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PREFACE 

Th i s  spec ies  p r o f i l e  i s  one o f  a  s e r i e s  on coas ta l  a q u a t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  e c o l o g i c a l  importance. The p r o f i  1  es 
a r e  designed t o  p r o v i d e  coas ta l  managers, eng ineers ,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i  01 o g i c a l  c h a r a c t e r i s  t i c s  and env i  ronmental  r equ i  r e -  
~nen t s  o f  t h e  spec ies  and t o  desc r i be  how popu la t i ons  o f  t h e  spec ies may be 
expected t o  r e a c t  t o  env i  ronmental changes caused by coas ta l  devel  opment. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1  i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
requ i rements ,  and economic importance, i f  app l i cab le .  A  t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can he added as t hey  a r e  prepared. 
T h i s  p r o j e c t  i s  j o i n t l y  planned and f inanced  by t h e  U.S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice .  

Suggest ions o r  ques t ions  r ega rd i ng  t h i s  r e p o r t  should  be d i r e c t e d  t o :  

I n f o r m a t i o n  T r a n s f e r  Spec ia l  i s t  
Na t i ona l  Coasta l  Ecosystems Team 
U.S. F i sh  and Y i l d l i f e  Se rv i ce  
NASA-Sl l d e l l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U.S. Army Engineer  Waterways Exper iment S t a t i o n  
A t t e n t i o n :  WESER 
Post  O f f i c e  Box 631  
Vicksburg,  MS 39180 

Th i s  s e r i e s  should  be re fe renced  as f o l l o w s :  

U.S. F i s h  and W i l d l i f e  Serv ice.  1983. Species p r o f i l e s :  l i f e  h i s t o r i e s  and 
env i ronmenta l  r equ 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 .  U. S. F i s h  
and W i l d l i f e  Serv ice,  D i v i s i o n  o f  B i o l o g i c a l  Serv ices,  FWS/OBS-82/11. 
U.S. Army Corps o f  Engineers,  TR EL-82-4. 

Th i s  p r o f i l e  should  be c i t e d  as f o l l o w s :  

Rogers, S.G., and M.J. Van Den Avyle. 1983. Species p r o f i l e s :  l i f e  h i s t o r i e s  
and env i  ronrnental 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  (South 
A t l a n t i c )  -- A t l a n t i c  menhaden. U.S. F i s h  and W i l d l i f e  Serv ice,  D i v i s i o n  o f  
B i o l  o g i c a l  Serv ices,  FWS/OBS-82/11.11. U. S. Army Corps o f  Engineers,  
TR EL-82-4. 20 pp. 
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F i g u r e  1. A t l a n t i c  menhaden. 

ATLANTIC MENHADEN 

S c i e n t i f i c  name . . B r e v o o r t i a  t y rannus  

P r e f e r r e d  common name . . A t l a n t i c  men- 
haden (Robins e t  a1 . 1980; F igu re  1)  

Other common names. . Pogy, mossbunker, 
bunker, fa t -back ,  shad, bug-mouth 

Class . . . . . . . . . . .Os te ich thyes  
Order  . . . . . . . . . . . C l  upei formes 
Fami ly  . . . . . Clupeidae ( h e r r i n g s )  

Geographic range: Temperate coas ta l  
waters  f rom Nova S c o t i a  t o  J u p i t e r  
I n l e t ,  F l o r i d a ;  common i n  t h e  I n -  
d i a n  R i v e r  City,  F l o r i d a ,  g i l l  n e t  
f i s h e r y  (Dahl b e r t  1970).  A t l a n t i c  
menhaden a r e  abundant a l l  y e a r  i n  
t he  South A t l a n t i c  B i g h t ;  spawning 
(December through February)  occurs 
i n  s h e l f  wa te rs  f rom Cape Lookout 
t o  New R i v e r  I n l e t ,  No r th  Caro- 

l i n a .  Concentrat ions o f  age 0  
f i s h  occur i n  i nsho re  e s t u a r i n e  
wate rs  a l l  a long  t h e  A t l a n t i c  
seaboard ( F i  gure 2 ) .  

MORPHOLOGY/IDENTIFICATION AIDS 

Branched do rsa l  rays ,  16-17; 
branched ana l  rays ,  16-23; p e c t o r a l  
r ays ,  15-17; p e l v i c  r ays ,  7; g i l l  
f i l a m e n t s ,  51-66; l a t e r a l  l i n e  sca les ,  
40-50; v e n t r a l  scu tes  28-35; v e r t e b r a e  
45-50; body ob long  and compressed w i t h  
a  t h i n  b e l l y  w a l l ;  s ca les  l a r g e ,  
coarse,  w i t h  l o n g  s l e n d e r  p e c t i n a t i o n s ,  
s t r o n g l y  o v e r l a p p i n g  and i n  r e g u l a r  
rows; p r e d o r s a l  sca les  on e i t h e r  s i d e  
o f  median 1  i n e  en larged;  prominent  
r a d i a t i n g  o p e r c u 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  innermost  and 
ou te rmos t  r a y s  about  equal l e n g t h  
(Dahl be rg  1970, 1975). 
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Figure 2. D i s t r i b u t i o n  o f  the A t l a n t i c  menhaden i n  the  South A t l a n t i c  B igh t ,  
Southeastern Uni ted States. 



Color  i n  l i f e :  green, brown, o r  
b l  ue-grey , darker  on do rsa l  sur face.  
A dark humeral spo t  may be fo l l owed  

I p o s t e r i o r l y  by a  s e r i e s  o f  smal le r  
spots which can fade r e a d i l y  upon 
capture.  B r e v o o r t i  a  t rannus -can . be 
d i s t i n a u i s h e d  f rom B. Y--? smi th1 t h e  o n l v  
o t h e r  h t l a n t i c  c o a a  species) '  as ha; 
i n g  3 f r o n t a l  groove, l a r g e r  coarser  
scales i n  r e g u l a r  rows ( t h e r e f o r e ,  
1  ower sca l  e-re1 a ted  counts ) ,  po in ted  
(versus rounded) s c a 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  spo ts  behind the  
humeral spot ,  more g i  11 f i l a m e n t s  on 
t h e  cera tobranch i  a1 arch, rounded 
p e l v i c  f i n s ,  o p e r c u l a r  s t r i a t i o n s ,  and 
l a c k i n g  a  b r i g h t  y e l l o w  caudal f i n  i n  
l i f e .  Fresh B. t rannus may have a  
darker  anal fTn an -lS- more body mucus 
than do B. s m i t h i .  A t l a n t i c  menhaden 
can be z i s t i n g u i s h e d  f rom F1 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. ty rannus)  as hav ing  a  l onge r  f r o n t -  - 
a1 groove, 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 berg (1970, 1975) p rov ided 
a d d i t i o n a l  measurements and desc r i p -  
t i o n s  o f  qua1 i t a t i v e  charac ters .  
Jones e t  a l .  (1978) gave d e t a i l e d  
d e s c r i p t i o n s  o f  At1 a n t i c  menhaden 
developmental s tages (egg through 
a d u l t ) .  

REASON FOR INCLUSION I N  SERItS 

A t l 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 species,  which 
c o l l e c t i v e l y  comprise t h e  l a r g e s t  
commercial f i s h e r y  by we igh t  i n  t h e  
Un i ted  States.  They a r e  impor tan t  
prey i tems f o r  many o t h e r  f i s h  species 
and a r e  seasona l ly  - important conipo- 
nents o f  e s t u a r i n e  and s h e l f  f i s h  
assemblages. At1 a n t i c  menhaden depend 
on these h a b i t a t s  d u r i n g  t h e i r  e n t i r e  
l i f e  c y c l e  and u t i l i z e  e s t u a r i n e  zones 
as nu rse ry  areas. Due t o  t h e  species '  
g rea t  abundance and e x t e n s i v e  migra-  
t i o n  pa t te rns ,  t h e  A t l a n t i c  menhaden 
l i k e l y  i n f l u e n c e s  t h e  convers ion  and 
exchange o f  energy and o rgan i c  ma t te r  

I w i t h i n  b i o l o g i c a l  systems throughout  
i t s  range. 

LIFE HISTORY 

Terminology used t o  descr ibe  1  i f e  
h i s t o r y  stages 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 l o c a t i o n  
o f  spawning has been ob ta ined f rom 
c o l l e c t i o n s  o f  ex t remely  r i p e  o r  spent  
a d u l t s  (Higham and Nicholson 1964; 
June 1965; Dahlberg 1970) as w e l l  as 
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; Fer ra ro  1980b). Data on move- 
ment 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 ined f rom 
d i s t r i b u t i o n  o f  purse-se in ing  e f f o r t  
(Roi  thmayr 1963), 1  eng th lwe igh t l age  
f requenc ies  i n  catches (June and 
R e i n t j e s  1959; Nicholson 1971, 1972),  
and r e t u r n s  f rom ex tens i ve  tagg ing  
experiments (N icho l  son 1978). 
A t l a n t i c  menhaden undergo ex tens i ve  
no r th -sou th  seasonal m i g r a t i o n s  and 
i nsho re -o f f sho re  movements a1 ong t h e  
A t l a n t i c  seaboard. Schools i n c l u d e  
f i s h  o f  s i m i l a r  s i z e  and age. Migra-  
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  y e a r  i n  
waters  rang ing  f rom e s t u a r i e s  t o  t h e  
edge o f  t h e  Con t i nen ta l  She l f .  

F i s h  o f  a l l  ages congregate j u s t  
sou th  o f  Cape Hat te ras ,  No r th  
Caro l  i na , f rom November through March 
and spawn t h e r e  i n  s h e l f  waters f rom 
100 t o  200 m (328 t o  656 f t )  deep, 
p robab ly  w i t h i n  70 m (230 f t )  o f  t h e  
su r face  ( R e i n t j e s  and Pacheco 1966). 
The heav ies t  spawning i s  o f f  Cape 
Lookout,  Nor th  Carol  i n a ,  f rom December 
through February. Adul t s  then  move 
i nsho re  and nor thward i n  t h e  s p r i n g  
and s t r a t i f y  by age and s i z e  a long t h e  
At1 a n t i c  seaboard. Adul t menhaden 
have been c o l l e c t e d  f rom e s t u a r i e s  and 
some move as f a r  inshore  as t h e  
b rack i sh - f reshwa te r  boundary. 'The 
o l d e s t  and l a r g e s t  f i s h  m ig ra te  t h e  
f a r t h e s t ,  and some move as f a r  n o r t h  
as the  G u l f  o f  Maine. Adu l ts  t h a t  



remain i n  t h e  South A t l a n t i c  B i g h t  move 
southward t o  t h e  n o r t h e r n  p a r t  o f  
F l o r i d a  by "  t he  fa1 1. Represen ta t i ves  
o f  a1 1  age c lasses  r e t u r n  t o  t h e  shel  f 
waters  o f  t h e  South A t l a n t i c  B i g h t  i n  
l a t e  autumn. 

D u r i n g  m i g r a t i o n ,  spawning occurs  
p r o g r e s s i v e l y  c l o s e r  i nsho re ,  and i n  
t h e  l a t e  s p r i n g  some f i s h  spawn w i t h i n  
t h e  c o a s t a l  embayments o f  t h e  No r th  
A t l a n t i c  r e g i o n .  The l a c k  o f  s i g n i f i -  
can t  spawning t o  t h e  n o r t h  and e a s t  o f  
Nantucket  Shoals (Col  t o n  e t  a1 . 1979) 
c o u l d  be due t o  t h e  reduced numbers o f  
f i s h  i n  those  a reas  d u r i n g  t h e  y e a r s  
sampled o r  a  l a c k  o f  samp l ing  e f f o r t  
i n  a p p r o p r i a t e  l o c a t i o n s .  There a re  
d e f i n i t e  s p r i n g  and f a 1 1  spawning 
peaks i n  t h e  M i d d l e  and N o r t h  A t l a n t i c  
r eg ions ,  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  wa te rs  
o f  t h e  M i d d l e  A t l a n t i c  B igh t .  Tempo- 
r a l  and s p a t i a l  s e g r e g a t i o n  o f  spawn- 
i n g  a c t i v i t y  p rov i des  a  mechanism f o r  
t h e  e x i s t e n c e  o f  races ( =  subpopula- 
t i o n s ;  see The F i s h e r y  s e c t i o n ) .  
Higham and N i cho l son  (1964)  specu la ted  
t h a t  a  female may spawn more t h a n  once 
i n  a  season. See t h e  Env i ronmenta l  
Requirements s e c t i o n  f o r  spawning 
temperatures.  

The m i g r a t o r y  h a b i t s  o f  A t l a n t i c  
menhaden sou th  o f  Cape Canaveral ,  
F l o r i d a ,  a r e  unc lea r .  Dahl be rg  (1970) 
r e p o r t e d  t h a t  A t l a n t i c  menhaden 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 v e r ,  F l o r i d a ,  
remain nea r -  t o  i n s h o r e  a l l  y e a r  and 
spawn t h e r e  d u r i n g  t h e  w i n t e r ,  comrnon- 
l y  h y b r i d i z i n g  w i t h  t h e  y e l l o w f i n  
menhaden ( ~ r e v o o r t  i a  smi t h i  ) .  
R e i n t j e s  (1961)  c o l l e c t e d  l a r g e  
numbers o f  B r e v o o r t i a  eggs and l a r v a e  
f r om she l  f wa te r s  between Cape 
Canaveral . and J u p i t e r  I n 1  e t  , F l o r i d a  , 
i n  February ,  b u t  was unab le  t o  i d e n t i -  
f y  thern t o  spec ies.  No A t l a n t i c  
menhaden f r o m  sou th  F l o r i d a  wa te rs  
have e v e r  been tagged (N i cho l son  
1978),  b u t  h y b r i d  A t l a n t i c  menhaden 
and ye1 1  owf i n  menhaden have been 
c o l l e c t e d  as f a r  n o r t h  as Sapelo 
I s l a n d ,  Georgia,  and Beau fo r t ,  N o r t h  

Caro l  i n a ,  r e s p e c t i v e l y ,  d u r i n g  t h e  
summer (Dahl  b e r g  1970).  

Fecundi t v  

Higham and N i cho l son  (1964) 
r e p o r t e d  va lues  o f  38,000 t o  631,000 
o v a l f i s h  w h i l e  June (1961a) gave 
va lues  o f  40,000 t o  700,000 o v a l f i s h ,  
w i t h  b o t h  s e t s  o f  e s t i m a t e s  depending 
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 o v a l f i s h  f o r  age I t o  age V 
females,  r e s p e c t i v e l y  (Tab1 e  1 ) .  
Higham and N i cho l son  (1964) gave t h e  
f o l l o w i n g  e q u a t i o n  f o r  t h e  e s t i m a t i o n  
o f  f e c u n d i t y  (F: o v a l f i s h )  

l o g  F  = 7.2227 + (0 .0176 ) ( f o r k  l e n g t h ,  
nlm 

w h i l e  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 :  

F  = (488)(wet body w e i g h t  l e s s  
o v a r i e s ,  g )  

r2 = 0.916 
F  = (92592)(age, y e a r s )  

r2 = 0.879 
l o g  F  = 8.6463 + ( 0 . 0 1 2 0 ) ( f o r k  l e n g t h ,  

l-rlm 
r2 = 0.871 

See D i e t r i c h  (1979) f o r  a  comparison 
o f  t h e  r e s u l t s .  The r e p r o d u c t i v e  
p o t e n t i a l  o f  t h e  A t l a n t i c  menhaden 
s tocks  dropped by  a t  l e a s t  an  o r d e r  o f  
magnitude between 1955 and 1978 
because o f  a  severe r e d u c t i o n  i n  t h e  
numbers o f  f i s h  o f  r e p r o d u c t i v e  age 
( D i e t r i c h  1979; see The F i s h e r y  sec- 
t i o n )  ; b u t  r e l a t i o n s h i p s  between r e -  
c r u i  tment and nurr~bers of spawners have 
n o t  been documented. 

Eggs and Larvae 

Eggs o f  t h e  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  
h a t c h  a t  2  days (Kuntz  and R a d c l i f f e  
1917; no tempera tu re  s p e c i f i e d ) ,  2.9 
days a t  15.5" C (60" F )  ( F e r r a r o  
1980a), and a t  2.5 t o  2.9 days a t  an 



Table 1. Fecundi t y - a t - a g e  f o r  A t l a n t i c  menhaden ( D i e t r i c h  1979).  

Number o f  eggs p e r  female (thousands) 
Age b a n  Range Sample s i z e  

average temperature of  15.5" C (60" c reeks  (Massman 1954; Massman e t  a l .  
F) ( H e t t l e r  1981). 1954; June and Chamberl in 1959; 

Pacheco and Grant  1965; Wi lkens and 

S u r v i v a l  of A t l a n t i c  menh.aden 
embryos t o  ha t ch ing  i s  v e r y  low (2.0% 
t o  45.4%) w i t h  48.7% t o  94.0% of t h e  
deaths o c c u r r i n g  be fo re  b l a s t o p o r e  
c l o s u r e  (Fe r ra ro  1980a). See t h e  
Environmental  Requirements s e c t i o n  f o r  
t h e  f a c t o r s  i n f l u e n c i n g  embryonic 
s u r v i v a l .  

A t l a n t i c  menhaden l a r v a e  beg in  
f e e d i n g  on i n d i v i d u a l  zoop lank te r s  
( R e i n t j e s  and Pacheco 1966) about  4  
days t ' t e r  ha tch ing ,  when t h e  y o l k  sac 
i s  c l o s e  t o  t o t a l  a b s o r p t i o n ,  t h e  eyes 
a r e  pigmented, and t h e  mouth i s  f unc -  
t i o n a l  ( H e t t l e r  1981). Larvae 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  l e n g t h s  of  14 t o  34 
mm f o r k  l e n g t h  (FL)  ( R e i n t j e s  and 
Pacheco 1966) w i t h  t hose  l o n g e r  than  
30 mm FL a l r e a d y  metamorphosing t o  t h e  
a d u l t  morphology (Lewis  e t  a l .  1972). 
T h i s  occurs  f rom May t h rough  October  
i n  t h e  No r th  A t l a n t i c  r e g i o n ,  October 
th rough  June i n  t h e  M idd le  A t l a n t i c  
B igh t ,  and December t h rough  May i n  t h e  
South A t l a n t i c  S i g h t  ( R e i n t j e s  and 
Pacheco 1966). As t h e y  grow, t h e  
l a r v a e  p robab l y  f eed  on p r o g r e s s i v e l y  
l a r g e r  zoop lank te r s  ( 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  
shoals  and t he  heads o f  smal l  t i d a l  

Lewis 1971; Lewis  e t  a l .  1972; 
We ins te in  1979; We ins te in  e t  a l .  
1980).  Here t hey  c o n t i n u e  t o  grow and 
metamorphose th rough a  p r e j u v e n i l e  
s tage i n t o  j u v e n i l e s  (see Growth Char- 
a c t e r i s t i c s  sec t i on ) '  Young-of-the- 
yea r  and y e a r l i n g  menhadenmove o u t  of 
e s t u a r i n e  creeks and channels on to  t he  
su r f ace  o f  t h e  s a l t  niarsh d u r i n g  h i g h  
t i d e s  ( T a r g e t t ,  unpub l i shed  MS. I ) .  
Several  s t u d i e s  have r e p o r t e d  abun- 
dances o f  young menhaden t h a t  were 
h i g h e r  i n  those  p o r t i o n s  o f  e s t u a r i n e s  
w i t h  t h e  l o w e s t  s a l i n i t y  (<5 p p t )  
(Lewis e t  a l .  1972; We ins te in  1979; 
We ins te in  e t  a l .  1980).  Massman e t  
a l .  (1954) r e p o r t e d  abundances o f  
p r e j u v e n i l e s  t h a t  were h i g h e r  above 
t h e  b r a c k l  sh - f r eshwa te r  boundary t han  
below, and Rogers e t  a l .  (unpub l i shed  
MS.2) have shown t h a t  t h i s  p a t t e r n  
p e r s i s  cs d u r i n g  h i g h  r i v e r  d ischarge .  

' Ta rge t t ,  T. E. H igh t i d e  
~novement o f  j u v e n i  l e  At1 a n t i c  menhaden 
( B r e v o o r t i a  t y rannus )  on to  t h e  s u r f a c e  
o f  S p a r t i n a  s a l t  marshes i n  Sou thea i t -  
e r n  U n i t e d  S t a t e s  e s t u a r i e s .  Skidaway 
I n s t i t u t e  o f  Oceanography, Savannah, 
Georgia.  

2Rogers, S. G., S. B. Van Sant,  
and T. E. T a r g e t t .  U t i l i z a t i o n  o f  
Southeastern USA s a l t  marsh e s t u a r i e s  
by f i s h e s  as n u r s e r y  ground: t h e  
i n f l u e n c e  o f  s p r i n g t i m e  f reshwater .  
c o n d i t i o n s .  Skidaway I n s t i t u t e  o f  
Oceanography, Savannah, Georgia. 



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 i s c u s s e d  f o r  c l  u p e i  - 
f o r m  f i s h e s  by Schumann (1965)  and May 
( 1 9 7 4 ) .  Menhaaen h a t c h  o u t  i n  an 
undeve loped  s t a t e  as  do mos t  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  c a r e .  Such f i s h  u s u a l l y  a r e  
i n e f f i c i e n t  f e e d e r s  a1 t h o u g h  t h e r e  i s  
f r e q u e n t l y  a  r i s e  i n  e f f i c i e n c y  w i t h  
g r o w t h  (Schumann 1965) .  Feed ing  i n  
t h e  y o u n g e s t  C lupea,  Eng rau l  i s ,  and 
S a r d i n o p s  l a r v a e  depends l a r g e l y  on 
f o o d  a v a i l a b i l i t y  i n  t h a t  t h e y  w i l l  
e a t  t o  c a p a c i t y  i n  t h e  p resence  o f  
h i g h  f o o d  c o n c e n t r a t i o n s  and s t a r v e  i n  
t h e  absence because o f  t h e i r  i n a b i l i t y  
t o  move abou t  i n  s e a r c h  o f  f o o d .  A  
r o u t i n e  sea rch  p a t t e r n  i s  i n i t i a t e d  
o n l y  upon e n c o u n t e r  a n d / o r  c a p t u r e  o f  
a  food p a r t i c l e .  G iven  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 r r ~  f i s h e s  t o  cope w i t h  l o w  
f o o d  c o n c e n t r a t i o n s ,  menhaden l i k e l y  
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 .  It i s  p o s s i b l e  t h a t  y e a r -  
c l a s s  s t r e n g t h  i s  p a r t i a l l y  d e t e r m i n e d  
d u r i n g  t h i s  p e r i o d .  The c r i t i c a l  p e r -  
i o d  p r o b a b l y  o c c u r s  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  sho re  
a f t e r  h a v i n g  been spawned n e a r s h o r e .  
I n d i v i d u a l  l a r v a l  c o n d i t i o n  f a c t o r s  
( w e i g h t / l e n g t h  r a t i o )  i n c r e a s e  r a p -  
i d l y  upon e n t e r i n g  an e s t u a r y  (Lew is  
and Mann 1971) .  

Da ta  t h a t  l i n k  s u r v i v a l  a t  yo1  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  
do n o t  e x i s t  f o r  any f i s h ,  n o r  do 
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 rorr~ p r e d a t i o n  on and s t a r v a t i o n  by 
f i s h  l a r v a e  (May 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  k ~ o w n .  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  a l .  
( 1 9 7 7 ) ,  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 ince  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  g rounds  ( 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 l a n t i c  
~i q h t s )  , t h e  model i n c o r p o r a t e d  t h e  

known spawning t i m e s  and l o c a t i o n s ,  
y e c 7 r / t i i i 1 e / l o c a t i o n - ~ p e c i f i c  w i n d  vec -  
t o r s ,  y e a r / t i m e - s p e c i f i c  d i s c h a r g e s  of 
111ajor t r i b u t a r y  sys tems,  and t h e  m i n i -  
I sea ~ ~ l r f a c e  t m p e r d t i ~ 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  
o b s e r v e d  r e c r u i  tmen t  t o  t h e  f i s h e r y  
( a g e  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  
( 1 9 5 4 )  s p a w n e r - r e c r u i t  ( d e n s i t y -  
dependen t )  mode l .  The m a g n i 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  ronmen ta l  [ de r i s i  t y  i ndependen t ]  
e f f e c t s  w h i c h  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  spawn ing  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  
age I" ( N e l s o n  e t  a l .  1977 ) .  The 
niodel 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 )  w i t h  Ekman 
t r a n s p o r t  b e i n g  t h e  p r i n c i p a l  compo- 
n e n t .  The c o r r e l a t i o n  has n o t  been as 
s t r o n g  i n  r e c e n t  y e a r s  ( R o b e r t  B. 
Chapoton,  N a t i o n a l  M a r i n e  F i s h e r i e s  
S e r v i c e  [NtvlFS], B e a u f o r t ,  N o r t h  
C a r o l  i na; p e r s  . comm. 1982)  pe rhaps  
because o f  t h e  i n c r e a s e d  i m p o r t a n c e  o f  
n o r t h e r n - s p a w n i n g  f i s h  (see The F i s h e r y  
s e c t i o n ) .  Vaughan (1977)  a1 so sug- 
g e s t e d  t h a t  u n p r e d i c t a b l e  n a t u r a l  
e v e n t s ,  such as  s t o r m s ,  r e g u l a t e d  
s u r v i v a l  t o  age I. 

E s t i m a t e s  o f  s u r v i v a l  t o  r e c r u i t -  
ment  (age  I )  do e x i s t  and a r e  based on 
r e p r o d u c t i v e  o u t p u t  a t  a  g i v e n  s t o c k  
s i z e  and age s t r u c t u r e  f r o m  c a t c h  d a t a  
compared t o  t h e  r e l a t i v e  c o n t r i b u t i o n  
t o  t h e  l a n d i n g s  by  age I f i s h  t h e  
f o l l o w i n g  y e a r .  Ne lson  e t  a l .  ( 1 9 7 7 )  
gave e s t i m a t e s  t h a t  ranged  f r o m  26.8 
t o  159.1  f i s h / l x 1 0 6  eggs spawned 
( 1 9 5 5 - 7 1 ) ,  and D i e t r i c h  ( 1 9 7 9 )  e s t i -  
mated 78 t o  282 f i s h / 1 x 1 O 6  eggs 
spawned. 

J u v e n i  l e s  and Adul  t s  

Me tamorphos i s  marks a  change f r o m  
a  v i s u a l  mode o f  f e e d i n g  t o  a  non- 
s e l e c t i v e ,  f i 1  t e r i n g   node ( 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 b y  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 ri t h e  cotlip1 ex i t y  and n~uccu -  



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 s o n  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  a l .  1972 ) .  See t h e  Growth  
C h a r a c t e r i s t i c s  s e c t i o n  f o r  c o n c u r -  
r e n t  changes i n  g r o w t h  c h a r a c t e r i s -  
t i c s .  

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 t o  
dense s c h o o l s  as t h e y  l e a v e  s h o a l  
a reas .  Most  e m i g r a t e  f rom e s t u a r i e s  
f r o m  Augus t  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  r e g i o n )  a t  
l e n g t h s  r e p o r t e d  by  June (1961a)  o f  55 
t o  150 mm FL and b y  N i c h o l s o n  ( 1 9 7 8 )  
o f  55 t o  140 mni t o t a l  l e n g t h  ( T L ) ,  who 
s t a t e d  t h a t  most  e m i g r a n t s  a r e  be tween 
75 and  110 rnm TL. Based o n  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  t o  t h e  N o r t h  C a r o l i n a  
f a l l  f i s h e r y  between Cape I -ookout  and 
lVew R i v e r  I n 1  e t  ( N i c h o l s o n  1 9 7 8 ) .  
F i s h  i n  t h e  sou the rnmos t  p o r t i o n  o f  
t h e  S o u t h  A t l a n t i c  B i q h t ,  however ,  
e x h i b i t e d  l e s s  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  Sou th  A t l a n t i c  B i q h t  
and t h e  N o r t h  A t l a n t i c  r e g i o n  may n o t  
move v e r y  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 s o n  1 9 7 8 ) .  
La rvae  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 r e m a i n  w i t h 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  
f o u n d  i n  sounds and bays  a l o n g  t h e  
South A t l a n t i c  B i g h t  d u r i n g  m i l d  
w i n t e r s  ( June  1961a) .  F i s h  e x i t i n g  
e s t u a r i e s  eve rywhere  a l o n g  t h 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 r e a c h  
m a t u r i t y  b y  age 11. About  10% o f  t h e  
age I f i s h  and 90% o f  t h e  age I 1  f i s h  
were f o u n d  t o  be  c a p a b l e  o f  spawn ing  
(Higham and IVichol.son 1964) .  F i  sh 
f r o m  age 0  up,  however,  a r e  f o u n d  i n  
t h e  m i g r a t i n g  s c h o o l s .  F i s h  o l d e r  
t h a n  age I V  a r e  r a r e  i n  t h e  commerc ia l  
c a t c h  even  tnough  t h e y  can l i v e  8  t o  
10 y e a r s  (June and Ro i th rnay r  1960 ) .  
A t l a n t i c  menhaden a r e  w e l l  a d a p t e d  f o r  
an a c t i v e ,  111iqratot-y e x i s t e n c e  w i t h  

t h e i r  l a r g e  l i p i d  r ~ s e r v e s , '  t o r p e d o -  
l i k e  body shape, and c o p i o u s  body mucus 
(Dah l  b e r g  1970) .  Menhaden s u f f o c a t e  
r a p i d l y  when c a p t u r e d .  

GROWTH CHARACTERISTICS 

Growth  r a t e s  v a r y  among y e a r s  and 
t h r o u g h o u t  t h e  s p e c i e s '  r a n g e  ( June  
and R e i n t j e s  1959, 1960; June 1961b; 
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; and 
N i c h o l s o n  1 9 7 5 ) .  The age o f  A t l a n t i c  
menhaden can  be d e t e r m i  ned f rom s c a l e  
m a r k i n g s  ( = a n n u l i )  (McHugh e t  a l .  
1959; June and Ro i thmayr  1960; K r o g e r  
e t  a l .  1 9 7 4 ) .  

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  Inore 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  1 9 7 8 ) ,  b u t  m a t u r e  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 r e a s .  
F i s h  i n  t h e  S o u t h  A t l a n t i c  B i g h t  
m a t u r e d  a t  a  minimum l e n g t h  o f  180 mm 
FL ( x  = 230 )  w h i l e  t h o s e  i n  t h e  M i d d l e  
A t l a n t i c  B i g h t  m a t u r e d  a t  a  minimum o f  
210 mm FL ( x  = 225 )  (Higham and 
N i c h o l s o n  1 9 6 4 ) .  Ev idence  i n d i c a t e s  
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 ,  w i t h  
f i s h  o f  t h e  same age b e i n g  l a r g e r  i n  
t h e  l a t e  1 9 6 0 ' s  and e a r l y  1 9 7 0 ' 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) .  

Growth  has been shown t o  be a l l o -  
m e t r i c  i n  l a r v a l ,  p r e j u v e n i  l e  ( L e w i s  
e t  a l .  1 9 7 2 ) ,  j u v e n i l e  ( L e w i s  e t  a l .  
1972; E p p e r l y  1 9 8 1 ) ,  and a d u l t  s t a g e s .  
Th ree  d i f f e r e n t  " s t a n z a s "  o f  g r o w t h  i n  
young  menhaden were  r e p o r t e d  by  L e w i s  
e t  a l .  ( 1 9 7 2 ) ,  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 t  
w e i g h t ) .  These p o i n t s  s e r v e d  as t h e  
b a s i s  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 t a g e s .  Lew is  e t  a l .  (1972)  
c i t e d  an unpub l  i s h e d  m a n u s c r i p 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 
l e n g t h  and w e j g h t  i s  s i 1 1 1 i l a r  f o r  j u -  
v e n i l e s  and a d u l t s .  Conve rs ion  fro111 
l e n g t h  t o  w e i g h t  can be made u s i n g  
t h e  a p p r o p r i a t e  e q u a t i o n  i n  T a b l e  2 .  



T a b l e  2. W e i g h t - l e n g t h  r e g r e s s i o n s  f o r  A t l a n t i c  menhaden ( L e w i s  e t  a1 . 1972; 
E p p e r l y  1981*) .  l o g e  w e i g h t  = a  + b  (log, l e n g t h ) .  

Measurement u n i t s  
Loca t i on Weight  L e n g t h  a  b  

W h i t e  Oak R i v e r  Estu,ary,  N o r t h  C a r o l i n a  

L a r v a e  (up  t o  30 mrn TL) mg w e t  mm TL -8.110 3.605 

P r e j u v e n i l e s  ( 3 0  t o  38 mrn TL) mg w e t  mrrl TL - 16.964 6.308 

J u v e n i l e s  ( 3 8  mm TL u p )  mg w e t  mm TL -5.230 3.145 

F a l l  and w i n t e r  spawners & o f f s p r i n g  g  we t  mm SL - 10.884 3.067 

( M i d d l e ,  S. A t l a n t i c  ~ i g h t s ) *  

N o r t h  A t 1  a n t i c  s p r i n g  spawners g  w e t  mm SL -11.240 3.145 

and o f f s p r i n g *  

M i d d l e  A t l a n t i c  spawners and 

o f f s p r i n g *  

Sou th  A t l a n t i c  spawners and 

o f f s p r i n g *  

g  w e t  mm SL -11.037 3.103 

g  we t  mm SL -10.579 2.995 

A t 1  a n t i c  menhaden g r o w t h  b e g i n s  
i n  t h e  s p r i n g  and ends i n  t h e  f a l l  as 
t h e  w a t e r  t e m p e r a t u r e  c r o s s e s  an 
a p p r o x i m a t e  15O C (59 "  F )  t h r e s h o l d  
( B e a u f o r t  I n l e t ,  N o r t h  C a r o l  i n a )  
( K r o g e r  e t  a l .  1974) .  Age 0  f i s h  
ranged  f r o m  40 t o  185 mm TL a t  t h e  end 
o f  t h e  g row ing  season,  depend ing  on 
when t h e y  were spawned and e n t e r e d  t h e  
e s t u a r y .  The s m a l l e s t  f i s h  had n o t  
y e t  f o rmed  t h e i r  f i r s t  g r o w t h  annu lus .  
Young o f  t t i e  n e x t  y e a r  c l a s s  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 T L "  
s h o r t e r  t h a n  t h e  s m a l l e s t  f i s h  o f  t h e  
p r e v i o u s  y e a r  c l a s s .  These f a c t o r s ,  
combined w i t h  a  f a s t e r  l a r v a l  g rowth  
r a t e  ( L e w i s  e t  a1 . 1972; K r o g e r  e t  a1 . 
1974) and l a t i t u d i n a l  d i f f e r e n c e s  i n  
g r o w i n g  season, p r o b a b l y  e x p l a i n  t h e  
obse rved  d i f f e r e n c e s  i n  s i z e s  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  c a t c h .  

A t 1  a n t i c  rrlenhaderl r e a c h  1  eng ths  
o f  a b o u t  500 mm TL and w e i g h t s  o f  
1500+ g  a t  ages o f  8  t o  10 y e a r s .  
Cooper (1965)  c o l  l e c t e d  an 8-year -01 d  
f i s h  t h a t  rrleasured 470 m1.n TL and 
1,674 g  we t  w e i g h t .  

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  1 6 0 0 ' s  
o r  e a r l y  1 7 0 0 ' 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  1 8 0 0 ' ~ ~  an i n d u s t r y  was 
f i r s t  deve loped  t o  o b t a i n  o i l  f r o m  
menhaden (Goode 1879; Goode and C l a r k  
1887) ,  and w i t h  i n c r e a s e d  use o f  o i l  
p r o d u c t s ,  t h e r e  were 90 r e d u c t i o n  
p l a n t s  i n  N o r t h  C a r o l i n a  a l o n e  b y  1869 
(June 1961a) .  Today t h i s  s p e c i e s  



con t r ibu tes  25% t o  40% of t h e  landings 
in  t h e  l a r g e s t  commercial f i s h e r y  (by 
weight ,  Brevoortia s p e c i e s )  in the  
United S t a t e s .  Annual 1 andi ngs f o r  
1979 through 1981 averaged about 
400,000 metric tons  and $38 mi l l ion  
d o l l a r s  in market value (NMFS 1980, 
1981, 1982). P lants  t h a t  process 
A t 1  a n t i c  menhaden products cu r ren t ly  
opera te  from Maine t o  Florida.  
Ninety-six percent  t o  98% of t h e  catch 
i s  so ld  t o  f e r t i l i z e r ,  l i v e s t o c k ,  and 
cosmetic i n t e r e s t s  a s  f i shmeal ,  s o l -  
uble p r o t e i n s ,  and o i l s ;  t h e  remainder 
i s  used in  pet  food products and a s  
f i s h  b a i t  (NMFS 1980, 1981, 1982). 
The majori ty of the  landings i s  by 
purse se ine .  Federal e f f o r t s  t o  devel- 
op data f o r  management of At lan t i c  
menhaden began in 1955 (June 1957). 

The Catch 

The At lan 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  from Maine t o  cen t ra l  Florida 
and an in tens ive  f a l l  and winter  
f i s h e r y  o f f  North Carolina between 
Cape Lookout and New River I n l e t  (June 
1961a; Nicholson 1978). The f i s h e r y  
e x p l o i t s  f i s h  of ages I - V I I ,  but f i s h  
of ages I  - I1 I account f o r  8 5 n o  
90% of the  t o t a l  catch (June 1961a; 
Nicholson 1975). During the  summer 
and f a l l ,  f i s h  caught in  the  South 
A t l a n t i c  Bight a r e  mostly ages I and 
I1 (>99% of t h e  landings)  with t h e  
north Florida f  i  shery composed mostly 
of age I f i s h .  Concurrently,  f i s h  in  
the  Chesapeake Bay area and the  south- 
e rn  port ion of the  Middle At lan t i c  
Bight a r e  a l s o  age I and I1 although 
they a r e  longer 'and heavier  on t h e  
average. Some age 111 and IV f i s h  a r e  
present  in  an e a r l y  spr ing  pound ne t  
f i s h e r y  in Chesapeake Bay. Most of 
t h e  f i s h  caught in t h e  northern 
por t ion  of the  Middle At lan t i c  Bight 
a r e  age I1 and 111, the  age I1 f i s h  
being l a r g e r  than those t o  the  south.  
The North At lan t i c  f i s h e r y  opera tes  
from mid-June through October and 
pr imar i ly  e x p l o i t s  age I11 o r  o lde r  
f i s h .  The purse se ine  f i s h e r y  north 
of Cape Hat teras  i s  over by l a t e  
November. Age 0  f i s h  begin t o b e  

vulnerable t o  the  f i s h e r y  during l a t e  
f a l l  and win te r  from Chesapeake Bay 
south.  The North Carolina f a l l  f i s h -  
e ry  i s  composed of a l l  age c l a s s e s .  

A t l a n t i c  menhaden stocks were 
d r a s t i c a l l y  reduced during the  1960 ' s .  
 landing.^ dropped from 671,400 metr ic  
tons in 1955 t o  around 200,000 metr ic  
tons per yea r  from 1966 through 1969 
(Nelson e t  a l .  1977). As the  popula- 
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. Fish o l d e r  than age 111 
became sca rce  and f i s h  o lde r  than age 
IV were p r a c t i c a l l y  nonexistent  even 
in  the  North Carolina f a l l - w i n t e r  
f i s h e r y .  Northern p l a n t s ,  e s p e c i a l l y  
those in the  New England area which 
had depended on age I11 and IV f i s h ,  
closed down (Nicholson 1975). Age I  
and I1 f i s h  c o n s t i t u t e d  the  bulk of 
the  landings and age 0 f i s h  became 
more important both abso lu te ly  and 
r e l a t i v e l y  (Nicholson 1975). The 
s tocks  began t o  recover in the  e a r l y  
19701s ,  with age I11 f i s h  again 
appearing in North A t l a n t i c  ca tches .  
The f i r s t  s i g n i f i c a n t  Maine landings 
(3100 metr ic  t o n s )  s ince  the  1960 's  
occurred in  1973 (NMFS 1973, 1974, 
1975; Nelson e t  a l .  1977). Catches 
continued t o  improve i n t o  the  e a r l y  
1980 's ;  however, the  s i z e  of the  
reproductive s tocks  (ages I I I  through 
IV) remain low ( A t l a n t i c  Menhaden 
Management Board [AMMB] 1981). 

Management 

More than 50% of the  annual 
landings of A t l a n t i c  menhaden a r e  from 
within S t a t e  t e r r i t o r i a l  wa te r s ,  
mostly from t h e  Chesapeake Bay a rea  
(Robert B.  Chapoton, NMFS, Beaufor t ,  
IVorth Carolina;  pers .  comm. 1982). 
This f a c t ,  combined with t h e  migratory 
nature  of the  spec ies  and the  depen- 
dence of northern f i s h e r i e s  on escape- 
ment of age I  and I1 f i s h  from f i s h e r -  
i e s  in  the  South A t l a n t i c  Bight and 
Chesapeake Bay (Nicholson 1978),  makes 
regula t ion  a  compromise s i t u a t i o n  
between t h e  indust ry  and Federal and 
S t a t e  agencies .  



The s t o c k s  have g e n e r a l  l y  been 
unrnanaged e x c e p t  f o r  e s t a b l  i shment o f  
l o c a l  v e s s e l  q u o t a s  t o  p r o t e c t  t h e  
m a r k e t .  Ne lson  e t  a l .  (1977)  s u g g e s t -  
e d  t h a t  t h e  f i s h e r y  i s  somewhat s e l f -  
r e g u l 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 e d  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  o 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  ... b y  t h e  economics o f  
f r e e  m a r k e t  c o m p e t i t i o n . .  . a s s u r e s  t h a t  
(1) t h e  ave rage  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 mechanism 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  rnay 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  w h i c h  t h e  f i s h e r y  c o l l a p s e s ] . "  
S c h a a f f  ( 1 9 7 5 )  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  t h a t  caused t h e  
f i s h e r y  t o  c o l l a p s e  i n  t h e  1 9 6 0 ' s  
c o u l d  be m a i n t a i n e d  even i f  c a t c h e s  
dropped t o  200,000 m e t r i c  t o n s l y e a r  
because o f  h i g h e r  p r o d u c t  p r i c e s  
d u r i n g  t h e  m i d - 1 9 7 0 ' s .  He u r g e d  t h e  
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  Corr~rr~i s s i o n  
(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 e c t s  of 
e f f o r t  r e g u l a t i o n s  a r e  s t u d i e d .  The 
v a r i o u s  S t a t e s  have now endorsed  an 
ASMFC management p l a n  (AMMB 1981)  t h a t  
i s  a w a i t i n g  enactment  b y  v a r i c u s  S t a t e  
1  e g i  s l  a t u r e s  ( R o b e r t  B. Chapoton,  
NMFS, Beau f o r t ,  N o r t h  C a r o l  i na; p e r s .  
comm. 1982) .  See t h e  AMMB (1981)  
document f o r  s p e c i f i c  management g o a l s  
as w e l l  as a d d i t i o n a l  s o c i a l  and b i o -  
l o g i c a l  i n f o r m a t i o n .  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  cornplex sha red  r e s o u r c e ,  t h e  p r o s -  
p e c t s  o f  d e v e l o p i n g  a  w o r k a b l e  manage- 
ment p l a n  a r e  good (Schaa f  1975) .  

t o n s l y e a r  and by Schaaf ( 1 9 7 5 )  a t  
560,000 m e t r i c  t o n s l y e a r .  E s t i m a t e s  
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)  s p a w n e r - r e c r u i  t ( d e n s i t y -  
dependent  s u r v i v o r s h i p )  model were 
g i v e n  as  380,000 m e t r i c  t o n s l y e a r  by 
Schaaf  snd Huntsman (1972) and a v e r -  
aged 419,000 m e t r i c  t o n s l y e a r  based on 
known s u r v i v o r s h i p  (1961-71)  ( N e l s o n  
e t  a l .  1977) .  The r e c r u i t - e n v i r o n m e n t  
model deve loped by  Ne lson  e t  a l .  
( 1 9 7 7 )  ( s e e  t h e  L i f e  H i s t o r y  s e c t i o n )  
1  i kewi  se averaged 419,000 m e t r i c  
t o n s l 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  b a s i s  b y  c o n s t a n t l y  
u p d a t i n g  y i e l d  e s t i m a t e s .  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  b y  June 
( 1 9 6 1 a ) .  It has s i n c e  been s t r e s s e d  
t h a t  t h e  main tenance o f  a  h e a l t h y  
s t o c k  o f  spawning-age f i s h  ( I 1 1  t o  V I )  
s h o u l d  be  a  p r i m a r y  concern  o f  manage- 
ment e f f o r t s  (Schaa f  and Huntsman 
1972; Schaaf  1975; Ne lson  e t  a l .  1977; 
Vaughan 1977) .  Good s t o c k s  o f  spawn- 
i n g  age f i s h  wou ld  b r i n g  m u l 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  r e p r o d u c t i v e  
p o t e n t i a l  ( d e c r e a s i n g  t h e  impac t  o f  
y e a r s  w i t h  p o o r  r e c r u i t m e n t  c o n d i  - 
t i o n s )  , decreased v u l  n e r a b i  1  i ty  t o  
weak y e a r  c l a s s e s ,  and i n c r e a s e d  
w e i g h t  o f  l a n d i n g s  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  
c a t c h .  

Annual i n s t a n t a n e o u s  n a t u r a l  mor- 
t a l i t y  was e s t i m a t e d  a t  0 .36 (1955-64)  
by  Schaaf  and Huntsman (1972)  and a t  
0 .42 f o r  t h e  1955 y e a r  c l a s s  by Ne lson 
e t  a l .  ( 1 9 7 7 ) .  T h e i r  r e s p e c t i v e  e s t i -  
mates o f  annua l  i n s t a n t a n e o u s  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 y e a r  c l a s s .  A  
c o m b i n a t i o n  o f  t h e s e  d a t a  y i e l d s  t o t a l  
i n s t a n t a n e o u s  m o r t a l i t y  e s t i m a t e s  
r a n g i n g  f rorn 1.18 t o  2.56, w h i c h  
c o r r e s p o n d  t o  t o t a l  annua l  m o r t a l i t y  
r a t e s  o f  69.3% t o  92.3% (ages I 
t h r o u g h  V I ) .  

I.laximum s u s t a i n e d  y i e l d  (MSY) Subpopul a t i  ons 
f rom h i s t o r i c  c a t c h - e f f o r t  d a t a  has 
r e c e n t l y  been e s t i m a t e d  b y  Schaaf  and Because a  g e n e t i c a l l y  d i s t i n c t  ' 
Huntsman (1972) a t  600,000 m e t r i c  s t o c k  can have i t s  own homogeneous 



v i t a l  pa ramete rs  o f  r e c r u i  tmen t ,  
g r o w t h ,  and m o r t a l  i t y  (Cush ing  1968) ,  ' i d e n t i f i c a t i o n  o f  t h e  s t o c k  (=subpopu- 
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  n e c e s s a r y  f o r  p r o p e r  rnanage- 
ment .  V a r i o u s  a u t h o r s  have proposed 
t h e  e x i s t e n c e  o f  two t o  f i v e  A t l a n t i c  
menhaden subpopu l  a t i o n s  based on 
m e r i s t i c  and morphomet r i  c  compar isons  
( June  1958, 1965; S u t h e r l a n d  1963; 
Higham and N i c h o l s o n  1964; June and 
N i c h o l s o n  1964; Dah l  b e r g  1970) .  
Dahl  b e r g  (1970 )  r e p o r t e d  a  d i s t i n c t  
subpopu 1  a t i  on o f  A t 1  a n t i  c  menhaden 
s o u t h  o f  Cape Canave ra l  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 v e r ,  F l o r i d a .  
IN i cho l son  (1978)  s t a t e d  t h a t  t h e  
e x t e n s i v e  n o r t h - s o u t h  m i g r a t i o n s ,  
l 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 l a s s e s  s o u t h  o f  Cape 
H a t t e r a s  i n  t h e  w i n t e r  p r e c l u d e  t h e  
e x i s t e n c e  o f  more t h a n  one s t o c k .  
E p p e r l y  (1981 ) ,  however,  p r o v i d e d  
e l e c t r o p h o r e t i c  as  we1 1  as m e r i s t i c  
and m o r p h o m e t r i c  d a t a  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 t h o s e  
f i s h  spawned i n  t h e  i n s h o r e  w a t e r s  o f  
t h e  N o r t h  A t l a n t i c  d u r i n g  t h e  s p r i n g  
and t h o s e  spawned i n  t h e  f a l l  and 
w i n t e r  i n  t h e  Sou th  and M i d d l e  
A t l a n t i c  G i q h t s .  The f a l l - s p a w n i n g  
f i s h  o f  t h e  N o r t h  A t l a n t i c  B i g h t  and 
t h e  s p r i n g - s p a w n i n g  f i s h  o f  t h e  M i d d l e  
A t l a n t i c  B i g h t  may a l s o  be d i s t i n c t  
s u b p o p u l a t i o n s ,  b u t  t h i s  a s p e c t  has 
n o t  been f u l l y  i n v e s t i g a t e d .  

ECOLOGICAL ROLE 

A t l a n t i c  menhaden occupy two 
d i s t i n c t  t y p e s  o f  f e e d i n g  n i c h e s  
d u r i n g  t h e i r  l i f e t i m e .  As l a r v a e  t h e y  
a r e  s i z e - s e l e c t i v e  p l a n k t o n  f e e d e r s  
and as j u v e n i l e s  and a d u l t s  t h e y  a r e  
i n d i s c r i m i ~ a t e  f i l  t e r  f e e d e r s .  Data  
on t h e  f o o d  o f  l a r v a e  b e f o r e  t h e y  
e n t e r  t h e  e s t u a r y  do n o t  e x i s t ,  b u t  
Schumann (1965)  r e p o r t e d  t h a t  p t e r o p o d  
and b i v a l v e  l a r v a l  s t a g e s  p l u s  c r u s t a -  
cean n a u p l i i  c o m p r i s e d  t h e  d i e t s  o f  
o t h e r  l a r v a l  c l u p e i f o r n i  f i s h e s .  A f t e r  
e n t e r i n g  t h e  e s t u a r y ,  A t l a n t i c  
menhaden l a r v a e  appear  t o  b e  e x t r e m e l y  
s e l e c t i v e  fo r7  c e r t a i n  s i z e s  and spec ies  

o f  p r e y .  La rvae  f r o ~ n  t h e  INewport R i v e r  
E s t u a r y ,  N o r t h  C a r o l  i n a ,  r a n g i n g  f ron i  
26 t o  31  nim 1'L (x = 29 mni TL)  , consumed 
copepods and c o p e p o d i t e s  o f  o n l y  f o u r  
t a x a  , con ipr i  s i  ng 99::) by nurnbers and 
volurrle of t h e i r  g u t  c o n t e n t s  ( K j e l s o n  
e t  a l .  1975 ) .  These p r e y  i t e m s  ranged 
f r o m  300 t o  1200 I r g l  i n  l e n g t h  ( X  = 
750 I lm and were consumed d e s p i t e  an 
abundance of copepod n a u p l i i ,  b a r n a c l e  
l a r v a e ,  and sma l l  a d u l t  copepods i n  
p l a n k t o n  tows.  Larvae i n  t h e  l a b o r a -  
t o r y  i g n o r e d  a l l  o t h e r  food i terns 
i n c l  u d i n g  A r t e m i a  and Ba lanus naup l  i i 
when o f f e r e d  copepods (June and C a r l s o n  
1971) .  L a r v a l  menhaden i n  t h e  Newport  
R i v e r  E s t u a r y  fed p r i m a r i i y  d u r i n g  day-  
l i g h t  hou rs  w i t h  one m a j o r  b u r s t  o f  
f e e d i n g  a c t i v i t y ,  u s u a l l y  b e f o r e  noon , 

( K j e l  son e t  a1 . 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 r o m  t h e  
w a t e r  co lumn w i t h  a  complex s e t  o f  
g i l l  r a k e r s .  The r a k e r s  can s i e v e  
p a r t i c l e s  f r o m  13 .2  t o  1200 1~m i n  
s i z e ,  w h i c h  i n c !  udes z o o p l a n k t o n ,  l a r g -  
e r  p h y t o p l a n k t o n ,  and c h a i n - f o r m i n g  
d i a t o m s .  B iochemica l  a n a l y s e s  i n d i -  
c a t e d  t h a t  j u v e n i l e  g u t  c o n t e n t s  v a r y  
w i t h  p r e t y p e  a v a i l a b i l i t y ,  d e c r e a s i n g  
i n  r e 1  i a n c e  on z,ooplankton f r o m  open 
w a t e r s  t o  marsh h a b i t a t s  ( J e f f r i e s  
1 9 7 5 ) .  A t l a n t i c  menhaden may a l s o  be 
c a p a b l e  o f  u t i l i z i n g  e p i b e n t h i c  
r e s o u r c e s  (Edgar  and H o f f  1976) .  
P e t e r s  and Schaaf (1981 )  s p e c u l a t e d  
t h a t  t h e  annua l  p h y t o p l a n k t o n  and 
p h y t o p l  ank ton -based  p r o d u c t i o n  i n  e a s t  
c o a s 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  
s u p p o r 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  r e s i d e n c y .  They 
p roposed  t h a t  t h e  abundant  o r g a n i c  
d e t r i t u s  r e s o u r c e  may b e  u t i  l i z e d .  

The r o l e s  o f  A t l a n t i c  menhaden i n  
sys  tems f u n c t i o n  and ccnlrnuni ty  dynam- 
i c s  have r e c e i v e d  l i t t l e  3 t t e n t i o n .  
L a r v a e  and j u v e n i l e s  a r e  seasona l  l y  
i n i p o r t a n t  components o f  e s t u a r i n e  f i s h  
assemblages ( T a g a t z  and Dud1 ey 1961; 
C a i n  and Dean 1976; Bozeman and Dean 
1980) .  E s t i m a t e s  o f  t h e  mean d a i l y  
r a t i o  f o r  l a r v a e  range  f rom 4.9% 
( K j e l s o n  e t  d l .  1975) t o  20 ( P e t e r s  



and Schaaf  1981) o f  w e t  body w e i g h t .  
Assirni 1  a t i o n  o f  i n g e s t e d  energy  exceed- 
ed 80% f o r  p l a n t  and an ima l  m a t e r i a l  
( D u r b i n  and D u r b i n  1981) .  G iven t h e  
t remendous numbers, i n d i v i d u a l  g rowth  
r a t e s ,  and seasona l  movements o f  t h e s e  
f i s h ,  t h e y  a r e  consuming and r e d i s t r i b -  
u t i n g  a  l a r g e  amount of energy  and 
m a t e r i a l  s  on an annua l  b a s i 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  
w a t e r s .  

K j e l s o n  e t  a l .  (1975)  n o t e d  t h a t  
t h e  copepod t a x a  p r e f e r r e d  b y  l a r v a l  
menhaden and o t h e r  s p e c i e s  decreased 
f r o m  a  mean v a l u e  ( 2  y e a r s )  o f  81% t o  
48% o f  t h e  t o t a l  z o o p l a n k t o n  biornass 
d u r i n g  t h e  p e r i o d  o f  l a r v a l  r e s i d e n c e .  
They s p e c u l a t e d  t h a t  t h i s  may be 
p a r t i a l l y  e x p l a i n e d  b y  l a r v a l  f e e d i n g .  
D u r b i n  a n d  D u r b i n  (1975)  suggested t h a t  
A t l a n t i c  menhaden i n  c o a s t a l  w a t e r s  may 
a l s o  a l t e r  t h e  co r r l pos i t i on  o f  p l a n k t o n  
assemblages t h r o u g h  g r a z i n g  c e r t a i n  
s i z e  r a n g e s .  

B l u e f i s h  (Pomatorrlus s a l  t a t r i x ) ,  
s t r i p e d  bass -- s a x a t i l i s ) .  
b l  uef  i n  t u n a  ( ~ h b n n u s  t h y m i d  
sha rks  a r e  i m p o r t a n t  A t 1  a n t i c  menhaden 
p r e d a t o r s  ( R e i n t j e s  and Pacheco 1966) .  
N o t h i n g  i s  known o f  t h e  i m p a c t  o f  f i s h  
p r e d a t i o n  on menhaden p o p u l a t i o n s .  

ENVIRONMENTAL REQUIREMENTS 

Temperature ,  S a l i n i t y ,  and D i s s o l v e d  
Oxygen 

F i e l d  d a t a  i n d i c a t e  t h a t  A t l a n t i c  
menhaden o c c u r  t h r o u g h o u t  a  w i d e  range  
o f  p h y s i c o c h e m i c a l  c o n d i t i o n s .  Severa l  
s t u d i e s  have r a i s e d  q u e s t i o n s  r e g a r d i n g  
t h e  1  i m i t s  o f  t o l e r a n c e  and optimum 
c o n d i t i o n s .  June and Chamber1 i n  (1959)  
and R e i n t j e s  and Pacheco (1966)  r e p o r t -  
ed 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  w a t e r s  a t  t e m p e r a t u r e s  be1 ow 
3" C ( 3 7 "  F ) .  Many s t u d i e s  have n o t e d  
an a f f i n i t y  o f  young  menhaden f o r  l o w  
s a l i n i t y  w a t e r s  ( s e e  t h e  L i f e  H i s t o r y  
s e c t i o n ) .  W i l kens  and Lew is  (1971)  
s p e c u l a t e d  t h a t  1  a r v a l  menhaden r e q u i r e  
1  ow s a l  i n i  t y  w a t e r  t o  metamorphose 
p r o p e r l y ,  and Lewis (1966) found  t h a t  

a1 though 1  a rvae  metati~orphosed i n  s a l  i n -  
i t i e s  o f  15 t o  40 p p t ,  o n e - t h i r d  o f  
t h e  j u v e n i  1  es  deve loped  

s 1  ightly C c rooked  v e r t e b r a 1  columns.  La rvae  
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 ,  however, metamorphosed c o m p l e t e l y  
w i t h  no abnormal  i t i e s  ( R e i n t j e s  and 
Pacheco 1966) ,  and l a r v a e  t r a p p e d  i n  a  
n a t u r a l  cove a t  B e a u f o r t ,  N o r t h  
Caro l  i na, t r a n s f o r m e d  i n t o  j u v e n i  1  es 
a t  24 t o  36 p p t  ( K r o g e r  e t  a l .  1974) .  
Sal i n i  t y  does a f f e c t  t e m p e r a t u r e  
t o l e r a n c e ,  a c t i v i t y ,  me tabo l i sm,  and 
g rowth .  Lower s a l i n i t i e s  decreased 
s u r v i v a l  a t  t e m p e r a t u r e s  be low 5" C 
(41 "  F) , and s u r v i v a l  was poor  a t  6" C 
(43 "  F )  i n  f r e s h w a t e r  ( L e w i s  1966) .  
The e f f e c t  o f  s a l i n i t y  on u p p e r  tem- 
p e r a t u r e  t o l e r a n c e  was n o t  s i g n i f i c a n t  
( L e w i s  and H e t t l e r  1968) .  La rvae  t h a t  
H e t t l e r  (1976)  r e a r e d  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 ,  me tabo l  i c  r a t e s ,  and g r o w t h  
r a t e s  t h a n  t h o s e  r e a r e d  a t  28 t o  34 
p p t .  Lew is  ( 1 9 6 6 )  a l s o  no ted  s l o w e r  
g r o w t h  a t  h i g h  s a l i n i t i e s .  

S a l i n i t i e s  o f  10 t o  30 p p t  had no 
e f f e c t  on d e v e l o p i n g  embryos a l t h o u g h  
t e m p e r a t u r e  d i d  ( F e r r a r o  1980a) .  
Embryonic m o r t a l  i t y  was s i g n i f i c a n t l y  

4 
h i g h e r  a t  10" C ( 5 0 "  F )  t h a n  a t  15", 
20°, and 25" C (59" ,  68",  and 77" F ) .  
Temperatures  l e s s  t h a n  7" C ( 4 5 "  F )  
were f a t a l  t o  d e v e l o p i n g  embryos. 
Time t o  h a t c h i n g  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  
t e m p e r a t u r e .  Sur face temperatures  i n  
t h e  spawning a reas  o f  t h e  South  
A t l a n t i c  E i g h t  d u r i n g  t h e  months o f  
h i g h e s t  egg c a p t u r e  a r e  g e n e r a l l y  12" 
t o  20" C o r  54" t o  68" F  ( W a l f o r d  and 
Wick1 und 1968) .  The 1  owest  tempera-  
t u r e s  a t  w h i c h  A t l a n t i c  menhaden eggs 
and l a r v a e  have been c o l l e c t e d  i n  t h e  
N o r t h  A t l a n t i c  r e g i o n  a r e  between 10" 
and 13" C o r  50" and 55" F  ( F e r r a r o  
1980a) .  The t e m p e r a t u r e  range f o r  t h e  
M i d d l e  A t l a n t i c  B i a h t  was 0 "  t o  25" C 
(32 "  t o  77"F) ,  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 
o r  61" t o  66" F  ( K e n d a l l  and R e i n t j e s  
1975) .  

The 1 i rn i  t s  o f  l a r v a l  t empera tu re  
t o l e r a n c e  a r e  a l s o  a f f e c t e d  by 



acclimation time. Survival above 38 C 
or  86" F (Lewis a n d  Hett ler  1968) and 

b below 5" C or  41" F (Lewis 1965) was 
progressively extended by accl imation 
temperatures c loser  t o  t e s t  values. 
This implies t ha t  rapid changes t o  
extreme temperatures are  more l ike ly  
t o  induce le thal  e f f ec t s  than prolonged 
exposure t o  slowly changing values. 

He t t l e r  a n d  Colby (1979) demon- 
s t r a t ed  t h a t  photoperiod a t  l e a s t  
p a r t i a l l y  explains va r i a t i on  in  r e s i s -  
tance t o  heat s t r e s s .  Median le thal  
time increased l i nea r ly  with photo- 
period a t  34" C (93" F ) .  They a lso  
speculated t h a t  i t  may be important t o  
other types of physiological s t r e s s .  
Lewis a n d  He t t l e r  (1968) observed 
increased survival of juveniles a t  
35.5" C (96" F )  with increased d i s -  
solved oxygen ( D O )  s a tu ra t ion .  Burton 
e t  a l .  (1980) found a mean le thal  DO 
concentration of 0.4 mg/l, b u t  they 
warned against  i n t e rp re t a t i on  of t h i s  
value as  "safe"  i n  view of the i n t e r -  
ac t ive  nature of envi ronmental 
f a c to r s .  Westman a n d  Nigrell i  (1955) 

) observed mass mor t a l i t i e s  from gas 
embolism only in areas  with highly 
var iable  s a l i n i t y  and organic pollu- 
t ion  t o  a degree which made she l l f i sh  
un f i t  f o r  human consumption. Lewis 
a n d  He t t l e r  (1968) observed decreased 
s ~ ~ r v i v a l  a t  high temperatures by f i s h  
whose g i l l  condition was affected by 
parasi t ism. The i n t e r ac t i ve  nature of 
envi ronmental f a c to r s  must be consid- 
ered when defining the healthy ranges 
of a n  organism. 

received 1 i  t t l e  de ta i l ed  a t t en t ion  
( s ee  Life History s e c t i o n ) .  

Environmental Contaminants 

I n  a  study of chlorinated hydro- 
carbon residues in At lant ic  and Gulf 
of Mexico menhaden f i shery  products, 
Stout e t  a l .  (1981) showed tha t  over- 
a l l  level s  have decreased since the 
l a t e  1960'8, although s ign i f ican t  
d i f ferences  between years f o r  l eve l s  
of polychlorinated byphenyls (PCB's) 
in the  South At lant ic  Biqht and fo r  
d i e ld r in  in the  Middle At lant ic  B i g h t  
could not be demonstrated. There was 
a l so  a general lack of s i gn i f i c an t  
d i f ferences  between areas within 
yea r s ,  possibly due t o  the sampling 
regimen. They speculated t h a t  PCB 
l eve l s  have remained somewhat high 
because of leakage from sources es tab-  
l i shed pr io r  t o  regulation a n d  contin- 
ued allowance of l imited spec ia l ty  
uses. Menhaden o i l  products carry  the 
highest  concentrat ions of such non- 
polar compoutds, a n d  some samples 
contained leve l s  in excess of United 
S ta tes  Food a n d  Drug Administration 
temporary tolerances as of 1977. 
Warlen e t  a l .  (1977) demonstrated t h a t  
1 4 C - D D T  uptake by At lant ic  menhaden i s  
dose-dependent, with a n  assimilat ion 
value between 17% a n d  27%.  Applica- 
t ion  of t h e i r  model t o  f i e l d  d a t a  
suggested t h a t  uptake was via plankton 
and/or d e t r i t u s .  L i t t l e  information 
e x i s t s  about the  t ox i c i t y  of contami- 
nants t o  At lan t ic  menhaden. 

Other Factors 

Substrate a n d  Svstem Features 

The associa t ion of the  At lant ic  
menhaden w i t h  e s tuar ine  a n d  nearshore 
systems during a l l  phases of i t s  l i f e  
cycle i s  well documented. I t  i s  evi-  
dent t h a t  young menhaden require these 
food-rich waters t o  survive a n d  grow 
(see  above discuss ion)  a n d  the f ishery 
i s  concentrated near major es tuar ine  
systems (June 1961a). The r e l a t i ve  
importance, however, of d i f f e r en t  

) habi ta t  types ( i  . e . ,  sound, channels, 
marshes) a n d  sal  i  n i  ty regimes has 

The seasonal depth d i s t r ibu t ion  
of At lant ic  menhaden i s  t i e d  t o  rnigra- 
t ion  pat terns .  There a re  some f i s h  in 
depths from 1 t o  200 m ( 3  t o  656 f t )  
on a year-round bas i s .  The major 
d i s t r i bu t i ons  are  presented in the 
Life History sect ion.  See t h a t  d i s -  
cussion f o r  information on how water 
movement a f f e c t s  survival a n d  t rans-  
port of the young. The role of turbid- 
i t y  i n  Atlantic menhaden biology 
apparently has not been studied.  
Rogers e t  a l .  (unpublished M S . 2 )  
proposed t u rb id i t y  a1 ong with sal  i  ni ty 



and n u t r i e n t  g r a d i e n t s  as means f o r  p r o p o s i t i o n  was rr~ade by B l a b e r  and 
young f i s h e s  l o c a t i n g  e s t u a r i n e  a reas  B l a b e r  (1980) f o r  young A u s t r a l i a n  
a l o n g  t h e  Georg ia  coas t .  A  s i m i l a r  f i s h e s .  
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