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PREFACE 

Th is  s e r i e s  o f  p r o f i l e s  about  coas ta l  aqua t i c  spec ies o f  commercial, 
s p o r t ,  and/or e c o l o g i c a l  s i g n i f i c a n c e  i s  be ing  j o i n t l y  developed and funded by 
t h e  U.S. Army Corps o f  Engineers and t h e  U.S. F i sh  and W i l d l i f e  Serv ice.  It 
i s designed t o  p rov i de  coas ta l  managers, eng ineers ,  and f i e 1  d b 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 he  s u b j e c t  spec ies  and a synops is  o f  t h e  i n f o r m a t i o n  
necessary t o  r e l a t e  expected changes (assoc ia ted  w i t h  coas ta l  development) i n  
t he  physicochemical  c h a r a c t e r i  s t i c s  of e s t u a r i e s  t o  changes i n  these se lec ted  
b i  01 o g i c a l  popu la t i ons .  Each p r o f i l e  i n c l u d e s  b r i e f  sec t i ons  on taxonomy and 
i d e n t i f i c a t i o n  f o l  lowed by a n a r r a t i v e  of 1 i f e  h i  s t o r y ,  env i  ronmental r e q u i r e -  
ments, e c o l o g i c a l  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  of t he  s u b j e c t  
spec ies.  A t h r e e - r i n g  b i nde r  i s  used f o r  t h i s  s e r i e s  t o  f a c i l i t a t e  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  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  on T r a n s f e r  Speci a1 i s t  
Na ti onal  Coastal  Ecosystems Team 
U.S. F i sh  and W i l d l i f e  Se rv i ce  
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boul evard 
S l i de1  1, LA 70458 

U.S. Army Engineer Waterwzys Exper iment S t a t i o n  
A t t en  ti on : WESES 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 

U .S. Army Coastal Eng ineer ing  Research Center 
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  should be re fe renced  as f o l  lows: 

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  requ i rements .  U.S. F i sh  and W i  l d l i  f e  Service,  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 fo l l ows :  

Lassuy, D. R. 1983. Species p r o f i  1es : 1 i f e  h i  s t o r i e s  and env i ronmenta l  
requ i rements  ( G u l f  of Mexico) -- brown shr imp. U.S. F i s h  and W i l d l i f e  
Service,  D i v i s i o n  of B i o l o g i c a l  Serv ices.  FWSIOBS-82/11.1. U.S. Army 
Corps o f  Engineers, TR EL-82-4. 15 pp. 



F igu re  1. Brown shrimp. 

BROWN SHRIMP 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 

S c i e n t i f i c  name . . . .  Penaeus aztecus 
I ves 

Common name . . . . . . .  Brown shrimp 
(F igu re  1 )  

Class . . . . . . . . . . . .  Crustacea 
Order . . . . . . . . . . . .  Decapoda 
Fami ly  . . . . . . . . . . .  Penaeidae 

Geographic range: Martha ' s  Vineyard, 
Massachusetts, through t h e  G u l f  o f  
Mexico t o  t h e  Yucatan Peninsula,  
Mexico, except absent a long  t he  
F l o r i d a  coast  between Sanibel  and 
Apa lach ico l  a  Bay, w i t h  maximum 
dens i t y  a long  t h e  Texas-Louisiana 
coas t  (F igure  2) .  

The f o l l o w i n g  l i s t  o f  f ea tu res  
which d i s t i n g u i s h  brown shrimp f rom 
wh i t e  shr imp (P. s e t i f e r u s )  and p i n k  
shr imp (P. d u o r a r u i d a p t e d  f rom 
~ e r e z - ~ a r f a n m ' ) .  A more deta i 1 ed 
d e s c r i p t i o n  o f  t he  brown shrimp and 
c l a r . i f i c a t i o n  o f  terms may be found i n  
t h a t  re fe rence  o r  Perez-Far fante 
(1969). 

Brown: a d r o s t r a l  grooves and c r e s t s  
long, ex tend ing  a lmost  t o  h i n d  
marg in o f  carapace; p o s t r o s t r a l  
c r e s t  wel l -developed as f a r  back 
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Figure 2. D i s t r i b u t i o n  of brown shrimp a long the shore o f  the  Gu l f  o f  Mexico. 



as a d r o s t r a l  grooves ; gas t r o f r on -  
t a l  c r e s t s  present ;  dorso-1 a t e r a l  
grooves on l a s t  abdominal s e c t i o n  
we1 1  - de f i ned  and broad; r a t i o  o f  
h e i g h t  o f  do rsa l  keel  t o  w i d t h  o f  
dorso-1 a  t e r a l  groove u s u a l l y  1  ess 
than 2.25; dark  l a t e r a l  spo t  a t  
j u n c t i o n  of t h i r d  and f o u r t h  ab- 
dominal segments usual  l y  absent.  

White:  a d r o s t r a l  grooves and c r e s t s  
sho r t ,  n o t  exceeding a n t e r i o r  ha1 f 
of carapace; p o s t r o s t r a l  c r e s t  
s ca r ce l y  de f i ned  p o s t e r i o r l y ;  gas- 
t r o f r o n t a l  c r e s t s  absent. 

P ink:  dorso-1 a t e r a l  grooves on 1  a s t  
abdominal s e c t i o n  we1 1  -de f ined  and 
narrow; r a t i o  o f  h e i g h t  o f  do rsa l  
keel  t o  w i d t h  o f  d o r s o - l a t e r a l  
groove u s u a l l y  4.5 o r  more, and 
w i t h  sharp l i p s  sometimes n e a r l y  
c losed;  dark  l a t e r a l  spo t  a t  junc-  
t i o n  of t h i r d  and f o u r t h  abdominal 
segments u s u a l l y  present .  

REASON FOR INCLUSION I N  SERIES 

The brown shr imp i s  prey t o  a  hos t  
of f i n f i s h  species and i s  t he  ma jo r  
c o n t r i b u t o r  t o  t he  G u l f  o f  Mexico 
shr imp f i she r y ,  t he  most va l uab le  f i s h -  
e r y  i n  t he  Un i ted  S ta tes .  F e r t i l e  es- 
t u a r i n e  nursery  areas, so s u s c e p t i b l e  
t o  man's i n f l uence ,  " c o n s t i t u t e  an 
i r r e p l a c e a b l e  f a c t o r  i n  the  s u r v i v a l  
s t r a t e g y  o f  major  shr imp resources, and 
pe rpe tua t i on  o f  such resources a t  com- 
me rc i a l  1  eve1 s  o f  p r o d u c t i v i t y ,  a p a r t  
from t h e i r  con t inued  ex i s t ence  per se, 
w i l l  be con t i ngen t  upon our  a b i l i t y  t o  
m in im ize  d i s t u rbance  o f  t he  sh r imp ' s  
e s t u a r i n e  h a b i t a t "  (Kutkuhn 1966). 

LIFE HISTORY 

Spawning and Larvae 

Since t he  ac tua l  spawning event  by 
brown shr imp has n o t  been observed i n  

s i t u ,  s ta tements r e g a r d i n g  t h e  s i t e  and 
t ime  of spawning a re  based upon t h e  
cap tu re  o f  eggs, l a r vae ,  o r  spent 
adu l t s .  Spawning i s  r e p o r t e d  t o  occur  
p r i m a r i l y  i n  o f f s h o r e  waters  deeper 
t han  18 m  (60  f t )  (Chr is tmas e t  a1 . 
1966), p o s s i b l y  as deep as 137 m 
(450 f t )  o r  more (Kutkuhn 1966). The 
ma jo r  spawning season extends f rom 
September through May, b u t  may occur  
th roughou t  the  year ,  p a r t i c u l  a r l y  a t  
depths g r e a t e r  t han  46 m  (150 f t )  
(Pearson 1939; Renfro and Brusher  
1963). Whi le  a  s i n g l e  spawning peak, 
February t o  Warch, has been r e p o r t e d  
a long the  sou theas te rn  At1 a n t i c  c o a s t  
( W i l l  iams 1955; Joyce 1965), severa l  
s t u d i e s  have suggested two peaks, 
September th rough  November and A p r i l  t o  
May, i n  the  n o r t h e r n  G u l f  o f  Mexico 
(Ren f ro  and Brusher 1963; St .  Amant 
e t  a l .  1966). The s i g n i f i c a n c e  of  
separate spawning peaks w i l l  be d i s -  
cussed i n  another  s e c t i o n  (see The 
F i she ry  s e c t i o n ) .  Spawning i s  r e p o r t e d  
by Cook (1965; c i t e d  by Perez-Far fante 
1969) t o  t ake  p l ace  a t  n i g h t .  

Ex te rna l  l y  f e r t i l  ized,  semibuoy- 
a n t  eggs a r e  re leased  i n t o  the  water  
column and ha tch  w i t h i n  24 hours i n t o  
t h e  f i r s t  n a u p l i a r  s t a  e  (Kutkuhn 1966; 
St. Amant e t  a l .  19661. Brown shr imp 
l a r vae ,  as w i t h  o t h e r  penaeids, pass 
through f i v e  naupl i a r ,  t h r e e  p ro to -  
zoeal , and t h r e e  mysis  s tages over  a  10- 
t o  25-day p e r i o d  before t r ans fo rm ing  
i n t o  p o s t l a r v a e  (Pearson 1939; Anderson 
e t  a l .  1949; Perez-Far fante 1969). It 
has been suggested t h a t  these e a r l y  
s tages r e a u i r e  the  more cons tan t  env i -  
ronment o f  t he  open ocean ( G u l f  Coast 
Research Labora to ry  1976). 

Pos t l arvae  

Peak r e c r u i t m e n t  o f  post1 a r v a l  
brown shr imp t o  t h e  e s t u a r i e s  may occur  
months a f t e r  t he  peak i n  spawning (Van 
Lop ik  e t  a1 . 1979). Whi le  most au thors  
r e f e r  t o  a l l  stages from ha t ch i ng  t o  
e s t u a r i n e  r e c r u i  t n e n t  as p l a n k t o n i c  
(pe l  a g i c )  , Temp1 e and F i she r  (1967) 
suggested t h a t  o  ~ e r w i n t e r i  ng brown 



sh r imp  i n  t h e  G u l f  o f  Mex ico may bu r row 
i n t o  t h e  bo t tom and " a w a i t  t h e  adven t  
o f  warmer tempera tu res "  b e f o r e  e n t e r i n g  
t h e  e s t u a r i e s .  There i s  l a b o r a t o r y  
e v i d e n c e  o f  t h i s  b u r r o w i n g  b e h a v i o r  i n  
p o s t l  a r v a l  brown sh r imp  a t  t empera tu res  
be low 18°C (64°F) ( A l d r i c h  e t  a l .  
1967).  S t .  Arnant e t  a1 . (1966) s t a t e d  
t h a t  brown sh r imp  p o s t l  a r v a e  " w i n t e r -  
ove r  i n  a  s t a t e  o f  reduced a c t i v i t y  as 
i n s h o r e  w a t e r  t empera tu res  d e c l  i ne , "  
b u t  d i d  n o t  s p e c i f i c a l l y  men t ion  b u r -  
row ing .  

E s t u a r i n e  r e c r u i t m e n t  o f  p o s t l a r -  
v a l  brown sh r imp  i n  t h e  n o r t h e r n  G u l f  
o f  Mex ico a p p a r e n t l y  spans a l l  months 
o f  t h e  y e a r  as Wh i te  and Boudreaux 
(1977)  r e p o r t e d  h a v i n g  taken  p o s t l a r v a e  
f r o m  January  t h r o u g h  June and S t .  Arnant 
e t  a l .  (1966)  s t a t e d  t h a t  " i n g r e s s "  
( r e c r u i t m e n t )  o c c u r r e d  f rom Februa ry  
t h r o u g h  December. Feb rua ry  t h r o u g h  
A p r i l  i s  t h e  most commonly c i t e d  p e r i o d  
o f  peak r e c r u i t m e n t  ( B a x t e r  and R e n f r o  
1967; G a i d r y  and W h i t e  1973; Wh i te  and 
Boudreaux 1977) .  Peak r e c r u i  b e n t  t o  
Paml ico  Sound, N o r t h  C a r o l i n a ,  i s  r e -  
p o r t e d  t o  o c c u r  i n  A p r i l  t o  May (Hun t  
e t  a l .  1980) .  

P o s t l a r v a e  a r e  r e p o r t e d  t o  move 
i n t o  t h e  e s t u a r i e s  p r i m a r i l y  a t  n i a h t  
on i ncoming  t i d e s ,  and t o  t a k e  on a  
demersal h a b i t  as t h e y  move t o  sha l l ow ,  
s o f t - b o t t o m  areas o f  t h e  e s t u a r i n e  nu r -  
s e r y  grounds (Chr i s tmas  e t  a l .  1966; 
Wh i te  and Boudreaux 1977) .  Transforma-  
t i o n  t o  t h e  j u v e n i l e  s tage  occu rs  w i t h -  
i n  4  t o  6  weeks a f t e r  e n t e r i n g  t h e  
e s t u a r y  ( P e r e z - F a r f a n t e  1969). Growth 
and s u r v i v a l  d u r i n g  t h e  p o s t l  a r v a l  and 
e a r l y  j u v e n i l e  s tages  a r e  t h o u g h t  t o  be 
c r i t i c a l  f a c t o r s  a f f e c t i n g  t h e  h a r v e s t -  
a b l e  a d u l t  p o p u l a t i o n  s i z e  (see The 
F i s h e r y  s e c t i o n ) .  

E m i g r a t i o n  

Young brown sh r imp  remain  i n  s h a l -  
l o w  e s t u a r i n e  areas nea r  t h e  marsh- 
wa te r ,  mangrove-water i n t e r f a c e  o r  i n  

seagrass beds wh ich  p r o v i d e  b o t h  preda-  
t o r  p r o t e c t i o n  and f e e d i  nq h a b i t a t .  
As t h e y  r e a c h  6 0  t o  70 mmt' t h e y  move 
away from these  i n t e r f a c e  a reas  i n t o  
deeper,  open wa te r  " s t a g i n g  a reas "  and 
a t  9 0  t o  110 m b e g i n  t h e i r  g u l f w a r d  
m i g r a t i o n  ( G a i d r y  and Wh i te  1973; Van 
L o p i k  e t  a l .  1979).  Whi te  and Boud- 
reaux  (1977)  f o u n d  e m i g r a n t s  as sma l l  
as 50 mn i n  w e s t e r n  L o u i s i a n a  t h a t  were 
a p p a r e n t l y  prompted t o  l e a v e  t h e  es tua -  
r i e s  e a r l y  by a  s t r o n g  f r e s h w a t e r  i n p u t  
wh ich  had reduced n u r s e r y  a r e a  s a l  i n i -  
t i e s  t o  3  t o  4  p p t .  S t .  Amant e t  a l .  
(1966)  suggested an i n v e r s e  r e 1  a t i o n -  
s h i p  between p o p u l a t i o n  d e n s i t y  on t h e  
n u r s e r y  ~ r o u n d s  and t h e  s i z e  o f  m i g r a t -  
i n g  a d o l e s c e n t  shr imp, p o s s i b l y  as a  
r e s u l  t o f  c rowd ing  o r  c o m p e t i t i o n  f o r  
f ood .  

The p e r i o d  o f  May t h r o u g h  August, 
p a r t i c u l a r l y  June t o  J u l y ,  i s  o f t e n  
c i t e d  as peak months o f  e m i g r a t i o n  
(Copeland 1965; St .  Amant e t  a l .  1966; 
G a i d r y  and Wh i te  1973; Wh i te  and Boud- 
reaux  1977). The combined e f f e c t  of  
i n c r e a s e d  t i d a l  h e i g h t  and c u r r e n t  
v e l o c i t i e s  a s s o c i a t e d  w i t h  f u l l  moons 
d u r i n g  t h e s e  months has been suggested 
as a  s t i m u l u s  t o  e m i g r a t e  (Copeland 
1965). W h i l e  C1 a r k  and C a i l l o u e t  
(1975) r e p o r t e d  1  i t t l e  d a y / n i g h t  d i f -  
f e rence ,  Blackmon (1974)  r e p o r t e d  t h a t  
t h e  h i g h e s t  pe rcen tage  o f  e m i g r a t i o n  
o c c u r s  a t  t w i l i g h t .  Blackmon a l s o  
r e p o r t e d  a  d i e 1  v a r i a t i o n  i n  use  o f  t h e  
w a t e r  c o l  umn d u r i n g  m i g r a t i o n ,  w i t h  
peak d e n s i t i e s  near  t h e  bo t tom i n  day- 
l i g h t  hours ,  m idwa te r  a t  t w i l i g h t ,  and 
near  t h e  s u r f a c e  a t  n i g h t .  Wh i le  f i s h -  
i n g  d u r i n g  e m i g r a t i o n  i s  l i m i t e d  i n  
some S t a t e s ,  a  m a j o r  p o r t i o n  o f  t h e  
f i s h e r y  i n  L o u i s i a n a  occu rs  d u r i n g  t h i s  
p e r i o d .  The minimum s i z e  a t  m a t u r i t y  
o f  140 mm ( R e n f r o  1964; Van L o p i k  
e t  a l .  1979) i s  a p p a r e n t l y  reached 
d u r i n g  m i g r a t i o n  t o  o f f s h o r e  wa te rs .  

A d u l t s  

A f t e r  e x i t i n g  t h e  e s t u a r i e s ,  brown 
sh r imp  move r a p i d l y  t o  abou t  1 8  m 

I 

25.4 mm = 1 i n c h .  
I 



(60 f t )  and then s l ow l y  make t h e i r  way 
t o  spawning depths o f  46 t o  91  m (150 
t o  300 f t )  (S t .  Amant e t  a l .  1966). 
Van Lopi  k e t  a1 . (1979) r epo r t ed  t h a t  
t h e  l a r g e s t  catches up t o  August were 
from 20 t o  37 m (66 t o  120 f t )  deep a t  
a s i z e  o f  30 t o  40 t a i l s l l b  (18  t o  24 g 
whole wet w t l sh r imp )  and by December 
f rom 48 t o  55 m (156 t o  180 f t )  deep a t  
a s i z e  o f  15 t o  20 t a i l s l l b  (37 t o  49 g 
who1 e wet w t l sh r imp)  . Several s t ud ies  
have suggested t h a t  o f f s h o r e  a d u l t  pop- 
u l a t i o n s  i n  the  no r t he rn  Gulf  o f  Mexico 
tend t o  move westward w i t h  the  p r e v a i l -  
i n g  cu r ren t s  (S t .  h a n t  e t  a l .  1966; 
Gaidry  and White 1973; B a r r e t t  and 
Ralph 1977). That  t he  M i s s i s s i p p i  
R iver  i s  n o t  an abso lu te  b a r r i e r  t o  
such westward movement by shr imp migra- 
t i n g  from es tua r i es  eas t  of the  d e l t a  
was shown by t he  tagg ing  s tud ies  of 
Kl ima and Benigno (1965). Most a d u l t s  
a re  assumed t o  spawn a s i n g l e  t ime (S t .  
Amant e t  a l .  1966), and apparen t l y  d i e  
soon a f t e r  spawning, thus ending essen- 
t i a l  l y  an annual 1 i f e  cyc le .  Resul ts  
o f  more recen t  unpubl ished tagg ing  
s tud ies  , however, i nd i ca t e  t h a t  some 
may reach an age o f  2.5 yea rs  o r  more. 

GROWTH 

Most pub1 ished s tud ies  o f  growth 
i n  t h e  brown shrimp have addressed t h e  
post1 a r v a l  and j u v e n i l e  stages. Since 
i t  i s  growth d u r i n g  these stages t h a t  
has served as a bas is  f o r  harves t  p re -  
d i c t i o n ,  t h i s  emphasis i s  understand- 
ah1 e. These es tua r i ne  and nearshore 
stages a re  a1 so r e 1  a t i v e l y  access ib l e  
as s tudy  sub jec ts .  Th i s  sec t ion ,  there -  
f o re ,  a1 so w i l l  be 1 i m i  t ed  t o  the  r e -  
view o f  p o s t l a r v a l  and j u v e n i l e  growth 
s tud ies .  As i n  many f i s h e r i e s ,  growth 
i s  u s u a l l y  r epo r t ed  as change i n  l e n g t h  
( t o t a l  l e n g t h  i n  a l l  cases c i t e d  here)  
over t ime. 

Laboratory  growth s tud ies  of post -  
l a r v a e  and j u v e n i l e s  have gene ra l l y  n o t  
been ab le  t o  achieve t he  same growth 
r a t e s  as have been observed i n  s i t u .  

These s tud ies  have t y p i c a l l y  shown mean 
growth r a t e s  o f  l e s s  t han  1 m / d a y  
regard less  of temperature, s a l i n i t y ,  o r  
t ype  o f  food source (Pearson 193g2; 
Ogle and P r i c e  1976), a1 though i n  one 
s tudy,  Ze in -E ld in  and A l d r i c h  (1965) 
were ab le  t o  a t t a i n  a 1.4 mmlday growth 
r a t e  i n  brown shrimp pos t la rvae .  

F i e l d  s t ud ies  o f  p o s t l a r v a l  and 
j u v e n i l e  brown shrimp have usual l y  
demonstrated a mean growth r a t e  o f  1.0 
t o  1.5 mmlday d u r i n g  t h e  p r imary  growth 
season o f  l a t e  s p r i n g  and e a r l y  summer 
( W i l l  iams 1955; S t .  Amant e t  a1 . 1966). 
Maximum growth r a t e ,  a t  l e a s t  i n  i s o -  
l a t e d  cases, has been repo r t ed  t o  be as 
h i g h  as 3.3 mm/day (Ringo 1965). 
Growth r a t e s  a re  u s u a l l y  much l owe r  ( 0  
t o  0.5 mm/ day) a t  w i n t e r  temperatures 
of l e s s  than 16PC o r  61°F (Ringo 1965; 
St.  Amant e t  a l .  1966) and can be q u i t e  
low even d u r i n g  usual peak growth 
months i f  temperature and s a l i n i t y  con- 
d i t i o n s  a re  poor.  For example, unusu- 
a l  l y  cool  water  temperatures and 1 ow 
sa l  i n i  t y  i n  western Lou is iana  nursery  
areas r e s u l t e d  i n  an est imated mean 
growth r a t e  of o n l y  0.7 mmlday f rom 
l a t e  A p r i l  through l a t e  May (White 
1975; White and Boudreaux 1977). A 
more ex tens i ve  rev i ew  of t h e  e f f e c t s  o f  
temperature and s a l i n i t y  on growth w i l l  
be presented i n  t he  Temperature and 
Sal i n i t y  sec t ions .  An a1 t e r n a t i v e  
exp lana t i on  f o r  observed v a r i a t i o n  i n  
growth r a t e  w i l l  a l s o  be discussed i n  
The F i she ry  sec t i on .  

The f o l l  owirlg exponent ia l  f u n c t i o n  
( ~ = a L b )  descr ibes  t h e  1 ength-weight  
re1  a t i o n s h i p  presented hy McCoy (1968) 
f o r  brown shrimp, of 65 t o  165 mm, f rom 
Nor th  Carol  ina:  

W = 8.12 x 10 '~  L 3.02 

where: W = whole wet w t  ( g )  
L = t o t a l  l e n g t h  (mm) 

2 
Pearson's re ference t o  Penaeus b r a s i -  

l i e n s i s  was p robab ly  P. aztecus. 



A l i s t  o f  t h e  a and b parameters 
o f  o t h e r  1 ength-weigl'it s t u d i e s  appears 
i n  Table 1. As po i n ted  o u t  by McCoy 
(1968), i n s i g n i f i c a n t  d i f f e r e n c e  be- 
tween h i s  exper imenta l  l y  determined b 
va lue  (3.02) and t h e  t h e o r e t i c a l  "cube 
law" va l ue  o f  3.0 i n d i c a t e s  i s o m e t r i c  
growth w i t h i n  t h e  range o f  s i zes  sam- 
p led.  Mark- recapture da ta  f rom t h i s  
same s tudy  y i e l d e d  t h e  f o l l o w i n g  von 
B e r t a l  an.f fy-  t ype  growth equa t ion  : 

L = 177.7 (1-e -0.073T 

where: L = t o t a l  l e n g t h  (mm) 
1 

T = age (weeks) 

Temperature and sa l  i n i  ty  d u r i n g  
t h e  s tudy  v a r i e d  between 23' and 28OC 

(73' and 82OF) and 17 and 19 ppt ,  r e -  
s p e c t i v e l y .  

THE FISHERY 

An ex tens i ve  r ev i ew  o f  t h e  G u l f  o f  
Mexico shr imp f i s h e r y ,  i t s  b i o l o g i c a l ,  
socioeconomic and l e g a l  bas is ,  and man- 
agement i s  p rov ided  by Van Lop ik  e t  a1 . 
(1979). Much o f  t h i s  s e c t i o n  has been 
excerp ted  from t h e i r  rev iew.  The G u l f  
o f  Mexico shr imp f i s h e r y  i s  t h e  most 
va l uab le  commercial f i s h e r y  i n  t h e  
Un i t ed  S ta tes ,  t o t a l i n g  129,366,469 1b 
(58,680 mt)4 i n  1 andings va lued a t  
$302,077,000 i n  1980 (Na t iona l  Mar ine  
F i she r i es  Se rv i ce  1981). Brown shr imp 
a r e  t h e  ma jo r  c o n t r i b u t o r  t o  t h i s  

Table 1. L i t e r a t u r e  va lues f o r  a and b growth parameters 
f o r  brown shr imp (adapted f rom Van Lop ik  e t  a l .  1979). 

To ta l  l e n g t h  (TL) t o  t o t a l  we igh t  Carapace l e n g t h  (CL) t o  t o t a l  weight*  
a - - b S i ze  range (mmTL) a - b S i ze  range (mmCL) Source 

Ma1 e 11.61 2.91 45-204 Fon ta ine  8 Neal 
(1971) 

Femal e 9.53 2.94 55-240 Fon ta ine  & Neal 
(1971) 

Combined 10.52 2.94 45-240 Fon ta ine  8 Neal 
(1971) 

Ma1 e 0.00082 2.94 10-42 McCoy (1972) 
Femal e 0.00113 2.84 10-42 McCoy (1972) 

*The CL t o  TL convers ion  f o r  No r t h  Ca ro l i na  shr imp as de r i ved  by McCoy (1972) was: 

Male: TL = 3.50 + 4.16 CL 
Female: TL = 10.50 + 3.83 CL 

3 
177.7 = L (mean asympto t i c  l e n g t h ) ;  

0.073 = k (Brody growth c o e f f i c i e n t ) ;  
t ( h y p o t h e t i c a l  age a t  which l e n g t h  
would equal ze ro  had growth always 
been t h e  same as t h e  da ta  i n d i c a t e )  Heads-off  wet we igh t  (heads-off  wt x 
was assumed t o  be zero. 1.61 = heads-on wt ) .  



mu1 t i s p e c i  es f i s h e r y ,  hav ing averaged 
59% o f  t h e  t o t a l  l and ings  by we igh t  and 
66% by number f rom 1963 t o  1375 (Van 
Lop ik  e t  a l .  1979). 

Brown shrimp f i s h i n g  a c t i v i t i e s  
a r e  concentrated w i t h i n  t h e  55-m 
( 1 8 0 - f t )  contour ,  b u t  extend t o  a t  
l e a s t  90 m (300 f t ) .  F i s h i n g  begins i n  
May, peaks i n  June and J u l y  du r i ng  
t h e i r  seaward mig ra t ion ,  and cont inues 
through November i n  o f f s h o r e  waters. 
The m a j o r i t y  o f  t h e  ha rves t  i s  des t ined  
f o r  human consumption. There i s  a l s o  a  
ba i t -sh r imp f i s h e r y  i n  some areas o f  
the  G u l f  o f  Mexico (Christmas e t  a l .  
1976). 

Regu la t ion  o f  the  shrimp i n d u s t r y  
i s  l a r g e l y  c a r r i e d  ou t  by  t he  coas ta l  
S ta tes  and va r i es  f rom S t a t e  t o  S ta te .  
Severa l  S ta tes  base t h e i r  p r e d i c t i o n s  
upon a  combinat ion o f  pos t l a r v a l  abun- 
dance and envi ronmenta l  c o n d i t i o n s  
( p r i m a r i l y  temperature and s a l i n i t y )  i n  
the  es tua r i es  d u r i n g  s p r i n g  r e c r u i  t o e n t  
and growth months ( B a r r e t t  and G i l -  
l e s p i e  1973; Van Lopik  e t  a l .  1979; 
Hunt e t  a l .  1980). Such methods have 
met w i t h  some p r e d i c t i v e  success w i t h i n  
a  g iven  year ,  b u t  p r e d i c t i o n  o f  year -  
to -year  v a r i a t i o n  remains u n r e l i a b l e .  

Two common assumptions seem t o  
d r i v e  a l l  c u r r e n t  brown shrimp manage- 
ment i n  the  U.S. G u l f  o f  Mexico. F i r s t ,  
s i nce  no one has y e t  demonstrated a  
good s t o c k - r e c r u i  tment r e l a t i o n s h i p ,  
r e c r u i t  o v e r f i s h i n g  i s  assumed t o  be 
e s s e n t i a l l y  impossib le ,  g iven  p resen t  
f i s h i n g  technology. Second, a  s i ng le ,  
widespread s tock  throughout  t h e  G u l f  o f  
Mexico has been assumed. The assumption 
o f  s tock  u n i t y ,  i f  untrue,  cou ld  dras- 
t i c a l l y  a f f e c t  p resen t  understanding o f  
t h e  v a r i a t i o n  i n  growth and m o r t a l i t y  
es t imates  and would r e q u i r e  recons ider -  
a t i o n  o f  t he  p o s s i b l e  e f f e c t s  o f  f i s h -  
i n g  pressure on s tock  cond i t i on .  

Recent5 thought  (Gal laway and 
Gazey, ms. i n  prep.) i s  t h a t  two 

temporal l y  segregated s tocks,  each p ro -  
duc ing coho r t s  w i t h  d i f f e r e n t  growth 
c h a r a c t e r i s t i c s ,  may e x i s t .  The sepa- 
r a t e  spawning peaks mentioned e a r l  i e r  
a r e  i n t e r p r e t e d  t o  r ep resen t  two sepa- 
r a t e  spawning s tocks.  By t h i s  scenar io ,  
t h e  o f f s p r i n g  o f  t h e  f a l l  spawning 
s tock  develop t o  t h e  p o s t l a r v a l  stage, 
ove rw in te r  bu r i ed  i n  nearshore sed i -  
ments, and then emerge and ma in ta i n  a  
r e l a t i v e l y  slow, even growth through 
t h e  s p r i n g  and summer. The c o h o r t  
produced by t he  s p r i n g  spawning s tock  
develops and grows r a p i d l y .  R e c r u i t -  
ment o f  t he  two cohor ts  t o  t he  f i s h e r y  
may n e a r l y  co inc ide ,  w i t h  t h e  r e s u l t  
t h a t  growth sampl i n g  m igh t  e a s i l y  be 
m i s i n t e r p r e t e d  as r e p r e s e n t a t i v e  o f  a  
s i ng le ,  w ide l y  v a r i a b l e  s tock.  The 
o u t l i n e d  scenar io  i s ,  as ye t ,  l a r g e l y  
specu la t i ve  b u t  seems a  p l a u s i b l e  
exp lana t i on  of severa l  areas p o o r l y  
known i n  brown shr imp b i o l ogy .  

I n  l i g h t  o f  t he  above scenar io ,  
t h e  r e l a t i v e  va lue o f  va r ious  es t imates  
o f  m o r t a l i t y  w i l l  n o t  be d iscussed 
beyond t he  f o l l o w i n g  b r i e f  l i s t i n g :  

Weekly Z6s7  Source 

0.27 Kl ima (1964) 
0.99-1.24 McCoy (1968) 
0.57 McCoy (1972) 
0.26-0.46 P u r v i s  & McCoy 

(1974) 
0.31-0.76 Laney & Copeland 

(1981) 

5 
LGL Eco log i ca l  Research Associates, 

Bryan, Texas. 

6 
Adapted f rom Laney and Copeland 

(1981). 
/ 
Z  = instantaneous t o t a l  m o r t a l i t y  co- 

e f f i c i e n t .  



For d i scuss ion  o f  the  e f f e c t s  o f  
the  brown shrimp f i s h e r y  on o the r  
aqua t i c  resources (e.g., o t h e r  shrimp, 
demersal f i n f i s h ) ,  see Van Lopik  e t  a l .  
(1979) and G u l f  o f  Mexico F ishery  
Management Counci l  (GMFMC 1981). 

ECOLOGICAL ROLE 

A l l  a c t i v e l y  feed ing  stages o f  t he  
brown shrimp a re  omnivorous. Larvae 
a r e  r epo r t ed  by Van Lop ik  e t  a l .  (1979) 
t o  feed i n  the  water  column on bo th  
phyto- and zooplankton. A f t e r  moving 
i n t o  e s t u a r i n e  nursery  areas, p o s t l a r -  
vae become demersal and feed a t  t he  
vege ta t i on  (marsh grass, mangrove, o r  
seagrass) -water i n t e r f a c e .  Jones (1973, 
c i t e d  by White and Boudreaux 1977) r e -  
po r t ed  t h a t  pos t l a r vae  from 25 t o  44 mm 
i n d i s c r i m i n a t e l y  inges ted  t he  t o p  1 ayer  
o f  sediment, which con ta ined  d e t r i t u s  
(comprised p r i m a r i l y  o f  Spa r t i na ) ,  
a1 gae, and microorganisms, and termed 
them "omivorous encounter feeders.  " 

I n  t h i s  same study, Jones found 
t h a t  45- t o  65-mm j u v e n i l e s  "se lec ted  
t he  o rgan ic  f r a c t i o n  o f  t he  sediment" 
and termed them " o p p o r t u n i s t i c  omni- 
vores." Those over 65 mm began t o  
d isperse  t o  deeper waters and became 
more predaceous, b u t  occasional  1 y i n -  
gested bo th  d e t r i t u s  and a lgae and 
were termed "omnivorous p reda to rs .  " 
Prey- i tems inc luded  polychaetes, amphi- 
pods, nematodes, c h i  ronomid la rvae ,  and 
ost racods.  Based on 1 abo ra to r y  f eed in  
experiments, 0gl  e and P r i c e  (19763 
suggested t h a t  mysids may a l s o  serve 
as food f o r  j u v e n i l e s  i n  nor theas te rn  
g u l f  coas t  es tua r i es .  Darnel1 (1958) 
descr ibed feed ing  h a b i t s  f o r  91- t o  
142 -m  brown shrimp f rom Lake Pontchar- 
t r a i n ,  Louis iana,  s i m i l a r  t o  t he  f i n d -  
i ngs  o f  Jones (1973) f o r  brown shrimp 
over  65 mm. 

Several species o f  Penaeus a re  
prey t o  a hos t  o f  f i s h  s p e m u n t e r  
1945; Darnel1 1958, 1961) and l a r g e r  

crustaceans (Hunt e t  a l .  1980). Enor- 
mous numbers o f  many o f  the  f i s h  spe- 
c i e s  a r e  captured and d iscarded  as 
by-catch by commercial shr imp t r a w l e r s  
(GMFMC 1981). No q u a n t i t a t i v e  s tud ies  
o f  t he  r o l e  o f  brown shrimp i n  estua-  
r i n e  t r o p h i c  dynamics were found i n  t he  
1 i t e r a  t u r e .  

I t  has been suggested t h a t  tempo- 
r a l  and s p a t i a l  s h i f t s  which rep resen t  
t h e  major  d i f f e r e n c e s  between the  t h r e e  
major  commercial shr imp species (brown, 
wh i te ,  and p i n k )  may have evolved as a 
mechanism t o  avoid d i r e c t  compe t i t i on  
(Gunter and McGraw 1973; Van Lopik  
e t  a1 . 1979). 

ENVIRONMENTAL RECUIREMENTS 

Temperature 

Brown shrimp have been c o l l e c t e d  
a t  water temperatures as low as 2°C 
(36"F), b u t  few a r e  norma l l y  taken 
below 10°C (50°F), w i t h  h i ghes t  catches 
taken above 20°C (68°F) (Swingle 1971; 
Christmas and Langl ey 1973). Tempera- 
t u r e s  o f  4.4"C (40°F) o r  l e s s  may cause 
mass narcos is  and m o r t a l i t y  (Gunter 
and Hi1 debrand 1951). Kutkuhn (1966) 
r epo r t ed  t h a t  shr imp taken i n  waters o f  
g r e a t e r  than 32.2"C (90°F) "a re  u s u a l l y  
f l  a c i d  and h i g h l y  s e n s i t i v e  t o  s t resses  
induced by hand l ing . "  T h i s  i s  cons is -  
t e n t  w i t h  t he  observa t ions  o f  Zein- 
E l d i n  and A l d r i c h  (1965) t h a t  growth 
and s u r v i v a l  were both reduced above 
32.2"C (90°F) w i t h  a suggested maximum 
to1  e rab le  temperature f o r  p o s t l  arvae o f  
j u s t  over  35°C (95°F). 

Optimum temperature f o r  1 a r v a l  
development has been repo r t ed  as 28" t o  
30°C (82" t o  86°F) (Cook 1965). Estua- 
r i n e  r e c r u i t m e n t  o f  p o s t l  a r va l  penaeids 
was recorded by Christmas e t  a1 . (1966) 
o n l y  a t  temperatures o f  g rea te r  than 
12°C (54°F). Post1 a r v a l  growth was 
repo r t ed  by Zein-El d i n  and A1 d r i c h  
(1965) t o  begin between 11" and 18°C 



(52" and 64"F), i n c rease  r a p i d l y  be- 
tween 18" and 25°C (64" and 77"F), and 
peak a t  32°C (90°F). No growth was seen 
by St .  Amant e t  a l .  (1965) when wate r  
temperature dropped be1 ow 16°C (61°F). 
Venkataramaiah e t  a l .  (1972) found max- 
imum growth, s u r v i v a l  , and e f f i c i e n c y  
o f  food u t i l i z a t i o n  a t  26°C (79°F) (vs .  
21" and 31°C [70° and 88"FI ) .  They a1 so 
found t h a t  w i t h  a r a p i d  change i n  tem- 
p e r a t u r e  ( d i r e c t  t r a n s f e r  from 26" t o  
21°C [79" t o  70°F]), p o s t l a r v a e  and 
j u v e n i l e s  became i n a c t i v e ,  o f t e n  con- 
vu lsed,  and i n  some cases developed 
muscul a r  p a r a l y s i s .  D i r e c t  t r a n s f e r s  
between s a l i n i t i e s  va r y i ng  f rom 8.5 t o  
34 p p t  had no adverse e f f e c t s .  

S a l i n i t y  

Post1 a r v a l  brown shr imp have been 
captured i n  sa l  i n i  t i e s  f rom e s s e n t i a l  l y  
f r e s h  (Swingle 1971) t o  69 p p t  (Simmons 
1957), b u t  few have been taken  i n  wa- 
t e r s  o f  l e s s  than  5 p p t  (Loesch 1976; 
Christmas and Langl ey 1973). Venkata- 
ramaiah e t  a1 . (1972) s u c c e s s f u l l y  
reared  brown shr imp a t  1.7 ppt ,  b u t  had 
no s u r v i v a l  a t  0.5 pp t .  These f i n d i n g s  
c o i n c i d e  c l o s e l y  w i t h  those o f  Gunter 
e t  a1 . (1964), who suggested a minimum 
s a l i n i t y  o f  0.8 ppt .  Tagging s t u d i e s  
by White and Boudreaux (1977) i n d i c a t e d  
t h a t  heavy f reshwate r  i n t r o d u c t i o n  i n t o  
marsh nu r se r y  areas may cause j u v e n i l e s  
t o  m i g r a t e  t o  deeper water  o r  l a t e r a l l y  
towards o f f s h o r e  shal lows ( i  e . ,  t o  
h i ghe r  sa l  i n i t y  h a b i t a t s )  e a r l  i e r  than  
under normal hydrographic  c o n d i t i o n s  . 
White and Boudreaux a l s o  d iscussed t h e  
f i s h e r y  imp1 i c a t i o n s  o f  such e a r l y  
m i g r a t i o n .  The f i e l d  observa t ions  o f  
B a r r e t t  and G i l l e s p i e  (1973) l e d  them 
t o  suggest a s a l i n i t y  optimum o f  19 p p t  
f o r  brown shr imp. 

Temperature-Sal i n i  ty  I n t e r a c t i o n  

A wide range o f  temperature- 
s a l i n i t y  combinat ions seems t o  be 
t o1  e ra ted  by brown shrimp, w i t h  i n t e r -  
a c t i v e  e f f e c t s  becoming most e v i d e n t  a t  

t h e  extremes o f  t h e  r e s p e c t i v e  to1  e r -  
ance ranges. Venkataramaiah e t  a1 . 
(1972) observed h i ghes t  growth r a t e s  
and s u r v i v a l  a t  temperature-sa l  i n i  ty  
combinat ions o f  26°C o r  79°F (vs.  21" 
and 31°C [70° and 88"FI)  and 8.5 o r  
17 p p t  (vs .  25.5 and 34 p p t ) .  A wide r  
range o f  s a l i n i t i e s  was t o l e r a t e d  a t  
26°C (79°F) than  a t  t he  h i ghe r  o r  lower  
temperatures. An inc reased  range o f  
s a l  i n i  ty t o1  erance a t  temperatures 
above 21°C i s  c o n s i s t e n t  w i t h  t h e  f i n d -  
i n g s  o f  o t h e r s  (Copeland and Bech te l  
1974 ; Loesch 1976). A1 though i ncon- 
s i s t e n t  w i t h  t h e  f i n d i n g s  o f  Venkatara- 
maiah e t  a1 . (1372), a s i m i l a r  i n c rease  
i n  t he  range o f  temperature t o l e r a n c e  
a t  h i ghe r  s a l i n i t i e s  has a l s o  been 
observed (Zein-El  d i n  and A1 d r i c h  1965). 
The combina t ion  o f  l ow s a l i n i t y  and l ow  
temperature has r epea ted l y  been shown 
t o  be damaging t o  brown shr imp (Ze in -  
E l d i n  and A l d r i c h  1965; St .  Amant 
e t  a1 . 1966; Venkataramaiah e t  a l .  
1972). 

Van Lop i  k e t  a1 . (1979) summarized 
t h e  r e l a t i o n  o f  brown shr imp ha rves t  t o  
temperature and sa l  i n i  ty by s t a t i n g  
t h a t  a "good brown shr imp y e a r "  can be 
expected a f t e r  a warm, r e l a t i v e l y  h i g h  
s a l  i n i  ty s p r i n g  i n  coas ta l  nu r se r y  
areas. Mean temperature and sa l  i n i  t y  
t h r e s h o l d  va lues ( i . . ,  above which 
ha r ves t  was good and below which har-  
v e s t  was poor)  o f  20°C (68°F) and 
10 p p t  d u r i n g  t he  p r imary  r e c r u i t m e n t  
and growth p e r i o d  were suggested by 
Hunt e t  a l .  (1980) f o r  brown shr imp 
a1 ong t h e  Nor th  Caro l  i na coas t .  These 
same va lues appear t o  be c o n s i s t e n t  
w i t h  da ta  f rom Lou is iana  resen ted  by 
B a r r e t t  and Ralph (1977y i n  t h e i r  
f i g u r e s  5 and 6. 

Subs t ra te  and System Fea tu res  

F ie1 d observa t ions  have repea t -  
e d l y  suggested t h a t  post1 a r v a l  brown 
shr imp r e c r u i t  i n  g r e a t e s t  abundance 
t o  s o f t  bottom, sha l l ow  areas o f  es tu -  
a r i e s  i n  o r  near marshes o r  seagrass 



beds (Chr is tmas e t  a l .  1966). W i l l i ams  
(1958) exper imenta l  l y  demonstrated a  
s i g n i f i c a n t  p re fe rence  by s e t t l i n g  
p o s t l a r v a e  f o r  s o f t e r ,  muddier sub- 
s t r a t e s  w i t h  decay ing vege ta t ion .  Ap- 
p a r e n t l y ,  f i e l d -obse rved  r e c r u i t m e n t  
pa t t e rns ,  i n  t h i s  case, a c c u r a t e l y  
r e f l e c t  a  s p e c i f i c  p re fe rence  r a t h e r  
than  a  m i s i n t e r p r e t a t i o n  o f  t h e  r e s u l t  
o f  severa l  r e l a t e d  processes (e. g., 
random r e c r u i  tment combined w i t h  d i f -  
f e r e n t i a l  mo r t a l  i ty r a t e s  between 
a v a i l a b l e  h a b i t a t s  t o  g i v e  t h e  r e s u l -  
t a n t  impress ion  o f  apparent  h a b i t a t  
s e l e c t i o n ) .  I f  t h i s  i s  indeed t h e  
case, t he  maintenance o f  such i n t e r f a c e  
h a b i t a t s  i s  c r i t i c a l  i n  t h e  spec i es '  
l i f e  h i s t o r y  and t o  t h e  c o n t i n u i t y  o f  
normal devel  opment . Poss i b l e  reasons 
f o r  t h i s  a s s o c i a t i o n  w i t h  vege ta t ion -  
wa te r  i n t e r f a c e s  have been d iscussed i n  
p rev ious  sec t i ons .  Adu l t s  a r e  taken i n  

, g r e a t e s t  abundance on mud o r  s i l t  bo t -  
toms, b u t  a r e  a l s o  taken on mud-sand, 
sand, o r  she1 1  bottoms (Perez -Far fan te  
1969; Van Lop ik  e t  a l .  1979). 

The importance o f  t he  su r round ing  
vege ta t i ona l  system has been emphasized 
by Turner  (1977), who found t o t a l  
shr imp y i e l d  t o  be d i r e c t l y  p ropor -  
t i o n a l  t o  marsh acreage i n  Lou is iana ,  
and t o  acreage o f  marsh p l u s  seagrass 
i n  t h e  no r t heas te rn  G u l f  o f  Mexico. He 
found no s i g n i f i c a n t  r e l a t i o n s h i p  o f  
shr imp y i e l d  w i t h  wa te r  su r f ace  area, 
mean wate r  depth, o r  volume o f  t h e  
e s t u a r i e s  i n v e s t i g a t e d .  Exper imenta l  
p e r t u r b a t i o n s  ( b l o c k i n g  o f f  wet lands 
w i t h  levees and bulkheads) have been 
shown t o  decrease p o s t l a r v a l  and a d u l t  
d e n s i t i e s  (Mock 1967). Van Lop ik  
e t  a l .  (1979) p rov ided  t h e  f o l l o w i n g  
l i s t  o f  " a l t e r a t i o n s "  which remove area 
s u i t a b l e  as shr imp h a b i t a t :  

1. Impoundments t h a t  p reven t  
i n f l u x  o f  shr imp 

2. Bul kheading t h a t  removes 
t h e  c r i t i c a l  marsh-water o r  
mangrove-water i n t e r f a c e  

3. A1 t e r a t i o n s  i n  f r eshwa te r  
d ischarge  t h a t  c r e a t e  an 
un favorab le  s a l i n i t y  regime 

4. S t i m u l a t i o n  of s a l t w a t e r  i n -  
t r u s  i o n  

5. Con t inu ing  encroachment o f  
p o l  l u t e d  waters  on t h e  estua-  
r i  ne waters 

Other  Environmental  Requirements 

The f o l l o w i n g  quote f rom Kutkuhn 
(1966) w i t h  regard  t o  t u r b i d i t y  i s  
appa ren t l y  s t i  11 appl  i c a b l e  today:  "No 
success fu l  s t u d i e s  have been conducted 
t o  r e l a t e  t u r b i d i t y  w i t h  shr imp occur-  
rence and dens i t y ,  b u t  gross observa- 
t i o n  suggests t h a t  those bays which a re  
c o n s i s t e n t l y  t he  most r o i  l y  genera l  l y  
harbor  per  u n i t  area and, i n  season, 
t h e  l a r g e s t  concen t ra t i ons  o f  young 
shr imp. Whether t h i s  r e f l e c t s  more t h e  
n u t r i t i v e  p o t e n t i a l  o f  t h e  d e t r i t a l  
m a t e r i a l  i n  suspension, o r  p r o t e c t i o n  
o f  t r a n s i e n t  shr imp f rom p reda t i on  by 
f i shes ,  b i r d s ,  and o t h e r  an imals  r e -  
mains a  moot ques t i on . "  Answers t o  
ques t ions  on t he  e f f e c t s  o f  i nc reased  
t u r b i d i t y  may l i e  l a r g e l y  i n  under- 
s t and ing  i t s  e f f e c t s  upon, and t h e  
r e l a t i v e  impor tance o f  phy top lank ton  
based versus r oo ted  v e g e t a t i  o n / d e t r i -  
t a l  based p r o d u c t i v i t y  and r em ine ra l  - 
i z a t i o n .  The former  would seem t o  be 
more d i r e c t l y  a f f e c t e d  by inc reased  
t u r b i d i t y .  For  a  rev iew o f  ques t ions  
r e 1  a t i  ng t o  e s t u a r i n e  p r o d u c t i v i t y  see 
Nixon (1981). 

T ren t  e t  a l .  (1976) a t t r i b u t e d  
decreased brown shr imp abundance a t  
a l t e r e d  marsh s i t e s  i n  West Bay, Texas, 
t o  low d i sso l ved  oxygen c o n d i t i o n s  
(below 3.0 m l / l ,  f rom May 20 t o  August 
12).  D e t a i l e d  l a b o r a t o r y  s t ud i es  of 
oxygen c o n s u ~ p t i o n  by brown shr imp and 
t h e  i n t e r a c t i o n  o f  oxygen consumption 
w i t h  temperature, s a l  i n i  ty, and body 
s i z e  a r e  presented by Bishop e t  a l .  
(1980). 



Couch (1979) reviewed t h e  l i t e r a -  bo th  among them and w i t h  env i ronmenta l  
t u r e  on t h e  e f f e c t s  o f  va r ious  p o l -  cond i t i ons  f o r  severa l  penaeid shr imps. 
l u t a n t s  (pet ro leum and non-petroleum I n f o r m a t i o n  on t h e i r  known d iseases 
o rgan ic  chemicals, heavy meta ls ) ,  and pa ras i t es  i s  a l s o  reviewed. 
b i o l o g i c a l  agents, t he  i n t e r a c t i o n s  
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