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GROWTH, MIGRATIONS, SPAWNING, AND SIZE DISTRIBUTION OF
SHRIMP, PENAEUS SETIFERUS

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

A steady increase in the production 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 arrange the details of cooperation
offered by the various States 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., and Port Aransas,
Tex.

Although three species of shrimp occur in the
fishery through most of its range from North Cazr-
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 than 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, ineluding 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, 1n relation
to gear, localities, and time, on the composition of

afr

the catch. Experimental trawling provided data
to supplement those gathered from the commercial
catch. Temperature and salinity data were ac-
cumulated as & 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 were initiated on
the use of tags for marking shrimp. Experiments
on shrimp retained 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 World 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. Mc¢Phail, 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, and 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

TAGGING

We obtained our prowth data from shrimp
tagged in various areas from North Carolina to
Texas. Thus our resulls embrace the
fishary

The tag used consisted of two small celluleid
disks and a nickel pin (fg. 1). The disks, one
white and the other red, were perforated in the
senter. The white disks were numbered con-
M‘-:'I.ILJ.‘-'Pll'I.'. and the red ones hore instructions for
returning the shrimp, The disks wers of opagque
celluloid, ten one-thousandths of an inch thick
protested i-ll‘u' i layer of transparent celluloid five
one-thousandths of an ineh thick. Most disks
el were three-eighthe of an ineh in diameter,
although some of the smaller shrimp were tagged
with disks five-sixteentha of an inch in digmet
The pins wera of pure nicleel wire, A pin, with &
white, numhbered disk mounted, was thrust through
the gide of the first abdominel somite aboul mid-

entire

way between the dorsal and ventral surfaces:
& rod disk wae slippad over the end of the pin pro-
truding from the other side of the shrimp, and &

loop was made in the pin with surgical forceps to
prevent the disk from slipping off.  Approximately
H-inch to Y-inch play was left between the sides

Frovne 1 Tags and pins used in marking experiments,

Frovee 2.—A tagged specimen of the commaon or white shelmp of the United States, Penass seliferus
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Fizrme 3. —Tagging shrimp along the east coast of Mexico,

of the shrimp and each disk to allow for growth.
The pin traversed the animal through muscle
tigaue only, and no vital organz were penetrated
{fig. 2)

Heveral methods of capturing shrimp for tagging
were Lried, such as trapping and seining, and were
discarded because they required too much time for
the number of shrimp obtained. The commercial
shrimp trawl, hauled slowly for a short time (15 to
20 minutes), provided animals in sufficiently good
condition for tagging, and this gear was used
exclusively

Wooden or metal tubs were used for holding
shrimp ghoard the vessel, In addition, 8 conical
net about 3 feet in dismeter and 8 fest in length
was suspended overboard for holding  surplus
shrimp not accommodated by the tubs.  The live
shrimp, a2 soon as they were hauled aboard, were
geparated from the fish, dead shrimp, amd other
organisms and placed in the tubs which had been
previously filled with ses water. When this opera-
tion was completed, the shrimp that sppeared te

be in good condilion were moved to other tubs of
water. The water in the tubz was changed fre-
quently, and dead or dying shrimp were discarded.
A amall deck pump supplied clean sea water,

Two men did the tagging and a third the re-
cording {fg. 3). The two tubs in which the
setual tagging oveurred were placed side by side
on a table of convenient height. A removable
balsa-wood hoard was fastened to an arm extend-
ing vertieally hetween the two tubs, The white,
numbered disks were mounted on the pi!]g and
gtizek on the balsa hoard in serial order so that
either person tagging could remove the fags in
sequence. A box of ped disks was placed on the
tahle within easy reach of both taggers. A float-
ing measuring board, graduated in half-centimeter
units, was placed in each tagging tub. A similar
hoard, as well as the technique of messuring, lhas
been described by Weymouth, Lindner, and
Anderson [1933),

So far as possible, measuring and tagging were
done under waler. As the shrimp were tagged.
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they were placed in another tub of water, and
releases were made in batches of 50. When a
batch had been tagged, the shrimp were examined,
and substitutions were made for all that appeared
to be in poor condition. They were then released
by gently emptying the tub overside.

In all experiments a record was maintained of
the date, time, and place of capture, the tag
number, the sex and length (to the nearest half-
centimeter) of each shrimp, and the date, time,
and place of release.

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

Each shrimp-receiving house was supplied with
a jar of formalin for preserving tagged 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. Posters de-
scribing the program and giving instructions on
the proper handling of tagged shrimp were placed
in strategic 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 returned 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 shnmp
and information, and to pay the rewards.

The success in obtaining tag returns depended
on the cooperation of the dealers and fishermen.
We were most fortunate in that this cooperation
was excellent.

The white disk was always placed on the same
side of the shrimp, and the pin from each return
was examined carefully to see whether an attempt
had been made to substitute another shrimp for
one that had been tagged. These checks, to-
gether with the known sex of the tagged shrimp,
served to prevent our obtaining fraudulent infor-
mation. Attempts to substitute shrimp were
made in very few instances, and these were always
during the initial stages of an experiment in & new
area. Whenever information was suspect or
incomplete, 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,

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

we ran an experiment to approximate conditions
that would occur with marked shrimp caught in
the commercial fishery. In this experiment, 300
shrimp were measured alive under water, allowed
to die on deck and remain for 1 hour, then were
iced down for 24 hours, placed in formalin for
another 24 hours, and removed and measured.
They were returned to the formalin solution for 1
week, measured again, and returned to the solution
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 between the various measurements.
The small differences that occur. are obviously the
result of observationsal errors. |

EFFECT OF TAGGING

Evidence indicates that some shrimp die as a
result of tagging, and that the mortality rate 1s not
uniform with respect to size. In figure 4 and

table 2 we show the increasing percentage of re-

captures with increasing length {(up to about 13.5
cm.). These results we interpret to mean that
the smaller the shrimp, the greater the initial
tagging mortality.

TaBLE 1.—Effect of preservalion in formalin on length of

shrimp
Number in size group, when measured—
. 81z group After preservf?;triin in formalin
Allve
24 hours | 1 week | 3 weeks

96100 DL - - oo 12 ) 14 12 14
101-106mm ___. . et oo 28 : 26 25 24
106-110mm .. e e 29 3 20 33
111-115mm .. 23 25 21 24
116-120mm. __ .. ... 30 25 32 24
121-126 mm .. ... e mmmmaas 20 24 pal) 26
126130 mm __ . ______.___. e 19 19 2d 23
131-1356mm _ _ o manaa 28 30 23 22
136-140mm . ... e e 26 23 24 25
141-145 mm ___ . __ . oo ___ 27 20 28 X
146-150 mm ______ . _a_. 21 1¢ 23 22
151-355mm__ ... ... 15 15 13 14
16160 mm . _ . aaea- : T T 3 T
161-185 MM _ . e _ 5 b ri ' 6
166-1M0mm_______ .. ____ | 1 1 I 1

Total number of shrimp. .| 300 300 300 300
Mean length ... . 126. R4 126. 82 127. 48 126. RG

Since the curve levels off at about 13.5 em,,
initial tagging mortality apparently is constant in
sizes larger than this. It seems entirely logical
that initial tagging mortality could be negatively
correlated with size up to a certain limit, and be
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Fiaure 4.—Percentage of shrimp recaptured, according to size at time of tagging.

unaffected by increasing length from this size on.  mortality, or a high natural mortality, or both.
This same type of curve could also result from  However, from our experience with the fishery we

differential fishing intensity, based on the size of  do not believe that differential fishing appreciably
the shrimp, together with a high residual tagging  affects the curve.



560

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

REGION

LENGTH
AT
TAGGING

NCRENENTS

IN
IGENTIMETERS

JULY

AUG.

SEPT.

OCT.

NOV,

DECG, JAN. FEB. | MAR, APR. MAY JUNE | JULY AUG,

ATLANTIC

COAST

CENTRAL B __
NORTHERN

SOUTHERN *---

0.5 CM.
TO
12.5 CM.

- N A

[

13.0 GM.

TO
15,0 CM,

el - TR

' N |

5.9 CM,
TO
I7.3 CM.

] | I I |

NORTH

GENTRAL

GULF

0.5 CM.
TO
12.5 CM.

- N A
i d

13.0 CM.
TO
15.0 G\

— oA

155 CM,

TGO
I7.5 GM.

= W

| I Y |

L

CENTRAL

TEXAS

10.3 CM.
TO
12,5 CM.

- P A

L.k J 1

3.0 CM,
TO
15.0 CM,

— MW N
T

13.5 CM,
TO
IT.5 CM.

— ot b
] ] ] §

S

FIGURE 5.—Average growth of marked shrimp throughout the year.

The curves begin at the base line on the date of

release and follow the average increment, at approximate 10-day intervals, of all recoveries for each experiment,
No 10-day interval contains fewer thap three recoveries. If more than 1 day of release iz included in an experiment,
the beginning date is taken as midway between the release dates.

TABLE 2-—Number of shrimp tagged and number and

percentage recovered, according to size when lagged

[Areas 1 to 38]
. Number | Number | Percent
I’Eﬂgth &t tagging released | recovered| recovered
vem____ . 2 | . |
vhem.__________ BO | __ .. ____. ]
BOem 20 ... 0
Bbem_ . _ 105 4 3.8
$0em._______ . ______ .. 227 R 3.8
8.b6em.____________ _ 600 16 2.7
Woeem___.___ 1, 372 0 | 7.0
Whem__ . _._____ e 2 292 203 X9
noem.________ _ 3, 202 292 9.1
NSem_ .. ___ . ______. e 3, 803 473 12, 1
2Oem_ . ... 4 175 591 14, 2
2&om_ ______ .. 4, 38 B52 16. 1
BOem._._______ . ________ ..o 3, 605 B10) IG. 6
Bbem_. .. ____.______._____ _ 3, 615 B77 18. 7
140em______._ _____ R _ 3, 142 HRE 18, 7
46em.____ . . 3. 147 54 20.9
WwWoem . _______________.___ ... 3, 204 Gl 20.3
W6oSem_ ... ____________._______. 2,001 oo 20. 6
60em___ . ____ . _________. 7 2, 244 424 14, &
66em._ ___. . ______ .. _____________. 1, 662 322 14, 4
17.0 em el _ e R6S 20K} 23. 0
Wbem_______________ ... 327 56 17. 1
W8O0em. ____.._____. __________ .. 14]1 30 21.3
B8Sem_ .. __________._____________ 58 9 15. 5
19.0 cm_ e 22 6 27.3
195em____ o G I 16. 7
00em._ .. ________________________. =7 | 1 100.4Q
Whem____.____ T 1 0
— —_ I.—
Total.___.____ .. 45, 022 167 .

ANALYSIS OF RESULTS

The seasonal variations in rate of growth of
marked shrimp, shown in figure 5,' could logically
be expected to occur in unmarked individuals,
and we therefore assume that the tagged speci-
mens follow rather closely the course of growth
of the entire population. It is apparent from
higure 5 that growth is rapid during summer, slows
down about the end of October, is slight during
winter, and accelerates abruptly about the first
of March or April, depending on the locality.
This suggests that temperature is an important
controlling factor, and if this is so we could expect
the periods of rapid and slow growth to vary
somewhat from year to year and with locality.
The influence of locality is evident on the Atlantic
coast, where the marked shrimp from the southern
portion (Florida) started rapid growth in the

I See also tables 3 to 6 showing increments by approximate 10-day intervals
of alf measurable recoverivs.
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TaprLe 3.—Distribution by growth increments, of lagged shrimp recovered tn northern and central Atlantic fishery

Number with growth increments, in centimeters, of— | Total
Date and size when released Recovered in period— . | num-
—10|—05/ 0005 ! 10| 15|20 25| 30 {35/ «0 ! 45 ] 50 | 55 | Per
July 6, 1938: ¢ | |
July 6-July 37 L aeoafeeea.- 1 y' 2 T DR U JSUIPRN IURINI DIVRPNSIN NIPRIP IURUIPIE D ———— . 3
July 18-July 27 o eilfeeaaa. 3 3 3 j [ DO NSRS NUUUNU IIRIPNN DRUR DI DUUDIUR DO 10
10.6-125em____ .. ________ July 28-Aug. 6___ . _____ .. _--]-__- I DR 2 ) R SR DEUNRIRRR DUDIPIPIIR PDARUIDNS USRS DESEDRUUN DRSO P 3
Aug. 7-Ang. W8N 3 4 . 20 DR SN REUNUII NI SRR B 10
iug. 1?1Aug.126 _________________ AR ST PRI D 3 2 3 y. 1 IR JEUNURIUNY UNRROIUR DRNRURIO BERIPTON I i’
ng. Aug. 16 i e eeaaa] T e e e e e e e e
13.0-15.0em. . ....ooens Ang. 17-A0g. 26T T e 1
Aug. 3, 1938: 1 |
Aug. T-Aug. 16_______ SR 5% AU y. I DR INNNUNUNUE PAUUNNREDN DAPUURUS DUPIURPRIN PORPRENIVEY PRI PRPRNON IRNpn R 2
Aug. 17-Aug. 268 .| 4 12 PN ISR DEUSRDUR UERIVEURIN SUNIPIIRIDN DARRRPIS IR PRSRPRpIN PR I 16
10.5~12.5em .. Ang, 27-8ept. 5o o____. 1 1 4 1 ) (R Y SO PRV IUURPDIUIU PRNRIP PDIPIIR DI 8
Sept. 8-8ept. 15 ..l o] e 1 3 1 ) 1 (P IR SSRERY IR IDUNDRRI R . 8
Sept. 16-Sept. 25 | e et e e ) N S Y PR R 1
iug, E—Aug. | 1 S 1 1 g T R Bt et bl I S DU DR B g
ug. 17-Ang, 26, . |l emmeaeeaaal] ) M e e e e e e I I
13.0-15.0em .o Aug. 27-8ept. 5. oo >R B DU T D R DR S N DR RO 5
Sept. 6-Sept. 16 .. oo e a e | O S SR D i DR SEEUN RR DI SRR 1
Sept. 6-11, 1936:;
(8ept, 6-Sept. 20 . ________.l__..__ 3 27 8 e S8 N S SR SUNNINN PRI DDICREDN SUDIDIE N I 41
Sept. 21-8ept. 30__ . ___j_._ ... 4 8 2 31 R SR SN DN DN S N N 20
Tt e e et e I s B s e e e el =
ot 11-Oet. 200 - .o e I I P R f U PO DEDIVRURIRNS FURURIRDIDEY SINEREPIPHNE DR DRSS PEpEpEp
10.5-12.5em. ... V\Oot. 21_00t. 30l B DS IO 2 1 S RN N A 4
QOect. 31-Nov. 8______ R DO DI SN RN D S 11..__. . I SEUNUNRRNUE EEVNUIURNNT DUURURIURNS IPRPRNRNRS PRSP 2
Nov. 10-Nov. 19_ ... | oot ceme e 1 ) I O U S B R S U N 2
Dec. 30-Jan. 8.t e e e ) S Y N SUNURUN DUNIUITIS SN 1
i8ept. 6-Sept. 20 - .| ... 5 30 11 20 IR R A NV SUPRN IR SIS SO RV 57
Sept 21-Sept. 30 _______._|______ 1 8 23 20 RN PV DNRUNRI DUSUIRIIRS SUPNDRUN DAIUPUR DRI DIECRRN 34
Ocet.1-0ct. 0. . eeaoo 1 3 ;3 R VN BN DR SRR P ES I B 7
ODet. 11-Oct. 20, i G . 2 R IR NN SN DURIDIERIRN DENEUNDIDN SUSEDENY DR B
Oct. 21-0ct. 30 _ . . e e e e - 1 y N D I P [N PRI D I S B 3
ODet, 31-Nov. 9 il Voo e e 92 1 ' 2 IR U I DR PR DA s 5
13.0-15.0em .. _ . __ . KNov.10-Nov. 19 . e e e Y4 2 ; 0 IR (UUNUUIN SERNRR PRI PSRN SUPIDI S 7
Nov.20-Nov. 20_ . Fomaoot oo 1 1 Lo |- I PEUEEREUR SRR SRR 3
Dee. 10-Dee. 19 i o e | R A NSRRI PRSI Bt I PR N S 1
Dec. 20-Dee, 29 . oo e e e . 2 R D ) S T I N SO S . 3
Dec. 30-Jan. 8. _ oo e oo > ) A O D N BRI PO I DR DR 1
Jan, 8-Jan. 18. .. ____.___.. R P N DN P S B | B N P D A D IR 1
WJoen, 19-Jan. 28 . ot e I D B | I U RN NN RERRTR B S U DUIRIRE DR 1
[Bept. 6—Bept. 20. ... ___. Y RN B 2 N IR (RURPR IR (RPRPRUPUS PRSPUPIPR PRRpIpRys PRI PRSPPI S P 3
Sapt. 21-Sept. 30_ _ _ _______j._____|...__. 2 S S DU PRI SR DRSPS SUNIU DISNNRINY WUNUUE DR PRSI 3
15.5-17.5em .. . ______ ~0et. 1-0ct. 2. b - | 1 D S DU REREUIRR BURRRE NNEERIN PRRIDRREIE PENR NP RIS, PISEpRprp ' 1
Oct. 21-0ct. 30 . o oo e e b 1 | O R PSRN SUDNURIUIDN CUPNDUNOIR PISERNRERIRES DRIRUDUPN P 2
Oet. 31-Nov. 9__ ||| N I | B P P DR R PN SONONUN PPN DRI DI 1
Oct. 16-21, 1937: _'
Oct. 16~Oct, 30_______.___. .. g| 651 a3 6 | SRR USRS PR IR DR (VU PO E 114
Qct.31-Nov. 9. ... ___|...._. 1 19 10 7 2 | I N R % DR SUURRR PRI (NN DS 49
Nov. 10-Nov.19_ _________ R B 4 B 4 | e e e N P 14
Nov.20-Nov.29__________ |1 ___.. 1 | 1 ) N T T B SR I R ER P 4
Nov.30-Dec. 9___________. U R 3 1 B S SR S N SR DI PRI PRI P 5
10.5-12.5em . ... . {Deec. 10-Dec. 19__ . . ___|._.__. ) O S 1 | I T SRR S IR PR DA B DN I 3
Dec¢, 20-Dec. 29 __ .. ____.. I 1 - v 2 TR SRR AR DRI RS SRR SN DR I 5
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! 8hrimp released on July 6 and Aug. 3, 1938, were immature, whereas those released on July 12 and Aug. 5-11, 1938, were mature.
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TaBLE 3.— Distribution by growth fﬁcremmts, of tagged shrimp recovered in northern and ceniral Allantic fishery—Continued
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I 8hrimp released on July 6 _and Aug. 3, 1938, were immature, whereas those roleased on J ialy 12 and Aug. 5-11, 1838, were mature.
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spring about one month earlier than in the central  of figure 5. These shrimp were mature, whereas
portion (Georgia). those from the same area depicted at the left were

"A few 13- to 15-cm. shrimp from the central immature, The shrimp are not comparable, owing
and northern Atlantic coast did not show the in part to the marked decrease in the rate of
characteristic rapid growth during July and  growth of the rostrum at maturity. This will be
August; these are shown in the last two columns  be discussed later.

TABLE 4.— Distribution by growth increments, of tagged shrimp recovered in southern Atlantic fishery
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TABLE 5.— Distribulion by growth increments, of tagged shrimp recapiured n north-central Gulf Jfishery—Continued
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TABLE 5—D13£r1butwn by growth mﬂremants of tagged shrimp recaptured in north-central Gulf fishery—Continued
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TABLE 6.—Disiribution by growth increments, of tagged shrimp recovered in ceniral Texas fishery

Number with growth increments, In centimeters, of—
_ 4 ' Total
Date and size when released Recovered in period— num-
—1.0|—05{ 0.0 | 05| 1.0 | 1.5 | 20| 25|30 {35 | 401} 45 | 50 | 55 | ber
Aug. 27-31, 1937: -
Aug. 27-Sept. 20______ SURRON D N 5 P20 PR DU SRIURUN RSN SRS NI SR I A D 7
Sept. 21-Sept. 30 ______.___|. _____|.__._.|_.._.. ) A U PPV [USDRRRIN PRSI IS S PO P IR 1
1N5-125em. .. ______ Oct. 1-0ct. 10 . ______ | A IR I I PR DR U 1
Oct. 11-0ct. 20 ________ . || .l ... 1 | R U RN PRI I N I SR 2
Oct.31-Nov. 9 e e o ) QO RPN P IR BRI I S 1
- gug. Zéii—ssepti %% .................. 5 5 1 ) U TS SRS NI R SRURUUIE DN PR FU R 12
ept. 21-8ept. 30_____ ____.|._____|o.___ 1 3 | I D S Y DR S SRS SEVURRRNY DRSO SRR 4
13.0-150em. ... _______. Oct. 1-Oet. 10 .. .| -7ty T 731 PR R AR TN JONN I I 2
Oct.21-0ct. 30 _ .. ______|.____.f.._... | I U SO I SO (SRS DRI PR DRNIIRION PRSI NS S 1
Aug. 27-8Sept. 20— __ ... || ' J5 (RIS CUNNURIPIRS (ORI U DRI PN RIUIN PO SR N S i 2
155-17.5em. . _________ | Sept. 21-8ept. 30 . ___ | |_..._. [ SR PRI VRIS PRI ISP DU S AU NI S S ’ 1
Oct. 1-Oet. 10.____ . _______V ____ _|._.__. | I (PR ROV FERINIE DUV ORI PRSI S TR B N S : |
Sept. 23- Oct. 23, 1936: |
[Sept.23-Oct. 10....________[.____. 11 35 7 I N FUS DRI SRR IR R I P e 54
Oet. 11-0c¢t, 20 . ...\ _{...__. 4 13 A 3 A PR IR RN PRI NRUPI IR S P R 28
’gc't; §i‘§“‘ 33 __________ NP AU NI DU l g 6 | e e e 12
CL.ol-NoOv. 9 e 1 ) I NI SR USRI DA I AN D 4
10.5-125em ... Nov.10-Nov.10.. . {7717 2 3 6 1 I IR RN IR ISR O I 13
Nov.20-Nav.29_______.__ | ___. Voo __. 1 1 25 [VRURNRR RSN SRR FRNUIDIUIUN S DUNS DR AR 4
Nov.30-Dece.9____________|______|.____. - NN D ) N [N P RS B S RO SRR R 1
Dec. 10-Dee. 19 _______. I RN DENRIVININS JUSIUVRRT SERUDINN DRI S | I NI IFONRRRINERI PO SRR IO B S }
Sept. 23~-0ct. 10_ . _________|_____. 9 p S N ROUNENI (U SRR DRSS U NN I R S SR 32
QOet.10~-Oct. 20 _____ ... . 1 _____|l.__._. 8 10} . J0 ISR N U S NI PSR N R men 22
gct. ll-I?Ict. dg _________________________ I 8 g ...................................................... 11
cet.21-Nov. 9 __._________|__.__ ... |..__.. 4 Y. S DUUPRRY NRERERY ORI SIURIRIU [N SR e 9
13.0-150em.. . ______..._ Nov. 10-Nov.19.________ |77 o 2l 1 I O PR S R IO D 4
Nov.20-Nov.29________ .. | ______ R DRI B | A DU SRR (UEVIDISRNN SUUNUII TR SIU R DA S 1
Nov.30-Dec. 9 . . __ ... |._.__. | S R U SIS RO IR SR MU SR S D R 1
Dec 10-Dec. Y0 _ . __ | o | I UV I IR IOUDIVN NNV SV ST B B 1
Sept, 23-0et. 10 ______. S 3 %, 1 IOV JEDRUMRINNY (PR NN PRSI DA ST R DU B i)
Ocet. 12-0¢t.20__ _ ___ . ___ . |l..___. 1 2 ) I O DRI SFUUUININ PPN PRI PISNIRIN VRS MU U S 4
gct.gi-get.%--.-_"_"-- ...... 1 1 o e It I B ] BEEEEE et EESEE FEE PR 2
cet.3l-Nov. B ________ | iiiiiheeoi] 0l e e e e L 1
15.5-175em. .. ________ Nov. 20-Nov. 20 |- 7f|ooothymmme (N IO DU R I PO MO RO DU |
Nov, 30-Dec. 9. __ ________|____ .| e ) S OO S N NN SRNRRIS IR (NI DU P I 1
Dec. 10-Deec. 19 ____ | e | N R NN VRIS S ST R ORI I R N 1
Dee. 20-Deec. 29__ ||t | I DU PRI [SUSIRNIN PRURPR I WU PR NN S P 1
Oct_20-28, 1937;
(Oct.20-0ct.30. ... __| ____ i 13 7 S I RS DO I DU UUI SN PO DU 22
10.6-12.5em . _____.___ {0ct.31-Nov. & ___ . ... 1 12 7 I T8 (PN SN S IR [ B Y (SR RN B 23
(Nov.10-Nov. 18 _________ [ 1 ___ 1 ____. 3 S0 DRI SRRV N ST R N I DU RN S 4
Oct. 20-0ct.30.___________|._.____ 9 28 11 | S0 N DU PEUNURDN EUNRIU S DI IR S D 50
13.0-150cm . ____ .. _____. Oct, 31-Nov. 9. __________ .1 _._.__. 5 50 21 ' (U PRI IEUUUIN VPRI RS DI N SR DR 2]
"gﬂtvi%—ﬂ;)Ni? 1.'3.0 1 SN PPN 3 g .............................. FNUVURURINS SRV WU B R b
ct. et 30 L. 2 120 3 | b e RN PR SN PR S 17
15.5-17.5em ... {(‘Jct,m—Nnv. g T oo 31 14 & ||| 24

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
certainly 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 cm.) had an
average increment of only 5 mm. 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 inciuded 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

north 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.
Walford (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
It requires that the ratio of

Bertalanffy (1938).

successive pairs of inerements 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
3o plotted suggests that the animals are conforming
to the principles that generate a straight line,
this point 1s not necessarily proved by the plot

Such plots provide a convenient tool,

alone.

however, since growth in this manner is sumply
described and is easy to illustrate and compute.
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F1GURE 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.(1—K")

where L, is the length at age ¢
L 18 a constant, and
K is a constant.

The constant, L,, is the average ultimate length
of animals growing in this fashion. The expres-
sion, (1—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 successive pairs
of length increments, accrued during constant
intervals of time.

The same growth type can also be expressed as:
L.=L+KL,

where L., is the length at age (z+1)
L is the length at age (¢)
and L, is a constant, equal to L., (1—XK)

and K is a constant, as before.,

This expression is a straight line when L,y 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,=0 the value
of L, will be an estimate of the parameter L.
The parameter L, can be estimated by dividing
L, by (1—K).

Having estimated the parameters X and L.,
one can describe the growth pattern of the average
animal with respect to age as given above:

L:=Lm (1 —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,,, against L, can be made
even when the total age of the animals for which
one has increments is unknown. Onee 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:
(1) 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 L,,, intercept (L, ,) of the
fitted lines are shown in figure 7. The L_ cor-

responding to the computed L; and K is also listed
for each line.

TABLE 7.—Dates of release of shrimp tagged for determining

growth
Atlantic coast North central
QGulf, east of Central
Mississippi Texas:
Sprin Summer and River: Summer and
gmwtﬁ fall growth | Summer and | fall growth
fall growth

Mar. 24,1038 | Sept. 6,1936 | Sept. 20,1939 | Sept. 23, 1936
Apr. 14,1938 | Sept. 7,1936 | Sept. 21, 1939 | Sapt. 24, 1036
Nf)ay 13,1938 | Sept. 8,1936 | Sept. 23, 1939 | Sept. 25, 1938
June 24,1838 ;| Sept. 9,1936 | Sept. 24, 1939 | Sept. 28, 1936
Sept. 1, 1936 | Sept. 25, 1939 | Bept. 20, 1936
Sept. 11,1936 | Oct. 11,1939 | Sept. 30, 1036
Aug. 10,1937 | Oct, 12,1930 | Oct. 3,1936
Aug. 11,1837 | Oect, 13,1838 | Aug. 27, 1937
Aug. 12,1937 | Oct. 14,1039 | Aug. 30, 1937

Aug. 19, 1937 Aug. 31,1837
Sept. 7, 1937 Oct. 20, 1937
Oct. 11, 1837 | Oet. 21,1937
Oct. 12, 1837 Sept. 8§, 1938
Oct. 13,1637 Sept. 14, 1938
July 6, 1938 Sept. 15, 1938
July 12, 1938 -

Aug. 3, 1938

Aug. b5, 1938

Aug. 11,1038

—

While the L.’s derived from data of several
different time intervals are comparable, the & and
Li’s are not. The K, and L, given in the right-
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FieUuRE 7.—Example of fitting a straight line to growth data from tagged shrimp.

hand columns of table 9 are derived from the

K and L, of each time interval, from

(7)
K=K,

where “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 ' days. The values

for L, o are derived for each line from
L, .ll}:Lm (1 _Km)

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

DISCUSSION

Releases 1n the Northern Gulf of Mexico west
of the Mississippt Delta were made only during

376049 O—5H6 2

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

Number of days

between release Male Female
and recovery (length in cm.) (length in em.)

09 3, 20 L. 88
10—19

- 3. 24 4, 80
20-29

. 42 4. 52
30-39

5. 94 2. 86

4049 i 40

50-59 = "o TTTToT '



570

PERCENT

30
25
20

1S

10
S

0
30

25

20
IS
10

5
0

30

2%

20
15
10

3
0
30
25
20

10

5
0
30
29
20

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

LENGTH IN MILLIMETERS
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ATLANTIC AND GULF COAST SHRIMP

While this treatment does not give biased

L1 10’8, its Tesults 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 occurred

during & more uniform growling season.

By March

31, these shrimp had grown an average of about

one-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, of 1.47,
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and a K of 0.923. These 61 shrimp were released
between October 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 recoverles
from -west of the Mississippi were not used 1in
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.

TasLE 8.—Lengths of shrimp at tagging and at recovery

MALES—ATLANTIC COAST—SPRING

(-8 days out 10-19 days cut 20-20 days out 30-30 days out
Tagging Recovery | Number of | Targing Recovery | Numberof | Tagging Recovery | Numberof | Tagging Recovery | Number of
length length specimens length Jength specimens length length : specimens lengt length specimens
Om. Cm. | | C'm. {'m. C'm. C'm. Om. Cm.
11.4) 11. 0 2 11.0 11. & 1 1G. 5 12. 5 1 11. 5 13. & 1
11. 3 12 5 1 11.0 12. 0 4 11. 5 13. ¢ 2 12.0 13. 5 2
12.0 11. 5 1 11. 5 12. 0 4 11.5 13. 5 1 12.0 14.0 1
12.0 12. 0 1 12.D 12.0 1| 11. 6 14. 0 1 12.0 15. 0 1
12. ¢ 12. 5 2 12.0 ! 12. 5 2 12. 0 13. 5 3 12. 5 13. 0 1
12. 0 13.0 2 12.0 13.0 4 12. 5 ¢ 13. 5 2 12. 5 14. G 1
12. 5 12. b 3 12. 0 13. 5 1 12. 5 14. 0 1 12. 5 14. 5 1
12 5 13.0 2 - 12. 5 12. 5 b 13.0 13. 5 3 13. 5 i4. 5 1
13.0 13.0 P . 12. 5 13. 40 2 13.0 14. 5 1 14. 0 14, & 1
13. 0 13.5 1 12. 5 13. 5 2 13.0 15.0 | 1 14. 5 15. 5 1
13. 5 13. 6 4 12.5 14. 5 1 13. 5 14. 5 i 15. 0 15. 0 1
13. 5 14. 0 4 13. & 13.5 3 13. 5 158. 5 1 16. D 16. 5 1
13. 5 14. 5 1 13. 5 14.0 2 14.0 14. 5 N N S U PR
14. 9 13. 5 1 13.5 14. 5 1 14. 0 15.0 ; S [ AU PR [N
14. 0 14.0 5 14.0 14. O 1 14. 0 15. 5 | [ U DN U U
14 ¢ 14. 5 3 14.0 14, 5 1 14.5 15. 0 1 e | —————
14. 5 14. {) 2 4.5 14. © 1 15.0 15. 0 . 3 [ NN U [
14. 5 14. 5 3 14. 5 14. 5 2 15.0 15. 5 N S Vo) FE PR
14.5 16.0 2 14. 5 15.0 1 15. 5 15.0 s TR (N VUV PR
15.0 14. 5 4 15.0 14. 5 1 15. 5 15. 5 2 1 IR R UUNPRP] OV
15.0 15.0 6 15.0 15.0 T R MY AR PSR I ST
15.0 15. 5 1 15. 5 15. 5 o Y ) RPNt PRI PRI PSP
15.5 15.0 -3 I T IR U PRI PO BT R EEE R il it
15. 5 15.5 >3 R R AR, M P ERSREEE PR ST R e Sttt it
TOR. B B04. 5 58 581.0 601. O 45 478. 5 515.0 36 170.0 187.0 : 13
FEMALES—ATLANTIC COABT—SPRING
11.0 12 0 1 10. 0 10. 6 1 11.0 12. 5 1 11. ¢ 11. ¢ 1
11. 5 12. 5 1 10. b 11. 0 1 11. 5 12. 5 1 11.5 13.0 1
12.4 12. 0 1 11.0 11.0 1 12. 0 14.0 3 11. 6 14. 5 1
12.0 12.5 5 11. 5 1.5 1 12. 0 15. 5 1 1L 5 15.0 1
12. 5 12. 5 1 11. 5 12. 0 b 12. b 14. b5 1 12. 0 13. 5 1
12. 6 13.5 1 i1. 5 12. 5 2 14. 5 15.0 1 12.0 14. 0 1
13. 0 13. O 1 11. 5 | 13. 5 1 14. 5 16. 9 1 12. 0 14. 5 1
13. O 13. b 1 12,0 12. 0 1 14. 5 16. 5 1 12.0 15.0 1
14.0 14. { 2 12. 0 12. 5 3 15.0 15. 5 1 12. 5 15. 5 1
14.0 14. 5§ 2 12. 0 13. 0 3 15.0 16. 0 2| 13.0 16.0 |
14.( 15. 0 -1 12. 5 12. 5 1 16. 0 16. § 2 14. {) 16.0 1
14. & 14. 0 1 12. 5 13. 0 3 R [ DU P PRSP EEE EES St E b Sy
14. 5 14. 5 3 12. 5 13. 5 3 W (PSS R e BRSPS TR EE by
15. ¢ 14. 5 1 12. 5 14.0 'R R T AUt I P PR
15. 0 15.0 5 13.0 ; 13.0 | ' R I O, AR ISR EEEEE LS SRR
15,0 15. & 2 13.0 13.5 >3 R Y IR PSS PSR PR LSS
15. 5 15.0 1 13.0 14. G | I VR DU N [ B EESE L L SRR EC bbbttt
15. 5 15. 5 3 13. 5 13.5 3 R T A M NAIRRR PEERRST
16.0 16.0 2 145 15.0 o N IR A S R PSP
16. 5 16.0 1 14. 5 15. 5 T I I (R ) PSR PR L E Ly
16. 5 16. 5 3 15.0 15.0 L T NI R I BEEPREEERTS R R L LRy
R SO RN 15.0 15. 5 y I T N S P P EEE PR SS I EEL LR L b
RSV OO PRSP RRURY PUE U 15.0 16.0 ' R SN I P M PR S L ey
[RUUREU PSRN (SR 15. 5 16. 5 3 R N U P Y PR LS R -
R RPN P 16.0 15. 5 B N PRI (R Epnep PR EEEET TR LY EEL S SRty
..................................... 17. 0 17. 0 ) R T A N e PESEEESEEREESS EES R R bbb
553. 5 5680. b 38 523. 5 546. 5 41 203. 5 225. 0 15 133.0 158. 0 11
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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 Jess than that figure during the course of their
This may be true, but shrimp of 17.5 cm.
were tagged, and lengths up to 20 cm. are not rare
in the samples of the commercial catch. 1t is our
opinion that the length-at-recovery measurements
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 rate is always less than that of the small

life.

are too small.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

at their next molt.

condition.

TABLE 8.—Lengths of shrimp at lagging and at recovery—Continued
MALES8—~ATLANTIC COAST—SUMMER AND FALL |

ones. On preservation in formalin, the tendency
~of the fleshy part of the shrimp (the tails) 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
Very few tagged shrimp have
been held long enough to molt, and those that did
were apparently eaten by others while in the soft
The question of shrinkage remains in
doubt, but we believe the growth rate of the
tagged shrimp as reported here to be minimal in
comparison with that of the untagged animals.

0-8 davs out 10-19 davs out 20-28 days out 30-39 days out 4040 days out
|

Re- | Number : , Re- | Number ; Re- Nuamber - Re- Number Re- Number

'I;“ggiﬂg covery | of speci- | Il‘ Egg%ﬂg covery | of speci- 'II‘:EEE;E covery | of speci- Tia%?]g covery | of speci- ‘I]'agg%gg covery | of specl-
°ng length mens | eng lengt mens k length Mens ¢ length Tens eng length mens

E
Cm. Cm. ;_ Cm. C'm. Cm, Cm. O, Cm. Cm. Cm,

10. 0 10. 0 2 8. 5 9.5 1 - 10,0 11.0 1 8. 5 11. D 1 90 12. 0 1
10. b 10, 5 B 85 1.0 1 10.5 11. 5 1 10. 0 11. 1 13.Q 12. 5 1
11.0 11.0 9 10.0 11.0 1 11. 5 12. 5 1 10, 0 11. 5 1 0.5 12,0 1
11.0 11. 5 S 10. 5 10. & 1 12.0 12. 5 1 10. 0 12. 5 1 13. 5 13. 0 1
1.0 12.0 1 10. & 11.0 1 12.0 13. 5 1 10. 6 12. 9 1 11.0 13.0 1
11. 5 11. 5 14 . &5 12.0 1 12. 5 13. 0 1 10. 5 12. 5 1 11. 5 13. 101 1
11. 5 12.0 4 11.0 11.0 2 12. 6 13. & 3 10, 5 13.0 1 11. 5 13. § 1
11. 5 12 5 2 11.0 11. 5 3 12. 5 14. { 1 11.0 12.{) | 11. 5 14.10) )|
12.0 11. 5 2 11. D 12.0 1 13.0 13. 0 1 11. 0 12. 5 1 12. 0 13. 5 |
12. 0 12.0 13 11.0 12. 5 1 13.0 13. 5 2 11.0 3.0 1 12.0 -14. & 2
12.0 12. 5 11 11. 5 12. 0 3 13. 5 13. 5 1 11. 5 13.5 i 12. 5 14. 5 1
i2.0 13. 0 1 1. 5 12. 5 1 13. 5 14. 4 2 12.§ 13. 5 | 14. 15 & 1
12. 5 12 5 D 12.0 12.0 1 13.5 | 14. 5 2 12. 5 14,0 1 14. 5 15 8 1
12. 5 13. 0 1 12,0 12. 5 3 14.0 14. 5 1 13.0 14. 0 | S RN SRR E
12 5 13. 5 1 12.0 13. 5 2 14.0 15,0 1 131.5 13.5 . 2 NN SRR D
13. 0 13. 0 14 12. 5 12. 5 1 14. 5 14, 5 1 14.0 15.8 S P PR S
13. 0 13. 5 4 12. 5 13. 0 6 14. 5 15.0Q 1 14, 5 15. 5 2 N PR
13.0 14. 0 1 12. 5 13. 5 1 14. 5 15. 5 | R RN (NI B e I R P
13. 8 13.0 1 12. 5 14.0 1 150 15.0 y. B U N B S Y IR PR
13. 5 13. 5 5 13.0 13.0 2 15. 0 15. 5 . N Y I P R S S
13. 6 4.0 6 13.0 13. 5 4 15. 5 15. 5 | S N IS B B S S
13. 5 14. 5 1 13. 5 13. 5 2 R TSR VU S RSP DS DN SR S
14.0 14. ) 8 13. 5 14 ¢ ., J PSR FUN SR DU DRI U I S S S
14. 0 14. 5 3 14. 0 14. 0 2 ) EEE T up Sy | PR D P PSRRI DU DI S
14. 0 150 1 14. 0 14. 5 ;2 D S| [T upup, PSRRIV PSPV SIS PESIIUIIIRII PSSR S S S
i4. 5 14.0 2 14. 0 15. 0 | I RO [EORRUGpS FORRR DS R S R SR A
14. 5 14. 5 15 14 5 14 5 4 | ___ ... N PP [ P Y F E S S
14. & 15. & 1 14. 5 15.0 S5 | _____.. o B LT Uty IR PRSPPI PSRN FIUIUIRI S S S
15. 14. 5 3 15.0 14. 5 ) 5 (R ISR B D H R R S N R
15.0 15. 0 20 15.0 15.0 Tl e . SV [ S SRR DA D N
16,0 14 5 3 15. 0 15 5 6 | ... SYSPUp e RPN PUUSIDN SUIII DA DR B
15. 5 15.0 12 15. 5 15.0 2 PR SN R I I P R IR I
16. 5 15. 5 24 16. 5 15. 5 L+ 2 R PR SRR P PR S D P
15. 6 16. O 2 16.0 16.D . J (RN JENSE A BN NN R R DR A I -
16. 0 15. 5 ' 2 R S S e TR ey EEpIPIpINURpIN DRSNS S (RIS NPT PR PR N E
16.0 16. © 4| T (ERRCIIN U NOUR AU ER SRR AR SRR MY D R
16.0 16. 5 L T (RO N R I I DR AR N A S RN B
3, 281. 5 3,308. 5 242 1,211. 5 1, 241.5 102 387.0 405. 5 20 223.0 249.0 19 162. 5 191. 0 14




ATLANTIC AND GULF COAST SHRIMP K73
TABLE B.—Lengths of shrimyp al tagging and at recovery—Continued
FEMALES—ATLANTIC COAST—SUMMER AND FALL
0-9 days out 10-19 days out 20-29 days out 30-39 days out 40-49 days out
Re- Numhber Re- Number . " Re- Number - Re- Number Re- Number
'I;agggtlg covery | of speei- ?:Ifgﬂg covery | of speci- I;EBEEEE covery | of speci- 'Ilﬁggﬁ'f mverg of speci- 'Il‘agg%rtllg cove of speci-
eng length | mens | ° length | mens length | mens € lengt mens *ng leugll:?: mens
!
Cm. Cm. i Cm. Om. Cm. C'm. Om. Cm. Cm, Cm.
10. 5 10.0 1 10,0 11.5 2 10.5 11. 5 1 11, 0 12.0 2 10, § 12. 6 1
10. & 10. 5 3 10.0 11.0 1 11. 5 11. 5 1 11,0 12. 5 1 10. 5 12. 5 2
10. 5 1.0 2 10, 5 11.¢ 4 11. 5 12.0 1 11.0 13.5 1 1.0 13.0 1
11. ¢ 10. 5 1 10. 5 11. 5 1 12,0 12. 5 2 11. b 13.0 1 11. 5 150 1
11. ¢ 11.0 4 1.5 12.0 1 12. 0 13.0 3 12.0 14.0 1 12. 5 14. 5 1
11.0 11.5 2 11,0 11.0 2 12.0 13. 5 2 12.5 13.0 1 13.0 14. 5 1
11.0 12.0 1 11,0 11. 5 5 12. 5 12. 5 1 12. 5 14,0 qi 14,0 15. 5 1
1.5 11,0 3 11.0 12. 4 1 12. 5 13. 5 2 12. 8 15.C 1 15.0 16.0 1
1.5 | 11.5 6 11. 5 11. 5 7 12. 5 14.0 1 13. 0 14.0 3 15. 5 16. & 1
1. 5 12.0 4 11. 6 12.0 7 13.0 13. 5 1 13. 0 14. 5 1 I DU T
12.0 11.5 2 11. 5 12. 5 2 13. 5 13.5 1 14,0 15.5 v 2 R PR P
12.0 12.§) 7 11. 5 13, O 1 13. 5 14.0 1 15, G 18.0 ) B P N P P
12.0 12.5 3 12.0 11. 5 1 13. 5 14. 5 1 16. 5 17.0 ) I D R N
12.0 13.0 1 12,0 12. D & 14.0 14. 5 ) U IRURURRRPID IR RNRUIOIUPITE SUNNRIRIRIRIIRES DIRENIRRRRNR D
12. 5 12. 0 4 12.0 ; 12. 5 7 14. 0 i5. 5 | O T i N P DT P N I A
12. 5 12.5 B 12. ¢ 13.0 1 15.0 -15.0 | R oo | P SR CIUR _
12. 5 13.0 B 12,0 13. 5 1 15.0 15. 5 | 2 | e e e )
13.4 13.0 7 12. 5§ 12.0 1 15. 5 15. 5 | Y Y P e e N
13.Q 13. 5 k| 12. 5 12. 5 8 | e e e e IR R N I )
13. 5 13.0 4 12. 5 13. 0 0 | e e e R N [N [N PEUERSRUR DT P
13. 5 13. 5 B 12. 5 13. 5 ., S U DR S I e i IO PRI DARINIRIRIRIDIRIR SNSRI
13. 5 14¢.0 1 13.0 12. 5 | I RN PURUONONRENIDNY FNNRURIREPRDN DEVIIUIRINRIPIE UVOITRIRIPIP IR SRR R B )
14. 0 14,0 5 13.0 13.0 : S DU DRI PRI DS o I RS P SRS (N
4.0 14. 8 2 13.0 13. 5 - br S P IR [RVORDNU DUSRIRI BRSNIRIDISES PRSI NI RN D -
14. 5 14.0 | 13. 0 14. 0 ) [ R DU SRSV R NP I SRNU DR .
14. 5 14. 5 ;1 13. 5 13. 5 5 I IURIRURIU URIRRRUN JUp SR R PRI i DR SRRV PSSR B
15. 0 15.0 2 13. 5 4.6 10 (... U PR S SN P I DR FE I I
15.0 15. 5 | 13.5 14. 5 | 3 DR DTN SRR SR i PRUUN I S S S
15. 5 15.5 5 14.0 13.5 | O O U O AR I I SRR DRI D
16. 0 16.0 ] 14.0 14,0 : 35 IR FRRUUIION S N JUURRIRS MR SN FURRRE B
16.0 16. 5 3 14.0 14. 5 i [ PR PRI PUOUDIUUURI FEDIDI IR TR SRS NN B
16. 5 16.0 2 14. 5 14. 5 : % - 2 P [ PN SRR PRI IR SNSRI SR B
16. 5 16. 5 3 14. 5 15.0 i 2 [N USRI PRI Ep ENDININIIPITIUN PROIPNRII [IRIRIDN DU P DI e
17. 0 16. 2 15.0 14. &5 | [ PR DRSS PSR DINIRIRITY [RURSIRIDIRIRRU NIRRT JEN B D B .
17.D 17.0 4 15.0 15.0 ' 20 R PEDIRENNY PSS (RO DNRDIPIN RURIRIRIPO SRR RN I
____________________________ 15.0 15. 5 2% IR DUUSURIUIVIVINY PR WU NI MU SN NPT DR
R S - - 15. 5 15. 5 . S DI DIDIOURN PRPRIRur USRI PRSPPI IR SIS NI B
............................ 15.5 16. 28 T PN P SN WO DO SRR R
____________________________ 16.0 16. 0 /2 [ RSN NI SRS R NN PO R P
............................. 16.0 16. 5 25 U DRSS SOOI DU SR M N R
............................ 16.5 | 16. 0 I U IUUIUNON SORRUPI SR SN S SN SO DR
.............................. 16. 5 16. 5 "2 IR DRDIDIPRUPRNI SO SISIUIRIRINIRIPIRIE SUUPIDIIDIDIN ENISRIRIRIPIRS IR DREURUROND RS
.......................... 16. 5 17. 0 | IR EORRRRRRRN SRRV SNSRI SIS SEPRIRRIRIIN PRI DU I BEORU
............................. 17.0 17. D S | e e e e e e e
_____________________________ 17.0 17. 5 y. 3 U FUUURUUITEN AT IR SRUUUINIS FIRRITN DRI N N
______________________________ 17. 5 17. 5 O SO ISR SRPDTORNUIN PRI BSPIPRRRIN SISO DN FURTY ET
1,491. 0 1, 496.0 113 2,088.0 2,144. D 165 309, 5 326. 5 24 254. 0 281. 5 20 123. 5 143. & 10
FEMALES—WEST OF MISSISSIPPI RIVER—-SPRING
0-9 days out 10-1% days out 20-29 days out 30-39 days out 40-49 days out 5058 days out
f
i |
) _| Num- ' Num- .. | Num- Num- Num- i .| Num-
pas |Resov| beroi | Tok | Resov-| perr | Tak | Reeoeo) L'er | Tow |Recov|n'ui| Tk |Reeow perai | T8 R peror
. Specl- speci- speci- speci- speci- speci-
tength | length " mens | 1eneth | length | THon o | length | length u{’am length | length | 720 | length | length | 1 onc length | length | Tro .
Cm, Cm. Cm. Cm. Cm. Cm. |® Cm. Cm. Cm. Cm, t Cm. om,
12. 0 12.0 1 10. 5 1.0 1 11. 5 140 H 11, § 14, 5 i 12. 5 18. 6 p 1.0 15. 5 ]
12. 0 12.5 | 2 12. 0 12 5 1 11. 5 15 5 H 12. & 15, 6 2 12. 5 16. 0 2 11. 5 16.0 1
12.0 13.0 1 12.0 14. 5 1 12.0 14.0 1 12. 5 18. 5 1 13. 0 16, 0 2 11. 5 16. b 1
125 | 130 2 125 | 14,0 1| 12817 135 1 13.0 | 15.0 2 13.0| 165 1| 120 155 1
13.0 13. ¢ 1 13. 5 14. & 1 12,5 14, 5 1 13.0 15. b 1 13. 5 15. 5 1 12,0 18. 0 1
1.0 135 ] 15,0 ] 155 1| 13.5| 150 1 13,0} 16.0 1 14.5| 155 1| 125 160 1
13. 5 13. 5 1 16.5| 18.5 1 13.5] 1585 1 13.5) 1465 1 14, 5 16,0 1 1.0 150 1
13.5{ 14.0 1 16.5 | 17.0 3! 15| 180 ] 13.5| 165 1 1501 15.5 1| 13.0/| 16.0 1
13. 5 14. 5 S (R N IO S 14, 5 18. 0 0 14. 0 15, 5 1 15. 5 16. 0 1 13. 6 16. 1
14.0 14,5 ) I SRS PR S 14. 5 16. 5 3 140 16.0 1 15, 5 17. ¢ 1 14.0 16, 0 1
M4, b 14. 5 >3 I R S 14. 5 17. 0 1 14. 5 16. 5 1 15. 5 17. 5 1 14,0 16, 5 1
14,51 150 | P R I 15.0 | 16.0 2 150 155 1 16.0 ; 17.0 41 14.5] 166 1.
1501 155 : 18 P TNV 150 { 16,5 2 150 1 16.0 1 18,6 | 17.5 1| 4.5 17.0 1
15.5 15. 5 4 | 15, 0 17. 0 1 15.0 17. 9 2 16. 5 17.0 1 14. 6 18.0 1
15. & 16. 0 | S RN I P 15. 5 16. 5 . 15. 5 16. 0 1 17.0 17.5 2 15,0 16.0 1
15.5 14. 5 | O R R (R 6.0 16. 5 1 15. 5 16. & 1 P SRS I 150 16. 5 1
16.0 16.0 : 2 DR IR R 16. 5 16. 5 i 15. 5 17.0 1 PO SRR [ 160 165 2
16. 0 16, 5 7 2 O DU IS 16. 5 17. 5 5 18. 0 16. 5 ) S PO FNURIUDIE S 16. 5 18.0 1
1.0 | 17.0 S SN IO 17.0 17.0 1 17.06 | 17.5 ) 8 U RN AR 1.5 | 185 1
18. 5 16. 5 | 3 . IR 17.0 17. 5 1 17.0 18. 0 N P P I .| 17.0 17. 5 1
16.6 7 17,0 2 I P I 17. 0 18. 0 N T R I PR PN SO IR ORI PR
17. @ 17.0 k. S SV R S 17. 5 17. 5 ' R R PO R S DU U I
17.0 17. 5 1 e 17. 5 18. () i I R L IR IS PSR VO R -
17.5 | 17.5 gl T ot RSOOSR Tt IO SR I A R S A SN A S
583.5 | 596, 0 30| ML5!| 149.5 10| 511.5 | 5580 34| 327.0| 370.5 28| 323.5| 3620 92 | 493.5 | 346.0 21
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TaBLE B.—Lengths of shrimp at tagging and at recovery—Continued
MALEB—WEST OF MISSISSIPFI RIVER-SPRING

0-9% days out 10-19 days out 2029 days out 3088 days out 40~49 days out
Re- Number Re- Number Re- Number Re- Number Re- Number
Tegging | o of Tagging . | 'Tagging Tagging - Tagging
speci. COV of speci cov of speei- eove of specl- covery | of speci-
length lengt mens length lengt mans length lengetrg mens length lengt mens fength length mens
Cis. C'm. Cm. Cm, Cm. Cnm. Cm. Cm. Cm. Cm.
10, 5 1L0 1 1L 0 13.0 1 10, & 12.9) 1 12. 5 14.0 1 12.0 15.0 1
I1. 5 12. 5 1 12.0 14.0 1 11. 0 14, 0 1 12,5 14. 5 3 12. 0 15. 5 1
I1. § 13.0 1 12 5 13. 5 1 13. 0 15.0 H| 13.5 15. 0 2 13. 0 15.¢ H
12.0 11. & 1 14.0 i4. 0 1 13. 5 15. 5 2 13. 5 15. 5 1 13. 5 15. 3 H
12.0 12 5 2 15. 0 15. 5 1 14.0 15.0 1 14. 0 15, & | 14 5 18.0 1
12.5. 13.0 2 15. 5 16. 0 1 14.0 15. 5 1 14. 5§ 15. 5 2 15.0 16.0 1
13. 5 13. 5 2 16.0 16. 5 1 14 5 15.0 1 14. § 16. 0 1 15.0 17.0 1
13. 5 14.0 1 16,0 17.0 1 14. 5 16. 0 3 15.0 15, 5 2 16, 5 16.0 1
13. & 14. 5 1 16, 5 16. 5 1 15.0 15. 0 1 15. @ 16, 5 1 16, 5 16. 5 2
140 14,0 1 17,0 17. 5 1 15.0 16.0 1 18. 5 16.0 2 18. ¢ 16. 0 2
14. 5 14. 5 '+ 2 PR (AR R 15.0 16. 5 1 15, 5 16. § 2 - 18.0 18, 5 4
15.0 14.5 72 PR [N I 15, § 15. 5 2 15. 5 17.0 1 18, 5 18. 5 1
15.0 15.0 F: 20 PR IR I 15. & 16. 0 3 16.0 16. 5 1 14. 5 17. 0 2
15. 5 15. 5 ) S PR RO U 15. 5 18. 5 2 16.0 17.0 1 17.0 17. 0 3
15. 5 16.0 ' 2 P IO U - 16.0 16, 5 4 14. 5 16.0 1 '17.0 17. 5 1
16. 0 16. 0 ) S I Y U 16. 5 16,0 1 16, & 16. 5 , 2 DU DU O
16. 0 16, 5 2 D JUIDNY PR 16. 5 18. & 1 16.5 17.0 . 2 (RS IS RO
14. 0 17.0 ) U RS IUIUIIONY RPN 16. 5 17.0 3 17.0 17.0 | S DY S E
16. 5 16. 0 ) S (RN IO N 17.0 17.0 ) N RO PRSI (SNSRI S DU Y S
14. & 16. & ;0 TS Sy Ao uNSPRY OFsqun) HSS RS DRSS AUt AR AUIRORS A I R
16, 5 17.0 ) U RSOy OV VSRS RPN O I AR PRURRR R (USRI I O
17.0 17.0 ] [T TR WSty RS RS RS R J M R A I
17. 8 17. 5 Bk T [ yuupuuupptyny SRS ERERIIY SRt AU SR AU R A E N D
18. 0 17. 5 et T INTR VSRR RStyR EOURIPR DRSS ORI SR R R R A N I
588. 0 506. 5 40 145, 5 153. 5 10 464. 5 491 5 31 435.0 462, 0 29 355.0 376.0 23
FEMALES—EAST OF MISSISSIPPI RIVER—SUMMER AND FALL
0-9 days out 10-19 days out 20-29 days out 30-39 days out
Tagging Recovery | Numberof| ‘Tagging Recovery | Numberof| Tapging Recovery | Numberof| Tagging Recovery | Number of
length length specimens length length specimens length length specimens length length specimens
Cm. C'm. Om. Cm. C'm. Cm. Cm. Cm.
8.5 9.0 1 10. 0 1.5 1 11.0 13.0 1 11.0 13. 5 1
10. 0 10. 0 1 1.5 11.0 H 1.5 12. 5 3 1.5 13.5 3
10. 5 11. 0 1 11. 5 12.6 1 11. 5 13.0 p | 12.0 13.0 1
11.0 11. 0 2 12,0 12.0 2 12.0 12.0 1 12. 5 13. 6 1
11.0 11. 5 2 12.0 12. 5 4 12.0 13.0 1 12. 5 140 1
11. 5 11.0 2 12.0 13.0 3 12.0 13. 5 1 13.0 14.0 1
11. 5 1. 5 b 12.0 13. 5 1 13. D 14 5§ 1 13. 5 15. 0 1
11. 5 12.0 3 12.5 12. & i 13. 5 14. 0 2 14.0 15. & 1
1. 5 125 1 12.5 1. 5 1 13. 5 13.0 1] 14 5 15. 5 1
12.0¢ 120 11 13.0 13.0 3 14.0 14. 5 K | 15 0 16.0 2
12.0 12 5 4 13.0 13.5 2 15. 5 16.0 1 15. 5 16.0 1
12. 5 12. 0 1 13.0 14.0 ) A PP JNUNDN SE 15. 5 16. b 2
12. 5 12. 6 17 13.5 13. 5 | R S ISV SO 15. 5 17.0 1
12.5 13.0 7 13. 5 14.0 - R S PSRN U SR e |- e
13.0 12.0 1 14.0 13.5 ) O RN PSRN PO SO I N PO
13.0 125 2 14,0 14.0 - 25 (SR (PRI USRS N DU R
13.0 13. 0 11 14.0 14. 5 ] (o ___]-- SNV PP IIEU PU RPN N P
13.0 13. 5 8 14.5 14. 5 - N DR I S I R PO
13.0 140 1 14. 5 15.0 . 2 (U (RIS SO P R S
13.5 13.0 p- 14.5 15. 5 | [ D PR U F Y [ PPN S e n
13. 5 13. 5 18 15.0 15.0 : T PSSR S P S J NN
13. 5 14.0 3 15.0 15. 5 2 |- .. L _ S PRSI PUNER RIS SO USRI
14.0 14,0 12 15.5 15 6 K (R UV DR S PP PRSP
14.0 14. 5 2| 15.5 16. 0 1 [ [ P R U S IR I S
14, & 14,0 2 14.0 16. 0 S I P PRI DR U D R R
14.5 14.5 10 16. 5 18, 5 2 I M SOOI FRESIINITI VU R S P
14. 5 15,0 g |--_.. U F IR [ N I S N DU IS IR
- 15.0 15,0 ) ) PR IR S SO B R R
15.0 15. 5 ) [ (RRSRSUIN PRI SR N S T
15. 5 15.0 y 2 D S U I F I I AU SR I DR
15. 5 15.5 | L I D IR F B SO PR ORI SN DS P R
15. 8 18.0 4 | . ___ I P EE I P I I I PO I I
16. 0 15.5 ) PRSI SR S IS IR R I R U
16.0 18.0 1§ O S PRI P SR A A U PSR S
16. 5 18.0 - I NI N SO T B DR I S U
16, 5 18.5 [ BTSSP ORI S RO AU SR AU N I
16. 5 17.Q ¢ I PR I P S I I DU I P
17.0 1. 5 | I S PN PSRRI IR AT U R IR IR
17.0 17. O . 30 PR VR R S I PO NP FE A U S
17.0 17. 5 3 N P e B T TUPUPUINGINY PSR IPIPNY PRSNGSRV DR SN S S S
17. 6 17. 5 e o ) P A A S A
3,025 5 3,048. 5 217 803. 5 B22. 0} 50 215. 5 232.0 17 276. 5 262. 5 17
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TaBLE 8.—Lengths of shrimp al lagging and at recovery—Continued
MALES—EAST OF MISSISSIPPI RIVER—~SUMMER AND FALL
0-% days out 10-19 days out 20-29 days out 30-39 days out
Tagging Recovery | Numberol| Tagging Recovery | Numberof | Tagging Recovery | Numberof{ Tagging Recovery | Number of
length length specimens lerigth length specimens length length specimens length length specimens
B.B 8.5 2 1.0 10.0 1 1.0 i11.5 1 13. & 12.0 1
0.5 9.5 1 10. ¢ 10. 5 1 11.5 12.0 1 11.0 13. 5 1
1.0 10. 0 1 10. b 11.0 | 12.0 12. 5 3 11.5 12.0 1
10. § 10. 5 3 11.0 11. 5 1 12.0 13.0 2 11. 5 13.0 1
11. 0 10. b 1 il. 5 12. ¢ 1 12.0 13. 5 1 11. 5 13. 5 1
11.0 11. 0 2 11.5 12. 5 2 12, 6 13.5 2 12. 0 12. & 1
11,0 11.5 1 12.0 12. 5 2 13.0 13.0 1 12.0 13.0 1
11. 5 11.5 4 12.0 13.0 3 13. ¢ 13. 5 1 12.0) 13. 5 1
11.5 12.0 1 12.0 13. 5 1 13.5 13.5 1 12. 5 13.0 1
11. 5 12. 5 | | 12. 5 12. 5 7 |----- REREUIUNY PP [ 12. 5 13. 5 1
12.0 12.0 6 12. 6 13.0 4 Voo e e rm e me e | e 13.0 16. 5 1
12,0 12. 5 7 13. 0 13.0 p' J8 R DU PSP 13. 5 15.0 1
12. 5 12. 5 25 13. 0 13. 5 . S P U PO NSRRI P e 14. 5 15.0 1
12. § 13.0 5 13. 5 13.0 1 | e Jer e cmcmcma ] m—m—mam -- 14. 5 16, 0 1
123.5 13. 5 2 13. 5 13. 5 Y [ P PR r————- S 15.0 15.5 1
13.0 12. 2 13.5 14.0 7 PO PSR SR . 15. 6 16.0 2
13.0 13.0 24 13. 5 15.0 1 | ccrcmc e ewrerram e feman mmmm e 15.5 14, 5 1
13.0 13.5 5 14,0 13.0 T D RN I RN P
13.5 13.5 18 14.0 14. 5 . S S VUUNIUNNE PRORUIIPIPISRPRIgY pups O (DR DU e
13. 5 14.0 3 14. 5 14. 5 . Y N NIV U SRR DUUSER NI PUOUpRGE IO PP
13. 5 4.5 2 14. 5 156.0 . 2 P P RS PRI [SUUEDRRIpD VR P I
14.0 13.5 2 15.0 15. & F N SN FEVIOIRIUIPNRREVIPY FENUSRRUDIPRPIDRN IS SUPNP R T
14.0 14. 10 15.0 16. O | N (U SUPSRUNR PN AP cmemcmca|aemcnmeemeaa] - i en e
14.0 14 b 3 15 5 15. 5 T N D NN FERRRIRRRIRIPIT AN NUIPRRIPIPRRRRY F |2 .
14.0 15. D y 16. 5 16. 0 ) [ DR, DR NNV PP e U P R B ol
14. 5 14. 5 11 "16. 0 16.0 1 jo o] -- U S N DU
14. 5 15.0 2 16.0 18. 5 _ ) I P DIPST IR I RIS I T Y D e
- 15.0 14.0 1 4. 5 16. 5 R A RS SO RUPIY PR U SRRSO DEPNERRURE
15.0 14. 5 2 17.0 16.5 [ P PO e |-
15.0 15.0 11 J--.-- DN I I E I P RO IS I Y SU
15. 0 15.5 6 | oo e e U D s I P e IS s
15.0 16.0 ) (O U PSSSURIDIPI PPN RO SUURIUPINE U PP R R SRS PERERRIPIUS SR DR e
15. 5 15,0 I UERIRVEN P U (USSR SR e EUNIVIUIRINE B I N P BRI
15. 5 15. 5 12 | e e fmmm——- SUNUURS P NN USRS i N R SRR RS I
16. ¢ 15. 0 , S [ N S e |- PR PR U SN P ERRUREDIDN U DR S B
16. 0 16.0 ;) SR I IS O I IO RN MU AU PR
16. 0 16. 5 | [ P EURURRIUUIURPY P IR mmm Y ROV I I NP
16. & 16. 0 | (O P S PO FERE SR VSN PUIDIPRI R IR [ R P S PR
16. 5 16. 5 F, S R PV PRI P IR PR FAEUTUIDIIY PSPPSR SEPENREp S S S
2, 625. b 2,646, 0 195 Ti3. 0 794. 5 58 168. 0 1687. 5 13 234.0 255.0 18
' FEMALES—TEXAS-—-SUMMER AND FALL
0-9 days out 10-19 days out 20-29 days out 0-9 days acut 10-19 days out 2020 days out
Num- Num- Num- Num- Num- | Tag- | Num-
Tag- | Recov- ber of Tag- | Recov- ber of Tag- | Recov- ber of Tag- | Recov- ber of Tag- | Recov- ber of | ging Recov- ver of
et | tengtn | spect | 1E08 | oot | spect: | \EEE | ondkn | speci | 1&gt | tangth | SPe0K | jengtn | lengtn | Sbeck | length length | SPCH
ng BL% | mens E B0 1 mens eng mens B mens .| eNEM L mens DEYR | mens
Cm. Cm. Cm. C'm. Cm. Cm. Cm. Cm. Cm. . Cm. Cm.
10. § 10. 0 1 11.¢ 11. & I 11.5 12. ¢ 1 13.5 4.0 2 15. 0 14. 5 | I S S
10. 6 10.5 1 11. 0 12.0 1 11. 5 12.5 1 13.5 14. 5 1 15.0 15.0 [ RN S IS
10. 8 1.0 1 11,5 11.5 3 11. 5 13.0 2 14,0 13. 5 1 15. 5 15. 0 S PR DIPSR IRV
11. 0 10. 5 1 11.5 12.0 1 12.0 12. 5 1 14.0 14. 40 4 15. 56 15. 5 2 I DU N
11.0 11.0 2 11. 6 12. 5 1 12.0 13.0 3 14.0 14,5 A R PSRN SEUDIPURIRIPON IURIOIPRUD PRI PR
1.0 | 1L5 3| 12.6| 12.5 1: 12.0| 135 2 14,5 1 14.0 ;21 I IS URIPN N SR, P
1.5 11.5 f 12. 0 13.0 1 12. 5 13.5 3 14. 5 14. 5 S DR IR R SIS S
11. 5 12.0 1 12. 5 12. 5 1 13.5 14.0 1 15.0 | 14.5 y S P PR POURRNRNUU (NP NN I
12.0 11.5 2 12.5 13.0 1 14.0 14.5 2 15. 0 15.0 B .. .. SIS GRS PN PRI PR
12,0 12.0 9 12. 5 13. 5 | 14,0 15.0 i 15. 5 15.0 .3 VRS DU SRR SN PRI P
12,0 12. 6 2 13.0 13.¢ 2 15.0 16.0 1 15.5 15. 5 P, 30 [ PSS VNSNS PRUNDSDIURERIORY SR (U —
12. 5 12.0 1 13.0 13. 5 2 16. 0 i6.0 | S 16. 0 16. { | [ [V DRUUIDIPRRNDN DUSRNURpSRt [N PRI U
12,5 12. 5 5 13. 0 14.0 1 16. 5 18. 5 1 16. 5 16.D ) S A T EUURINN VNP (ORI SR
12. & 13. 0 3 13.5 13. 5 1 8.0 18.0 1 16. 5 16. 5 ' 2 S Y DR NP PRI S
13.0 12. § 2 13. 5 14. 0 - 31 P U R 16.5 17. 0 I IR R D AP IR BN
13.0 13.0 3 14,0 14. 5 | 3 T I P 17. 5 17. 5 S I DU L I I B
13.0 13. 56 1 14.0 15. D p' 28 SR VORI AP ‘
13. 6 13.0 d 14. 5 14. 5 1 1. __.. U S — —
13.5 1.5 21 1.5 15. 5 2 DRSO RS P .. 1,115.5 i 1,115.5 84 | 422.0 | 435.0 32 | 276.5 1 204.0 21
MALES—TEXAS—SUMMER AND FALL
10. ¢ D.5 1 10. 5 11.5 1 1L 5 12.¢ 1 13. 0 13.0 4 15. 5 16. ¢ 1 [ VR PRSP NS —
10.0 10.0 1 11. 5 11.0 1 12. 5 13.0 1 13. 5 13.0 7. IO PR PRURRPI PPN PRpeupivn, SR
10.0 10. 5 1 11. 5 12.0 1 12. 5 13.5 1 13.5 13.5 . 25 PR DURNROR DRSNS PPSPI P P JEE
10. & 10.0 1 11. 5 12. 5 1 12. 5 14. ¢ 1 13.5 14.0 I DR D (ORI P I R
10. 5 10. 5 3 12,0 12, 5 5 13.0 14,0 | 14.D 13.5 S 2N DU DN PRI UPRIIN PR E
11.0 10.5 1 12.0 13.0 1 i3.5 14.0 1 14. 0 14.0 2 R PRI DI PO U F
11.0 11.0 3 12.5 12. 5 3 14. 5 15,0 4 14. 5 14.0 I I I B U RO [
ILs5 | 1.0 1 12.5 13.0 1 15.0 15. 5 y: 14.5 14. 5 N D I FEUUSR PPN PRSP I
11.5 11. 5 i 12,5 | - 13.5 2 16.0 15. 5 1 15.0 14.5 1| e PR PR
1.5 12.0 i 13. 0 13.0 1 16.0 16. 0 1 15. 5 15.0 ) S VR IS PRSI NP UG PSS
11.5 12. 5 | 13.0 13.5 R P SR 15.5 16. & 1. R PO P SR PP
12.0 12.0 B 13. 5 13.5 - B O SR e 15. 5 16. 0 ) A IR ISR (RPN (SPpIPRI PRFPISIPIS RS
12.0 12.5 2 13. 5 14.0 - B D I DU 16.0 ! 15.5 ) I I PP PSP PPN
12. 5 12.0 2 13.5 14. 5 I U IR U 16.0 16. 2% R PRI PRIIPIR SN PSS PP
12.5 12. 5 i 4.0 14. 5 v R MR PR
12. 5 13. 0 2 14.5 14.5 I I :
13.0 12. 5 2 15.0 15.0 3 SO AU ER B6D. 5 867. 0 68 | 400.51 413.0 311 19551 203.0 14
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TABLE 9.—Growth characteristics derived from tagged shrimp:

single expertimenis

Time out (in days) La K L Kie | TS n
MALES
Aftlantie coast:
Spring: Cm. Cm. Cm. Cm, Cm.
0-9___ . ____. 2,25 1 0.8440 | 14.40 | 0.686 4, 52 AR
019 _ ... 3.30 | .7788 ) 14,90 . 842 2.36 45
2029 __ . _____.__ 6.78 { .5066%1 15. 65 . 792 3.26 a6
30-39___________ 7.08 | .5508 | 16.05 . 345 2. 49 13
Total. _______ | . ... 61.00 | 3.165 | 12.62 152
Mean___.___ ..\ . __|.._._._ 15. 25 . 791 3.16 | ____ . _
Summer ang fall: -
0-5______. .. ... .85 | .0437 15.2 874 1.461 242
10-19___ _______ 219 | .86231 15.% . 903 1. 54 80
20-20_ ____...___ 3.04 | .RB202 16.¢ . 922 1,32 20
30-39_ . ___.._ ___ 4301 7427 17.0 . 806 3.31 19
40H-49 . __ 511 | .7352 19,3 . 933 1.29 14
Total ... _ | ___ .. B4 .3 | 4.438 9. 38 304
Mean._ ... ____|_____.__|..______ 18,8 . RER 1.88 |___.____
. East Mississi{)pi: Sum- | -
mer and fall: .
-0 ______ ... A7 | 9728 17. 4 . 340 1.04 195
1019 __ .. ______. 1.40 | . 9224 18.1 .9db .98 58
20-29_ _ ... 5. 22 . 6304 14.1 . B28 2. 42 13
30-39__ . 3.54 | 8177 19.4 . 943 1. 10 18
Total ..o e L 80.0 | 3.857 b, 54 264
Mean. .. _______ 4. __ ... 17.2 . 914 1.38 |___.___.
Texas: Summer and
fall;
4t .36 | .9603 11.6 . 933 .78 £8
10-19 . _ . ___ 1.76 | .8054 16.8 926 1.24 3
20-29_ _ ... 3.1 L1728 18. 4 900 1. 84 14
Total . ____________f____._ ... _ .. _. 4.8 | 2 750 3. 66 113
Mean_ ___._______.\_..____ V.. .. 14.9 . D20 1.22 [ ... ___.
West of river: Spring; ! -
0-8_______ e 1.0 | 8853 16.9 . 762 402 40
100-19__ ... _ 4.62 1 7370 17.6 811 3. 32 10
2029 . - 6. 95 . o917 16. 1 . 8507 3. 30 31
0-39_ __ ... 7.37 | .5708 17.2 . 850 2. b8 2p
0-49_ . __. 10.44 | 3831 16, 8 . 805 3. 30 23
Total_______._ SN I DI 85. 6 4. 035 16. 52 133
Mean_ . ________}.._____ |..._.__. 17.2 . 807 3.30 | ... __.__
FEMALES
Atlantic coast: Spring;
-9 . ... 2.54 | .8337 15.2 . OB7 508 39
1019 __________. 1. 60 . D187 18.7 . 943 1. 12 £1
20-29_ _________. 5 64 . GRO3 18.2 858 | 208 15
30-39__ ... ___ —1.82 17 1.3224 | S I I 11
Total..____ || 53.1] 2.460 | 876 106
Mean.........|.__.___{._..____ 17.7 . 823 2.82 | _.___._.
Summer and fall:
-9 ... .38 | 9745 15.0 .944 B4 113
10-15_ _ ______._. 1.26 { .9305 18. 2 . 952 .88 159
20-28_ _ _  ______. 2.50 . K612 18. 0 . 941 1,06 24
30-30___________ 3.34 | .BdiK4 21. 6 . 952 1.04 20
40-49_ __________ 4,20 | .B218 23.6 95T 1,02 10
Total. SR PR D o6, 3 4. 746 4 82 326
Mean__.______|___.___|.___.. 19,2 . 545 96 |
East Misslmil)pi: Stm-
mer and fall: .
0% . Ob L9677 17. ¢ 920 1. 21 217
10-19_ _ . __ ... 2. 14 . 3660 18.0 . 606 1. 50 59
20-29_ . ___._ . ____. 3.92 .7673 16. 8 . B98 1.72 17
039 _ . 4 30 7753 19.6 . 929 1. 36 17
Total . . 0.4 | 3.682 5 82 310
Mean._... __.__._.|....___l.. 17. 4 .918 1.46 |___.___.
Texas: Summer and
fali:
0-8_ _ . .44 . D060 13.3 927 .87 R4
0-19. . . 1.75 | .ROR 17.2 V928 1,24 32
20-29__ 3.5 | 7910 17.2 . 908 1. 58 3 |
Total . ______ _ ___§____ . | 47.6 | 2.763 3.78 137
Mean _________._.d.______ | .. 15.8 921 1.26 {_._._.__

TABLE 9.—Growth characteristics dertved from tagged shrimyp.

single experimenis—Continued

Time out (in days) L K Lo Ko | PR I
West of river (not ecor-
rected): Spring: | Cm. Cm. Cm. Cm. Cm. Cm.

e e 1. 28 L9371 20.0 . B85 2. 70 30
10-19_ ______ ______. 2.97 . 8465 19. 4 . BO2 209 10
20-29_ .. 7.18 . 6130 18. 6 .81 3. 36 34
3039 _ . 10, 10 . 4230 17.5 ki 3. 87 23
40-49 _ _________.. . 11. 10 . 3644 17. 4 . 186 3. 56 22
bO-59_ _ ... i1. 70 . 3413 17.8 . 821 3. 18 21

Tolal b ... 110.6 | 4.972 18. 78 149
Mean....__._____|oo_.____|......_. 18. 4 .820 312 [ _..

I 8hrimp from this locality, although tagged at varlous times during the
winter, were treated as If released on March 31, the approximate date of re-
sumption of growth in the spring. |

* One shrimp, 11.5 cm when tagged, was recorded as having not grown in
motre than 30 days out.

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
Mississippi have been omitted, for reasons previ-
ously given. The K,, and L, ;, 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 Ky, L, 1o, and L s,
two schemes of weighting were employed: (1) The
several parameter estimates were given equal
weight for each*time-out’’ period, and (2) they were
welghted according to the square root of the size
of the sample from which they came. The latter
procedure 18 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 K|,
and L,y were converted to K3, and L,;. This
1s accomplished, as given above, by cubing the
Kio's to get Ky's and by using K, and L , to get
L, 3, as described.

Females: K&D L| 30 Lo
Weighted equally__._____._ 0. 817 3.5 19.0
Weighted to &/n._________ 810 3.8 17.6

Males:

Weighted equally _________ | 761 40 17.0
Weighted to v/n._________ 756 40 16. 8
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The growth lines shown in figures 8 and 9 were
calculated from the formulas: *

Liw
Males_._._. Y=405840.7427 X |, 17. 8O
Females.. Y=5.64+ .7225 X |, 20. 30

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.

TaBLE 10.—Growth characierislics deriwved from

fagged
shrimp: Combined single expertments

[All localities except West of the Mississippi River and all seasons pooled,

sexes separated]
Time out and sex a b Lew Kin L —JH n
-9 days:
Females_ ________ 0.52 [0.867 | 15.8 7 (.928 1.1 21.3 453
Males_ . ... ..... .08 | .963 ; 15.6 .920 1.2 23.7 53
10-19 days: )
Females_____.___ 1.65 1 .910 | 17.4 937 1.1 17.1 201
Males____________ 2.15 ) 866 | 16.0 . 905 1.5 156, 0 224
20-29 days: ‘
Females. . __._... 3.35 | .815 | 18.1 920 1.4 88 T
Maleg.moo_. .. _. 4 28 : 736 | 14.2 . 882 1.9 0.6 92
3039 davs: : -
Females. . _.__. .. 4. 23 | .793 | 20.4 . 935 1.3 6.9 48
Males________._.. 4 301 .758 1 17.8 .23 1.3 7.1 50
40-49 davys:
Females. . ______. 4.20 | .822 | 23.5 . 857 1.0 3.2 10
Males_._.._...__.| 11| .735 | 18.3 . B33 1.3 3.7 14
- Averages:
Females: |
Unweighted . {_...__|...... 15.1 . 935 1.2 | e
Welghted __ . _|___.__|..__.. 17.8 . 932 1.2 IR P
Males:
Unweighted _{______|..___. 17.0 , 913 1.4 | |-
Weighted ____}______|..___. 16. 3 .911 1.4 (e .
Totals: ..
Females________ .| _____ [ FERURERIIUT RN IR 879
Males__ b e e e o 943

Figure 10, showing the 30-day growth linefor
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
parts are extensions beyond this range. The

2'These lines, very similar to those represented by the parameter estimates
given, were those included in the first draft of this manuscript. Although a
reexamination of the original data yielded slightly different results, the
original growth lines were not changed. These results are used primarily
for checking the advance in length of modes in monthly length frequencies,
for which they are adequate, in the opinion of the authors. -
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TABLE 11.—Calculated growth of shrimp, derived from single

experiment
Sex and month Length, in millimeters
Males: i
March__...._______.1 10b6.0 110, 0 103.0 | e
Aprll_ ... .. .- 123.8 | 127.6 | 1669 |- ... | . |aaomo-_-
May. - 137.7 | 140.5 | 1698 | . | o a|aemaaa-
June. . ...o._.__. 148.1 | 150,10 1709 8.0 ! . __._.}._.oo...
Jaly. ... 165.8 | 157.31 173.5| 106.0  113.0 |....___.
August. __ .. ._.__. 161. 5 162, 6 174. 7 124. 5 128.7 53.0
September_ ... ... 165.7 | 166.6 | 175.5| 138.3 | 142.1| 107.4
October_ __ .. _._. 168, 169. 5 176. 1 148. 5 151.3 125. 6
Femasles:
March. . ____ ... .__ 105.0 | 168.0 §. .. | coo oo e e
Aprdl .. 132.2 ¥ 177.7 | 128.0 | eaii|eaeeo -
BY - oo e emmame 151.0 | 184.7 | MR8 |-
June._ _ eeeo--} 166.1 189. 5 163. 9 TR0y aaoa--
Jaly..o . 176.4 | 193.5 | 174.8 | 112.7 | .. ..l ...
August. __________... 183. B 166. 2 182. 6 137. R 83.0 128.0
September__._.____. 189.1 | 108.1 | 188.3 | 1359 | 1163 | 148.8
Qetober. . . ... __. 193. ( 199.5\ 162. 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,
but we have done so because the growth of the
shrimp seems to approximate that represented by
this line. 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 thus: 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 I month have grown to
asbout 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 growing season,
from about March until the end of October.

MIGRATIONS

In 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 section) suggest
no difference in the movements of the two groups,
and since we have encountered no evidence which
would lead us to suspect any abnormal behavior of
the tagged shrimp, we make this assumption.
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With few exceptions, we always marked random
samples of shrimp as we found them on the fishing
grounds.
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
technique failed on small shrimp (see table 2 and
fig. 4).

For convenience in analysis and interpretation
of our data, we divided the coast into sections
about 50 miles long. Our divisions are shown

The exceptions occurred now and then

in ficures 11 and 12. - The extent of the present-
day fishery for white shrimp off the coast of the
United Statesis shown in these figures by stippling.®
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 recapture was that of a
shrimp marked at Cape Canaveral in January and
recaptured off the Georgia coast 257 days later.

¢ A deseription of the hoats, gear, fishing methods, gnd localities can be
found in Anderson, Lindner, and King (1949).
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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
18, after the young shrimp first made their appear-
ance on the inland fishing grounds they gradually
worked their way towards the sea. -

If the shrimp move from inside waters (those
landward of the outer beach line, the marshes,
bays, sounds, rivers, creeks, and bayous) to
~outside waters (the littoral waters beyond the
outer beach line) and remain subject to recapture,
we should expect that with the passage of time
Increasing proportions of inside releases would be

PERCENT OF RECAPTURES IN QUTSIDE WATERS

0 ! 2 3

MONTHS

encountered in outside waters. Eventually, we
should expect 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
expect relatively poor returns from outside waters,
although the recaptures from inside waters should
decline progressively at a rate greater than could
he explained 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 ave arranged so that the

months after release represent calendar months,
with 0 month the month of release. For instance,

AFTER RELEASE

F1GuRe 13.—Movement of marked shrimp from inside to outside waters.
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MONTHS AFTER RELEASE
IN INSIDE VM.TERS

SEPT. | - NOV.

ANIIIIII
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LI INAT [

DEC. JAN, MAR. - APR.

MONTH OF RELEASE IN INSIDE WATERS

FI{iﬁﬁE 14.—Seasonal changes in length of time required for 60 percent of the marked shrimp tc move from inside to
outside waters.

recaptures any time during September of shrimp
released any time in September were recorded as
month 0 returns. Recaptures any time in October
from September releases were recorded as month
1 returns.

Figure 13 (based on the data for all areas
except Texas) shows the monthly percentage of
marked shrimp, recaptured in outside waters,
which orviginally were caught, marked, and ve-
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 recaptures were taken in outside
waters, 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 recaptures for each month.

The data on this point are given in tables 14 and

15, from which we have omitted Texas data for
reasons previously given.
data graphically in figure 14.
releases in inside waters required 3 months before
60 percent or more of the recaptures were found in

We have depicted the -
The September

outside waters. In December and April, more
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 March, May, or June. July is not in-
cluded in figure 14 since all of the recaptures from
releases made during this month were caught n
July or August, and in neither month did the
returns from outside waters equal 60 percent.

It is obvious that the movement from inside
waters to outside waters speeds up during two
periods of the vear, at the onset of winter and 1n
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
second a later-spawned group. The first group
spawned apparently was almost completely in
outside waters by December, and the second was
rapidly moving out in April.

Of course these data are only rough approxi-
mations, but they do corroborate (as will be
demonstrated in the section on size distribution)
conclusions reached 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 approach of winter and

during spring.
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TABLE 12.—Releases and recoveries of tagged shrimp

Total
Num- Num-
Area No, | Experi- Date reteased Released in locality of— berrg- | (each | 4 o
ment No. leased experi- covered
| ment)
fOct. 12,1937 _____ . Beaufort Fisherles Station, N.C._____.______ .. __ 107
Oct. 12,1937________ .. _____ Off Beaufort Bar, N. C_._________ _ ______~_ "TTTTTttoTmeeeoe 149
| ) U Vo...do.. ... Near Gallant Point, N.C_________ . ____ _ Tttt 34 834 60
Qo Gallant Point, N, C__.___ e e 34K
QOct. 13,1937___. . _____ Off Beaufort Bar, N.C_.._______ ________~~~~ ~_""TTttttttetreto 206
. : Oct. 16,1937 ... ) Of Qak Island, N. C_ ..~~~ [ 7777777 7Tt 442 } 635 388
----------------------- -.--Go .. __________ | Inside Sonthport Entrance, N, C_____ T TTTTTTirmeemmomooe 493
Oct. 6,1936._____ _.__._____ Mouth of Key Creek, 8. C________ __________TTmmemmmmmmetes 178
I doo.do___.__ . Mouth of Bull Creek, 8. C____._ [ _TTTTTimttmmmmmeemooes 214 641 ax
----------- —.-do..... ... |BullCreek,8.C. . _____ [ [Tt 174 | ‘
S Qet. 7,1086_ . .. Mouth of Bull Creek, 8. C._____ _______ _ _TTTTrmmrermmoemtees 375
2. ... Oct. 18, 19837 . . .. _. Mouth of Warf Creek, 8. C_____.__________ Tttt o7 } 038 97
Oct. 18-19, 1937 ____________ WarfCreek, 8. C_____ Tttt 841
Sept. 8,1936____.. .. __ Off Sandy Point, 8. C.._____ . ______ T TTTTTTrremeroes 399
T ) I U [ Off Trenchard Inlet, 8. C__..__. . _____ -~ ""oomrmrrmmmmmemmeees 289 { 188 107
Sept.9,1936______._________ Mouth of Trenchard Inlet, 8, C_________ T TTTTTTtTrrretemn 108 '
oo Off Point of Hilton Head, 8. C.._._________ 777777 392 ||
Oct,1,1985_____ .. ______. SH&)EIG Sound, Qa________ .. . ________ T 236
| S Oct.2,1935...____.________. Off south end of St. Catherines Island, Ga_._____.______ .. 7777 50 || 603 183
Qoo . Jullenton River, Ga_... . _.___ ______ Tttt 142
ST < {+ J Mud River, Ga_______ .. ________ o oTTmmmmnhremmmenes 166 |)
- Oct. 23,1935, __ . Off south end of Sapelo Island, Ga__..______ =TTt 400 1
~~~~~~~~~~~~ 2 o ...]30ct.24,1935_ . | Of south end St. Catherines Island, Ga. .. _____._ ________ .. 380 1, 185 345
_____ do_..___._______._..____| Near mouth of Sapel¢ Sound, Ga. . 208
: S Sept. 10,1936 _____ _______ South end of Ossabaw Island, Ga___________ Tttt 396 308 105
: S Oct. 21,1937 ... ______..|SapeloSound, Ga____._.__ [ TTTTTTTTTTommmmottoooomooe 368 398 125
| . Sept. 10,1035 ________ ... _. North end Cumberland River, Ga____ . _____ _ 77777t 71 7 5
Sept. 20,1935 ____._ . ____ Off south end St. Simon’s Island, Ga__..__ T T 118
. i {_-_-dn ______________________ Jekyll Creek, GQa._____. . ______ T TTTTmmmemmmmmmmeY 25 210 33
Sept. 23,1935, ... ___.__. Bt. Simons Sound, Qe ... ____ . __ Tttt a7
& I -1 Oct, 16,1935 __________.___. 5t, Simons Sound, Ga_. ... ___ ______ ___TTttttrmmeees 23 | 23 7
Oct. 21,1035 . __ .. . _____ Oft 8¢, Simons sea buoy, Ga____________ Tttt 370
4. {,---du_-.__ ___________________ Off north end Jekyil Island, Ga_____. _____ e 280 I, 143 200
Oct. 22,1035 ___ _______ ... Near month 8t. Andrew’s Sound, Ga______________ =~ 403
5__ —-{ Sept. 11,1986 ___ . ... __. St. 8imons Sound Entrance, Ga___ ... . ] _ 495 | 495 7R
Aug.10,1937__... _______ | Umbrella Creek,Ga._.____.___ T Trrrommreemeteoooos 389
B Aug.11,1937 . _______. St. Simons Sound, Ga.._ ... . ___.. T - 294 733 129
Aug. 12,1937 _ .. ___ 5t. Simons Sound Entrance, Ga._ . ______ T 50
T --{ Aue. 19,1987 .. Off spouth end of 8. Simon’s Island, Ga_________ . 77 423 423 18
- ‘]8 {aept, 70937 . St. Simons Sound Entrance, Ga______.__._____ .’ —--- 397 472 59
S | Hh e odo___.___. I St. 8imons 8ound, Ga______._______. Tttt 75
! IR Nov.9,1937 _ . __|..__. do- 398 398 100
10 ... Jan.24,1938___________ ___|..__. do o T 543 543 128
1. Feb. 23,1938 ____________._|. T 395 395 83
12, Mar. 24,1038 _______..._ .. Off 8t. Bimons Island bar, Ga___________________ Tt 396 396 26
% S April 14,1938 _.____ . St. 8imons 8ound, Ga__...______.___.____ T TTTTmete 397 387 136
M4 May 13,1938 . _______ ___ Off 5t. Simons Island bar, Ga..__________._________ T 393 363 92
‘15' ........... June 24, 1938 ____________._|. ... oo o 260 260 51
16 July 6, 1938 _________ . __ Yekyll Jetties, St. SimonsBound, Ga___.__. . T 426 } 05 124
| S July 12, 1938..______......_.| Oft south end Jekyll Island, Ga.._ ... .. "o 469 |
Aug. 3, 1038 _ . . _____ Jekyll Jetties, 8t. Stmons Sound, Ga____.___________ - 200
17 S 1 Eastfield River, near 8t. Stmons Bound, Ga__ _______.__ - 197 || 502 6
o TTTTTE Aug.5, 1938 _________ . —---| O St. Simons bar, Oa 165
Noy, 12, 1038, 7| G Mayport Tetties, Fla -1 7 71777 7T 30 |
, Nov. 12,1935______. e ayport Jettles, Fla_ ________ e e e
| Vo---do . Off Mayport can buoy, Fla. __ ________. e e 262 (o 598 79
0 . Nov. 13,1935 _ . _______.. Off St. Augustine sea hu?' | 3 ¢ Y 200
----------- 2nooooe--! Jan. 19,1938 ____ .. _______| St. Augustine Entrance, ¥la. . __0 Tl 772 772 211
3. o..-e.{ Feb. 13,1038 . . Off St. Augustine Inlet, ¥la_._____________ _ _______ T T 99 99 25
4 .....{ Mar. 18,1938 ___________ . 8t. AugustineInlet, Fla_____.. . ____________ . T 198 108 v
1. Jan.17,1636_______________. Off New Smyrna bar, Fla._________________ . ... — 300 300 13
0 , {Jan. 17, 1938 __ R T AO. .o ... 507 } 656 142
T YT  Neede . Inside New Smayma Entranoe, Fla. ... .. T 140
3 {Feb. 20,1938 ___. S Off New Smyrna bar, Fla__________ . .. e 196 } 303 58
""""""" odo.___._.___________.___| Inside New Sl‘ﬂf?mﬂ bar, Fla_ . . .. 107
..--| J80.16,1936.._.._..________| Cape Canaveral, Fla__ | 11 T TTirmTTmmommomeeseseee 369 380 168
: S Feb.15,1936.__.. ________.|.. QO. 55 55 13
... Ka {Jan. W, A888 o |eadoa 348 } ERD 132
. ) Jan. 14, 1938__ _ . __ _..____|..___ QO 234
4 {Feh. 15,1938 . ___ . ____ |[____. A0 e 392 } 401 a5
SRR, Feb.16,1038. . " | " o SRRREEEREEEREE SreTrnee % g
| S - Sept. 20,1930 . ______. Bon Secours Bay in Mobile Bay, Ala_____ .. _. i - 493 463 Bﬁ
a7 I S Sept.21,1939__._______ _____ Mobile Bay, upper portion, Ala_. . ________________ 4 1o 133
B2 Ot 10,1939 Bayou La Batre, outer beacon, Ada______ . ... ______ .. e 324 324 o
4. .| Oct.12,1039 . 7] Grants Pass, Ala_______.._._ ... . . ___________ o e 363 363 *
' {BEDt- 23,1939 . __________. Three miles off Gulfport, Miss_. .. ___ . . . 208 s
AR Sept. 24,1039 .’ East Beach, Gulfport, Miss. .. ... 77" SRR 596 804 258
|  J Sept. 25,1989 _______ . ___ .. Yicinity of Grand Island, Mississlppi Sound, Miss_ . ___ .. ... .. 922 V22 3
W (3. . Oct. 12,1939 _________ ___| Off Belle Fontaine Point, Miss. ... . . "77777=7"" 392 392 BJ}
4. Oct. 13,1939 ... _______ __.__| Near Gulffort, Mississippl Sound, Miss. _______________.___._ .. __. 378 478 109
5 Oct. 14,1030 _____ ____ Sundown Island, near Isle au Pitre, Mlss__._____ ... . . ___ 478 479 ;
\: SR Deec.1,1939. .. ____. . Mitchell Keys Light, Chandeleur Sound, La_ ... ... ... .. .. 247 247 a4
0. 1. Nov,30,1939._ ... _ ... .. Breton Sound near Breton Island, La. . .. . ... 688 688 o6
1 IR Dec. 13,1938 ___. Four Bayou Pass, La. (inside) .. ____._._._._.... . ________ 195 395 134
2 Dec, 14, 1038 ... ___ Shell Island, La._.______ . . 771 771 b
. S Jan, 10,1938 . . _______ Four miles W. of Caminada Pass, La____.____. e 160 169 a8
‘ 4. Aug. 20-30, 1939_._.________| Barataria Bay, La. (Inside).___________ T 078 978 103
| I 5. ... OQct. 27,1939 ___ Two mlles north of Shell Reef L'%ht, Barataria Bay, La. (inside). . __ 070 970
6 _ Oct. 28, 1938 . _______. Seven miles off Caminada Pass, La__._____... " ____ R ETEE -- 186 } 770 124
_.doo_ o Caminada Pags, La_. ... . .. o8l 5()
T e Nov.10,1939___ . ___ . . Four Bayou Pass (inside), La____ . _______ .. . - 50
B Nov.11,1838. __________.__' Three miles off Four Bayou Pass, La. ... .. ... .~ 444 144

o L2
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TaABLE 12.— Releases dnd recoveries of tagged shrimp-—Continued

Total
; Num- Num-
Area No. nﬂﬁﬂﬁﬁ} Date released Released in locality of— l:lz»er re(i- e(fggxl'li- ber re:Tl
nt No. ease covere
ment)
Dec.16, 1038 _________._._._ Eleven miles southwest of Ship Sheal Light, La________________._ . ____ 057 G957 17
r. S Jan.20,1939_ ___ . ____.._. Whiskey Pass, Lo .. .. RO6 806 4
; S | Nov.12-15,1939___ .. ... ___ Inside Wine Island, near Pt. Mast, La.______________._... e 928 928 2y
- . Jan. 17, 1940_.___ __ ... ... One mile off Whiskey Pass, La_ .. ... 348 348 4
R 5. . Feb. 20, 1940 .. Ten miles south-sotithesst of Ship Shoal Light, La__ ... __________ 589 589 85
s S Mar. 1, 1940 ____ ... _._____ Northeast of Shiﬂ Shoal Light, La . __ _ ... . . 1190 1190 194
r - do.... .. ... __....__.| Bight miles northwest of 8hip 8hoal Light, La__._____________.____. : 199 199 | 42
8. ... Mar.6,1840. ... ______.. Eight miles west-northwest of Ship 8hoal buoy, La___ . ____________ 580 589 | 107
1’ Jan. 25,1930 _ . ______... Thirty miles south of Atehafalaya beacon, La_.____. e mmmaeaan | 394
----------- Jan. 26,1939 _ . _._._..._| Twenty-five miles south of Atchafalaya beacon, La_._.______ ... 344 - 738 64
1 I Dec, 16-16, 1939_ ... _______. Thirty miles sonth of Marsh Island, La___ . _____________.________... 1,133 1,133 128
32 ... . 3. __. .1 Jan. 30,1940 ____.__________ Ten miles southeast of Trinity Shoalbuoy, La. ... . .. _____. | 1, 241 1, 241 104
- S .| Peb.29,1040__ . _____. _._._| ShipSheal Light, La_.__.__ .. . . 533 583 73
T Mar. 5, 1940_________....... South-sputhwest of Atchafalaya Beacon, La__ . ... ... _. 703 793 195
37 {1 ___________ Qet.2,1936._ ... . __. Two miles east of 8ignal I=land, San Antonio Bay, Tex_ .. __ . _____.. 200 200 0
fosmommmmo R Qct.3,1936.. ... _____ One mile east of Sand Point Beacon and 2 miles west of Gallinipper
. Pt. Beacon, Mategorda and Lavaca Bays, Tex. . _.. 380 380 5
, Sept. 23, 1936..____ ... _..__.. One mile 8. of Half Moon Reef, Aranzas Bay, Tex__ __ ... __. 98
| Sept. 24, 1936________ . ______ Ship Island, Aransas Bay, Tex ... o_.___. 206 490 4
IR i [« S Cool Coast Camp, Tex........ S 96
7 S Sept. 25,1936 .. .__..... Copano Bay, TeX. o ... e e 206 296 2
P Sept. 28, 1936, . __ .. _.__.__. Mud Island, Aransas Bay, Pex_ .. . ________ . ___._____ 199 } 2GR |
______________ d0.oooo oo o——____.__| Harbor Island Light, Aransas Bay, Tex__._______.__. . ... 99 ;
: Sept. 29, 1936 _______. Shamrock Cove, Corpus Christi Bay, Tex _ _._..._._. N e 490 } 882 206
----------- Sept. 30,1036, _.__.....___.| Off Ingleside, Corpus Christi Bay, Tex. .. ... 392
Aug. 27,1937 .. Mouth Allen’s Bight, Aransas Bay, Tex_ ___ ... ... __..._.. 99 -
| S {Aug. 30,1937 o Allen’s Bight, Aransas Bay, Tex___ .. .. ... 196 391 1R
3R R S 'o 1o T Off Ranch House, Mud Island, Aransas Bay, Tex_._.__._____.____. 46
S R A P {Aug. 31,1987 __ . Shamrock Point, Corpus Christi Bay, Tex_______.__._ .. _______. - 180 } 283 91
__________________________________ Ingleside Beacon, Corpus Christi Bay, Tex. .. ... g4 |
Oct. 20, 1637 ... ___._...| Rockport Basin, Aransas Bay, Tex__ ... e ... : 404 ! _
r S Oct. 21,1087 ___ .. ... Three-quarter mile E. of Mud Island Point, Aransas Bay, Tex.._._. 100 01 157
Oct. 26,1937 ____ .. ___.__.. Rockport Basin, Aransas Bay, Tex._____ e 197
3 {Oct. 27,1937 . __________ Ingide south jeity, Aransas Pass, Tex_ . ___ . ___ . ___........ 249 } =03 b
----------- Oct. 28,1037 ________.______| Four miles off, 3 miles 5. of jetties, Aransas Pass, Tex_______________ 544
O .. do_ . ______. e Docks at Port Aransas, TeX_ .. s . 195 195 31
Bept. 8, 1838, __ ... Just west of drawbridge, Copano Causeway, Tex__.___...___...._... 177 |
10 oo Sept. 14, 1938 ___ .. _____._. Two miles SW. of Jordan Pass, Copano Bay, Tex_____ . ___._. 100 472 10
\ Sept. 15,1988 __ .. _____ One mile N. of Port Bay Channel, Copano Bay, Tex_____ ... _._____ 195
Y U S S Mar, 17-22, 1947 . _ ... .. Fifteen to 35 miles 8, of Rio Grande River, Mexico_ ... ... __ 616 616 118
42 |1l .. Mar, 17, 1947 oo meeee e Off Huts Bavou, Mexico. . .o el 379 379 19
S MLE! .................................... Nurl:lh CRrOlNG - - o oo o e oo e e e | Eg 353
3. .. R I o J D mmmmmmm | s O e e ——m———— VUV URUPUPUPY PIyRpU ST
S s L+ N DO SOUtE CarOlINS o oo o o oo e e e e e | i 1,879 72
Bo____ ST P 1 U PRI IR T TS S 1, 188 107
y S I s I P Georgif . - .o oo I U PPN 2, 582 708
- S S do b i e s [+ S RO OURY PRI 1y 110 1, 451
TSR D Ao | e Florida_...__.. e e 1, 667 322
) {1 PR S Ao s [ J e RIS SUPU 1, 340 218
|5 S B do_ | L. IR S e 2 S e U RO 1, 527 348
vy S F Ao e Alabama. oo e e SO RO 1, 669 322
.- SR SR s (1 I IR M ississippi and Louisiana_..___._. . e I D 3, 312 791
7. ¢ T P doo | ;][:ﬂ‘?{iiﬂanﬂ%---i;&—:: ..........................  GRRRTITEEEES, R A Pre 688 84
nside waters, Lonisiana_ . imaaaea- ' 1
i s A0 o[ {?ﬁ_s(l;ﬂra, %Euuis]:i‘ana.-_ .............. e e e aaas e 2, %% } 1. 647 316
nside waters, Lounisiana__ ... ________ e m
R R EEESE do..... Tymmmmmmmmmmmmmmoosmmssmmmoos {Gﬂshﬂre, LoumiBiaNa . o o e e e m i — e 4, 678 } 5, 606 460
) S A0 | e Oftshore, Louisiana_ . . .- R PRV i 4,408 654
gg ....... I Do g{}------ e Ao ann Cen&ral T TR PP TR . 353111 551'51'*
................ o Y IR IR § | 1 IR PSRRI S R e E RS y
'y [N R 's (s S D S Northern Mexico. ... __ e U PRSP 618 118
42 |- do____. I T N A e e [t 379 1%
111 __. s [ S [ Atlantic coast. . ... . o ____ e 19,736 |- ... .- 3, 704
27-29_ ... |..... do.___. Y Northern Gulf, east of Mississippi River _._. e 5669 |_.__....- 1, 197
30-32 do Northern Gulf, west of Mississippi River (inside). ___..... ... 3,421 | oo 246
""""""""""""""""""""""""""""""" Northern Gulf, west of Mississippi River (offshore) . _......._____...| 1,380 | ... 1,334
37-38. .. do.._.. N U Central TOXaS . - - o o e e oo mmm e — mmmmmme e B, 381 | ... 586
442 ____._.| ... do_.__. I T Off Mexico, south of Rio Grande_ . __ . ... oo 905 | oo | 137
AN o do._____j.. e e e e | North Carolina. to northern Mexico. . .. i ccaaen - 46,532 |_ . ---- 7,3

Apparently, once the shrimp reach outside later recaptured in inside waters. However, all
waters they tend to remain there unless driven  but nine of these were small shrimp from late
out before their normal time by sudden environ-  February and early March releases following an
mental changes. Of those shrimp we tagged in  unusual cold spell. These shrimp had sought
outside waters along the Atlantic coast, only two  refuge in deeper water, but later when the inland
were recaptured in the inside waters of another  waters became warmer they returned there,
area. Along the Louisiana coast, 118 of our  probably almost immediately to move offshore
marked shrimp released in outside waters were  to spawn.

376049 O—056 3
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TABLE 13.—Movement of tagged shrimp from inside waters to oulside waters

Number recaptured in month
Locality of recapture —
D 1 2 3 4 5 6 7 B

Atlantic Coast:

Inside wabers_ _ . __ 334 185 12 ... - | I N A S

Outsidewaters._____________________________. oo 139 . 263 94 33 11 1| v B
Northern Gulf east of Mississippi River:

Inside waters. _ 518 386 100) 8| _____. N DRI P R S

Outsidewaters________________________ 2 o0 58 10 ] r S P I
Northern Gulf west of Mississippt River:

Inside wabers _ ___ .o 16 101 2 DR SR R N S

Outside waters_ ... o 30 45 T 7 10 3 2 1 1
Texas;

Inside Wabers. . . B3 221 48 | I [ N R EO

Qutsidewaters___._._ . _______ o 19 - 4 1 | B S T T T
Total all localities except Texas:

Inslde wabers_ _ . .. o 868 672 114 8 | I [ I SR S

Outside waters________ . 171 308 159 50 26 6 2 3 1

Total (excluding Texas) ... L0039 | 1,070 273 58 27 6 2 3 1

Percent outside (excluding Texas) . ___. .. ____ ... .. ... ______TTmmmmmmmmo 16. 5 37. 2 58, 2 86. 2 9.3 | 100.0 | 100.0 1 100.0 100. 0

TaBLE 14.—Numbers of tagged shrimp released in inside walers, arranged according to localily and time of recapture

Locality of recapture and month of release

[Atlantic coast and northern Gulfl of Mexico; Texas omitted]

Number recaptured in month

D 1 2 3 4 5 B 7 5
Ingide waters:
JAMIATY ... 3 71 " S I S S N S SR
February_ _____ .. _____ .. Lo 16 | S DR VIV PN N B I
April . 3| 10 'S DN PSSR FIURDIRIIU W SRS
N | 8 8 | e
Augast . 106 R0 | I (RS SRR FURIRNRIUUN SUNNUISIDRE SIS B
September. ... ___ ______ . . mmmmmnr 358 230 102 . 7 D U R R DU
October. . T 331 232 - 3 N | S S N R S
November_ . _._._____ .. mmmtmmmmmmm 49 15 ) I SRS DRI SRR E DR S
December.... . ______. . LT 2 DR D SN B DO S P P
Outiside waters:

JBOUALY .l 6 73 12 7 2 DN AR IR DR
Vebrmary_ ... . ______ . . _______ . e/t 55 8 = 2 (S IR S R
April. 49 52 g 1 I SR PR BT P
Jaly T e 11 | . 2 S N N S SR I N
Awgust LT 34 23 8 3 | R SR DU S 1
September.._______._ o ________ T 2 20 30 15 - 2 IR RSP DRI (R
October_.__ it 30 100 71 17 4 3 1 ", B S
November . . _______ . ____ T 0 112 13 4 10 3 | N S SR
December_.._..___ . . ___________. Ll TmmmmmmemmmmeTT 290 | [ (PSS NS I S NN I S

Totalinside ... ______ . _______ . . BAR 672 114 R ) I (FORUIUIS SUSPIURIUI DURIR PRI,

Totaloutside_. _______. . ___________.  _____________TTTmmmmmmmmmTTTTRTT 171 398 159 50 26 6 2 3 1

TABLE 15.—Monthly percentages of recaptﬁres of inside releases recaptured in inside and outside walers
[Data fram table 17] |

Month and localitv of release

Percent recaptured in month

0 1 2 3 4 5 6 7 B

January: :

Insidewaters.._._____. _ _________ . . 33. 3 rdi 5.0 | e

Outsidewaters... . .______________ ____  _~ —ToorettTemtTTrotThremT 66.7 | 24.5| 750 | 1000 100.0 |_______ .t ___|-e._._.. e
February:

Insidewaters._....______ .. ____ . _ . _____ . . ... b 29 B 1§ 1 N U S A I IO

Outsidewaters._________.___  _ ___ "~ CTTTTmotTmmrTeet R 7. 5 8891 MW0.0 [ oo e P
April:
- Insidewaters________ . _____ . ____ . ______ . ... ] 18.3 16. 1 20.0 oo e e
Tal Outsidewsters_________._______ .~ Tttt et BLT] 839 800! 1000 100.0 |ocoooo oo e

uly:

Inside waters...... ... 2.1 600 ||

OQutsidewaters _____ . _________ o TtTTTTTTTeeemtmmmees K7 G 0.0 | . .. I R I
August: -

Inside waters. . ___ . ... ___ .. 75. 6 i i 1.1 T U I P S

Outside waters___..______ _____________ [ TTTTTTTmrtTUrTmmeeemmmooooe 24,4 | 223] 839 | 100.0! 100.0 | .. o |.__._.. 100. 5
September: | |

Insidewsaters. _______.______ _______ .. . 99, 4 92 0 2.3 34.8 | b )

Qutside waters.___ . . ____ ____ T TTTTTTmmmmmmeommmmeomooos 6 R. ) 97 7 65.2 | 1000 [ e
October:

Insidewaters._._. . ___.___ . ____ ___ . 89, 5 69. 9 411 . MO0 | e

Outside waters_... ... . ___________ T oTTTmmmmmmTmommemoeee 10.5 | 30.1 95.0 1 100.0 | 80.0 | 100.0 | 100.0 | 100.0 | __ ___.
November:

Insidewaters.______. . .. _____ ___ ___ . . ... ... 73.1 11. B i N S U AUUPRTRITI N N S

Outsidewaters...__. . _______ [T Tttt 16.2 | 88.2| 929 100.0] w00.0| 1000 100.0 || . . _.
December:

Insidewaters...._._._______________ _______ . ... VS N R T T R S I T U D

Outside waters...________________ T TTITmmTTmmmmTmromoeTmmmeooees 9.9 | wo.o0!l R T R I A
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TaBLE 16.—Months in which tagged shrimp were released
along the Atlantic coast

Released in area No.—
Relensed in
month of —
1 3 5 6 7 8] 9 10 11
January. ] |mem e e e X X X X
February. - ]oo e e X X X X
Mareh. oo e el X ) S PR F
April. e e X |eoooofacuwmac]amaana
May oo e a X focrvoclocacaaiocaaan
June. . |iiii]emmaa e e . QN DR [
i uly. SR St e I Nttt I X ||
ugust. .| o e e - X oo oo
September______|._ .. |---.-- X X X ) S IR IR S
Oectober_ .. ____ X X X |eooo- X X feeocn]imemcc]omamam
November__ .| oo oo o X y S PR RO

Once the shrimp reached the outside waters
their movements varied with the size of the
shrimp and the locality, and apparently also the
time of the year. |

The small shrimp, 13 ¢m. or less in total length,
did not make any extensive movements. Once
they reached the outside waters they remained
there, almost immediately adjacent to their
inland nursery grounds. The large shrimp, more
than 13 cm. in total length, showed distinct
behavior patterns which, since they varied with
locality, must be discussed on a geographical
basis.

ATLANTIC COAST

Weymouth, Lindner, and Anderson (1933)
demonstrated 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 decline in catch and the
disappearance of larger shrimp from the northern
and central sections, we found that in the southern
section (Florida)} the catches increased (fig. 15),*
and that the shrimp caught were comparable in
length to those missing from the north. These
facts suggest the possibility of a southward
migration duving fall.

Throughout the winter, small shrimp remained
in varying numbers from North Carolina to
northern Florida. They were most abundant in
southern Georgia and northern Florida. In
Georgia and the Carolinas, after the winter low,
the catches increased during Apnl, May, and June,
before the appearance of the new spring-spawned
shrimp on the fishing grounds. This was primanly

¢ The data for this figure are from Anderson, L.indner, and King (1949).

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 during late summer and fall and
along the Florida coast during wimter. Many
of the boats 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 boats that fished the entire year from
their home ports, but the majority of these 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 any time. Winter and early spring
fishing in outside waters of South Carolna (areas
4 5, and 6) was more frequent than 1n 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) that fishing occurred with a

fair degree of intensity throughout the year.

Fishing in central Florida (areas 10 and 11) was
limited almost exclusively to late fall, winter, and

spring.

Because of these conditions, and also because
of our facilities, we concentrated our efforts on the
one area (area 8) where throughout the year fairly
intensive fishing occurred both to the north and
to 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 percentage of
total recaptures for each month taken in areas
north or south of the arveas of release. In this
ficure the lines begin with the month in which the
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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 i any following month. The points
falling within the 0-0 section of this graph indicate
that no recaptures were made in areas other than
the release area. For example, from releases made
during May all 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 south 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
release area,

during fall and esarly 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 retaken as far as 35 miles from the place
of celease.
to indicate & migration pattern. 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 can 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 recoveries 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

These certainly cannot be considered

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 they 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
vear, we find (table 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.—M oﬂthly recaplures of Allantic-coast tagged shrimp, arrunged according lo month of release and dtstanﬂe (¢n areas)
ghrimp were recaptured north and south of release area

[Areas are 50 miles wide]

Released in month ofi—

Recaptured in month of—

Number recaptured in areas north or south of release ares in goographical sequence

- e—— e — — — T T Em & E R A S e m eararaema o=

T M A Em D m ER A E e T W Em A LA o m W Em oEm m oy

e Em W o A - — - = T W M MR ek e o wr W W mom

e = = - - = E T — - o EmowEmom L.

SN ER — — W T E B R A e e B Wr B SN B SR R S oy ol wm

- -l Er E OB OB B B M S e e o L — W o o o owm

A g e o EE S B o S e o @ om om

B S~ ™ mmmm o Em O R o N oo o

- R N A ey mr s E o R, o o oam o m

Beptamher
October_ .. __ .. ____..__

Ll L il Ul T N i e pep—

- e W A o e - o o o

=
o
:
g

December
January

{October___

oW e omr e e o EE EE E SR BN A S oy o mmomm

o m rh A oo o RN o E o o owm

W ot e m o o wr ea o - —

&
—
:
2

M g = - w — o R o b o o owr am Em s

- o o ER o AR o AR — o ar m N — — oW

!_.ME}" ........ e

.

January. .. . ____________
Februsary
Mareh__ ... _.

- s T E e Em A A — ) o oW B BN e s oo

O T o omm o omm omm o o e W W N N BN A A o om o

e M N e e e = e T B B A B L o oy - mm Ew e o e

o T o o R E e S e o Em EmEm LA

i mr e W BN EE N EE O OB SR N oy B o B B L R — — oy

North f;ﬂ;f South Total
5 4 3 2 1 0 1 2 3 4 5 6 -

.............................. 62 || e,
...... RPN FEVRI PPN 2 N Y (SN DEDRSUIPN DRORIO SNNPIPUI FURUSI NI | S 7.
...... U DU DI R N U RO FUR I R N
.............................. '« s I (RN NRUIN DIOIURU DU PN I S
............ R IR 21 y B PR D I S DU P | S
............ I R U S R DR IV RO AU
R DU T M 1 84 |||y
______________________________ 38 | | } 123
........ R RN R I 179 | T T
................. B U P 36 | o L _
__________________________ L 9 I DN DU N DR A DU 1 )
...................................... T R R R IR R
_____ B [ROSO DESRN U A NN R T A R R DR DO I
........................ 2 282 3 N O ISR U IR I
________________________ 3 83 120 || i A
.............................. 18 13 2 | 2 el 412
______________________________ 1 3| ... 3 4 1|
................. ) R N P 2 ... 3 = 2 [N ORI PR
..... ) PRI SEDR R B 478 73 2 (USRS (AR VRV FENR D
............................... 326 | 158 | 13 S Y DU P I
........................... . 38| 69! 301 12 6 >3 I
______________________________ 3 3 7111 6 1 2 1|} 1366
............................................ 3 3 2 | I RS D f
____________________________________________ 1 PO IR I I 1
I U P U B I 1 R P P O PR RO I e
........... ) U DA 1 05 .o e
________________________ 1 52 0 2 2 P NSO B DR
______________________________ 8 6 S S DU I I AR L T
...................................... y I P O T N I e
___________________________________________ A v ||
.................. 3] 5 42 |__._._. | R I DRSPS DA SRR S
...... N 5| 11 180 | 19 {4 | |
------------------- I e e e e e
______________________________ 2 "o P R P D S T80

| I I D 2 | I (SRR VRO ORI R SRR DRI DU RN
________________________ Voo e
...... e O O S AR PR DU DU A I R
---------------------- T O e e e
__________________ 22 1 I PR U SRR N
__________ I I P 3 PO I MO i I I I 210
.................. 1 1 21 DU DR U NN I MR
______________________________ ) |5 30 PR DNRERRONY SRR R N T N
________________________ 3 11 S I T IR PR AU
____________ N DR SN S IR U AR IR S l Il
DR IR IR SR P T I I AN D T I N A
_____ IR A D 5 2 R S R S DO IR S
______________________________ 62 || oo e e
______________________________ 11 P U PR DR A PO N L T
______________________________ 1 P TR DU PR IR R A
______________________________ y I T D IR S DU At I

migration is at its height, were mostly small ShI'lIIlp
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 Carohna 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
The longest southward migra-

from year to year.

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-
in January, and recaptured 168 days

eral, Fla.,

later off the coast of South Carolina.
traveled about 260 miles.

It

had



1 Small shrimp are those less than 13 ¢cm.; large shrimp sre those 13 em. and longer. |
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TABLE 18 —Recapiures, by area, month, and size, of lagged shrimp released along the Atlantic coast from 1935 to 1938,
inclusive
Number recaptured in area—
Area, :ﬂﬂ F;EE ?QW' and Recaptured in month of— Total
e | 2 3 4 ) G 7 8 0 1G 11 All
areas
1
Area 1:
Oectober:
Small _________ . Qectober_ . __ .. 45 . . | _... B P EENU PR SUN S SRR IR 45 45
October_ . _ . _____. 9 |__.... ) Ol P PO D U I N PO 10
Large .. ... _____. November. _______ __ . . . ____ 1 ... 2 DY PR DUV SRR D PRI I 3 14
January_ oo e e e e | O D P P 1
Area 3: ﬂ_
Qetaber | !
'gctabet; ________ RO PP FES 12 S Y IO SR IS DRONDI (RO DI D 08
ovember_ _ ______ b L 48 | e e 46
Small ... ‘Demmher ________ IO USRI P A I (RRPRVURN DAUNUDN JVRURIUR DRNUIPIVEE FVDUTRY PPNV B 1 ] 145
Febroary._ ._...______ NI PFUSOTOROES FEPRERERRN AN SNV DN SRRV N ) [ P DR SRR 1
Qctober. . . o e I I U v I T ERU I I U P 167 [1
I'I-)Invem]?er- . IR U B 80 |l e N I S N B0
ecember_____ I FRSUIPN B ; F- N DU R DRI I .2 [NENEURUNS EURIPIPN IS G
Large ... ... January....... R U A 2 | et 1 2 I 5 240
Febmary._ . o e A eea e IO IR S | A DS DR PR 1
t(Marebh. . e RIS USROS PEUIURUU NI DRNURUINS PR NN PP ) I D 1
Area §:
September:
10ctober___ . . e N PO y 21 (ORI PRSI U SUPDIPRIN 2
Small ___ . _. December. .- ___ e o o e e b e | U PPN IR 1 4
January...___.___ I NN R I S N A S 1 R L 1
September. _ . _____ o e 71...._. ‘ | [ S PR PR B 8
Quotober. - e e 3 ) 3 I I I I I B 5
Large_ ____ . ___._.__ I November. . . __ e e 4 2 | O (R P 8 20
December___ .. _ e e e e el I R B _ 1 3 | R P 5
January. ... . _______. B P I N S SRR S N P A 3 [ 3
Ocetober:
December___.__ . ______. U PR SO SR N NN SR P 3 | [ D S 4
Small _____ .. January.___.. - IO FOISS DN SIS PR SRS UV B 20 S I IO 3 10
February .o oo e e e 1. .. D R 1
gnvemﬁgr ________ U PR I RN BT 2 3 ... ) I P I N 6 ||
@eember_ .o __ |l e 1 7 3 IR 13 |4
L&I‘EE ---------------------- January ... ____.. SRR PUDNRRRTY DR RS DU S SRR DEDREREPNE P 2 2 e 4 2
. Februarv._ ... __ I U SRR SN S SRR IS B N ) U I R DI 1
Area 6:
September
September. _._______.__. I I R I I 26 [ SR NN RPN 27 |]
Small ________ ... October___ ... _____. e 0 I N R P . 1 3| e 4 |, 33
November______ P S I S N ISP PR B - I I IS I DR 2 ||
%elzteblgber“--_ _______________________________________________ 51 . 2 U (RO PRI PRSI ﬁ
etoDer_ oo o e e 6 Ly I [PRRORNEPRY DUREURY IRORPEDIPN PRSI X
Large. .o November__ __ o e A e, 2 SR E | N I ;1 71
December_____ ... ____. I S DEUIES N DUUNNUIEN VI SUUIRINN PSRN DU | IR U FP 1 (]
Area 7:
September |
September_._.________ SRR RPN U I U O 1 7 N S PO IR R 56
Small____ Qetober. _. -] Y RS S . R DA PR SO 2 58
November_ - ____ oo e A ] - E D FE P | [ P S D 1
JSeptember ______________________________________ S PSR DU J : 3 Y (PR DUURGU R 41
| DT ¢ Qetober. ... __. I TR SRR PRSI PRPIDRIN S 2 2 IR S 4 46
November... ._______ RUURUUURN VUV FEUUUR DU SUURRPN RO ISP BN | O N IR PR 1
October :
October. .. ._____ e IR N U IR P SN F B5 |..___. R PSRRI, RS 55
November. - .. b R DEURIE I SR 32 7 S U AR, D 36
Small .. DecembeY. ... .. IR PR DEURRTUS PEVSRIIN DDA 1 7 K 2 DR AR 11 103
Mareh. oo I R S SNUR ISUSUR IR SR I ) I SN DRV 1
May. oo e e e e e 9| ____ A 9
October_ ... RSO PRUURRY IRV DIPNUI DRSO P E a8 89 2 [ IR 169
Igwemt;:er ...................................... I D U PO 1%3 léiﬁi % RN E;g
ecember. . . ______ o e e 19 26 25 2o
LEIEE ——————————————————————— - Jﬂﬂum ___________________________________________________________________ ]. ﬁ 2 4 13‘ m
February._.._...._._ I R U R ISR DU FEUONRRRN DRUDIIRNE EEURRIT PR 1 2 1 4
BY ... RNERIRINSRNRIUDIPN EERIRRUNY NIRRTV RIS DU I IR B . 700 [ P P 5
Area 8.
January
January.....___ e S NN PRNUR NSO PRSP PRI J N P * J [ PR P —— ‘Al
February._ ____._ PN R PR MV DR I i ) [ S P i PR 92
Small .. dMarch__...___ . A I P S DU SR 16 | |- B U 15 125
April________ R RN DRSS DR SIS P 1 B |- - 7
B £ S UNPOURPUI SN NP (R RN P B R — g ---------- I ECEEEE g
February _ o |ee e e R e - } |
Large‘ """"""""""""""" {Mamh ___________________________________________________________________ _ | I D D P - 1 3
Fehruary:
Mareh . A IR S DR IS DR 1 ¥, J% (R PRSI I 66
Small .. ... .. {April ___________ SRRV FROUPRURUUN RPN PRSRRIT DSUORDS IR I 1 B |----- I CErEr 9 78
May .. e e e e 1 . 2 R IR PRSP, 3
Large. e Mareh. e e 1 - 3% SR [RORRON R 9 b
March:
Morh oo e e e e e e 8l
o § SRR IPIRIN JUOREPRN [P BV e L - P B Ll
small_____ L. BY oo R R 1 : SRR P B 4 21
June_ ... IO DR MO PR S N I O R Y [ 1
Large .. {Mmh-_ .................................................................. | O PR P s ; } 4
Aprid. .. 1 1 L ECLIEEEEEE 3
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TABLE 18.—Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 1935 to 1938,
tnclusive—Continued

Area, and month of release, and
size t when released

Recaptured in month of—

e

Number recaptured in area—

Area 5—Continued
April:

Emall. . e e . .

June: Larpge_ . _____.

July:
Bmall____

—_ —_ = — — — I — m - - 3BT T W T EmEm

— o —mm — = = = = = = ——— = — o = = = s — um mm

Large ______....__.

November:

Aren §:

- —_— = = = = = x m & .
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TABLE 18.— Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 19356 to 1338,
inclusive—Continued

Number recaptured in area—
Area, and month of release, and tured i -
" size | when released Recaptured In month of 1 o | 3V 4| 5 6t 7| 8| 9 [ 10] 1| AN rotal
areas
Area 10: i b
January
January. ..o SR DV I RN I N U U PR . 3 DR 8
231 1T:Y | J R February. . ___.. SURUEUIUUURR N SN PURUIVIL SOIUp [ Y DR S SN (RN D 6 [.____. 6 18
March .  _. o e e e e U SEUREIES P 1 3 |..____ 4
B E:Te10%:) o NI PUISRIRES P S (SIS (VRN [RNRURD DRUUpRR DR P IR 58 1..._..1 b8
E‘fbl‘l:{lﬂry ................................... (RN DRURDNN SR U DR 2 IE 33 2 gg
arch...... RN [RNRPTURN NDURIPIpp g NN DEURIVENI SFURPIEPIN PP DI U R 17 2
Large. -« aeae tAprl ... . U SRR Do N R O RS SR 1 N O B 21} 142
May. ... R SR SR SRR DU I [N FRRUURUUS PPN PRI DRSSPI S 1 1
Jaly ... ... R RN P E— Y S R S SRR [ p 2 DN PR P 2
W93 141 1:) AIUSNIUON [RUNRN PP I S I N D SRR DU 5 S U 1 |
February
Qmall. . gegruary__-_-_-_-_ ............................... IO DS SO DU SR S | R 1 -1
ebTUAEY - o o e e e |- I IR U DRUUONY FRURIONS ST N ¢ T [N
Large. ... oo eeiianos {March,??. _________________________________________________ IO P O DU 12 g ______ :1‘::3 } b7
Areg 11:
January:
[January. .. ... ... RN N SURIN PN NI DA PIRNPIURIP SUPISIPSIP, PRSPRPRY AP fmmmm i1 11 ]
Small ... . Ib‘iehnﬁarr ___________________ SN (UR PRI S (e DN P SRR [SUREDIPIN) PRSI PRSP I S PR 3 3 | 18
arch_ ... SRR RN [FRRRRNDIREY NNUUSURIUN DIV PRSURIR PP DU P 2 1 1 4
'%‘arln]uar}f ................ BRI PP Y DS I U (OO D U P 5 5| 200 213 ‘
ebruary. __ - . ____. DRV SRDNURRIE JEUURRINY SPRDRREY U R P Y P Y DR 3 2 7 3
JMareh_ ... . ...} . S PRORU SRR P U PO DTS Y IO SR . i 3 12 16
large .o April. ... R PO A ROAR NG I I IO R TR O 1| 2|l
July . REEUDURIN DRI ISR P RO P U SR ) 0 (S U DU FRNPR DI 1
{September_ .. _ ... .. ... I SR P U SRR DR N et e ) [ IR I e 1
February. Fob
ebruary._ .. ... || N (NN U P S (ORI R Qi S (RIS B 8 }
Small ..o {March__ ................. DRNPRUR FEEDIE PRSI PR U DR S U SRR DR S 3 7 1318 18
Ili‘fhrli]ary,_,-- NP (PR R (USSR PRSP NP AR DRI DRSS PRSI PRSP 6 i
areh . i e e e || - RN PRDRUDIN PEPSDEPDI I 1 5 3 19
Large .........ccoooiioiaiian ApriY | AU DU FEUNSRUUINN RSN DUPRPDUDIPN SRR PEPUPUNS RIS PR 1 1 4
May_ ... - R S Y I URUNY DRDRSRN PRI DSPVERI PRI S | | I DU P 1

1 Small shrimp are 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
[S8mall and large shrimp combined]
Number recap-
tured in areas—
Recaptured in month of—

| North of | South of

release release

area area
JanOaTY . e b 1
February oL 11 19
March. _ ___.____ e mmmeae—————- 31 .
April et e 4 1
TasLE 20.-——Recaptures, other than in area 8, of tagged

shrimp released in area 8
[Small and large shrimp combined]

Number recaptured in—

Recaptured in month of | ATEAS
Area 7| Area g | south
of 9
ABBUSt . e e e
September_ _____ ..o ) I D P
Oetober_ . __ . __._.._. e 2 r A
November_ ... .. e 47 1
Pecember. . e e e e 44 y
JaANMUATY e immameem o eimemmmam b e 10 )
February.. L __._. | o 1
MATCh . .. 2 I 3
AP e 5 1. . ___
May__ ... e e e e y S S DU
JUNe . e oo e e S R I
July._ . ___. 1 ) R P

TaBLE 21.—Tagged small shrimp (less than 18 em.)
recaplured along southern Atlaniic coast

[Both sexes included, 1935-38 experiments)

n Number recaptured, of shrimp released In area—
istance cap-
tared trom | 2 Al
oint of re -
p 1l3ls5[e6l7i8]lol10l1] 0
235-380 miles. .| South. | _ | o oo {emoo|oe et e | o -
305-330 miles__ .. ...do._._. R R T U U DU MR DR PSP DI
75300 miles_ ___|.__.do_____ IR B [ PN CERNNS DUCHUEDES RN DEREN VORI PR 1
U270 miles_ . __|___do____. S P S SN PN DRIUOES PEVES NSO SUNU Prptp
N5H-240miles_._.|...do._._. IR TR B A (VR DN TONOONS DUy N PR 1
185-210 miles___.|...do.____ S P I | [ N U DU DR PR 2
155-180 miles_ . __|.. _do_____ R PV R 2 TS DUUEUET R O U AU P 8]
125-180 miles. (.. . do_____|--_f--.0 3 |---cpoo-ab b jeaai]aeecfe-n- 4
85-120 miles. ... _.da___._ VU SR DN PR MRV R ' EPROR PN PR 1
65-00 miles_ __._. .do_ I DU DR SN B S - TN PUDSDED SR D 7
35-60 miles___.__ o do.____ R R D D TR T 20 I 5 O PR DA D B~
0-30 miles_ . ..._.. Local____ | 45 {145 2|31 140 !643 | 47 | 18 | 26 | 1,106
3560 miles. . ___ North_ |l __1___ A |eaao]amcctoo| 1 3 4
65~-90 miles__.... odo. . [ DU P DU I AR DU S B - 2
95~120 miles. ... L do__..__ AU U DT S RS R Y U B | 1
126-150miles____|.._.do___.. .- R T U IR DEUEUNS IR PRSI PP F
155-180 miles____|_._.do____. [ PN [N (VDTS DR RIS PRV VRN DR
1R5-20miles .l Ao |ocao|aeac|anfe e mm || [ -
5240 miles. __ _|._ do. . i o jecoc|eaa|em | i e e
245-270 miles____|_._do____. R PRV U UV IR FEUNPDES AU DERNNEI PRI S
Total. - - 1oceo ... 45 146 | 14 | 33 (163 |660 | 47 | 19 | 32 ; 1,158

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

In
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Figurgk 17.—Movements of marked shrimp released along the Atlantic mast. during July, August, September, and October.
These diagrams (also figs. 18-26) show where marked shrimp were recovered. They do not indicate quantity, or

tength of time between release and recovery, but merely where the shrimp went,

arrow indicates locality of release.

The dot at the beginning of each
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Fiours 18.—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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FLA.

FiGuRrk 19.—Movements of marked shrimp released along the Atlantie coast during April, May, and June.

MAY 8 JUNE

A - N.C. %

FLA,

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 i1s 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 vast 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
the numbers of shrimp involved are few, since the
bulk of the population of large shrimp has mi-

grated to the Florida coast. QOur 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 central and northern sections of the
fishery during late fall and early winter might be
caused by factors other -than a sofithward migra-
tion. Similar symptoms could be caused by the
large shrimp burying in the mud and hlbern&tlng,
or by an offshore migration.

We believe that the evidence we have presented
here effectively disposes of these other possibilities.
However, we do have additional information.
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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.

TABLE 22.— Tagged large shrimp (13 em. and longer)
recaplured along southern Atlantic coast

[Both sexes included, 1935-38 experiments]

Nuinber recaptured, of shrimp
Distance cap- | released in srea—
tured from Direc-
-pn}nt of tion |
release All

1 3 ] & T B_ g | 10| 11 areas

336-360miles.___{ South.. | 1 1 |____|eo oot o . 2
305-330miles. . __|___do_.__ | || e
275-300miles____|___do___._ |1 & | o e e 4
245-270miles_ ___|___do_____{_.__| % |__. 4l b 1
215240 miles____|___do_.__._ R B | 70 (RO DS U PN P S 6
186-210 miles. . __|___do_____1____|____1 10 10 5 el 16
155-180 miles____|___do_..__ NNV FRUREUTS R ; T I SN N T AN S 10
125-150 miles____|___do_____ cema|aeeey BB 2 X | 17
95-120 miles. _.._.1._.do._._. eemtoeee| B |t 10| 4| 2 oo, 19
65-00 miles. .____ __do..... 3| 2| ____t3 |46 4 ___|___. 89
365-60 miles_ . ____ __do_____ eee-fe—__| B| 66T | B8] 91 6 |____ 151
030 miles_______ Local____| 10 |233 | 15 ; 63 |432 |632 |242 153 |274 | 2,054
3560 miles. .. ___ North._ i _fooofccoc]ocoo| 1o 43211 48
6590 miles. . ____ SRR + U TS NN SNUUVUDES SN DS FEUURRN DT R U A U B 13
95120 miles_____|___do___._ R PV NNV AP P FEUUSTON PR B B N 0
125-160 miles____|___do____. e o] 2 2
156180 miles_ . _.|...do_____ N (U NI SRR FEVENIVEE PN NN R B | 1
185210 miles. ___|___do..___ N RN DU IR RO PR DR N N S
215240 miles_ ___|___ Ao ____|_ )i e e
245270 miles_ __.{___do_____ AU PRV FUURUE IR SN N F S B | 1
Total______ i __________ 14 |240 ! 53 | 71 |554 |747 |263 (199 (302 | 2, 443

TABLE 23.—Effect of length on migratory lendencies of
shrimp from Atlaniic coast

[Migratory shrimp are those recaptured 35 or mere miles from release point)

e,
-

Number | Number | Percent
Length recap- migra- migra-
tared tory tory
10.5cm. and smaller.___. ___________________ - 109 4 2.0
1lto 12,6 Qm. oo oo .. 060 4D 51
13cm. and larger. . . __________ . _ 2, 443 389 15.9

We have considerably more information, all
negative, on the subject of large shrimp moving
oftshore. 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. KFurthermore, 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. sefferus 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-

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
suifable feeding grounds in the deeper waters
along the Atlantic coast.

Our findings lead us to conclude that the bulk of
the shrimp of the Atlantic coast, after migrating
from 1nshore 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 summer, 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.

NORTHERN GULF EAST OF THE
MISSISSIPPI RIVER

In areas 27 to 29, between Mobile 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 ¢ in December.®* Henece,
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 bottoms of the outside ht-
toral waters off the rAlabama 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

5 In our discussion of movements in the northern Gulf of Mexico and in
Texas we have subdivided each area into depth zones. Zone g represents
inside waters as we have already defined them; zones b to fare outside waters
with depths as follows: b, 0 to 415 fathoms; ¢, 5 to 815 fathoms; d, 9 to 1242
fathoms; e, 13 to 161% fathoms; f, 17 [athoms and deeper.



5908 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

SEPTEMBER TAGGING ! OCTOBER TAGGING

MISS. | ALA. MISS.

NOVEMBER -TAGGING

F1aure 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 tend to seek the deeper waters near the mouth
delta of the Misgissippi River, the bottom, of the Mississippi River as winter progresses.
although it shelves off rapidly, consists mostly of  Tables 24 and 25 indicate this tendency of the
mud with an abundance of food. Probably large shrimp, and some of the small ones, to invade
because of this, the large shrimp in this region area 29. The data presented in tables 26 and
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TaBLE 24.—Recaptures of small shrimp (less than 18 cm.) released in Gulf of Mexico, by area of release and by month and
“ area of recapture
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TaBLE 25.—Recaplures of large shrimp {18 em. and longer) released in Gulf of Mexico, by area of release and by month and
areq of recaplure

Released In—

Recaptured in
month—

Number recaptured in area—
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