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Introduction
Within all challenges faced by the society, in the context of a human population boom 

[1], a growing environmental pollution and a warming world, the future of fisheries is 
burdened by political trends and ruling economic and social factors [2-6]. The development 
of fisheries is urged by the need to feed a growing human population and the consequences 
of the depletion of exploited stocks, motivated by economic interests and constrained by their 
finite biomasses. Economic factors, social factors, and the dynamics of fisheries, face each 
other multiple interacting problems, apart from the climate variability, but they have their 
own dynamics [7], and this complicates the possibility of finding isolated and independent 
solutions. Aquaculture seems to offer a light of hope for humankind by helping to solve the 
problem of producing food from the aquatic environment. However, it is not a permanent 
solution. There are certain trends in fishery development which in practice, may contribute 
to a future that can help fisheries to become truly sustainable [8,9], such as reduction of 
discharges, reduction of large vessels, improvement of management measures, increased 
involvement participation of the eco-labeling of fishery products, reduction of subsides and 
illegal fishing, relative price stability and certification of many fisheries, among others. All 
these factors open a window of hope that allows to expect that sustainability of fisheries may 
become a reality, rather than a utopia, leading to accept that significant changes in fisheries 
management are needed to protect global marine ecosystems. The problem of doing accurate 
assessments becomes critical by perceiving that more and more stocks are over exploited 
every day, leading to economic crisis of fishers depending on their resources. Fisheries 
scientists and managers are concerned by the problem of assessing the exploited stocks as 
well as devising accurate scenarios for their optimum management. Therefore, the goal of this 
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paper, is to assess the main world fisheries to know their status of 
exploitation and to suggest changes in the fishing intensity and in 
the age of first catch to improve yields. 

Materials and Methods
An age structured simulation model was used, named FISMO, 

for FIsheries Simulation MOdel [10,11]. Here, catch and population 
parameter values are input data and fifteen-year catch data 
series; it was developed in Excel as template. The variables used 
as reference to test fishing scenarios are the age of first catch (tc), 
maturity age (tm), and the fishing mortality (F). The model allows 
identification of quantitative scenarios and optimizes the adoption 
of exploitation strategies; when it is fitted to each fishery, allows 
assessing observed and recorded yields with absolute coincidence 
between both variables, and a zero deviance between the catch data 
series and the simulated one, which is achieved by suppressing the 
use of fishing effort data in the stock assessment process. Catch 
values are decomposed into age structure, and the series can be 
simulated beyond the last year of recorded data, aided by the stock-
recruitment model by Beverton & Holt [12], and keeping constant a 
certain F value. It allows testing the stock response by changing the 
F and tc, as well as devising many exploitation scenarios addressed 
to optimize yield, profits, and social benefits.

Selected fisheries

FAO [13] world fisheries statistics were the basis to select the 
most important catch records, and they are a consistent source of 
information [14]. Each statistical zone was examined, and the ten 
most important fisheries were selected according to their yield 
ranks. Fisheries whose landings were at least 220,000metric tons 
(t) or more are included in this analysis, as shown in Table 1. Data 
suggest that the main stocks are declining or at least remain stable; 
by contrast, on examining the whole scheme, two unidentified 
groups of species appear, mostly tropical, suggesting an increasing 
demand for food from the sea. Each stock examined was assessed 
with the simulation model. Sustainable Yields (SY) were determined 
with the current tc and these values were compared to the optimum 
MSY value estimated as a function of tc at the optimum F value. The 
difference between current SY and optimum MSY was evaluated as 
an unexploited potential yield of each stock.

The Maximum Sustainable Yield (MSY), can be understood as the 
largest annual harvest that a fish stock can produce in the long term 
[15-19] and it was deeply rooted in Ecology [20]. MSY is important 
to understand for everyone involved in fisheries management, as is 
the alternative concept of MEY, the Maximum Economic Yield [16]. 
In this paper, The MSY concept was used as a reference to which 
fisheries should be addressed as a fisheries target. In those cases 
where economic data are available, the Maximum Economic Yield 
(MEY) would be preferable, because it is attained at an F value 
lower than the one required for the former one and the profits are 
higher than at the MSY. In this paper, economic values were not 
used and therefore our goal is the reference point which is advised 
as fisheries target.

The MSY is understood as the largest annual harvest that a 
fishstock can produce in the long term [15-19] and it was deeply 
rooted in Ecology [20]. MSY is important to understand for 
everyone involved in fisheries management, as is the alternative 
concept of MEY, the Maximum Economic Yield [16]. In this paper, 
The MSY concept was used as a reference to which fisheries should 
be addressed as a fisheries target. In those cases where economic 
data are available, the Maximum Economic Yield (MEY) would be 
preferable, because it is attained at an F value lower than the one 
required for the former one and the profits are higher than at the 
MSY. In this paper, economic values were not used and therefore 
our goal is the reference point which is advised as fisheries target.

The reference made here to the MSY or to the optimum yield 
as management options, is given in the first case, to the yield 
under the scenario of overexploited stocks, which the current and 
normal case, described in a red line. In the second case, a reference 
is made as result of simulation of the stocks, and assuming that a 
value of F=0.9 is the maximum yield, which in fact it is not, should 
be seen as a precautionary value, is an underestimation of the MSY 
value because there are other factors like competition, predation, 
and other food web factors not explicitly considered here, that 
determined to assign the value of F=0.9 and equivalent to the MSY, 
and for a reason of convenience, this value is assigned as the MSY to 
be pursued as a target of a fishery which is examined in this paper. 
For details, the reader should examine the papers by FAO [21].

Current yields 

Source data proceed from the FAO [13] catch statistical records 
over a series of seventy years up to 2022, providing the first 
approach to diagnose the condition of every fishery and detection 
of fish production of the main world fisheries. A rough estimation 
of the harvest equivalent to the MY of the world fisheries was 
previously made [22]. Recorded and simulated catch, as well as the 
estimated biomass of every stock examined, were evaluated in each 
case for the last fifteen years of records.

An examination of the main world fisheries catches, whose 
parameter values are presented in Table 1, stimulated the interest 
to evaluate their maximum potential yield under the hypothesis 
that they are under the condition of over exploitation of recruits 
[11]. Here, it is evident that three fisheries, the Peruvian anchovy, 
the south American pilchard, and the Chilean jack mackerel, display 
a consistent decline. Three other fisheries, the Atlantic herring, the 
Alaska Pollock, and the Atlantic cod show an apparent response to 
the climate variability. Four others, the Chub mackerel, the Skipjack 
tuna, the European pilchard, and the Gulf menhaden, display a 
relative stability. There are only two fisheries, the Alaska pollock 
and the European pilchard, which show a consistent growing trend 
at least through the last twenty years. The stock biomass seems 
to be not affected very much by the exploitation in four fisheries, 
the Peruvian anchovy, the Chub mackerel, the Skipjack tuna, and 
the Gulf menhaden. Total catch represents 44% of the world fish 
production, extracted from FAO [13].
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Table 1: Population parameter values of the ten main components of the world fisheries analyzed in this paper and 
chosen for simulation (Data from Froese and Pauly 2023).

Common Name Scientific Name
    von Bertalanffy Growth  Parameters    Rel. W - L

K   L∞ W  -to     tm    tc         a b

Alaska pollock Gadus chalcogrammus 0.29 64 1,685 0.13 3 1 0.0104 2.88

Atlantic cod Gadus morhua 0.4 110 13,637 0.3 1 1 0.0081 3.05

Atlantic herring Clupea harengus 0.3 31 168 0.02 2 1 0.012 2.78

Chilean jack mackerel     Trachurus murphyi     0.1 85 4,502 1.4 5 2 0.0213 2.757

European pilchard                     Sardina pilchardus 0.2 20 62 0.2 5 2 0.0052 3.14

Gulf menhaden Brevoortia patronus 0.4 24 124 1.01 2 1 0.0051 3.18

Pacific chub Mackerel      Scomber japonicus 0.22 52 1,493 0.66 3 1 0.007 3.11

Peruvian anchovy Engraulis ringens 0.44 19 661 0.5 2 2 0.117 2.95

Skipjack tuna Katsuwonus pelamis 0.47 92 22,506 0.26 1 2 0.0044 3.413

South American pilchard Sardinops sagax 0.45 31 206 0.17 1 1 0.0049 3.1

K=Growth rate; L∞=Asymptotic length (cm); W=Asymptotic weight (g); -to=Initial age, when length is equal to zero; 
tm=Maturity age (years); tc=Age of first catch; a and b=Parameter values of the length (L)-weight (W) relationship.

Alaska pollock=Abadejo de Alaska; Peruvian anchovy=Anchoveta peruana; Atlantic cod=Bacalao del Atlántico; Atlantic 
herring=Arenque del Atlántico; Skipjack tuna=Atún listado; California pilchard=Sardina de California; Chilean jack 
mackerel=Jurel chileno; Pacific chub mackerel=Caballa; European pilchard=Sardina europea; Gulf menhaden=Menhaden 
del Golfo.

The assessment of these fisheries allowed the possibility of 
simulating yield whose changes are a function of the age of first 
catch; then the chance of further increase in their biomasses 
and captures was tested. An obvious possibility for achieving an 
increase in the harvest of these fisheries could be by means of 
opening the mesh of fishing gears such that the age of first catch 
is at least the same as the age of first maturity in first place, then 
increasing the fishing mortality till the MSY was achieved. A fishery 

may reach many stages of SY even if it is overexploiting its juveniles; 
then if the turnover rate of its biomass is not declining, it could be 
maintained in a permanent condition of overexploitation for long 
time. However, this condition is not the best one; by contrary, the 
most convenient exploitation option at any population is achieved 
by giving the juveniles a chance to reach the age of maturity before 
being caught (Table 1).

Results

Figure 1(A-D): Recorded and simulated yield, and stock biomass as part of the fitting simulation process of the ten 
main stocks of the world fisheries. A. Alaska pollock; B. Peruvian anchovy; C. Atlantic cod; D. Atlantic herring.
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Before describing results of each fishery chosen for assessment, 
it was necessary to show the results of the model, together with 
trends of biomass estimates (Figure 1A-J). In these figures, it is 
observed that the catch variability is more evident in the short-life 
stocks depending more on climate variability [23], as the Peruvian 
anchovy, the Chilean jack mackerel, the chub mackerel, the skip jack 
tuna, and the European pilchard. Despite that other stocks are still 
susceptible to the effect of climatic variability, their response in 
the catch statistics is not so evident. Assessments of other stocks 
deserving a comment are, the Atlantic herring, Atlantic cod, Chilean 
jack mackerel, and to some extent, the Gulf menhaden. In these 

cases, a high fishing pressure seems to have some effect reducing 
their biomasses; from high catch levels applied in some years, they 
display a decrease in the biomass later, meaning that the fishing 
mortality apparently is high enough to surpass the turnover rate 
of the stock [24,25]. This response ceases once the catch pressure 
is reduced, allowing restoration of the biomass. In the remaining 
cases: Alaska Pollock and Atlantic cod (Figure 1A, 1C), the fishing 
pressure apparently is not high enough as to provoke evident effect 
on the stock biomass. The same can be said for the chub mackerel, 
skip jack tuna, and the European pilchard (Figure 1E, 1H, 1I).

Figure 1(E-J): (continuation). E. Skipjack tuna, F. California pilchard; G. Chilean jack mackerel, H. Chub mackerel. 
I. European pilchard; J. Gulf menhaden.



5

Examines Mar Biol Oceanogr       Copyright © Ernesto A Chávez

EIMBO.MS.ID.000670. 7(4).2025

Alaska pollock

The evaluation suggests that the fishery has been overexploiting 
juveniles severely (Figure 1A). When the age of first catch is 
changed from tc=1 to tc=6, a spectacular increase of yield is 
obtained, from 5Mt to 27Mt (Figure 2A). Bakun [26], states that 
since the late 1960’s, catches of the Alaska Pollock have made up 

the majority of ISSCAAP Group 32 and dominating total captures. 
The graphic trend suggests that the fishery, despite having a rather 
constant yield through the last ten years, its stock biomass displays 
a decline through the same period, which may be consequence of a 
high fishing intensity in a condition which clearly corresponds to an 
overfishing of recruits, where the age of first catch is one year and 
the age of maturity is 3 years old.

Figure 2(A-D): Current and potential yield of the ten most important world fisheries. The red lower line of each 
fishery describes the sustainable yield trend as a function of F and the current tc. The upper blue lines display 
potential yield at a larger tc value, excepting the Peruvian anchovy, where the fishery was simulated only with 

increase of F. The lower red lines describe the yield trend at current tc. In both cases, current yield is indicated by a 
dot; the dot on the blue line corresponds to F=0.9, evidencing the potential yield that could be harvested. A. Alaska 

pollock; B. Peruvian anchovy; C. Atlantic cod; D. Atlantic herring.

Peruvian anchovy

This is a short-lived species exploited in Peruvian waters and 
northern Chile. The catch in 2022 accounts to 4.9Mt; by far, the 
anchovy is the most abundant exploited stock amongst the world 
fisheries [13]. Climate variability, particularly El Niño event, has 
affected severely this population with dramatic impact in the 
economy depending on this fishery. The historical declining trend 
of stock biomass since the middle nineties (Figure 2B), indicates 
that nowadays the current fishing practice does not allow many 
possibilities of increasing yield soon [27]. However, based on these 
results, there is a possibility to increase the harvest up to 12.3Mt 
with little risk (Figure 2B). Unfortunately, given the short life span of 

this fish, there is no chance to increase the age of first catch without 
the risk of exceeding the catch of older age classes. The stock 
biomass displays rather constant values during the study period. 
Overfishing did play a major role in the collapse of the fishery of 
Peruvian anchovy in the early 1970’s, but the “El Niño” 1972-73 
was a primary cause of recruitment failure and stock decline [28]. 
It is suggested to increase fishing mortality from F=0.25 the current 
one, to F=0.9, in a precautionary recommendation, because of the 
high sensitivity of this stock to climate variability. 

Atlantic cod

The 2022 catch recorded was 1.2Mt, and it corresponds to 
a ten-year series of high yields, after a period of low production 
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when landings were below 0.8Mt (Figure 1C). The longevity of cod 
allowed to simulate catch with a tc=6 years, showing a significant 
increase in the stock biomass, with the possibility of catching up 
to 4.6Mt (Figure 2C). Shotton [29] mentions that cod is the most 
important member of its area and landings of this species literally 
peaked in 1968 at ~1.8Mt and then fell steeply to ~0.5Mt in 1978. 
There was a subsequent recovery during the period 1982 to 1989, 
followed by the collapse to the point of closing the fishery in Canada 
[30].

Atlantic herring

Catch recorded for 2022 was 1.7Mt, and the catch for the last 
fifteen years declines from 2.5Mt since the year 2010 by several 
causes [31]. The stock biomass also declines from 47Mt in 2008 to 
less than 20Mt in 2020 (Figure 1D). Both trends are a warning sign 
of the condition of this fishery. The longevity of this species allowed 
the possibility of simulating the fishery by choosing tc=6 years as 
the year to recommend further increasing its potential yield. If this 
age of first catch is adopted, the yield may increase significantly, 
from the current SY level, with a maximum of 1.6Mt, to at least 
8.1Mt, as shown in Figure 2D. The species occupies estuarine and 
freshwater habitats at least for some part of its life cycle, which also 
appear to be under extreme stress [25].

Skipjack tuna

Catch records suggest that this is a healthy fishery, with tc=2 
and tm=3, leading to slightly growing yields over the last fifteen 
years, and yields have been relatively stable oscillating around 3Mt 
(Figure 1E), [26]. However, its longevity allowed to simulate the 
fishery with tc=3 years; the resulting potential yield is 8.5Mt, with a 
net increase of 5.5Mt (Figure 2E). 

California pilchard

Catch records of the last eight years indicate a sustained catch 
increase, from 0.65Mt to 1.4Mt in an apparent cyclic process. It is 
suspected that the age of first catch (tc=1), recorded in statistics, 
may be not the real one, because it is hard to explain how a stock 
overexploited for its juveniles, may display an increasing trend 
through the late 2015-2022 period (Figure 1F). The potential yield 
that can be obtained, shows that this fishery may increase from 
1.4Mt recorded in 2022 with F=0.65 and tc=1, to 7.5Mt at F=0.9 and 
tc=4 years (Figure 2F).

Chilean jack mackerel

The exploitation of this fishery has evolved through a slow but 
consistent decline since 2012, passing from yields of 2Mt in 2005 
to only 0.8Mt in 2022 (Figure 1G). This fishery showed a recovery 
from 2013 with 0.4Mt, to 0.8Mt in 2022. During the late nineties, 
this species was one of the major contributors to the overall 
increase in total regional production [26,32], despite a high fishing 
pressure [27] and strong dependence on climate variability [33]. 
Present catch with tc=2 is 0.8tm, implies a severe over exploitation 
of juveniles and something should be done soon to avoid a serious 

over exploitation problem of the fishery. Simulation with this long-
lived fish allowed doing a wide range of tc trials, and in this case, 
a remarkable increase of potential yield showed the possibility of 
catching up to 4.9Mt with tc=8 (Figure 2G). This change in tc would 
permit attaining a more productive and sustainable fishery. 

Chub mackerel

This species has sustained an important fishery in the USA [29], 
and on the Pacific NW as well (Hong et al. 2023). Catch records 
indicate that the chub mackerel displays a slight increase of about 
700 thousand t through the last fifteen years. However, the stock has 
been overexploited for juveniles, describing a remarkable decrease 
of its stock biomass, with 88Mt in 2008 to only 17Mt in 2022; 
however, yield displayed a rather constant production, ranging 
from one to 1.4Mt in 2008 to 1.7Mt in 2022 (Figure 1H). Time trend 
of these two variables awakens the idea of a sudden decrease soon 
which can be caused by stock exhaustion and when there would 
be not enough recruits available to sustain a productive fishery as 
nowadays. On simulating the potential yield that could be harvested 
by changing the age of first catch, from tc=2 to tc=3, a potential yield 
of 4.5Mt could be obtained with F=0.9 (Figure 2H). 

European pilchard

Catch and stock biomass trends of this species indicate a similar 
performance as the chub mackerel, thus it displays a decreasing 
trend of the stock biomass and a constant increase of yield, from 
one million t in 2008, of 1.4Mt in 2022 (Figure 1I). This means a 
similar perspective as the one described by the chub mackerel 
fishery, despite that the stock has been overexploited for juveniles 
with tc=2, and they get mature at tm=5. This is also a long-lived 
species, so the simulation with tc=3t, allowed finding a substantial 
increase of potential yield, from 1.7Mt to 4.4Mt (Figure 2I).

Gulf menhaden

According to catch records, the exploitation of this fishery 
evidence relatively constant yields in recent times, despite the 
Deep-sea Horizon oil spill in the year 2010 occurred near its fishing 
area, and there is a hypoxia zone existing near the output of the 
Mississippi river where it dwells [34]. Apart from this, the stock 
evidences the effect of overexploitation of juveniles, with a dramatic 
decrease in the numbers of one-year old recruits, declining from 
>13 billion during the year 2010, to just under 10 Billion recruits 
from the years 2019 to 2022; this 23 per cent decline should have 
a negative effect in the reproductive turnover of the population. 
Yields also showed a drop from nearly 600,000t in 2011 and 2012 
to less than 500,000t in the years 2019-2022. Results of simulation 
support the idea that the catch could be substantially increased by 
exploiting adults only, this is, changing tc from 1 to 3 years. Under 
these circumstances, yield might increase from 478,000Mt (Figure 
1J) to 1.18Mt (Figure 2J), approaching the condition of a sustainable 
fishery. Apparently, the hypoxia occurred in the summertime 1995 
may have had a negative effect on the catch [35,36].
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Figure 2(E-J): (continuation). E. Skipjack tuna, F. California pilchard; G. Chilean jack mackerel, H. Chub mackerel. 
I. European pilchard; J. Gulf menhaden.

Discussion
After describing the status and suggestions to increase yield of 

each one of the main world fisheries, it is pertinent to put their yield 
in a comparative context, allowing to make some recommendations 
addressed to exploit them sustainably [37]. After the former 
analysis of the ten main world fisheries, a general conclusion is 
derived, this is, all of them are over exploiting their juveniles, and 

to avoid more economic crisis caused by overfishing, it is necessary 
to exploit them only in their adult stages. This can be done by 
applying wider mesh openings in all these fisheries, after doing 
some previous selectivity tests to find the most suitable one at each 
stock. If the recommendations to enhance each fishery are adopted, 
it is expected that results could contribute to alleviate economic 
crises that occur more often in different parts of the world [3], 
and with a real chance to increase the marine food production in 
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a significant way, apart from other simple guidelines for a quick 
diagnosis to ensure a sustainable exploitation in each case [37]. 
Concerning the fitting of recorded and simulated yields that have 
already been discussed previously, it is worth to mention that the 
perfect fitting between recorded and simulated yield presented 
in Figure 3, was achieved because the random fluctuation of catch 
data is attributed essentially to climate variability and fishing 
effort data, not much can be done with the climate and it effect on 

the fisheries, but respecting to fishing effort, the assessment was 
made through successive trials of F and by comparing its results 
between recorded and simulated yields year after year; this way, it 
was possible to make a very close approximation amongst recorded 
and simulated catch values over the catch data series. It was done 
this way because the fishing effort data were suppressed from the 
estimation process.

Figure 3: Landing records of the ten most important world fisheries. In both figures, the right-side column indicates 
the sum of harvest of all these fisheries. A. Upper figure. Recent yields (2022). After data from FAO (2023). B. Lower 

figure. Simulated potential yields at a precautionary fishing intensity (F=0.9).

Apart from possible changes in growth rate, natural mortality, 
and other population parameters, these changes in parameter 
values were not explicitly considered in the stock assessment, 
which were applied only to individual cohorts and therefore 
were separated from the random fluctuations of the stocks. The 
coefficient of variation of recorded catch was used to estimate a 
normalized random variation to the number of recruits, but this 
was omitted from the graphic outputs, where only deterministic 
catch trends are displayed. The use of only fifteen years of catch 
data was chosen with the deliberate purpose of minimizing the 
variance caused by the climate variability and its possible effect on 
recruitment. Therefore, the estimation of catch is based on the F as 
the only factor causing variability, because all data and population 

parameters are treated in the assessment as deterministic 
parameter values.

With the purpose of estimating the number of one-year old 
recruits each year, the Beverton & Holt [12] recruitment equation 
was used, such that in the data matrix of the numbers per age group 
and year, initial values were the recruit numbers estimated the 
previous year. Once the age of maturity was known, it was defined 
in the matrix of ages for the estimation of the number of adults, as 
a prerequisite for applying the recruitment equation. Yields for the 
year 2022 of the ten most important fisheries are shown in Figure 4. 
The bar on the right side of it represents the total catch of these ten 
stocks, which amounts to 22.8Mt. By contrast, the potential yield of 
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each stock at a precautionary target, of F=0.9 (Figure 3B), here are 
considered as the MSY level, which suggests an impressive increase 
of potential yield, going from the current harvest up to 89.9Mt, this 
is, 3.9 times the volumes currently landed. 

Potential increase in landing volumes correspond to a net 
increase of the world fish production of the order of 75.7Mt, as 
seen in Figure 4. These results imply the need that an international 
instance like FAO and other regional organizations, convince 
the fishing industry of each region and country involved in these 
fisheries, to consider the need of changing mesh openings. The 
recommendation suggests that in a period of no more than three 
years, all the fishing gears in use should adopt the use of the new 

mesh openings, such that the exploitation affects only adults. These 
recommendations may have profound implications to human 
society if the fish production is seen from the viewpoint of food 
per capita. Nowadays, world population is approaching to 7 billion 
people, and then if the current catch is distributed among all these 
people, the annual production per capita would be 2.7kg. However, 
if the potential yield estimated here is divided amongst all this 
population number, then we would have 16.7k. person-1; this is 
6.2 times more food than nowadays. If the climate variability and 
errors in the estimation may incur in an overestimation of let say 50 
per cent, even then, the potential increase in fish production would 
provide more than twice food than current yields. 

Figure 4: Net increase of potential fish production of the main exploited stocks, estimated by subtracting the 
potential yields at the FMSY=0.9 from the current ones recorded in 2022. It is remarkable to realize that the Atlantic 

cod and the Alaska Pollock are the most productive. Total net increase amounts to 67.0Mt.

Final comments

For years, current world fish production suggested a depressing 
perspective of an uncertain future, leading to an unexpected 
but wrong perspective of further fisheries development of 
overpopulated world [2,3,5,8,38-41]. This situation motivated the 
interest of evaluating the main world fisheries, taking care of the 
value of 𝐹𝑀𝑆𝑌, which appeared robust to uncertainty concerning 
maturation and recruitment [42]. Here, the most abundant species 
are well represented [40], and statistics provide a useful guideline 
for an initial diagnosis of their status [43-45]. Results obtained in 
this assessment show an optimistic perspective. In 2011, the human 
world population was 7 billion (United Nations Population Fund, 
UNFPA). This means that fish production of the ten stocks assessed, 
of 22.8Mt, would be equivalent to 3.268kg per capita annually. 

There is an expectancy to feed 9 billion people for the year 2050 
[1], urging the science for an accurate worldwide assessment and 
management [6,41,46]. In the likely case that these stocks could be 
exploited at their optimum yield, a further increase of their age of 
first catch would be required. This would allow further increase in 
their fishing intensities. The target would be set at the F=0.9 level, 
and a significant potential increase of yield, would allow increasing 
overall fish yields of these ten stocks, from 22.9 Mt to 89.9Mt. This 
means a net increase of 67Mt, equivalent to an increase to 12.5kg 
per capita per year, this is, almost four times the biomass provided 
by current yields Figure S-1. Unfortunately, most of this biomass is 
reduced into fishmeal, but results imply an optimistic perspective 
addressed to reduce famine of this hunger world, contributing to 
avert a worldwide fisheries disaster [5,39,40,45,47-51].
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Figure S-1: Simulated potential catch (t) left side scale, and Coefficient of variation right side scale, as a function 
of the age of first catch in the ten main exploited stocks of world fisheries. A. Alaska pollock; B. Peruvian anchovy; 

C. Atlantic cod; D. Atlantic herring; E. Skipjack tuna, F. California pilchard; G. Chilean jack mackerel, H. Chub 
mackerel; I. European pilchard; J. Gulf menhaden.

Conclusion
a.	 The initial assumption that main world fisheries are 

exploited to their maximum capacity or are even overexploited, 
is confirmed. 
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b.	 It was detected that the main cause of depletion is 
overexploitation of juveniles. The exception may be the 
Peruvian anchovy, whose biomass is strongly dependent on 
climate variability.

c.	 However, results suggest that the main fish stocks still 
could withstand further catch increase by increasing their age 
at first catch and then the stock would support higher fishing 
pressure. Then, their potential contribution to the overall 
yield may imply a significant increase, from 22.9Mt to 89.9Mt, 
producing almost four times more biomass than current yields. 

Supplementary Material
A macro was developed in the model that allows simulation of 

the catch and other variables, as function of the F and tc. By using 
this macro, it was possible to simulate the stock response as a 
function of these two variables. The simulation of all the harvesting 
scenarios tested was made after thirty years of simulating the 
stock performance, with the deliberate purpose of testing the 
model stability. Then with the application of the F or tc values of 
the last year catch, the model produced an output that allowed to 
provide consistent data useful for the purpose of decision making. 
To explore some statistical attributes supporting the fitting process 
in the simulation (Figure S1A-J), the performance of the catch as a 
function of tc and the Coefficient of variation (CV) also depending 
on the age of first catch, were examined and are displayed in Figure 
S1A-J. In these figures, the catch of each stock is displayed with a 
thicker line and the CV with a thinner line; the length of each line 
depends on the longevity of each stock, such that in short-lived 
species like the Peruvian anchovy and the skipjack tuna, only three 
age classes could be displayed. In others, like the Chilean jack 
mackerel and the European pilchard (Figure S1,E,I), their life spans 
are long enough that these two variables could be displayed on the 
whole scale of age. In the remaining stocks, with life spans longer 
than three years, the lines occupy longer lines than in the case of the 
last two stocks just mentioned.

By looking at the catch as a function of age, the trend in most 
cases is S shaped, with low values at low ages of first catch, then 
because of higher biomass is accumulated in the population, the 
lines show an increase that reaches a high level usually maintained 
at older ages. Only in the case of the Atlantic herring, Alaska 
Pollock, and the European pilchard (Figure S1,C,I), the biomass 
declines after the eighth year. The CV of catch, displayed as thin 
lines in Figure A1 A-J, was estimated for each age, starting from the 
smallest tc value until the last group of ages, or until the twelfth 
year in stocks with more longevity. Here, it was remarkable to see 
that in four stocks, the CV describes a V shaped line, where the 
minimum value lays at low ages, increasing on both sides of the age 
scale. In six stocks, the CV displays a low value and do not show a 
minimum. In most stocks, excepting two, the right side of the line 
displays an abrupt increase.
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