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ABSTRACT

required goal.

Management

Shrimp is the most valuable fisheries resource in Mexico, representing almost 40% of the total production landed,
with total revenue of more than US $ 132 million per year. Shrimp fishery provides with more than 30,000 direct
and indirect jobs. Three peneid shrimp species, blue, brown, and white shrimp of the southern Gulf of California,
are exploited near to their maximum capacity, and they account for >95% of the wild stock of the Pacific coast. In
the current fishery, the age of first capture is the overexploiting juveniles; therefore, increasing the age of the first
capture from four to five months is recommended. The stocks were evaluated with a simulation model. Two fishing
scenarios were tested: the maximum sustainable yield (MSY) and the MSY/fisher. As it is not possible to address
particular exploitation policies for each species, the recommended exploitation strategies are based on combined
species. It was concluded that, for the MSY scenario, 12,000 fishing days per season would fulfill most of the
requirements; in the second case (MSY/fisher), reducing the current number of boats to 530 would achieve the
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INTRODUCTION

The world shrimp production for fishing and aquaculture is
around 6.4 million t of whole shrimp and represents an annual
income of more than 20 billion dollars [1]. In Mexico, shrimp is
the most valuable fisheries resource, representing almost 40% of
the total value of the fisheries production landed and a total value
of more than US $ 132 million per year. Shrimp fishery provides
with more than 30,000 direct and indirect jobs [2,3]. The shrimp
fishery in the Mexican Pacific is supported mainly by four peneid
shrimp species, commonly called as follows: brown shrimp Penaeus
californiensis, blue Penaeus stylirostris, white Penaeus vannamei, and
red or crystal shrimp Penaeus brevirostris. The total wild shrimp

production was 74,000 t for the Gulf of California in 2013 [3,4].

The proportion of species caught in the eastern Gulf of California
is varied depending on the habitat, region, and depth. For the
southern Gulf of California (southern Sinaloa), the inshore water
is dominated by white shrimp (89%) and followed by blue shrimp
(11%). At the offshore area, the main species is brown shrimp
(55%), followed by white (41%) and blue (4%) [3,5]. Globally,
brown shrimp dominates catches with 70-80% of total production
[6]. The offshore fleet based in Mazatlan captures 70% of their

shrimp catch in the central and north of Sinaloa throughout the
fishing season.

The shrimp fishery is also the most controversial and problematic in
the country. There is a strong debate about the level of exploitation
and the present and potential effects on the ecosystem, mainly due
to the high levels of effort and overcapitalization of the industry,
detected since the early 1970s [7]. Trawling equipment has been
intensively in use for the past 60 years, which is recognized as one
of the most ecologically aggressive [8-10]. According to official
statements [5,11], the shrimp fishery of this region shows symptoms
of overcapitalization and strong competition between the private
and social sectors for the resource. All of these statements justified
doing an assessment of the fishery, in order to determine whether
the fishery is under or overexploited as a primary goal of this
research and to define management actions that should be adopted
to make it more efficient, addressing the fishing effort and the ages
of first catch toward the optimum yield.

MATERIALS AND METHODS

Study area
The Gulf of California (GC, Figure 1) is a marginal sea that
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Figure 1: The Gulf of California, study area.

communicates with the Pacific Ocean through a mouth 220 km
wide. It is located between 208 and 328 north and 105.58 and
114.58 west in the Eastern Pacific, with an approximate length
of 1,100 km [12]. In the southeastern part of the GC, the most
important fishing harbors are Guaymas in the State of Sonora, and
Topolobampo and Mazatlan in the State of Sinaloa.

Catch data

Catch data of official records are available on the official website
[13,14], in the section on statistical information, by species and
entity. It contains information from the years 2006 to 2014 and
the statistical yearbook of fishing and aquaculture of the years

1997-2013.
The fishing boats

The industrial offshore fleet exploits preadults and adult shrimp in
open waters, with vessels longer than 10 m in up to 40-day trips,
using trawl nets. The crew is composed by seven members per
boat. The two most important landing harbors are Mazatlan and
Guaymas, on the eastern coast of the Gulf. Engines usually have
425 HP, consuming 53 I/hour or approximately 1,280 1 per day.
During the last 14 years, the number of boats ranged from 1,422
in 2003 and 2004, decreasing to 755 in 2013. This trend is a result
of management regulations addressed to make the fishery more
profitable.

In September, only three vessels based in Mazatlan were reported
in the fishing grounds. In October, the number of vessels increased
considerably to 567 boats, and in this month the trawling boat
reached its highest number. In November, the number of boats in
the fishing grounds decreased slightly to 555, and declined to 292
in March (Figure 2).

The fishing grounds

The shrimp fleet located in the states of Sinaloa and Sonora is
the largest in the country, with more than 700 vessels. This fleet
has influence throughout the continental shelf from the Gulf
of Tehuantepec in southern Mexico, to the upper GC and off
the coasts of Ensenada, on the northwest side of the Mexican
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Figure 2: Number of fishing boats of the south GC, working every month.
Fishing season 2011-2012.

Pacific. Thanks to the satellite monitoring data of these vessels,
it was possible to determine accurately the fishing areas swiped by
each boat. These data were sorted to obtain only those from the
southern Gulf of California. The following debugging step was
made by selecting trawling speed; according to the literature, the
vessels trawl at speeds between 2 and 3.5 knots. Later, maps were
created with the aid of the surfer software, as shown in Figure 3,
evidencing the dynamics of the fishing fleet. At the beginning of
the season, the majority of the boats keep trawling close to the
coastline; in September, they are found only along the coasts of
Sinaloa and Sonora. For October and November, they increase
their mobility moving to the south of the GC, to the upper gulf,
and a bit to the Pacific coast of the Baja California peninsula. In
December, the boats begin to move away from the coast, where
many of these boats are adapted to perform another type of fishing
activity, catching other species of commercial interest, such as shark
and scale fish. In March, the number of shrimp boats decreases
considerably since the shrimp biomasses decrease and the closed
season approaches.

Stock dynamics and assessment

The population growth parameter values are from previously
published sources (Table 1).

Unfortunately, no recent population parameter values are available
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Table 1: Age and growth population parameter values of three shrimp species of the GC. (W in g; L in mm).

Species w L K
P. vannamei 107 230 2.76
D. stylirostris 190 242 2.56
P. californiensis 220 242 2.23

to a b M* Ref.
0.29 2.47E07 3.65 0.3456 [17,18]
0.3 6.99E-07 3.46 0.29875 (19]
0.14 3.27E-06 3.18 0.3125 [20]

*Estimated using the FISMO model. Per month. The age of first capture and sexual maturity for all of the species is 4 months.
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Figure 3: Dynamics of the shrimp fishing fleets over the season. Based on
GPS records of the fishing boats.

in the literature, so it is assumed that the values in Table 1 are
valid. However, it has been suggested that “empirical weight-at-age
approach is best applied to data-rich stocks for which growth is a
difficult process to characterize” [15-17]. Estimates of growth rate,
length-weight relationship, and natural mortality are necessary to
transform catch data into number of organisms by age. With the
values of the von Bertalanffy growth parameters and the allometric
equation that defines the length-weight relationship, the model
was used for assessing and simulating the fishery. This is part of
the previous knowledge required for the stock assessment and
management [18,19], and the magnitude of cohorts depends on
the von Bertalanffy “s growth parameters, the age structure and the
recruitment rates [20].

Parameters of each shrimp population, together with the catch
data, were analyzed with the simulation model FISMO [21,22].
The simulation model reconstructs the structure of ages over time,
which allows simulating exploitation scenarios under different
combinations of fishing intensities and age of first capture to
maximize biomass, capture, and profits. The analytical procedures
adopt the concepts and points of view of [21-24]. The model was
written in excel. A matrix of population numbers per age group,
and weight of each age class was assigned for each year of the catch
data series. After the age of first catch (tc) was defined, the catch
equation was applied to each age class. The difference between
expected and recorded catch was minimized with the aid of the
“goal seek” function to determine the fishing mortality value (F).
The macro developed for this purpose determined the F value
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year by year. In this manner, the model was fitted with a series
of catch values, represented by the numbers and weights per age.
The shrimp numbers for each age class every year were determined
with the aid of the recruitment model [23,24]. Once the model
was fitted, it was possible to simulate exploitation scenarios by just
changing the F and the tc that would represent the simulated status
of the fishery.

Catch data were transformed into numbers by age group, allowing
estimation of the age composition of the catch. The total mortality
(Zt) was determined with the exponential decay model as follows:

_ (—Zt)
Na+l - Na €
where N

., is the number of organisms of the age of a+1 and
Na is the number of organisms of age a in the age groups and
reconstructed using the potential regression for the estimation of

parameters a and b such as follows:

P=al’

For the estimation of natural mortality (M), the criterion proposed
by [25,26] was adopted, where M 5 1.5 K. In the exploited age
groups, the fishing mortality (F) is added to the M, so that Z 5 M
1 F. For the adjustment of the variables of the initial state, the
abundance by age class (Na, y) was defined by using the abundance
by age Na/) Na obtained from the equation.

In the following years, the age structure was defined after estimating
the number of one-month-old shrimp, called recruits here, with the
recruitment model [23]. These values were used to calculate the
catch per age as proposed by [27] and that have been integrated
into the simulation model FISMO [21,22].

Y, =N, W, (Ff—tM)(l - e(_F’_M))
t

where Ya,y is the capture of shrimps of each age; Na is the
number of shrimps at age a in the year y; Wa,y is the weight of the
shrimp equivalent to Na; F and M were described in the previous
paragraph. Given the initial conditions established, the values of
Ya,y, can be adjusted by varying the initial number of recruits and
linked to the equations described earlier until the condition of the
following equation is met:

A
ZYa,y =Y, v
a

where Yy ;. is the catch recorded during the year y, a 5 age of first
capture (years), and t4 5 3/K or longevity, where K is the growth
constant of the von Bertalanffy equation, for example, tA 5 2 years,
a value found assuming a reasonable life expectancy. L is when
95% of the population reaches 95% of L_, the asymptotic length.
Therefore, making L5 0.95L_ in the von Bertalanffy rowth
equation and finding the respective value of t, the value of the
longevity is found. The catch equation was applied for each year in
the time series analyzed. The estimates of the population biomass
and the exploitation rate E 5 [F/(M 1 F)] was made for each age
class in each fishing season with the help of the model. These
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values were compared with the E value at the maximum sustainable

yield level (F

MSY
the populations have been overexploited, providing a way to make

). Next, a diagnosis was made for the years in which

recommendations for a new increase or decrease of F in the fishery.

To provide some robustness to results, estimations of the coefficient
of variation between recruits one year and the number of adults the
year before were made, as well as the coefficient of variation (CV)

of the simulated catch (Table 2).

RESULTS

The most abundant species are the brown and the blue shrimp.
The catches of these two species were similar ranged 4,000-8,000
t per year in the years from 1997 to 2005. White shrimp landings
did not exceed 2,000 t per year. In 2006, the brown and blue
shrimps decreased, and the white shrimp had a slight increase. In
the next three years, the catches of the brown and blue shrimps
remained stable, and increase again since 2010 when white shrimp
landings were relatively low. However, in general, the shrimp total
catch increased until reaching its maximum around 36,000 t in
2013. This value represents five times of the landings of the year
1997 (7000 t only, Figure 4). This increasing trend is somehow

OPEN 8ACCESS Freely available online

confirmed by shrimp samplings during the closed season [23].

Shrimps have high growth rates. The brown shrimp had a growth
constant K of 2.23 with a maximum length of 24 cm and a
maximum weight of 264 g. Their maximum age is about 1.2 years
(Figure 5). The age of sexual maturity reported for this species is
four months at about 13 cm of total length and a weight of 40 g,
which is coincident with its size at first capture (tc).

Blue shrimp is the second most important stock in the shrimp
fishery of the southern GC. They had a growth rate K similar to
that of the brown shrimp, and reaching their maturity at the age of
four months, with a weight of 40 g and length of 12 cm.

Brown shrimp

The analysis of 15-year (2000-2014) data shows a constant catch in
all the period, and the catch reached its maximum 16,013 t of live
weight in the year 2013 in the southern GC (Figure 6). The average
catch was around 7,500 t per year. The biomass remained quite
constant until 2009, when high catches were recorded, followed
by a decline since 2009. However, the highest catch recorded in
2013, and the decrease of the stock biomass is interpreted as effect
of the fishing intensity on the stock size. The fishing mortality at

Table 2: Mean values and Coefficients of variation (CV) of simulated catch (t), the number of adults next year, and the number of recruits one year before,
during the 30-year simulation period. Values were estimated for the three species of shrimp caught in the GC.

Species Catch Adults Recruits
Mean CvV Mean CvV Mean CvV
P. californiensis 15,978 0.0129 1,36,08,33,083 0.0129 1,85,77,61,970 0.0129
D. stylirostris 11,281 0.0159 1,48,64,82,734 0.0159 1,47,22,38,003 0.0159
P. vannamei 9,640 0.0138 89,97,31,413 0.0138 48,432 0.0138 1,392,2
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Figure 4: Shrimp catch by species and in total (1997-2014) at the southern GC.
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Figure 6: Stock biomass and catch of the brown shrimp (Penaeus californiensis

(Holmes, 1900)) 2000-2014 in the southern GC.
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Figure 7: Trends of the fishing mortality F and the exploitation rate E of
the brown shrimp fishery in the southern GC for the years 2000-2014.

the maximum yield level was estimated to be FMSY 5 0.2, which
was higher than all the F values in the previous t years (Figure 7),
suggesting that the fishery was underexploited during all previous
years.

Blue shrimp

The catch increased from 3,183 in the year 2000 to 7,150 t in
2005, and decreased in 2006 and 20006 to its lowest only 3,000 t.

However, the catch increased again after 2007 and reached its
highest 14,418 t in 2011. The catch fluctuate 2150-3508-19-273 ed
around 10,000 t since 2012.

The estimated stock biomass was relatively high above 400,000 t
before 2010, and decreased to 250,000 t during the last four years,
indicating that the decline in biomass might have been caused by
the increasing fishing intensity in these years (Figures 8 and 9).
This indicated that the stock was probably overexploited during
the last four years of the data series.

The comparisons between the estimated F and E with those values
at the MSY level indicated that at least the blue shrimp stock was
overexploited in the years 2011 and 2013.

White shrimp

From year 2000 throughout 2008, catch of this species showed an
increase trend with a maximum catch about 2,000 t. It dropped
to only 180 and 194 t in 2009 and 2010, respectively. In 2011,
the catch increased again approaching 2,000 t, but decreased to
485 t in 2012. However, in 2013, the catch of this species jumped
to 6,402 t, and remained at a similar high level in 2014 (Figure
10). From 2000 to 2012, fishing mortality on this species was very
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Figure 8: Catch and stock biomass of the blue shrimp (Penaeus stylirostris
Stimpson, 1874) stock of the southern GC during the years 2000-2014.
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Figure 9: Trends of the fishing mortality F and the exploitation rate E of
the blue shrimp stock in the southern GC for the years 2000-2014.
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Figure 10: Catch and stock biomass of the white shrimp (Penaeus vannamei

Boone, 1931) stock of the southern GC during the years 2000-2014.

low. However, the increased fishing mortality in both 2013 and
2014 might have resulted in the overexploitation of this species
(Figure 11). It is similar to those of the two other species, which
also showed that the fishing mortality might have resulted in the
overexploitation of the shrimp stocks in recent years.

DISCUSSION

Exploitation of shrimp in Mexican waters is under the Official
Mexican Regulation NOM-002-SAG/PESC-2013. Among the
current regulations, there are closed seasons, restriction to
exploitation in some areas, restriction of the fishing effort, and
regulation on the use of fishing gears. In Mexican waters, the
shrimp fishery is the most important for its value. Shrimp catch
in the Pacific coast represents 86% of all Mexican shrimp, and the
landings of the GC amount to 80% of all shrimp caught in Mexico.

Catch data display an annual increase for the three species in
recent years, having the brown shrimp as the most abundant in
2014, with 48%, followed by blue shrimp with 34% and white with
18%, in the offshore catch by the fishing fleet in the southern part
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Table 3: Management scenarios identified for the three species of shrimp exploited in the central and southern Gulf of California under different

combinations of the age of first catch (tc) and the F. Scenarios F,,, and F,/Fisher were compared respecting to the fishing season (2014) used as

reference. Stock biomass and catch values are in thousand t.

Indicators 2014
Brown Blue White Brown
Biomass 238 263.2 130 346
Catch 16 11.2 6.1 20.9
F 0.22 0.14 0.15 0.2
Direct jobs 5,290 5,290 5,290 5,220
Vessels 755 755 755 745
t/fisher 3 2 1 4
tc 4 4 4 5
0.65 0.50
q L 0.45
055 -t 0.40
0.45 [ L. 0.3
‘B B o
g 035 Ensyy ———— = = T {025
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Figure 11: Trend of F and E of the white shrimp stock in the southern GC
for the years 2000-2014.

of the GC. These proportions have been rather constant over time.

High catches landed in the last few years might be caused by high
exploitation rate, which might have reduced the tock biomass and
have caused the overexploitation of the stocks. According to the
Fisheries Institute of Mexico (INP), the main factors responsible
for this situation are high fishing capacity, lack of control of
fishing effort, and a strong impact of trawl nets on the fishing
grounds [6-10]. The shrimp fisheries in the tropics are considered
as non-sustainable from the economic, social, and environmental
viewpoints [28-30]. However, our results here do not confirm
this; by the contrary, shrimp stocks of the GC have shown high
resilience toward the fishing pressure, and their high turnover rate,
determined by their fast individual growth, high recruitment rates,
and very high fecundity compensate high mortality values caused
by natural factors and fishing pressure [30]. They should sustain
that way as far as the fishing pressure does not grow to excessive
limits. Usually, when the condition of a non-profitable activity can
be attained before the stock biomass is exhausted.

Similar to other fisheries, historic trend of shrimp fishery in
Mexico has passed through several steps. It started with high yields
and low fishing pressure. After some time, with an increasing
demand, the fleet size increased with better technology, until the
maximum yield is attained and even surpassed, which resulted in
the overexploitation of the stocks [31]. In a study of the fishery
at the south GC [30], it was indicated that management plans,
knowledge, and attitude of the fishers should be integrated to
improve the success in the management of these fisheries.

Management scenarios proposed here are based on the indicators such
as the age of first capture, the fishing mortality, and the stock biomass.
Evaluation of the results is based upon quantitative performance of
yield and stock size, often referred to their values at MSY.

Fish Aquac ], Vol. 10 Iss. 4 No: 273

FMSY FMSY/fisher
Blue White Brown Blue White
258.3 156.4 517.1 351.8 172.7
15.5 13 16.1 11.9 6.6
0.2 0.15 0.1 0.11 0.12
10,024 7,669 3,095 4,143 4,213
1,431 1095 441 591 601
2 1 5 3 2
5 5 5 5 5

Age structure models such as the one used here, allow us to
evaluate the consequences of changing the age of first capture and
the fishing effort on yield and variability of the stock-recruitment
ratio. They also can be used for a quantitative evaluation of the
effect of F for recovering depleted fisheries [30,32,33]. In other
framework, this knowledge has been used to examine changes of
biomass, recruitment, and harvest rate, based on the catch data
transformed into size composition data, in a similar way as [34-36].

Two fishing scenarios were identified apart from the current one
(the 2014 fishing season). The first one is the MSY, while the
second one is the MSY/fisherman. Several variables obtained as
output after setting the reference conditions of the 2014-fishing
season. This allowed a quantitative comparison on the advantages
and disadvantages of each option (Table 3). The current yield sets
the initial condition of the fishery, where tc, the number of boats,
and the number of fishers have constant values. All other variables
are different and display changes after testing different F and tc
values. The best F and tc combination could be identified for the
fishery.

In the case of brown shrimp, its tc is four months, with F=0.22, and
15,967 t of catch. The MSY scenario increases shrimp stock size and
also increases the yield to 20,889 t, with a lower F= 0.2 and a higher
tc=5 months. This is a better option for brown shrimp. The MSY/
fisher scenario suggested that the stock biomass could increase to
more than twice of the current value, which allowed us to obtain a
high catch (16,081 t) with a reduced F (0.1) and an increased tc (five
months). However, this scenario required the number of boats and
fishermen be significantly reduced. Therefore, the MSY scenario
with tc=5 month is the best option for brown shrimp fishery.

For blue shrimp, the current tc is four months, with F=0.14 and
11,237 t of catch. The MSY scenario showed a best option with
an increased catch of 15,472 t at F=0.2 and tc=5 months. This
indicated that both the number of boats and the number of fishers
could be significantly increased. By contrast, when the scenario
MSY/fisher is considered, and to maximize the yield per fisher,
it would be necessary to reduce the fishing mortality (F=0.11) and
increase tc (five months) to maintain a slightly higher catch (Y=

11,911 o).

The current catch for white shrimp is 6,098 t with tc=4 months. In
the MSY scenario, the best option will be F=0.15 and tc=5 to obtain
a catch of 7,343 t. This will allow to increase fishers to 7,669 direct
jobs. The scenario MSY/fisher requires a reduction of F to 0.12
(601 boats and 4,213 fishers). In this case, the fishers would get 2
t per head, and the stock biomass would reach the highest value
caused by a low F, implying some population recovery.
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Management considerations

There are some pros and cons derived from the options just
examined; therefore, managers should consider all of the
management points of view, which briefly are as follows: maximizing
the catch, conservation of the resource, maximizing the economic
return, and maximizing the social benefit or, in other words, the
number of jobs. Maximizing the catch does not necessarily mean
the maximum economic benefit, because the maximum economic
yield usually is met with lower F values than those required for
the MSY, and after this reference point with further increase of
F, the profits decline; however, this topic is beyond the scope of
this paper. If the goal is the highest yield, then the MSY is the
best option in the three cases. It would bring an increase of more
than 10,000t in overall catch, with a small reduction of the stock
biomass of the blue shrimp, and allow a higher number of direct
jobs. From the viewpoint of biological conservation, the best
option is to obtain the maximum vyield per fisher, which requires
a reduction of fishing pressure and result an increase in the stock
biomass. However, this option would require a reduction in the
number of direct jobs, which may be a major constrain from the
social viewpoint. It might be not good to use the season 2014 as
a reference because the fishery seems to be close to the economic
equilibrium level. The crises of over fishing capacity in this fishery
have occurred several times, forcing the fishing authority to apply
more strict regulations to reduce access of the fishing grounds.
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As this is a multispecies fishery, the same vessels perform the
extraction of the three species with the same fishing gears in
the same space and fishing grounds; therefore, it is necessary to
propose an optimum management scenario for the capture of
shrimp stocks. When the output lines of potential yield of the
three stocks as function of F are overlapped as in Figure 12, it is
evident that the total yield with tc 5 4 months is not the maximum
that could be obtained. If tc is increased to five months old and
the resulting trend lines are overlapped, it is evident that the line
obtained after the addition of the three stocks catch, suggesting
that the fishery can withstand a higher fishing pressure to obtain
the maximum yield, passing from 38,000 t to 55,000 t (Figure
12). This provides a maximum yield reference value from where
to explore the possibility to identify another fisheries target, like a
precautionary approach, that is, 0.9MSY, which still would attain
higher yields than in the current scenario (Figure 12).

Based on simulations, we recommend that regardless the scenario,
increasing the age of the first capture from four to five months old
(Figure 13) is a better option than the current condition; this would
mean an approximate total length of 13 cm for brown shrimp, 15
cm for the blue shrimp, and 12 cm for the white shrimp.

In regard to the fishing mortality, the Mexican fisheries authority [37]
considers that this variable keeps the fishery at the limit of sustainability
and therefore recommends not to further increase in fishing effort,
to reduce the fishing mortality and to standardize the fishing power
of the vessels to make the fishery more profitable [38-40].
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Figure 12: Potential yield for each one of the three species of the shrimp fishery of the GC as a function of F. Lines of yield were overlapped and another
line displaying total yield, is shown at two tc values, A) at tc = 4 months, and B) at tc = 5 months old.
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Figure 13: Potential yield for each one of the three species of the shrimp fishery of the GC as a function of the fishing effort in days. Addition of yield
values are displayed as total catch. Yield values are shown at two different tc values, A) at tc = 4 months, B) at tc=5 months old. According to this graph,
with tc = 4 months, the best fishing option is attained with 10,000 days, represented in both figures as a light blue vertical line; here, maximum yield would
be 25,000 t. However, with tc=5 months, a much higher effort of up to 35,000 fishing days could be applied, and the yield could be higher than 50,000 t.
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CONCLUSION

The simultaneous exploitation of the three species implies several
constrains for the application of a uniform but necessary number
of fishing permits. In the current option, the F values display a
wider range; however, in the two other scenarios, F values have
a narrower range between the stocks. Therefore, a convenient
simplification could be the authorization of the same number of
fishing permits regardless of the species target; with this option,
the effect on each stock would be not quite different. If the FMSY
is chosen, for practical reasons, it would be convenient to fix in
1000 the number of boats; this would imply a close performance
of the fishery around the target value. However, if the option
FMSY/fisher is adopted as target, a number of permits near to
530 would be recommended; this is nearly 200 boats less than the
current option, which might imply a social cost hard to accept,
although it would be beneficial for the conservation, because the
stock biomass would increase. To avoid a negative social impact,
in the meantime, we recommend to maintain a constant fishing
effort and to increase the age of first catch from four to five
months; the adoption of this recommendation would imply the
benefit of increasing the stock biomass. Kell et al. states that “A
major uncertainty in stock assessment is the difference between models and
reality”; then, the criterion adopted in this analysis, a pragmatic
alternative to hindsight to forecast future catch can be considered.
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