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ABSTRACT 
A single-cohort biomass model was developed for a 

management strategy using proportional escapement as 
a reference to control fishing effort for the giant squid 
(Dosidicus gigus) in the Gulf of California. Biological in- 
formation (length and weight frequencies) and fishery 
statistics (catch and effort) from November 1995 to 
November 1996 for the commercial fleet were analyzed. 
The data showed the presence of one cohort of D. gigur, 
which recruited in May. This cohort supported the 
fishery throughout the year. Using a biomass estimate 
from a research cruise in the central area of the Gulf of 
California in October 1996, the model predicted the 
hghest levels of abundance h-om October 1996 to January 
1997. We suggest a proportional escapement, estimated 
from the point of maximum biomass, between 27% and 
40%, with a remaining biomass of between 65,560 and 
34,890 metric tons in May, a month in which a new re- 
cruitment can be expected in the fishery. 

INTRODUCTION 
Giant squid (Dosidicus gigus) landings during 1996 in 

the Gulf of California exceeded 100,000 metric tons (t) 
live weight. In this fishery, there are three fishing fleets: 
one from Baja California Sur, and two from Sonora, 
Mexico. Lanhngs by these fleets vary seasonally accordmg 
to the availability of squid. Off Baja California Sur, fish- 
ing is done during spring and summer; in Sonora, dur- 
ing fall and winter. Increased catch of giant squid during 
the last year has caused an increase in fishing effort, a sit- 
uation that should be analyzed to avoid damaging the 
squid population. 

The dynamics of a single cohort can be analyzed by 
interpreting the combined effects of changes in the nat- 
ural mortality (h/r) and individual growth, given an ini- 
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tial recruitment (No; Alverson and Carney 1975). In pre- 
vious studies on squids (Rosenberg et al. 1990; Morales- 
Boj6rquez et al. 1997) the management strategy was to 
determine the number of recruits at the beginning of 
the fishing season, their exploitation rate, and the stock 
size at the end of the fishing season. 

The strategy we propose is to determine a propor- 
tional escapement useful for controlling the fishing ef- 
fort. Proportional escapement is defined as the number 
of spawners alive at the end of the fishing season as a 
proportion of those that would have been ahve had there 
been no fishing (Beddington et al. 1990; Basson and 
Beddington 1993; Nevirez-Martinez and Morales- 
Boj6rquez 1997). We simulate growth of a cohort and, 
from the point of maximum biomass, establish a man- 
agement strategy that considers an increment of the fish- 
ing effort and the proportional escapement. 

METHODS AND MATERIALS 

Research Cruise 
A biomass survey was done from the R / V  Lug0 from 

9 to 29 October 1996 (LUGOCT). A total of 46 fish- 
ing operations covering 39 stations were made. The catch 
system consisted of an automatic device with jigs, and 
lighting. For each fishing operation, we recorded the 
initial and final position of the vessel, number of squid 
captured, fishing time, and time of illumination prior to 
the operation of the jigs. When the catch allowed it, 100 
squid were measured, and 20 to 25 were selected at ran- 
dom for biological sampling; mantle length and weight, 
total weight, sex, and stage of maturity were recorded. 

Abundance Estimation 
We estimated the biomass of squid by the swept-area 

method, using total catch in weight (Pierce and Guerra 
1994). To reduce the error of the estimate, we divided 
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the study area into five strata (fig. 1). 

and Guerra 1994): 
The biomass estimate was obtained as follows (Pierce 

with variance 

where €3, = total biomass; 
Y,  = total catch in the ith stratum; 
Ai = total area of the ith stratum; 
a, = area swept in the ith stratum; 

si2 = variance of the catch of the ith stratum; 
yzi = number of fishing cperations of the ith 

The swept area at each station was defined as the drift 
of the vessel (nautical miles) multiplied by the distance 
of influence of the jigs (established arbitrarily as 10 in 
from the ship's hull). 

Biological Data and Fishery Information 
Biological data were collected weekly in the port of 

Guaymas, Sonora, from November 1995 to November 
1996. The information corresponded to commercial 
landings by the artisanal fleet (small boats with outboard 
motors, called pangus). We recorded length of the nian- 
tle (cm); weight of the mantle (kg); sex; and stages of 
maturity. 

Weekly catch and effort statistics were obtained from 
the Subdelegacibn de Pesca of Guaymas. This infornia- 
tion involved records of a fleet of shrimp trawlers adapted 
for squid fishing and an artisanal fleet of pangas. 

Biological Parameters 
We analyzed a mantle length (ML) frequency distri- 

bution considering biweekly periods, and used the 
Bhattacharya method, available in FISAT v.1 .0 (Gayanilo 
et al. 1995), to separate cohorts. We then computed the 
parameters of the von Bertalanfi model for individual 
growth. The parameter values were optimized to get 
a best fit of the function (Yo,, - 
observed length values and YESt = estimated length 
values (Hilborn and Walters 1992). The mantle length- 
mantle weight relation was also obtained. We used sam- 
ple data to compute total numbers by interval of man- 
tle length in the weekly landing at Guaymas (Sparre and 
Venema 1995). 

The maturity stages were determined according to 
Lipinski (1 995). Stages I (immature), I1 (in transition), 

stratum. 

where Yo,,,. 
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Figure 1. 
grounds of the commercial fleets. 

Study area divided into five strata according to the fishing 

and VI (end of spawn) were grouped as not active for 
reproduction, whereas stages I11 (maturing), IV (mature), 
and V (spawning) were considered active for reproduc- 
tion (Hernindez-Herrera et al. 1996). 

Yield Analysis and Simulation 
We did a virtual population analysis (VPA) by fort- 

night considering all age groups present in the length- 
frequency distribution (Pope 1972), using a value of 
terminal fishing mortality (F) of 0.3, similar to the nat- 
ural mortality value (m estimated by Mordes-Boj6rquez 
et al. (1997; 0.202/fortnight), and using estimates 
of fishing mortality rate (F) and fishing effort c f )  for 
two different periods (Sillinian 1943, cited in Ricker 
1975). The initial population size (No) ,  correspond- 
ing to the size of the recruitment of D. g<ps  was thus 
determined. 

We then used a modification of the model proposed 
by Alverson and Carney (1975) to explore growth and 
decay of a cohort. This model depends directly on the 
value on M ,  k, W, and No. The expression is 

= N,lexp-M*fWx (1 - exp-k*r) a 
biomass of the population at time t ;  N,, where e 

initial recruitment; W, = average individual weight 
a t  maximum length; and k = growth rate of the von 
Bertalanffy model. The modification considered incor- 
poration of the fishing mortality (fl according to the 
following: 

p = N exp-I("+")*'IW,(l - P 
r (1 ) .  

In this expression, we optimized No with the solver tool 
of Microsoft Excel v. 7.0, minimizing the difference 
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between the direct estimate of population abundance 
and the population abundance calculated by the model 
for the correspondmg fortnight. Because giant squid can- 
not live beyond two years, A4 was increased by 13% each 
fortnight for squid age 1 year and older. Otherwise it 
would appear that there is high abundance of squid larger 
than 80 cm mantle length in the Gulf of California, 
which is not the case. We optimized a biomass growth 
curve using an F value of 0.9 and used it as a reference 
to plot a family of curves for different F values, from 
F = 1 to F = 1.5, with increments of 0.1. For each bio- 
mass trajectory, we calculated a K value as K = exp(pF) 
(Rosenberg et al. 1990). 

Thus the management strategy was to determine an 
escapement level that would be useful in the control of 
fishing effort. This control could be implemented in two 
ways: by limiting the number of licenses, and by limit- 
ing the length of the fishing season (Beddington et al. 
1990; Basson and Beddington 1993). 

With the theoretical values of F, and according to the 
expression 

1; 

4 
f = - 9  Est 

we estimated the calculated effort (‘f‘,,,) in number of 
fishing nights for the adapted shrimp fleet by using 
4 = 0.000429 (Morales-Bojbrquez et al. 1997). For the 
artisanal fleet, we standardized effort (‘fs,) from fExt by 
using a correction factor (Fc) .  This was estimated as 
Fc = CPUEcl / CPUEaf, where CPUEsl is the mean catch 
per unit of effort of-the shrimp fleet, and CPUE4.is 
the mean catch per unit of effort for the artisanal fleet. 

~~ 

Hence& =&st * Fc. 

RESULTS 
For the biomass survey, figure 1 shows the study area 

and five strata considered. The estimated total abundance 
of the population was 171,150 t (+21,200 t, 95% CI). 

During the year of study, 1,934 indwiduals were sam- 
pled. Mantle lengths ranged between 24.3 and 86 cm, 
with an average of 58.6 cm. Analysis of the mantle length- 
frequency distribution showed one annual cohort (fig. 
2), with a recruitment observed during May. Because 
the mantle lengths were measured biweekly, it was pos- 
sible to estimate the age in years, every two weeks cor- 
responding to 0.038 years. Thus squid recruited to the 
fishery at an estimated age of 6 months. The parameters 
of the von Bertalanffy growth model were: k = 0.8/year; 
L, = 87 cm mantle length; and W, = 0.013 t mantle 

Figure 2. Progression modal analysis applied to mantle lengths (cm). 
Fortnight 1 is from 5 to 18 November 1995. Fortnight 28 is from 17 to 30 
November 1996. 
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Figure 3. Mantle length (cm)-mantle weight (kg) relation for giant squid 

weight. Parameters of the length (L)-weight (W) rela- 
tion for mantle were 01 = 3.08 x IOps and p = 3.42 (fig. 
3). The growth models in mantle length (ML) and man- 
tle weight (MW) were 

M L  = 87 x (1- e,p[k0.8*(t-0.115)11 
I 

~w = 0.013 { 1- exp[-0.8*(f-0.115)1 3 42 1 
The stages of maturity showed that the spawning season 
lasts from February to May, with a relative frequency of 
active females greater than 90% during that period (fig. 4). 

The estimate of No from virtual population analysis 
was 386 x 10' individuals; the optimized value of No 
with respect to the estimate of abundance of the survey 
was 303 x lo6 individuals. The model to estimate bio- 
mass (t) is 
pt = 303 x 10' exp-[(0.202+F)*fl 0.013(1- exp-0.8*')"42 

Figure 5 shows (a) the biomass curve with constant 
natural mortality (A4 = 0.202/fortnight), and (b) a bio- 
mass curve considering an increase in M from t = 1.076 
years and older. According to model a, squid will live 
longer than two years, and the maximum yield will occur 
from fortnight 20 to fortnight 30. According to model 
b, maximum yield of approximately 190,000 t occurs 
from fortnight 12 to fortnight 18, whereas the remain- 
ing biomass for fortnight 27 was 65,560 t, when a new 
recruitment could be expected. 

Figure 6 shows the trajectories of biomass with dif- 
ferent levels of F. Table 1 shows the estimates of K,fE-q,, 

f S f n ,  and the remaining biomass for each value of theo- 
retical F. 

DISCUSSION 
The annual mantle length-frequency analysis for the 

fishing grounds off Guaymas showed evidence of only 
one cohort with an annual recruitment. This recruit- 
ment was observed during May, when squid were 6 
months old, corresponding to mantle lengths between 
24 and 50 cm. During this period squid were actively 
reproducing off Guaymas, as described by Hernindez- 
Herrera et al. (1996). 

We assumed that recruitment observed in May was 
the most important, and that it sustains the squid fish- 
ery during the fishing season. This recruitment could be 
the result of a spawn at another time and in another 
area within or outside the Gulf of California. Ehrhardt 
et al. (1983) observed mature squid in December and 
January off the Pacific coast of the Baja California 
Peninsula, suggesting that this spawning event is of great 
importance because it generates the squid that recruit to 
the fishery from March to April and support the fish- 
ery fi-om May to September, when fishing effort increases 
due to the presence of the shrimp fleet. Ehrhardt et al. 
(1983) also observed high percentages of mature females 
in May and June, which agrees with our observations 
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Figure 4. Proportion of females not active and active for reproduction. Not active were maturity stages immature (I), in transition (II), and 
final spawning (VI). Active stages were maturing (ill), mature (IV), and spawning (V). Fortnight 1 is from 5 to 18 November 1995. Fortnight 32 
is from 12 to 25 January 1997. 
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Figure 5. Biomass trend of giant squid: a, constant natural mortality; b, with an increment in natural mortality of 13% into each new instant 
of time tfrom t =  1.076 years. The value of 171,150 metric tons corresponded to the biomass estimation aboard the RIV Lugo. Fortnight 1 is 
from 19 May to 1 June 1996. Fortnight 38 is from 19 October to 1 November 1997. 
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Figure 6. Biomass curves estimated with different levels of fishing mortality from 0.9 to 1.5. The value of 171,150 metric tons correspond- 
ed to the biomass estimation aboard the R/V Lugo. Fortnight 1 is from 19 May to 1 June 1996. Fortnight 38 is from 19 October to 1 
November 1997. 

TABLE 1 
Management Scenarios at Different Levels of Fishing 

Mortality and Proportional Escapement 

F 

0.9 
1 .0 
1.1 
1.2 
1.3 
1.4 
1.5 

K 

0.407 
0.368 
0.333 
0.301 
0.273 
0.247 
0.223 

___ fE$, 

2,096 
2,329 
2,562 
2,795 
3,028 
3,261 
3,494 

fst, 

4,192 
4,658 
5,124 
5.590 
6,056 
6.522 
6,988 

Remaining biomass 
(t) at  fortnight 27 

65,560 
56,000 
47,830 
40,850 
34,890 
29,800 
25,450 

near Guaymas during 1996. We therefore conclude that 
spring spawning generates individuals that eventually re- 
cruit to the fishery in September. But our observations 
off Guaymas do not support a second recruitment in 
autumn, although it is possible that this occurs in a dif- 
ferent area. Another possibility is that in 1996 this re- 
cruitment was not successful. 

Disregarding the possibility of a second recruitment 
to the fishery, the single-cohort model with a constant 
M (fig. 5a) assumed that squid live longer than two years, 
something that was not observed in the field. However, 
the single-cohort model with a variable M (fig. 5b) pro- 
duced a maximum yield from fortnight 12 to fortnight 
18; after that, the value of K was defined. Compared to 
the study of Rosenberg et al. (1990), in our study the 

proportional escapement was not estimated drectly from 
the initial recruitment, but 6-om the time when the max- 
imum computed biomass was observed. The model al- 
lowed us to construct a family of curves that simulated 
the decay of the cohort from the maximum value of bio- 
mass estimate with variations of F (fig. 6) that also cor- 
respond to an increment in the fishing effort due to the 
end of the shrimp fishing season. The K values decreased 
from a value of 40% as F increased. This was then ob- 
served in the remaining adult biomass. 

Our observations indicated that variations of K be- 
tween 27% and 40% would allow an escapement of adult 
biomass between 34,890 and 65,560 t in May, when bio- 
mass could increase after a new recruitment. The choice 
of values of K was arbitrary because a stock-recruitment 
relation for giant squid is yet unknown (Beddington et 
al. 1990; Rosenberg et al. 1990). However, escapement 
and optimal effort levels were computed relative to 
maximum biomass, when fishing is directed to adults 
that possibly have already reproduced, and not at the 
moment of recruitment. 

In the giant squid fishery, there are two risks in man- 
agement decisions. The first includes fishing without a 
license, changes in catchability, selectivity, and accessi- 
bility to the fishing fleets. The second risk includes fac- 
tors related to the biology of squid: changes in M due 
to migration (Ehrhardt et al. 1983; Klett 1996) and re- 
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production (Hernindez-Herrera et al. 1996). Any change 
in these factors affects the estimation of K and conse- 
quently the size of the estimated recruitment for the next 
fishing season (Basson and Beddington 1993). 
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