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PREFACE 

This species p r o f i l e  i s  one o f  a ser ies  on coasta l  aquat ic  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial, o r  eco log ica l  importance. The p r o f i l e s  
are designed t o  prov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe how popu la t ions  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coasta l  development. Each 
p r o f i  1 e has sect ions on taxonomy, 1 i f e  h i  s to ry ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  app l icab le .  A t h r e e - r i  ng b inder  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they  are  prepared. 
This p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and the  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the  f o l l  owing addresses. 

In fo rmat ion  Trans fer  Special i s t  
Nat ional  Wet1 ands Research Center 
U.S. F i sh  and W i l d l i f e  Serv ice 
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t ten t i on :  WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION T A B L E  

M e t r i c  t o  U.S. Customary 

M u l t i p l y  

mi 11 imeters (mm) 
cen t imete rs  (cm) 
meters (m) 
meters (m) 
k i l omete rs  (km) 
k i l omete rs  (km) 

square meters (m2) 
square k i l o m e t e r s  (km2) 
hectares (ha) 

l i t e r s  (1) 
cub ic  meters (m3) 
cub ic  meters (m3) 

m i l l i g r a m s  (mg) 
grams (g) 
k i  1  ograms (kg) 
m e t r i c  tons (t) 
m e t r i c  tons (t) 

k i l o c a l o r i e s  ( k c a l )  
Ce ls ius  degrees ( O C )  

U.S. Customary t o  M e t r i c  

inches 25.40 
i nches 2.54 
f e e t  ( f t )  0.3048 
f a t  homs 1.829 
s t a t u t e  m i l e s  (mi) 1.609 
n a u t i c a l  m i l e s  (nmi) 1.852 

square f e e t  ( f t2)  
square m i l e s  (mi2) 
acres 

ga l  l ons  (ga l  ) 
cub ic  f e e t  ( f t3)  
a c r e - f e e t  

ounces (oz) 
ounces (oz) 
pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( t o n )  

B r i t i s h  thermal u n i t s  (Btu)  
Fahrenhei t  degrees (OF) 

To Obta in  

i nches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square f e e t  
square m i l e s  
acres 

ga l  1  ons 
cub ic  f e e t  
a c r e - f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

B r i t i s h  thermal u n i t s  
Fahrenhe i t  degrees 

m i l l i m e t e r s  
cen t imete rs  
meters 
meters 
k i l o m e t e r s  
k i l o m e t e r s  

square meters 
square k i  lometers 
hectares . 
1 i t e r s  
cub ic  meters 
cub ic  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons 
m e t r i c  tons 

k i l o c a l o r i e s  
Ce ls ius  degrees 
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F i g u r e  1. A t l a n t i c  menhaden. 

ATLANTIC MENHADEN 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 

S c i e n t i f i c  name: B r e v o o r t i a  ty rannus 
( La t r obe )  

P r e f e r r e d  common name. ........ A t l a n t i c  
menhaden (Robins e t  a l .  1980; 
F i gu re  1 )  

Other  common names: pogy, moss- 
bunker, bunker, fa t -back,  shad, 
bug-mouth 

Class ..................... Oste ich thyes  
Order ..................... Clupei formes 
Family.. ......... .C1 upeidae ( h e r r i n g s )  

Geographic range: Temperate coas ta l  
waters  f rom Nova S c o t i a  southward 
t o  J u p i t e r  I n l e t ,  F l o r i d a  (Dahl be rg  
1970).  A t l a n t i c  menhaden a r e  sea- 
s o n a l l y  abundant i n  t h e  M i d - A t l a n t i c  
Region ( F i g u r e  2 ) .  Concen t ra t ions  
o f  age 0  f i s h  occur  i n  i n sho re  
e s t u a r i n e  wate rs  a long  t h e  e n t i r e  
A t l a n t i c  seaboard. 

Branched do rsa l  rays,  13-18; 
branched anal  rays ,  16-22; p e c t o r a l  
rays,  14-18; p e l v i c  rays ,  7; g i l l  f i l -  
aments, 51-66; l a t e r a l  l i n e  sca les ,  
40-50; v e n t r a l  scutes,  29-34; v e r t e -  
brae, 44-49. Body ob long and com- 
pressed w i t h  a  t h i n  b e l l y  w a l l ;  sca les  
l a r g e ,  coarse, w i t h  l o n g  s l ende r  
p e c t i n a t i o n s ,  s t r o n g l y  over1 appi  ng and 
i n  r e g u l a r  rows; predorsa! s ca l es  on 
e i t h e r  s i d e  o f  median l i n e  en larged;  
prominent  r a d i a t i n g  opercu l  a r  s t r i a -  
t i o n s ;  and p e l v i c  f i n  rounded w i t h  
i nnermos t and outermost  r ays  about  
equal i n  l e n g t h  (H i ldebrand  1963; 
Dahl be rg  1970, 1975). 

Co lo r  i n  1  i f e :  green, brown, o r  
b lue-gray,  da r ke r  on do r sa l  sur face.  
A  dark  humeral spo t  may be f o l l o w e d  
p o s t e r i o r l y  by a  s e r i e s  o f  s m a l l e r  
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Figure  2 .  D i s t r i b u t i o n  o f  t h e  A t l a n t i c  menhaden i n  t h e  Middle A t l a n t i c  Region, 
eas tern  Un i ted  States. 



spots  which can fade  r e a d i l y  upon 
cap tu re .  B r e v o o r t i a  t y rannus  -can .  be 
d i s t i n g u i s h e d  f rom B. s m i t h i  (ye1 low-  
f i n  menhaden, t h e  o n l y h e r  No r t h  
American coas t  spec ies )  because B. 
ty rannus has a  f r o n t a l  groove, l a r g e r  
and coa rse r  s ca l es  i n  r e g u l a r  rows 
( t h e r e f o r e ,  1  ower s c a l e - r e l a t e d  
coun t s ) ,  p o i n t e d  (ve rsus  rounded) 
sca l e  p e c t i n a t i o n s ,  a  row o f  l a t e r a l  
spots  behind t h e  humeral spo t ,  more 
g i l l  f i l a m e n t s  on t h e  ce ra tob ranch ia l  
arch,  rounded p e l v i c  f i n s ,  and opercu- 
l a r  s t r i a t i o n s .  The caudal f i n  o f  B. 
s m i t h i  i s  b r i g h t  ye l l ow ,  whereas t 5 e  
caudal f i n  o f  B. t y rannus  i s  n o t .  
Fresh B. t y r a n n k  may have a  da r ke r  
anal f i n  and more body mucus t han  does 
B. s m i t h i .  A t l a n t i c  menhaden can be - -  
d i s t i n a u i s h e d  f rom F, h y b r i d  A t l a n t i c  " 

menhaden ( B r e v o o r t i a  s m i t h i  x  B. 
t y rannus)  by i t s  l o n g e r  f r o n t a l  
qroove, l a t e r a l  spo ts  (absent  t o  few 
i n  h y b r i d ) ,  and a  rounded v e n t r a l  f i n .  
Dahl be rg  (1970, 1975) p rov i ded  add i  - 
t i o n a l  measurements and d e s c r i p t i o n s  
o f  q u a l i t a t i v e  cha rac te r s .  Jones e t  
a1 . (1978) gave d e t a i l e d  d e s c r i p t i o n s  
o f  A t1  a n t i c  menhaden devel  opmental 
stages (egg th rough  a d u l t ) .  H e t t l e r  
( 1984) gave m e r i s t i c  and morphometr ic 
d e s c r i p t i o n s  o f  A t1  a n t i c  menhaden 
l a r v a e  and j u v e n i l e s .  

REASON FOR INCLUSION I N  SERIES 

At1 a n t i c  menhaden c o n s t i t u t e  
about 25% t o  40% o f  t h e  combined 
annual l and ings  o f  A t l a n t i c  coas t  and 
G u l f  o f  Mexico menhaden spec ies,  which 
c o l l  e c t i v e l y  comprised t h e  1  a r g e s t  
commercial f i s h e r y  by w e i g h t  and 
e i g h t h  l a r g e s t  i n  d o l l a r  va l ue  i n  
1984 i n  t h e  Un i t ed  S ta tes  (NMFS 
1985).  They a r e  impo r t an t  p r e y  f o r  
many o t h e r  f i s h  spec ies and a r e  
seasona l l y  impo r t an t  components o f  
e s t u a r i n e  and s h e l f  f i s h  assemblages. 
A t l a n t i c  menhaden depend on h a b i t a t s  
a long  t h e  e n t i r e  eas te rn  seaboard and 
ad jacen t  she1 f waters  th roughou t  
t h e i r  l i f e  c y c l e  and use e s t u a r i e s  as 
nursery  areas. Some spawning occurs 

i n  e s t u a r i n e  zones and nearshore s h e l f  
waters  nor thward  f rom Chesapeake Bay. 
Due t o  t h e  spec i es '  g r e a t  abundance, 
ex tens i ve  m i g r a t i o n  p a t t e r n s ,  and 
impor tance as a  p rey  spec ies,  t h e  
A t l a n t i c  menhaden i n f l u e n c e s  t h e  
convers ion  and exchange of energy and 
o rgan i c  m a t t e r  w i t h i n  b i o l o g i c a l  
systems th roughou t  i t s  range (Pe te r s  
and Schaaf 1981; Lewis and Pe te rs  
1984). 

LIFE HISTORY 

Terminology used t o  desc r i be  l i f e  
h i s t o r y  s tages conforms t o  t h a t  used 
by Lewis e t  a l .  (1972) and Moyle and 
Cech (1982).  

A d u l t  M i g r a t i o n  and Spawning 

Knowledge o f  t i m i n g  and 1  o c a t i o n  
o f  spawning has been m a i n l y  ob ta i ned  
f rom c o l l e c t i o n s  o f  a d u l t  females t h a t  
were spent  o r  con ta ined  ma tu r i ng  ova 
(Higham and N i cho l son  1964; June 1965; 
Dahl be rg  1970) as w e l l  as f rom c o l l e c -  
t i o n s  o f  eggs and l a r v a e  ( R e i n t j e s  
1961, 1968; Herman 1963; Kendal l  and 
R e i n t j e s  1975; F e r r a r o  1980a,b; Judy 
and Lewis 1983).  Data on movement and 
p o p u l a t i o n  age o r  s i z e  s t r u c t u r e  have 
been ob ta i ned  f rom d i s t r i b u t i o n  o f  
pu r se - se i n i ng  e f f o r t  (Roi  thmayr 1963) ; 
f requenc ies  o f  l eng ths ,  we igh ts ,  and 
ages i n  catches (June and R e i n t j e s  
1959; June 1972; N icho lson  1971, 
1972); and r e t u r n s  f rom e x t e n s i v e  
t agg ing  exper iments  (Dry foos  e t  a l .  
1973; Kroger  and G u t h r i e  1973; 
N icho lson  1978).  At1 a n t i c  menhaden 
undergo e x t e n s i v e  no r t h - sou th  seasonal 
m i g r a t i o n s  and i n s  h o r e - o f f s  hore 
movements a l ong  t h e  A t1  a n t i c  seaboard. 
Schools a r e  composed o f  f i s h  o f  
s i m i l a r  s i z e  and age. M i g r a t i o n  
p a t t e r n s  a r e  a l s o  r e l a t e d  t o  spawning 
h a b i t s ,  and some spawning occurs every  
month o f  t h e  year .  

A t l a n t i c  menhaden o f  a l l  ages 
congregate o f f  No r t h  C a r o l i n a  f rom 



November t o  March and some spawn t h e r e  
i n  s h e l f  waters  t h a t  a r e  100 t o  200 m 
deep, p robab l y  w i t h i n  70 m o f  t h e  
su r f ace  ( R e i n t j e s  and Pacheco 1966). 
A l l  eggs o f  A t l a n t i c  menhaden 
c o l l e c t e d  by Judy and Lewis (1983) 
were taken a t  depths o f  10 m  o r  l e s s .  
The spawning i s  heav i es t  o f f  Cape 
Lookout,  No r t h  Ca ro l i na ,  f rom December 
th rough  February. A d u l t s  t hen  move 
i nsho re  and nor thward  i n  s p r i n g  and 
s t r a t i f y  by  age and s i z e  a l ong  t h e  
A t l a n t i c  seaboard. A d u l t  menhaden 
have been c o l l e c t e d  from e s t u a r i e s ,  
and some move as f a r  i n l a n d  as t h e  
b rack ish - f reshwate r  boundary. The 
e l d e s t  and l a r g e s t  f i s h  m i g r a t e  t h e  
f a r t h e s t ,  some moving as f a r  n o r t h  as 
t h e  Gulf  o f  Maine. A d u l t s  t h a t  remain 
i n  t h e  South A t l a n t i c  Region move 
southward and reach n o r t h e r n  F l o r i d a  
by f a l l .  Represen ta t i ves  o f  a l l  age 
c l asses  r e t u r n  t o  t h e  s h e l f  waters  o f  
t he  South A t l a n t i c  Region i n  l a t e  
f a1  1. 

Dur ing  m i g r a t i o n  nor thward  i n  
s p r i n g  , spawning occurs p r o g r e s s i v e l y  
c l o s e r  inshore ;  by  l a t e  sp r i ng ,  some 
f i s h  spawn w i t h i n  c o a s t a l  embayments 
o f  t he  No r t h  A t l a n t i c  Region. There 
a r e  d e f i n i t e  s p r i n g  and f a l l  spawning 
peaks i n  t h e  M idd le  and No r t h  A t l a n t i c  
Regions, and some spawning occurs 
d u r i n g  t h e  w i n t e r  i n  t h e  s h e l f  waters  
o f  t h e  M i d - A t l a n t i c  Region. Temporal 
and s p a t i a l  seg rega t i on  o f  spawning 
a c t i v i t y  p rov ides  a  mechanism f o r  t h e  
ex i s t ence  of  races ( =  subpopu la t ions )  . 
Higham and N icho lson  (1964) and Schaaf 
(1979) have specu la ted  t h a t  a female 
may spawn more t han  once i n  a  season. 

Fecund i t y  

Higham and N icho lson  (1964) 
r e p o r t e d  va lues o f  38,000 t o  631,000 
ova pe r  f i s h ,  2nd June (1961a) gave 
va lues o f  40,000 t o  700,000 ova pe r  
f i s h ;  es t imates  depend on t h e  s i z e  o f  
t h e  f i s h .  D i e t r i c h  (1979) r e p o r t e d  
f e c u n d i t i e s  o f  116,000 t o  568,000 
ova p e r  f i s h  a t  age I t o  age V, 
r e s p e c t i v e l y  (Tab le  1 ) .  Higham and 

Tab le  1. Es t imated  f e c u n d i t y  o f  
A t l a n t i c  menhaden a t  d i f f e r e n t  ages 
( f r o m  D i e t r i c h  1979).  

Number o f  e m s  pe r  female u <  8 

( thousands) 
Age Mean Range M 

Nicho l son  (1964) gave t h e  f o l l o w i n g  
equa t i on  f o r  t h e  e s t i m a t i o n  o f  fecun-  
d i t y  (F  = ova pe r  f i s h ;  FL = f o r k  
l eng th ,  mm) : 

D i e t r i c h  (1979) gave t h e  f o l l o w i n g  
equa t ions  ( W  = wet  body we igh t  l e s s  
we igh t  of ova r i es ,  g; A = age, years;  
FL = f o r k  l eng th ,  mm): 

Eggs and Larvae 

Eggs o f  t he  A t l a n t i c  menhaden a r e  
p e l a g i c  and have been r e p o r t e d  t o  
ha t ch  i n  2  days a t  u n s p e c i f i e d  temper- 
a t u res  (Kuntz  and R a d c l i f f e  1917), 2.9 
days a t  15.5 "C ( F e r r a r o  1980a), and 
a t  2.5 t o  2.9 days a t  an average 
temperature o f  15.5 'C ( H e t t l e r  
1981). 



S u r v i v a l  o f  1  abo ra to r y  r ea red  
A t l a n t i c  menhaden embryos t o  h a t c h i n g  
i s  ve r y  1  ow (2% t o  45%) ; 49% t o  94% of 
m o r t a l i t y  occurs be fo re  b l a s t o p o r e  
c l o s u r e  ( F e r r a r o  1980a). 

A t l a n t i c  menhaden l a r v a e  beg in  
f eed ing  on i n d i v i d u a l  zoopl ank te r s  
( R e i n t j e s  and Pacheco 1966) about  4  
days a f t e r  ha t ch i ng  when t h e  y o l k  sac 
i s  a lmos t  absorbed, t h e  eyes a r e  
pigmented, and t h e  mouth i s  func-  
t i o n a l  ( H e t t l e r  1981). Larvae i n  t h e  
South A t l a n t i c  Region e n t e r  e s t u a r i e s  
a f t e r  1 t o  3  months a t  sea ( R e i n t j e s  
1961) a t  f o r k  l eng ths  (FL) o f  14 t o  
34 mm ( R e i n t j e s  and Pacheco 1966);  
f i s h  l onge r  than  30 mm FL a r e  then 
a1 ready metamorphosing t o  t h e  p re -  
j u v e n i l e  morphology (Lewis  e t  a1 . 
1972). T h i s  m i g r a t i o n  i n t o  e s t u a r i e s  
occurs  f rom May th rough  October  i n  
t h e  N o r t h  A t l a n t i c  Region, October  
th rough  June i n  t h e  M i d - A t l a n t i c ,  and 
December th rough  May i n  t h e  South 
A t l a n t i c  Region ( R e i n t j e s  and Pacheco 
1966). As t hey  grow, t h e  l a r v a e  
p robab ly  feed  on p r o g r e s s i v e l y  l a r g e r  
zoop lank te rs  ( K j e l  son e t  a1 . 1975). 

Young f i s h  move i n t o  t h e  sha l l ow  
p o r t i o n s  of e s t u a r i e s  i n c l u d i n g  r i v e r  
shoa ls  and t h e  heads o f  smal l  t i d a l  
c reeks (Massmann 1954; Massmann e t  a l .  
1954; June and Chamberl in 1959; 
Pacheco and Gran t  1965; Wi lkens and 
Lewis 1971; Lewis e t  a l .  1972; 
We ins te in  1979; We ins te in  e t  a l .  
1980; Rozas and Hackney 1984; Rogers 
e t  a1 . 1984). They appa ren t l y  p r e f e r  
Spa r t i na ,  Juncus, and t h e  v e g e t a t i o n  
t y p i c a l  o f x h  t i d a l  marshes and - .  
swamps (Taxodium, Typha, Nyssa, 
Pel tandra ,  Rumex, Sagi t t a r i a ,  Z i z a n i  a)  
over  vege ta ted  h a b i t a t s  i n  open wate r  
(Adams 1976; We ins te in  and Brooks 
1983). Wh i le  i n  e s t u a r i e s ,  A t l a n t i c  
menhaden grow and metamorphose th rough  
a  p r e j u v e n i  1  e  s tage i n t o  j u v e n i  1  es. 

Severa l  s t u d i e s  have r e p o r t e d  
abundances o f  young menhaden t h a t  were 
h i ghe r  i n  p o r t i o n s  o f  e s t u a r i e s  w i t h  
t h e  l owes t  s a l i n i t y  <5 p p t  (Lewis  e t  
a1 . 1972; We ins te in  1979; We ins te in  e t  

a l .  1980). Massmann e t  a l .  (1954) 
r e p o r t e d  t h a t  t h e  abundance o f  p re -  
j u v e n i  1  es was h i g h e r  above than  below 
t h e  b r a c k i  sh - f reshwate r  boundary, and 
Rogers e t  a l .  (1984) showed t h a t  t h i s  
p a t t e r n  p e r s i s t s  d u r i n g  h i g h  r i v e r  
d ischarge .  Massmann e t  a1 . (1954),  
Rozas and Hackney (1984) ,  and Rogers 
e t  a l .  (1984) p rov i ded  ev idence t h a t  
p r e j u v e n i l e  A t l a n t i c  menhaden s e l e c t  
t i d e w a t e r  areas t h a t  a r e  f r e s h  o r  o f  
low s a l i n i t y .  On ly  f i s h  o f  p re j uve -  
n i l e  l eng ths  were r e s i d e n t  i n  low 
s a l i n i t y  r i v e r  shoals  and i n  i n t e r -  
t i d a l  c reeks (Lewis  e t  a l .  1972). 
T h i s  phenomenon p e r s i s t e d  f o r  about 4  
months (Rogers e t  a1 . 1984). 

A  " c r i t i c a l  p e r i o d "  o f  s u r v i v a l  
i n  young f i s h e s  was f i r s t  d e f i n e d  by 
H j o r t  (1914) and d iscussed  f o r  c l u p e i -  
fo rm f i s h e s  by Schumann (1965) and 
May (1974) .  Menhaden, 1  i ke most 
f i s h e s  w i t h  h i g h  f e c u n d i t y  and 1  i t t l e  
p a r e n t a l  ca re ,  ha tch  i n  an undeveloped 
s t a t e .  Such f i s h  t y p i c a l l y  r e l y  on 
energy con ta i ned  i n  t h e  yo lk -sac  f o r  
4-5 days a f t e r  ha t ch i ng ,  a f t e r  which 
t h e y  a r e  s u f f i c i e n t l y  developed t o  
more e f f i c i e n t l y  feed  on an e x t e r n a l  
food  supp ly  (Schumann 1965). Feeding 
o f  t h e  youngest  C l  upea, Engraul i s ,  
and Sardinops l a r v a e  depends l a r g e l y  
on f ood  a v a i l a b i l i t y ;  f i s h  w i l l  e a t  
t o  c a p a c i t y  i n  t h e  presence o f  h i g h  
food  concen t ra t i ons  and s t a r v e  i n  
t h e  absence o f  h i g h  concen t ra t i ons  
because t h e y  a r e  unable t o  move about  
t o  search f o r  food .  A  r o u t i n e  search 
p a t t e r n  i s  i n i t i a t e d  o n l y  a f t e r  an 
encounter  w i t h  o r  cap tu re  o f  a  f ood  
p a r t i c l e .  Given t h e  h e t e r o g e n e i t y  i n  
d i s t r i b u t i o n  o f  p e l a g i c  p l a n k t e r s  and 
t h e  i n a b i l i t y  o f  many c l u p e i f o r m  
f i s h e s  t o  cope w i t h  low f ood  concen- 
t r a t i o n s ,  menhaden p robab ly  have a  
c r i t i c a l  p e r i o d  o f  l a r v a l  s u r v i v a l .  
Year-c lass s t r e n g t h  may be p a r t l y  
determined d u r i n g  t h i s  pe r i od .  T h i s  
problem i s  most l i k e l y  t o  occur  when 
l a r v a e  a r e  spawned o f f s h o r e  o r  swept 
o f f s h o r e  a f t e r  hav i ng  been spawned 
nearshore. I n d i v i d u a l  l a r v a l  cond i -  
t i o n  f a c t o r s  (we igh t - l eng th  r a t i o s )  
i n c rease  r a p i d l y  when t h e  f i s h  e n t e r  



an e s t u a r y  ( ~ e w i s  and Mann 1971) .  
Metamorphos is  i s  n o t  t o t a l l y  dependent 
on l o w  s a l i n i t y ;  H e t t l e r  (1981)  r e a r e d  
A t l a n t i c  menhaden f r o m  eggs t o  
j u v e n i l e s  u s i n g  w a t e r  w i t h  a  h i g h  
s a l i n i t y .  However, metamorphosis 
r a r e l y  i s  success fu l  o u t s i d e  t h e  
f o o d - r i c h ,  l o w - s a l  i n i t y  e s t u a r i n e  
zones ( K r o g e r  e t  a1 . 1974) .  

No d a t a  a r e  a v a i l a b l e  t h a t  l i n k  
s u r v i v a l  a t  y o l k  sac a b s o r p t i o n  t o  
y e a r - c l a s s  s t r e n g t h  o r  t h a t  e n a b l e  
q u a n t i t a t i v e  e s t i m a t e s  o f  m o r t a l i t y  
f r o m  p r e d a t i o n  o r  s t a r v a t i o n  (Ray 
1974) .  Minimum f o o d  c o n c e n t r a t i o n  f o r  
i n c e p t i o n  o f  f e e d i n g  a c t i v i t y  i s  n o t  
known, and s u r v i v a l  c u r v e s  do n o t  
e x i s t  f o r  l a r v a l  A t l a n t i c  menhaden. 
Ne lson  e t  a1 . (1977) ,  , however, 
deve loped an e n v i r o n m e n t - r e c r u i t  model 
i n  an a t t e m p t  t o  e x p l a i n  v a r i a t i o n  i n  
y e a r - c l a s s  s t r e n g t h .  S i n c e  l a r v a l  
menhaden a r e  t h o u g h t  t o  depend l a r g e l y  
on w i n d - d r i v e n  (Ekman) t r a n s p o r t  t o  
r e a c h  e s t u a r i n e  n u r s e r y  grounds 
( p a r t i c u l a r l y  i n  t h e  M i d d l e  and South  
A t 1  a n t i c  Reg ions ) ,  t h e  model i n c o r p o -  
r a t e d  f o u r  v a r i a b l e s :  ( 1 )  t h e  known 
spawning t i m e s  and l o c a t i o n s ;  ( 2 )  w i n d  
v e c t o r s  s p e c i f i c  f o r  y e a r ,  t ime ,  and 
l o c a t i o n ;  ( 3 )  y e a r -  and t i m e - s p e c i f i c  
d i s c h a r g e s  o f  m a j o r  t r i b u t a r y  systems; 
and ( 4 )  t h e  minimum sea s u r f a c e  
t e m p e r a t u r e  a t  t h e  mouth o f  De laware 
Bay. A  s u r v i v a l  i n d e x  was c a l c u l a t e d  
as t h e  r a t i o  o f  observed r e c r u i t m e n t  
t o  t h e  f i s h e r y  (age  I )  t o  t h a t  p r e d i c -  
t e d  b y  a  R i c k e r  (1954)  s p a w n e r - r e c r u i t  
( d e n s i  t y -dependen t )  model . The magni-  
t u d e  o f  t h e  i n d e x  " s h o u l d  r e f l e c t  
t h o s e  e n v i r o n m e n t a l  ( d e n s i t y  indepen-  
d e n t )  e f f e c t s  wh ich  i n f l u e n c e  s u r v i v a l  
o f  menhaden f r o m  t h e  t i m e  o f  spawning 
t o  t h e  t i m e  o f  r e c r u i t m e n t  t o  t h e  
f i s h e r y  a t  age I" ( N e l s o n  e t  a l .  
1977) .  The model e x p l a i n e d  84% o f  t h e  
v a r i a t i o n  i n  t h e  s u r v i v a l  i n d e x  f o r  
t h e  y e a r s  i n v e s t i g a t e d  (1961-71) ; 
Ekman t r a n s p o r t  was t h e  p r i n c i p a l  
component. The c o r r e l a t i o n  has n o t  
been s t a t i s t i c a l l y  s i g n i f i c a n t  i n  
r e c e n t  y e a r s  (D. Vaughan, N a t i o n a l  
Mar,ine F i s h e r i e s  S e r v i c e  (NMFS) , 

B e a u f o r t ,  N o r t h  C a r o l i n a ;  p e r s .  
comm. ) . 

S u r v i v a l  o f  A t l a n t i c  menhaden t o  
age I has been e s t i m a t e d  b y  compar ing 
e s t i m a t e s  o f  p o p u l a t i o n  s i z e  o f  age I 
f i s h  (based on a  v i r t u a l  p o p u l a t i o n  
a n a l y s i s  t h a t  i n c o r p o r a t e d  d a t a  f r o m  
commercial  l a n d i n g s )  w i t h  number o f  
eggs p r e d i c t e d  t o  have been spawned 
i n  p r e v i o u s  y e a r s .  E s t i m a t e s  o f  
r e c r u i t s  p e r  m i l l i o n  eggs spawned 
have ranged f r o m  27 t o  159 ( N e l s o n  e t  
a l .  1977) and f r o m  78 t o  282 
( D i e t r i c h  1979). 

J u v e n i  1  es and Adul  t s  

Metamorphos is  marks a  change i n  
f e e d i n g  mode f r o m  c a p t u r i n g  i n d i v i d u a l  
z o o p l a n k t o n  t o  f i  1  t e r - f e e d i n g  (June 
and C a r l s o n  1971; D u r b i n  and D u r b i n  
1975) .  T h i s  s h i f t  i s  accompanied by  a  
l o s s  o f  t e e t h ,  an i n c r e a s e  i n  t h e  
number and c o m p l e x i t y  o f  g i l l  r a k e r s ,  
and an i n c r e a s e  i n  t h e  c o m p l e x i t y  and 
m u s c u l a t u r e  o f  t h e  d i g e s t i v e  t r a c t  
(June and C a r l  son 1971) .  P r e j u v e n i l e s  
a r e  somewhat i n t e r m e d i a t e  i n  f e e d i n g  
mode (June  and C a r l s o n  1971) and body 
s t r u c t u r e  (June and C a r l s o n  1971; 
Lew is  e t  a1 . 1972).  

J u v e n i l e s  b e g i n  c o n g r e g a t i n g  i n  
dense s c h o o l s  as t h e y  l e a v e  shoa l  
areas.  Most  e m i g r a t e  f r o m  e s t u a r i e s  
f r o m  August  t h r o u g h  November ( e a r l  i e s t  
i n  t h e  N o r t h  A t l a n t i c  Reg ion)  a t  
l e n g t h s  o f  55 t o  150 mm FL (June 
1961a) o r  55 t o  140 mm t o t a l  l e n g t h  
(TL)  ( N i c h o l s o n  1978) .  N i c h o l s o n  
s t a t e d  t h a t  most  e m i g r a n t s  a r e  75 t o  
110 mm TL. As j udged  by  t h e  r e s u l t s  
o f  e x t e n s i v e  t a g g i n g ,  many age 0  f i s h  
m i g r a t e  southward a l o n g  t h e  N o r t h  
C a r o l i n a  c o a s t  i n  l a t e  f a l l  and 
e a r l y  w i n t e r  ( N i c h o l s o n  1978) .  F i s h  
i n  t h e  southernmost  p o r t i o n  o f  t h e  
South  A t l a n t i c  Region,  however, 
showed 1  ess  o f f s h o r e  m i g r a t . i o n  
(Dah'l b e r g  1970) ,  and t a g g i n g  r e s u l t s  
i n d i c a t e d  t h a t  j u v e n i l e s  l e a v i n g  t h e  
e s t u a r i e s  o f  t h e  South  A t 1  a n t i c  Reg ion 
and t h e  N o r t h  A t l a n t i c  Region may n o t  



move f a r  n o r t h  o r  s o u t h  d u r i n g  t h e i r  
f i r s t  y e a r  ( N i c h o l  scn 1978) .  L a r v a e  
e n t e r i n g  e s t u a r i e s  l a t e  i n  t h e  season 
may rema in  i n  t h e  e s t u a r y  one a d d i -  
t i o n a l  y e a r  and e m i g r a t e  a t  age I. 
Some j u v e n i l e s  and a d u l t s  a r e  found  i n  
sounds and bays a l o n g  t h e  Sou th  
A t l a n t i c  Reg ion d u r i n g  m i l d  w i n t e r s  
(June 1961a) .  F i s h  l e a v i n g  e s t u a r i e s  
a l o n g  t h e  e n t i r e  A t l a n t i c  seaboard 
e v e n t u a l l y  d i s p e r s e  t h r o u g h o u t  most  o f  
t h e  g e o g r a p h i c  range  ( N i c h o l s o n  1978) .  

Most  A t l a n t i c  menhaden reach  
m a t u r i t y  by t h e  end o f  t h e i r  second 
f u l l  y e a r .  About  10% were found  t o  
be capab le  o f  spawning a t  age I ( l a t e  
i n  t h e  y e a r ) ,  and 90% a t  age J I  
(Higham and N i c h o l s o n  1964) .  F i s h  o f  
a l l  ages, however, a r e  found  i n  t h e  
m i g r a t i n g  schoo ls .  A1 though A t l a n t i c  
menhaden can l i v e  8  t o  10 y e a r s  (June 
and Ro i thmayr  1960) ,  f i s h  o l d e r  t h a n  
age I V  had been r a r e  i n  t h e  commercial  
c a t c h .  As s t o c k s  r e b u i  1  d, however, 
age V and V I  f i s h  a r e  becoming more 
common and may be l o c a l l y  abundant i n  
t h e  N o r t h  A t l a n t i c  and N o r t h  C a r o l i n a  
f a 1  1  f i s h e r y  (Powers 1984) .  

A d u l t  f e e d i n g  b e h a v i o r  i s  
a f f e c t e d  by f o o d  a v a i l a b i l i t y  ( D u r b i n  
and D u r b i n  1975; D u r b i n  e t  a l .  1981) .  
Swimming speed i s  i n c r e a s e d  a t  h i g h e r  
f o o d  c o n c e n t r a t i o n s ,  and a s s o c i a t e d  
e n e r g e t i c  c o s t s  r i s e  e x p o n e n t i a l l y .  
Model i n g  s t u d i e s  have suggested t h a t  
A t l a n t i c  menhaden max imize g r o w t h  
r a t e ,  n o t  e f f i c i e n c y  ( D u r b i n  and 
D u r b i n  1983) ,  and t h a t  e f f i c i e n c y  o f  
d i e t a r y  a s s i m i l a t i o n  changes seasona l -  
l y  w i t h  t h e  q u a l i t y  o f  a v a i l a b l e  food .  
The A t l a n t i c  menhaden has b e h a v i o r a l ,  
p h y s i o l o g i c a l  , and m o r p h o l o g i c a l  
a d a p t a t i o n s  f o r  an a c t i v e  m i g r a t o r y  
e x i s t e n c e  i n  w a t e r s  w i t h  pronounced 
seasonal  and s p a t i a l  v a r i a t i o n  i n  food 
abundance. I t  has l a r g e  1  i p i d  
r e s e r v e s  t h a t  a r e  s e a s o n a l l y  a s s i m i -  
l a t e d  ( D u r b i n  and D u r b i n  1983) ,  a  body 
shape adapted f o r  c o n t i n u o u s  swimmivg, 
and c o p i o u s  body mucus (Dah lbe rg  
1970) .  

GROWTH CHARACTERISTICS 

Growth r a t e s  v a r y  among y e a r s  and 
l o c a l i t i e s  t h r o u g h o u t  t h e  s p e c i e s '  
range  (June and R e i n t j e s  1959, 1960; 
June 196:Lb; June and N i c h o l s o n  1964; 
N i c h o l s o n  and Higham 1964a, 1964b, 
1965; N i c h o l s o n  1975; R e i s h  e t  a l .  
1985) .  The age o f  A t l a n t i c  menhaden 
can be  de te rm ined  f r o m  annual  s c a l e  
mark ings  (McHugh e t  a l .  1.959; June and 
Roi  thmayr  1960; K r o g e r  e t  a1 . 1974) .  

F i s h  o f  t h e  same age a r e  p r o g r e s -  
s i v e l y  l a r g e r  i n  more n o r t h e r l y  f i s h -  
e r i e s  ( N i c h o l s o n  1978; R e i s h  e t  a l .  
1985) ,  b u t  ma tu re  a t  s m a l l e r  s i z e s  i n  
more s o u t h e r l y  a reas .  Minimum s i z e  a t  
m a t . u r i t y  was 180 mm FL i n  t h e  Sou th  
A t l a n t i c  and 210 mm FL i n  t h e  M i d d l e  
A t l a n t i c  (Higham and N i c h o l s o n  
1964) .  The re  i s  ev idence  t h a t  g r o w t h  
r a t e s  have changed i n  response t o  
f i s h i n g  p r e s s u r e :  f i s h  o f  t h e  same age 
were l a r g e r  i n  t h e  l a t e  1960 ' s  and 
e a r l y  1970 ' s  t h a n  i n  t h e  l a t e  1 9 5 0 ' s  
and e a r l y  1 9 6 0 ' s  ( N i c h o l s o n  1975) .  
R e i s h  e t  a l .  (1985)  i n d i c a t e d  t h a t  
g rowth  r a t e s  do n o t  depend upon f i s h  
abundance. A t l a n t i c  menhaden i n  y e a r s  
o f  h i g h  abundance p r o b a b l y  a r e  s m a l l e r  
t h a n  A t l a n t i c  m e n h a d e ~  i n  y e a r s  o f  l o w  
abundance because t h e  f o r m e r  were 
s m a l l e r  a t  t h e  t i m e  c f  r e c r u i t m e n t ,  
n o t  because o f  any d i f f e r e n c e  i n  
g r o w t h  r a t e s  a f t e r  r e c r u i t m e n t .  

Growth has been shown t o  be a l l o -  
m e t r i c  i n  1  a r v a l  , p r e j u v e n i l e  (Lew is  
e t  a l .  1972) ,  j u v e n i l e  (Lew is  e t  a l .  
1972; E p p e r l y  1981) ,  and a d u l t  s tages .  
R e i s h  e t  a1 . (1985) ,  however,  r e p o r t e d  
t h a t  A t l a n t i c  menhaden e x h i b i t e d  
g rowth  t h a t  was c l o s e  t o  i s o m e t r i c ,  
a l t h o u g h  g r o w t h  appeared t o  become 
a1 l o m e t r i c  w i t h  i n c r e a s i n g  age. Th ree  
d i f f e r e n t  " s tanzas"  o f  g r o w t h  i n  young 
menhaden were r e p o r t e d  by  Lew is  e t  a l .  
( 1972) ,  w i t h  i n f l e c t i o n  p o i n t s  
a t  30 and 38 mm TL ( 7 0  and 469 mg 
w e i g h t ) .  These p o i n t s  se rved  as t h e  
Oas is  f o r  t h e i r  d i v i s i o n  o f  t h e  l i f e  
h i s t o r y  s tages .  Ba lon  (1984)  p o i n t e d  
o u t  t h a t  t h e s e  a r e  f u n c t i o n a l ,  n o t  



a r b i t r a r y ,  d i v i s i o n s .  Lewis e t  a1 . 
(1972) c i t e d  an unpubl i shed  manuscr ip t  
t h a t  s t a t e d  t h a t  t h e  r e l a t i o n s h i p  
between 1  ength and we igh t  i s  s i m i l a r  
f o r  j u v e n i l e s  and a d u l t s .  Length- 
weight  convers ions can be made us ing  
t h e  app rop r i a te  equa t i on  i n  Table 2. 

spawned and en te red  t h e  es tuary .  
Young o f  t h e  n e x t  yea r  c l ass  a r r i v e d  
i n  t h e  s p r i n g  o n l y  20 t o  30 mm TL 
s h o r t e r  than  t h e  sma l l es t  f i s h  o f  t h e  
p rev ious  yea r  c l ass .  These f a c t o r s ,  
combined w i t h  d i f f e r e n c e s  i n  1  a r v a l  
growth r a t e s  (Lewis e t  a l .  1972; Kro- 
ger  e t  a l .  1974) and l a t i t u d i n a l  d i f -  
ferences i n  growing season, p robab ly  
e x p l a i n  t h e  observed d i f f e r e n c e s  i n  
s i zes  o f  f i s h  o f  t h e  same "age" w i t h i n  
a  s i n g l e  y e a r ' s  ca tch .  See Durb in  
and Durb in  (1983) and t h e  s e c t i o n  on 
L i f e  H i s t o r y  f o r  d i scuss ions  o f  
growth i n  r e l a t i o n  t o  feed ing ,  
environment , and body morphol ogy. 

A t l a n t i c  menhaden growth begins 
i n  s p r i n g  and ends i n  f a l l ,  as t h e  
water  temperature crosses an approx i  - 
mate 15 "C t h resho ld  (Kroger  e t  a l .  
1974). A t  Beau fo r t  I n l e t ,  No r t h  Caro- 
l i n a ,  age 0  f i s h  ranged f rom 40 t o  185 
mm TL a t  t h e  end o f  t h e  growing sea- 
son, depending on when t hey  were 

Table 2. Weight- length regress ions  f o r  A t l a n t i c  menhaden; l o g e  we igh t  = a  + b  
(log, l e n g t h ) .  

Types o f  
measurement u n i t s  
Weight Length Locat  i o n  
(we t )  (mil) 

Whi te  Oak R i v e r  Estuary,  NC1 

Larvae ( 6  30 mm TL) 

P re j uven i l es  (30-38 mm TL) 

Juven i l es  ( 2  38 mm TL) 

Fa1 1  and w i n t e r  spawners and o f f s p r i n g  
(Middle,  S. A t l a n t i c   region^)^ 

Nor th  A t1  a n t i c  s p r i n g  spawners 
and o f f s p r i n g 2  

M idd le  A t l a n t i c  spawners and 
o f f s p r i  ng2 

South A t l a n t i c  spawners and 
o f f s p r i n g 2  

A l l  spawners, f o r  t h e  f i s h e r y  
as a whole3 

l ~ e w i s  e t  a l .  1972. 
* ~ p p e r l y  1981. 
3 ~ o u g l a s  Vaughan, Na t i ona l  Mar ine  F i s h e r i e s  Serv ice ,  pers.  comm. 



A t l a n t i c  menhaden reach l eng ths  
o f  about 500 mm TL and we igh ts  o f  ove r  
1,500 g  a t  ages o f  8  t o  10 years .  
Cooper ( 1965) c o l  1  ec ted  an 8-year-01 d  
t h a t  measured 470 mm TL and weighed 
1,674 g. 

THE FISHERY 

H i s  t o r y  

The A t l a n t i c  menhaden f i s h e r y  was 
f i r s t  e s t a b l i s h e d  i n  t h e  l a t e  1600 's  
and e a r l y  1700 's  t o  o b t a i n  f i s h  f o r  
a g r i c u l t u r a l  f e r t i  1  i z e r  ( F r y e  1978). 
I n  t h e  e a r l y  18001s, an i n d u s t r y  was 
developed t o  o b t a i n  o i l  f rom 
menhaden (Goode 1879; Goode and C l a r k  
1887), and by 1869 t h e r e  were 90 
r e d u c t i o n  p l a n t s  i n  Nor th  C a r o l i n a  
a lone  (June 1961a). Today t h i s  
spec ies  c o n t r i b u t e s  25% t o  40% o f  t h e  
l and ings  i n  t h e  l a r g e s t  commercial 
f i s h e r y  ( by  we igh t ,  B r e v o o r t i a  
spec ies )  i n  t h e  Un i t ed  S ta tes .  Annual 
l and ings  f o r  1979 t o  1981 averaged 
about 400,000 m e t r i c  t ons  and $38 
m i l l i o n  i n  market  va l ue  (NMFS 1980, 
1981, 1982, 1983, 1984, 1985).  P l a n t s  
t h a t  process A t1  a n t i c  menhaden 
p roduc ts  c u r r e n t l y  opera te  f rom Maine 
t o  F l o r i d a .  About 96% t o  98% o f  t h e  
ca t ch  i s  s o l d  t o  l i v e s t o c k  and cos- 
m e t i c  i n t e r e s t s  as f i shmea l ,  s o l u b l e  
p r o t e i n s ,  and o i l s ;  t h e  r e s t  i s  used 
i n  p e t  food  p roduc ts  and as f i s h  b a i t  
(NMFS 1980, 1981, 1982, 1983, 1984, 
1985). Most o f  t h e  l and ings  a r e  made 
w i t h  purse se ines.  Federa l  e f f o r t s  t o  
c o l l e c t  da ta  f o r  managerent o f  A t l a n -  
t i c  menhaden began i n  1955 (June 
1957). 

The Catch 

The A t l a n t i c  menhaden f i s h e r y  has 
two annual phases: a  summer and f a l l  
f i s h e r y  f rom Maine t o  n o r t h e r n  
F l o r i d a ,  and an i n t e n s i v e  f a l l  and 
w i n t e r  f i s h e r y  o f f  No r t h  Ca ro l i na  
between Cape Lookout and New R i v e r  
I n l e t  (June 1961a; N icho lson  1978). 
Landings f o r  t h e  e n t i r e  f i s h e r y  have 

r e c e n t l y  i n c l uded  p r i m a r i l y  age I and 
I 1  f i s h .  Dur ing  t h e  summer f i s h e r y  i n  
t h e  South A t l a n t i c  Region, f i s h  caught  
have been mos t l y  ages I and I 1  except  
i n  1984 when a  l a r g e  number o f  age 0  
f i s h  were caught;  t h e  n o r t h  F l o r i d a  
1  andings have been composed mos t l y  o f  
age I f i s h .  Concur ren t l y ,  f i s h  i n  t h e  
Chesapeake Bay area and t h e  sou thern  
p o r t i o n  o f  t h e  M i d - A t l a n t i c  Region a r e  
a l s o  age I and 11, a l though  t hey  a re  
l onge r  and heav ie r  on t h e  average. 
Some f i s h  o f  ages 111 and I V  a r e  
p resen t  i n  an e a r l y  s p r i n g  pound-net 
f i s h e r y  i n  Chesapeake Bay. Most o f  
t h e  f i s h  caught  i n  t h e  n o r t h e r n  
p o r t i o n  o f  t h e  M i d - A t l a n t i c  Region a re  
of ages I 1  and 111, t h e  age I 1  f i s h  
be i ng  l a r g e r  than those  t o  t h e  south.  
For  t h e  e n t i r e  A t l a n t i c  menhaden 
f i s h e r y ,  t h e  average percentage o f  
numbers o f  age I and I 1  f i s h  between 
1955 and 1984 was 78.4%; t h e  range was 
51.4% ( i n  1961) t o  95.9% ( i n  1970). 
Numbers o f  age 0  f i s h  composed 25% o r  
more o f  t h e  c a t c h  f o r  t h e  e n t i r e  
f i s h e r y  i n  1955, 1966, 1979, 1981, 
1983, and 1984 (D. Vaughan, Na t i ona l  
Mar ine  F i s h e r i e s  Serv ice ;  pers .  
comm.). The n o r t h  A t l a n t i c  f i s h e r y  
opera tes  f rom mid-June th rough  October 
and p r i m a r i l y  e x p l o i t s  f i s h  o f  age I 1 1  
o r  o l d e r .  The purse  se i ne  f i s h e r y  
n o r t h  o f  Cape Ha t t e ras  i s  over  by l a t e  
November. Age 0  f i s h  beg in  t o  be 
vu l ne rab le  t o  t h e  f i s h e r y  d u r i n g  l a t e  
f a l l  and w i n t e r  f rom Chesapeake Bay 
south. The No r t h  Ca ro l i na  f a l l  
f i s h e r y  i s  composed o f  f i s h  o f  a l l  age 
c l  asses; age 0  f i s h  have predominated 
s i n c e  1971, except  i n  1980 and 1982. 

A t l a n t i c  menhaden s tocks  were 
d r a s t i c a l l y  reduced d u r i n g  t h e  1960's.  
Annual l and ings  dropped f rom 671,400 
m e t r i c  tons  i n  1955 t o  about  200,000 
m e t r i c  tons  pe r  y e a r  f rom 1966 th rough  
1969 (Nelson e t  a1 . 1977). As t h e  
p o p u l a t i o n  s i z e  decreased, t h e  age 
s t r u c t u r e  a l s o  changed. F i s h  o l d e r  
than age 111 became scarce and f i s h  
o l d e r  than age I V  were p r a c t i c a l l y  
non -ex i s t en t  even i n  t h e  No r t h  
Caro l  i n a  f a1  1  - w i n t e r  f i s h e r y .  Many 
n o r t h e r n  p rocess ing  p l a n t s  c l osed  



down -- e s p e c i a l l y  t h o s e  i n  t h e  New 
England a rea ,  where t h e  f i s h e r y  
depended on f i s h  o f  ages 111 and I V  
(Henry  1971; N i c h o l s o n  1975) .  Pge I 
and I 1  f i s h  c o n s t i t u t e d  t h e  b u l k  o f  
t h e  l a n d i n g s  and age 0  became more 
i m p o r t a n t  ( N i c h o l s o n  1975) .  The 
s t o c k s  began t o  r e c o v e r  i n  t h e  e a r l y  
19701s ,  when age I 1 1  f i s h  a g a i n  
appeared i n  N o r t h  A t l a n t i c  c a t c h e s .  
The f i r s t  s i g n i f i c a n t  Maine l a n d i n g s  
(3,100 m e t r i c  t o n s )  s i n c e  t h e  1 9 6 0 ' s  
o c c u r r e d  i n  1973 (NMFS 1973, 1974, 
1975; Ne lson  e t  a l .  1977) .  N o r t h  
A t l a n t i c  ( f r o m  Cape Cod, Massachu- 
s e t t s ,  t o  Cape Bre ton ,  Nova S c o t i a )  
l a n d i n g s  i n  1929-71 c o r r e l a t e d  
s t r o n g l y  w i t h  3 -yea r -1  agged 1  o c a l  
w a t e r  t empera tu res  and m i x i n g  f a c t o r s  
f o r  S t .  Lawrence R i v e r  i n p u t s  
( S u t c l i f f e  e t  a l .  1977) .  These N o r t h  
A t l a n t i c  f i s h ,  t hough  v u l n e r a b l e  
t h r o u g h o u t  t h e  f i s h e r y ,  may be a  
u n i q u e  b i o l o g i c a l  s t o c k .  Catches 
c o n t i n u e d  t o  improve  i n t o  t h e  e a r l y  
1980 ' s ;  however, t h e  s i z e  o f  t h e  
r e p r o d u c t i v e  s t o c k s  (ages I 1 1  and I V )  
remained l o w  ( A t 1  a n t i c  Menhaden 
Management Board [AMMB] 1981; NMFS 
1983, 1984, 1985) .  Heavy e x p l o i t a t i o n  
r e s u l t s  i n  s m a l l e r  and f e w e r  f i s h  
(June 1972) and h i g h e r  c a t c h a b i l  i t y  
c o e f f i c i e n t s  (Schaa f  1979) .  The 
imp1 i c a t i o n s  o f  t h e s e  phenomena a r e  
n o t  f u l  l y  unders tood ;  however, a  r e c e n t  
model showed t h a t  p o l l u t i o n  s t r e s s  may 
g r e a t l y  r e d u c e  f i  r s t - y e a r  s u r v i v a l  r a t e  
(Schaa f  e t  a l .  1987). 

Manaaement 

S t a t e  agenc ies ;  o n l y  t h e  s t a t e s  have 
f i n a l  r e g u l  a,tory power. 

The s t o c k s  have g e n e r a l  l y  been 
unmanaged. Ne lson  e t  a l .  (1977)  
suggested t h a t  t h e  f i s h e r y  i s  somewhat 
s e l f - r e @ u ? a t i n g  i n  t h a t  reduced 
c a t c h e s  b r i n g  a b o u t  reduced e f f o r t  and 
p l a n t  c l o s u r e s ,  a l l o w i n g  t h e  s t o c k s  t o  
r e c o v e r .  They s t r e s s  t h a t  p r o p e r  
management p r a c t i c e s  c o u l  d  reduce  t h e  
chance o f  r e p e a t i n g  t h e  m i s t a k e s  o f  
t h e  p a s t  and p r e v e n t  a  c r a s h  i n  t h e  
f i s h e r y .  I n  a d d i t i o n ,  Schaaf (1975)  
p o i n t e d  c u t  t h a t  "a1 l o w i n g  t h e  f i s h e r y  
t o  be c o n t r o l  l e d  . . . by  t h e  econo- 
m i c s  o f  f r e e  marke t  c o m p e t i t i o n  . . . 
assu res  t h a t  ( 1 )  t h e  average p r o f i t  
f o r  t h e  who le  i n d u s t r y  w i l l  be z e r o  . . . and ( 2 )  t h e r e  i s  no mechanisv  t o  
p r o v i d e  f o r  p r o t e c t i o n  o f  t h e  
r e s o u r c e ,  s i n c e  i f  e i t h e r  c o s t s  go 
down o r  v a l u e  goes up new e f f o r t  can 
a f f o r d  t o  e n t e r  t h e  f i s h e r y  and 
e v e n t u a l l y  may exceed t h e  BBEP 
[ B i o l o g i c a l  Break-Even P o i n t ,  a  p o i n t  
a t  wh ich  t h e  f i s h e r y  c o l l a p s e s ] . "  
Schaaf  (1975)  a l s o  warned t h a t  t h e  
l e v e l  o f  e f f o r t  when t h e  f i s h e r y  
c o l l a p s e d  i n  t h e  1 9 6 0 ' s  m i g h t  be 
m a i n t a i n e d  d u r i n g  t h e  m id -1970 ' s  even 
i f  c a t c h e s  dropped t o  200,GGO v e t r i c  
t o n s  p e r  y e a r  because p r o d u c t  p r i c e s  
were h i g h e r  a t  t h a t  t i m e .  He u rged  
i m p l e m e n t a t i o n  o f  a  f l e x i b l e  q u o t a  
sys tem c o o r d i n a t e d  by  t h e  A t l a n t i c  
S t a t e s  M a r i n e  F i s h e r i e s  Commission 
(ASMFC) t h a t  wou ld  a l l o w  t h e  s t o c k s  t o  
c o n t i n u e  t o  r e b u i l d  w h i l e  e f f o r t  
r e g u l a t i o n  mechanisms were s t u d i e d .  

More t h a n  50% o f  t h e  annual  
l a n d i n g s  o f  A t l a n t i c  menhaden a r e  f r o m  
w i t h i n  S t a t e  t e r r i t o r i a l  w a t e r s ,  
m o s t l y  f r o m  t h e  Chesapeake Bay a r e a  
(R. B.  Chapoton, NMFS, B e a u f o r t ,  N o r t h  
C a r o l i n a ;  p e r s .  comm.). T h i s  f a c t ,  
combined w i t h  t h e  m i g r a t o r y  n a t u r e  o f  
t h e  s p e c i e s  and t h e  dependence o f  
n o r t h e r n  f i s h e r i e s  on escapement o f  
age I and I 1  f i s h  f r o m  f i s h e r i e s  i n  
t h e  South  A t l a n t i c  Reg ion and 
Chesapeake Bay ( N i c h o l s o n  1978) ,  makes 
r e g u l a t i o n  a  compromise s i t u a t i o n  
between t h e  i n h s t r y  and Federa l  and 

The management o p t i o n  endorsed by  
t h e  ASMFC, O p t i o n  7  o f  t h e  A t l a n t i c  
Menhaden A d v i s o r y  Committee, proposed 
t h e  f o l l o w i n g  c l o s i n g  d a t e s  t o  p r o t e c t  
age 0  r e c r u i t s :  t h e  week e n d i n g  
between Oc tober  4 and 10 f o r  t h e  N o r t h  
A t l a n t i c ,  t h e  week e n d i n g  between 
Oc tober  11 and 17 f o r  t h e  Mid-  
A t l a n t i c ,  t h e  week e n d i n g  between 
November 8  and 14 f o r  Chesapeake Bay, 
and t h e  week e n d i n g  between December 
13 and 19 f o r  t h e  South  A t l a n t i c .  
T h i s  c l o s u r e  wou ld  p r i m a r i l y  a f f e c t  
t h e  N o r t h  Caro l  i n a  l a t e - f a 1  1  f i s h e r y .  



To be e f f e c t i v e ,  t h e  r e g u l a t i o n  s t i l l  
needs t o  be implemented i n  No r t h  
Ca ro l i na ;  i t  has been iwplemented 
a l r eady  i n  s i x  s t a t e s  ( V i r g i n i a  and 
n o r t h ) .  Na t i ona l  Mar ine F i s h e r i e s  
Se rv i ce  personnel have analyzed t h e  
e f f e c t s  t h a t  Op t i on  7  would have by  
u s i n g  da ta  f o r  1976-82. Increases i n  
y i e l d - p e r - r e c r u i  t ranged f rom 0.4% t o  
> l o %  and v a r i e d  w i t h  s t r e n g t h  of t h e  
t a r g e t e d  age 0 y e a r  c l a s s  and t h e  
t i n l i n g  o f  a r r i v a l  a t  t h e  No r t h  
C a r o l i n a  f a l l  f i s h e r y .  These e s t i -  
mates may be low because of sampl ing 
e r r o r s ,  b u t  would be s u b s t a n t i a l l y  
g r e a t e r  . on l y  i n  years  w i t h  ve r y  
abundant age 0  coho r t s  t h a t  a r r i v e  a t  
t h e  No r t h  C a r o l i n a  f a l l  f i s h e r y  
a f t e r  t h e  mid-December c l o s i n g  d a t e  
(D. Vaughan, pers .  comm.). Th i s  
management s t r a t e g y  i s  an ex tens i on  of 
NMFS recommendations made s i nce  t h e  
e a r l y  yea rs  o f  s tudy.  The con t inued  
e x i s t e n c e  o f  t h e  A t1  a n t i c  menhaden 
f i s h e r y  d e s p i t e  heavy e x p l o i t a t i o n  i s  
q u i t e  u n l i k e  t h a t  o f  o t h e r  w e l l -  
s t u d i e d  c l u p e i d  s t ocks  (Schaaf 1979), 
and p robab l y  i s  a  p roduc t  o f  d i f f e r -  
ences i n  dens i t y - independent  phenomena 
(e.g., r e p r o d u c t i v e  s t r a t e g y ) .  I n  
s p i t e  o f  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  
managing such a  complex resource,  t h e  
p rospec ts  o f  deve lop ing  a  workable 
management p l a n  a r e  good, p r i m a r i l y  
due t o  t h e  c a p a b i l i t y  of t h e  s tocks  t o  
respond t o  conse rva t i on  o f  age 0  f i s h  
(Schaaf 1975). However, t h e  coopera- 
t i o n  o f  a f f e c t e d  s t a t e s  i s  necessary 
t o  e f f e c t i v e l y  implement such a  p lan .  

Annual maximum sus ta i ned  y i e l d  
(MSY) f rom h i s t o r i c  c a t c h - e f f o r t  da ta  
has been es t imated  by Schaaf and 
Huntsman (1972) a t  600,000 m e t r i c  
tons  and by Schaaf (1975) a t  560,000 
m e t r i c  tons .  Es t imates  i n c o r p o r a t i n g  
t h e  use o f  a  R i c k e r  (1954) spawner- 
r e c r u i t  ( dens i  ty-dependent s u r v i v o r -  
s h i p )  model were g i ven  as 380,000 
m e t r i c  tons  pe r  y e a r  by Schaaf and 
Huntsman (1972) and averaged 419,000 
m e t r i c  t ons  pe r  yea r  on t h e  bas i s  o f  
known s u r v i v o r s h i p  i n  1961-71 (Nelson 
e t  a1 . 1977). The r ec ru i t - env i r onmen t  
model developed by Nelson e t  a1 . 

(1977) 1  i kewise averaged 419,000 
m e t r i c  tons  pe r  y e a r  (1961-71) and i s  
proposed t o  o f f e r  a  way o f  " f i n e -  
t u n i n g "  p r e d i c t e d  c a t c h  on a  y e a r l y  
bas i s  by c o n s t a n t l y  upda t i ng  y i e l d  
es t imates .  The v u l n e r a b i l i t y  o f  t h e  
A t l a n t i c  menhaden f i s h e r y  t o  f l u c t u a -  
t i o n s  i n  y e a r  c l a s s  s t r e n g t h  was f i r s t  
p o i n t e d  o u t  by June (1961a).  It has 
s i nce  been s t r essed  t h a t  t h e  ma in te -  
nance o f  a  h e a l t h y  s t ock  o f  spawning- 
age f i s h  should be a  p r ima ry  concern 
o f  management (Schaaf and Huntsman 
1972; Schaaf 1975; Nelson e t  a1 . 1977; 
Vaughan 1977).  Good s tocks  of 
spawning-age f i s h  would b r i n g  mu1 t i p l e  
b e n e f i t s ,  i n c l u d i n g  h i g h e r  reproduc-  
t i v e  p o t e n t i a l  (dec reas ing  t h e  e f f e c t s  
o f  yea rs  w i t h  poor  r ec ru i tmen t ) ,  
decreased v u l  n e r a b i l  i ty  t o  weak y e a r  
c lasses ,  and inc reased  we igh t  of  
l and ings  due t o  a  h i g h e r  c o n t r i b u t i o n  
o f  o l d e r  f i s h  t o  t h e  catch.  Recent 
c a l c u l a t i o n s  o f  MSY remain near  
450,000 m e t r i c  tons  (D. Vaughan, 
pers .  comm.) . 

Annual ins tan taneous  n a t u r a l  mor- 
t a l  i t y  was es t imated  a t  0.36 (1955-64) 
by Schaaf and Huntsman (1972) and a t  
0.42 f o r  t h e  1955 yea r  c l a s s  by Nelson 
e t  a1 . (1977).  T h e i r  r e s p e c t i v e  e s t i -  
mates o f  annual i ns tan taneous  f i s h i n g  
m o r t a l i t y  were 0.82 t o  2.14 (1955-64) 
and 0.36 f o r  t h e  1955 yea r  c l ass .  A  
combinat ion o f  t hese  da ta  y i e l d s  t o t a l  
i ns tan taneous  m o r t a l i t y  es t imates  
r ang ing  f rom 1.18 t o  2.56, which 
correspond t o  t o t a l  annual m o r t a l  i t y  
r a t e s  o f  69% t o  92% (ages I - V I ) .  
Reish e t  a l .  (1985) es t imated  annual 
n a t u r a l  m o r t a l i t y  a t  0.54 f o r  l a t e  
j u v e n i l e s  (9-23 months), 0.15 f o r  age 
I (12-23 months),  0.49 f o r  age I 1  
(24-35 months),  and 0.52 f o r  age 3+ 
(36+ months). Except  f o r  t h e  age I 
f i s h ,  these es t imates  were comparable 
w i t h  t h e  annual m o r t a l i t y  o f  0.52 
ob ta ined  f rom mark-recapture da ta  by 
Dry foos  e t  a1 . (1973).  

Subpopul a t i o n s  

Because a  g e n e t i c a l l y  d i s t i n c t  
s t ock  can have i t s  own homogenous 



v i t a l  parameters o f  r e c r u i t m e n t ,  
growth, and m o r t a l  i ty  (Cushing 1968), 
i d e n t i f i c a t i o n  o f  t h e  s t ock  (=suhpopu- 
l a t i o n s )  and s t o c k - s p e c i f i c  b i o l o g i c a l  
t r a i t s  i s  necessary f o r  p roper  manage- 
ment. Var ious au thors  have proposed 
t h e  ex i s t ence  o f  two t o  f i v e  A t l a n t i c  
menhaden subpopu la t ions  or! t h e  bas i s  
o f  m e r i s t i c  and morphometr ic compari-  
sons (June 1958, 1965; Su ther land  
1963; Higham and N icho lson  1964; June 
and N icho lson  1964; Dahlberg 1970; 
Eppe r l y  1981). Dahl be rg  (1970) 
r e p o r t e d  a  d i s t i n c t  subpopu la t ion  o f  
A t l a n t i c  menhaden south o f  Cape 
Canaveral i n  t h e  v i c i n i t y  o f  t h e  
I n d i a n  R i ve r ,  F l o r i d a .  N icho lson  
(1978) s t a t e d  t h a t  t h e  ex tens i ve  
no r t h - sou th  m i g r a t i o n s ,  1  a t i  t u d i n a l  
s t r a t i f i c a t i o n  by age and s i z e  i n  t h e  
summer, and i n t e r m i n g l i n g  o f  a l l  age 
c lasses  south o f  Cape Ha t t e ras  i n  
w i n t e r  p rec lude  t h e  ex i s t ence  o f  more 
t han  one s tock .  Epper l y  (1981),  
however, p rov i ded  e l e c t r o p h o r e t i c  as 
w e l l  as m e r i s t i c  and morphometr ic data 
t h a t  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  
between f i s h  spawned i n  t h e  waters  
n o r t h  o f  Long I s l a n d ,  New York, d u r i n g  
t h e  s p r i n g  and those  spawned i n  t h e  
f a l l  and w i n t e r  i n  t h e  South and 
M i d - A t l a n t i c  Regions. Other  groups -- 
f a l l - spawn ing  f i s h  o f  t h e  G u l f  o f  
Maine and spr ing-spawning f i s h  o f  t h e  
M i d - A t l a n t i c  Region -- may a l s o  be 
d i s t i n c t  subpopu la t ions ,  b u t  t h i s  
aspect  has n o t  been f u l l y  i n v e s t i -  
gated. Menhaden spec ies h y b r i d i z e  
r e a d i l y  (Turner  1969; Dahl be rg  1970), 
b u t  A t l a n t i c  x  y e l l  o w f i n  h y b r i d s  have 
been recorded o n l y  as f a r  n o r t h  as 
Beau fo r t ,  No r t h  C a r o l i n a  (Dahl be rg  
1970). Apparen t l y ,  h y b r i d s  do n o t  
occur  i n  t h e  M i d - A t l a n t i c  Region. 

ECOLOGICAL ROLE 

A t l a n t i c  menhaden occupy two 
d i s t i n c t  t ypes  o f  f eed ing  n iches  
d u r i n g  t h e i r  l i f e t i m e .  They a r e  s i z e -  
s e l e c t i v e  p l ank ton  feeders  as l a r v a e  
and f i l t e r  feeders  as j u v e n i l e s  and 
a d u l t s .  Data on t h e  food  o f  l a r v a e  

b e f o r e  t hey  e n t e r  t h e  es tua r y  do n o t  
e x i s t .  A f t e r  e n t e r i n g  t h e  es tuary ,  
A t l a n t i c  menhaden l a r v a e  appear t o  be 
ex t r eme l y  s e l e c t i v e  f o r  p rey  of c e r -  
t a i n  s i z e s  and spec ies .  Larvae from 
t h e  Newport R i v e r  Es tuary ,  Nor th  
Ca ro l i na ,  26 t o  31  mm TL (x = 29 mm 
TL) , consumed copepods and copepodi t e s  
o f  o n l y  f o u r  taxa ,  which composed 99% 
by numbers and volume o f  t h e i r  g u t  
con ten t s  ( K j e l s o n  e t  a1 . 1975). These 
p rey  i tems,  r ang ing  f rom 300 t o  1200 
um i n  l e n g t h  ( ?  = 750 urn), were eaten 
d e s p i t e  an abundance o f  copepod 
naupl i i , barnac l  e  1  arvae, and smal l  
a d u l t  copepods i n  p l ank ton  tows. 
Larvae t h a t  were o f f e r e d  copepods i n  
t h e  l a b o r a t o r y  ignored  a l l  o t h e r  food 
i tems,  i n c l u d i n g  Ar temia and Balanus 
naupl ii (June and Car lson  '1971). 
L a r v a l  menhaden i n  t h e  Newport R i ve r  
Estuary ,  No r t h  Caro l  i n a ,  f e d  p r i m a r i  l y  
d u r i n g  d a y l i g h t  ( K j e l s o n  e t  a l .  1975). 

J u v e n i l e  and a d u l t  A t l a n t i c  
menhaden s t r a i n  p a r t i c u l a t e s  f rom t h e  
wate r  column w i t h  a  complex s e t  o f  
g i l l  r ake r s .  The r ake r s  can s i eve  
p a r t i c l e s  down t o  7-9 pm i n  s i z e  
( F r i e d l a n d  e t  a1 . 1984), i n c l u d i n g  
zoopl ankton, 1  a rge r  phy top lank ton ,  and 
cha i  n - fo rm ing  diatoms. B iochemica l  
analyses i n d i c a t e d  t h a t  t h e  g u t  
con ten ts  o f  j u v e n i l e s  va r y  w i t h  p rey  
a v a i l a b i l i t y ;  r e 1  iance  on zooplankton 
decreases as t h e  f i s h  move f rom open 
wate rs  t o  marshes ( J e f f r i e s  1975). 
A t l a n t i c  menhaden may a l s o  be capable 
o f  e a t i n g  e p i b e n t h i c  m a t e r i a l s  (Edgar 
and H o f f  1976). Pe te rs  and Schaaf 
(1981) specu la ted  t h a t  t h e  annual 
phy top lank ton  and phytop lankton-based 
p roduc t i on  i n  eas t  coas t  e s t u a r i e s  i s  
n o t  s u f f i c i e n t  t o  suppor t  t h e  j u v e n i l e  
A t l a n t i c  menhaden p o p u l a t i o n  d u r i n g  
i t s  res idency  and t h a t  t h e  abundant 
o rgan i c  d e t r i t u s  may be eaten.  Lewis 
and Pe te rs  (1984) r e p o r t e d  t h a t  
j u v e n i l e  A t l a n t i c  menhaden i n  No r t h  
Caro l  i n a  s a l t  marshes a t e  p r i m a r i l y  
d e t r i t u s .  

The r o l e s  o f  A t l a n t i c  menhaden i n  
systems f u n c t i o n  and community 



dynamics have rece i ved  1  i t t l e  ENVIRONMENTAL REQUIREMENTS 
a t t e n t i o n .  Larvae and . juven i les  a re  
seasonal l y  impo r tan t  components o f  
e s t u a r i n e  f i s h  assemblages (Tagatz and 
Dudley 1961; Cain and Dean 1976; 
Bozeman and Dean 1980). Est imates o f  
t h e  mean d a i l y  r a t i o n  f o r  l a r v a e  range 
from 4.9% ( K j e l s o n  e t  a l .  1975) t o  20% 
(Pete rs  and Schaaf 1981) c j f  wet body 
weight .  A s s i m i l a t i o n  o f  inges ted  
energy exceeded 80% f o r  p l a n t  and 
animal m a t e r i a l  (Du rb in  and Durb in  
1981).  Because of t h e i r  tremendous 
numbers, i n d i v i d u a l  growth r a t e s ,  and 
seasonal movements, these f i s h  
annua l l y  consume and r e d i s t r i b u t e  
l a r g e  amounts of energy and m a t e r i a l s ,  
i n c l u d i n g  exchanges between e s t u a r i n e  
and s h e l f  waters.  

K j e l s o n  e t  a1 . (1975) noted t h a t  
t h e  copepod taxa  p re fe r red  by l a r v a l  
menhaden and o t h e r  species decreased 
from a  mean va lue  ( 2  yea rs )  o f  81% t o  
4 8 n f  t h e  t o t a l  zooplankton biomass 
d u r i n g  t h e  p e r i o d  o f  l a r v a l  res idence.  
They specu la ted  t h a t  t h i s  decrease may 
be p a r t l y  exp la i ned  by l a r v a l  feeding.  
Durb i  n  and Durb i  n  (1975) suggested 
t h a t  A t l a n t i c  menhaden i n  coas ta l  
waters may a l s o  a l t e r  t h e  composi t ion 
of p l ank ton  assemblages by g raz i ng  on 
c e r t a i n  s i z e  ranges. 

Impor tan t  A t l a n t i c  menhaden 
p reda to r s  i n c l u d e  b l u e f i s h  ( Pomatomus 
sa l  t a t r i x )  , s t r i p e d  bass (Morone 
s a x a t i l  i s ) ,  b l  u e f i n  tuna  ( ~ h u n n u s  
thvnnus) ,  and sharks ( R e i n t j e s  and 
Pacheco 1966).  A t1  a n t i c  menhaden 
occur red  i n  13% o f  stomachs o f  sandbar 
sharks (Carcharh inus ~l umbeus). About 
46% o f  t h e  menhaden were consumed whole 
and were 5-10 cm TL. Menhaden consumed 
i n  more than  one p i e c e  o r  p a r t i a l l y  
consumed were 5-17 cm TL. Th i s  p rey  
was t h e  second most f r e q u e n t l y  consumed 
t y p e  f o r  sandbar sharks (Medved e t  a l .  
1984). Because At1 a n t i c  menhaden a r e  
eaten by p reda to r s  i n  severa l  eco- 
systems, t hey  a re  a  d i r e c t  p e l a g i c  l i n k  
i n  t h e  food web between d e t r i t u s  and 
p l ank ton  and t o p  p reda to r s .  

Temperature, Sal i n i  ty, and D isso lved  
Oxygen 

A t l a n t i c  menhaden occur  through a  
wide range o f  physicochemical cond i -  
t i o n s .  Several  s t u d i e s  have r a i s e d  
ques t ions  about l i m i t s  o f  t o l e r a n c e  
and optimum cond i t i ons .  June and 
Chamber1 i n  (1959) and R e i n t j e s  and 
Pacheco (1966) r e p o r t e d  t h a t  l a r v a l  
menhaden d i d  n o t  e n t e r  e s t u a r i n e  
waters a t  temperatures below 3  O C .  

Many s t u d i e s  have noted an a f f i n i t y  o f  
young menhaden f o r  low s a l i n i t y  waters 
(see t h e  L i f e  H i s t o r y  s e c t i o n ) .  
Wilkens and Lewis (1971) specu la ted  
t h a t  l a r v a l  menhaden r e q u i r e  low 
sa l  i n i  t y  water  t o  metamorphose 
p rope r l y ,  and Lewis (1966) found t h a t  
a1 though 1  arvae metamorphosed i n  
s a l i n i t i e s  o f  15 t o  40 pp t ,  o n e - t h i r d  
o f  t h e  j u v e n i l e s  developed s l i g h t l y  
crooked v e r t e b r a l  co l  umns. However, 
l a r v a e  h e l d  i n  t h e  l a b o r a t o r y  a t  25 t o  
40 p p t  metamorphosed comple te ly  w i t h  
no abnormal i t i e s  ( R e i n t j e s  and Pacheco 
1966; H e t t l e r  1981); and l a r v a e  
t rapped i n  a  n a t u r a l  cove a t  Beaufort ,  
Nor th  Caro l  i na ,  t ransformed i n t o  
j u v e n i l e s  a t  24 t o  36 p p t  (Kroger  e t  
a l .  1974).  

S a l i n i t y  a f f e c t s  temperature 
to1  erance, a c t i v i t y ,  metabol ism, and 
growth. Low s a l  i n i  t i e s  decreased 
s u r v i v a l  a t  temperatures below 5  O C ,  

and s u r v i v a l  was poor a t  6  O C  i n  
f reshwater  (Lewis 1966). The e f f e c t  
o f  s a l i n i t y  on upper temperature 
t o l e rance  was n o t  s i g n i f i c a n t  (Lewis 
and H e t t l e r  1968). Larvae t h a t  
H e t t l e r  (1976) reared  a t  5  t o  10 p p t  
e x h i b i t e d  s i g n i f i c a n t l y  h i g h e r  a c t i v i -  
t y  l e v e l s ,  metabol i c  r a t e s ,  and growth 
r a t e s  than  those rea red  a t  28 t o  34 
pp t .  Lewis (1966) a l s o  noted s lower  
growth a t  h i g h  s a l i n i t i e s .  Sub t l e  
p h y s i o l o g i c a l  adap ta t ions  t o  low 
s a l i n i t y  may be an e v o l u t i o n a r y  
response t o  l a r v a e  "seeking"  t h e  
f o o d - r i c h  e s t u a r i n e  environment.  
Rogers e t  a l .  (1984) noted t h a t  p re -  
j u v e n i l e s  o f  many f i s h e s ,  i n c l u d i n g  



those o f  B r e v o o r t i a  spec ies,  en te red  
e s t u a r i n e  h a b i t a t s  d u r i n g  seasonal 
peaks o f  f r eshwa te r  i n f l u x  when t h e  
area o f  l ow-sa l  i n i  t y  and f r e s h  t i d a l  
wa te r  was g rea tes t .  

An impo r t an t  management cons ider -  
a t i o n  i s  t h a t ,  d u r i n g  t h e  e v o l u t i o n  o f  
t h e  A t l a n t i c  menhaden, e s t u a r i n e  zones 
r e c e i v e d  f r eshwa te r  f rom con t iguous  
wet lands and r i v e r i n e  systems. How- 
ever ,  channe l i za t i on ,  d i k i n g  o f  r i v e r  
courses, d i t c h i n g  and d r a i n i n g  o f  
marg ina l  wet1 ands, and u r b a n i z a t i o n  
have reduced t h e  f r eshwa te r  r e t e n t i o n  
c a p a c i t i e s  o f  coas ta l  wet lands.  
Furthermore, e x t e n s i v e  f i l l  i n g  o f  
e s t u a r i n e  marshlands has d im in i shed  
t h e  a rea  r e c e i v i n g  r u n o f f  i n  many 
l o c a t i o n s .  I n  combinat ion,  these  
changes cause r a p i d  d ischarge  o f  h i g h  
volumes o f  f r eshwa te r  d u r i n g  b r i e f  
pe r i ods  and reduced amounts o f  f r e s h -  
wa te r  a t  o t h e r  t imes .  High i n f l o w s ,  
p a r t i c u l a r l y  those  t h a t  occur  i n  e a r l y  
s p r i n g  a f t e r  t h e  a r r i v a l  o f  p re -  
j u v e n i l e  menhaden, can expcse f i s h  t o  
extreme f l  u c t u a t i o n s  o f  temperature,  
t u r b i d i t y ,  and o t h e r  env i ronmenta l  
c o n d i t i o n s .  A1 though t h e  e f f e c t s  o f  
a l t e r e d  f r eshwa te r  f l ow regimes on 
A t l a n t i c  menhaden a r e  n o t  known, 
e f f e c t s  on o t h e r  estuar ine-dependent ,  
of fshore-spawned f i s h e s  range f rom 
disappearance (Rogers e t  a l .  1984) t o  
death ( N o r d l i e  e t  a l .  1982). These 
e f f e c t s  a r e  a l s o  mediated by tempera- 
t u r e  (Nord l  i e  1976). 

S a l i n i t i e s  o f  10 t o  3G p p t  d i d  
n o t  a f f e c t  deve lop i ng  embryos, though 
temperature d i d  ( F e r r a r o  1980a). 
M o r t a l i t y  o f  embryos was complete a t  
temperatures l e s s  than 7 "C and was 
s i g n i f i c a n t l y  h i ghe r  a t  10 O C  t han  a t  
15, 20, and 25 "C.  Time t o  ha t ch i ng  
was s i g n i f i c a n t l y  s h o r t e r  a t  each 
p r o g r e s s i v e l y  h i g h e r  temperature.  
Sur face temperature i n  t h e  spawning 
areas o f  t h e  South A t l a n t i c  Region 
d u r i n g  t h e  months o f  h i g h e s t  egg 
cap tu re  were g e n e r a l l y  12 t o  20 O C  

(Wa l f o rd  and Wick lund 1968).  The 
l owes t  temperatures a t  which A t l a n t i c  
menhaden eggs and l a r v a e  were c o l  l e c -  

t e d  i n  t h e  No r t h  A t l a n t i c  Region were 
between 10 and 13 "C ( F e r r a r o  1980a). 
The temperature range f o r  t h e  M idd le  
A t l a n t i c  Region was 0 t o  25 "C, b u t  
most eggs and l a r v a e  were c o l l e c t e d  a t  
16 t o  19 "C (Kenda l l  and R e i n t j e s  
1975). 

The l i m i t s  o f  l a r v a l  temperature 
t o 1  erance a r e  a1 so a f f e c t e d  by acc l  i - 
mat ion  t ime.  S u r v i v a l  above 30 "C 
(Lewis  and H e t t l e r  1968) and below 5 
"C (Lewis  1965) was p r o g r e s s i v e l y  
extended by acc l  i m a t i o n  temperatures 
c l o s e r  t o  t e s t  va lues,  sugges t ing  t h a t  
r a p i d  changes t o  extreme temperatures 
a r e  more l i k e l y  t o  be l e t h a l  t han  
pro1 onged exposure t o  s l o w l y  changing 
va lbes.  W in te r  shutdown o f  power p l a n t  
ope ra t i ons  may r e s u l t  i n  r a p i d  
temperature decreases near  t h e  e f f l u e n t  
d ischarge  area. Mo r t a l  i t y  o f  j u v e n i  1  e  
At1 a n t i c  menhaden t o  a  temperature 
decrease o f  10 'C ( f r om  15 t o  5  'C) was 
l e s s  a t  r a t e s  o f  decrease o f  6.7 'C/h 
o r  l owe r  t han  a t  f a s t e r  r a t e s .  Win te r  
menhaden k i l l s  can be min im ized  by 
reduc ing  t h e  r a t e  o f  decrease as t h e  
power p l a n t  d i s cha rge  i s  shu t  down 
(Bur ton  e t  a l .  1979). 

H e t t l e r  and Col by (1979) demon- 
s t r a t e d  t h a t  pho toper iod  a t  l e a s t  
p a r t l y  e x p l a i n s  v a r i a t i o n  i n  r e s i s -  
tance t o  hea t  s t r e s s .  Median l e t h a l  
t ime  inc reased  1 i n e a r l y  w i t h  photo- 
p e r i o d  a t  34 "C .  They a l s o  specu la ted  
t h a t  i t  may be impo r t an t  t o  o t h e r  
types o f  p h y s i o l o g i c a l  s t r e s s .  Lewis 
and H e t t l e r  (1968) observed inc reased  
s u r v i v a l  o f  j u v e n i l e s  a t  35.5 "C w i t h  
inc reased  d i s s o l v e d  oxygen (DO) 
s a t u r a t i o n .  Bu r t on  e t  a l .  (1980) 
r e p o r t e d  a mean l e t h a l  DO concentra-  
t i o n  o f  0.4 mg/l , b u t  warned a g a i n s t  
i n t e r p r e t a t i o n  o f  t h i s  va l ue  as 
"safe,"  i n  v iew o f  t h e  i n t e r a c t i v e  
n a t u r e  o f  env i ronmenta l  f a c t o r s .  
Westman and N i g r e l l  i (1955) observed 
mass mo r t a l  i t i e s  f rom gas embol ism 
o n l y  i n  areas w i t h  h i g h l y  v a r i a b l e  
s a l  i n i  t y  and o rgan i c  p o l l u t i o n  
s u f f i c i e n t l y  severe t o  make s h e l l f i s h  
u n f i t  f o r  human consumption. Lewis 
and H e t t l  e r  ( 1968) observed decreased 



s u r v i v a l  a t  h i g h  tempera tu res  by  f i s h  
a f f e c t e d  by  g i l l  p a r a s i t e s .  The 
i n t e r a c t i o n  o f  e n v i r o n m e n t a l  f a c t o r s  
must be c o n s i d e r e d  when one d e f i n e s  
h e a l t h y  ranges  f o r  an organ ism.  

S u b s t r a t e  and System F e a t u r e s  - 

The a s s o c i a t i o n  o f  t h e  A t l a n t i c  
menhaden w i t h  e s t u a r i n e  and nearsho re  
systems d u r i n g  a l l  phases o f  i t s  1  i f e  
c y c l e  i s  w e l l  d o c u m e ~ t e d .  I t  i s  e v i -  
d e n t  t h a t  young menhaden r e q u i r e  t h e s e  
f o o d - r i c h  w a t e r s  t o  s u r v i v e  and grow, 
and t h e  f i s h e r y  i s  c o n c e n t r a t e d  Rear 
m a j o r  e s t u a r i n e  systems (June 1361a).  
F i l l i n g  o f  e s t u a r i n e  we t lands ,  i n  
a d d i t i o n  t o  e x a c e r b a t i n g  e x t r e r e s  i n  
e n v i r o n m e n t a l  c o n d i t i o n s ,  has p h y s i -  
c a l l y  l i m i t e d  t h e  n u r s e r y  h a b i t a t  
a v a i  l a b 1  e  t o  A t 1  a n t i c  rrenhaden and 
o t h e r  e s t u a r i  ne-dependent spec ies .  
The r e 1  a t i v e  impor tance ,  however, of  
d i f f e r e n t  h a b i t a t  t y p e s  ( i  .e., sounds, 
channels ,  marshes)  and s a l  i n i  t y  
reg imes has r e c e i v e d  1  i t t l e  d e t a i l e d  
a t t e n t i o n .  

Env i ronmen ta l  Contaminants  

I n  a  s t u d y  o f  c h l o r i n a t e d  hyd ro -  
ca rbon  r e s i d u e s  i n  menhaden f i s h e r y  
p r o d u c t s  f r o m  t h e  A t l a n t i c  and Gu l f  o f  
Hex ico,  S t o u t  e t  a l .  ( 1981)  showed 
t h a t  ove rs1  1  l e v e l s  have decreased 
s i n c e  t h e  l a t e  19601s ,  a1 though s i g n i -  
f i c a n t  d i f f e r e n c e s  between y e a r s  f o r  
l e v e l s  o f  p o l y c h l o r i n a t e d  b i p h e n y l s  
(PCB's)  i n  t h e  South  A t l a n t i c  Reg ion 
and f o r  d i e l d r i n  i n  t h e  M i d d l e  
A t l a n t i c  Reg ion c o u l d  n o t  be demon- 
s t r a t e d .  The re  was a l s o  a  g e n e r a l  

l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  
between a reas  w i t h i n  y e a r s ,  a1 though 
t h i s  may have been due t o  t h e  samp l ing  
reg ime.  They s p e c u l a t e d  t h a t  PCB 
l e v e l s  have remained somewhat h i g h  
because o f  1  eakage from sources  
e s t a b l i s h e d  p r i o r  t o  r e g u l a t i o n  and 
c o n t i n u e d  a1 1  owance of  1  i m i  t e d  
s p e c i a l t y  uses.  Menhaden o i l  p r o d u c t s  
c a r r y  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  
such n o n - p o l a r  compounds and some 
samples c o n t a i n e d  l e v e l s  i n  excess o f  
C1n i ted S t a t e s  Food and Drug Admin i -  
s t r a t i o n  tempora ry  t o l e r a n c e s ,  as o f  
1977. War1 en e t  a1 . (1977)  demonstra-  
t e d  t h a t  14C-DDT u p t a k e  b y  A t l a n t i c  
menhaden i s  dose-dependent,  w i t h  an 
a s s i m i l a t i o n  v a l u e  between 172 and 
27%. A p p l i c a t i c n  o f  t h e i r  model t o  
f i e l d  d a t a  suggested t h a t  u p t a k e  was 
by  way of  p l a n k t o n  and d e t r i t u s .  
L i t t l e  i n f o r m a t i o n  e x i s t s  abou t  t h e  
t o x i c i t y  o f  con taminan ts  t o  A t l a n t i c  
menhaden. 

O t h e r  F a c t o r s  

The seasonal  d e p t h  d i s t r i b u t i o n  
o f  A t l a n t i c  menhaden i s  t i e d  t o  m i g r a -  
t i o n  p a t t e r n s .  Some f i s h  o c c u r  y e a r -  
round  i n  dep ths  o f  1 t o  200 m ( 3  t o  
656 f t ) .  The r o l e  of  t u r b i d i t y  i n  
A t 1  a n t i c  menhaden b i o l o g y  a p p a r e n t l y  
has n o t  been s t u d i e d .  B l a b e r  and 
B l a b e r  (1980)  proposed t h a t  g r a d i e n t s  
o f  t u r b i d i t y ,  n u t r i e n t s ,  and s a l i n i t y  
c o u l d  p r o v i d e  cues t h a t  e n a b l e  f r y  t o  
l o c a t e  e s t u a r i n e  n u r s e r y  a reas  a l o n g  
t h e  A u s t r a l i a n  c o a s t .  The " s e e k i n g "  
o f  t u r b i d  zones i s  p r o b a b l y  r e l a t e d  t o  
d i f f e r e n t i a l  m o r t a l  i t y  1 i n k e d  t o  f o o d  
s u p p l y  and p r e d a t i o n  ( B l a b e r  and 
B l a b e r  1980; N o r c r o s s  and Shaw 1984).  
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Species P r o f i l e s :  L i f e  H i s t o r i e s  and Environmental  Requirements o f  August 1989 
Coastal  F ishes and I n v e r t e b r a t e s  ( M i d - A t l a n t i c ) - - A t l a n t i c  Menhaden 
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Species p r o f i l e s  a re  1  i t e r a t u r e  summaries o f  t h e  1  i f e  h i s t o r y ,  d i s t r i b u t i o n ,  and env i  ron- 
mental  requ i rements  o f  coas ta l  f i s h e s  and i n v e r t e b r a t e s .  P r o f i l e s  a re  prepared t o  a s s i s t  
w i t h  environmental  impact  assessment. The A t l a n t i c  menhaden ( B r e v o o r t i a  t y rannus )  i s  an 
i m p o r t a n t  commercial f i s h  a long t h e  A t l a n t i c  coast .  I n  t h e  South A t l a n t i c  Region, A t l a n t i c  
menhaden spawn d u r i n g  w i n t e r  i n  c o n t i n e n t a l  s h e l f  waters .  A d u l t s  then move i nsho re  and 
nor thward  i n  sp r i ng ;  some move i n t o  e s t u a r i e s  as f a r  as t h e  b rack i sh - f reshwa te r  boundary. 
A t l a n t i c  menhaden l a r v a e  i n  t h e  South A t l a n t i c  Region e n t e r  e s t u a r i e s  a f t e r  1 t o  3  months 
a t  sea. Young f i s h  move i n t o  t h e  sha l low reg ions  o f  e s t u a r i e s  and seem t o  p r e f e r  vegeta ted 
marsh h a b i t a t s .  A t l a n t i c  menhaden a r e  s i z e - s e l e c t i v e  p lank ton  feeders  as l a r vae ,  and 
f i l t e r  feeders  as j u v e n i l e s  and a d u l t s .  Due t o  t h e i r  l a r g e  p o p u l a t i o n  s i z e ,  i n d i v i d u a l  
growth ra tes ,  and seasonal movements, A t l a n t i c  menhaden a n n u a l l y  consume and r e d i s t r i b u t e  
l a r g e  amounts o f  energy and m a t e r i a l s .  They a re  a l s o  i m p o r t a n t  p rey  f o r  l a r g e  game f i shes  
such as b l u e f i s h  (Pomatomus s a l t a t r i x ) ,  s t r i p e d  bass (Morone s a x a t i l  i s ) ,  and b l  u e f i n  tuna 
(Thunnus thynnus) . The A t l a n t i c  menhaden i s  assoc ia ted  w i t h  e s t u a r i n e  and nearshore 
s y s t e m s d u F i n g a l 1  phases o f  i t s  l i f e  c y c l e .  Young menhaden r e q u i r e  these f o o d - r i c h  
h a b i t a t s  t o  s u r v i v e  and grow. D e s t r u c t i o n  o f  e s t u a r i n e  wet lands has decreased nu rse ry  
h a b i t a t  a v a i l a b l e  t o  A t l a n t i c  menhaden and o t h e r  estuar ine-dependent spec ies .  
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As the Nation's principal conservation agency, the Department of 
the Interior has responsibility for most of our nationally owned 
public lands and natural resources. This includes fostering the 
wisest use of our land and water resources, protecting our fish 
and wildlife, preserving the environmental and cultural values of our 
national parks and historical places, and providing for the enjoy- 
ment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to assure that their 
development is in the best interests of all our people. The Depart- 
ment also has a major responsibility for American Indian reservation 
communities and for people who live in island territories under U.S. 
administration. 
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