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A mathematical model capable of 
explaining and predicting changes in 
shrimp catch is one of the objectives 
of research at the Galveston Laboratory. 

Gulf of Mexico Shrimp Resource Research 

CHARLES W. CAILLOUET, JR ., and KENNETH N. BAXTER 

ABSTRACT 

Th is paper describes shrimp resource research presently being conducted by the 
Gah'eston LaboratolT of the Nat ional Ivl arine Fisheries Sen'ice Gulf Coastal Fish­
eries Center. Discussed are plans fo r del'elopment of a mathematical model capable 
of explaining and predicling changes in shrimp catch, and on-going mark-reCa fJlUre 
experiments, predictioll of catch, stock identification studies, and study Ol~p(/l\'ning 
grounds. Trends in Texas and Louisiana broll'n and lI'hite shrimp catches and catch 
rates are presented. 

INTRODUCTION 

Shrimp re o urces of th e G ul f of Mex­
ico a re th e most valuable fishe ry re­
so urces o f th e U nited States. In 1972, 
G ulf coa ta l wate rs of the U.S . yielded 
144 millio n po unds of shrimp (heads-off) 
with a doc kside value of 5165 millio n. 
The G ulf shrim p fi she ri es continue to 
ex pand , and improved ma nagement 
techn iques will be req uired to assure 
pe rpe tua tio n o f the reso urces and to 
avoid overex ploitation. 

This pa pe r desc r ibes shrimp reso urce 
researc h presently be ing conducted by 
the Ga lvesto n Laboratory of the MFS 
G ulf Coa tal F isheries Cente r. T he 
main o bjec tive o f this research is to de­
ve lop a ma th emat ical mode l capable of 
ex pla ining and predic ting cha nges in 
shrimp ca tch. A systems ana lysi ap­
proac h (W all , 1966, 1968: Patte n, 1971) 
i be ing u ed to deve lop the model. 

uch a mode l wo uld be o f considerable 
use in guid ing ma nage ment dec i ion. 
Tho ugh th e re earc h is concerned ~ ith 
brown hrim p (PenaeLis a::tecus I. whi te 
shrimp (P. eri(erusl. pink shrimp (P. 

duorarul17), and other commercial Pe­
nae idae in the Gulf of Mexico, it is con­
centrated initially on brown and white 
shrimp in Texas and Louisiana. 

LIFE CYCLE, ENVIRONM ENT, 
AND FISHERIES 

The shrimp li fe cycle and it inter­
acti ons with env ironmental variation 
and shrimp fisheries represent a contin­
uo u a nd highly dynamic system that 
varies in time and space. For the most 
part shrimp resources are renewable 
annually. Shrimp are short-lived ani­
mals with a life cycle consisting of 
oceanic and estuarine phase (Figure II. 
Marked fluctuations in the size of shrimp 
populations can probably be induced by 
yearly differences in spawning success 
and survival of young which depend to 
a large extent on biological and phys­
ical environmental conditions. 

In addition to being \ ulnerable to 
natural mortality at all stages of their 
life cycle. shrimp begin to enter the 
catch as juveniles. and they are hea\ily 
e\ploited thereafter by inshore and off-
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shore fishene~ \\ hich are majllr Cllm­
petitors for shares llf each ~hrimp Cfl1P 

(Figure 21. The degree tll \\hlch catch 
from a given shrimp crop I~ mfluenced 
by allocation bet\\een these and lHher 
users (dome tic sport fishermen and 
foreign vesse l ) i un\..no\\ n. Further­
more. a varying proportion of the catch 
of mall shrimp bJ the offshore flsher~ 
is wasted by being discarded at sea llr m 
port for lega\, economic. and other 
reasons. 

RESEARCH IN PROGRESS 

Gulf Coast Shrimp Data 

As an initia l tep toward development 
of the mode \, \\e have begun prepara­
tion of the Gu lf oast Shrimp Data 
(from Di\ is ion of tatistics. NMFS) for 
computer proce,sing. Published month ­
ly summaries of catch (by species. size 
class. area. and depth) and fishmg ef­
fort (trips and days. by area and depth) 
for the year 1956-1972, are being trans­
ferred to punched cards. Kut\..uhn 
(1962) has described many of the limi­
tat ions of these data. 

Mark-Recapture Exper iments 

A mar\"-recapture method using 
short-term sequential sampling IS hem!! 
tested to estimate population Site. fish­
ing mortalit J . other Imses (natural mor­
tality. emigration. mar\..mg mortality I, 
and immigration of shrimp m tidal 
marsh ponds. It is anticipated that this 
or similar methods eventually \\111 he 
tested in large areas \,here commerCial 
and recreational shnmp trH\\lmg occurs. 
Such methods depend upon a decrease 
in the populal1on of mar\..ed and un­
mar\..ed animals caused h) rl~hlllg dur­
ing the course ll[ the cxpcnment. 

Charles W. Caillouet, Jr .. joined 
the staff of the "'IF Gulf Coa~t­
al F i sh e rie~ Center, GaJ\e\ton 
Laboraton, in 1972. Kenneth 
Ba:\ter, aiso a member of the 
Galveston \taff, ha~ conducted 
research on \ ariou~ life hhton 
stages of shrimp for t.:; ,\ean. Th[, 
paper is ontribution \0. ~6';; 
fro m the "'IF Gull Coa\taJ 
Fisheries Center, ahe\(on lab­
orator~, Gaheston. Te:\,. ~~';;51J. 
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Figure 1 - Lile cycle 0 1 shrimp (P n us spp ) 
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Figure 2. - Relationships among components 01 the life cycle 01 shrimp (Penaeus spp .) and com­

pone nts of the Inshore and offshore shrImp fisher ies. 

Prediction of Catch 

Indices of abundance of postlarval 
and juvenile shrimp have been used for 
more than a decade as predictors of 
shrimp catch (Berry and Baxter, 1969). 
Sampling of postlarval and juvenile 

shrimp in Gaheston Ba) I ~ continUing 
for this purpose. T he juveni le inde\ 
(catc h of brown bait shrimp hour) for 
Galveston Bay ha been an e peciall) 
good pred icto r o f o ffshore catc h of 
brown shrimp in T exas waters (T ab le 
1, Equation I ). Off hore and inshore 
annual catches are also correlated . 

22 

fil)(l: Il chl:<; III 

IIld ",lllie 

I 

C pl:ctcd III o':l;ur In re ("nl 
\\ oulo t c ph) \ pb!ll..l >n DI.Hom hd\~ 

hCcn ,hl)\\ n III \.·ontaln ItptO' \ hl\.h arc 
1 \Imil,Jlt:u rapldl) h) hrtmr ( ondrc). 
(J\)\\t:llnl.., u11l1 Bcnnett . 14~2) _ 

RC\C;lrch pl:.in indudc loentllicalilln 
llf IlplO' III ,homp 0\ .lrit: and III Ihe 
rcccnt , .... dlmcnt\ un Ihc llfhh 1fC "pa\\ n­
IIlg gwunds. \ arian lipid l.)f pink 
\hrlmp hu\ e ulreaJ) been identified 
I \\ "ham Gchong. ni\ef It) )f :-'Ilami. 
FI ) rlda. per onal cl)mmunicutionl. und 
our anal) e arc heing Cl)nJucted L)n 
hrl.mn and "hlte \hrimp. !age of o\ar­
ian de\elopment III am pies of bro\\ n 
and \\ hite hrimp is al 0 being deter­
mined, 

Stock Identification 

To determine \\ het her or not sep­
arate stocks of a pecie can be identi­
fied by zone electrophore is o f protein 
ex trac t . variou ti ue from bro\\ n 
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Figure 3.-Changes in annual catch (millions 
of pounds, heads-off) of brown shrimp (solid 
line) and white shrimp (dashed line) in Texas 
and Louisiana (Mississippi River to Texas). 
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Figure 4 . -Changes in annual fishing effort 
(thousands of trips , solid line) and annual num­
ber of days per trip (dashed l ine) in Texas and 
Louis iana (Mississippi River to Tex as). (Note: 
Thousands of trips x days per trip = thousands 
of days, to estimate annual f ishing effort in 
terms of days of fish ing.) 

and white shrimp are being tested . 
Trace metal compos ition of shrimp t is­
sues is being determi 'ned also, because 
it might prov ide a means for identify­
ing the es tuarine o rigin of partic ul ar 
offsho re shrimp po pulat ions. 

Texas and Louisiana Trends 
Based upo n annual summ ari es of G ul f 

Coast Shrimp Data, there have been 
appare nt trends of inc rease in total 
catch (Figure 3) o f brown and white 

Table 1 . - Least squares regression relationships between offshore and inshore catches of brow n 
and white shrimp in Texas and Louisiana (Mississippi River to Texa s) ' 

Equ at io n 
N o . 

Def in llion and Ra nge o f Variables 
Y and X 

Leasl Squares Regression 
EQual lon and Correlation 

Coefficient. r 

2 

3 

Y Annu a l O ffsh o re Catch (po unds , heads-off ) of brown 
shrim p in T exas (ran ge : 15,345 .700-48.526 .900) 

X A verage W eekly Catch (po unds, h eads-on) per hour of 
b rown (bait) shrimp in Ga lveston Bay. Texas (based upon 
th e pe riod A p r il 25-J une 12 each year) (range: 18-91 ) 

Y A nn ual O f fs hore Ca tch (pounds. heads-off) of brown 
shrimp in Texas (range. 15.345700-48.526 .900) 

X A nnu a l Insh o re Ca tc h (po u nds. heads-off) o f brown shrimp 
in Texas (range: 9.700-1 .853.500) 

Y An n u al Offshore Ca tch (pou nds . heads-off) of brown 
s h rimp in Louisian a (ran ge: 2 .1 29.900-1 7 ,659.500) 

X A nn ual Inshore Ca tc h (pounds, heads-off) of b rown shrimp 
in Louisiana (range: 2.793,600-16 .073,900) 

Y=9.959.700 + 356.200X 
r=0. 85 

Y=23 .593.700 + 3 6231 X 
r=0 .28 

V - 2.767,500 + 0 8136X 
r - O 73 

4 Y A nn u al O ffshore Catc h (pounds. heads-of f) o f w hite Y = 1 ,636.500 + o 6576X 
shrimp in Texas (range: 405,600-6,479.800) r=0 .58 

X Annual Inshore Catch (pounds . heads-off) of white sh rimp 
in Texas (range. 782.200-6.072,300) 

5 Y Annual Offshore Catch (pounds. heads-off) of whi te V= 3,446 .300 + 1 4105X 
sh rimp In Louisiana (range: 3 ,823.800-20.601,900) r= 0 .86 

X Annual Inshore Catch (pounds , heads-off) of white shrimp 
In Louisiana (range ' 1.748.500-13.793.600) 

, Equation 1 is based upon data from 1960 to 1972, and all other equations are cased upon data 
from 1956 to 1971 

Figure 5.-Changes in annual catc h pe r d ay 
(dashed line) and annual c atch per t r ip (solid 
line) for brown shrimp in Texas and Louisia na 
(Mississippi River to Texas) . Catch rates are 
expressed in hundreds of pou nds, he ads-off. 

shrim p and in fis hing effort (F igure 4) 
in both Texas and Louisiana. T he av­
erage duratio n of a shrimpi ng tri p in 
Lo uisiana was near 1 day , and th is re­
fl ected the preponderance of insho re 
fi shing in that state. T he increase in 
average d uratio n of a shrimping tr ip in 
Texas refl ected the increase in offshore 
fi shing (Figure 4) . 

Apart from observed flu ctuations in 
catch per trip fo r brown and whi te 
shrimp in Texas and Lo uisiana there 
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F igure G.-Changes in annual catch per day 
(d ashed line) and annual c atch per trip (solid 
line) for white shrimp in Texas and Louisiana 
(Miss issippi River to Texas). Catch rates are 
expressed in hund red s o f pounds, heads-off . 

seems to have been no pro no unced 
trend (Fig ures 5 and 6), and the same is 
suggested for catch per day fo r white 
shrimp in Texas and Louisiana and for 
brown shrimp in Louisiana. However, 
there has been an apparent dec rease 
in catch per day for brown shrimp in 
Texas (F igure 5). These apparent trends 
do not take into account the kn own in­
creases in size and efficiency of shrimp 
trawlers over the years covered by these 
data, nor have they been corrected for 
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A new device permits the sampling 
of postlarval shrimp In the passes 
In which the main volume of tidal flow occurs 

An Automatic Pumping Device for 

Sampling Postlarval Shrimp (Penaeus spp.) 

FRANK MAR ULLO 

ABSTRACT 

Del-cnbed 1.1 a/l 1I1110l17alic \(1/1I{'fi/f~ (It I/(<' IIIC" 10 ((l,t. CI (/11£1 I'/(~ ( I I e po I· 
lan'al shrimp (Penaeus .IPI',), AI II/ilL cll/llen'ol(, <'til< tiler H {'IIIIII'<''' l/rrllll~1r 0/­
fecting nets Ir/l/ch rewill .lCIl1Iplel ol'll-":Ollilll/l ill( IlIdlll~ I/rUIIl!, \ 1Illl.\I11llllli 01 1-' 
wmples call be collected in ].J h()ul'I , Faeh \llll/I'/t II I'rL en cd 11lIlIIt'tiruleh III 

}O percenl Formalin, These I tI III!, Ie I /11,/) he It'II/{JI'ud 111)( e tI/1 I e"c/r ::.J /r()lIr 01 

operalion, or they may be lIcclIlIllilalecl lI'ilh lilllilar \(I11I1'1L' 010'1' ,I 11111"£',. {'eno" 
o/,lil1le, Comparison is made helween ('utch!!1 lI'ilh Ihe <1lI1()1Il<lIic "el'lce tllld thll e 
made with Ihe Renfro beam I/ll-/. 

INTR ODUCTION 

In the early 1960's, stud ies were InI· 
ti ated to investigate the possibil i ty of 
predicting brown shrimp (Penaeus 

a:'lecllS h es) commerCial l a nuln g~ from 
indices o f abund ance o f postl an .I I 
shrimp co llec ted uUrlng Ih elr mm e· 
ment into Gulf coastal ba) ~ I Ba\ler , 
196Jl. A similar approac h has bee n 
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II n I ollen IIn1C· 

ullllI. ull, 
T h~ pr~ ent p.lpcr d~ 'not: n aut 

01,1[11.' .lmphn.: Je\l~c [h~t \\a Je· 
I,;ncd Il .dle\ IJle the,,,, pr blem . 

Thl\ ,,1m pier h I been Ie [eu ncar 
;!h e Ion B,I~, e.l, fl r e\ lenJ",J 

pai d, ,l nJ h,1 Pn) \ en I be atl Ltv 

ll>r) f\>r Ihe clllkclIl)n l) f mJII, J"' l rH U -
frec , ampk, fr l>m the mam tlJ .ll tlt)\\ .II 
frequenl inlcn al , 

DESCRIPTION OF GEAR 
The aut matlc ampler con I t o f a 

pump, a die el engine, an electronic 
control panel. nd a turntable equipped 
~ Ith a erie of net for coUectlng, pre· 
en ing, and tOrlng ample, ' umber 


