic e f f i c i e n c y ,  35,112 
Trophic l e ve l  determinations, 2,112 
h-ophic re la t ionsh ips ,  33,112-113,298 

b i rd s  (See Birds, trophic re la t ionsh ips)  
f i s h e s  (See Fishes, trophic relat ion-  

sh ip s )  
i n sec t s ,  235-236 
meiofauna, 226 
saltmarsh, 230 

Trophy o f  l ake s ,  305 
h-ue bugs, 390 
True f l i e s ,  404 
True f rogs ,  354 
Tufted titmouse. 468 
Turbulent zone, 51 
Turkey, 151 
Turkey vu l t u re ,  467 
Turnover ra t e  o f  population, 35 
Tur t l e s ,  28,96-99,352-353,355,357,395, 

419,457 
d isor ien ta t ion ,  99 
food hab i t s ,  353 
marine, 65-66,97-99 
nes t ing ,  65-66,97-99 
predators, 134 
trawling e f f e c t s ,  65,67-68- 

Two-toed amphiuma, 287,395 (See a l so  
Herpetofauna) 

Two-wing f l i e s ,  390 
Tybee Island 

cot ton r a t ,  472 
loggerhead t u r t l e ,  99 

Tychoplankton, 37 

Ultraplankton, 37 
Ulva, 83-84,205 
Upland chorus frog.  355,457 

Estuarine Ecosystem, 158-294; Lacustrine Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
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Upland ecosystem 
definition. 10 
food chain, 434 
food web, 436 
model, 435 

Upwelling, 31-32.39 

Vegetation (See also specific localities) 
alteration effects. 334,437,443,450 
Big Openings, 321 
Bird Bank, 114 
boggy ponds, 384 
climax, 123 
Deveaux Bank, 114 
dune, 108,114-119 
emergent freshwater, 304 
endangered species, 12-18 
espalier canopy, 119-120 
estuarine, 212-215 
distribution, 212 
zonation, 213-215 

evergreen shrub bog, 323 
fern-aedge bog, 321-322 
fire effects 
cypress domes, 326,334 
dwarf oak-mixed hardwood, 450 
evergreen shrub bog, 323 
forested wetlands, 332,357 
impoundments. 307 
interstream flats, 324 
maritime forest, 124-125 
pine-mixed hardwood, 439,442-444.447, 

449 
pine savannahs, 325 
saltmarsh, 218 
swamp tupelo, 330 

floating, 304,354,396,399,419 
floating log communities, 326,384 
freshwater zonation, 307 
grazing. impacts of, 119.154 
gum ponds, 328 
herb bog, 322 
high foredunes, 114 
impoundments, 273,277-280.304.306-308 
insectivorous. 322 
jetty flora, 41 
Kiawah Island, 119-120 
limiting factors. 212 
low back dunes, 114 
maritime, 108-125 
mritime shrub thicket, 108 
marsh thicket, 120 
old field, 434,436-438 
physiography, 328 
pocosins, 330 
primary production (See Primary pro- 

duct ion) 
river channel, 396,399,400 
saltmarsh, 213.215-218.222-224 
salt spray effects, 109,117,119-120, 

122-124 
sandflats, 214 
scrub community, 119 
shrub community, 119 
seasonality, 332,436 
standing crop biomass, 387 
submergents, 304.399 

succesaion, 117,123,324,332,386.436, 
441,443444,446-447,472 

tidal erosion effects, 120 
upland community structure, 437 
vertical distribution, 148 
water level effects, trees, 425-431 
zonation, 109,114,116-118,120,123,383- 

384,386 
Venice system, 159-160 
Venomous snakes, 459 
Venus' fly trap, 322 
Vertical distribution, 148,177 
Vertical mixing. 39-40 
Virginia opossum. 106 
Virginia rail, 374 

Waccamaw River 
American shad, 412 
benthic invertebrates, 403 
hickory shad, 201 
macroinvertebrates, 407 
osprey. 420 
striped bass, 417 

Wading birds, 26,138,253,256,268,293,357- 
368.379-380.420 

food habits, 374-375 
predators, 369 
trophic relationships. 370 

Wadmalaw Island 
fishes, 284 
impoundments. 283-284 

Wahoo Island Rookery. 365 
Waites Island dune vegetation, 117 
Wando River 
algae, 209 
oysters, 180 
zooplankton, 171-173 

Washoe (See Blake's Reserve and Santee 
Coastal Reserve) 

Wassaw Island 
forest communities, 122 
loggerhead turtle, 99 
osprey, 420 
rookery. 366 
vegetation, 117 

Water beetles, 336 
Water, dam systems, 314 
Waterfowl, 374,380,420 
effects of toxicity on. 76 
estuarine, 205 
impoundments, 290 
management, 273.307 

Water level, 328,338 
alterations, 423 
changes, 307.424 
vegetation, effects on, 425-431 

Water milfoil, 383 
Water-shield, 304.308 
Water-weed, 396 
Wave energy, 82 
Wayne's clapper rail, 256-257 
Weakfish, 183 
West Indian manatee, 23,80,206 
Whales, 23.76-80 
White Banks rookery, 361 
White bass, 411 
White-eyed vireo, 468 

Estuarine Ecosystem, 158-294; Lacustrine Ecosyste~n, 382-396; Marine Ecosystem. 30-107; Maritime 
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White i b i s ,  253 
breeding h a b i t s ,  368 
food h a b i t s ,  375 
nes t ing  h a b i t s ,  380 

White shrimp, 55 (See a l s o  Penaeid shrimp) 
White shrimp, m o r t a l i t i e s ,  50 
White-tailed deer ,  381,473-474 

c o n t r o l ,  154-155 
d i s t r i b u t i o n ,  260 
food h a b i t s ,  154,259,474 
J e k y l l  I s l and ,  155 
L i t t l e  S t .  Simons I s land ,  155 
populat ion d e n s i t y ,  154 
reproduct ion,  474 
subspecies ,  154 

White wa te r - l i ly ,  383 
Whooping Crane Pond rookery, 363 
Wild r i c e ,  309 
Wi l le t ,  138,293-294 
Wilmington River smooth cordgrass ,  220- 

221 
Wilson's p e t r e l ,  69 
Wilson's plover ,  105,138 
Windthrow, 318 
Winyah Bay 

A t l a n t i c  s turgeon,  201 
bald eag le ,  374 
e e l s ,  418 
zooplankton, 171 

Wolf I s l and  loggerhead t u r t l e .  99 
Wood duck, 380,420 
Wood i b i s ,  253 
Wood s t o r k ,  26,380 

o r i g i n ,  '120 
per tu rba t ions ,  432-433 
pH e f f e c t s ,  335 
pond, 335 
population s t r u c t u r e ,  400-401 
preda tors ,  44,387 
Pr ice  I n l e t ,  171 
reproduct ion,  171 
Riceboro Creek, 402 
r i v e r ,  399 
s a l i n i t y  v a r i a t i o n s ,  170 
Santee River,  171 
Savannah River,  400-402 
seasona l i ty ,  43,172-173 
Skidaway River,  171 
s p e c i e s  composition, 42,387 
S t .  Marys River,  42-44, 171 
thermal shock, 175 
t r a n s p o r t ,  171 
Wando River,  171 
Winyah Bay, 171 

Xeric s l a c k s ,  116 

Yellowbelly s l i d e r ,  355 
Yellow breasted cha t ,  147 
Yellow-crowned n igh t  heron, 368 
Yellow perch, 411 
Yellow r a i l ,  374 
Yellow r a t  snakes, 252 
Yellow-rumped warbler ,  153 

Zooplankton, 344 
abundance, 43-44,172 
Altamaha River,  401 
Ashley River,  171 
Cooper River,  171 
Cumberland Sound, 171 
c u r r e n t  e f f e c t s ,  49 
d i spers ion ,  171 
Edis to  River,  171 
e f f e c t s  of t o x i c i t y  on, 49-50 
entrainment, 175 
food source,  82 
Francis  Marion National Fores t ,  335 
impoundments, 280-282 
Kings Bay, 42 
l ake ,  387 
man's impact, 172,174-175 
metabolic waste, 42 
North Edis to  River,  282 
North I n l e t ,  171-172 
North Santee River,  172 
Ochlockonee River,  401 
o i l  s p i l l ,  impacts, 49 

Es tuar ine  Ecosystem, 158-294; Lacustr ine Ecosystem, 382-396; Marine Ecosystem, 30-107; Maritime 
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