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PREFACE 

This species p r o f i l e  i s  one o f  a se r i es  on coasta l  aquat ic  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial , o r  eco log ica l  importance. The p r o f i l e s  
are  designed t o  prov ide  coasta 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 environmental 
requirements o f  t he  species and t o  descr ibe how popu la t ions  o f  t h e  species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sect ions on taxonomy, l i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  app l icab le .  A t h ree - r i ng  b inde r  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they a re  prepared. 
This 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 i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regarding t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the f o l l  owing addresses. 

I n fo rma t ion  Trans fer  S p e c i a l i s t  
Nat ional  Wet1 ands Research Center 
U.S. F i sh  and W i l d l i f e  Serv ice 
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l 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  on: 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 

M u l t i p l y  

m i l l i m e t e r s  (mm) 
cent imeters (cm) 
meters (m) 
meters (m) 
k i  1  ometers (km) 
k i lometers  (km) 

square meters (m2) 
square k i lometers  (km2) 
hectares (ha) 

l i t e r s  (1) 
cub ic  meters (m3) 
cub ic  meters (m3) 

m i l l i g r ams  (mg) 
grams (g) 
k i lograms (kg) 
me t r i c  tons (t) 
me t r i c  tons (t) 

k i l o c a l o r i e s  ( kca l )  
Ce ls ius  degrees ( O C )  

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l es  (mi) 
nau t i ca l  m i l es  (nmi) 

square f e e t  (ft2) 
square m i l es  (mi2) 
acres 

ga l l ons  (ga l  ) 
cub ic  f e e t  (ft3) 
acre- fee t  

ounces (oz) 
ounces (oz) 
pounds ( l b )  
pounds ( l b )  
sho r t  tons ( ton)  

B r i t i s h  thermal u n i t s  (Btu)  
Fahrenhei t  degrees (OF) 

U.S. Customary t o  Me t r i c  

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

To Obta in 

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l es  
n a u t i c a l  m i l es  

square f e e t  
square m i l es  
acres 

ga l  1  ons 
cubic  f e e t  
ac re - f ee t  

ounces 
ounces 
pounds 
pounds 
sho r t  tons 

B r i t i s h  thermal u n i t s  
Fahrenhei t  degrees 

m i l l i m e t e r s  
cen t imeters  
meters 
meters 
k i  lomet,ers 
k i lometers  

square meters 
square k i lometers  
hectares 

1 i t e r s  
cub ic  meters 
cub ic  meters 

mi 11 igrams 
grams 
k i  1 ograms 
me t r i c  tons 
m e t r i c  tons 

k i l o c a l o r i e s  
Ce ls ius  degrees 
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Figure 1. Brown shrimp. 

BROWN SHRIMP 

NOMENCLATUREITAXONOMYIRANGE 

Scientific name........Penaeus aztecus 
I ves 

Preferred common name... ..Brown shrimp 
(Figure 1) 

Other common names ...... Brownie, green 
lake shrimp, redtail shrimp, red 
shrimp, golden shrimp, native 
shrimp, summer shrimp 

Class ........................ Crustacea 
Order ......................... Decapoda 
Family ....................... Penaeidae 
Geographic range: Brown shrimp occur 

from Martha's Vineyard, Massachu- 
setts, to the Florida Keys and then 
westward and southward in the Gulf 
of Mexico from Apalachicola Bay, 
Florida, to the northwest coast of 
the Yucatan Peninsula. In the South 
Atlantic Region, brown shrimp are 
most abundant along the North 

Carolina coast and are moderately 
abundant from South Carolina to 
Florida (Figure 2). 

MORPHOLOGY AND IDENTIFICATION AIDS 

Detailed descript.ions of brown 
shrimp have been pub1 i shed by Perez- 
Farfante (1969) and Wi 1 1  iams (1984). 
Brown shrimp may be distinguished from 
white shrimp (P. setiferus) and pink 
shrimp (P. duorarum duorarum) by the 
followinf features. 

Brown shrimp: Adros tral grooves 
and crests long, extending almost to 
hind margin of carapace; postrostral 
crest well developed as far back as 
adrostral grooves; gastrofrontal 
crests present; dorso-1 ateral sulcus 
on sixth abdominal segment well 



NORTH CAROLINA 

SOUTH CAROLINA 

................ ................ ................ ................ ................ ................ Coastal range ................ 

M I L E S  

O- 

K I L O M E T E R S  

A TL A N TIC OCEA N 

Figure  2. Range o f  brown shrimp i n  t he  South A t l a n t i c  Region. Major cen te r  of 
abundance i s  along the  North Carol ina coast. 



de f i ned  and broad; r a t i o  o f  h e i g h t  o f  
do r sa l  keel  t o  w i d t h  o f  d o r s o - l a t e r a l  
su lcus  u s u a l l y  l e s s  t han  2.25; dark  
l a t e r a l  spo t  a t  j u n c t i o n  o f  t h i r d  and 
f o u r t h  abdominal segments u s u a l l y  
absent. 

Whi te  shr imp: A d r o s t r a l  grooves 
and c r e s t s  sho r t ,  n o t  exceeding 
a n t e r i o r  ha1 f o f  t h e  carapace; pos t -  
r o s t r a 1  c r e s t  s c a r c e l y  d e f i n e d  
p o s t e r i o r l y  ; g a s t r o f r o n t a l  c r e s t s  
absent.  

P i nk  shr imp: D o r s o - l a t e r a l  s u l -  
cus on s i x t h  abdominal segment w e l l  
d e f i n e d  and narrow; r a t i o  o f  h e i g h t  o f  
do r sa l  kee l  t o  w i d t h  o f  dorso-1 a t e r a l  
su lcus  u s u a l l y  4.5 o r  g r e a t e r ,  w i t h  
sharp l i p s  n e a r l y  c losed;  u s u a l l y  a  
dark  spo t  a t  j u n c t i o n  o f  t h i r d  and 
f o u r t h  abdominal segments. 

REASON FOR INCLUSION I N  SERIES 

Brown shr imp account  f o r  about  
one t h i r d  o f  t h e  commercial shr imp 
ha rves t  i n  t h e  South A t1  a n t i c  Region. 
I n  1982, t h e  l and ings  were wo r t h  $20 
m i l l i o n .  The spec ies  i s  an impo r t an t  
component o f  e s t u a r i n e  ecosystems, 
s e r v i n g  as p r e y  f o r  many f i s h  and 
l a r g e r  crustaceans.  D e t r i t i v o r e s  such 
as p o s t l a r v a l  and j u v e n i l e  brown 
shr imp a r e  e s s e n t i a l  f o r  c o n v e r t i n g  
p r ima ry  p roduc t i on  i n  e s t u a r i e s  t o  
forms a v a i l a b l e  t o  h i g h e r  consumers i n  
t h e  ecosystems. 

LIFE HISTORY 

Spawning and Larvae 

Brown shr imp spawn o f f s h o r e  a t  
depths u s u a l l y  exceeding 18 m  (Pearson 
1939; Gunter 1956; St .  Amant e t  a l .  
1965; Chr is tmas e t  a l .  1966; Bax te r  
and Renf ro  1967; Temple and F i sche r  
1967; Perez -Far fan te  1969; Anderson 
1970; Shipman e t  a1. 1983). Spawning 
occurs i n  t h e  South A t l a n t i c  Region 

f rom No r t h  C a r o l i n a  t o  n o r t h e a s t  
F l o r i d a  ( Perez-Far fante 1969; Anderson 
1970) d u r i n g  most o f  t h e  year .  
Shipman e t  a l .  (1983) suggested t h a t  
t h e  ma jo r  spawning p e r i o d  may extend 
i n t o  e a r l y  f a l l  i n  t h e  sou thern  
p o r t i o n  o f  t h e  South A t l a n t i c  Region. 
Subrahmanyam ( 1971) r e p o r t e d  t h a t  
brown shr imp spawn i n  t h e  G u l f  o f  
Mexico i n  s p r i n g  and summer when 
bot tom wate r  temperatures a r e  between 
17 and 29 O C ,  and cease spawning when 
wate r  temperatures beg in  t o  d e c l i n e  i n  
f a l l .  A d u l t s  appa ren t l y  d i e  a f t e r  
spawning once ( S t .  Amant e t  a l .  1966). 

Eggs a r e  demersal , nonadhesive, 
s p h e r i c a l ,  and 0.26-0.28 mm i n  d i a -  
mete r  (Pearson 1939; Temple and 
F i s c h e r  1967; Perez -Far fan te  1969). 
Hatch ing u s u a l l y  occurs w i t h i n  24 
hours, b u t  i s  i n h i b i t e d  a t  s a l i n i t i e s  
below 27 p a r t s  pe r  thousand ( p p t )  o r  
above 35 p p t  (Cook and Murphy 1969). 
P l ank ton i c  l a r v a e  develop o f f s h o r e  
th rough  f i v e  naupl i a r ,  t h r e e  p r o t o -  
zoeal ,  and t h r e e  mysis  s tages b e f o r e  
metamorphosis t o  p o s t l a r v a e  (Pearson 
1939; Bax te r  and Renf ro  1967; Kutkuhn 
1966; Temple and F i sche r  1967). 
L a r v a l  development takes  about 11 days 
a t  32 "C o r  17 days a t  24 O C ,  and 
development s tops  a t  temperatures 
below 24 O C  (Cook and Murphy 1969). 

Pos tl arvae  

Sur face  ocean c u r r e n t s  t r a n s p o r t  
p o s t l  arvae t o  coas ta l  areas d u r i n g  
l a t e  w i n t e r  and s p r i n g  (Wh i taker  
1981a). Bearden (1961) c o l  l e c t e d  
l a r g e  p o s t l a r v a e  o f f  South Caro l  i n a  
d u r i n g  l a t e  w i n t e r  and e a r l y  sp r i ng ,  
sugges t ing  t h a t  p o s t l  a rvae  o v e r w i n t e r  
i n  o f f sho re  wa te rs  i n  t h e  South 
A t l a n t i c  Region. Pos t l a r vae  beg in  t o  
move f rom coas ta l  areas i n t o  e s t u a r i e s  
when wate r  temperatures r i s e  above 11 
O C  ( S t .  Amant e t  a l .  1965; Chr is tmas 
e t  a l .  1966; W i l l i ams  and Deubler  
1968). They immigra te  t o  nu r se r y  
areas i n  March th rough  June i n  No r t h  
Ca ro l i na ,  March and A p r i l  i n  South 
Ca ro l i na ,  and March t o  June i n  Georg ia  



and F l o r i d a .  Some may immiqrate 
d u r i n g  f a l l  i n  Georqia and no r t heas t  
F l o r i d a  ( W i l l i a m s  1964, 1965; Shipman 
e t  a l .  1983). Pos t l a r vae  a r e  t r a n s -  
po r t ed  i n t o  e s t u a r i e s  by incoming 
t i d e s .  W i l l  iams (1964) r epo r t ed  t h a t  
more pos t l a r vae  en te red  N o r t h  Ca ro l i na  
sounds a t  n i g h t  than  d u r i n g  t h e  day, 
and d u r i n g  a  new moon than  d u r i n g  a  
f u l l  moon. Pos t l a r vae  i n h a b i t  s h a l -  
low, low-sal  i n i  t y  areas i n  marsh-grass 
communities (Gunter 1956; S t .  Amant e t  
a l .  1965; W i l l i ams  1965; Kutkuhn 
1966). Growth and metamorphosis t o  
t h e  j u v e n i l e  s tage  i s  r a p i d  due t o  t h e  
abundance o f  food a v a i l a b l e  i n  t h i s  
h a b i t a t  (S t .  Amant e t  a1 . 1965). 

Juveni  1  es and Adu l t s  

Juveni  1  e  brown shrimp occupy 
e s t u a r i n e  nu rse ry  grounds i n  t h e  South 
A t l a n t i c  Region f rom March through 
Ju ly ,  moving t o  l a r g e r  bays as t h e y  
grow. They e v e n t u a l l y  emigrate t o  
deeper, more s a l i n e  waters t o  mature 
(W i l l i ams  1965). S t .  Amant e t  a l .  
(1965) i n d i c a t e d  t h a t  inc reased  
temperature o r  crowding may i n i t i a t e  
t h e  o f f s h o r e  movement. Reduct ions i n  
s a l i n i t y  cause m i g r a t i o n  i n  No r th  
Caro l  i na .  Jackson (1974) observed 
j u v e n i l e  brown shr imp em ig ra t i ng  f rom 
Cedar Bayou, Texas, when t h e y  were 
100-120 mm i n  t o t a l  l e n g t h  (TL). 

Female brown shrimp reach sexual 
m a t u r i t y  a t  about 140 mm TL (Renfro 
1964; Cook and L i ndne r  1970). Burken- 
road  (1939) r e p o r t e d  t h a t  female brown 
shr imp a t t a i n  gonadal r ipeness  a t  
about 145 mm TL. Anderson (1970) 
c o l  1  ec ted  g r a v i d  females o f  143-153 mm 
TL f rom South C a r o l i n a  t o  no r t heas t  
F l o r i d a  d u r i n g  f a l l .  

Seasonal movements o f  a d u l t  brown 
shrimp a re  appa ren t l y  r e l a t e d  t o  

wate r  temperature p a t t e r n s  (Zein-el din 
and A l d r i c h  1965). D i s t r i b u t i o n  
p a t t e r n s  d u r i n g  t h e  w i n t e r  a re  p o o r l y  
understood (McCoy 1972; Shipman 1980; 
Shipman e t  a l .  1983). White shr imp 
f rom t h e  Ca ro l i nas  and Georgia 

ove rw in te r  o f f  t h e  no r t heas t  coas t  of 
F l o r i d a ,  and Anderson (1970) suggested 
t h a t  brown shr imp m igh t  do l i k e w i s e .  
There i s  no conc lus i ve  evidence, how- 
ever,  t h a t  t h e  F l o r i d a  coas t  i s  an 
ove rw in te r i ng  area f o r  a d u l t  brown 
shrimp. 

GROWTH 

Growth r a t e s  o f  brown shrimp may 
va ry  cons iderab ly  due t o  d i f f e rences  
i n  wate r  temperature, s a l  i n i  ty, and 
food  a v a i l a b i l  i t y .  Nea r l y  a l l  
pub l i shed  brown shr imp growth data 
r e 1  a t e  t o  pos tl arvae and j uven i  1  es 
because o f  t h e i r  ava i  1  a b i  1  i ty  f o r  
s tudy  and because such data a r e  usefu l  
f o r  p r e d i c t i n g  commercial harves ts .  

Dai 1 y  growth r a t e s  o f  p o s t l  arvae 
and j u v e n i l e s  determined f rom f i e l d  
s t u d i e s  ranged f rom 0.52 t o  1.67 mm, 
and averaged 1.0-1.5 mm d u r i n g  t h e  
major  growth p e r i o d  i n  l a t e  s p r i n g  and 
e a r l y  summer (W i l l i ams  1955; S t .  Amant 
e t  a l .  1966; McCoy 1968; Knudsen e t  
a1 . 1977). Average d a i l y  growth 
( t o t a l  l e n g t h )  o f  j u v e n i l e s  reared  i n  
ponds r e c e i v i n g  heated wate r  f rom an 
e l e c t r i c  power p l a n t  was 1.1-1.5 mm i n  
sp r i ng ,  and 1.0-1.4 mm i n  summer 
(Gould 1973). Ze in -E ld i n  and G r i f f e t h  
(1966) i n d i c a t e d  t h a t  p o s t l  a r v a l  
growth r a t e s  inc reased when tempera- 
t u r e s  exceded 15 "C.  S t .  Amant e t  a l .  
(1965) observed t h a t  growth f rom t h e  
p o s t l a r v a l  t o  t h e  j u v e n i l e  s tage took 
l e s s  than  4  weeks i n  e s t u a r i n e  waters 
o f  temperatures above 20 "C; when 
pos t l a r vae  moved i n t o  wate r  a t  temper- 
a tu res  lower  than  20 "C, however, 
growth was delayed, m o r t a l i t y  was 
h igh ,  and t h e  subsequent commercial 
ha rves t  was low. S t .  Amant e t  a1 . 
(1965) r epo r t ed  d a i l y  j uven i  1  e  growth 
r a t e s  o f  0.1, 1.0, and 1.5 mm a t  
temperatures o f  16, 20, and 25 "C, 
r e s p e c t i v e l y .  Venkataramaiah e t  a1 . 
(1972) found t h a t  growth and food 
convers ion  were h i g h e s t  a t  26 "C. 



Sexual d i f f e r e n t i a t i o n  i n  brown 
shrimp t y p i c a l l y  begins a t  about 50 mm 
TL (Fonta ine and Neal 1971). Growth 
slows markedly as shrimp reach 100 mm 
TL (Gould 1973), beyond which males 
usua l l y  grow slower than females 
(Wi l l iams 1955). I n  t he  Gulf of 
Mexico, male brown shrimp reach about 
60% o f  t he  weight  and 83% o f  the  
l eng th  o f  females (Parrack 1979). 
McCoy (1968, 1972) prov ided brown 
shrimp growth est imates f o r  the  New 
R ive r  I n l e t  and Pamlico Sound, North 
Caro l ina  (Table 1 ) .  The New R ive r  
I n l e t  est imates p red i c ted  more r a p i d  
growth and l a r g e r  maximum s i z e  f o r  
females. The Pamlico Sound growth 
est imate was f o r  combined sexes, w i t h  
a  t h e o r e t i c a l  maximum o f  178 mm TL. 
Re la t ionsh ips  between wet weight  and 
t o t a l  leng th ,  weight  and carapace 
length,  and t o t a l  l eng th  and carapace 
length,  developed by McCoy (1972) and 
Fontaine and Neal (1971), a re  shown i n  
Table 2. 

THE FISHERY 

Table 2. 
weight ( 
carapace 
shrimp. 

Re la t ionsh ips  between wet 
g) ,  t o t a l  l eng th  (m), and 

l eng th  (mm) f o r  brown 

Weight (W) versus t o t a l  l eng th  ( T L ) ~  

Males -6 2.91 W = 11.61 x  10 TL 

-6 2.94 Females W = 9.53 x  10 TL 

-6 2.94 Combined W = 10.52 x  10 TL 

Weight versus carapace l eng th  (CL) b  

Ma1 es -4 2.94 W = 8.2 x  10 CL 

-4 2.84 Females W = 11.3 x  10 CL 

Tota l  l eng th  versus carapace l eng th  b  

Males T L =  3 . 5 0 + 4 . 1 6 C L  

Females TL = 10.50 + 3.83 CL 

McKenzie (1981) and Shipman e t  
a1 . (1983) prov ided desc r i p t i ons  o f  
f i s h i n g  methods, catch s t a t i s t i c s ,  
management ob jec t ives ,  and s o c i a l  , 

a ~ a t a  from Texas (Fonta ine and Neal 
1971). 

b ~ a t a  from Nor th  Caro l ina  (McCoy 

Table 1. Equations f o r  p r e d i c t i n g  t o t a l  l eng th  (TL) i n  m i l l i m e t e r s  from age ( t - -  
i n  weeks) f o r  brown shrimp i n  Nor th  Carol i na .  

~ ~ u a t i o n ~  Locat ion  Source 

Ma1 es TLt = 128(1-e -0'3171tt5'981) New R ive r  i n l e t  McCoy (1972) 

Fema 1  e  s  TLt = 151(1-e -0'1711tt7'201) New River  i n l e t  McCoy (1972) 

Sexes combined TLt = 178(1-e -0.073t 
) Pam1 i c o  Sound McCoy (1968) 

a ~ h e  number t o  the  immediate r i g h t  o f  t he  equal s i g n  i s  an es t imate  o f  t he  maxi- 
mum t o t a l  l eng th  a t ta ined.  
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economic, and p o l i t i c a l  aspects  o f  t h e  
South A t l a n t i c  Region shr imp f i s h e r y .  
Most i n f o r m a t i o n  i n  t h i s  s e c t i o n  i s  
taken  f rom t h e i r  r e p o r t s .  

The penaeid shr imp f i s h e r y  i s  t h e  
most v a l u a b l e  commercial f i s h e r y  i n  
No r t h  America. Un i t ed  S ta tes  penaeid 
shr imp l and ings  i n  1982 had an 
exvessel  va l ue  o f  more t han  $590 
m i l l i o n .  About 10% o f  t h e  l and ings  
were f rom t h e  South A t l a n t i c  Region 
(Na t i ona l  Mar ine F i s h e r i e s  Se rv i ce  
[NMFS] 1983). Annual penaeid shr imp 
l and ings  f rom 1970 t o  1979 i n  t h e  
South A t l a n t i c  Re i o n  averaged about 
15.5 m i l l i o n  1b ?7,030 m e t r i c  tons )  
( heads -o f f )  ; brown shr imp composed 
about  35% (McKenzie 1981). The va lues  
o f  r e c r e a t i o n a l  and b a i t  shr imp 
f i s h e r i e s  th roughou t  t h e  r e g i o n  a re  
unknown. 

I n  t h e  South A t l a n t i c  Region, 
commerc ia l l y  impo r t an t  brown shr imp 
f i s h i n g  grounds extend f rom F o r t  
P ie rce ,  F l o r i d a ,  t o  Pamlico Sound and 
Ocracoke I n l e t ,  No r t h  Caro l  i na .  Most 
o f  t h e  commercial ha r ves t  i s  taken  
i n s i d e  t h e  10-fathom con tour .  Th i s  
sha l low a rea  i s  w i d e s t  a long  n o r t h  and 
c e n t r a l  Georgia,  and nar rowes t  a l ong  
F l o r i d a  and No r t h  Caro l  i na. Trawl i ng 
deeper t han  10 fathoms may be l i m i t e d  
i n  some areas by rough bottoms and 
s p a r s i t y  o f  shr imp. 

The brown shr imp h a r v e s t  peaks i n  
J u l y  and August and con t inues  i n t o  
l a t e  f a l l  i n  N o r t h  Ca ro l i na ,  extends 
f rom mid-June t o  e a r l y  f a l l  i n  most o f  
South Ca ro l i na ,  i s  p r i m a r i l y  i n  J u l y  
and August i n  Georgia,  and extends 
f rom t h e  opening o f  t h e  n i g h t  t r a w l i n g  
season (June 1 )  th rough  l a t e  August i n  
F l o r i d a .  

The shr imp f i s h e r y  i n  t h e  South 
A t l a n t i c  Region i s  r e g u l a t e d  by l o c a l  
and Federa l  laws t h a t  a r e  based on 
b i o l o g i c a l  , economical , and soc io -  
p o l  i t i c a l  concerns. The South 
A t l a n t i c  F i s h e r y  Management Counc i l  
has assumed r e s p o n s i b i l i t y  f o r  a  

shr imp management p l a n  f o r  t h e  Federa l  
Conservat ion Zone, b u t  t h e  p l a n  i s  
s t i l l  i n  t h e  p r e l i m i n a r y  stage. Most 
shr imp f i s h e r y  management a c t i o n s  a r e  
i n t ended  t o  p r o t e c t  unders ized 
(precommercial  ) shr imp o r  ove rw in te r -  
i n g  s tocks  i n  o r d e r  t o  maximize econo- 
mic  y i e l d .  These a c t i o n s  i n c l u d e  
e s t a b l i s h i n g  c l osed  seasons, p r o h i b i t -  
i n g  commercial f i s h i n g  i n  c e r t a i n  
es tua r i es ,  and l i m i t i n g  t h e  s i z e  o f  
shr imp t h a t  can be harvested.  
Management e f f o r t s  have been hampered 
by t h e  l a c k  o f  accura te  da ta  on 
n a t u r a l  m o r t a l i t y ,  f i s h i n g  m o r t a l i t y ,  
and o t h e r  p o p u l a t i o n  parameters o f  
shr imp s tocks .  Management approaches, 
economic concerns, and f u r t h e r  da ta  
needs f o r  e f f e c t i v e  management 
were d iscussed i n  McKenzie (1981),  
P u r v i s  e t  a l .  (1976), and Shipman e t  
a l .  (1983).  

ECOLOGICAL ROLE 

Brown shr imp a r e  omnivorous and 
e a t  f ood  i tems rang ing  f rom d e t r i t u s  
t o  smal l  i n v e r t e b r a t e s  and f i s h  d u r i n g  
t h e i r  l i f e  c y c l e  (Hunt e t  a l .  1980). 
W i l l i a m s  (1955), who examined t h e  s t o -  
mach con ten t s  o f  j u v e n i l e  and a d u l t  
brown shr imp f rom No r t h  Ca ro l i na ,  
found t h a t  t h e  most abundant m a t e r i a l  
was an unrecogn izab le  m i x t u r e  o f  
p a r t l y  d i ges ted  o rgan i c  m a t t e r  and 
bot tom deb r i s .  He a l s o  found c h i t i n  
f ragments, setae and jaws f rom annel i d  
worms, f o ram in i f e rans ,  m inu te  
gast ropod and 1  amel 1  i branch she1 1  s, 
squ id  suckers, smal l  f i s h e s ,  muscle 
f i b e r s ,  g u t  f ragments, mandibles, 
r i b s ,  eye lenses,  u n i d e n t i f i a b l e  eggs, 
and p l a n t  f ragments and seed-pods. 
Jones (1973) found a  s h i f t  i n  t h e  d i e t  
and h a b i t a t  o f  j u v e n i l e  brown shr imp 
i n  Lou i s i ana  as t h e y  inc reased  i n  
s i ze .  The smal l e s t  shr imp examined 
(24-44 mm TL) f e d  n o n s e l e c t i v e l y  on 
t h e  t o p  sediment l a y e r ;  shr imp 45-64 
mm TL se l ec ted  t h e  o rgan i c  f r a c t i o n  o f  
t h e  t o p  sediment l a y e r ,  and shr imp 
65-104 mm TL were a c t i v e  p reda to r s  
t h a t  a t e  po lychaetes,  amphipods, 
nematodes, and ch i ronomid l a r vae .  



A hos t  o f  p reda to rs ,  i n c l u d i n g  
carn ivorous  f i s h e s  and crustaceans, 
feed  on brown shrimp, b u t  t h e  r o l e  o f  
p reda t i on  i n  r e g u l a t i n g  shr imp 
popu la t i ons  i s  unknown (Gunter  1945; 
Darnel1 1958; Hunt e t  a l .  1980). 
Compet i t i on  between brown shr imp and 
t h e  two o t h e r  commerc ia l ly  impo r tan t  
penaeid species ( p i n k  and w h i t e  
shr imp) i s  p robab ly  m inor  due t o  d i f -  
ferences i n  s u b s t r a t e  and s a l i n i t y  
p re fe rences  and temporal d i f f e r e n c e s  
i n  t h e  use o f  e s t u a r i e s  (W i l l i ams  
1958; Gunter 1961). Other  species, 
however, may compete w i t h  brown shrimp 
f o r  food. Gould (1973) r epo r t ed  
compe t i t i on  f o r  food  between brown 
shrimp and smal l  f i s h  i n  a c u l t u r e  
pond. 

ENVIRONMENTAL REQUIREMENTS 

Temperature and Sal i n i  t y  

Adverse temperatures o r  s a l i n i -  
t i e s  reduce brown shr imp s u r v i v a l  
(Cope1 and and Bechte l  1974). Under 
l a b o r a t o r y  cond i t i ons ,  1 arvae d i d  n o t  
complete development a t  temperatures 
below 24 "C (Cook and Murphy 1969). 
The s u r v i v a l  r a t e  o f  brown shrimp 
n a u p l i i  was h i g h e r  a t  24 "C than  a t  
20, 28, o r  32 "C, and bo th  p ro tozoea l  
and mysis  s u r v i v a l  r a t e s  inc reased 
w i t h  temperature f rom 24 t o  32 "C.  
Su rv i va l  r a t e s  o f  p o s t l  arvae increased 
w i t h  temperature f rom 15 t o  20 "C, 
remained above 90% f rom 20 t o  25 "C, 
and decreased a t  temperatures g r e a t e r  
than  25 "C (Ze in -E ld i n  and G r i f f e t h  
1966). A t  s a l i n i t i e s  below 27 p p t  o r  
above 35 pp t ,  ha t ch ing  was i n h i b i t e d  
and s u r v i v a l  o f  l a r v a e  decreased (Cook 
and Murphy 1969). 

Brown shr imp burrow i n  response 
t o  low temperatures. Shrimp i n  
aquar ia  burrowed a t  temperatures o f  
12-17 "C and emerged a t  temperatures 
o f  18-21.5 "C (Venkatamariah e t  a l .  
1972). A1 d r i c h  e t  a1 . (1968) r e p o r t e d  
t h a t  a d u l t s  o f f s h o r e  burrowed du r i ng  
w in te r ,  and j u v e n i l e s  i n  e s t u a r i e s  

burrowed d u r i n g  co ld-weather  per iods  
i n  t h e  sp r i ng .  Burrowing may serve t o  
moderate temperature extremes and a c t  
as a p reda to r  avoidance mechanism. 

Venkatamariah e t  a1 . (1972) 
observed convul s ions  and d i s o r i e n t e d  
movements o f  brown shr imp a t  s a l i n -  
i t i e s  l e s s  than  2 pp t .  Brown shr imp 
have been c o l 1  ec ted  , however, a t  
s a l i n i t i e s  as low as 0.2 p p t  i n  
Alabama e s t u a r i e s  (Swing le  1971). 
Ze in -E ld in  (1963) found t h a t  s u r v i v a l  
r a t e s  o f  pos t l a r vae  were h i gh  a t  
sa l  i n i t e s  o f  2-40 p p t  under 
c o n d i t i o n s  o f  r e s t r i c t e d  d i e t ,  and 
W i  11 iams (1960) r epo r t ed  t h a t  brown 
shrimp cou ld  m a i n t a i n  t h e i r  i o n i c  
ba lance a t  s a l i n i t i e s  up t o  69 pp t ,  
i n d i c a t i n g  t h a t  t hey  can s u r v i v e  
s a l i n i t i e s  h i g h e r  than  those t e s t e d  by  
Ze in -E ld i n  (1963).  

A1 though brown shr imp can 
t o l e r a t e  wide ranges o f  s a l i n i t y  and 
temperature, i n t e r a c t i v e  e f f e c t s  occur  
when one o r  bo th  o f  these f a c t o r s  a r e  
unfavorable. Venkatamariah e t  a1 . 
(1972) r e p o r t e d  t h a t  brown shr imp 
su rv i ved  temperature changes bes t  a t  
s a l i n i t i e s  o f  8.5-17 pp t ,  and t o l e -  
r a t e d  t h e  w ides t  range o f  s a l i n i t y  a t  
26 "C. The s a l i n i t y  t o l e r a n c e  o f  
brown shrimp was reduced a t  tempera- 
t u r e s  below 20 "C (Copeland and 
Bech te l  1974), and t o l e r a n c e  t o  
sa l  i n i  t i e s  be1 ow 10 p p t  was markedly  
reduced a t  temperatures below 15 " C  
(Zein-el din and A1 d r i c h  1965). 

Landings records  suppor t  these 
l a b o r a t o r y  f i n d i n g s .  Hunt e t  a l .  
(1980) found t h a t  commercial brown 
shrimp ha rves t s  were low a f t e r  pe r i ods  
o f  low temperature and s a l i n i t y  i n  
Pam1 i c o  Sound, Nor th  Caro l  ina ,  and 
h i g h  a f t e r  pe r i ods  o f  h i g h  s a l i n i t y  
and temperature. St .  Amant e t  a l .  
(1965) r epo r t ed  t h a t  commercial brown 
shrimp p roduc t i on  i n  Lou is iana  was low 
when p o s t l  arvae r e c r u i t e d  e a r l y  t o  
areas o f  low s a l i n i t y  ( l e s s  than  8 
p p t )  and temperature ( l e s s  than  20 
"C), b u t  was h i ghe r  when shr imp 
r e c r u i t e d  a t  l a t e r  dates t o  areas w i t h  



temperatures g rea te r  than 20 "C and 
s a l i n i t i e s  g r e a t e r  than  15 pp t .  

Subs t ra te  and System Features 

A d u l t  and j u v e n i l e  brown shrimp 
have been c o l l e c t e d  over  muddy o r  
peaty  subs t ra tes  by researchers and 
f ishermen ( Perez-Far fante 1969; Hunt 
e t  a l .  1980). W i l l i ams  (1958),  who 
t e s t e d  t he  p re fe rence  o f  brown shrimp 
f o r  d i f f e r e n t  s u b s t r a t e  types ( i n c l u d -  
i n g  sand, she1 1-sand mix tu res ,  s i l t ,  
loose peat,  muddy sand, and sandy mud) 
found t h a t  they  p r e f e r  loose  pea t  and 
sandy mud, a l though they  f r equen t  
o t h e r  subs t ra tes  such as sand, s i l t ,  
o r  c l a y  mixed w i t h  r ock  fragments. 

A v a i l a b i l i t y  o f  cover  i s  an 
e s s e n t i a l  requi rement  f o r  brown shrimp 
nursery  areas ( W i l  1  iams 1955; Kutkuhn 
1966). Turner  (1977) r epo r t ed  t h a t  
t he  abundance and t ype  o f  commerc ia l ly  
impo r tan t  penaeids i s  d i r e c t l y  r e l a t e d  
t o  t h e  amount o f  i n t e r t i d a l  vege ta t i on  
a v a i l a b l e  f o r  nursery  h a b i t a t s .  The 
s i z e  o f  shr imp reach ing  commercial 
f i s h i n g  grounds may be d e n s i t y  
dependent, and i n  years  o f  h i g h  
rec ru i tmen t ,  t h e r e  may n o t  be enough 
nursery  h a b i t a t  f o r  maximum p roduc t i on  
(McKenzie 1981). 

Bulkheading, d i t c h i n g ,  d isposa l  
of dredged m a t e r i a l ,  and d ra inage  f rom 
a g r i c u l  t u r a l  o r  s i  1  v i c u l  t u r a l  areas 
may reduce t h e  s u i t a b i l i t y  o f  some 
e s t u a r i e s  as nursery  areas (Kutkuhn 
1966; Jones and Sho la r  1981; McKenzie 
1981). Bul kheadi ng reduces t he  
marsh-water i n t e r f a c e  t h a t  i s  c r i t i c a l  
h a b i t a t  t o  pos t1  a r v a l  and j u v e n i l e  
stages o f  brown shrimp. Excessive 
sur face  d ra inage  i n t o  e s t u a r i e s  can 
a f f e c t  s a l i n i t y  pa t t e rns ,  and 
c o n t r i b u t e  s u b s t a n t i a l  amounts o f  
p e s t i c i d e s  and sediment t o  t he  eco- 
system. D i tches  and cana ls  can a l s o  
a f f ec t  s a l i n i t y  p a t t e r n s  i n  e s t u a r i e s  
and p reven t  t he  i n f l u x  o f  shr imp 
(Jones and Sho la r  1981). The d isposa l  
of dredged m a t e r i  a1 covers n u t r i t i v e  
subs t ra tes  used by shr imp and may 

r e s u l t  i n  g i l l  e ros i on  and egg s u f f o -  
c a t i o n  (Whi t a k e r  1981b). E x i s t i n g  
e s t u a r i n e  areas must be preserved t o  
ensure t he  con t inued  commerci a1 
p roduc t i on  o f  brown shrimp. 

Other  Environmental  Requirements 

Other f a c t o r s  r e g u l a t i n g  t he  
occurrence and development o f  brown 
shrimp a re  water  c i r c u l a t i o n  and t u r -  
b i d i  t y .  Cur ren ts  generated by wind 
and t i d e  govern t h e  d i s t r i b u t i o n  o f  
chemical components, temperature, 
suspended ma t t e r ,  and p l a n k t o n i c  
organisms i n  t h e  water  column. 
Al though t u r b i d i t y  has n o t  been 
c o n c l u s i v e l y  l i n k e d  w i t h  shr imp d i s -  
tri bu t i on ,  a e r i a l  photographs have 
shown a  p o s i t i v e  re1  a t i o n  between 
t u r b i d  areas and concen t ra t i ons  o f  
shr imp i n  t he  G u l f  o f  Mexico (L i ndne r  
and B a i l e y  1969). T u r b i d i t y  may 
r e f l e c t  the  n u t r i t i v e  p o t e n t i a l  o f  t h e  
water ,  and serve  t o  p r o t e c t  shr imp 
f rom p r e d a t i o n  (Kutkuhn 1966). 

Few f i e l d  s t ud ies  have been 
conducted t h a t  r e l a t e  t he  occurrence 
o f  brown shrimp t o  d i sso l ved  oxygen 
concent ra t ion .  T ren t  e t  a1 . (1976) 
noted a  decrease i n  brown shrimp 
abundance a t  a l t e r e d  marsh s i t e s  i n  
Texas, where d i sso l ved  oxygen 
concen t ra t i ons  were below 3.0 mg/l . 
Bishop e t  a l .  (1980) r epo r t ed  t h a t  
oxygen consumption r a t e s  o f  brown 
shrimp increased s i g n i f i c a n t l y  w i t h  
temperatures f rom 18 t o  33 "C, b u t  
t h a t  d i f f e r e n c e s  i n  oxygen consumption 
r a t e s  a t  t e s t  s a l i n i t i e s  o f  10 pp t ,  20 
pp t ,  and 30 p p t  were n e g l i g i b l e .  A t  
20 p p t  3.7 - g  brown shrimp used 
s i g n i f i c a n t l y  more oxygen pe r  gram 
than d i d  6.7- g  brown shrimp; t h e r e  was 
no s i g n i f i c a n t  d i f f e r e n c e  between 
s i zes  a t  10 p p t  and 30 pp t .  

Sindermann and Rosen f i e l d  (1968) 
and Couch (1979) rev iewed t h e  major  
p a r a s i t e s  and diseases a f f e c t i n g  brown 
shrimp. M i c rospo r i d i an  protozoans, 
which des t roy  muscle t i s s u e  and 



gonads, may be t he  most impor tan t  brown shrimp were repo r ted  by 
brown shrimp pa ras i t e .  Couch (1979) and Whitaker (1981b). 

Malath ion,  toxaphene, methyl para th -  
The e f fec ts  o f  severa l  env i ron-  ion,  and DDT a re  among the  p e s t i c i d e s  

mental p o l l u t a n t s  and p e s t i c i d e s  on de t r imen ta l  t o  brown shrimp. 
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