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PREFACE

The Sea Island Coastal Region of
South Carolina and Georgia is rich in
natural resources, including moderate
climate, dramatic scenic qualities,
fertile soils, water, fish, wildlife and
minerals. Those resources are valuable
for a variety of often competitive uses,
including active and passive recreation,
transportation, agriculture, commercial
fisheries, industrial development, pres-
ervation, and so forth.

A significant trend in the manage-
ment and development of coastal re-
sources is the growing realization that
rational decisions and final judgements
can be made only when all available in-
formation on local environmental con-
ditions is considered. This trend
recognizes the need for a holistic
approach and has promoted the eco-
system concept in natural resource
management .

Recognition of the need for an eco-
logical approach in managing coastal
resources has developed from increasing
evidence that man's utilization of this
environment has brought about major,
yet often subtle, changes in the func-
tioning of ecosystems. In order to
perpetuate the economic, aesthetic, and
bilological values of coastal ecosystems,
we must understand their functional
relationships. As expressed by Odum
(1964), our modern ecology must be a
"systems ecology," or a hybridization of
both ecology and systems methodology.
The theory behind this approach embodies
an important ecological principle: an
ecological system is comprised of many
components, no one of which can be
altered without affecting the total sys-
tem since no one part functions inde-
pendently. By including a full assessment
of the total ecosystem, management
efforts - at both the field and adminis-
trative levels - can be designed to
maximize the economic, social, and bio~
logical benefits derived from natural
resources. Recognizing this, the U.S.
Fish and Wildlife Service is employing
the ecosystem concept as a holistic
mechanism for managing natural resources
and is developing ecological character-
ization as one basic tool for this appli-
cation.

An ecological characterization is
a synthesis of existing information and
data structured in a manner which
identifies functional relationships
between natural processes and the
various components of an ecosystem
(Preface Fig. 1). Specifically,
objectives of the Sea Island
Ecological Characterization were to:
1) assemble, review, and synthesize
existing biological, physical, and
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Preface Figure 1. Components and final
products of an Ecological Charac-~
terization of the Sea Island
Coastal Regilon,

socioeconomic information and establish
a sound information base for decision-
making; 2) identify and describe
various components (subsystems, habitats,
communities, and key species) in this
coastal ecosystem; 3) describe major
physical, biological, and socioeconomic
components and interactions; 4) describe
known and potential ecosystem responses
to man-induced changes; and 5) identify
major information deficiencies for
further study and decision-making needs.

Ecological characterizations are
designed primarily to assist coastal
resource managers engaged in compre~
hensive planning efforts such as
assessment of the environmental impacts
of development in the coastal zome.
Other applications include the prep-

.aration of mitigation procedures and

development alternatives. Characteriza-
tion also provides an immediate data

base for specific action programs
(offshore oil and gas development, coastal
construction permit reviews, etc.) and
guidance in selecting parameters that need
study in further defining coastal ecologi-
cal systems.



Detalled discussions of the natural
coastal ecosystem characterization effort
can be found in Tait (1977), Barclay
(1978), Johnston (1978), and Palmtsano
(1978).

SEA ISLAND ECOLOGICAL CHARACTERIZATION

In February 1977, the U.S. Fish and
Wildlife Service contracted with the
Marine Resources Division of the South
Carolina Wildlife and Marine Resources
Department to develop an ecological
characterization for the Sea Island
Coastal Region of South Carolina and
Georgia. The project area includes the
coastal tier of counties between the
Georgetown/Horry county line in northern
South Carolina south to the St. Marys
River on the Georgia/Florida border, and
the three lowland counties of Dorchester,
Berkeley, and Effingham (Preface Fig. 2).

The Sea Island Ecological Charac-
terization 1s designed to yield products
that will assist decision makers in
evaluating and predicting impacts of man-~
induced perturbations (e.g., oil and gas
development, dredging and f£1illing, water
resource projects), and in general
coastal zone planning. The study iden-
tifies critical habitats and sensitive
life history stages of important species,
addresses functional interactions at the
habitat level, and provides socloeconomic
information relative to the coastal en-
vironment.

Data assimilated for this project
are partitioned into three segments for
descriptive purposes: physical features
(1.e., geology and hydrology), socio-
economic features (i.e., demographic
characteristics and industrial develop-
ment), and bioclogical features (i.e., an
ecological treatment of animals, plants,
and their habitats).

The overall framework for the prep-
aration of ecological characterization
materials was provided by conceptual
models. These conceptual models have
been modified for inclusion in the final
products to facilitate understanding of
ecosystem functions. To accommodate the
broadest range of potential users, a
three~-tier model presentaf ion was used
and includes the followin. elements for
each ecosystem: 1) a technical energese
model demonstrating energy flow into and
within the subject ecosystem, functional
relationships among representative com-
ponents of the system, and flow of energy
in various forms from the system; 2) a
less technical pictorial model of the
same ecosystem 1llustrating representa-
tive flora and fauna; and 3) a repre-
sentative food web indicating tropho-
dynamics within the subject ecosystem.

Organization of Final Products

Several products are being developed
from the Sea Island Ecological Charac-~
terization effort, as follows:

1) Characterization Atlas - the
Atlas 1s an oversized document (28 x 42 in)
that presents data in condensed form in
several seriles at scales ranging from
1:24,000 to 1:1,000,000. The Physiographic
Series (1:100,000) describes wetlands,
physiographic features, ecological habitats,
and land use. The Geology Seriles presents
stratigraphic, structural, and geophysical
information about the characterization area
at several scales. Two topographlc series
at 1:250,000 and 1:100,000 depict various
wildlife, archeological and recreational
resources, military and educational institu-
tions, water quality, spoil disposal, utili-
ties, railroads and airports. Enlargements
of the five major urban areas give more de-
tailed information on industires, point
source discharge, power plants, etc. All
maps are printed in color.

2) Narrative Volumes - Detailed nar-
rative treatment 1s provided for the
three major ecosystem components; the
physical, socioeconomic, and biological
features of the Sea Island Coastal Regilon.
Because conceptual models are particularly
valuable in identifying ecosystem com-
ponents and in relating their functional
significance and regulatory processes,
appropriate sections of the narrative text
are prefaced by exemplary models. These
models serve as a tool to promote under-
standing of the functional relationships
within and between systems, and the im-
pacts of various impingements and pertur-
bations on theilr components. WNarrative
materials are arranged as follows:

a) Physical features section -
Detailed treatment 1s provided for topi-
cal areas such as climate, physiography,
geologic history and structure, coastal
and nearshore erosion and deposition,
hydrology, and descriptions of individual
coastal islands of the study area.

b) Socioeconomic features
section - Data are presented on popula-
tion, labor force characteristics and
trends, transportation, industrial devel-
opment, agricultural practices, public
utilities, energy resources, fish and
wildlife conservation and utilization, and
recreational resources.

c) Biological features - This
section describes biotic components along
ecological lines. Thils approach facili-
tates the treatment of major community or
habitat types, and generally deals with
organisms at the population level. Func-
tional relationships and areas of ecologi-
cal sensitivity are stressed.



PRI

(

; d
- \‘\“ ) - , .
)’ 0 S AN, GEORGETOWN
s j §
N @ j N,/ PAWLEYS
A . N
\ \)« /./ e .L~‘
) 50 DORCHESTER 'ﬂ- . NORTH
b I b)) BERKELEY ~
~N : N
. A( \ N SOUTH
~ ’/ \' '\_,‘_‘ ‘\
\ \ ) . CEDAR
X \ N MURPHY
CAPE
\ \_ COLLETON ! LIGHTHOUSE
) P RACCOON KEY
\ \ }» -4 K BULL
' .
' o\ CHARLESTO ISLE OF PALMS
\ .7 14 >~
\v - -y
© 4 ™\, JASPER sr.AsRoox
< ) ,,,N I s
(o EFFINGHAM BEAUFOR oTT BOTANY BAY
& \ HUNTING EDISTO
\ St HELENA
® \ FRIP
- - N o riTCHARDS
(’-/ ’ srl'li;ruTutEnPcsAPERs
.. BRYAN BAY POINT
AN Y HILTON HEAD
. DAUFUSKIE
<-\ \.\_, \CHATHAM TURTLE
) ‘\,‘ TYBEE A
{ LIBERTY ! LITTLE TYBEE
\, \i WILLIAMSON
- )
' { WASSAW
\:-‘ 0SSABAW —_—
/ - St. CATHERINES
McINTOSH
5 BLACKBEARD
4 CABRETTA
N Fampreisy.
: WOLF
LITTLE St SIMONS
I SEA
s 1. SIMONS
JEKYLL
0 25 50
CAMDEN LITTLE CUMBERLAND k —— :ILES
{ 0 50 100 <M
— CUMBERLAND

Preface Figure 2. Study area of

the Sea Island Coastal Region.
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3) Directory of Information
Sources - This document identifies and
describes major data sources relevant to
the ecological characterization of coastal
South Carolina and Georgia., The main pur-
pose of the Directory is to guide users
to known sources of data pertinent to
gpecific subject areas. It is intended
to serve as a referral service between
groups or organizations with differing
needs.

4) Bibliography - A computerized
bibliography of over 8,000 references has
been assembled as a central component of
the Sea Island Characterization. The
system is designed for periodic updating,
and all entries can be retrieved in a
variety of ways, including key work and
author searches.
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CHAPTER ONE

INTRODUCTION

I. ECOSYSTEM DEFINITION

Odum (1971) defined an ecosystem as
"any unit that includes all the organisms
(i.e., the 'community') in a given area
interacting with the physical environment
so that a flow of energy leads to clearly
defined trophic structure, bilotic di-
versity, and material cycles (i.e., ex—
change of materials between living and
nonliving parts) within the system.”™ He
further recognized six major components
of ecosystems: 1) inorganic substances
such as water, carbon dioxide, and nitro-
gen; 2) organic compounds such as proteins
and carbohydrates; 3) climate regime (the
physical "forcing factors" which dictate
the kind of biotic community that can
develop); 4) autotrophic producers (pri-
marily plants); 5) macroconsumers; and
6) microconsumers and decomposers., These
components are involved in the ecosystem
processes of 1) energy fixation and flow,
2) material cycling, 3) development of
gpatial and temporal diversity patterms,
4) succession, 5) reaction (to short-and
long-term variations and perturbations),
and 6) interactions. This Ecological
Characterization of the Sea Island Coastal
Region of South Carolina and Georgia is
at the "macroecosystem" (i.e., large sys-
tem) level and is organized along both
structural (i.e., component) and func-
tional (i.e., process) lines.

II. MAJOR PRINCIPLES
PERTAINING TO ECOSYSTEMS

(based primarily on Odum 1971 and
Gosselink 1978 unless otherwise stated)

A. PRINCIPLES PERTAINING TO ENERGY

"Life 1s kept going by the continu-
ous inflow of sun energy from outside"
(0dum 1971). According to the First Law
of Thermodynamics, energy can be trans-
ferred from one form to another (e.g.,
from potential to kinetic, or from chemi-
cal to heat or light), but can neither be
created nor destroyed. However, no spon-
taneous energy transformation or conver-
sion is 100%Z efficient (Second Law of
Thermodynamics). During such changes,
some of the energy is always dispersed as
unavailable heat; thus, the total amount
of directly utilizable energy decreases
with each use or conversion within a sys-
tem. Since energy flows through ecosys-
tems and is not recycled, all energy
entering a system can be accounted for as
energy which is stored in or dispersed
from that system.

B. PRINCIPLES PERTAINING TO MATTER,
SPACE, AND TIME

Energy flows through a system only
once, but materials circulate or cycle
within ecosystems, being used over and
over again (Law of Conservation of Matter).
Stated another way, energy is used once
by a given organism, becomes converted
into heat, and is eventually dispersed
from the system. On the other hand, ma-
terlals such as carbon, nitrogen, and
water may circulate repeatedly between
biotic and abiotic components of ecosys-
tems and among different compartments
(1.e., different organisms or physical
states) within each of these components
(for examples, see biogeochemical cycles,
PP 3 - 7).

Productivity is a measure of energy
fixation or food production. Primary
production refers to photosynthesis, the
conversion of light energy and simple in-
organic materials (e.g., water, carbon
dioxide) into complex organic food mole-
cules by autotrophic (i.e., "self-
nourishing") plants. Gross primary pro-
duction is defined as "the total rate of
photosynthesis, including the organic mat-
ter used up in respiration, during the
measurement period" (Odum 1971). Net pri-
mary production is the amount of organic
matter incorporated into plant tissues in
excess of respiratory utilization. That
is, net primary production refers to the
amount of energy (organic matter) avail-
able for use by heterotrophs (consumers).

After its production by plants, food
energy 1s transferred through a series of
consuming organisms, each eating and being
eaten in turn, called a food chain. With-
in a food chain, energy conversion effi-
clencies are generally quite low (on the
order of 10% - 20% at each step); thus,
at each step of being eaten, 80%Z - 90% of
the potential energy available at the pre-
vious level is lost as heat (Odum 1971).
Losses of this magnitude limit most food
chains to no more than four or five steps
and, obviously, the shorter the food
chain, the more energy there is available.

Odum (1971) defined two basic types
of food chains: 1) a grazing food chain
in which the primary production of plants
is grazed directly by herbivores (plant-
eaters), which in turn are consumed by
carnivores (animal-eaters); and 2) a
detritus food chain in which much of the

plant production is allowed to die, where-
upon it 1s acted upon by microorganisms
and then consumed by detritivores (detri-
tus-eaters), which are in turn eaten by
predators, etc. Both types of food chains
are represented in the ecosystems described
in this report.



Food chains are not isolated from
each other, but generally are intercon-
nected by numerous links, forming complex
food webs. Each step through which food
energy is transferred in a food chain is
called a trophic level. The first trophic
level 1s the primary production or plant
level, the next is the primary consumer
or herbivore level, the next is the sec~
ondary consumer or herbivore-eater level,
and so on.

For organisms to grow and reproduce,
it is necessary that required materials
(e.g., water, nutrients, etc.) be avail-
able at the appropriate time and place in
the appropriate form and concentration.
Hence, living organisms depend upon the
mechanisms that control resource availa-
bility, and the productivity of a given
food chain is determined to a large de-
gree by the rates at which required ma-
terials are recycled through the system.
Too, the efficiency with which energy and
materials can be utilized by an individual
organism and its population depends in
part upon the spatial distribution of the
organisms.

The distribution of an organism or
population in space and time is determined
in part by resource availability and in
part by the limits of its tolerances to
various factors. With regard to resources,
that material which is necessary for
growth and reproduction and which is avail-
able in amounts most closely approaching
the critical minimum level required by
that organism will tend to be the factor
which limits growth (Liebig's "Law" of
the Minimum). For each physical factor,
an organism has a range of tolerance
bounded by minimum and maximum levels
(Shelford's "Law" of Tolerance). Odum
(1971) included several corollaries of
this "Law'": 1) a given organism may have
a wide tolerance range for one factor and
a narrow range for another; 2) generally,
eurytolerant organisms (those with wide
tolerance ranges for all or most factors)
are likely to be most widely distributed;
3) suboptimal conditions of one factor
may cause an organism's tolerance of
other factors to be reduced; 4) frequently,
organisms do not occur or are not most
abundant within their optimal range for a
particular physical factor; in these cases
other factors, often biological (e.g.,
predation, competition, parasitism, etc.),
are more important; and 5) environmental
factors are most likely to be critically
limiting for a given organism during its
reproductive period. Thus, the parts of
an ecosystem which are inhabited by any
given species at any given time are de-
termined by the availability of required
resources, the ranges of tolerance for all
pertinent physical factors, and biotic
interactions.

C. PRINCIPLES PERTAINING TO DIVERSITY

Diversity refers to the number of
different kinds (i.e., sgecies) of organ-
isms found in a given ecosystem, commu-
nity, or trophic level. Typically, a
community or trophic group is composed of
a relatively small proportion of dominant
species (i.e., those with many individuals,
large biomass, or high productivity) and a
large proportion of less "important"
species that are relatively uncommon or
rare. Because of their numerical and bio-
mass dominance, the common species account
for most of the energy flow through the
community or trophic level (Odum 1971).
However, since there generally are many
more rare than common species, the rare
species largely determine the specles di-
versity of the group. Calculation of
various ratios between the number of
species and numbers of individuals (or
biomass) yield so-called species diversity

indices, which simply allow mathematical

expression of the relative diversities of
different communities or groups. Such
indices, especially the Shannon-Weaver
formula, have been used widely in ecologi-
cal studies (Goodman 1975). Recently,
however, Peet (1975) presented evidence
that these relativized diversity indices
are mathematically inappropriate for most
ecological studies. Thus, considerable
care must be exercised in the use of di-
versity indices, especially in evaluating
the effects of environmental alterations.

Over the last few decades, the idea
that high species diversity is directly
correlated with community or trophic sys-
tem stability has become widespread and
perhaps too generally accepted. This is
the so-called "diversity-stability hypoth-
esis." Odum (1971) provides a good ex-
ample of the reasoning behind this hypoth-
esis:

"Higher diversity, then, means
longer food chains and more cases
of symbiosis (mutualism, para-
sitism, commensalism, and so
forth), and greater possibilities
for negative feedback control,
which reduces oscillations and
hence increases stability. . . .
Consequently, communities in
stable environments such as the
tropical rain forest, have higher
species diversities than communi-
ties subjected to seasonal or
periodic perturbations by man or
nature. What has not yet been
measured is the extent to which
an increase in community diver-
sity can, in itself, increase

the stability of the ecosystem

in the face of external oscilla-
tions in the physical habitat."



In contrast, Goodman (1975) criti-
cally reviewed the biological and mathe-~
matical bases for the diversity-stability
hypothesis and concluded that diversity
and stability in ecosystems are not di-
rectly related. A similar conclusion was
reached by Leffler (1978), based on data
from laboratory microcosm experiments.
With regard to the often-cited example of
the highly diverse and stable tropical
rain forest, Goodman (1975) suggested that
its apparent stability may well be an il-
lusion fostered by insufficient study of
exceedingly complex communities. As sup-
port for his argument, he noted that such
rain forests are being found to be pain-
fully vulnerable to man-made perturbationms.
Goodman (1975) summarized his conclusions
as follows:

"The expectations of the di-
versity-stability hypothesis
are borne out neither by ex-
periments, by observations,
nor by models; its theoretical
formulations have no necessary
connection with secure scien-
tific law, and its preconcep~
tions are inconsistent with an
evolutionary perspective.
Clearly, the belief that more
diverse communities are more
stable is without support. It
is not so clear what sort of
relation we should expect be-
tween diversity and stability."

More recently, Huston (1979) noted
that high diversity has been related to
both intense and reduced competition and
correlated both positively and negatively
with productivity. With this confusing
situation as a background, he presented
a new hypothesis of diversity based on
"differences in the rates at which popu-
lations of competing species approach
competitive equilibrium."

From the above discussion, it 1is
clear that species diversity and its re-
lationships to community or ecosystem
stability and productivity are poorly
understood. Much additional theoretical
and experimental research is needed in
this area.

D. PRINCIPLES PERTAINING TO ECOSYSTEM
STABILITY AND RESILIENCE

According to Odum (1971), '"The
habitat of an organism is the place where
it lives, or the place where one would go
to find it." The term ecological niche,
on the other hand, "includes not only the
physical space occupled by an organism,
but also its functional role in the com-
munity (as, for example, its trophic
position) and its positions in environ-
mental gradients of temperature, moisture,
pH, soil, and other conditions of exist-
ence." Gosselink (1978) points out that
the species occupying a given niche
typically are more efficient users of the

resources of that niche than are foreign
species which might attempt to replace
them, This idea leads to the hypothesis
that a natural community is the optimum
adaptation to a given environment; con-
sequently, any disturbance which changes
the natural community reduces the overall
efficiency of the system.

Ecosystems develop with time through
a process called ecological succession.
This is an orderly, reasonably directional,
and therefore predictable sequence of
changes in speciles composition and commu-
nity processes through time; it occurs be-
cause the community changes the physical
environment (Odum 1971), Succession cul-
minates in a stabilized climax community
"in which maximum biomass (or high infor-
mation content) and symbiotic function be-
tween organisms are maintained per unit of
available energy flow'" (Odum 1971).

The stability principle states that
any natural ecosystem tends to change
until a stable situation, with homeostatic
(self-regulating) mechanisms, is developed
(0dum 1971). These mechanisms tend to re-
turn the system to its stable state fol-
lowing short-term changes caused by out-~
side factors. Natural and man-made
perturbations are such factors. The re-
silience of a given system (i.e., its
ability to return to its stable state fol-
lowing external perturbations) depends on
many factors and is very difficult to pre-
dict. It depends on the characteristics
of the particular system involved; the
type, magnitude, and frequency of the per-
turbations; and other factors. Because of
differences in systems and perturbatioms,
some effects may be immediate (e.