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ABSTRACT

In order to establish growth and migration patterns, approximately 45,000
shrimp were tagged and released between 1935 and 1939, in separate areas of
the coast from North Carolina to Mexico. Of the shrimp released, more than
7,000 were recaptured, having been at liberty up to 200 days.

Ta.gged shrimp grow rapidly from March through September, but growth
almost ceases from October through February. At the growth rate inferred
from an analysis of "the short-term increments of the shrimp recaptured, they
grow from 10 em. in length in April to 16 em. in July, and to 19 em. by November
of a single year. Or, if they are 10 em. long in July, they measure 16 em. by
November.

Tagged shrimp released along the south Atlantic coast in the fall were re­
covered consistently to the south of the area of release; those released in early
spring tended to be retaken to the north. Large shrimp, those longer than 13
em., moved more exten:>ively than did the smaller ones.

Gulf-coast releases demonstrated no consistent migration pattern, other than
the movement from inside waters to outside oceanic areas. The movement to
outside waters was discovered at all a·reas of release, and pertains largely to
small 8hrimp. Few large shrimp were found in inside waters.

Although the eggs and larvae of the white shrimp have rarely been taken, the
location of females with ripe ovaries leads one to infer that spawning takes place
offshore. Ripe fem~les were obtained in most areas from April through August,
but there may be separate populations spawning in different months.

On the basis of size distribution, both of commercially caught shrimp and of
those taken by research vessels, at least two separate groups of young shrimp
move from inside to outside waters each year. One group enters the offshore
areas in June, the other in August or September. The latter group was prob­
ably spawned in the spring of the same year; the former, in the summer of the
previous year.
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GROWTH, MIGRATIONS, SPAWNING, ANp SIZE DISTRIBUTION OF
SHRIMP, PENAEUS SETIFERUS

By Milton J. Lindner, Technical Adviser, Fishery Mission to Mesico, and William W. Anderson,
Fishery Research Biologist

A steady increase in the prod.uction of shrimp
along the Atlantic and Gulf coasts of the United
States had by 1930 made canned shrimp the most
valuable fishery product in the region. At that
time, anxiety about the future of the expanding
industry resulted in many requests for a biological
study of the heavily exploited shrimp resources.

In February" 1931 an investigation was initiated
when F. W. Weymouth and M. J. Lindner visited
the chief shrimp ports to make a "brief survey of
the fishery and to an'a,fige the details of cooperation
offered by the various ~tates in which shrimping
was carried on. As this fishery extends over more
than 3,000 miles of coastline, it was necessary to
have the cooperation of several States in order to
obtain as complete information as possible with
the limited funds available. Georgia, Louisiana,
and Texas entered into the joint program and con­
tributed in various ways. Headquarters were
established at New Orleans, while various parts of
the investigations were pursued at a number of
places between Beaufort, N. C., anel Port Aransas,
Tex.

Although three species. of shrimp occur in the
fishery through most of its range from North Car­
olina to the Mexican border, the major effort was
directed toward learning the life history of the

. common white shrimp of the United States,
Penaeus setiferus (Linn.). This species was at that
time by far the most important, and comprised
more t,han 95 percent of the commercial catch.

The approach to the problem was as diversified
as funds and facilities permitted and included
investigations of the life history, including spawn­
ing, embryology and larval history, postlarval
growth, longevity, and migrations; abundance
analyses; biometrical studies with respect to racial
determinations; and the effect of fishing, in relation
to gear, localities, and time, on the composition of

the catch. Experimental trawling provided data
to supplement those gathered from the commercial
catch. Temperature and salinity data were ac­
cumulated as a basis for interpreting shrimp be­
havior in relation to hydrographic factors; and
certain life-history details and behavior patterns
were checked under laboratory conditions.

In December 1934, experiments wer.:>. initiated on
the use of tags for marking shrimp. Experiments
on shrimp retaineel in pens showed that the
celluloid-disk type of tag affixed to the first ab­
dominal somite of the shrimp was probably the
best method, as it apparently interfered less with
movements and molting and was retained better
than other devices. During the latter part of
1935 this method of tagging was first used in the
field and resulted in recoveries of almost 25 per­
cent. This new method provided much needed
direct evidence on growth and migrations, and the
tagging program was continued with marked suc­
cess until curtailed by WorId War II. Much of
the material in this report is based on results
produced by this technique.

Throughout the years in which we made this
study of shrimp we had many colleagues and as­
sociates, who contributed in one way or another
to this report. Among these were C. Howard

-Baltzo, Albert W. Collier, Jr., Forrest Durand, the
late J. Nelson Gowanloch, Gordon Gunter, J. S.
Gutsell, Joseph E. King, C. W. McPhail, Kenneth
H. Mosher, John C. Pearson, and F. W. Wey­
mouth. We appreciate their help, and we appre­
ciate also the analytical assistance of George A.
Rounsefell and the help given by the conservation
agencies of the various States, particularly Geor­
gia, Louisiana, ~nd Texas. We are indebted to
Martin D. Burkenroad, Theodore M. Widrig, and
Rolf L. Bolin for critical review of the manu­
script.
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GROWTH

ThGGI G

W obt incd our growth data from shl'imp
tagged in various areas from orth arolina to
T xa. Thu our re ult mbrarc th ntir
fi b ry.

The tag u ed con i t d of two mall clluloid
di and a ni k I pin (fig. 1). Th eli ks, on
whit and th 0 her r d, wer p rforat d in the
enter. The white disks w r numb r d on­
se utiv ly, and th I' d on bor ill tru tions for
r turning th hrimp. The di ks WNP f opaqu
elluloid, t n on -thousandths of an in h thik,

prot tpd by a lay r of tran pal' nt celluloid flv
on -thousand ths of an in h thick. Most disk
used wer till' e-eighths of an inc~h in eliam t r,
although some of t.h smaller shrimp wprc tagg el
with disks five- ixteenths of an inch in eliam tel'.
Tb pins w r of pur nick I wir. A pin, with a
white, numhered eli k mount d, wa hru through
th id of th first abdominal. omitC' ab ut mid­
way b tw' n th dorsal and v ntraI urfare j

a red eli k was slipp dover th nel of th . pin pro­
truding from tb ther i I of the shrimp, and a

10 p wa mad ill the pill with nrgi al f r p t
prev('n t th disk fr m .lipping ofT. Approximo.t Iy
X-in h to X-inc'h play wns I fL hI w n tb sid

Fro RI': 2.- ta/o{ged spccirn('l1 of t.he com mOil or whitf' hrirnp of till' t nil 'd Hlatl' I PCIlClClIl1 3 tifcntll.
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FIt ll' 3, Tap,ginp; shrimp a\

of t!tr hl'illlp I1J1(I rn,('!t eli k t nil w f r gor , th,
Ttl<' pin tr v'r, Id t1w aninu I lhl' ugh mu e1
tis ue oni , n,nd 110 it,oJ rgfUls WI'T' ]Wn0t l' t<,d
(fig,2),

N<,V(ll'O.l In IhodR of ('I\pturing, hrimp I ,'tagog-ill ~

W('I' ll'j eI, AU0h itR Il'l1ppillg lllll! pilling, lind W('!'P

di ('{It'd d b '(' U8 \ tft('~ l"('q\liJ'(' I to mil h liOl( for
th numl ('I' of Rhrimp oblninrcl, 'I'h(' (' mm('l'l'inJ
alll'imp tn wi, hnulpd slow], r I' u. h l't liml' (J;) I

20 minUle ), II' vid '<I nilllll.l ill, um('i nIl.\' g d
(' ndilion for logging, llnd lhiH gNU ~ II U NI
"dusi I'Jy,

oel <'Il or mell J 1ubH , ('1'(' ud'd for hold ing
shrimp abollrd tbl' VI', pI. III uddition, l\ l'Olli('ul
ll(lt ab ut 3 f(, 'I ill e1itlm IH Ilnel R f(,pl ill J(,llgth
Wl1H ,u8jwnd 'd 0 ('/'bolu'd for holding ,IlI'phh

hrimp not n('eonUI) >dult'd by l!lt' tub" Th' Ii
shrimp, itA. Oon us tit ',\' ('1'1 hOlll('<1 ulloa rd, , ('1'('

<,pllI'lll d from lhl' £i It d<'od shrimp, ltlld 01111'"
oJ'gllli ms nnd pIll(, 'el in tlH tuns' hi('h IIlld 1)('('11

pJ'l'vi usl)' nllt'd with liNt nt('I', WIWII litis 01)('1'11-

lion 0, (' mpl t('(l, tll hrimp lhol l Pi> nrt'd I

b in g d (' ndition W('I'(' Jll Y'd t
WI tN, Till' v nt('t' in Ill<' tub ~'n' hlln~ d fl'­
q\wlllly, lllld d ad r d, 'in hriml W(,I" <ii tll'd('d,

smnll dCI('J P"Jl\J Huppli('d 'le lUI '~ll , at('I',
T, OWII did Ih(' tn~gill" IUO l\ Ihit'l th(' n-

'o/'(liIIK (fi~, :n, 'I'll t'i 0 IlIh in, hi 'u til
{WI \lui tn.~ging- o('('uIT(,d \\Torr pllll'Nl l'i(!Io hy . ide'
on 11 Inbl(' of ('on l'llt lit II i~ht. l'lm vnhJ<:
buL 0-' od bOllrcl Wit fnRt'lwel to nn llrlll 't( od­
in ('I,tinlly h (WP In (Ill' (wo {,ub, 'rIll' hitl',
lIurnb('I'l' I di k, 'II' m Ullt d n th pillS lid
,(.11('1 on (!II' hnl. n h lIl'd in ,('fin] nh'l' thot,
ill\( I' IH'I'!'! Il t l\ "~illg' ('ould )' Ill{ '(' t h (Il ill

AI' llll'lll'l', bo,' r J't'l1 di, h~ , OJ plnC' d 1\ 1h
(lIblc within NIH, 1"ll'h (b th tllKgH, {] ot­
in~ mClltAlI,'ill~h I I'd, ~l'luItJl\t('d in hI\If-(,( lIliml'l 'I'

ulli ( , \\ it 1 InN'd in (/\,{'II In '~in (\lb, A imih ('
bOlll'd, 1\1'1 W('l1 /11'1 t!lc' II'C'hniqlll' of llH'I, U1'ing. ho.
IH'(.'1l d('Hl'l'ibNI b. \', III \lth, Lindll'l', llnd

nd "I', II (t n:tl) ,
So for itA p S iblt" nH'lls\l/'ill~ l\lld tag~jll" '" 'I'

dOll UllriN" II (('t', till' hl'imt ' I' It ~~~d,
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EFFECT OF TAGGING

TABLE I.-Effe.ct of pre8ervatioll in formalin on length of
8hrimp

Since t.he curve levels off at about. 13.5 em.,
initial' tagging mortality apparently is constant in
sizes larger t.han this. It seems ent.irely logical
that init,iahagging mortalit.y could be negatively
correlated with size up to a certain limit., and be

Evidence indicates that some shrimp die as a
result of tagging, and that the mortality rat.e is not
uniform with respect to size. In figure 4 and

. table 2 we show the increasing percent.age of re­
captures with increasing length (up to about 13.5
em.). These results we interpret. to mean t.hat
t,he smaller the shrimp, the greater the initial
tagging mortality.

After preservation In formalin
for-

Alive _

24 hours 1 week 3 weeks

Number In size group. when measured-

Size grOUP

96-100mlU . . 12 14 12 14
10l-105mm. __ . .. 28 26 25 24
106-110mm. __ .__________________ 29 30 29 33
111-115mm .____ 23 25 21 24
116-120mm .__________ 30 28 32 29
121-125 mm______________________ 29 28 29 26
126-13Omm . .__ 19 19 24 23
131-135mm . .____ 28 30 23 22
136-140mm . __ .___ 26 23 24 25
141-145 mm._____________________ 27 29 28 30
146-150 mm .__________________ 21 19 23 22
151-155mm. .________________ 15 15 13 14
156-160 mm . .___________ 7 7 9 7
161-165 mm._.___________________ 5 6 7 6
166-170mm .________________ 1 1 1 1

-------------
Total number of shrlmp_ -. 300 I 300 300 300

Mean length_._. . . 126.84 126.82 127.48 126.86

we ran an experiment to approximate conditions
i,hat would occur with marked shrimp caught. in
the commercial fishery. In .this experiment, 300
shrimp were measured· alive under water, allowed
t.o die on deck and remain for 1 hour, t.hen were
iced down for 24 hours, placed in formalin for
anot.her 24 hours, and removed and measured.
They were returned t.o the formalin solution for 1
week, measured again, and returned to the solut.ion
for 2 additional weeks, after which they were
measured once more. All measurements were of
whole shrimp, and to the nearest millimeter
(table 1). The means indicate no significant
differences bet.ween the various measurement.s.
The small differences that occur. are obviously the
result of observat.ional errors.

they were placed in another tub of water, and
releases were made in bat.ches of 50. When a
batch had been tagged, the shrimp weI'£' examined,
and substitutions were made for all that appeared
to be in poor condition. They were then released
by gently emptying the t.ub overside.

In all experiments a record was maint.ained of
the date, t.ime, and place of capture, t.he tag
number, t.he sex and length (to t.he nearest ha1£­
centim£'ter) of each shrimp, and t.he dat.e, t.ime,
and place of release.

Before tagging was begun, it was necessary to
acquaint t.he industry with the work and to make
arrangements for handling the ret.urns. Trips
were made to all landing ports, and dealers and
fishermen were told of t.he program.

Each shrimp-receiving house was supplied with
a jar of formalin for preserving t.agged shrimp.
Each was also given a book of printed forms on
which could be recorded the tag number, the
fisherman's name, the boat name, the date of
capture, and the place of capture. Post.ers de­
scribing the program and gh· ing inst.ructions on
t.he proper handling of t.agged shrimp were placed
in st.rategic places. A reward of 50 cents was
given for the return of each whole, marked shrimp
accompanied by information on date and place
of capture. If the tag was return~d without the
shrimp, but with the required information, a re­
ward of 25 cents was given. Trips were made at
least once each month to collect the tagged shriDlp
and information, and to pay the rewards.

The success in obtaining tag returns depended
on t.he cooperation of the d£'alers and fishermen.
We were most fort.unate in that. t.his cooperation
was excellent.

The whit.e disk was always placed on the same
side of the shrimp, and the pin from each return
was examined carefully to see whether an att£'mpt
had been made t.o subst.itute anot.her shrimp for
one that had been tagged. These checks, t.o­
gether with the known sex of the tagged shrimp,
served to prevent our obtaining fraudulent infor­
mation. Attempts t.o subst.itute shrimp were
made in very few inst.ances, and t.hese were always
during t.he init.ial stages of an experiment. in a new
area. Whenever information was suspect or
incomplet.e, the return was classified as uncertain.

Since it is conceivable that measurements of
live shrimp and of those caught. by fishermen and
preserved in formalin might vary considerably,
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unaffected by increasing lenKth from this size on.
This same type of curve could also result from
differential fishing intensity, based on the size of
the shrimp, together with a high residual tagging

.mortalit,y, or a high natural mortality, or both.
However, from our experience with the fishery WE.'

do not, believe that differential fishing appreciably
affects the curve.
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LENGTH INCREMENT!
NOV.REGION AT IN JULY AUG. SEPT. OCT. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG.

TAGGING ENTIMETER!

4 V"-10.5 eM. 3TO 2 ,,-.......... V /,//12.5 CM.
I .-/

V ___ ....
ATLANTIC

COAST 4
13.0 CM. 3

CENTRALB_ TO 2 -NORTHERN 15.0 CM. I V ~- I-SOUTHERN •••• --- - ...... .......-... .....
15.5 CM.

4
3TO
217.5 CM.
I .......... ..-

10.5 CM.
4 V-- r-
3TO 2 ./. V12.5 CM.
1 ~

NORTH 13.0 CM.
4 ,

CENTRAL TO 3 pcGULF 15.0 CM. 2 ffI ~ ......- -
4

15.5 CM. 3TO 217.5 CM.
I .- .L

10.5 CM.
4
3

TO 2 \12.5 CM. -I .-/ :.-
4

CENTRAL 13.0 CM. 3
TEXAS TO

215.0 CM. VI -
15.5 CM. 4

TO 3

17.5 CM. 2
I \

FIGURE 5.-Average growth of marked shrimp thruughout the year. The curves begin at the base line on the date of
release and follow the average increment, at approximate lO-day int.ervals, of all recoveries for each experiment..
No lO-day interval cont.ains fewer tha(l three recoveries. If more than 1 day of release if' included in an experiment"
the beginning date is taken as midway between the release dates,

TABLE 2.-Number oj shrimp tagged and n//mber and
percentage recovered, according to. size when ta.gged

[Ar~as 1 to 38]

Number INUlllber Percent
released recovereo1 recoveredLength at tagging

7.0 em . _
7.5 CIII . _
ll.O em . _
8.5 em -, . _
9.0 em _
9.5 em . .. _
10.0 em _
10.5 CIII _
11.0 em _
11.5 em _
12.0 em . _
12.5 em . _
13.0 em . _
13.5 em . _
14.0 em .. _
14.5 em . . _. _
15.0 em " _
15.5 em . . . _
16.0 em ~ . _
16.5 em _
17.0 em _
17.5 em __ ~ _
18.0 em " _
18.5 em .. _
19.0 em. . _
19.5 em " _
20.0 em . . _
20.5 em . . __ . _

2
80
20

105
227
60lJ

1.~72

2.292
3.202
3.903
4.175
4.038
3.665
3.fH5
3.142
3.147
3.204
2.901
2,240
1.662

8118
327
141 .
58
22

fi
1
1

4
816

96
203
292
473
591
652
IHO
6;;
!illS
liS9
Ij50
599
424
322
200

.';Ii
30
9
6
I
1

o
o
o
3.8
3.5
2.7
7.0
K9
Y.1

12.1
14.2
16.1
16. fi
Ill. 7
18.7
20.9
20.3
20.fi
18.9
19.4
2:1.0
17. I
21. 3
15.5
27.3
16...

100.0
I)

ANALYSIS OF RESULTS

. The seasonal variations in rate of growt.h of
marked shrimp, shown in figure 5,1 could logically
be exppct.ed. to occur in unmarked individuals,
and we therefore assume that the tagged speci­
mens follow rather closely t.he course of growt,h
of the entire population. It is apparent from
figure 5 that growth is rapid during sunuuer, slows
down about t,he pnd of October, is slight during
wint.er, and acceJprat.es abrupt.ly about. t.llP. first
of Mareh or Apt'il, depending on t.he locnlity.
This sug~ests that, temperature is an important
controlling factor, and if t.his is so we could exp'ect,
t.llll Iwriods of rapid and slow growth t.o vary
somewhat f1'om yelll' to yp,ar and with locality.
The influence of locnlity is evident. on the Atlantic
coast, where the marked shrimp from the southet'n
port,ion (Florida) started rapid growth in the

-----_._--_._----------------
1'otal.. _

45,022 7.167 _
I See also tables 3 to 6 showinl! inerenwnts hy "pproximate 10-day int.;rvals

of all mrasurable reeo",,.i,'S.
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TABLE 3.-Distribution by growth increments, of tagged shrimp recovered in northern and central Atlantic fishery

5.55.0

Number with growth increments, in centimeters, 01-

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5-1.0 -0.5

Total--,--,..--...,---,---,--,..-----.---.----·-,---r---;;--·-,--,..--·- num­
ber

Recovered in perlod-Date and size when released

----------1----------·1-- -------- ---- -- ---- .----------
July 6, 1938: I

j
JUly 6--JUly I7 ._. . I 2 . .. __ . .. _
July IS-July 27 ..•.. __ . . __ .__ 3 3 3 1 . __ .. __

10.5-12.5cm Ju!y28-Aug. 6.•. . __ .. 00 ••• 2 I . __
Aug. 7-Aug. 16 ... .. ... __ . 3 4 3 . __ . __
Aug. 17-Aug.26 .. __ • .... 00____ 2 3 2 . . . .. __

13.0-15.0= {~~~: ;7~t~g.I~6~:::~:::::::::::: :::::: :::::: ~::::~ ~, '--T :::::: :::::: ~::~:: ~::::: :::::: ::~::: :~:~~~ ~:::::
Allg. 3, 1938: I

I
Aug. 7-Aug. 16 . 2 . .. 00·--. __

10.5-12.5 cm -----00 i~i:ffk!;~.ti~~~~~~~~~~~~~~~~~ ~~~~~~ ::::~: ~:} ::J ::::~: ::} ~:~~~~ ~~~~~~ ::::i: :~~~~~ ~~~~~~ ~~~~~~ ~~~~~~
13.0-15.0cm . __ {i~js{~~1~~~~~~~~~~~ ~~~~~~ ::::~: ::::~: __}:::x ::::i: ~~~~~~ ~~~~~~ ~~~~:~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~

Sept. 6-11, 1936:

j
scPt. 6--Sepl. 20___________ 3 27 8 3 .. .... .. __
Sept. 21-Sept.. 30__________ 4 8 2 6 00 __

"....=.._._... _.. ~~~:C[;_:;[[ [[i_[[ [[[i[[ i[[[-[ [[i[:[ :iii'- :J:::::: ::-:,::::r [[[[[[ [[[[[[ [[_[:[ [[[:[[ [i:i [
Scpt.6-Sept.20.. 5 39 11 2 .. .. . __ .
Sept21-Sept.30 ... 1 8 23 2 . •. . .....
Oct.I-OCI.IO . .. 1 3 3 .. . . __
Oct. 11-0CI. 20 00 • 6 2 . . __

Oct. 21-0ct. 30 • __ ---.-- ------ ------ ------ 1 2
1

"--2-- .. -... -_-.....•_.__--.-. -..... -..... '._--.'.'.-_ -.-..... -.-_ -.-_ •. -_ .. -. -..... _--...Oct. 31-Sov. 9 . .. .___ 2
13.0-15.0em __ . Nov. 10-Nov. 19 ""__ 2 2 3 . .. . .. . __

Nov. 20-No\·. 29 . __ . ""__ I I I . . __
Dec. 10-Dec. 19. . • __ . . __ . I . __
Dcc. 20-Dec. 29 .. . . __ . 2 1 __
Dcc. 30-Jan. 8 . .. 1 . . _
Jan. 9-Jan. 18 .. . . .. 1 .. . __
Jan.19-Jan.28 . .___ I __

j
sept. 6-Sept. 20 . .. 00__ 2 I : . .

15.5-l7.5cm §~~~Iflf~~~~~~~~~~~~:~~~~:~~ :~~~:~ _:::~: ::/: ::::;: :::~~: :~~~~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~:~ ~~~:~~ ~~~::: ~~::~~
Oct. 16-21, 1937: .

·Oet.I6--0ct. 30 . __ . 9 65 33 6 I 00 .. .. .. __

Oct. 31-Nov. 9 .... __ I 19 19 7 2 I . . . . .----_
NOv.10-Nov.19 . .. 4 6 4 . .. __ . . __
Nov. 20-Nov. 29 . . . 1 1 I I . .. _.. . _
NOv.30-Dec.U . . __ .... __ 3 I I . . . __ .

1O.5·12.5cm . D,-c.10-Dcc.19___________ I . I 1 . ._ .. . __ . __ .
Dec.2O-0ee.29 .. ... __ . I 2 2 __ 00_ •• • • __ •• • __

Dec.3O-Ja". K . . .. ._____ I .. __ . . . .. .
Jan.19-Jan.28 .. 3 I .. . __ _. .. . . .... - __
Fe:'.18-Feb.~7 .. I .. I . 00 __ 00 .. .. --.--.

Mar.IO-Mar.19. . I .. .--.---
Oct.I6-0et.30 ... 10 74 40 6 . . __ . __ . ..
Oct.31-Nov.9 . .. 9 22 18 5 I . .. . . __
NOv.10-Nov.19.. __ ._ .. __ .. .. 6 2 I .. 00. '''' • • • ------

NOv.20-Nov.29 ... . . 4 I .. . .. ------
Nov.3O-Dec.9____________ I . . .. . __ . __ .. . __ . . __ . __ . . __ .

13.0-15.0cm ....... __ . Dee. IO-Dec. 19 .' --____ 3 2 3 . --.0,. ---- __ --.--. ---- __ ------ ------
Dec. 2O-0ec. 29___________ 1 3 3 1 . . . .. . ----.-
Dcc. 30-J"n. 8_____________ I 2 2 __ . __ .. .. __ .. . . ----- ..
J"n.9-Jan.18 . . I I .. ...... . ------
J3n.19-J3n.28 __ .. ._____ I __ . ..... . _
Jan. 29-Fch. 7 .. . __ . .___ I __ .. . __ . ... " __ " ... _
Feb.8-Feh.I... __ __ . . __ . . I 00 ..... .. .. .. .--.--

15.5-17.5cm __ .. --··------I~~~·W!r.:~{~~~~EL:U:~ :/: --.~!. :::t ~~~.:~~ H~~ ~H~ :H~ H~~ :~H H~~ ~~~~~: E~~ ~:H
Nov. 9, 1937:

j
Nov.9-Nov.19. __ ..... . 5 27 7 . __ . __ . ....... . __ .. --.--.
Nov.20-Nov.29 .. __ ~. ." . __ .__ 2 . .. __ ... . __ ~ . . __ . .. Po

Nov.30-Dec.9 . . ,, . I 10 2 ... . . __ . • --.---

10.5-12.5c1l1 "--'''-- g~~:~=g~:~:~L:.·::::::~::::: ::::. ~ ~ ~. :::::: ""j' :::::: :::::: .::::: :::::: :::~:: :::::: .:::::
Oee.30-Jan. 8 .______ I 2 . . . .... __ ... .. ...... ..

~:~:~;~~~,;.1;8:::::::::::::.:::: .::::: 1 ...1. :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

{

NOV.9-NOV.19 --.--.\.----- 7 1

1

--'" __ . . .' . .. __ - .. ----
130150cm Nov.30-Dec.9. --.--- 3 2 -- - ------ .. ---- ------ ------ ----- .. ---- ----I. - .. -- --------- .. Occ.2O-0ec.29 .: I ._ .. I .. .----

. Jan. Ill-Jan. 28 .. ' I . . . __ .. __ .. ..... ----.
15.5-17.5cm . No".9-No\'.19 . .. 2 .. .... __ .. .... .. __ .. .. __

I Shrimp rell~asedon July 6 and Aug. 3, 1938, were immature, whereas those released on July 12 and Aug. 5-11, 1938, were mature.

3
10
3

10
7
I
1

2
16
8
6
I
5
3
5
I

41
20

5
1
4
2
2
I

57
34
7
8
3
5
7
3
I
3
I
I
I
3
3
I
2
J

IH
49
14
4
5
3
5
I
4
2
I

130
55
9
5
1
8
8
5
2
I .
I
t

16
5
I
I
I

39
2

13
11
7
3
2
3
8
5
2
I
2
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TABLE a.-Distribution by growth increments, oj tagged shrimp recovered in northern and central Atlantic fishery-Continued

6.55.0

Num ber with growth increments, in centimeters, 0(-

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 U-1.0 -0.5

Total
--.,---;----;.---.,----.-----,---.,---,----;--.----,---,.--,---- num·

ber
Recovered in period-Date and size wben relessed

---------- ----------1--------------------------- _

I
I
I
2
2

3
7
2
2
2
2
I
I
I
1
1
1

6
35
25
23
9
1
4
3
1
I
7
2
4
I
I

28
26
2

21
2
I
3
3
1

13
4
6
I
1

11
1
9

13
9
5
2

20
19
4
I

6
6
I

13

I
19
40
10
I
7
3
2
3
I
I

I
3

26
28
8
2
2

3 __ . . . . .. __ •. . __ ._. ._.

-- - - - - -- - - - - - •••• _ ••• - - - __ - - - - - - - - - --- -- - _. '; - __ - - • _0 .- _

8

: --.-ii- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
I
I
7

I~ ----ii- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
3 2 " • ._.. _. ._. __ • _. ._ ._. ._
1 I . . _. . . . __ .. •.

11 3 •. __ • • __ . • . • • ••
11 2 • ._ • • __ • • • • __ • ._. __ ._ .. • , __ • •
3
I

Jan. 24, 1938: Jan. 24-Jan. 28____________ I _ .
Jan. 29-Feb. 7 ._._ 6 12 I :::::: :::::: ::::: :_:::: :::::: :::::: ::::::
Feb. 8-Feb.17 .___ 3 31 5 I . _
Feb.18-Feb.27___________ 2 7 I ._. . ._ .. _

10.S-12.Sc.m • ~~~.21~-:.~~~.~9_-=:::::::: :::::: ----j- A ----3- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
Mar20-Mar. 29___________ I 2 ... .. • ._ . ... __
Mar. 30-Apr. 8 •. _ ._____ 2 _

13:0-1S,Oem_. {UiJ=l~~}.~;~_:~~::::::: :::::: :::.:~: ::::i: :::::: :::::: -:::~: :::::: ::::~: :::::: :::::: :::::: :::::: :::::: ::::::
Feb. 23, 1938:

Feb. 23-Feb. 27 .... .. __ 1 .. .. __ .. _
Feb. 28-Mar. 9 .. 2 I :._::: :::::: :::::: ::::: :::::: :::::: :::::: ::::::

~:~:~:~:~:~:::::::::::::::: ----~- I~ ~~ ~ j_ :::::: :::::: :::::: :::::: :::::: :::::: :::::: _:::::
10.5-12.Sem.. Mar. 3D-Apr. 8 .... .. 3 4 I .. . . . __ .. _

Apr.9-Apr.18 .. .... __ I ._____ I . .. .. _

tiii ~M~i':-:::::::::: :::::: :::::: :::::: :::::: :::::~ :::::: ::::i: ::::~: :::::: __J :::::: :::::: :::::: ::::::
13.0-1S.0cm . {~:~:~:~::~:::::::::: :::::: __ .. ~_ ------ ----j" ----i- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
IS.5-17.5em Mar.20-Mnr.29__________ 2

Mar. 24, 1938:

I
Mar. 24-Mnr. 29 ------ ------ I 2 ---- .. --.--- ---- ------ .. ._ .... _
Mar. 30-Apr. 8 .. 6 I .. _.. .... . .. _
Apr.9-Apr.18 ._____ 2 .. .. . . _

1~.5_12.5em .. tiii~~~lr::::::::::::::::: :::::: :::::: :::::: :::::: ::::1: ~ ::::i: :::::: :::::: :::::: :::::: :::::: ::::::
~~~~J~~yl~~_:::::::-:: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~_ :::::: :::::: ----i- :::::: :::::: ::::::

13.0-15.0cm __ ._ ... • __ {rir~Jfjf~~~~~~~~~~ ~~~~~~ ~~~~~~ ::/ ::::~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ::::i: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~
Apr. 14, 1938: .

I
pr. 14.:.Apr. 18 .__ I 3 I ._. _. . ••• _. __ '_"_ •• _. ._. • ...... _

t;ii :=$1t::::::::::: :::::: :::::: .. _~~. __ .~~_ I~ ---T -'-1 ::::j: ::::i: ::::j: :::::: :::::: :::::: ::::::
105-125 em May 19-May 28 • --.- .. I 1 I .__ 1 1 2 2 _. ._._ ._. • __

. . -- •• -.-----.-- ~~~:J~~~el~:::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: -'--i' ~ ----i- :::::: ::::::

. ~~r: iJ~W;7.=:::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::~: ::::~: ::::~: :::::: :::::: :::::: ::::j:

I
APr. 19-Apr. 28 • • .___ 3 3 1 __ • ._. ._ ._._._ •__ • • • • ._._

13.0-15.0 em •__ ._. __ . __ ffi~ ~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ __J::::~: ;;;;~; ;;;;~; ~~~~.~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~.~~~
May 13, 1938:

I
May Ill-May 18 • __ ._ 5 14 8 1 __ .. •. __ ._. _. • ._._. • _
May 19-May 28 ._. ._ 3 9 10 4 • • ._. _. • __ • •• • •__ • • _

13.0-15.0 cm.- .... ~~~ :J~~~el~:::::::::::::::::: :::::: :::::: ~ ---iii- ----ii· ~ :::::: :::::: :::::: :::::: :::::: :::::: ::::::

~~:: ~~~i;:?~=::::::::::::::: :::::: :::::: ....~_ . ~_ ----i- :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

{

May Ill-May 18 • .___ I 1 I .. "_ • • • •__ ._.
15.5-17.5 cm May 19-May 28.. •__ ._____ I 2 •• __ • •__ •. __ • • • •• _. •

June8-June 17 .• _. I __ •• _. __ • • • • . • .
June 24, 1938:

l
June 24-June 27. .---.- 2
June 28-July 7" . ._ • ._ 2

13.0-15.0 em . July 8-July 17.. ._. • •__
July 18-July 27 • __ • . • • __
July 28-Aug. 6 • • • _

{

June 24-June 27 <_ 4

JUlyl:~~::::~m-------.------ ~~i:~~~~L:::::::::: :::::: ~ '---6- '--"2" :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

{

July 12-July 17 • •__ . • _
13.0-15.0 em July 18-July 27 • ._ I

July 28-Aug. 6 • _
Aug. 7-Aug. 16. • • _

f
July 12-July 17.._ •• ._. 6

15 5_17 ~ em July 18-July 27 • __ --____ 6

'. .. . ------------ l~:.~t~:.·I~--::::::::::: :::::: ~_
Aug. 5-11, 1938:\

{

Aug. 5-Aug. 16. ._______ I 4
13.0-15.0 em . ._ Aug. 17-Aug. 26 __ • ._. • .__ 5

Aug. 27-Sept. 5 .. _. • __
15.5-17.5 em .. Aug. 5-Aug. 16.. __ . • .. 3 9

\ Shrimp released on Jul)· 6 and Aug. 3, 1938, were immature, whereas those released on July 12 and Aug. 5-11, 1ll.11l, were mature.
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spring about one month earlier than in the central
portion (Georgia).

A few 13- to 15-cm. shrimp from the central
and northern Atlantic coast did not, show the
characteristic rapid growth during July and
August; these are shown in the last two columns

of figure 5. These shrimp were mature, whereas
those from the same area depicted at -the left were
immature. The shrimp are not comparable, owing
in part to the marked decrease in the rate of
growth of the rostrum at maturity. This will be
be discussed later.

TABLE 4.-Distribution by growth il~crelllents, of tagged shrimp recovered in southern Atlantic fishery

5.55.00.5 1.0 1.5 2.0 2.5 3.0 3.5 4.04.5-1.0 -0.5 0.0

_______,N,---um_bTer_w_ith,.:-gr_O_w,th,---in_e_reTm_e_n_ts-;-,_in_ce----,n,ti_m_e_teTrs_._o_r-...,_....._-.-__ ~~~.I

ber
Recovered in period-Date and size when released

----_·-----1---·--------- .-- ------------------.----------
Jan. 13-19, 1938: lJan. 19-Jan. 28 __ • • .__ 3 18 7 I . ._. __ ._. ._. ._. . . . .

Feb. 8-Feb.17. ._._. ._ 2 6 2 ._. • •__ ._. ._. • _
10.6-12.5em • ••• , Feh.I8-Feb.27_. __ • • • .___ 1 •• •••• __ ._. __ ._. ._. • __ ._ ••• __ ._._ ._._. __

, Feb. 28-Mar. 9. ._____ 1 ,- j 2 _._. • • • :._. :::::
Mar. 100Mar. 19 . • __ ... 1 1 2 I 2 I ._. __ ._. ._. __ . ._. _
Jan.I9-Jan. 28 • ._____ 32 8ft 21 3 •__ . __ • • . •• . ._. _
Jan. 29-Feb. 7 ._. ._. _. __ ._ 2 8 5 • .' • ._. '_. . • • ._. _
Feb. 8-Feb. 17 • ._. ._ 2 21 15 1 •__ . __ • •• • . " • • ,_._._

13.0-15.0 em __ ._. ~e~. 18-Feb. 27_ .. -.------ ----_. 1 11 5 2 I -.-- ._._. ----._ -- -"-' __ ._. __ .- ._._._
e . 28-Mar. 9._. ._._ 3 10 7 3 _"_' . . •• • •• ._._

Mar. lQ-Mar. 19 . . __ .__ 3 14 6 3 __ . • __ ._. __ • •• ._. __ ._._ .•• _
Mar. 2o-Mar. 29 .__ 2 1 1 2 1 _•• ._. __ •__ • • • . __ ._._
Mar. 3O-Apr. 8. • ._ I 1 1 . . __ . • • •__ •__ ._._. __ ._. __ ._._._

p:~: ::~~rt~:::::::::::::::::: _._.~_ 1~ ~ .~_ :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

15.6-17.5ern-··-·-·-·-----l§~J:i«t;:~::J~~~~~m~~~m ~~}~ ---·i- :::t ~~~~1~ ;;;;~; ~~~m ~~~~~~ ~~~~~~ ~~m~ ~~~m m~~~ ~m~~ ~~~m
Feb. 18-20, 1938:

{

Feb. 13-Feb. 27_ .. _. • . __ .__ 2 4 I • • • ._.,_. _. • • _._._ .• _
106-125 em Feb. 28-Mar. 9. ._. --_. ._.__ 4 I •__ ----._ --._._ .----- ------ -"--- -.---- .-.--- --.-.-

. . -..----------- ~:~: ~~:~: ~:::::::=== =:=:=: ----j- _._-~. --._~. -_._~- _.. _~- _._-~- :====: :===:: =:=::: =:=::= =:::=: =:=::: ::::::

{

Feb. 13-Feb. 27 . . __ , .. 2 5 3 • ._. • ._._ .••• •__ • • ._. • _
13.0-15.0 ern • Feb. 28-Mar. 9 • ._. __ "___ 2 .. 5 5 3 _._. __ .. -. • -.--- .•-.--- .----- .---.- •• -.--- --.---

Mar. 10-Mar. 19 ._. __ •__ ._ .• 4 3 1 3 1 1 ._. •__ • ._. ••• _
Mar. 2o-Mar. 29 ._ ••• __ ,,_,_ 1 __ •• 3 1 2 1 _._. ._._. __ ._._. ._._. __ • _

\

Feb. 13-Feb. 27. ._ •• _. ._._ 3 - 2' 1 __ . • •__ • ._. • • • • _
Feb. 28-Mar. 9 ._. • ._._ 2 9 4 __ • ._. • • ._._. __ ._._. •• _. ._. _

15.6-17.5 em • ._._. __ Mar. Io-Mar. 19 . __ .__ 1 4 1 _. ._. • • ._. • • •__ . •• _
Mar. 2o-Mar. 29 ._. •__ ._.___ 3 1 ._ ._. ._. ._. ._. ••• ._ •. __ . __ ._
Mar. 3D-Apr. 18_ •.• 1 • ••• •• _. __ ._. ••• ••• • _

29
10

1
4
8

142
15
39
20
23
26
7
3

33
4

12
1
5
6
1

7
5

10
1

10
15
13
8
6

15
6
4
1

TABLE 5.-Distribution by growth increments, of tagged shrimp recaptured in 'north-central Gulf fishery

Recovered in period-
NumJx>r with growth increments. in centimeters, or- Total

'1- num·-1.0 - 0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 ber
-------1----'------11---- .._----.---------- ------ ----

Date a"d size when released

10.6-12.5 em •.. •__

13.0-15.0 em __ .• •• ,

AUg~0:::51:~:·-----------·\I~rr~~~f~~~~~~~m~~ mm ~~~~~~ ::/: ;;;;~; ~~~~~~ i;;;~; ~~}~ ~~5 ~~}~ ~~~~i~ ~~m~ ~~~m ~~~~~~ m~~~

(

Aug. 29-Aug. 31. ._ •• __ ._. •• I 6. __ ._ .. .. . .. _. __ . ._. .. .
Sept. I-Sept. 10. ._. •• •. __ 14 4 1 •__ .• . __ • . • •• •• ._ •• __ •• _

~.~UA=------------- i i~:-l--::_:-: -:::__ :---~~ ~m:: _l--': cd: ::_:i: ~~~t om': ~::_-: l-_::~ :-:::: :l:::: :-:-:: :::l:-
Sept. 20-25, 1939:

Sept. 2o-Sept. 30 5 58 22 4 __ .. .. . __ .• ..• __ ••. . __ • .• ---- -----.
Oct. I-Oct. 10_ •••• ._. __ • • 19 18 10 3 .• __ . . . __ • • ---.-- •• -- ••
Oct. 11-0et. 20.•• ._. __ __ 2 6 8 6 1 . •• •• ---.-- .--- ••
Oct. 21-0ct. 30 ... .••. •• .• . 1 2 2 4 4 2 . •• • -- .• -- -----.
Oct. 31-Nov. 9 .• • .... __ 1 1 4 4 2 1 •••. • __ •• ---.-- -.---.
Nov. 10-Nov.19_. ._ •. •• •• ..• ... • . 2 2 1 . .• __ .. ------ .--- .•
Nov. 2O-Nov. 29_. . . •.• __ 1 1 4 4 3 •__ . __ .• _.,. ---.-•• --- ••
Nov. 3O-Dec. 9_. . • •• __ ._. .___ 2 3 4 <3 .. . • __ •• --.--•• --- •.
Dec. 100Dee.II'-_. . •. •__ . 1 .• 1 .•. . • •. -.--- .• --.-
Dce. 3D-Jan. 8 .• •• ,•.• • . . 1 . . • . .• .
Jan. 19-Jan. 28 __ • ..••• __ .•. _...• . . : ._____ 1 . . .---••. ,----

~~~·I~~~PI~.~:::::::::: ~_ ~ I~ ~ g:::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
Oct. U-Oet. 20 .. _._._. .____ 2 8 2 __ • .• .• _. __ •• __ • .--- .. ---- •.
Oct. 21-0ct. 30_. . .• . 2 1 3 __ ___ • .• • • .--- .•. ---
Oct. 31-Nov. 9__ . ..••...• .• : . . 5 16 11 ----8 ·---3 .. . .. -- .. ------
Nov.lQ-Nov. 19... _.• .. 1 I 5 3 ._____ 1 . •• -.--.- .-----
Nov. 2o-Nov. 29. __ .• : .•. _ .• .• 1 1 2 2 1 _. •. • -.----
Nov. 3o-Dee. 9._. ._. .• .• . .. 3, 1 2 .• . .. ---••.• ----
Dec. 100Dec. 19 ... . ._-. . '_ .. . I .. ._ . __ •. _. . •.•. -- .• ----
Dec. 2O-Doc. 29___________ . .. . 1 . .. __ .. .. ---.-- --

4
4
5
I
1
7

19
13
3
2
1
1
1
1

89
50
23
15
13
5

13
12
2
1
1

150
41
12
6

43
11
7
A
I
1
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TABLE 5.-Distribution by growth increments, of tagged shrimp recaptured in north-central Gulf fishery--Continued

l.li 2.0 2.5 3.0 3.61.00.50.0-1.0 -0.5

__..,-_....,....__"":"N_u_m_be,...r_w__l.t_h,_K_row_t.,.h_in_cre-,-m_8I1_t8....,._in_C8D_._t_im_ll_te..,rs,...-'_0(_-..,-_-.-_--,, ;r~:.1

I ber4.0 4.5 5.0 li.5

Recovered in period-Date and size when released

----------1----------1--·----------------------------
31
10
2
3

16
3
1
2

6
10
3
1
I
2

32
37
65
8

10
17

1
1

43
11
40
6
7
2
1

10
31
6
1

11
34
1
3
1
1
1
1
1
1
V

36
6
3
5

3
1
2
1
1
1
2
2
1
5
1
2
1
2

1
24
3
1
1
1
1
1

37
3

70
20
2
2
8
3
I
I

"--j- '--'j' :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::6 • • _
I .. ~ _

----j- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

3 . __ .. .
2
1
1
V
1
1
1

Oct. 11-14, 1939:
Oct. ll-Oct. 20 .• .• 6 .. • .. • _
Oct. 21-0ct. 30. .. _....• 6 4 .. __ • ... .. .

10.5-12.5em_.• -.- •• ------- 2~;.3fc}..~o"~.Vi9_-_-:::::::::::::: :::::: ~_ I:::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
~~~: ~~~;'·V~-_~:::::::: :::::: :::::: :::::: ~_ ----j- :::::: ----j- :::::: :::::: :::::: :::::: :::::: :::::: ::::::. 19~t M=g~UL::::~::::: t ~ N 1~ ----2- "--j- :::::: :::::: ~::::: :::::: :::::: :::::: :::::: ::::::
Oct.31-Nov.V ..... __ 2 21 31 10 1 .: . __ .. ....

13.0-16.0 em • ... ~~~: ~~~~:~:.:::::::: :::::: .. __ ~. ~ ~ t :::::: :::::: :::::: :::::: :'::::: :::::: :::::: :::::: ::::::
Nov. 3O_Dec. V.. • .... __ 1 V 5 1 1 _.• _ ... _••.. __ ••

. Oec.lo-Oee.lV ,.______ 1 .. .. ,_" .. ._ _. __ •....•• _ .. __ •.
Dec. 3O-Jan. 8 .. ._____ 1 . . . . • ._

j
oet. ll-Oct. 20 .. __ ...... ... _ V 30 4 ... _.. ... .... ... ._.

g~t ~:=~~;.~_.::::::::::: ----j- ~ 1~ 1~ --"4' :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
15.5-17.6em ._ •.. Nov. 10-Nov. IV .. _. .... __ 3 1 2 .• .. __ •• •••••••• • __ ••

NOv.2D-Nov.29. __ . ._____ 3 1 3 _. .. . ._ ... _. .... _•.•
Nov. 3o-0ec. V.. • ... 1 1 __ • .. • • ... .•• •••• __ ..
Dec. 10-Dec. IV · .. . • ._.___ 1 _.. __ • . .. . •• __ ...... __ ....

Oct. 27-28, 1939:

10.5-12.5 cm • ._ {~~~·~~i;~~<~~~~~~~~ ~~~~~~ ;~~~~~ __5 ~;_ :~J ::::~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~.~~~~~ ~~~~~~
Oct. 27-0ct. 30 .... ,____ 1 II 4 •• .. .. ••• ••• _
Oct. 31-Nov.V .______ l' 20 12 I __ ._ .. ... ... •

~~~: ~~~~: ~~::::::::: :::::: :::::: ~ ------ ----I" :::::: :::::: :::::: ':::::: :::::: :::::: :::::: :::::: ::::::
13.0-15.0cm.... g:~: ~g::Pa-;:~~~~::::::::::::::: :::::: t :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

Ian. 29_Feb. 7_ .. ... • _. .____ I . • ... • __ ..
Feb. 8-Feb.17 .______ 1 . • . .. .. . ._
Feb. 28-Mar. 8 .. • . __ 1 _... __ .... . ._ .. ••. _
Mar. 29-Apr. 7 • • __. .. 1 .• • .• • •• _••• _

l
oct. 27-0ct. 30 ._ .... _ -•. -.- .----- 6 2 1 -". •• •• • ••••• __ ••• _••••• ••.• __

16.6-..17.5 em. •• _. ~~~:3~1fi:..~~::::::::: :::::: ..J 2; : ~_ :::::: :::::: :::::: :::::: :::::: :::::: :::::; :::::: ::::::
Dec. 100Dec. IV • ._ •• __ •• 3 1 ----j- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

Nov. 10-15, 193V:

I
NOV. 2D-Nov. 29 .•• 1 2 ... ... __ •.• • •• • _. •••• 00----

Nov. 3O-Dee. V_. ._. .• ,,__ 1 ••• •• •• •••• _. __
Dec. 100Dec.lV. •• .• • • 1 1 •• __ •. __ ,. __ • • • • • _. ••• 00 _

Ian. 29-Feb. 7__ • ._. •• • • 1 •• _... •••• .. • •••• • _._. __

"0-0,,~- ------- -- g~~ilE:mm :::::: :::::: ::::::_J ~::I :::::: :m:: :::m :m:: ::::i:::m:m:: :::::: ::_:::
I

NOV. 3O-Dee. 9 ------ --.--- 3 2 --.--- - •• --- ---- __ -- ---. __ • •••• • .. _

13.0-15.0 em_. • iif ~G;/~~~~~~~~~~~~ ~~~~~~ ~~~~~~ .. __ ;_ ;;;;~; ::::~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~;~~ ~~~~~~
Nov. 30. 193V:

10.5-12.6em_. • __ . Nov. 3O-Dec. V__ .... •• , •• __ 1 _•• _.. ••• __ • . , ••• • __ • •• _. _

I
NOV. 3O-Dec. V ... -.---- ------ 17 7 •. ---- "'--- ------ ------ '--- .... ---- ----- -- --- .•.• __Dee 100Dec. IV .___ .. __ 2 I 00 .. •• __ • __ •

13.0-15.0 em_ -- -- -.-- -- - - PA~p~arcr~...1830-t-9-AJFparnpa.·r·:si~77~-:---~ ~_~ ~_~_-; ••~_~-_:_~~_:_;.._~ ;_.;_~_~i_-_-~ _:_:_:_: 1_:_: .:.:_:_:_!_: ::::1~: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :: ::::1iI,,- -; . .~ ~ • ~. __ . _

-----. ------ --~._- .----- ------ .. _--- ------ -----. ------ ------15.5-17.5 cm... {Nov. 30-Dec. V .. 2 30 5 • •• ._. • ••
Dec.lo-Dec.lV___________ 2 1 .0 ••• • ... _

Dec. 13-16, 1938:

1
9:~.I:;.te:ci.l~~~:: ::::::: ~ _...~_ :~ 1: _. __ ~_ :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
Dec. 3O-1an. 8_____________ 1 1 • ...... __ • .... .. • _. _

10.5:"12.5 em .... • ~:: r-~a::~.lk::::~:::::: :::::: --"j-. ----i- ~ ----j- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
Ian. 29-Feb. 7 .. ... __ .• __ 1 2 • • • .... _
Feb. 8-Feb.17 _ 1 •• . •• .•• • _
Apr.I9-Apr. 28 ... __ 1 __ . • • ...... __ •• _

Sept. 2l}-25, IV3V-Continued .

j
sept. 2O-Sept. 30. __ .• 4 24
Oct. I-Oct. 10..... .. ... 8
Oct. ll-Oct. 20 .. .. 1

15.5-17.5em._. • __ ••.. g~Ul=~~t~.az~::::::::::::::::: :::::: ----j-
Nov. 100Nov. IV_ .. I .• __ ..
Nov. 2D-Nov. 29 .. .. _
Nov. 3O-Dec. IV .•• __
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Recovered in period-

TABLE 5.-Distribution by growth increments, oj tagged shrimp recaptured in north-central GulJ fishery-Continued

Number with growth increments, in centimeters. of- Total
num·

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 M 5.5 ber
Date and size when released

------------- ---------------------- --- --- --- --- --- --- --- --- --- ---

13.0-15.0 ~m . _. _'_" _

15..~-17.5 cm,. __ . . _

10.5-12.5cm __ . .

~·ch. 2!/-Mar. n. 111'11I:
26
90
35
12
9
5
7
5
5
5
3
2
2
2

:Ill
II
'J:i
3

14
I~

fi
1:1
2
I
1
2

54
12
29
5

12
!5
13
5
I
I

30
5
I
4
3
5
3
3
I
4
I
I
I
4
2

11
I
9

11
I

12
8
9
9
I
5
4
6
4
I
I

2
I
9
7
4

17
11
6
7
2
8
6
3
2
I
8

13
12
22
12
10
12
3
7
f,
6
5
!

Dec. 13-16. 1938-Continued Dec. 13-Dec. 19 . . ._ I 19 9 I _._._. _. ._. . . ._. _._. _
Dec. 2O-Dec. 29_. . . . 4 I . __ .. . ,_._ .. .. ... . __
Dec. 3O-Jan. 8 =._._ .. _. . I .. _._. . . . . ... . ._. _
Jan. 9-Jan.18 . .. _ . __ .• __ . __ ._ 2 2 ' " _._. . __ . ... _._. . . _
Jan. 19-Jan. 28 • • 2 I .. _.. __ ._._. ._. . . ... _._. __ ...• _. . __
Jan. 29-Feb. 7 '" 2 2 1 ._. . ._._ .. _. ._ .. _. . __

13.0-15.0ern.. . Feh.8-Fcb.17 . __ . ._.__ 2 __ ._._ 1 ' __ '" __ . __ """ . __
Feb. 28-Mar. 9__ . . ' ... .____ 3 _._. .. . . __ . __ ._ _"'_'
Mar. ID-Mar. 111 .. . . _._.__ 1 __ . ._. __ . . . . .. .. .•• __ _,_,_,
Mar. 3D-Apr. 8 . . .. I 2 . . 1 ._ .. ._._ .. . ._. ._. _

tr:;. ~~~:y ~-.=:::::::=: :::=:: :=:::.: ==:=:: ::::== ~_ ==::== :::::: ----j- :::::: ::===: =:=::= :===== :=:==: =====:May 29-June 7 .... . 1 _. . . . •__ .•. _. _
Dec. 13-Dec. 19 . . I 3 .. . .. .. . __ . _._._. _
Dec. 3O-Jan. 8.. . __ .__ 1 I . .. ._. ._ ... _. _
Jan. 9-Jan. 18. .. _.__ 11 •• ._._ •• . __ ••• • • __ • __ • __ • • __

i:~J~}~'k ~:::::::::::: ::::=~ j- ~ --"2- :::==: :=:::: :::::= :::=:: :::::: =:==:: :=:==: :====: =:=~=: =:===:Feb. 8-Fcb.17 .. _._._ .. .. 10 I '_'_" . .. _

~:g: !:=if~r.~_-_:::=:::::: ::::=: ----j- ~ ----3- :::::: :=:=:: ::==== ====:: ===:== :::=:: :=::=: :::=== =:=:== ==:==:
15.5-17.5 ern .•.. ._. MMar. 2O-1D-MMar. 2919---------- ------ II 6

5
31 ------ -- .... -.---- ---.-. -.-.-- ------ ------ ---- •. ------ ------ar. ar. _ •.. ._. _._._. ._ ..•. . _

Mar. 3D-Apr. 8 .____ 5 4 . .. _.. ... ._. . ._. __
Apr. 9-Apr.18__ . .. I . . __ .. _ . __ ._. " ._. _. _
Apr. 19-Apr. 28 __ • • I 2 2 ._. __ ... "" ._ .. • __

~:;. :-~~·I~:::::::::=:: :=:::= :::::: g ----2- i :::=:= ::=::: :::::: :::=:= :=:=:= :=:=:: ==~=== =:===: ::==:=May 19-May 28 .. . ._ .. __ ._ I 2 1 . __ ... _. ._. ...•.. _
June 8-June 17 .. _. '_" ... 1 ._ .. . "" ._ .. ..... _
July I8-July 27._. __ .. . __ .• _. I ... . •. ._._ .. .. _

Jan. 20-26, 1939:

10.5-lUcm __ .. _.. _. __ • __ {ff:.:!~·7~~:::::::::: :::::: :::::: ::::~: -.-.~_ ----~- :::::: :::::: :::::: :::::: :::::: ::::~: :::::: :::::: ::::::
Feh. 8-Feb. 17 • 4 3 . . . ... . •. . ._._.
Feh.18-Feh. 27_. • 2 I I •.. _. """ __ •• ._.__ . . _._. __
Feb. 28-Mar. 9__ ._ ... 2 10 5 __ ... __ . . ._._. .• ..••. _
Mar. ID-Mar. 19 __ ._._____ 4 7 __ ._ .. . . __ . . • ..... __ • '_' __

13M5.0cm ... ~:~: ~~;U:II.._=:::::=:: ::=::: ~_ ~ ----3- :::::: :::::: :::=:= ::==:: :::=== :====: ==:=== :::=:= ==:=:: ::=::=

~~~. ~lk1~8-··-------- ::---- :=:--- :: ..... __ 1 I ---'3' ----4- -'-'j' ==:::: :==::: :::=:= :=:=:= ==:::: :::=::

~!~~m-!!:!::!:::!!!m +.: :::l- ;;;J ;;;;i: cd: ::-i: ::::~: :m:: m::: -::::: :::::: :::m
Frh.8-Frh.17 "_"_ 7 6 __ .. .... '_" . ... . .. __

·Feh18-Frh27 . . 8 4 __ • ••• _ •• • ••• •••• __ ._ •• • _
Fl'h.2M-Mnr.9__ . ._.__ 18 4 __ • __ . ••• .... __ "" •• _.. _••••• "' _
Mar. IlI-Mnr.19.. _..... .__ ... _._ 11 I . ... _ . . '" ._ .. .. . _.. _
Mar.20-1\19r.2I'- ... "" 8 2 ••• _. __ •. ._ •• • ._

15.5-17.5cm .. _.. __ .. Mar.30-Apr.8, .. """ __ "'_ 5 3 4 ._. _. . .. ._ . _
Apr.9·.-\pr. 18.. __ • •• ._ 2 I _... __ .... __ • . ._. . __
Apr.I!>-A"r.28_ .. .... __ -. ._ .. _. 1 4 I I _.. _. '_" "'_ .... ._. __ _ .. .

~:y ~~t;'/lt--:::::::::: :::::: :=:::: ~ ~ ~ ... _~_ ::::== :=:::: :=::== :=::=: =:=='=: ::=:=: ::=:=: :==:::
Mayl9-Mn~'28 -.. ---. 1 2 I I __ .... " .. _. .•.•• "" . _
JUIl.8-Jull. 17.. _ . . __ •• I .. __ ._. .. . _.. _. __ "' ._. . . .

Feb.29-Mar.8 _._.__ 2 22 2 ..•• _. ..... • •..•••. •.• _
Ml1r.9-Mar.18... .... 14 68 7 I .. _. . ._ .. ._. __
Mar.19-Mar.28 .. _ I 4 25. 4 I _._. . . . . __ . __ .
Mar.29- .... pr.7 __ . . __ ._ .. _ I I 7 3 .... ._. .. _" ... __ . .. . .
Apr.8·Apr.17 __ ._. __ . .. __ ' .__ 3 1 2 2 I . . __ .. ... . .

~i.i¥si~tL~~~~~~~~~: :~~~~~ ~~~~~~ ;~~~~~ ~~~~~~ ::::~: ::::~: ::} ::::~: _.J ~~~~~: ::::!~ ::::~: ~~~~~~ ~~~~~;
May28-Jun.6----------.-. --- .. --" " __ ' . .. . .. I .. 1 I 1 _
Jun.7-Jull.16.... ---. __ -_ .... __ ._ ... . __ .. _. ... .____ 1 I 1 ... .

~~~jf2~Y~:::::::::::: :::::: ::::;: :=::;: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::~: ::::~: :::::: :::=~:
Mar.9-Mnr.18____________ 6 2i 3 ... . .• " ' ._ ... _
Mar.ll1-Mar.28 .__ 2 7 2 _. .. . . .. .. ._
Mar. 29-.... pr. 7.... _. ,__ .. _. I 16 9 I __ . ... . .. . ..
Apr.8-AI>r.17__ .. _ I I I ._. ._. . . . _. .•.. __ . _

U£ti~Vlr-_:::::::::::: :::::: :::::: ::::~: i ~ ~ ~ --.-~- -"T :::::: :::::: :::::: :::::: ::::::
Marl8-May27.--.- .. - ... -- _.. -_. .. _... _._._. I 5 2 I 2 . .. .. _
May28-Jlln.G.. --.- __ .. . ._ .. I __ . . I . .. _. ... . .. ..
.Tun.7-Jun.16__ ._. ----- ....... . I . . __ . . _
.Jun.17-.Tun.26.. _.. . '_'_" .. _ .. . .__ I _. . . _
F~h.29-M3r.8 . . .... 2 ... ._. .. . __ . .. ... .. . _
Mar.II-Mar.l~ ._._._. .. 3 41 10 ..... _ .. • __ . . .• .• ", __ ._
Mar.I9-Mar.28...... _.. .. .. __ 10 2 .. _. __ .. _. __ .. ... . ... _
Mar.29-Apr.7. .. _. I Ii 11 __ . • • __ '_''' ..... _ •• • •
AIJr.Il-Apr.li . ._. . . __ ._. 5 . .. .. .. . .__ . __ . ... _
Apr.I8-Apr.27_ ...... .. _. 2 5 S . .. . . . . .. _.. __ . __
Apr.28-Mny7__ .. ._ _ 2 8 .\ I .__ __ ... '._. .. _
May8-MayJi.--- __ .. ."_ I 3 8 I .. . __ . . "0 .......

Ma~·lll-May27-.---.-.. _.. I 2 2 . .. . _
Jun. 7-.Tun.16.·._ ....... . ._._. I .. _.. _ .. . ... ... __ . __
June Ii-June 26.. ... . ._ I .. __ ... .. _. .. .. ... "' .. .
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TABLE 6.-Distribution by growth increments, of tagged shrimp recovered in central Texas fishery

5.55.0

Number with growth increments, in centimeters, of-

- 1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Total
--.-----.--,-,---,-.----.------;:----.--.----.----,----.--- num·

ber
Recovered in period-Date and size when released

--------1--------1-------------- ----------- ----.

ropt.23-0Ct. 10_ ... . . 11 35 7 I _.... _ . __ .... __ . .. .. __ . . __ .. __ .

,,~ ~ ·····l~@~~-)):::H: ::.::: )::::: ))::') .J..J. ::}::::: .:::.::.:: ).::: :::..):::::: :::.:) :::::
Sppt.23-0et.. 10 .. ... 9 2" .. .. • • •• __ ._ •• _. • _
Oct.IO-Oct.20 .. __ ._. __ . _.. __ . 8 III 4 ._ .... • __ ._._ •• " __ •. .. __

g~Ut2~t,i~~_·_~:::~~~:~~ ::~::: :~~::: :::~:: ~ ~ ----2- ~:~~~~ ~:::~~ ~::::: ::::~~ :~~::: :::~:: ~:::.~~ ::~:::- 13.D-15.0 em . NOv.ID-Nov.19. .. .. 2 I I .. __ . ._ ... _ . ._ .. _. __ .. __ ._
Nov.20-Nnv.29 .. __ .. . . .. I . " . . __ .. . ..
Nov.30-Dec.9.. _·~ . . ._ I _. .. .. . .. . ._
Dec.lO-Dec. 19 _.. .... __ I _. . ... .. ... _.. . __ .. ..

~c:R~ii!O~~~2~~~-.-~:::::::::::::: f ~ --'-j- ::::~: :::::: :::::: :~:::: :::::: :::::: :::::: :::::: ::::~: ::::::
Oet.21-0et.30... .... . I I . . .. " __ .. .. . .. ._ ..... . __ . .

15.5-17.5cm. ._ .. 2~~.3Jo-~;/29::~::~::::::::::: :::::~ :::::: .~. --.-j- :~:::: ::::~: :::::: ~::::: :::::: :::::: ::~:~: :::::: ::::::

Oct. 20-28, 1937: {!:!:!!:~!:~-::~~~::::::: :::::: ::::;: :::;~: !::::;: :::::1:::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
10.5-12.5cm . Oct.31-Nov.9_.. __ . __ . __ .. I 12 7 3 .. . . __ .. .. __ _

Nov.ID-Nov.19__ ... __ . .. . __ ._.__ 3 I . __ ' __ .'_ ._ . ._ .. __ . __ .. _._ _ .

I
Oct.20-0ct.30.-.- .. -- .. -- -----. 9 29 11 I .----- ..-- --. ---. ... -. . -- .. '_ .. -.-- "--.'

13.D-15.0cm __ . .. . Oct.31-Nov.9 ._. ... __ . 5 50 21 5 _"". __ • •• • __ • ._ ••• • __ ._ ••• _-.• ,_ •• _•• _
Nov. ID-Nov. 19 . __ 3 3 __ . . __ . __ .. _ .. . _._ __ . __ _. . _

15.5-17.5cm ..... . g~t::f:~~t\:.31J~.__~::~~:~~~: :~:::: ~ ~~ ~ ~:::~~ ::::~~ ~~::~~ ::~~:: ::~~~~ ~~:::: ::~~~~ :~:::: ::::~~ :~~~~:

7
I
I
2
I

12
4
2
I
2
I
I

54
28
12
4

13
4
I
I

32
22
11

9
4
I
I
I
I;
4
2
I
I
I ,
I
1

22
23
4

50
81
I;

17
21

. The fact that we found' soft-shelled, or recently
molted, shrimp during winter indicates that some
growth occurs during this season. Figure 6 also
demonstrates this fact, but the winter growth is
c.erta-inly negligible when compared with that of
the spring, summer, and early fall. Of the shrimp
released during winter (between November 1 and
early February), the smallest and.. generally most
rapidly growing group (10.5 to 12.5 em.) had an
ave rage increment of only 5 rom. after 60 to 79
day s, whereas during summer the same size group
displayed a growth of more than 20 mm. in 40 to
59 days. No shrimp returned after February 28
were included in the calculations of the winter'
growth.

DESCRIPTION OF GROWTH

Not only does the rate of growth vary during
different seasons, it also varies with the size of the'
shrimp. This is shown in tables 3 to 6. The
data for spring and summer growth along the

nortl~ and central Atlantic coast (typical also of
other regions) (fig. 6) show. that the smaller shrimp
grow much more rapidly than do the larger ones.
Walferd (1946) described growth of this general
type by plotting the length at a given age against
the length at that age plus one unit of time, and
applied the principle to several species of fishes
and other animals. The same description of
growth had previously been proposed by Von
Bertalanffy (1938). It requires that the ratio of
suc.cessive pairs of increments in length be constant
for all sizes of the animal considered.

In the plot described, the growth data would
appear as a straight line. While the straightness
of the array of a given set of length measurements
so plotted suggests that the animals are conforming
to the principles that generate a straight line,
this point is not necessarily proved by the plot
alone. Such plots provide a convenient tool,
however, since growth in this manner is simply
described and is easy to illustrate and compute.
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2.5 ATLANTIC COAST-SPRING AND SUMMER

0.0

0.5

2.0
LENGTH AT TAGGING

IIIlllJ 10.5-12.5 CM.

::I II 13.0 -15.0 CM.u

!
~ 1S.5 - 17.5 CM.... 1.5

z
III
::I
III
II:
U
!:
III
(!I 1:0CI
II:
III
>
CI

0-19 20-39
DAYS OUT

40-59

ALL REGIONS-WINTER

:2 1.0
u

!:
...
Z
III
::I
III 0.5II:
u
!:
III
(!I
CI
II:
III

~ 0.0

0-19 20-39 40-59

LENGTH AT TAGGING

IIIIlll 10.5 -12.5 CM.

m 13.0 -15.0 CM.

~ 15.5 -17.5 CM.

60-79

DAYS OUT

FIQURE 6.-Average growth of tagged shrimp; Atlantic coast, spring and summer, 545 individuals; all regions, winter,
1,183 individuals.
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The length of an animal at a given age can be
. expressed, according to this description, as:

L,=L",(I-K')

where L, is the length at age t
L is a constant., and
K is a constant.

The constant., L,,,, is the avera~e ultimate length
of animals growing in this fashion. The expres­
sion, (l-K), can be interpreted as the fraction of
the length yet to be attained in the animal's life
that is attained during one unit of time. The con­
stant, K, is an average ratio of suc~essive pairs
of length increments, accrued during constant
intervals of time.

The same growth type can also be. expressed as:

L,+I=L.+KL,

where LI+I is the length at age (t+ 1)

L, is the length at age (t)

and L 1 is a constant, equal to L", (l-K)

and K is a constant, as before.

This expression is a straight line when L'+l is
plotted against L,. When the available length
data are such as can be plotted in this fashion,
a straight line fitted to the array describes the
growth of the group from which the data were
taken according to the principles given above.
The slope of the fitted line will be an estimate of
the parameter K, and, when L,=O the value
of L,+1 will be an estimate of the parameter L I •

The parameter L ... can be estimated by dividing
L I by (l-K).
. Having estimated the parameters K and L""
one can describe the growth pattern of the average
animal with respect to age as given above:

L,=L",(I-K')

This would be the growth pattern if the animal
grew throughout its life at the rate derived from
the data. .

Note that the plot, L,+I against L" can be made
even when the total age of the animals for which
one has increments is unknown. Once the param­
eters K and L", are estimated from such data,
the age of the animals can be estimated, under
the assumption that they grew at the observed

rate throughout their life. For' this reason the
data here available on the growth increments of
shrimp can conveniently be processed according
to this growth type, to describe the size attained
by the average individual at any given age.

A straight line was fitted to the data after tabu­
lation as L, (length at tagging) and the correspond­
ing L,+, (length at recovery) for each tagged
shrimp. The lines were fitted under the criterion
of "least squares." As an example, the data for
males of the Atlantic coast, which had been re­
leased for a period of 40 to 49 days during summer
and fall, are plotted in figure 7.

Since the shrimp were recovered at various
time intervals after release, all those recovered
after intervals of 0-9 days, 10-19 days, 20-29
days, and so on, were treated separately. The
data were further classified by season, spring
(March 31 to June 30), summer and fall (July 1 to
October 31), and winter (November 1 to March
31), and as belonging to four regions of the coast:
(I) Atlantic Coast, (2) Northern Gulf of Mexico
east of the Mississippi Delta, (3) Gulf of Mexico
west of the Mississippi Delta, and (4) Texas.

The slope (K~) and LI+T intercept (L1.,) of the
fitted lines are shown in figure 7. The L", cor­
responding to the computed L 1 and K is also listed
for each line.

TABLE 7.-Date8 of relea8e of 8hrimp tagged for determining
growth

Atlantic coast North cantral
Gulf, east or Central
Mississippi TexBlI:

Sprin~ Summer and River: Summer and
growt rail growth Summer and fall growth

fall growth
----

Mar. 24.1938 Sept. 6.1936 Sept. 20, 1939 Sept. 23, 1936
~r. 14,1938 Sept. 7,1936 Sept. 21, 1939 Sept.. 24,1936

ay 13,1938 Sept. 8,1936 Sept. 23, 1939 Sept. 25, 1936
June 24,1938 Sept. 9,10.16 Sept. 24, 1939 Sept. 28, 1936

Sept. 10,1936 Sept. 25, 1939 Sept. 29,1936
Sept. 11,1936 Oct. It, 1939 Sept. 30,1936
Aug. 10, 1937 Oct. 12, 1939 Oct. 3,1936
Aug. 11, 1937 Oct. 13,1939 Aug. 71,1937
Aug. 12,1937 Oct. 14,1939 Aug. 30,1937
Aug. 19, 1937 Aug. 31,1937
Sept. 7.1937 Oct. 20, 1937
Oct. 11, 1937 1

Oct. 21,1937
Oct. 12, 1937 Sept. 8, 1938
Oct. 13,1937 Sept. 14, 1938
July 6,1938 Sept. 15,1938
July 12, 1938
Aug. 3,1938
Aug. 5.1938
Aug. II, 1938

While the L", 's derived from data of several
different time intervll1s are comparable, the K and
Ll's are not. The K lo and L I ,IO given in the right-
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J ATLANTIC COAST-SUMMER-FALL
y "40 -49 (DAYS OUT).

"
. "

15

L.
+

..r
a...
z

:t 10...
>o......
"'l-
e
z:
I-

'"Z...
-'
o...
z
C 5
l­
I­
e

"

-/" "
)Y" "

"
"

15

L.,r" 11.6 em.

Kr " 0.735

LCD- 19.3 em. -K.o"0.933 -'
I

L lt1o• 1.30 \-em. +.r
10

:Ii...
!..
I-
Z...
:Ii...
0:...
!

5

~--l.-~-L..--I...--!-5-~-L..--I...-...L----:!IO=--...J.---'----l.-....L..---:'1~5--'-----'--....L..-1:::>0-;2~0--'-----1----J 0

ATTAINED LENGTH AT TAGGING IN eM.: Lt

FWURE 7.-Example of fitting a straight line to growth data from tagged shrimp.

1. 88
4. 80
4. 5~
2. 86
1. 40

Female
(length in em.)

3.20
3.24
.42

5.94

Male
(length in em.)

winter, but some of these shrimp were recovered
well into spring. Judging from figure 5, these
shrimp grew very slowly until about the end of
March, and ra.pidly thereafter. In table 9 the
returns were treated as ha.ving been released on
March 31, an arbitrarily chosen date. To the
degree that these shrimp had grown before that
date, the K lo and LI,IO given for' this region are
too low and too high, respectively. A somewhat
different method of estima.ting LI,IO given by
Lindner (1953) yields the following:

Number 0/ days
between release

and recovery
0-9
10-19
20-29
30-39
40-49
50-59

ha.nd columns of ta.ble 9 a.re derived from the
K and L I of each time interval, from

Kr=K,.

where U r" and "r"' are any given intervals of
time. The K, (K for r days) is equivalent to the
K,., which refers to a K for r' days. The values
for LI,IO are derived for ea.ch line from

L',IO=L.. (I-KIO)

This relation follows from the origina.l growth­
type expression, as does the relation between the
value of K for different time intervals given above.

DISCUSSION

Releases in the Northern Gulf of Mexico west
of the Mississippi Delta. were made only during

37604P()-aR----2
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LENGTH IN MILLIMETERS
O~~~~~~ro~~~oo~oo~~~~~~~

MALES

OCTOBER·

AUGUST

SEPTEMBER

JUNE

JULY

APRil

MAY

MARCH

30
25
20
15
Ig ....•.....•......-...-----.......•......
0f-..,..-.....--,--r-,.__"""'T-;=:;~--,--,.__--..-.,...""""'i=-_T::.:....r__--r,.__._....,.-....--,._-1

30
25
20.
15
10
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FIGURE S.-Growth lines applied to Louii:.iana size distributions for males.
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While this treatment does not give biased
LI,10'S, its results are not as precise as the method
used for the other regions. The parameters are
not estimated independently of each other, which
results in more dispersion in these estimates than
in those from data whose time of release Qccurred
during a more uniform growing season. By. March
31, these shrimp had grown an average of about
op.e-half centimeter. Lines fitted to the length.
measurements of these shrimp as they were recov­
ered between' March 26 and April 5, irrespective
of the time interval out, yielded an L I of 1.47,

and a K of 0.923. These 61 shrimp were released
between Oc.tober 27 and March 6. Rather than
try the several possible ways of correcting these
measurements to obtain data comparable to those
from other times and areas, the 281 recoveries
from west of the Mississippi were not used in
describing growth during spring.

The data concerning the release dates of the
experiments from which shrimp were taken for
determining growth are shown in table 7, while
the lengths at release and recovery of all shrimp
used for this purpose are presented in table 8.

TABLE S.-Lengths of shrimp at tagging and at recovery

¥ALES-ATLANTIC COAST-SPRING

lHl days out IG-19 days out 20-29 days nut 30-39 day~ Ollt

- ..----------.-----------;,-----;;----1-----,--------.-------.-....------;..---
Tagging Recover)' Numhp.r 01 Tagging
length length s]l('cimens length

Recoverv Number ol Tagging Recown' Number ol Tagging Rp.eovery Numb... 01
len@"th' specimens' llingth length' sperimens le.ngth _. length specimen,

-.------'----_. ----------------'- ------1----1··--------- -.----

___ .... . .. 0_----------- _

13187.0

Cm.
13.5
13.5
14.0
15.0
13. 0
14.0
14.5
14.5
14.5
15.5
15.0
lR.5

170.0

Cm.
11.5
12.0
12.0
12.0
12. 5
12.5
12.5
13.5
14. 0
14.5
15.0
16.0

I
3
1
1
5
14 •• • •• •
3
1
I
2
1
I
1

1
2
1
1
3
2

36515.0

em.
12.5
13.0
13.5
14.0
13.5
13.5
14.0
13.5
14.5
15.0
14.5
15. 5
14.5
15.0
15.5
15. 0
15. 0
15.5
15.0
15.5

478. 5

Cm.
10.5
11. 5
11. 5
11.5
12. 0
'12.5
12.5
13.0
13.0
Ig.0
13.5
13.5
14.0
14.0
14.0
14.5
15. 0
15.0
15.5
15.5

1
4
4
1
2
4
1
5
2
2
1
3
2
I
I
I
I
2
1
11 •• . • • • . __

4

45601.0

('m.
U.5
12.0
12.0
12.0
12.5
13.0
13.5
12.5
13.0
13.5
14.5
13.5
14.0
14.5
14.0
14.5
14.0
14.5
15. 0
14.5
15. 0
15.5

581.0

em.
11.0
11.0
11.5
12.0
12.0
12.0
12.0
12.5
12.5
12. 5
12.5
13.5
13.5
13.5
14.0
14.0
14.5
14.5
14.5
15.0
15.0
15.5

em. Cm.
11.0 11.0 2
11.5 12.5 1
12.0 11. 5 1
12.0 12.0 I
12.0 12.5 2
12.0 13.0 2
12.5 12.5 3
12.5 13.0 2
13.0 13.0 2
13.0 13.5 1
13.5 13.5 4
13.5 14.0 4
13. 5 14.5 1
14.0 13.5 I
14.0 14.0 5
14.0 14.5 3
14.5 14.0 2
14.5 14.5 3
14.5 15.0 2
15.0 14.5 4
15.0 15.0 6
15. 0 15.5 1
15.5 15.0 3
15.5 15.5 2

7ll8. 5 804.5 58

FEMALES-ATLANTIC COAST-SPRING

11.0 12.0 1 10.0 10.5
11.5 12. 5 1 10.5 11.0
12.0 12.0 1 11.0 11.0
12.0 12.5 5 11.5 11.5
12.5 12.5 1 11.5 12. 0
12.5 13. 5 1 11.5 12.5
13.0 13.0 1 11.5. 13.5
13.0 13.5 I 12. 0 12.0
14.0 14.0 2 12.0 12.5
14.0 14.5 2 12. 0 13.0
14.0 15.0 1 12.5 12.5
14.5 14.0 I 12.5 13.0
14.5 14.5 3 12.5 13.5
15.0 14.5 1 12.5 14.0
15.0 15.0 5 13.0 13.0
15.0 15.5 2 13.0 13.5
15.5 15.0 I 13.0 14.0
15.5 15.5 3 13.5 13.5
16. 0 16.0 2 14.5 15. 0
16.5 16.0 1 14.5 15.5
16.5 16.5 3 15.0 15. 0

----- ------- -- ------ - .. -- ________ e ___ 15.0 15.5
------------ -------~~_.-- --------~---

15.0 16.0
---~-------~ ~-----_.-._--

• ___ ~. __ e ___ 15.5 16.5
-----.------ ---------~~--

~~;::::::::~I
16.0 15.5

------------ .-------- ..-- 17.0 17.0

5.'i3.5 560.5 39 523.5 546.5

1 11.0 12. 5 I 11.0 11. 0
1 11.6 12.5 I 11.5 13.0
1 12.0 14.0 3 11.5 14.5
1 12.0 15. 5 1 11. 5 15. 0
5 12. 5 14. 5 1 12. 0 13. 5
2 14.5 15.0 1 12.0 14.0
I 14.5 16. 0 I 12.0 14.5
I 14.5 16.5 I 12.0 15.0
3 15.0 15. 5 1 12.5 15.5
3 15.0 16.0 2 13. 0 16.0
1 16.0 16. 5 2 14. 0 16. 0
2 .-- • r--------.--- .. ----.----- ------------- ------------- ----------.-3 • • •• ------------
1 • • •• • ------------
I . . -- _
2 1 • ~ __

1 • • -- _
2 • • ------------
1 -- • __
I . . . . . .. . __
1 • • • ._. ------------
I . . . . ._._._. . __ -- _
1 .. __ • • _
2 • .. • • • .. .. .._ -- ..
1 ._. • • • __

4: I-------~;~~l--·---;~~~-· ---------~~- -------~;;~~- -------~~~~: :='=':.~
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Note that the L",'s in table 9 are often less
than 15 em. This implies that these tagged
shrimp would reach an average maximum length
of less than that figure during the course of their
life. This may be true, but shrimp of 17.5 em.
were tagged, and lengths up to 20 em. are not rare
in the samples of the commercial catch. It is our
opinion that the length-at-recovery measurements
are too small. When the tagged shrimp were
released only a few days before recovery, some
would be recorded as having shrunk. This was
particularly true for the large shrimp, whose
growth r",te is always less than that of the small

ones. On preservation in formalin, the tendency
of the fleshy part of the shrimp (the tail~) to curl
under and become stiff, we believe, results in
underestimates of their actual length at recovery
while alive. Moreover, one effect of tagging
shrimp may be to cause them to shrink in length
at their next molt. Very few tagged shrimp have
been held long enough to molt, and those that did
were apparently eaten by others while in the soft
condition. The question of shrinkage remains in
doubt, but we believe the growt,h rate of the
tagged shrimp as reported here to be minimal in
comparison with that of the untagged animals.

TABLE g.-Length8 of 8hrimp at tagging and at recovery-Continued

MALES-ATLANTIC COAST-SUMMER AND FALL

10-111 days outD-lI days out

T Re·
agglng covery

length length
Number 'r Re·
of specl. agglng covery

mens length length

Number
of speci·

mens

20-211 days out I ~II days out ~-411 days ou_t__

T Re· Number '. Re· Number T' Re· Number
agglng covery of speci. Taggmg covery of specl. aggmg covery of specl.

length length mens length length mens length length mens

1
1
1
1
1
1
1
1
1
2
1
1
I

Cm.
12. 0
12.5
12.0
13.0
13.0
13.0
13.5
14.0
13.5
14.5
14.5
15.5
15. 5

Cm.
11.0

10.0
10.5
10.5
11.0
11.5
11.5
11.5
12. 0
12. 0
12.5
14.0
14.5

1
1
1
1
1
1
1
1
1
1
1
1
11 •.. • . .

2
1
2

Cm. Cm.
1 11.5 11.0
1 10.0 11.0
1 10.0 11.5
1 10.0 12.5
1 10.5 12.0
1 10.5 12.5
3 10.5 13.0
1 11.0 12.0
1 11.0 12.5
2 11.0 13.0
1 11.5 13.5
2 12.0 13.5
2 12.5 14.0
1 13.0 14.0
1 13.5 13.5
1 14.0 15.0
1 14. 5 1~. 51 __ •• • _. . .... ... . ••.. __

2
3
1

Cm.
11. 0
11.5
12.5
12. 5
13.5
13.0
13.5
14.0
13.0
13.5
13.5
14.0
14.5
14.5
15.0
14.5
15.0
15.5
15. 0
15.5
15.5

Cm.
10.0
10.5
11.5
12.0
12.0
12. 5
12.5
12.5
13.0
13.0
13. 5
13.5
13.5
14.0
14.0
14.5
14.5
14.5
15.0
15. 0
15. 5

Cm. Cm. Cm. Cm.
10.0 10.0 2 11.5 11.5 1
10.5 10.5 8 11.5 10.0 1
11.0 11.0 I II 10.0 11.0 1
11.0 11.5 5 10. 5 10. 5 1
11.0 12.0 1 10.5 11.0 1
11. 5 11. 5 , 14 10.5 12.0 1
11.5 12.0 4 11.0 11.0 2
11.5 12. 5 2 11. 0 11.5 3
12.0 11. 5 2 11.0 12. 0 1
12.0 12.0 13 11.0 12.5 1
12.0 12. 5 11 11. 5 12. 0 3

. 12. 0 13.0 1 11. 5 12.5 1
12.5 12.5 II 12.0 12.0 1
12. 5 13.0 7 12. 0 12. 5 3
12.5 13.5 1 12.0 13.5 2
13.0 13.0 14 12. 5 12.5 1
13.0 13.5 4 12.5 13.0 6
13.0 14.0 1 12. 5 13. 5 1
13.5 13.0 1 12.5 14.0 1
13. 5 13. 5 8 13.0· 13.0 2
13.5 14.0 6 13.0 13.5 413.5 14.5 1 13.5 13.5 2 __ . . . . __ .. •.• . .• . . . _
14.0 14.0 8 13. 5 14.0 6
14.0 14.5 3 14.0 .14.0 3
14.0 15.0 1 14.0 14. 5 3
14. 5 14.0 2 14.0 15. 0 1
14.5 14. 5 15 14. 5 14. 5 4
14.5 15.0 1 14.11 15.0 5
15.0 14.5 3 15.0 14.5 1 .• •. .. •• ._ .• • .. • __ • __ .. •. _
15.0 15.0 211 15.0 15.0 7 .. __ . . .. . ._ .. __ • ._ . ._. __ . __ .... . . __
15.0 15.5 3 15.0 15.5 6 .• . .• ._ •• . __ . ._ .• . . __ . .• .. _
15.5 15.0 12 15.51 15.0 5 •. -.-------- -- .. ------ . -- .•..• .. -_. ... ----.-.- .. -.- .• --.--.- ..
15.5 15.5 24 16.5 15.5 5 _. .. _. •.. • . __ • ...• ._ . ._. __ ••. _

~-JI-J~I~=iI~~I~~I~I~~~G~
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TABLE S.-Lengths of shrimp at tagging and at recovery-Continued
FEMALES-ATLANTIC COAST-SUMMER AND FALL

0-9 days out UH9 days out :11-29 days out 30-39 days out 40-49 days out

I Re- Number Tagging Re- Number Tagging Re- Number Tagging Re· Number Tuging Re- NumberTagging coyery of specl- eoyery of spec!- coyery of spec!- coyery of specl-
Y~ri:[~

of specl-
length length mens length length mens length length mens length length mens length mens

1
2
1
1
1
1
1
1
1

Cm.
12. &
12. &
13.0
1&.0
14.6
14.6
16.6
16.0
16.6

Cm.
10.0
10. &
n.o
n.5
12. &
13.0
14.0
1&.0
15. 5

2
1
1
1
1
1
4
1
31 .. .. . . ._
2
1
1

Cm.
12.0
12.5
13. &
13.0
14.0
13.0
14.0
1&.0
14.0
14. &
1&.&
16. 0
17.0

Cm.
11.0
11.0
11.0
11.6
12. 0
12.5
12. &
12. &
13.0
13.0
14.0
15.0
16.&

1
1
1
2
3
2
1
2
1
1
1
1
I
1 . ._ ..... . . . ._ ....
1
1
2
1

Cm.
11. 6
11.5
12.0
12. &
13.0
13.&
12. &
13. &
14.0
13. &
13.&
14.0
14.6
14.5
16.6
1&.0
1&.5
15. &

Cm.
10.6
11.6
n. &
12.0
12. 0
12. 0
12. &
12. &
12. &
13.0
13. &
13. 5
13. &
14.0
14.0
1&.0
1&.0
15. &

1
3

'2
1
4
2
1
3
6
4
2
7
3
1
4
fi
6
7
3
4
6
1
5
2
1
&
2
1
&
1
3
2
3
2
4

Cm.
10.0
10. &
11.0
10.&
11.0
11. &
12.0
11. 0
11. &
12.0
11. &

'12.0
12. &
13.0
12. 0
12. &
13.0
13.0
13. &
13.0
13. &
14.0
14. ,)
14.&
14.0
14.6
1&.0
1&.6
1&.6
16.0
16. &
16.0
16. &
16. &
17.0

CIII.
10.5
10. &
10. &
11.0
n.o
11. 0
11.0
n.6
11.6
11. &
12.0
12.0
12.0
12.0
12. &
12. &
12. &
13.0
13.0
13.6
13.&
13. &
14.0
14.0
14. &
14. &
1&.0
1&.0
1&. &
16.0
16.0
16.&
16. &
17.0
)7.0

- - ~ - - - - - -- - -. - - - - -!- - - ~ - - ~ ...

--' --- -- ::::::::::!::::::::::

Cnl. Cm.
10.0 n.6 2
10.0 n.o 1
10.5 11.0 4
10.6 n.6 1
10.5 12. 0 1
11.0 11.0 2
n.o n.6 5
n.o 12.0 1
n.5 n. & 7
n. & 12.0 7
n.6 12. & 2
n.& 13.0 1
12.0 n. & 1
12.0 12.0 &
12.0' 12.& 7
12.0 13.0 1
12.0 13. & 1
12. & 12.0 112.& 12.& 8 . • • . ..• __ .. _._ • • ... _
12.& f3.0 10 . . • ._ .... • • . _
12.& 13.& 3 '_'._._ . __ __ •. .. . _
13.0 12.& 1 __ .. . • ... _
13.0 13.0 3 • ' .. ._

:~:~ :~:81 II :::::::::: :::::::::: :::::::::: ~::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::
:U :U: 18· :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::
13.& 14.& i 3 .- .. ------ ----.----- ---------- --- .. ----- --- .. ---.- ---------- ---------- .-- .... --- .---------

!H !H : ~ :::::::::: :::::::::: ::::::::::1:::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::14.& 14.&, 8 . ... _. • • _
14.6 1&.0 5 __ ,,,_ ... . . .. _
16.0 14.& 1 ... • . ... .~ • _
15.0 15.0 2 ... __ .• • • _
16.0 1&.& 2 • • . . . • . _
1&.& 15.& 3 ... • .. • . • __
1&.& 16.0 2 ... .. . • ... __
16.0 16.0 2 . .. . ...... . . • .. .. _
16.0 16.5 2 .. . _
16.&! 16.0 1 .. . . •. _

__ . ,__________ 16.& 16.5 2 .. .. • __ . .. .. .

~~I~I~.!-J~·~~~:I~~~~~
FEMALES-WEST OF MISSISSIPPI RIVER-SPRING

0-9 days out 10-19 days out 20-29 days out 30-39 days out 40-49 days out SO-SO days out

Tag- IReco\'- \ Num- Tag- IRecoy- Num- Tag-I Recoy-I Num- Tag- Recoy- Num- Tag- IRecoy-I Num- Tag-I Recoy-
Num-

ging ery ber l!f ging ery ber of ging ery ber of glng ery berof ging ery ber l!f glng ery her of
length length Specl- length ,length speci· length length specl- length length specl- length length speCl- length length speci·

, mens mens . mens mens mens ml'Ils

~~ t'h ~ ~:8 ~1~ ~ ~.& ~'o 1 116 crt·& ~ 1i~ ~l8 ~ fr'~ ~'f'8 ~
12. 0 13. 0 1 Ii 0 14.5 1 ~U ~~:8 ~ 12. ~ 16. ~ 1 13.0 16. 0 2 11: & la 6 1
12. & 13. 0 2 12. & 14. 0 1 12. & 13. & 1 13.0 1&.0 2 13. 0 16. & 1 12. 0 1&. & 1
13.0 13.0 1 13. 6 14. 6 1 12. & 14. 6 1 13. 0 15. & 1 13. 6 15. & 1 12. 0 16. 0 1
13.0 13. & 1 1&.0 15. 6 1 13. & 16.0 1 13.0 16.0 1 14. & 15. 6 1 12. 5 16.0 1
1133.' 65 1134' 0& 11 1

1
6.6. &6 116. 0& 1 13. & 15. & 1 13. & 15. 6 1 114&. 6 116.5. 0& : ~g. ~ ~~. ~ ~

. 7. 3 13.& 16.0 1 13.& 16.6 1.0 .,
13.& 14.& 1 ._. ••. .. 14.& 16.0 2 14.0 1&.& 1 1&.& 16.0 1 13.& 16.0 1
14.0 14.& 1 ... .. •• 14.& 16.5 3 14.0 16.0 1 15.& 17.0 1 14.0 16.0 ~

:U ~U ~ I::::::::: -------- -------- ~~8 ~~:~ ~ ~~g ~~g ~ :~8 ~U l ~U ~~g ~
~~~ ~U : --------- 15.0 16.& 2 1&.0 ~6.0 ~ ~~g n·g ~ ~:.g ~~~ 1
1&.& 16.0 1 ::::::::: ~~:g ~~g ~ ~~~ 1~~ 1 17:0 17:6 2 1&:0 16.0 1

:~g ~~g ~ ::::::::: .. ._.____ ~~~ ~~g ~ ~U ~~g ~ ::::::::: :::::::: :::::::: ~~~ ~~~ ~
~~~ ~~g ~ ::::::::: :::::::: :::::::: ~~:g n:g ~ ~~~ ~~g ~ ::::::::: :::::::: :::::::: :~g :~~ ~
16.5 16.& 1 •.. ,_,,_ 17.0 17.& 1 17.0 18.0 1 __ . . . _ 17.0 17.& 1
16.5 li.O 2 __ ._~~ .. _ __ .. 17.0 18.0 2 . .. __ . .. .. --_ - .- .. _.~. -~ - --------
17.0 17.0 3 __ . .. __ . _.. 17.5 17.5 1 __ . . . _~ .. --- - -_ ... -.. - .. -- --------
17.0 17.5 1 1_________ 17.5 18.0 1 __ . . . .. _.. ~ ~ _... -~- - -.. - --.-.--- ------ ..
17.& 17.& 2 i--.------ . ... __ . .._.. __ ,__ ,_, __ .,,_.. _. ----.--- --------- -------. ----- ..---"'--':':":":":"::':":":":":

58Uf596."O 39"1141."6149.6" 10 """"51UrM&OI-s4 ---mD\370:5 ------zl32iS 362.0 --22- 49i'6 346.0 21
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TABLE S.-Lengths of shrimp at tagging and at recovery-Continued

MALES-WEST OF MISSISSIPPI RIVER-SPRING

I Re- .Number Re- Number. Re- Number T Rc- Number Re- INumber
Tlagenggtln

b
g covery of sped- Tagging covery of spec!- Tagging covery of spec!. agglng covery of spec!. Tagging covery of specl.

lengtb mens length lengtb mens lengtb Iengtb mens length length mens length length mens

Om. Om. Om. Om. Om. Om. Om. Om. Cm. Cm.
10. 6 11. 0 1 11.0 13. 0 10. 6 12. 0 1 12. 5 14.0 1 12. 0 15. 0 1
11. 6 12. 5 1 12.0 • 14. 0 11.0 14.0 1 12. 5 14. 6 3 12. 0 15. 5 1
11.5 13.0 1 12. 5 13.5 13. 0 111.0 1 13.5 111.0 2 13.0 15. 0 1
12. 0 11. 5 1 14. 0 14. 0 13. 5 15. 5 2 13. 5 15. 5 1 13. 5 15. 5 1
12. 0 12. 5 2 15. 0 15. 5 14.0 15. 0 1 14.0 15. 5 1 14. II 16. 0 1
12. 5 13. 0 2 15. 5 16. 0 14. 0 15. 5 1 14. 5 15. 5 2 15.0 16. 0 1
13. 5 13. 5 2 16. 0 16. 5 14. 5 15. 0 1 14. 5 16. 0 1 15.0 17.0 1
13.5 14.0 1 1&:0 17.0 14. 5 16. 0 3 15.0 15.5 2 15. 5 16. 0 1
13.5 14. 5 1 16. 5 16. 5 15. 0 15. 0 1 15.0 16. 5 1 15. 5 16. 5 2
14. 0 14.0 1 17.0 17.5 15. 0 16. 0 1 15.5 16. 0 2 16. 0 16. 0 2
14.5 14.5 5 . • . 15.0 16.5 1 111.5 16.11 2 16.0 16.11 4
15.0 14.5 2 • . . ._. __ ••. .• 15.5 15.5 2 15.5 17.0 1 16.5 16.5 1
15.0 15.0 3 .• _. . . •• _. __ ._ 15.5 16.0 3 16.0 16.5 1 16.5 17.0 2
15.5 15.5 1 _._. . . __ ._. ._ 15.5 16.5 2 16.0 17.0 1 17.0 17.0 3
15.5 16.0 2 __ •... . ••• . 16.0 16.5 4 16.5 16.0 1 17.0 17.5 1
16.0 16.0 1 _.••. ._. •. . 16.5 16.0 1 16.5 16.5 3 .. . .. .. ._
16.0 16.5 2 .. . __ ... ._______ 16.5 16.6 1 16.6 17.0 3 . . ._. . __ . _
16.0 17.0 1 _. __ . •• ._._. ._______ 16.5 17.0 3 17.0 17.0 1 . . . .. ._
16.5 16.0 1 _._. • __ ..• .•. .. 17.0 17.0 1 . • . •. _. ._ . . .

. 16.6 16.6 4 •.. • __ •. _. •.. •... _ . __ • ._.. . . •. . __ . . . __ •• . ._. __ ._
16.6 17.0 1 . . .. __ ._ .. •.. •• . __ . . •.. •. .. __ .. • .... ._ . .. __ ..
17.0 17.0 2 ..•.• • •.•...•__ . •.. __ . . __ ... _ .. _. __ • . . •. __ . . _

~~J ~U ---~ :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::1:::::::::: :::::::::: :::::::::: ::::::::::1:::::::::: :::::::::: ::::::::::
588. 0 5ll6. 5 40 145. 5 163. 5 10 464. 6 491. 6 31 436.0 .62. 0 29 3M. 0 376. 0 23

FEMALES-EAST OF MISSISSIPPI RIVER-SUMMER AND FALL

0-9 days out 10-111 days out 20-211 days out 30-39 days out
---,--------------

TaRging
length

Recovery Number of 'Tagging
lengtb specimens length

Reco"very Number of Tagging
length specimens length

Reco\'ery Number of Tagging
length ~pecimens length

Recovery Number 01
length specimens

-----1-----1----------------·----1-----1-----1------------- ----
em. em. em. Cm.

11.0 13.0 1 11.0 13.5 1
11.6 12.6 3 11.6 13.5 3
11.6 18.0 2 12.0 13.0 1
12.0 12. 0 1 12. 5 18.5 1
12.0 13.0 1 12.5 14.0 1
12.0 13.6 1 13. 0 14.0 1
18.0 14.6 1 18.5 15. 0 1
13.5 14.0 2 14.0 16.6 1
13.5 15. 0 1 14. 5 15.5 1
14.0 14. 5 3 15.0 16.0 2

_ 15.5 16.0 1 15.5 16.0 1
--~~-----.--- ----.------.- ------ ----_. 15.5 16. 5 2
-- ..~----.-.- -- --.----- -.. -- .-.-. --- .. 15.5 17.0 1

17252. 5275.517215. 5

1
1
1
2
4
3
1
6
1
3
2'
1
1
4 ._. __ • ._. --. ._. -.---- ---- .. •__ • _.. • ._._ -.-.---- .. __
1
4
1
8
3
1
4
2
3
1
3
2

822. 0

em.
11.6
11.0
12.5
12. 0
12. 5
18.0
13.5
12. 5
18.5
13.0
18.6
14.0
18.6
14.0
18.5
14.0
14.6
14.11
15.0
15. 6
15.0
15.6
Ill. II
16.0
16.0
16.6

803.5

em.
10.0
10.5
11.5
12.0
12.0
12.0
12.0
12.5
12. 6
18.0
18.0
13.0
18.5
13. 5
14.0
14.0
14.0
14.5
14.5
14. 5
15.0'
15.0
15.6
15. 5
16.0
16. 5

em. Cm.
8.5 9.0 1

10.0 10.0 1
10.5 11.0 1
11.0 11.0 2
11.0 11.5 2
11.5 11.0 2
11.5 11.5 5
11.5 12. 0 3
11.5 12.5 1
12.0 12.0 11
12.0 12.5 4
12. 5 12.0 1
12.5 12.5 17
12.5 ' 18.0 7
13.0 12.0 1
18.0 12.5 2
13.0 18.0 11
18.0 18.5 8
18. 0 14.0 1
18. 5 13.0 2
18. 5 18. 5 18
18.5 14.0 8
14.0 14.0 12
14.0 14.5 2
14:5 14.0 2
14.5 14. 5 10
14.5 15.0 9
15. 0 16.0 11
15. 0 15. 5 3
16.6 15. 0 2
15. 6 15. 5 19
15.5 16. 0 4
16.0 15. 5 2
16.0 16. 0 11
IIi 5 16.0 3
16.5 Ill. 5 7
16. 5 17.0 4
17.0 16.5 1
17.0 17.0 4
17.0 17.5 1
17.5 17.5 1

8,025. 5 3,046.5 217
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TABLE S.-Lengths of shrimp at tagging and at recovery-Continued

MALE8-EAST OF MISSISSIPPI RIVER-SUMMER AND FALL

~~~ ~~~ ~~~ ~~~

TlIllglng Recovery Number 01 Tagging Recovery Number of TlIllglng Recovery Number 01 Tagging Recovery Number of
length length specimens length length specimens length length specimens length length specimens

-~--I--~-- ----'---�----=---I-"----I----�---'---�~---I--=-----I---=---I--'~.....:....-

--.----._._.- --._--.------ ..... -._.---.- --._--------- --._-----~--- -_._-------- ---------.-.- ------.------ _._--~.----~

em. Om. Om. Om.
10.0 11.5 I 10.5 12.0 1
11.6 12. 0 I 11.0 13.5 I
12.0 12. 5 3 11.5 12. 0 1
12.0 13.0 2 11.5 13.0 1
12. 0 13.6 I 11.6 13.5 I
12. 6 13.6 2 12.0 12.5 I
13.0 13.0 1 12. 0 13.0 1
13.0 13.6 I 12.0 13.6 I
13.5 13.5 1 12.5 13.0 I

--.--.-. ---.- ------------- -~ --_. ---- -- 12. 6 13.5 I
-~-_._---_._- .- ----.- -.-.- -. -- ---- --.- 13.0 15.5 I
.-. ---- ...-.- -- ----_.-.-.- -.. ---.- -- _. 13.5 15.0 .1
._--- ._-_._-- .- .-._- -- .-.- -.. -. -. -- --- 14.6 15.0 I
------------- .-.-._-. -. --- --.-. -.- ---- 14.5 16. 0 I
.-.- .... ----_.- .- --.-- -- --.- ------.- ---- 16.0 15.6 1
--.--.--_._-- --.---._._._- -..-.- .-. -.- 16.5 16. 0 2
.-.-_. -._-- .. .-.... ----.-.- --.-.-.-. --. 15.6 16. 6 1

18255.0234.013

1
1
1
1
1
2
2
3
1
7
4
2
3
1
1
5
11 . . .-_._... . . . ., __ .. .

3
4
2
4
1
I
1
1
1
1
1

Om.
10.0
10.5
11.0
11.5
12.0
12.5
12. 5
13.0

'13.5
12.6
13.0
13.0
13.6
13.0
13.6
14.0
15.0
13.0
14.5
14.5
16.0
16.5
16.0
16.6
16.0
16.0
16.5
16.5
16.6

773.0 7114. 5 M 168. 0 167. 6

Om.
10.0
10. 0
10.6
11.0
11.5
11.5
12. 0
12.0
12.0
12. 5
12.5
lao
13.0
13.6
13.5
13.6
13.5
14.0
14.0
14.5
14.5
16.0
16.0
16.6
15.6
16.0
16.0
16.6
17.0

Om. Om.
8.6 8.6 2
11.6 11.6 1

10.0 10.0 1
10.5 10.5 3
11.0 10.5 1
11.0 11.0 2
11.0 11.5 1
11.5 11.5 4
11.5 12.0 1
11.5 12.5 1
12.0 12.0 6
12. 0 12. 5 7
12.6 12.5 25
12. 6 13.0 6
12.5 13.5 2
13.0 12. 6 2
laO 13.0 24
13.0 13.6 6
13.5 13.5 18
13.5 14.0 3
13.5 14.5 2
14.0 13.5 2
14.0 14.0 10
14.0 14.6 8
14.0 16.0 2
14.5 14.6 11
14.5 16.0 2
15.0 14.0 I
16.0 14.6 2
16.0 16.0 11
16. 0 16.6 6
16. 0 16.0 I
16. 6 16.0 I
16.6 15.5 12
16. 0 15.0 3
16.0 16.0 2
16.0 16.5 I
16.6 16.0 I
16. 6 16. 5 3

2, 626.6 2,646. 0 1116

FEMALE8-TEXAS-SUMMER AND FALL

~da7sout 10-111 days out ~211 days out ~daysout 10-111 days out ~211 days out-
ITIIll- Recov- Num· TIIll' Recov· Num· T.IIll- Recov· Num- TIIll- Recov· Num- Tag· Recov. Num· Tag. Recov- Num·

ging ery ber of glng ery ber· of gmg ery ber of ging ery ber of ging ery ber of ging ery ber of
length length specl· length length specl· length length specl· length length ·speci· length length speci· length length speci·

mens mens mens mens mens mens--------------- ----------- ------------------ ------
Om. Om. em. em. Om. Om. Om. Om. em. em. em. Om.
10.6 10. 0 I 11.0 11.5 1 11.5 12.0 1 13.5 14.0 2 15.0 14.6 I --_.-._- -------- ---_. __ .
10.6 10.5 I 11.0 12.0 1 11.5 12.5 1 13.5 14.5 1 15.0 15.0 1 ._------ .. --_. -. ----_._-
10.5 11.0 I 11.6 11.6 3 11.6 13.0 2 14.0 13.6 I 15.6 15.0 1 -------. -_ .... -- --------
11.0 10.5 1 11.5 12.0 1 12.0 12.5 I 14.0 14.0 4 15.5 15.6 2 .------- . __ .. --- --------
11.0 11.0 2 11.5 12.6 I 12.0 13.0 3 14.0 14.5 I _.------ _.. -. __ . ---- ___ 0 .------- ._ .... -- --------
11.0 11.6 3 12. 0 12.6 I 12.0 13.5 2 14.5 14.0 2 __ -0-·.- _._----- -------- -------- -------- --------
11.6 11.6 6 12.0 13.0 I 12.5 13.5 3 14.5 14.5 4 -_ .. __ .. -------- _.---_ .. ----_.-- ------_.
11.5 12.0 I 12.5 12.6 1 13.5 14.0 I 16.0 14.6 I ----_ .. - _.. -.--- . _.. _--- - - ___ •• 0 .. --- _.. ------ _.
12.0 11.6 2 12.5 13.0 1 14.0 14.5 2 16.0 15.0 8 ------ _. __ ._-- _._----- ------_. -------- --------
12.0 12.0 II 12.6 13.5 I 14.0 15.0 I 16.6 16.0 2 . -----_. _.. _---- ._------ -_._- ... _. ---- -- ------_.
12.0 12.6 2 13.0 13.0 2 16.0 16.0 I 15.5 15.5 3 -_.- .. _- .-_._-_. ---_ ... - -------- .. __ . __ .
12.5 12.0 I 13.0 13.5 2 16.0 16.0 I 16.0 16.0 I ---_.--- ------_. ·-- ____ 0 -------- ----_.-. .. _._---
12.5 12.6 5 13.0 14.0 1 16.6 16.5 1 16.6 16.0 I -------- -------- ----_ ... -------- ----_._- _.. _....
12.5 13.0 3 13.5 13.6 I 18.0 18.0 1 16.5 16.6 2 -----_.- ----.-_. ---'_.' . . --_._-- -_._---- ---_ ....
13.0 12.6 2 13.5 14.0 3 -------- -------- -------- 16.6 17.0 I ---_.-.- -- ... __ . -_ .. __ .- -.------ -------- .. _--_.-
13.0 13.0 3 14.0 14.5 1 ---- .. _- -----.-- _._---_. 17.5 17.6 I -_. ----- _.... _-- ._-._.-- _._----- .. ----.- --------
13.0 13.6 I 14.0 15.0 2 -_. __ ._. ---- .. _- .0_---.-
13.6 13.0 3 14.5 14.5 I -_ ... _-- .. _----- ._------ ------_.--- --- ------------
13.5 13.6 2 14.5 16.5 2 . __ . __ .- -----_.- --_ ... -. 1,116.6 1,115.5 84 422.0 435.0 32 276.5 2114.0 21

MALES-TEXAS-SUMMER AND FALL

10.0 11.6 I 10.5 11.5 1 11.5 12.0 I 13.0 13.0 4 15.5 16.0 .. -. __ .- . __ .. _-- .--_.- ..
10.0 10.0 I 11.5 11.0 I 12.5 13.0 I 13.5 13.0 2 ._------ ---_._-- ._._---- -----_.- . __ ... _. ----_._ .
10.0 10.5 - I 11.6 12.0 I 12.5 13.6 1 13.5 13.5 3 --.-.--- -_._--- ----- ... --- .. __ . .. __ ._ ..
10.6 10.0 I II. 6 12.5 I 12.5 14.0 I 13.5 14.0 2 ----_ .. - --.-.--- -_._---- ... _-_ .. ._.-.- .. . __ .. _.-
10.5 10.6 3 12.0 12.5 5 13.0 14.0 I 14.0 13.5 2 -----_.- _.. '--'- -_._--_. _.... _.. -_ ... --- .--_.---
11.0 10.6 1 12.0 13.0 I 13.5 14.0 I 14.0 14.0 7 -----_.- -_._._-- __ 0--_ .. -_ .... _- . --_. -.-
11.0 11.0 3 12.5 12.6 3 14.5 15.0 4 14.5 14. U I ._------ . -----_. _.. - ... - ._---_ .. --_._--- ._-_ ... -
11.5 11.0· I 12.5 13.0 I 15.0 15.6 2 14.5 14.5 3 ._------ .. _----- -_.- .. -. ---- --- .. _-_._- -_. __ .- .
11.5 11.5 6 12.6 13.6 2 16. 0 15.5 I 15.0 14.5 1 ._-_.--- --._---- --- .... -------- -------- .-----_.
11.5 12.0 I 13.0 13.0 I 16.0 16.0 1 16. 5 15. 0 I .-._---- ----._ .. . __ .---- ---_.--- .. __ ... -
11.5 12.6 1 13.0 13.5 I ---'-_.- -------- 15.5 15.5 1 .. __ .-.- _ .. _... - -_.- ... - --_.---- ._----_. .. _-_ .
12.0 12.0 5 13.5 13.6 3 ---._.-- -------- 15.5 16.0 I -------- -- -. -- ---. __ .. ---_._-- ._-_. --- --_.-.
12.0 12.6 2 13.5 14.0 3 --0·._.- _._---_. -------. 16.0 15.5 1 -------- ---- .. _- ---. __ .- ._------ -------- ._-_ .. --
12.6 12.0 2 13.6 14.6 I --.----- -------- -_.-.-.- 16.0 16.0 2 ---_.- .. .---.--- ---_._.- ._------ --_.---- _._ .. _.-
12. 6 12.6 4 14.0 14.6 2 --.----- -- .. _-_. --_ .. -.-
12.5 13.0 2 14.5 14.5 I . __ .. --- .. _---_ . .. -----. ---------------------------
13.0 12.5 2 15.0 15.0 2 -----.-- ------_ . ... _---- 8611.5 867.0 68 400.5 413.0 31 1116.5 203.0 14
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T A,BLE 9.-Growth characteristics derived from tagged shrimp:
single experiments

TABLE 9.-Growth characteristics derived from tagged shrimp:
single experiments-Continued

--------1------------------ ---------1----------------
IIKTime out (in da)·.)nLCDKTime out (in days)

MALES

Atlantic COlI8t:
Spring:

lHl_ . ..
10-111 • ._
20-211_. _
30-311 . _

West of river (not cor·
rected): Spring: I

0-9 ._. __ ••• _
10-19 .• __ •.•• _
20-211 • •. _
30-39 .. __ •..• _
40-49 __ ... .. _
50-59 ._. • _

Om. Om. Om. Om. Om.
2.25 O. @440 14.40 0.686 4.52 58
3.30 .7788 14.90 .842 2.36 45
6. 18 . 5661 15.65 . 792 3.26 36
7.06 .55llIl 16.05 .845 2.49 13------------

TotaL .. . __ . ._______ 61.00 3.165 12.62 152
Mean.... ._ .. . 15.25 .791 3.16 • .• __

Om. Om. Om. Om. Om. em.
I. 26 . 9371 20. 0 . 865 2. 70 39
2.97 .8465 19.4 .892 2. 09 10
7. 18 . 6130 18.6 .819 3. 36 34

10. 10 .4230 17. 5 . 779 3. 87 23
11.10 .3644 17.4 .796 3.56 22
11.70 .3413 17.8 .821 3.18 21-------------_.

TotaL .. . ._, 110.6 4.972 18.76 149
Mcan . . . 18.4 .829 3.12 _

=======
Summer and fall:

lHl __ ._. . _
10-19__ . __ •__ • __
20-211 •. _
30-311._ .. • __
40-49 _

.85 .11437
2.111 .8623
3.04 .8202
4.311 .7427
5.11 .7352

15.2
15.11
16.11
17.0
19.3

.874

.903

.1l22

.801\

.1133

1.91
1.54
1.32
3.31
1.211

242
90
29
III
I'll

I Shrimp from this locality, although tagged at various times during the
winter, were treated as If released on March 31, the approximate date of reo
sumptlon of growth In the spring.

• One shrbnp, 11.5 em when tagged, was recorded as having not grown in
more than 30 days out.

=======::

=== ==

TotaL_: . . _.______ 69.4 3.662 5.82 310
Mean_._. . ._ .. .__ 17.4 .916 1.46 _

TotaL .______ 96.3 4.746 4.82 326
Mean. .. ._ 19.2 .949 .96 __ .. _

Females: K aD L 1,3ft La:>
Weighted equal1y _________ 0.817 3. 5 19.0
Weighted to vn_____·_____ .810 3. 3 17.6

Ma.les:
Weighted equal1y_________ .761 4. 0 17.0
Weighted to .,fn. __ ._______ .756 4. 0 16.3

RESULTS

The data from which table. 9 was prepared have
been pooled, and the results of the growth descrip­
tion of all of these animals, 1,822 individuals, are
contained in table 10. The data from west of the
Missi~sippi hav~ been omitted, for reasons previ­
ously given. The KIn and L, ,10 from the several
regions and from the different "time-out" intervals
are quite similar. Variances of the several indi-

. vidual parameter estimates were not computed,
but in combining the several K lo , LI ,10, and L (X) 's,
two schemt's of weighting were employed: (1) The
several parameter estimates were given equal
weight for each "time-out" period, and (2) they were
weighted according to the square root of the size
of the sample from which they came. The latter
procedure is equivalent to weighting inversely as
their standard errors, if the standard deviation of
their original distributions in the regressions were
all equal. Since there was little difference among
the several parameters, these two schemes of
weighting produce very similar averages. For
convenience in comparing monthly modes in the
length frequency distribution with the growth
pattern here derived for tagged shrimp, the KID

and L 1,10 wt'.re converted to K ao and L, .ao. This
is accomplished, as given above, by cubing tho
K1o's to get I{ac's and by using K ao and L 00 to get
L uo, as described. .

84
32
21

39
41
16
11

68
31
I'll

217
59
17
17

195
58
13
18

.97
1.24
1.58

I. 21
1.50
1.72
1.39

.78
1.24
1.64

1.04
.98

2.42
1.10

.927

.928

.908

.ll2ll

.906

.898

.929

.667 5.08

.1143 1.12

.859 2.06

.940

.1146

.828

.943

.933

.926

.900

13.3
17.2
17.2

17.0
16.0
16.8
19.6

15.2
111.7
18.2
o

11.6
16.8
16.4

17.4
18.1
14.1
19.4

.44 .9669
I. 75 .8981
3.58 .7910

.55 .9677
2.14 .8660
3.92 .7673
4.39 .7753

.36 .11693
I. 76 .81154
3.71 .7728

.47 .11728
I. 40 .9224
5.22 .6304
3.54 .8177

==---== =

--===

1.90 .8853 16.11 .762 4.02 40
4.62 .7379 17.6 .811 3.32 10
IUlll .5917 16.1 .807 3.30 31
7.37 .5708 17.2 .850 2.58 211

10.44 .3Il31 16.11 .805 3.30 23---------------1'otal. . . . __ ._______ 85.6 4.035 16.52 133
Mean..._. . .__ 17.2 .807 3.30 __ . ._

Summl'l' and fall:
lHl __ .... _______ .38 .9745 15.0 .944 .84 11310-19___________ I. 26 .9305 18.2 .1152 .88 15920-211 _______ . ___ 2.50 .8612 18.0 .941 1.06 2430-39_______ •___ 3.34 .8454 21. 6 .1152 1.04 2040-49 _______ . ___ 4.20 .8216 23.6 .957 1.02 10

Texas: Summer and
fall:0-9 .. __ • _

10-19 __ . . _
20-211 __ .. . _

E\'::~r~~fa:rPI: Sum·
0-9 __ • . _
10-19 _
20-29_ .. _
30-3\1 __ . . _

FEMALES

Atlantic coast: Spring:
0-9_____________ 2.54 .8337
10-19___________ 1.60 .9187
20-211___________ 5.64 .6893
30-311 • -1.62 '1.3224

--== =

Total. .. __ 53.1 2.469 8.76 106
Mean. __ . .. __ 17.7 .823 2.92 . __ ._

TotaL. . .____ 69.0 3.657 5.54 284
Mean.._. . __ . .. .____ 17.2 .1114 1.38 . __

West of river: Spring: I
lHl __ • ..• ._
10-111 .. _. ._

. 20-211 __ .. _.. _. _
30-311 • ._
4Q-4Il _

Texas: Summl'l' and
fll1l:lHl . . ._

10-19 . ._
20-211 _

'rotal. . ._ 47.6 2.763 3.18 137
Mean .____ 15.8 .921 1.26 _

TotaL ._ .... .. _.____ 44.8 2.759 3.66 113
Mean..... . . __ .____ 14.11 .920 1.22 _

East fdlsslsslppl: Sum'
mer Bl\d fall:

lHl. - ----------- --..10-111 •
2ij-,211 --
30-311 •• _-_. _

TotaL . .. __ .. __ ._____ 84.3 4.438 11.38 394
Mean__ . .. __ .. . __ ._____ 16.8 .888 1.88 .. ._
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The growth lines shown in figures 8 and 9 were
calculated from the formulas: 2

T ABLE H.-Calculated grou'!h oj shrimp, deril.ed from single
experiment

[All localities except West 01 the Mississippi River and ali seasons Ilooled.
sexes separated]

TABLE 1O.-Growth characteristics derive.d from tagged
shrimp: Combined single experiments

We chose the initial points to approximate the
modes of the distributions. The remaining points
were then determined by calculation (table 11).

Judging from the modes, there is some indication
that the young shrimp appearing in June increase
more rapidly in total length than do those resum­
ing rapid growth at the beginning of March. This
difference may well be actual, since the March
shrimp are approaching maturity more rapidly
than are those which appear in June, and as the
shrimp approach maturity various morphological
changes occur. The result of one of these changes
is that mature shrimp have a shorter rostrum in
comparison with immature shrimp of the same
total length.

Length, In millimetersSex and month

Males:
March•• ____ . _. _____ 105.0 110.0 163.0 -----._- ------~ - --------AprIL _____ ._. _____ 123.8 127.5 166.9 -------- ---_.--- -------~May_. ______ . __ . ___ 137.7 140.5 169.8 .----_ .. .------- ---- - ---June ____________ .•• 148.1 150.1 171. 9 81.0 -------- ----- ---July__ ,. ____________ 155.8 157.3 173.5 106.0 113.0
August. __ . _________ 161.5 162.6 174.7 124.5 129.7 83.0
September ____ . _..__ 165.7 166.6 175.5 138.3 142.1 107.4
October. _____ . __ .. _ 168.9 169.5 176.1 148.5 151. 3 125.6

Females:
March ____ . _____ . __ 105.0 168.0 _._----- ----~ --- --~. ---- --------AprIL _____ . _______ 132.2 177.7 128.0 -------- -------- --------May ______ .• __ . ____ 151.9 184.7 148.8 --- ----- -- ------ ----_.--June___ .. __ . _______ 166.1 189.8 163.9 78.0 -------- --------July___ • ________ . ___ 176.4 193.5 174.8 112.7 -------- ---i2S:0August. _____ . __ . _._ 183.8 196.2 182.6 137.8 83.0
Septemhcr_______ .. _ 189.1 198.1 188.3 155.9 116.3 148.8
Octoher. ___________ 193.0 199.5 I 192.4 169.0 140.4 163.9

equation of this line is noted on the figure. We
realize that it is not sound to extend the line to L o,

but we have done so because the growth of the
shrimp seems to approximate that represented by
this liIie. In other words, we believe that shrimp
reach about 80 mm. in length approximately 2
months after spawning. Perhaps this is fortui­
tous, since it indicates a growth considerably more
rapid than that obtained by Pearson (1939) with
shrimp in aquariums. However, his aquarium
conditions did not duplicate the natural environ­
ment, nor was the food the same as that found
naturally.

To use this line we proceed thu~: Choose the
size of shrimp we wish to follow, say 100 mm., on
the X axis and continue vertically until the growth
line is intersected. This gives us about 125 mm.
Hence, a shrimp 100 mm..long (from tip of rostrum
to end .of telson) will in 1 month have grown to
about 125 mm. Following the same procedure
with 125 mm. on the X axis, we find that at the
end of 2 months the shrimp will have grown from
100 mm. to about 141 mm. This line, of course,
can be used only for the rapid !!:rowing season,
from about March until the end of October.

879
943

453
563

291
224

77
92

48
50

10
14

n

6.\1
7.1

3.2
3.7

8.8
11.6

La>
17. SO
20. 30

21.3
23.7

17.1
15.0

I. 4 _

1.4

1.2 . _
1.2

1.0
1.3

1.4
1. \I

J.1
1.2

1.3
1.3

J.1
1.5

II

1'=4.5S+0.7427 X
Y=5.64+ .7225 X

Ma1es _
Fema1es __

Time out and sex

U-Il days:
Females. . _. __ U.52 U.967 15.8 0.928
Males •• _. __ .58 .963 15.6 .920

10-111 days:
Females .. 1.1\5 .910 17.4 .1137
Males. . 2.15 .81\6 16.0 .905

20-29 days:
Fema1es. ._ :1.35 .815 18.1 .920
Males . 4.28 .736 16.2 .882

ilO-39 days:
Females. ... _ 4.23 .7\13 20.4 .935
Males : .. _. 4.30 .759 17.8 .923

40-49 days:
Females. . 4.20 .822 23.5 .957
Males 5.11 .735 19.3 .1133

Averages:
Females:

Unweightcd_ . 111.1 .935
Welghted ... _. 17.6 .932

Males:
Unwelghted ..... 17.0 .913
Welghted. .. __ ... 16.3 .911

Totals:
Females .. _. __ . ... __ . •.. . __
Males_._. .. . . .... _

Figure 10, showing the 30-day growth line for
males and females combined, has been drawn so
that the solid part. represents the range covered
by our data (100 to 180 mm.), and the broken
pftrts are extensions beyond this range. The

'These lines, "cry similar to those represl'nted hy the Ilar~m.·ter"stimlltes
Ili"en, were those included in the 1I1'st dralt 01 this manuscript. Although a
"eexamlnation 01 the original data yielded slightly different results. the
original growth lines were not changed. The... results are used Ilrimaril~'

lor checking the advance in length 01 modes in monthly length lrequencles,
lor which they are adequate, in the opinion 01 the allthors.

MIGRATIONS

1n any tagging experiment one must assume,
unless there is evidence to the contrary, that the
unmarked individuals follow a pattern similar to
that of the marked individuals. Since the size
distributions (treated in a later seetion) suggest
no difference in the movements of the two groups,
and since we have encountered no evidence whieh
would lead us to suspect any abnormal behavior of
the tagged shrimp, we make this assumption.
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LENGTH IN MILLIMETERS
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FIGllRE !:I.-Growth lilies applied to Louisiana size distributions for females.
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With few exceptions, we always marked random
samples of shrimp as we found them on the fishing
grounds. The exceptions occurred now and t,hen
when small individuals were abundant. On these
occasions we would not mark shrimp less than
about 9 cm. in length, since we had found that our
t.echnique failed on smaH shrimp (see table 2 and
fig. 4).
. For c~nvenience in analysis and interpretation
of our data, we divided the coast into sections
about· 50 miles long. Our divisions are shown

in figures 11 and 12. The extent of the present­
day fishery for white shrimp off the coast of the
United States is shown in these figures by stippling.3

We marked 46,532 shrimp. Our conclusions
are based on 7,055 returns for which we know
the date and locality of. recapture. The longest
time between release and 1"ecapture was that" of a

. shrimp marked at Cape Canaveral in January and
recaptured off the Georgia coast 257 days later.

• A description of the boats. gear, fishing methods, and locallties.can be
found in Anderson, Lindner, and King (1949).
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FIGURE 1I.-Shrimp-fishing grounds aud reference areas for tagging analyses along the Atlantic coast. Fishing ground!'
are shown by stippling.
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In table 12 we give for each experiment, the date
and locality of release and the number of returns
for all our marking experiments.

MIGRATIONS FROM INSIDE WATERS TO
OUTSIDE WATERS

The common or white shrimp has very definite
patterns of movement, but these vary in different
areas. However, in one respect the movements
of marked shrimp were similar in all localities
studied between North Carolina and Texas, that
is, after the young shrimp first made their appear­
ance on the inland fishing grounds they gradually
worked their way towards the sea.

lf the shrimp move "from inside waters (those
landward of the outer beach line, the marshes,
bays, sounds, rivers, creeks, and bayous) to
outside wate-rs (the littoral waters beyond the
outer beach line) and rerp.ain subject to recapture,
we should expect that with the passage of time
increasing proportions of inside releases would be

encountE'..red in outside waters. Eventually, we
should e."\:pect to find the recaptures coming only
from outside waters. We found this to happen
along the Atlantic coast and in the north-central
Gulf of Mexico. However, if the marked shrimp
moved from inside waters to outside waters and
then beyond the range of the fishing fleet we should
e."\:pect relatively poor returns from outside waters,
although the recaptures from inside waters should
decline progressively at a rate greater than could
be e.'Cplained on the ,basis of mortality alone. We
found that our central-Texas recaptures of inside
releases behaved in this fashion. They were soon
lost to the fishery once they moved to outside
waters. They obviously moved beyond the range
of the fishery.

The data substantiating these statements are
contained in table 13 and are arranged so that the
months after release represent calendar months,
with 0 month the month of release. For instance.

872 :5 4 5 6
MONTHS AFTER RELEASE

FIGURE 13.-Movement of marked shrimp from inside to outside waters.

v ~

)

V
/

/
.,

"
o

o

100
Ul
II:
III...
J
III
Q 80iii...
;:)
0

~

Ul
III
II: 60;:)

~
C!
III
II:

IL
0

... 40
z
III
I,)
II:
III
CL

20



ATLANTIC AND GULF COAST SHRIMP 583
-

v ~
~ /~
~V

.........................
~ ................. ......

4

o
AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR.

MONTH OF RELEASE IN INSIDE WATERS

FIGURE 14.-Seasonal change!;' in length of time required for 60 percent of the marked shrimp to move from inside to
outsidp. waters.

recaptmes any time during Septembel' of shrimp
released any time in September were reeorded as
month 0 returns. Reeaptures any time in October
from September releases were recorded as month
1 returns.

Figur~ 13 (based on the data for all 'areas
excep~ Texas) shows the monthly pereentage of
marked shrimp, recaptured in outside waters,
which originally were caught, marked, and re­
leased in inside waters. During 0 month, 16.5
percent of all recaptures were in outside waters.
The month following the release month, 37.2
percent of all reeaptures were taken in outside
watel's. After the fourth month none of these
shrimp was recaptured in inside waters.

The movement of marked shrimp from inside
to outside waters is not uniform throughout the
year. We can obtain a rough estimate of the
seasonal changes in the rapidity of this migration
by noting the number of months required for out­
side recaptures of shrimp tagged in inside waters'
to reach, or to exceed and maintain, a level of 60'
percent of the total reeaptures for eaeh month.
The data on this point are given in tables 14 and
15, from which we have omitted Texas data for
reasons previously given. We have depicted the
data graphieally in figure 14. The September
releases in inside waters required 3 months before
60 percent or more of the recaptures were found in

outside waters. In December and April, lllorp
than 60 percent were caught in outside waters
during the same month in which they were re­
leased. We made no releases in inside waters
during Mareh, May, or June. July is not in­
cluded in figure 14 since all of the reeaptures from
releases made during this month were caught in
July or August, and in neit,her month did the

. returns from outside wat,ers equal 60 percent.
It is obvious that the movement from inside

waters to outside waters speeds up during two
periods of the year, at the onset of winter and in
the spring. As we shall demonstrate later, these
-two periods seem to be associated with two groups
of shrimp, one an early-spawned group, and the
seeoncl a later-spawned group. The first, group
spawned apparently was almost eompletely in
outside waters by December, and the second was
rapidly moving out in April.

Of eourse these data are only rough approxi­
mations, but, they do eorroborate (as will be
demonstrated in the section on size distribution)
eonclusions reaehed by other means. These con­
clusions are as follows:

1. After the young shrimp appear on the inside
fishing grounds they move toward the sea.

2. This movement becomes more rapid during
two seasons, with the approac.h of w,inter and
during spring.
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T ABLE l~.-ReletJsesand recolleries of tagged shrimp
----------_._---~

---------1----------
Art'aNo.

Exper[­
ment'No. Dale released Released In locality or-

Num­
ber ",­
IrasPll

Total
(eacb

experl·
mentl

Num­
ber re­
covered

27. __

11_- __ -

11..- ._

l
oct. 11, 1937 - - - __ ._ - _ Beaufort F[sherlcs Station, N. C_ - - - -- - -- - - - -- __ - - __ - .

. Oct.. 12, 1937 .. __ Off Beaufort Bar, N. C . _

L __ --- - - ---- 1. --- - - -- - - - --0--c--;-~dlo03--,---i--93----7--_--_-::- -:-:-:--. -:-: -: -: •._-:-:-: Near Oallant Point. N. C __ --' - - - --- - -- -- - -- - -- -- - - - -- - -.- - - - - - - - ---• Oallant Point, N. C : . _
Off Beaufort Bar, N. C .. _

3 1 {oct. 1fo, 1937 - Off Oak Island, N. C. -------------------------. .. __
---- - ---- - -- - - ----. - -- - do_____ __ __ __ _ Inside Southport Entrance, N. C .. _

{

Oct. 6, 1936 ._ _ _ _ Mouth of Key Creek, S. C • . _

5__ . {I.. .. -. ----- 6)t~~~:_:::: ::::::::::: ~!gr~i~~: g~:~;-::~::::::::::::::::::::::::::::::::::::::::::
12 {Oct. 18, 1937____ _ __ Mouth of Warf Creek, S. C . • • _

fo___ _ ___ 1. {~e~~r~~~~1:7__:::: ::::::: ggl~~i:f~;~~;:i~~-.--6:::::::::::::::::::::::::::::::::::::::: :::
Scpt. 9, 1936 IMouth of 1'l'l'nchsrd Inlet, S. C --- - - - - ----- - --- - - - .. _

{
OCt.'ti93S::::::: _::::::::: ~~~~[~~g~:'i~~~_ ~e~: _~: _~:::::::::::::::::::::::::::::::: ::::::

L .. ___ _ Oct. 2,1935____ __ _____ ___ Off south end of St. Cstherines Islsnd, Oa _

::: :~~:::::: ::::::::: ::::::: ~~:th~~e~liJ~: ~~: :::::::::::: ::::::::::::::::::::::::::::::: :::
7 {oct.. 23,1935 .. _ Othouth end of Sapelo Island, Oa. - . _

--- ---- - - - - - 2 " __ Oct.. 24, 1935__ ,_ __ _ ____ Off south end St. Catherines Island, Oa.. _
___ .do_. Near mouth of Sapelo Sound, Ga .. _

3_ ___ __ __ Sept. 10,19.16--- _ __ South end of Ossabaw Island, Oa_ .. _
4_ _ __ Oct. 21, 1937 . _. Sapelo Sound, Oa • . . __ . . , _
1. __ ________ Sept. 10, 1935__ . ___ __ ____ North end Cumberland River, Oa ._ . . _

::::::. -~::: {i:i.?~:;~~~:~ ~~~ ::~~~: ~ ~~ {l~~&~i\~~~~~~ni~:Is:l~t ~~~~~: ~ ~~~~::.~ ~ ::.:..: :::: ::::: :::- --

{

Oct,. 21, 11/35____ _____ ____ Off St. Simons sea buoy, Oa.. .. __ . __ __ ..
4 . __ ___ ___ .do .. _ ___ __ Off north end Jekyll Island, Ga • _. __ ..

Oct. 22, 1935____ ______ __ _ Near mouth St. Andrew's Sound, Oa __ " __ .. _. __

::: '..,' :. ::: {~?f if iir::.:.~ ~: ::.:.~~ ~ ~ ~~~~I~f:fi~~;?I~::~-:~~~::.~~: ~:.:: ~::::::::: ~~-::~:: ~~ ~: ::.~ ~
7__ .. . __ AUIl. 19, 1937 Off south end of St. Simon's Island, Oa • .. __

~.-- - -- -- .. - - 8 {Sept. 7, 1937. .. . _ St. Simons Sound Entrance, Oa_ - _._ -- __ - -__ - -__ -- - - - _" - __ - - _. --

~~~ ::~~~: ~:~ ~~~~~-1~F::::: :::::::: :~~Jr:~~~ :~~~~I:~' ~~::::::: ::::::::::::: :::::::::::::::::: :::::::::

it:.:.::- ::::: ~i~~·~r~: :~:.::~~:.~:: :~t::iB~~~~~~~~~~~~~:~;~:.~~~~:.: ~ .~~~~::~:~~~--:~::-:.~~-~~~::-~
16 {JUlY 6,1938. . ._ Jekyll Jetties, St. Simons Sound, Oa . _

Jul)' 12, 1938 ... ____ Off south end Jekyll Is[and, Oa • _- . . _
. {AUg. 3,1938 . . _ Jekyll Jetties, St. Simons Sound, Oa . . _

17_ ___ ___ -- - _do . - - - Eas~el~. River, npar St. Simons Sound, Ga_ - - - - - - --- - ---

~~I: ri,1~J8::::::::::::::: _~~_d~_~-'~~_n~~a~,.~~::::::::: :::::::: ::::::::: ::::: ::::::::::: ::::{NOV. 12, 1935 • .__ Oft Mayport Jettle~, Fla • . . _

{

I. Sept. 20, 1939 Bon Secours Bay In Mobile Bay, AIa • .. .

.-~~ :~~_:: ~:~~ J~~:~~i:l~> ~:~:.~ ~ ~ ~:.:.~:. f~~~r:f~~~~{:~:r;~:;:~~~;-~:.~::~ ~:.:.~:.~~:. :.:.:.~: :.~~~: ~:.::.~~:.:~

I I.l'ept.. 24,1939 -. -- - - - -- - - - F.ast Beach, Gulfport, M[ss_ - - - - - - - - -- - - - - - - - - - -- - - - - - - ------
2 - __ - - - Sepl.. 25, 11/39 . Vicinity of Orand Island, MIss[sslpp[ Sound, Miss. - -_

2~ :1. ---- -- - Oct. 12,1939____ _________ __ _ Off Bel1l! Fontaine Point, M[ss. -__ .. _- - - - - --- --
4 - __ ._ - Oct. 13, 11/39____ ____ ____ _ Near Oulfport, M[sslss[pp[ Sound, Mlss • - _. __ -- - -- - - ---
5 --- Oct. 14, 1939. . Sundown Island, near Isle au Pltn:. M[ss . . __ - _
6 ._ .• _- Dec. I, 1939. _______ __ Mitchell Keys Light, Chandeleur tlound, La: -__ -- _---

211 .. __ ___ I.. _ Nov. 30. 11/39.. .. .. __ Breton Souud near Breton Island, La . .. _

I
L -::: ::.:: g:~: It ::~::::: -:::::::: §g~l rsfl:3. ~~,_ ~._ ~~~I.~~)_-_::::::: ::::::::::::::::::: ::::::: ::::
3 . Jan. [9, 193\1.. ._ Four miles W. of Camlnada Pass, La . • - _
4_ .. __ - __ - - Aug. 29-30, 1939 ._ Barataria Ba)", La. ([nslde). • . . - _- - _---

.. - 5 - _._ - Oct. 27,193\1_. .. .. Two mlle.s north of She.\\ R,'ef Light, Barataria Bay, IA. (insIde) ----
6 {oct. 28. 11/311_ -- --- __ -- __ -.- Seve~1 miles off Camlnada Pass. La -- __ -- -- -- - - .. -- - - - -- - -- - - --I
7 ._._ No:'~i:i,"i939-:: :::: :::_ -:.: ~~~I~~?a~~s;tJi,sidej._ I:li:::: -:::::::::::::::::: ::::::: :::::::::
II __ __ ___ Nov. 11,1939_ ___ __ ___ Three miles off Four Bavou Pass, La .. - - -_ - --
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TABLE 12.-Releases and recoveries oj tagged shrimp-Continued

585

Ar~a No.
Num- Total Num-

Experi- Date released Released In locality of- her re- (each ber reo
ment No. I~as~d experl. d

__________1 . ~__~__m_e_nt_l__c_ov~_

1. . . AII . • . __ __ North Carolina . . ---- - -----
3 • __ . _ . do_ .. . . ..... do__ ... • • • . --- -. -- ---
5 . __ . _ • _•. _do.._. __ • • ._. _.. _ South Carolina •• . _. . . ----- -----
6 . _. do.. . • __ • . _. ..• do. .. _. __ • • . _. . -- - -------

t::::::::: :::J~: ::::: ::::::::::::::::::::::::::::: .~~r~::-:~~:::::: ::::::::::::::::::::::::::::: ::::::~:::::: :::::::::: ::::::::::10 • do._ .. ._ .. .• . do • • ._ • • _. • -- -- - -- ---
11 __ • _. _. __ • do • • • ._. __ • __ ._ . _• .• _..do • :._. •. . • --- -- -----

~::::::::::: ~ ::J~:::::: ::::::::::::::::::::::::::::: ~~1!f1!fi.i: ~~~:~~i~~~~~~::::::::::: ::::::::::::::::::::::::::::::: :::~::::::
30

do {InSide waters, Louisiana_ .. . . 2,493}
--------.-- ---.. ------ ---.-------------.----------- Offsho L u'siana 2154

3l... ._do ----------------. -.. --- -----. {g'J~11~~~~~::r:~~~i~~~~~:::::::::::::::::::::::::::::::::::::::::: 4::~}
~L:::::::: :::::~~:::::: ::::::::::::::::::::::::::::: g~~~1J'T~~:;~~~~_~·_::::::: ::::::::::::::::::::::::::::::::::::::::: ::::::::::38_. . do . do_ . . __ . __ . . -. --- - ---------
41 • ._ ..do .... .. _. __ ._ Northern Mexico . . __ ._ . • ----------
42 . . _do •__ .. . • do . __ • . _. • . -. - -. - -------

1-11. . __ do . Atlantic coast. . • . __ • ---
27-29 do • . Northern Gulf, eBstof Mississippi River _

30-32 do {Northern Gulf, west of Mississippi River (insidel_ ---------- _. ------
---- -- -- ---- -. -. --. - --- - --- --- --- - --- ---- -- -- -- -- Northern Gulf, west of Mississippi River (offshore) _

~I~L::::: :::::~~:::::: :::_::::::::::::::::::::::::: g~n~~~~~~iiih-cii 'Rlci-(J"mnde::::: ::::::::::::::::::::::::::: ::::
.'1.11 • • do ._ .. _ North Carolina. to northern Mexico . ..

1

1..--------- Dec.16,1938 . _
2.. _. Jan. 20,1939 _
3 Nov. 12-15,1939 ._.

31 4. ._ Jan. 17,1940 _
--------_.- 5 Feb. 29, 1940 _

6 ._ Mar. 1,1940 . _
7. . do . -----
8 Mar.6,1940 _

j
l {Jan.25,1939 ::-:-
----------- Jan. 26. 1939 _

2 Dec. 15-16, 1939 • _
32 3 . Jan.30,1940_. __ . _

4 . __ .. _ Feb. 29, 1940 . _
5 . __ Mar.5,1940 . __

37 {I. Oct. 2, 1936 _
----------- 2 . Oct. 3, 1936_. _

{

Sept. 23,1936 _
1. •• __ Sept. 24,1036._. _

_____do _
2 ... Sept. 25,1936 . _

3... --- - - - -- e~~~·d~~_~~~~::::::::::::::
4 {sept. 29, 1936 . _
----------- Sept. 30,1936.. _

{

Aug. 27,1937 .
.~•• _._._. Aug. 30, 1937_. .. .

38 •• --- -_do - -. -. - .. - - -.- ..

11. ... . e~~:_3_1~_~~::::::::::::::::
{

Oct. 20, 1937 . __ .. __
7 • Oct. 21,1937 • . _

Oct. 26, 1937 . ._
S {Oct.. 27,1937. _
----------- Oct. 28,1937_. . •

9 . do ... _. _

{

sepL. 8, 1938. __ . •
10 . Sept. 14, 1938.._. _

Sept. 15, 1938_. • ._
4!.. ._ 1. . __ .. _. Mar. 17-22,1947._ .. _
42 1. .. _. Mar. 17. 1947 • _

Eleven miles southwest of Ship Shoal Light, La . ...
Whiskey Pass, La . . . .
Inside Wine Island, near Pt. Mast, La .
One mile 011 Whiskey Pass, Le .. _
Ten miles south-southeast of Ship Shoal Light, La _
Northeast of Shl~ Shoal Light, La _
Eight miles nort west of Ship Shoal Light, Le _
Eight miles west-northwest of Ship Shoal buoy, La _
Thirty miles south of Atchafala)'a beacon, Le _
Twent)'-fh'e mll~s south of Atchafala~beacon, La • _
Thirty miles south of Marsh Island, . _
Ten miles southeast of Trinity Shoal huoy, La . _
Ship Shoal Light. La .. . . _
South-southwest of Atchafalaya Beacon, La . . _
Two miles east of SIRnal Island. Ban Antonio Bay, Tex ._
On~ mile east of Sand Point B~acon and 2 miles w~st. of Gallinipper

Pt. B~acon, Ma~gordaand Lavaca Bays, T~x._.. . • _
One mile S. of Half Moon Reef, Aransas Bay, Tex • __ . _
Ship Island, Aransas Bay, Tex • __ ._. . _

~g3~~!~~~t:~~~~~~~i-:~:::::::::::::::::::::::::::::::::::
Harbor Island Light. Aransas Bay, Tex _
Shamrock Cove, Corpus Christi Bay, Tex . _
on Ingleside, Corpus Christi Bay. Tex _
Mouth Allen's Bight. Aransas Bay, Tex . . __
Allen's Bight, Aransas Bay, Tex . __
Off Ranch Honse, Mud Island. Aransas Bay, Tex •• • _
Shamroek Point, Corpus Christi Bay, Tex . _
Ingleside Beacon, Corpus Christi Bay, Tex _
Rockport Basin, Aransas Bay, Tex • _
Three-quarter mile E. of Mud Island Point, Aransas Bay, Tex _
Rockport Basin, Aransas Bay, Tex . __ . __ . . __
Inside south jetty, Aransas Pass. Tex • _
Four miles oil, 3 miles S. of jetties, Aransas Pass, Tex _
Docks at Port Aransas, Tex .. __ . _
Just west of drawbridge. Copano Causeway, Tex _
Two miles SW. of Jordan Pass. Copano Bay, Tex _
One mile N. of Port Bay Channel, Copano Bay, Tex . _
Fifteen to 35 miles S. of Rio Grande River, Mexico _
Oil Huts Bayou,.Mexico . • . _

957
806
928
348
589

1190
199
589
394
344

1,133
1.241

593
793
200

380

~}
296
199 }

4~ }
392

15 }
189 }
94

404 }100
197
249 }
544
195
177 }
100
195
616
379

19,736
6,669
3,421

11,330
6, 381

995

46,532

957 Ii
806 4
928 27
348 4
589 66

1190 194
199 42
589 10i

738 64
1,133 128
1,241 194

593 73
793 195
200 0

380

4110 34

296 6
296 21

882 206

391 III

283 21

iOl 157

i\l3 78
19.~ 31

472 10

616 118
379 19

834 60
936 388

1,879 72
1,188 107
2,682 7&1
7,775 1,451
1.667 322
1,349 218
1,627 348
1,669 322
3,312 791

6S8 84
4,647 516

5,606 460
4,498 6M

580 5
4.801 581

616 118
379 19

3. 704
1,197

246
1,384

586
137

7,254

Apparently, ollce the shl'imp reaeh outside
waters they tend to remain there unless driven
out before their normal time by sudden environ­
mental changes. Of those shrimp we tagged in
outside waters along the Atlantic coast, only two
were recaptured in the inside waters of another
area. Along the Louisiana coast, 118 of our
marked shrimp released in outside waters were

~j6049 0-56--3

later reca.ptured in inside waters. However, all
but nine of these were small shrimp from late
February and early March releases following an
unusual cold spell. These shrimp had sought

'refuge in deeper water, but later when t.he inland
waters bee-arne warmer they ret.urned there,
probably almost immediately to move offshore
t.o spawn.
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TABLE lS.-Movement of tagged shri-rnp fr01n inside waters to outside waters

Number recaptured In month
Locality of recapture

o 2 3 4 5 6 7 8
--------_._-----------_._----------------------

I . _. • . _
33 11 I ._______ 2 ..

8 ,, __ , . . . __ . _
10 5 2 . __ . ._ .. .

~ ---.--,.- -----iii- ----·-3- ------2- ··----i- -------.

48
1

12
94

lOll
58

221.
94

185
2113

386
90

101
45

83
49

16
30

518
2

334
139

Atlantic Coast:Inside waters. . _. . • . __ . _.. •• _
Outside waters. ••• . • . _. _.

Northern GuU east of MissIssippi River:Inside waters • __ •__ . . • _. _
Outside waters •. _. .... . •. _. .• .. _

Northern OIJU west of Mississippi River:
Inside waters. . __ ..• . •. _. . .. _. _
Outside waters • • _. __ .. .. _

Texas:Inside waters . _. _. . • ••••• . . _
Outside waters .. • .• __ . .. ' _

Total alllocalil-ies except Texas:Inside waters . ._ .. :.__________ 868 672 114 8 1 .__ . ._. . _
Outsidewaters :_. ._. • ._._._ .... _.. __ ._______ 171

1

398 159 50 26 Ii 2 3 1
-----------------------------Total (excluding Texasl.. •__ . . . 1,039 1,070 273 58 27 6 2 3 I

Percent outside (excluding Texasl . • .. __ ...• _.______________ 16.5 37.2 68.2 86.2. 96.3 100.0 100.0 100.0 100.0

TABLE 14.-Numbers of tagged shrimp'released in inside waters, arranged according to locality and time of recapture
(Atlantic coast Bnd northern Oulf of Mexico: Texas omitted)

Number recaptured in month
------,--....----;---,.-----,---.,...--_._,------I.ocality or recapture and month or release

o 2 3 4 7 8
-_·_·_-------------------------1--- ------------------------

Inside waters:Janullry . : . .. __ . __ . . __ . . _.______ _ 3
Februarr _.. _. __ . . . .. . _
April .... ._. __ . . . • __ .. _. .. _ 11
July . " __ . __ . . . __ .. __ . . . . _. _ 8
August. . ... .. __ . ._. . . __ .• __ . __ . . 106
Septemhcr ._. . . . . •.... ._.. 358
October_.__ . __ .. _. . _. . . .. __ . _ ____ _ 331
November_ .. _. . . _.. .. . __ 49
December .. . . . __ . _. . .. _.. . .. 2

Outside waters:
JanUllry . ... . __ . . .. __ . _..... _ _. . ___ Ii
February. . '" • _.. _. . . • _
ApriL . __ . __ . . .... __ . .. .• _... __ 49
July . ._. _. . • _. ~ _.. __ • • _ II
AUl!ust. .. _. . __ . .. ._. _. _.. _. ___ __ __ 34
SeptembM" . _.. . • . • ._ 2
October. . _. . • . ____ 39
November ._. __ . . _. _. ... .. ._. •. __ . 10
December . . .. _. __ . . _. . . _' .. _._ 20

71
16
10
18
!lO

230
232

15

23
M
52
12
2.1
20

100
112

1

4 . .•• _•• . . • _
1 __ , __ ,, ._ . _
2 . . ,_,._,_, ._. ._.

I __ . _. . _. .. .. . _
102 8 _. . .... - __ . __ . _

3 ._ __ 1 - _
1 . . .. _

12 7 2 --.--._.
8 3 . . _." __ ,,_,, .. -------- ------ __8 1 I .. • _

------8- --'---3- ------j- :::::::: :::::::: :::::::: ---'---j
39 15 II .__ . __ ._
71 17 4 3 I 3 _
13 4 10 3 1 . ..

Total inslde . . . . . _.. .. __ . _...
Total outside_. . __ . . _.. . _ 868

171
672
398

114
159

8
50

TABLE 15.-Monthly percentages of recaptures of inside releases recaptured in inside and outside waters
[Data from table 17]

Percent recaptured in month
Month and locality or relea.'le

o 2 3 4 6 8
---------_._--_._-----------------.--------------------------

100.0 .. .. - .• ----. ------.- -------- .-------
- - ---.---- ---- ----

----~--- -.------ -------- -.------ .------- ------

- __ - ~ - __ - - _. - - - - - .0. ., - -~ . - . _. - -_. - -_.-

77.7 11.1
22.3 ltq.9

92.0 72.3
8.0 27.7

69.9 4.1
30.1 95.9

11.8 7.1
88.2 92.9

100.0 100.0 -------- -------- -.------

100.0 . • -------- --------

100.0 100.0 _. . -------- -------.

--iOii.-ii· "jOii'-o' ::_:::: :::::::: :::::::: --iOii'-o-
34.8 . -- .. ----- .---,--- --.-----
65.2 100.0 -.------ -------- .-.----.

20.0 ------.- -._----- --- .. -.--
100.0 811.0 100.0 100.0 100.0 -.-.----

--jOii.-ii- --iOii'-o- --iOii.-ii- --iiiJ.-ii· :::::::: ::::::::

25.0
75.0

11.1
88.9

20.0
811.0

75.5
24.5

22.5
77.5

16.1
83.9

60.0
40.0

Janullry:
Inside waters ... .• . __ .. . . __ .__ ._ 33.3
Ontside waters. . . ._ .. ... .. ___ 66.7

Feb~:fJ~ waters. __ ._ .. . .. __ . .. . .. __ . _. ._._
Outside waters ... _. . . ... .. . __ .. . •

April:
Inside waters . ,, . . .. . _.. . _.___ tS.3
Outside waters : . . . • __ •. __ . . . ____ 81. 7

,July:
Inside waters. . __ . _. . . .. . . __ 42.1
Outside waters . . . . . . _._ .. __ . . . 57.9

August:
Inside waters. . . _. . .. _.. ... .. . 76.6
Outside waters .. __ . . . .. _____________________ 24. 4

Septemher:
Inside waters_. . . . _. . __ 99.4

Oet~b~~~irle wllters ._ .--- - - ---- -- -. - .. -. -- .. .6

Inside waters . ._ . .. . _. ... . _.. 89.5
NO\.~::.t~~~~ wllters - .. ---- - ------ - __ - ---- --. . -- - --- - . __ . 10.5

Inside watprs ._ .. . _. _. .. . . . _. _. .. 113.1
Ilec~r::~~e waters . - -- .-- - - .--- - --. ---------- .. - .. - --.----------.- -.- - .. _. - _. 16.2

Inside waters . ._ .. __ .. _. . 9. I
Outside water" __ . . . . __ . _____ _ 90.9
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Released In area No.-

• The data lor this figure ar,,'rom Anderson, Lindner, and King 09491.

TABLE 16.-Months in which tagged shrimp u'ere released
along the Atlantic coast

Once the shrimp reached the outside waters
their movements varied with t.he size of the
shrimp and the locality, and apparently also t.he
t.ime of the year.
. The small shrimp, 13 cm. or less in total length,

did not make any ext.ensive movements. Once
they. reached the' outside waters they remained
there, almost immediately adjacent t.o their
inland nursery grounds. The large shrimp, more
t.han 13 em. in total length, showed dist.inct
behavior patterns which, since they varied with
locality, inust be discussed on a geographical
basis.

due to the growth and entrance into the fishery of
small shrimp that wintered in these areas.

The catch records for the various States, mostly
based on tax receipts, cannot be considered
entirely accurate. However, from intimate associ­
ation with the fishery, we believe that figure 15
roughly represents both relative seasonal abund-

.ance and relative fishing effort. In general, there
was more effort expended when and where the
shrimp were abundant. than when and where they
were not.

At the time we ran our marking experiments
(1935-38), part of the fishing fleet would move
along the coast in accordance with the shifting
abundance of shrimp and operate in South Caro­
lina and Georgia duririg late summer and fall o,nd
along t.he Florida coast during winter. Many
of the boat.s would return to Georgia and South
Carolina for the spring run of shrimp. North
Carolina did not. permit fishing by boats from
other States. In all the States, there were fleets
of small boat.s t.hat fished t.he entire year from
t.heir home port.s, but the majority of t.hese were
in Georgia and northern Florida.

Except in area 3, North Carolina boats would
fish only occasionally in outside waters during
winter and early spring. There was no fishing in
area 2 at anv time. Winter and early spring
fishing in out.~ide waters of South Carolina (areas
4, 5, and 6) was more frequent t!tan in areas to
the north, but it still was casual. It was only
along the coasts of Georgia and' northern Florida
(areas 7, 8, and 9) t.hat fishing occurred with a
fair degree of intensit.y throughout the year.
Fishing in central Florida (areas 10 and 11) was
limited almost exclusively to lat.e fall, wint.er, and
spring.

Because of t.hese condit.ions, and also because
of our facilities we concentrat.ed our effort.s on the
one area (area 8) where throughout the year fairly
intensive fishing occurred both to the north and
t,o the south; here we tagged shrimp each month
of the year, except December. In the other areas,
we tagged only when the shrimp were most
abundant.. Table 16 shows the months in which
we released marked shrimp in each area.

In figure 16 (based on data presented in table 17)
we show graphically, by months, the perc~ntageof
total recaptures for each month taken III are~s

nort.h or' south of the areas of release. In thiS
figure the lines begin with the month in which ~he

x .•• __ . _

x x x
x x x
x ••••••••••••

9 10 11863

Released In
month 01-

ATLANTIC COAST

Weymouth, Lindner, and Anderson (1933)
demo~strat.ed that the larger shrimp disappeared
from the Georgia coast during fall and winter.
We later found that a decrease in abundance of
large shrimp also occurred at about the same time
along the North and South Carolina coasts.
Concomitant with the declin~ in catch and the
disappearance of larger shrimp from t.he northern
and central sections, we found that in the southern
sect.ion (Florida) the catches increased (fig. 15),4
and that the shrimp caught were comparable in
length to those missing from the north. These
facts suggest the possibility of a sout.hward
migration during fall. .

Throughout the winter, small shrimp remained
in varying numbers from North Carolina to
northe;n Florida. They were most abundant in
southern Georgia and northern Florida. In
Georgia and t.he Carolinas, aft.er the winter low,
the catches increased during April, May, and June,
before the appearance of the new spring-spawned
shrimp on the fishing grounds. This was primarily

lanuary .... _. . . x
February .. . .• __ • ._.. x
March ... •••• _. .•••.. .•.•.• .•...• x
AprIL .• .____ x
May • .. ._ .. __ x
lune •..... ._ .. ._ .. x
luly. •.... .. .. x
August_ .. • .. ------ -.• --- ~

September •__ .. _•.. x x x
October... x x x x x
November •... .. _.•. . x



588

30

20

10

0

20

10

...z...
u 0
II'...
IL

20

10

0

20

10

0

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

V \
/ \

NORTH CAROLINA
I\.

iii"

\ /~

/'
V 1\

1/
V \ SOUTH CAROLINA

r\.

\ y

/
,."""".- --....

~ GEORGIA
I'..

V " -, ---~ ---....

/'
V

'"
FLORIDA

V ............
I"........- -

~
I""'" -..............

JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY

FIGURE I5.-Average monthly percentage of annual shrimp catch for the Atlantic cosst, by States.

shrimp were released and follow (from top to
bottom) the recaptures from the releases of this
month until fewer than eight of these shrimp were
recaptured in any fol1owing month. The points
falling within the 0-0 section of this graph indicate
t.hat no recaptures were made in areas other than
the release area. For example, from releases made
during Mayall recoveries during both May and
.June were from the area of release. However, we
find that about 12 percent of all October releases
that were recaptured during the same month were

taken SQuth of the release areas. Following these
October releases month by month, we see that each
month the percentage of recoveries in areas south
of the release areas increased until, in February,
all recaptures were to the southward. When
recaptures were made in the same month both
north and south of the release area, the line shows
only the direction in which the predominant
recaptures were made. We believe that this
figure tells the general story of shrimp movements
along the Atlantic coast: a southward movement
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FIGURE 16.-Monthly percentage of total monthly recaptures of marked shrimp recovered in areas north and south of
relea~e area.

during fall and early winter, a return northward in
late winter and early spring, and no coastwise
movement during late spring and summer.

Of the 10 shrimp recaptured between July and
December (of releases made during these same
months) in areas north of the release area, only
one was l"etaken as far as 35 miles from the place
of release. These certainly cannot be considered
to indicate a migration pattE-rn. During the same
period, 425 shrimp were recaptured south of the
release areas. Some of these shrimp had migrated
more than 200 miles, and one was recaptured 290
miles from where it had been released.

The movements. cQ,n be followed in greater
detail. in tables 17 and 18 and are diagramed in
figures 17 to 19. In table 17 we interpret the
apparent shaped pattern of recov:eries from the
October markings to indicate a southward move­
ment and then a later northward return.

Our January to March releases of tagged shrimp,
in contrast to the fall releases, show a definite
northward trend. In discussing this matter, we
can eliminate from consideration releases made in

area 11, since recoveries from outside this area
could only be from the north. If we then follow
through April, the January and February releases
made in the other areas (after April there was
little fishing in areas 10 and 11), we find that in
February about 37 percent and in March about
78 percent of those shrimp recaptured outside the
release area were taken in areas to the north of
that in which t,hey were liberated (table 19).

Similarly, when we consider the releases from
area 8, to the north and south of which relatively
equally intensive fishing occurred throughout the
year,' we find (t,able 20) that the recaptures to the
south and to the north of this area follow the
same general pattern as already described. They
show that the shrimp move south during fall and
early winter, north during late winter and early
spring, and remain relatively stationary from mid­
spring until fall.

None of the shrimp marked in area 8 were
recaptured north of area 7. It should be noted,
however, that shrimp released in area 8 during the
period January to March, when the northern"
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TABLE 17.-AIonthly recaptures of Atlantic-coast tagged shrimp, arranged according to -month of release and distance (in areas)
shrimp were recaptured north and south of release area

[Areas are ro miles wide]

N umber re('llptured in areas north or south 01 release area in geographical sequence

Released in month of- Recaptured in month 01- North IArea of South Total
___________I~e_IPa_s_e_I--_,_-_,_-----~,-,---

4 3 2 o 2 3 4 5 6 7

31

210

---------1---------1----------------------------

May_._. . __ ._._. .. mrt:-::::':::::::::::::::~:::::::: :::::: :::::: :::::: :::::: ~ :::::: :::::: :::::: :::::: :::::: :::::: ::::::} 92

June • .. ._ ... {i~i~si:-::~:::::::::::::::::::::::: :::::: :::::: :::::: :::::: ~ ::::~: :::::: :::::: :::::: :::::: :::::: ::::::} 49

July ._._. •• ._ {i~~ust~~:::::::::::::::::::::::::: :::::: :::::: :::::: ~_ rs :::::: :::::: :::::: :::::: :::::: :::::: ::::::} 123
J~Ugust.--------.------.--.-- -.---- ----.- •. -- .• ---.-- --.--- 179 ---- .. ------ ------ -- .. -.. -.• -- .---.- -- .•-.\

August_. .• _. __ ._. ._ *~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ;~~~~~ ~~~~~~ ~~~~~~ :::::~: --or ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~

~
eptember .. ---.------.----- _. . . __ .. _.____ 2 282 3 1 _. .. _. __ ., . .• \

October__ •• . . . . __ .. _.____ 3 53 12 _.____ 1 _._. ._.
September . . November. . .. . . . ... ._ 18 13' 2 1 2 _._. __ ._ .....• 412

December . . . . ._ .. . I 3 2 4 I .. _

l
d'c~~~--:::::::::::::::::::: :::::: :::::: :::::: :::::: ::-'2- "--578- oJ --'-3' ---.~. -.--~- :::::: :::::: ::::::l
November... _. __ .•. . __ . .. . •. __ ._____ 326 158 13 1 _. ._. ._. .. __
Derember . . __ • . . .. .. __ .. 38 69 30 12 6 2 ._ .. _

October_. .. ._ .. . __ ._. January__ . . __ . . •. __ .. 3 3 7 11 6 1 2 1 1366
February ... . . .• .. ._ 3 3 2. I __ . _
Marcb.. _. __ .__ ._. . . ...• . . • 3 ._ . . ._._ I
May .. . . ._ .. I 7 . .. _. _'_'" _. __ ._ ._. __ • _

j
NoVember... . . •• 1 95 -- -- -.--_. --.--- .----- ------\

November . ~l~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ::::~: :::::~~: __J. __ ..~_ ::::~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ 180

~~~:~~y- ::::::::::::::::: :::::: :::::: :::::: g 1~ ~:l --'iil' .~_ :::::: :~:::: :::::: :::::: ::::::
Marcb.. _. ._ .. . __ .. _.• ._. 3 22 84 8 __ .. __ . .• _. __ .. . ."

January .. ... ~;:I :::::::::::::::::::::: :::::: :::::: :::::: .~. ~_ ~ ~ :::::: :::::: :::::: :::::: :::::: :::::: 7~S

, IAprIL--.-- --.----.. -. ---.-- .----- -----. ---.-- ..---- 60 ---- •• ------ ---- •• -.---- ------ -----. ---.-.\

AprIL.-- .... ----.--- .. -.----.- !iis~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ 1~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ 134

migration is at its height, were mostly small shrimp
which normally do not migrate far.

Since some of our releases from areas 5 and 6
were recaptured, in September in areas south of
the release area, and 'none from areas 7 and 8
were recaptured in more southerly regions until
October, it is probable that the fall migration
begins earlier in South Carolina than it does in
Georgia.

The shrimp have completed- their southern
migration by January or February. The north­
ward return appears to begin at the southern
extremity (area 11) as early as January, but not
until February in areas 8 to 10. Our data do not

indicate precisely when the northward migration
terminates, but apparently there is little or no
coastwise movement of shrimp between April and
August. Since temperature is probably one of the
principal factors influencing these coastal move­
ments, we may expect some changes in their timing
from year to year. The longest southward migra­
tion was by a shrimp released near Beaufort, N. C.,
in October, and recaptured 95 days later off the east
coast of Florida, about 360 miles south of where we
released it. The greatest northward migration was
recorded for a specimen released at Cape Canav­
era], Fla., in January, and recaptured 168 days
later off the coast of South Carolina. It had
traveled about 260 miles.
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TABLE IS.-Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 1995 to 1938,

-inclusive

Total
11 All

areas
10987632

Number recaptured In area-

Recaptured In month 01-Area, and month 01 release, and
size I when released

-------------I-----------I!---------- -

9 ._---- .. _--- -- -- _. II

I91 . ... _- ------ ---_ .. 92
15 ------ · ----- ------ 15 J2li
6 .._--- ------ ._---- 7
2 -- .... ------ -- .. _. 2
2 __ a· •• -- ---- __ a ___ 2 } 31 ---- -- ---- -- ._---- 1

65 .. --_0 -- ... - ------ 66 l8 _._-.- _-0.·- ------ II 78
2 _._ ... ·----- ---- _. 3
4 ------ .- ---- ---- .- 5

6 ---- -- --_.-- .. ----- 6

}8 -- ---- · ----- .. ---- 10 213 ---- -. - --- -- ------ 4
1 ---- _. ·--_.- ------ 1
I -- ---- --_ .. - ____ -0 1 }1 I -_ .. -- ---- _. 3

5 • __
2 _~ . __ ._.

46

4

71

58

211

10

24

46

14

33

508

14l\

105

45
10
3
1

98

}46
1
1

167

I60
6
5
1
1

2 }1
1
8

I5
8
5
3

4 l5
1
6

}13
4
1

27 }4
2

53

}11
6
1

55 }2
1

41 l4
1

55

I36
11
1
2

169

I245
72
13
4
5

1 . • __

7
2
I

Area 1:
October:

Small__ .• .•. __ ._~ October.________________________ 45 _. . • •• . . • ._

{
October_ .. .__________________ 9 1 •• .,_. ._. __ .•• •. _. __ ._ •• __ • __ •__

Large_ .. . ra~"uea~y~~~~::::::-_-_-_-_-__-:-_-.-_-_-_-_- ~_ 2 _. ,, __ , • • • • • __ •• ._
------ • ,, __ , 1 •• ._._ • •

Area 3:
October:

SmaIL . __ {~}~~t~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ __ .~_ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ::::~: ~~~~~~ ~~~~~~ ~~~~~~

j
OctOber. . . .. . .. 167 • •. _ .. _
November . . . ._ 60 _. ._ ., __ .• . . _

Large .. . . p~~:::~~::::::::::::::::::::::: ::::_-:::::: ~ :::::: :::::: :::::: :::::: ~ ----2- :::::: ::::::
{:~~~r~~:::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: ~_ :::::: :::::: j_ ::::::

Area 5:
September:

SmaIL.--------·---·-------·1Pa~~~~~::::::::::::::::::::::: :::::: :::::: :::::: :::::: ::::~: :::::: :::::: ::::i: ::::~: :::::: ::::::
I~ePtember--.--------.--------.- ----- .. - ._ 7. I . __ ._

Large . . __ .. ml~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ::::~: ::::~: ;;;;~; ;;;;~; ~:~~!~ ----~- ~~~~~~ ~~~~~~
October:

SmalL. . {f~i~~i:~:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::i: ~_ ::::~: :::::: ::::::

{

NOVember ._. . __ . .. 2 3 _

Large .• __ . ~i~ri:~:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::~:
Area 6:

September:

::::::::::::::::::::::::: !ti~-~-:~~:~-~:-~-:_~--:~~ ~~:~~- --~:_: -::~-- ~_-~:~ ~-:~-~ _-i: I. -~-::: ~:-~.: ::::~ :~-:~~
Area 7: .

September:

:::::::::::::::::::::: Ig5-))m-::-)~:~--::~-:: ~-m- ~::~:: ~-__): :::::- ::m- ~~:~.~ 3: :::::: -):-:~ -::::- :m::
October:

IOctober----------.-.-.---------- ------ ------ .. ---- .----- --.--- ------ 55 ------ ------ .'--.- ------

SmaIL. . ~~~~~{:.:~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ :::~~: ~- :~} ~~~~~~ ~:~~~~

I
OctOber----.---.---.-----.--.--- --.--' ------ -.---- ------ ------ ------ 98 69 2 ._ -- •• __November . __ . .. ._____ 124 110 11 • __ . .

Large__ . . .. . ~~F~~~~~:~~~~~~~~~~~~~~~~~~~ ~~:~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ :::~~: ---~- __J. ~ !_
Area 8:

January:

j
January-- .. ---_. .. . _

SmaIL . .. ~~~~~:-:~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~:~~ ~~~~~~ ::+
Large {~~;~:~_~:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

February:

SmalL. .. m~r:::::::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: ::::::
Large. __ . • . March__ . . __ . . . .. _

March:

SmaIL. : .------.-- {fE~b~~~~~~~~~:~~~~~~~~~~~~~~:~~~~~ ~~~~~~ :~~~~~ ~~~~~~ ~~~~~~ ~~~~~: :::.:!~
Large . . __ {r;:t:::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: '---j-

I Small shrimp are those less than 13 cm.; large shrimp are those 13 c'!'. Rnd longer.
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TABLE 18.-Recapture8, by area, month, and 8ize, of tagged 8hrimp relea8ed along the Atlantic coa8tfrom 1935 to 1938,
inclu8iue-Contill1l1"d

Numbpr recaptured in arpa-
Area. and month or release. and

size I when released Rpcaptured in month 01-
2 3 4 5 6 7 8 9 10 II I All

areas

Total

-----------1-----------1--------.---------._- -- _

19 . . ._. __
29
65
9

49

2

2

72

48

75

23

92

30

91

64

15

85

16

272

118

117

178

129

51

I56
9
1
1
9 }6
I

62 }29
I

26 }22
I

19 }29
66 }9

103

}24
1
1

76

}12
2
I

40

}10
2
2

64

I31
16
4
2

2
112

I
102

48
6
1
2
1

41

}33
10
I

12 }9
2

20 }3
7

106

I34
35
2
I

14 }

n
I }I
3 }I

43

}24
4
I

2
4
I
I

I _

2 __ ._. •
4

1 . .

I __ . ._. __ .
13
2
7

51
56
9
I
I
9
6
I

. 62
29
1

26
21
1

Area 8-Continued
April:

IAPriL------------.-------.----. ------ ------ ------ ---- .. --_._- ------ .-----

8malL.·------------·-------llil~~t:_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~:~~~~ ~~~~~~ ~~~~~~
Large {f!£f:-::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

May: Large .. {~rt~:::::::::::::::::::::::::::::::: :::::: :::::: :::::: :::::~ :::::: ::::::
June: L&rIle {i~i~~t~~:::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
July:

8malL.. . {i.~iust·_::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

Large . ._. {i.~ust:::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ~_
AUllust:

Small. {t;~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ::~~-. :::-i: :::::: ::::::1 . _

wge__ .. . {~!\~\~~~~~~~~~~~~:~~~~~~~~~~~~ ~~~~~~ ~~~~:_-:_ ~:~~~~ ~~~~~~ ~~~~~~ ~~~~:_.-_: ~~~~~~ .. _~~__ :::::: :::::: ::::::, I _
Spptpmhpr:

JSpptember-- .. -.-.---------.-.-- ------ --. --- .. - ------ .----- -- __ ._ -- __ ._ 40 • . . _

SmalL.··-----·-------------l~~Z~:_~~~::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :~_ ::::i: :::::: ::::::
I~ePtPmber--.----.-.---------.-- -.-- . ------ ---- __ ---- .____ I 63 . .

LarllL.. · · __ · ~l~~~~~~~~~~~:~~~~~~:~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~ i ::::~: ::::::
October:Small. . . . Decembt>r.. . __ . .. . . . . . __ " _

l
oetober----- .. -.-.----------.--- ------ ------ -----. ------ ----.- ------ 2 106Novembpr_. -- -- . ., .__ 61 41 .

Large __ . . __ .. _. ._ .. _._ §~{,~~n~~~~~~~~~~m~~~:~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~m:~ ~~~~~~ ~~m~ ~~~~~~ :::~!: :::~~: _..1 ::::~:
November:

{

NOVember . . . . . . 41 . . . • .

SmalL. .. . ~~t::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: .. _~_ ._J .--.~. ::::::
Large .. . . {Kt~fr~~~-:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :r '--1 :::::: ::::~:

Area 9:
January:

SmalL.._ .. . __ .----- .. {S~;~i~~~~:::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: 1---T ::::::
{

January----.------.--.-.-------- ---. __ -----. -'-'-- ---- ... ----- ----_ ..--- __ -- . 105 1

Large.. ._._. __ . ~f~t?:-:~~~~~~~~~~~~:~~~~~~:~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ! ~_ :::~~: ~~~~~~
February:

SmalL.. .. {a~:ct~~~_-_:::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
Large. .. ._. m~:e~ry_-_:::::::::::::::::::::: :::::: :::::: :::::: :::::: :.::::: :::::: :::::: ::::::

March: .

SmalL. .. {r~r7J'~~:::::::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: t :::::: ::::::
Large .. _ ---.--------.---- {r~~~~-:::::::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~ :::::: ::::::

{

NOVembPr . . ._ .. ._ ._. ,_, .__ I 42

November: Large... ----.- ---- f~i~~i~~:_:::::::::::::::::::::: :::::.: :::::: :::::: :::::: :::::: :::::: :::::: ::::~: .. _1!_

I Small shrimp are those less than 13 em.; large shrimp are those 13 em. and lonper.
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TABLE 18.-Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 1935 to 1938,
inclusive-Continued

Number recaptured in area-
Area, and month of release, alld

size I when released Recaptured in month of-
6 7 8 9 10 11 All

areas

Total

-----------1---------1--------------------------

8 }6 18
4

58

I
43
35
2 142
1
2
1

1 1
18 } 5739

11 }3 18
4

219

I32
16 'ZII2
1
1

8 } 1810
6

}19 'ZII
1

Area 10:
J8IIuary:

SmalL. {~%~~:~:::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::;: ! ::::::

I
J8IIuary------------------------- -- __ . ------ ------ -- -- __ - 58February . ._ 2 6 33 2

Large ~l;~~~~~~Z~~~~~~:~~H~~~: ~)~~:~ ~~)H )~)~)~ ~)~~)~ ~~)~;) E~~ )))~): ::::~: :::;~: ~~·:~I: ::}
February:SmaIL February ._ 1

Large {r:~;~r~_-_:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ---i2- ~
Area 11:

Januar)-: .

SmalL. , {S::::~:-:-:::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::~: ::::;: Ii
j
January . . .___ ,5 5 209
February .__________________ 3 2 'ZI

Large . fr~r:~~~:~~~~~~~~~~~~~~~~~~~~~ :~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ :~~~~~ ~~~~~~ ~~~:~~ ::::i: ::/ ::::~: :::~~:
February: -

SmalL._. {r:~h.ry_~:::::::::::::::::::::'::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ----3--~

{

FebrUary _. _._ 6

Large . ut~~:::::::::::::::::::::::::: :::::: >:: :::::: :::::: :::::: :::::: :::::: :::::: .--.~. ::::~: ~!_

I Small shrimp a.re those less than 13 cm.; large shrimp Are those 13 em. and longer.

TABLE 19.-Recaptures north and south of release area, of
shrimp tagged in areas 8,,9, and 10 during January and
February

TABLE 21.-Tagged small shrimp (less than 1:1 em.)
rl'captured along southern Atlantic coast

[Both lI<'xes lneluded, 1935-38 experlmentsl

ISmail and large shrimp comhlned!

Number recaptured in-

---------------------
January .. _ ______ 1
February . __ 11 19
March .____ __ __ __ _ _____ _ ______ 31 9
Aprll .____ __ __ _ 4 1

8 9 10 11 ~~s63

Number recaptured, of shrimp released In area-
Dlree­
t10n

Distance cap- II
tured from

point or release

336-360mlles South ---- ---- --.- ------
305--33Oml!es do . ---- ---- ---- ----.-
'ZIlHIOOmlles do 1 I

245-ZlO mlles .• _do ---- -- __ ---- ---- ---- ---- ---- ------215-240 mlles do_____ 1 1
185-210 mlles .do_____ 1 1 2
155-180mlles do 7 1 8
125-150mlles do 3 1 .___ 4

~x:N~~::::: :::~~::::: :::: :::: :::: :::: --4- ~ :::: :::: :::: ~35-60mlles do 1 10 11 22
ll-3Omlles. Loca!.. __ 45 145 2 31 149 643 47 18 26 1,106

5~~~~:::: :~~~~::: :::: :::: :::: :::: :::: :::: :::: ::~: ~ ~
125-150 mlles do ---- ---- ---- ---- ---- ---- ---- ---- ---- ------
155-180mlles do ---- ---- ---- ---- ---- ---- ---- ---- ---- ------
185-210mlles do.. ---- ---- ---- ---- ---- ---- ---- ---- ---- ------

~t:~:3:::::: :::~~::::+:: :::: :::: :::: :::: :::: :::: :::: :::: ::::::
Total I:-:-:-:-=145 14614 aa-163 600 4719 321.159

The proportion of large sh_rimp that move is
much greater than that of the small ones. In
tables 18, 21, and 22, we have divided the marked
shrimp into two size groups, small and large, with
13 em. as the arbitrarily selected dividing line
between them. The different behavior of the
two size groups may be ascertained from table

------1---- -------------

Number recall­
tured In areas-

North of South of
release release

area area

Recaptured In month of-

Recaptured in month of-

TABLE 20.-Recaptures, other than in area 8, of tagged
shrimp released in area 8

[Small and large shrimp combined]

Area 71 Area vi ~~:
019

------------------1------
August , _
St>ptember_. • : _____ __ ______ ___ I _

l~~t{~:::~~~~n\:~~~~~~E~~-:H~~F~t~~ ::::::f: Jt ~
March____________________________________________ 2 3
AprIL .. 5 1, _

Err::::::::::::::::::::::::::::::::::::::::::::: ------ ~- ::::::i:j::::::::
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N. C.

N. C.

FLA.

FLA.

GA•

GA.

-- ----"'''\ .---_.--.,
....""' ...

------",------'-,
-'''--.

AUGUST

OCTOBER

N. C.

N. C.

FLA.

s. C.

s. C.

GA.

-------V,\------',
-"-.

-----_...v,
. 1.__---••,

"'.

JULY

SEPTEMBER

. GA.

FIGURE 17.-Movements of marked shrimp released along the Atlantic coast during July, August, September, and October.
Thel!l\ diagrams (also figs. 18-26) show where marked shrimp were recovered. They do !lot indicate quantity, or
length of time between release and recovery. but merely where the shrimp went. Thf! dot at the beginning of each
arrow indicates locality of release.
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N. C.

N. C•

FLA.

GA.

GA.

------.,."'\
...__ ..-......, ......

'"

"--'-'\.',\
.._--_..""

"

JANUARY

MARCH

N. C.

N. C.

FLA.

FLA.

GA.

GA.

s. C.

--_.. -'\,"'\
.._.__.".",.

NOVEMBER

FEBRUARY
. _._ .._-"''\.

'-'--'"

",
'.

FIOURF. is.-Movements of marked shrimp released along the Atlantic coast during November, January, February, and
March. See figure 17 for further explanation.
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N. C.

s. C.

GA.

.._.. .....",,,
...._--_.....,

--'--

MAya JUNE
N. C.

s. C.

GA.

--_··-v'\
.._-----,--

......... --

APRIL.

FlOUR!; 19.-Movements of marked shrimp released along the Atlantic coast during April. May, and June. See figure 17
for further explanation.

18, and a comparison of table 21 with 22, but the
very definite correlation between 'migratory tend­
ency and size is most clearly displayed in table 23.

With respect to the southward migrations along
the Atlantic coast during fall and early winter, we
do not claim that all the large shrimp move south,
but we think the ~ast majority do. Our data
cannot be considered conclusive for the most
northern section because in this region we tagged
shrimp only during 1 year (there was almost no
winter fishing north of area 3), and our returns
from this section were few.

If the shrimp are affected by temperature, it is
possible, because of the effects of the Gulf Stream
on this stretch of the coast (Parr 1933), that both
a northward and a southward winter migration
might occur, with southern South Carolina or
northern Georgia as the center from which the
dispersion takes place. Apparently, to a limited
and variable extent, there is a northward move­
ment along the Carolina coasts during winter, but
t.he numbers of shrimp involved are few, since the
bulk of t.he population of large shrimp has mi-

grated to the Florida coast. Our tagging would
not show such a northward movement, since we
did not tag in South Carolina during midwinter.
(See p. 621 for additional discussion.)

We believe the migrations of the common
shrimp, as presented here, represent the pattern
followed by the bulk of the shrimp along the
Atlantic coast.

Before we began our marking experiments along
the Atlantic coast, the information we had avail­
able (length-distribution records and production
figures), although highly indicative, was not con­
clusive evidence of coastwise migration. The de­
cline in abundance and decrease in length of the
shrimp in the cen~ral and northern sections of the

. fishery during late fall and early winter might be
caused by factors other than a softthward migni­
tion. Similar symptoms could be caused by the
large shrimp burying in the mud and hibernating,
or by an offshore migration.

We believe that the evidence we have presented
here effectively disposes of t.hese other possibilities.
However, we do have additional information.
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TABLE 23.-Ejfect of length on migratory tendencies of
shrimp from Atlantic coast

[Mlgrator.y shrimp are those recaptured 36 or more miles Irom release point]

TABLE 22.-Tagged large shrimp (13 cm. and longer)
recaptured along southern Atlantic coast

[Both sexes included. 1935-38 experiments]

Shrimp which we kept in aquariums would bury
themselves on occasion but never for long pe­
riods-a few days at the most, never for weeks or
months.

6 In our discussion 01 movement~ iu the northern Gul! 01 Mexico and in
Texas we have subdivided each area into depth ~ones. Zone a represents
inside waters as we have already dellned them; zones b to/are outside waters
with depths as lollows: b, 0 to 4H lathoms: r, 6 to 8l; lathoms: d. 9 to I2~'

lathoms; e, 13 to 1ft\; lathoms; I. 17 lathoms Bnd de~per.

NORTHERN GULF EAST OF THE
MISSISSIPPI RIVER

In areas 27 to 29, between ~Iobile Bay and the
mouth of the Mississippi River (fig. 20), 'we re­
leased marked shrimp only during September,
October, November, and December; consequently
our remarks refer only to the fall and winter
movements of the shrimp in these areas. Only
one shrimp from the December releases was re­
captured, and this in zone c in December.6 Hence,
the remaining recaptures during December and
later were from September, October, and Novem­
ber releases. All of our releases were in inside
waters.

In 1939, when we carried out our tagging pro­
gram in this area, fishing occurred throughout the
year, but the intensity shifted towards the mouth
of the Mississippi River during winter, as the
shrimp were more abundant there at that time.
Our exploratory fishing did not reveal concentra­
tions of white shrimp in depths greater than those
covered by the commercial fishery.

Most of the ocean bot.toms of the outside lit­
toral waters off the -Alabama and Mississippi
coasts (other than those immediately adjacent to
the outlying islands, and principally the ,passes
between the islands) are barren wastes of sand
and shell. There probably is little or no food

low waters seem to be its normal habitat. On the
Atlantic coast this species does not appear to
frequent the depths attained by it in the Gulf.
The probable explanation for this is the lack of
suitable feeding grounds in the deeper waters
along the At1antic coast.

Our findings lead us to condude that the bulk of
the shrimp of the Atlantic coast, after migrating
from inshore to offshore waters, do not, move into
very deep water far from the coast. Instead, they
execute seasonal migrations parallel to the shore­
line, moving southward during the fall and early
winter, and northward in late winter and early
·spring. During late spring and s'ummer, their
movements are limited and random, so that they
remain relatively stationary. The larger speci­
mens are much more prone to move considerable
distances than are the smaller ones.

·tv
UI.9

All
area._

Number Number Percent
recap· migra· mlgra-
tured tory tory

Number recaptured, 01 shrimp
released in area- .

68910113

Direc·
tion

Length

Distance cap·
tured Crom

point 01
release

10.6 em. and smaller. __ •• _._. • ._ 199
11 to 12.5 em.. • •• _••• __ ._.________ 960
13 em. and larger••• •__ • .____ 2,443

We have considerably more information, all
negative, on the subject of large shrimp moving
offshore. During the winter and early spring of
1940 we explored the area from Cape Hatteras to
Cape Canaveral in depths between 5 and 100
fathoms and, although we caught other species of
shrimp, we did not find a single specimen of
P. setiferus more than about 8 miles from the
coast. Furthermore, despite the intensive com­
mercial fishing, our own exploratory fishing, and
that of Springer and Bullis (1952) in the Gulf of
Mexico out to 100 fathoms, the greatest known
depth in which P. setiferus has been taken is 43
fathoms. This record was reported by Springer
and Bullis. The white shrimp is usually taken
by the commercial fishery in the Gulf of Mexico
in depths of less than 20 fathoms, and these shal-

335-360 miles South•• _ I I • • .__ 2

~~~ll:::::: :::~~::::: :::: --4' :::: :::: :::: :::: :::: :::: :::: ·----4
245-270 miles do__ ••_ I . • 1
215-240 miles do_._. ._ 1 6 • _ __ __ 6
I85-2IOmiles do._. • __ •__ 10 --1- '6 __:: :::: :::: :::: 16
155-180 mlles do••• .•_. 5 __ •__ ._. 6 10
125-160 miles • do. • ._ 8 I 5 2 1 17
95-I20miles. __ • do •• __ ._ 3 _._. 10 4 2 19
65-90 miles_ • ••do ._ 3 2 34 46 4 __ • 89
35-60miles.. __ •• do • •• 6 6 67 68 9 --6 _::: 151
o-ao miles •• LocaL_. 10 233 16 63 432 632 242 153 274 2,054
35-60 miles •• North • __ ._ 1 4 32 11 48
65-90 miles_. •• _do • •. _. • I 6 6 13
95-120 miles. •. _do •• ••• • • 2 7 9
125-160miles_ •• _ ._.do •• _. ._ •• • • • 2 2
165-180 miles ••do • _. ._. ._. • 1 1
Illll-210 miles •••do__• ••• • __ •• • • _
215-240 mlles do_••_. _••• _. ••
245-270 mlles do •__ •• __ ._. • ._ 1 1

------- ----------------
TotaL ._ 14 240 53 71 654 747 263 199 302 2,443
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SEPTEMBER TAGGING

NOVEMBER -TAGGING

OCTOBER TAGGING·

30

FIGURE 20.-Movements of marked shrimp released in the northern Gulf of Mexico east of the Mississippi River during
September, October, and November. See figure 17 for further explanation.

for large shrimp in these areas. Near the
delta of the Mississippi River, the bottom,
although it shelves off rapidly, consists mostly of
mud with an abundance of .food. Probably
because of this, the large shrimp in this region

tend to seek the deeper waters near the mouth
of the Mississippi River as winter progresses.
Tables 24 and 25 indicate this tendency of the
large.shrimp, and some of the small ones, to invade
area 29. The data presented in tables 26 and
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TABLE 24.-Recaptures of small" shrimp (less than 13 em.) released in Gu!f of Me.xico, by area of release and by month and
. area oj recapture

Released In- Recaptured In
month-

Number recaptured In area- 1

1----,---'1--.----.--.,-----.1---'1--·,.....--.--...---··...,...------,,..--...,---1 Total

~ ~ ~ ~ ~ ~ ~ M & M ~ ~ k~n~

------1-------------------------------------

, r~~~~r~~~~::::::: ~ ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: ::::::~ ::::::: ::::::: :::::::
AreB27--------···-----1~~;:~::_-_::::::: f~ ::::::: ::::::: ::::::: ::::::: ::::::: ::::::~ ::::::: ::::::: ::::::: ::::::: ::::::: :::::::

January ._____ 3 . •• • • . •• . • ._.

{

September .____ 92 . ._.. • • .. • • __ • __

A 28 October. . ------- 86 ------ •• ------ ------- ------- ---:--- ---.--- ------ •• ------ ------- .------ -.--.--
rea ..--------•••• -.- ~~~::~:_-_::~::::::::::: Ir ~ ::::::: ::::::: ::::::: ::::::: :::::':: ::::::: ::::::: ::::::: ::::::: :::::::

sOecPtoteb·merb.e_r_-_-__-_--__-_-_- _- .. -._-_-_-_- _--.•-_-_-_-_- .-.__--__-_-_- 11
3
6 --._--- ----.-- ------- ------ •. -._--- ---._-- ------- ------- -_._---I __ . . . . . . _

November • • __ "__ .___ 42 6 . • • __ • • _
December__ •__ . ._._._. 117 __ • • ... • • . • • _

Area30••••..•••••••••. January_.__ . ._ •• • 12 ._ • . • . • . • __ ,_, __
Februnry . • •. _._ .. • 2 • . • . _", __ • . 2
March . .• __ . . __ :._ 1 __ • • • • . . .,_. _

~;~I:::::::::::::: ::::::: ::::::: ::::::: ::::::: : .~. ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: :::::::November • ... .____ 4 __ •__ .. ._ • . ._. __ • ,_, __
December . • ._._ 2 __ • ._ • ._. • _. •• ,_. __
January ._. ._. __ . • 2 • • • • . ._. •• _. _

Area 3L. r:~:r~~.r~:::::::::::::::: ::::::: ::::::: ::::::: -"ioo- ~ ----·i- ::::::: ::::::: ::::::: ::::::: ::::::: :::::::

~;~I::::::::::::::::::::: ::::::: ::::::: ::::::: fg 11 ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: :::::::June . • • . • 5 I . . . __ . . .

Area 32-~--------------l~~~:~~~~~~~:~~~ ~~~~~:: ~~~~~~~ ~~~~~~~ ~~~~~;~ _._J. __.J :::::~: :~~~~~~ ~;~~~~~ ~~~~~~~ ~~~~~~~ ~~~~:~~ ;;;;;~;
Area37 . . November . .• .___ 4 . .

\

AUgUst . . ._. • 3

Area 38_.__ . .. ~T~~;~~~~~~;;~;~~~;~ ;;;~~~~ ~;:;;;; ;~;~;;~ ~~;~;~~ ~;;;;;~ ~;;;;~~ ~;;_;;; ~;;;;;~ ~:;;;~~ ~;;;~;~ I~

ij }I92
86
19
3

16
14
48

117
12
4
1
2
1

~l3n
4

~ I127
50
2

141

200

215

278

45

211

TABLE 25.-Reeaptures of large shrimp (13 em. and longer) .released in Gulf of Mexico, by area of release and by month and
area of recapture .

Number recaptured In area-

Released In- Recaptured in
month-

27 28 ~ 30 31 32 33 M 35 36 37 38 39 40 41 42 All
arellS

Total

--------1-------1------------------------------------
Area 27 . {g£~~:~~:::::::: ~ :::::: :::::: :::::: :::::: ::~::: ~::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

Deeemhcr __ .• 12 .----- ----2- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

{

September._______ 197 •. . . -.- . __ • __ • _

Area 28 • ••• NOcotovehmerb-e-r-_-_-_--_-_-_-_-. 344 181 1 ------ ----.- .--.-- ------ .----- --- .. - -"-'- ------ ------ ------ .----: -- •. -•• -'---
1~ 9 . • __ •• . ._ .-- •• --'---

December__ . .__ 1 20 • • __ • .• _ •• . __ ._ .- • __ ••• __ • _
December •• __ ._. is . • . __ .. _. ._ .. _ -- .... _. . _

Area 29 ._•• _ ~~~:~:::::::::::: :::::: ~_ ----2- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::AprIL. • ._____ 2 __ .• • ... . __ .• _

August. ------ ------ ------ 2 ---- ..•-.--- -.---- ------ ------ ------ ------ ------ -----'1'--.- .....--- ------

Area 30__ ._. __ ._-..1 ~T~:fi;i·~~~~~~~~I~~~~~~ ~~~~~~ ~~~~~~ ~ ---;r ~;~~~~ ~~~~~~ ~~~~~~ ~~;~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~
January __ . <. __ • .__ 10 . . - •• _. --.---

~~:~"r~~-_-_::::::::::::: :::::: :::::: ~_ ~ : :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::ApriL_. • __ ._. . ._ ._____ 1 .. ._. • __

j
.December . ._ 5 ._. ._ . .. ---- ------ ---._. ------ .--.--
January_. . __ • ._ 2 2 1 . . -.- ------ ---.--
Fehruary ._ 3 2 .... _.. . ,, __ . • __

Area 31. March .___ I 44 15 . . • • _
Aprll .. .__ 21 19 2 . ... _

. May . .. _ 25 13 • .--. _

l
WC~mber::::::::: :::::: :::::: :::::: :::::: ---.~- ~ ----~- :::::: :::::: :::::~ :::::: ~::::': :::::: :::::: :::::: ::::::January . ._ 3 24 2 • • _
February .. ._ 21 54 • • • • • ._
March __ . .. 1 72 174 12 • •. -- _

Area 32 .. . Aprll. ... .. .. 46 71 7 . • • • _
May . ._.___ 1 29 50 8 .• • ••••••••••••• --- ••• ------ --: •• -
June ._. .. • I 5 2 •••• • .• --- __ • ._
July •• .___ 1 . .•.• __ ._._ . --- __ • ._ . •.
August . __ •__ • .. • ... 1 _._. . . • ._. • ._

22

}71 17Y72
14

197

}186 576172
21
78

11 832
2
2

57
44
93
55 271'
10
6
3
1
5

l5
5

60 159
42
38
4
3

29
75

259
124 ~
88
8
I
1
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TABLE 25.--Recaptures of large shrimp (13 em. a1Jd longer) releaBed in Gulf of Mexico, by area of releaBe and by month and
area of rer.apture-Continued

Number recaptured In art'a- I
27

Recaptured In
month-Released In-

28 29 30 31 I 32 33 34 35 36 37 38 I 39 40 41 42 All ITotal
areas

-·----1·------1------------------------------------

2

7

234

109

t~ I62 343
13
3

16
10
47
24

1
2
6
1
2

~I70 111:1
'5
7
1
5
5
2
I

161
35
19
6
2

1~ } 202
47

2

n
~ }

Areas 27-29: {~~=r~~~:: ~~ :::: :::: :::: :::: ::::
Depthzonea. November __ 44 4 4 • . ----

December._ 6 1 6 1 . _
January. .__ 3 __ " .- __ -_._ ----
September_. 16 __ ._ --- .. '-- ---- ----
Oct~ber .. 7 3 . _--_ ---- ----
November_. 19 18 10 ---- .---

Arens 30-32: December___ 2 18 4 -- .. ----

Depth zone a_ &}:l~~~;: :::: __ ~_ :::: ::j: --2- ::::

~;~l.-::::::: :::: __ ~_ -OJ' --j- :::: ::::

\

November 1 , •• ----
December . 93 3 . ---- ----
January. . 8 3 .--- ----

Depth zoneb. if~:~r~-.:- -24- -46- ..~_ :::: :::: ::::

t!i£:::::::: ::~: J ::~: -T :::: ::::

j
OCtOber . 3 2 _
November __ 4 1 __ .. -- __ ----
January.____ 2 ---. ---- .--- ----

Depth zoner. F~bruary ---. I I --.- ---- --.- -.--
March. 53 03 4 1
April _. . 16 18 I

I Mav. .. 2 4 8 5 --:. ---.
Tune._. . .. 4 2 . ----

Depthzon~d_ March_. .... ._ I 1 -.-_ .---

Areas 37-38: j~:t~~J:i';i::: ~ :::: :::: :::: :::: ::::
Depth zone a_ Oct·)ber__ ·.... 96 __ .. 24 I ---- ----

~~;~::::: 3~ ::::. _~_ :::: :::: ::::
D.pthzoneb {octOber . ---- .--- 2 ---. --.- ----

.. . November_. _. ._ 5 ---- --.-,.-.-
Dc th d {OctOber . - -.. 4 ---- ---- ---.p zonp. Novl'mbt>r .. _._ _. 2 . __ . _

______--'-_. -'-__-'----'--1~1'____..2_____'_____'_=--

------1----1-- -- ---- -- ------

TABLE 26.-RecaptureB oj small shrimp (less than 13 em.)
released in Gull oj Mexico, by depth oj release and by
month and depth oj recapture

[Depth zones are as 'follows: a, Inside waters, b outside waters, 0-4h fathoms;
C, outside waters, :HI» fatholDs; d. outside waters, 9-12» fathoms: ~, out­
side waters, 13-16~~ fathoms; and f. outside waters, 17 fathoms and deeper]

I
Number recaptured In depth zone-

Area and dept.h Recaptured Total
of release In month- I All

abcd~fdePths

(tables 26 and 27). Once the shrimp reach'ed ont­
side waters t,hey t.ended to move offshore and t,hen
mill about. Tables 29 and 30 demonstrate this
behavior of the shrimp for August, October, and
November releases.

27 demonstrate quite clearly the movement from
zone a to offshore zones during fall and early
winter.

No tagged shrimp from areas 27 to 29 were
recaptured west of the mouth of the Mississippi
River.

At present, all that ·can be said about the move­
ments of the shrimp in this region is that during
the fall and winter they tend to mQve into deeper
water and toward the mouth of the Mississippi
Rive.r.

NORTHERN GULF WEST OF THE
MISSISSIPPI RIVER

Between the mouth of the Mississippi River
and western Louisiana (areas 30 to 32), we re­
leased marked shrimp from the latter part of
August until Marc.h (table. 28). In this region,

. therefore, our remarks pertain only to the fall,
winter, and spring movements of shrimp (figs.
21-24). .

During the years we tagged, the inside waters
were closed to fishing from about mid-June unt.il
mid-August, but during the rest of the year they
were subjected to relat,ively heavy fishing. In
the outside waters, fishing occurred throughout.
the year, although it was probably most intense
during winter and spring, when a part of the in­
shore fleet moved into outside waters. Fisher­
men in this region (judged by the depths to which
the fleet fished and the maximum depths at which
we caught white shrimp in our exploratory fish­
ing), fished the ent,ire population of adult and
subadult shrimp.

The speeimens we marked in illside waters dis­
played the typieal movement t,o outside waters
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Our tables also show an inshore movement dur­
ing March and April, and a tendency for the
shrimp to JIlove offshore again in May and June.
We think that the return to shallower waters dur-'
ing spring is an anomaly which is emphasized in
the data by the fact that many of ~our releases
were made during the winter of 1939-40, in which
an unusual cold wave occurred in January. After
the cold wave, the fishermen reported many dead

TABLE 27.-RecaptureB of large Bhrimp (1S em. and longer)
releaBed in Gulf of Mexico, by depth of releaBe and by
month and depth of recapture .

[Depth zones are as lollows: a, inside waters; b, outside water~, ()-4~ lathom~;
r, out~ide waters, 5-8~i fathom~: d, outside waters, 9-12~ lathoms; t, out·
side waters. 13-16~ lathoms; and f. outside waters, 17 fathoms and over)

shrimp in inside waters and small shrimp much
further offshore than usual for that time of year.

The observations of the fishermen were corrob­
orated by our own investigations when, on the
last day of February and early in March 1940, we
marked random samples consisting of 3,160 of
these small shrimp in depths band c. According
to random samples of shrimp from the commercial
fishery, in this region we should normally expect
to find, in depth c, less than 1 percent of the
shrimp to be smaller than 13 em. 'in total length
in February; in March the normal value is about
2 percent. In depth b we'should expect about
2.5 percent of the shrimp to be less than 13 em.

-_·-----I----I------~----

Number recaptured In depth zone-

[Depth zones are as lollows: a, inside waters; b, outside waters, 0-4.4 fathoms;
t, oulside waters, 5-8.!i lathoms: d, outside waters, 9-12}i fathoms)

TABLE 28.-DepthB and dateB of releaBe of tagged Bhrimp
l:n areaB SO to as

All
f depthsa b

Recaptured 1-----;,.---,--.--.-----.---1 Total
in month-

Area and depth
- 01 release

219

1
256
243IIf 83fi

2 .
2

d

1939
1939,1940

1940

h

--,------, ---------
Years in which releases were made in'

. depth zone-

Depth zones from release zone

. ReleaSt'rl in month 01-

August. __ . : :_ 1939 __ ._. . _
October__ •. __ .• HYoi9 1939 1939
November .• .________________ 1939 . 1939
December .• __ . .______ 1938 1938 1938
January_ .. ._. .. __ .. .. 1939.1940 1939
February . ._._____ 1940 1940
March __ .. . ._ ._____ 1940 1940

[Release dcpth is zero. Releases in depth zones·, (inside waters) and b (outside
. ,waters, 0-4''!ifathomsl only. Areas 30-32]

TABLE 29.-Monthly recaptureB of tagged Bhrimp, arranged
according to month of releaBe and n1tn~ber of depth zone
Bhrimp were recaptured inBhore and offBhore from releaBe
depth

117

2
57
13
25
9
3
3
3
2

1 _

1 _
3 1 _
3 _

August ._ 1 1 ..• .
September__ 56 1 ..• _
October ._ 6 3 2 1 1 _
November __ 11 10 4 __ •. _
December___ 1 8 ._
January ••• 2 __ ._ 1 •
February .••. _.. ._ 2 1 _...
March_. __ . ._ 3 __ .: .. _._
AprIL .. 1 _.__ 1. . __ •. _._

~
ctober----- 16 8

November•• 50 7
December 41 2
January.____ 7 2

Deptb zone b. February••• _.•. __ •• 3
March __ .. __ 2 19 2
AprIL __ ••• __ •• _ 6 _.. _
May • .. 2 1 1 _
ooe_. .. _ 1 _.__ 1 _

Depth zone a_

Areas 30-32:

J)epthzoneb {octOber ---- ---- 20 ---- ---.. --- 20
00

} 76. November __ 3 53 .. __

Depth zone d_ {October ==II=-:-:-:-:- -:-:-:-:- '-ll71-}18November._ • 7 _

Areas 37-38:

\

AUgUst._____ 3 . . . ._
. September•. 36 .• _

Depth zone a_ October 109 , 47 ..
November __ 36 _, __ 35 _
December.. _ 5 1 .. .

l

December--- ---- ---- ---- 3 -.-- ----January . 2 5 12 10 __ ._
February ... _.. _ 1 17 40 8 __ ._
March_.____ 1 73 79 74 5 . _

Depth zone d_ Aprll .. _ 43 31 39 2 .• __
May._______ 1 22 42 17 2 _
June. ._._ 1 5 _
July .____ 1 . _
August .__ 1 • __

3 I36
150 272

71
6

85

TotalOffshore

---- --.----,---.,...---1
o 2 I3 4

Recaptured in In· Release
month of- shore depth

Released in
month of-

I
~:~~~iier~:::: :::::: 7~ iii _:.:--_:::: ::-_-_i--_---_ -:.::~_--::I

August... ~~~e~rtier~~::: :::::: ._. __ ~_
December . . _

\
~~C~ei.:::::::: ----- ----28- 11 '-il- :::: ::::l

October and No· Pat¥.~~;:-::::: ~A fg82 ;~1: oil' ::.~_:_ 214
vembf!r_ ___ February _

March __ . __
April 1._ 1 . __ .
May ... ... 1 1 ....

I

Del..,mber----- 131 20 4 . --IJanuary .__ 15 6 --._ .__ •
December and February . 5 - - -- Illll

January __ '. Ma~ch . 4 __ . --- ----
AprlL________ I 1 -- .. , __
June .. 1 _... __ .- .... -.

February and {~;:i~h_._:::::::: ~ 6741

1

2.
5

:22:: :.. -_::_~_-:.':_:_:_} 112March May .• _
June_ .. _

182

4
7
5
4

13
66
41
39
3

3I29
66

232
1

1
537

1 _
3 .•• _

1 1
1 7 2 3
4 13 1 _
8 12 _.. _

19 11 _.• _
I 2 .•• _

. loctober-- •• - ---- 3November__ 1 3
December.. __ .__ 5
January__ .__ 2

Deptb zone c_ .'ehruary••. __ • _
March._____ 5 43
Apri1. .• 4 17

. May•• 2 7
June•• _

a760·U! 0-56--4
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TABLE 30.-JI{onthly recaptures 01 tagged shrimp, arranged
according to month 01 release, and nmnber 01 depth zones
shrim.p were recaptured inshore and offshore Irom re­
lease depth

[Relealll' depth is zero. Releases in deJ)th zones C (olltside w,ters, 5-8}2
fathoms) and d (outside waters, 9-12J2 f,thoms) only..""reas 30-32]

TABLE 31.-Recaptures by depth and by S2'ze 01 shr2'mp
released i-n depths b a'nd c during February and March
194-0

[Areas 30-32. Depth zones are as follows: II. inside waters; b. outside waters,
0-4'. lathoms; c, outside waters. 5-8H fathoms: d. outside waters, 9-12~
lathoms]

• Number recaptured in month 01-

TABLE 32.-Recaptures, by depth and month, 01 tagged
shrimp released 2'n depths' band c during February and
March 194-0

[Areas 30-32. Depth zoncs are as lollows: a, irl~lde waters; b, outside waters.
0-4~~ fathoms; c, outside waters, 5-8H fathoms; d. outside waters. 9-12Jo!j
fathoms)

INumber recaptured. 01 shrimp Percentage recaptured.
whose lengths at tagging shrimp whose lengths

Recaptured wcrc- at tagging were-
In depth ---------------------zone-

10 em. 10.5- 13-15 15.5 10.5- 13-i5 15.5
and 12.5 em. and 12.5 cm.and
less em. em. more em. em. more

------------------------
a___ •___________ 2 94 13 -------- 32.1 10. I --- -----b___ ____________

2 170 74 19 58.0 57.4 57.6c__ _________ -' ___ I 19 22 9 6.5 17. I 27.3d______ __ •______ ---~ _. -- 10 20 5 3.4 15.5 15.2--------------------TotaL __ 5 293 129 33 100.0 100.1 100.1

391

'I'utal

2 3

11
14 2 3.
15 1._
6 __ .
2 __

o·

Release .Off h .
depth soreInshore

Depth zones from releasp "one I

3 2

Recaptured
in month of-

Relea.<ed in
month of-

l
oetoher------- ----.... 1\ 3 --). November .. __ 5,~ 3 _.. _

October and No· Decembcr ...... -- 5 :---- .. --- .- .. -.. :!9

wmher. ~;::~a_'~-_~::: :::: :::: :::: .:::::: 1.::::::
April__________ I .... .. ..... _

j
OCeCmbe,. __ . __ .. __ ._ 3
January ... 2 9 13
Fcbruary ____ .. __ I 18 41

Decemher and March .. I 40 37 45
January. April.. .. _ 21\ 21 22

May I 13 26 11
June amI Au' .. _ I 6

. I!:ust.

{

Mareh .. 91 190 37 3 .. }
Febru.H)· and April.. .... 36 45 3253 169 .. -_-_-_ ,"_-_'_ 535March. May_. .___ 13 27

Jum· . .... 1\ 4 . .. __

TABLE 33.-Recaptures, by depth 01 release and by month
and depth 01 recapture, 01 shrimp tagged belore January

[Areas 30-32. Depth zones are as lollows: a, inside waters; b, outSide waters,
0-4"2 lathoms: c. out~lde waters. 5-8'2 lathoms; d. outside waters. 9-12~
lathoms; t. outside waters, 13-16h fathoms; f. outside waters, 17 lathoms
and deeper) .

9

3

Total
recap·
tured

June

f

4 I5 ._
2 2

II

57

4
M·--------5
16 4 •

May

2 •

7

9

70

3 ---- -- --- --- ISO
2 ------ --_. -- 30
4 .4 15
6 ---- -- ------ 15
2 ------ ------ 5
1 ------ -- ---- 3

3 --- --- ---_ .. 3
12 .1 ------ 19
12 I ------ 24
10 4 ----- - 37
8 -----. .----- 22
3 I ------ 17
1 ------ .----- I
I -.---- ..- --- I

19
35
8
8

April

89

212

58
146

5
3

b

March

a

Number recaptured In depth zone-

d I t

Released in depth zones
a. b. and c and recap·
tured in month 01-

December ._______ 3, 165 9
January . . __ ._____ 22 6
February . .. I 5
Mareh.________________ 8 1
ApriL .____________ 1 2
l\.1u.y -'__ • ~ __ •• _ 2

Released In depth 70ne d
and recaptured in 1I10nth
01-

December . . . __ ------

&~:~~X:::::::::::::::::::: ----~- ~t
U:~I.--~:::::::::::::::: :::::: ~ I~
June . __ . .. • ------ ------
July . . ------ -.. ---

Released In depth zone c and
recaptured In depth zone-a•• _

b • •• • • _
l:•• ~. _•• __ ••••• __ • __ • •• _
d•• __ ••• __ • •• _

Total. _

Total. _

.Released in depth zone band
recaptured In depth zone-a_____________________________ 26

b.____________________________ 61
c • ,. ._________ 2
d •• • • • • __

long in March (we have no data for February).
In February of 1940, however, 81 percent of our
marked shrimp taken in depth c were less than
13 em. 'in length, while in March 94 percent were
of this small size. In depth b, these small speci­
mens constituted 62 percent of the catch in Feb­
ruary and 23 percent in March.

The migrations of these small slll-imp are clearly
shown by our tagging results. From 'the data
presented in table 31 it is evident that the small
shrimp were the ones that went towards the shore
after release. They had evidently been driven
offshore by the excessively low temperatures of
the inshore waters during the cold wave, but they
returned to their usual habitat when' the tempera­
tures became normal in March (fig. 37)~ Then in
May and June they made the typical spawning
movement and reentered the deeper waters (table
32).

Probably a more nearly typical spring distribu­
tion is demonstrated by shrimp' marked in off­
shore waters before January (table 33). In the
outside waters, though the shrimp move about in
all depths (mostly between depths b and d), there
is a tendency for the largest shrimp to seek the
deepest waters. During fall, winter-, and spring,
only occasionally will shrimp less than 13 em. in
length be found in depths greater than 5 fathoms
(table 34).
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TABLE 34.-RecapturE's, by depth and by size, of shrimp for thrE'E' different release depths

Relea5t"l in month of-Released in
depth zone-

Areas 30-32. Dp.pth zones are as follows: a, inside waters: b, outside waters, O....H~ fathoms: c, outside waters, 5-8~~ fathoms; d, outside waters, 9-12!-~ fathoms]

• Number recaptured, or shrimp whose I Percent. recaptured, of shrimp whose
lengths at tagging were- lengths at tagging were-

RecaPt~~~~depth . I I I
a~de~Ss 10.5-12.5 13--15 15a~~m. I~~:r' 10.5-12.5 13--15 15·:nam.

em. em. more -less _ em. em. more
-----11--------1---------1--------------------------

c - -__ Oetob~r ~~~e~~r. ~e-I~:::::::::::::::::::::::::: :::::::~::'? ~ --'---'1 :::::::::: ~~:~ ~:~ ---·.-·~H
cern ,- ar ---. d and deeper______________ I 12 18 _.. 7.7 50.0 58.1

---- ----:-----------------------AIL .____ 13 24 31 100.1 100.0 100.0

d . _

============

l
a-------------------------- ----.-.--- ---------- I I ---------- - .• ----.-- 0.6 0.3

December. January, and b_ •• ---------- ---------- 64 77 ---------- ._____ ~7.9 2l.g

March :_ ~-an(fdeeper~::::::::::::: :::::::::: ~ ~ ~~ :::::::::: gg:8 .aU ~::9
-------------------------AIL ._ _ 2 169 367 _.. 100.0 100.0 100.1

No shrimp marked in areas 30 to 32 were recap­
tured east of the mouth of the Mississippi River,
or in Texas waters. They concentrated mostly in
areas 31 and 32 and the eastern part of 33 (tables
24 and 25). This section between Ship and Trin­
ity Shoals probably provides the most favorable
outside feeding grounds for shrimp in this region.
We believe the more or less aimless wanderings of
the shrimp (but not the offshore and onshore
movements) represent a search for food.

In brief, along the Louisiana coast west of the
Mississippi ;River the large shrimp move offshore
and scatter during fall and winter. At all times
they appear to be drifting about, like cattle on
open rangeland. The only definite patterns were
those -of the offshore and onshore movements,
whieh evidently were associated with temperature
ehanges and spawning, and a tendency to eoncen­
trate between Ship and Tnnity Shoals, probably
because of better feeding conditions.

There appeared to be a natural barrier at the
Mississippi River, for we found neither east-west
nor west-east crossings.

CENTRAL TEXAS

At the time we ran our tagging experiments in
central Texas there was no fishing along the Mexi­
ean eoast and no outside fishing during winter
near the mouth of the Rio Grande, and 'the out­
side fishing near Port Aransas was limited to an
area of narrow radius near the pass. There was

no more or less continuous coastwise fishing along
the entire coast, as there has been in recent years.
Consequently, all of our recaptures were made
.dose to the points of release (fig. 25, tables 24-27)
and once our marked shrimp left the restricted
area covered by the fishing tleet we could no
longer follow them. As a matter of. fact,. for this
very reason -we discontinued ·tagging in' Texas; _
once we had established that the shrimp were

_moving from inside waters to outside waters in
accordance with the evidence we had obtained
from the size-distribution pattern.

The fact that the larger or our marked spec.i­
mens disappeared soon after reaching outside
waters off Port Aransas1 indIcates only that they
left this area; they could have gone farther off­
shore ot" to the north or south beyond the range
of the fishing fleet. We believe it most likely that
they went south, because in winter the waters are
warmer to the south and beeause there appears
to be a northward return of the ~hrimp ill spring,
as is suggested by a tagging experiment along the.
eoast of Tamaulipas, Mexico, to be discussed ~n

the next section.
Probably the migration pattern, for at least

part of the western Gulf, is comparable to that
along the southern Atlantie coast. We also ~hink

it probable that the shrimp reared in the vicinity
of Galveston, Tex., move as do thos~ in ar~as

30-32.
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AUGUST TAGGING-

33

LOUISIANA

32 31

30

29

OCTOBER TAGGING

LOUISIANA

3\

30

29

FIGURE 21.-Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River during
August and October. See figure 17 for further explanation.
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33
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LOUISIANA

31

30

MISS.

605

29

DECEMBER TAGGING

LOUISIANA

32 31

30

MISS.

2.

FIGURE 22.-Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River during
. November and December. See figure 17 for further explanation.
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LOUISIANA

JANU~RY TAGGING

33

FEBRUARY- TAGGING,

33

32

LOUISIANA

31

31

30

30

29

29

. . .
FIGURE 23.-Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River during

January and february. \ See figure 17 for further explanation.
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MARCH TAGGING

33

LOUISIANA -

32 31

30

29

FIGliRE 24-.-Movements of marked shrimp released in t.ht' Ii6rtht'rn Gulf of Mexico west of the Mississippi River in March.
See figure 17 for further explanation.

NORTHERN MEXICO

At t.he time we tagged shrimp along the coast
of Tamaulipas, Me."ico. (March 1947), there was a
large fleet of shrimp boats operating out of Browns­
ville, Tex. Fishing was intense near the mouth
.of t.he Rio Grande. For t.his reason our returns'
were mostly from near the mouth of t.his river·
(ar~a 40). Perhaps more returns are shown as
coming from near the mouth of the Rio Grande
t.han actually occurred, as it is probable that some
shrimp caught in Mexican waters were repol"ted
as having been captured north of the border.

Inasmuch as there was no fishing (or very little)
to the south of area 40, returns would have to
come from area 40 and to the north. Conse­
quently, t.he movements of the shrimp released in
areas 41 and 42 (table 25 and fig. 26) might be
merely normal feeding movement,s. Area 41 is
doser to the region of heavy fishing than is area
42; this would account for the difference in the
percentage of returns from the releas~s in area 42
(5 percent) and t,hose from area 41 (19.2 per-cent).
Although the large majority of recaptmes from

these ar~as had moved considerable distances and
appear t.o indicate a migratory population, it must
be remembered that t.hey represent a small per­
centage of t.he releases.

Therefore, the majority of the shrimp t.agged
in March could have been local or nonmigratory.
shrimp reared in Laguna Madre, Tamaulipas,
which were not recaptured because of the total
lack of fishing in these areas. Yet (I) in recent
years t.here has been a spring run of shrimp strik- _
ing first (about March) near the Rio Grande and
later (about May) near Aransas Pass, Tex. (2)
Of t.he recaptured shrimp marked in areas 30 to
32 (Louisiana.) less than 1 percent moved more
than 75 miles, whereas about 17 percent of those
recaptured after tagging in Mexico moved more
than this distance; the greatest distance between
release and recapture along the Louisiana coast

- was about 110 miles, whereas 5 of the recoveries
from our Me."ican releases were taken at distances
gl"eater than this (the greatest distance, about 175
miles). (3) The water temperatures during winter
off the coast of Mexico are warmer than they are
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AUGUST TAGGING

37

38

OCTOBER TAGGING

..:>.

SEPTEMBER TAGGING

38

37

38

37

FIGURE 25.-Movements,of marked· shrimp released in central Texas during August," September, and October. See figure
17 for further explanation.

in Texas. The evidence, therefore, seems to favor
a springtime south-to-north migration.
. Our data are not adequate to establish this
point, but if such a spring migration occurs it is

also .likely that during the fall and winter there is
a reCiprocal southward movement of larger shrimp
from central and southern Texas into northern

. Mexico.
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38

39

en
c
)(

1&1

~

40

41

42

FIGURE 26.-Movenients of marked shrimp released along
the northern coast of Mexico during March. See figure
Ii for further explanation.

SPAWNING AND LONGEVITY

Weymout.h, Lindner, and Anderson (1933)
have sil'own thlLt· when the young (spring-spawned)
shrimp first appear on the inside fishing grounds
(in June or July, depending on the locality) they
can readily be distinguished from the spawning

populat.ion both by size and by sexual develop­
ment. By September, the largest. of the spring­
spawned shrimp have attained the length of the
smallest of the mature shrimp spawned the previ­
ous summer, and the two groups overlap in total
length. At the same t.ime, many of. t.he mat.ure
females have completed spawning and are begin­
ning to ente.r a stage in which it is impossible, by
ovarian examinat,ion alone, to distinguish them:
from the larger spring-spawned females. With
the approach of maturity, various morphological
changes took place in the shrimp, which made it
possible to separate immature spring-spawned
individuals from spent mature shrimp. until
December, but by January the spring-spawned
speeimens began assuming the adult characteris­
tics and we could no longer distinguish them.

SPAWNING

In the field we recognized five successive st.ages
of ovarian development: Undeveloped; developing;
yellow; ripe; and spent. 6 Unfortunately, most of
our field records of ovarian development are in­
complete, as we were unable to work out a satis­
factory technique for field determination of spent
shrimp uiltillate in 1941. . Before December 1941,
recently spent shrimp, during and immediately
following the spawning season, usually were classed
by us as "developing" or in an early "yellow"
stage; those not recently spent, the ovaries of
which during fall and early winter were actually
more or less dormant, were usually classed as
"undeveloped," but when they began t.o approach
a second spawning season were classed as
"developing."

Louisiana

Because of the complications just mentioned,
we have only one year (December 1941 to Novem­
ber 1942) for the Louisiana offshore fishery 7 in

/which we believe our records are complete with

• See King (1948) for a description of thelre various stages.
7 We have divided the Louisian... fishery luto two seetions (Anderson,

Lindner. and King, 1949) based on fishing grounds. The Inshore fishery
includes the Inside waters (hays and bayous) and the outside waters out to
about 5 fathoms. This area was fished by shallow-draft luggers, and It also
represents the area covered by our research boat Blark Jllallard. About the
beKlnning of 1938. a l:foup of Florida-type trawlers migraterl to Louisiana
and began fishing the offshore area (outside waters from about 5 to 35 fathoms,
although the boots usually did not go much beyond 20 fathoms1- This area
had never been fished extensively by the inshore fleet. After the offshore
fishery was developed. some of the larger boats from the Inshore flet't would
fish offshore on occasions. The offshore fleet, however, never fished the
Inside or estuarine waters. Oenernlly the areas fished b)' the two fleets were
quite distinct.
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respect to' maturation and spawning. In figure 27
we show the' size distribution of the five different
ovarian stages from random samples taken from
the offshore fleet during this period.. This figure
is plotted in percentages, with the total number of
females examined in any month equal to 100
percent. Inasmuch as the ripe and spent shrimp
were only a small percentage of the population
and difficult to follow in figure 27, we have shown
these"separat.ely and by actual numbers in figure 28.

Following the progression of these curves (fig:
27), we find that. in December the largest females
had spent ovaries, although, most of them' were
in a resting stage and appeared undeveloped.
The majorit,y of these were· probably summer
spawners; These spent shrimp constituted less
than,2~ percent of the specimens in our samples;
all o'f the others were spring-spawned and had
undevelqped ovaries. By January (we could no
longer distinguish bet.ween shrimp which had
prelTiously spawned and those which were matur­
ing for the first time) many had developing ovaries
and" a few were in the yellow stage. 'fhe first
ripe shrimp appeared in March and the first sp.ent
ones in Ap~il. No shrimp with undeveloped
ovaries remained in April. In Ma~r a second
group of females approaching spawning began
making their appearance in the shallow waters of "
the offshore fishery. These were smaller than
their predecessors. Most of them' had unde­
veloped or developing ovaries, and some had
yellow ovaries. By June this second group of
spawners dominated the offshore' fj.shery which
had now largely moved into comparatively shallow
water; mlj.ny were ripe, and a number were spent.
In August the immatur.e spring:-spawned shrimp
began making their appearance offshore. By
September the spring-spawned shrimp dominated
the fishery, the majority of the mature shrimp
were spent, and ther~ were none with developing
ovaries. By October there -were neither develop­
ing nor ripe shrimp and ve~y few with yellow
ovaries. Almost all the mature shrimp were
spent by October.

The duration of the spawning season in Louisi­
ana' can be seen best in figure 29, which shows the
percentage of females for each month with de­
veloping, yellow, ripe, and spent ovaries. We
hav~ eliminated (on the bases previously' de­
scribed) all immature shrimp from August through
November; consequently this figure follows ma-

ture individuals only. It is apparent that the
first ripe shrimp appear in March and the first
spent ones in April. It is also evident that
spawning is almost completed by the end of Sep­
tember. Since we did encounter (iil selected
samples) recently spent shrimp in late March and
ripe shrimp as late as October, we believe that the
earliest spawning 'occurs during the hitter part of
March, and that it may extend jnto October.
Judging from the appearance of the young (which
we shall treat later, and which is discussed to
some extent in Anderson, King, ~nd Lindner,
1949), spawning later than September probably is
not effective. For all practical purposes the
spawning season extends from the latter part of
March or early in April through September.

The sequential appearance of the various
ovarian stages (table 35)' indicates that the
developing stage 'occupies a period of 1 month or
less, the yellow stage persists for from 1 to 2

"months, and ripe ovaries become spent in less than
a month. Assuming that. an ovary may develop
from the newly spent stage into the yellow stage
in a period of a few days, it may take as 'much as.
3 months "or it may take less than 2 months to
prepare for a new spawning, if such should occur.

If shrimp spawned-but once a year and remained
available to the fishery after spawning, w'e could
expect the percentage of spent shrimp to increase
~arkedlymonth by month. The summer-spawn-

.ing shrimp, appearing in the shallower wat·ers in .
June, form the main basis for the fishery almost
from. the time of their appearance and are detect­
able in the catches until well after the end of the
spawning season. It is interesting that in this
well-sampled population the percentage of spent
ovaries remained low during June, July, and
August; it was not until September that a rapid
rise occurred. This phenomenon can easily" be
explained by assuming that these shrimp spawn
twice. Thepersistence ofa low percentage ofspent
shrimp in the population for 3 months suggests
that after spawning these individuals enter a
second yellow stage preparatory to production of
another batch of eggs.

It is unfortunate that our data are not complete
for the spring-spawning shrimp throughout the
yelj.r. These shrimp, which initiat,e the spawning
season in the deeper waters, were not taken in as
large numbers after June as previously,' and they
became indistinguishable from the summer spawn-
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ers when the latter group became the mainstay
of the fishery. Lack of material on this group in
later months makes it impossible to determine the
exact proportion of spent individuals during the
summer.

How many times an individual shrimp spawns
in a single season is unknown; while we have no
definite proof that a shrimp spawns more than
once, it is possible that the spring-spawning shrimp
could spawn as many as four times in a season, if
the proportion of spent shrimp in this population
remained low throughout summer. King (1948),
from histological studies, also believed that a
female might spawn more tha~ once during the

.spawning season, and the evidence of Burkenroad
(1939) is not in disagreement.

On the basis of the presence of ripe and recently
spent shrimp it may be stated that practically all
spawning in Louisiana occurs offshore in depths

greater than 4:5 fathoms. Probably most of it
takes place bet.ween 5 and 17 fathoms (t,ables 35
and 36), The second group of spawners appearing
in May obviously came from a more inshore area
(table 35). They first appeared in May in depths
under 5 fathoms; by June they were found as
deep as 9 to 12}~ fathoms. The immature spring­
spawned shrimp appearing in August behaved in
a similar fashion: they were found only in t.he
shallowest depth in August, but by September
they moved out, to at least. 9 to 12}~ fathoms. This
latt,er group, however, did not mature until the
following year. We shall follow these various
groups in detail when we discuss t,he size distri­
butions. Here, we are merely trying to establish
the location of spawning.

We believe that tables 35 and 36 suggest that
the spring spawners deposit their eggs in the
deeper waters well offshore early in the season,
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TABLE 35.-Distribution by stages of ovarian development
and by depths, of female 8hrim.p in Loui8iana off8hore
fishery, December 1941 to NOllember 1942-Continued

TABLE 36.-Percentage of ripe and spentjemale8 inLouisiana
offshore fishery December 1941 to November 1942. arranged
according to depth

[O·elass spring-spawned shrimp not included after July)

Pereen~ taken at depth of-

Total

1.
7112 1g 1,95"6

188

243 IO·J 273

17
o-4~. 5--8H II-12~. 13-16h fathoms

fathoms fathoms fathoms fathoms and
deepe.r

--------.-----,--.--
Ovarian

stageMonth

Number taken at depth of-

Month, and stage -----'-------,--1---1---
of ovarian Ii

de\'elopment O--Hi IHlh IH2~i 13-16~:i Ifathoms All
fathoms fathoms fathoms fathoms and depths

. . deeper

1942-Continued
October: .

Undeveloped. 1,307 455 __ • . •__ . .

~:II~~~-I~~~~ ------2- ··----4- :::::::: :::::::: ::::::::
:~:t:::::::: ----iii- ·----67- :::::::: '::::::::. ::::::::

November:
Undeveloped. _•• • 167 76 __ :. . __

~:Ji~~~~_~~~ :::::::: ------2- :::::::: :::::::: ::::~~::Ripe . . . . _
Spent ••. • . 20 8 • _

1941
December:

Undeveloped. 280 633 22 _. __ . _

~:"~~~_I~~~: :::::::: ::::~::: :::::::: :::::::: ::::::::Rlpe • __ •__ . __ • ._. • ._ .. _
Spent_._. __ ~. 1 22 ._ .• . .

TABLE 35.-Diatribution by stages of ovarian development
and by depths, of female 8hrimp in Louisiana offshore
fishery, December 1941 to NOI'ember 1942

Number taken at depth of-

Month, and stag~--- -------1------
d~~~~~~a::,t o-4h 1Hl!-i ll-12J:i 13-16~:i fatl~~"'s All Total

fathoms fathoms fatholI's fathoms and d~pths
. deeper

but that. the summer spawners complete the
process in lesser depths.s It is also suggested that
the summer-spawning shrimp, when they have
completed spawning, return to- lesser depths.
Viosca (1920) presented a number of major con­
clusions with respect to the life history of P.
setiferus in Louisiana which are in accord with
our own findings i it is unfort.unate that he never
published his data so that they could be compared
in detail with ours. -

------------------------- -.-

• It Is obvious that in June 1942 our sampling did not cover the entire
spawninlt population.
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Other localities

If we judge the spawning season by the presence
of shrimp with'yellow and ripe ovaries (table 37),9
we find that.-

1. Tn Sout.h Carolina, spawnin~ probably begins
in May and extends into Septembel' (our sampling
was poor in Apl'iland August, and by September
t.he spring-spawned shrimp dominated the fishery
to such an extent. t.hat the mature shrimp were
barely represent.ed).

• Since we did not satisfactorily recognize spent shrimp throughout most·
of our colleetions, we have omitted these from our Louisiana data in this
tahle. In interpreting the table, allowances must be made for our sampling
technique (see section on size distributionsl.

194!

I nuar {RiP". -------- 0.a y------------ Spent.____ 0

F" I rua. " {Ripe .. -------. 0eJ r. --.-------- Spent .. 0
M reh {RiPe .• ------- ... ---- ..a -.-.---------- Spent. . __ • __

ApriL. {'~~::::: ::::~:;: ::::::::
May . {Spent O'

J e {RiPe_::::: 0 "'-is:i"
un -.-------.------ Spent.:___ 0 2.2

J I {RiPe .. __._. I 7.1
u y---------------- Spent. _.__ \.4 4.4

A aust {RiPe_.____ 0 .8
Ue ------------- Spent_____ .1 ..~

S temb {RiPe __ ---- 0 .2ep er Spent_____ 2.5 4.0

o tobe {RiPe._____ 0 0e r . Spent.____ 62.4 :14.5

N vemb {RiPe______ II 0o er Spent_____ 0 1i6.7

-------·1----1--------------

1941

I> enlbe {
RiPe __ - -.._ ee r_ ... Spent. _

- I, 182

12'~1,363
15
0
0

151

[1,011
748
112

0
0

287

1~5311, 162
1,040

42
0

0

II. 322
101

1.014
165
42

40

1
56

594 882
12&
66

25

1365
.

711
171
77
13

2

-ll'581
38

1,212
176
153

261

17
813 (370IlIl
190

I, 2081
~~ 1

1
,681

2
261i •• ._
31 ._
77 _. ._

I
I

174
~I
11

2
. 5
453

59
106

4
360

21
50

32
655
113
70

I ._

I
23
I

22

1941
January:

Undeveloped_ 979 181 22 _
Developlng .• 1lIl7 351 15 . _
Yellow__ • . __ ._ 13 2 • __ • . _
Rlpe • . • • ._ .• . _

Feb~J:~i:--·---- .-.. ---- -·----·-1-------- ----.--. --------
Undeveloped.. __ III 71 III 42
Developlng__ ._______ 16 410'· 264 58
Yellow._._ •.• _. ••.. __ ._ 50 411 13
Rlpe • • •• • .• •__ • _

Ma~t~nt-.-.---- -----.-- ""--'- -------- ----.-- •. -------

Undeveloped. -- •__ ..• _ 62 100 35
Developing.. -- __ .. . ._ 230 461 471
yellow__ . .. • ._ 304 260 476
Rlpe .. • ._ .. .. 10 32
Spent •• _._. • • _

April:
Undeveloped. _. • • . _
Developlng_. • __ ._._ 3 33 65
yellow__ •. .• _~ _. ._ 311 442 533
Rlpe .. . •• • ._ 4 411 112
Spent • . .______ 7 7 28

Ma~:
Undeveloped_ 40 _. .• . _. • __
Developing._ 22 _.______ 10 18 6
Yellow .. _ 14 167 333 80·
Rlpe .• __ .. .__ 311 85 2
Spent .. __ 17 ~3 6

June: .
Undeveloped_ 25 . .. . . __ . _
Developlng__ 74 5 . . _
yellow_______ 45 115 St _,_. _
Rlpe . __ .__ 66 11 __ •.. _
Spent .__ 8 5 _

July:
Undeveloped.
Developing_ .
yellow _
Rlpe __ .. _
Spent • _

August:
Undeveloped. 259 . _

?~"~~~_i~g~: :::::::: -- ---94-
Rlpe .__ 9
Spent._______ I 6

September:
Undeveloped. 385 223 000 . ._
Developlng . . • ._

:J~!;:-:::::: :::::;~: :! J~ :::::::: :::::J
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TABLE 37.-Distribution by months and by stages oj ovar/a.n
development of female shr-imp -in Atlantic alld Gulf coast
fishertes

10 Our data with respcct to ovarian development arc in error for 'l'cxa.~ as
our observer there (who covered both Galveston and Aransas Pass) tended
to conluse shrimp in a late yellow stllllc with ripe shrimp. As a consequence
our records for Texas show a ~rcatcr number of ripe shrimp than existed.

2. In Georgia and northern Florida, spawning
extends from April into Sept,ember.

3. In central Florida (bet.ween St. Augustine
and Cape Canaveral), spawning occurs from March
until October. \

4. In Louisiana, spawning t.akes place' from
March until October or November.

5. Near Galveston, Tex., it extends from April
until September. IO

6. 'Near Aransas Pass, Tex., spawning occurs
from March or April until October. .

4.774

9,467

12, i21

10,306

15,704

13,398

983
919
943
397
653
363
658
798
758

2,025
847
962

1,989
272

47
157

1'-736
1,aa1
1,II9g

430

1,~~
1,597

S.~2

852
685

1,3ll7
1,263

680
667
831

1,063
940

2,406
1,172
1,.532

1,500
2, 238

198
699

1,138
651
814

1,276
1,960
1,646
1,623
1,961

1,143
1,054

541
707
310
115
487
403

1,095
1,215
1,164
1,233

2

6

3
184
240
395

52
11
5

--·iQ.i­
00

104
85
42

531 • __
4 __
3 •

1

9
154
68

188
108
153

19
3

13
13
9

88
1,150

892
1,164·

334
137

8
3

----2i- ~-----­

213 ·----2·
430 127
225 34
85 12

388 9
213 11
64 2
7

1
6

li9
743
530
112
14
1
2

21
115
453
32i
451
252
1~9
15
69
34
2
2

DOi
101
22
19

401
188
138
44
38
3
3

16

23
152
1-·f.143

51
12
87
35
57
51
5
6

Locality and montb

Number whose ovaries were-
1------;---...,----,..----1 M hi Total

Unde· I' ont y for 10­
vel. De.vel. Yel· Ripe total caJity

_________.I_o.:.PB_d_ op::_~I'_~_--- _
Georgia and northern

Florida-Continued
Outside waters more

than 1 mile offshore:
January_•• 1,500 • •. •
February __• 2,238 . • .• ._
March_.__________ 100 5 3
ApriL __ •• • 238 158 199
May ..• . 138 251 659
June ._ •• .• . __ . 156 391
July •• ._ 141 197 391
August .•• 989 87 158
September •. 1,938 17 5
October_. . 1,637 9 ._. • __ ._
Novemher • 1,622 1 ._. • __ ._
December_. ._ 1,959 2 • • __

Florida: Central outside
waters between St. Au-
gustine and Cape Ca-
naveral:

January :_._ 1,120
February .____ 881
March__________ _ 154

tf:~I__--~::: __ :: __ ::: .__ ._~.
June ._________ 6
July______________ 3
August ._.____ 144
September________ 972
October • 1,157
November. __ . 1,159
December . 1,22i

Louisiana:
Inside waters, Black

Jo.[Q/lard collections:
January_. __ ._____ 851
February_________ 679
March__ •__ •• 1,128
ApriL_. __ .______ 515
May. __ ._._______ 119
June ••• •• 551
July •• ._.. . 814
Angust.._. • 1,061
September ._... 938
October ._ 2,406 • • _
November________ 1,1i2
December_. 1,532 _. . . ••

On tside waters,
Black Jo.[a/lard col·
lections:

January __ . . 962
February. __ ._____ 795
Murch ._____ 336

U:~I__--::::::::::: 1~
June_ .. .______ 1
July . ._____ 386
August___________ 758
Septemher________ 686
October 1,1191
Novemher_ .._.___ 845
December .____ ll60

Outside waters, off·
shore fleet and Peli'
can collections:

O....H;; fathoms:January. . , •__ . .. . ._. __ ._.
February .. • . __.__ ._ ._._._._._
Murch • 412 98 1 .. _._._ 511
ApriL •• 361 411 49 . 456
May__ .. 61 ,'ili 30 .______ 147
June__ ._. . 25 105 135 3 208'July . • .___ 2 121 17 140
Aull:usk . 259 .•. . . __ •. 259

soeptember.. -- !6!! -.--..- -----2- ::::::: 1 ~~ctober. 1.151 ,
.November.. _. 288 .. _.... . - ._ ~~
December._._ 477 8 .. . _

5-8~;; fathoms:
January __ .___ 979
F~bruary_.___ 158
March_ .. 16
AprIL .. 47
May ._____ 1
June . _
July ._____ I
Au~st-----.- .. _
Septemb~r_. __ 359
October ._ 1.482
November . 1,591
Decembcr_ 816

TABLE 37.-Distribution by months and by stages oj ovarian
development of female shrimp in Atlantic ,and Gulf coast
fisheries-Continued

22,662

7,689

22,919

701
617
559
208
456
543
441
295
870
894

1,009
1,096

932

1
1,306

l:il.
J

1I,~6
11111
937

1,169
1,124
1,085

1,311
1,242
1,844
3, 047
2,330
1,276
1,337
2,325
2,350
1,923
2, 157
1,777

1,701
1,764
2,091
2, 764
1,313
1,465

889
1,828
2,780
2,193
1,002
1,972

Monthl~' ~~\~~
total cality

II
3

27
43

Ripe

4
574
434
772
155
14

18
821
606
642
113

12
I

'--'74- ----·6· -.-- ...
886 302 4
855 767 6
739 436 15
105 48

1 I

Unde- Devel. Yel.
vel· , I

oped opmg ow

Number whose ovaries were-

Locality and month

South Carolina: Outside
water",

January •• •••• _ 701 •• • • _. __
February .. _._ 617 ••• •• __ , __ •. __
March ... . 559 ... •. _.

tf:~I__----:::::::::: __ .~~~. ~ 31~ 54
June__ ••• _. __ .• •••.. 144 361 38
July • ._____ 195 50 178 18
August. "_' • 286 4' 5
September________ 861 5 4
October •• 888 6 ._. • _
November • __ .• 1.006 3 ._. • __ • _
December•• •• _ 1,094 2 ••• __ ._. __

Georgia and northern
Florida:

Creeks and rivers:
January_ •. ••. 1,311 _.• •• __ ,,_, __
February .• ••. 1,242
March__ •••• . 1,764
ApriL __ ••. .'. 1,855
May . ••• 702
June . ••. 86
July__ •• : ••• 1,184.
August........... 22,' :3!2

50
3

September._______ __. ""' •• _._
October. • 1.923 __ • .' ••• •.•• _
November_. 2, 157 ._._. •• _._
December_._ •• 1,777 __ ._. .•.••. __ •.•••

Sounds:
January_. •• 1,701 __ ._. •. __ ,_._ .• _
February__ ._. 1,764 __ ••. ••• •••• _
March. . ._ 2,069
ApriL. •• __ 1,358
May .. •• 270
June..... •_____ 24
July __ •• _.• 578
August • 1,802
September 2,779
October 2,193 •• •. _
November. .. 1,002 • •. •• __
Decemher •.. 1,972 _. __ • •. .• __

Outside w"ters less
than I mile offshore:

January .______ 932 __ ._. .' .•. ••.. _

~~r~~~~::::::::: 1,~ ----iii· -----4- --.-.--
ApriL___________ 746 380 190 '-'--4-
May. . 112 442 235 8
June. . . __ .____ 231 446 28
July .•• . 191 64 181 86
August •• Sill 62 34 4

~~~t~r~~:_ ::::: I.~~ ::::::: ::::::: ::::::~
November.. 1,124 . . ,_,, __
December. 1,085 '_._. • ._. _
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TABLE 37.-Distribution by months and by stages of ol'arian
developmen.t of fem.ale shrimp in AtI.antic and Gulf coast
fishen:es-Continued

TABLE 38.-Mature females appearing i1l. random 8amples
from Louisiana offshore fishery at Morga'n City, La.,
July-November 194!! and December 1941

Texas:
Outside waters near

Oalwston:January __________ 782 --- ---- --- -- -- ------- 782
February _________ 822 4 ------- __ a ____ S26March ________ . ___ 182 442 18 642
ApriL __ . _______ ._ 80 350 Ig,~ 245 858May ______________ 148 491 120 159 918.June_. ____________ --.---- 482 96 77 655 8,418July _____________ . 273 164 156 l\Il3
August ___ . _______ --- igs- 12 14 5 214
September __ . _____ 190 80 ------. ------- 270
Octoher __________ 1,074 11 ------- --- - - -- 1,085
November__ . _____ 814 ------- ------. --- - -.- 814
December________ 761

~ -----. -~ _. --- --- - - -- i61
Inside waters near

Aransas Pass:
January __________ 154

~ ------ .'----- --_. --- 154
Fe.bruary __ . ______ 204

~ -. ---. --- ---- -----.- 2114March ____________ 1.032 155 I 1,188ApriL ___________
211~ 206 112 35 616May ______________ 94 2IJ9 583 . Il\Il 1,045June_. ____________ 7 53 136 49 245 16,345July. _____________ 387 7 I :195August ___________ 1,669 86 8 I 1,764

Se.ptemher ________ 2,758 35 4 ------" 2.797October __________ 2,983 15 I -----.- 2,999
No'-embllr________ 3,315 10 ----- .. --- - -.- 3.:125
Decemher ________ 1.613 ._----- ------- ------" 1.613

Outside waters near
Aranss.' P'lSS:January __________ 870 1 ------- ------~

871
Fehruary _________ 1.051 39 3 1.093MarclL __________ ,'166 270 119 ,~7 1,012April.. ___________ 486 415 206 210 1.317May________ . _____ 22 728 470 456 1,676June _____________ . --- --4- 317 321 5.."11 1,167 12.94:1.JlIly ______________ 40fi 328 520 1,258
Au~ust ___________ 382 :140 215 322 1.2,0;0
September________ 28-~ 65 6 9 36:1
Oetoher __________ 1,188 38 3 1,22\1
Novemher________ 75; 211 --.---. ---_ ... 786
December.. ______ 911 I --- - - -- "------ 911

100.0
81.1
28.1
9.9

11.0
2.4

1,5111
I, III

473
194
30
ZI

1,581
1,370
1,681
1.958

273
958

Total Mature ;Percent
females females matureMonth

July 1942 • • • ._
August 1942 • • _
September 1942 • • _
October 1942__ • • • -, . _
Novemher 1942 • • _
Deceml>er 1941 • • • _

------------------------

" We suspect, as possihly did Burkenroad. that most or the dift'erences
Burkenroad (1934) mentions between Nortb Carolina and Louisiana shrimp
arc actually differencc~ between immaturL' North Carolina' and mature
Louisiana shrimp.

LONGEVITY

Immature and mature shrimp of the same tot,al
length can usually be distinguished by body pro­
portions. Apparently, on approaching maturity,
various irreversible changes take place in t,he body
of the shrimp. Viosca (1920) showed the increa,se
in width and Burkenroad (1934) mentions othersY
In figure 30 we show the'relation between rostrum
length and total length for immature (which are
spring-spawned) and mature female shrimp for the
Louisiana offshore fishery in October 1941.

When we conSider sampling technique and er­
rors, it appears probable that there is little, if any,
difference between the spawning seasons in any of
the localities we covered betwe.en South Carolina
and Texas. There probably is not more than about
2 weeks' difference in the beginning of spawning
between any of the localities. Spawning may
start later and end earlier in South Carolina and
Georgia than it does in Florida, Louisiana, and
Texas, but in aU of the lQcaJities it probably begins
eithe.r during the latter part of March or early in
April and may possibly continue on into November,
though probably it is completed by the end of
September.

Wherever evidence is available, it appears that
t,he shrimp of other areas select spawning grounds
similar to those frequented by the Louisiana popu­
lation. .Judging by the presence of ripe shrimp
and their proportion in the population, most
spawning in Georgia and northern Florida is in
outside waters more t,han 1 mile fl.'om shore, al­
though some spawning may actually occur in
inside waters in this area. Similarly, near Aran­
sas Pass, Tex., most, if not, all, spawning is in
outside wat,ers (table 37).

4,289

2,287

10,047

1,115
1.086

838
6511

1,800
1,498

763
g,o;o
804
223
lOS
289

Monthly ~~~~
total cality

Ripe

----59-
48

201
172
63
85
32

4

82 _

391 2
702 15S
290 400
115 488
307 1,297
291 1,034

57 643
61 711

______ • 172
9 __ . _

~~~e. Deyel- Ye!­
oped opmg low

Number whose ovaries were-

Locality and month

Louisiana-Con tinued
Outside waters, oft'­

shore lIeet and Ptli­
ran coll~ctioJls-Con.

9-12~:i fathom~:
January______ 722
February_____ 226
March________ 89
AprIL_______ 7
May__________ 1
June__________ 1
July _
Al1I!ust_._____ 2
Scptember____ 600
October._____ 210
November____ lOS • _
December ____ 1117

13-16\'2 fathoms:
January______ 268 'lll • ._ 288
February_____ 19 264 49 332
March________ 190 I 520 393 M 1.168
AprIL_______ 72 576 89 737
May__________ 19 334 85 438
June__________ 15 63 13 91
July__________ 1 I 174 41 217
August .______ 2 266 31 299
September • _
October • • _
November____ 3 3
necembcr .. 684 32 716

17 and more fath-
oms:

January______ 79 17 96
February_____ 43 58 13 114
Mnrch... 35 492 562 43 1,132
AnriL .• 65 533 112 710
May__________ 17 100 4 121
.Tune _
.July • • " _
August.. • . • _
September • • _
October • _
November • 10 ,_. 10
necembcr____ . 4 100 • 104
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FIfWRE 31.-Perct'nt.age of mature shrimp in' t.he
Louisiana offshore samples from July to December.
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Through body proportions and observations on
the condition of the ovaries of the females, we were
able to follow the mature group (which probably
were mostly summer-spawned shrimp) until De­
cember (fig. 27). After this we lost them as they
became indistinguishable from the spring-spawned
animals which were beginning to mature. How­
ever, the summer-spawning group formed a con­
spicuous mode at about 90· mm. in the previous
December (fig. 39), 80 there can be no doubt that
they live more than 1 year. As will be shown in
the section on size distribu tions, some of these
shrimp were spawned in or before August,; thus
it may be stated that some shrimp live at least 16
months. Sjnce t,he mortality is apparently high,
the number that do live more than 1 year is small
with respect to the total population. In figure 31
we show the percentage of mature female shrimp
in the Louisiana offshore fishery from July to

:iiflll4ll 'J-5U---:.
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FIGURE 32.-Average monthly deviation of surface water temperature from bottom temperature (simultaneous observa­
tions) for three localities in Louisiana. We have no data for the 12-mile station during Janua~y.

November 1942 and in December 1941. The
actual numbers of shrimp, from which this figure
was derived, are present.ed in table 38. As can
be seen, our sampling in November 1942 ~as poor,
which probably accounts for the rather high per­
centage of mature shrimp during that month.
In December, according to our samples, less than
3 percent of the offshore population was composed
of mature shrimp. These Deeember samples
were taken from eomparatively shallow areas
out to 12~ fathoms. Undoubtedly, there were
some shrimp in greater depths, many of which
would be mature, but even if we doubled the num­
ber of mature shrimp to compensate for the in­
eomplete sampling we would only have about 5
percent.. When we eonsider the second group of
immature sIn'imp which will move into the off­
shore fishery during the following April through
July we are forced to conc.Iude· that after .De­
cember the mature shrimp more than 1 year of age
are not of great praet.ical importance.

Weym'outh, Lindner, and Anderson (1933)
stated that on the Georgia coast shrimp disap­
peared from the fishery after 1 year, and tliel;le
authors presumed that they died. We believe

the data we present in this section prove Burken­
road's (1934, 1939) contention that siIrimp live
more thau 1 year. .

TEMPERATURE AND SALINITY
RELATIONS

In Louisiana, we took surface and bottom water
temperatures and salinities with eaeh trawl haul
made with the Black M.allard from 1931 to 1934.
Along the Atlantic coast, where hauls were made
with Launch 58 from 1931 to 1935, we gene.ral}y
t.ook only surface' observations. For Texas, we
have only the average surface water temperatures
taken at Port Aransas Lighthouse, based on rf>.ad·
ings which were usually taken twice a day, at 8
a. m. and at.6 p. m., by the various lighthouse
keepers from 1930 to 1936.

At times, even in the shallow water inhabited
by shrimp, there are appreciable .. differenees
between surfaee and bottom temperatures (table
39, figs. 32 and 34), and .comparable differences
in salinities also oceur (fig. 33). Since the shrimp
is primarily a bottom form, we restriet. our dis­
eussion of the influence of temperature and salinity
as mueh as possible to the Louisiana area west. of
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FIGURE 33.-Average monthly deviation of surface water salhiity from bottom salinity for three localities in Louisiana.
We have no data fOf the 12-mile station during January.
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FIGURE 34.-0utside surface and bottom-water temperatures at St. Augustine, Fla., from Jall~ary to August 1935.

the Mississippi River,' the only region for which we
have an appreciabl~amount of bottom data.

TEMPERATURE AND GROWTH

It is well est,ablished that temperature affects
metabolism 'and hence the growth of all cold­
blooded animals, such !tS shrimp. In table 40 and
figure 35 we show the monthly average bottom
water temperatures for three adjacent localities in
Louisiana.' These, data were collected <Juring the
period 1932 to 1934. Unfortunately, no similar.

hydrographic data are available for the period 1939
to 1942 when the data on growth and spawning
were collected. Although we fully realize that the
marine climate may have changed somewhat in
the intervening decade and that our conclusions
may, as a result, not be valid, certain correlations
between water temperatures in the early. 1930's
and growth and spawning of shrimp almost 10
years later are so interesting that we deem it
advisable to discuss these correlations, assuming
that the hydrographic conditions remained rela-
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tively stable. Although the temperature records
may not reflect the exact conditions during the
period in which the biological observations were
made, there is an equal chance that they represent
an average. If we accept these temperatures as
representing the average and use them to interpret
the periods of growth and dormancy, it appears
that growth slows to almost nil near the end of
October (see fig. 5), when the temperature drops
to about 20° C., and is resumed in the spring
when the temperature again reaches approximately
that value.

TABLE a9.-Deviation of (werage slIrface-water temperatllres
from bot/om temperat-llres along AI/antic roast, NO!lember
1934 to ihgllst 1935

[These represent temperatures taken in outsld" waters within 5 miles of
shore in depths hetween 2 and 10 fathoms, lind are reeord"d In 0 C. The
a\'era~es are from 2 or 3 surlaCl' and hottom samples taken simultnncously
in each locality. The stat.ions are: I. Cape Romain. S. C.; 2, Stono Inlet.,
S. C.; 3, Gaskins B,mk, S. C.; 4. St. Cathcrincs Island. Oa.; 5. BrunSWick,
Oa.; 6, Fernandina, Fla.; 7, St. AUJ;ustine, Fla.; 8, :-Icw Smyrna, Fla.; 9.
Cape Canavcral, Fla.)

DC\'iaUon at station 1'0:"0.-
Month

12345678/9
----------------------_.-

1934

Xovembcr -1.0 +0.4 -0.5 -0.1 -0.2 -0.1 -0.1 +0.1 -0.4
December +0.6 +.1 -.3 -.4 +.4 0 -2.0 +.6 +.2

11IS5 ,
.Joiluar)" ________ +.4 -.2 -.2 +.1 +.3 0 -.4 -.5 +.7Fehrnar)' _______ -.1 0 -.2 +.5 - .2 +2.2 +1.8 -.1 +2.8March .. ________ -.;l 0 -1.1 +.4 -1.2 +.5 +.4 -.5 0Aprll ___________ -.4 -.4 +.2 +.4 +.7 +.3 +.3 +.8 UMay ____________ +.5 +.1 +.y -.2 +.1 +.5 0 +.6 +.9June________ . ___ +.1 +.i +.1 +.2 +.2 +1.1 +1.0 +.6 +1.3July __________ ".. +.5 -.1 ,f-.2 0 +.2 +2.5 +.6 +1.3 +3.4August _______ .. ------ ------1--- ---1-' ---- ______ 1-2. 3 1+2.8 +2.4

TEMPERATURE AND SPAWNING

Spltwning in Louisiana appears to be more
closely associated with rising and falling tempera­
tures than with absolute temperature. As we

'have shown, it begins in the greater depths during
the latter part of March or early April and is
nearly completed by the end of September. In
figure 35 there is an indication that the rise in
temperature from the winter low begins later in
the deeper waters than in shallow areas closer to
shore. If this is" true it is probable (though we
c,!nnot e~tablish this from our meager temperature
data) that the bottom temperatures on the spawn­
ing grounds begin to rise about the first of April
and are falling rapidly by the end of September.
Thus, the comparatively abrupt rise in the spring
temperature coincides rather closely with the
beginning of the spawning season and may,
indeed, initiate it, while the season seems to termi-

nate as soon as the temperatures begin to ~ecline

rapidly in the fall, even though they are at that
time appreciably higher than those which evi­
dently induced spawning in the spring.

TEMPERATURE AND MIGRATIONS
I

At first glance, it seems that there is little
relation between temperature and migrations.
In Louisiana, spring-spawned shrimp appear first
in the t.rawl cat.ches in inside waters in June, in
outside wat.ers adjtt<.'ent to the coast in July, and
offshore in August. This well-defined outward
movement cannot be temperature-induced, since
it occurs well before there is any appreciable drop
in temperature. Judging from the behavior of"
the shrimp during this period, we believe the
offshore movement is primarily associated with th~

approach of adulthood aild spawning. However,
this offshore movement. is later accelerated by
falling temperatures. The phenomenon, evidently
initiated by physiological changes in the organism
it.self, seems to be hastened and intensified during
fall and winter by the external factor of declining
temperatures.

Concomitant with t,he accelerated falla,ud winter
offshorp movement of the adult.s and subadults,
the smaller, more immature shrimp move from the
very shallow inland waters toward the Gulf of
Mexico. These very small shrimp, which during
summer are most abundant toward the heads of

_t.he bays, are during midwinter more abundant
near the mouths of the bays and in the Gulf
adjacent to the shore, where the temperatures are
not so readily depre.ssed.

The change ~n habitat caused by winter tem­
peratures can probably best be described as a
general shift. toward warmer waters, but with -all
sizes of shrimp still maint.aining their size-locality
separations. In Louisiana this shift is toward
the Gulf because the bottom temperatures are
warmer offshore.

Along the coast of Louisiana during winter ther.e
is an offshore belt of warm bottom water, on either
side of which the bot.tom water becomes progres­
sively colder. The shallower inshore waters re­
flect' the temperature of t.he land, whereas t.he
thermal belt reflects the temperature of the trop­
ical oceanic waters of the Gulf of Mexico. Figure
35 shows the progression in winter bottom tem­
peratures from the land t.oward, and probably
into, t.he thermal belt.
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FIGURE 35.-Seasonal changes in bottom temperatures in three parts of thE' shrimp habitat in Loufsiana.

Between midsummer and midwintel~ th(\re is
a complete reversal of bottom-t,emperature gradi­
ents between the estuarine waters and the inner
littoral waters of the more stable thermal belt.
We do not know to what depths offshore this
belt extends, but on the b~sis of the depths at which
shrimp have been taken in midwinter we believe
that it. does not normally e."'{tend much beyond
30 or 35 fathoms, if that, far.

In central Texas there is probably a winter
offshore gradient in temperature similar to that
along the ,Louisiana coast. At least, the tempera­
ture records of Springer and Bullis (1952) indicate
that such a gradient existed in November 1950.
In _addition to this there undoubtedly is also a
coastal temperature gradient with increasing
temperatures toward the south. During winter,
larger shrimp from this section disappear from
the shallower waters near the coast. They go
offshore or southward. ' The greatest depth at
which we encountered shrimp off central Texas
in winter was 18 fathoms.

In Georgia and nort,hern JI'lorida, the spring­
spawned shrimp appear almost simultaneously

in the, trawl catches in the inside and ,outside
waters in July, although initially they are rela­
tively much more abundant in the inside waters. l2

This summer movement from inside to outside
wat~rs is comparable to that in Louisiana and does
not appear to be influenced by temperature.
However, when the temperature 'begins to decline
rapidly in the fall the large shrimp move south­
ward along the coast rather than offshore as they
do in Louisiana. We suspect their failure to go
offshore results from the lack of suitable bottoms
for feeding in this area along the Atlantic coast.
As a consequence of this southward movement
of the larger shrimp, with the largest tending
to go farthest south, there is in mid~inter a
correlation along -the Georgia and Florida coasts

12 We suspect that the almost simultaneous appearance of spring-spawned
shrimp in both inside and outside water. in this BreB results from the very
narrow inside nurser~'-ground helt in this section of the Atlantic coast ...­
compared with the Louisiana nursery grounds an<: those of central Texas.
The nursery grounds in Georgia and northern Florida awragt about. 10 miles
in Width, those near Aransas Pass, Tex.. about 20 miles, and those in the
"icinity of Barataria Ba~'; La., about 40 miles. Near Aransas Pass. Tex .•
the spring-spawned shrimp first appear in the inside trawl catche~ in July
and in the outside catches in Au~ust. Sl'e Collier anrl Hed~peth 1950 for

'details on hydrography of a Texas bay.
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FIGURE 36.-Average out.side surface water temperature and average median lengths of shrimp along the Atlantic coast
during January and February, 1934 and 1935. The localities are (1) Cape Romain, S. C., (2) Stano' Inlet, S. C.,
(3) Gaskins Bank and Fripp Island, S. C., (4) St. Catherines Island, Ga., (5) Brunswick, Ga., (6) Fernandina, Fla.,
(7) St.. Augustine, Fla., (8) New Smyrna, Fla., (9) Cape Canaveml, FIlL. .

between water temperature. and the average
length of shrimp (fig. 36).

Apparently, some of the migrants from farther
north become trapped along the South Carolina
coast and a northward. movement of ·these shrimp
may occur in this section in midwinter. This is
suggested by' the progressive increase in t,he
average length of shrimp to the north of St.
Catherines Island. Our tagging wOlild not show
this northward movement, since we did not tag
in South Carolina durIng midwinter. The num­
bers of shrimp which become winter-trapped in
South Cllrolina are relatively few and variahle
from. year to year. The bulk of the population'
of larger shrimp is along t,he coast of Florida at
that time-. t3

Burkeoroad (I949) reports sporadic offshol;e
trawler catches of large shrimp in winter between
Capes Hatteras and Lookout. Broad (1951) men­
tions finding them offshore near Diamond Shoals
during winter but not in commercial quantities, and

13 Parr (933) roresaw the possibility or a winter northward migration or
fish~s in this general ar~8.

Gutsell (our records) also once encountered a
school of large shrimp in t.his area in January.
Apparently' ~ome of the North Carolina shrimp
go offshore in winter in an attempt. to escape the
rigorous temperat.ures close to shore, although the
majority go south. The proportion of the North
Carolina shrimp population' t.hat goes south,
north, and offshore in the fall and winter undoubt.­
edly varies considerably from year to year.

In table 39 we give the differences between
surface and hottom t.emperatures for nine stations
along the Atlantic coast. Atlantic temperatures
between Cape Canaveral and Fernandina, FIn.,
are interest~ng since they indicate the probable
occurrence of a. mass of cold bot.tom water striking
t.he coast in this area during .July and August.
This was particularly noticeable in 1935 (fig. 34).
An examinat.ion of table :tl suggests that the mass
of coldwater was also present in 1933 and 1934.
Green (1944) ntt.ributes t.his phenomenon to up­
welling. This mass of cold water may be' one of
t.he causes for the scarcit.y of shrimp during sum­
mer, between St. Augustine and Cape Canaveral.
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Although the fall and wint,er migrations of
shrimp appear to be primarily related to tempera­
ture, they also seem to be regulated by the type
of bottom, which implies food. In general, along
the Atlantic coast between Capes Lookout and
Canaveral and between the 10- and 100-fathom
contours the bottom is a marine desert of sand,
shell, and coral. Along the Alabama and Missis­
sippi coasts t.he same condition prevails. Near
the mout,h of the Mississippi River, however. the
bottom changes to mud and apparently the large
shrimp east of the Mississippi winter near its
mouth, because both food and suitable tempera­
tures are available. Along the Louisiana coast
we~t of the Mississippi River these same suitable
conditions are met between Ship and Trinity
Shoals.

WINTER KILL

Sudden, severe drops in temperature in some
localities will kill shrimp and in other localities
will cause them to move offshore considerably be­
yond their normal range. We mentioned, in our
discussion of migrations in Louisiana, the occur­
rence of such a drop in temperature in January
1940. This cold wave was general throughout the
south Atlantic and Gulf areas of the United States.

In figure 37, we show (based on data from Local
Climatological Summary for New Orleans, La.,
1951, published by the U. S.. Weather Bureau) the
average monthly air temperatures at New Orleans
for the winter of 1939-40 compared with the 78-
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year average. Lindner (1936) has shown a rather
close relation between the New Orleans air tem­
peratures and the surface water temperatures at
Oyster Bayou Light, La.; consequently, we believe
the temperatures of the shallow inland and coastal
waters of Louisiana had a drop in January some­
what comparable to that shown for the New
Orleans air temperatures.

Immediately after this January freeze, fishermen
reported finding dead shrimp in the inland and
adjacent coastal waters of Louisiana. However,
in Louisiana we received no reports of great mass
mortalities of fishes' and shrimp, such as were re­
ported by Gunter (1941) for Texas. We believe
Gunter and Hildebrand (1951) have the correct
explanation for the Texas mortalities when they
state (p. 736) that, "The shallowness of Texas bay
waters, their practically landlocked condition and
the rapidity w.ith which cold northers strike the
coast are factors 'making the marine life of this
area particularly subject to mortality fromcold
waves every few years." In Louisiana, on the
other hand, the numerous passes between bays
and the Gulf pern~it ready escape of the shrimp
from the shallow inland areas to the deeper and
warmer waters offshore.' Although many small
shrimp were killcd in inside waters by the "January
freeze of 1940, the majority of them were undoubt-

. edly driven off the coast by the cold and sought
refuge in deeper waters, where we found and
marked them in February and March.

AVERAGE 1874 TO 1951
OCTOBER 1939 TO MAY 1940

40 L __-L L-__....L L-_--'....L__--JL-__-l...__-JL-__....J

OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY

FIGURE 37.-Average monthly air temperatures for N~w Orleal~S, La., from October to May for the period 1874-1951,
and from October 1939 to May 1940. .
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Along the Atlantic coast, the 1940 cold wave
decimated the shrimp in South Ca.rolina and Geor­
gia to about as far south as Brunswick, but ap­
parently had little effect in Florida. The effects
of this cold wave were so severe that there were
scarcely any shrimp during the spring in South
Carolina a.nd Georgia.

We were so concerned about" a complete failure
of the fishery at the time, that we recommended
the immediate cessation of all shrimp fishing. The
recommendation was not needed, as the fishermen,
unable to catch enough shrimp to pay operating
costs, stopped of their own accord. Owing to the
scarcity of shrimp. the Brunswick, Ga., fleet was
tied up so long that sparrows nested in the rigging
of one boat. The occasional Georgia fishing boat
that, was sent out that spring to search for shrimp
along the northern coast of the State would catch
only 5 or 6 shrimp in an entire day's fishing.

The results of our experimental trawling corrob­
orated those of the commercial fishermen in every
respect. Immediately after the cold wave, we
conducted trawling operations along the Atlantic
coast between the 2- and 100-fathom cont,ours from
Fort Pierce, Fla., to Cape Hatteras, N. C. We
used a IO-foot (spread at mouth) shrimp trawl,
and the hauls we.re· 30 minutes each. We usually
covered between 3 and 3}~ miles of bottom per
haul. At about, the. same t.ime we were operating
offshore, the State of Georgia very kindly provided
us wit.h a launch so that we could also survey the
inland waters. Here the hauls were also 30 min­
utes each and were made with t.he same type of
10-foot trawl that we used offshore. Wit,h the
launch we averaged about 3 miles per haul.

The results of these operat,ions are shown in
tables 42, 43, and 44 and indicate that the catas­
trophe had almost completely depopulated the

.)10rthern shrimp grounds. Apparently a few of
the N'orth Carolina shrimp moved offshore into
warmer waters and did not perish. (See Parr,
193.3, for average temperature contours.) In
South Carolina very few shrimp survived the
freeze. rnasmuch as all our hauls in this State in
dept,hs of 10 fathoms or less were on known fishing
grounds that, usually had shrimp during that time
of year, and (1) our t.rawls cove"ed between 80
and 100 miles of these bottoms, (2) our offshoTe
trawling extended out (rom the. known fishing
grounds, and (3) we caught ot.her peneid shrimps
which nornially were much less abundant than

P. setijel'us, we believe that had there been P.
setijel'us in any qu~ntity we would have found
them. Judging from our data and from firsthand
knowledge of the experience of the Georgia fisher­
men, we think that there were scarcely any
spawners left along the South Carolina and north­
ern Georgia coasts that spring. All the P. setije1"us
we caught in inside waters were south of Sapelo
Sound, Ga. We caught none in outside waters
north of Jekyll Island, Ga., except one specimen
taken in North Carolina southwest of Cape Fear
in 13 fa.thoms. So far as we know, this specimen
represents a depth record for P. setife1"U8 off the
Atlantic coast.

The migrants that had gone into Florida waters
during the fall and early winter had been greatly
depleted by fishing and few were left to return
northward. There was very little spawning stock
left north of central Georgia and practically none
in South Carolina.

The results from the spawning of this depleted
fishery were most interesting. In North Carolina,

- the 1940 fall fishery, although about 90 percent of
normal as compared to the 2 previous years, was
based not on the white shrimp (Penaeus setije1"l.ts)
but almost entirely on "brownies" (Burkenroad's

. [1939J Division II of Pe-naeus).H In South Caro­
lina, the 1940 calendar-year catch was down to
only about 46 percent of t.he average of the previ­
ous two years. In Georgia and Florida it was
about 90 percent of the previous 2-yeat· average,
which probably was well within the range of
normal fluctuation; the limited drop could be
caused by the lack of South Carolina migrants
and a poor catch that spring. In 1941, fishermen
reported their catche!! to be normal along the
entire. coast. The depopulated northern areas, as
weU as the more fortunate southern regions, had
in this short period of time recovered completely
from the catastrophe, and shrimp were as numer­
ous as ever.

The remarkable thing about the shrimp and
the 1940 eold wave is not the kill but the recupera­
tive powers of the shrimp. The evidence of the
Atlantic coast, incomplete as it may be, is certainly
highly indicative that a normal crop may be
produced by a few spawners. It seems doubtful

"The information on the composition of the North Carolina eatch was
furnished us at the time in a personal coinmunication by Dr. H. F. Prytherch,
who was then Director of thc Beaufort, N. C., Fishery Station. See Ander­
son, Lindner, and King (1949) table 2, for catch statistics.
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whether man, by fishing, could reduce the shrimp
to a level where there was a direct relation between
the number of spawners and the resultant crop.
Apparently, except under most unusual conditions·
such as the 1940 cold wave, there is always a super­
abundance of spawners.

There was no indication that the January 1940
cold wave had any effect on the shrimp catches
for that year in either Louisiana or Texas. In·
Louisiana the shrimp apparently escaped offshore.
In central Texas during midwinter (as Gunter,
1950, has shown, and we confirm) there 'were very
few shrimp in the bays, and probably even if all
were killed it would have made no appreciable
difference in the spawning population.

Gunter (1947) has demonstrated that smaller
-fishes are -less susceptible to lower temperatures
than are the larger ones. It appears from the
winter distributions of shrimp, as shown by our
data, that the smaller shrimp, like the smaller
fishes, are probably b<,Uer able to withstand cold
~han·are the larger ones.

SALINITY

The reaction of the shrimp to salinity is not
clear-cut., The young apparently seek the inland
areas of low salinity, and on approaching adult­
hood they move towards the more saline waters
of the sea to spawn. It seems that the shrimp
(at least the subadults) are rather insensitive to
large fluctuations in salinity but that they are
very sensitive to small changes in temperature.

SIZE IN RELATION TO SALINITY
A.l'lD TEMPERATURE

In every locality there was a general progression,
from inside to outside waters, in t.he size of the
trawl-caught shrimp; the smallest ones were taken
in the waters of lowest salinity farthest from the
sea, the largest ones were captured in the outside
waters where the salinity was highest,. Super­
ficially t.his appea,red to be a high positive corre­
lation between salinity and size of the shrimp, but
there were certain anomalies. In Louisiana,. for
instance, we would on occasions find much larger
shrimp in Little Lake and Lake Salvador than we
would in the upper reaches of Barataria Bay,
although the salinity was much less in Little Lake.
With a seine, we would also find very small shrimp
along t,he banks of Bayou Rigaud (near the mout.h
of Barataria Bay) and along the edges of the marsh

and among the mangroves bordering the bay where
the salinit,y was relatively high.

To test. the significance of the apparent relation
between size of trawl-caught, shrimp ~nd salinity
and temperat.ure, we selected 17 sets of data we

TABLE 40.-Average monthly bottom temperatures and
salinities for 3'localit-ies in Louisiana, 19318 to 1934

[Temperatures In degrees centigrade; salinities In parts per thousand]

Barataria Bay 3 fathoms 10 fathoms

'0 ..
~ °2 Il '0 .. Il

Month ~.§
~

.. s ~ ..~
~., ... ., ... ., ..

.c!! eo .c!! 8- ~ .c!! ~8" 8- :E S" 8" 8-
",§ 8 "~ 8 .El ",§ 8 .!3., ;; " ;; ., ;;zo E- rn zo Eo< rn zo Eo< rn

---- ------ ------
JlInuary______ . 117 13.1 11.7 5 14.4 26:7 ------ ------ -- ~. _.
February_____ . 16 15.0 10.4 4 15.9 24.9 I 18.5 33.6March ________ 22 17.1 8.0 7 18.8 26.5 3 20.3 34.6tl:rll---- -- -- -- 31 21.0 11.6 8 20.8 28.3 6 20.5 34.4ay_____ . ____ '27 24.9 12.7 5 23.8 26.9 6 22.3 34.0June__________ 24 27.9 11.4 6 27.3 23.8 3 24.2 35.6July______ . ____ • 14 29.6 16. 7 '7 28.8 32.1 4 25.7 35.6AugusL ______ 11 29.5 13.7 3 29.1 29.5 13 26.5 34.0
September____ '13 27.6 16. 7 3 28.2 29.7 3 27.7 33.3
October~ ____ .. 20 24.2 17.8 6 23.8 30.9 3 24.0 32.5
November____ 13 16. 5 13.6 '4 19.0 31. 9 ' 2 19.8 33.5
December_____ 17 16.6 15.7 3 18.3 29.3 2 20.8 34.5

I Only 16 salinity observations.
, Only 23 temperature observations.
• Only 12 temperature observations..
\. Only 6 salinity observations.
, Only 3 salinity observations.
I Only 2 temperature observations.
, Only 1 saUnlty observation.

TABLE 41.-Mean surface temperatures in °C for nine
stations along Atla'ntic coast, May 1933 to August 1935

[The stations are: I, Cape Romain, S. C.; 2, Stono Inlet, S. C.; 3, Oasklns
Bank and Fripp Island, S. C.; 4, St. Catherlnes Island, Oa.; 5, Brunswick,
Oa.; 6, Fernandina, Fla.; i, St. Augustine, Fla.; 8, New Smyrna, Fla.:
9, Cape Canaveral, Fla.]

Mean temperature at station N0.-

Month
I 2 3 4 5 6 7 8 9
----------------

1988May ____________ ------ 24.2 23.7 24.3 25.6 25.7 25.7 26.4 26.4June____________ 27.5 27.2 28.7 29.0 26.7 25.7 27.8 26.7July____________ ------ 26.8 27.2 28.6 27.9 27.3 26.8 25.6 26.7
August.. _______ 28.4 ·28.9 29.6 28.9 28.9 27.5 26.4 28.3
September______ 28.9 29.0 26.4 27.3 27.5 26.7 30.8 29.4
October_____ . __ 20.6 '21.1 21.6 25.0 22.2 24.7 26.4 26.1
November_____ . _. --~- 17.3 16. 7 16.8 16.7 19.3 21.1 21. 6 21.1
December______ ----~- 15.4 14.5 14. I 14.7 16. 7 19.2 20.4 20.7

\

1984
19.6January________ ----.- 12.8 12. 7 12.9 12.8 13.6 15.8 16.8

February_______ 9.0 9.0 10.2 11.9 II. 1 13.6 15.7 18.3
March __________ 12. I 14.3 13.8 12.5 . ~ -- -- 17.2 18.3 20.0
AprlL. _________ ------ 18.6 17.3 16.6 19.3 16.8 17.9 21. 7 23.3
August_______ ._

-2i:i- 28.9 28.3 28.2 29.6 26.7 23.9 28.1 .-----
~~~~r~~~-_-~::~ 26.8 27.2 28.2 28.7 27.5 27.2 28.4 28.6

21. 6 21.1 20.7 23.4 23.9 26.6 27.3 27.5 27.8
November____ ._ 13.6 14.3 13.1 15.0 16.4 18.9 22. 3 23.6 23.2
December______ 13.6 12.7 12.3 13.1 15.6 16.1 18.3 21. II 22.2

1985 12.7January ________ 12.5 12.2 12.8 14.6 15.7 17.2 17.1 21.0
February _______ 10.0 10.0 10.0 11.3 13.2 12.5 14.2 13.4 17.8
MllrCh... _______ 13.8 12.8 14.9 13. 6 14.3 12. 8 14.4 16. 9 17.2
April.. _________ 16.6 111.7 19.3 19.7 ·21. 0 20.4 21.6 23.1 23.4
May____________ 23.6 23.3 24.7 24.4 26.0 24.3 23.3 24.4 25.4
June____________ 25.8 26.7 26.4 26.7 26.7 26.0 26.1" 25.6 26.8
July__ ... _______ 27.8 27.1 27.7 27.3 27.2 26.6 22.3 24.7 24..9
August... ______ .----- ------ ------ ------ ~ _. --- 24.0 22.9 22.7 .. - ---
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had for Louisiana ~hich met the following requi­
sites: (1) Almost simultaneous observations
for all of four stations; {2) not. less than 20
shrimp caught per haul; and (3) both bottom
temperature and salinity observations at the time
and place of each haul. We show these data in
table 45. Most of the monthA of the ·year are
represented, although we lack data for March,
May, and Jnne. Gunter (1938) gives the location
of the stations.

TABLE 42.-Percentage at each depth groupi;.g, of hal/ls with
P. setiferus present following Jan'lIary 1940 cold wave. _

Depth

If we range these data from 1 to 4, giving the
value 1 to the lowest or smallest observation and 4
to the highest or largest, we obtain the results
shown in table 46. By this method we find an
almost perfect correlation bet'Y"een size of trawl­
caught shrimp and salinity, and rather good'
con'elations between size and temperature and_
between temperature Rnd salinity. However,
when we eliminate the effect of locality by means
of partial correlations we find the correlation
between length and salinity to be only +0.0622,
which "is not significant, and· the correlation be­
tween length and temperature t.o be +0.2184,
which is significant.

----------------------
2-5 fathoms _
6-10 fathoms ' _
11-20 fathoms_. • _
21-50 fathoms_. _
51 fathoms and d~eper_-.--------

o
o

12
o
o

o
o
o
o
o

10
9
o
o
o

75
28
12
o
o

TABLE 44.-Average "'lImber of shrimp per haul in i-nside
waters along Georgia and northern Florida coast following
J anllary 1940 cold wal'e

lOne shrimp caught In 13 fathoms.
'One shrimp caught In 11 fathoms.

[Localities are'from north to south and all hauls were made between April
24 and May 8. 1940]

TABLE 43.-Nmnber ,oJ trawl hauls along Atlantic coast fol­
lowing J anllary 1940 cold wave, showing presence or
absence of shrimp

Locality
Average

Number numher of
of hauls P. Reli!trUB

per haul

Number of trawl hauls

Locality and depth
Total With P.

Beti!trUB

With
other

pencids

Wassaw Sound to S~.ftelo Sound _
Sapelo Sound to St.• Imons Sound _
St. Simons Sound to St. Marys Entrance _
St. Marys Entrance to St. Johns Inlet•• _

15
13
22
11

0.0
2.1

14.9
17.7

TotaL ,_______ 91 8

===

I All hauls between February 13 and March 8.
• 45 hauls between February 3 and February 13; 25 hauls between March 9

and March 13.
147 hauls between January 26 and February 2; 24 hauls between March 14

and March 16; .18 hauls between April 17 and April 18.
• 71 hauls hctween January 17 and January 25; 105 hauls between March

27 and April I•.

Florida: •
2-5fathoms •• :___________________ 4 3 2
6-10fathoms .__________ 94 26 15
11-20 fathoms_ •• 52 ' 1 7
21-50 fathoms___________________________ 19 0 6
51 fathoms and deeper 7 O. 0

Total. ---rn'--3-0 ---30

5 0 3
18 0 2
27 0 4
16 0 4
4 0 0

----------
70 0 13

----------
20 2 6
22 2 4
30 0 11
15 0 6
2 0 1

---------

Our interpretat.iOli of the foregoing is that t.he
apparent relat.ion between size of shrimp and
absolut.e salinity within relatively large ,ranges of
salinit,y does not- exist. for t.hese four st.at.ions.
The relation normally is between size and localit.y.
That .is, certain sizes of shrimp will he found in
certain 10caJit.ies at certain seasons regardless of
what the salinit,y may be (within relat.ively large
ranges) at that part.iclilar localit.y and time. This
does not mean, however, t.hat t.here is no relation
between size and salinit.y. Why is it. that, as t:lle
shrimp increase in size they move toward the sea?
We suspect. t.his to be a reaction to salinity, relaterl
t.o spawning, 01' mat.urit.y. We have observed
that. if t.he salinity· becomes too low in an area,
the shrimp will leave. Figure 38, bascd on the
data present.ed in table 40, shows the marked
differences in salinit.y bet.ween t.he nursery grounds
in Barat.aria Bay and t.he offshore spawning arcas.
The salinity gradient indicated is cert,ainly abrupt.
enough t.o lead us t.o suspect. t.hat it might. serve as
an ~ffect.ive stimulant. for migrat.ion.

1
a
4
o
o

o
o
1
o
11

1
27
46
13
4

89

South Carolina: I2-5 fathoms • _
6-10 fathoms • • _
11-20 fathoms •. 0 _

21-50 fathoms _
51 fathoms and deeper _. _

TotaL _

Georgia: 3
2-5 fathoms : _
6-10 fathoms • • _
11-20 fathoms • • _
21-50 fathoms • _
51 fathoms and deeper : _

TotaL • , __ . _

North Carolina: 12-5 fathoms • _
6-10 fathoms • _
11-20 fathoms _
21-50 fathoms • • _
51 fath"ms and deeper _
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TABLE 45.-Median .siz~ o/shrimp captured, bottom temperature, and bottom salinity for four stations in Louisiana

Data I for St. Mary's Point Data I for Middle Ground Datal lor Four Bayou Pass Data I for station 3-6 miles
station station station southeast of Fort Living'

Inclusive dates of sampling ston ,

A B C D A B C D A B C D A B C 0
------------ ----------------------

/981
Sept. 28-30. ______ .• ______ • ___ .• ____ 200 105 25.3 6.6 200 122 25.4 24.4 200 129 27.2 27.2 200 130 27.2 30.4Oct. 1-4______ " ______ • ____ • _______ . 199 110 26.2 9.9 200 122 25.2 23..~ 185 142 25.6 29.1 200 141 26.7 30.5Oct. 12-15. ___ .•• ___ • ______ •. _______ 195 96 21. 2 !U.3 200 125 '23.6 30.4 200 131 22.7 31.3 200 135 23.8 31. 6
Oct. UH8_. ___ •• ____ ..• ___ ._. ____ .• 200 102 22.0 9.6 200 117 23.0' 29.8 200 128 25.6 34.4 200 140 22.6 31. 0Oct. 28-111.. ___ •• _____ . ____ .. _______ 200 86 18.9 2.3 200 1:1.1 21. 2 18.5 200 135 22. 6 31. 1 195 149 22.1 32.5Nov. 1-4______ •• _____ • ____ •. __ . __ .• 200 .83 20.1 1.5 200 116 19.3 23.1 82 124 19.4 30.6 200 127 21.0 32.3Dec. 1-4_______ • ______ • ___ ••. ______ . 112 63 11.7 14.8 200 83 15.7 28.4 200 102 14.7 30.9 200 129 16.1 32.1

I9!JIJJan. 2lHl1. ____ •______ . __.__ .. _____ ._ 56 64 13.9 1.2 200 85 14.4 21. 5 200 102 15.6 24.4 200 111 15.4 24.5Feb. 2-4___ • __________ • ____ •• ______ • 200 79 16.3 2.9 200 87 15.7 23.5 200 106 15.9 22.9 200 113 15.8 24.0Apr. 16-18__ • _____ • ____ • _______ • ____ 113 115 18.0 .8 200 130 20.3 15.9 33 133 20.5 30.9 20 135 21.0 34.7Apr. 28-29_____________ • ______ •• ____ 122 127 25.1 3.2 '200 139 25.6 17.4 200 141 23.6 13.8 200 145 24.3 18.3July 12-14_____ . ______ .• ______ • _____ 200 111 28.2 7.2 200 104 28.4 13.2 118 116 27.5 34.3 200 122 27.6 32.4July 19-20___ •• ___ • __ •. _____________ 200 110 29.4 11.0 200 118 30.2 29.7 200 125 31. I 30.9 47 141 28.3 34.2
Aug. 9-11_____ . ____ • _•• ___ ••. _____ " 83 121 28.8 7.5 26 125 28.6 18.5 200 129 29.3 23.8 200 126 28.8 25.9
No,'. 18-19___ • ____ ._ • ____ •• ______ ._ 200 94 18.2 15.9 200 117 18.0 23.9 200 120 18.6 32.3 200 120 19.1 31.2
Dec. 14-16____ • ___ •• _• ___ .• ______ •• _ 200 89 20.1 15.2 200 95 19.4 25.0 200 99 20.3 28.9 200 110 20.3 30.9

19{J4
79 12.0 15.9 200 95 12.9Jan. 12-13 ____ '" • __ ._. ___ •. _• ___ . __ 200 28.5 200 97 16.0 32.1 200 99 16.4 32.6

\

I A=number 01 specimens; B=median length of the shrimp in millimeters; C=botl.om temperature in degrees centigrade; and D=bottom salinity in
parts per thousand. .

TABLE 46.-Relations between median size. of shrimp cap­
tured, bottom temperature, and bottom salinity for four
stations in Louisiana .

[Data were ranked from I to 4 for each d 17 periods; 1 Is smallest or lowest
- 'md 4 Is largest or highest]

pera t.ures. This correlat.ion does not exist. during
summer. In fact the summer size-temperature
relation is negative, but we can see no cause-and­
effect connection.

Bottom temperature __ .. _______ . 4 1 1 i 8Do________ .. __ . ___ .. _____ . __ 3 4.5 5 3 4.5Do, ___________ " _______ . ____ 2 3.5 5 6 2.5Do_. __________ .. _____ . _. ____ I 8 6 1 2

The correlat.ion which our dat.a shows between
size and' temperat.ure is caused by the large num­
ber of cold-weat.her observations. In winter there
is a definite relat.ion between size and t.emperature,
with t.he largest. shrimp seeking the warmest. t.em-

Rank 1----.----;----,----
Rank IN-FLUENCE OF SALINITY AND TEMPERATURE

,ON MOVEMENTS ' .

We wish to refer the reader to Gunt.er's papers
on t.he distribution of fishes and invertebrates bo t,h
in Louisiana and Texas. In general we agree wi th
his conclusions on the relation bet,ween shrimp and
both temperature and salinity. We do not en­
t.irely agree, however, with his stat.ement that,
"This general exodus of shrimp and other inver­
tebrat.es as well as fishes from t.he bays is corre­
lal,ed with the annual temperat.ure cycle and not
wit.h salinity changes or any other phenomenon."
(Gunter 1950, p. 44.) Our data. indicat.e tha.t the
shrimp normally leave the Texas bays as they
approach adult.hood. This movement is st.arted
in summer, long before there is any appreciable
drop in temperat.ure, and in s,pring with rising
t.emperatures, and in some way seems to be related
to salinity as well as to maturit.y 01' spawning.
Dropping temperat.ures merely hasten and tend
to obscure the other causes of this normal move­
ment..

7.5
6.5
1
2

43

4.5 12.5
10.5 4.5
2

5 3.5
3.5 - 4.5
5 5
3.5 3.5

2

Bottom salinity

Bottom salinity

Bottom temperature

1
2.5
6
8

4
3
2
1

4 • • __ •
3 2
2 I 14
1 16 1

Do .• .. .. _._
Do __ . . __ . . __ ..
Do. .. " _
Do __ . ... .. _. _

Item

Median slze. __ ._._" __ .. _
00 ._ .. ' '" _
00 . _._ .
00 . _.. .. .. _
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FIGt:RE 38.-Seasonal changes in bottom salinit.ies in three parts of the shrimp habitat in Louisiltna.. We have no data
for the 12-mile station during January.

SIZE DISTRIBUTIONS

SAMPLING PROCEDURE

Since Lindner (1933), Weymouth, Lindner, and
Anderson (19:~3), and Gunter (1938) have de­
scribed our sampling procedures in detail we shall
not discu~s them at length here. There are, how­
ever, certain rather obvious things. connected with
the sampling that should be pointed out. In the
first place, in any fishery it is extremely difficult,
if not impossible, to get samples. that represent
the population in its entirety. Our samples deal
only with t.rawl-eo.ught slll'imp after they appear
on the fishing grounds.

In samples taken from boats which we operated,
there was a tendeney for some of the smaller
shrimp (~bout 60 mm. or less) to eseape through
the meshes of the trawl ~hen fish and shrimp were
not abundant. We do not believe this to be a
serious factor in our sampling, since shrimp
smaller than 60 mm. generally were not abundant
on the fishing grounds. The small post-larval
shrimp inhabit the marginal areas of the inland
waters and apparently do not move to the inland
fishiug grounds until about 50 mm. or more in
lengt.h (Anderson, King, and Lindner, 1949) ..
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Along the Atlant,ic coast, from February 1931
through April 1933, our samples included only
shrimp caught by our own boat in Georgia and
northern Florida.15 Numerous hauls were made
each month in both the inside and out.side wat.ers
in localities frequented by the commercial fishery.'
From each haul a random sample of 200 shrimp
was measured. If less than 200 shrimp were
caught, the entire catch was used as a sample.
In May 1933 we changed our sampling procedure
but not the number of shrimp measured in each
haul. We curtailed our operations in Georgia
and extended them to cover South Carolina and
central Florida. In Georgia we usually made
only four hauls each month in inside wat.ers. All
our remaining hauls were in outside waters on
known fishing grounds that were close 1.0 shore.
We made two hauls each month in each locality.
The iocalities and months we fished were as
follows:

South Carolina:
1. Cape Romain, September 1934 through July 1935.
2. Stono Inlet, May 1933 th~ough July 1935 with ex­

ception of May through August 1934.
3. Gaskins Bank or Fripp Inlet, samc as locality 2.

Georgia:

4. St. Catherines Island, sa.me 8S locality 2.
5. Brunswick, same as locality 2.

Florida:
6. Fernandina, same as localit,y 2.
7. Mayport, May 1933 through April 1934, and August

1934.
8. St. Augustine, May 1933 through April 1935 with the

exception of May through July 1934.
9. New Smyrna, same as locality 8.
10. Cape Canaveral, same as locality 8.

Our original objective (not always attained)
. was to sample on a semimonthly basis. After
May 1933, when the area under st.udy was ex­
panded, the procedure was modified, and mont.hly
samples became the goal for t,he remaining period
of the work.

The numbers of shrimp upon which the size­
distribution curves for this section of t.he coast
are based are shown in tables 47 and 48. In all
instances, data called "Georgia and northern
Florida" include the entire Georgia coast and
northern Florida as far south as Mayport.

15 We have alway~ appreciated the difllcultles Inherent in one-boat snm·
pIes as recently pointed out by Gunter (1950). but we hellevp that the size
selectivity generally exerted by the commercial fleet In Inside waters, both
from choice of flshlnll localities and from'sorting, probably Is equaJ~y bad.

TABLE 47.-N1I11Ibers oj shrimp in random. samples used
for determining Georf/ia and northern Florida si"ze­
distriblltion curves shown in figure 45

Source and month 1931 I 1932 I 1933 I 1934 I 1935 Total

Inside waters: ------,-.------
January 1,463 2.590 800 i99 5,652
Februar~'---------__ 1.41i 408 2.400 800 800 5.825
March____ 2.086 I, i80 2,400 800 501 i.56i
ApriL___ 3,149 4,343 2.518 i30 456 11,196
May________________ 3, i36 1.4i4 i88 800 6, i98
Julle. ._ l.i06 1,255 i30 141 3.832
July . 1,090 1,934 i88 ---.800---- i82. 4,584
August 3.623 3.232 800 6i9 9.134
September . __ .. __ 5, 199 3.201 800 800 10.000
Oct.ober 3.016 '3.200 800 611 i.62i
No\·ember 2,i92'1 3.200 800 800 ._ i.592
December . __ 2.599 3.045 800 800 ._______ i.24~

---------------
TotaL 30.413 28.535 16,204 6.941 4.958 8i.051

====---======
Outside wMers:

~b~~i~y~:::::::::: --2:200- ~~~ U~~ Ugg l,~t~ U~
March. •. _.__ 139 224 1.294 43 28i 1.98i

~r.~~I_-_:::::::::::::: I,O~ 1,~~ U?:l 422 ~;g g~
June._______________ 400 692 1.6i9 22i 2.998
JUly 1 5i4 441 1. i4i 305 3,06i
August ._ 944 1,310 1.244 1.040 4.538
September__ ._______ 1,001 11.800 1.600 1,240 5, ,31
October 1.118 1.680 1.600 1,200 5,598
November . 1,000 1,800 1.600 95i 5.35i
December. . 600 1.832 1.600 1.200 5.232

TotaL. • -9.308rl2.62l118.43819:2274~oo5r53:59ii

TABLE 48.-Nllmbel's oj shrimp ill random sampleR llsed
Jor determining A /lantic-coast size-distribution Clll'VeS
shown in figllre 46

____s_o_u_rce_a_"d._rn_oll_t_h I_I_933__I_I_93_4__1_93_5__'_T_o_ta_l_

South Carolina:January . . .____ 800 553 1.353
February . .____ 800 ~ 1.196

~~riyh----------------------- ---------- sgz 365 I,~~

~~(-::::::::::::::::::::::: ------~~- m I,~~

ri~r~~~~~:~~:~~::~:::::~:: i ----;:~- ~:~_ ;;m
Nowmber __ .. ._____ 800 1.200 2.000
December ~_~~.:..:.:..:~

Tota!..____________________ 6.364 6,926 2.568 15.858
========

·Georgia and northeru Florida:
January .----.---- ::~ 1·~t~ U~~

a~~h~r::-_~:::::::::::::~:::::::::::::: 43 28i 330
422 6i9 I 101

f!ii~-:-::::::::::::::::::::::: ---T~~~- ~ ~:~~
~':1:usi-- ::::::::::::::::::: tm ----i.-Mo- 305 iJ~

~~~b~rbe~::::::::::::::::::: :::: t~ ---------- H~
r,~~:~~; :::::::::::::::::: ::~ _~;. ::::::::~_ 2.800

TotaL. __ ._________________ 12.823 9.22i 4,005 26.055
=======
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In Louisiana our samples were of two types:
Those from our own boat in which we occupied the
same stations month after month, and those from
the offshore commercial fishery. Wben we used
our own boat we attempted to occupy 3 inside and
3 out,side stations twice each half month, but we
were not always successful in oceupying all stations
each month. Also, sin.ce we are certain that our
trawl did not always function properly at our
outermost station which was 9 to 12 miles ~outh­

east of Fort Livingston Light, we have omitted the
records of this station from our si"7e-distribution
data. Consequently, ;what we call "5-stations
data" include 3 stations within Barataria Bay and
2 offshore from this bay, the outermost one 3 to 6
miles southeast of Barataria Pass. Gunter (1938,
fig. 1) shows the location of these, stations. The
months 'in which we oeeupied them can he deter­
mined from ,table 49. As on the Atlantic coast,
we measured only a random sample of 200 shrimp
from each haul, even though we often eaught more
specimens.

In the Louisiana offshore fishery there was a
definite tendency for Che fleet to seek areas where
shrimp were most abundant, and this may have
affeeted the she distributions to some extent.
However, the fishermen in Louisiana rarely dis­
carded any of the shrimp (as they often did in
Texas) since they seldom caught more than a few
small ones. -

For our Louisiana offshore-fleet size distributions
we took a random sample of 50 shrimp from the
last haul made by each boat we sampled. The
boats were always away from port for more than
1 day, but they always knew where they had made
their last haul.

Our samples contain shrimp from various depths
as follows:
1. Under 5 fathoms: March through December, but

heaviest in September and Oct.ober.
2. In 5 to 8~ fathoms: Every month, but heaviest from

May t.hrollgh January.
3. In 9 to 12~ fathoms: Every month, but heaviest from

January through September,
4. In 13 to 16}' fathoms: November t.hrough August, but

heaviest during March, April, and December.
5. In 17 or more fathoms: November through May, hut

heaviest riuring March and April.

In the Louisiana offshor~ fishery we at,tempted
to collect th~ samples on a semimonthly basis from
April 1941 through November 1942; thereafter

they w.ere taken only periodically. The months of
our sampling can be seen in table 50. .

In samples frqm the commercial fishery at
Aransas Pass, Tex., several factors' enter which
appreciably affect our size distributions. There
the commercial trawlers tended to -do selective
fishing for the, larger shrim.p (greater than about
100 m.m. in length), since these shrimp commanded '
a higher price. The fishermen also resorted to
culling the small shrimp and discarding' them.
The distortion of the data based 011 samples of
shrimp from a commercial catch treated in this
way is, probably as great as any which would
characteri,e those based on 1-Loat samples, as has
previously been mentioned.

TABLE 49.-Numbers of shrimp in random samples ~Ised for
determining Lo~dsiana 5-stalions size-distribution curves
shown 1:n figure 40

\

Source and month 11931 I~~~_Totl\~
Inside waters: _

January,_____________________ 018 335 837 1,790
February._. .. 977 403 1,380'
March 1,538 912 2,450
AprIL. . ._ 72tI 1,484 500 2,710

~~L:::::::::::::::::::::: :::::::: g ~~ m l:~
July __ , .. _ 345 320 1.200 1,8fi5
August . __ 2,222 689 6213 3,:;39

~r~b~r~~~-_~:~~~~:~:~:~~::~: ----788- k~ I,~ l:~g
November .. __ 623 820' 1,200 2,643
December___________________ 600 948 1,139 2.687

--------------
TotaL ... __ .. _ 4,578 9,827 11,095 2,273 27,773

Outside walers: 'January .. __ ._ ._______ 1,002 611 1,613
February. • •__ • . 1,197 300 1,497
March __ . __ . .. '_ 300 562 .. 862
AprIL .. .. • .__ 611, 255 866
May_. ._____________ 584 200 20f 985
June_. ~ .. _ 417 378 795
Jnly.. 140 718 565 1,423
August..____________________ 442 233 848 1.523
September_.________________ 800 401 1,201
October . ._______ I. 780 249 2,029
November .. ._____ f182 600 1,282
December____ __ __ ___ __ __ __ 600 600 1,200 -

Tut..I:. .. --1582f6,Ji4 7:"213 -l,367I5~

Our samples at Aransas Pass, Tex., were all from
the commercial fishery. Here the boats went out
early in the morning and returned with their catch
early in the afternoon of the same day. We took
100 shrimp from each boat sampled. An a.ttempt
was m'ade each week to equalize the number of
samples from the inside and outside fishery. The
numbers of shrimp we obtained are shown in
table .'51.

At Galveston, Tex., aIt.hough fishing was per­
mitted only in outside waters, the boats operated.
on a daily basis as did those at Aransas Pass.
Our samples here consisted of 100 shrimp per boat,
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TABLE 5Q.-Numbers of shrimp in random samples from.
commercial boats, used for determining Louisiana size­
distribution curves' shown in figure. 39

TABLE 51.-Numbers of shrimp in random. samples u.sed fo~
determining Aransas Pass, Tex., size-distribution curves
shown in figure 4B

-------------1-------------
Source and month 1931 1932 1933 1934 Total Source and month 1931 1932 1933 1934 '1935' 1936 1937 Total

-------1--- --------------.-
Five staUon~:

January . . ._______ 618 1,337 1,448 3,403
February •• . . 2,174 703 2,877
March .__ 1,838 1.474 3,312
ApriL . ._____________ 735 2,095 755 3,585
May • •• 1,087 1,069 310 2,472
June · .__ 649 .958 420 2,027
July . .___________ 485 1,038 1,765 3,288
Augnst • 2,664 922 1,476 5,062
September_. •. __ .. 1,839 972 2,811
October_____________________ 788 4,174 -1,449 6,411
November .______________ r,23 1,502 1,800 3,92.~

December.__________________ 600 I,M8 1,739 3,887
-----------

TotaL ._______ 5.100 15,950 18,308 3.642 43,060

Inside waters:January . . .. 300 .. .__ 300
February • • 400 . ._ 400
March 2,000 300 • 2,300
ApriL • . .___ 100 1,200 . .. 1,300
May __ .___________ 582 1,200 300 300 ._ 2,382
June .. 100 ._ 1\00 .. __ 700
July . . 200 300 .. 300 300 1,100
August .. 1.800 000 500 400 400 600 4,300
September __ _____ _ 1,025 1,000 1,200 1,100 800 400 600 6,125
Octobel' 1,600 1,200 1,200 1,000 400 300 300 6,000
November • 1,800 1,400 1,200 1,000 600 200 600 6,800
December .. __ 1,200 400 600 500 300 _. 3,000

------------------
TotaL . 6,307 6,100 10,500 5,000 2,500 1,900 2,40034,707

==== ===

--------------1----------------
oflshore fleet:January . • • _

February .. .• _
March . ._ .. . .. .
ApriL . .. 2,099
May. • ._____ __ 4,900

i~r;:.-~: :::::::::::::::::::: 4, ~gg
August • __ , ._______ 1,100
September __ •• • ___ 850
October • •• 2.700
November .~ __ . •. a,200
lJerember • .•. ___ ____ 2.050

5,899 1,800 7,699
2,150 1,346 _.. 3.496
6, 050 200 400 6, 650
2,900 700 5.699
1,900 __ ._____ 6,800

792 599 6,241
3, 092 400 I, 000 5, 292
2,058 •• _ 3,758
3,550 • __ • . 4,400
4,385 1,200 8,285

Ij()(I _. ._._____ 3,800
_.______ 2.199 699 4,948

Source and month I 1941 1942 1943 1944 Tot,~1

Outside waters:
JaJlllary .__ SOO . 300 500 300 _,_. __ 1,900
February 1,000 400 500 800 400 3, 100
March . 1,000 600 600 200 200 . __ 2,600
ApriL____________ 1,000 1,200 900 100 200 3,400
May .________ 449 1,200 1,700 1,200 ._ . . __ 4,549
June. 1,600 600 900 400 200 700 4,400
July 1,200 1,000 1.200 SOO 200 300 4,700
Au"u~t 1,200 400 900 ._____ 200 2,700
September________ 600 200 .. ... .. __ 800
October___________ 800 1,400 .. 400. 2,600
November 1,000 300\.---.: ._____ 200 1,500
Derember . ~_~.:..::..:..:..:.~-.:~_ 400 .....L~!,500

TotaL . 6,4499.800 7,200 5,300 2,900 2,500 600 34,i49

.---_._----_.-----------------

TABLE 52.-Numbers of shrimp in random samples used for
determini-ng Gableston, Tex., size-distribution curve.s shown
in figure 44

Out~ide waters:January .________________ 500 500 500 1,500
FebrU<\fy. ._ 1,000 200 400 1,600
March______________________ 800 500 "--4-00--- 1,300
ApriL • . .. 1.000 400 1,800

~~L:::::~:::::::::::::::: :::::::: :::: .~ 400 :J~
July ._. . 600 400 1,000
August . .. 400 500 900
Septcmber . ... 500 .. 500
October .. • __ .. .____ 1,000 500 500 .. 2,000
Novemb~r.------------.----11,OOO 400 \1,400n.ccmb<r 1,000 500 1,500

--------------
TotaL 3',000 8,200 3,700 1,700 16,600

each year treat,ed separat.ely. Then the partieular
months from the val'ious years were combined by
percentages of shrimp in each size group. Each
month fQr anyone year has the same weight in
determining t.he shape of the curve for that month
as does t,he same month in any ot,her year. For
example. in figure 39 for the 5-stations data (table
50), January 1932 with 618 shrimp has as much
influence in determining the shape of the curve for
January as does January 1934 with 1,448 shrimp.

Furthermore, although Weymouth, Lindner,
and Anderson (1933) have 'shown 'that, after ap­
proaching maturity there is considerable difference
in size between adult. male and female shrimp for
Georgia, and we have found no startling variation

1936 Total193519341933SOllrce and month

TotaL. • •. 22,5-19 3a.976 6,644 3,899 67,068

and we attempted to sample on a monthly basis.
The numbei's of shrimp comprising the size­
distribution cmvcs for Galveston are shown in
table 52..

We are still not certain how adequate or repre­
sentative our sampling was 01' how truly our ('.urves
represent the shrimp population. We considered
various methods of weighting our samples, but
after giving consideration to each we anived at the

.con"dusion that no method we eould devise would
give a trl;lC representation of the entire shrimp
population lLt, anyone moment: The principal
diffieuIty arises from the fact t,hat as the shrimp
increase in size they change "their habitat. This
ehange of habitat, is not correlated wit,1t size alone;
it is also dictated by winter tempe,'atures and in­
fluenced by spawning. As a consequence, we
generally fi_nd that in anyone locality there is
almost always an immigration and emig,'ation of
shrimp. For these reasons we have used rough
methods in al'l'iving at our size-distribution curves;
we believe that any attempt at, j'efinement would .­
add nothing to their accuracy.

In arriving at the size-distribution cm-ves whieh
we present, we have followed the same p~'ocedure

in eaeh instance. The shrimp in all hauls of eaeh
month from a similar source were combined, wit.h
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from this in any of the other localit,ies studied,
we have grouped male and female shrimp together,
for two reasons. First, the industry does not
separate the sexes in commercial fishing and
second, we suspect the variations in the data
generally are sufficient to obscure most variations
bet.ween sexes. Our method of treating the data
tends to broaden the curves.

CATCH RECORDS

For the Louisiana total catch curve we have
used' the New Orleans Fishery Market News
Service records (table 53), though they are not
complete. We did not use the State records be­
cause they are based on tax receipts which were
credited to the month in which the taxes were paid
rat,her than the month in which the shrimp were
caught. Our records for the Louisiana offshore
fleet (table 54) were copied from the books of
almost all of the companies engaged in this' fishery.
We are indeed grateful to these companies for
their splendid cooperation. We think t,hat our

TABLE 53.-Total LOll.isiana landings of shrimp, by· months,
1940 to 1946

[Iu thousands or barrels. A harre] is equivalent to 210 pounds or whole
shrimp. Figures do not includc shrimp used ror drying. Data from Fish- .
ery Market News Office, New Orleans]

Month 1940 1941 1942 1943 1944 1945 1946

------------------_.-----
January. _.. 5.119.015.4 9.412.414.7 8.4
February __ . __ _. 7.4 10.6 5.5 lI.8 8.4 4.0 6.5
March _ 10.7 2.1 6.0 3./1 5.0 3.9 3.5
ApriL._ 18.7 5.8 15.4 6.4 4.7 .~.7 7.4
May__ _ _ 28.8 16.3 16.9 24.8 10.5 1·1.4 '2.8
June _._ 15.4 13.4 18.7 15.9 14.8 9.9 13.8
July _ _ 10.4 1.8 7.1 9.9 5.1 3.8 4.2
August. 32.5 30.5 30.3 51.1 41.3 27.2 30.2
September 53.0 27.7 40.8 48.3 51.0 28.6 36_2
October............... 54.7 56.1 54.6 37.3 53.9 29.2 33.2
November 12.7 36.3 27.3 26.8 25.0 17.2 21.3
Decembcr ._ .. _.. _._ 14.6 18.0 21.1 17.9 13.2 9.2 16.6

TotaL.. .. , .... f264.0 '"237.6 259.l-:063.2" 245:3-167.8 -194:1

TABLE 54.-Lolt1siana offshore-fishery tandings of shrimp,
by months, 1938 to 1946

[In thousands or barrels; a barrel is l'quivalent to 210 pounds or whole shrimp]

Month 1938 19391 1940 1941 1942 1943 1944 1945 1946

--------------- ---------
January. _. __ ... 0.7 3.3 2.9 9.7 8.0 4.4 8.0 6. i 5.8
February...... _ 2.5 2.0 6.7 7.5 2.8 9.5 1\.8 1.7 5. .~

March.. _....... 2.2 2.9 i.5 1.8 7.6 1.4 2.2 4.2 2.1Uril .---.- ..... 1.3 3.4 6.2 4.2 13.7 4.8 4.3 6.9 7.4
ay_... __ ._ .... 4.9 6. I 12. i II. 2 10.8 15.5 i.4 11.6 10.5

Junc_ .. __ . __ .. _. 4.5 5.1 10.2 13.0 13.7 9.3 12.2 7.2 10.7
July.... _. _..•.. 3.4 6.1 9. I .3 9.0 6.6 7.7 6.0 7.1
August ___ . _.. __ 2.8 5.5 4.0 3.2 5.3 5.7 7.2 5.5 1.7
September..... _ 3.2 4.1 3.0 2..~ i.1 7.1 12.9 7.8 2.0
October. ____ . __ 4.7 4.4 12.4 11. 7 16.2 12.4 23.1 13.4 10.0
November .... __ 4.6 5.6 6.0 15.2 8.4 13.4 13.8 10.1 8.1
December_ .... _ 5.7 7.4 8.4 8.5 r.8 9.1 10. 3 r,9 8.4

----------- --- ._-- --- --- ---
TotaL ... _ 40.5 55.9 8\1.1 88.8 109.4 00.2 lI5. \I 88.0 79.3

catch records for the Louisiana offshore fleet in­
clude between 90 and 100 percent of the catch of
the entire fleet, and that the average monthly
trend of production as shown by the Market News
Service represents the total Louisiana production

. trend fairly accurately.

LOUISIANA

In our discussion of the size .distributions': we
t.reat the Louisiana curves first, as we believe them
to be easier to interpret since they are cOITlplete
in that they follow t.he fishable shrimp popu"lation
t.hroughout the year, and thE'Y are less distorted· by .
migrations t.han are the ('·urves of the other
localities. In each instance, we have· sUperiJii.;.
posed growth curves on the size-dist.ribution illus­
trations to facilitate their interpretation. The
growth curves were calculat.ed from the formula
Y=51.00+0.7322X.

In figme 39 we show curves derived from two
distinct fishin.g localities in Louisiana.. In ·June.,:
about. 2 months after spawning begins, yOling
shrimp with a mode a.t, about 80 mm. make' their
appearapce on the inside fishing grounds (fig. 40).
The larger of these shrimp begin moving to ou tside .
waters by July, and offshore by August. .By
October (fig. 39) they completely dominate. :the .
offshore fishery. This group can be followed as a
dist.inct mode from t.he time of its appearance
inland in June, through its dominance offshore In
October, and unl,il in May it becomes fused with,
and in June dominat,ed 'by, another oncoming.'
group. Our calculated growt.h curve appears to
fit t.he first group almost. perfectly (fig. 39), bot.h
with respect to the midpoint. and the upper al).d
lower limits of the distribution.

By December (fig. ::19), the shrimp ilaY~ sep­
arated into t.wo different. size groups. The e'arlier­
spawned shrimp are·offshore, and the later-sp'awned .
shrimp are inshore. There is little growth il~ t.he :
offshore shrimp from November thr.ough February,
and rapid growth apparently is not resumed until·
about mid-March. The small inshore shrimp do'
not, appear to have reached their full recruitment
until January, and although some growth ·seems
to have t.aken place in February, rapid gi'owth
apparently does not occur until March. .

Although we do not have l;leining data for this
time of year from Louisiana, QUI.I tel' -("1950) has
shown quite clearly that in Texas this secon~ group
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comes from very late spawning. We have no
reason to suspect Louisiana shrimp to behave
differen tly. .

By April the small shrimp which wintered in­
shore start. moving offshore. They dominate the
offshore fishery by .June and can be traced readily
until they themselves become dominated in Oc­
t,ober by the oncoming young. The slight indi­
cation of bimodality in our offshore curves during
summer, with the dip in July at 16:l mm. and in
August at 168 mm., results from sexual dimor­
phism (see figs. 8 and 9).

The curves suggest the entrance of a second
wave in August, followed by more or less constant
influxes thereafter. until March. ~ false impres­
sion.results from our technique of combining the
data of several years, and actually the entrances
were quite different from those indicated by figure
39. They occurred at irregular intervals. During
the two years for which our data are complete, the
entrances took place in June, August, October,
and December 1932, and in June, September, and
November 1933. There appears to be but little
growth of the last a.rrivals between November and
February. Rp,cruitment into the lower end of
this group seems to occur until January.

The entrance of the young into the Louisiana
estuarine fishing group.ds is most interesting.
They appear in waves with distinct modes that
can readily be followed. ApparpnUy the only
regularity of appearance is shown by those enter­
ing in June. They appeared for three consecu tive
years, and judging from our July 1931 records they
had appeared in June of that year also. In both
1932 and 1933 this group could be detected in
Barataria "Bay until October.

In 1933 the first wave appeared in June at the
head of Barat.aria Bay (Bayou St. Denis and St.
Marys Point) with a mode between 78 and 83 mm.
In July, it was found at all 5 stations with a mode
that ranged between 113 and 123 mm. In August
the mode was between 123 and 133 mm., in
September between 133 and 148 mm., and in
October it was easily distinguishable only near the
mouth of the bay and in outside waters, where it
ranged between 148 and 158 mm. The second·
wave appeared in September with-a mode between
83 and 98 mm. and disappeared from the bay after
November. In November its mode was between
118 and 123 mm. The third wave appeared in
November at the head of the bay with a mode

between 88 and 98 mm. This mode receded until
January, which we suspect was caused by emigra­
tion of the larger shrimp and immigration of
smaller ones. The variations each month in
lengths of the modes represent variations between
stations since the smallest shrimp were generally
at the head of the bay and the largest in the Gulf.

Our 5-stations data are not suited for estimating
the relative importance of the various waves enter­
ing the fishery, but our offshore-fleet curves reflect
the relative importance of the individual influxes.
We think it probable from figures 39 and 41 that
the first and last successful spawilings are the most
important. Since the Louisiana offshore fishery
had no serious legislative restrictions and not too
much seasonal fluctuation in fishing effort, it is
probable that the offshore catch curve (fig. 41)
closely follows the abundance trend. This curve
reaches a low in August, rises in September and
sharply in October, drops slowly until March,
then rises to another peak in May. The October
peak we can t,race (fig. 39) to young shrimp appear­
ing in inside waters in June, and the May peak
to small shrimp wintering inshore.16

Since the data are not adequate, we cannot be
certain from the 5-stations curves whether or not
the first wave of young shrimp completely domi­
nat,es the succeeding waves during the summer,
and likewise the inshore fall fishery. It is possible
that this group is important to the offshore fishery
only because it largely escapes the inshore fishery.
Nevertheless, the first wave certainly must con­
tribute heavily to the inshore fishery during
August and September, and from this it would
seem likely that it c.omple.tely dominates the. ot.her
waves.

In spite of the shortcomings of our sampling
technique and treat.ment of the dat.a, and in spite
of the rapid growth of the shrimp, the sharpness of
t.he two December modes in figure 39 is apparent
and hence indicates two relatively ~hort periods of

"We realize the Insecurity of our position In using, In romblI18tlon, slze­
distribution data collected 10 years apart. but if, as W~ think, our data repre­
sent average conditions (and we havc treated them to make th~m as nearly
average as possible) then we arc jus\.lllcd In using them. The displacement
to thc left of the offshore modes In exactly those months (May and June, and
August and September> in which the 5-statlons curves display a marked
skewness or decline at· their right extremities (Indicating migration of the l.arge
individuals) certainly sugllests that our method Is valle!.

The trend of the All LOlJislana catch cune (flg. 41) Is affected by changing
fishing Intensity caused both by closed seasons ahd by changing effort during
the open !leason. July. for example. is low bccause of clOSl'd season while
actually, with unrestricted fishing, we would expect. It to be greater than
June.
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· ,F,iGFRE 41.-Monthly percentage of average annual shrimp catch for all Louisiana (less shrimp used for drying) and for
· the Louisiana offshore fleet. Sel) tables for further data.

.:successful spawning. This, supported by the
: eyideilCe from the catch records (fig. 41) leads us to
·.'66ndude that only the first and last waves of

,: f;i!cently spawned ;hrimp are dominant, and that
'. ~.the,intermediate waves are relatively insignificant.
, '.,:1.£ .,the progression of the modes which represent
.\lie:shrim·p, entering the 5-st.ations area in June is
':considered together with the superimposed growth
.iliri~;~it.. will be seen that during the period June to

, '. September (when this population is c.omparatively
.'f'ree ·.,fr·onl shrimp of different spawnings) the mid­
'p,tHilt :,of .each mode' coincides rather c.losely wit.h
·.the·upper limit.of the mode in the previous month
and"tHe lo.wer limit of the mode in the suc.ceeding
niolith'; '. In. other ·words, the mode in each in­

.'sttiric{'is wen, bracketed by 'aJlowing for 1 month's
, ·.gfowth. before and' 1 mon th 's growth after tlHit
.,repr~sent.ed QY the midpoint. This would indicate

'·:that'there is' no more thall 2 months' difference in
t·he ages of the shrimp represented by the mode
arid that the. spawning success extends over a
2-month .period. However, since the curves
re:p're~ent. saI,uples taken over the entire month
(during. which 'growth" had been taking place)
i.ather t,han .only at the midmonth, we can c.om­
p~n.sat;e for this growth by eliminating 2 weeks
from. either side, thereby restricting the period of
'spawning succes~. for each mode to 1 month.
'Becallse .of this and Qur spawning data, we believe
that the.. sh6mp producing. the mode in inside
W;l,tterl;j in Ju~e at about.SO mm. c.ome from shrimp
.~p'a~ried in ,A:pril. Although this group can clearly

·:;~~)raAeait.<?· .the,0fl:8h!>re mqde, at about 160 mm.
.'l·i§'....O'~t\~:ber,··t.he insl.'k:ed spread. at· 'its· lowererid

in this and subsequent. winter months indicates
that by this time the curve encloses some shrimp
spawned in May, while. t.hose shrimp at. it.s uppe.r
end, larger than 170 mm., were probably contrib­
uted by stock of previous years.

The range shown by the mode at about 90 mm.
in December also represents about 1 month's
spa.wning. During the spring t.his group can be
traced in a manner similar to that previously
described .

It appears then that about 6 mont.hs of growth
are required for a shrimp to reach 160 mm. in
length. The second mode, which appears in the
5-stat.ions curves during winter, and which can
readily be t.raced to its appearance offshore in June
(fig. 39), could t.herefore be attributed to shrimp
which in June had just. slightly less than 6 months
of growth. If we assume that no growth occurred
from mid-October t.o mid-March it would place
this group as having been spawned the previous
July. However, if there was one month or more of
growth during this 5-month period between
October and March (which seems entirely within
reason from our data) then most of these shrimp
must. have been spawned in August or later.
Furthermore, as suggested by the data of Ander­
son, King, and Lindner (1949, fig. 1) and of
Gunter (1950, fig. 1), if the very young are not.
slowed in growth during winter as much as
the slightly larger sizes, most. could have come
from September, or possibly October spawning.

Apparently in Louisiana t,here are two important
periods of spawning success, one at the' beginning
and the other at the end of the spawning season.
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TEXAS

Aransas Pass
The curves for the shrimp at Aransas Pass, Tex.,

differ from those in Louisiana in that at Aransas
Pass there appear to be three successful spawning
groups instead of two. However, the second and
third of these evidently contribute more to the
fishery than does the first, so that actually there
are only two successful spawning periods.

In figure 42 the young appearing in insid~

waters in July with a mode at about 115 mm.
can, from our ~owth curve, be attributed to April
spawning. A second group, which can be traced
to late Mayor June spawning, enters the fishery
in September with a mode at about 120 mm.
The lower ends of the curves for September seem
to show the effect of selective fishing and culling,
and the modes shown in our curves for this month,
therefore, probably are a few millimeters longer
than the true mode for this group. The second
group dominates the fall and winter fishery. We
do not think the first group could have been fished
out, as generally there was little fishing in inside
waters during July 8.nd August. Furthermore,
since this first group made but slight impression
on the curves in outside waters in August and
September we do not believe the shrimp compris­
ing it to have been very abundant.

Because of selective sampling by the fishing
fleet, the third group, which is comparable to the
second or lat.e-spawned group in Louisiana, does
not appear continuously in our curves tintil :Feb­
ruary, although Gunter (1950, fig. 1) shows this
group throughout the winterY This third group,
which produces the June peak in the catch (fig.
43), we can follow in the outside waters until

" Gunter (1950\ has shown the scarcity of small shrimp In central Texas
during midsummer, which he Intcrprets to mean las do we) two separated
periods of sUl.'Cessfu! spawning. Wc suspect that the mode which Gunter
shows In June 1941 at 28 mm. accounts for the July modc at Il3 mm. and the
small September mode at abollt 133 mm. Attributing the shrimp appearing
In July 19-11 at 83 mm. to the group producing tbe promllllmt mode at 113
mm. in September would require either a slower growth rate lor young
Texas shrimp during summer than In spring (which does not appear to be
true from our data, and l.he spring growth shown by GUIJt~r's data from
February to April 1942 Is In complete act'Ord with our growth rate), or a
growth ro.te different from that in Louisiana, which does not appear probable.
The mode he shows in July at 38 mm. conld account lor thc mode he shows
In Scptember at. about 113 mill. and in October at o.bout 133 mm. This is
according to our growlh formula which may be entlrcly nnrellable below ll(l

mm. If we assume that about one month i~ required from the time the
eggs are laid until the young appear In his seine catches with mode~ between
abont 28 and 48 mm., then the mode Gnnter shows in May 1942 could bc
attributed to April spawning and would also account for the shrimp about
133 mm. long he shows In August of hoth I04l and 19-12.

It must bc remembered that Gunter's data, Iike much of ours, are not
adequate.

September. The relation between the grow.th
lines and t,he modes for this group of shrimp after
June suggests that either this group gi'ows much
less rapidly than the comparable group in Louisi­
a·na or else the fishery was not operating' on the
entire spawning stock From the skewness of the
curves we suspect the latter explanation to be the
more likely. The commercial fleet. at Aransas
Pass during t.he years we were sampling never
operated far from land and if t.he shrimp spawn
offshore (which we t.hink t.hey d.o) then our samples
would be heavily weight.ed by the smaller. sizes,
because the larger shrimp tend to spawn first.

This same phenomenon occurs in our Atlant.ic­
coast curves (figs. 45 and 46) ~nd probably for the
same reason, since most of our outside sample!!
were taken close to shore. Our 5-stations r-urve's
(fig. 40) also show this for t.he immature shrimp
from August through Or-tober. In this instance
we can demonst.rat.e that the slow advance in the'
upper mode results from the large shrimp moving
offshore (fig. 39). .

As we have mentioned, the first-spawned group,
which' appears in July with a mode at about 113
mm. (fig. 42) and which. we attribute to April
'spawning, does not appear to be partieularly
abundant. This could be caused either by the
lack of suffic.ient 'spawners or by some environ­
mental phenomenon, which we do not know. If,
as we believe, spawning is continuous once it
begins, then the sharpness of the mode and its
advance fl'om July to August suggest.s some exter­
nal cause rather than the lack of "spawners.

On the other hand, apparently the bulk of the
fall and winter catch in this region 'comes from
shrimp spawned in lat.e Mayor early June. This
coinc.ides with the beginning of spawning of the
group which we show in February in inside waters
with a mode at. about 98 mm. If, as it appears
from our curves, there are few early-spawni~g

shrimp, then perhaps there may be a relation
between the number of spawners and the resultant.
crop. However, such a relation would not account
for the scarc.ity of very small shrimp during sum­
mer, as shown by Gunter (1950), nor wou~d.. it.
account for the obviously very late.-spawned
shrimp which, as we'demon~trate, cause the June
peak in the catch.
Galveston

Our Galveston, Tex., curves (fig. 44) during.
part of the year (October to January) appear to'1:>e
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FIGURE 12.':-Average monthly size distribution of the commercial catch at Aransas Pass, T('x., separated into shrimp
. caught in inside and outside waters.
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FIGURE 43.-Monthly percentages of average annual shrimp catch for Texas. This figure is derived from Anderson,
Lindner, and King (1949, table 1).

intermediate .between those for Louisiana and
those for Aransas Pass, and during another part
of the year (February to September) they appear
comparable to the Louisiana offshore fleet curves.
We-think that actually the shrimp population at
Galvest9n behaves in a manner comparable to the
Louisiana population and that the anomalies in
our curyes result from inadequate sampling of the
population by the fishing fleet and by ourselves.
Throughout the year, the Galveston fleet fished
relatively close to shore. In the fall and early
winter this tended to deemphasize the proportion
of April-spawned shrimp and overemphasize those
spawned later. Nevertheless, the mode in March
at about 160 mm. can be attributed to shrimp.'
spawned the previous April, and that appearing
in May at about 150 mm. can be attributed to
shrimp spawned the preceding August or later.-

The curve for September appears misplaced, but
this is the result of sampling. It represents only
1 year, but is quite comparable to the September
curve for the Louisiana offshore fleet. Most of
the shrimp larger than 153 mm. were adults and
are representative of the summer spawners.

ATLANTIC COAST

Our curves for the Atlantic coast (figs. 45 and 46)
. are: difficult to interpret for two reasons. First,

since the samples are from a single boat the data
are inadequate, lind the curves cannot be construed
to represent the real abundance of shrimp by
lengths. Second, coastwise migrations confuse
their interpretation.

The curves can be interpreted in several ways.
Their broadness and flatness suggest a more con­
tinuous spawning than occurs in the othedocalities.
This may merely be a reflec~ion of our· sampling'

technique and treatment of the data. Both our
curves and those of Weymouth, Lindner, and And­
erson (1933, fig. 10) suggest three periods of spawn­
ing success: April, June, and August or later. The
young from the first of these spawnings appear on
the Georgia and northern Florida fishing grounds
in July (fig. 45) with a mode at about 100 mm.
(Apparently initial spawning success averages
about 2 weeks later in this region than it does in
Louisiana.) The young from the second spawning
success appear in September with a mode at about
no mm., and those from the third first form a
mode in figure 46 at about 100 mm. in March.

Evidently all of the first group, and perhaps most
of the second, migrate south into central Florida
during late fall and early winter. All of the third
group and the smaller shrimp of the second group
remain. In our curves .(:6.g. 46) the three groups
are represented by modes at about 155 mm., 130
mm., and 100; mm., in February. In thost' of
Weymouth and others (loc. cit.), the second and
third groups demonstrate modes in February 1931
at about 140 mm. and at 100 mm. ;and during the
winter of 1931-32 they appear again, but at about
130 mm. and 100 mm., respectively. Of course,
differential migration according to size and year.
can cause considerable shifting in the mode of the
second group during winter. Also the imperfec­
tions of our sampling technique can result in shifts
in all the modes.
- If we accept ~he foregoing interpretat,ion, then
the young from the first and second successful
spawnings produce the fall peak in t.he catch
(fig. 15) in the northern and centl'a! seet,ions, and
thl? winter peak in centrld Florida. All three,
but most likely those principally from the third,
form the spring run with peak catches in June.
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F"IG"~RE" 44.-Average monthly size distributions of the commercial fishery at Galveston, Tex. There was no inside fishery
, "",' at. Galveston.
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FIGURE 46.-Average monthly size distributions from ·outside waters of South Carolina. Georgia and northern Florida,
and central Florida.
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Our data are inadequate for differentiating be­
tween the relative importance of the three suc­
cessful spawnings.

Except, perhaps, for the indication of a slightly
earlier spawning success, the South Carolina
curves are comparable to those for Georgia and
northern Florida.

The appearance in central Florida of young
shrimp with an 'average length of about 110 mm.
in .Tune suggests an occasional spawning inl this
section as early as mid-March.

SUMMARY
GROWTH

Tagged shrimp were measured both at release
and after recapture. The increments thus ob­
served were deseribed with reference to the size
at release. The increment was greater for the
smaller shrimp. This relation of inerement as a
function of initial total length was described as
linear. At 10 em. total length, the I-month incre­
ment is nearly 3 em., while at 17 em. total length,
it is less than 1 em.

From November to April, very little growth
was observed. During the rest of t,he year,
growth was rapid: After 12 months of growing
season, these shrimp wO\lld have completed nearly
all of their lifetime increase in length.

MIGRATION

From tagged shrimp released in various areas
of the entire fishery and at various. seasons, the
location of recovel"ies demonstrated what move­
ment, if any, occurred.

Releases during the fall months on the sou th
Atlantic coast were recovered consistently south
of the area of release, while those released during
winter and early spring were recovered largely to
the north.

Shrimp released along the major portion of the
Gulf coast showed· no indication of coastwise
migration. They were recovered in all direc­
tions from the point of release, and they had not
moved far; none had crossed the Mississippi­
delta region. Only in the region of southern
Texas may there be a coastal. migration, but the
evidence from this area is not adequate to prove
or disprove it.

In all areas the small shrimp found in inside
waters were eventually recovered from outside
waters.

SPAWNING

The evidence from which inferences on spawn­
ing are derived consists in observations on the
degree of maturity of the ovaries of female shrimp.
'Ripe ovaries were taken in most areas from April
through September. , The size composition of the
ripening populations changed during this time,
however, and there may be two or more groups
of spawners, possibly spawning at different times
of this season. Judging from size at maturity,
shrimp spawned in the spring or summer probably
spawn in the corresponding season of the following
year.

DISCUSSION AND RECOMMENDATIONS

In all the loealiti£'s we studied there appear to
be 2 or 3 -separated periods of spawning suceess.
All localities are consistent in that t.he first ap­
pears to be associated with the beginning of the
spawning period, and the last with the end of
spawning. In those localities where there appear
to be three periods, the middle one seems to be
associated with the beginning of the spawning of
the last group from .the previous year. If spawn­
ing were rhythmic, with a beat in April, another
in June, and a third in August or later, we could
postulate a direct relation between the numbers
of shrimp spawning and the crop produced.
However, our spawning data indicate more or less
continuous spawning from the beginning of the
season unt,il the end, with the peak of spawniilg
in June or July. Consequently, it appears that
some factor ot,her than the number of spawners
causes the interruptions in spawning success.

We do not know where the answer lies. Per­
haps mass mortality of very small shrimp on
either the spawning or nursery grounds is the
cause of the fluctuations. This could resul t from
anyone or more of a combination'of factors, such
as unfavorable currents preventing the young from
reaching the nursery grounds, periodic disease in
epidemic form wiping out vast numbers of young,
food scarcity caused by the first arrivals consum­
ing all available food, and predation including
cannibalism.

Perhaps the shrimp is its own worst enemy.
The Louisiana data are cert,ainly suggestive of
this. Despite apparent continuous spawning
throughout the season, evidently only the earliest
and latest spawnings are really successful, and the



644 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

latest is eoncomitant with the earliest-spawned
shrimp moving offshore from the inland nursery
grounds. The second successful spawning in
Louisiana (and the last in all other loealities) does
not seem to oceur until vast numbers of shrimp
have departed from the nursery grounds. Also
in Louisiana, waves of oncoming young shrimp
appear to be spaced about 2 months apart, which
suggests spawning successes coinciding with mass
depart,ures of the preeeding wave from the inner
to the outer' nursery areas.

Preliminary analyses of some of our data, in­
eluding those derived from ·tagging, suggest that
the ratio between loss from natural mortality and
gain in weight through the rapid growth of indi­
vidual animals is sueh that the total poundage of
shrimp available to the fishermen would be in­
creased if the shrimp were protected from the
time they appear on the inside fishing grounds in
summer until they move to outside waters in fall.
Likewise, on this same basis, it might be advan­
tageous to afford prote.ction to the small shrimp
while they are growing,rapidly during early spring,
or possibly to this same group during winter.

Viosca (1920) noted that in the estuarine waters
of Louisiana (and most reeent workers including
ourselves seem to be in agreement for many other
areas) the shrimp is probably the most important
animal with respect both to species-mass and to
food conversion. When we consider this point it
is unfortunate that we do not know enough about
the shrimp to be able to predict with any assurance
what will happen to the population provided man
does this or that. For example, while we have
suggested that it may be advisable to limit fishing
for small shrimp, on the other hand, heavy ex­
ploitation from inside waters may result in a more
extended spawning suecess owing to reduced can­
nibalistie pre.dation, with the obvious consequence
of greater production.

We therefore arrive at the eonclusion that well­
controlled fishing. experiments, together with nddi­
tional research, are required before we ean deter­
mine with any degree of aecuracy how the shrimp
population will respond to changes in fishing effort
or in fishing seasons. We have recognized the
importance of the experimental fishing approacn
for some time (Lindner 1936a), and more recently
Burkenroad . (1951) also has recommended it.
Because th'e gl'owth of the shrimp is so rapid, we
think the experiments,' if followed hy competent

observers, need not be drastic in their approach.
Perhaps even as short a period as a month's
difference in open and closed seasons in alternate
years might indicate whether the particular ap­
proach was profitable. On the basis of our present
information, experimental fishing of small shrimp
during the. periods when they. are growing rapidly
seems most promising.
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