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PREFACE 

Th i s  spec ies p r o f i l e  i s  one o f  a se r i es  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spor t ,  commercial, o r  eco l og i ca l  importance. The p r o f i l e s  
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 o l o g i c a l  c h a r a c t e r i s t i c s  and env i ronmenta l  r equ i  r e -  
rnents o f  t h e  spec ies and t o  descr ibe  how popu la t ions  o f  t h e  spec ies may be 
expected t o  r e a c t  t o  environmental  changes caused by coas ta l  devel opment. Each 
p r o f i l e  has sec t i ons  on taxonomy, 1 i f e  h i s t o r y ,  eco l og i ca l  r o l e ,  env i  ronmental 
r equ i  rements, and economic importance, i f  appl i cab l e .  A t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they a re  prepared. 
T h i s  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  1J.S. A n y  Corps o f  Engineers 
and t h e  U.S. F i sh  and W i l d l i f e  Serv ice.  

A H a b i t a t  S u i t a b i l i t y  Index (HSI) model i s  be i ng  prepared by  t h e  U.S. F i s h  
and W i l d l i f e  Se rv i ce  f o r  t h e  p i nk  shr imp. HSI models a r e  des igned t o  p r o v i d e  
a numer ica l  i ndex  o f  t h e  r e l a t i v e  va lue  o f  a g i ven  s i t e  as f i s h  o r  w i l d l i f e  
h a b i t a t .  

Suggest ions o r  ques t ions  regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o :  

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  Coasta l  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 l  Computer Compl ex 
101.0 Gause Boul evard 
Sl i d e l l ,  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 
Pos t  O f f i c e  Box 631 
Vicksburg, MS 39180 
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F i g u r e  1. P i n k  shr imp.  

PINK SHRIMP 

S c i e n t i f i c  name. . . .  Penaeus duorarum 
duorarum Burkenroad,  1939 

P r e f e r r e d  common name. . .  .P ink  sh r imp  
( F i g u r e  1 )  

O the r  common names. . .  S p o t t e d  shr imp,  
p i n k - s p o t t e d  sh r imp ,  brown- 
s p o t t e d  sh r imp ,  g rooved  sh r imp ,  
green shr imp,  p i n k - n i g h t  shr imp,  
r e d  sh r imp ,  hopper ,  s k i p p e r ,  
pushed sh r imp  (Perez F a r f a n t e  
1969) 

. . . . . . . . . . . .  C lass .  Crus tacea  

. . . . . . . . . . . .  Order.  Decapoda 

. . . . . . . . . . . .  . F a m i l y  Penaeidae 

Geographic range: range ex tends  from 
l o w e r  Chesapeake Bay t o  s o u t h  
F l o r i d a  ( i n c l u d i n g  Bermuda) i n  
t h e  A t l a n t i c  Ocean, and i n t o  t h e  
G u l f  o f  ivlexico, t e r m i n a t i n g  
s o u t h  o f  Cabo Catoche a t  I s l a  
Mujeres ,  Mex ico (Perez F a r f a n t e  
1969).  I t  i s  e s p e c i a l l y  
abundant i n  b road ,  sha l  low 
c o n t i n e n t a l  s h e l f  a reas ,  and i n  
s h a l l o w  bays and e s t u a r i e s .  
Maximum d e n s i t i e s  a r e  &ound i n  
t h e  e a s t e r n  and sou thwes te rn  
Gul f  o f  Mex ico,  a l o n g  t h e  
F l o r i d a  and Yucatan c o a s t s ,  
r e s p e c t i v e l y  ( C o s t e l  l o  and A7 l e n  
1970) ( F i g u r e  2 ) .  



CANAVERAL 

BIG BEND GROUNDS 

ATLANTIC OCEAN 

ST. PETERSBURG 

PALM BEACH 

OKEECHOBEE 

GULF Of MEXICO 
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Nursery areas 

F i g u r e  2. Geographic d i s t r i b u t i o n  o f  p i n k  sh r imp  i n  s o u t h  F l o r i d a .  



MORPHOLOGY/IDENTIFICATION AIDS 

M o r p h o l o g i c a l  C h a r a c t e r i s t i c s  

W i l l  iatrls (1  965)  p r o v i d e d  t h e  
f o l l o w i n g  d e s c r i p t i o n :  " I n tegumen t  
t h i n ,  p o l i s h e d ,  t r a n s l u c e n t .  Carapace 
w i t h  a  median c a r i n a  c o n t i n u o u s  
a n t e r i o r l y  w i t h  r o s t r u m  and e x t e n d i n g  
n e a r l y  t o  p o s t e r i o r  b o r d e r  o f  
carapace,  f l a n k e d  on each s i d e  by  a  
b road ,  rounded groove; p o s t e r i o r  ha1 f 
o f  c a r i n a  w i t h  a  median l o n g i t u d i n a l  
g roove;  a n t e r i o r  ha1 f a r c u a t e ,  h i g h e s t  
above o r b i t  and w i t h  9  o r  10 sha rp  
t e e t h ;  p o s t e r i o r  t o o t h  remote f r o m  
o t h e r s ,  a n t e r i o r  6  o r  7 on r o s t r u m  
p r o p e r .  Lower m a r g i n  o f  r o s t r u m  
[ w i t h ]  two t o  t h r e e  t e e t h  ( o c c a s i o n -  
a l l y  one);  t i p  s l e n d e r ,  h o r i z o n t a l  o r  
d i r e c t e d  s l  i g h t l  y downward, unarmed. 
A n t e r i o r  marg in  o f  carapace w i t h  
s t r o n g  antenna1 s p i n e  on c a r i n a  
e x t e n d i n g  backward n e a r l y  t o  we1 1  - 
deve loped h e p a t i c  s p i n e .  C e r v i c a l  
g roove  e x t e n d i n g  ha1 fway f r o m  h e p a t i c  
s p i n e  t o  d o r s a l  c a r i n a .  A  sub- 
h o r i z o n t a l  s u t u r e  be low h e p a t i c  sp ine ,  
and a  g roove  e x t e n d i n g  f r o m  n e a r  
h e p a t i c  s p i n e  t o  n e a r  base o f  o c u l a r  
pedunc le .  An o r b i t a l  r i d g e  b e h i n d  
eye. 

"Female w i t h  the l ycum composed o f  
two b road  l a t e r a l  p l a t e s ,  and a  median 
p l a t e .  Posteromedian p a r t  o f  median 
p l a t e  o f  a d u l t  w i t h  a  we l l -deve loped ,  
s h o r t ,  l o n g i t u d i n a l  c a r i n a  e x t e n d i n g  
a n t e r i o r l y  t oward  r o u g h l y  semi - 
c i r c u l a r ,  concave a n t e r i o r  p o r t i o n .  
L a t e r a l  p l a t e s  produced med ia l  l y  t o  
meet i n  m i d l i n e ,  e x c e p t  v a r i a b l y  
d i v e r g e n t  a t  anteromedian c o r n e r s ,  
t h u s  expos ing  c a r i n a  o f  median p l a t e s .  

"Abdomen w i t h  segments f o u r  t o  
s i x  c a r i n a t e ,  c a r i n a  o f  s i x t h  e n d i n g  
p o s t e r i o r l y  i n  a  s p i n e  and f l a n k e d  on 
each s i d e  by  a  na r row groove.  Te l son  
w i t h  deep median groove a n d a n  

acuminate  t i p .  Petasma o f  male  w i t h  
d i s t a l  ends o f  d i s t o v e n t r a l  l o b e s  
cu rved  med ia l  l y ,  n o t  p r o j e c t i n p  f r e e  
o f  d i s t o l a t e r a l  l obes ;  e x t e r n a l  edse 
o f  d i s t o v e n t r a l  l o b e s  w i t h  a  s e r i e s  
o f  2  t o  12, u s u a l l y  4 t o  7, sma l l  
s p i n u l e s ;  median o r  a t t a c h e d  edge o f  
d i s t o v e n t r a l  l o b e s  w i t h  a  con~pact  
group o f  5  t o  16 l a r g e ,  l o n g ,  sharp,  
cu rved  s p i n e s ;  f o l d  o f  d i s t o l a t e r a l  
l o b e  r a t h e r  sma l l  and armed i n c o n -  
s p i c u o u s l y  i f  a t  a l l . "  

Burkenroad (1939)  d i v i d e d  t h e  
spec ies  i n t o  two forms:  A  and B. 
W i l l  iams (1965)  and Perez F a r f a n t e  
(1969)  equated f o r m  A  w i t h  t h e  sub- 
s p e c i e s  P. duorarum duorarum f r o m  t h e  
A t l a n t i c - a n d  G u l f  o f  Mexico,  and t h e  
f o r m  B  w i t h  P. duorarum n o t i a l i s  from 
t h e  Car ibbean Sea, A t l a n t i c  Coast o f  
South America and A f r i c a .  I n  f o r m  A, 
t h e  d o r s o l a t e r a l  g rooves o f  t h e  s i x t h  
abdominal  segment a r e  a l m o s t  o r  
e n t i r e l y  c losed ;  i n  f o r m  B, t h e  
d o r s o l a t e r a l  g rooves o f  t h e  s i x t h  
abdominal  segments a r e  b r o a d l y  open 
( W i l l i a m s  1965) .  

C o l o r  and P i g m e n t a t i o n  

C o l o r  and p i g m e n t a t i o n  v a r i e s  
m a i n l y  w i t h  l o c a l i t y  and age 
( W i l l i a m s  1965).  I n  c o a s t a l  F l o r i d a  
and on t h e  To r tugas  grounds,  sh r imp  
c o l o r s  range  f r o m  deep p i n k  dnd 
r e d d i s h  t o  g r a y  and brown (Perez 
F a r f a n t e  1969).  J u v e n i l e s  and y o u r ~ y  
a d u l t s  n e a r  c o a s t a l  a reas  and e s t u -  
a r i e s  a r e  g r a y  o r  redd ish -b rown .  
A d u l t s  f r o m  o f f s h o r e  wa te rs  rdnqe irl 
c o l o r  f r o m  r e d  t o  p i n k  t o  n e d r l y  
w h i t e  (Wi 11 iams 1965) .  An s b d o v i n a l  
s p o t  ( g r a y ,  b l u e ,  p u r p l e ,  r e d ,  ry .  
brown)  i s  u s u a l l y  p r e s e n t  a t  p ? e > u r ? l  
j u n c t u r e  o f  t h i r d  and feu,-th abdorn- 
i n a l  seqments ( N i l  1  ianls 1965; Peroz 
F a r f a n t e  1969) .  



S i z e  (Leng th )  

La rge  males commonly reach  abou t  
170 mm t o t a l  l e n g t h  ( T L ) ,  and l a r g e  
females  210 mm TL ( N i l  1  iams 1965) .  
Specimens have been r e o o r t e d  as l a r g e  
as 230 mm TL ( I v e r s e n  e t  a l .  1960) .  

M o r p h o l o g i c a l  D i f f e r e n c e s  Among 
R e l a t e d  Spec ies  

M o r p h o l o g i c a l  d i f f e r e n c e s  among 
t h e  t h r e e  r e l a t e d  s p e c i e s  o f  shr imp,  
p i n k ,  brown (Penaeus a z t e c u s ) ,  and 
w h i t e  (P. s e t i f e r u s ) j  were c i t e d  by  
Lassuy 0 9 8 3 ) :  

P ink :  D o r s o - l a t e r a l  g rooves on 
l a s t  a b d o m i n a l  segment p r o m i n e n t  and 
nar row;  s p o t  on j u n c t u r e  o f  t h i r d  and 
f o u r t h  abdominal  segments usua l  l y  
p r e s e n t .  

Brown: A d r o s t r a l  and p o s t r o s t r a l  
c r e s t x n g ,  e x t e n d i n g  a lmos t  t o  t h e  
p o s t e r i o r  m a r g i n  o f  carapace;  g a s t r o -  
f r o n t a l  c r e s t s  p r e s e n t ;  d o r s o - l a t e r a l  
g rooves on l a s t  abdominal  segment 
w e l l - d e f i n e d  and broad; s p o t  on 
j u n c t u r e  o f  t h i r d  and f o u r t h  abdominal  
segment u s u a l l y  absen t .  

Whi te :  Length  o f  a d r o s t r a l  
g r o o v n e s s  t h a n  l e n g t h  o f  a n t e r i o r  
ha1 f o f  carapace;  p o s t r o s t r a l  c r e s t s  
p o o r l y  d e f i n e d  p o s t e r i o r l y  and g a s t r o -  
f r o n t a l  c r e s t s  absent .  

A l though  a l l  t h r e e  s p e c i e s  a r e  
found  i n  F l o r i d a  w a t e r s ,  t h e  p i n k  
sh r imp  i s  b y  f a r  t h e  most  p r e v a l e n t  
s p e c i e s .  The p r i n c i p a l  p o p u l a t i o n s  o f  
brown and w h i t e  sh r imp  a r e  found  o f f  
t h e  L o u i s i a n a  and Texas c o a s t s ,  
r e s p e c t i v e l y  (Gun te r  e t  a1 . 1964) .  

REASON FOR INCLUSION I N  SERIES 

f i s h e r i e s  i n  F l o r i d a .  More t h a n  17 
m i l l i o n  pounds o f  p i n k  s h r i m p  (heads 
o f f )  were l a n d e d  a t  F l o r i d a  p o r t s  i n  
1981, p r o v i d i n g  a  t o t a l  exvesse l  
v a l u e  o f  o v e r  $45 m i l l i o n  ( T a b l e  1 ) .  
The t o t a l  v a l u e  o f  F l o r i d a ' s  
commercial  f i s h e r i e s  i n  1981 was 
a p p r o x i m a t e l y  $1 72 m i l  1  i o n  ( N a t i o n a l  
Mar ine  F i s h e r i e s  S e r v i c e  1982) ;  t hus ,  
t h e  p i n k  sh r imp  c a t c h  c o n s t i t u t e d  26% 
o f  t h e  t o t a l  d o l l a r  v a l u e  d e r i v e d  
f r o m  t h e  S t a t e ' s  commerc ia l  
f i s h e r i e s .  A d d i t i o n a l  monetary  v a l u e  
can be c r e d i t e d  t o  p i n k  shr imp t a k e n  
i n  t h e  e x t e n s i v e  b a i t - f i s h i n g  
o p e r a t i o n s  a l o n g  b o t h  coas ts .  

P i n k  shr imp i s  a l s o  an impor-  
t a n t  l i n k  i n  mar ine  f o o d  cha ins .  I t s  
l i f e  c y c l e ,  d i s t r i b u t i o n ,  and l a r g e  
biomass r e n d e r  t h e  s p e c i e s  v u l n e r a b l e  
t o  d i v e r s e  p r e d a t o r s ,  many o f  them 
commercial  l y  o r  r e c r e a t i o n a l  l y  
i m p o r t a n t  s p e c i e s  themselves.  The 
o v e r - h a r v e s t  o f  p i n k  sh r imp  would  
p r e c i p i t a t e  a  d e c l i n e  i n  t h e  abun- 
dance o f  t h e  spec ies .  H y p o t h e t i -  
c a l l y ,  such a  decrease i n  biomass 
c o u l d ,  i n  t u r n ,  n e g a t i v e l y  a f f e c t  t h e  
p r e d a t o r y  s p e c i e s ,  t h u s  a1 t e r i n g  t h e  
ba lance  o f  t h e  whole  ecosystem (May 
e t  a l .  1979).  

E s t u a r i e s  and o t h e r  s h a l l o w  
c o a s t a l  seagrass communi t ies ,  wh ich  
a r e  a t  r i s k  o f  development,  a r e  
i m p o r t a n t  n u r s e r y  grounds f o r  t h e  
spec ies .  P r e s e r v a t i o n  o f  t hese  
h a b i t a t s  i s  e s s e n t i a l  f o r  t h e  d e v e l -  
opment o f  sh r imp  t h r o u g h  t h e  e a r l y  
s tages  o f  t h e i r  l i f e  c y c l e ,  and, 
consequen t l y ,  f o r  t h e  c o n t i n u a t i o n  o f  
h a r v e s t a b l e  sh r imp  p o p u l a t i o n s .  

L IFE HISTORY 

Sexual M a t u r i  t v  

The p i n k  sh r imp  f i s h e r y  i s  t h e  
most  economica l  l y  i m p o r t a n t  o f  a1 1  

Females and males a t t a i n  sexua l  
m a t u r i t y  a t  85 and 74 mm TL, 



Tab le  1. Commercial l a n d i n g s  ( h e a d s - o f f )  i n  pounds and exvesse l  monetary  v a l u e s  
f o r  p i n k  sh r imp  f r o m  t h e  e a s t  and west c o a s t s  o f  F l o r i d a ,  1970-1981 ( A .  C.  
Jones, N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e ,  Miami,  FL; p e r s ;  comm.). 

Eas t  c o a s t  West c o a s t  

Pounds Do1 1  a r s  Pounds Do1 l a r s  
Year (1,000s) (1,000s) (1,000s) (1,000s) 

Land ings  u n a v a i l a b l e .  



r e s p e c t i v e l y  ( E l d r e d  e t  a1 . 1961).  
R ipe females e x h i b i t  t u r g i d  and 
e n l a r g e d  o v a r i e s ,  w i t h  p e r i p h e r a l  
r o d - l i k e  bod ies  i n  t h e  ova; females  
may spawn more t h a n  once d u r i n g  t h e i r  
1  i f e  (Cummings 1961 ). Mature  males 
e x h i b i t  j o i n e d  endopods, and spermato- 
phores w i t h  spermatozoa ( E l d r e d  e t  a l .  
1961) .  

Spawning 

P ink  sh r imp  e m i g r a t e  f r o m  
sha l  low,  c o a s t a l  n u r s e r y  grounds t o  
deeper o f f s h o r e  w a t e r s  i n  t h e  l a t e  
j u v e n i l e  o r  e a r l y  a d u l t  s t a g e  
(Wi 11 iams 1955a).  Spawning o c c u r s  i n  
ocean ic  w a t e r s  a t  dep ths  o f  4  t o  48 m  
( 1 2  t o  156 f t ) ,  and p r o b a b l y  i n  deeper  
wa te rs  a1 so (Perez F a r f a n t e  1969) .  

The spec ies  spawns t h r o u g h o u t  t h e  
y e a r  on t h e  To r tugas  S h e l f  a t  w a t e r  
dep ths  between 15 and 48 m  (49 and 157 
f t ) .  I n  l a t e  f a l l  and w i n t e r ,  
spawning a c t i v i t y  s h i f t s  f r o m  s h a l l o w  
t n  deep w a t e r  ( w i t h i n  t h o s e  dep ths  
where spawning takes  p l a c e ) ;  t h i s  
s h i f t  may be due t o  t h e  movement o f  
a d u l t  sh r imp  t o  deep w a t e r s  when 
tempera tu res  o f  s h a l l  ow wa te rs  
decrease (Munro e t  a l .  1968) .  La rvae  
a r e  more abundant d u r i n g  s p r i n g ,  
summer and f a l l  t h a n  d u r i n g  w i n t e r  
(dunes e t  a l .  1970) ,  i n d i c a t i n g  some 
s e a s o n a l i t y  o f  r e p r o d u c t i o n .  Spawning 
on t h e  To r tugas  f i s h i n g  grounds o c c u r s  
r r la in ly  d u r i n g  t h e  l a s t  phase o f  t h e  
l u r . a r  month (Munro e t  a l .  1968).  
E l d r e d  e t  a l .  (1965)  found  t h a t  r i s i n g  
tc rvpera tures  were an i m p o r t a n t  f a c t o r  
~n t r i g g e r i n g  spawning,  wh ich  occu rs  
i r a  1  a t  w a t e r  t empera tu res  
i ~ : ? t w ~ ? r i  19.6" and 30.6"C (67.3" and 
;;7. : O F )  (Jones e t  a l .  1970) .  The peak 
i r  spawning a c t i v i t y  genera l  l y  
C:!!~IC id4-.  ~i t h  nlaxi~rlun~ bo t tom-wa te r  
~ ' - . ' , ~ ! p r j t ~ i ~ ~ ~ :  ! I%~nro rt. a l .  1968) .  

The eggs, a p p r o x i m a t e l y  0 .23 t o  
0.33 mm i n  d i a m e t e r  ( E l d r e d  e t  a l .  
1965) ,  a r e  demersal  (Ewald 1965).  
C o l o r a t i o n  i s  g e n e r a l l y  an opaque 
ye1  low-brown, b u t  t h e  c h o r i o n  may 
appear b l u i s h  under  c e r t a i n  l i g h t  
r e f l e c t i o n s  (Dobk in  1961).  Ewald 
(1965)  r e p o r t e d  t h a t  eggs o f  p i n k  
sh r imp  spawned i n  t h e  l a b o r a t o r y  
".. .were v i s i b l e  t o  t h e  naked eye and 
appeared 1  i k e  f i n e ,  w h i t e  powder." 
The number o f  eggs produced p e r  spawn 
i s  unknown, b u t  a  172-mrn TL w h i t e  
sh r imp  c o n t a i n e d  860,000 (Anderson e t  
a l .  1949).  

Larvae 

Ewald (1965)  found  t h a t  
l a b o r a t o r y - r e a r e d  l a r v a e  e x h i b i t e d  
f i v e  naup l  i a r  s tages ,  t h r e e  p r o t o -  
zoea l  s tages ,  and two t o  f i v e  mys is  
s tages.  Under l a b o r a t o r y  c o n d i t i o n s ,  
t h e  d u r a t i o n  o f  t h e  l a r v a l  deve lop -  
ment was 15 days i n  26°C (79°F)  w a t e r  
and 21 days i n  21°C (70°F)  water ;  
sh r imp  underwent f e w e r  mys is  s tages 
i n  t h e  26°C w a t e r  t h a n  i n  t h e  21°C 
w a t e r  (Ewald 1965) .  A p p r o x i m a t e l y  
870 x  10" p r o t o z o e a l  l a r v a e  
a r e  produced y e a r l y  on t h e  To r tugas  
grounds; s u r v i v a l  r a t e s  averaged 
80.47; p e r  day (Munro e t  a l .  1968) .  
Peak abundance o f  l a r v a e  was found  a t  
w a t e r  t empera tu res  o f  19°C (66°F)  o r  
g r e a t e r  ( E l d r e d  e t  a l .  1965; Jones e t  
a l .  1970; A1 l e n  e t  a l .  1980; Kennedy 
and Barbe r  1981 ). 

The p e l a g i c  l a r v a e  a r e  c a r r i e d  
i n t o  t h e  F l o r i d a  C u r r e n t  f r o m  t h e  
To r tugas  grounds by  w e s t e r l y  and 
s o u t h w e s t e r l y  c u r r e n t s ;  t h e  F l o r i d a  
C u r r e n t ,  i n  t u r n ,  t r a n s p o r t s  t h e  
l a r v a e  t o  t h e  n u r s e r y  grounds i n  
Everg lades N a t i o n a l  Park (Munro e t  
a l .  1968) .  Jones e t  a l .  (1970)  and 
Kennedy and Barbe r  (1  981 ) r e p o r t e d  
t h a t  l a r v a e  may use t i d a l  c u r r e n t s  t o  
e n t e r  t h e  e s t u a r i n e  n u r s e r y  grounds. 



~ o s ' t l  a r v a e  

P o s t l a r v a e  e n t e r  e s t u a r i n e  and 
c o a s t a l  bay n u r s e r y  a reas  a t  8  mm TL 
(Copeland and T r u i t t  1966).  Peaks of 
abundance o c c u r  i n  s p r i n g  and l a t e  
f a 1  1. The abundance o f  i m m i g r a t i n g  
p o s t l a r v a e  i n c r e a s e s  w i t h  i n c r e a s i n g  
v e l o c i t y  o f  f l o o d  t i d e s  (Tabb e t  a l .  
1962) .  P o s t l a r v a e  become b e n t h i c  a t  
abou t  10  mm TL, and c o n c e n t r a t e  where 
h a b i t a t  o f f e r i n g  s h e l t e r  i s  adequate  
( C o s t e l l o  and A l l e n  1970).  

J u v e n i l e s  and A d u l t s  

P i n k  sh r imp  spend f r o m  2  t o  6  
months i n  n u r s e r y  a r e a s  ( C o s t e l l o  and 
A1 l e n  1966) .  A c t i v i t y  p a t t e r n s  t h a t  
may t a k e  p l a c e  w h i l e  sh r imp  remain  i n  
n u r s e r y  a reas  have been observed under  
l a b o r a t o r y  c o n d i t i o n s  by  Wickham 
(1967) ,  who r e p o r t e d  t h a t  (1 ) a  
b imodal  p a t t e r n  o f  d i u r n a l  b u r r o w i n g  
and n o c t u r n a l  a c t i v i t y  i n  j u v e n i l e  
p i n k  sh r imp  was observed a t  f u l l  and 
new moons, and ( 2 )  t h e  t i m i n g  o f  
n o c t u r n a l  a c t i v i t y  peaks cor responded 
w i t h  t h e  normal t i d e  p r o g r e s s i o n  i n  
t h e  a r e a  where t h e  sh r imp  were 
cap tu red .  Wickham (1  967) be1 i e v e d  a  
c i r c a d i a n  r h y t h m  was r e s p o n s i b l e  f o r  
t h e  n o c t u r n a l  a c t i v i t y  because i t  
r e p e a t e d  i t s e l f  under  c o n s t a n t  1  i g h t  
c o n d i t i o n s .  C o s t e l  l o  and A1 l e n  (1970) 
i n d i c a t e d  t h a t  b u r r o w i n g  was 
i n f l u e n c e d  a1 so by  t y p e  o f  s u b s t r a t e  
and l u n a r  phase. Thus, a c t i v i t y  
p a t t e r n s  o f  p i n k  sh r imp  i n  n u r s e r i e s  
a r e  p r o b a b l y  a  p r o d u c t  o f  c i r c a d i a n  
rhy thms and r h y t h m i c a l  l y - o c c u r r i n g  
e n v i r o n m e n t a l  s t i m u l i .  

Joyce (1965) r e p o r t e d  t h a t  p i n k  
sh r imp  a t t a i n  a  s i z e  o f  95 t o  100 mm 
-TL p r i o r  t o  e m i g r a t i o n  f r o m  t h e  
n u r s e r y  a reas  t o  o f f s h o r e  wa te rs .  
However, most  a u t h o r s  ag ree  t h a t  t h i s  
s i z e  i s  season- and area-dependent  
( I v e r s e n  and I d y l  1  1960; E l d r e d  e t  a1 . 

1961; Tabb e t  a l .  1962) .  E m i g r a t i o n  
occu rs  y e a r - r o u n d  w i t h  a  p r i n c i p a l  
peak d u r i n g  f a l l  and a  l e s s e r  one 
d u r i n g  s p r i n g  ( E l d r e d  e t  a l .  1961; 
Huff and Cobb 1979; Kennedy and 
B a r b e r  1981 ) . 

The g r e a t e s t  c o n c e n t r a t i o n s  o f  
a d u l t  sh r imp  a r e  f o u n d  between 9  and 
44 m  (29  and 144 f t )  (Kutkuhn 1962) ,  
a l t h o u g h  some specimens have been 
found  i n  F l o r i d a  w a t e r s  a t  dep ths  o f  
110 m  (360 f t )  (Bureau o f  Commerical 
F i s h e r i e s  1962) .  

GROWTH AND MORTALITY 

The g r o w t h  r a t e  o f  p i n k  sh r imp  
d i f f e r s  among t h e  d i f f e r e n t  s tages  o f  
i t s  l i f e  c y c l e ;  i t  i s  i n f l u e n c e d  a l s o  
by  sex and by w a t e r  t e m p e r a t u r e  
( I v e r s e n  and Jones 1961 ). Dobk in  
(1  961 ) and Ewald (1965)  observed 
g rowth  f r o m  0.38 mm TL ( n a u p l i i )  t o  
4.1 mm TL ( p o s t l a r v a e )  i n  2  t o  3  
weeks. M o n t h l y  g r o w t h  r a t e s  f o r  
j u v e n i  1  es have been r e p o r t e d  r a n g i n g  
f r o m  7  t o  52 mm ( W i l l i a m s  1955b; 
E l d r e d  e t  a l .  1961; Tabb e t  a l .  
1962) .  M o n t h l y  g r o w t h  r a t e s  f o r  sub- 
a d u l t  and a d u l t  sh r imp  a r e  c o n s i d e r -  
a b l y  l e s s ,  r a n g i n g  f r o m  0  t o  22 mm TL 
(Cos te l  l o  and A1 l e n  1960; I v e r s e n  and 
I d y l l  1960; I v e r s e n  and Jones 1961; 
Cos te l  l o  1963; K n i g h t  1966; Kutkuhn 
1966) .  

Phares ( i n  N i c h o l s  1982) ,  
u s i n g  von ~ e r t a l a n f f y  p rocedures ,  
deve loped  g r o w t h  parameters  f o r  p i n k  
sh r imp  i n  t h e  e a s t e r n  G u l f  o f  Mexico:  
males,  Lw = 173.3 mm and K  = 0.2217, 
and fema les  Lw = 182.2 mm and K  = 
0.2726 where Lw i s  t h e  t h e o r e t i c a l  
maximum l e n g t h ,  and K  i s  t h e  m o n t h l y  
g rowth  c o e f f i c i e n t .  The same s t u d y  
a l s o  p r o v i d e d  t h e  f o l l o w i n g  t o t a l  
w e i g h t  ( W ) / t o t a l  l e n g t h  (TL)  conve r -  
s i o n s :  



W = 6.504 x  T L ~ . ~ ~ ~ ~  
f o r  males and, 

W = 6.247 x  10  -6  TL3.2896 

f o r  females ,  where 

W i s  expressed i n  g ,  and TL i s  
exp ressed  i n  mm. 

The sex r a t i o  o f  j u v e n i l e  p i n k  
sh r imp  has been r e p o r t e d  as 1  :1 ( I d y l  1  
1964; Saloman 1965).  However, E l  d r e d  
e t  a l .  (1961)  r e p o r t e d  t h a t  
d i f f e r e n c e s  i n  s i z e  o f  shr imp,  
geograph ic  a rea  and season o f t e n  
s h i f t e d  t h e  sex r a t i o  f r o m  1: l .  I n  
Tampa Bay, f o r  example, females  were 
s l i g h t l y  more common t h a n  males among 
s h r i m p  l e s s  t h a n  55 mm TL, males were 
more p r e v a l e n t  among s h r i m p  between 55 
mm and 85 mm TL, and females  were 
a g a i n  more numerous t h a n  males a t  
s i z e s  g r e a t e r  t h a n  85 mm TL. I n  t h e  
To r tugas ,  males outnumbered fema les  a t  
a l l  s i z e s  be low 100 mm TL; t h e  sex 
r a t i o  was a b o u t  equa l  a t  100 mm TL, 
b u t  females  were more p r e v a l e n t  t h a n  
males a t  105 mm TL and l a r g e r .  

Seasonal l y ,  i n  t h e  To r tugas ,  
f ema les  were p redominan t  f r o m  March t o  
June and f r o m  September t o  December, 
b u t  males were more abundant t h a n  
females  t h e  r e s t  o f  t h e  y e a r .  I n  
Tampa Bay, females  were c l e a r l y  more 
numerous t h a n  males f r o m  A p r i l  t o  J u l y  
and f r o m  September t o  December, 
whereas males were predominant  o n l y  i n  
January;  t h e  sex r a t i o  was b a s i c a l l y  
even f o r  a l l  r e m a i n i n g  months ( E l d r e d  
e t  a l .  1961).  

P ink  sh r imp  become a v a i l a b l e  t o  
t h e  b a i t  f i s h e r y  a t  abou t  6  weeks o f  
age o r  47 mm TL (Saloman 1965).  
Sexual m a t u r i t y  i s  a t t a i n e d  a t  9  o r  10  
weeks o f  age. P ink  sh r imp  were f i r s t  
r e c r u i t e d  i n t o  t h e  T o r t u g a s  commercial  
f i s h e r y  a t  15 weeks, p r o v i d i n g  a  
f i s h a b l e  l i f e  span o f  68 weeks 

(Kutkuhn 1966).  A1 though  average 
maximum age has been i n d i c a t e d  as 83 
weeks (Kutkuhn 1966) ,  a b s o l u t e  
maximum age may reach  o r  exceed 2  
y e a r s  ( E l d r e d  e t  a l .  1961).  

The s i z e  c o m p o s i t i o n  o f  1  anded 
p i n k  sh r imp  v a r i e s  w i t h  h a b i t a t ,  
season and t i m e  o f  day ( C o s t e l  l o  and 
A1 l e n  1970).  Smal l  and immature 
sh r imp  i n h a b i t  s h a l  l ow-wa te r  
e s t u a r i n e  areas,  whereas ma tu re  
s h r i m p  e m i g r a t e  t o  deep o f f s h o r e  
w a t e r s  ( C o s t e l l o  and A l l e n  1970).  
Shr imp h a r v e s t e d  on t h e  T o r t u g a s  
grounds ranged f r o m  49 t o  230 mm TL 
( I v e r s e n  e t  a1 . 1960).  

M o r t a l  i t y  r a t e s  o f  h a r v e s t a b l e  
sh r imp  f r o m  F l o r i d a  w a t e r s  v a r i e d  
s u b s t a n t i a l  ly ;  t o t a l  m o r t a l  i ty  ( Z )  
c o e f f i c i e n t s  ranged f r o m  a b o u t  0.10 
t o  0.36 ( T a b l e  2 ) .  The r e l a t i v e  
p r o p o r t i o n  o f  t o t a l  m o r t a l  i t y  a t t r i b -  
u t a b l e  t o  f i s h i n g  m o r t a l i t y  (F )  
v a r i e d  s i m i l a r l y ,  r a n g i n g  b r o a d l y  
between a b o u t  30% and 80%. B i - w e e k l y  
r a t e s  o f  f i s h i n g  m o r t a l  i t y  were 
e s t i m a t e d  a t  6.8% and 13.1% on t h e  
San i  be1 and To r tugas  grounds,  respec-  
t i v e l y ,  d u r i n g  t h e  e a r l y  1960 ' s  
( C o s t e l  l o  and A1 l e n  1968).  Males 
seeming ly  e x h i b i t  h i g h e r  m o r t a l i t y  
r a t e s  t h a n  females  ( B e r r y  1970).  

THE FISHERY 

The f i s h e r y  f o r  p i n k  sh r imp  i n  
t h e  U n i t e d  S t a t e s  i s  c o n c e n t r a t e d  
a l o n g  t h e  c e n t r a l  and s o u t h e r n  
c o a s t a l  r e g i o n s  o f  t h e  G u l f o f  
Mexico.  I n  F l o r i d a ,  g u l f  w a t e r s  
y i e l d  99% and A t l a n t i c  w a t e r s  1% o f  
t h e  t o t a l  annua l  l a n d i n g s  o f  p i n k  
sh r imp ,  wh ich ,  i n  1981, exceeded 17 
mi 11 i o n  pounds ( T a b l e  1 ) .  F l o r i d a ' s  
two p r i n c i p a l  s h r i m p i n g  grounds i n  
t h e  g u l f  a r e  l o c a t e d  a t  t h e  T o r t u g a s  
and S a n i b e l  (McPherson 1982; F i g u r e  
2 ) .  



Table 2. Instantaneous m o r t a l i t y  c o e f f i c i e n t s  f o r  p i n k  shr imp i n  F l o r i d a .  

Mor ta l  i t y  c o e f f i c i e n t s  

F  M Z 

Area ( F i s h i n g )  (Other )  (To ta l  ) Source 
~- - 

Tortugas 

Sanibel  

Tortugas 

Tortugas 

0.16-0.23 0.02-0.06 0.22-0.27 Be r r y  1967 

0.07 0.16 0.23 Coste l  l o  and 
A l l e n  1968 

0.14 0.22 0.36 Coste l  l o  and 
A1 l e n  1968 

The Tortugas grounds 
(approx imate ly  10,000 km2 ) c o n t r i b u t e d  
n e a r l y  h a l f  (48%) o f  t h e  t o t a l  
s ta te -w ide  ca t ch  o f  p i n k  shr imp 
annua l l y  d u r i n g  t he  l a t e  1970's and 
e a r l y  1980's.  The h i g h  y i e l d  o f  
shr imp f rom t h e  Tortugas grounds i s  
a t t r i b u t a b l e  t o  t h e  p r o x i m i t y  of t he  
ex tens i ve  F l o r i d a  Bay nursery  area. A  
most s t r i k i n g  obse rva t i on  i s  t h a t  t h e  
Tortugas shr imping grounds were n o t  
d iscovered  u n t i  1  1949. The Sani be1 
grounds (approx imate ly  2,000 km2), 
which rece i ve  s tock  from t h e  
C h a r l o t t e  Harbor-Pine I s l a n d  Sound and 
Tampa Bay nu rse r i es ,  y i e l d e d  about 28% 
o f  t he  S t a t e ' s  annual ca t ch  of p i nk  
shrimp. 

The B i g  Bend f i s h e r y ,  which 
extends f rom Pasco County a long  t h e  
c e n t r a l  -west coast  t o  Frank1 i n  County 
i n  t he  Panhandle, produces about  20% 
o f  t he  annual land ings  o f  p i n k  shrimp. 

Th i s  f i s h e r y  i s  suppor ted by 
Apa lach ico la  Bay and nearby e s t u a r i n e  
areas. 

The s i z e  d i s t r i b u t i o n  o f  p i n k  
shr imp landed f rom t h e  Tortugas 
grounds i n  t he  1950's and e a r l y  
1960's  i n d i c a t e s  t h a t  p i n k  shr imp a re  
f u l l y  r e c r u i t e d  i n t o  the  f i s h e r y  a t  
120 nm TL (F igure  3 ) .  Recru i tment  o f  
p i n k  shr imp i n  t he  eas te rn  G u l f  o f  
Mexico occurs year- round;  the  peak o f  
r ec ru i tmen t ,  however, takes p l ace  i n  
f a l l ,  w i t h  a  secondary peak o c c u r r i n g  
i n  s p r i n g  (N i cho l s  1982). N icho ls  
a l s o  r e p o r t e d  t h a t  whereas 
p re rec ru i tmen t  s tocks  i n  f a l l  have 
inc reased d u r i n g  t h e  pas t  two dec- 
ades, p r e r e c r u i  tment s t ocks  i n  s p r i n g  
have remained r e l a t i v e l y  s t a b l e .  Ad- 
equate s tock  r e c r u i t m e n t  o f  p i n k  
shr imp on F l o r i d a ' s  f i s h i n g  grounds, 
however, may be a t  r i s k  i n  f u t u r e  
years  i f  t h e  c r i t i c a l l y  impo r tan t  



e s t u a r i  ne-nursery areas a r e  degraded 
by t h e  developmental processes asso- 
c i a t e d  w i t h  t h e  S t a t e ' s  r a p i d l y  
expanding human popu la t ion .  
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F i gu re  3. Ca l cu la ted  mean annual 
l e n g t h  d i s t r i b u t i o n s  f o r  male and 
female Penaeus duorarum, Tortugas 
grounds, F l o r i d a ,  1956-65 ( f r om  Ber ry  
1970). 

Commerc i a  1  shr impers use 
b a s i c a l l y  t h e  same f i s h i n g  gear  and 
methods, w i t h  l o c a l  m o d i f i c a t i o n s ,  
throughout  t h e  G u l f  o f  Mexico. 
Vessels range i n  s i z e  f rom about 15 
t o  26 m  (50  t o  85 f t ) .  The newer 
boats have e i t h e r  s t e e l  o r  f i b e r g l a s s  
h u l l s  and a r e  u s u a l l y  d i e s e l  powered. 
A1 though some f ishermen s t i  11 p r e f e r  
t o  pack t h e i r  ca t ch  i n  i c e ,  most now 
u t i l i z e  f r eeze rs  because o f  the  
increased l e n g t h  o f  f i s h i n g  t r i p s  and 
e v e r - r i s i n g  i c e  p r i ces .  

The standard commercial shr imp 
n e t  i s  t h e  o t t e r  t r a w l .  These 
funnel-shaped n e t s  a r e  weighted a long  
t h e  bottom and have a  row o f  f l o a t s  
a long t he  t o p  t o  keep t h e  mouth o f  
t h e  n e t  open. A  l a rge ,  metal-rimmed 
wooden " o t t e r "  board o r  t r a w l  "door" 
i s  a t tached t o  each s i d e  o r  "wing" o f  
t h e  n e t  t o  h e l p  spread t h e  n e t  
(Dumont and Sundstrom 1961). Stan- 
dard shr imp o t t e r  t r a w l s  have a  
spread o f  about 13.7 m  (45 f t ) ,  and 
have a  mesh s i z e  o f  45 mm (1.75 
inches) .  Most o f  t h e  t r a w l i n g  f o r  
p i nk  shr imp i n  F l o r i d a  waters i s  
conducted a t  water  depths between 7  
and 37 m  (30 and 120 f t ) .  

O t t e r  t r a w l s  a r e  commonly 
"double r i g g e d  ," w i t h  one n e t  towed 
f rom an o u t r i g g e r  on each s i d e  o f  t h e  
vessel .  Of ten,  " t w i n  r i g s "  a re  used, 
wherein two t r a w l s  a re  towed f rom 
each s ide .  These r i g s  a re  u s u a l l y  
f i s h e d f o r 2  t o 3 h o u r s a t a  t ime.  A  
much sma l l e r  " t r y "  n e t  o f  t h e  same 
mesh s i z e  i s  f i shed  concu r ren t l y .  
l h i s  n e t  i s  brought  on board much 
more f r e q u e n t l y ,  and i t s  con ten ts  a re  
used as an es t ima te  o f  t h e  ca tch  i n  
t h e  l a r g e r  n e t s  (D. A. E m i l i a n i ,  
Na t iona l  Mar ine F i s h e r i e s  Serv ice,  
Galveston, TX; pers. comm. ) .  



ECOLOGICAL ROLE 

P i n k  sh r imp  f u n c t i o n  as  
omnivorous consumers ( p r e d a t o r s )  i n  
e s t u a r i n e  and mar ine  ecosystems, 
p r e f e r r i n g  b e n t h i c  p rey .  J u v e n i l e s  
and young a d u l t s  i n  e s t u a r i n e  h a b i t a t s  
f o r a g e  a l o n g  t h e  b o t t o m  i n  
s h a l l  ow-wa t e r  g r a s s  beds. F o r a g i n g  
o c c u r s  m a i n l y  a t  n i g h t ,  a l t h o u g h  some 
t a k e s  p l a c e  d u r i n g  t h e  day, p a r t i c u -  
l a r l y  i n  t u r b i d  wa te r .  Seasonal ly, 
f e e d i n g  a c t i v i t y  peaks d u r i n g  t h e  
summer ( C o s t e l  l o  and A1 l e n  1970).  

The food h a b i t s  o f  t h e  p r e d a t o r y  
p i n k  sh r imp  change as  i t  p rog resses  
t h r o u g h  t h e  v a r i o u s  s tages  of  i t s  l i f e  
c y c l e .  L a b o r a t o r y - r e a r e d  l a r v a e  f e e d  
on m i c r o p l a n k t o n ;  advanced l a r v a e  and 
p o s t l a r v a e  f e e d  on n a u p l i i  as w e l l  as 
m i c r o p l a n k t o n  c u l t u r e s  (Ewald 1965).  
I n  Tampa Bay, t h e  d i e t  of  j u v e n i l e  
p i n k  sh r imp  i n c l u d e d  d i n o f l a g e l l a t e s ,  
f o r a m i n i f e r a n s  , nematodes , 
p o l y c h a e t e s ,  o s t r a c o d s ,  copepods, 
mys ids ,  isopods,  amphi pods, c a r i d e a n  
shr imps,  c a r i d e a n  eggs, and m o l l u s k s ;  
sand, d e b r i s ,  a lgae ,  d ia toms ,  sea- 
g rass ,  and f i s h  s c a l e s  have a l s o  been 
found i n  sh r imp  d i g e s t i v e  t r a c t s  
( E l d r e d  e t  a l .  1961).  A l t h o u g h  f o o d  
h a b i t s  of  a d u l t  p i n k  sh r imp  a r e  n o t  
known i n  d e t a i l ,  W i l l i a m s  (1955a) 
r e p o r t e d  t h a t  stomachs o f  young a d u l t  
and a d u l t  p i n k  sh r imp  i n  N o r t h  
Caro l  i n a  e s t u a r i e s  c o n t a i n e d  
f o r a m i n i f e r a n s ,  g a s t r o p o d  she1 1  s, 
s q u i d ,  anne l  i d s ,  c rus taceans ,  s m a l l  
f i s h e s ,  p l a n t  m a t e r i a l ,  and d e b r i s .  

P i n k  sh r imp  a r e  a  m a j o r  p r e y  
s p e c i e s  t o  a  w i d e  v a r i e t y  of  f i s h .  
I n s h o r e  s ~ e c i e s .  such as  snook 
( C e n t r o  omus undec imal  i s )  (Marsha1 1  
l h t t e d  s e a t r o u t  (Cynosc ion 
nebu losus )  (Tabb 1961 ) ,  and mangrove 
o r  g r a y  snapper ( L u t j a n u s  9 r i s e u s ) ,  
feed h e a v i l v  on   ink s h r i m ~ .  Pearson 
(1929) foun; t h a t  61% o f  t h e  s p o t t e d  

s e a t r o u t  i n  c o a s t a l  w a t e r s  o f  Texas 
had e a t e n  sh r imp  e x c l u s i v e l y .  Shr imp 
were t h e  second most abundant food 
i t e m  taken  by  snook i n  sou thwes te rn  
F l  o r i  da (Marsha l  1  1958).  F o r t y - t w o  
p e r c e n t  o f  t h e  mangrove snapper 
stomachs f rom Everg lades  Park  
c o n t a i n e d  p i n k  sh r imp  (Croke r  1960).  

Reef s p e c i e s ,  such as  m u t t o n  
snapper ( L u t j a n u s  a n a l  i s ) ,  r e d  
g r o u p e r  (Ep inephe lus  x j  , b l a c k  
g r o u p e r  (Myc te roperca  b o n a c i  ) , and 
even p e l a g i c  k i n g y a c k e r e l  
(Scomberomorus c a v a l  l a ) ,  a r e  a1 1  
p r e d a t o r s  of  p i n k  s h r i m p  ( C o s t e l  l o  
and A l l e n  1962, 1970).  P i n k  sh r imp  
have a l s o  been found i n  t h e  stomachs 
of  b o t t l e - n o s e d  d o l p h i n s  ( T u r s i o p s  
t r u n c a t u s )  (Gun te r  1951) and s t r i p e d  
do1 p h i n s  ( S t e n e l  l a  c o e r u  l e o a l b a )  
( M i y a z a k i  e t  a1 . 1973).  

A  v a r i e t y  o f  b i r d s  a l s o  u t i l i z e  
sh r imp  as  a  food r e s o u r c e  t o  some 
e x t e n t .  Wading b i r d s  a r e  oppor tu i7 i s -  
t i c  feeders ,  and t a k e  s h r i m p  i n  
c o a s t a l  a r e a s  (Bent  1926).  Seab i rds  
commonly fo rage  i n  m ixed -spec ies  
f l o c k s  t o  f e e d  on c o n c e n t r a t i o n s  o f  
p r e y  (Hoffman e t  a l .  1981 ). Shr imp, 
wh ich  o f t e n  congrega te  when mov ing 
t h r o u g h  channe ls  (Tabb e t  a l .  1962) 
and i n t o  and o u t  o f  e s t u a r i e s ,  a r e  
p r o b a b l y  easy p r e y  f o r  d i v i n g  sea- 
b i r d s  a t  t h e s e  t imes .  R e p t i l e s  and 
a q u a t i c  mammals i n  e s t u a r i n e  h a b i t a t s  
a l s o  may p r e y  on sh r imp  ( C o s t e l  l o  and 
A1 l e n  1970).  

As c o m p e t i t o r s ,  p i n k  sh r imp  
sha re  h a b i t a t s  w i t h  b o t h  w h i t e  and 
brown shr imp.  The t h r e e  s p e c i e s  
e x h i b i t  d i f f e r e n t  p r e f e r e n c e s  f o r  
s a l i n i t y ,  t empera tu re ,  s u b s t r a t e ,  and 
cove r .  The above-ment ioned p r e f e r -  
ences,  i n  t u r n ,  d e t e r m i n e  maximum 
d e n s i t i e s  of  each sh r imp  s p e c i e s  a t  
d i f f e r e n t  t i m e s  of  t h e  y e a r  w i t h i n  
t h e  same e s t u a r y  ( N i l  1  iams 1955a).  



W i l l i a m s  and D e u b l e r  (1968)  found  
p o s t l a r v a e  o f  p i n k  sh r imp  i n  N o r t h  
Caro l  i n a  e s t u a r i e s  a t  s a l i n i t i e s  
r a n g i n g  between 0.40 and 36.76 p a r t s  
p e r  thousand ( p p t ) ,  whereas p o s t l a r v a e  
of  brown sh r imp  were found  t o  be more 
abundant  a t  s a l i n i t i e s  between 0.10 
and 34.88 p p t .  Gun te r  e t  a l .  (1964) 
ranked  j u v e n i l e s  o f  w h i t e ,  brown, and 
p i n k  shr imp,  i n  te rms  o f  s a l i n i t y  
t o l e r a n c e ,  as  " low,  i n t e r m e d i a t e ,  and 
h igh , "  r e s p e c t i v e l y .  

P i n k  and brown sh r imp  have been 
found  t o  e x h i b i t  d i f f e r e n t  t e m p e r a t u r e  
t o l e r a n c e s .  W i  11 iams ( 1  955a) found  
maximum d e n s i t i e s  o f  j u v e n i l e  p i n k  
sh r imp  i n  e s t u a r i n e  h a b i t a t s  o f  N o r t h  
C a r o l i n a  a t  w a t e r  t empera tu res  between 
23" and 28°C ( 7 3 "  and 82°F). 

S u b s t r a t e  p r e f e r e n c e s  e x p l a i n  
p a r t i a l l y  t h e  d i f f e r e n t i a l  
d i s t r i b u t i o n s  o f  p i n k ,  brown, and 
w h i t e  sh r imp  i n  n u r s e r y  a reas .  I n  
e x p e r i m e n t a l  t a n k  s t u d i e s ,  p i n k  sh r imp  
p r e f e r r e d  c o r a l  mud o r  s u b s t r a t e s  
c o n t a i n i n g  remains  o f  m o l l u s k  s h e l l s ;  
brown and w h i t e  shr imp,  however, chose 
s i l t  bo t toms ( W i l l i a m s  1958).  
W i  11 iarns (1  958) c o n j e c t u r e d  t h a t  
s u b s t r a t e  p r e f e r e n c e s  c o u l d  be 
e x p l a i n e d  b y  t h e  a v a i l a b i l i t y  o f  f o o d  
and c o v e r  i n  t h e  d i f f e r e n t  k i n d s  o f  
s u b s t r a t e s .  

W i l l  iams (1  955a) suggested t h a t  
p i n k ,  brown, and w h i t e  sh r imp  avo ided  
d i r e c t  c o m p e t i t i o n  i n  e s t u a r i n e  a reas  
o f  N o r t h  C a r o l i n a  by  occupy ing  t h e  
n u r s e r y  a reas  a t  d i f f e r e n t  t i m e s  o f  
t h e  y e a r .  P i n k  sh r imp  e n t e r e d  
e s t u a r i n e  a reas  i n  e a r l y  summer, a t  
wh ich  t i m e  j u v e n i l e  and young a d u l t  
brown sh r imp  were e m i g r a t i n g  f r o m  t h e  
n u r s e r y  grounds. Maximum d e n s i t i e s  o f  
w h i t e  sh r imp  were observed i n  a reas  o f  
r e l a t i v e l y  l o w  s a l i n i t i e s  where few 
p i n k  and brown sh r imp  occu r red .  
A l t h o u g h  t h e  e x a c t  n a t u r e  and degree 

o f  c o m p e t i t i o n  among t h e s e  t h r e e  
commercial  s p e c i e s  o f  Penaeus i s  n o t  
known ( W i l l i a m s  1 9 5 r i t  i s  
reasonab le  t o  assume t h a t  t h e  t h r e e  
s p e c i e s  have deve loped d i f f e r e n t  
p h y s i o l o g i c a l  requ i remen ts ,  wh ich  
a l l o w  them t o  occupy d i f f e r e n t  
r e a l  i z e d  n i c h e s  i n  F l o r i d a  n u r s e r y  
grounds as w e l l  as i n  N o r t h  C a r o l i n a  
e s t u a r i e s .  

H i  1  debrand (1  955) r e p o r t e d  t h a t  
c o m p e t i t i o n  between p i n k  and w h i t e  
s h r i m p  i n  o f f s h o r e  env i ronmen ts  was 
p r o b a b l y  mi  t i g a t e d  b y  d i f f e r e n c e s  i n  
s u b s t r a t e  p r e f e r e n c e ,  f o o d  and 
d a i l y - a c t i v i t y  c y c l e s .  

Because of  i t s  r o l e  as  p r e d a t o r ,  
p r e y  and c o m p e t i t o r ,  p i n k  sh r imp  
c o n s t i t u t e s  an i m p o r t a n t  l i n k  i n  
e s t u a r i n e  and mar ine  f o o d  cha ins .  
S t a b l e  ecosystems a r e  t h e  p r o d u c t  o f  
a  p a r t i c u l a r  c o m b i n a t i o n  o f  s p e c i e s  
i n  r e l a t i v e l y  f i x e d  p r o p o r t i o n s ;  i f  
one o f  t h e  s p e c i e s  i s  g r e a t l y  d i s -  
t u r b e d ,  t h o s e  ecosystems become 
u n s t a b l e  (Hobson and Lenarz  1977).  
May e t  a l .  (1979) s t a t e d  t h a t  f o r  
s p e c i e s  n o t  a t  t h e  t o p  o f  t h e  t r o p h i c  
c h a i n ,  e.g., t h e  p i n k  shr imp,  t h e  
l e v e l  o f  h a r v e s t  s h o u l d  be be low t h a t  
wh ich  g r e a t l y  reduces p o p u l a t i o n  
abundance; consequen t l y ,  under  some 
c i r cums tances ,  p r e d a t i o n  a l o n e  may 
reduce sh r imp  p o p u l a t i o n s  t o  unhar -  
v e s t a b l e  l e v e l s .  Degrada t ion  o f  
e s t u a r i n e  h a b i t a t s  may s i g n i f i c a n t l y  
decrease numbers o f  p i n k  shr imp.  
T h i s  decrease c o u l d  a f f e c t  d i r e c t l y  
a l l  t h e  commercial  s p e c i e s  o f  f i s h  
t h a t  r e l y  on t h e  p i n k  s h r i m p  as a  
m a j o r  f o o d  resource .  

ENVIRONMENTAL REQUIREMENTS 

a 
Temperature 

T o l e r a n c e  o f  p i n k  sh r imp  t o  
w a t e r  t empera tu re  v a r i e s  w i t h  l a t i -  



t u d e  ( C o s t e l  l o  and A l l e n  1970).  P i n k  
sh r imp  have been c o l  l e c t e d  f r o m  
F l o r i d a  w a t e r s  a t  t empera tu res  r a n g i n g  
f r o m  10" t o  35.5"C (50" t o  95.g°F); 
t h e y  become n a r c o t i z e d  a t  13.3"C 
(56°F)  ( E l d r e d  e t  a l .  1961 ) .  However, 
W i l l  iams (1955a) c o l l e c t e d  j u v e n i l e  
p i n k  s h r i m p  i n  w a t e r  t empera tu res  
between 4 "  and 34°C (39" and 93°F) i n  
e s t u a r i n e  a reas  o f  N o r t h  C a r o l i n a .  

M o r t a l i t i e s  due t o  l o w  w a t e r  
t empera tu res  have n o t  been r e p o r t e d  i n  
t h e  warmest p a r t  o f  t h e  spec ies  range 
( C o s t e l  l o  and A1 l e n  1970) .  J u v e n i l e  
p i n k  s h r i m p  a r e  s e n s i t i v e  t o  l o w  w a t e r  
t e m p e r a t u r e s  i n  s h a l  l ow-wa te r  
env i ronmen ts ,  and, consequen t l y ,  move 
t o  deeper  (warmer) w a t e r  a t  t h e  o n s e t  
o f  t h e  c o l d  weather .  When s h a l l o w  
w a t e r s  warm, t h e  sh r imp  r e t u r n  t o  t h i s  
h a b i t a t ,  u n l e s s  t h e y  have a t t a i n e d  t h e  
s i z e  f o r  e m i g r a t i o n  t o  o f f s h o r e  
grounds (Tabb e t  a l .  1962).  I n  t h e  
c o l d e s t  p a r t  o f  t h e i r  range,  i .e . ,  
e s t u a r i n e  a reas  o f  N o r t h  C a r o l i n a ,  
e x t r e m e l y  c o l d  w i n t e r s  may cause many 
p i n k  sh r imp  t o  d i e  ( W i l l i a m s  1965) .  
T o t a l  m o r t a l i t y  i n  a  l i v e  b a i t  t a n k  
was observed a t  a  w a t e r  t e m p e r a t u r e  o f  
12°C (54°F)  ( E l d r e d  e t  a l .  1961) .  
There a r e  no r e c o r d s  o f  d e a t h  due t o  
h i g h  w a t e r  t empera tu res  ( C o s t e l  l o  and 
A1 1en 1970) .  

S a l i n i t y  

P ink  sh r imp  e x h i b i t  d i f f e r e n t  
degrees o f  p r e f e r e n c e  t o  s a l  i n i  t y  a t  
d i f f e r e n t  s tages  o f  t h e i r  l i f e  c y c l e .  
Hughes (1969a)  i n d i c a t e d  t h a t  t i d a l  
t r a n s p o r t  o f  p o s t l a r v a e  may be 
i n i t i a t e d  by  i n c r e a s e s  i n  s a l i n i t i e s  
o f  f l o o d  t i d e s .  H i l d e b r a n d  (1955)  
r e p o r t e d  t h a t  j u v e n i l e s  e x h i b i t e d  a  
p r e f e r e n c e  f o r  s a l i n i t i e s  o f  20 p p t  o r  
more. As t h e y  grow, t h e y  move i n t o  
deeper ,  s a l t i e r  wa te r ,  u n t i l  f i n a l l y  
t h e y  l e a v e  t h e  bays and e n t e r  t h e  open 
sea ( W i l l i a m s  1955a) .  Gunter  e t  

a l .  (1964)  r e p o r t e d  t h e  g r e a t e s t  
b iomass o f  p i n k  sh r imp  a l o n g  t h e  g u l f  
c o a s t  was d i s t r i b u t e d  "a round  t h e  
South  F l o r i d a  i s l a n d s ,  where t h e  
s a l i n i t i e s  a r e  o c e a n i c . "  Tabb e t  a l .  
(1962)  found p o s t l a r v a e  a t  s a l i n i t i e s  
f r o m  12 t o  43 p p t ,  j u v e n i l e s  f r o m  5  
t o  47 p p t ,  and a d u l t s  f rom 25 t o  45 
p p t  i n  F l o r i d a  Bay. A d u l t  p i n k  
s h r i m p  have been f o u n d  on t h e  
To r tugas  grounds a t  s a l i n i t i e s  f r o m  
36.2 t o  37.7 p p t  ( I v e r s e n  and I d y l  1  
1960) .  

I n t e r a c t i o n s  between w a t e r  
t e m p e r a t u r e  and s a l i n i t y  impose 
s t r i c t  e n v i r o n m e n t a l  r e s t r a i n t s  on 
s h r i m p  p o p u l a t i o n s .  A t  l o w  tempera- 
t u r e s ,  a l l  s h r i m p  have d i f f i c u l t y  
a d j u s t i n g  t o  changes i n  s a l i n i t y ;  
s u r v i v a l  r a t e s  a r e  h i g h e r  a t  moderate  
t o  h i g h  s a l i n i t i e s  under  c o n d i t i o n s  
o f  l o w  w a t e r  t empera tu res  ( W i l  1  iams 
1960) .  W i l  l i a m s  (1955a) s t a t e d  t h a t  
p i n k  sh r imp  have o s m o r e g u l a t o r y  
c a p a b i l i t i e s  s u p e r i o r  t o  t h o s e  of 
brown sh r imp  a t  l o w  w a t e r  tempera- 
t u r e s ,  and t h u s  e x h i b i t  a  g r e a t e r  
capab i  1  i ty  f o r  o v e r w i n t e r i n g  i n  
e s t u a r i e s  i n  t h e  n o r t h e r n  p a r t  o f  
t h e i r  range. 

H a b i t a t  

P i n k  s h r i m p  a r e  a s s o c i a t e d  w i t h  
s h e l l  sand, sand, coral-mud, o r  mud 
bo t toms  (Wi 11 iams 1965) .  Subadul t s  
p r e f e r  s h e l l  sand and l o o s e  p e a t  
(Wi 11 iams 1958)  ; a d u l t s  p r e f e r  
c a l c a r e o u s  sed iments ,  b u t  a r e  f o u n d  
a l s o  on h a r d  sand bot toms,  
" p a r t i c u l a r l y  i n  n o n - t u r b i d  w a t e r s "  
( H i  1  debrand 1955).  I n  c o n t r a s t ,  
W i l l i a m s  (1965)  f o u n d  t h a t  b o t h  w h i t e  
and brown sh r imp  p r e f e r r e d  s o f t ,  
muddy bot toms.  

P i n k  sh r imp  d i s p e r s i o n  i n  
n u r s e r y  a reas  may be 1  i m i t e d  by  t h e  
g e o g r a p h i c a l  d i s t r i b u t i o n  o f  sea- 



grasses  w i t h i n  e s t u a r i e s .  I n s h o r e  
f i s h e r i e s  do n o t  o c c u r  i n  areas where 
seagrasses a r e  r a r e  o r  absen t  ( t ioese 
and Jones 1963). T u r t l e  g r a s s  
( T h a l a s s i a  t e s t u d i u m )  p r o v i d e s  n o t  
o n l y  c o v e r  f o r  sh r imp  b u t  a l s o  
s u i t a b l e  h a b i t a t  f o r  sh r imp  f o o d  
s p e c i e s  (Moore 1963).  W i l l  iams 
(1  955a) r e p o r t e d  h i g h  d e n s i t i e s  o f  
sh r imp  p o p u l a t i o n s  where t h e  sea- . . .  
g rasses,  D i  p l a n t h e r a  w r i g h t i  i and 
Z o s t e r a  mar ina ,  were p resen t ;  he 
r e ~ o r t e d  X ' I T C t h a t  decomoosina f o r e s t  
1  i t t e r  c o n s t i t u t e d  a  s u i b b l e d h a b i t a t  
f o r  sh r imp  i n  n u r s e r y  a reas  o f  N o r t h  
C a r o l i n a .  

T u r t l e  g r a s s  was p r a c t i c a  l ly 
e l  i m i n a t e d  f r o m  s e c t i o n s  o f  Apalachee 
Bay, F l  o r i d a  , because o f  decreased 
l i g h t  p e n e t r a t i o n  r e s u l t i n g  f r o m  
t u r b i d i t y  and c o l o r i n g  o f  t h e  w a t e r  by  
k r a f t - m i  11 e f f l u e n t s ;  t h e  most h e a v i l y  
p o l l u t e d  a reas  were, i n  f a c t ,  t o t a l l y  
w i t h o u t  r o o t e d  macrophytes  (Zimmerman 
and L i v i n g s t o n  1976).  Dugan and 
L i v i n g s t o n  ( 1  982) r e p o r t e d  t h a t  t h e  
unpo l  1  u t e d  p a r t s  of  Apal achee Bay had 
s t a b l e  i n v e r t e b r a t e  p o p u l a t i o n s ,  
whereas t h e  p o l l u t e d  p a r t s  o f  t h e  
e s t u a r y  had l e s s  t h a n  h a l f  o f  t h e  
number o f  i n v e r t e b r a t e s .  They 
a t t r i b u t e d  t h e  d i f f e r e n c e  t o  t h e  
r e d u c t i o n  i n  seagrass biomass i n  t h e  
p o l l u t e d  p a r t s  o f  t h e  bay. S i m i l a r l y ,  
d redge-and- f  i 11 o p e r a t i o n s  i n  Tampa 
Bay have degraded t h e  seagrass beds 
t h a t  s e r v e  as sh r imp  n u r s e r y  a reas  
(Saloman 1965).  

Van L o p i k  e t  a l .  (1979) have 
d e s c r i b e d  s e v e r a l  s h o r e l  i ne deve lop -  
ment p r a c t i c e s  t h a t  s e v e r e l y  degrade 
sh r imp  h a b i t a t .  The most obv ious  and 
h i g h l y  p u b l i c i z e d  o f  t h e s e  i s  t h e  f l o w  
o f  p o l l u t e d  w a t e r s  i n t o  e s t u a r i e s .  
O the r  p r a c t i c e s  t h a t  n e g a t i v e l y  a1 t e r  
sh r imp  n u r s e r y  h a b i t a t s  i n c l u d e :  ( I ) 
d i r e c t  s a l t w a t e r  i n t r u s i o n  ( o r  
d i v e r s i o n  o f  n a t u r a l  f r e s h w a t e r  

d i s c h a r g e ) ,  w h i c h  causes u n f a v o r a b l e  
s a l  i n i  t y  reg imes;  ( 2 )  impounding o f  
n a t u r a l  waterways,  w h i c h  p r e v e n t s  t h e  
i n f l u x  o f  i m m i g r a t i n g  shr imp;  and ( 3 )  
b u l  khead ing o f  s h o r e l  i n e s ,  w h i c h  
removes t h e  c r i t i c a l  marsh- o r  
mangrove w a t e r  i n t e r f a c e .  Mock 's  
( 1  967) f i n d i n g s  err~phasized t h e  
consequences o f  shore1 i n e  
m o d i f i c a t i o n ;  he found  2.5 t i m e s  as 
many brown sh r imp  and 1 4  t i m e s  more 
w h i t e  sh r imp  a l o n g  a  n a t u r a l  shore-  
l i n e  t h a n  a l o n g  a  bu lkheaded sho re -  
1  i n e .  

Water Movement 

The m i g r a t i o n  p a t t e r n s  and 
g e o g r a p h i c a l  d i s t r i b u t i o n  o f  sh r imp  
may be c o n t r o l l e d  t o  a  l a r g e  e x t e n t  
b y  c u r r e n t s .  P o s t l a r v a e  r e l y  on 
i n f l o w i n g  c u r r e n t s  t o  move i n t o  
e s t u a r i e s  (Hughes 1969b). I n  e x p e r i -  
men ta l  t a n k  s t u d i e s ,  j u v e n i l e  p i n k  
sh r imp  showed a  p o s i t i v e  r h e o t a x i s ,  
w h i c h  gave way t o  a c t i v e  downstream 
swimming when s a l  i n i  ty  decreased 
(Hughes 1969a). J u v e n i  l e s  were 
r e p o r t e d  t o  move o f f s h o r e  on ebb ing  
c u r r e n t s  (Burkenroad 1949; Hughes 
1969b). I n  some s o u t h  F l o r i d a  bays,  
j u v e n i l e s  may move on each t i d a l  
change (Tabb e t  a1 . 1962).  

A d u l t  p i n k  s h r i m p  a r e  a l s o  
p o s i t i v e l y  r h e o t a c t i c ;  t h i s  o r i e n t a -  
t i o n  t o  t h e  w a t e r  c u r r e n t  may be a  
mechanica l  response, and may a l s o  be 
t h e  r e s u l t  o f  o p t i c  f i x a t i o n  (Fuss 
and Ogren 1966) .  

O the r  Env i  ronmenta l Reaui  rements 

L i g h t  i s  an i m p o r t a n t  f a c t o r  i n  
c o n t r o l  1  i n g  a c t i v i t y  o f  shr imp.  P i n k  
sh r imp  remain  b u r i e d  d u r i n g  day1 i g h t ,  
emerge f r o m  t h e  s u b s t r a t e  a t  sunse t ,  
and become a c t i v e  a t  n i g h t  (Hughes 
1968) .  I n  1  a b o r a t o r y  s t u d i e s ,  a d u l t  
p i n k  sh r imp  tended t o  bu r row i n  t h e  



presence o f  s o l a r  l i g h t ;  t h e y  became 
a c t i v e  when l i g h t  i n t e n s i t y  d i m i n i s h e d  
t o  l e s s  t h a n  0.01076 lumens p e r  m2 
(Fuss and Ogren 1966).  Shr imp 
e x h i b i t e d  n o c t u r n a l  a c t i v i t y  when 
exposed t o  c o n s t a n t  low-1 i g h t  
c o n d i t i o n s  f o r  s e v e r a l  days;  t h i s  
p e r s i s t e n t  p a t t e r n  o f  n o c t u r n a l  
a c t i v i t y  e v i n c e d  a  r h y t h m i c  c o n t r o l  
o f  b u r r o w i n g  and emergence a c t i v i t i e s  
(Hughes 1968).  

A1 though oxygen r e q u i  rements o f  
p i n k  sh r imp  a r e  n o t  known i n  d e t a i l ,  
Subrahmanyam ( 1  976)  i n d i c a t e d  t h a t  
oxygen consumpt ion i n  p i n k  sh r imp  
f o l l o w e d  a  r h y t h m i c  p a t t e r n  t h a t  
c o i n c i d e d  w i t h  t h e  t i d a l  c y c l e .  
B i shop  e t  a l .  (1980) demonst ra ted t h a t  
oxygen consumpt ion o f  brown sh r imp  
i n c r e a s e d  w i t h  i n c r e a s e s  i n  ambient  
t empera tu res .  

D iseases and P o l l u t a n t s  

P i n k  sh r imp  a r e  v u l n e r a b l e  t o  
numerous d i s e a s e s  (Johnson 1978).  No 
d i sease ,  however, e x e r t s  an a p p r e c i -  
a b l e  impac t  on t h e  commercial  p i n k  
sh r imp  f i s h e r y  (K. N. B a x t e r ,  N a t i o n a l  
Mar ine  F i s h e r i e s  S e r v i c e ,  Ga lves ton ,  
TX; p e r s .  comm.). The w h i t i s h  
d i s c o l o r a t i o n  o f  body t i s s u e ,  wh ich  i s  
r e f e r r e d  t o  as " m i l k "  o r  " c o t t o n "  
shr imp,  i s  more n o t i c e a b l e  t h a n  o t h e r  
" d i s e a s e s "  o f  shr imp.  The c o n d i t i o n  
i s  caused by h i g h  l e v e l s  o f  
m i c r o s p o r i d i a n  i n f e c t i o n  (Johnson 

1978).  Commonly obse rved  b lackened  
a reas  o f  t h e  e x o s k e l e t o n  a r e  caused 
b y  c h i  t i n o v e r o u s  b a c t e r i a ,  wh ich  
a t t a c k  t h e  edges o r  t i p s  o f  exo- 
s k e l e t a l  p a r t s  and cause i n t e r n a l  
damage if t h e y  a r e  a b l e  t o  e n t e r  t h e  
body (Johnson 1978).  D e t a i l e d  
i n f o r m a t i c n  on s h r i m p  d i s e a s e s  and on 
t h e  responses o f  sh r imp  t o  n o n p e t r o l  
chemica l s  and heavy m e t a l s  i s  a v a i l -  
a b l e  i n  C o s t e l l o  and A l l e n  (1970) ,  
Johnson (1978) ,  and Couch (1978) .  

A v a i l a b l e  e v i d e n c e  i ~ d i c a t e s  
t h a t  p e t r o l e u m  and o t h e r  o i l  p r o d u c t s  
have a  n e g a t i v e  i m p a c t  on p e n ~ e i d  
sh r imp .  R e f i n e d  and c r u d e  o i l  have 
been r e p o r t e d  t o  be h i g h l y  t o x i c  t o  
sh r imp  (Couch 1978).  S o t o e t a l .  
(1981) d e t e c t e d  t h e  presence o f  
p e t r o l e u m  hydrocarbons i n  m a r i n e  
sed iments  and i n  t h e  body t i s s u e s  o f  
p i n k  sh r imp  and o t h e r  penae id  spec- ies 
caugh t  on t h e  Campeche Bank o f  
Mexico.  

B o t e l l o  e t  a l .  (1981) i n d i c a t e d  
t h a t  p i n k  and brown sh r imp  were n o t  
a b l e  t o  m e t a b o l i z e  h i g h  m o l e c u l a r  
w e i g h t  hyd roca rbons  ( o b t a i n e d  f r o m  
o i l  f r o m  K u w a i t ) ,  and s t a t e d  t h a t  
t h e s e  t o x i c  compounds wou ld  i n c r e a s e  
i n  c o n c e n t r a t i o n  a l o n q  t h e  h i g h e r  
l e v e l s  o f  t h e  f o o d  c h a i n ,  a t t a i n i n g  
t h e i r  maximum c o n c e n t r a t i o n  i n  man. 
D i e s e l  f u e l  i s  h i g h l y  t o x i c  t o  p r o -  
t o z o e a l  and n a u p l i a r  s t a s e s  o f  t h e  
sh r imp  Penaeus c a l  i f o r n i e n s i s  
( B o t e l l o  e t  a l .  1981) .  
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16. 4Ds:rac: ( L i m i t :  200 w o r d s )  

The p i n k  shrimp (Penaeus duorarum) supports the most economica l ly  impor tan t  commercial 
f i s h e r y  i n  F l o r i d a .  I n  1981, exvessel l and ings ,  e x c l u s i v e  o f  the  ba i t - sh r imp  catch,  t o -  
t a l l e d  17 m i l l i o n  pounds (heads -o f f ) ,  valued a t  $45 m i l l  i on .  Near l y  h a l f  (48%) o f  the  ca tch  
i s  taken f rom t h e  Tortugas grounds, a  f i s h i n g  area n o t  d iscovered u n t i l  1949; 28% o f  t h e  
catch i s  from t h e  Sanibel  grounds. F l o r i d a  Bay and C h a r l o t t e  Harbor/Tampa Bay a re  the  
nu rse ry  areas p r o v i d i n g  rec ru i tmen t  stocks f o r  t he  Tortugas and Sanibel  grounds, respec- 
t i v e l y .  La rva l  p i n k  shrimp immigrate f rom t h e  o f f s h o r e  spawning grounds t o  e s t u a r i n e  and 
coasta l  bay nursery  areas, e n t e r i n g  as pos t l a rvae  ( 8  t o  10 mm TL). Monthly growth r a t e s  
d u r i n g  t h e  j u v e n i l e  stage o f  development va ry  f rom 7  t o  52 mm TL. Sexual m a t u r i t y  i s  a t -  
t a i n e d  a t  9  t o  10 weeks o f  age, o r  a t  s i zes  o f  85 mm TL f o r  females and 74 mm TL f o r  males, 
a f t e r  which t ime  they emigra te  t o  o f f s h o r e  waters  f o r  spawning. Spawning occurs year-round. 
Recrui tment s i m i l a r l y  occurs year-round, w i t h  a  major  peak i n  s p r i n g  and a  secondary peak i n  
f a l l .  Prerecru i tment  s tocks  i n  f a l l  have increased d u r i n g  t h e  pas t  2 decades, whereas those 
i n  s p r i n g  have remained s t a b l e .  P ink  shrimp are  f u l l y  r e c r u i t e d  i n t o  the f i s h e r y  a t  120 mm 
TL. The p i n k  shrimp f u n c t i o n s  i n  the  marine ecosystem as bo th  a  p reda to ry  and a  prey  species 
Pink shrimp, i n  e s t u a r i n e  h a b i t a t s ,  t o l e r a t e  a  wide range o f  water  temperatures (10°C t o  
35°C) and s a l i n i t i e s  (5  t o  47 p p t ) .  P o l l u t i o n  by p e t r o l -  and non-pet ro l  chemicals poses a  
p o t e n t i a l  contaminat ion hazard t o  bo th  p i n k  shrimp and t h e i r  e s t u a r i n e  h a b i t a t s .  Main te-  
nance o f  t he  i n t e g r i t y  o f  e s t u a r i n e  h a b i t a t s  i s  t h e  mt3st c r i t i c a l  need i n  the  management o f  
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As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility for most of our.nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving theenvironmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
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U.S. administration. 




