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PREFACE 

T+i  s  s e r i e s  O F  p r o f i  I c s  abou t  c o a s t a l  a q u a t i c  s p e c i e s  o f  commerc ia l ,  
s p o r t ,  ar ld/or  e c o l ~ g i c d l  s i g n i  f i c a n c e  i s  b e i n g  j o i n t l y  deve loped and funded by  
t h e  I1.S. Army Corps of Eng ineers  and t h e  1J.S. F i s h  and M i l d l i f e  S e r v i c e .  It 
i s  des igned t o  p r o v i d e  c o a s t a l  managers, e n g i n e e r s ,  and f i e l d  h i  01 o g i  s t s  wi t h  
an i n t r o d u c t i o n  t o  t h e  s u b i e c t  s p e c i e s  and a synops is  o f  t h e  i n f o r r n a t i o n  
necessary  t o  r e l a t e  expected changes ( a s s o c i a t e d  w i t h  c o a s t a l  deve lopment )  i n 
t h e  ~ h y s i c o c h e ~ n i c a l  c h a r a c t e r i  s t i c s  o f  e s t u a r i e s  t o  changes i n  these s e l e c t e d  
b i  o l o g i c d l  p o p u l a t i o n s .  Each p r o f i  l e  i n c l u d e s  b r i e f  s e c t i o n s  on taxonomy and 
i d e n t i f i c a t i o n  f o l  l o ~ l e d  by a  n a r r a t i v e  of li f e  h i  s t o r y ,  env i ronmen ta l  roqc r i re -  
rnents, e c o l o g i c a l s  r o l e ,  and (where a p p l i c a b l e )  t h e  f i s h e r y  o f  t h e  s u b j e c t  
s p e c i e s .  A  t h r e e - r i n 3  b i n d e r  i s  used f o r  t + i s  s e r i e s  t o  f a c i l i  t a t o  a d d i t i o n s  
as new p r o f i l e s  a r e  prepared.  

Suggest ions  o r  q u e s t i o n s  r e g a r d i n g  t h i s  r e p o r t  shou ld  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  S p e c i a l  i s t  
N a t i o n a l  Coas ta l  Ecosys terns Team 
1J.S. F i s h  and W i l d l i f e  S e r v i c e  
NASA-Sl i d e l  1  Computer Cornpl ex 
1010 Gause Boul evard  
Sl  i d e l l  , LA 70458 

U.S. Army Eng ineer  Waterways Exper iment  S t a t i o n  
A t t e n t i o n :  WESES 
Pos t  O f f i c e  Box 6 3 1 ,  
Vicksbu rg ,  F!S 39190 

11 .S. Army Coasta l  E n g i n e e r i n g  Research Cen te r  
Kingman B u i l d i n g  
F o r t  B e l v o i r ,  VA 22060 

Thi s  s e r i e s  shou ld  be r e f e r e n c e d  as f o l  lows : 

U.S. F i s h  and W i l d l i f e  Se rv i ce .  1983. 5pec ies  p r o f i l e s :  l i f e  h i s t o r i e s  and 
env i ronmen ta l  requ i remen ts .  I1.S. F i s h  and W i  l d l i  f e  S e r v i c e ,  Di v i  s i  on o f  
B i o l o g i c a l  S e r v i c e s ,  FWS/OBS-82/11. U.S. Army Corps o f  Eng ineers ,  TR 
EL-82-4. 

Thi s  p r o f i  l e  shou ld  be c i  t e d  as  f o l  lows : 

Lassuy, D.R. 1933. Species p r o f i l e s :  1 i  f e  h i  s t o r i e s  and env i ronmen ta l  
requ i remen ts  ( G u l f  o f  F lexico)  -- A t l a n t i c  c r o a k e r .  1J.S. F i s h  and W i l d -  
1 i  f e  Serv ice ,  3 i v i  s i o n  o f  B i o l o g i c a l  S e r v i c e s .  FivIS/ORS-82/11.3. U.S. 
Armny Corps o f  Eng ineers ,  T9 EL-82-4. 12 pp.  



F i g ~ r e  i .  A t l a n t i c  c r o a k e r .  

ATLANTIC CROAKER 

S c i e n t i f i c  name . . .  i . -- Micropogon ias  
u n d u l a t u s  ( L i  nnaeus) 

P r T f e r r e d  comrnon name . . . .  A t l a n t i c  
c r o a k e r  ( F i g u r e  1) 

Othe r  comc~on names . . . . . .  Croaker ,  
c rocus ,  hardhead, K i n g  B i  1  l y ,  l a  
c o r b i  na 

C lass  . . . . . . . . . .  O s t e i c h t h y e s  
Orde r  . . . . . . . . . . .  P e r c i  fornies 
Farni l y  . . . . . . . . . .  S c i a e n i d a e  

64-72; G r .  7  + 28-25; A.11, 7-8; Sc. 
d e p t h  2.3-3.65. Body e l o n s a t e ,  com- 
p ressed ;  back m o d e r a t e l y  e l e v a t e d ;  head 
r a t h e r  l o n g ;  snou t  c o n i c a l ,  p r o j e c t i n g  
beyond t h e  mouth i n  t h e  a d u l t  and p r o -  
p o r t i o n a t e l y  r ~ u c h  l o n g e r  t h a n  i n  t h e  
v e r y  young, 2.85 t o  3.75 i r ,  head; eye 
3.35 t o  4.8; i n t e r o r b i t a l  3.35 t o  3 .8 ;  
mouth moderate,  h o r i z o n t a l ,  i n f e r i o r ;  
m a x i l l a r y  r e a c h i n g  a  l i t t l e  p a s t  f r o n t  

Geographic range:  Coas ta l  h a t e r s  f r o m  
Cape Cod, Classachusetts t o  t h e  Bay 
o f  Campeche, Kex i co ,  unconcon 
n o r t h  o f  New J e r s e y .  Conlniorl a l o n g  
t h e  e n t i r e  G u l f  o f  Mex ico c o a s t  
b u t  c o s t  abundant o f f  L o u i s i a n a  
and b l i s s i s s i p p i  ( F i g u r e  2 ) .  

'changed f rom Micropogon ( p r e o c c u p i e d  
by  ~ ~ l i c r o p o g o n  B o i e  1826 i n  Aves) b y  
Whi te  and Chi  t t e n d e n  (1977) .  

L ~ a r g e l y  e x t r a c t e d  f r o m  H i l d e b r a n d  and , 
Schroeder  ( lSZC),  Pearson (1S2'1), and 
Hoese and Moore (1977) .  See t h e s e  
r e f e r e n c e s  f o r  e x p l a n a t i o n s  o f  abbre-  
v i a t i o n s  and measurements. 
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Figure  2 .  D i s t r i b u t i o n  of A t l a n t i c  c roaker  a long  t h e  Gulf of  Mexico c o a s t .  



o f  eye t o  below midd le  o f  eye, 2.3 t o  
2.85 i n  head; t e e t h  i n  t he  jaws a l l  
smal l ,  i n  broad v i l l i f o r m  bands; c h i n  
w i t h  severa l  pores and a  row o f  sho r t ,  
s l ende r  ba rbe l s  on each s i de ;  preop- 
e r c l e  w i t h  stroncj, s h o r t  spines on 
margin;  g i l l  rakers  s h o r t ;  sca les  rnod- 
e ra te ,  reduced a n t e r i o r l y  above l a t e r a l  
1  i ne ,  s t r o n g l y  c teno id ,  ex tend ing  on 
t he  caudal b u t  n o t  on t h e  o t h e r  f i n s ;  
do r sa l  f i n s  cont iguous,  o r  more o r  l e s s  
cont inuous i n  young, t h e  f i r s t  c o ~ p o s e d  
o f  s l ende r  sp ines,  somewhat e leva ted ,  
t he  t h i r d  and f o u r t h  sp ines longes t ,  
h i g h e r  than any o f  t h e  rays  i n  t h e  s o f t  
p a r t ;  caudal f i n  s l i g h t l y  double con- 
cave i n  a d u l t ,  w i t h  t he  upper and mid- 
d l e  r ays  longes t ,  sha rp l y  po i n t ed  i n  
ve r y  young; anal  f i n  sma l l ,  w i t h  two 
s t r o n g  sp ines,  t h e  f i r s t  ve ry  sho r t ,  
t h e  second about t w o - t h i r d s  the  l e n g t h  
o f  t he  s o f t  r ays ;  v e n t r a l  f i n s  moder- 
a t e ,  i n s e r t e d  under and s l i g h t l y  behind 
base o f  p e c t o r a l s ;  p e c t o r a l s  r a t h e r  
l o n g  i n  a d u l t ,  reach ing  w e l l  beyond 
t i p s  of v e n t r a l s ,  s ca r ce l y  reach ing  
t i p s  o f  v e n t r a l s  i n  young, 1.15 t o  1.5 
i n  head. 

Co lo r  i n  l i f e :  g reen ish  o r  gray-  
i s h  s i l v e r y  t o  brassy y e l l o w i s h  and 
h i g h l y  i r r i d e s c e n t  above, s i l v e r y  w h i t e  
below; back and s ides  w i t h  many b rassy  
o r  brownish sho r t ,  i r r e g u l a r ,  o b l i q u e  
bars  formed by spots  on sca les.  Bars 
may become l e s s  d i s t i n c t  i n  l a r g e r  
a d u l t s .  Young u s u a l l y  pa l e r ,  s i l v e r y .  
L a r v a l  and p o s t l a r v a l  forms a r e  de- 
s c r i b e d  by  Pearson (1929). 

REASON FOR INCLUSION I N  SERIES 

The A t l a n t i c  c roaker  i s  one o f  
severa l  s c i a e n i d  f i s h e s  i n  coas ta l  G u l f  
o f  Mexico waters  t h a t  a re  s u b j e c t  t o  
s i g n i f i c a n t  commercial and s p o r t  f i s h -  
e r i e s .  It i s  t h e  t a r g e t  spec ies o f  an 
i n d u s t r i a l  g round f i sh  f i s h e r y  and i s  
o f t e n  dominant i n  i n sho re  and o f f s h o r e  
s p o r t  catches. The species i s  cons id-  
ered e s t u a r i n e  dependent as a l l  stages 
f rom l a r v a e  t o  a d u l t s  a re  known t o  

occur  i n  abundance i n  e s t u a r i n e  waters .  
Post l a r v a e  and j u v e n i  l e s  grow r a p i d l y  
i n  e s t u a r i n e  nu r se r y  grounds and a r e  
s u b j e c t  t o  p r e d a t i o n  by  seve ra l  o t h e r  
spec ies.  A1 though q u a n t i t a t i v e  i n f o r -  
mat ion  i s  l a ck i ng ,  i t  i s  l i k e l y  t h a t  
c roakers  p l a y  a  s i g n i f i c a n t  r o l e  i n  
e s t u a r i n e  t r o p h i c  dynamics. 

LIFE HISTORY 

Spawni -. nq 

Spawning by t h e  A t l a n t i c  c roaker  
has never been observed. The s i t e  and 
tirne o f  spawning a r e  t he re fo re  i n f e r r e d  
f rom t he  cap tu re  o f  r i p e  a d u l t s  o r  
e a r l y  developmental  s tages.  Hos t  pub- 
l i s h e d  works agree w i t h  t h e  e a r l y  work 
of Pearson (1929), who suggested t h a t  
spawning occurs i n  t h e  open g u l f  "near 
t he  mouths of t h e  va r i ous  passes t h a t  
l ead  i n t o  t h e  s h a l l o ~  bays and 
lagoons. " Bearden (1964), however, 
ma in ta ined  t h a t  c roakers  a long  t h e  
South Ca ro l i na  coas t  spawn e n t i r e l y  i n  
t he  ocean as he found r i p e  females as 
f a r  as 48 km (3G m i )  o f f sho re .  H i l d e -  
brand and Cable (1930) a l s o  r e p o r t e d  
t a k i n g  very  young c roakers  24 km (15 
m i )  o f f sho re .  Spawning i s  r e p o r t e d  t o  
occur  w i t h i n  a  depth range o f  7.8 t o  
8 1  m o r  26 t o  266 f t  (Fruge and 
Truesdale 1978). 

The A t l a n t i c  c roaker ,  as w i t h  
o t h e r  s c i aen ids ,  has a  p r o t r a c t e d  
spawning season. W i t h i n  i t s  e n t i r e  
range, l a r v a l  and p o s t l a r v a l  s tages 
have been c o l l e c t e d  i n  passes and bays 
f rom as e a r l y  as August i n  Chesapeake 
Bay (H i ldebrand  and Schroeder 1928) t o  
as l a t e  as June i n  Lou i s i ana  (Su t tkus  
1955). The normal range f o r  t h e  G u l f  
o f  Mexico, however, appears t o  be f rom 
October t o  March w i t h  a  peak i n  Noverr~- 
be r  (Pearson 1929; Gunter 1938; Parker  
1971). A1 though Pearson (1929) r e p o r t e d  
"deluges of l a r v a e  . . . ," l i t t l e  
i n f o r m a t i o n  was found on t h e  very  
impo r t an t  l i f e  h i s t o r y  t r a i t  and model- 
i n g  parameter o f  f e c u n d i t y ,  and those  



few 1  i t e r a t u r e  r e p o r t s  v a r y  w i d e l y .  
For  a  female  o f  395 mm t o t a l  l e n g t h  
(TL): H i l d e b r a n d  and Cable  (1930) 
r e p o r t e d  180,000 u n i f o r m  s i z e  eggs, b u t  
Hansen (1970) r e p o r t e d  o n l y  41,200 
eggs. No e x p l a n a t i o n  f o r  t h i s  d i s p a r -  
i t y  has been found. Eggs a r e  p e l a g i c  
and h a t c h  i n  l e s s  t h a n  1 week ( H i l d e -  
b rand  and Cable  1930; Gu the rz  1976).  

L a r v a l  S tage 

A f t e r  h a t c h i n g ,  l a r v a e  and p o s t -  
l a r v a e  may spend some t i m e  i n  t h e  
p l a n k t o n  (H i  l d e b r a n d  and Cab le  1930), 
b u t  a p p a r e n t l y  soon become demersal  
( H i l d e b r a n d  and Cab le  1930; F ruge  and 
T r u e s d a l e  1978).  A  demersal  h a b i t  
wou ld  concu r  w i t h  Pearson ' s  (1929)  
o b s e r v a t i o n  t h a t  l a r v a e  were caugh t  
p r i m a r i l y  i n  t h e  deeper  w a t e r s  o f  t h e  
passes. It i s  u n c l e a r  whe the r  t h e  
movement o f  l a r v a e  i n t o  t h e  e s t u a r i e s  
i s  p a s s i v e  o r  a c t i v e  o r  a  f u n c t i o n  of  
bo th .  P e r k i n s  (1974) s t a t e d  t h a t  " t h e  
r e a c t i o n  c u r r e n t  may c a r r y  t h e  new ly  
ha tched  f i s h  o v e r  100 m i l e s  ups t ream t o  
t h e  upper  l i m i t s  o f  t h e  s a l t w a t e r  i n -  
t r u s i o n  . . . t h i s  f i r s t  movement i s  
pass i ve .  " However, Pearson ' s  (1929) 
o b s e r v a t i o n s  o f  pos t l a r v a l  c r o a k e r s  
sugges t  t h a t  t h e  movement i s ,  a t  l e a s t  
i n  p a r t ,  an a c t i v e  process.  He s t a t e d ,  
"A de te rm ined  a t t e m p t .  . . t o  g a i n  t h e  
s h e l t e r  o f  t h e  bays was observed on 
many occass ions .  Few f i s h  c o u l d  b r e a s t  
t h e  s t r o n g  c u r r e n t  o f  t h e  ebb t i d e ,  b u t  
t h e  young c r o a k e r s ,  passed i n  schoo ls ,  
were seen a t t e m p t i n g  t o  e n t e r  t h e  
passes by  hugg ing t h e  s i d e s  o f  channe ls  
and t o  t a k e  advantage o f  t h e  s l o w e r  
c u r r e n t s .  " T h i s  s c h o o l i n g  b e h a v i o r  i s  
m a i n t a i n e d  t h r o u g h o u t  l i f e .  

P o s t l a r v a e  and J u v e n i l e s  -- 

Once i n  t h e  e s t u a r i e s ,  t h e  p o s t -  
l a r v a e  and v e r y  young sp read  t h r o u g h o u t  
w i t h  h e a v i e s t  c o n c e n t r a t i o n s  a t  t h e  
headwaters  (Pearson 1029; Gunter  1938; 
P a r k e r  1971).  S p e c i f i c  a reas  o f  abun- 
dance f o r  Lake Eorgne, L o u i s i a n a ,  and 

G a l v e s t o n  Bay, Texas, were i d e n t i f i e d  
by  Parke r  (1S71), b u t  he s t a t e d  more 
g e n e r a l l y  t h a t  areas o f  c o n c e n t r a t i o n  
were "a lways i n  s h a l l o w  w a t e r  l e s s  
t h a n  1.2 m  deep and i n  c l o s e  p r o x i m i t y  
t o  a sou rce  o f  f r e s h w a t e r  o r  b r a c k i s h  
w a t e r  w h i c h  g e n e r a l l y  f l o w e d  t h r o u g h  
marshes o r  t i d a l  f l a t s . "  The G u l f  o f  
Mex ico  F i s h e r y  Management Counci  1  
(GMFMC 1981) r e p o r t e d  abundant j u v e -  
n i l e s  i n  t h e  c o r d g r a s s  ( S p a r t i n a  
a l t e r n i f l o r a )  marshes o f  L o u i s i a n a  i n  ---- 
b o t h  open and v e g e t a t e d  a reas  o f  1 rn o r  
l e s s  and s t a t e d  t h a t  " b r a c k i s h  marsh i s  
t h o u g h t  t o  be v e r y  i m p o r t a n t  t o  j u v e -  
n i l e  deve lopment"  ( b u t  see S u b s t r a t e  
s e c t i o n ) .  

Young c r o a k e r s  rema in  i n  e s t u a r i n e  
n u r s e r y  a reas  a t  l e a s t  t h r o u g h  s p r i n g  
and e a r l y  summer ( g r o w t h  and d i e t  du r -  
i n g  t h i s  p e r i o d  a r e  d i s c u s s e d  l a t e r )  
b e f o r e  m i g r a t i n g  t o  t h e  g u l f  wa te rs .  
Pa rke r  (1971)  suggested t h a t  e m i g r a t i o n  
may b e g i n  as e a r l y  as A p r i l  (Texas) o r  
June ( L o u i s i a n a )  w i t h  t h e  a t t a i n m e n t  o f  
60 t o  85 mm TL. The s i g n i f i c a n c e  o f  
t h e s e  l e n g t h s ,  however, was n o t  d i s -  
cussed, and l a t e r  i n  t h i s  same r e p o r t  
he s t a t e d  t h a t  peak g u l f w a r d  m i g r a t i o n  
i n  L o u i s i a n a  occu rs  f r o m  Septeniber t o  
November. Oc tober  t o  N o v ~ ~ b e r  i s  t h e  
most  commonly c i t e d  peak r i g r a t i o n  
p e r i o d  f r o m  t h e  G u l f  o f  Mex ico  (Gun te r  
1938; GMFMC 1981) and a l s o  ( a t  l e a s t  
f o r  L o u i s i a n a )  t h e  p e r i o d  o f  g r e a t e s t  
average d rop  i n  s u r f a c e  w a t e r  tem- 
p e r a t u r e  between s u c c e s s i v e  months 
( B a r r e t t  1971) .  N e a r l y  a1 1  r e p o r t s  
sugges t  t h a t  t h i s  seaward m i g r a t i o n  i s  
t i e d  c l o s e l y  t o  d e c r e a s i n g  tempera tu res  
i n  t h e  e s t u a r i e s  (Pearson 1929; Gun te r  
1938; Wa l lace  1940; P a r k e r  1971; GMFMC 
1981).  However, E t z o l d  and C h r i s t n a s  
(1979) s t a t e d  t h a t  " m i g r a t i o n  g e n e r a l  l y  
s t a r t s  i n  surmer and peaks w i t h  de- 
c r e a s i n g  tempera tu res  i n  t h e  e a r l y  
f a l l . "  I f  t h i s  and t h e  e a r l i e r  d a t e s  
suggested by  P a r k e r  (1971)  a r e  c o r r e c t ,  
t empera tu re  decrease may n o t  a c t u a l l y  
" t r i g g e r "  t h e  m i g r a t i o n ,  b u t  i n s t e a d  
s u f f i c i e n t l y  a c c e l e r a t e  those  processes 

"5.4 mm = 1 i n c h .  



t h a t  p r o v i d e  a  common a s s o c i a t i o n  o f  
"peak" m i g r a t i o n  w i t h  p e r i o d s  o f  r a p i d  
tempera tu re  change. 

Seaward m i g r a t i n g  young-o f - thc -  
y e a r  a r c  s u b j e c t  t o  d e p l e t i o n  by b o t h  
sh r imp  and g r o u n d f i  sh f i s h e r i e s  (Pear-  
son 1929; GMFMC 1981) o p e r a t i n g  i n  
t h e  open g u l f  waters .  A  s i n g l e ,  v e r y  
t e n t a t i v e l y  suggested e s t i m a t e  o f  
i ns tan taneous  f i s h i n g  m o r t a l i t y  ( F )  i s  
g i v e n  by GMFMC (1981) as 1.0, o r  an 
annual  e x p e c t a t i o n  o f  dea th  due t o  
f i s h i n g  o f  63%. However, no comparison 
o f  F w i t h  i ns tan taneous  n a t u r a l  matu- 
r i t y  (M) was found i n  t h e  l i t e r a t u r e .  

b l a t u r i  ty and L i f e - S p a n  

Most a u t h o r s  m a i n t a i n  t h a t  c roak -  
e r s  ma tu re  a t  t h e  end o f  t h e i r  second 
y e a r  (Pearson 1929; Gunter  1945; John- 
son 1978), b u t  o t h e r s  r e p o r t  t h a t  some 
may matu re  and spawn b e f o r e  t h e i r  
second y e a r  i s  completed (Avaul  t e t  a l .  
1969; Hansen 1970; E t z o l d  and C h r i s t -  
mas 1979).  Wal l  ace (1940) r e p o r t e d  
t h a t  males mature a t  2  y e a r s  and f e -  
males a t  3  y e a r s  o f  age. S u r v i v i n g  
spawners and j u v e n i l e s  (by  then  t h e  1t 
y r - c l a s s )  o v e r w i n t e r  i n  t h e  g u l f  and 
r e t u r n  t o  t h e  e s t u a r i e s  t h e  f o l l o w i n g  
s p r i n g .  The c y c l e  may r e p e a t  severa l  
t imes  d u r i n g  t h e  l i f e t i m e  o f  a  s i n g l e  
f i s h ,  as a t  l e a s t  some members o f  t h e  
spec ies  1  i v e  t o  4  t o  5  y e a r s  o f  age b u t  
r a r e l y  g r e a t e r  (Parke r  1971; E t z o l d  and 
Chr is tmas 1979) .  

No one has suggested t h a t  t h i s  
spec ies  d i e s  a f t e r  spawning, and t h e r e  
have been no r e p o r t e d  o b s e r v a t i o n s  o f  
mass ive numbers o f  spen t  A t l a n t i c  
c r o a k e r  carcasses (e.g., i n  t r a w l s ,  
a long  s h o r e )  as i s  common f o r  sa lmonid  
and osmer id  spec ies  o f  more temperate  
waters .  However, f rom e a r l  i e s t  a u t h o r s  
t h e r e  has been t h e  h i n t  o f  h i g h  p o s t -  
spawning m o r t a l  i ty. Pearson (1029) 
r e p o r t e d  t h a t  a f t e r  spawning i n  t h e  
f a l l  o f  t h e i r  second year ,  c r o a k e r s  
" r e t u r n  i n  smal l  numbers" and t h a t  i t  
"may be t h a t  most c r o a k e r s  d i e  a f t e r  

spawning. " T h i s  o b s e r v a t i o n  i s  echbed 
by Gunter  ( l 9 3 8 ) ,  Pa rke r  (1S71), and 
o t h e r s .  It i s  p o s s i b l e  t h a t  t h i s  
o b s e r v a t i o n  may s i m p l y  be a  f a l s e  
impress ion  r e s u l t i n g  f ro in a  n o r m a l l y  
h i g h  n a t u r a l  m o r t a l i t y  o r  h i g h  o v e r -  
w i n t e r  f i s h i n g  m o r t a l i t y  o r  bo th .  As 
ment ioned above, however, a lmos t  no 
i n f o m a t i o n  e x i s t s  on m o r t a l i t y  o r  on 
t h e  percentage o f  r e t u r n i n g  spawners. 

GROWTH CHARACTERISTICS 

Parke r  (1971) rev iewed  t h e  1  i t e r a -  
t u r e  on t h e  g rowth  o f  c roakers .  He 
r e p o r t e d  averages f rom t h e s e  s t u d i e s  t o  
be 12.1 mm/lno TL (145 mmlyr )  i n  t h e  
f i r s t  y e a r ,  5.3 mm/mo (64  vm/y r )  i n  t h e  
second y e a r  and 3 .6  mmlno ( 4 3  mrn/yr) i n  
t h e  t h i r d  y e a r .  I n  h i s  own s tudy ,  t h e  
s l o p e  o f  t h e  l e n g t h - w e i g h t  r e q r e s s i o n  
cu rve  was s i g n i f i c a n t l y  p r e a t e r  t h a n  
t h r e e  ( a c c o r d i n g  t o  t h e  "cube l a w "  o f  
i s o m e t r i c  g rowth ) .  Pa rke r  a t t r i  hu ted  
t h i s  t o  i n c r e a s i n g  c o n d i t i o n  w i t h  i n -  
c r e a s i n g  s i z e  r a t h e r  t h a n  t o  a l l o n e t r i c  
growth.  H i s  l e n g t h - w e i g h t  r e g r e s s i o n  
e q u a t i o n  f o r  c r o a k e r s  f r o m  Gal ves ton  
Bay, Texas, was: 

l o g  W = -5.21 + 3.10 l o g  L  

where: h' = p rese rved  wet w t  ( g )  
(no c o n v e r s i o n  equa- 
t i o n  f o r  l i v e  wt /  
p rese rved  wt  was 
g i v e n )  

L = t o t a l  l e n g t h  ( ~ m )  

P a r k e r ' s  f i n d i n g  of  a  r e l a t i v e l y  
l o w  mean c o n d i t i o n  f a c t o r  f o r  c r o a k e r s  
i n  summer appears t o  s u p p o r t  t h e  ohser-  
v a t i o n  of  H i l d e b r a n d  and Cable  (1930) 
t h a t  g rowth  r a t e  i n  t h e  c r o a k e r  i s  
h i g h e s t  i n  s p r i n g  and f a l l .  Pa rke r  
a1 so d i scussed  y e a r - t o - y e a r  and geo- 
g r a p h i c  v a r i a t i o n  i n  g rowth  r a t e .  Wh i le  
y e a r - t o - y e a r  v a r i a t i o n  was apparent ,  he 



p r e s e n t e d  no c o n v i n c i n g  ev idence  of 
geograph ic  v a r i a t i o n .  The o n l y  two 
g r o w t h  . s t u d i e s  conducted i n  t h e  same 
y e a r  (one i n  F l o r i d a ,  one i n  Texas) 
showed s i m i l a r  r e s u l t s .  

COPIMERCIAL AND SPORT FISHERIES 

The A t l a n t i c  c r o a k e r  i s  t h e  p r i -  
mary t a r g e t  s p e c i e s  o f  a  m u l t i s p e c i e s  
g r o u n d f i s h  f i s h e r y  i n  t h e  G u l f  o f  
r l ex i co  (GMFMC 1981) .  Commercial f i s h -  
i n g  i s  c e n t e r e d  i n  a  " p r i m a r y  a r e a "  
( P o i n t  AuFer, L o u i s i a n a ,  t o  P e r d i d o  
Ray, F l o r i d a ) .  Most o f  t h e  commercial  
c a t c h  used f o r  human consumpt ion i s  
l anded  i n  Alabama (see  Tab le  1 ) .  The 
G u l f  o f  Mex ico F i s h e r y  Management Coun- 
c i l  (1981)  e s t i m a t e d  t h a t  g r o u n d f i s h  i n  
t h i s  p r i m a r y  a r e a  a r e  b e i n g  e x p l o i t e d  
a t  o r  near  t h e  e s t i m a t e d  naximum sus- 
t a i n a b l e  y i e l d  (MSY) o f  486,000 mt,  
b u t  " t h e  g r e a t e s t  p r o p o r t i o n  ( a p p r o x i -  
m a t e l y  300,OOC m t )  i s  t h e  i n c i d e n t a l ,  
unwanted c a t c h  and d i s c a r d  o f  t h e  
sh r imp  f i s h e r y . "  T o t a l  annual l a n d i n g s  
b y  t h e  d i r e c t e d  g r o u n d f i s h  f i s h e r i e s  
a r e  abou t  56,000 mt, a p p r o x i m a t e l y  69% 
o f  wh ich  i s  A t l a n t i c  c roake r .  Ground- 
f i s h  MSY f o r  t h e  e n t i r e  g u l f  ( w i t h i n  

t h e  U.S. 2C0-mi E x c l u s i v e  Economic 
Zone) was e s t i n a t e d  ( f o r  1981) a t  
1,C70,000 mt, optimum s u s t a i n a b l e  
y i e l d  (OSY) a t  819,160 m t  and expec ted  
annual  domest ic  h a r v e s t  a t  599,680 mt .  
The canned p e t f o o d  i n d u s t r y  i s  t h e  p r i -  
mary u s e r  o f  t h e  g r o u n d f i s h  c a t c h .  
O the r  uses o f  commercial  ~ r o u n d f i  sh  
i n c l  ude f i shmeal and t h e  deve l  o p i n g  
S u r i t r i  i n d u s t r y  wh ich  produces domes t i c  
and f o r e i g n  (Japanese) Kanaboko (sau-  
sage) .  None o f  t h e  f i s h e s  wh ich  f o r m  
t h e  b u l k  o f  t h e  g r o u n d f i s h  s t o c k  has an 
ass igned  l e g a l  s t a t u s  and t h e  f i s h e r y  
remains  u n r e g u l a t e d .  Recent (1Q74-80) 
d e c l i n e s  i n  t o t a l  l a n d i n g s  and c a t c h  
p e r  u n i t  e f f o r t  (CPUE) o f  t h e  i ndus -  
t r i a l  f l e e t  were rev iewed  by  t h e  CFIFPC 
who have p resen ted  a  management p l a n  
s u g g e s t i n g  remedia l  a c t i o n s .  The p l a n  
has n o t  y e t  been adopted. 

The c r o a k e r  a l s o  s u p p o r t s  a  sub- 
s t a n t i a l  s p o r t  f i s h e r y  a1 t h o u g h .  i t  i s  
u s u a l l y  cons ide red  a  1  ess  p r e f e r r e d  
s p e c i e s  t h a n  s e v e r a l  o t h e r  s c i a e n i d s  
(e.g., s p o t t e d  s e a t r o u t ,  b l a c k  drum, 
and r e d  drum). I n  1P70, t h e  n a r i n e  
s p o r t  c a t c h  o f  c r o a k e r  f o r  t h e  C u l f  
o f  Mex ico was e s t i m a t e d  a t  28,483 mt, 

T a b l e  1. The w e i g h t  and v a l u e  o f  t h e  commercial  c a t c h  ( f o r  human consumpt ion)  
o f  A t l a n t i c  c r o a k e r  f rom t h e  G u l f  S t a t e s  and o t h e r  a reas  i n  1976 ( N a t i o n a l  
M a r i n e  F i s h e r i e s  Serv i ces ,  U.S. F i s h e r y  S t a t i s t i c s  f o r  1976) .  

L o c a t i o n  Weight  ( m t ) a  
3 b  

Va lue ( d o l l a r s  x  10  ) 

F l o r i d a  west c o a s t  
A1 abama 
M i s s i s s i p p i  
L o u i s i a n a  
Texas 
G u l f  o f  Mex ico ( t o t a l )  
U n i t e d  S t a t e s  ( t o t a l  ) 

a  Weight  = round  (1  i v e )  we igh t ,  rnt = m e t r i c  t o n s  (2204.6 I b ) .  

b ~ a l h e  = g ross  d o l l a r s  t o  t h e  f i s h e r m e n  (exvesse l  p r i c e s ) .  



n e a r l y  n i n e  t imes  t h e  1976 commercial  
l a n d i n g s  f o r  human consumption i n  t h e  
same area ( t h e  most r e c e n t  y e a r s  t h a t  
d a t a  were a v a i l a b l e ) .  Both  commercial  
and s p o r t  ca tches a r e  b e s t  f rom e a r l y  
summer t o  l a t e  f a l l  (Gunter  1938; Koby- 
l i n s k i  and Sher idan  1979; GMFMC 1981). 
The commercial c a t c h  i s  l a r g e l y  com- 
posed o f  0+ and 1+ age groups ( E t z o l d  
and Chr is tmas 1979; GMFMC 1981).  
Croakers  ove r  2 y e a r s  o l d  a r e  l a r g e l y  
l i m i t e d  t o  t h e  s p o r t  f i s h e r y .  Croakers  
a r e  caught  i n  e s t u a r i e s  and bays by 
sma l l  boa t  f ishermen, b u t  many a r e  a l s o  
taken  near  o f f s h o r e  o i l  p l a t f o r m s  
(Gu t h e r z  1976). 

E t z o l d  and Chr is tmas (1979) con- 
c luded  t h a t  c r o a k e r s  i n  t h e  G u l f  o f  
Mexico r e p r e s e n t  a  s i n g l e  s tock .  How- 
ever ,  t h e  mechanism f o r  maintenance o f  
s t o c k  i n t e g r i t y  seems u n c l e a r  as t h e y  
f u r t h e r  suggested t h a t  t h e r e  a r e  con- 
s i  s t e n t  s i z e  d i f f e r e n c e s  ( n o t  ment ioned 
by Parke r  1971) between f i s h  caught  on 
e i t h e r  s i d e  o f  t h e  M i s s i s s i p p i  R i v e r  
and t h a t  t h e r e  i s  l i t t l e  l o n g s h o r e  
m i g r a t i o n .  It seems necessary  f o r  prop-  
e r  management i n  t h e  f u t u r e  t o  c l a r i f y  
t h e  i s s u e  o f  a  s i n g l e  versus m u l t i p l e  
s tocks ,  e s p e c i a l l y  i n  l i g h t  o f  t h e  
d i s p a r a t e  l e v e l  s  o f  f i s h i n g  p r e s s u r e  
(GMFMC 1981) r e c e i v e d  by t h e  c r o a k e r  
and o t h e r  g r o u n d f i s h  spec ies  i n  v a r i o u s  
areas o f  t h e  G u l f  o f  Mexico.  

Bo th  GMFMC (1981) and E t z o l d  and 
Chr is tmas (1979) r e p o r t e d  a w ide y e a r -  
t o - y e a r  f l u c t u a t i o n  i n  apparent  c r o a k e r  
abundance. GMFMC (1981) f u r t h e r  sug- 
ges ted  t h a t  such f l u c t u a t i o n s  " i m p l y  
env i ronmenta l  :ondi t i o n s  have had and 
w i l l  c o n t i n u e  t o  have a  s t r o n g  impac t  
on t h e  s tock .  . . . " A1 though e n v i r o n -  
menta l  c o n d i t i o n s  h i s t o r i c a l  l y  may have 
p l a y e d  t h e  m a j o r  r o l e  i n  d e t e r m i n i n g  
s t o c k  abundance, GHFMC (1981) a1 so 
suggested t h a t  t h e  e x c e p t i o n a l l y  h i g h  
g r o u n d f i  sh h a r v e s t s  ( p r i m a r i l y  as 
shr imp by -ca tch )  i n  1975-76 "may have 
had a  d e t r i m e n t a l  i n f l u e n c e  on t h e  
p r o d u c t i o n  o f  p o t e n t i a l  r e c r u i t s  i n  
1977. " They a d d i t i o n a l  l y  warned t h a t  

a l t h o u g h  t h i s  canno t  be de te rm ined  
based on t h e  a v a i l a b l e  i n f o r m a t i o n ,  
" l a c k  o f  i n f o r m a t i o n  shou ld  n o t  cause 
t h e  warn ing  s i g n a l  t o  be i g n o r e d . "  

ECOLOGICAL ROLE 

The A t l a n t i c  c r o a k e r  as a  spec ies  
cannot  be ass igned t o  a  s i n g l e  t r o p h i c  
l e v e l ,  as d i e t a r y  s h i f t s  o c c u r  d u r i n g  
t h e i r  1  i f e t i m e  (Darne l  1  1958, 1961).  
Darne l1  (1958) d e s c r i b e d  f o u r  a c t i v e  
feed ing  stages, b u t  1  a t e r  (Darne l  1  
1961) p resen ted  o n l y  t h r e e  '(see T a b l e  
2 ) .  Wh i le  f e e d i n g  h a b i t s  between these  
s tages may be f a i r l y  d i s t i n c t ,  f e e d i n g  
w i t h i n  s tages i s  a p p a r e n t l y  r a t h e r  non- 
s e l e c t i v e  (Parke r  1971).  

No i n f o r m a t i o n  was found on t h e  
d u r a t i o n  o f  t h e  y o l k  sac s t a g e  o r  
whether  o r  n o t  a c t i v e  f e e d i n g  b e g i n s  
d u r i n g  o r  o n l y  a f t e r  t h i s  s tage.  L a r v a l  
and pos t1  a r v a l  c r o a k e r s  a r e  1  a r g e l  y 
zoopl  a n k t i v o r o u s  and may be cons ide red  
secondary consumers. Severa l  a u t h o r s  
have r e p o r t e d  d e t r i t u s  t o  be a  m a j o r  
component of t h e  j u v e n i l e  d i e t  (Darne l1  
1961; P a r k e r  1971; E t z o l d  and Chr i s tmas  
1979). E t z o l d  and Chr is tmas (1979), i n  
a d d i t i o n  t o  t h e  i t ems  1  i s t e d  i n  T a b l e  2 
( f o o t n o t e  b), a1 so ment ioned m i s c e l l  an- 
eous p l a n t s .  I t i s  p o s s i b l e  t h e n  t h a t  
c roakers  may p l a y  a  m ino r  r o l e  as p r i -  
mary consumers, b u t  i t  i s  n o t  c l e a r  
t h a t  i n g e s t e d  p l a n t  m a t e r i a l  (whether  
d i s c r e t e .  o r  d e t r i t a l )  i s  a s s i m i l a t e d .  
Other  than  t h e  i n i t i a l  zoop l  a n k t i v o r o u s  
s tage,  a l l  s i z e s  o f  c r o a k e r s  a r e  r e -  
p o r t e d  t o  i n g e s t  b e n t h i c  m i c r o i n v e r t e -  
b r a t e s .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  
1  a b o r a t o r y  o b s e r v a t i o n s  o f  Roe1 o f s  
(1954),  who found t h a t  c r o a k e r s  " d i v e d  
d e e p l y  i n t o  t h e  bo t tom w i t h  sove f o r c e ,  
d i g g i n g  as they  fed,  and were thus  a b l e  
t o  o b t a i n  subsur face  m a t e r i a l .  " A d u l t s  
appear t o  feed s i m i l a r l y  t o  j u v e n i l e s ,  
b u t  a r e  a l s o  capab le  of t a k i n g  l a r g e r  
i n v e r t e b r a t e s  and f i s h e s .  As j u v e n i l e  
and a d u l t ,  t h e r e f o r e ,  t h e  c r o a k e r  nay  
o p e r a t e  as a  secondary, t e r t i a r y ,  o r  
h i g h e r  1  eve1 consumer. The impor tance  



Table 2. Food h a b i t s  o f  t h ree  s i z e  c lasses o f  A t l a n t i c  
croaker,  Micropogonias undulatus (by percen t  o f  d i e t ) .  a 

S ize  c l a s s  (nmTL) 

Food ca tego ry  10-49 50-124 125-325 

Zooplankton 
D e t r i t u s  
M i c r o i n v e r t e b r a t e s  b 

~i shesC 
Macro inver tebra tes  d 

a ~ a b u l a r  da ta  f rom Darnel1 (1961). No ment ion was made o f  t h e  method f o r  
es t ima t i on  o f  percent  d i e t .  

b ~ n c l u d e s  isopods, amphipods, ch i ronomid la rvae ,  smal l  clams, mussels, 
smal l  c rabs  (o the rs  have i nc l uded  polychaetes, h a r p a c t i c o i d  copepods, 
f o ram in i f e ra ,  os t racods,  m inu te  sna i  1  s  , and c o l  eopteras)  . 

C ~ n c l u d e s  o p h i c h t h i d  eels,  p i p e f i s h ,  sheepshead minnows (o thers  have 
i nc l uded  smal l  croakers,  gob ies )  . 

d lnc ludes  Rangia clams, mud crabs, b l u e  crabs, grass-mud-r iver  shr imps 
(o the rs  have inc luded  t he  commercial penaeid shr imps) .  

o f  each o f  t he  var ious  f eed ing  stages 
o f  c roakers  as consumers depends upon 
t h e i r  number and r a t e  o f  i nges t i on .  No 
q u a n t i t a t i v e  s tudy  o f  t h e  r o l e  o f  
c roakers  i n  e s t u a r i n e  t r o p h i c  dynamics 
was found i n  t h e  l i t e r a t u r e .  

A t  a  community i n t e r a c t i o n  l e v e l ,  
croakers have been recorded as prey f o r  
l a r g e r  f i shes  i n c l u d i n g  l a r g e r  a d u l t s  
o f  t h e i r  own species (Pearson 1929; 
Gowenlach 1933), b u t  again t he  quan t i -  
t a t i v e  importance o f  t h e  croaker  as a 
p rey  i t em  i s  n o t  known. Parker (1971) 
concluded from d i e t  and d i s t r i b u t i o n a l  
ove r l ap  data t h a t  "spot  and c roaker  
were found t o  be i n  d i r e c t  competi-  
t i o n . "  There i s ,  however, no expe r i -  
mental  evidence t o  suppor t  such a con- 
c l us i on ,  and t he  use o f  over lap  data 
t o  i n f e r  compe t i t i on  i s  c l e a r l y  i n s u f -  
f i c i e n t  and open t o  m i s i n t e r p r e t a t i o n  

(Co lwe l l  and Futuyuma 1971). G u l f  o f  
Mexico F i she ry  Management Counci l  
(1981) discussed t h e  shr imp-associated 
communities o f  G u l f  o f  Mexico ground- 
f i shes .  T h e i r  d e f i n i t i o n  o f  the  ground- 
f i s h  " s t ock "  as a group o f  species w i t h  
" s i m i l a r  l i f e  h i s t o r i e s  . . .and common 
h a b i t a t  requ i rements "  i s  s i m i l a r  t o  the  

concept as de f i ned  by Root qyiLd7). They f u r t h e r  suggested t h a t  
"unchanged r e l a t i v e  abundance [ o f  
species compr is ing  the  g roundf i sh  
s tock ]  . . . suggests s t a b i l i t y  i n  t h e  
g round f i  sh ecosystem. " 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

The r o l e  o f  temperature as a key 
t o  t h e  f a l l  emigra t ion  o f  croakers f rom 



e s t u a r i e s  has a1 ready been discussed. 
R i s i ng  temperatures (16°C [61 OF] o r  
more) may a l so  induce immigra t ion  i n -  
shore du r i ng  s p r i n g  (Johnson 1978). 
F ie1 d and l a b o r a t o r y  data bo th  i n d i c a t e  
t h a t  j u v e n i l e s  a re  more t o l e r a n t  o f  
1 ower temperatures than adul t s .  Parker 
(1971) r epo r t ed  t h a t  j u v e n i l e s  have 
been taken i n  waters from 0.4" t o  
35.5"C (33" t o  96°F) as compared t o  5" 
t o  35.5"C (41"  t o  96°F) f o r  adu l t s .  
Laboratory  t e s t s  e s t a b l  i shed  lower  and 
upper l e t h a l  temperatures o f  0.6' and 
38°C (33' and 100°F) f o r  j uven i l es ,  and 
3.3" and 36°C (38" and 97°F) f o r  
adul t s ,  r e s p e c t i v e l y  (Schwartz 1964). 
Sudden and prolonged c o l d  snaps which 
occur  w h i l e  t he  croakers s t i l l  i n h a b i t  
t h e  shal lower  es tua r i ne  areas can cause 
mass mor ta l  i t i e s  (Hi1 debrand and Cable 
1930; Gunter and Hi1 debrand 1951). 
Parker (1971) found t he  h i ghes t  abun- 
dances o f  croakers i n  waters from 21" 
t o  25°C (70"  t o  77"F), b u t  s t a ted  t h a t  
"most months, croakers appeared t o  be 
r a t h e r  evenly  d i s t r i b u t e d  over t h e  
range o f  a v a i l a b l e  temperatures" except  
t h a t  o l d e r  f i s h  (over  1 year  o l d )  were 
l a r g e l y  absent i n  waters below 10°C 
(50°F). Pos t la rvae  were taken i n  
waters f rom 6 "  t o  20°C (43"  t o  68"F), 
b u t  a w ider  t o l e rance  range was sus- 
pected. Parker (1971) a1 so suggested 
t h a t  c roaker  can grow we l l  a t  tempera- 
t u r e s  from 12.8" t o  28.4"C (55' t o  
83°F) and poss ib l y  f rom 6 "  t o  32°C (43" 
t o  90°F). 

S a l i n i t y  

Croakers have been c o l l e c t e d  i n  
waters f rom very d i l u t e  (0.2 pp t )  t o  
hypersal  i n e  (75 p p t )  (Simmons 1957; 
Parker 1971). The s u r v i v o r s h i p  o f  
c roakers  a t  the  upper end o f  t h i s  range 
i s  unknown and occurrence i n  such 
waters i s  uncommon. Parker (1971) 
s t a t e d  t h a t  " the  na tu re  o f  t h e  l i f e  
h i s t o r y  o f  t he  A t l a n t i c  croaker  r e -  
q u i r e s  t h a t  pos t l a r vae  and j u v e n i l e s  
be adapt ive,  n o t  o n l y  t o  a compara- 
t i v e l y  broad s a l i n i t y  range, b u t  a l s o  
t o  re1 a t i v e l y  r a p i d  sa l  i n i  ty changes. " 

No i n fo rma t i on  was found on t he  l a t -  
t e r ,  b u t  l a r v a e  and j u v e n i l e s  have 
been taken i n  s a l i n i t i e s  r ang ing  from 
near 0 t o  36 ppt .  E t zo ld  and Christmas 
(1979) r epo r t ed  t h a t  c roakers  were 
taken f rom a l l  ranges o f  s a l i n i t y  i n  
M i s s i  ssppi  waters w i t h  b i gges t  catches 
i n  waters f rom 15 t o  19 ppt .  Parker 
(1971) caut ioned t h a t  many observed 
tendencies t o  lower  s a l i n i t y  water  may 
be e a s i l y  i n t e r p r e t e d  as h a b i t a t  p r e f -  
erence f o r  f ea tu res  o t h e r  than s a l i n -  
i t y .  Th i s  may be the  case w i t h  t h e  
observa t ion  o f  Kobyl i n s k i  and Sheridan 
(1979) t h a t  c roakers  were "no t i ceab l y  
absent from the  h igher  s a l i n i t  (avg. 
19.2 p p t )  grass bed s t a t i o n s "  h u t  see 
Subs t ra te  sec t i on ) .  No r e p o r t s  o f  s i g -  
n i f i c a n t  p e n e t r a t i o n  i n t o  f reshwater  
were found i n  t h e  1 i t e r a t u r e .  

Depth 

Immediate pos t -se t t lement  and nur -  
sery depths have been discussed i n  t h e  
L i f e  H i s t o r y  s e c t i o n  s have suspected I spawning depths. Gul o f  Mexico F ish-  
e r y  Management Counci l  (1981) r epo r t ed  
t h a t  g roundf i sh  s tocks  i n  t h e  Gu l f  o f  
Mexico occur  a t  h i ghes t  d e n s i t i e s  i n  
waters o f  l e s s  than  91  m (300 f t ) .  
Dur ing t h e  warmer months most a re  i n  
waters l e s s  than  18  m (60 f t ) .  Winter  
s tock  concent ra t ions  a r e  g r e a t e s t  i n  18 
t o  55 m (60 t o  180 f t ) .  I n  Lou is iana  
waters west o f  t h e  M i s s i s s i p p i  River ,  
croakers dominated t o  46 m (150 f t ) .  
Near t h e  mouth o f  t h e  r i v e r  they  domi- 
nated t o  a depth o f  91 m (300 f t ) ,  
m i g r a t i n g  i n  w i n t e r  t o  depths o f  64 t o  
110 m (210 t o  360 f t ) .  The e f f e c t s  o f  
t h i s  w i n t e r  m i g r a t i o n  on t he  species 
composi t ion o f  w h i t e  and brown shrimp- 
assoc ia ted  communities a r e  a1 so d i s -  
cussed by GMFMC (1981). Deep naviga- 
t i o n a l  channels may be used h e a v i l y  by 
immigra t ing  1 arvae and pos t l a r vae  i n  
w i n t e r  months (Wal lace 1940), b u t  
Parker (1971) r epo r t ed  t h a t  he gener- 
a l l y  found t h e  fewest  j u v e n i l e  c roakers  
i n  such channels and concluded t h a t  
they  d i d  n o t  serve as nursery  areas. 
No re fe rence  t o  sexual d i f f e r e n c e s  i n  



depth s e l e c t i o n  among croakers was 
found. 

Subs t ra te  

No experimental s tud ies  o f  sub- 
s t r a t e  preference by croakers were 
found i n  t he  1 i te ra tu re .  I n fo rma t i on  
presented here i s  i n f e r r e d  from f i e 1  d 
observat ions and should thus be consid- 
ered a statement o f  assoc ia t ion  and n o t  
necessa r i l y  preference. Beyond the 
p lank ton i c  stage, v i r t u a l l y  a l l  s i zes  
o f  croakers a re  most o f t e n  associated 
w i t h  s o f t  bottoms (Pearson 1929; Gunter 
1938; and others) ,  p a r t i c u l a r l y  those 
con ta in ing  l a r g e  q u a n t i t i e s  o f  d e t r i t u s  
(Parker 1971). Juveni les have been 
repor ted  (GMFMC 1981) t o  occur abun- 
d a n t l y  i n  bo th  open and vegetated 
sha l low (about 1.2 m [4 f t] o r  l e s s )  
marsh areas. Kobyl i n s k i  and Sheridan 
(1979), however, found few croakers i n  
areas o f  dense benth ic  macrophytes. It 
i s  unc lear  whether t h i s  discrepancy be- 
tween the  two r e p o r t s  i s  r e a l  o r  due t o  
d i f f e rences  i n  sampling technique. 
Adu l t s  a re  associated w i t h  s i m i l a r  mud 
o r  mud-sand subs t ra tes  i n  somewhat 
deeper waters and o f t en ,  u n l i k e  juve- 
n i  les,  i n h a b i t  nav iga t i ona l  channels. 
Adul t s  have a1 so been co l  l ec ted  over 
oys ter ,  co ra l ,  o r  sponge r e e f s  (Johnson 
1978) and near br idges,  p i e r s  o r  s imi-  
l a r  s t r u c t u r e s  (Gunter 1938; Gutherz 
1976; GMFMC 1981). 

Other Environmental Factors 

No publ ished i n fo rma t i on  on the  
d isso lved oxygen requirements o f  croak- 
e rs  was found. Other than the  pre- 
v i o u s l y  quoted observat ions o f  Pearson 
(1929) and Perk ins (1974) i n  reference 
t o  l a r v a l  immigrat ion, no i n fo rma t i on  
s p e c i f i c a l l y  addressing water v e l o c i t y  
was found. Perk ins (1974) f u r t h e r  
noted t h a t  post larvae,  upon reaching 
t h e i r  f u r t h e s t  p o i n t  upstream, "gather 

and move downstream [seaward] as they 
grow . . . the  movement downstream i s  
an a c t i v e  pt i\cess. " No mention i s  made 
o f  o r i e n t a T ~ o n  du r i ng  such movements o r  
whether they a r e  g e n e t i c a l l y  determined 
o r  r e l a t e d  t o  p a r t i c u l a r  environmental 
cues. Kobyl i n s k i  and Sheridan (1979) 
i n  t h e i r  s tudy o f  spo t  and croaker com- 
mented t h a t  the  reproduc t ive  p a t t e r n  o f  
croakers might  have evolved such t h a t  
occurrence o f  p l ank t i vo rous  stages (up 
t o  15 mm) coinc ides w i t h  peak r i v e r  
f l o w  and "may depend on annual f l oc  i- 
ing."  Should t h i s  be the  case, a l t e r d -  
t i o n  o f  normal seasonal r u n o f f  p a t t e r n  (e. g., by f l o o d  con t ro l  measures, dams) 
m ~ g h t  be expected t o  a f f e c t  croaker  
product ion.  

A1 though no study s p e c i f i c a l l y  
addressing l a r v a l  croakers was found, 
S tern  and S t i c k l e  (1978), i n  a rev iew 
o f  t he  e f f e c t s  o f  t u r b i d i t y  and sus- 
pended ma te r i a l  i n  aquat ic  envi  ron-  
ments, concluded t h a t  w i t h i n  a g iven 
species, t he  e a r l y  developmental stages 
gene ra l l y  were more s e n s i t i v e  t o  con- 
c e n t r a t i o n s  o f  suspended s o l i d s  than 
were adu l t s .  Koby l insk i  and Sheridan 
(1979) found croakers t o  be p a r t i c u -  
l a r l y  abundant i n  areas " in f luenced 
by a h i g h l y  t u r b i d  r u n o f f . "  Parker 
(1971) a l s o  noted a tendency toward 
h igher  croaker  d e n s i t i e s  i n  t u r b i d  
areas. He a t t r i b u t e d  t h i s  observa t ion  
t o  increased food a v a i l a b i l i t y  and t h e  
possi  b i  1 i ty o f  predator  p r o t e c t i o n  
a f f o rded  by decreased v i s i  b i  1 i ty .  

To date, over 90 pa ras i t es  and/or 
diseases have been i d e n t i f i e d  from the  
croaker  (E tzo ld  and Christmas 1979). 
Several o f  the  l a r v a l  nematodes "would 
present  a human hea l t h  problem" o n l y  if 
eaten raw ( E t z o l d  and Christmas 1979). 
The e f f e c t s  o f  these pa ras i t es  and 
diseases on t h e  s u r v i v a l  and growth o f  
croakers a re  n o t  y e t  known. 
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