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ABSTRACT

Samples taken during the closed fishing seasons from 1992 to 2010 were analyzed at sea. These data along with the lan-
ding records for the fishing periods from 1992-1993 to 2009-2010 were used to allow the situation of Litopenaeus van-
namei from the coasts of Sinaloa and Nayarit to be analyzed by means of stochastic models and by a graphic approach
for the surplus biomass. Using the catch from 1993-1994 as a reference point and comparing this to the 2008-2009
catch revealed a stock decrease of about 65%. By taking into account the percentage contribution to total shrimp land-
ings, these changes showed a decrease from 76% to 12%. There were changes between 2000 and 2001 when the fleet
grew by 50%. Considering a 3600 t maximum sustained yield (MSY) in the series 1992-2010, 50% of the reports are

lower. It is necessary to recover the stock.
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1. Introduction

We believe that updating of the present information and
having a discussion about the Pacific white shrimp po-
pulation, with the goal of revitalizing the protection and
the future of the stock, is important. We may do this by ge-
nerating a diverse heuristic approach on the present health
of the population, its exploitation, and catch levels through
biomass models and the associated graphic analysis.

From studies of the structure and population dynamics
of the white shrimp in the continental area of the southe-
rn Gulf of California, the highest recruitment and greatest
growth rates for penaidae shrimp was from June to July
in the estuarine system Huizache and Caimanero at the
mouth of the Gulf of California [1,2]. A decrease in the
catch for the Pacific white shrimp is suggested by some
work since 1956 for Central America, San Salvador, and
Panama and is related to the growth in the fishing effort
[3]. Is also recorded in the summer in estuarine system
Huizache and Caimanero for the two Lifopenaeus spp.
[4]. From data for the mouth of Rio Baluarte, recorded
that the highest abundance of postlarvae were from June
to September for L. vannamei [5]. From data of L. van-
namei of the Rio Presidio, also at the mouth of the Cali-
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fornia Gulf, determined that despite the spatial abundance
variation, the postlarval shrimp abundance is higher in the
shallow coastal waters than in the lagoons [6] (Table 1).
From landing data observed that for Litopenaeus styli-
rostris and Litopenaeus vannamei the conspicuous ma-
ture gonadal period was in the spring and summer, al-
though for Farfantepenaeus californiensis and F. brevi-
rostris gonadal maturity is seen all during the year [7]. A
discussion on dynamic biomass models for brown shrimp
in the northern Gulf of California [8], showed fluctua-
tions in total catch, from 3900 t during 1976-1977 to 1500
t during 1990-1991, increasing to almost 4000 t in 1997-
1998 (Table 1). These catch records show that they are
less than the value of the maximum sustained yield (MSY)
estimated with the process error estimator. Part of this
variation in catch can be attributed to fluctuations in the
fishing effort because the number of vessels decreased
from almost 500 in 1979-1980 to 300 in 1993-1994. The
decrease for Litopenaeus stylirostris was attributed pri-
marily to overexploitation of the resource and viral dis-
ease [9-12]. The lack of the Colorado River freshwater
discharge [13,14], even though L. stylirostris and Far-
fantepenaeus californiensis are euryhaline species that
inhabit hypersaline habitats in large numbers of postlar-
vae and juveniles [15], has been discussed.
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Table 1. Basic data of shrimp stocks in the Mexican Pacific.

Species Settlement

Recruitment

Spawning Status

White  Spring-Summer [5,6] Fall and winter [24]
Blue Spring-Summer Fall and winter [23,35]

Brown All year [11,28,35]

Spring-Summer [1,2,28,35]
Spring-Summer [11,35], Summer [23] Spring-Summer [7,11,28, 38]

All year [11,35]

Spring-Summer [7,11,28]  Overfishing [23,25,26]
Overfishing [2-9]

All year [7,11,28] Optimum [23,25]

Some workers believe the brown shrimp can respond
immediately to the environment by changes in the first
age of maturity, reproductive period, individual growth,
and magnitude of recruitment [16]. The changes in dis-
tribution were evident when an El Nifio affected the
California current [17-21]. The El Nifio caused a shift in
the distribution of many taxa in the Pacific; including
shrimp, fish, and mammals up to the northern range of
the California current. In other models of the dynamic
biomass population in Mexican waters, overfishing is a-
ssumed and there is a decline in shrimp landings [22,23].

In the lagoons of the Gulf of Tehuantepec, the abun-
dance peaks of juvenile stages of the white shrimp oc-
curred in December-January and March-May [24]. From
data of the national fisheries burecau (INP) was made a
recruit index and spawner abundances index from data of
five closed seasons from May-June to August from 1993
to 1997 and four other fishing periods in the same years
[25] (Table 1). By analyzing the annual variation for the
brown shrimp (Farfantepenaeus californiensis) and whi-
te shrimp (Litopenaeus vannamei) in the Gulf of the Te-
huantepec, the results indicated that the closed seasons
protected almost 100% of the white shrimp recruits and
90% of the brown shrimp recruits. The brown shrimp
fishery was in a good state because the abundances of the
recruits and spawners were constant. The white shrimp
fishery was in an overfished state because the number of
the recruits and spawners were in decline [25]. An appli-
cation used for surplus models is suggested in a lagoon in
the Gulf of Tehuantepec for catch-per-unit effort (CPUE)
from 1983 to 2006 [26]. The determination is by means
of stationary enclosures and cast nets. The maximum
shrimp production (806 t) was in 1987. Though the fish-
ing effort remained constant since 1995, the shrimp lan-
dings are declining. The total shrimp production recorded
for 2000 fell below 58% of the maximum sustainable
yield (MSY) to 245 ton-y '. The observed effort was 45%
larger than the estimated effort at the MSY. The results
reveal overexploitation, a declining abundance, and the
risk of a collapse of the shrimp fishery in the area [26].

To assess the abundance of white shrimp stocks in the
area of their heaviest density in the Pacific, the mouth of
the Gulf of California (Figure 1), we used the reported
catch and effort by the Comision Nacional de Pesca y
Acuacualtura [27] and evaluated this compared to the
proportion of species reported by Instituto Nacional de
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Pesca [28]. We used, as an important reference and a fra-
mework for our study, the published literature on bio-
mass data for Penaeus monodon in Australia [29,30].

In general, the analyzed catch and effort data for the
white shrimp (Litopenaeus vannamei) fishery cover 18
years. We used data of some 3000 hauls made in the clo-
sed period from 1992 to 2010 and around 45 thousand
landings in the fishing seasons from 1992-1993 to 2009-
2010. The average live-weight catch in the series ana-
lyzed is 1520 t. The largest catch is 5320 t of live weight
in the 1993-1994 fishing season. The smallest catch was
in 2000-2001 with about 430 t of live weight. In 2006-
2007 there is an increase to 2405 t live weight.

We used a dynamic biomass model in a stochastic ver-
sion to analyze the catch-per-unit effort of the trawl fish-
ery in the southeastern Gulf of California, Mexico, (Fi-
gure 1) where the major part of the Pacific fleet is con-
centrated. We assume that the CPUE is measured with an
error, and there are other variability’s of the population
that are produced by factors not included in the model.
Moreover we recognize several sources of perturbation,
such as changes in the size of the shrimp, in the recruit-
ment, and in the environment. The environment and the
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Figure 1. Study area in southeastern Gulf of California. In-
cludes the continental shelf of Sinaloa and north of Nayarit,
México.
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fishing effects on the shrimp population are discussed as
a hypothesis for the trends of the population and the CP-
UE.

2. Methods

To assess the abundance of white shrimp stocks we used
the reported catch and effort by the CONAPESCA [27]
and evaluated this compared to the proportion of species
reported by the INAPESCA [28]. In general the work
covers about 3000 hauls made in the closed periods from
1992 to 2010 by INAPESCA and around 45 thousand
port landings in the fishing seasons from 1992-1993 to
2009-2010 by CONAPESCA. We defined the proportion
of the contribution of the white shrimp to the total catch
and the fleet number and estimated the CPUE in t per
boat. The literature on biomass data published for Penaeus
monodon in Australia [29,30] is well-suited as a refer-
ence. It is estimated to be a Schaefer Type [31] as a-
mended by Pella-Tomlinson and discussed by Polachek
et al. [32] in [33] such as

r B, r
Bt+1 :B1+_Bz 1-|— _Ct
p K

where B, is the predicted biomass at the time ¢ + 1, B, is
the biomass at the time ¢,  is the growth rate, p is the
function form parameter, K is carrying capacity, and C, is
the catch to time .

The parameter model is estimated by maximizing the
objective function of the type

LL= —S{Ln(2n)+2Ln(3j+l}
where LL is the log likelihood, # is the data number, and

2
c/;:\/I(ln(lt)—Ln(?j] , where [, is the CPUE ob-
n

served and /. is the CPUE expected or ¢,B,, where ¢ is
the expected catchability in the time ¢ and B is the pre-
dicted biomass in time .

The confidence intervals are calculated at 95%, and
the model parameters are made by the bootstrapping of
the CPUE [33,34]. In each run of a thousand optimiza-
tions, it resets the surplus production model by replacing
the values of the CPUE by that of the bootstrap. It is no-
nlinear, using the quadratic estimate, derived from a pro-
gressive and Newton algorithm 1000 times for each run.

The projections are made using the calculated model
and the value of the initial capture or the observed CPUE
and time (18 years), and the value of the observed effort,
in this case 772 + 100 ships, which are recorded in Na-
yarit and Sinaloa.

The catchability or g in the model was produced by ¢’
= Ln(CPUE/B, + 1), where CPUE is the value for the
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catch in the fishing period and B, + 1 is biomass in time ¢
+ 1 for the Schaefer model vs time (18 fishing periods).
In general, the case analyzed is assumed to be increasing
by a constant amount each fishing period. The g, value
for each year is produced from the linear equation g, = g,
+ t xq.q4, Where g, is the catchability in year ¢, g is the
start catchability, ¢,4 is a constant amount by ¢ increase-
ing each fishing period. The estimation of two parame-
ters involves finding the gradient, ¢,4, and intercept ¢, of
the linear regression between ¢, and time [33]. The model
may be used for a decreasing case.

The model must be taken heuristically. The CPUE is
calculated for the harvest season. We evaluated the his-
tory of the fishery between 1992 and 2000 and from
2001 to 2010. We evaluated and presented the model, in
general, for the CPUE and effort and for the time. We ca-
Iculated the surplus production model and presented this
for the catch seasons. We calculated the likelihood ad-
justment of the parameters r, K, p, and the initial biomass
Bo, which is the capture at the beginning of the series.
We calculated the confidence intervals. The MSY is as-
sessed, which assesses the projections using the model
and the initial setting gq. We also believe that the model
behavior includes the descending data.

3. Results

The study area was in the southern Gulf of California and
includes an area of 1500 km? with depths from 8 m to 76
m or ~5 to ~42 fathoms (Figure 1).

These marine data are from the fishery institute in Me-
xico produced for the white shrimp from 1992 to 2010.
The average live-weight catch in the series analyzed is
1520 tonnes (t) with a standard deviation of 1205 tonnes
(t). The largest catch is 5320 t live weight in the 1993-
1994 fishing season (Figure 2). The smallest catches we-
re in 2000-2001 and 2001-2002 with about 430 t and 460
t live weight. In 2003-2004 there is an increase of about
2380 t, and in 2006-2007 again an increase to 2400 t live
weight.
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Figure 2. White shrimp catch from series of reported catch
and proportion by INAPESCA data, for the southeastern
Gulf of California. The maximum is 5320 tonnes (Modified
from [38]).
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These marine data are from penaoeidea assemblages,
with the white shrimp populations off the coast of Sina-
loa and Nayarit contributing about 17% (arithmetic ave-
rage) of the catch of the fleet. The highest proportions
were recorded in 1992 and 1993 with about 50% and 76%,
and the lowest in 2000-2002 at about 5%. The most re-
cent data for 2009-2010 is nearly 12% [23,35,36,28]. In
1993-1994, the white shrimp is first and from 1994 to
2010 was third in production, after the blue and the bro-
wn shrimp. The evaluation of the rebound in 2003-2004
compared to the catch of 1993-1994 is a loss of 56%
(Figure 2). If we evaluate the rebound in 2006-2007 and
2008-2009 compared to 1993-1994, these are losses of
between 62% and 65%.

Looking at the trend of the CPUE graphically (Figure
3), it is possible to make up two different histories (Fi-
gure 3(a)) in relation to changes in the effort, which is
represented in the qualitative circles; one that the effort is
nearly 550 boats = 100 boats and other is 775 boats + 100
boats. In part (b) of the figure, the period is from 1992 to
1999, and the extreme data is for the 1992-1993 and
1993-1994 fishing periods, with the ordinate scale amoun-
ting to 10 t. In part (c¢) for the period from 2000-2001 to
2008-2009, the scales change from (b) to (¢) from 10 t to
5 t per boat. The extreme values in (¢) are for 2003-
2004.

At the next step we adjusted the dynamic biomass mo-
del and the confidence interval generation, which is sho-
wn in Figure 4 (part (a)). The model and data have ske-
wed the changes after 1993-1994. After 1994-1995, the
CPUE remained at lower values, with the more critical in
2000-2001 and 2001-2002, shown by arrows. In (b)-(e)
the precision is fitted for the 7, k, Bo, and p parameters.
The r value is 0.34, near to the values of Penaeus mono-
don that is a framework and considered the values for the
logistic theory. The K values related to biomass in the
context of carrying capacity is near 43,000 t, which is not
an artifact if we take the area as 1500 km® and assume
values < 3 t per km” per year. Bo is a value at the start of
the series and increases to about 3375. The p value is
0.001, far from 1, a value similar to the classical Schaffer
model and assuming tonnes (f) skewed to the right, a
classic form for the function. The value for log likelihood
was nearly —3.64 and the exponential was 0.02. If the
null hypothesis is referred to than the dispersion of the
CPUE calculated and observed may be explained by a
log normal distribution.

When the scenario of the maximum sustained yield
(MSY) and the effort to attain this maximum is conside-
red, the MSY values were taken with the necessary care
only heuristically. The MSY is nearly 3675 t live weight
(Figure 5(a)) or 2450 t of tails. The effort for the MSY
amounts to 145 boats (Figure 5(b)) with a maximum of
250 boats. In Figure 5 part (c), we added a relative test
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to predict under the MSY more than 83%, shown in the
histogram and under the accumulated proportion curve.
In Figure 5 part (d) we added another relative test of e-
ffort that predicted under the MSY more than 63%, sho-
wn in the histogram and under the accumulated propor-
tion curve. In considering the catch series deduced from
the proportion by the National Fishery Bureau and the
official report of the catch by CONAPESCA, the catch is
below the MSY in >90% of the data. If the effort report
is minus 100 boats, then the effort is at least four times
for this species and at least double if considering the ma-
ximum in the figure. The status of the stocks is deteriora-
ting, given the current efforts and under the precautiona-
ry approach.

In the Figure 5 we represented the output for bootstrap
for the MSY (part (a)) and the effort (part (b)) from the
general model. In part (c) is the output for the predicted
catch that was around the MSY, with at least 85% ac-
counted for from the general model. In part d are the out-
put effort values, which were near to the reported values
and explained at least 65%. That is the framework for the
model as a heuristic approach

The simulation through bootstrap for the catchability
or ¢ = Ln(CPUE/B, + 1) and the value produced for the
regression for ¢ compared to the time-series from 1 to 18
fishing periods that produced ¢'. We take the starting
gradient and the intercept with the values of 0.95 and
0.00237. The #* value for ¢ was nearly 0.41 in the start-
ing values. The bootstrap produces  values from 0.41 to
>0.51. The /* values for qo* Ginic (When gq and g;,; were
the gradient and the intercept for g respect the time),
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Figure 3. White shrimp catch per unit effort from a series of
reported catch and effort in boats, for the southeastern Gulf
of California. In part (a) the period from 1992-1993 to 2008-
2009. In (b) the period from 1992-2993 to 1999-2000 (Left
circle in (a)). In (c¢) from 2000-2001 to 2008-2009 (the right
circle in (a)). The scales change from (b) to (c) from 10 t to 5 t
per boat.
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Figure 4. White shrimp dynamic model compared to the catch per unit effort from series of reported catch and effort in boats,
for the southeastern Gulf of California. In the model and the confidence interval at 95% produced by bootstrap. In (b), (c),
and (d) the precision fitted for the r, k, Bo, and p parameter. The fitting is only considered under bootstrap.
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by default were >0.9, with the ¢ not increasing during the
years, but decreasing. In Figure 6, the catchability boot-
strap evaluation for the biomass dynamic model for the
white shrimp is shown. In part (a) are the g values per
fishing period. The variation is highest, such as is seen in
the interval values with three and two orders of magnitu-
de or zero values. In (b) are the ¢’ values showing a con-
stant interval that is about 0.003. In (¢) are the median
and confidence intervals for ¢, compared to the starting ¢
and ¢, with the values not increasing. The line along part
(c) is only qualitative.

4. Discussion

The diverse problems that are important for the imple-
mentation of the model are first the heuristic approach to
understand the health status [37] of the white shrimp
population. At the next step, we accept that the reported
data have an observation error, such as the fleet size, that
can fluctuate about one hundred vessels, because of me-
chanical or technical problems. The fleet has two com-
ponents; one landing at Mazatlan and other fleet landing
in the north at Topolobampo. The fleet size in 2001 to
2011 has 560 vessels landing at Mazatlan and nearly 100
at Topolobampo. Other problems are related to the un-
derreported catch.

0.31(a)

Proportion
=)
)

=
—

For the problems with the fleet size and the reported
catch, we believe these changes may be included in the
simulation made for the development models. For exam-
ple, following the rules of random allocation of the ob-
served CPUE compared to the observed catch, which can
produce changes in the size of the effort, and which is
measured in the number of boats and produces a scenario
at least to explain >55% of the variance or dispersion.
The model could explain a higher variance. The fit may
continued in successive steps, including a higher disper-
sion. But the result may be considered a good approach
and explain at least 55% of the results.

To explain the dispersion, we assumed that the status
of Litopenaeus vannamei populations off the coast of Si-
naloa and Nayarit may be deteriorating. From the catch
in 1993-1994, the stock may be declining if compared
with that of 2008-2009, with a decrease of 65%. The
percentage contribution to the total catch of penaeids chan-
ges from 76% to 12%. The change happens between 2000
and 2001 when the fleet grows by 50%. If the MSY of
3600 t is compared to the catches from 1992 to 2010,
50% of the reports are under this MSY value and may
mean overfishing. The » of the population related to mo-
rtality is >0.16. Then the decline in the stock has a con-
tinuous risk.
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Figure 6. The catchability bootstrap evaluation for the white shrimp. In (a) is the ¢ values per fishing period. In (b) are the ¢~
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The implications can be that the population of white

shrimp in the mouth of the Gulf of California is declining.

Also, there may be the decline of breeding stocks and
thus low success rates of larval and postlarval survival,
with low rates of settlement in protected waters and sha-
llow waters like those of depths of 0 to 5 fathoms. Mo-
reover a byproduct is the decline in the CPUE. A decline
in the CPUE is related to lower profit, lower capital, and
lower wealth of the region, and so a lower welfare of the
fishermen. There may be increased levels of conflict and
a risk in the future of local shrimp populations. The stock
recovery is important for the environment in the region
and the management tools such as the closed season, a
sustained fleet size, quotas, the protection of shallow ma-
rine waters, and no fishing areas are possible to be used.
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