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PREFACE 

Th is  species p r o f i l e  i s  one of 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  eco log i ca l  importance. The p r o f i l  es 
a re  designed t o  p rov i de  coas ta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t he  b i  01 og i c a l  c h a r a c t e r i s t i c s  and environmental  r equ i r e -  
ments o f  t he  species and t o  desc r i be  how popu la t i ons  o f  t h e  species may be 
exqected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. 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 ronnenta l  
requirements, and economic importance, i f  appl i c a b l  e. 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  so t h a t  new p r o f i l e s  can be added as they  a re  prepared. Th is  
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 
the  U.S. F ish  and W i l d l i f e  Service. 

Suggest ions o r  ques t i ons  r e g a r d i n g  t h i s  r e p o r t  should be d i r e c t e d  t o  one 
of t h e  f o l  1 owing addresses. 

I n f o r m a t i o n  T rans fe r  Specia l  i s t  
Na t i ona l  Coastal  Ecosys tems Team 
U.S. F i sh  ahd Wild1 i f e  Serv ice  
NASA-Sl i d e l  1 Cornpu t e r  Compl ex 
1010 Gause Boul evard 
S l  i d e l  1, LA 70458 

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



CONVERSION TABLE 

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

Mu1 t i p l y  !!L To Obta in  

m i l  1  ime te r s  (mn) 
cen t ime te r s  (an) 
meters  (m) 
k i  1  m e t e r s  ( km) 

square me te r s  (mL) 10.76 
square k i  1  m e t e r s  ( km2) 0.3861 
hec ta res  (ha)  2.471 

l i t e r s  ( 1 )  
c u b i c  me te r s  (m3) 
cub i c  meters 

m i l  1  igrams [mg) 0.00003527 
grams ( g )  0.03527 
k i l  ograms ( k g )  2.205 
m e t r i c  tons ( t )  2205.0 
m e t r i c  tons 1.102 
k i  1  oca l  o r i  es ( kca l  ) 3.968 

inches 
inches 
f ee t  
m i l  es 

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

gal  1  ons 
cub ic  f ee t  
acre- f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons  
B r i t i s h  thermal u n i t s  

Ce l s i us  degrees 1.8("C) + 32 Fahrenhei t  degrees 

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

inches  25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
fa thoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l e s  ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

ga l  1  ons ( ga l  ) 
cub i c  f e e t  ( f t 3 )  
acre-  f e e t  

m i l  1  imete rs  
cen t imete rs  
meters 
meters 
k i l ome te r s  
k i  1  ometers 

square meters 
hectares 
square k i l ome te r s  

3.785 1  i t e r s  
0.02831 c u b i c  meters  

1233.0 cub ic  meters  

ounces ( o z )  28.35 
pounds ( I b )  0.4536 
s h o r t  t o n s  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B t u )  0.2520 

grams 
k i  1  ograms 
m e t r i c  tons 
k i  1  ocal  o r i  es 

Fahrenhe i t  degrees 0.5556("F - 32) Ce l s i us  degrees 
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F i g u r e  1. Whi te  Shrimp. 

WHITE SHRIMP 

Penaeus s e t i  f e r ~ ~ s  .... S c i e n t i f i c  name 
( ~ i  nnaeur ) ............. Common name 'dh i te  shr imp 
( F i g u r e  1 )  ........ Other names Gray shrimp, 1  ake 
shrimp, green shrimp, green- ta i 1 ed 
shrimp, b l u e - t a i l e d  shrirrlp, ra inbow 
shrimp, naytona shrimp, common 
shrimp, southern shr i i i p ;  i l c x i co :  
canar6n b lanco  (Perez-Far fan te  
1969). 

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

Geographic range: White shr imp i n -  
h a b i t  waters a long  t h e  A t l a n t i c  
coas t  from F i r e  I s l a n d ,  New York, t o  
S a i n t  Luc ie  I n l e t ,  F l o r i d a ,  and 
a long  t h e  G u l f  o f  Mexico coas t  from 
Apalachee Bay, F l o r i d a ,  t o  Ciudad, 
Mexico (Pbrez-Far fan te  1969). They 
a r e  scarce o r  absent a long  t h e  lower  
e a s t  and west coas ts  o f  F l o r i da .  
Centers o f  abundance a r e  t h e  coas ta l  
waters o f  Georgia, no r t heas t  F l  o r -  
ida,  Lou is iang ,  and no r t heas t  
Tabasco and t h e  ad jacen t  waters 
o f  Campeche, Mexico. D i s t r i b u t i o n  
i n  t he  nor ther11 G u l f  o f  Mexico 
i s  i l l u s t r a t e d  i n  F igure  2. Y ighest  
d e n s i t i e s  o f  w h i t e  shr i r ip  i n  
g u l f  waters a re  o f f  t h e  coas t  of 





Lou is iana  i n  wate r  l e s s  than 9 m  
deep (K l  ima e t  a l .  1982). 

MORPHOLOGY/IDENTIFIGATION AIDS 

L a t e r a l  r o s t r a 1  grooves do n o t  
extend beyond t he  base o f  ros t rum i n  
a d u l t s  n o r  t o  t he  p o s t e r i o r  marg in o f  
t h e  carapace i n  j u v e n i l e s  (Wi l  l i ams  
1965); ad ros ta l  su lcus i s  shor t ,  ex- 
tend ing  t o  e p i g a s t r i c  (back)  t o o t h  o f  
rostrum; g a s t r o f r o n t a l  c a r i n a  i s  ab- 
sent;  petasma has d i s t a l  p o r t i o n  of 
l a t e r a l  lobe-bear ing  d iagonal  r i d g e  on 
i n n e r  sur face ,  and d i s t a l  v e n t r m e d i a l  
co rner  i s  rounded. Thelycurn i s  open 
type; has an te ro l  a  t e r a l  r i d g e s  tu rned  
m e s i a l l y  and p a i r  o f  f l e s h y  p ro tuber -  
ances on s t e r n i t e  XI\/. Antenna1 f l a -  
g e l l a  a r e  2.5 t o  3  t imes t h e  body 
l e n g t h  ( Perez-Far fante 1969). Zamora 
and Tren t  (1968) r epo r t ed  t h a t  t h e  
keel on t he  s i x t h  abdominal somi te o f  
pos t l a r vae  i s  smooth i n  wh i t e  shrirnp 
b u t  hears sp ines i n  brown shrirnp (P. 
az tecus)  and p i nk  shr imp ( P. duora- 
XqT- - 

Lengths q i ven  i n  t he  f o l l o w i n g  
sec t i ons  r e f e r  ( un less  o therw ise  i n d i -  
ca ted)  t o  t o t a l  l eng th .  

REASONS FOR INCLUSION I N  SERIES 

The Cul f o f  Mexico shrirno f i s h e r y  
i s  the most va luab le  f i s h e r y  i n  t h e  
c o n t i n e n t a l  l l n i  ted S ta tes .  The w h i t e  
shrirnp was t h e  ma jo r  com~nerc ia l  shr imp 
i n  t h e  g u l f  up t o  t he  mid-1930's. 
Brown and p i nk  s h r i n p  o f t e n  were 
shunned because t h e  f l e s h  was brownish 
and presumably i n f e r i o r .  A f t e r  World 
War 11, t h e  st igma was overcarle and 
brown and p i n k  shr imp p roduc t i on  i n -  
creased sharp ly .  Yowever, t h e  rnean 
annual whi te  shr imp l and ings  o f  31.5 
m i l l i o n  l b  i n  1956-74 s t i l l  made up 
2 7 h f  t he  t o t a l  U.S. g u l f  shr imp pro- 
duc t  ion. 

The w h i t e  shr imp i s  n o t  o n l y  
h i g h l y  valued f o r  hurnan food, h u t  i s  
a1 so a  popu la r  b a i t  f o r  hook and l i n e  

f ishermen and a  ma jo r  prev o f  preda- 
t o r y  f i shes .  I n  1976 i n  t h e  Un i t ed  
States,  more than  90,000 commercial 
and s p o r t  f ishermen used about 60,090 
boats and vessel5 t o  f i s h  f o r  seven 
species o f  shr imp (Chr is tmas and 
E t zo l  d  1977). 

The ma jo r  problem o f  t he  f i s h i n g  
i n d u s t r y  i s  g e t t i n g  maximum y i e l d  from 
each y e a r ' s  shr imp stock,  which con- 
s i s t s  l a r g e l y  o f  shr imp t h a t  a r e  l e s s  
than  1 y e a r  o ld .  I n  Lou is iana ,  f o r  
example, excess ive  f i s h i n g  f o r  smal l  
young w h i t e  shr imp i s  c o n t r o l  l e d  by 
banning commercial f i s h i n g  f o r  shr imp 
each s p r i n g  u n t i l  t h e  shr imp reach a  
c e r t a i n  s i z e  (based on average numbers 
per  pound). 

The annual l e v e l  of r e c r u i t m e n t  
appears t o  depend l a r g e l y  on env i r on -  
mental  c o n d i t i o n s ,  r a t h e r  than on the  
abundance o f  spawning stocks. Shrimp 
management w i l l  succeed o n l y  i f  appro- 
p r i a t e  measures a r e  taken t o  ~ n a i n t a i n  
s u i t a b l e  e s t u a r i n e  nu rse ry  grounds 
(Chr is tmas an3 E t z o l d  1977). 

LIFE HISTORY 

Spawning and Larvae 

Var ious l o c a l i t i e s  and t imes For 
spawning o f  wh i t e  shr imp have been 
repo r t ed :  i n  oceanic waters 3 t o  31 m  
deep i n  t h e  n o r t h e r n  G u l f  o f  f l ex ico  
(Perez-Far fan te  1969); i n  s i ~ n i l a r l y  
oceanic  waters o f  t h e  G u l f  o f  Mexico 
w i t h  depths o f  9.1 t o  55 m, f rom l a t e  
s p r i n g  t o  e a r l y  f a l l  (S t .  4mant and 
I - indner  1366);  from l a t e  :larch o r  
e a r l y  A p r i l  u n t i l  rlovemher, b u t  rna in ly  
fro111 A o r i l  t o  September i n  Lou i s i ana  
(L i ndne r  and Anderson 1956); f rom 
A p r i l  t o  4ugust i n  sha l low water  
( 14  m) nea r  Gal veston, Texas (Temple 
and F i  scher  1957). A1 though spawn- 
i n g  u s u a l l y  peaks i n  June o r  Ju l y ,  
leng th - f requency  d i s t r i b u t i o n  o f  
shr imp i n  com~nerc ia l  catches suggested 
two main broods developed i n  some 
l o c a t i o n s  and t h r e e  i n  o t h e r s  (Perez- 
F a r f a n t e  1969). 



Spawnin j  beq i  ns when w a t e r  tem- 
p e r a t u r e s  i n c r e a s e  i n  t h e  s p r i n g  and 
ends w i t h  r a p i d  t e m p e r a t u r e  d e c l  i n e s  
i n  f a l l  ( L i n d n e r  and Anderson 1956). 
On t h e  b a s i s  o f  l o w  pe rcen tages  o f  
s p e n t  females  i n  t i i e  p o p u l ' j t i o n s  i n  
June, J u l y ,  and Auqust,  L i n d n e r  and 
Anderson (1955)  suqgested t h a t  w h i t e  
s h r i m p  spawn more t h a n  once--and pos- 
s i b l y  up t o  f o u r  t i n e s - - d u r i n g  t h e i r  
l i f e  span. 

P re fe r re id  s a l  i n i  t i e s  f o r  spawning 
o f  a t  l e a s t  27 p a r t s  pe r  thousand 
( p p t )  were r e p o r t e d  by Cook and ?4urphy 
( 1959). 

Sexes a r e  s a s i l y  d i s t i n g u i s h e d  h y  
t h e  m o d i f i e d  endopod of t h e  f i r s t  p a i r  
o f  Dleopods i n  n a l e s  and t h e  open- type 
the lycurn  between t h e  t h i r d ,  f o u r t h ,  
and f i f t h  pe re iopods  i n  fernales 
( L i n d n e r  and Cook 1970).  Two p a r t l y  
fused o v a r i e s  e x t e n d  ,nost  o f  t h e  
l e n g t h  of  t h e  body and, when r i p e ,  
occupy near1 y a1 1  space n o t  f i 1  l e d  b y  
o t h e r  organs.  Copuls  t i o n  t a k e s  p l a c e  
w h i l e  t h e  sh r imp  d r e  i n  t h e  ha rd -  
she1 l e d  form, when t h e  ma le  a t t a c h e s  a  
s p m i a t o p h o r e  t o  t h e  the l ycum o f  t h e  
fernale. Spermatozoa a r e  b e l i e v e d  t o  
be re1 eased f rom t h e  spenr la tophore 
s i l l i u l  t a n e o u s l y  w i t h  t h e  expu l  ; ion o f  
t h e  eggs. Yowever, i n  a  s t u d y  b y  
P e r e z - F a r f a n t e  (1969) ,  fernales wi  t h o u t  
a  s w m a t o p h o r e  s ~ a w n e d  eggs t h a t  
ha tched  and y i e l d e d  l a r v a e  t h a t  were 
r e a r e d  t o  subadul  t s ;  f r o m  0.5 t o  1.r) 
m i l  1  i o n  eggs were d i  scharged p e r  
spawn. R ipe  eggs a r e  0.192 t o  (1.3 mm 
i n  d iamete r ,  a r e  s p h e r i c a l  and opaque, 
and have a  p u r p l  i sh-b lue  c h o r i o n .  
Eggs a r e  d i s c h a r g e d  d i r e c t l y  i n t o  t h e  
w a t e r  and s i n k  t o  t h e  b o t t o m  (Ander-  
son 1966). Spawning i n  l a b o r a t o r y  
a q u a r i a  o c c u r r e d  o n l y  a t  n i g h t  
( L i n d n e r  and Cook 1970).  

Eggs h a t c h  ibnto p l a n k t o n i c  nau- 
p l i i  0.3 mm l o n g  ' w i t h i n  13  t o  12  h r  
a f t e r  f e r t i l i z a t i o n  ( K l i m a  e t  a l .  
1982). The n o n f e e d i n g  n a u p l i i  a r e  
c a r r i e d  b y  p r e v a i l  i n g  c u r r e n t s  w h i l e  
t h e y  undergo f i v e  m o l t s  o v e r  24 t o  36 
h r  t o  become f r e e - f e e d i  ng p ro tozoea ,  

1 mm l o n g  (Anderson 1956) .  F i v e  
naup l  i a1 , t h r e e  p r o t o z o e a l  , and t h r e e  
m y s i s  s tages,  f o l l o w e d  by  t h e  f i r s t  
mas t igopus  o r  f i r s t  p o s t l a r v a l  s tage,  
were r e o o r t e d  b y  P 4 r e z - F a r f a n t e  
( 1 9 5 9 .  Johnson and F i e l d i n g  ( 1956) 
w r o t e  t h a t  t h e  metamorph ic  p e r i o d  ex-  
ceeded 1 0  t o  12 days, depending on 
food  a n d  h a h i  t a t  cond i  t i o n s .  5uhrah- 
nayaln (1971)  r e p o r t e d  t h a t  w h i t e  
shrirr lp l a r v a e  1  i v e  t h r o u g h o u t  t h e  
w a t e r  c o l u ~ n .  

P o s t l a r v a e  and JuvenJl1_es -- 

E a r l y  p l a n k t o n i c  p o s t l a r v a e  
deve l  o p  o f f s h o r e ,  h u t  some move toward  
i ns l i o re  v ia ters .  Anderson ( 1966) w r o t e  
t h a t  shr i rnp a r e  s t i l l  p l a n k t o n i c  a t  
t h e  end o f  two p o s t l a r v a l  s tages ,  
a b o u t  15 t o  20 days a f t e r  h a t c h i n g  
when t h e y  a r e  a b o u t  5  mm long ;  how- 
e v e r ,  W i l  l i ams (1965)  r e p o r t e d  t h a t  
w h i t e  s h r i m p  e n t e r  e s t u a r i e s  d u r i n g  
t h e  second p o s t l a r v a l  s tage,  a t  abou t  
7  mm, and t h e n  b e g i n  a  b e n t h i c  e x i s -  
tence.  The t i m e  between h a t c h i n g  and 
movement t o  e s t u a r i e s  i s  a h o u t  2  t o  3 
weeks. 

F a v o r a b l e  c u r r e n t s  t r a n s p o r t  l a r -  
vae and e a r l y  p o s t l a r v a e  toward  i n -  
s h o r e  via t e r s  (PPrez -Fa r fan te  1969) ,  
where t h e y  e n t e r  t i i e  e s t u a r i e s  on 
f l o o d  t i d e s  t h r o u g h  t i d a l  passes 
(Renson 1982). R e c r u i t m e n t  o f  p o s t -  
l a r v a e  i n  L o u i s i a n a  c o i n c i d e d  w i t h  t h e  
i n f l u x  o f  w a t e r  o f  h i g h e r  s a l i n i t y  
( W h i t e  and Boudreaux 1977).  I n  Texas, 
w h i t e  shr i rnp p o s t l a r v a e  e n t e r e d  e s t u a -  
r i n e  n u r s e r y  a r e a s  froln Vay u n t i l  
November, t h e  peak b e i n g  i n  June and 
Sep tevber  ( K l i m a  e t  a1 . 1982). St .  
Arnant and L i n d n e r  (1966)  i n d i c d t e d  
t h a t  w h i t e  sh r imp  D o s t l a r v a e  e n t e r  
i n s h o r e  n u r s e r y  a reas  f rom m i d - A p r i l  
t o  lnid-November; peak abundance i s  i n  
May t o  J u l y  and a g a i n  i n  September and 
Oc tober .  B a x t e r  and R e n f r o  (1967)  
found two peak qovements o f  p o s t l a r v a e  
i n t o  G a l v e s t o n  Bay, Texas, d u r i n g  
summer. 

D u r o n s l e t  e t  a l .  ( 1972)  r e p o r t e d  
t h a t  pos t l a r v a l  w h i t e  sh r imp  were more 



abundant a t  n i g h t  a t  t h e  su r f ace  than 
a t  t he  bot tom o f  a  t i d a l  pass. They 
found no s i g n i f i c a n t  dep th  d i  f f e rences  
d u r i n g  day1 i g h t  sampl ing ,  a1 though 
abundance was l owes t  near t h e  su r f ace  
(0.8 m deep). 

Christmas e t  a l .  (1976)  c l a s s i -  
f i e d  shr imp 25 t o  75 mm as j u v e n i l e s ,  
b u t  Perez -Far fan te  (1969) cons idered  
wh i t e  shr imp t o  be j u v e n i l e s  a f t e r  
t hey  had developed accord i  nq t o  t h e  
u l t i m a t e  r o s t r a 1  t o o t h  formula:  4 t o  
10 upper  and 0  t o  3  l o w e r  (mode: 8 
upper and 2  l owe r ) .  F r e s h l y  caught  
w h i t e  shr imp o f t e n  have w i d e l y  spaced 
body chro~rlatophores; thus,  t hey  a r e  
l i g h t e r  co l o red  than p i n k  o r  brown 
shrimp. GJhen t h e  shr i inp a r e  28 mm 
long ,  sexes can be d i s t i n g u i s h e d  by  
d i f f e r e n c e s  i n  t he  endopods o f  t h e  
f i r s t  pleopods and i n  s t e r n i  t e  X I V .  

Peak abundance o f  j i ~ v e n i l e  w h i t e  
shr imp occurs i n  sha l l ow  marshes o f  
Lou i s i ana  1 t o  2  months a f t e r  maximum 
catches o f  p o s t l a r v a e  (Ga id r y  and 
White 1973). On t h e  nu r se r y  grounds, 
j u v e n i l e  w h i t e  shr imp move f a r t h e r  u? 
t i le  es tua r y  than  do j u v e n i l e  brown o r  
p i n k  shr imp--as f a r  as 160 km i n  Lou- 
i s i a n a  and 210 km i n  n o r t h e a s t  F l o r i d a  
(Perez -Far fan te  1969). I d i l l i a m s  
(1958),  who eva lua ted  t h e  use o f  
exper imenta l  subs t r a t es  by j u v e n i l e s  
o f  t h r e e  shr imp spec ies,  found w h i t e  
shr imp p redomina te ly  ove r  o r  i n  nuddy 
subs t r a t es  o f  l oose  peat  and sandy 
mud; w h i t e  shr imp l a i d  t h e i r  l ong  
antennae above t h e  su r f ace  s u b s t r a t e  
when burrowing,  i n  c o n t r a s t  t o  brown 
and p i n k  shrimp, which o f t e n  b u r i e d  
t h e i r  s h o r t e r  antennae. W i l  l i a m s  
(1958) specu la ted  t h a t  r e s p i r a t o r y  
requ i rements  of w h i t e  shr imp w h i l e  
t hey  burrowed and sought cover  and 
food i n f l u e n c e d  t h e i r  p re fe rence  f o r  
muddy o r  peaty  subs t r a t e .  Juven i  1  e  
w h i t e  and brown shr imp tended t o  avo id  
coarse s u b s t r a t e  and sought food 
r a t h e r  than cove r  i n  s o f t e r  bottoms 
( W i l l i a m s  1953). Shrimp abou t  8  mm 
l ong  were found i n  sha l low,  muddy 
b o t t o n  waters  w i t h  low t o  moderate 
s a l i n i t y  (Anderson 1966).  Rul i f s o n  

(1981) found t h a t  j u v e n i l e  w h i t s  
shr imp aggregated i n  sandy-muddy sub- 
s t r a t e  b u t  t h a t  hrown shr imp sometimes 
d i sp l aced  them i n  t h i s  h a b i t a t .  G i l e s  
and Zamora (1973) r e p o r t e d  t h a t  brown 
shr imp d i s p l a c e d  j u v e n i l e  wh i t e  shr imp 
frorn g rass  cove r  i n  exper imenta l  
aquar ia .  

I Jh i t e  shr imp a r e  usual l y  more 
a c t i v e  than  brown o r  p i n k  shr imp. 
C la r k  and :ail l o u e t  (1975) observed 
s i g n i f i c a n t l y  h i g h e r  t r a w l  catches of 
j u v e n i l e  w h i t e  shr imp (35  t o  97 mn 
long )  d u r i n g  t h e  day than a t  n i g h t  i n  
Gal ves ton  Bay, Texas. !dickham and 
M i n k l e r  (1975) d i d  n o t  observe w h i t e  
shr i lnp bur row ing  , b u t  found t hey  were 
qu i escen t  on t h e  s u b s t r a t e  o r  i n  sha l -  
l ow depress ions  f o r  severa l  hours du r -  
i n g  t h e  day. 

The growth of j u v e n i l e  w h i t e  
shr imp v a r i e s  by  s i ze ,  sex, l o c a t i o n ,  
season o f  t h e  year ,  and y e a r  (Pbrez- 
Fa r f an te  1969). U s u a l l y  growth i s  
s low a t  wa te r  temperatures be1 ow 20°C 
( E t z o l d  and Chr is tmas 1977). 

Pos t l a r vae  and j u v e n i l e s  dse es- 
t u a r i e s  d u r i n g  summer and f a l l  u n t i l  
t hey  reach marke t  s i z e s  o f  120 t o  
160 mm l ong  (Yl i rna e t  a l .  1982). Ju- 
v e n i l e  w h i t e  shr imp occupied t h e  ex- 
treme shoreward waters  i n  Mob i l e  Bay, 
Alabama (Loesch 1976). Open coas ta l  
l a kes  and bays may serve as s t a g i n g  
areas F3r j u v e n i l e s  b e f o r e  they  move 
of fshore (Wh i te  and Boudreaux 1977). 
Anderson r epo r t ed  t h a t  as j u v e n i l e s  
grew, they rlloved from sha l l ow  :narshes 
i n t o  deeper creeks,  r i v e r s ,  and bays 
when t hey  were about  51  mm l ong  i n  
June o r  J u l y  (4nderson 1966). White 
shr imp become abundant on t h e  i nsho re  
f i s h i n g  grounds by mid-June i n  Lou i  s i -  
ana, M i s s i s s i p p i ,  and Alabama, and bv 
m id - Ju l y  i n  Texas and west  F l o r i d a  
( C o l l i e r  e t  a l .  1959). Sampling i n  
Alabama i n  1977-32 i n d i c a t e d  peak 
abundance i n  J u l y  (S teve  Heath, Mar ine  
B i o l o g i s t ,  Alabama Ya r i ne  Resources; 
pers.  commu., Hay 15, 1983). Anderson 



(1966) noted t h a t  w h i t e  shr imp began 
t o  appear on nearshore sh r imp ing  
grounds by J u l y  o r  August; t h e  l a r g e s t  
shr imp were nea res t  t h e  open g u l f .  

Emig ra t ion  

White shr imp e m i g r a t i o n  fro!n es- 
t u a r i e s  appears t o  be governed by  t h e  
s i z e  o f  t he  shr imp and t h e  env i r on -  
mental  c o n d i t i o n s  w i t h i n  t h e  e s t u a r i n e  
system ( K l  irna e t  a1 . 1982). 

When wh i t e  shr imp reach  121) t o  
140 mm (St .  h a n t  and L i ndne r  1966) o r  
100 t o  120 mm ( E t z o l d  and Chr is tmas 
1977), t hey  l eave  G u l f  o f  Mexico es- 
t u a r i e s  as wa te rs  coo l  f rom September 
t o  December. Howevcr, sma l l  w h i t e  
shr imp may emig ra te  t o  o f f s h o r e  waters  
t e m p o r a r i l y  i n  w i n t e r  and r e t u r n  t o  
e s t u a r i e s  when water  temperatures 
r i s e .  Em ig ra t i on  i n  Texas e s t u a r i e s  
u s u a l l y  extends from l a t e  4ugust and 
September t o  December--the p e r i o d  dur-  
i n g  which t h e  o f f s h o r e  c a n ~ n e r c i a l  
f i s h e r y  e x p l o i t s  w h i t e  shr imp ( K l  ima 
e t  a l .  1982). Peaks o f  wh i t e  sh r imp 
em ig ra t i on  from Gal vestor l  gay, Texas, 
were c o r r e l a t e d  c l o s e l y  w i t h  decreases 
i n  water  temperature o f  3" t o  6OC 
and i n  s a l i n i t y  o f  3  t o  10 p o t  ( P u l l e n  
and T r e n t  1Q69). Senson (1952) r e -  
por ted  t h a t  w h i t e  shr imp moving near  
t h e  su r f ace  a t  n i g h t  tended t o  school 
d u r i n g  ebbing t i d e s .  O f f sho re  move- 
~nen t s  o f  w h i t e  shr imp seem t o  c o n s i s t  
o f  randan feed ing  movements o f  16Q km 
o r  Illore, as w e l l  as some inshore -  
o f f s h o r e  ~lovernents i n  response t o  tem- 
pera tu  r e  changes ( E t z o l  d  and Chr is tmas 
1977). Cold f r o n t s  i n c rease  rnover~ient 
f rom i nsho re  s t a g i n g  areas t o  o f f s h o r e  
wdters  (Whi te  and Boudreaux 1977). 
Whi te  shr imp a long  q o s t  o f  t h e  G I J ~  f o f  
Vex ico coas t  e x h i b i t  1  i t t l e  a longshore  
rnove:rlent excep t  i n  1  ower Texas, where 
they  may move i n t o  Mexican waters  irl 

Fa1 1  and w i n t e r ,  and back toward Texas 
waters  i n  sumr~ier ( E t z o l d  and Christnlds 
1977). White shrimp, 100 mm long ,  
o v e r w i n t e r i n g  o f f s h o r e  between Sh ip  
Shoal and T r i n i t y  Shoal, Lou is iana ,  
r e t u r n  i n  s p r i n g  t o  form a  va l uab le  
s p r i n y  i nsho re  f i s h e r y  (Ca id r y  1974). 

A d u l t s  

r la le  w h i t e  shr imp have been found 
a t  p rog ress i ve  s tages  o f  m a t u r i t y  a t  
d i f f e r e n t  l e n g t h s :  w i t h  j o i n e d  petos-  
ma1 endopods a t  105-127 mm; w i t h  r i p e  
sperm a t  118 mm; and w i t h  f u l l y  deve l -  
oped sper:natophores a t  155 mm (PCrez- 
F a r f a n t e  1969). The s h o r t e s t  r i p e  
female recorded  by Burkenroad (1939) 
measured 135 mm; St. h a n t  and L i ndne r  
(1966) l i s t e d  140 mm as t h e  minimum 
l e n g t h  o f  females spawning i n  t he  
n o r t h e r n  Gul f o f  Mexico. 

I n  t h e  n o r t h e a s t e r n  G u l f  o f  14ex- 
i co ,  wh i t e  shr imp moved d u r i n g  f a l l  
and w i n t e r  i n t o  deeper wa te r  and 
toward t h e  mouth o f  t h e  I . l i s s i s s i pp i  
R i v e r  (Pbrez -Far fan te  1969). Anderson 
(1966) conc luded from tagg ing  s t u d i e s  
t h a t  t he  f l i s s i s s i p p i  R i v e r  o u t f l o w  [nay 
be a  n a t u r a l  b a r r i e r  t o  east -west  
movements o f  w h i t e  shrirrlp. 

GROWTH 

Growth r a t e s  o f  whi t e  shr imp va r y  
w i t h  s i ze ,  sex, and t ime  o f  yea r  
(Pbrez -Far fan te  1969). Kutkuhn (1962) 
r e p o r t e d  t h a t  growth r a t e s  were s lower  
i n  coas ta l  wa te rs  e a s t  o f  t h e  'li s s i s -  
s i p p i  R i v e r  than  o f f  t h e  no r t hwes te rn  
coas t  o f  t h e  Gul f o f  Plexico. The d i f -  
ference i n  growth r a t e s  de layed t h e  
peak o f f s h o r e  h a r v e s t  about  a  month 
( f r o m  October t o  November). Rate o f  
g rowth  i n  weight ,  as con t r as ted  t o  
growth i n  l eng th ,  was low i n  smal l  
shr imp, h i g h e s t  i n  m id -s ize  shrimp, 
arld i n t e r m e d i a t e  i n  l a r g e  shrimp. 
P o p u l a t i o n  g rowth  was dynamic and 
d i f f i c u l t  t o  p r e d i c t  f rom yea r  t o  
year .  

Whi te  sh r i ~ r l p  naupl i i undergo f i v e  
mol t s  t o  becorne f r ee - f eed ing  p lank-  
t o n i c  protozoea. Protozoea grow t o  a  
l e n g t h  o f  2.5 rnln through t h r e e  p ro to -  
zoeal s tages b e f o r e  reach ing  t h e  f i r s t  
mys is  s t age  (Dobkin 1961). A f t e r  
t h r e e  ~ n y s i s  s tages nnd two p o s t l a r -  
va l  s tages,  young wh i t e  shr imp about  
7  mln l ong  e n t e r  e s t u a r i e s ,  where t h e i r  



growth r a t e  i s  about 1.2 mm pe r  day 
( M i l  1  iams 1965). Johnson and F ie1  d i n g  
(1956) es t imated  g rowth  i n  c a p t i v i t y  
a f t e r  ha t ch i ng  t o  be 80mm i n  2  
months. E a r l y  s p r i n g  growth i s  n e a r l y  
i d e n t i c a l  t o  t h e  p rev i ous  summer's 
growth r a t e  o f  18 t o  30 mm p e r  month. 
Win te r  growth o f  shr imp o f f s h o r e  pro-  
bab l y  averages l e s s  than  0.5 mm per  
day (Chr is tmas and E t z o l d  1977). I n  
l l ob i  l e  Ray, A1 abama, Loesch (1965) 
found t h a t  shr imp l e n g t h  inc reased  18 
t o  3 1  mm d u r i n g  t h e  summer compared 
w i t h  12 t o  27 mn i n  w in te r .  

Whi te  shr imp i n  Lou i s i ana  may 
reach  a  l e n g t h  o f  150 mm, growing 
about 100 mm i n  60 days (1.6 mm pe r  
day) d u r i n g  summer be fo re  moving o f f -  
shore (Wh i te  and Boudreaux 1977). 
Flarked wh i t e  shr imp i n  Gal veston Bay, 
Texas, grew from a  l e n g t h  o f  9.8 mrn i n  
mid-August t o  146 mm i n  l a t e  September 
( 6  weeks), o r  about  30% f a s t e r  than 
r epo r t ed  i n  lower  temperature waters  
a long  t h e  Lou i s i ana  c o a s t  (K l ima 
1974). I n  t h e  G u l f  o f  Flexico, l e n g t h s  
a t t a i n e d  by w h i t e  shr imp a t  d i f f e r e n t  
i n t e r v a l s  a f t e r  h a t c h i n g  were 80 mm i n  
2  months, 110 mm i n  3  months, 130 mm 
i n  4  months, 145 mrn i n  5  months, and 
155 mm i n  6  months (November). Growth 
was slow from November th rough  March, 
b u t  res1~3ed  i n  sp r i ng ;  w h i t e  shr imp 
were 173 mm long  i n  May and ready t o  
spawn (Anderson 1966). 

The l eng th -we igh t  fo rmu la  CJ = 
a ~ ~ ,  where \J i s  we igh t  ( q ) ,  L  i s  t o t a l  
l e n q t h  (mm), and a  and b a r e  con- 
s t an t s ,  f o r  whi t e  shr imp d i f f e r e d  
l i t t l e  between sexes: male, Log W = 
-5.634 + 3.361 Lo9 L; female, I-og 
W = -5.635 + 3.234 Log L; and combined 
sexes, Log W = -5.665 + 3.247 Log I- 
(Fon ta i ne  and Real 1971). The s lope  
( " b " )  was n o t  s i g n i f i c d n t l y  d i f f e r e n t  
i n  t h e  t h r e e  formulas. Christmas e t  
a1 . (1975) c a l  c u l a t e l  l eng th -we igh t  
r e l a t i o n s  f o r  w h i t e  shr imp 30 t o  1114 
mm long  as Y = -4.5049 +2.8180 X and 
f o r  shr imp 105 t o  199 m l  l ong  6k Y = 
-5.73 + 3.283 X - where Y was we igh t  
( g )  and x W ~ S  t6k67 l eng th .  

Female w h i t e  shr imp grow more 
r a p i d l y  and reach  l a r g e r  s i z e s  than  
ma1 es ( E t z o l  d  and Chr is tmas 1977). 
Anderson (1966) 1  i s t e d  a  l a r g e  male a t  
182 mm and a  female a t  197 mm i n  t h e  
Carol  i nas ,  and Hol t h u i s  (1980) l i s t e d  
175 and 200 mm as maximum t o t a l  
l eng ths  f o r  males and females respec- 
t i v e l y .  On t h e  b a s i s  o f  t h e  growth o f  
marked and recap tu red  shrimp, Kl ima 
( 1974) es t ima ted  average maximum 
l e n g t h  f o r  wh i t e  shr imp as 214 mm i n  
Gal ves ton  Ray, Texas, and 224 mm i n  
nearshore  Lou is iana .  

P lor ta l  i t .  

The y e a r l y  abundance o f  w h i t e  
shr imp v a r i e s  w i d e l y  (Anderson 1966; 
Ch r i  strnas and E t zo l  d  1977). Gunter  
(1956) cons i de red  40% m o r t a l  i ty per  
week o r  up t o  60% m o r t a l i t y  a  month t o  
be a  reasonable es t ima te  f o r  j u v e n i l e s  
i n  e s t u a r i e s .  O f f sho re  n o r t a l  i ty o f  
eggs and l a r v a e  i s  p robab ly  h igher .  
Chr is tmas and E t zo l  d  (1977) s t a t e d  
t h d t  i n f o m a t i o n  on l n o r t a l i t y  i s  i n -  
adequate t o  de terrni  ne op t ima l  l i a r -  
v e s t  o u t s i d e  t i l e  nu r se r y  grounds. 
They r e p o r t e d  t h a t  weekly  f i s h i n g  mor- 
t a l i  ty was 6% t o  17%, n a t u r a l  m o r t a l -  
i t y  was 8% t o  24%, and t o t a l  weekly 
r n o r t a l i  t y  ranged f rom 14% t o  '24%. 

M o r t a l i t y  r a t e s  o f  w h i t e  shr imp 
p robab ly  decrease w i t h  an i nc rease  i n  
s i z e  (Chr i s tmas  and E t z o l d  1977). A  
problem i n  Lou i s i ana  has been t h e  h i g h  
c a t c h  o f  re1 a t i v e l  y  smal l  v h i  t e  shrirnp 
i n  i n sho re  and e s t u a r i n e  wate rs  (Whi te  
and Boudreaux 1977). Reconimended i s  a  
c l o s u r e  o f  t h e  i n s h o r e  nu r se r y  grounds 
( l a r g e l y  e s t u a r i e s )  t o  t r a w l i n g  t o  
decrease t h e  m o r t a l i t y  o f  t he  s m a l l e r  
w h i t e  shrirrlp b e f o r e  the,y m i g r a t e  o f f -  
shore. Es t imated  catches o f f s h o r e  a r e  
c l o s e l y  r e l a t e d  t o  t h e  i nsho re  abun- 
dance o f  j u v e n i l e s  (S t .  Amant and 
L i n d e r  1966; Loesch 1976). 

Because r e c r u i  trnent o f  shr imp i n -  
t o  t he  f i s h e r y  i n  any one y e a r  i s  
independent o f  t h e  abundance o f  pa ren t  
; tocks  t h e  y e a r  b e f o r e  ( e n v i  ron~r lenta l  
c o n d i t i o n s  a r e  t h e  ma jo r  f a c t o r ) ,  



management s h o u l d  be a i n e d  a t  max im iz -  
i n g  r e c r u i  t ~ n e n t  i n t o  t h e  f i s h e r y  
( C h r i s t m a s  arld E t z o l d  1977).  Secause 
few shr i inp  l i v e  l o n g e r  t h a n  1 y e a r  
(Anderson 1956; Y l i m a  e t  ,31. 1982) ,  
t h e  b u l k  o f  t h e  sh r imp  i n  t h e  commer- 
c i a l  c a t c h  i s  l e s s  t h a n  1 y e a r  o l d  
( E t z o l d  and Chr i s tmas  1977) .  

I i u r r i c a n e s  have Seen imp1 i c a  t e d  
i n  m a j o r  sulnlner l o s s e s  o f  w h i t e  
shr imp. Kutkuhn (1962)  showed t h a t  
h u r r i c a n e s  s t r i k i n g  t h e  L o u i s i a n a  
c o a s t  i n  summer 1957 c a i ~ s ~ d  unexpect -  
e d l y  h i g h  m o r t a l i t i e s  because o f  
h i g h e r  s a l i n i t i e s ,  d e s t r u c t i o n  o f  
h a b i  t d  t and food s u p p l i e s ,  d i s p e r s a l  
and s  t r a n d i  ng , and e x c e s s i v e  t,u rbu -  
l ence .  R a r r e t t  and G i l  l e s p i e  (1973)  
r e p o r t e d  a  61% d r o p  i n  t h e  L o u i s i a n a  
w h i t e  sh r imp  c a t c h  i n  1961  a f t e r  
H u r r i c a n e  C a r l a  and an 88% d r o p  i n  t h e  
August 1969 p r o d u c t i o n  i n  t l i s s i s s i p p i  
a f t e r  H u r r i c a n e  Camil l e .  Sudden c o l d  
f r o n t s  a1 so have caused h i g h  111ortal i ty  
o f  w h i t e  s h r i m p  i n  s h a l l o w  e s t u a r i e s  
and c o a s t a l  wa te rs .  

D isease and P a r a s i t e s  

The e x t e n t  o f  r r lo r ta l  i ty fro!n 
d i s e a s e  and p o l l u t i o n  i s  n o t  w e l l  
known ( B a r r e t t  and G i l l e s p i e  1973) .  A  
99% l o s s  o f  eggs t o  a  m i c r o s p o r i d i a n  
p a r a s i t e  i n f e c t i o n  o f  t h e  gonads was 
r e p o r t e d  b y  G u n t e r  (1956) .  r l i d d l e -  
d i t c h  e t  a l .  ( 1980)  r e p o r t e d  t h a t  a  
V i b r i o  i n f e c t i o n  o f  ma le  w h i t e  s h r i m p  
p r e v e n t e d  f e r t i l  i z a t i o n  under  l a b o r a -  
t o r y  c o n d i t i o n s .  Extens i ve r e v i e w s  of 
d i s e a s e s  and p a r a s i t e s  o f  penae id  
sh r imp  have shown t h a t  v i r u s e s ,  bac- 
t e r i a ,  f u n g i ,  p r o t o z o a ,  h e l m i n t h s ,  a i d  
nematodes cause d i  seases ( L i n d n e r  and 
Cook 1970; Couch 1978; O v e r s t r e e t  
1978).  Couch (1978)  ranked  d i s e a s e  
a f t e r  p r e d a t i o n  and p e r i o d i c  p h y s i c a l  
c a t a s t r o p h e s  as  a  l i m i t i n g  f a c t o r  i n  
n a t u r e  and a f t e r  t h e  m e e t i n g  o f  n u t r i -  
t i o n a l  and r e p r o d u c t i o n  r e q u i r e m e n t s  
i n  m a r i c u l  t u  re .  Overs t r e e t  (1978)  
suggested t h a t  s h r i m p  m o r t a l  i ty  a t t r i -  
bu ted  t o  l o w  oxygen may be caused by  
b i o s y m b i o n t s  i n  shr imp.  

The cestocie - P r s c h i  stangllll 
e n  , wh ich  i n f e c t s  t h e  hepatopan- 
c r e a s  o f  a d u l t  s h r i r n ~ ,  i s  o f  conce rn  
i n  t h e  M i s s i s s i p p i  So;~nd ( C h r i s k n a s  e t  
a1 . 1976) ,  h u t  q i c r o s p o r i d i a n  p r o t o -  
zoans p r o b a b l y  have more economic 
i m p a c t  because t h e y  cause t h e  rouscula- 
t u r e  o f  t h e  s h r i m p  t o  appear  c o t t o n y .  

THE FISHERY 

The G u l f  of  Mex ico  s h r i m p  f i s h e r y  
i s  t h e  most  v a l u a b l e  c o ~ n ~ n e r c i a l  f i s h -  
e r y  i n  t h e  U n i t e d  S t a t e s .  I n  1980, 
t h e  c a t c h  o f  129  illi ion pounds was 
v a l u e d  a t  o v e r  $302 m i l l i o n  ( 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  1981). B l  omo 
e t  a1 . ( 1 9 7 8 )  r e p o r t e d  t h a t  #Gu l f  o f  
Mex ico  s h r i m p  l a n d i n g s  i n  1976 com- 
posed 83% o f  t h e  t o t a l  v a l u e  of  t h e  
U.5. s h r i m p  l a n d i n g s  and 20.3% o f  t h e  
t o t a l  v a l u e  o f  a1 1  U.S. commercial  
f i s h e r i e s .  

Commercial p r o d u c t i o n  o f  w h i t e  
s h r i m p  has i n c r e a s e d  g r e a t l y  o v e r  t h e  
y e a r s .  R e f o r e  1932, l e s s  t h a n  1 2  m i l -  
l i o n  1  b  o f  s h r i m p  were l anded  a n n u a l l y  
i n  t h e  n o r t h e r n  G u l f  o f  Mex ico  ( B a r -  
r e t t  and G i l l e s p i e  1975).  From 1880 
t h r o u g h  1318, t h e  annual  w h i t e  sh r imp  
c a t c h  averaged 172,000 1  b  a l o n g  t h e  
Texas c o a s t  an3 5.9 m i l l i o n  15  o f f  t h e  
L o u i s i a n a  c o a s t  ( Y l i m a  e t  a l .  1982) .  
Cas t  n e t s  and hau l  s e i n e s  were t h e  
p r i n c i p a l  gea rs  u n t i l  t h e  o t t e r  t r a w l  
Has i n t r o d u c e d  i n  1917 ( G u n t e r  an3 
Edwards 1969).  I n  1927, t h e  c a t c h  was 
7.4 m i l l i o n  1 b  i n  Texas and 26 m i l l i o n  
1 b  i n  L o u i s i a n a .  Frorn 1927 t o  1945, 
annua l  l a n d i n g s  ( p r i m a r i l y  w h i t e  
sh r imp)  averaged 7.8 m i l l i o n  1 b  i n  
Texas and 40.5 m i l l i o n  1 b  i n  L o u i s i -  
ana. Brown and p i n k  sh r imp  were n o t  
marke ted  b e f o r e  a b o u t  1945 because t h e  
p u b l i c  o b j e c t e d  t o  t h e i r  d a r k  c o l o r a -  
t i o n ,  h u t  t h e  s t i gma d i d  n o t  l a s t  
long.  

I n  t h e  l a t e  19401s,  l a r g e  concen- 
t r a t i o n s  o f  brown and p i n k  sh r imp  were 
d i s c o v e r e d  i n  t h e  q u l f  o f f  t h e  Texas 
and F l o r i d a  coas ts .  W i t h  pub1 i c  
accep tance  o f  t h e s e  s p e c i e s  i n  t h e  



markets ,  i n t e n s i v e  f i s h i n g  began i n  
t h e  1950 's .  When t h e  U.S. Bureau o f  
Commercial F i s h e r i e s  began t o  r e c o r d  
c a t c h  s t a t i s t i c s  f o r  t h e  e n t i r e  G u l f  
o f  Mex ico  i n  1956 ( K l i m a  e t  a l .  1982),  
t h e  p i n k  and brown sh r imp  c a t c h  made 
up o n l y  8% o f  t h e  t o t a l  s h r i m p  l a n d -  
i n g s  i n  Texas and 22 o f  t h e  l a n d i n g s  
on  t h e  w e s t e r n  F l o r i d a  g u l f  coas t .  
From 1965 t o  1975, brown and p i n k  
s h r i m p  made up 71% o f  t h e  G u l f  o f  
M e x i c o ' s  average annual  sh r imp  c a t c h  
o f  127 m i l l i o n  I b ,  b u t  w h i t e  sh r imp  
made up o n l y  27% o f  t h e  l a n d i n g s  (Ba r -  
r e t t  and R a l p h  1977).  

To f a c i l i t a t e  t h e  r e c o r d i n g  o f  
co~nrrlerci a1 s h r i m p  l a n d i n g s ,  B a r r e t t  
and G i l l e s p i e  (1975)  d i v i d e d  t h e  G u l f  
o f  Mex ico  c o a s t 1  i n e  i n t o  f i v e  a r e a s  
( F i g u r e  2 ) :  ( 1 )  Key West t o  S a n i b e l ,  
F l o r i d a ;  ( 2 )  S a n i b e l  t o  Pensacola,  
F l o r i d a ;  ( 3 )  Pensacol  a  t o  P l i s s i s s i p p i  
R i v e r ;  ( 4 )  M i s s i s s i p p i  R i v e r  t o  Texas, 
and ( 5 )  Texas c o a s t .  They r e p o r t e d  
t h a t  t h e  average annual  c a t c h  o f  w h i t e  
sh r imp  i n  1958-72 was l o s s  t h a n  
1 m i l l i o n  1b  i n  a r e a  1, o v e r  1 m i l  l i o n  
1b  i n  a r e a  2 ,  o v e r  3 m i l l i o n  1 b  i n  
a r e a  3, o v e r  1 9 m i l l i o n  1 b  i n  a r e a  4, 
and o v e r  7 m i l l i o n  1 h  i n  a r e a  5. 

I n  1965-76, w h i t e  sh r imp  l a n d -  
i n g s  as a  pe rcen tage  o f  t o t a l  sh r imp  
c a t c h e s  v a r i e d  i n  f i v e  a r e a s  a l o n g  
t h e  g u l f  c o a s t  as f o l l o w s :  Apa lach i -  
c o l a ,  F l o r i d a ,  0.7%; Pensaco la  t o  
M i s s i s s i p p i  Sound, 1 . 6 %  L o u i s i a n a ,  
23%; Texas, 9.5%; and w e s t e r n  Mex ico,  
0.1% ( B a r r e t t  and Ra lph  1977). 
b ldt thews (1982)  r e p o r t e d  t h a t  18% o f  
t h e  w h i t e  sh r imp  c a t c h  f o r  1981  i n  
Texas was i n  o f f s h o r e  waters .  The 
L o u i s i a n a  f i s h e r y  c o n s i s t e d  p r i q a r i l y  
(8175) o f  sma l l  w h i t e  s h r i m p  ( 6 8  9 r  
more o e r  pound);  t h e  h i g h e s t  c a t c h  
(26%) came f rom i n s h o r e  wa te rs  o f  
Te r rebonne  and T i n b a l i e r  Rays. Catches 
o f  m a l l  w h i t e  sh r imp  were h i g h e s t  
(13.4% o f  g u l f  t o t a l )  q f f s h o r e  from 
V e r m i l i o n  Say, L o u i s i a n a .  'rlhi t e  sh r imp  
c a u g h t  i n  t h i s  a r e a  rliay be m i g r a n t s  
frorn i n s h o r e  w a t e r  i n  t h e  Golden 
Meadow a r e a  of L o u i s i a n a  ( R a r r e t t  and 
Ra lph  1977). From 1965 t o  1975, t h e  

ave rage  pe rcen tages  o f  t o t a l  w h i t e  
s h r i m p  c a t c h e s  i n  t h e  G u l f  o f  Mex ico  
t h a t  were c o n t r i b u t e d  h y  d i f f e r e n t  
a r e a s  were as  f o l l o w s :  i n s h o r e  n e a r  
Go1 den Meadow wa te rs ,  10.6% o f f s h o r e  
w a t e r s  n e a r  V e r m i l i o n  Bay, 14.3%; t h e  
o f f s h o r e  w a t e r s  s o u t h  o f  Pecan I s 1  and, 
L o u i s i a n a ,  9.5%; and o f f s h o r e  w a t e r s  
o f f  Cameron, L o u i s i a n a ,  8.7% ( B a r r e t t  
and Ra lph  1977). 

I n s h o r e  and o f f s h o r e  w h i t e  sh r imp  
l a n d i n g s  f o r  L o u i s i a n a  show good d i -  
r e c t  c o r r e l a t i o n  ( W h i t e  and Boudreaux 
1977). B a r r e t t  and G i l l  e s p i e  (1975)  
r e p o r t e d  a  h i g h  p o s i t i v e  c o r r e l a t i o n  
between c a t c h  and r a i n f a l l  i n  Texas 
b u t  a  n e g a t i v e  c o r r e l a t i o n  i n  L o u i s i -  
ana. The d i f f e r e n c e s  were r e l a t e d  t o  
d i  f f e r i n g  c h a r a c t e r i s t i c s  o f  f r e s h -  
w a t e r  i n f l o w  i n t o  e s t u a r i n e  n u r s e r y  
grounds i n  t h e  two r e g i o n s .  

P r o d u c t i o n  o f  whi t e  sh r imp  ex-  
ceeds t h a t  o f  brown sh r imp  i n  L o u i s i -  
a n a ' s  e s t u a r i e s  n e a r  t h e  P e a r l ,  F l iss-  
i s s i p p i  , A t c h a f a l  aya, Cal c a s i e u ,  and 
Sabine R i v e r s  ( B a r r e t t  and G i l  l e s p i e  
1973). I f  one uses t h e  91-rn d e p t h  as  
L o u i s i a n a ' s  o f f s h o r e  s h r i m p i n g  bound- 
a r y  ( R a r r e t t  and G i l l e s p i e  1973),  
t h e r e  a r e  15.27 m i l l i o n  s u r f a c e  a c r e s  
o f f s h o r e  and 3.43 m i l  l i o n  s u r f a c e  
a c r e s  i n s h o r e .  As j udged  b y  1967-72 
sh r imp  l a n d i n g s ,  L o u i s i a n a ' s  e s t u a r i e s  
a n n u d l l y  produced a t  l e z s t  20.2 1  h o f  
s h r i m p  n e r  ac re ,  o f  \.rhich 7.3 1b  (36%) 
were w h i t e  shr imp. E s t i m a t e s  o f  w h i t e  
s h r i m p  c a t c h  v a r i e d  frorn 14.8 1 b  p e r  
a c r e  sou th  o f  Golden Meadow, L o u i s i -  
ana, t o  0.04 1 b  p e r  a c r e  i n  Lake Pont-  
c h a r t r a i n ,  L o u i s i a n a .  

The management o f  sh r imp  f i s h e r -  
i e s  i n  t h e  G u l f  o f  t ~ l e x i c o  F i s h e r y  Con- 
s e r v a t i o n  Zone was d e s c r i b e d  i n  t h e  
S h r i m p l F i  s h e r y  %3nagernent P l a n  imp1 e- 
n e n t e d  b y  t h e  U.S. S e c r e t a r y  o f  Com- 
merce (Jones e t  a l .  1982). The f i v e  
G u l f  S t a t e s  e s t a b l i s h  r e g u l a t i o n s  
g o v e r n i n g  t h e  w h i t e  sh r imp  f i s h e r y  
w i  t h i n  t h e i r  t e r r i t o r i a l  wa te rs .  The 
goa l  i s  t o  p r o t e c t  t h e  r e s o u r c e  and 
y e t  max im ize  c a t c h e s  b y  t h e  v a r i o u s  
u s e r  groups ( E t z o l d  and Chr i s tmas  



1977). Shr imp seasons a r e  e s t a b l  i shed 
on t h e  b a s i s  o f  i n s h o r e  sh r imp  su rveys  
t h a t  i n d i c a t e  t h e  expec ted  s i z e s ,  
l o c a t i o n s ,  and abundances o f  s h r i m p  
s w c i e s  u s i n g  n u r s e r i e s  and moving 
between i n s h o r e  and o f f s h o r e  s h r i ~ i l p i n g  
grounds. Yinimum s i z e s  have been 
e s t a b l i s h e d  i n  some s t a t e s  t o  decrease 
f i s h i n g  p r e s s u r e  on j u v e n i l e s .  Bot tom 
t r a w l s  a r e  t h e  b a s i c  gear  used b y  corn- 
m e r c i d l  , noncomrnercial o r  s p o r t ,  aud 
b a i t  sh r imp  f i s h e r i e s  ( C h r i s t m a s  aud 
E t z o l  d 1377).  Juneau and Po l  l a r d  
(1981) found t h a t  s p o r t  s h r i r ~ ~ e r s  
e x e r t e d  56% o f  t h e  t o t a l  f i s h i n g  e f -  
f o r t  and l a n d e d  44% o f  t h e  w h i t e  
s h r i m p  h a r v e s t e d  f ro ln  V e m i l  i o n  Say, 
L o u i s i a n a ,  f r o n  Oc tober  1977 t h r o u g h  
September 1979. 

The b n i  t s h r i m p  f i s h e r y  f o r  
penae id  s h r i m p  on t h e  i n s h o r e  n u r s e r y  

9 rounds  i s  an  i m p o r t a n t  i n d u s t r y  
Chr i s tmas  e t  a l .  1976):  22,200 1b 

were  s o l d  i n  4laSama i n  1968; 60,317 
1b were t a k e n  ii 7  months i n  M i s s i s -  
s i p p i  i n  1971; and 676,000 1 b  were 
ta l ten pe r  y e a r  i n  Gal v e s t o n  Ray, 
Texas. L i v e  and dead s h r i m p  were t h e  
rna jor  b a i t  used b y  a n g l e r s  a t  a  warn- 
w a t e r  d i s c h a r g e  i n  S a l v e s t o n  Bay, 
Texas ( L a n d r y  and St rawn 1973). The 
m a r k e t  v a l u e  o f  t h e  b a i t  s h r i m p  t a k e n  
i n  M i s s i s s i p p i  was 3  t i m e s  t h e  v a l u e  
i t  would  have had i f  s o l d  f o r  human 
food. I n  1955, an e s t i m a t e d  53 n i l -  
l i o n  b a i t  s h r i m p  were t a k e n  b y  t h e  
b a i t  sh r imp  f i s h e r y  a l o n g  n o r t h e a s t  
F l o r i d a  ( C h r i s t r m s  e t  a l .  1976). 

ECOLOGICAL SOLE 

L a r v a l  penae id  s h r i m p  f e e d  on 
zoop lank ton  and p h y t o p l a n k t o n .  Dobk i  n  
(1961)  r e p o r t e d  t h a t  Penaeus p r o t o -  
zoea f e d  on green a1 g a e ~ o m s ,  and 
copepods. Cook aud Murphy (1969)  
used c u l t u r e d  a l g a e  t o  feed  p ro tozoea  
and new ly  ha tched  b r i n e  s h r i m p  t o  feed  
t h e  mys is  s tages.  Chr i s tmas  and 
E t z o l  (1 (1977)  r e p o r t e d  t h a t  e a r l y  
s tages  o f  Penaeus l a r v a e  f e d  on p l a n k -  
t o n  and suspended d e t r i t u s .  Brown 
sh r imp  f e e d  a t  t h e  v e g e t a t i o n - w a t e r  

i n t e r f a c e ,  i n g e s t i n g  t h e  t o p  l a y e r  o f  
sedirnent c o n t a i n i n g  d e t r i t u s ,  a l g a e ,  
and t ~ i c r o o r g a n i  sms (Lassuy  1983).  
Feca l  p e l  l e t s  can be an i m p o r t a n t  f ood  
o f  j u v e n i l e  shr imp. 

B o t h  j u v e n i l e  and a d u l t  w h i t e  
s h r i m p  a r e  o:nnivorous,  and t h e  p r i rna ry  
d i f f e r e n c e s  i n  food s e l e c t i o n  a r e  t h e  
n a t u r e  and l o c a t i o n  o f  t h e  food se- 
l e c t e d .  L i n d n e r  and Cook (1970)  con- 
c l u d e d  t h a t  w h i t e  shr i rnp were s e l e c -  
t i v e  and p a r t i c u l a t e  feeders .  I n  sum- 
m a r i z i n g  t h r e e  s t u d i e s  o f  g u t  con- 
t e u t s ,  Chr i s tmas  and E t z o l  d  (1977)  r e -  
p o r t e d  t h a t  rna jor  f ood  i t e m s  i n c l u d e d  
d e t r i t u s ,  c h i t i n ,  p a r t s  o f  a n n e l i d s  
and gas t ropods ,  f i s h  p a r t s ,  b ryozoans,  
sponges, c o r a l  s, f i l a m e n t s  ~f a1 gae, 
and v a s c u l a r  p l a n t  s t e m  and r o o t s ;  
l i p i d s  s u p p l i e d  b y  a n n e l i d s  a r e  be- 
l i e v e d  t o  be i m p o r t a n t  f o r  o v a r i a n  
v a b ~ r a t i o n  ( M i d d l e d i  t c h  e t  a1 . 1980) ;  
c a n n i  ha1 i sm i s  common among j u v e n i l e s  
and adu l  t s  ( P b r e z - F a r f a n t e  1969) ; and 
s h r i m p  body f a t t y  a c i d s  a r e  i n f l u e n c e d  
b y  d i e t  i n  t h e  seasonal  f ood  c h a i n s  
( B o t t i n o  e t  a1 . 1980).  A1 though Brown 
(1977)  r e p o r t e d  food  c o n v e r s i o n  r a t i o s  
of  1.3 aud 1.9 f o r  w h i t e  shrirr lp f e d  i n  
two lna r ine  ponds a t  M a r i f a r m s ,  Inc. ,  
Panama City, F l o r i d a ,  Bardach e t  a l .  
( 1972)  c i t e d  p r o d u c t i o n  o f  o n l y  1 kg  
of c u l t u r e d  Japanese (Kuruma) s h r i m p  
p e r  10  t o  15 k g  o f  feed a t  optimum 
25°C t e m p e r a t u r e - - l e a d i n g  t o  t h e  sug- 
g e s t i o n  t h a t  t h e  c a r n i v o r o u s  n a t u r e  o f  
s h r i m p  and g r e a t  ene rgy  1  oss i n  mol t- 
i n g  g u a r a n t e e  i n e f f i c i e n t  f ood  conve r -  
s i o n s .  I n  a  204-day ene rgy  budge t  
c a l c u l a t e d  f o r  brown s i i r i m p  grown fro111 
12.5 t o  127 mm, Erah im (1973)  showed 
t h a t  abou t  26.4% o f  t h e  ene rgy  was 
used f o r  e g e s t i o n ,  34.5% f o r  r e s p i r a -  
t i o n ,  20.52 f o r  g rowth ,  and o n l y  3.9% 
f o r  shedd ing  e x o s k e l e t o n .  Grown 
s h r i m p  were c a p a b l e  o f  u s i n g  44% o f  
t h e  o r g a n i c  ca rbon  i n  t e s t  foods.  

W h i t e  s h r i m p  a r e  3n i m p o r t a n t  
f ood  f o r  many m a r i n e  and e s t u a r i n e  
f i s h  ( G u n t e r  1956; P b r e z - F a r f a n t e  
1969; L i n d n e r  and Cook 1970; Benson 
1982). C a r r  and Adams (1973)  r e p o r t e d  



l a r v a l  and j u v e n i l e  shr imp t o  be im- 
p o r t a n t  food f o r  13 o f  21  j u v e n i l e  
f i s h e s  occupying seagrass beds i n  t he  
F l o r i d a  e s t u a r i e s  o f  t h e  Gu l f  o f  
Mexico. 

White shrimp r e c y c l e  bas ic  n u t r i -  
en ts  by feeding on o rgan i c  m a t t e r  and 
microorganisms i n  sediments (Odum 
1971; Carr  and Adams 1973). When 
water  temperatures and sal  i n i  t i e s  were 
favorable a long  t h e  Lou is iana  coast ,  
shr imp abundances were g r e a t e s t  i n  
waters where subs t ra tes  had t he  h igh-  
e s t  o rgan ic  con ten t  ( B a r r e t t  and 
G i  1 1 espi  e 1973; Ga i d r y  1974). Inves-  
t i g a t o r s  have suggested t h a t  juve-  
n i l e s ,  which t o l e r a t e  r e l a t i v e l y  low 
s a l i n i t y ,  m i g r a t e  up e s t u a r i e s  t o  re -  
duce t h e  e f f e c t s  o f  compe t i t i on  and 
predat ion ,  besides ga in i ng  access t o  
an abundant food supply  (Hedgpeth 
1963; Gunter 1967). 

ENVIRONMENTAL REQUIREMENTS 

Temperatu r e  

Water temperature he1 ps r e g u l a t e  
t h e  t imes and l o c a t i o n s  o f  w h i t e  
shrimp spawning, as w e l l  as r a t e  o f  
growth, h a b i t a t  s e l e c t i o n ,  osmoregu- 
l a t i o n ,  movement, and m o r t a l i t y .  
Sudden water temperature increases i n  
sp r i ng  t r i g g e r  spawning, and r a p i d  
temperature dec l i nes  i n  t h e  f a l l  a r e  
associated w i t h  t he  end o f  spawning 
(L indner  and Anderson 1956). The 
growth r a t e  i s  h i g h e s t  i n  summer and 
becomes slow o r  n e g l i g i b l e  i n  w in te r .  
Increased temperature may inc rease  t h e  
r a t e  o f  mo l t i ng ,  bu t  n o t  n e c e s s a r i l y  
t h e  s i z e  a t  mol t i n g  (Perez-Far fante 
1969). Turner (1977) showed good co r -  
re1 a t i o n  between heat ing-degree-days 
and ca t c h l e f f o r t  r a t i o  f o r  penaeid 
shrimp, which was s i m i l a r  t o  c o r r e l a -  
ti ons between y i  e l  d-per-hectare and 
l a t i t u d e  o f  penaeids. St. 4nant and 
L indner  (1966) repo r ted  t h a t  water  
temperatures be1 ow 20°C g r e a t l y  i n -  
h i b i  t e d  growth, which became p r a c t i -  
c a l l y  n i l  a t  16°C. Growth r a t e s  i n -  
creased r a p i d l y  a t  temperatures above 

20°C. Zein-El d i n  (1964) s t a t e d  t h a t  
temperature and food supply  1 i m i  t e d  
growth o f  w h i t e  shrimp pos t l a r vae  more 
than d i d  s a l i n i t i e s  between 2 and 
35 ppt.  

White shr imp have been repor ted  
t o  be more t o l e r a n t  o f  h i g h  tempera- 
t u r e s  and l e s s  t o l e r a n t  o f  low temper- 
a t u r e s  than e i t h e r  brown o r  p i n k  
shrimp ( E t z o l  d and Christmas 1977). 
M o r t a l i t y  o f  w h i t e  shrimp was repo r ted  
a t  water  temperatures above 42°C and 
below 8°C and was complete a t  3°C o r  
less ,  regard less  o f  sa l  i n i  t i e s ;  sur -  
v i v a l  a t  1 ow temperatures seemingly 
depended on r a t e  o f  temperature de- 
c l i n e ,  t he  d u r a t i o n  o f  low tempera- 
t u re ,  and s a l i n i t y ,  as we1 1 as on the  
ac tua l  temperature (Joyce 1965). 
Wiesepape (1975) found 24-hr 50% 
m o r t a l i t y  t o  be 36°C and 37°C f o r  
w h i t e  shrimp acc l imated  a t  29°C and 
34"C, r e s p e c t i v e l y .  Pos t l a r va l  and 
30-mm j u v e n i l e  w h i t e  shrimp had some- 
what h i ghe r  r e s i s t a n c e  t imes than d i d  
50-mm j u v e n i l e s .  Temperature to1 e r -  
a ted  b y  pos t l a r vae  were h ighe r  i n  
brown shrimp than w h i t e  shrimp. 

Sal i n i  t.y 

A d u l t  w h i t e  shrimp spawn o f f s h o r e  
where s a l i n i t i e s  a r e  a t  l e a s t  27 ppt.  
La rva l  shr imp a r e  c a r r i e d  shoreward by 
c u r r e n t s  u n t i l  t hey  e n t e r  e s t u a r i e s  on 
f l o o d  t ides- -usua l  l y  when they  a r e  i n  
t h e  second pos t l a r v a l  stage. J u v e n i l e  
w h i t e  shrimp move as f a r  as 160 km up 
t i d a l  streams i n  Lou is iana  and up t o  
210 km i n t o  f r e s h  water  (0.26 p p t )  i n  
no r theas t  F l o r i d a  (Perez-Far fante 
1969). J u v e n i l e  shrimp were found 
160 km upstream f rom 1.0-ppt s a l i n i t y  
waters i n  St .  Johns R iver ,  F l o r i da ,  
f rom J u l y  th rough November i n  1962 and 
1963 (Joyce 1965). Joyce suggested 
t h a t  h i gh  ca l c i um i o n  concen t ra t i ons  
i n  t h i s  r i v e r  may e x p l a i n  t h e  r e l a t i v e  
ease w i t h  which marine species e n t e r  
and remain i n  low s a l i n i t y  waters. 
Perez-Far fante (1969) repo r ted  0.42 
p p t  as t he  l owes t  s a l i n i t y  i n  which 
wh i te  shrimp were recorded i n  t h e  
no r the rn  Gul f o f  t4exico. A1 though 



f i e 1  d  s t u d i e s  have shown t h a t  j u v e n i l e  
wh i t e  shr imp seem t o  p r e f e r  r e l a t i v e l y  
l ow  s a l i n i t i e s ,  l a b o r a t o r y  s t u d i e s  r e -  
veal t h a t  t hey  appear i n d i f f e r e n t  t o  
v a r y i n g  sa l  i n i  t i e s  s i n c e  t hey  have 
been reared  s u c c e s s f u l l y  a t  18 t o  34 
p p t  sa l  i n i  t i e s  (Perez -Far fan te  1969). 

Sal i n i  ty  i s  a  c o n t r i b u t o r y  1  i m i  t- 
i n g  f a c t o r  t o  t h e  d i s t r i b u t i o o  o f  
j u v e n i l e  wh i t e  shrimp. P o s t l a r v a l  
w h i t e  shr imp were most abundant a t  
1 t o  5-ppt  s a l i n i t i e s  i n  Mob i l e  Bay, 
Alabama, and a t  5  t o  10-ppt  s a l i n i t i e s  
i n  Texas (Gunter  1967). Small shr imp 
(15 - 66 mm l ong )  d i d  n o t  f a i r  w e l l  i n  
41-ppt s a l i n i t y  i n  t h e  Laguna Madre, 
Texas (Gunte r  1961). 

J u v e n i l e  w h i t e  shr imp i n  L o u i s i -  
ana ove rw in te r  i n  low s a l i n i t y  waters  
in f luenced  by t h e  A tcha fa laya  R i v e r  
(Ga id ry  1974). White and Boudreaux 
(1977) conc l  luded t h a t  h i g h  Freshwater 
d ischarges d u r i n g  1954 t o  1971 s i g n i -  
f i c a n t l y  (P~0 .01 )  reduced w h i t e  shr imp 
p roduc t i on  because l a r g e r  j u v e n i l e  
popu la t i ons  developed i n  nu r se r y  hab i -  
t a t s  w i t h  s a l i n i t i e s  o f  1 t o  2-ppt.  

I n  Texas coas ta l  ~ a t e r s ,  a pos i -  
t i v e  r e l a t i o n s h i p  between w h i t e  shr imp 
p r o d u c t i o q  and inc rease3  r a i n f a l l  has 
been a t t r i b u t e d  t o  a  sharp i nc rease  i n  
l ow  sa l  i n i  t y  n u r s e r y  areas. annual 
wh i t e  shr imp catches i n  waters  o f f  
Texas from 1927 t o  1964 showed ? 
s t r ong  s t a t i s t i c a l  c o r r e l a t i o n  ( r  = 
0.656) w i t h  r a i c f a l l  o f  t h e  one and 
two p reced ing  years  (Gunter  and 
Edwards 1369). A h i g h  s i g n i f i c a n t  
c o r r e l a t i o n  ( r  = 0.85) between May- 
June f r eshwa te r  i n f l o w  and w h i t e  
shr imp catches and ccnmerc ia l  l a q d i n g s  
was demonstrated by W i l l i amson  (1977) 
i n  1959 t o  1975 i n  San An ton io  Bay, 
Texas. 

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

Tempera t u r e - s a l  i n i  ty  ranges f o r  
w h i t e  shr imp v a r y  a t  d i f f e r e n t  l i f e  
stages, b u t  t h e  i n t e r a c t i o n s  a r e  more 
pronounced a t  t h e  extremes o f  t h e  to1 - 
erance ranges. Couch (1978) r e p o r t e d  

t h a t  a  broken-back syndrome appears 
when sudden drops i n  s a l i n i t y  ( f r om  
15-18 p p t  t o  3  p p t )  combine w i t h  c o l d  
wa te r  ( 8OC) .  Laney (1973) found 
c r i t i c a l  thennal  maxima f o r  w h i t e  
shr imp t o  be i n f l u e n c e d  l a r g e l y  by  
a c c l i m a t i o n  temperatures,  by t h e  s i z e  
o r  l i f e  s tage  o f  t h e  t e s t  an imal ,  and 
t o  a l e s s e r  e x t e n t  by sa l  i n i t y .  Fresh- 
water  i n f  1  ow may reduce coas ta l  wa te r  
t enpe ra tu res ,  which i n  t u r n  a f f e c t  
growth r a t e s  o f  w h i t e  sh r imp (Whi te  
and 3oudreaux 1977). B a r r e t t  and 
G i l  l e s p i e  (1975) s t a t e d  t h a t  h i g h e r  
r a i n f a l l  and l o w e r  a i r  temperature 
i n  l a t e  s p r i n g  and summer d f f e c t  
d i s t r i b u t i o n  and reduce t h e  s i z e  o f  
w h i t e  shr imp ha rves t ,  a1 though t h e  
re1  a t i o n  be tween w h i t e  shr imp and 
wate r  tempera tu re  i s  n o t  w e l l  under- 
s tood  . 
Subs t r a t g  

As p r e v i o u s l y  qen t ioned ,  w h i t e  
shr imp p r e f e r  sha l  low, muddy-bottom 
subs t r a t e .  P roduc t i on  and catches 
a long  t h e  Lou i s i ana  coas t  were h i gh -  
e s t  i n  areas wi t h  s u b s t r a t e  con ta i n -  
i n g  h i g h  o r g a n i c  m a t t e r  ( B a r r e t t  and 
G i l  l e s p i e  1973; Ga id ry  1974). Turner  
(1977) found good 1  i n e a r  c o r r e l a t i o n  
(R = 0.69) between i n t e r t i d a l  l a n d  
a rea  and average annual shr imp c a t c h  
a long  L o u i s i a n a '  s  i o s h o r e  waters.  
C o r r e l a t i o n  between brown shr imp 
catches and percentage o f  s a l i n e  
v e g e t a t i o n  i n  Y u i s i a n a  was h i g h l y  
s i g n i f i c a n t  (9 = 0.92). I nsho re  
catches and numbers o f  hec t3 res  o f  
vege ta ted  e s t u a r i e s  i n  t h e  no r t heas t -  
e r n  G u l f  o f  Mexico (Tampa Bay, F l o r i d a  
t o  Mob i l e  Bay and Perd ido  Bay, A$a- 
bama) showed s t r o n g  c o r r e l a t i o n  ( R  = 
0.64). Lassuy (1983)  suggested t h a t  
te~r lpo ra l  and s p a t i a l  s h i f t s  by brown, 
wh i t e ,  and   ink shr imp reduced d i r e c t  
c o m p e t i t i o n  f o r  p r e f e r r e d  subs t r a t e .  
Whi te  shr imp were r epo r t ed  t o  burrow 
l e s s  deep ly  than  brown o r  p i n k  shr imp 
i n t o  muddy subs t r a t es ,  and t o  he rnore 
a c t i v e  i n  d a y l i g h t .  R u l i f s o n  (1981) 
and G i l e s  and Zamora (1973) f m n d  
t h a t  brown shr i ,ap d i s p l a c e d  wh i t e  
shr imp f rom sandy-muddy s u b s t r a t e  and 



q r a s s  cove r .  Benson (19.42) i n -  
d i c a t e d  t h a t  p o s t l a r v a l  j u v e n i l e s  
and adu l  t s  t o l e r a t e  r e l a t i v e 1  y ? i g h  
t u r b i d i t i e s  i n  e s t u a r i e s .  Kutkuhn 
(1966)  r e p o r t e d  h i g h e r  c o n c e n t r a t i o n s  
o f  young s h r i m p  i n  bays w i t h  Inore 
d e t r i t u s  i n  suspens ion.  He suggested 
(Ku tkuhn  1962) t h d t  e x c e s s i v e  t u r b u -  
l e ~ c e  and r e 1  a t e d  f a c t o r s  r e s u l  t i n g  
f rom h u r r i c a n e - i n d u c e d  h i g h  t i d e s  
caused e x c e s s i v e  i n s h o r e  l o s s e s  o f  
w h i t e  sh r imp  i n  L o u i s i a n d  i r ~  surnner 
1957. 

O t h e r  Env i ronmen ta l  Requi r e ~ n e n t s  

The l o s s  o f  n u r s e r y  grounds has 
been c o n s i d e r e d  t h e  l n a j o r  t h r e a t  t o  
t h e  G u l f  o f  Mex ico  w h i t e  s h r i m p  f i s h -  
e r y  ( G u n t e r  1956) .  C h r i s t ~ n a s  and 
E t z o l d  (1977)  c i t e d  c o a s t a l  s t u d i e s  
i n  F l o r i d a ,  L o u i s i a n a ,  and Texas 
where m a j o r  a1 t e r a t i o n s  o r  l o s s e s  of  
e s t u a r i n e  si. lr imp n u r s e r y  h a h i  t a t  r e -  
s u l t e d  f rom d r e d g i n g  and s p o i l  d i s -  
p o s a l ,  o r  inpoundments.  S i g l a n e  and 
L a F l e u r  (1968)  r e p o r t e d  t h a t  man-made 
cana l  s  i n  L o u i  s i a n a  e s t u a r i e s  caused 
i n c r e a s e d  s 3 l  i n i  t i e s  and a d v e r s e l y  
a f f e c t e d  w h i t e  s h r i m p  n u r s e r y  wa te rs .  
Chr i s tmas  and E t z o l d  (1977)  suggested 

t h a t  t h e  i n c r e a s e s  i n  s a l i n i t i e s  have 
caused s h i f t s  i n  dominance f rom w h i t e  
s h r i m p  t o  brown s h r i m p  a l o n g  t h e  
c e n t r a l  - n o r t h e r n  g u l  f. 

The e f f e c t s  of  p e s t i c i d e s  and 
p o l  1  u t i o n  on sh r imp  p o p u l a t i o n s  a l o n g  
t h e  g u l f  c o a s t  a r e  a l s o  o f  conce rn  
( B i g l a n e  and L a F l e u r  1968; Chr i s tmas  
and E t z o l d  1977) .  Couch (1975)  r e -  
v iewed t o x i c i t y  and b i  o l o g i c a l  e f f e c t s  
on sh r i i np  f o r  l a r g e  numbers o f  p e s t i -  
c i d e s ,  heavy m e t a l  s, p e t r o l e u m  p ro -  
d u c t s ,  and chemothe rapeu t i c  chemica l  s. 
O r g a n o c h l o r i d e ,  2rganophosphate ,  and 
c a r b a ~ n a t a  p e s t i c i d e s ,  as  we1 1  as  naph- 
t h a l e n e s  i n  pe t ro leum,  were t o x i c  t o  
shr imp.  Cadmium k i l  l e d  g i l l  c e l l s ,  
and accumul a t e d  ,ne rcu ry  i n t e r f e r e d  
w i  t h  ssrrloregul a t i o n .  T r e n t  e t  a1 . 
( 1976) found  t h a t  mean e x p e r i l n e n t a l  
t r a w l  c a t c h e s  o f  w h i t e  s h r i m p  dropped 
be1 ow seasonal  averages when d i  s s o l  ved 
oxygen was be low 3.0 m l / l  i n  a1 t e r e d ,  
e u t r o p h i c ,  u p l a n d  c a n a l s  a s s ~ c i d t e d  
w i  t ?  hous ing  deve l  oprnents q e a r  Mest 
Bay, Texas. The m maintenance o r  l o s s  
o f  nurser.y h a b i  t a t  wi  1 1  u l t i m a t e l y  
d e t e r m i n e  t h e  f u t u r e  o f  g u l f  c o a s t  
s h r i m p  r e s o u r c e s  ( C h r i s t m a s  and E t z o l  d  
1977).  
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areas; peak abundances a r e  i n  June and September. J u v e n i l e  w h i t e  shr imp move f a r t h e r  
i n l a n d  than do brown shr imp and p r e f e r  shal  low water w i t h  s o f t  subst ra te .  Growth o f  
1.6 mm p e r  day occurs a t  water  temperatures above 20°C b e f o r e  t h e  shr imp move o f f -  
shore when inshore waters begin t o  coo l  i n  f a l l .  Juven i l es  and a d u l t s  r e t u r n  i nsho re  
when water temperatures increase i n  fa1 1 o r  t h e  f o l l o w i n g  spr ing.  Su rv i va l  a t  8" t o  
30°C was r e l a t e d  t o  temperature and s a l i n i t i e s .  J u v e n i l e  and a d u l t  w h i t e  shr imp a r e  
omnivorous, se l  e c t i v e - p a r t i c u l  a te ,  ben th i c  feeders. Popu la t i on  abundance has been 
c o r r e l a t e d  w i t h  coas ta l  marshes and f reshwater  i n f l ows .  Ma in ta in ing  s u i t a b l e  nursery  
grounds w i l l  decide t h e  f u t u r e  o f  G u l f  Coast w h i t e  shr imp resources. 
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