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PREFACE

This species p r o f i l e  is  one o f  a se r ie s  on coastal aquatic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  s p o r t ,  commercial, o r eco log ica l importance. The p r o f i le s  
are  designed to provide coastal managers, eng in eers , and b io lo g is ts  w ith  a b r i e f  
comprehensive sketch o f the b io lo g ic a l  c h a r a c te r is t ic s  and environmental re q u ire ­
ments o f  the species and to  descr ibe  how populations o f  the species may be 
expected to reac t  to environmental changes caused by coastal development. Each 
p r o f i l e  has sections on taxonomy, l i f e  h is to r y ,  eco log ica l r o le ,  environmental 
requirem ents , and economic im portance, i f  a p p l ic a b le .  A th r e e - r in g  b in d er  is  
used fo r  th is  ser ies  so th a t  new p r o f i l e s  can be added as they are prepared. This  
p r o je c t  is j o i n t l y  planned and financed by the  U.S. Army Corps o f  Engineers and 
the U.S. Fish and W i l d l i f e  S e rv ice .

Suggestions or questions regard ing  t h i s  re p o r t  should be d ire c te d  to  one 
o f  the  fo l lo w in g  addresses.

In fo rm atio n  T ra n s fe r  S p e c ia l is t  
National Coastal Ecosystems Team 
U.S. Fish and W i l d l i f e  Serv ice  
NASA-S lide ll Computer Compl ex 
1010 Gause Boulevard  
S l i d e l l ,  LA 70458

o r

U.S. Army Engineer Waterways Experiment S ta t io n  
A tte n t io n :  WESER-C
Post O f f i c e  Box 631 
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CONVERSION TABLE

Mult i p l y

m i l l im e te r s  (nm) 
centim eters  (cm) 
meters (m) 
k ilom eters  (km)

square meters (m2 ) 
square k ilom eters  (km ) 
hectares (ha)

l i t e r s  (1 )  
cubic meters (m3) 
cubic meters

m il l ig ra m s  (mg) 
grams (g)  
kilograms (kg)  
m etr ic  tons ( t )  
m e tr ic  tons 
k i lo c a lo r ie s  ( k c a l )

M etr ie  to  U .S . Customary

1 1

0.03937
0.3937
3.281
0 .6214

10 .76
0.3861
2.471

0.2642
35.31

0.0008110

0.00003527
0.03527
2 .205

2 205 .0
1.102
3 .968

To Obtain

inches 
inches 
f e e t  
mil es

square fe e t  
square m iles  
acres

gal 1ons 
cubic fe e t  
a c r e - fe e t

ounces 
ounces 
pounds 
pounds 
short tons
B r i t i s h  thermal un its

Celsius degrees 1 .8 (C ° )  + 32 Fahrenhei t  degrees

U.S . Customary to M etr ic

inches 25 .40
inches 2 .54
f e e t  ( f t )  0 .3048
fathoms 1 .829
m iles  (m i)  1.609
n au t ic a l miles (nmi) 1 .852

square f e e t  ( f t 2 ) 0 .0929
acres 2 0 .4047
square m iles  (mi ) 2 .590

g a llons  ( g a l )  3 .785
cubic f e e t  ( f t 3) 0.02831
a c r e - f e e t  1233.0

ounces (o z )  28.35
pounds ( l b )  0 .4536
sho rt  tons ( to n )  0.9072
B r i t is h  thermal u n its  (B tu )  0 .2520

mil 1 imeters
centim eters
meters
meters
kilom eters
kilom eters

square meters  
hectares
square k ilom eters  

1 i te rs
cubic meters  
cubic meters

grams 
ki 1 ograms 
m e tr ic  tons 
k i l ocal o r i  es

Fahrenheit degrees 0 .5 5 5 6 (F °  -  32) Celsius degrees
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Figure 1. White shrimp.

WHITE SHRIMP

NOM E NC LATUR E/TA XO NOM'Y/RAN GE

S c i e n t i f i c  name Penaeus s e t i fe r u s
(Li nnaeus)

Common name White shrimp (F ig u re  1)
Other names...................................... Gray shrimp,

lake  shrimp, green shrimp, green­
t a i l e d  shrimp, b lu e - t a i l e d  shrimp, 
rainbow shrimp, Daytona shrimp, com­
mon shrimp, southern shrimp; in
Mexico: camarón blanco ( Pérez-
Farfan te  1969).

C la ss ........................................................... Crustacea
O rder..............................................................Decapoda
Fam ily ......................................................... Penaeidae

Geographic range: White shrimp are  d is ­
t r ib u te d  along the A t l a n t ic  coast

from F ire  Is la n d ,  New York, to  Sa in t  
Lucie I n l e t ,  F lo r id a  (P é re z -F a r fa n te
1969), u su a lly  in water less than  
2 7m  deep (McKenzie 1981) .  White  
shrimp in h a b i t  coastal waters of the  
Gulf o f  Mexico from Ochlockonee R iver  
of Apalachee Bay, F lo r id a ,  to  Ciudad 
Campeche, Mexico. Centers o f  abun­
dance in North and South C a ro l in a ,  
G eorgia, and northeast F lo r id a  are  
shown in Figure 2 (W hitaker 1981).

MORPHOLOGY/IDENTIFICATION

Freshly caught white shrimp o ften  
have w id e ly  spaced body chromatophores; 
consequently they are  l i g h t e r  colored  
than pink or brown shrimp (P érez-  
Farfan te  1969).
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Figure  2. D is t r ib u t io n  of white  shrimp along the coasts of North and 
South C a ro l in a ,  Georgia , and northeast F lo r id a .
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The white  shrimp is  sometimes 
c a l le d  the  non-grooved shrimp (Whitaker  
1981) because i t s  a d ro s tra l  c a r in a  does 
not extend behind the  middle of the
carapace in  adu lts  (L indner and Cook
1970) nor to  the  p o s te r io r  margin of the  
carapace in  ju v e n i le s  (W il l iam s 1965).  
In c o n tra s t ,  the brown shrimp (P.
aztecus) and pink shrimp (P. duorarum"]", 
c o -e x is t in g  along the southeast and g u lf  
coasts of the  United S ta te s ,  each has a 
deep groove (a d ro s tra l  sulcus) extending  
almost to  the  p o s te r io r  margin of the  
carapace. In the  w hite  shrimp, the  
a d ro s tra l  sulcus is  s h o rt ,  extending to  
the  e p ig a s t r ic  back tooth of the
rostrum. G a s tro fro n ta l  c a r in a  is  
absent. Thelycum is  open, with  
a n te r o la te r a l  r idges; m e s ia l ly  turned  
p a i r  o f / l e s h y  protuberances on s te r n i t e  
XIV (P e re z -F a r fa n te  1969) .  Antennal 
f l a g e l l a  2 .5  to  3 times the  body length  
in  Penaeus s e t i f e r u s  as in P. sch m it t ,  a 
species found in Cuba, the V irg in  
Is la n d s , and along eastern  C entra l and 
South American A t l a n t ic  coast south to  
Laguna, B ra z i l  (P e re z -F a r fa n te  1969).  
Zamora and Trent (1968) noted th a t  the  
keel was smooth on the  s ix th  abdominal 
somite of pos tla rvae  w hite  shrimp but 
bore spines on brown shrimp and pink 
shrimp.

Sexes are  e a s i ly  d is t in g u is h a b le  by 
the modified endopod of the f i r s t  p a ir  
o f  pleopods on the males and the open- 
type thelycum between t h i r d ,  fo u r t h ,  and 
f i f t h  pereopods on the  females (Lindner  
and Cook 1970) .  At lengths of 28 mm, 
males can be d is tin g u ish ed  from females  
by the  s ho rte r  and narrower endopods of 
the  f i r s t  pleopods and by two 
protuberances on s t e r n i t e  XIV 
(P eV ez-Farfan te  1969).

REASONS FOR INCLUSION IN SERIES

The white  shrimp was the  f i r s t  
American shrimp to  be e x te n s iv e ly  
marketed fo r  food. Commercial shrimping  
in  the  United Sta tes  began as e a r ly  as 
1709 (McKenzie 1981);  catches reached 
8,181  m e tr ic  tons ( t )  in 1917 (when

traw ls  replaced haul s e in e s ) ,  and peaked 
in the  la te  1 92 0 's .  By the  1 93 0 's ,  
there  was concern th a t  the in te n s iv e  
f is h e r y  along the  southeastern A t la n t ic  
coast (North C aro l in a ,  South C aro l in a ,  
Georgia, and northeast F lo r id a )  was 
d ep le t in g  the resource (W il l iam s 1965).  
White shrimp con tr ib u ted  an estimated  
95% of shrimp catches in 1931 (McKenzie 
1981).  The annual w hite  shrimp landings  
f o r  19 76-80 averaged 3 ,480  t  (13% below 
the 195 7-80 a verag e ).  The decrease was 
a t t r ib u te d  to recent severe w in ters  and 
cold waters during th a t  period (McKenzie 
1981).  The harvest o f 2 ,685  t  o f  white  
shrimp from the Southeastern States in  
1982 was valued a t  $ 29 .4  m i l l io n  (com­
p uter ized  data from National Marine  
F is h e r ie s  S e rv ic e ,  Miami, F lo r id a ) .

In 1957-80 , the  mean y e a r ly  catch  
o f 3 ,991 t  of white shrimp con tr ib u ted  
58% o f  the to ta l  catch o f penaeid shrimp 
in the United States (McKenzie 1981).  
Shrimp (80% w hite)  accounted fo r  82% o f  
the ex-vessel 19 71-77 values o f  marine  
products landed in  Georgia (Music 1979) .

Catches by sport shrimpers are  
r a r e l y  estimated but they must be 
con s id erab le . Despite d i f f i c u l t i e s  in 
est im a tin g  re c re a t io n a l  shrimp f is h in g ,  
McKenzie (1981) reported  t h a t  in 1973, 
43% o f coasta l boat owners in South 
C aro l in a  f ish e d  fo r  shrimp w ith  non­
l icensed  gear and in  1978, 46% o f shrimp 
c r a f t  owners in North C aro l in a  reported  
"sport shrimping" (T h e i l in g  1981) .  The 
w hite  shrimp is  an important food of  
many marine and e s tu a r in e  f is h e s  and 
in v e r te b ra te s  and is  h e a v i ly  used fo r  
b a i t  in  South C a ro l in a ,  Georgia, and 
F lo r id a .  In Georgia, 1 ,4  79 noncom­
mercial re c re a t io n a l b a i t  shrimpers  
were licensed in  1982-83 (Susan Shipman, 
Ga. Dep. Nat. Resour.; pers . comm.). In 
1980, the estimated commercial wholesale  
b a i t  shrimp catch in northeast F lo r id a  
was 19 .6  m i l l io n  l i v e  shrimp valued a t  
$ 0 .7 7  m i l l io n  and 413 .6  t  o f  dead shrimp 
valued a t  $1.32  m i l l io n  (McKenzie 1981).
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LIFE HISTORY 

Spawni nq

Along the south A t la n t ic  coast of  
the United S ta te s ,  white  shrimp spawn 
from March to  November, but mostly from 
A p ri l  (May in  South C aro l in a )  to  October 
(Joyce 1965; Lindner and Anderson 1956; 
Music 19 79; McKenzie 1981; Shipman 
1983a). According to McKenzie (1981)  
spawning condit ions  extended in to  
September in  South C a ro l in a ,  Georgia,  
and northeast F lo r id a ,  and in to  October 
in  c en tra l F lo r id a .  Shrimp spawn as 
l a te  as November in  Georgia, a c t i v i t y  
decreasing from south to  north (Shipman 
1983a). Spawning peaks in May and June 
along the o ffsho re  waters o f  northeast  
F lo r id a  (Joyce 1965). In g e n e ra l ,  the  
increase  o f  bottom w ater temperatures in 
spring t r ig g e rs  spawning, and rap id  
decreases in water temperature in the  
f a l l  coincide with the end o f  spawning 
(L indner and Anderson 1956; Whitaker
1981). As judged by the low percentages  
o f  spent females in June to August, 
white  shrimp may spawn as many as fo u r  
times during t h e i r  l i f e  span (L indner  
and Anderson 1956); however, the re  is  
some evidence th a t  they spawn only once 
in Caro lina  waters (W il l iam s  1965).

White shrimp spawn along the  
South A t la n t ic  coast o f  the  United  
Sta tes  in  water more than 9 m deep 
(W hitaker 1983a), and w ith in  9 km from 
the shore (L indner and Cook 19 70;
W hitaker 1983b). Spawning shrimp 
seemingly p re fe r  s a l i n i t i e s  o f  27 ppt 
or more (Cook and Murphy 1969). In 
the G ulf  o f  Mexico most white  shrimp 
spawn a t  depths o f  8 to  31 m (P erez -  
F arfan te  1969). Sexually  mature and 
spent female white shrimp were captured  
along the northeast F lo r id a  coast only  
in o ffshore  waters a t  depths over
11m  (Joyce 1965). L i t t l e  is  known 
about the spawning lo c a t io n  o ffsho re  
from North and South C aro lina  (W il l iam s
1 96 5 ) ,  but a d u lt  shrimp tagged in North  
Edisto R iver estuary in  South Caro lina  
in  May 1983 were recaptured w ith in  9 km 
from the coast (W hitaker 1983b).

White shrimp were f i r s t  spawned in 
c a p t iv i t y  in  1980. The general re q u ire ­
ments f o r  m aturation and reproduction  
u su a lly  f a l l  in the range o f  20% to  60% 
l i g h t  in t e n s i t y ,  10 to  14 h photoperiod,  
20° to  28°C water tem perature , and 26 to  
34 ppt s a l i n i t i e s .  In some la b o ra to ry  
experim ents , white shrimp spawned only  
a t  n igh t (Lindner and Cook 1970) but in 
others some spawned during d a y l ig h t  
(Lawrence e t  a l .  1980). The food source 
required was fresh marine in v e r te b ra te s  
and f is h  supplied a t  3% to  5% dry  weight  
of the weight o f  the shrimp (Lawrence 
e t  a l . 1983).

Egfll

In copu la tion  ( l im i te d  to hard-  
she lled  in d iv id u a ls ) ,  the male a ttaches  
a spermatophore onto the thelycum o f  
the fem ale . Spermatozoa are believed  
to  be released from the spermatophore  
sim ultaneously with expulsion o f  the  
ova. About 0 .5  to  1 m i l l io n  eggs are  
discharged per spawn from each female  
( P é re z -F a r fa n te  1969).

The eggs o f  wh ite  shrimp are  
discharged d i r e c t l y  in to  the water and 
s ink to the bottom (Anderson 1966; 
Lindner and Cook 19 70) .  The sph erica l  
and opaque r ip e  eggs, which are  0 .192  to  
0 .3  mm in d iam eter ,  have a p u rp l is h -b lu e  
chorion .

Larvae

White shrimp are in the la rv a l  form 
fo r  about 10 days or more, depending on 
food and h a b ita t  condit ions  (Johnson and 
F ie ld in g  1956) . Eggs hatch in to  0 .3  mm 
long p lankton ic  n au p li i  w ith in  10 to  
12 h a f t e r  f e r t i l i z a t i o n  (Klima e t  a l .
1982). The nonfeeding n a u p li i  are
c a rr ie d  by p re v a i l in g  currents  w hile  
they undergo f i v e  molts over a 24- to
36-h period to  become f re e - fe e d in g
protozoea, 1 mm t o t a l  length (TL)
(Anderson 1966). Protozoea grow to  a
length of 2 .5  mm through th re e
protozoeal stages before a t ta in in g  the  
f i r s t  stage mysis (Dobkin 1961).
Postembryonic stages of white  shrimp
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were f i r s t  described by Pearson (1 9 3 9 ) .  
P ere z -F a rfa n te  (1969) reported  f i v e  
n a u p l ia l ,  th ree  p ro to zo e a l ,  and th ree  
mysis stages, fo llow ed by the f i r s t  
mastigopus or f i r s t  p o s t ia rv a l  s tage.

Postlarvae  and Juveniles

P lankton ic  po stla rvae  l i v e
o ffs h o re ,  and then move inshore w ith  
t i d a l  curren ts  toward e s tu a r ie s
(W hitaker 1983a). At the  end of two
p o s t ia rv a l  s tages, about 15 to  20 days 
a f t e r  hatch ing , the  shrimp are s t i l l  
p lank ton ic  (Anderson 1966) .  They en te r  
e s tu a r ie s  during the  second p o s t ia rv a l  
stage (7 mm long; 2 to  3 weeks a f t e r  
hatching) and then become benthic  
(W il l iam s  1965).

Favorable curren ts  t ra n s p o r t  la rvae  
and e a r ly  postla rvae  shoreward (Perez-  
F ar fa n te  1969) .  Duronslet e t  a l .  (1972)  
sampled p o s t la rv a l  w hite  shrimp in  
g re a te r  numbers at n ight at the  surface  
than at the  bottom of a t i d a l  pass, but 
found no depth d i f fe re n c e s  during day­
l i g h t  sampling, although abundance was 
lowest near the  surface ( 0 .8  m ). No 
s ig n i f i c a n t  d i f fe re n c e s  were detected in  
plankton net sampling of p o s t la rv a l  
shrimp in Georgia waters at d i f f e r e n t  
depths, times of day, t i d a l  s tages, or 
lunar pulses. High t u r b i d i t i e s  may have 
in f luenced  d is t r ib u t io n  (Baisden 1983).  
Water tem perature had l i t t l e  e f f e c t  on 
th e  movement of post la rvae  in to  the  
e s tu a r ie s  (McKenzie 1981).

P o s tla rv a l  w hite  shrimp e n te r  
e s tu a r ie s  in South C aro l in a  and North 
C aro lina  from June through September 
(Anderson 1965) .  In Georgia, nearshore  
and n o r th e r ly  bottom curren ts  c a rry  
white  shrimp p o stla rvae  in to  e s tu a r ie s  
and sounds (McKenzie 1981) .  The la rvae  
ente r  e s tu a r ie s  in A p r i l  and e a r ly  May 
in  the  south A t l a n t i c ,  and in June and 
July  in North C aro l in a  (McKenzie 1981).  
In northeastern  F lo r id a  e s tu ar ie s  
ju v e n i le s  were f i r s t  taken in  June 
(Joyce 1965). White shrimp 25 to  75 mm 
long were c la s s i f ie d  as ju v e n i le s  by 
Christmas e t  a l .  (1 9 7 6 ) ,  whereas

P e re z -F a rfa n te  (1969) considered white  
shrimp to  be ju v e n i le s  a f t e r  they  
a tta in e d  an u l t im a te  of ro s t ra l  
te e th :  4 to  10 on the  upper rostrum and 
0 to  3 on the lower rostrum w ith  modes 
of 8 upper and 2 lower.

The abundance of white  shrimp peaks 
in June through August in Georgia  
e s tu a r ie s  (Shipman 1983a). While in
e s tu a r ie s ,  ju v e n i le  white  shrimp tend to  
move f a r t h e r  upstream than do ju v e n i le  
pink or brown shrimp — as f a r  as 160 km 
in  Louisiana and 210 km in  northeast  
F lo r id a  (P é re z -F a r fa n te  1969).

Juven ile  w h ite ,  brown, and pink
shrimp tend to  in h a b i t  d i f f e r e n t  
substrates  (W il l iam s  1958). White 
shrimp p re fe r  muddy substra tes  w ith  
loose peat and sandy mud. They lay
t h e i r  long antennae above the  surface of  
the  sub s tra te  when burrowing — in  
con trast  to  brown and pink shrimp, which 
o ften  bury t h e i r  sho rte r  antennae. 
R esp ira to ry  requirements during  
burrowing or cover-seek in g , as w ell as 
food , in f lu e n c e  w hite  shrimp preference  
f o r  a muddy or peaty s u b s tra te .  
W illiam s (1958) reported  th a t  ju v e n i le  
w hite  shrimp and brown shrimp avoid 
coarse sub s tra te  and in h a b it  s o f te r  
bottoms because food ( r a t h e r  than 
cover) is  more r e a d i l y  a v a i la b le  th e re .  
Shallow, muddy bottoms in waters of low 
to  moderate s a l i n i t y  (Anderson 1966) 
serve as optimum nursery grounds fo r  
ju v e n i le  white  shrimp (W hitaker 1983a).  
In the  south A t l a n t ic  s ta te s ,  es tu arin e  
nursery areas of w hite  shrimp are  
predominately  associated w ith  S part ina  
a l t e r n i f l o r a  wetlands (McKenzie 1981).  
Juven ile  white  shrimp congregate in  
sandy-muddy substra te  but ju v e n i le  brown 
shrimp sometimes f o r c e f u l l y  d isp lace  
w hite  shrimp from t h i s  h a b ita t  (R u li fs o n  
1981).  Juven ile  brown shrimp displaced  
ju v e n i le  w hite  shrimp from grass cover 
in  aquaria (G ile s  and Zamora 1973).  
Staggered re cru itm en t of white  and brown 
shrimp probably reduces com petition  fo r  
h a b ita t  (Shipman 1983a). Increasing  
water temperatures reduced the  
preference  of w hite  shrimp a f f i n i t y  fo r
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sandy-mud substrates  ra th e r  than she ll  
sub s tra tes .

Adults

In 1971-81 , white shrimp were 
la rg e s t  in South C aro l in a  landings when 
d e n s it ie s  were lowest, suggesting th a t  
i n t r a s p e c i f i c  com petition was reduced or 
time spent in the  nursery areas was 
longer (McKenzie 1981). In Georgia, 
la rg e  shrimp predominated the harvest  
a f t e r  w in te r  f re e z e s ,  lending support to  
the  suggestion th a t  the  abundance of  
white  shrimp in south A t l a n t ic  e s tu ar ie s  
determines the  s ize  of the  shrimp in the  
f is h e r y  or during em igration  in the  f a l l  
(Shipman 1983a). As the season 
progresses to  June or July  and ju v e n i le s  
reach lengths o f  about 51 mm, they move 
from shallow marshes in to  deeper creeks,  
r i v e r s ,  and bays (Anderson 1966). Along 
the  northeast F lo r id a  coast,  white  
shrimp were 70 to  80 mm long in June and 
July  (Joyce 1965). A sharp decrease in 
the  mean length along northeast  
F lo r id a 's  o ffsho re  waters in August 
corresponded c lo s e ly  with  the  a r r iv a l  of  
sm aller  shrimp 120 to 140 mm long) from 
e s tu a r ie s  (Joyce 1965). S i m i la r ly ,  an 
increased count (an increase in numbers 
per pound) of shrimp traw led  in 
G eorgia 's  o ffshore  waters during August 
s ig n a l le d  the em igration  of the  summer's 
f i r s t  r e c r u i ts  (Shipman 1983a).

Among ju v e n i le s ,  white  shrimp are  
u s u a lly  more a c t iv e  than are brown or 
pink shrimp during d a y l ig h t .  In 
Galveston Bay, Texas, traw l catches of  
ju v e n i le  shrimp 35 to  97 mm long were 
s i g n i f i c a n t l y  la r g e r  in daytime than a t  
n ig h t (C lark  and C a i l lo u e t  1975). In 
F lo r id a ,  the percentage o f white shrimp 
taken during daytime was 83% o f  a l l  
shrimp in inshore waters but only  5 7% in  
deep water (Joyce 1965). Small white  
shrimp may be more a c t iv e  during the day 
than la r g e r  ones (Joyce 1965) .  In the  
la b o r a to ry ,  white shrimp did not burrow, 
but they were quiescent on the bottom or 
in shallow depressions fo r  several hours 
during the day (Wickham and Minki e r  
19 75).

White shrimp u su a lly  mature  
s ex u a lly  at age I during the  calendar  
year a f t e r  they hatch. Mature males 
have jo in ed  petosmal endopods at 105 to  
127 mm, produce r ip e  sperm at 118 mm TL, 
and have f u l l y  developed spermatophores 
at 155 mm TL (P e re z -F a r fa n te  1969) .  
The sm allest r ip e  female recorded by 
Burkenroad (1939) was 135 mm long, and
the minimum length o f  r ip e  females in  
the  northern Gulf o f  Mexico was 140 mm 
(S t .  Amant and Lindner 1966). In 
F lo r id a ,  the o varies  o f  white  shrimp 
begin to  develop at 110 mm in f a l l  and 
complete development when growth resumes 
in the  spring (Joyce 1965). Adult white  
shrimp are powerful swimmers capable of  
m ig ra t in g  g reat dis tances (w ith  
c u rren ts )  and l i v i n g  in euphotic  
l i t t o r a l  zones at r e l a t i v e l y  high l ig h t  
in t e n s i t i e s  (Young 1959).  White shrimp 
catches in bottom traw ls  may also be low 
during the  midday quiescent period on 
the sub s tra te  surface (Wickham and 
M inkler 1975). In c on tras t  Veal e t  a l .  
(1983) reported  th a t  s ince white  shrimp 
g e n e ra l ly  burrow in to  the  bottom at 
n ig h t ,  they may become more d i f f i c u l t  to  
catch. Bottom traw l catches at n igh t  
also might be lower when white  shrimp 
are a c t iv e ly  swimming in the  water 
column. Longshore currents  in f lu en ce  
movement p a tte rn s  along the southeast 
A t la n t ic  coast (Shipman 1983b).
Numerous rep or ts  from shrimpers
in d ica ted  th a t  w hite  shrimp sometimes 
school on the surface , p a r t i c u l a r l y  in  
l a te  f a l l  and e a r ly  w in te r  during t h e i r  
sou th erly  o ffshore  m igrations  (Susan 
Shipman, pers. comm.).

M igrat ion

White shrimp along the southeast  
A t l a n t ic  coast m igrate  southward 
during autumn and e a r ly  w in te r  and then  
northward in la te  w in te r  and e a r ly
spring (L indner and Cook 1970; McKenzie 
1981; Whitaker 1982; Shipman 1983b).  
More s p e c i f ic  m igrations reported  by 
Joyce (1965) showed a major s o u th er ly  
m igra tion  from North C aro l ina  to  Cape
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C anavera l,  F lo r id a ,  in f a l l  and a 
n o r th e r ly  m igra t ion  from the  Cape in 
s p r in g .  In Georgia, a mark and 
recap tu re  study revealed  th a t  96% of the  
shrimp recovered in the  w in te r  came from 
more so u th er ly  waters (Shipman 1983b).  
A w hite  shrimp tagged in October o f f  
North C aro l in a  was recaptured 576 km 
southward o f f  F lo r id a 's  east coast and 
one w hite  shrimp tagged in January o f f  
c e n tra l  F lo r id a  was recaptured 416 km to  
the  north o f f  South C aro l in a  (Anderson 
1966).  Whitaker (1981) suggested a 
c o r r e la t io n  between shrimp m ig ra t io n  and 
l a t i t u d e  w ith  a c t i v i t y  being g re a tes t  in  
th e  more southern areas. In northeast  
F lo r id a ,  white  shrimp 120 to  140 mm TL 
moved o ffs h o re  from August through A p r i l  
(Joyce 1965) .  D e ta i led  analyses of  
w hite  shrimp sampling from June 1962 -  
June 1963 by Joyce (1965) revealed  th a t  
w hite  shrimp caught o f f  Cape Canaveral,  
F lo r id a  had migrated from more northern  
nursery areas in  December and January,  
suggesting th a t  Cape Canaveral is  the  
southern l i m i t  of commercial white  
shrimping along F lo r id a 's  east coast.  
Southward movements of 10 to  20 km per 
day during f a l l  were suggested by Joyce
(1965) f o r  schooling w hite  shrimp along 
the  northeast F lo r id a  coast.  Movements 
of in d iv id u a l  shrimp tagged in  Georgia  
waters and recaptured o f f  F lo r id a  ranged 
from 1 .8  to  6 .9  n a u t ic a l  m iles  per day 
(Shipman 1983b). Offshore migrants make
up the va lu ab le  spring f is h e r y  fo r  adu lt  
females in Georgia, South C a ro l in a ,  and 
North C aro l in a  in years fo l lo w in g
r e l a t i v e l y  mild w in ters  (McKenzie 
1981).

White shrimp em igration  from 
e s tu a r ie s  is  governed la r g e ly  by body 
s iz e ,  age, and environmental cond it ions  
(Klima e t  a l .  1982; Shipman 1983b).
Low water temperatures (<18°C) and 
spring t id e s  at f u l l  moon s tim ulated
mass movements from South C aro l in a
e s tu a r ie s  (W hitaker 1982). During ebb 
t id e s ,  white  shrimp tend to  school and 
m igrate  near the  surface at n ight  
(Benson 1982). W illiam s (1958)
suggested th a t  muddy sub s tra te  is  not 
s tro n g ly  p re fe rre d  during em igration

from e s tu a r ie s  to  the  sea. Emigration  
was delayed in South C aro l in a  and 
Georgia when unusually low freshw ater  
in f lo w  caused high s a l i n i t i e s  (Shipman 
1983b). In South C a ro l in a ,  shrimp 
congregated in  the  deeper channels 
(s tag in g  areas) as water temperatures  
declined  to  about 9°C (McKenzie 1981).  
Recent s tud ies  showed th a t  w hite  shrimp 
movements o ffs h o re  in  f a l l  and w in te r  
are t r ig g e re d  by water temperature  
dec lines  in e s tu a r ie s  in the  south 
A t la n t ic  (Shipman 1983b), and Louisiana  
(White and Boudreaux 1977).  
P r e c ip i t a t io n ,  spring t id e s ,  and strong  
t i d a l  exchanges associated w ith  n o rth ­
e a s te r ly  storms also in f lu e n c e  the  
t im ing  and magnitude of em igration  from 
inshore waters (Shipman 1983b).

GROWTH

J uven ile  white  shrimp grow during
summer and f a l l ,  grow s lowly  over
w in te r ,  and then resume growth as water 
temperatures r is e  in the  e s tu ar ie s  
during A p r i l  and May. Spring growth is  
about equal to  the summer growth o f  
18 to  30 mm per month. S im i la r  growth 
ra tes  were c a lc u la te d  from mark-
recapture  s tudies  in Georgia from 19 78 
to  1981 (Shipman 1983b). The r a te  of
increase  in  weight is  r e l a t i v e l y  low 
among the small white shrimp, highest  
in  m id -s iz e s ,  and decreasing among the 
la rg e r  ones (Kutkuhn 1962).

Following two mysis stages and two 
p o s t la rv a l  stages, young w h ite  shrimp 7 
mm long e n te r  the  e s tu a r ie s  where t h e i r  
growth r a te  is  about 1 .2  mm per day 
(W il l iam s 1 965 ).  Ju v en ile  shrimp in the  
south A t la n t ic  grow 1 .0  to  2 .3  mm per 
day or 28 to  64 mm per month (McKenzie 
1981).

Young w hite  shrimp 13 to  68 mm long 
(mode 33 mm) f i r s t  appear in Georgia's  
upper creek and marsh areas in June; by 
July  the  mode increases to  43 mm and the  
range from 13 to  103 mm (H a r r is  1974).  
White shrimp in Georgia r iv e r s  and 
sounds are about 78 mm long in J u ly ,  108
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mm in August, 130 mm in September, and
146 mm in October. During w in te r  the  
length -frequency  mode dec lin es  when 
growth stops and the  la rg e r  shrimp
m igrate  southward o f fs h o re .  White
shrimp th a t  overwintered in inshore  
waters grew from a modal length of 118 
mm to  162 mm in  June ,’ 176 mm in August, 
and 180 mm in September. Modal lengths  
in  the  o ffsho re  population  were 143 mm 
in  March, 172 mm in  June, and 181 mm in  
August. The growth of tagged adu lt  
w hite  shrimp of both sexes up to  15 days
a f t e r  re lea s e  was g re a tes t  in summer at
0 .41  mm per day compared w ith  0 .1 4 ,  
0 .1 0 ,  and 0 .1 3  mm per day in f a l l ,  
w in te r ,  and s p r in g ,  r e s p e c t iv e ly  
(Shipman 1983b). Anderson (1966)
reported  th a t  w hite  shrimp were 80 mm 
long w ith in  2 months a f t e r  hatching in 
May, 110 mm by 3 months, 130 mm by 4 
months, 145 mm by 5 months, and 155 mm 
by 6 months (November). They grew
slowly  from November through March, but 
resumed growth in spr ing; 1 -y e a r -o ld  
spawners were 173 mm long in May.

Female shrimp grow f a s te r  and reach 
la rg e r  s izes  than males (E tzo ld  and
Christmas 1977). In northeast F lo r id a  
the  la rg e s t  female sampled by Joyce
(1965) was 192 mm long and the la rg e s t  
male was 175 mm long; most shrimp longer  
than 115 mm were fem ales. Anderson
(1966) reported females as long as 
19 7 mm in the Carolinas and males as 
long as 182 mm.

M o r t a l i t y

Few white  shrimp l iv e  as long as 
one year (Anderson 1966);  however, mark 
and recap tu re  s tud ies  showed th a t  a few 
l iv e d  as long as 27 months in 
M iss iss ip p i (E tzo ld  and Christmas 1977),  
more than 17 months in Georgia (Shipman 
1983b), and as long as 4 years (average  
18 months) in  Texas (Klima et a l .  1982).  
Because of the  u su a lly  short l i f e  span, 
the abundance o f  white  shrimp would be 
expected to  f lu c t u a t e  w ide ly  from year  
to  year but app aren tly  compensating 
fa c to rs  are  a t  work; e . g . ,  in 1977 a f t e r  
a massive w in te r  k i l l  in Georgia coastal

w aters , when the  numbers of spawning 
white  shrimp were reduced to  7% of
normal, subsequent recru itm en t  in to  the  
f is h e r y  was only 40% below normal (Music 
1979). For white  shrimp in the south 
A t l a n t ic  f i s h e r y ,  instantaneous  
m o r t a l i t y  ra te s  (McKenzie 1981) were 
0 .02  to  0 .25  ( f i s h i n g ) ,  0 .21  to  0 .56  
( n a t u r a l ) ,  and 0 .2 4  to  0 .8 0  ( t o t a l ) .  
Weekly m o r t a l i t i e s  ranged from 13 to
51%; the  lower ra te s  were nearer to  
r e a l i t y  fo r  both ju v e n i le s  and adults  
(McKenzie 1981).

Hurricanes cause major losses of  
white  shrimp in the G ulf  of Mexico. A 
hurricane  s t r ik in g  the  Louisiana coast  
in summer 1957 destroyed la rge  numbers 
of white  shrimp when s a l i n i t i e s
increased , cover and food supplies  were 
destroyed, d is p e rs a l and s trand ing  were 
excessive, and turbu lence  in e s tu a r ie s  
was high (Kutkuhn 1 96 2) .  Hurricane
C arla  caused a 61% drop in the  1961 
Louisiana catch of white  shrimp and 
Hurricane C am ille  caused an 88% drop in  
production in M iss is s ip p i  in August 1969 
(B a r r e t t  and G i l le s p ie  1 97 3 ) .  Sudden 
cold f ro n ts  and subsequent d ec lin es  in  
water temperatures have caused m o r t a l i t y  
and reduced recru itm en t of w h ite  shrimp 
in south A t la n t ic  shallow inshore  
w aters ;  two consecutive m ild  w in ters  
may be required  to support spring  
harvests  in  South Caro lina  (W hitaker  
1983a).

Diseases and Paras ites

The e f f e c t  of diseases and 
p a ra s ite s  on white  shrimp m o r t a l i t y  is  
not well known (B a r r e t t  and G i l le s p ie  
1973). A 99% loss of egg production was 
a t t r ib u te d  to  a m icrosporid ian  p a ra s ite  
in fe c t io n  of white  shrimp gonads (Gunter 
1 95 6) ,  yet the next y e a r 's  production  
was as high as th a t  o f the preceeding  
y e a r .  V ib r io  in fe c t io n  o f  male white  
shrimp prevented egg f e r t i l i z a t i o n  under 
la b o ra to ry  condit ions (M id d led itch  et  
a l .  1980). L i t e r a tu r e  reviews of  
diseases and p aras ite s  of penaeid shrimp 
show th a t  v iru s e s ,  b a c te r ia ,  fu n g i ,  
protozoa, helm inths, and nematodes o ften
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i n fe c t  shrimp (L indner and Cook 1970;  
Couch 1978; O vers tree t  1978). Diseases  
and p aras ite s  ranked a f t e r  predation  and 
p e r io d ic  physical catastrophes as 
l im i t i n g  fa c to rs  in nature  and a f t e r  
n u t r i t i o n  and reproduction requirements  
in  m a r ic u l tu re  (Couch 1978). Symbionts 
may be re la te d  to  shrimp k i l l s  during  
low oxygen condit ions  (O ve rs tre e t  1978).  
A p a r a s i t i c  cestode, P r o c h r is ta n e l la  
penaei, in fe c t in g  the hepatopancreas of 
adu lt  shrimp is  of some concern in the  
M iss is s ip p i  Sound; however, from an 
economic s tandpo in t ,  m icrosporid ian  
protozoans th a t  cause a "cotton"  
appearance in the  musculature of shrimp 
are the most th rea te n in g  (Christmas et  
a l .  1976). In Georgia in  1978-81 ,  
m icrosporid ian  p a ras ite s  were observed 
in 3.9% of 33,350 w hite  shrimp captured  
f o r  tag g in g . Lower recovery ra te s  of 
tags from in fe c te d  than from un in fected  
shrimp suggested higher m o r t a l i t y  among 
the  in fe c te d  shrimp (Shipman 1983b).  
Hutton e t  a l .  (1959) suggested th a t  
in fe c te d  shrimp may be more suscep tib le  
to  predation  and disease.

THE FISHERY

The c h a r a c te r is t ic s  o f the white  
shrimp f is h e r y  in the south A t la n t ic  - -  
in c lu d in g  processing, m arketing,  
economics, and s o c io lo g ic a l  aspects - -  
were reported by McKenzie (1 9 8 1 ) .  The 
shrimp in d u s tr ie s  along the  A t la n t ic  
coast of North C a ro l in a ,  South C a ro l in a ,  
Georgia, and F lo r id a  are based m ainly  on 
w h ite ,  brown, and pink shrimp. F l o r i ­
da's  f is h e ry  includes the rock shrimp 
( S icyonia  b r e v i r o s t r i s ) . White shrimp 
con tr ib u ted  58% o f  the t o t a l  1957-80  
catch in the  fou r  S ta te s .  The low was 
31%, fo l lo w in g  the severe w in te r  of 
1976-77, and the  high was 76% in  1973. 
White shrimp c o n tr ib u ted  an average of 
81% to  the catch along the  east coast of 
F lo r id a ,  and 78% o f the  t o t a l  catch in 
Georgia, 58% in  South C a ro l in a ,  and 6% 
in  North C a ro l in a .  The average annual 
w hite  shrimp landings in 1976-1980  
(m i l l io n s  of pounds, heads o f f )  were 
0 .16  fo r  North C a ro l in a ,  2 .47  fo r  South

C aro l in a ,  3 .41  fo r  Georgia, and 1 .63  
along the east coast of F lo r id a  
(McKenzie 1981).

The average annual white  shrimp
landings in 1976-80 were 13% below the  
average of the 1957-80 land ings . The
decrease was a t t r ib u te d  to  the severe  
w inters  of 1976-77 and 1977-78 . The
Georgia Department of Natural Resources 
(1983) reported a 34% drop in  1981 from 
the 1971-80 white shrimp land in gs . The 
drop was caused by unusually  low w in te r  
water temperatures in  1980-81. Annual 
catches in  Georgia and F lo r id a  have
been r e l a t i v e l y  s teady , averaging  
near 18% and 29%, r e s p e c t iv e ly ,  about 
the c o e f f ic ie n t  o f v a r ia t io n  fo r  
the 195 7-80 (24 -y ea r)  average; th is
average v ar ied  54% in South C aro l in a  and 
114% in North C aro l in a  (McKenzie 1981).  
In the  South A t l a n t i c ,  w hite  shrimp
landings (h e a d s -o f f )  in  1957-80 ranged 
from a low of 3 .2  m i l l io n  lb in 1977 to
a high of 12 .2  m i l l io n  lb in 1971.
Although f lu c tu a t io n s  in abundance are  
na tu ra l and are expected even when 
environmental fa c to rs  appear fav o rab le  
(McKenzie 1 981 ) ,  a l t e r a t io n  o f h a b ita ts  
by p o l lu t io n  or physical causes in  
numerous e s tu ar ie s  are becoming serious  
fa c to rs  in f lu e n c in g  shrimp production  
(E tzo ld  et a l . 1983).

White shrimp en te r  the  commercial 
f is h e r y  when the gravid  shrimp 
congregate o f f  the  c e n tra l  and southward 
coast of South C aro l in a  in A p r i l  or May 
and remain in the South C aro l in a  f is h e ry  
through June or e a r ly  J u ly .  In Georgia,  
the white  shrimp f is h e r y  season opens in 
June in t e r r i t o r i a l  o ffsho re  w aters.  
Juveniles  enter  the  coasta l f is h e r y  in 
August in South C aro l in a ,  Georgia, and 
northeast F lo r id a .  In North C a ro l in a ,  
they  are caught m ainly  in the  f a l l  in  
the  area from Southport to  Cape Fear.  
The f is h e r y  continues through mid- 
December in  South C aro l in a  and to  the  
end of December in Georgia and northern  
F lo r id a  (McKenzie 1981) .  Catches in  
nearshore waters of Georgia are lowest 
in June and peak in August and September 
(Music 1979). Catch per u n it  o f  e f f o r t
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was highest in northern Georgia 's
o ffsho re  waters in l a t e  summer and f a l l
and landings peaked in September and
October (Ga. Dep. Nat. Resour. Coastal 
Resources D i v . ,  Data Manage. Sect io n ,  
p ers . comm.). As water temperatures  
drop , w h ite  shrimp move southward and 
are caught in coastal waters o f  extreme  
southern Georgia in January (Music  
1979); however, some may be caught 
as la t e  as February depending on the  
date of c losure of t e r r i t o r i a l  waters  
(Susan Shipman, pers . comm.). Joyce
(1965) reported th a t  abundance peaked 
in  December and January in  northern  
F lo r id a  from S t .  Augustine to  Cape
C anavera l.

Most commercial shrimp catch is  
made w ith in  9 km of the coast (E tzo ld  
e t  a l .  1983) on t ra w la b le  bottoms w ith in  
the  11-m depth contour. The breadth  
o f  the Continental S h e lf  w ith in  the  
11-m ( 6 - fathom) contour is  g re a te s t
along the northern and cen tra l Georgia  
s h e l f ,  but is  narrower along the  
coast of northeast F lo r id a ,  South 
C a ro l in a ,  and North C a ro l in a .  About 99% 
o f  North C a ro l in a 's  white  shrimp catch  
was taken in  i t s  t e r r i t o r i a l  waters .  
For the  o ther s ta te s ,  the  percentages  
were 90% f o r  South C a ro l in a ,  85% fo r  
F lo r id a ,  and 59% f o r  Georgia. In 
Georgia, two 3 -y ea r  s tudies  (19 74 -7 7 ,  
19 78-81) o f monthly shrimp d is t r i b u t io n  
and abundance were made by using 30-n in  
t raw l samples to eva lu ate  shrimp 
a t  36 s ta t io n s  in e s tu a r ie s  and 
nearshore waters out to 4 . 8  km (Music 
19 79; Shipman 1983a). The catch  
o f  white  shrimp per hour averaged 
50 lb  and 32 lb in sounds (52% and 44% 
o f  t o t a l ) ,  44 lb  and 34 lb  in creeks  
(46% and 48% o f  the  t o t a l ) ,  and 1 .5  lb  
and 5 lb  in outs ide waters (2% and 7% of  
the  t o t a l ) .

Freshwater in f lo w  is  the  dominant 
fa c to r  in f lu e n c in g  abundance, d i s t r i b u ­
t i o n ,  and growth of w hite  shrimp 
(McKenzie 1981). During the drought and 
low freshw ater  in f lo w  in 1980, the  
shrimp moved f u r th e r  up e s tu a r ie s ,  which 
lengthened t h e i r  residency  the re  and

increased m o r t a l i t y .  The lower landings  
in 1980-81 were caused by low freshw ater  
in f lo w  and low w in te r  water  
tem peratures.

Since ju v e n i le  white shrimp l i v e  in 
coasta l wetlands, the  areas of such 
wetlands are useful measures of  
p o te n t ia l  abundance (Turner 1977). The 
areas o f  coasta l wetland are 79,826 ha 
in North C a ro l in a ,  204,146 ha in South 
C a ro l in a ,  192,508 ha in G eorgia, and 
47,631 ha in northeast F lo r id a  (McKenzie  
1981). None of the  fo u r  s ta te s  permit  
commercial t ra w l in g  in designated  
nursery areas. A p o s i t iv e  r e la t io n  
between the  1962 and 1963 f a l l  white  
shrimp commercial landings in F lo r id a  
with r e l a t i v e  abundance o f  July  inshore  
samples was reported  by Joyce (1 9 6 5 ) .  
Production estim ates of o ffshore  
harvests in Alabama and M is s is s ip p i also  
have shown a strong r e la t io n  to inshore  
abundance of ju v e n i le s  (S t .  Amant and 
Lindner 1966; Loesch 1976) .  Christmas 
and Etzold (1977) concluded th a t  
subsequent year recru itm en t  is  not a 
major con s idera t ion  in management 
because i t  is  la r g e ly  independent of the  
abundance of parent s tock; th e r e fo r e ,  
management would be aimed toward 
maximimum sustained y ie ld  from the  
curren t  y e a r 's  re c ru itm e n t .  In Georgia, 
the re  was l i t t l e  r e la t io n  between the  
s ize  of the  f a l l  white  shrimp landings  
and s a l i n i t y ,  abundance of ju v e n i le s  in 
August, and abundance of g ravid  shrimp 
in  the preceding spring (Shipman 1983a).

Sport and noncommercial b a i t  shrimp  
f i s h e r ie s  are  d i f f i c u l t  to  eva luate  
because not a l l  are licensed  (McKenzie 
1981). Recreational catch has been 
estimated to  equal 10% o f  the south 
A t l a n t ic  commercial catch (E tzo ld  e t  a l .  
1983). The most important data are from 
boat r e g is t r a t io n s .  In 1973, 44% o f  the  
16,780 re g is te re d  re c re a t io n a l  boat 
owners in 11 eastern  South C aro l ina  
counties  caught an estim ated t o t a l  of  
371 mt o f  shrimp. Of the  15,888  
shrimping c r a f t  owners licensed in  North 
C aro l in a  in 1978, 46% were sport
fishermen who caught as much as 3% o f

10



th e  commercial catch . In Georgia in 
1982-83 , th e re  were 1,479 b a i t  shrimping 
l ic e n s e s ,  76 commercial b a i t  l ic e n s e s ,  
and 1,959 commercial food shrimping 
l ic e n s e s .  In 1980-81 , 127 non­
commercial l icenses  were issued fo r  the  
S t. Johns R iv e r ,  F lo r id a  a llow ing  sport  
fishermen to  take  up to  50 lb per day of  
shrimp by t ra w l in g  in inshore waters  
only  on weekends and ho lidays .

Although shrimp are important b a i t  
f o r  sport f is h in g  in North and South 
C a ro l in a ,  the l i v e - b a i t  in d u stry  is  
r e l a t i v e l y  small (McKenzie 1981). In 
F lo r id a  the commercial b a i t  f is h e ry  
landed and sold 2 2 .3  m i l l io n  l i v e  shrimp 
annua lly  in 1972-80 (McKenzie 1981).

ECOLOGICAL RCILE

White shrimp convert d e t r i t u s ,  
p la n t  m a te r ia l ,  microorganisms, 
m a cro in ver teb ra tes , and f is h  parts  in to  
useful p ro te in  f o r  carn ivores  (e .g .  
oth er in v e r te b ra te s ,  f i s h ,  and man). 
N au p li i  subs is t on yolk granules u n t i l  
they reach the  protozoea I stage  
(McKenzie 1981) .  White shrimp la rva e  
feed on Zooplankton and phytoplankton;  
w hite  shrimp protozoea feed on green 
a lg a e ,  diatom s, or copepods (Dobkin 
1961). In a la b o ra to ry  t e s t ,  cu ltu red  
algae were fed to  protozoea and newly 
hatched br ine  shrimp up to the mysis 
stage (Cook and Murphy 1969). Early  
stages o f  white  shrimp la rva e  feed 
on plankton and suspended d e t r i t u s  
(Christmas and Etzo ld  19 77).

Juv en i le  and adu lt  white  shrimp are  
benth ic  omnivores; the  major d i f fe re n c e s  
in food s e le c t io n  are the  kinds and 
a v a i l a b i l i t y  of m a te r ia ls  s e lec ted .  
Juven ile  and adu lt  penaeids are benthic  
omnivores th a t  feed la r g e ly  at n ig h t ,  
except in tu r b id  waters (McKenzie 1981).  
Fecal p e l le t s  of f i s h  and in v e r te b ra te s  
can be an important food item of  
ju v e n i le  shrimp. Lindner and Cook 
(1970) noted th a t  w hite  shrimp were 
s e le c t iv e  p a r t ic u la te  fee d ers .  Major 
food reported  in th ree  s tud ies  were

d e t r i t u s ,  c h i t i n ,  parts  of annelids and 
gastropods, f is h  p a r ts ,  bryozoans, 
sponges, c o r a ls ,  f i la m e n ts  of a lgae, and 
vascu lar p lan t  stems and roots  
(Christmas and Etzo ld  1977). L ip ids
supplied by annelids in the  d ie t  were 
important fo r  ovarian  m aturation  
(M id d led itch  et a l .  1980) .

Cannibalism is  common among 
ju v e n i le  and adu lt  white  shrimp 
(P e re z -F a r fa n te  1 969 ) ,  but McKenzie 
(1981) suggested th a t  the  cannibalism  
reported  in the  l i t e r a t u r e  was re la te d  
to  crowding in aquaria . B o tt ino  e t  a l .  
(1980) found th a t  body f a t t y  acids in 
shrimp were in f luenced  by d i e t .  Food
conversion r a t io s  o f 1 .8  and 1 .9  ( i . e . ,  
1 .8  or 1 .9  lb  of food y ie ld  1 lb  of 
shrimp) were reported  fo r  w hite  shrimp 
fed in two marine ponds at Mar i farms, 
I n c . ,  Panama C i t y ,  F lo r id a  (Brown 1977). 
A ss im ila t io n  e f f ic ie n c y  in ju v e n i le  
w hite  shrimp may reach 80% to  85% f o r  a 
v a r ie t y  of p lan t  and animal m a te r ia ls  
(McKenzie 1981). White shrimp were an 
important food f o r  many marine and 
e s tu ar in e  f i s h  (Gunter 1956; 
P e re z -F a rfa n te  1969; Lindner and Cook 
1970; McKenzie 1981; Benson 1982).  
Larval and ju v e n i le  shrimp were
important food items fo r  13 of 21 
ju v e n i le  f is h  species captured from
seagrass beds in F lo r id a  e s tu a r ie s  o f  
the  Gulf of Mexico (Carr and Adams 
1973).

White shrimp are in v a lu a b le  in the  
food chains of coasta l w aters . They 
re cy c le  basic n u tr ie n ts  by feed ing  on 
organic m atter  and microorganisms in 
sediments (Odum 1971; Carr and Adams 
1973). Concentrations along the  
Louisiana coast are g re a tes t  where 
substrates  are high in organic content  
and where water temperatures and 
s a l i n i t i e s  are fa v o ra b le  (B a r r e t t  and 
G i l le s p ie  1973; Gaidry 1974). Kutkuhn
(1966) i l l u s t r a t e d  the  dependence of  
w hite  shrimp on the  e s tu ar in e  
environment. Juveniles  t o l e r a t e  lower 
s a l i n i t i e s  than do many other f i s h  and 
s h e l l f i s h ;  t h is  s a l i n i t y  to le ra n c e  
reduces com petition between shrimp and
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f is h  and may be as important as food 
supply f o r  the  growth and s u rv iv a l  o f  
these seasonal migrants (Hedgpeth 1963; 
Gunter 1967).

ENVIRONMENTAL REQUIREMENTS 

Temperature

Water temperature d i r e c t l y  or 
i n d i r e c t l y  in f luences  white  shrimp 
spawning, growth, h a b ita t  s e le c t io n ,  
osm oregulation, movement, m ig ra t io n ,  and 
m o r t a l i t y .  Spring water tem perature  
increases t r ig g e r  spawning, and rap id  
water temperature dec lin es  in f a l l  
portend the end of spawning (L indner and 
Anderson 1956). Growth is  f a s te s t  in 
summer and slow or n e g l ig ib le  in w in te r .  
Water temperatures below 20°C i n h ib i t  
growth of ju v e n i le  shrimp (E tzo ld  and 
Christmas 1977) and growth is  v i r t u a l l y  
n i l  at 16°C (S t .  Amant and Lindner
1966). Growth ra te s  increase r a p id ly  as 
temperatures increase above 20°C. 
Increased water ^temperature a f fe c ts  
m olting  r a te  (P e re z -F a r fa n te  1969).  
Good c o r r e la t io n  between h ea t in g -  
degree-days and c a t c h /e f f o r t  r a t i o  fo r  
penaeid shrimp was s im i la r  to  
c o r re la t io n s  of y ie ld -p e r -h e c ta r e  versus 
l a t i t u d e  (Turner 1977) .  Temperature and 
food supply l im i te d  the growth of w hite  
shrimp p o stla rvae  more than did s a l i n i t y  
d if fe re n c e s  between 2 and 35 ppt 
(Z e in -E ld in  1964).

Severe w in ters  in 1939-40 , 1966, 
1976-77 , and 1977-78 caused mass 
m o r t a l i t y  and reduced catches in the  
South A t la n t ic  white  shrimp f is h e r y  
(McKenzie 1981; Shipman 1983a; Whitaker  
1983a). The Georgia Department of  
Natural Resources (1983) reported  a 34% 
drop in w hite  shrimp landings in 1981 
and a 99% drop in 1981 spring catch of  
roe shrimp a f t e r  the  unusually  cold 
1980-81 w in te r .  White shrimp are more 
to le r a n t  o f high temperatures and less  
t o le r a n t  of low temperatures than e i th e r  
brown or pink shrimp (E tzo ld  and 
Christmas 1977). Among p o s t la rva e ,  
brown shrimp were more r e s is ta n t  than

white  shrimp to  h igher tem peratures.

White shrimp m o r t a l i t y  was reported  
at water temperatures of 8 ° C and lower 
(Joyce 1965). M o r t a l i t y  o f wh ite  shrimp 
is  t o t a l  at 3°C or lower, regard less  of 
s a l i n i t y .  White shrimp s u rv iv a l  at low 
temperatures depends on ambient 
tem perature , the  r a te  o f temperature  
d e c l in e ,  the  du ra t io n  of low 
temperatures and s a l i n i t y  (Joyce 1965).  
The impact of low water tem perature and 
low s a l i n i t y  on white  shrimp was 
discussed by Music (1979) and Shipman 
(19 83 a ) .  Adult w h ite  shrimp (> 90 mm 
long) may be more su s ce p tib le  than 
ju v e n i le s  to  cold temperatures (W hitaker  
1983a). Wiesepape (1975) found the  
24-h LC(-n (tem perature  causing 50% 
m o r t a l i t y  in 24 h) to be 36° and 3 7°C 
fo r  w h ite  shrimp acclim ated at 29° and 
34°C, r e s p e c t iv e ly .  Postlarvae  and 
30-mm long ju v e n i le s  have s im i la r  but 
higher re s is ta n c e  times than 50-mm 
ju v e n i le s .

S a l i n i t y

Adult w h ite  shrimp spawn o ffshore  
where s a l i n i t i e s  are at le a s t  27 ppt.  
The la rva e  move shoreward and become 
second-stage postlarvae  as they e n te r  
e s tu a r ie s  on f lo o d  t id e s .  Juven ile  
w hite  shrimp moved 160 km upstream in to  
water of less than 1 .0 -p p t  s a l i n i t y  
waters in the  S t. Johns R iv e r ,  F lo r id a  
(Joyce 1965). Juven ile  w h ite  shrimp 
have even been recovered from Lake 
Monroe Power S ta tio n  f i l t e r  screens 
located  270 km from the mouth of the S t .  
Johns R iver — e s p e c ia l ly  when low 
r a i n f a l l  and low r i v e r  stages caused 
reverse  t i d a l  f lo w  (Edwin Joyce, 
pers . comm., February 1984) .  The high 
calcium ion concentrations  in the 
S t .  Johns River may e xp la in  the 
r e l a t i v e  ease w ith  which marine species  
e n te r  and remain in low s a l i n i t y  waters  
(Joyce 1965). The lowest s a l i n i t y  in  
which white  shrimp were recorded in the  
northern G ulf  of Mexico was 0 .42  ppt 
(P e re z -F a r fa n te  1969). Although f i e l d  
stud ies  in d ic a te  th a t  ju v e n i le  w hite  
shrimp p re fe r  low s a l i n i t i e s ,  la b o ra to ry
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stud ies  have revealed  th a t  white  shrimp 
appear to  t o l e r a t e  a wide range of  
s a l i n i t i e s ;  they have been successfu lly  
reared at s a l i n i t i e s  o f  18 to  34 ppt 
(P e re z -F a r fa n te  1969). McKenzie (1981)  
c i te d  several s tudies  in  which fa s t  
growth was reported  fo r  w hite  shrimp at 
s a l i n i t i e s  o f 7 to  15 ppt.

White shrimp in Georgia move toward 
higher s a l i n i t y  waters as sexual 
development progresses, and most spawn 
o ffs h o re  in the  sea (H a r r is  1974).

Temperature -  S a l i n i t y  In te ra c t io n s

T e m p e ra tu re -s a l in i ty  to le ra n ce  
ranges fo r  white  shrimp vary at 
d i f f e r e n t  l i f e  s tages, but the  
in te r a c t io n s  are more pronounced at the  
extremes o f  to le ra n c e .  For example, 
Couch (1978) reported  th a t  broken-back  
syndrome (dorsa l separation  of t h i r d  and 
fo u r th  p le u ra l  p la te s  on abdominal) 
appears a f t e r  sudden drops in s a l i n i t y  
(from 15 ppt to  3 ppt) in  cold water 
( 8 ° C ) .  The c r i t i c a l  thermal maxima fo r  
w hite  shrimp are in fluenced  la r g e ly  by 
acc lim a tion  tem peratures, and to  a 
le ss er  ex ten t by s a l i n i t y  and s ize  of  
t e s t  animal (Laney 1973). Freshwater 
in f lo w  may a f fe c t  coastal water 
tem peratures, which in turn  a f fe c t  the  
growth ra te s  (White and Boudreaux 1977) 
and m ig ra t io n  o f  white  shrimp (Shipman 
1983b). Spring spawning of w hite  shrimp 
coincides w ith  a rap id  r i s e  in bottom 
water temperatures in high s a l i n i t y  
o ffsho re  waters (McKenzie 1981).

Substrate

White shrimp p re fe r  sha llow ,  
muddy-bottom s u b s tra te .  Landings o f  
shrimp along the Louisiana coast were 
highest in areas where substrates  were 
h ig h ly  organic (B a r r e t t  and G i l le s p ie  
1973; Gaidry 1974). A r e l a t i v e  higher  
l in e a r  c o r r e la t io n  ( r2 = 0 .69 )  between 
i n t e r t id a l  land area and average annual 
shrimp catch along L o u is ian a 's  inshore  
regions was reported  by Turner (1 9 7 7 ) .  
The r e la t io n  between inshore catches and 
hectares of vegetated e s tu a r in e  h a b ita t

in the northeastern  Gulf o f Mexico 
(Tampa Bay, F lo r id a ,  to  Mobile  Bay and 
Perdido Bay, Alabama) also showed a 
strong c o r r e la t io n  (R¿ = 0 .6 4 ) .  A
d i r e c t  r e la t io n s h ip  between commercial 
shrimp landings and i n t e r t i d a l  vegetated  
areas and degrees la t i t u d e  was reported  
by Turner (1 9 7 7 ) .  The annual landings  
(kg /ha )  in  1955-64 were 19.7  in  North 
C aro l in a ,  7 .9  in  South C a ro l in a ,  13 in  
Georgia, and 22 .4  in east F lo r id a .  
White shrimp undoubtedly composed most 
of the landings except in North 
C a ro l in a .  Southward f a l l  m igra tion  
probably account fo r  the  high landings  
from F lo r id a  w aters . The area o f  
nearshore s o f t  sediments c o r r e la te  well 
with  white  and brown shrimp d is t r ib u t io n  
from Pamlico Sound, North C aro l in a  to  
northern F lo r id a  (McKenzie 1981).

Temporal and s p a t ia l  s h i f t s  by 
brown, w h ite ,  and pink shrimp help  
reduce d i r e c t  in t e r s p e c i f i c  com petition  
e s p e c ia l ly  fo r  c e r ta in  substra te  (Lassuy
1983). White shrimp burrow less deeply  
in to  muddy substrates  and are more 
a c t iv e  in d a y l ig h t  than are brown or 
pink shrimp. Staggered seasonal
recru itm ent o f  brown and w hite  shrimp 
in to  south A t la n t ic  e s tu a r ie s  would 
reduce com petition (Baisden 1983).

Other Environmental Considerations

The loss of nursery grounds has 
been considered the  major th r e a t  to  the  
white shrimp f is h e r y  in the  Gulf of  
Mexico because th a t  is  where shrimp are  
most vu lnerab le  to  h a b i ta t  d is turbance  
(Gunter 1956). Studies in F lo r id a ,  
Louis iana, and Texas id e n t i f i e d  
l a n d f i l l ,  dredging, and impoundments as 
major detrim ents  to  shrimp production  
(Christmas and Etzo ld  1977; Etzold et  
a l .  1983). Because of the  loss of r ic h  
organic  m a te r ia l  along bulkheads, shrimp 
abundance the re  was reduced to  about 1 /8  
th a t  of nearby una lte red  shore lines  
(Mock 1967). About 18,171 ha of  
wetlands, 3.5% o f the t o t a l ,  were lo s t  
from the South A t la n t ic  coast between 
1954 and 1968 (McKenzie 1981). Manmade
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canals in Louisiana e s tu a r ie s  have 
increased s a l i n i t y  and adversely  
a ffe c te d  w hite  shrimp s u rv iv a l  and 
growth (B ig lane  and LaFleur 1968).  
Increased s a l i n i t i e s  have favored brown 
shrimp over white  shrimp in the  
c e n tra l -n o r th e rn  Gulf of Mexico 
(Christmas and Etzold 1977). The 
e f fe c ts  of p es t ic id e s  and p o l lu t io n  on 
shrimp h a b ita t  along the  g u lf  coast are  
also o f concern (B ig lane  and LaFleur  
1968; Christmas and Etzo ld  1977).  
Several examples of w hite  shrimp losses  
to  p es t ic id e s  along the South C aro l in a  
coast were given by McKenzie (1981) and

the  t o x i c i t i e s  and b io lo g ic a l  e f f e c ts  of 
p e s t ic id e s ,  heavy m eta ls , petroleum  
products, and chemotherapeutic chemicals 
were given by Couch (1 9 7 8 ) .  Trawl 
catches of w hite  shrimp dropped below 
seasonal averages when dissolved oxygen 
was below 3 .0  mg/1 in a l te r e d ,  eutroph ic  
canals associated w ith  housing 
developments in West Bay, Texas (T ren t  
e t  a l .  1976). M ain ta in ing  s u i ta b le  
nursery grounds u l t im a te ly  may decide  
the  fu tu re  of the shrimp resources of  
the  g u lf  coast (Christmas and Etzo ld  
1977) and south A t l a n t ic  (McKenzie 1981; 
Etzold  e t  a l .  1983).
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