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ABSTRACT

In this paper we present data of monthly shrimp catches

by species CompOSLLLUH and size from Puerto Penasca,
Sonora, Mexico, for the 1967-1968 season. We also analyse
fishing effort and its effect. The total catch and numbers
of individuals captured of Penaeus stylirostris climaxed

in September and October; the total catch and numbers of
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from November to December. Maximum growth of P. stylirostris
ocurred from May to November and cesased during the winter
and early spring months. Maximum growth of P. californiensis

was from May throgh December, slowing greatly from January
to March. The average growth from September through Anril
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was 1.82 g/month for P. stylirostris and 1.07 g/month for

P. californiensis. Also, the former species greatly exceeded
the latter species in model size due to its enhanced summer
growth rate. Both species exhibited a single prominent
breeding season in the spring and a lesser breeding period

in the fall. Patterns of size distribution indicate that
most individuals of both species live year or less, under

the conditions of sustained fishing presure. Overfishing

is evidente for both species.

RESUMEN
En el nresente escrito se nresentan los dateos de cantura en
—r o e PL\/U\"IUV VUV&J—UU \;\1 '.ll.\/\l\/'lbull -I-U AR AN WAV R ) A, \IU'JVU it
Puerto Penasco, Sonora, Mexico, por mes, composicion de especies

de camardn y talla, durante el perfodo de la estacidn de pesca
1967-1968. También se anallzan esfuerzo de pesca y su efecto.
La captura total y el ndmero total de individuos de Penaeus
stvllrogtrls estuvao a su punto mayor en qpnf1pmhr9 v octubre

Ta captura total y el ndmero total de 1nd1v1duos de P.

e
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californiensis aleanzd mayor intensidad en noviembre y diciembre.
£1 crecimiento max1mn de P. qfv]lrnq+r1c ocurrio desde mayo
hasta noviembre; el cre01m1ento cesa en invierno y en los pri-
meros meses de la prlmavera. El crecimiento mdximo de P. cali-
californiensis ocurrid desde mayo hasta diciembre, decelerando
marcadamente desde enero hasta marzo. El crecimiento medio .
desde septiembre hasta abril fue 1.82 g/mes para P. stylirostris
y 1.07 g/mes para P. californiensis. TambienP. styllrostrls
excedlo-mucho aPb. “californiensis en talla modal debido a su
mdb I‘dp.l.(]d tasa ue CI‘CL.LI’H.I.CHLO en verano. I"\m[)dS espeC;Les exnluen
una sola estacidn mayor de crianza en la primavera y un periodo
menor de crianza en el otono. Los modelos de ambas especies
viven un afio o menos, bajo condiciones de pesca sostenida.

Exceso de pesca es evidente en ambas especies.

INTRODUCTION

The commercial shrimp fishery of the Gulf of California is
based primarily on three penaeid species; Penaeus californiensis,

R ~emd D

the brown shrimp , P. stylirostris, the blue shrimp , and P.
vannamei, the white shrimp . 1In the northern Gulf of California
shrimp catches consist mainly of P. californiensis and P.
stylirostris while in the southern Gulf catches of P. stylirostris
and P. vannamei predomlnate. The 1ndustry has been an active and

PR T s PP I £1. M~ 41 lanet+ 1925 {Chana
de..LCIIL economic .l.lll.l.ucnbc J.n IICAL\.U a.uuvc di 1LSAST 1722 Laridpd

et al., 1968). Shrimp fishing was apparently .ntensive as early
as 1940-1945, when a toal of 17 million kg of headless shrimp were
exported to the United States by Mexico {(f{ardenas, 1251). In

addition, the Japanese were engaged in concentrated shrimg fishing
in the Qulf furinag these vears l%+p1nhnnk and P]PkafQ lSAL),

A3 LI Yy JeGa o (JiTaniveln L ALRCLLO

In 1974 over 850 shrimp trawlers operatecd nut of Mazatlan, Yavaros,
Topolobampo, Guaymas, Santa Cruz, San Felipe, and Puerto ?§ﬁasco

- key fishing centers of the Gulf shrimp catch from 46 million

kg in 1962 to 31 million kg in 1970 (Lluci, 1974 evinces a clear
need for improved management of this vital natural resource.

Olguin (1968) has analysed the reproductive biology of P.
californiensis at Guaymas by examining the female gonads

monthly. He found evidence for two periods of egg development:
February through April and September through November. However,

lllclbul.db.l.Ull Ul LHU ngb was Ull.l.y lIUL(ﬂU IU[‘ I"ldy LllLUUgH I‘\UgUbL.
His study agreed with the observations of Cardenas (1951)
wich showed that P. californiensis achieved sexual maturity
between March and June. However, Chapa et al. (1968) found
tath while young of P. stylirostris predominated in September

t+tohoe af ghrimn D Anal3IfAannianciac wana ahiindand

\;Gbl‘lICQ Vi QIILLIIIP, yUUllu Fe LALLIIVLIICIIOL1LO 'VC].C ClUUlIUClllb
throughout the year. This finding suggest that some P.
californiensis may be reproductively active year-round. At

Mazatlan, this seems to be the case, although there is a
September peak in recruitment (Lluch, 1974). Both of the

other snecies howeveor demonsirated a clear seasconality of
Al B A P 'l\/\d.l.\/\', [RASA LAV B WD N ’ VARV S L A G U L3 AL R A e A R \1]

reproduction, with recruitment in the fall months at Mazatlan
(Liuch, 1974).
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Recent interest in the shrimp of the Gulf of California stems

fn +he annmiial danli At ~h i+ affant
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fishing ports and total catch others (Chapa et al. 1968, Chdvez
and Lluch 1971, Lluch 1974). Lluch (1974) summarizes changes

in the shrimp yield and concludes that there are three primary
causes of the decrease in shrimp production: (1) overexploita-

tion due to the increasing size of the commercial fleet, (2)

WL TSy Waivaila JavT vy Ly

overexploitation due to the retention of smaller shrimp by the
finer mesh nets, and (3) environmental fluctuations in freshwa-
ter runoff and accompanying nutrient supply. Overexploitation
is also well document by Lluch. The work of Mathews (1974)

gives additional support to the idea of overexploitation. The
1nfluence of fresh water supply, however, requires more evidence.
The data presented by Lluch (1974) show only a poor correlation
between catch and pluvial precipitation (r=.28, n=13) (Snyder
and Brusca, unpublished).

METHODS AND MATERIALS

Fa YU, S 4-%:“-4 PRTUE ST iY T B SUNI sl S T PO SIS W
UUL I'COULLS dI'c Ueriveu -0l Udid gduliereud Py ri1il1ipcriu veyd
and Ramon Durazo during the 1967-1968 shrimping season at Puerto
Peflasco, Sonora, Mexico. Senores Vega and Durazo were at this
time employed in Puerto Pefiasco at the Laboratorio de Biologia
Marina operated jointly by the University of Arizona and the
Hniuvareidad da CAanara Tnfarmatinn wae ahtainad mnninainally
VILLVYU L OlUudu UGT JUlivide AT ULTHAGQLLIUVIL YWWGQO U Lvadljlicu PLJ.II\/.L'JGJ-J—]
from two sources. Shrimp records of fishing cooperatives
provided total catch data per fishing boat (in the form of
kg headless, or "tails", shrimp) and fishing effort was cal-

culated from records of the arrivals and departures of boats

atives, kent hu the Port Capta

delivering shrimn to the cooper
[efe]0] y KEPT Laptal

MU ALVYTL 4y <DL Uiy VU i (AT

of Puerto Pefasco.

Original catch data was in the form of kg (per species) in
different weiht categories of headless shrimp. To determine
the numbers of individuals in each weight category, we used
the following standard conversion factors, presented by Lluch

(1974) for headless shrimp:

g/shrimp class
(headless) ("tails"/1b)
6 71-80
7 61-70C
8 51-60
10 41-50
13 31-40
16 26-30
20 21-25
25 16-20
32 13-15
41 11-12
50 4 11
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Figure 1.
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WEIGHT CATEGORY (GRAMS/SHRIMP)

Monthly Size Distribution of Penaeus stylirostris Catch

at Puertc Pefascc, Sonora, Mexicc, 1967-1966. 1he
histograms indicate the total numbers of individuals in
each weight category, while the solid lines show percentage
composition. Note the reversal of the abscissa.

57

3d

H21Y) IVIOL 40 L1N3JY



SHRIMP POPULATION DYNAMTCS AND FISHERY

SNYDER-BRUSCA

- - 80
4°°F SEPT. OCT.
1967 1967 B
300} - = 60
200 - 40
100 20
< 40or NOV. | 5 oec. 1%°
o 1967 1967 J
X 300
[
S 200
=
P
© o0
9
<
o |
=)
>
O 400
z
© 300
s
2 200 - = —40
< A
=
< 100+ —
(@]
._ v
400 MARCH B apriL 180
1968 1968
300+ — - —60
200} — -~ —40
100} T = —20
50 41 32252016 13 10 8 7 50 41 32252016 13 10 8 7
WEIGHT CATEGORY (GRAMS/SHRIMP)
Figure 2. Monthly Size Distribution of Penaeus californiensis Catch

at Puerto Pefasco, Sonora, México, 1967-1968.

The

histograms indicate total numbers of individuals in each

weight category, while the solid lines show percentage

composition.

Note the reversal of the abscissa.
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SHRIMP POPULATION DYNAMICS AND FISHERY SNYDER-BRUSCA
We have used these size classes in Figures 1 and 2 so as to
facilitate comparisons with similar data from Mexican sources.
However, for detailed population analyses, weight intervals
For example, 1f 100 individuals were reported in class would
weigh about 7 g. but if 100 individuals were reported in
class 61-70, all the individuals could weigh 23, 24, 25, 26,
or 27 g. Therefore, this system creates a bias in the graphed
data the smaller classes, composed of larger-size shrimp
would seem to contain more individuals than the larger classes,
wich consist of smaller shrimp. We have therefore adjusted

the data, assuming randomness in the distribution of catch

sizes and use the following categories of weight! 8.5 g,
12.5 a. 14.5 a. 20.5 ag. ete Classes 1 2. 3 h ete. Were

Al e/ Yy AdUTers Yy Luers Yy Cive vAQSOSUS a1y Ly Ay Lo

then assigned to each weight, respectively. Data using these
adjusted catoegories of weight appear in Tables 1 and 2.
All catch data presented in the results are for headless shrimp.

Growth rates for P. californiensis and P. stylirostris were
estimated indirectly by examining the modal size class each
month. To improve our accuracy, we identified both the largest
size class and the largest class inmediately adjacent to this
class, defining the two as the "modal couplet”. An important
assumption, however, was that degrowth does not occur in shrimp.
Therefore, while the model couplet was able to remain the same
from one month to another, showing no growth, it was not permit-
ted to shrink in size. 1In Tables 1 and 2 the modal couplets for
the two species are indicated in boxes for each month. The
weighted mean of the two values within each couplet was calcula-

Py, | Nnwdan Andtmat ramama rnawth nth Cant ur

LCU J.ll oraer LU €siimdatce CIVCI.CIBC Yrouwuini PC.L MmoNtn. \..Clpb re dabu

were unavailable for the period from May to mid-July.

RESULTS AND DISCUSSION

- Table 1 and Finn re 1 illuy

< a4

trate the

LT

. .
Penaeus stylirostris. 1

Tab us
monthly size composition of the populatlon by weight category,
within the size range captured by shrimp trawlers. These data
are necessarily biased in that the smallest individuals are not
captured by trawl nets. Nevertheless, the adjusted data (Table
1) fit a broad unimodal curve; consistent with a concentration
of breeding and successful larval development within a single
breeding "season". A longevity of one year or less is suggested
for most individuals under the conditions of heavy, sustained
fishing pressure. Since shrimp of the youngest weight class,
averaging 8.5 g (abdominal weight) per individual diminish
greatly in numbers after the period of September and October,
it may be assumed that the major peak of spawning and larval
development occurs during the early spring and summer months.
This assumption roughly corresponds to predictions based on
experimental data. The rearing of larval P. stylirostris from
spawn to 8.5 g (abdominal weight) takes place in 6 1/2 months
in the mariculture laboratory under constant, presumably optimal
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Table 1. Monthly Size Composition of Penaeus stylirostris at Puerto Pefiasco,
— Sonora, Mexico, 1967-1968

Total Kilograms Captured (Headless Shrimp)

Class mean gm SEPT oCT NOV DEC JAN FEB . MAR APR
1 8.5 10,732 12,252 4,154 1,621 26 2,411 3,479 1,654
2 12.5 24,766 14,656 5,576 2,330 172 2,311 1,792 1,982
3 16.5 36,682 7,315 4,776 822 2,596 1,880 1,762
4 20.5 4.6 w 6,334 5,124 706 1,802 1,742 1,397
5 24.5 8,134 18,106 9,792 1,029 3,504 2,242 1,850
6 28.5 2,232 20,258 (19,309 9, 166 15 1,284 5 59
8 36.5 237 3,706 10,518 13,184 3,001 3,375 2,355 1,821
9 40.5 212 342 1,070 4,123 1,702 1,624 1,564 1,701
10 44.5 157 273 806 3,082 1,267 1,207 1,267 1,982
11 48.5 0 78 49 98 20 13 426 2,883

Number Individuals in Adjusted Size Classes

Class mean gm SEPT oCT NOV DEC JAN FEB MAR APR
1 8.5 1,263 1,441 489 191 3 284 292 195
2 12.5 1,981 1,172 446 186 14 185 143 159
3 16.5 3,736] 2,223 443 289 50 157 114 107
4 20.5 2,667] [2,233 309 250 34 88 85 68
5 24.5 332 |2,441 400 42 102 92 76
6 28,5 78 711 6B
7 32.5 8 220 622 134 160 98 6
8 36.5 7 102 288 361 82 92 65 50
9 ‘40,5 5 8 26 102 42 40 39 49

10, 44.5 3.5 6 18 69 28 27 28 45
11 48.5 0 2 1 2 .4 .3 9 59

Table 2. Monthly Size Composition of Penaeus californiensis at Puerto Pefiasco,
—— Sonora, Mexico, 1967-1968

Total Kilograms Captured (Headless Shrimp)

Class mean gm SEPT oCcT NOV DEC JAN FEB MAR APR

1 8.5 5715 8,585 11,519 3,937 616 1,527 1,876 1,278
2 12.5 4,140 9,433 14,506 2,863 2,886 2,765 2,659
3 16.5 565 6,253 45,37 27,376 19,25 10,860 6,723
4 20.5 192 2,234 31,131 30,735 0 5,837
5 24,5 771 733 11,294 37,6 27,418 20,461 9 4 3,874
6 28,5 203 296 3,661 11,097 10,011 8,589 7,506 6

7 32,5 4 150 1,119 2,260 4,219 4,643 6,782 8.9

8 36.5 4 96 823 1,322 2,409 2,470 3,626 5,329
-9 40.5 4 42 531 389 610 309 486 1,695
10 44.5 5 32 404 309 539 336 592 1,604
11 48.5 8 0 27 70 330 418 913 1,342

Number Individuals in Adjusted Size Classes

Class mean gm SEPT oCT NOV DEC JAN FEB MAR APR
1 8.5 337) [1,010] 1,355 463 72 180 221 150
3 12.5 331 75 7.863] 1,160 229 231 221 213
3 16.5 34 379 |2.750 1,167 Eg] 407
2 20.5 9 109 1,519 499 66 ; ]
5 24.5 31 30 461 1.536 1,119 835 397 158
6 28.5 7 10 128 389 351 301 263 270
7 32.5 .1 5 34 70 130 143 209 276
8 36.5 1 3 23 36 66 68 99 146
9 40.5 1 1 13 10 15 8 12 42
10 44.5 1 .7 9 7 12 6 13 36
11 48.5 2 0 .6 1 7 9 19 28

temperature conditions at the University of Arizona's Environmen-
tal Research Laboratory at Puerto Peflasco (D. Lightner, pers.
comm. ) .

The peak in the number of individuals in each monthly sample
of Table 1 is relatively broad, suggesting that the main effecti-
ve spawning season occurs over three or four months in the
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northern Gulf of California. Lesser peaks may also be seen in

the numbers of young shrimp (Class 1) from February through April.

These peaks suggest the possibility of a second breeding period
in the fall. Since these young would not mature until early
summer, it is difficult, given the possible bias in samples of
the commercial fishery, to estimate the actual importance of
this generation.

As shoen by the modal classes (boxed in Table 1) and the
growth curve (Figure 3), individual growth in P. stylirostris is
greatest in the summer and fall and appears to discontinue during
the winter months (December to April). This is in contrast to
the growth pattern of P. californiensis; P. californiensis is a
more temperate species, ranging as far north as San Francisco,
California, while P. styllrostrls is a somewhat more tropical
species, ranging north only as far as the Gulf of California
(Brusca, 1973). This difference may partially account for the
rapid growth of the brown shrimp continuing as late as December,
and for the continued very slow growth throughout the winter in
the upper Gulf. In P. stylirostris growth is discontinued in

nnan 1€ £ Nanambon Fhomtiebl Anad 1 Amossse

the Upper uwlivy 7ToM velemodlr uuuugn r\|.u.J..|. appql.cub.l.y.

Changes in the modal weight categories are not substantially
different from those of numbers captured per size category (Ta-
ble 1). The greatest catches occurred in September and October

and were concentrated in medium-size individuals 15-22 g each
(headless).

IvGlaAav eSS

Penaeus californiensis.- Table 2 and Figure 2 illustrate the
monthly size composition of the population by weight category,
within the size range captured by shrimp trawlers. These data
also fit a unimodal curve, indicative of a "seasonal" breeding
pattern (Table 2). In contrast, Lluch (1974) concluded that P.

californiensis was a nonseasonal breeder in the southern Gulf.

At present little documentation exists on the life history, eco-
logy or migration pattern of any penaeid shrimp and the stablllty
of the resident populations of these shrimp in the CGulf of Cali-
fornia, at current levels of fishing effort, is questionable.

The results of this analysis underscore the urgent need to
understand the shrimp biology in the northern Gulf of California.

Commercial Shrimping in the Northern Gulf of California.-
Shrimping in the northern Gulf of California was, until recently,
llmlted to the September 15- July 15 season. These dates were
apparently based largely on political pressure from the shrimping
industry rather than on fisheries research (Chapa et al., 1968;
Lluch 1974). 1In 1975, however, the Instituto Nacional de Pesca
imposed a closed season on the whole Mexican Pacific shrimp
fishery from June 30 to September 30, when their shrimp inventories
revealed stock shrotages (Anonymous, 1975). As in most regions
of the world, Mexican shrimp trawlers employ vaieties of otter
trawls for night fishing. Prior to 1954 single otter trawls with
a 2-2.5 inch (5.1-6.4 cm) mesh size were used. From 1954-1962
shrimpers began using two trawls simultameously. In 1963 the

mesh size reduced to 1.5 inches (3.8 cm), resulting in the capture
6!
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of smaller, inmature shrimp (Lluch, 1974). Mathews (1974)
discusses recent changes by some shrimpers to a four trawl system.
He estimated that this system would increase the effective catch
in an area from 50% to 65%.

The pattern of fishing in the Gulf varies with the species
fished and the season. Examination of data provided by Puerto
Penasco shrimpers from 1966 to 1969 reveals that trawling depths
range from 12-64 m (x = 35 m, n = 48) in the northern Gulf
(Brusca and Snyder-Conn, unpublished), but the depths fished may
be deeper in the south. With the exception of the rocky coastlines
along southern Baja California, nearly all areas of the Gulf are
fished. Mathews (1974) calculated that Mexican shrimping areas
are currently trawled about 6.4 times each year. Fishing is
prohibited by law in the delta region of the Colorado River,
based on the premise that these shallow waters serve as nursery
areas for commercial shrimp as well as the endangered totoaba
(Cynoscion macdonaldi). However, this regulation is not enforced
and commercial fishing occurs seasonally in this region (Chapa et
al., 1968; C. Flanagan, pers. comm.). —

Previous Research.- Some research efforts have been made in recent
years concerning the commercial shrimp 1ndustry of western
Mexico (Chapa 1956; Chapa et al. 1968; Ndfiez and Chapa 1950,
1951a,b; Secretaria de Industria and Comer01o 1969). These
studies deal with the species and size compositions of shrimp
catches primarily. Very little is knowm of the ecology of
the dlfferent peneid species in the Gulf of California.
However, Chdvez and Arvizu (1969) have studied the fish fauna
whichaccompanies the shrimp.

Knowledge of the distribution and movements of shrimp is
particularly scant. There is some evidence for migratory
behavior in all the shrimp species of the Gulf. Cardenas
(1951) states that from May to June large shrimp (Penaeus
californiensis and P. vannamei) become uncommon in the shallow
waters of the Guaymas area. Further, he found that P.
stylirostris adults were rarely ever present in these areas.
Further south, Ldpez (1968) found that postmy51d P. vannamei
undergo summer migrations into bays near Mazatlan, , but
occur throughout the year in bays south of Mazatldn. The
estuaries, sheltered coastal areas and esteros serve as
nurseries to many marine species including shrimp (Findley,
1974). Young of all three peneid species occur in these
habitats and may arrive partly by means of current transport.
Small to medium size P. californiensis appear to remain near
shore in May to July, while young of the other two species
migrate offshore earlier (Cdrdenas,1951). In general,
larger shrimp of all three species occur in deeper,
offshore waters, depending on their latitudinal distribution,
as is true of shrimp species worldwide (Allen, 1966).

However, spawning mlgratlons of P. stylirostris males and
females may be found in water less than two meters in depth
during May (Bill Salser, pers. comm.).
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The biology of the different species of shrimp is perhaps
the most poorly understood subject, in part because of the
likelihood of complex migrational patterns (Allen, 1966).

Chapa et al. (1968) found that in the central Gulf, at Guaymas,
there was an abundance of young throughout the year, but a peak
in abudance from June through December. Olguin (1968), also
studying at Guaymas, noted two periods of growth of eggs in fe-
male gonads: February through April and September through Novem-
ber. However, he noted only one period in which eggs were mature,
in May through August. Dependence of the breeding period on local
temperature regimes would accomodate a shift from seasonal to
nonseasonal breeding patterns over this range of latitudes. This
may explain the more pronounced seasonality of breeding in the
upper Gulf.

A longevity of one year or less for most individuals is also
indicated in the graphical distributions. Shrimp of the youngest

Aont Natrnh
captured weight class (8.5 g) are especially evident in October

and November (Table 2), forming 44% of the total numbers captured
in October. Hence, spawning and larval development seem to occur
in the spring and summer for the brown shrimp also. The slightly
later fall appearance of young in P. californiensis is likely

due to a slower summer growth rate of the larvae rather than a
later breeding period. It may also be accounted for by a diffe-
rent migratory pattern. In Table 2, the abundance in several
adjacent size classes suggests a broad, but pronounced period of
spawning in the northern Gulf, of approximately three to four
months in duration. A second but slight increase in young again
occurs in the spring. Resolution of whether these young are a
consequence of all spawning or migration will depend on the
collection of summer data and also obtaining unbiased samples
over a wide area for a period of several years.

As exhibited by the modal boxes in Table 2, and the growth
curve (Figure 3), individual growth in P. californiensis was
highest during the summer and fall months.  The distribution of
catch sizes was similar, but not identical, to the distribution
of the numbers of individuals according to weight category.

This difference results from the increased weight of individuals
in the higher weight categories. The greatest catch for this
species occurred in December, when individuals averaged 18.5 g
(headless).

Growth Rates.- Figure 3 depicts the growth curves for each
species under consideration. Note that the overall growth rates
of the two species differed greatly from September to Arpil. Du-
ring this period, P. stylirostris averaged 1.82 g/month P. cali-
forniensis averaged 1.07 g/month. This results is attributable
to the higher rate of fall growth of P. styllrostrls. Penaeus
californiensis continued very slow growth in the winter and early
spring, while growth of P. stylirostris ceased at this time.

In addition to faster net growth from September to April, P. sty-
lirostris grew much faster in the summer as is indicated by its
much larger, initial modal size class in September.
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Figure 3. Growth Curves of Penaeus stylirostris and P. californiensis
at Puerto Pefiasco, Sonora, Mexico, 1967-1968. The modal
class weight was calculated from the weighted average of
the modal size couplet each month.

Effects of Fishing.- Figure 4 depicts the relation between
fishing effort in total fishing days per month and changes in
catch. Table 3 contains a breakdown of fishing effort throughout

the season. From September to April, 76 shrimp boats operated

a1t af Dharta De +ntal n«F 'l h?27 722 bk nf
vVue w vl vu bllua\;\l’ Uupbu; -L,‘B u vuUuLa.s "'l'l_l s’ 7229 '\9 v

healess shrimp. Penaeus californiensis represented 45% and P.
stylirostris 55% of the total catch. Although fishing pressure
was maintained at a constant rate from October through April,

catch per unit effort declined dramatically. The total yield
for April was about 10% of that for September (at the hornpnrnn

- Q0L VA L S A e L My A

of the season) even though only the second half of September fell
within the shrimping season. The impact of the fishery is espe-
cially noticeable for P. stylirostris which showed a rapid decline
from October to April.  This decline is described by a hyperbolic
function, the predictable form for a steadily overexploited
population of a given density. The curve appears to be similar

to that given by Lluch (1974) in his overexploitation model. A
Slml.!.dr, but 510wer, decline is exhibited Dy I"- CdlerI‘nlenSlS,
beginning in November. Penaeus stylirostris is iniatially

larger and commands a higher market price (B. Salser, pers. comm.),
so that fishing effort may be concentrated on this species at the
beginning of the season.
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Figure 4. Shtimp,CaPch versus Fishing Effort at Puerto Pefasco,
Sonora, Mexico, 1967-1968.
Table 3. Analysis of Fishing Effort during the 1967-1968 Season
at Puerto Pefiasco, Sonora, Mexico
SEPT oCT Nov DEC JAN FEB MAR APR MAY
Total
"fishing days" 943 1707 1623 1595 1613 1534 1690 1521 1577

Mean - no. days
per boat for month 13.10 23,07 21,93 21.55 21.80 21,01 22.84 20.84 21.90

Mean -~

no. trips/boat 1.75 1.99 1.76 1.69 1.54 1.37 1.35 1.55 l.68
Approx. total

no. trips made 128 147 130 125 114 100 100 113 121
Mean -

no. days per trip 7.36 11.59 12.48 12.76 14.15 15. 34 16.90 13.46 13.03

Catch per unit

effort
(Kg catch/trip) 1349 1557 1812 1954 936 1007 758 601 -
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