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ABSTRACT

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

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

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

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

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

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

By Milton J. Lindner, Technical Adviser, Fishery Missibn 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 Car-
olina to the Mexican border, the major effort was
directed toward learning the life history of the

-common white shrimp of the United States,
Penaeus setiferus (Linn.). This species was at that
time by far the most important, and comprised
more 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, including spawn-
ing, embryology and larval history, postlarval
growth, longevity, and migrations; abundance
analyses ; biometrical studies with respect to racial
determinations; and the effect of fishing, in relation
to gear, localities, and time, on the composition of

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

In December 1934, experiments 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. McPhail, Kenneth
H. Mosher, John C. Pearson, and F. W. Wey-
mouth. We appreciate their help, and we appre-

‘ciate also the analytical assistance of George A.

Rounsefell and the help given by the conservation
agencies of the various States, particularly Geor-
gia, Louisiana, 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 growth data from shrimp
tagged in various areas from North Carolina to
Texas. Thus our results embrace the entire
fishery.

The tag used consisted of two small celluloid
disks and a nickel pin (fig. 1). The disks, one
white and the other red, were perforated in the
center. The white disks were numbered con-
secutively, and the red ones bore instructions for
returning the shrimp. The disks were of opaque
celluloid, ten one-thousandths of an inch thick,
protected by a layer of transparent celluloid five
Most disks
used were three-eighths of an inch in diameter,
although some of the smaller shrimp were tagged
with disks five-sixteenths of an inch in diameter.
The pins were of pure nickel wire. A pin, with a
white, numbered disk mounted, was thrust through
the side of the first abdominal somite about mid-
ventral surfaces;

one-thousandths of an inch thick.

way between the dorsal and
a red disk was slipped over the end of the pin pro-
truding from the other side of the shrimp, and a

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

Fraure 1.—Tags and pins used in marking experiments,

Froure 2,

A tagged specimen of the common or white shrimp of the United States, Penaeus setiferus.
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Fraure 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
tissue only, and no vital organs were penetrated
(fig. 2).

Several methods of capturing shrimp for tagging
were tried, 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 aboard the vessel. In addition, a conical
net about 3 feet in diameter and 8 feet in length
was suspended overboard for holding surplus
shrimp not accommodated by the tubs, The live
shrimp, as soon as they were hauled aboard, were
separated from the fish, dead shrimp, and other
organisms and placed in the tubs which had been
previously filled with sea water. When this opera-
tion was completed, the shrimp that appeared to

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

Two men did the tagging and a third the re-
cording (fig. 3). The two tubs in which the
actual tagging occurred were placed side by side
on a table of convenient height. A removable
balsa-wood board was fastened to an arm extend-
ing vertically between the two tubs. The white,
numbered disks were mounted on the pins and
stuck on the balsa board in serial order so that
either person tagging could remove the tags in
sequence. A box of red disks was placed on the
table within easy reach of both taggers. A float-
ing measuring board, graduated in half-centimeter
units, was placed in each tagging tub. A similar
board, as well as the technique of measuring, has
been described by Weymouth, Lindner, and
Anderson (1933).

So far as possible, measuring and tagging were

done under water. As the shrimp were tagged,




558 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

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 shrimp
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 a 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,

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 observational errors.

EFFECT OF TAGGING

Evidence indicates that some shrimp die as a
result of tagging, and that the mortality rate is 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—
Size group After preservf:tl._i:n in formalin
Allve
24 hours | 1 week | 3 weeks
96-100mm . _____...._...._....__. 12 14 12 14
101-105 mm 28 26 25 24
106~110 mm 29 30 29
111-115 mm 23 25 21 24
116-120 mm 30 28 32 29
121-125 mm 29 28 29 26
126-130 mm 19 19 24 23
131-135 mm 28 30 23 22
136-140 mm 26 23 24 25
141-145 mm 27 20 28 30
146-150 mm 21 19 23 22
151-155 mm 15 15 13 14
156160 mm 7 7 9 7
161-165 mm L] 8 7 [
166-170 mm 1 1 1 1
Total number of shrimp__.] 300 300 300 300
Meanlength_ .. ... __ - 126.84 126.82 127.48 126.86

Since the curve levels off at about 13.5 cm,,
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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Figure 4.—Percentage of shrimp recaptured, according to size at time of tagging.

unaffected by increasing length from this size on.
This same type of curve could also result from
differential fishing intensity, based on the size of
the shrimp, together with a high residual tagging

’

-mortality, or a high natural mortality, or both.

However, from our experience with the fishery we
do not believe that differential fishing appreciably
affects the curve. -
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LENGTH |INCREMEN _
REGION AT IN zj sy | auc. | sepr. | oct. | wov. | DEC. | van. | FEB. | MaR. | aPR. | Mar | yune | suy | ave.
TAGGING |CENTIMET
10.5 CM. ; ] L
To 3 ]
12.5 CM. — L - e /
1 -
ATLANTIC - et 1 i 7
COAST | 130 cm. 3 A
NoRTHERN —| soem. | 2 ]
3 L \ —
SOUTHERN -~ e B s N g .
1.5 CM, ;]
To 3]
17.5 M. z ]
q A —
10.5 CM. ]
A | -
125 CM. 2]
qorm fgon |1 ,
T0
GULF 15.0 GM. z ] L <
4 -
1.5 CM. s ]
7.5 tm 2 A /
.5 CM. 2 ]
10.5 CM. ;]
TO - \
12.5 CM. 2] |~
4 4
GENTRAL '3-3:"‘- 3 A
TEXAS 15.0 CM. f ] |
15.5 CM. 4]
TO 3 ]
17.5 CM. 2] .

Ficure 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.
the beginning date is taken as midway between the release dates.

TABLE 2.—Number of shrimp tagged and number and
percentage recovered, according lo.size when tagged

{Areas 1 to 3&]

Length at tagging

PomE

s et oot et et
WO
oL

Number { Number | Percent

released |recovered|recovered

2. 1]

80 [

20 |. 4]
105 3.8
227 8 3.5
600 16 2,7
1,872 96 7.0
2,202 203 8.9
3,202 292 9.1
3. 903 473 12.1
4,175 501 14.2
4,038 652 16.1
3, 665 610 16.6
3.615 677 18.7
3,142 hu8 18.7
3, 147 654 20.9
3. 204 630 20,3
2,901 59¢ 20.6
2,248 424 18,9
1, 662 322 19. 4
8A8 200 3.0
327 | 56 17.1
141 30 21.3
5% 9 15.5
22 6 27.3
6 1 16.7
1 1 100.0

T P 1}
45, 022 7087 | ...

If more than 1 day of release iz included in an experiment,

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
figure 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

! See also tables 3 to 6 showing inerements hy approximate 10-day intervals
of all measurable recoveries.
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TasLe 3.— Distribution by growth increments, of tagged shrimp recovered in northern and ceniral Atlantic fishery
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Date and size when released

Number with growth increments, in centimeters, of—

Total

Recovered in period—

—0.5

0.0

05} 10| 15 ]| 20| 25 | 30 | 35 | 4.0

4,5

5.0

5.5

num-
ber

July 6, 1938: !

10.5-12.5 em

13.0-15.0 em
Aug. 3, 1938: 1

10.5-12.5 em

13.0-15.0 cm

Sept. 6-11, 1936:

10.5-12.5 cm

13.0-150em. ...

15.5-17.5 cm.

Oct. 16-21, 1937:

10.5-12.5 em._

13.0-15.0em__.... .. ..__.

15.5~17.5 cm._

Nov. 9, 1937:

10.5-12.5 ein.

13.0-15.0 cm

15.5-17.5 ¢

July 6-July 17._.___...._._
July 18-July 27.

July 28-Aug. 6...
Aug. 7-Aug. 16__.
Aug. 17-Aug. 26..
Aug. 7-Aug. 16__.
Aug. 17-Aug. 28 ________

Aug. 7-Aug. 16__________..
Aug. 17-Aug. 26
Aug. 27-Sept. 5.__
Sept. 6-Sept. 15__
Sept. 16-Sept. 25.
Aug. 7-Aug. 16. __
Aug. 17-Aug. 26._
Aug. 27-Sept. 5... .
Sept. 6-Sept. 15 ...

Sept. 6~8ept. 20 _.____.._.
Sept. 21-Sept. 30_
Oct. 1-Oct. 10, _..
Oct. 11-Oct. 20.. . R
Oct. 21-Oct. 30, ___._.____.
Oct.31-Nov.9_____._..._.
Nov. 10-Nov.19_____..._.
Dec. 30-Jan. 8___._._...__.
Sept. 6-8ept. 20. . ...
Sept 21-Sept. 30........_..
Oct. 1-O¢t. 10 . ... ...
Oct. 11-0c¢t. 20 ..........
Oct. 21-0¢t. 30 . ._.......

Dec. 20-Dec.29______..._.
Dec. 30-Jan. 8. ___.._._..
Jan,9-Jan, 18 _______.....

Jan, 19-Jan.28_________.__
Sept. 6-Sept. 20 .. __...._.
Sept. 21-Sept. 30 ...
Oct. 1-Oct. 20 .. _........
Oct. 21-0¢t. 30__..........
Oct. 31-Nov.9_______.___.

Nov.30-Dec.9_______.___.
Dee. 10-Dee. 19 ...
Dec. 20-Dec. 29_.._._... .
Dee. 30-Jan. 8. ...
Jan.19-Jan.28.. _____.__.
Feh. 18-Feb, z7. .. __.____.

Oct. 16-Oct. 30
Oct. 31-Nov. 9. . _._...._..
Nov. 10-Nov. 19
Nov.20-Nov.29. _......_.
Nov.30-Dec. 9. ..__._.__.
Dec. 10-Dec. 19_ .. _______

Jan. 19-Jun.28_____.._ .. __
Jan.29-Feh.7__________ .

Nov.9-Nov.19. ... .. ..
Nov. 20-Nov. 29 _. ..
Nov.30-Dec.9..._.

Dec. 20-Dec. 29. .
Dec. 30-Jan. 8.___.
Jan, 9-Jan. 18. .
Jan. 19-Jan. 28_ _.
Nov. 8-Nov.19._
Nov. 30-Dec. 9...
Dec. 20-Dec. 29. .

Jan. 19-Jan. 28. ..
Nov. 8-Nov. 19

! Shrimp 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 increments, of tagged shrimp recovered in northern and central Atlantic fishery—Continued

Nurmber with growth increments, in centimeters, of—

Total
Date and size when released Recovered in period— nun?-
-10f{-05/ 00 | 05 | 10 | 15| 20 | 25 | 30 | 85 | 40 | 4.5 [ 50 | 55 [ Per
Jan. 24, 1938:
Jan.24-Jan. 28 _______... 1
Jan.20-Feb. 7 _._________. 19
Feb. 8-Feb. 17__________._ 10
Feb, 18-Feb.27._________. 10
10.5-12.5¢em_ ... Feb,28-Mar.9.___..__.... 1
Mar. 10-Mar. 19 7
Mear20-Mar. 20 _._____._. 3
Mar.30-Apr. 8. ________. 2
~ e :
eb. 8-Feb. 17 __._____.._
13.0-150em............. Mar. 10-Mar. 19 1

Feb, 23, 1938:

10.5-12.5 em

13.0-15.0 cm

15.5-17.5 em
Mar. 24, 1938:

11.5-12.5 cm

13.0-15.0 em

Apr. 14, 1938;

10.5-125em__.._._.._...

13.0-150em._____.____.__

May 13, 1938:

13.0-150em .. ... .__.__.__

15.5-17.5 cm
June 24, 1938:

13.0-15.0 em

15.5-17.5 cm
July 12, 1938:1

13.0-15.0 cm

15.5-17.5em. ... ___.

Aug. 511, 1938:1
13.0-15.0 cm
15.5-17.5 em

Apr. 14~Apr. 18 ________
Apr. 19-Apr.28_..____.___
Apr.20-May 8. __._.__...

ay9-May 18 . ... ...
May 19-May 28
May 20-June 7...___.__...
June 8-June 17__._._.__._._.
June 18-June 27
June 28-July 7______..___.
July 18-July 27 .. _..._._.

July 8-July 17...
July 18-July 27_._._. __
July 28-Aug. 6. ... _.._
{J une 24-June 27

June 28-July 7..__________
July 8-July 17.._ ... __...

July 12-July 17__.____.___.
July 18-July 27 ______.___

Aug. 17-Aug. 26
Aug. 27-Sept. 5
Aug. 5-Aug. 16..__.____.__

{Aug. 5-Aug. 16.___.__.____

NN

DR NN NN == 1) R 0000 D W

[ -3-2]

i b0 o1 e s 00 0 83 R ER

L1y 1

[
CO GO bt et e G G2 e 00 G = N

FSNU!O_‘ =

= X"~]

-
W

! Shrimp released on July 6 and Aug. 3, 1938, were immature, whereas those released on July 12 and Aug. 5-11, 1939, were mature.
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spring about one month earlier than in the central
portion (Georgia).

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

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

TasLE 4.—Distribution by growth increments, of tagged shrimp recovered in southern Atlantic fishery

Number with growth increments, in centimeters, of—

Total
Date and size when released Recovered in period— ] num-
—1.0(—05f 00 ( 0.5 | 1.0 [ 1.5 § 20 [ 25 { 3.0 | 35 { 40 { 45 ( 50 | 55 | ber
Jan. 13-19, 1938: Jan. 19-Jan. 28. 3 18 29
Feb. 8-Feb. 17. 2 [ 10
10.5-12.6¢em ... ce--|{Feb. 18-Feb. 27. .. . _____.|._..|...... 1 1
: Feb. 28-Mar. 9 O I 4
Mar. 10-Mar. 1 1 1 8
Jan. 18-Jan. 28. 32 86 142
Jan. 20-Feb. 7. 2 8 15
geg s—Flgbb 1;7 2 21 gg
eb. 18-Fe 1 1
13.0-150em.. oo Feb. 23-Mar. 9.. 3| 10 3
Mar. 10-Mar. 19 _ )T T 3 2%
Mar zo—Mar . AR PRI I % ;
17 33
2 4
) 12
15.5-17.5em......._._____[\Feb.18-Feb. 27.__________}| . .| _____|-..._. 1
F 1 5
2 3
1 1
Feb. 13-20, 1938:
10.5-125em. ... {
13.0-150em . __._______. {
15.5-17.5em............

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

Number with growth increments, in centimeters, of— Total

Date and size when released Recovered in period—

num-

—-1.0{ —0.5| 00 05| 10 15] 20 25| 30| 35| 40| 45| 50| 55| ber

Aug. 29-30, 1939: Sept. 1-8ept. 10 .. __..__..
Sept. 11-Sept. 20
10.5-125em.. ... Sept 21-Sept. 30.
Oct. 1-Oct. 10.
Oct. 11-Oct. 20

Aug. 20-Aug. 31.
Sept. 1-Sept. 10.
Sept. 11-8ept.
Sept. 21-Sept. 30

8

13.0-150cm._..__________. Oct. 1-Oct. 10 ..
. Oct. 21-Oct. 30..

Sept. 20-25, 1939: ’ T

Sept. 20—Sept 30..__......
Oct. 1-Oct. 10.....

Oct 21-Oct. 30..._..
Oct. 31-Nov.9______
10.5-128em_ ... ___._. Nov. 10-Nov. 19_.__
Nov. 20-Nov. 29 ___
Nov. 30-Dec. 9...__.

13.0-15.0 cm

O

et
bt bt o et DD G0 G0 G0 S P bt
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TasLe 5.—Disiribution by growth increments, of tagged shrimp recaptured in north-ceniral Gulf fishery—Continued

Number with growth increments, in centimeters, of— Total
Date and size when released | Recovered in period— num-
—1.0 —0.5| 0.0 0.5 1.0 1.5 2.0 25 | 3.0 3.5 40 4.5 5.0 5.5 ber
Sept. 20-25, 1939—Continued |.
Sept. 20-Sept. 30. . ... __. 31
Oct. 1-Oct. 10.__.._ ... 10
TR R— :
et, 21-O¢t. 30. .. __._.._.. 3
1B.5-17.5em. . Oct. 31-Nov. 9. .- ... 18
Nov. 10-Nov.19_...______ 3
Nov. 20-Nov. 29___...___. 1
Nov. 30-Dec. 19____._.____ 2
Oct. 11-14, 1939: o
10
10.5-125¢em.,........_.. H
1
2
32
37
65
13.0-150em._______._.____. lg
. 3 17
Dec. 10-Dec. 19. . 1
Dec. 30-Jan. 8. 1
Oct. 11-Oct. 20. 43
11
40
15.5-17.8em. ... ...... (]
7
2
1
Oct. 27-28, 1939:
____________ . R, 10
105125 em. ... . T RRLLEEITE . 5
1
11
2
1
B R P B nr] . T Y (S T [SPUpUNPn VAP NN FPVRIPRN ISPy IR N NN NN 3
13.0-150em ... - : SRR DR St TR il Mt O Al i OO Rtnd s Rtoe Rttut St !
...... 1
1
1
1
........... 9
38
15.6-17.56em.____.._.._..___|1Nov. 20-Nov. 20___....__ []
Nov. 30-Dec. 9.____..___. 3
Dec. 10-Dec. 19 __....___|...._|-c..f 80 ¥ | x| f L I T 5
Nov. 10-15, 1939:
Nov. 20-Nov.20___._____. [ (RPN PO 3
Nov. 30-Dec. 8.____._.___ - 1
Dec. 10-Dec.19. ___...___ - 2
Jan. 20-Feb. 7...__...___ - 1
10.5-12.5em_. ... ___ Feb.8-Feb. 17. _.......__ - 1
Feb. 28-Mar. 8.____...___ . 1
Mar. 9-Mar. 18____..__.. - 2
Mar. 20-Apr. 7. ... - 2
May 8&May 17.._...____ . 1
Nov. 30-Dec.9____..._.__ - 5
Dec. 10-Dec. 19 _._.____. - 1
13.0-15.0em_______.__._.__ Feb. 8-Feb. 17____.._____ - 2
Feb. 18-Feb. 27..__._____ - 1
Feb. 28-Mar. 8 ... |co_|eeooo| 1 |eeol| X |eeanooooCT |y 2
Nov. 30, 1039:
10.5-126em_._____.__..__ Nov.30-Dec. 9. ... | | - A PSSR IR RN SR OSSN SSPU PSSR SSRP (PR ENRIPI SR 1
Nov.30-Dec. 9_____..____. - 24
Dec. 10-Dec. 19_ . ... . 3
Dec. 30-Jan. 8. ___........ - 1
13.0-15.0em___ .. _...____ Jan. 19-Jan. 28__._....... . 1
Mar. 19-Mar. 28___._.___ - 1
Mar. 20-Apr. 7___._._..._. - 1
ey |
ov. ec. 9. ....__. R
15.5-175em. ... {Dec. 10-Dec. 19 .| |eeeood| 2 M o e 3
Dec. 13-16, 1938:
70
20
. 2
10.5-12.5 cm g
3
1
1
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TaBLE 5.— Disiribution by growth increments, of tagged shrimp recaptured in north-central Gulf Jfishery—Continued
Number with growth increments, in centimeters, of— Total
Date and size when released Recovered in period— num-
—3.0; —0.5| 0.0 0.5 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 5.0 5.5 | ber

Dec. 13-16, 1838—Continued

1B.0-150em.. .

15.5-17.5em. ... ...

Jan. 20-26, 1939:
10.5-12.5em. .. ... ...

13.0-15.0em. _.__._....__.

15.5-17.5em. ... __..

Feh, 29-Mar. 6, 1930

10.5-12.5em_ ... ..

13.0-150¢em. ... ..

15.5-17.5em ..........__.

Dec. 13-Dec. 19 ...
Dee. 20-Dec. 29.
Dec. 30-Jan. 8_._
Jan. 9-Jan, 18..
Jan. 19-Jan. 28.

Feb. 8-Feb. 17..
Feb. 28-Mar. 9.__
Mar. 10-Mar. 19 .
Mar 30-Apr. 8...
r. 19—“)
ay 19-May 28.
May 29-June 7.
Dec. 13-Dec. 19.
Dec. 30-Jan. 8
Jan. 9-Jan. 18.
Jan. 19-Jan. 28
Jan..20-Feb. 7
Feb. 8-Feb. 17
geb. 18-Feb. 27.

N&y 9-May 1
May 19—May 28
June 8-June 17_.
July 18-July 27..

{Feb. 28-Mar. 9._..
Apr. 19-Apr. 28.
Jan. 20-Feb. 7___

dan. 20-Feh. 7. .
Feh.8-Feb, 17...
'Feh18-Feb 27, ..
Fob. 28-Mar. 9.
Mar. #-Mur. 19.
Mar. 20-Mar. 29.
Mar. 30-Apr. 5. .
Apr.9-Apr.18...
Apl 19-Apr. 28,
Nl,r 29-May 8.

ay 0-May 18. .
Mayl19-May 28.
Jun. 8-Jun. 17...

Feb. 29-Mar. 8.
Mar, 6-Mar. 18..
Mar. 19-Mar. 2
Mar. 20-Apr.7
‘:pr ssApr 17
pr. 18-

T, 28—1\1.)13' 7
Y ay 8-May 17
May 18-May 27
May 28-Jun, 6.
Jun. 7-Jun. 16.
Jun,17-Jun. 26
un. 27-Jul. 6

Apr. 28-7

ay 8-May 17
May 18-May 2
May 28-Jun, 6.
Jun. 7-Jun. 16,
Jun. 17-Jun. 26. .
Feh.29-Mar. 8
Mar.9-Mar. 18 .
Mar, 19-Mar. 28.
Mar. 29-Apr.7..
Apr.8-Apr.17...
Apr.18-Apr. 27_.
Apr. 28-May 7..

uy 8-Mayi7. ... . .
May 18-May27..._.......

June 17-June 26.. .........

Jun. 7-Jun. 6. . ...... .

- —
=t a0 b 1 1 0 0 OO DD 1t bt €0 bt bt D i bt bt bt ek € €00 OV 3 B e EN D

—
00 =4 D 63 O 00 N ~1 D+ ml i =180 = N
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TABLE 6.—Distribution by growth increments, of tagged shrimp recovered in central Texas fishery

Number with growth increments, in centimeters, of—

Total
Date and size when released Recovered in period— num-
—10|(-05/ 00 (05| 10 ] 15 20| 25 | 80| 3.5 | 40 | 45 | 50 | 55 | ber
Aug. 27-31,1937: .
Aug.27-Sept. 20......._.|.....]-.... 5 b2 PSR RN USRI SRS PP (IS P N 7
Sept. 21-Sept.30._...__. ... 1
w525 em. oLl Oct. 1-Oct.10. . _._ 1
Oct. 11-0Oct. 20. . 2
Oct. 31-Nov. 9. .. 1
Sont. i-Sene. 30 %
ept. 21-Sep 4
13.0-150em ...l Oct. 1-Ont. 10 .. . 2
Oct. 21-Oct. 30. . 1
Auc. 27-Sept. 20. 2
155-17.5em. ... Sept. 21-Sept. 30 1
1

Oct 1-Oct. 10.____._______. R

Sopt. 23-Oct. 10.__.______._
Oct. 11-Oct. 20

Sept. 23- Oct. 23, 1936:

10.6125em.. ... __.

~ 1Bo-lsgem....o....... Nov. 10-Nov. 19.

Nov.20-Nov. 20,

Oct. 21-Oct. 30. .

15.5-17.5em______.___.___

Dec. 10-Dec. 19.
Dec. 20-Dee. 29, .. ...

Oct. 20-28, 1037:
Oct. 20-0ct.30. ...
10.5-12.5em_____..._____. Oct.31-Nov.9..._______. _|.._... 1
Nov.10-Nov.19.__..__.__.
gOct.m-Oct.ao.. R,

Oct.31-Nov.9___
Nov. 10-Nov. 19.
Oct. 20-Oct. 30. _ .
Oct.31-Nov. 8 . .

13.0-150em_. ... ......

15.5-17.5em ... ...

_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 included in the calculations of the winter:
growth.

DESCRIPTION OF GROWTH

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

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
Bertalanffy (1938). It requires that the ratio of
successive pairs of increments in length be constant
for all sizes of the animal considered.

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

-
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2.5 ATLANTIGC COAST-SPRING AND SUMMER
2ol LENGTH AT TAGGING
[ r0.5-12.5 cm.
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Fiagure 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:

Li=L.(1—-K"

where L, is the length at age ¢
L is 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:

Ly=L+KL,
where L, is the length at age (t+1)
L, is the length at age (¢)
and I, is a constant, equal to L. (1—K)

and K is a constant, as before.

This expression is a straight line when L., is
plotted against L,. When the available length
data are such as can be plotted in this fashion,
a straight line fitted to the array describes the
growth of the group from which the data were
taken according to the principles given above.
The slope of the fitted line will be an estimate of
the parameter K, and, when L,=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 K and L_,
one can describe the growth pattern of the average
animal with respect to age as given above:

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

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

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.—Dales of release of shrimp tagged for determining

growth
Atlantic coast North central
Gulf, east of Central
Mississippi Texas:
Sprin, Summer and River: Summer and
growt.ﬁ fall growth | Summer and | fall growth

fall growth

Mar. 24, 1938 | Sept. 6,1936 | Sept. 20,1939 | Sept. 23, 1936
Apr. 14,1038 | Sept. 7,1036 | Sept. 21,1930 | Sept. 24, 1936

ay 13,1938 | Sept. 8,1936 | Sept. 23,1930 | Sept. 25, 1936
June 24,1938 | Sept. 9,1936 | Sept. 24,1939 | Sept. 28, 1936
Sept. 10,1936 | Sept. 25,1939 | Sept. 29, 1936
Sept. 11,1938 | Oct. 11,1939 | Sept. 30, 1936

Aug. 10,1937 | Oct. 12,1939 | Oct. 3,1936
Aug. 11,1937 | Oct. 13,1930 | Aug. 27,1937
Aug. 12,1937 | Oct. 14,1939 | Aug. 30,1937
Aug. 19,1037 Aug. 31,1937
Sept. 7,1937 Oct. 20,1937
Oct. 11,1937 Oct. 21,1037
Oct. 12,1037 Sept. §, 1938
Oct. 13,1937 Sept. 14,1938
July 6,1938 Sept. 15,1938
July 12,1938
Aug. 83,1938
Aug. 5,1938
Aug. 11,1938

While the L.,’s derived from data of several
different time intervals are comparable, the K and
L/s are not. The I_{,o and L, given in the right-
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d ATLANTIC COAST-SUMMER-FALL
¥~ *40~-49 (DAYS OUT).
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Fiuure 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

(%)
K=K,

where ‘7’ 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 7’ days. The values
for L,y are derived for each line from

L, ,10=Lu° (1 _KIO)

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

376049 O—056 2

winter, but some of these shrimp were recovered
well into spring. Judging from figure 5, these
shrimp grew very slowly until about the end of
March, and 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. 20 188
10-19
3. 24 4. 80
20-29
.42 4. 52
80-39 5.94 2. 86
-4 T 1. 40

50-59
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Ficure 8.—Growth lines applied to Louisiana size distributions for males.
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While this treatment does not give biased
L, y's, its results are not as precise as the method
used for the other regions. The parameters are
not estimated independently of each other, which
results in more dispersion in these estimates than
in those from data whose time of release occurred
during a more uniform growing 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 recoveries
from west of the Mississippi were not used in
describing growth during spring.

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

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

MALES—ATLANTIC COAST—SPRING

0-9 days out 10-19 days out 20-29 days nut 30-39 days out
Tagging Recovery | Numberof| Tagging Recovery | Numberof | Tagging Recovery | Numberof| Tagging Recovery | Number of
length length specimens length length specimens ’|  length length specimens length length specimens
Cm. cm. m. C'm. Cm. Cm. . Cm. Cm.
1.0 11.0 2 11.0 1.5 1 10.5 12.5 1 11.5 13.5 1
1.5 12.5 1 110 12.0 4 1.5 13.0 2 12,0 13.5 2
12.0 1. § 1 1.5 12.0 4 1.5 13.5 1 12.0 14.0 1
12.0 12.0 1 12.0 12.0 1 1.5 14.0 1 12.0 15.0 1
12.0 12.5 2 12.0 12.5 2 12.0 13.5 3 125 13.0 1
12.0 13.0 2 12.0 13.0 4 12.5 13.5 2 12.5 14.0 1
12.5 12.5 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 5 13.0 13.5 3 13.5 14.5 1
13.0 13.0 2 12.5 13.0 2 13.0 14.5 1 4.0 145 1
13.0 13.5 1 12.5 13.5 2 13.0 15.0 1 14.5 15.5 1
13.5 13.5 4 12.5 14.5 1 13.5 14.5 5 15.0 15.0 1
13.5 14.0 4 13.5 13.5 3 13.5 15.5 1 16.0 18. 5 1
13.5 14.5 1 13.5 14.0 2 14.0 14. 5 - 2% VUSSR Y R,
14.0 13.5 1 13.5 14.5 1 14.0 X [ J [, P
14.0 14.0 5 14.0 14.0 1 14.0 ) A R
14.0 14.5 3 14.0 14.5 1 14.5 1
145 14.0 2 14.5 14.0 1 15.0 2
14.5 4.5 3 14.5 14.5 2 - 15.0 1
14.5 15.0 2 14.5 15.0 1 15.5 1
15.0 14.5 4 15.0 14.5 1 15.5 1
15.0 15.0 ] 15.0 15.0 1
15.0 15. 5 1 15.5 15.5 4
15.5 15.0 3
15.5 16.5 2
798.5 804.5 58 581.0 601.0 45 478.5 515.0 36 170.0 187.0 13
FEMALES—ATLANTIC COAST—SPRING
11.0 12.9 1 10.0 10. 6 1 1.0 12.5 1 1.0 1L.0 1
1.5 125 1 10.5 11.0 1 1L 5 12.5 1 1.5 13.0 1
12.0 12.0 1 11.0 1.0 1 12.0 14.0 3 1.5 14.5 1
12.0 ©12.5 5 1.5 1.5 1 12.0 15. § 1 11.5 15.0 1
12.5 12.5 1 1.5 12.0 5 12.5 14.5 1 12.0 13.5 1
12.5 13.5 1 1.5 12.5 2 14.5 15.0 1 12.0 14.0 1
13.0 13.0 1 1.5 13.5 1 14.5 16.0 1 12.0 14.5 1
13.0 13.5 1 12.0 12.0 1 14.5 18. 5 1 12.0 15.0 1
4.0 14.0 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 i
14.0 15.0 1 12.5 12.5 1 16.0 16.5 2 14.0 16.0 1
4.5 14.0 1 12.5 13.0 2
14.5 14.5 3 12.5 13.5 3
15.0 14.5 1 12.5 14.0 1
15.0 15.0 ] 13.0 13.0 1
15.0 158.5 2 13.9 13.5 2
15.5 15.0 1 13.0 14.0 1
15. 5 15.5 3 13.5 13.5 2
16.0 16.0 2 14.5 15.0 1
16.5 16.0 1 14.5 15.5 1
16.5 16.5 3 15.0 15.0 1
15.0 15.5 1
15.0 16.0 1
15.5 16.5 2
16.0 15.5 1
17.0 17.¢ 1
553.5 560. 5 39 523.5 546. 5 41
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Note that the L_’s in table 9 are often less
than 15 cm. This implies that these tagged
shrimp would reach an average maximum length
of less than that figure during the course of their
life. This may be true, but shrimp of 17.5 c¢m.
were tagged, and lengths up to 20 cm. are not rare
in the samples of the commercial catch. It is our
opinion that the length-at-recovery measurements
are too small. When the tagged shrimp were
released only a few days before recovery, some
would be recorded as having shrunk. This was
particularly true for the large shrimp, whose
growth rate is always less than that of the small
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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
at their next molt. Very few tagged shrimp have
been held long enough to molt, and those that did
were apparently eaten by others while in the soft
condition. The question of shrinkage remains in
doubt, but we believe the growth rate of the
tagged shrimp as reported here to be minimal in
comparison with that of the untagged animals.

TaBLE 8.—Lengths of shrimp al lagging and at recovery—Continued
MALES—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- Number | | Re- Number Number | m, . Re- Number . Re- Number
Tagging cover of 8 Tagging .- | Tagging :_ | Tagging Tagging )
pecl- cover, of speci- covery | of speci- covery | of speci- covery | of speci-
length lengtl{ mens | lenBth | jongt mens | length | yonoeh mens | 1eDEth | jonoth mens | leNEYh | poneth mens
Cm. Cm. Cm. Cm. Cm. Cm. Cm. | Cm. Cm.

10.0 10.0 2 9.5 9.5 1 10.0 1.0 1 9.5 11.0 1 9.0 1
10.5 10.5 8 9.5 10.0 1 10.5 1.5 1 10.0 1.0 1 10.0 1
11.0 110 9 10.0 11.0 1 1.5 12.5 1 10.0 1L 5 1 10.5 1
1.0 11.5 5 10.5 10.5 1 12.0 12.5 1 10.0 12.5 1 10.5 1
11.0 12.0 1 10.5 1.0 1 12.0 13.5 1 10.5 12.0 1 11.0 1
1L5 1L5 14 10.5 12.0 1 125 13.0 1 10.5 12.5 1 115 1
1.5 12.0 4 1.0 11.0 2 3 13.5 3 10.5 13.0 1 1.5 1
1.5 12.5 2 1.0 11.5 3 14.0 1 11.0 12.0 1 1.5 1
12.0 1L.5 2 1.0 12.0 1 13.0 1 1.0 12.5 1 12.0 1
12.0 12.0 13 1.0 12.5 1 13.5 2 1.0 13.0 1 12.0 2
12.0 12.5 11 1.5 12.0 3 13.5 1 1L 5 13.5 1 12.5 1
12.0 13.0 1 1L 5 12.5 1 14.0 2 12,0 13.5 1 14.0 1
12.5 12.5 9 120 12.0 1 14.5 2 12.5 14.0 1 14.5 1
12.5 13.0 7 12.0 12.5 3 4.5 1 13.0 %) 2 (RS N (SRR SN PUNR,
12.5 13.5 1 12.0 13.5 2 15.0 1 1850 18581 2 L
13.0 13.0 14 12.5 12.5 1 14.5 1 140 150} b oe|eecimcei o
13.0 13.5 4 12.5 13.0 6 15.0 1 145 W5 2| el
13.0 14.0 1 12.5 13.5 1 15.5 ) A (USRI SRR, AP FIPUPI R IR SUPII IR JEU R
13.5 13.0 1 12.5 14.0 1 15.0 b2 (SRR DIORURIPIIP (IPUIPRRRI (PRI FISIPI PR
13.5 13.5 8 13.0 | 13.0 2 15.5 3
13.5 14.0 6 13.0 13.5 4 15.5 1
13.5 14.5 1 13.5 13.5 b2 [ P, i
14.0 14.0 8 13.5 14.0 6| -
14.0 14.5 3 14.0 14.0 3 |--
14.0 15.0 1 140 14.5 2 OSSR RIS FSRSUR ) (SRR PRRGUISS RS [RSRUI IS SRRt PRI R
14.5 14.0 2 14.0 15.0 ) A RNV PRVUSSRIOIPR SIS FRPSIRUIIVES FNPRRIPRIVPN IRt PRSPPI S
14.5 14.5 15 X 3 L 7 (ORISR PRPIIPIPRRN (RPUIPRRRVRvS PRRRPISIUNS) PRVIIIPIPIPIPI (ROUPRRIPIPR PRPRVRSPIPRPII) PRVERIPRIPIITEN FORPR PR
14.5 15.0 1 [ 7 [N PRI PRI FROURIN FENIIp RPN ISPV SRR RPIN PNV R
15.0 14.5 3
15.0 15.0 20
15.0 15.5 3
15. 6 15.0 12
15.5 15.5 24
15.5 16.0 2
16.0 15. 5 2
16.0 16.0 9
16.0 16.5 4

3,281.5 | 3,303.5 242§ 1,211.5 1,415 102 387.0 405.5 2 223.0 249.0 ’ 19 162. 5 191.0 14

g
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TaBLE 8.—Lengths of shrimp at tagging and at recovery—Continued
FEMALES—ATLANTIC COAST—SUMMER AND FALL

573

0-9 days out 10-19 days out 20-29 days out 30-39 days out 4049 days out
Re- Number Re- Number Re- Number Re- Number X Re- Number
Tagging | over Tagging Tagging Tagglng Tagging
y | of speci- covery | of speci- covery | of speci- covery | of specl- . cover of speci-
length | Yoroth | mens | M8 | Jength | mens | JMEtN | Jength | mens | 1eM8R | jength | mens | l1eMEh | jongt mens
Cm. Cm. Cm. Cm. Cm. Cm. Cm. Cm.
10.5 10.0 1 10.0 1.3 2 1 11.0 12.0 2 10.0 12.5 1
10.5 10.5 3 10.0 11.0 1 1 1.0 12.5 1 10.5 12.5 2
10.5 1L0 + 2 10.5 11.0 4 1 1.0 13.5 1 11.0 13.0 1
1.0 10.5 1 10.5 11.5 1 2 1.5 13.0 1 1.5 15.0 1
11.0 1L0 4 10. 5 120 1 3 12.0 14.0 1 12,5 14.5 1
11.0 11.5 2 11.0 11.0 2 2 12.5 13.0 1 13.0 14.5 1
11.0 12.0 1 11.0 1.5 5 1 12.5 14.0 4 14.0 15.5 1
1.5 1.0 3 1.0 12.0 1 2 12.8 15.0 1 15.0 16.0 1
il § i1L5 6 1.5 1.5 7 1 13.0 14.0 3 15.5 16.5 1
1.5 12.0 4 1.5 12.0 7 1 13.0 14.5 1
12.0 1.5 2 1.5 12.5 2 1 3 3
12.0 12.0 7 1.5 13.0 1 1
12.0 12.5 3 12.0 11.§ 1 1
12.0 13.0 1 12.0 12.0 5 1
12.5 12.0 4 12.0 12.5 7 1
12.5 12.5 6 12.0 13.0 1 1
12.5 13.0 [} 12.0 13.5 1 2
13.0 13.0 7 12.5 12,0 1 1
13.0 18.5 3 12,5 12.5 8
13.5 13.0 4 12.5 13.0 10 |.
13.5 13.5 [] 12.5 13.5 3|
13.5 14.0 1 13.0 12.5 1]
14.0 14.9) & 13.0 13.0 3 |-
14.0 145 2 13.0 13.5 17 ).
14.5 14.0 1 13.0 14.0 11
14.5 14.5 5 13.5 13.5 5 |.
15.0 15.0 2 13.5 14.0 : 10 |.
15.0 15.5 1 13.5 14.5 3
15.5 15.5 5 14.0 13.5 ! 1
16.0 16.0 1 14.0 14.0 | 31
16.0 16.5 3 14.0 14.5 ) T |-
16.5 16.0 2 14.5 14.5 : 8|
16.5 16.5 3 14.5 15.0 5 [.
17.0 16. 5 2 15.0 14.5 1.
17.0 17.0 4 15.0 15.0 2
3 15.5 2.
15.6 3.
16.0 2|
16.0 2
18.5 2.
16.0 1|
16.5 2.
17.0 11
17.0 3 |-
17.5 2|
17.5 N R,
2,144.0 150

FEMALES—WEST OF MISSISSIPPI RIVER—SPRING

0-9 days out 10-19 days out 20-29 days out 30-39 days out 40-49 days out 50-59 days out

_ -.| Num- . .| Num- .| Num- _| Num- _| Num- . .| Num-

Tag- | Recov ber of Tag Recov ber of Tag- | Recov. ber of Tag- | Recov ber of Tag- |Recov ber of Tag- | Recov. ber of

lgm%h I el‘vh speci- l!mzh . ery speci- ging . er:;' specl- ging ery speci- ging ery speci- ]glngh . eryh speci-

eng engt) mens lengt| ength mens length | length mens length | length ‘mens length | length ‘mens engt) engt ‘mens
120 | 120 1 10.5 1| 15| 140 1 1 2| 1L0| 155 1
12.0 12,5 2 12,0 1 1.5 15.5 1 2 2 1.5 16.0 1
120 130 1 12.0 1| 120]| 140 1 1 2) 1L5] 165 1
1251 13.0 2 12.5 11 125! 135 1 2 1| 120 155 1
13.0 | 13.0 1 13.5 1| 125 145 1 1 1| 120| 160 1
13.0) 135 1 15.0 1] 135( 150 1 1 1| 125| 160 1
13.5| 135 1 16.5 1 13.5| 155 1 1 1| 13.0( 150 1
13.5) 140 1 16.5 3| 135| 16.0 1 1 1( 13.0| 160 1
18.5| 14.5 1 14.5| 160 2 1 1| 15| 160 1
140 14.5 1 15| 165 3 1 1| 140 160 1
145! 1.5 2 145 17.0 1 1 1| 10| 185 1
14.5| 150 1 150 | 16.0 2 1 4| 14.5{( 165 1
150 155 3 150 16.5 2 1 1| 15| 170 1
55| 155 4 150 | 17.0 1 2 1 14,5 180 1
15.5| 16.0 1 55| 16.5 2 1 2| 150] 180 1
15.5 18.5 1 16.0 16.5 1 I PO AR AR, 3 1
18.0| 16.0 3 16.5| 16.5 1 1 2
16.0( 18.5 2 16.5( 1.5 5 1 1
16.0| 17.0 1 17.0 | 17.0 1 1 1
18.5| 16.5 1 17.0 | 17.5 1 1 1
16.5 17.0 2 17.0 18.0 P R R T MU PRI Ao PSRN RS i
}; g }; (5) ? 1.6 | 1.5 [ [N I SN A FROION IR PRSI FREETRER EEERPEEE
- - 1.5 | 18 ST O ISR USStnt FOTUSN) FOSORNIOtO ASISAN DN NN (R

17.5 | 17.5 D21 S S I R I ‘_) _________________
583.5 | 506.0 38 511.5l 55&o| 3
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TaABLE 8. —Lengths of shrimp al tagging and at recovery—Continued
MALES—WEST OF MISSISSIPPI RIVER—SPRING

0-9 days out 10-19 days out 20-29 days out 30-39 days out 4049 days out
Re- |.Number Re- Number | m; Re- Number Re- Number . Re- Number
ToEEINE | ogvery | 'of spect- | T328IME | covery | of speci- | T2BBIDE | oovery | of speci- | 1BBEIME | ecqvery | of speci- | TOBBINE | oqvery | of speci-
length | jopot mgns length | 1ong4, mens | 1eM€th | Jongth | mens | "ER | jength | mens | lemsth lengtl{ ms:g
Cm. Cm. Cm Cm. Cm. Cm. Cm Cm.
10.5 1.0 | 1 120 1 12.5 14.0 1 12.0 15.0 1
1L 6 12.5 1 1 14.0 1 12,5 14.5 3 12.0 15.5 1
1.5 13.0 1 1 15.0 1 13.5 15.0 2 13.0 15.0 1
120 1.5 1 1 15.5 2 13.5 15.5 1 13.6 15. 5 1
12,0 12,5 2 1 15.0 1 14.0 15.5 1 14.5 16.0 1
126 13.0 2 1 15.5 1 14.5 15.5 2 15.0 18.0 1
13.5 13.5 2 1 15.0 1 4.5 16.0 1 15.0 17.0 1
13.5 14.0 1 1 16.0 3 15.0 15.5 2 15.5 18.0 1
18.5 14.5 1 1 15.0 1 15.0 16.5 1 155 18. 5 2
140 14.0 1 1 16.0 1 15.5 16.0 2 16.0 18.0 2
14.5 14.5 | 3 - 18.5 1 15.5 16.5 2 16.0 16. 5 4
156.0 14.5 2. 15.5 2 15.5 17.0 1 1
15.0 15.0 3. 16.0 3 16.0 16.5 1 2
15,8 15.5 1]- 168.5 2 16.0 17.0 1 3
15. 5 16.0 2 16.5 4 16.5 16.0 1 1
16.0 16.0 14 16.0 1 16.5 16.5 [ 33 PRI, ISR EPRS
16.0 18.5 2. 16.5 1 16.5 17.0 . 2 IR A, -
16.0 17.0 1. 17.0 3 17.0 17.0 ) S O I -
16.5 16.0 1]. 17.0 b I PSRRI PSS M R -
16.5 16.5 [ ) PRSI NI SN I o Ry PSSy PRI (SRR RIRY PRI U PR RN -
16.5 17.0 . PR PR PO PSRy PRt Ui VUG RS (RO [ [ -
17.0 17.0 b IR (RSVRRIIS ARt PRSP PRI DRI OS VRS REY NIRRT RPN STRUTREL FSURURE [ -
17.5 17.5 D N FORRRPRVIRPRIPRY (RPSVPRRVVRIE NUUUUR USRS FRRPRRURUPRRY PSP SYR S PRE) (SYRysyupupuuyRuy) [ROSEpRPSROIEY NPRUPRIY ISP RpRUTRRY URRRREY IR -
18.0 17.6 ) N
588.0 596. 5 40
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| Tagging Recovery | Numberof| Tagging Recovery | Number of
length length specimens length length specimens length length specimens length length specimens
Ccm. Cm. Cm. Cm. Ccm. Cm. Cm. Ccm.

8.5 9.0 1 3 . 1 11.0 13.0 1 1.0 13.5 1
10.0 10.0 1 1 1.5 12.5 3 1.5 13.5 3
10.5 1.0 1 1 1.5 13.0 2 12.0 13.0 1
11.0 11.0 2 2 12.0 12.0 1 12.5 13.5 1
1.0 11.5 2 4 12.0 13.0 1 12.5 14.0 1
1.5 11.0 2 3 12.0 13.5 1 13.0 14.0 1
1.5 1.6 5 1 13.0 145 1 13.5 15.0 1
1.5 120 3 [} 13.5 4.0 2 14.0 15.5 1
1.5 12.5 1 1 13.5 15.0 1 14.5 15.6 1
12.0 120 11 3 14.0 145 3 15.0 16.0 2
12.0 12.5 4 2 185 16.0 1 15.5 16.0 1
12.5 12.0 1 1 2
12.5, 12.5 17 1 1
12.5 13.0 7 4
13.0 12.0 1 1
13.0 12.5 2 4
13.0 13.0 11 1
13.0 13.5 8 3
13.0 14.0 1 3
13.5 13.0 2 1
13.5 13.5 18 4
13.5 14.0 8 2
14.0 14.0 12 3
14.0 14.5 2 1
145 14.0 2 3
14.5 s 10 2
14.5 15.0 [ 2 SR A Fp
15.0 15.0 ) ) T SRR [ SRR PR
15.0 15.5 . J PSSR PRI PRI
15.5 15.0 b2 (RS (RIS (R
16.5 15.5 19 | b
16. 5 16.0 [ 3 PSR (R PO
16.0 15.5 2 USPSRRRRRRR N (VR UIPIES (AR
16.0 16.0 ) ) ' SRR (SR IR
16.5 16.0 5 TIPURUR S Y
16.5 16.5 b [ [ RSP [,

16.5 17.0 L PSR (RN I,
17.0 16. 5 ) N USSR SR PR
17.0 17.0 [ 35 PR PR M
17.0 17.5 ) N ORI PRI P
17.5 17.5 I OR[N PR,
3,025.5 3,046.5 217 803.5 822.0 59
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TABLE 8.—Lengths of shrimp at tagging and at recovery—Continued
MALES—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 |Numberoi] Tagging Recovery | Numberof| Tagging Recovery | Numberof| Tagging Recovery | Number of
length length specimens length length specimens length Jength specimens length length specimens
8.6 8.5 2 1 10.0 1.5 1 1
9.5 9.5 1 1 1L 5 12.0 1 1
10.0 10.0 1 1 12.0 12.5 3 1
10.5 10.5 3 1 12.0 13.0 2 1
11.0 10.5 1 1 12.0 13.5 1 1
1.0 11.0 2 2 12.5 13.5 2 1
1.0 11.5 1 2 13.0 13.0 1 1
1.5 C1L5 4 3 13.0 13.5 1 1
11.5 12.0 1 1 13.5 13.5 1 1
1.5 12.5 1 i PR P, 1
12.0 12.0 6 4. 1
12.0 125 7 2] 1
12.5 12.5 25 31 1
12.5 13.0 5 1]- 1
12.5 13.5 2 11. 1
13.0 12.5 2 5 |- 2
13.0 13.0 24 1 1
13.0 13.5 5 S e ) ) [P ) PR
13.5 13.5 18 - g [y ) ) PR
13.5 14.0 3 [ 3 (USRI FYSSIR R PP NI EPSRSRRN I
13.5 14.5 2 2% PSRRI USSP (RIS PSRRI (NSRRI P
14.0 13.5 2 . Y [STSSRR I PSRRI (SRS USRS (SR IpIN
14.0 14.0 10 ) I (RIS PSP RRIPRRIN: NP AU RPTI A
14.0 14.5 8 ) N PR
14.0 15.0 2 ) R S
14.5 14.5 1 ) S P
14.5 15.0 2 ) N P,
15.0 14.0 1 ) I (RURRIUIN (SEVRRCIPRUPIN FRIPIPIINIPIN PIPRIPIIPREY PRIPRPIPI SIS
15.0 14.5 2 ) N P
15.0 15.0 | 3 N [,
15.0 15.5 6 |-
15.0 16.0 1 |-
15.5 15.0 11-
15.5 15.5 12 |-
16.0 15.0 3 |-
16.0 16.0 2.
18. 16.5 1|-
16.5 16.0 1 (-
16.5 16.5 F: 1 [ (RN (SRl DRI MY IR S
2, 626. 5 2,846.0 195 773.0 794.5 58 158.0 167.5 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 out 10-19 days out 20-29 days out
Num- Num- Num- Num- Num- | Tag- Num-
Tag- |Recove| porop | Tag- |Recov-| o7 | Tag- | Recov-| .70 Tag. |Recov-| ;. "or | Tog- [Recov-| oo ging Recov-| yor ot
ging ery | speei- | ,BI08 ery | speci- | ,STB ery. | speci- ging ery | .speci- | ,EM8 ery | speci- | length |, " yh speci-
length | length ‘mens length { length mens length | length mens length | length mens length lquth mens lengt! mens
10. 6 10.0 1 1.0 11. & 1 1.5 12.0 1 13.5 14.0 2
10.5 10.5 1 11.0 12.0 1 11.5 12.5 1 13.5 14.6 1
10.6 1.0 1 11. 5 1.5 3 1.5 13.0 2 14.0 13.5 1
110 10.5 1 1.5 12.0 1 12.0 12.5 1 4.0 14.0 4
11.0 11.0 2 11.5 12.5 1 12.0 13.0 3 14.0 14.5 1
1.0 1.5 3 12.0 12.5 1 12.0 13.5 2 14.5 14.0 2
1.5 1.5 6 12.0 13.0 1 12.5 13.5 3 14.5 14.5 4
1.5 12.0 1 12,5 12.5 1 13.5 14.0 1 15.0 14.5 1
12.0 1L 5 2 12.5 13.0 1 4.0 14.5 2 15.0 15.0 8
12.0 12.0 9 12.5 13.5 1 14.0 15.0 1 15.5 15.0 2.
12.0 12.8 2 13.0 13.0 2 15.0 16.0 1 15.5 15.5 3
12.5 12.0 1 13.0 13.5 2 16.0 16.0 1 16.0 16.0 1
12,5 12.56 ] 13.0 14.0 1 18.5 16.5 1 16.5 16.0 1
12,5 13.0 3 13.5 13.5 1 18.0 18.0 1 16.5 16. 5 2
13.0 12.5 2 13.5 14.0 3 16.5 17.0 1
13.0 13.0 3 14.0 14.5 1 17.5 17.5 1
13.0 13.5 1 14.0 15.0 2
13.6 13.0 3 14.5 14.5 1 —
13.5 13.6 2 14.5 15.5 2 - AN - 1,115.5 | 1,115.5 84 | 422.01 435.0 . 821 276.51 284.0 21
MALES—TEXAS—SUMMER AND FALL
10.0 9.5 1 10.5 1.5 i 11.5 12.0 1 13.0 13.0 4
10.0 10.0 1 1.5 11.0 1 12.5 13.0 1 13.5 13.0 21
10.0 10.5 “1 1.5 12.0 1 12.5 13.5 1 13.5 13.5 3|
10.5 10.0 1 11.5 12.5 1 12.5 14.0 1 13.5 14.0 2|
10.5 10.5 3 12.0 12.5 5 13.0 14.0 1 14.0 13.5 2.
110 10.5 1 12,0 13.0 1 13.5 14.0 1 14.0 14.0 71-
11.9 11.0 3 12.5 12.5 3 4.5 15.0 4 14.5 14.0 1].
11.5 1L0- 1 12,5 13.0 1 15.0 15.5 2 14.5 14.5 3.
11.5 11.5 6 12.5 13.5 2 16.0 15.5 1 15.0 14.5 11.
1.5 12.0 1 13.0 13.0 1 16.0 16.0 1 15.5 15.0 1
1.5 12. 5 1 13.0 13.5 1 .. 15.5 15.5 1
12.0 12.0 5 13.5 13.5 3 - 15.5 18.0 1
12.0 12.5 2 13.5 14.0 3 16.0 15.5 o1
12.5 12.0 2 13.5 14.5 1 16.0 16.0 2
12.5 12.5 4 14.0 14.5 2
12.5 13.0 2 14.5 14.5 1
13.0 12.5 2 15.0 15.0 2 869. 5 867.0 68 | 400.5 | 413.0 31 195.5 | 203.0 14
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TaBLE 9.—Growth characteristics derived from tagged shrimp:
single experiments

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

Time 6ut (in days) L1 K Le Ko Liao n "Time out (in days) Lt K Lo Ko Lo n
MALES West of rl\;er (not cor-
rected): Spring: ! Cm. Cm. Cm. Cm. Cm.
Atlantic coast: 0-9 . 20.0 . 865 2,70 39
Spring: Cm. Cm. Cm. Cm. Cm. 19.4 .802 2.09 10
0-9 2.25 | 0.8440 14.40 0. 686 4,52 58 18.6 .819 3.36 34
3. 7 14.90 842 2.36 45 17.5 L7709 3.87 23
678 | (sest | 1565| 7| 828 % 14| e8| 35 22
7.08 5599 16.05 845 2.49 13 17.8 .821 3.18 21
T TR I U 8100 | 3.165 | 12.62 132 10.6| 4.672| 1870 149
Mean.... .| 2 1525 | 701 | 316 |....... 184 8% 312).......
15.2 874 1.91 242 1 Shrimp from this locality, although tagged at various times during the
15.9 .003 1.54 a0 winter, were treated as if released on March 31, the approximate date of re-
16.9 922 1.32 20 sumption of growth {n the spring.
17.0 . 806 3.31 19 2 One shrimp, 11.5 em when tagged, was recorded as having not grown in
19.3 .933 1,29 14 more than 30 days out.
84.3| 4438 w3s| 3%
1681 .88 ) 1.8 ... RESULTS
East Mlssl?sﬂapl: Sum-
merand fall: a7 oms| 17.4) .oa0)| Los 195 The data from which table 9 was prepared have
e AR R - T 8 been pooled, and the results of the growth descrip-
"""""""" 3.54) 8IT7) 1.4} M3 L0 B tion of all of these animals, 1,822 individuals, are
wo| 3% i¥I__®  contained in table 10. The data from west of the
Mississippi have been omitted, for reasons previ-
we| .e| .18 @ ously given. The K, and L, 4 from the several
el oL 31 regions and from the different “time-out” intervals
ws| 210| 368 s are quite similar. Variances of the several indi-
M| 90| 2. " vidual parameter estimates were not computed,
.ol 2| 4 « butin combining the several Ki,, L, 1o, and L s,
el ) i ¥ two schemes of weighting were employed: (1) The
el el i ®  several parameter estimates were given equal
#.0| 40| 65| 1  weight for each‘‘time-out’’ period, and (2) they were
2| 8y 3804 weighted according to the square root of the size
FEMALES of the sample from which they came. The latter
Atlantic coast: Spring: w2| .er| ses| wm  procedure is equivalent to weighting inversely as
o1l s 1 their standard errors, if the standard deviation of
O oozl 1 their original distributions in the regressions were
21 2ael S| %  all equal. Since there was little difference among
the several parameters, these two schemes of
ool o3| 4| 15  weighting produce very similar averages. For
nol o1 #  convenience in comparing monthly modes in the
286 .%r) Lu 9 Jength frequency distribution with the growth
it Bt A - 35 pattern here derived for tagged shrimp, the K,
East Misslsippt: Sum- and L,,, were converted to K, and L;3. This
fall: . . . A
mer and fal wo| .m| 1m| a7 is accomplished, as given above, by cubing the
6. . . 3
ooy ae Ix ¥  Ku's to get Ky's and by using Ky and L, to get
o) W) L Y L4, as described.
?9]: 3.8?% ?ﬁ 310
- . | Females: Ko Ly s Lo
Weighted equally____..___ 0. 817 3.5 19.0
13.3 .927 .97 84 ighted to v/n.____ e . . 17. 6
2| | 0o H Weighted to v/n 810 3.3
17. . 908 1.58 21 Males: .
47.6 | 2.763 | 3.78 187 i . x 17.0
ool 28| 318y &7 We}ghted equally__.___.___ 761 40 7
Weighted to v _...___.__ . 756 40 16.3
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The growth lines shown in figures 8 and .9 were
calculated from the formulas: 2

Lo
Males____ Y=4.581+0.7427 X , 17. 80
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 characteristics derived from

tagged
shrimp: Combined single experiments

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

Time out and sex a h Le Kio Liao Vn n
0-9 days:
Females. . __..... 0.52 [0.967 | 15.8 | 0.928 .1 21.3 453
Males. ...._...... . .963 | 15.6 .920 1.2 23.7 563
10-19 days:
Females.. . ... .910 | 17.4 .937 11 17.1 201
.866 | 16.0 . 905 1.5 15.0 224
.815 | 18.1 . 920 1.4 8.8 Ko
.736 § 16.2 .882 19 9.6 92
LTY3 | 20.4 935 1.3 6.9 43
L7580 | 17.8 923 1.3 71 50
.822 | 23.5 .957 1.0 3.2 10
L7385 { 190.3 .933 1.3 3.7 14
Females:
Unweighted _|...___[...... 19.1 . 9385 1.
Weighted..._|.. _._|..... 17.6 .932 1.
Males:
Unweighted .|. ... .|...... 17.0 .913 1
Weighted....|..__..|...._. 16.3 911 La | e
Totals:
Females. ... | .| foooobe e 879
Males ... ool e o e 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 T'hese lines, very similar to those represented by the parameter estimuates
given, were those included in the first draft of this manuseript. Althougha
reexamination of the original data yielded slightly different resuits, 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 ol the anthors.

TaBLE 11.—Calculated grou'h of shrimp, derived from single
erperiment

Sex and month Length, in millimeters

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 1256 mm.
Hence, a shrimp 100 mm. long (from tip of rostrum
to end.of telson) will in 1 month have grown to
about 125 mm. Following the same procedure
with 125 mm. on the .\X axis, we find that at the
end of 2 months the shrimp will have grown from
100 mm. to about 141 mm. This line, of course,
can be used only for the rapid 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. The exceptions occurred now and then
when small individuals were abundant. On these
occasions we would not mark shrimp less than
about 9 em. 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

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

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.

2 A description of the boats, gear, fishing methods, and 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
is, 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

~

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
be 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 are arranged so that the
months after release represent calendar months,
with 0 month the month of release. For instance,

100

80

60

40

PERCENT OF RECAPTURES IN OUTSIDE WATERS

20

o I 2 3

4 ] ] 7 8

MONTHS AFTER RELEASE
Fi16uRE 13.—Movement of marked shrimp from inside to outside waters.
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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 originally 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. We have depicted the
data graphically in figure 14. The September
releases in inside waters required 3 months before

60 percent. or more of the recaptures were found in

outside waters. In December and April, 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 in
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 year, at the onset of winter and in
the spring. As we shall demonstrate later, these
two periods seem to be associated with two groups
of shrimp, one an early-spawned group, and the
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. Expgrl Date released Released In loeality of— Yer re- {each belrlr o
ment'No. 1 experi-
eased covered
ment)
Oct. 11, 1987 ... .._.... Beaufort Figherfes Station, N. C__.._..... .. ... . ......... ... 197
Oct. 12, 1937 Off Beaufort Bar, N. C___._____ . .. ... 149
| S I SR _...do.... Near Gallant Point, N. C_____ . . . ... 34 834 60
_...do.... Galtant Point, N. C. .. ... ... 248
Oct. 13, 1937 Off Beaufort Bar, N. C__________ . ... ... ... 206
3 1 Oct. 16, 1937 Off Oak Island, N. C. .. e 142 1}
e eee soommeoees do__.___ _| Inside Soutbport Entrance, N. G__ .. [ [T a3 ] 93 388
Oct. 6, 1936. Mouth of Key Creek, 8. C. ... o e as 178
L ....do.... _] Mouth of Bull Creek, 8. C.. . 214
"""""" Clldo..- 2’| Bull Creek, 8. C.___ . __.... 174 941 35
B QOct. 7, 1036. | Mouth of Bull Creek, 8. C...._.._..__. . .. .. ... 375
b, {Oct. 18, 1937.. -] Mouth of Warf Creek, S. C.. ... . . . . ... 97 .
Oct. 18-19, 1937 | Warf Creek, 8. ... .. _ I [ILTTTIIIITTITTITTTIITI 841 938 37
Sept. 8, 1936._. Off Sandy Point, 8. C T, 399
[ [ I G, do.._... Off Trenchard Inlet G 289
Sept. 9, 1936 Mouth of Trenchard Inlet. §. C.. . 7711177l 108 1.188 107
do_..... Off Point of Hilton Head, 8. C.._._____.._ .. ... .__........ 392
Oct. 1,1935. Sapelo Sound, G8. ... ... ... 236
) U Oct. 2, 1935 Off south end of St. CatherinesIsland, Ga._.... ... .. .. . ___.__. 59 603
.o "} Julienton River, Ga_..__ ... ...l LTI 142 183
do... Mud River, (3a. . __ . ... ... iil... 166
7 Oct.. 23, 1935 Oft south end of Sapelo Island, Ga. .. .. 199
"""""" 2 ... |{Oct. 24,1935 Off south end St. Catherines Island, Ga. 360 1,185 345
do... Near mouath of Sapelo Sound, Ga_.._. 206
Sept. 10, 1936 South end of Ossabaw Island, Ga. 396 396 105
Oct. 21,1937 Sapelo Sound, Ga_..... ... ... 398 308 125
Sept. 10, 1935. North end Cumberland River, Ga__ 7 7 5
Sept. 20, 1935.... Off south end St. Simon’s Island, Ga. 118
b S .do. . ..} Jekylt Creek, Ga___.............. 25 210 33
Sept. 23, 19850 10] St. Simons Sound, Ga. 7
Y, Oct. 16, 1935................| 81, Simons Sound, Ga.___. 23 23 7
Oct. 21, 1685...._... 11110 Off &t. Simons sea buoy, Ga. 370
... I T | Of north end Jekyll Island, Ga__. . 280 1,143 204
Oct.22,1985_.._ . ___. ~’| Near mouth St. Andrew’s Sound, Ga. 493
5. Sept. 11,1936 ... ....... St. Stmons Sound Entrance, Ga... . 495 495 78
Aug.10,1937. ... ....... Umbrella Creek, Ga. ... .o oo iciiieiinaaa. 389
6.. --RAug. 11,1937 ... St. Simons Sound, Ga.__...._.. 294 733 129
Aug. 12,1987 .. ... St. Simons Sound Entrance, Ga.. . 50
7. - Aug. 19,1987 ... _______. Off south end of St. Simen’s Island, Ga. 423 423 16
- 8 Sept. 7, 1937 _....... 3t. 8imons Sound Entrance, Ga 397 } 472 .
"""""" do....._................| St. Simons Sound, Ga..._...... 75 - !
9. Nov.9,1937. . ... .f..... do.._. .. ... 308 308 109
10, ........ Jan. 24,1938 ... .. ... .. |-.... do.. N 543 543 128
|3 Feb.23,1038. . ... .. )..... do._ ... 395 396 4]
120 ... Mar.24,1938.__. .__.._.._.| Off St. Simons Island bar, Ga.__.__.. ... _.____ . 396 396 26
Boee April 14, 1938 St. Simons Sound, G&_. . ... ... .. .o ... R 397 397 136
|3 . ay 13, 1 oft St Simons Island bar, Ga_ ...l o R 303 393 92
5. ..o June 24, 1938 . 0 e ede e am e amaeen .- 2 2 51
16 July 6, 1938 Jekyll Jetties, St. Simons Sound, Ga.__ ... 426 } 205 124
""""" July 12, 1938.. Off south end Jekyll Island, G .ol 469 -
: Aug. 3,1938__ Jekyll Jettles, St. Simons Sound, Ga._ ... ... ... ... 200
17 . do. ... ... Eastfield River, near St. Simons Sound, Ga._....__.0 11121101100 197 592 P
SR Aup.5, 1938 LTI Off Qt Simons bar, Ga. ... 165
Aug. 11 B R N T« TRt 30
Nov. l2 1035 oo Off Mayport. Jettdes, Pla. .. iiieieeian 136
Moo _Oft Mayportcan buoy, Fla_ __ ... ... ... 262 508 7w
Nov. 13,1085 ... L. "Off 8t. Augustine sea buoy, Fla. _____._. ... ... ... 200
Jan.19,'1938_. " 8t. Augustine Entrance, Yo LTI 772 772 211
Feb. 13, 1938. _. Oft St. Augustine Inlet, Fla. o e 99 99 25
Mar. 18, 1938 St. Augustine Inlet, Fla. . eiiiiiiceaiaaa 198 198 7
Jan. 17, 1936.. ot New Smymna bar, Fla__ . . ieiaae s 300 300 13
B A - S O I T R E 0 } 656 142
-do... .. Inslde New Smyrna Entrance, Fla____ .. . . o .- 149
Feh. 20, 1938. Off New Smyrna bar, Fla____ ... ... 106 } 493 5%
.o Inside New Smyrna bar, Fla_____ . o .- 197
Jan. 18, 1936 Cape Canaveral, Fla.___...__ 390 399 168
;'e.h. 15, 1936. P, [+ T 355 55 13
o .. ... an. 13, 1938, ~.do. 48 2
mis 1 Sl
eh. 1 8. ..do. 5
A oocaeeo-1\ Fab. 16, 1038, - e . % } 4o ¥
3 Bon Becours Bay in Mobile Bay, Ala 493 493 84
-| Mobile Bay, upper portion, Als___.._ 489 4R9 9%
Bayou La Batre, outer heacon, Ala 324 324 103
Qrants Pass, Ala_._.._........... 363 363 34
Three miles off Gulrport Mlss 208 ;
East Beach, Gulfport, Miss_ ... __..__._........ 5968 864 250
Vielnity of Grand Island Mlsslsslppl Sound, Miss. 922 922 $03
Off Belle Fontaine Polnt.. Miss ... ..oeiee. 392 392 ah
Near Gulfport, Mississippi Sound Miss. .. 378 378 83
Sundown lsland, near Isle au Pitre, Miss_ _ 479 479 109
Mitchell Keys Light, Chandeleur Sound, La 247 247 1
Breton Sound near Breton Island, - 688 688 84
Four Bayou Pass, La. (inside)_ . __... 495 495 6
Shel] Island, La. ... coooooeoooe.. 771 771 164
Four miles W. of Caminada Pass, La 160 168 i
Barataria Bay, La. (inside) 978 978 88
Two miles north of Shell Reef Light, Barataria Bay, La. (unkle) 970 970 102
Seven miles off Caminada Pass, La 189 1\ 0 124
Ceaminada Pass, La. . _......._.. 581 | N
Four Bayou Pass (inside), La___. 50 3
Three miles off Four Bavou Pass, La._ ... .._.__..........__...... 444 144 2
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TaBLE 12.—Releases and recoveries of lagged shrimp—Continued
Total
. Num- Num-
Area No. rﬁ:‘ﬂ:}; Date released Released in locality of— ber re- e(xeacpl ber re-
P . leased mgrent)' covered
.| Dec. 16, 1938___ Eleven miles southwest of Ship Shoal Light, La 957 957 17
_| Jan. 20, 1939__ Whiskey Pass, La..........._....... 806 806 4
.| Nov. 12-15, I Inside Wine Island, near Pt. 928 928 27
31 Jan. 17, 1940__ One mile off Whiskey Pass, La____._....._.... 348 348 4
EEEEEEE R Feb. 29, 1940_ .| Ten miles south-southeast of Ship Shoal Light, La. . 580 580 66
Mar. 1, 1940__ .| Northeast of Shlg Shoal Light, La___.__.._._.___... 1190 1190 194
R Eight miles northwest of Ship Shoal Light, La_____ 199 199 42
Mar.6,1940_..._______. ... Eight miles west-northwest of Ship Shoal buoy, La. 589 589 107
Jan. 25,1989 _..______. x| Thirty miles south of Atchafalaya beacon, La____.._. 394
Jan. 26,1939 _. ._.._..__.._. Twenty-five miles south of Atchafala%v; heacon, La_.. 344 738 64
Deec. 15-16, 1939 . __.___. Thirty miles south of Marsh Island, La_____... __ ... 1,133 1,133 128
Jan.30,1940 . ._._________ Ten miles southeast of Trinity Shoal buoy, La.___.._. - 1,241 1,241 104
Feb.29,1940_._______....__ Ship Shoal Light, La.._______ . __ ... ... 503 503 73
Mar.5,1940. . _.......... South-southwest of Atchafalaya Beacon, La.___._.__... 793 793 195
Oct. 2, 1836 __.__.___._____. Two miles east of Signal Island, 8an Antonfo Bay, Tex. ... ......... 200 200 0
Oct.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 S. of Half Moon Reef, Aransas Bay, Tex. 98
) Sept. 24, 1936... Ship Island, Aransas Bay, TeX..ocovoemooeunamaaene 296 490 34
_____ do...._.... Cool Coast Camp, Tex....._.. s 98
2 o Sept. 25, 1936... .| Copano Bay, TeX. . . iairceamice e 208 296 5
3 Sept. 28, 1936 -] Mud Island. Aransas Bay, TeX. .. ococooicmmminnannns - 199 } 208 21
""""""""""" do_._.. .| Harbor Island Light, Aransas Bay, Tex...._....__.__. R 99
n {Sept. 29, 1936. Shamroek Cove, Corpus Christi Bay, Tex___.___.... . 490 } 882 208
"""""" Sept. 30, 1936 .| Off Ingleside, Corpus Christi Bay, Tex_...._.._..__.. 302
. .| Mouth Allen’s Bight. Aransas Bay, Tex. 99
| Allen’s Bight, Aransas Bay, TexX. ... ... 196 391 18
38 Off Ranch House, Mud Island, Aransas Bay, Tex 98
----------- Py Shamrock Point, Corpus Christi Bay, Tex. 189 } 283 2
----------- Ingleside Beacon, Corpus Christi Bay, Tex 94 i
B Rockport Basin, Aransas Bay, Tex.... 404
7 eeea-|30ct. 21, 1937_ Three-quarter mile E. of Mud Island 100 701 157
Oct. 26, 1937_ Rockport Basin, Aransas Bay, Tex........_... ... _.___ 197
8 {Oct-. 27, 1937. Inside south jetty, Aransas Pass, Tex. ... _..._......... 249 } 703 P
"""""" Oct. 28, 1937. .| Four miles off, 3 miles S. of jetties, Aransas Pass, Tex__._ - 544
| I SR do._.__.. -1 Docks at Port Aransas, TeX_ .. ... cccooimoamaa. _ 195 195 31
Sept. 8, 1838.__ .| Just west of drawbridge, Copano Causeway, Tex......_.... N 177
10 Sept. 14, 1938._. .| Two miles SW. nf Jordan Pass, Copano Bay, Tex._______._. _ 100 472 10
Sept. 15, 1938_. One mile N. of Port Bay Channel, Copano Bay, Tex....... - 195
41 .. ) R, Mar. 17-22, 1947. Fifteen to 35 miles S. of Rlo Grande River, Mexico.._._.... 616 616 118
42_. [ I S, Mar. 17, 1947 .- Off Huts Bayou, Mexico. ..o oo iiioc e caane 379 379 19
834 60
935 388
1,879 72
1,188 107
2,582 738
7,775 1,451
1, 667 322
1,340 218
1,827 348
1, 669 322
Mississippi and Louisiana.__... 3,312 791
{Aq(ilsinna ..... T o I 5T 688 84
nside waters, Louisiana
?ﬁs(lilore, Louislizna. 2, ‘1,% } 4047 516
nside waters, Louis
Offshore, Louisiana. 4,678 } 5,606 460
Offshore, Louisiana. - .. .o e 4,498 6534
Central TOXAS - oo oo oo aco e mccmmmmcemee e | 580 5
______________________________ 4, 801 581
....................... 616 118
______________________________________________________________________________ 379 19
Atlantie CORSb. - .o oo oo e oo eeeecieeas 19,736 |- -oaeooo. 3.704
Northern Gulf, east of Mississippi River. . 5, 669 1,107
{Northern Gulf, west of Mississippi River (inside)_._. 246
Northern Gulf, west of Mississippi River (offshore). . 1,384
Central Texas. ... ooooocoiaimmmcmmcamaeae .- 586
Off Mexico, south of Rio Grande. ... e 137
North Carolina. to northern Mexieo__ ... .. ... 7.254

Apparently, once the shrimp reach outside
waters they tend to remain there unless driven
out before their normal time by sudden environ-

mental

outside waters along the Atlantic coast, only two
were recaptured in the inside waters of another
Along the Louisiana coast, 118 of our
marked shrimp released in outside waters were

ares.

changes.

Of those shrimp

376049 0—56——3

we tagged in  unusual cold spell.

to spawn.

later recaptured in inside waters.
but nine of these were small shrimp from late
February and early March releases following an
These shrimp had sought
‘refuge in deeper water, but later when the inland
waters became warmer they returned there,
probably almost immediately to move offshore

However, all
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TaBLE 13.—Movement of tagged shrimp from inside waters lo oulside waters

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

) Number recaptured in month
Locality of recapture
0 1 2 3 4 5 6 7 8

Atlantic Coast:

Inside waters. . . e eam e ———————- 334 185 12 ..., ) S ARSI DO PP

Qutside Waters. ... ... cecemcmme e m—am—— 139 263 94 33 11 ) I P 2 ..
Northern Gulf east of Mississippi River: .

Inside waters. . e aaan 518 386 100 - 2 AU VRV U (RS IR,

Outside Waters. .. ... c e ccciame e e 2 90 58 10 5 b2 IR [N S
Northern Gulf west of Mississippi River:

Inside waters. . ... .. i e imcmeemem e —————n 16 101 b2 (SRR ISV PRI F B [

Outside Waters. ... caiiciaimmmmeeaas 30 45 7 7 10 3 2 1
Texas:

Inside waters. . . ccameecmeememeem e 83 221 48 8 PO VY PN MU SR

Outside waters ... ...l 49 4 1 D N SRR [ROSRRSPUPURY ROUFNOUpEpES) (RS
Total all localities except Texas:

Inside waters. . ceecmimam e iaem—maaa 868 672 114 8 ) S PR AU PRSP NP P

Outside waters .. . . o e eccmaam e 171 308 159 50 28 6 2 3 1

Total (excluding Texas). - - e ciacicicmcmm—m—emamaan 1,039 | 1,070 273 58 27 [:] 2 3 1
Percent outside (excluding Texas). ... ... . coeooomiii L 16.5| 37.2 568.2| 88.2)| 06.3| 100.0| 100.0 | 100.0 100.0
TaBLE 14.—Numbers of tagged shrimp released in inside waters, arranged according to localily and time of recaplure
[Atlantic coast and northern Gulf of Mexico: Texas omitted]
Number recaptured in month
Locality of recapture and month of release
0 1 2 3 4 & f 7 8

Total inside...
Total outside

398

TaBLE 16.—Monthly percentages of recaptures of inside releases recaptured in inside and outside walers

[Data from table 17]
Percent recaptured in month
Month and locality of release
0 1 2 3 4 5 6 7 8

January:

Inside Waters. ... .. e e 33.3 75.5 Y31 i U I EI SRR PRI R,

Ontside waters_ . . i 66.7 2.5 75.0 | 100.0 | 100.0 §_ . ). oiofeeooio e
February:

Inside Waters. ... . e e 22.5 11.1

Outside waters. ... .. ae 77.5 88.9
April:

Inside Waters. . e 18.3 16.1 b1 () PR R PRI PR
Yl Outside Waters. e 81.7 83.9 80,0 100.0 | 100.0 |-ocoooofooaaoa-
July:

Inside Waters. ... . 4.1 (") R (SRR DRI S

Outside Waters. . . e 57.9 40.0 | oo o] e RSP (R
August:

Inside waters . ___ . ... 7.6 | 771.7 | 1S5 N PO U PO [

Outside waters ... ... .. 244 223| 88.9| 1000 100.0 |. oo |-om--
September:

Inside Waters. . 99.4 92.0 72.3 3.8 ||y -

Outside Waters. ... e .6 8.0 27.7 65.2 | 100.0 [ oo foaaa--
October:

Inside Wabers. . L. 89.5 69.9 1. ... b X1 N R R,

OQutside Waters_ ... .. e 10.5 30.1 95.9 | 100.0 80.0 | 100.0
November:

Inside WaterS. . e 83.1 11.8 % N N N (I

outside Waters_ . .. . 16.2 88.2 92.9 [ 100,07 100.0 | 100.0
December: .

Inside WaterS .. [+ % N [ AR (ORI PRSPPI Rt P

OULSIAe WL OIS . . o e 90.9 | 100.0 |. . oooi]ioo oo e
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TABLE 18.—Months in which tagged shrimp were released
along the Atlantic coast

Released in area No.—
Released in
month of —

1 3 ] 6 7 8 9 10 11

X
X
X
X
X
X
X
X
X
X
X

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 cm. 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 TFlorida. In
Georgia and the Carolinas, after the winter low,
the catches increased during April, May, and June,
before the appearance of the new spring-spawned
shrimp on the fishing grounds. This was primarily

4 The data for this figure are from Anderson, Lindner, and King (1949).

ance and relative fishing effort.

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-
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 winter. 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 Carolina (arcas
4, 5, and 6) was more frequent than in areas to
the north, but it still was casual. It was only
along the coasts of Georgia and northern Florida
(areas 7, 8, and 9) 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 areas of release. In this
figure the lines begin with the month in which the
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FIGURE 15.—Average monthly percentage of annual shrimp catch for the Atlantic coast, by States.

shrimp were released and follow (from top to
bottom) the recaptures from the releases of this
month until fewer than eight of these shrimp were
recaptured in any 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



ATLANTIC AND GULF COAST SHRIMP -

589

0O o
MAY T | | | | | | T | I | [ | | I T | | 0
JUNE |- \ -
NORTH \ SOUTH
JuLy - OF RELEASE AREA \ OF RELEASE AREA —
AUG.
SEPT. |~

o

o

~
|

o
m
o
i

MONTH OF RECAPTURE
‘>— =
z 2
T T

-

m

b
|

MAR. -

APR. [~

MAY —

JUNERR ) ) b

| I N N

L1 1 | 1 I

100 90 80 70 60 50 40 30 20 IO

o o

10 20 30 40 50 60 70 80 90

100

PERCENT

Fiaure 16.—Monthly percentage of total monthly recaptures of marked shrimp recovered in areas north and south of
release area.

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

Of the 10 shrimp recaptured between July and
December (of releases made during these same
months) in areas north of the release area, only
one was vetaken as far as 35 miles from the place
of celease. These certainly cannot be considered
to indicate a 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

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
réelease 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
year, 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.—Monthly recaptures of Atlantic-coast tagged shrimp, arranged according to month of release and distance (in areas)
shrimp were recaptured north and south of release area

[Areas are 50 miles wide]

Number recaptured in areas north or south of release area in geographical sequence

Released in month of— Recaptured in month of—

North

Area nf

Telease South Total

2 1 0 1 2 3 4 5 6 7

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

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

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

indicate precisely when the northward migration
terminates, but apparently there is little or no
coastwise movement of shrimp between April and
August. Since temperature is probably one of the
principal factors influencing these coastal move-
ments, we may expect some changes in their timing
from year to year. The longest southward migra-
tion was by a shrimp released near Beaufort, N. C.,
in October, and recaptured 95 days later off the east
coast of Florida, about 360 miles south of where we
released it. The greatest northward migration was
recorded for a specimen released at Cape Canav-
eral, Fla., in January, and recaptured 168 days
later off the coast of South Carolina. It had
traveled about 260 miles.
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TABLE 18.—Recaptures, by area, month, and size, of lagged shrimp released along the Atlantic coast from 1935 to 1938,

inclusive
N_umber recaptured in area—
Area, and month of release, and Recaptured in month of— Total
size | when released 1 (2 (3 a!sle|{ 7] 8|9o]w|nlan
areas
Area 1:
- Oetober: 45
} 14
1
Area 3:
October:
} 146
1
l 240
Area 5:
September:
October....... Y (RS S S 2 2
Small.__.. ... December.. 1 4
January.... 1
September. 8
October. ... 5
Large .- . November. 8 29
December.. 5
anuary......- 3
October:
JDecember ............................ 3 1 4
Small ... ... January.... 5 10
February.- - 1
Novemll))er. lg
December..
Large...oooooo e January...- 4 A
February..-... 1
Area 6:
September:
September._.._______.__________
Small ... .. { 3
........................ i)
Area 7:
} 5;
} 46
] 105
2
169
245
2 508
4
5
Aren 8:
January: 0
92
Small.._ ... l lg 126
2
i3
66
9 } 78
3
5 5
6
10 2
i
------------------------ : } 4

1 8Small shrimp are those less than 13 em.; large shrimp are those 13 em. and longer.
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TABLE 18.—Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 1935 to 1938,
inclusive—Continued

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

Recaptured in month of—

Number recaptured in area—

10

11

All
areas

Total

Area 8—Continued
April:

Area 9:

Large........

February:
Small___._._...__..

|

January..

August.__.
September
QOctober..
January ...

September
October._..
November
January._.
September
October. ..
November
December.

anuary...

December.

February._

November
December

o
-

HEgHQSHQQHi—IQg

.................. 40
........... 10
...... - 2
...... - 63
- 29
...... - 10

-

—
TN N

118

16

92

49

48
75

129

91

54

117

272
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TaBLE 18.—Recaptures, by area, month, and size, of tagged shrimp released along the Atlantic coast from 1935 to 1938,

inclusive—Continued

593

Area, and month of release, and

Number recaptured in area—

h Recaptured in month of— Total
size ! when released t 203 45|67 ]8] 9 w|njan| "
areas
8
th
4
58
43
35
2|) 12
1
2
1
February:
Small.... ... gegruary ....................... 1 1
ebruary. R 18
Large. ..cooooimie e {March __________________________ 30 } 57
Area 11:
January:
January.._.._. 11
Small ... {February. .- 3 18
arch._ ... 4
January....._. 219
b 2
arcn. .. .-._.
Large._. ... Apri)._._ .1 9 71
July ._____..._. - 1
September. . _____ ... 1
February
Sl Mereh 1 I : w0}
8
19
1 7
1
! Small shrimp are those less than 13 em.; large shrimp are those 13 em. and longer.
TABLE 19.—Recaptures north and south of release area, of TaBLE 21.—Tagged small shrimp (less than 13 cm.)
shrimp tagged in areas 8, 9, and 10 during January and recaptured along southern Atlantic coast
February [Both sexes included, 1935-38 experiments)
[Small and large shrimp combined)
Number recaptured. of shrimp released in area—
Number recap- D;smoc;p- Direc-
. tured in areas— point of release ilalslelzlsliolln arAel::s
Recaptured in month of—
N’olrglsgf Smlxth of
re reiease 5-360
area area 20593 il
e
miles. .
JBOUBLY ..o ooocrrocin s 1 215-240 miles
Morh Y 13 185—2;3 m}les
----- 155-180 miles
APHL o 1 125-150 miles
95-120 miles
35-60 m}}:s' '
. miles. ...
TaBLE 20.—Recaptures, other than in area 8, of lagged 0-30miles ...
shrimp released in area 8 35-60 miles. ...
65-90 miles__.___
[Small and large shrimp combined] 05-120 miles.__..|...
125-150 miles. . ..
155-180 miles. . ..
Number recaptured in— 185-210 miles.._..
e
i — 5-270 miles.__.|.
Recaptured in month of- Areas
Area 7 | Area 9 | south Total..._.l..._......
of 9
August The proportion of large shrimp that move is
e much greater than that of the small ones. In
N y - -
Decembe tables 18, 21, and 22, we have divided the marked
J - . . . .
February ... 1 .1 Iy " ?  shrimp into two size groups, small and large, with

13 cm. as the arbitrarily selected dividing line
between them. The different behavior of the
two size groups may be ascertained from table
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Figure 17.—Movements of marked shrimp released along the Atlantic coast during July, August, September, and October.
These diagrams (also figs. 18-26) show where marked shrimp were recovered. They do not indicate quantity, or
length of time between release and recovery, but merely where the shrimp went. The dot at the beginning of each
arrow indicates locality of release.
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F1GURE 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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Firaurk 19.—Movements of marked shrimp released along the Atlantic coast during April, May, and June.

See figure 17

for further explanation.

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

With respect to the southward migrations along
the Atlantic coast during fall and early winter, we
do not claim that all the large shrimp move south,
but we think the 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. Our tagging would
not show such a northward movement, since we
did not tag in South Carolina during midwinter.
(See p. 621 for additional discussion.)

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

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

[Both sexes included. 1935-38 experiments]

Number recaptured, of shrimp
Distance cap- released in area— '
tured from

point of tion
release 1|3|s|6f7]|8]|0|10]|u]Al

335-360 miles_.__
305-330 miles._ .__
275-300 miles____
245~270 miles. ...
215-240 miles. ..
185-210 miles. ..
155-180 miles.___|-..d
125~150 miles. ...

125-150 mi]
155~180 mil
185-210 mil
215-240 mi
245-270 mi

Total .| 14 |240 | 53 | 71 |554 |747 |263 (199 302 | 2,443

TasLE 23.—Effect of length on migratory lendencies of
shrimp from Atlantic coast

[Migratory shrimp are those recaptured 35 or more miles from release point]

Number | Number | Percent
Length recap- migra- migra-
tured tory tory
10.5cm.and smaller . __._.__________________ 199 4 .20
Ntol2.5em.. s 960 49 5.1
13cm. and larger. ... .. 2,443 389 18.9

We have considerably more information, all
negative, on the subject of large shrimp moving
offshore. During the winter and early spring of
1940 we explored the area from Cape Hatteras to
Cape Canaveral in depths between 5 and 100
fathoms and, although we caught other species of
shrimp, we did not find & single specimen of
P. setiferus more than about 8 miles from the
coast. Furthermore, despite the intensive com-
mercial fishing, our own exploratory fishing, and
that of Springer and Bullis (1952) in the Gulf of
Mexico out to 100 fathoms, the greatest known
depth in which P. setiferus has been taken is 43
fathoms. This record was reported by Springer
and Bullis. The white shrimp is usually taken
by the commercial fishery in the Gulf of Mexico
in depths of less than 20 fathoms, and these shal-
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low waters seemn to be its normal habitat. On the
Atlantic coast this species does not appear to
frequent the depths attained by it in the Gulf.
The probable explanation for this is the lack of
suitable feeding grounds in the deeper waters
along the Atlantic coast.

Our findings lead us to conclude that the bulk of
the shrimp of the Atlantic coast, after migrating
from inshore to offshore waters, do not. move into
very deep water far from the coast. Instead, they
execute seasonal migrations parallel to the shore-
line, moving southward during the fall and early
winter, and northward in late winter and early

spring. During late spring and 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.®* Hence,
the remaining recaptures during December and
later were from September, October, and Novem-
ber releases. All of our releases were in inside
waters.

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

Most of the ocean bottoms of the outside lit-
toral waters off the sAlabama 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 er 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 a represents
inside waters as we have already defined them: zones b to f are outside waters
with depths as follows: b, 0 to 413 fathoms; ¢, 5 to 813 fathoms; d. 9 to 12}
fathoms; e, 13 to 1612 fathoms: /. 17 lathoms and deeper.
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Ficure 20.—Movements of marked shrimp released in the northern Gulf of Mexico east of the Mississippi River during

September, October, and November.

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

See figure 17 for further explanation.

tend to seek the deeper waters near the mouth
of the Mississippi River as winter progresses.
Tables 24 and 25 indicate this tendency of the
large shrimp, and some of the small ones, to invade
area 29. The data presented in tables 26 and
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TABLE 24.—Recaptures of small shrimp (less than 13 c¢m.) released in Guif of Mexico, by area of release and by month and
; area of recapture

Number recaptured in area—
Recaptured in
Released in— month— n A Total
27 28 29 30 31 32 33 34 35 37 38 |xnown| areas
' September. _..____ 43
October_...______. 54
Area 27 ... w—————- November.._.__.. 31 141
1Deeemhcr _________ 10
January......_.... 3
%exi‘t;%mber ________ gg
ctober._____._.__.
Area 8. November_____.__ 19 200
December.._...... 3
September._.._._. 18
October._.___.___. 14
November_.___._. 48
December......... 117
Ared 30......ccee......|\JanUATY. .. _____ 12 215
February_____.._. 4
arch_._________. 1
April ___ . ____ 2
5.2 1
November.._.____ 4
December_.____.._. 2
.;‘ ar;’uary ........... g
ebruary.._.__.__
Area 3l . . ... __.__ March. . 204 278
April ... 34
) J 23
June ... ... 6
March._..._..__.. 35
Avea 32 ... .. .{JAprll ... ... 5 45
1 S 4
une. ... 1
Area 87 ..o-oeeoo .. November_.__.... 4 4
August___________. 3
September....__.. 20
Area 38 . ....._____..[{O0ctober__..______. . 127 211
November_....... 50
December.._.._... 2

TABLE 25.—Recaptures of large shrimp (13 cm. and longer) .released in Gulf of Mexico, by area of release and by pwnth, and

area of recapture

Released in—

Recaptured in

Number recaptured in area—

month—

28

32 33 34

35

36

37

39

40

41

42

Total

September
October___.

179

576
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TaBLE 25.—Recaptures of large shrimp (13 cm. and longer) released in Gulf of Mexico, by area of release and by month and
area of recapture—Continued

Recaptured in

Number recaptured in arca—

Released in— month—

27 b 29 3n 31 32

Total
33 34 35 36 37 38 39 40 41 42 | All

[y

o BER BB R

27 demonstrate quite clearly the movement from
zone a to offshore zones during fall and early
winter.

No tagged shrimp from areas 27 to 29 were
recaptured west of the mouth of the Mississippi
River.

At present, all that can be said about the move-
ments of the shrimp in this region is that during
the fall and winter they tend to move into deeper
water and toward the mouth of the Mississippi
River.

NORTHERN GULF WEST OF THE
MISSISSIPPI RIVER

Between the mouth of the Mississippi River
and western Louisiana (areas 30 to 32), we re-
leased marked shrimp from the latter part of
August until March (table 28). In this region,
-therefore, our remarks pertain only to the fall,
winter, and spring movements of shrimp (figs.
21-24).

During the years we tagged, the inside waters
were closed to fishing from about mid-June until
mid-August, but during the rest of the year they
were subjected to relatively heavy fishing. In
the outside waters, fishing occurred throughout
the year, although it was probably most intense
during winter and spring, when a part of the in-
shore fleet moved into outside waters. Fisher-
men in this region (judged by the depths to which
the fleet fished and the maximum depths at which
we caught white shrimp in our exploratory fish-
ing), fished the entire population of adult and
subadult shrimp.

The specimens we marked in inside waters dis-
played the typical movement to outside waters

(tables 26 and 27). Once the shrimp reached out-
side waters they tended to move offshore and then
mill about. Tables 29 and 30 demonstrate this
behavior of the shrimp for August, October, and
November releases.

TABLE 26.—Recaplures of small shrimg (less than 13 cm.)
released in Gulf of Mexico, by depth of release and by
month and depth of recaplure

[Depth zones are as 'rollnws: a, Inside waters, b outside waters, 0—412 fathoms;

¢, outside waters, 5-83% fathoms; d, outside waters, 8-123% fathoms; e, out-
side waters, 13-1614 fathoms; and f, outside waters, 17 fathoms and deeper]

Number recaptured in depth zone—
Area and depth | Recaptured
of release in month— Al Total
a|lb|ecld]|le] S depths
September._]135 |..._|-.-- 135
Areas 27-29: October__._. 140 [ f--.-|- 140
Depth zone a.[{November._.| 44 | 4| 4|. 52 343
December .. 6 1| 5 13
Janvary. __.§.._.| 3 ]---.]- 3
(September_.| 16 [._._]--_.|. 16
October_.... 71 3 . 10
November..| 19 | 18 | 10 |. 47
Areas 30-32: December...|] 2{18] 4 b
Depth zone a¢_[{January.___.|-...{ 1 [... 1 109
February._ . _|---.|---[--- 2
5 |- 6
| AL RN RN P 1
-1 1].- 2
1 |----|- 1
8 3| - 96
8! 31 11 :
| 2 ]]-- 2l 13
Depth zone b. 3 I i 70
2]-..|-- - -5
21 4 1 - 7
PN ORI B § - - 1
03 2. - ]
November_.| 4| 1]--..[-- - 5
.%ar;)uary ..... g [N PR - ?
ry._ --— [ - -
Depth zone ¢. { A p ™Y - 155 hos |3 1[0 e || 2
April .. 1618 ... 1] 35
May._. 2| 4| 8| 5. 19
Tune .._..... e eee] 4] 2. 6
Depth zone d_| March..__..]... 1| 14 2 2
August _. [ 2 (RS I I f 3
Areas 37-3§: September. .| 29 R 29
Depth zone a_|{October__...| 86 (. %] 1 121 202
November..| 39 |....| 81|. 47
December .| 2 [...-| 5 ;
Depth zone 5. ol 5 } 7
. 4] 4 .
Depth zone d. {Novt'mber.. .- -2 2 } b




ATLANTIC AND GULF COAST SHRIMP 601

Our tables also show an inshore movement dur-
ing March and April, and a tendency for the
shrimp to move offshore again in May and June.
We think that the return to shallower waters dur-
ing spring is an anomaly which is emphasized in
the data by the fact that many of our releases
were made during the winter of 1939—40, in which
an unusual cold wave occurred in January. After
the cold wave, the fishermen reported many dead

TaBLe 27.—Recaptures of large shrimp (13 cm. and longer)
released in Gulf of Mexico, by depth of release and by
month and depth of recapturc

[Depth zones are as follows: ¢, inside waters; b, outside waters, 0-434 fathoms;
¢, outside waters, 5834 fathoms; d, outside waters, 9-1215 fathoms; e, out-
side waters, 13-16}% fathoms; and f, outside waters, 17 fathoms and over}

Number recaptured in depth zone—
Area and depth | Recaptured
© " of release in month— an |7
a|b|c|d|el|f depths
Areas 27-29:
September.. (219 |. 219
October. ... 251 | 5 256
November. . |202 243
Depth-zone a. { December. 14 113 836
anuary.._._. 1 1
March..._.. . 2
April________ R 2
Areas 30-32:
August____..| 1] 11}.___ [ R 2
September_.{ 56 | 1 ... [....|----|---- 57
October._... 6| 31 211 1] 13
November__| 11 | 10 | 4 |....{- 25 .
Depth zone a.{{ December. .. 8 (o) 9 117
January._.._.. ceee) 2| 1 . 3
February...|....|-..-}.---| 2] 1 3
Mareh_._... -] 8 1.- R 3
April........ R I T PN I Y ERTTY A 2
October..... {16 8| 1 25
November |80y 7 81
December. 41| 2 46
January 7] 2 9
Depth zone b.){ Februar ... 3 3 180
arch__.._. 2|19} 2 24
April____.__. RN [N PR VRV ROIPIEN R []
: 5 - 2|1 ) I PR 4
June_._._... JRNEY B U PO T RO A 2
October..... o - A | 4
November__| 1| 3| 3 7
December...|....| 5 |...-|: 5
January ..... 211 4
Depth zone c.[{ February...|....|-...| 1 13 182
43| 4 66
17| 8 41
7119 39
1 3
RS PR - TN PR N 3
12 | 10 |--. 29
111740 8 |-... 66
B9 74| 5].... 232
Depth zone d_[{ April____ ..-|43 |31 13| 2][.--- 115 537
May. 42 (171 2 (... 84
June. |---- 1] &6 |----|-- 6
July.___. -- ) (RO I N RO P 1
August.__.__ JRURPEURS) PRV iy [ N RO (O 1
Areas 37-38:
August._____ t: 2 USRS PR (NP PP
. September. .| 86 || - |----} o }ooo 36
Depth zone a.|{October. ... 109 |2 47 |ocoofecnc]ean 156 272
November..| 36 |- 35 {.o.f-aco|---- n
December...| 5. 1 |.__.|....l.._. [
October.____ RS RN . | I ORI VSO S 20
Depth zone b. {November_. 3|88 ||l 56 } L
Depth zone d. {g%t“,’ggﬁe-;" l!, il S A 1; } 18

shrimp in inside waters and small shrimp much
further offshore than usual for that time of year.

The observations of the fishermen were corrob-
orated by our own investigations when, on the
last day of February and early in March 1940, we
marked random samples consisting of 3,160 of
these small shrimp in depths b and ¢. According
to random samples of shrimp from the commercial
fishery, in this region we should normally expect
to find, in depth ¢, less than 1 percent of the
shrimp to be smaller than 13 e¢m. in total length
in February; in March the normal value is about
2 percent. In depth & we 'should expect about
2.5 percent of the shrimp to be less than 13 cm.

TasLe 28.—Depths and dales of release of tagged shrimp
in areas 30 lo 32

[Depth zones are as follows: a, inside waters; b, outside watcrs, 0-417 fathoms;
¢, outside waters, 5—814 [at.homs d, outside waters, 9-1234 fathoms)

Years in which releases were made im
. depth zone—
" Released in month of— P
[ h ¢ d

Augu$t.. ... AR B |- T PNt PSR PRI
October.... 1039 1939 1939 [.__..._...
November. 1930 ... .__.___. 1939 (...
December. 1938 1038 1038 103!
January.... . [ PR 1939, 1940 1939 | 1939, 1940
February. . RSP RPP J 1 1940 |.._____...
March. .. 1940 1940 1940

TaBLE 29.—Monthly recaplures of tagged shnmp, arranged
according to month of release and number of depth zone
;hrtz:,p were recaplured inshore arid offshore from release

epl

[Release depth is zero. Releasesin depth zones« (inside waters) and b (outside
iwaters, 0-114 fathoms) only. Areas 30-32)

Depth zones from release zone

Released in Recaptured in | In- |Release
month of— month of— | shore| depth Ofishore Total
1 0 1 2|3 4
August_...____.}._.... 1 11... -
%ept.ebmber_.__. :li R
ctober.._____. .
August............ November._.__ . 3 D T | B
December...... . } N P
. n| s
33| 17 1]...
1(2) 3 1
October and No- -
vember. . _______ R S I 2N - | 214
1 1] ...
- 1].
1 1.
4 ..o
December and I o 188
January.__...._... . N ———-
February and B R
March..___..._. g -

376049 0—56——4
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TaBLE 30.—Monthly recaplures of lagged shrimp, arranged
according to month of release, and number of depth zones
shrimp were recaptured inshore and offshore from re-
lease depth

[Release depth is zero. Releases in depth zones ¢ (outside waters, 5-8)3
fathoms) and d (outside waters, 9-121, fathoms) only. Areas 30-32]

Depth zones from release zone
Released in Recaptured Release| - . P
month of— inmonth of— | Imshere o th| Offshore | Total
3 2 1 0 - 1 213
QOctoher..._._. [N DU ] [ 21 [P I
. November____[....[ & # [ 21 [P I
October and No- || December. .. Y S 3N I a9
vembher. February. . “
March
April____
Necembe
January. ..
. February. . 2 .
Decemher and [{March. ___ 40 | 37 45|15 1 391
January. April___ 26| 21 2 6| ...
May..__._____ 11326 11 2] ...
J|]fune and Aw: ... ..) 1 [0 PN (RIS B
gust.
Mareh. _______[....| 81 |180 3771 3 ).
February and |JApril _________|.._.| 36 | 45 2B 9. . 535
March. May_ . ._..___|.-.-.| 13| 27 331 16 e
June..________ R S R 6] 4

long in March (we have no data for February).
In February of 1940, however, 81 percent of our
marked shrimp taken in depth ¢ were less than
13 em. in length, while in March 94 percent were
of this small size. In depth b, these small speci-
mens constituted 62 percent of the catch in Feb-
ruary and 23 percent in March.

The migrations of these small shrimp are clearly
shown by our tagging results. From ‘the data
presented in table 31 it is evident that the small
shrimp were the ones that went towards the shore
after release. They had evidently been driven
offshore by the excessively low temperatures of
the inshore waters during the cold wave, but they
returned to their usual habitat when the tempera-
tures became normal in March (fig. 37). Thenin
May and June they made the typical spawning
movement and reentered the deeper waters (table
32).

Probably a more nearly typical spring distribu-
tion is demonstrated by shrimp marked in off-
shore waters before January (table 33). In the
outside waters, though the shrimp move about in
all depths (mostly between depths b and d), there
is a tendency for the largest shrimp to seek the
deepest waters. During fall, wintee, and spring,
only occasionally will shrimp less than 13 em. in
length be found in depths greater than 5 fathoms
(table 34). '
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TaBLE 31.—Recaptures by depth and by size of shrimp
released in depths b and ¢ during February and March
1940

[Areas 30-32. Depth zones are as follows: «, inside waters; b, outside waters,
?—:}:2 faﬁhoms: ¢, outside waters, 5-81-4 fathoms: d, outside waters, 91214
athoms!

Number recaptured, 6f shrimp | Percentage recaptured,
whose lengths at tagging shrimp whose lengths
Reecaptured were— at tagging were—
in depth
zone— o
10 em. | 10.5- _ 15.5 10.5- : 15.5
and 12.5 lgml‘r‘ cm.and| 12.5 13,;15 em. and
less | em. + | more | em. cm- (“more
2 94 13 ... 32.1 0.1 | _______
2 170 i 19 58.0 57.4 57.6
1 19 22 9 6.5 17.1 27.3
........ 10 20 5 3.4 15. 5 15.2
Total.... 5 293 129 33 100.0 100.1 100. 1

TABLE 32.—Recaplures, by depth and month, of lagged
shrimp released in depths b and ¢ during February and
March 1940

[Arcas 30-82. Depth zones are as follows: @, inside waters; b, outside waters,

0-414 fathoms; ¢, outside waters, 5-8}5 fathoms; d, outside waters, 9-12ls
fathoms]

- Number recaptured in month of—

March April May June

.Released in depth zone b and
recaptured in depth zone—

Released in depth zone ¢ and
recaptured in depth zone—

19 [ I R,

146 35 |3 N [ —
5 & 26 5

3 8 16 4
212 70 57 9

TaABLE 33.—Recaptures, by depth of release and by month
and depth of recapture, of shrimp lagged before January

{Areas 30-32. Depth zones are as follows: a, inside waters; b, outside waters,
0-413 fathoms; ¢, outside waters, 5-81» fathoms; d, outside waters, 9-125
fathoms; ¢, outside waters, 13-161 fathoms; f, outside waters, 17 fathoms
and deeper] R .

Number recaptured in depth zone— Total
recap-
a b c d ¢ f tured
Released in depth zones
a, b, and ¢ and rccap-
tured in month of—
.............. 185 @ 3 180
~  January....._o.oooi|eeeios 22 6 2 30
1 5 4 15
8 1 6 15
2o 2| 5
N 2 | I PR IR 3
depth 7one d
and recaptured in month
3
19
24
37
22
17"
1
i
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TABLE 34.—Recaptures, by depth and by size, of shrimp for three different release depths

Areas 30-32. Depth zones are as follows: 1, inside waters; b, outside waters, 0—41¢ fathoms; ¢, outside waters, 5-8}2 fathoms; d, outside waters, 9-1214 fathoms]

| . ‘ ,
Number recaptured, of shrimp whose | Percent- recaptured, of shrimp whose
lengths at tagging were— lengths at tagging were—
Released in Released in month of— Recaptured in depth ;
depth zone— zone— 155em. | 10em 155 em
10 em. | 10.5-12.5] 13-15 and ) and © | 10.5-12.5 13-15 ';m(“i *
and less cm. em, more less . em. em, more
... P, October, December, and ?ﬁg '17;8
Jenuary.............. 2 L 10.4
All e 13 101 81 67 100.0 100.0 100.0 99.9
. ] 38.5 04. ) I,
-2 October, November, De- c \ (li 4?? 582 fg?
cember, and January.... 1 77 50.0 " a8l
b1 ) N P 100. 1 100.0 100.0
1 0.6 0.3
do . December, January. and ||. 2& ?,;g g;'g
March. .. . 27. .
58 843 43.9
169 387 | ... 100.0 100. 0 100.1

No shrimp marked in areas 30 to 32 were recap-
- tured east of the mouth of the Mississippi River,
or in Texas waters. They concentrated mostly in
areas 31 and 32 and the eastern part of 33 (tables
24 and 25). This section between Ship and Trin-
ity Shoals probably provides the most favorable
outside feeding grounds for shrimp in this region.
We believe the more or less aimless wanderings of
the shrimp (but not the offshore and onshore
movements) represent a search for food.

In brief, along the Louisiana coast west of the
Mississippi River the large shrimp move offshore
and scatter during fall and winter. At all times
they appear to be drifting about, like cattle on
open rangeland. The only definite patterns were
those of the offshore and onshore movements,
which evidently were associated with temperature
changes and spawning, and a tendency to concen-
trate between Ship and Trinity Shoals, probably
because of better feeding conditions.

There appeared to be a natural barrier at the
Mississippi River, for we found neither east-west
nor west-east crossings.

CENTRAL TEXAS

At the time we ran ourv tagging experiments in
central Texas there was no fishing along the Mexi-
can coast and no outside fishing during winter
near the mouth of the Rio Grande, and ‘the out-
side fishing near Port Aransas was limited to an
area of narrow radius near the pass. There was

no more or less continuous coastwise fishing along
the entire coast, as there has been in recent years.
Consequently, all of our recaptures were made
close to the points of release (fig. 25, tables 24-27)
and once our marked shrimp left the restricted
area covered by the fishing fleet we could no
longer follow them. As a matter of fact, for this
very reason ‘we discontinued -tagging in Texas;
once we had established that the shrimp weve

“moving from inside waters to outside waters in

accordance with the evidence we had obtained
from the size-distribution pattern.

The fact that the larger of our marked speci-
mens disappeared soon after reaching outside
waters off Port Aransas, indicates only that they
left this area; they could have gone farther off-
shore or to the north or south beyond the range
of the fishing fleet. We believe it most likely that
they went south, because in winter the waters are
warmer to the south and because there appears
to be a northward return of the shrimp in spring,
as is suggested by a tagging experiment along the.
coast of Tamaulipas, Mexico, to be discussed in
the next section. :

Probably the migration pattern, for at least
part of the western Gulf, is comparable to that
along the southern Atlantic coast. We also think
it probable that the shrimp reared in the vicinity
of Galveston, Tex., move as do those in areas
30-32.
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Freure 21.—Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River duﬁng
August and October. See figure 17 for further explanation.
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Ficure 22.—Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River during
November and December. See figure 17 for further explanation.
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Ficure 23.—Movements of marked shrimp released in the northern Gulf of Mexico west of the Mississippi River during
January and February.\ See figure 17 for further explanation.
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MARCH TAGGING
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F1cuRE 24.—Movements of marked shrimp released in the riorthern Gulf of Mexico west of the Mississippi River in March.
See figure 17 for further explanation. .

NORTHERN MEXICO

At the time we tagged shrimp along the coast
of Tamaulipas, Mexico (March 1947), there was a
large fleet of shrimp boats operating out of Browns-
ville, Tex. Fishing was intense near the mouth
of the Rio Grande.

(area 40). Perhaps more returns are shown as
coming from near the mouth of the Rio Grande
than actually occurred, as it is probable that some
shrimp caught in Mexican waters were reported
as having been captured north of the border.
Inasmuch as there was no fishing (or very little)
to the south of area 40, returns would have to
come from area 40 and to the north. Conse-
quently, the movements of the shrimp released in
areas 41 and 42 (table 25 and fig. 26) might be
merely normal feeding movements. Area 41 is
closer to the region of heavy fishing than is area
42; this would account for the difference in the
percentage of returns from the releases in area 42
(5 percent) and those from area 41 (19.2 percent).
Although the large majority of recaptures from

For this reason our returns
were mostly from near the mouth of this river

_these areas had moved considerable distances and

appear to indicate a migratory population, it must
be remembered that they represent a small per-
centage of the releases.

Therefore, the majority of the shrimp tagged
in March could have been local or nonmigratory
shrimp reared in Laguna Madre, Tamaulipas,
which were not recaptured because of the total
lack of fishing in these areas. Yet (1) in recent
years there has been a spring run of shrimp strik- _
ing first (about March) near the Rio Grande and
later (about May) near Aransas Pass, Tex. (2)
Of the recaptured shrimp marked in areas 30 to
32 (Louisiana) less than 1 percent moved more
than 75 miles, whereas about 17 percent of those
recaptured after tagging in Mexico moved more
than this distance; the greatest distance between
release and recapture along the Louisiana coast
was about 110 miles, whereas 5 of the recoveries
from our Mexican releases were taken at distances
greater than this (the greatest distance, about 175
miles). (3) The water temperatures during winter
off the coast of Mexico are warmer than they are
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AUGUST TAGGING : SEPTEMBER TAGGING

OCTOBER TAGGING

Ficure 25.—Movements,of marked shrimp released in central Texas during August..' September, and October. See figure
17 for further explanation. :

in Texas. The evidence, therefore, seems to favor  also likely that during the fall and winter there is
a springtime south-to-north migration. a reciprocal southward movement of larger shrimp

Our data are not adequate to establish this from central and southern Texas into northern
point, but if such a spring migration occurs it is . Mexico. '
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F1cURE 26.—Movements of marked shrimp released along
the northern coast of Mexico during March. See figure
17 for further explanation.

SPAWNING AND LONGEVITY

Weymouth, Lindner, and Anderson (1933)
have shown that when the young (spring-spawned)
shrimp first appear on the inside fishing grounds
(in June or July, depending on the locality) they
can readily be distinguished from the spawning

-
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population both by size and by sexual develop-
ment. By September, the largest of the spring-
spawned shrimp have attained the length of the
smallest of the mature shrimp spawned the previ-
ous summer, and the two groups overlap in total
length. At the same time, many of the mature
females have completed spawning and are begin-
ning to enter a stage in which it is impossible, by
ovarian examination alone, to distinguish them
from the larger spring-spawned females. With
the approach of maturity, various morphological
changes took place in the shrimp, which made it
possible to separate immature spring-spawned
individuals from spent mature shrimp until
December, but by January the spring-spawned
specimens began assuming the adult characteris-
tics and we could no longer distinguish them.

: SPAWNING

In the field we recognized five succéssive stages
of ovarian development: Undeveloped ; developing ;
yellow; ripe; and spent.® Unfortunately, most of
our field records of ovarian development are in-
complete, as we were unable to work out a satis-
factory technique for field determination of spent
shrimp until late in 1941. . Before December 1941,
recently spent shrimp, during and immediately
following the spawning season, usually were classed
by us as ‘‘developing’ or in an early ‘‘yellow”
stage; those not recently spent, the ovaries of
which during fall and early winter were actually
more or less dormant, were usually classed as
“undeveloped,” but when they began to approach
a second spawning season were classed as
‘“‘developing.” :
Louisiana

Because of the complications just mentioned,
we have only one year (December 1941 to Novem-
ber 1942) for the Louisiana offshore fishery? in
which we believe our records are complete with

AN

§ See King (194%) for a description of these various stages.

7We have divided the Louisiana fishery into two sections (Anderson,
Lindner, and King, 1849) based on fishing grounds. The inshore fishery
includes the inside waters (hays and bayous) and the outside waters out to
ahout 5 fathoms. This area was fished by shallow-draft luggers, and it also
represents the area covered by our research boat Black Aallard. Ahout the
beginning of 1638, a group of Florida-type trawlers migrated to Louisiana
and began fishing the offshore area (outside waters from about 5 to 35 fathoms,
although the boats usnally did not go much beyond 20 fathoms). This area
had never been fished extensively by the inshore fleet. After the offshore
fishery was developed. some of the larger boats from the inshore fleet would
fish offshore on occasions, The offshore fleet, however, never fished the
Inside or estuarine waters. Generally the areas fished by the two fleets were
quite distinet.
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respect to maturation and spawning. In figure 27
we show the size distribution of the five different
ovarian stages from random samples taken from

the offshore fleet during this period. This figure -

is plotted in percentages, with the total number of
females examined in any month equal to 100
percent. Inasmuch as the ripe and spent shrimp
were only a small percentage of the population
and difficult to follow in figure 27, we have shown
thesé separately and by actual numbers in figure 28.

Following the progression of these curves (fig.
27), we find that, in December the largest females
had spent ovaries, although most of them were
in a resting stage and appeared undeveloped.
The majority of these were probably summer
spawners; These spent shrimp constituted less
than, 2% percent of the specimens in our samples;
all of the others were spring-spawned and had
undeveloped ovaries. By January (we could no
longer distinguish between shrimp which had
previouslv spawned and those which were matur-
ing for the first time) many had developing ovaries
and a few were in the yellow stage. The first
rlpe shrlmp appeared in March and the first spent
" ones in April. No shrimp with undeveloped
ovaries remained in April. In May a second
group of females approaching spawning began

making their appearance in the shallow waters of

the offshore fishery. These were smaller than
their predecessors. Most of them had unde-
veloped or developing ovaries, and some had
vellow ovaries. By June this second group of
spawners dominated the offshore fishery which
had now largely moved into comparatively shallow
water; many were ripe, and a number were spent.
In August the immature spring-spawned shrimp
began making their appearance offshore. By
September the spring-spawned shrimp dominated
the fishery, the majority of the mature shrimp
were spent, and there were none with developing
ovaries. By October there ‘were neither develop-
ing nor ripe shrimp and very few with yellow
ovaries. Almost all the mature shrimp were
spent by October.

The duration of the spawning season in Louisi-
ana can be seen best in figure 29, which shows the
percentage of females for each month with de-
veloping, yellow, ripe, and spent ovaries. We
have eliminated (on the bases previously de-
scribed) all immature shrimp fromr August through
November; consequently this figure follows ma-
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ture individuals only, It is apparent that the
first ripe shrimp appear in March and the first
spent ones in April. It is also evident that
spawning is almost completed by the end of Sep-
tember. Since we did encounter (in selected
samples) recently spent shrimp in late March and
ripe shrimp as late as October, we believe that the
earliest spawning occurs during the latter part of
March, and that it may extend .into October.
Judging from the appearance of the young (which
we shall treat later, and which is discussed to
some extent in Anderson, King, and Lindner,
1949), spawning later than September probably is
not effective. For all practical purposes the
spawning season extends from the latter part of
March or early in April through September.

The sequeritial appearance of the wvarious

ovarian stages (table 35)' indicates that the

developing stage occupies a period of 1 month or
less, the yellow stage persists for from 1 to 2

. months, and ripe ovaries become spent in less than

a month. Assuming that an ovary may develop
from the newly spent stage into the yellow stage
in a period of a few days, it may take as much as.
3 months -or it may take less than 2 months to
prepare for a new spawning, if such should occur.
If shrimp spawned but once a year and remained
available to the fishery after spawning, we could
expect the percentage of spent shrimp to increase
markedly month by month. The summer-spawn-_

‘ing shrimp, appearing in the shallower waters in"

June, form the main basis for the fishery almost
from the time of their appearance and are detect-
able in the catches until well after the end of the
spawning season. It is interesting that in this
well-sampled population the percentage of spent
ovaries remained low during June, July, and
August; it was not until September that a rapid
rise occurred. This phenomenon can easily be
explained by assuming that these shrimp spawn
twice. The persistence ofa low percentage ofspent
shrimp in the population for 3 months suggests
that after spawning these individuals enter a
second yellow stage preparatory to production of
another batch of eggs.

It is unfortunate that our data are not complebe
for the spring-spawning shrimp throughout the
year. These shrimp, which initiate the spawning
season in the deeper waters, were not taken in as
large numbers after June as previously, and they
became indistinguishable from the summer spawn-
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.FIGURE 27.—S8ize distribution of female shrimp according to stage of ovarian development, for the Louisiana offshore
fishery from December 1941 to November 1942. The curves represent percentages of the total population each month.
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Ficure 28.—Size distributions by numbers of ripe and spent female shrimp in the Louisiana offshore fishery from March
to November 1942.
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FiGure 29.—Monthly percentage of female shrimp, according to stage of ovarian development, appearing on the spawning

grounds in the Louisiana offshore fishery.

The data are from the period December 1941 to November 1942,

After

August 1942 this figure includes only shrimp approximately 1 year old or more.

ers when the latter group became the mainstay
of the fishery. Lack of material on this group in
later months makes it impossible to determine the
exact proportion of spent individuals during the
summer. :

How many times an individual shrimp spawns
in a single season is unknown; while we have no
definite proof that a shrimp spawns more than
once, it is possible that the spring-spawning shrimp
could spawn as many as four times in a season, if
the proportion of spent shrimp in this population
remained low throughout summer. King (1948),
from histological studies, also believed that a
female might spawn more than once during the
‘spawning season, and the evidence of Burkenroad
(1939) is not. in disagreement. '
~ On the basis of the presence of ripe and recently
spent shrimp it may be stated that practically all
spawning in Louisiana occurs offshore in depths

greater than 4.5 fathoms. Probably most of it .
takes place between 5 and 17 fathoms (tables 35
and 36). The second group of spawners appearing
in May obviously came from a more inshore area
(table 35). They first appeared in May in depths
under 5 fathoms; by June they were found as
deep as 9 to 12} fathoms, The immature spring-
spawned shrimp appearing in August behaved in
a similar fashion: they were found only in the
shallowest depth in August, but by September
they moved out to at least 9 to 12 fathoms. This
latter group, however, did not mature until the
following year. We shall follow these various
groups in detail when we discuss the size distri-
butions. Here, we are merely trying to establish
the location of spawning.

We helieve that tables 35 and 36 suggest that
the spring spawners deposit their eggs in the
deeper waters well offshore early in the season,
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but that the summer spawners complete the
process in lesser depths.® It is also suggested that
the summer-spawning shrimp, when they have
completed spawning, return to lesser depths.
Viosca (1920) presented a number of major con-
clusions with respect to the life history of P.
setiferus in Louisiana which are in accord with
our own findings; it is unfortunate that he never
published his data so that they could be compared
in detail with ours. -

TasLe 35.—Distribution by stages of ovarian development

and by depths, of female shrimp in Louisiana offshore
fishery, December 1941 to November 1942

Number taken at depth of—
Month, and stage
of ovarian 17 Total
development 0-415 | 5814 | 9-12)¢4 | 13-1614 lfathomns] Al
fathoms|fathoms|fathoms|fathoms| and | depths
N decper
1941
December:
Undeveloped. 935
Developing. _ 0
Yellow . 0 958
Ripe.___. 0
Spent 23
18942
January:
Undeveloped.|...___._ 979 181 22 |- ~1,182
Developing. . . .
Yellow._. 15 {+2, 560
Ripe._. 0
-Spent. . 0
February:
Undeveloped. 42 151
Developing_ _ 16 410 [- 264 58 748
Yellow._.... 112 (1,011
Ripe.___ - . 0
Sgent ....................... 0
March:
Undeveloped.|________{..._._._ 62 180 35 287
Developing. |- . 1,162
Yellow_..__.. . 260 1,040 2 531
Ripe.._. 42
Spent______._ 0
April:
Undeveloped.| ... .._.._.. RIS PR P 0
Developing. . 3 33 65 10t
Yell 39 442 533 1,014 (71,322
4 49 112 165
7 28 42
Ma%
ndeveloped.
De\lreloping. -
June: )
Unde]veloped.
\!
July:
Undeveloped.
August:
Undeveloped.
Developing. .
Yellow.__...__|.
Ripe__.
Spent._.... .
September:
Undeveloped.
Developing. .
Yellow....___
Ripe.
Spent._.

8 It is obvious that in June 1942 our sampling did not cover the entire
spawning population. :
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TABLE 35.—Distribution by stages of ovarian development
and by depths, of female shrimp in Louisiana offshore
fishery, December 1941 lo November 1942—Continued

Number taken at depth of—

Month, and stage .
of ovarian 17 Total
development 0416 | 5-814 | 9-1214 [ 13-1615 [fathoms| All
fathoms|fathoms|fathoms|fathoms dand depths
eeper

1942—Continued
October: .
Undeveloped.
- Developing. _

1,956

273

1,762
6

0

188
243

0

2

0

28

TABLE 36.— Percentage of ripe and spenl females in Louisiana
offshore fishery December 1941 to November 1942, arranged
according to depth

[0-class spring-spawned shrimp not included after July]

Percent taken at depth of—
Ovarian
Month 17
SI3E® | o415 | 5-815 | 0-121% | 13-1634 [fathoms
fathoms|fath fathoms|fathoms| and
deeper
1941 .
Ripe__ ... ¢.0 0.0 0.0 | .|
December. ... {Spent. ..... 3] 957 [ O A
1942
Ripe. ...l ... 0 0
January..._..._.___ {Spent ..... 0 8
Februsry........... Spont 11 o | 9
Ripe.. .| .. .|........ 0
March........__.. {Spone: ool 0,
Ripe.. .| . .
April..._... {s,,é’ﬁ,_ ________ .5
Ripe.. 4.4
Muy.oo e {%Qent :l‘g
ipe.. ,
Jume. e {snngm_ 2zl 14
ipe...... 1 7.1 .
JubY oo Spent.} La) 44 32
Ripe...... 0 .8 3
August............. {Spem ..... .1 .5 g g
Ripe...... 0 .2 3
September.._..____. {Spgnt _____ 2.5 40 47.6 (.
Ripe... ... Q 0 |
October.__......_.. {%pem, _____ 62.4 | w45 |l
ipe..... o 0 U]
November......_.. {Spgr(;t. _____ 0 w7 | .26.7

Other localities

If we judge the spawning season by the presence
of shrimp with yellow and ripe ovaries (table 37),°
we find that—

1. In South Carolina, spawning probably begins
in May and extends into September (our sampling
was poor in April and August, and by September
the spring-spawned shrimp dominated the fishery
to such an extent that the mature shrimp were
barely vepresented).

¢ Since we did not satisfactorily recognize spent shrimp throughout most -
of our enllections, we have omitted these from our Louisiana data in this
table. In interpreting the table, allowances must be made for our sampling
technique (sce section on size distributions).
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2. In Georgia and northern Florida, spawning
extends from April into September.
3. In central Florida (between St. Augustine
and Cape Canaveral), spawning occurs from March

until October.

4. In Louisiana, spawning takes place from
March until October or November.
5. Near Galveston, Tex., it extends from April
until September.'
6. Near Aransas Pass, Tex., spawning occurs
from March or April until October.

TaBLE 37.— Disiribution by months and by stages of ovarian

development of female shrimp in Allantic and

fisheries

ulf coast

Locality and month
L

Number whose ovaries were—

Unde-

Devel-
oping

Yel-
low

Ripe

Monthly
total

Total
for lo-
cality

South Carolina: Outside
waters:
January..__....._
February.__

_December........

Georgia and northern
Florida:

Creeks and rivers:

Outside waters less
than 1 mile offshore:

1,006
1,004

1,311

7,689

22,019

22, 662

11, 276

19 Qur data with respeet to ovarian development are in error for Texas as
our observer there (who covered both Galveston and Aransas Pass) tended
to confuse shrimp in a late yellow stage with ripeshrimp.
our records for Texas show a greater number of ripe shrimp than existed.

Asaconscgquence
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TaBLE 37.— Distribution by months and by slages of ovarian

development of female shrimp in Atlantic and Gulf coast
fisheries—Continued
Number whose ovaries were— Total
. * otal
Locality and month | Unde-|yove1 | ver . Mggglﬂy for lo-
o‘;sel('i oping | low Ripe cality

Georgia and northern

Florida—Continued
Outside waters more
than 1 mile offshore:

e
waters between St. Au-

gustine and Cape Ca-

November
December_______.
Louisiana:
Inside waters, Black
‘Mallard collections:

Outside waters,
Black Mallard col-
lections:

Outside waters, off-
shore fleet and Peli-
can collections:

0-413 fathoms:
Jannary.....
February.
Mareh..
April
May
June
July
August.
September..__
October. . ._.
November.._.
Decsmber. ...

5-83¢ fathoms:

2

143 430 127
51 225 34
12 85 12
87 388 9

832

15, 704

9, 487

13,398

10, 306

4,774

12,121
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TaBLE 37.—Dislribution by months and by slages of ovarian
development of female shrimp in Atlantic and Gulf coast
fishertes—Continued

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TaBLE 38.—Mature females appearing in random samples
from Louisiana offshore fishery at Morgan Cily, La.,
July—November 1942 and December 1941

Number whose ovaries were—

.| Total
Locality and month Unde. Mg;lg;h for lo-
vel- | Pevel-| Yel- Ripe cality
oped | OPing low
Louisjiana—Continued
Outside waters, ofl-
shore fieet and Peli-
can collections—Con,
9-1215 fathoms:
January.____. 722 ) O 2 (R 1,115
February. .. 228 702 158 |.....-. 1.086
arch_... 838
April. . 658
o v
une.. '
July_ 763 [{ 10.047
Augus 859
September. 804
October. .. __. 223
November.._. 108
December. . __ 280
13-16%% fathoms:

November....
TNecember.. . ..
17 and more fath-
oms:
January. . ... 70 b A PR 96
February._.... 43 58 13 ... 114
March.. - 35 492 562 43 1,132
Avriloo .|l
i
June..
July._. 2.7
August_
September.___|.-.... ..
October_ . .} }oeil)eei.oa -
November____| « 10 ... [.-_.:.. 10
December....| - 4 00 [ |. 104
Texas:
Outside waters near
CGalveston:
January. ____.___. 782 | 782
February 872 826
March 182 642
Avpril. 80 350 183 245 858
May. 148 491 120 159 918
June ... .. ] 482 96 77 655 8 418
July__...._. 273 164 156 503 ’
August. ... 214
September.. 270
October____ 1,085 ||
November.. 814
December_ . _____. 761
Inside waters near
Aransas Pass:
January. . 154
February 204
March. 1,188
April. 616
}Vla_v.. 1, 9,45
une.. 245 =
July. 0 387 7 1 305 |( 16.345
August__._. 1, 669 1,764
September.. 2, 758 2,797
QOctober. .. . 2. 983 2,099
November.. 3,315 3.325
December. . ______| 1683 |._____[..____. e 1,613
Outside waters near
Aransas Pass:
January .. 8 | S (R DR 871
February 1,051 39 b P 1,003
March 566 270 119 57 1,012
April. 486 415 206 210 1.317
May 2 728 470 156 1,676
June E— 317 a1 529 1,167 12,943
July. ... 4 406 328 520 1,258 i
August. ____ . 382 340 215 322 1.259
September... - 283 65 [ 14 363
Octoher____._.____| 1,188 38 kN P 1,229
November___.____ 757 R 786
December. ... 911 911

4,289

Total Mature | Percent

Month females | females | mature
July 1942__ ... 1, 581 1,581 100.0
August 1942 _.______ .- 1,370 1,111 811
September 1942__ __ .- 1,681 1, 473 28.1
October 1942__._. __ - 1,956 194 9.9
November 1942__ .- 273 30 1.0
December 1041 __ .. ... ... 958 23 2.4

When we consider sampling technique and er-
rors, it appears probable that there is little, if any,
difference between the spawning seasons in any of
the localities we covered between South Carolina
and Texas. There probably is not more than about
2 weeks’ difference in the beginning of spawning
between any of the localities. Spawning may
start later and end earlier in South Carolina and
Georgia than it does in Florida, Louisiana, and
Texas, but in all of the localities it probably begins
either during the latter part of March or early in
April and may possibly continue on into November,
though probably it is completed by the end of
September.

Wherever evidence is available, it appears that
the shrimp of other areas select spawning grounds
similar to those frequented by the Louisiana popu-
lation. Judging by the presence of ripe shrimp
and their proportion in the population, most
spawning in Georgia and northern Florida is in
outside waters more than 1 mile from shore, al-
though some spawning may actually occur in
inside waters in this area. Similarly, near Aran-
sas Pass, Tex., most, if not all, spawning is in
outside waters (table 37).

LONGEVITY

Immature and mature shrimp of the same total
length can usually be distinguished by body pro-
portions. Apparently, on approaching maturity,
various irreversible changes take place in the body
of the shrimp. Viosca (1920) showed the increase
in width and Burkenroad (1934) mentions others.!
In figure 30 we show therelation between rostrum
length and total length for immature (which are
spring-spawned) and mature female shrimp for the
Louisiana offshore fishery in October 1941.

1t We suspect, as possibly did Burkenroad, that most of the differences
Burkenroad (1934) mentions between North Carolina and Louisiana shrimp

are actually differences between immature North Carolina and mature
Louisiana shrimp. .
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F1augre 30.—Difference between rostrum length and total length in female immature and mature shrimp from the Louisiana
offshore fishery in October.

Through body proportions and ohservations on 100

_ the condition of the ovaries of the females, we were
able to follow the mature group (which probably
were mostly summer-spawned shrimp) until De-
" cember (fig. 27). After this we lost them as they
became indistinguishable from the spring-spawned
animals which were beginning to mature. How-
ever, the summer-spawning group formed a con-
spicuous mode at about 90 mm. in the previous .
December (fig. 39), so there can be no doubt that 40 -
they live more than 1 year. As will be shown in
the section on size distributions, some of these
shrimp were spawned in or before August; thus 20 |
it may be stated that some shrimp live at least 16
menths. Since the mortality is apparently high,

80 -

60 [

PERCENT

the pumber' that do live more than 1 year is small ° . ) L )

with respect to the total population. In figure 31 MY  AUG. SEPT. oCT. NOV.  DEG.
?Ve show t'h‘? _Perce“tage of mature female shrimp Ficure 31.—Percentage of mature shrimp in’ the
in the Louisiana offshore fishery from July to Louisiana offshore samples from July to December.

- \
BT6049 O—56——5



618

BARATARIA BAY
3 MILES OFFSHORE IN 3 FATHOMS
--------------- 12 MILES OFFSHORE IN 10 FATHOMS™
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Ficure 32.—Average monthly deviation of surface water temperature from bottom temperature (simultaneous observa-

tions) for three localities in Louisiana.

November 1942 and in December 1941. The
actual numbers of shrimp, from which this figure
was derived, are presented in table 38. As can
be seen, our sampling in November 1942 was poor,
which probably accounts for the rather high per-
centage of mature shrimp during that month,
In December, according to our samples, less than
3 percent of the offshore population was composed
of mature shrimp. These December samples
were taken from compacatively shallow areas
out to 12% fathoms. Undoubtedly, there were
some shrimp in greater depths, many of which

would be mature, but even if we doubled the num-

ber of mature shrimp te compensate for the in-
complete sampling we would only have about 5
percent. When we consider the second group of
immature shrimp which will move into the off-
shore fishery during the following April through
July we are forced to conclude that after ‘De-
cember the mature shrimp more than 1 year of age
are not of great practical importance.

Weymouth, Lindner, and Anderson (1933)
stated that on the Georgia coast shrimp disap-
peared from the fishery after 1 year, and these
authors presumed that they died. We believe

We have no data for the 12-mile station during January.

the data we present in this section prove Burken-
road’s (1934, 1939) contention tha.t slirimp live
more than 1 vea.r

" TEMPERATURE AND SALINITY
RELATIONS

In Louisiana, we took surface and bottom water
temperatures and salinities with each trawl haul
made with the Black Mallard from 1931 to 1934.
Along the Atlantic coast, where hauls were made
with Launch 58 from 1931 to 1935, we gene_ra.llly
took only surface observations. For Texas, we
have only the average surface water temperatures
taken at Port Aransas Lighthouse, based on read.
ings which were usually taken twice a day, at 8
a. m. and at 6 p. m., by the various lighthouse
keepers from 1930 to 1936

At times, even in the shallow water mhablted
by shrimp, there are appreciable . differences
between surface and bottom temperatures (table
39, figs. 32 and 34), and comparable differences
in salinities also occur (fig. 33). Since the shrimp
s primarily a bottom form, we restrict our dis-
cussion of the influence of temperature and salinity
as much as possible to the Louisiana area west of
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FIGURE 33.—Average monthly deviation of surface water salinity from bottom salinity for three localities in Louisiana.
We have no data for the 12-mile station during January.
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Ficure 34.—OQutside surface and bottom-water temperatures at St. Augustine, Fla., from Janyary to August 1935.

the Mississippi River, the only region for which we
have an appreciable amount of bottom data.

TEMPERATURE AND GROWTH

It is well established that temperature affects
metabolism ~and hence the growth of all cold-
blooded animals, such as shrimp. In table 40 and
figure 35 we show the monthly average bottom
water temperatures for three adjacent localities in
Louisiana. These data were collected during the
period 1932 to 1934. Unfortunately, no similar .

hydrographic data are available for the period 1939
to 1942 when the data on growth and spawning
were collected. Although we fully realize that the
marine climate may have changed somewhat in
the intervening decade and that our conclusions
may, as a result, not be valid, certain correlations
between water temperatures in the early.1930’s
and growth and spawning of shrimp almost 10
years later are so interesting that we deem it
advisable to discuss these correlations, assuming
that the hydrographic conditions remained rela-
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tively stable. Although the temperature records
may not reflect the exact conditions during the
period in which the biological observations were
made, there is an equal chance that they represent
an average. If we accept these temperatures as
representing the average and use them to interpret
the periods of growth and dormancy, it appears
that growth slows to almost nil near the end of
October (see fig. 5), when the temperature drops
to about 20° C., and is resumed in the spring
when the temperature again reaches approximately
that value.

TaBLE 39.—Deviation of average surface-water lemperalures
from bottom temperatures along Atlantic coast, November
193} to August 1935

[These represent temperatures taken in outside waters within 5 miles of
shore in depths between 2 and 10 fathoms, and are recorded in ° C. The
averages are from 2 or 3 surface and hottom samples taken simultnneously
in each locality. The stations ure: 1, Cape Romain, 8. C.; 2, Stono Inlet,
§. C.; 3, Gaskins Bank, 8. C.; 4, 8t. Catherines Island, Ga,.; 5. Brunswick,
Ga.; 8, Fernandinga, Fla.; 7, 8t. Augustine, Fla.; 8, New 8myrna, Fla.; 9.
Cape Canaveral, Fla.)

Deviation at station No.—
Month
1 2 3 1 5 6 7 8 | 9
1934
November._._._. ~1.0(4+0.4 [—0.5 [—0.1 |—0.2 [—0.1 [—0.1 [4+0.1 | —0. 4
December.__.... +0.6 | +.1| -3 —4|+.4] 0 |-20{|+.6| +.2
1835
1
Jahuary. _...... +.4| =2 =2|+1[+3] 0 — 41 -5 +.7
Febrmary.......} — 1 O 2| 4.5 =2 |+2.2 |+1.8] —.1 | +2.8
March.. =3( 0 -L1|4+.4|-L2) +.5|+.4| -.5 0
April__. | =t =4 +2| 44|47 +.3 ] +.3 +.8 /]
May.. .. Jd+5+ 1 +Y| 2|41 +.5] 0 +.6( +.9
June___. T 2 2L 40 .6 | 1.3
July.......... 45 =142 0 +.2 |[+2.5 | +.6 |[+1.3 | +3.4
August. ..o oo et e e —-2.3 |+2.8 |[+2.4 |-.----

TEMPERATURE AND SPAWNING

Spawning in Louisiana appears to be more
closely associated with rising and falling tempera-
tures than with absolute temperature. As we
"have shown, it begins in the greater depths during
the latter part of March or early April and is
nearly completed by the end of September. In
figure 35 there is an indication that the rise in
temperature from the winter low begins later in
the deeper waters than in shallow areas closer to
shore. 1If this is true it is probable (though we
cannot establish this from our meager temperature
data) that the bottom temperatures on the spawn-
ing grounds begin to rise about the first of April
and are falling rapidly by the end of September.
Thus, the comparatively abrupt rise in the spring
temperature coincides rather closely with the
beginning of the spawning season and may,
indeed, initiate it, while the season seems to termi-

nate as soon as the temperatures begin to decline
rapidly in the fall, even though they are at that
time appreciably higher than those which evi-
dently induced spawning in the spring.

TEMPERATURE AND MIGRATIONS

At first glance, it seems t,‘ha.t there is little
relation between temperature and migrations.
In Louisiana, spring-spawned shrimp appear first
in the trawl catches in inside waters in June, in
outside waters adjacent to the coast in July, and
offshore in August. This well-defined outward
movement cannot be temperature-induced, since
it occurs well before there is any appreciable drop
in temperature. Judging from the behavior of
the shrimp during this period, we believe the
offshore movement is primarily associated with the
approach of adulthood and spawning. However,
this offshore movement is later accelerated by
falling temperatures. The phenomenon, evidently
initiated by physiological changes in the organism
itself, seerhs to be hastened and intensified during
fall and winter by the external factor of declining
temperatures.

Concomitant with the accelerated fall and winter
offshore movement of the adults and subadults,
the smaller, more immature shrimp move from the
very shallow inland waters toward the Gulf of
Mexico. These very small shrimp, which during
summer are most abundant toward the heads of

.the bays, are during midwinter more abundant

near the mouths of the bays and in the Gulf

‘adjacent to the shore, where the temperatures are

not so readily depressed.

The change in habitat caused by winter tem-
peratures can probably best be described as a
general shift toward warmer waters, but with-all
sizes of shrimp still maintaining their size-locality
separations. In Louisiana this shift is toward
the Gulf because the hottom temperatures are
warmer offshore. )

Along the coast of Louisiana during winter there
is an offshore belt of warm bottom water, on either
side of which the bottom water becomes progres-
sively colder. The shallower inshore waters re-
flect the temperature of the land, whereas the
thermal belt reflects the temperature of the trop-
ical oceanic waters of the Gulf of Mexico. Figure
35 shows the progression in winter bottom tem-
peratures from the land toward, and probably
into, the thermal belt.
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Fiaure 35.—Seasonal changes in bottom temperatures in three parts of the shrimp habitat in Louisiana.

Between midsummer and midwinter there is
a complete reversal of bottom-temperature gradi-
ents between the estuarine waters and the inner
littoral waters of the more stable thermal belt.
We do not know to what depths offshore this
belt extends, but on the basis of the depths at which
shrimp have been taken in midwinter we believe
that it does not normally extend much beyond
30 or 35 fathoms, if that far.

In central Texas there is probably a winter
offshore gradient in temperature similar to that
along the Louisiana coast. At least, the tempera-
ture records of Springer and Bullis (1952) indicate
that such a gradient existed in November 1950.
In _addition to this there undoubtedly is also a
coastal temperature gradient with increasing
temperatures toward the south. During winter,
larger shrimp from this section disappear from
the shallower waters near the coast. They go
offshore or southward.  The greatest depth at
which we encountered shrimp off central Texas
in winter was 18 fathoms.

 In Georgia and northern Florida, the spring-
spawned shrimp appear almost simultaneously

in the trawl catches in the inside and outside
waters in July, although initially they are rela-
tively much more abundant in the inside waters.'?
This summer movement from inside to outside
waters is comparable to that in Louisiana and does
not appear to be influenced by temperature.
However, when the temperature begins to decline
rapidly in the fall the large shrimp move south-
ward along the coast rather than offshore as they
do in Louisiana. We suspect their failure to go
offshore results from the lack of suitable bottoms
for feeding in this area along the Atlantic coast.
As a consequence of this southward movement
of the larger shrimp, with the largest tending
to go farthest south, there is in midwinter a
correlation along-the Georgia and Florida coasts

2 We suspect that the almost simultaneous appearance of spring-spawned
shrimp in both inside and outside waters in this area results from the very
narrow inside nursery-ground belt in this section of the Atlantic coast as
compared with the Louisidna nursery grounds and those of central Texas.
The nursery grounds in Georgia and northern Florida average about 10 miles
in width, those near Aransas Pass, Tex., about 20 miles, and those in the
vicinity of Barataria Bay: La., about 40 miles. Near Aransas Pass, Tex.,
the spring-spawned shrimp first appear in the inside trawl catches in July
and in the outside catches in August. Sce Collier and Hedgpeth 1950 for

-details on hydrography of a Texas bay.
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Figure 36.—Average outside surface water temperature and average median lengths of shrimp along the Atlantic coast
during January and February, 1934 and 1935. The localities are (1) Cape Romain, S, C., (2) Stono Inlet, S. C,,
(3) Gaskins Bank and Fripp Island, 8. C., (4) St. Catherines Island, Ga., (5) Brunswick, Ga., (6) Fernandina, Fla.,
(7) St. Augustine, Fla., (8) New Smyrna, Fla., (9) Cape Canaveral, Fla. '

between water temperature and the average
length of shrimp (fig. 36).

Apparently, some of the migrants from farther
north become trapped along the South Carolina
coast and a northward movement of -these shrimp
may occur in this section in midwinter. This is
suggested by the progressive increase in the
average length of shrimp to the north of St.
Catherines Island. Our tagging would not show
this northward movement, since we did not tag
in South Carolina during midwinter. The num-
bers of shrimp which become winter-trapped in
South Carolina are relatively few and variable
from_year to year.
of larger shrimp is along the coast of Florida at
that time.? _

Burkenroad (1949) reports sporadic offshore
trawler catches of large shrimp in winter between
Capes Hatteras and Lookout. Broad (1951) men-
tions finding them offshore near Diamond Shoals
during winter but not in commercial quantities, and

13 Parr (1933) foresaw the possibility of a winter northward migration of
fishes in this general area.

The bulk of the population

Gutsell (our records) also once encountered a
school of large shrimp in this area in January,
Apparently some of the North Carolina shrimp
go offshore in winter in an attempt to escape the
rigorous temperatures close to shore, although the
majority go south. The proportion of the North
Carolina shrimp population that goes south,
north, and offshore in the fall and winter undoubt-
edly varies considerably from year to year.

In table 39 we give the differences between
surface and bottom temperatures for nine stations
along the Atlantic coast. Atlantic temperatures
between Cape Canaveral and Fernandina, Fla.,
are interesting since they imdicate the probable
occurrence of a mass of cold bottom water striking
the coast in this area during July and August.
This was particilarly noticeable in 1935 (fig. 34).
An examination of table 41 suggests that the mass
of cold water was also present in 1933 and 1934.
Green (1944) attributes this phenomenon to up-
welling. This mass of cold water may be one of
the causes for the scarcity of shrimp during sum-
mer, between St. August,iné and Cape Canaveral,
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Although the fall and winter migrations of
shrimp appear to be primarily related to tempera-
ture, they also seem to be regulated by the type
of bottom, which implies food. In general, along
the Atlantic coast between Capes Lookout and
Canaveral and between the 10- and 100-fathom
contours the bottom is & marine desert of sand,
shell, and coral. Along the Alabama and Missis-
sippi coasts the same condition prevails. Near
the mouth of the Mississippi River, however, the
bottom changes to mud and apparently the large
shrimp east of the Mississippi winter near its
mouth, because both food and suitable tempera-
tures are available. Along the Louisiana coast
west of the Mississippi River these same suitable
conditions are met between Ship and Trinity

Shoals.
WINTER KILL

Sudden, severe drops in temperature in some
localities will kill shrimp and in other localities
will cause them to move offshore considerably be-
vond their normal range. We mentioned, in our
discussion of migrations in Louisiana, the occur-
rence of such a drop in temperature in January
1940. This cold wave was general throughout the
south Atlantic and Gulf areas of the United States.

In figure 37, we show (based on data from Local
Climatological Summary for New Orleans, La.,
1951, published by the U. S. Weather Bureau) the
average monthly air temperatures at New Orleans
for the winter of 1939-40 compared with the 78-
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year average. Lindner (1936) has shown a rather
close relation between the New Orleans air tem-
peratures and the surface water temperatures at
Oyster Bayou Light, La.; consequently, we believe
the temperatures of the shallow inland and coastal
waters of Louisiana had a drop in January some-
what comparable to that shown for the New
Orleans air temperatures.

Immediately after this January freeze, fishermen
reported finding dead shrimp in the inland and
adjacent coastal waters of Louisiana. However,
in Louisiana we received no reports of great mass
mortalities of fishes and shrimp, such as were re-
ported by Gunter (1941) for Texas. We believe
Gunter and Hildebrand (1951) have the correct
explanation for the Texas mortalities when they
state (p. 736) that, “The shallowness of Texas bay
waters, their practically landlocked condition and
the rapidity with which cold northers strike the
coast are factors making the marine life of this
area particularly subject to mortality fromcold
waves every few years.’” In Louisiana, on the
other hand, the numerous passes between bays

" and the Gulf permit ready escape of the shrimp

from the shallow inland areas to the deeper and
warmer waters offshore. - Although many small
shrimp were killed in inside waters by the January
freeze of 1940, the majority of them were undoubt-

“edly driven off the coast by the cold and sought

refuge in deeper waters, where we found and
marked them in February and March.
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Figure 37.—Average monthly air temperatures for New Orleans, La., from QOctoher to May for the perlod 1874-1951,
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Along the Atlantic coast, the 1940 cold wave
decimated the shrimp in South Carolina and Geor-
gia to about as far south as Brunswick, but ap-
parently had little effect in Florida. The effects
of this cold wave were so severe that there were
scarcely any shrimp during the spring in South
Carolina and Georgia.

We were so concerned about a complete failure
of the fishery at the time, that we recommended
the immediate cessation of all shrimp fishing. The
recommendation was not needed, as the fishermen,
unable to catch enough shrimp to pay operating
costs, stopped of their own accord. Owing to the
scarcity of shrimp, the Brunswick, Ga., fleet was
tied up so long that sparrows nested in the rigging
of one boat. The occasional Georgia fishing boat
that was sent out that spring to search for shrimp
along the northern coast of the State would cateh
only 5 or 6 shrimp in an entire day’s fishing.

The results of our experimental trawling corrob-
orated those of the commercial fishermen in every
respect. Immediately after the cold wave, we
conducted trawling operations along the Atlantic
coast between the 2- and 100-fathom contours from
Fort Pierce, Fla., to Cape Hatteras, N. C. We
used a 10-foot (spread at mouth) shrimp trawl,
and the hauls were 30 minutes each. We usually
covered bhetween 3 and 3% miles of bottom per
haul. At about the same time we were operating
offshore, the State of Georgia very kindly provided
us with a launch so that we could also survey the
inland waters. Here the hauls were also 30 min-
utes each and were made with the same type of
10-foot trawl that we used offshore. With the
launch we averaged about 3 miles per haul.

The results of these operations are shown in
tables 42, 43, and 44 and indicate that the catas-
trophe had almost completely depopulated the
.northern shrimp grounds. Apparently a few of
the North Carolina shrimp moved offshore into
warmer waters and did not perish. (See Parr,
1933, for average temperature contours.) In
South Carolina very few shrimp survived the
freeze. Inasmuch as all our hauls in this State in
depths of 10 fathoms or less were on known fishing
grounds that usually had shrimp during that time
of year, and (1) our trawls covered between 80
and 100 miles of these bottoms, (2) our offshore
trawling extended out from the known fishing
grounds, and (3) we caught other peneid shrimps
which normally were much less abundant than

. Sound, Ga.

-[1939] Division Il of Penaeus)."
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P. setiferus, we believe that had there been P.
setiferus in any quantity we would have found
them. Judging from our data and from firsthand
knowledge of the experience of the Georgia fisher-
men, we think that there were scarcely any
spawners left along the South Carolina and north-
ern Georgia coasts that spring. Al the P. setiferus
we caught in inside waters were south of Sapelo
We caught none in outside waters
north of Jekyll Island, Ga., except one specimen
taken in North Carolina southwest of Cape Fear
in 13 fathoms. So far as we know, this specimen
represents & depth record for P. setiferus off the
Atlantic coast.

The migrants that had gone into Florida waters
during the fall and early winter had been greatly
depleted by fishing and few were left to return
northward. There was very little spawning stock
left north of central Georgia and practically none
in South Carolina. ~

The results from the spawning of this depleted
fishery were most interesting. In North Carolina,
the 1940 fall fishery, although about 90 percent of
normal as compared to the 2 previous years, was
based not on the white shrimp (Penaeus setiferus)
but almost entirely on “brownies” (Burkenroad’s
In South Caro-
lina, the 1940 calendar-year catch was down to
only about 46 percent of the average of the previ-
ous two years. In Georgia and Florida it was
about 90 percent of the previous 2-year average,
which probably was well within the range of
normal fluctuation; the limited drop could be
caused by the lack of South Carolina migrants
and a poor catch that spring. In 1941, fishermen
veported their catches to be normal along the
entire coast. The depopulated northern areas, as -
well as the more fortunate southern regions, had
in this short period of time recovered completely
from the catastrophe, and shrimp were as numer-
ous as ever.

The remarkable thing about the shrimp and
the 1940 cold wave is not the kill but the recupera-
tive powers of the shrimp. The evidence of the
Atlantic coast, incomplete as it may be, is certainly
highly indicative that a normal crop may be
produced by a few spawners. It seems doubtful

% The information on the composition of the North Carolina catch was
furnished us at the time in a personal communieation by Dr. H. F. Prytherch,
who was then Director of the Beaufort, N. C., Fishery Station. See Ander-
son, Lindner, and King (1949) table 2, for catch statistics.
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whether man, by fishing, could reduce the shrimp
to a level where there was a direct relation between
the number of spawners and the resultant crop.

Apparently, except under most unusual conditions -

such as the 1940 cold wave, there is always a super-
abundance of spawners.

There was no indication that the January 1940
cold wave had any effect on the shrimp catches

for that year in either Louisiana or Texas. In’

Louisiana the shrimp apparently escaped offshore.
In central Texas during midwinter (as Gunter,
1950, has shown, and we confirm) there.were very
few shrimp in the bays, and probably even if all
were killed it would have made no appreciable
difference in the spawning population.

Gunter (1947) has demonstrated that smaller
“fishes are -less susceptible to lower temperatures
than are the larger ones. It appears from the
winter distributions of shrimp, as shown by our
data, that the smaller shrimp, like the smaller
fishes, are probably better able to withstand cold
than are the larger ones.

SALINITY

The reaction of the shrimp to salinity is not
clear-cut., The young apparently seek the inland
areas of low salinity, and on approaching adult-
hood they move towards the more saline waters
of the sea to spawn. It seems that the shrimp
(at least the subadults) are rather insensitive to
large fluctuations in salinity but that they are
very sensitive to small changes in temperature.

SIZE IN RELATION TO SALINITY
AND TEMPERATURE

In every locality there was a general progression,
from inside to outside waters, in the size of the
trawl-caught shrimp ; the smallest ones were taken
in the waters of lowest salinity farthest from the
sea, the largest ones were captured in the outside
waters where the salinity was highest. Super-
ficially this appeared to be a high positive corre-
lation between salinity and size of the shrimp, but
there were certain anomalies, In Louisiana, for
instance, we would on occasions find much larger
shrimp in Little Lake and Lake Salvador than we
would in the upper reaches of Barataria Bay,
although the salinity was much less in Little Lake.
With a seine, we would also find very small shrimp

- along the banks of Bayou Rigaud (near the mouth
of Barataria Bay) and along the edges of the marsh
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and among the mangroves bordering the bay where
the salinity was relatively high.

To test the significance of the apparent relation
between size of trawl-caught shrimp and salinity
and temperature, we selected 17 sets of data we

TaBLE 40.—Average monthly botlom temperatures and
salinities for 3 localities in Louisiana, 1932 to 1934

[Temperatures in degrees centigrade; salinities in parts per thousand]

Barataria Bay 3 fathoms 10 fathoms
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ow ﬁ own E owm . 2
] =
Month 2| 3 8| 8 o 2
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13.1 | 1.7 5| 1441 2.7 || oo
15.0 | 10.4 41159 | 4.9 11185 33.6
17.1 | 8.0 71188 28.5 3(2.3 (| 346
21,0 | 1.6 8] 2.8 (28.3 6(20.5| 34.4
24.9112.7 5238 26.9 6 (23| 34.0
27.9 | 11.4 6 (2.3 2.8 3| 24.2| 356
20.6 | 16.7 471 28.8| 32.1 41257} 356
20.5 ( 13.7 3(2.1] 2.5 63(2.5| 34.0
27.6 | 16.7 3| B2 2.7 3(27.7] 333
24.2117.8 64238 30.9 3| 24.0]| 325
16.5 | 13.6 54119.0| 31.9 72119.8| 33.5
16.6 | 15.7 3|18.3( 2.3 2)20,8] 4.5

1 Only 16 salinity observations.

2 Only 23 temperature observations.
3 Only 12 temperature observations. .
4. Only 6 salinity observations.

5 Only 3 salinity observations.

¢ Only 2 temperature observations.

7 Only 1 salinity observation.

TaBLE 41.—Mean surf&ce temperatures in °C for nine
stations along Atlantic coast, May 1933 to August 1935

[The stations are: 1, Cape Romain, 8. C.; 2, Stono Inlet, S. C.; 3, Gaskins
Bank and Fripp Island, 8. C.; 4, St. Catherines Island, Ga.; 5, Brunswick,
Ga.; 6, Fernandina, Fla.; 7, St. Augustine, Fla.; 8, New Smyrna, Fla.;
9, Cape Canaveral, Fla.] .

Mean temperature at station No.—
Month
1 2 3 1+ | 5 6 7 8 9
1933
May. . ... 24,2 23.7| 4.3(25.6§ 25.7 | 25.7 | 26.4 26.4
June..._ 27.5127.2128.7]|29.0{ 26.7 | 25.7 | 27.8 | 26.7
July._..._ - 26.8|27.2|28.6|27.9| 27.3) 26.8| 25.6 | 26.7
August.._._.... 28.4/28.9|20.6128.9(28.9|27.5(26.4] 283
September____..f._.____ 2.9 20.0|26.4127.3(27.5(26.7|30.8| 29.4
October.____ 20612110 21.625.0(222]24.7]26.4| 281
November. .. 1173167168 (167 19.3 | 21,1 ]| 2.6 | 21.1
December 15.4 | 14.5 | 14.1 | 14.7 ] 16.7 | 19.2{ 20.4 2.7
N A}
1934
January_._.._.. 128 | 127(12.91128( 13.6 | 158 | 16.8 | 19.6
February. 9.0 9.0(10.2|11.9] 11.1 | 13.6 | 15.7 18.3
March.__. 12,1 | 14.3 | 13.8 [ 12.5 |...._. 17.2118.3 1 20.0
..... 18.6 1 17.3 ( 16.6 ( 19.3 | 16.8 | 17.9 | 2.7 23.3
28,9 28.3|28.2|20.6(26.7{23.9(28.1|.....—
26.8127.2|28.2| 28.7| 27.5| 27.2 | 28.4 2.6
21.1120.7]|23.4(23.9] 26.6 27.3 | 27.5| 27.8
14.3 (131|150 (16,4 18.9| 22.3( 23.6 | 23.2
12,7123 | 13.1 | 15.6 | 16.1 | 18.3 | 21.6 22.2
125|122 (128 | 14.6 | 156.7 | 17.2 [ 17.1 21.0
10.010.0 (1,3 13.2 125 14.2 | 13.4| 17.8
128 | 1491 13.6 } 14.3] 128 | 14. 4 | 16.9 17.2
16,7 [ 19.3 [ 1.7 |.21.0 | 20.4 | 21.6 | 23.1 23. 4
23.3 | 24.7 | 24.4 | 26.0 | 24.3 | 23.3 | 24.4 25. 4
26.7(26.4| 2.7 2.7 2.0 26.1 | 25.6 2.8
27,1 | 2771 27.3 | 27.2( 26.6 | 223 | 24.7 4.9
........................ 2.0 229|227 |...._.
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had for Louisiana which met the following requi-
sites: (1) Almost simultaneous observations
for all of four stations; (2) not less than 20
shrimp caught per haul; and (3) both bottom
temperature and salinity observations at the time
and place of each haul. We show these data in
table 45. Most of the months of the year are
represented, although we lack data for March,
May, and June. Gunter (1938) gives the location
of the stations. -

TABLE 42.—Percenlage at each depth growpii.g, of hauls with
P. setiferus present following January 1940 cold wave .

North South
Depth Carolina | Carolina Georgia | Florida
0 0 10 75
0 0 9 28
12 0 0 22
0 0 0 0
0 0 0 0

1 One shrimp caught in 13 fathoms.
2 One shrimp caught in 11 fathoms.

TABLE 43.—Number .of trawl hauls along Atlantic coast fol-
lowing January 1840 cold wave, showing presence or
absence of shrimp

Number of trawl hauls
Locality and depth .
Total With P. (‘x}ll?l!
seliferus peneids
North Carolina: ! “
fathoms.._.... . .. ._....... 1 0 1
6~10 fathoms.__ 27 0 3
11-20 fathoms.. .- 16 1 [
21-50 fathoms._._..___.____ R 13 [ 0
51 fathoms and deeper 4 G 0
Total i o1 1 L]
South Caroltna: 2
2-5fathoms.__. ... . ... 5 0 3
6-10 fathoms__. 18 0 2
11-20 fathoms.. 27 0 4
21-50 fathoms__....._._.__ 16 0 4
51 fathoms and deeper_.________________ 4 0 0
Total.. 70 0 13
Georgia: 3
2-5fathoms... . . ...... 20 2 6
6-10 fathoms._.. ... .__.._. 22 2 - 4
11-20 fathoms. ... 30 0 11
21-50 fathoms._._..___.._._ 15 0 6
51 fathoms and deeper__. ____.___ ___._. -2 0 1
Total._ ... 89 4 28
Florida: ¢
2-5fathoms... ... . ____ ... ... 4 3 2
6-10 fathoms. ... 94 26 15
11-20 fathoms.. 52 | 1 7
21-50 fathoms._ ... 19 0 6
51 fathoms and deeper 7 0 0
Total. e 176 30 30

U All hauls between February 13 and March 8.

2 45 hauls between February 3 and February 13; 25 hauls between March 9
and March 13.

3 47 hauls between January 26 and February 2; 24 hauls between March 14
and March 16;.18 hauls between April 17 and April 18.

4 71 hauls between January 17 and January 25; 105 hauls between March
27 and April I7.

If we range these data from 1 to 4, giving the
value 1 to the lowest or smallest observation and 4
to the highest or largest, we obtain the results
shown in table 46. By this method we find an
almost perfect correlation between size of trawl-
caught shrimp and salinity, and rather good
correlations between size and temperature and
between temperature and salinity. However,
when we eliminate the effect of locality by means
of partial correlations we find the correlation
between length and salinity to be only +0.0622,
which ‘is not significant, and the correlation be-
tween length and temperature to be -+0.2184,

which is significant.

TABLE 44.—Average number of shrimp per haul in ingide
waters along Georgia and northern Florida coast following
January 1940 cold wave

[Localities are from north to south and all hauls were made between April
24 and May 8, 1940]

Numb Averx;age ]
. umber [ number o
Locality of hauls | P. setiferus
_ per haul
Wassaw Sound to Saé)elo Sound..____..__.__.____. 15| - 0.0
Sapelo Sound to St. Simons Sound.._.....__ 13 2.1
St. Simons Sound to §t. Marys Entrance 22 14.9
St. Marys Entrance to St. Johns Inlet..._________. 11 17.7

Our interpretation of the foregoing is that the
apparent relation between size of shrimp and
absolute salinity within relatively large ranges of
salinity does not. exist for these four stations.
The relation normally is between size and locality.
That is, certain sizes of shrimp will be found in
certain localities at certain seasons regardless of
what the salinity may be (within relatively large
ranges) at that particular locality and time. This
does not mean, however, that there is no relation
between size and salinity. Why is it that as the
shrimp increase in size they move toward the sea?
We suspect this to be a reaction to salinity, related
to spawning, or maturity. We have observed
that if the salinity- becomes too low in an area,
the shrimp will leave. Figure 38, based on the
data presented in table 40, shows the marked
differences in salinity between the nursery grounds
in Barataria Bay and the offshore spawning arcas.
The salinity gradient indicated is certainly abrupt
enough to lead us to suspect that it might serve as
an effective stimulant for migration. ‘
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TABLE 45.—Median size of shrimp captured, boltom lemperature, and bottom salinily for four stalions in Louisiana

's Poi ; . Data ! for station 3-6 miles
Data ! for sstg.t}\g:ry s Point | Data! forsl\r'/alé;iolele Ground | Data!for :‘tgltl'irosayou Pass | ™ Citheast of Fort Living.
Inclusive dates of sampling ston ~
A B C D A B c D A B C D A B C D
193¢
Sept. 28-30. 200 105 | 25.3 [ 6.6 200 122 | 2541 24.4 200 129 ( 27.2% 27.2 200 130 | 27.2 30. 4
Oct. 1-4._ 199 110 | 26.2 9.9 200 122 | 252 | 23.5 185 142 | 256 | 28.1 200 1411 26.7 30.5
Oct. 12-15 185 06| 2.2 10.3 200 125 | -23.6 | 30.4 200 131 | 22,7 31.3 200 135 | 23.8 31.8
Oct. 16-18 200 102 220 9.6 200 17 ) 23.0-] 20.8 200 128 | 25.6 | 34.4 200 140 | 22.6 31.0
Oct. 28-31 200 86| 189 2.3 20 123§ 2.2 18.5 200 135 | 22.6| 3.1 195 149 | 22,1 32.5
Nov. 1-4. 200 83 20.1 L5 200 116 [ 19.3 | 23.1 82 12471 19.4 ( 30.6 200 127 | 2L0O 32.3
Dec. 1-4 112 63| 11.7| 14.8 200 8| 157 23.4 200 102] 147 309 200 129 | 16.1 32.1
Jan. 29-31 56 64 13.9 1.2 200 85 ( 144 2L5 200 102 156 [ 24.4 200 111 | 154 4.5
Feb. 4. . 200 79| 16.3 2.9 200 87| 1571 23.5 200 108 159 22.9 200 113 | 15.8 24.0
Apr. 16-18 113 115 | 18.0 .8 200 130 | 20.3 | 15.9 33 133 | 20.5| 30.9 20 136 | 2L.0 34.7
Apr. 28-2 122 1271 25.1 3.2 200 139 | 25.6 | 17.4 200 141 | 23.6 | 13.8 200 1451 24.3 18.3
July 12-14 200 Hi | 282 .2 200 04{ 284 13.2 118 116 | 27.51 343 200 122 27.6 32.4
July 19-20 200 110 | 29.4| 1L0 200 18 | 30.2( 20.7 200 125 3L.1 | 30.9 47 141 | 28.3 34.2
Aug. 9-11 83 121 | 288 7.5 26 125 | 28.6| 18.5 200 120 29.3( 23.8 200 126 | 28.8 25.9
Nov. 18-19 200 94| 1821 1590 | 200 117 ) 18,0 23.9 200 120 ( 18.6 | 32.3 200 120 | 19.1 31.2
Dec. 14-16. 200 89| 20.1| 152 200 95 19.4 | 25.0 200 99| 20,3 28.9 200 110 [ 20.3 | 30.9
Jan. 12-13 200 79| 120 159 200 95 129 28.5 200 97 16.0 [ 32.1 200 99| 16.4 32.8
A

I A=number of specimens; B=median length of the shrimp in millimeters; C=bottom temperature in degrees centigrade; and D =bottom salinity in

parts per thousand.

TABLE 46.—Relations belween median size. of shrimp cap-
tured, bottom lemperalure, and bollom salinity for four
stations in Louisiana

[Data were ranked from 1 to 4 for each of 17 periods; 1 is smallest or lowest
and 4 is largest or highest]

Rank
Item Rank
1 2 3 4
Bottom salinity
Median size._..... e [ N PR R, 4.5 12.5
Do F: I D 2 10.5 4.5
Do.._ 2 1 14 2
Do 1 16 | A PR P
Bottom temperature
4 1 5 3.5 7.
3 2.5 3.5 [ 4.5 8.
2 6 5 & 1
1 8 . 5 3.5 2
Bottom salinity
4 1 1 7 8
3 4.5 5 3 4.5
2 3.5 5 6 2.5
1 8 6 1 2

The correlation which our data shows between
size and temperature is caused by the large num-
ber of cold-weather observations. In winter there
is a definite relation between size and temperature,
with the largest shrimp seeking the warmest tem-

T

peratures. This correlation does not exist during
summer. In fact the summer size-temperature
relation is negative, but we can see no cause-and-
effect connection,

INFLUENCE OF SALINITY AND TEMPERATURE
_ON MOVEMENTS -’

We wish to refer the reader to Gunter’s papers
on the distribution of fishes and invertebrates both
in Louisiana and Texas. In general we agree with
his conclusions on the relation between shrimp and
both temperature and salinity. We do not en-
tirely agree, however, with his statement that,
“This general exodus of shrimp and other inver-
tebrates as well as fishes from the bays is corre-
lated with the annual temperature cycle and not
with salinity changes or any other phenomenon.”
(Gunter 1950, p. 44.) Our data indicate that the
shrimp normally leave the Texas bays as they
approach adulthood. This movement is started
in summer, long before there is any appreciable
drop in temiperature, and in spring with rising
temperatures, and in some way seems to be related
to salinity as well as to maturity or spawning.
Dropping temperatures merely hasten and tend
to obscure the other causes of this normal move-
ment.
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Figtre 38.—Seasonal changes in bottom salinities in three parts of the shrimp habitat in Louisiana. - We have no data
for the 12-mile station during January.

SIZE DISTRIBUTIONS

SAMPLING PROCEDURE

Since Lindner (1933), Weymouth, Lindner, and
Anderson (1933), and Gunter (1938) have de-
scribed our sampling procedures in detail we shall
not discuss them at length here. There are, how-
ever, certain rather obvious things connected with
the sampling that should be pointed out. In the
first place, in any fishery it is extremely difficult,
if not impossible, to get samples that represent
the population in its entirety. Qur samples deal
only with trawl-caught shrimp after they appear
on the fishing grounds.

In samples taken from boats which we operated,
there was a tendency for some of the smaller
shrimp (about 60 mm. or less) to escape through
the meshes of the trawl when fish and shrimp were
not abundant. We do not believe this to be a
serious factor in our sampling, since shrimp
smaller than 60 mm. generally were not abundant
on the fishing grounds. The small post-larval
shrimp inhabit the marginal areas of the inland
waters and apparently do not move to the inland
fishing grounds until about 50 mm. or more in
length (Anderson, King, and Lindner, 1949).
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Along the Atlantic coast, from February 1931
through April 1933, our samples included only
shrimp caught by our own boat in Georgia and
northern Florida.'®* Numerous hauls were made
each month in both the inside and outside waters

in localities frequented by the commercial fishery.

From each haul a random sample of 200 shrimp
was measured. If less than 200 shrimp were
caught, the entire catch was used as a sample.
In May 1933 we changed our sampling procedure
but not the number of shrimp measured in each
haul. We curtailed our operations in Georgia
and extended them to cover South Carolina and
central Florida. In Georgia we usually made
only four hauls each month in inside waters. All
our remaining hauls were in outside waters on
known fishing grounds that were close to shore.
We made two hauls each month in each locality.
The localities and months we fished were as
follows:

South Carolina:

1. Cape Romain, September 1934 through July 1935.
2. Stono Inlet, May 1933 through July 1935 with ex-
ception of May through August 1934.

3. Gaskins Bank or Fripp Inlet, same as locality 2.
Georgia:

4. 8t. Catherines Island, same as locality 2.

5. Brunswick, same as locality 2.
Florida:

6. Fernandina, same as locality 2.

7. Mayport, May 1933 through April 1934, and August
1934.

8. 8t. Augustine, May 1933 through April 1935 with the
exception of May through July 1934.

9. New Smyrna, same as locality 8.

10. Cape Canaveral, same as locality 8.

Our original objective (not always attained)
.was to sample on a semimonthly basis. After
May 1933, when the area under study was ex-
panded, the procedure was modified, and monthly
samples became the goal for the remaining period
of the work.

The numbers of shrimp upon which the size-
distribution curves for this section of the coast
are based are shown in tables 47 and 48. In all
instances, data called “Georgia and northern
Florida” include the entire Georgia coast and
northern Florida as far south as Mayport.

15 We have always appreciated the difficulties inherent in one-boat sam-
ples as recently pointed out by Gunter (1950), but we helieve that the size
selectivity generally exerted by the commercial fleet in inside waters, both
from choice of fishing localities and h'om'sorung, probably is equally bad.
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TABLE 47.—N11171bers of shrimp in random samples used
Jor determining Georgia and northern Florida size-
distribution curves shown in figure 45

Source and month 1931

1032 | 1933 I 1934 | 1935 [ Total
Inside waters:
January. ... __.|oo...... 1,463 | 2,59
February 1,417 408 | 2,400
Marc 2,088 | 1,780 | 2,400
April_ 3,149 | 4,343 ] 2.518
May._ 3,736 1,474 78R
June. 1,708 1, 255 730
July__. 1,090 934 788
August____... 3.623 | 3,232 800
September___. 5199 | 3,201 800
October_ ... 3,016 | -3,200 800
November.... .| 2,792+ 3,200 800
December....___... 2,599 | 3,045 800

1,600 | 1,143 , 522

1,525 714 6,658

43 287 1,087

422 679 4,053

Lo ) R 650 3,758
1,879 ... 227 2,998
JTAT oo 305 3,067

. 1,040 f....-_. 4,538

. 1,240 [--o-o-on 8,731
. 1,200 ) 5, 598
. 957 {........ 5, 357
1.832 | 1,600 | 1,200 |........ 5,232

9,308 l 12, 621 l 18,438 | 9.227 | 4,005 | 53,509

TaBLE 48.—Numbers of shrimp in random samples used
for determining Atlanlic-coast size-disiribution curves
shown in figure 46

Source and month 1033 l 1934 1935

South Carolina:
January. ..ol 553
February. ._.

.Georgia and northern Florida:
January. - ... o-.o
Feburary...._...

March_. .-

April__
May..
June._.
July. .
August. .
Septemb
October.
November.
December....: ... ...__
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In Louisiana our samples were of two types:
Those from our own boat in which we occupied the
same stations month after month, and those from
the offshore commercial fishery. When we used
our own boat we attempted to occupy 3 inside and
3 outside stations twice each half month, but we
were not always successful in occupying all stations
each month. Also, since we are certain that our
trawl did not always function properly at our
outermost station which was 9 to 12 miles south-
east of Fort Livingston Light, we have omitted the
records of this station from our si-e-distribution
- data. Consequently, what we call ‘5-stations
data’ include 3 stations within Barataria Bay and
2 offshore from this bay, the outermost one 3 to 6
miles southeast of Barataria Pass. Gunter (1938,
fig. 1) shows the location of these stations. The
months in which we occupied them can be deter-
mined from table 49. As on the Atlantic coast,
we measured only a random sample of 200 shrimp
from each haul, even though we often caught more
specimens.

In the Louisiana offshore fishery there was a
definite tendency for the fleet to seek areas where
shrimp were most abundant, and this may have
affected the size distributions to some extent.
However, the fishermen in Louisiana rarely dis-
carded any of the shrimp (as they often did in
Texas) since they seldom caught more than a few
small ones.

For our Louisiana offshore-fleet size distributions
we took a random sample of 50 shrimp from the
last haul made by each boat we sampled. The
boats were always away from port for more than
1 day, but they always knew where they had made
their last haul.

Our samples contain shrimp from various depths
as follows:

1. Under 5 fathoms: March through December, but
heaviest in September and October.

2. In 5 to 8! fathoms: Every month, but heaviest from
May through January,

3. In 9 to 12! fathoms: Every month, but heaviest from
January through September.

4. In 13 to 16} fathoms: November through August, but
heaviest during March, April, and December.

5. In 17 or more fathoms: November through May, hut
heaviest during March and April.

In the Louisiana offshore fishery we attempted
to collect the samples on a semimonthly basis from
April 1941 through November 1942; thereafter
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they were taken only periodically. The months of
our sampling can be seen in table 50.

In samples from the commercial fishery ‘at
Aransas Pass, Tex., several factors:enter which
appreciably affect our size distributions. There
the commercial trawlers tended to do selective
fishing for the larger shrimp (greater than about
100 mm. in length), since these shrimp commanded -
a higher price. The fishermen also resorted to
culling the small shrimp and discarding them.
The distortion of the data based on samples of
shrimp from a commercial catch treated in this
way is probably as great as any which would
characteri-e those based on 1-boat samples, as has
previously been mentioned.

TaBLE 49.—Numbers of shrimp in random samples used jor
determining Louisiana 5-stahons st ze-d1str1buhon curves
shown 1n figure 40

Source and month 1931 1932 1933 1934 Total

Inside waters:

January._.. s 618
February. - .. oo oo it
March. . 1,538
Aprl. ... 726
May._ e 503
June. .l e 232
July.... 320
August___.. 689
September. - ... |ooo..__ 1,039
clober.._._. 2,394 |
November. - 820
December.__................ 600 948

Outside waters:

=

‘Our samples at Aransas Pass, Tex., were all from
the commercial fishery. Here the boats went out
early in the morning and returned with their catch
early in the afternoon of the same day. We took
100 shrimp from each boat sampled. An attempt
was made each week to equalize the number of
samples from the inside and outside fishery. The
numbers of shrimp we obtained are shown in
table 51. _

At Galveston, Tex., although fishing was per-
mitted only in outside waters, the boats operated .
on a daily basis as did those at Aransas Pass.
Our samples here consisted of 100 shrimp per boat,
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TaABLE 50.—Nwumbers of shrimp in random samples from
commercial boals, used for determining Louisiana size-
distribution curves shown in figure 39

TABLE 51.—Numbers of shrimp in random samples used fm;
determining Aransas Pass, Tex., size-distribution curves
shown in figure 42

Source and month 1931 1932 | 1933 | 1934 | Total

Source and month 1931 | 1932 | 1933 | 1934 | ‘1935 | 1936 | 1937 | Total

Five stations:

August. ..
September..

Source and month 1941

Offshore fleet:

FP N

&1

bt

g1 32¥zp8E38888

September.
October. ...
November.
December_ ...

Total. . el 22,

.
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g
0900 £ 0
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e
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=
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and we attempted to sample on a monthly basis.
The numbeis of shrimp comprising the size-
distribution curves for Galveston are shown in
table 52..

We are still not certain how adequate or repre-
sentative our sampling was or how truly our curves
represent the shrimp population. We considered
various methods of weighting our samples, but
after giving consideration to each we arrived at the
“conrelusion that no method we could devise would
give a true representation of the entire shrimp
population at any one moment. The principal
difficulty arises from the fact that as the shrimp
increase in size they change their habitat. This
change of habitat is not correlated with size alone;
it is also dictated by winter temperatures and in-
fluenced by spawning. As a consequence, we
generally find that in any one locality there is
almost always an immigration and emigration of
shrimp. For these reasons we have used rough
methods in arriving at our size-distribution curves;
we believe that any attempt at refinement would
add not.hmg to their accuracy.

In arriving at the size-distribution curves wluch
we present, we have followed the same p.ocedure
in each instance. The shrimp in all hauls of each
month from & similar source were combined, with

Inside waters:
January_..__._.__.
February..._.._...|.
March

Apgust__._______..
September. .. ____.
October_..__.__._. 1,600
November.__._____
December_____..__

August. wema
September ........
October__...._____
November.__.__._.
December....__ _—-

Total.. ... 8, 449| 9,800] 7. mol 5, 300| 2,900 zsool r;ool:u. 749

TABLE 52.—Numbers of shrimp in random samples used for
determining Galveston, Tex., size-distribution curves shown

in figure 44

Source and month 1933 1934 1935 1936 | Total
Qutside waters:

January. .o oiicaaan 500 1, §00
February. 1,000 1,600 -
March._. 800 1, 300
April._ .. 1, 000 1,800
May.. 1,000 1, 900
June__ 1,000 1,200
July._.. 600 1, 000
August.___ 400 900
September. . 500 500
October.._.. 500 2, 000
November. _ 1, 000 400 1, 400
December ... . 500 1, 500

Total ., o eimmaaaaaos , 8,200 | 3,700 | 1,700 | 16,600

each year treated separately. Then the particular
months from the various years were combined by
percentages of shrimp in each size group. Each
month for any one year has the same weight in
determining the shape of the curve for that month
as does the same month in any other year. For
example, in figure 39 for the 5-stations data (table
50), January 1932 with 618 shrimp has as much
influence in determining the shape of the curve for
January as does January 1934 with 1,448 shrimp.

Furthermore, although Weymouth, Lindner,
and Anderson (1933) have'shown that, after ap-
proaching maturity there is considerable difference
in size between adult male and female shrimp for
Georgia, and we have found no startling variation
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from this in any of the other localities studied,
we have grouped male and female shrimp together,
for two reasons. First, the industry does not
separate the sexes in commercial fishing and
second, we suspect the variations in the data
generally are sufficient to obscure most variations
between sexes. Our method of treating the data
tends to broaden the curves.

CATCH RECORDS

For the Louisiana total catch curve we have
used the New Orleans Fishery Market News
Service records (table 53), though they are not
complete. We did not use the State records be-
cause they are based on tax receipts which were
credited to the month in which the taxes were paid
rather than the month in which the shrimp were
caught. Qur records for the Louisiana offshore
fleet (table 54) were copied from the books of
almost all of the companies engaged in this fishery.
We are indeed grateful to these companies for
their splendid cooperation. We think that our

TaBLE 53.—Tolal Louisiana landings of shrimp, by months,
1940 {o 1946
[In thousands of barrels. A barre] is equivalent to 210 pounds of whole

shrimp. Figures do not include shrimp used for drying.
ery Market News Office, New Orleans

Month 1940 | 1941 1942 1943 1944 1045 1946
January......____.... 5.1 19.0| 154 9.4 124 | 14.7 8.4
February 7.4 10.8 5.5 1L R 8.4 4.0 6.5
March._ 10.7 2.1 6.0 36 5.0 3.9 3.5
April_____ -l 18.7 5.8 15.4 8.4 4.7 5.7 7.4
May. 28.8 16.3 16.9 | 24.8 10.5 14. 4 12.8
June. ... 15. 4 13.4 18.7 15. 9 14.8 9.9 13.8
July. oo 10. 4 1.8 7.1 9.9 5.1 3.8 4.2
August 325} 30.5| 30.3| SL1 41.3| 27.2 30.2
September 53.0 27.7( 40.8 483 5.0 28.6 36. 2
October... 54.7| 861 5.6 37.3( 53.9| 29.2 33.2
November 1227 | 36.3| 27.3 | 26.8| 250} 17.2 21.3
December....._....... 14.6 | 18.0| 21.1 17.9 13.2 9.2 16.6

Total. .. __...... 264.0 | 237.6 { 259.1 | 263.2 | 245.3 | 167. 8 194. 1

TaBLE 54.— Louwisiana offshore-fishery landings of shrimp,
by months, 1938 to 1946

[In thousands of barrels; a barrel is equivalent to 210 pounds of whole shrimp]

Month 1938 | 1939 | 1940 | 1941 | 1942 | 1943 | 1044 | 1945 | 1946
January........ 0.7 33 29| 97| 80| 44| 80| 67 5.8
February. 1 25 20( 6.7 7.5 28 95( A8( 17 55
March____ 22| 29| 7.5} L8| 7.6] L4} 22| 4.2 21
April. .. 13| 3.4 62| 42]137| 48 43| 6.9 7.4

AV ooeeeaoo| 49| 811271 11.2] 10.8 | 155 7.4 1.6 | 10.5
June.__._.__.._| 45| 61 |10.218.0|13.7{ 93122 7.2| 10.7
July.__._. 3.4( 61 91 .31 90! 66} 7.7 6O 7.1
August. .. 28| 65| 40| 3.2| 53| 57| 72| &b 1.7
September 32| 41| 30| 25] 71| 7.1(1220| 7.8 2.0
October. . 47| 44124117 16,2 12.4 [ 231 | 13. 4 10.0
November.._...| 46| 56| 60| 152 84]13.4]13.8]| 10.1 8.1
December..____ 57) 7.4 84! 85) 48 9.1/10.3) 0.9 8.4

Total.___. 40.5| 55.9 | 89.1 | 88.8 100.4 | 99.2 |115.9 | 88.0 | 79.3

Data from Fish- -
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- catch records for the Louisiana offshore fleet in-

clude between 90 and 100 percent of the catch of
the entire fleet, and that the average monthly
trend of production as shown by the Market News
Service represents the total Louisiana production

. trend fairly accurately.

LOUISIANA

In our discussion of the size distributions” we
treat the Louisiana curves first, as we believe them
to be easier to interpret since they are complete
in that they follow the fishable shrimp population
throughout the vear, and they are less distorted by -
migrations than are the curves of the other
localities. In each instance, we have -superim-
posed growth curves on the size-distribution illus-
trations to facilitate their interpretation. The
growth curves were calculated from the formula
Y=51.00-+40.7322X,

In figure 39 we show curves derived f10m two
distinet fishing localities in Louisiana. - In ‘June,
about 2 months after spawning begins, young
shrimp with a mode at about 80 mm. make' their
appearance on the inside fishing grounds (fig. 40).
The larger of these shrimp begin moving to outside’
waters by July, and offshore by August. By
October (fig. 39) they completely dominate ‘the -
offshore fishery. This group can be followed as a
distinct mode from the time of its appearance
inland in June, through its dominance offshore in
October, and until in May it becomes fused with,
and in June dominated by, another oncoming -
group. Our calculated growth curve appears to
fit the first group almost perfectly (fig. 39), both
with respect to the midpoint and the upper and
lower limits of the distribution.

By December (fig. 39), the shrlmp have sep-'
arated into two different size groups. The earlier-
spawned shrimp areoffshore, and the later-spawned -
shrimp are inshore. There is little growth in the -
offshore shrimp from November through February,
and rapid growth apparently is not resumed until -
about mid-March. The small inshore shrimp do
not. appear to have reached their full recruitment
until January, and although some growth seems
to have taken place in February, rapld glowth
apparently does not occur until March.

Although we do not have seining data for this
time of year from Louisiana, Gunter (1950) has
shown quite clearly that in Texas this second group
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comes from very late spawning. We have no
reason to suspect Louisiana shrimp to behave
differently. )

By April the small shrimp which wintered in-
shore start moving offshore. They dominate the
offshore fishery by June and can be traced readily
until they themselves become dominated in Oc-
tober by the oncoming young. The slight indi-
cation of bimodality in our offshore curves during
summer, with the dip in July at 163 mm. and in
August at 168 mm., results from sexual dimor-
phism (see figs. 8 and 9).

The curves suggest the entrance of a second
wave in August, followed by more or less constant
influxes thereafter. until March. A false impres-
sion.results from our technique of combining the
date of several years, and actually the entrances
were quite different from those indicated by figure
39. They occurred at irregular intervals. During
the two years for which our data are complete, the
entrances took place in June, August, October,
and December 1932, and in June, September, and
November 1933. There appears to be but little
growth of the last arrivals between November and
February. Recruitment into the lower end of
this group seems to occur until January.

The entrance of the young into the Louisiana
estuarine fishing grounds is most interesting,
They appear in waves with distinet modes that
can readily be followed. Apparently the only
regularity of appearance is shown by those enter-
ing in June. They appeared for three consecutive
years, and judging from our July 1931 records they
had appeared in June of that year also. In both
1932 and 1933 this group could be detected in
Barataria Bay until October.

In 1933 the first wave appeared in June at the
head of Barataria Bay (Bayou St. Denis and St.
Marys Point) with a mode between 78 and 83 mm.
In July, it was found at all 5 stations with a mode
that ranged between 113 and 123 mm. In August
the mode was between 123 and 133 mm., in
September between 133 and 148 mm., and in
October it was easily distinguishable only near the
mouth of the bay and in outside waters, where it
ranged between 148 and 158 mm. The second
wave appeared in September with-a mode between
83 and 98 mm. and disappeared from the bay after
November. In November its mode was between
118 and 123 mm. The third wave appeared in
November at the head of the bay with a mode
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between 88 and 98 mm. This mode receded until
January, which we suspect was caused by emigra-
tion of the larger shrimp and immigration of
smaller ones. The variations each month in
lengths of the modes represent variations between
stations since the smallest shrimp were generally
at the head of the bay and the largest in the Gulf.

Our 5-stations data are not suited for estimating
the relative importance of the various waves enter-
ing the fishery, but our offshore-fleet curves reflect
the relative importance of the individual influxes.
We think it probable from figures 39 and 41 that
the first and last successful spawnings are the most
important. Since the Louisiana offshore fishery
had no serious legislative restrictions and not too
much seasonal fluctuation in fishing effort, it is
probable that the offshore catch curve (fig. 41)
closely follows the abundance trend. This curve
reaches a low in August, rises in September and
sharply in October, drops slowly until March,
then rises to another peak in May. The October
peak we can trace (fig. 39) to young shrimp appear-
ing in inside waters in June, and the May peak
to small shrimp wintering inshore.'®

Since the data are not adequate, we cannot be
certain from the 5-stations curves whether or not
the first wave of young shrimp completely domi-
nates the succeeding waves during the summer,
and likewise the inshore fall fishery. It is possible
that this group is important to the offshore fishery
only because it largely escapes the inshore fishery.
Nevertheless, the first wave certainly must con-
tribute heavily to the inshore fishery during
August and September, and from this it would
seem likely that it completely dominates the other
waves.

In spite of the shortcomings of our sampling
technique and treatment of the data, and in spite
of the rapid growth of the shrimp, the sharpness of
the two December modes in figure 39 is apparent
and hence indicates two relatively short periods of

18 We realize the insecurity of our position in using, in combination, size-
distribution data collected 10 years apart, but if, as we think, our data repre-
sent average conditions (and we have treated them to make them as nearly
average as possible) then we are justified in using them. The displacement
to the left of the offshore modes in exactly those months (May and June, and
August and September) in which the 5-stations curves display a marked
skewness or decline at their right extremities (Indicating migration of the large
individuals) certainly suggests that our method is valid.

The trend of the All Lovisiana catch curve (fig. 41) is affected by changing
fishing intensity caused both by closed seasons and by changing eftort during
the open season. July, for example, is Jow because of closed season while
actually, with unrestricted fishing, we would expect it to be greater than
June.



PERCENT

ATLANTIC AND GULF COAST SHRIMP

LENGTH IN MILLIMETERS

635

LENGTH IN MILLIMETERS

0 I0 20 30 40 50 €60 70 80 90 1100 IO 120 130 140 150 160 170 180 190 200
40 T T T T T T T T T T T T T T T T T T 1
30 OUTSIDE ————— INSIDE .
20;— 4
ol VANUARY P ]

V4 -~

o ~ .
0 T— T T T 1T T 1T T T T T T T T
20 [ _ ]
ok FEBRUARY PN ]
o —T—r—T-T1 T T T T T
%0 MARCH i
10 - ¢
Y T T T 1
201" APRI
10 |- L
OF—T—T—T
20 |- AY
ol M
OF—T—T— 717
20 - N
'ok JUNE
o T— T 1T 1
20

}- JULY
10F
O —T—7T—T
20

AUGUST
10
oOr—r—T1 7 T
20
SEPTEMBER
10
0 T T
20
OCTOBER
lor-
Y T 1 T
20 |-
NOVEMBER
10
o L LB | i
20 |-
DECEMBER P
[} o - ~,
o ’r’_--’ S
T T T | | N T T T T T 1 I T L L L | T T
O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 I70 180 190 200

Ficure 40.—Average monthly size distributions for Louisiana five stations, separated into shrimp caught in inside and in

outside waters.



636 .

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

25 T T T T T T T T T T T T T

- ALL LOUISIANA (1940-1946)

)

l; 20 - =—==——=— OFFSHORE FLEET ONLY (1938-1946) -

o

o4

<

_.g 8 - -
z

w
° |° - -
N

z

LW
g
w Y[ 7
e

O X I ] J L L 1 1 I 1 1 1 1

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

] Fth RE 41.—Monthly percentage of average annual shrimp catch for all Louisiana (less shrimp used for drying) and for

the Louma,n-i~ offshore fleet.

successful spawning. T'his,' suppbrted by the
: eyidence from the catch records (fig. 41) leads us to
“conclude that only the first and last waves of
'. recentlv spawned shrimp are dominant, and that
t.he intermediate waves are relatively insignificant.
If the progression of the modes which Tepresent
the shrimp . entering the 5-stations area in June is
con_s_1_de_red together with the superimposed growth
Jine,.it. will be seen that during the period June to
September (when this population is comparatively
free from shrimp of different spawnings) the mid-
pomt .0f each mode coincides rather closely with
~the upper limit.of the mode in the previous month
and“the lower limit of the mode in the succeeding
niori:ihz.-_"-. In.other words, the mode in each in-
“stance 18 well-bracketed by allowing for 1 mounth’s
_growth. before and 1 month's growth after that
Jrepresénted by the midpoint. This would indicate
"that there is no more than 2 months’ difference in
the ages of the shrimp represented by the mode
arid that the spawning success extends over a
2-month period. However, since the curves
r_ep_rese_nt. samples taken over the entire month
(during which growth "had been taking place)
aather than’ only at the midmonth, we can com-
pénsate for this growth by eliminating 2 weeks
from either side, thereby restricting the period of
spawning success for each mode to 1 month.
" Bécause of this and our spawning data, we believe
that theshrimp producing the mode in inside
. waters in June at about.80 mm. come from shrimp
spawned in April.  Although this group can clearly
.be‘trated to the ofishore mode at about 160 mm.
_ October -the marked spread at-its lower. erid

Sec tables for further data.

in this and subsequent winter months indicates
that by this time the curve encloses some shrimp
spawned in May, while those shrimp at its upper
end, larger than 170 mm., were probably contrib-
uted by stock of previous vears.

The range shown by the mode at about 90 mm.
in December also represents about 1 month's
spawning During the spring this group can be
traced in a manner similar to t,ha,t. previously
described.

It appears then that about 6 mont.hs of growth
are required for a shrimp to reach 160 mm. in
length. The second mode, which appears in the
5-stations curves during winter, and which can
readily be traced to its appearance offshore in June
(fig. 39), could therefore be attributed to shrimp
which in June had just slightly less than 6 months
of growth. If we assume that no growth occurred
from mid-October to mid-March it would place
this group as having been spawned the previous
July. However, if there was one month or more of
growth during this 5-month period between
October and March (which seems entirely within
reason from our data) then most of these shrimp
must have been spawned in August or later.
Furthermore, as suggested by the data of Ander-
son, King, and Lindner (1949, fig. 1) and of
Gunter (1950, fig. 1), if the very young are not
slowed in growth during winter as much as
the slightly larger sizes, most could have come
from September, or possibly October spawning.

Apparently in Louisiana there are two important.
periods of spawning success, one at the beginning
and the other at the end of the spawning season.
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TEXAS

Aransas Pass

The curves for the shrimp at Aransas Pass, Tex.,
differ from those in Louisiana in that at Aransas
Pass there appear to be three successful spawning
groups instead of two. However, the second and
third of these evidently contribute more to the
fishery than does the first, so that actually there
are only two successful spawning periods.

In figure 42 the young appearing in inside
waters in July with a mode at about 115 mm.
- can, from our growth curve, be attributed to April
spawning. A second group, which can be traced
to late May or June spawning, enters the fishery
in September with a mode at about 120 mm.
The lower ends of the curves for September seem
to show the effect of selective fishing and culling,
and the modes shown in our curves for this month,
therefore, probably are a few millimeters longer
than the true mode for this group. The second
group dominates the fall and winter fishery, We
do not think the first group could have been fished
out, as gencrally there was little fishing in inside
waters during July and August. Furthermore,
since this first group made but slight impression
on the curves in outside waters in August and
September we do not believe the shrimp compris-
ing it to have been very abundant.

Because of selective sampling by the fishing
fieet, the third group, which is comparable to the
second or late-spawned group in Louisiana, does
not appear continuously in our curves until Feb-
ruary, although Gunter (1950, fig. 1) shows this
group throughout the winter.!” This third group,
which produces the June peak in the catch (fig.
43), we can follow in the outside waters until

7 Gunter (1950 has shown the scarcity of small shrimp in central Texas
during midsummer, which he interprets to mean (as do we) two separated
periods of successful spawning. We suspect that the mode which Gunter
shows in June 1941 at 28 mm. accounts for the July mode at 83 mm. and the
small September mode at ahout 133 mm. Attributing the shrimp appearing
in July 1941 at 83 mm. to the group producing the prominent mode at 113
mm. in September would require either a slower growth rate for young
Texas shrimp during summer than in spring (which does not appear to be
true from our data, and the spring growth shown by Gunter's data from
February to April 12 is in complete accord with our growth rate), or a
growth rate different from that in Loulsiana, which does not appear probable.
The mode he shows in July at 38 mm. could account for the mode he shows
in September at about 113 mm. and in October at about 133 mm. This is
according to our growth formula which may be entircly unreliable below 8}
mm. If we assume that about one month is required from the time the
eggs are laid untll the young appear in his seine catches with modes between
about 28 and 48 mm., then the mode Gunter shows in May 1942 could be
attributed to April spawning and would also account for the shrimp about
133 mm. long he shows in August of both 1641 and 1942,

It must be remembered that Gunter’s data, like much of ours, are not
adequate.

September. The relation between the growth
lines and the modes for this group of shrimp after
June suggests that either this group grows much
less rapidly than the comparable group in Louisi-
ana or else the fishery was not operating on the
entire spawning stock. From the skewness of the
curves we suspect the latter explanation to be the
more likely. The commercial fleet at Aransas
Pass during the years we were sampling never
operated far from land and if the shrimp spawn
offshore (which we think they do) then our samples
would be heavily weighted by the smaller sizes,
because the larger shrimp tend to spawn first.

This same phenomenon occurs in our Atlantic-
coast curves (figs. 45 and 46) and probably for the
same reason, since most of our outside samples
were taken close to shore. Qur 5-stations curves
(fig. 40) also show this for the immature shrimp
from August through October. In this instance
we can demonstrate that the slow advance in the
upper mode results from the large shrimp movmg
offshore (fig. 39).

As we have mentioned, the first-spawned group,
which’ appears in July with a mode at about 113
mm. (fig. 42) and which we attribute to April

-spawning, does not appear to be particularly

abundant. This could be caused either by the
lack of sufficient spawners or by some environ-
mental phenomenon, which we do not know. If,
as we believe, spawning is continuous once it
begins, then the sharpness of the mode and its
advance from July to August suggests some exter-
nal cause rather than the lack of spawners.

On the other hand, apparently the bulk of the
fall and winter catch in this region comes from
shrimp spawned in late May or early June. This
coincides with the beginning of spawning of the
group which we show in February in inside waters
with a mode at about 98 mm. If, as it appears
from our curves, there are few earlv-spa.wnmg
shrimp, then perhaps there may be a relation
between the number of spawners and the resultant
crop. However, such a relation would not account
for the scarcity of very small shrimp during sum-
mer, as shown by Gunter (1950), nor would ‘it
account for the obviously very late-spawned
shrimp which, as we demonstrate, cause the June
peak in the catch.

Galveston :

Our Galveston, Tex., curves (fig. 44) durmg_
part of the year (October to January) appear to be
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Figure 43.—Monthly percentages of average annual shrimp catch for Texas.
: Lindner, and King (1949, table 1).

intermediate . between those for Louisiana and
those for Aransas Pass, and during another part
of the year (February to September) they appear
comparable to the Louisiana offshore fleet curves.
We-think that actually the shrimp population at
Galveston behaves in a manner comparable to the
Louisiana population and that the anomalies in
our curves result from inadequate sampling of the
population by the fishing fleet and by ourselves.
Throughout the year, the Galveston fleet fished
relatively close to shore. In the fall and early
winter this tended to deemphasize the proportion
of April-spawned shrimp and overemphasize those
spawned later. Nevertheless, the mode in March

at about 160 mm. can be attributed to shrimp -

spawned the previous April, and that appearing
in May at about 150 mm. can be attributed to
shrimp spawned the preceding August or later..

The curve for September appears misplaced, but
this is the result of sampling. It represents only
1 year, but is quite comparable to the September
curve for the Louisiana offshore fleet. Most of
the shrimp larger than 153 mm. were adults and
are representative of the summer spawners.

ATLANTIC COAST

Our curves for the Atlantic coast (figs. 45 and 46)
- are difficult to interpret for two reasons. First,
since the samples are from a single boat the data
are inadequate, and the curves cannotbe construed
to represent the real abundance of shrimp by
lengths. Second, coastwise migrations confuse
their interpretation.

The curves can be interpreted in several ways.
Their broadness and flatness suggest a more con-
tinuous spawning than occurs in the otherlocalities.

This may merely be a reflection of our sampling:

’

This figure is derived from Anderson,

technique and treatment of the data. Both our
curves and those of Weymouth, Lindner, and And-
erson (1933, fig. 10) suggest three periods of spawn-
ing success: April, June, and August or later. The
young from the first of these spawnings appear on
the Georgia and northern Florida fishing grounds
in July (fig. 45) with a mode at about 100 mm.
(Apparently initial spawning success averages
about 2 wecks later in this region than it does in
Louisiana.) The young from the second spawning
success appear in September with a mode at about
110 mm., and those from the third first form a
mode in figure 46 at about 100 mm. in March.

Evidently all of the first group, and perhaps most
of the second, migrate south into central Florida
during late fall and early winter. All of the third
group and the smaller shrimp of the second group
remain. In our curves (fig. 46) the three groups
are represented by modes at about 155 mm., 130
mm., and 100, mm., in February. In those of
Weymouth and others (loc. ¢it.), the second and
third groups demonstrate modes in February 1931
at about 140 mm. and at 100 mm.; and during the
winter of 1931-32 they appear again, but at about
130 mm. and 100 mm., respectively. Of course,
differential migration according to size and year
can cause considerable shifting in the mode of the
second group during winter. Also the imperfec-
tions of our sampling technique can result in shifts
in all the modes.

If we accept the foregoing interpretation, then
the young from the first and second successful
spawnings produce the fall peak in the catch
(fiz. 15) in the northern and central sections, and
the winter peak in central Florida. All three,
but most likely those principally from the third,
form the spring run with peak catches in June.
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Our data are inadequate for differentiating be-
tween the relative importance of the three suc-
cessful spawnings.

Except, perhaps, for the indication of a slightly
earlier spawning success, the South Carolina
curves are comparable to those for Georgia and
northern Florida.

The appearance in central Florida of young
shrimp with an 'average length of about 110 mm,
in June suggests an occasional spawning in, this
section as carly as mid-March.

SUMMARY
GROWTH

Ta.g'ged shrimp were measured both at release
and after recapture. The increments thus ob-
served were described with reference to the size
at release. The increment was greater for the
smaller shrimp. This relation of increment as a
function of initial total length was described as
linear. At 10 cm. total length, the 1-month incre-
ment is nearly 3 cm., while at 17 cm. total length,
it is less than 1 cm.

From November to April, very little growth
was observed. During the rest of the year,
growth was rapid: After 12 months of growing
season, these shrimp would have completed nearly
all of their lifetime increase in length.

MIGRATION

From tagged shrimp released in various areas
of the entire fishery and at various seasons, the
location of recovervies demonstrated what move-
ment, if any, occurred.

Releases during the fall months on the south
Atlantic coast were recovered consistently south
of the area of release, while those released during
winter and early spring were recovered largely to
the north. :

Shrimp released along the major portion of the
Gulf coast showed  no indication of coastwise
migration. They were recovered in all direc-
tions from the point of release, and they had not
moved far; none had crossed the Mississippi-
delta region. Only in the region of southern
Texas may there be a coastal migration, but the
evidence from this area is not adequate to prove
or disprove it. .

In all areas the small shrimp found in inside
waters were eventually recovered from outside
waters.

SPAWNING

The evidence from which inferences on spawn-
ing are derived consists in observations on the
degree of maturity of the ovaries of female shrimp.

‘Ripe ovaries were taken in most areas from April

through September. . The size composition of the
ripening populations changed during this time,
however, and there may be two or more groups
of spawners, possibly spawning at different times
of this season. Judging from size at maturity,
shrimp spawned in the spring or summer probably
spawn in the corresponding season of the following
year.

DISCUSSION AND RECOMMENDATIONS

In all the localities we studied there appear to
be 2 or 3 -separated periods of spawning success.
All localities are consistent in that the first ap-
pears to be associated with the beginning of the
spawning period, and the last with the end of
spawning. In those localities where there appear
to be three periods, the middle one seems to be
associated with the beginning of the spawning of
the last group from the previous year. If spawn-
ing were rhythmic, with a beat in April, another
in June, and a third in August or later, we could
postulate a direct relation between the numbers
of shrimp spawning and the ecrop produced.
However, our spawning data indicate more or less
continuous spawning from the beginning of the
season uniil the end, with the peak of spawning
in June or July. Consequently, it appears that
some factor other than the number of spawners
causes the interruptions in spawning success.

We do not know where the answer lies. Per-
haps mass mortality of very small shrimp on
either the spawning or nursery grounds is the
cause of the fluctuations. This could result from
any one or more of & combination of factors, such
as unfavorable currents preventing the young from
reaching the nurserv grounds, periodic disease in
epidemic form wiping out vast numbers of young,
food scarcity caused by the first arrivals consum-
ing all available food, and predation including
cannibalism,

Perhaps the shrimp is its own worst enemy.
The Louisiana data are certainly suggestive of
this. Despite apparent continuous spawning
throughout the season, evidently only the earliest
and latest spawnings are really successful, and the
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latest is concomitant with the earliest-spawned
shrimp moving offshore from the inland nursery
grounds. The second successful spawning in
Louisiana (and the last in all other localities) does
not seem to occur until vast numbers of shrimp
have departed from the nursery grounds. Also
in Louisiana, waves of oncoming young shrimp
appear to be spaced about 2 months apart, which
suggests spawning successes coinciding with mass
departures of the preceding wave from the inner
to the outer nursery areas.

Preliminary analyses of some of our data, in-
cluding those derived from -tagging, suggest that
the ratio between loss from natural mortality and
gain in weight through the rapid growth of indi-
vidual animals is such that the total poundage of
shrimp available to the fishermen would be in-
creased if the shrimp were protected from the
time they appear on the inside fishing grounds in
summer until they move to outside waters in fall.
Likewise, on this same basis, it might be advan-
tageous to afford protection to the small shrimp
while they are growing rapidly during early spring,
or possibly to this same group during winter.

Viosca (1920) noted that in the estuarine waters
of Louisiana (and most recent workers including
ourselves seem to be in agreement for many other
areas) the shrimp is probably the most important
animal with respect both to species-mass and to
food conversion. When we consider this point it
is unfortunate that we do not know enough about
the shrimp to be able to predict with any assurance
what will happen to the population provided man
does this or that. For example, while we have
suggested that it may be advisable to limit fishing
for small shrimp, on the other hand, heavy ex-
ploitation from inside waters may result in a more
extended spawning success owing to reduced can-
nibalistic predation, with the obvious consequence
of greater production.

We therefore arrive at the conclusion that well-
controlled fishing experiments, together with addi-
tional research, are required before we can deter-
mine with any degree of accuracy how the shrimp
population will respond to changes in fishing effort
or in fishing seasons. We have recognized the
importance of the experimental fishing approach
for some time (Lindner 1936a), and more recently
Burkenroad - (1951) also has recommended it.
Because the growth of the shrimp is so rapid, we
think the experiments, if followed by competent

observers, need not be drastic in their approach.
Perhaps even as short a period as a month’s
difference in open and closed seasons in alternate
years might indicate whether the particular ap-
proach was profitable. On the basis of our present
information, experimental fishing of small shrimp
during the periods when they are growing rapidly
seems most promising. '
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