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Blind commercial fisheries can not only decrease fish populations but also completely wipe out fish stocks, 
negatively impacting export quantities. Thus, stock assessment is imperative for safe fishing operation, 
particular for commercial fisheries. This study assesses the the stock status of Istiophorus platypterus 
in Pakistan for the first time by employing biomass dynamic models (BDMs). Catch and effort (CE) 
statistics were statistically analyzed using three BDMs: Schaefer-Surplus Production Model (S-SPM), 
Pella-Tomlinson-Surplus Production Model (PT-SPM), and Fox-Surplus Model (F-SPM). Three error 
modes, Gamma (Gam), Normal (Nor), and Log-Normal (L-Nor), were used for each of these models. 
Sometimes, Gam encountered a computational error (CE). S-SPM and PT-SPM estimates of maximum 
sustainable yield (MSY), Gam (2058 t), Nor (1735 t), and L-Nor (1644t) were higher than F-SPM, Gam 
(1836 t), Nor (1694 t), and L-Nor (1523 t). Higher model fitting values (R2) were observed in F-SPM, 
i.e., Gam (0.678), Nor (0.821), and L-Nor (0.754). MSY estimates and catch per unit effort statistics 
call for adopting the Precautionary Principal and suggest reducing catch levels to safeguard this fishery 
resource for its long-term use. This objective can be achieved through joint directional management plans 
of the various bodies involving stakeholders. This study’s findings will help formulate effective fisheries 
management policies, leading to increased biomass production and revenue generation through exports.

INTRODUCTION

The word risk is commonly used to describe various 
hazards the fisheries sector faces (Sethi, 2010). 

These risks can be of diverse nature, such as economic, 
management, social, etc. (Ma et al., 2023; Sethi, 2010). 
Thus, the need for fisheries management arises to 
encounter these risks for sustainable development of the 
fisheries sector (Chen et al., 2021). Fisheries management 
is a science that begins with data collection and ends 
with policy recommendations based on the data analysis 
findings (Mohsin et al., 2022). Data analysis directs us 
to identify sustainable harvest levels, without which 
sustainable fishing is impossible. Data analysis signposts 
sustainable harvest levels and, thus guidelines for fishery 
managers (Jacobson et al., 2024). These harvest levels are 
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of two types. First, target reference points (TRPs) represent 
that catch quantity that maximizes economic output and 
makes fisheries stock biologically viable. Second, limiting 
reference points (LRPs) are those threshold harvest levels. 
If they are crossed, the sustainability of the fisheries stock 
is threatened (Memon et al., 2024; Da-Rocha et al., 2024). 
Therefore, fisheries managers strive to achieve TRPs and 
avoid LRPs. As their name implies, these reference points 
are not fixed quantities. Instead, they reflect certain levels 
of harvest beyond which overexploitation is expected to 
occur (Hoggarth et al., 2006).

In the field of fisheries management, scientists 
employ different statistical models, such as catch data 
analysis, virtual population analysis, age-structured 
stock assessment, surplus production model (SPM), 
stock-recruitment models, stock recruitment models, etc. 
(Kalhoro et al., 2024; Maunder et al., 2023). However, 
catch data analysis and SPMs are widely employed to 
manage fisheries. This frequent use is due to its ability 
to collect catch statistics quickly and produce reliable 
results compared to other stock assessment statistical 
techniques. Mostly, fisheries statistics are reported in 
terms of catch and effort. Thus, the acquisition of such 
type of data spanning over several years is possible and 
brings reliable results. Moreover, commercial statistics 
are considered suitable for the stock assessment analysis. 
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SPMs are sometimes called depletion models (Memon et 
al., 2015; Noman et al., 2019). Survey statistics can also 
be used to access stock status. However, survey statistics 
are expensive and difficult to collect for several years. 
Therefore, commercial statists are primarily employed 
in stock assessment studies. Depletion of the fisheries 
stock denotes that there will be a decrease in the fisheries 
biomass abundance due to overexploitation (Maynou et 
al., 2021). SPMs can be classified into two main types, 
depending on whether they are classical or recent. Their 
classical version employed the concept of a stable fishery 
state and hence are termed equilibrium models. However, 
in recent versions, this notion has been replaced by the 
dynamic nature of the fishery stock and are called non-
equilibrium models (Mormede et al., 2020; Hoggarth et 
al., 2006; Mohsin et al., 2021). The dynamic nature of 
fisheries means that stock status does not remain stable. 
Instead, it changes due to all biotic and abiotic conditions.

These non-equilibrium models are built several 
assumptions. The core assumption of these models is that 
fishery stocks are characterized by a constant state of flux 
in response to various biotic and abiotic factors. Moreover, 
fish harvest has an impact on the population growth and its 
size. Thus, there is a dynamic relationship between catch 
and fishery population. These models also assume that 
various environmental factors, such as habitat conditions, 
and temperature greatly impact fish productivity (Cousido-
Rocha et al., 2022; Prager, 2002; Mueter and Megrey, 
2006). Sometimes, one or more of these assumptions do 
not exist in reality. However, these statistical models are 
still valid as they can guide fishery managers to make 
fishing policies, especially in vague situations (Khatun 
et al., 2019). Estimates of these non-equilibrium models 
suggest sustainable harvest levels (McClanahan and Azali, 
2020). These estimates are not precise figures. Rather, they 
represent a range among which sustainable fishing can 
continue without harming fish stock. Thus, these estimates 
signpost the target harvest levels (Mohsin et al., 2021). 
There are two types of these estimates, as aforementioned. 
The estimates that indicate desirable harvest levels are called 
TRPs, whereas the estimates that designate harmful harvest 
levels are called LRPs. Fishing at TRPs ensures maximum 
benefit by following maximum sustainable yield (MSY). In 
the case of LRPs, the economic benefit of fishing decreases, 
and the sustainability of the fish stock is also threatened. 
Thus, careful advice by considering TRPs and LRPs is 
crucial for successful fisheries management (Barua et al., 
2022; Tsai et al., 2020). Non-equilibrium models compute 
estimates in the form of different fishery parameters. Among 
these fishery parameters, three are the most important, i.e., 
MSY, fish stock biomass (B), and fishing mortality (F) 
(Mohsin et al., 2021; Hoggarth et al., 2006).

The concept of MSY is central in fisheries 
management science, where the core objective is to exploit 
the fish population to the maximum level by considering 
its sustainability (Mace, 2001; Rindorf et al., 2017). MSY 
represents the harvest level at which fishing operations do 
not harm fish stock (Ulrich et al., 2017). Thus, sustainable 
fishing can be continued for a long time. TRPs estimated 
by non-equilibrium models help achieve MSY. MSY-based 
fisheries management has been widely used worldwide 
to safeguard fisheries resources (Sun et al., 2021). This 
concept has helped to formulate sustainable long-term 
fishery exploitation policies. Alongside MSY, calculated B 
indicates the state of the fishery by comparing the current B 
of the fish population and B that should be at MSY (Methot 
Jr and Wetzel, 2013; Memon et al., 2015). Another important 
parameter computed by non-equilibrium models is F which 
signposts fish stock status. High fishing mortality is a 
warning about the swiftly decreasing fish stock (Mohsin et 
al., 2017; Mace, 2001; Kokkalis et al., 2015). There are two 
types of fishing mortality, i.e., natural and fishing mortality. 
In this study the parameter F denotes fishing mortality. 
Hence, considering the results of MSY in conjunction with 
B and F, reliable fisheries management policies can be 
devised that will better manage fisheries efficiently.

Istiophorus platypterus is found in temperate and 
tropical waters of the world (Rosas-Alayola et al., 
2002). Several researchers have conducted fisheries 
stock assessment studies in Pakistan (Memon et al., 
2015; Mohsin et al., 2017). However, despite being a 
major Istiophoridae fish and having immense importance 
economic importance, I. platypterus stock status has not 
been explored before. The nexus between MSY, fisheries 
management, and trade is critical in ensuring the long-term 
sustainability of fish stocks while optimizing economic 
outcomes, particularly in export-driven economies. By 
determining MSY, fisheries managers can set catch limits 
that prevent overfishing, thus safeguarding the resource 
for future generations. Thus, this study aims to assess the 
stock status of I. platypterus in Pakistan by estimating 
MSY using biomass dynamic models (BDMs). The 
research examines the implications of these estimates for 
fisheries management, focusing on sustainable catch limits 
and precautionary approaches. Additionally, it explores 
the link between sustainable fisheries management and 
export dynamics, with the goal of providing policy 
recommendations to balance ecological sustainability with 
economic growth in the export sector.

MATERIALS AND METHODS

CE data acquisition
This study was conducted using the desk study 
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method. First, all of the available literature, including 
research papers, government reports, and official websites, 
was explored to develop a solid background for the 
research. Second, CE statistics, spanning over 11 years, i.e., 
2011-2021, was collected through online published Sindh 
Bureau of Statistics (SBOS, 2024). This data is reported by 
the Marine Fisheries Department, which is the sole official 
department handling and declaring data related to marine 
fisheries in Pakistan. It is pertinent to declare that this data 
represents commercial catch of I. platypterus fishery and 
is suitable for the analysis to produce reliable results. This 
data reports the catch of I. platypterus fishery in tons (t). 
On the other hand, the effort represents both gillnetters as 
well as trawlers.

Data analysis tools
Depletion models were selected to evaluate scientific 

data in this study. These models assume that the removal of 
the fishery is represented by the decrease in the abundance 
index. There are several different types of depletion models. 
This study employed SPMs. These models represent that 
removing a particular quantity of fish from the fish stock 
will not affect the fish population in the long-run. Thus, 
sustainable fisheries can be performed for an extended 
period. In total, three SPMs were utilized in this study. 
These models are based on the names of the scientists 
who developed them and include Schaefer-SPM (S-SPM), 
Pella-Tomlinson-SPM (PT-SPM), and Fox-SPM (F-SPM). 
The objective of employing multiple SPMs in the same 
study was to compare and draw reliable results. That’s 
why several published studies employ them frequently.

S-SPM is the first classical model among the models 
presented by Schaefer (1954). It uses the concept of fish 
stock growth (r) to estimate fish stock status. Following is 
the mathematical expression of the Schaefer model:

In this expression, t, B∞, B denote time, carrying 
capacity and fish stock biomass, in that order. PT-SPM 
is a refined version of the S-SPM incorporating the fish 
stock growth concept proposed by Gompetz (Pella and 
Tomlinson, 1969). This model can be expressed as follows: 

It is important to note that due to peculiar assumptions 
and statistical design, sometimes this model does not fit 
the data. This frequency of being miss-fit to the data is 
higher than S-SPM and F-SPM. F-SPM is considered 
more authentic for fisheries stock assessment as this 
model implies that fisheries populations cannot be wiped 
out (Fox, 1970). However, in contrast, many fisheries 
populations have been reported to be depleted during the 

course of time (Musick and Bonfil, 2004).

CEDA package
CEDA, a user-friendly computer package, is 

specifically designed to access fisheries stock using 
CPUE. It creates visualizations that help to efficiently 
manage fisheries stock health and control fishing efforts 
effectively. CE data in various formats can be used for the 
analysis by CEDA. It employs 95% confidence limit in 
data analysis. The capability of doing exploratory analysis 
and representing output estimates in graphs makes it easy 
for researchers to draw directional and meaningful results. 
A sensitive analysis of CEDA for various IP values makes 
it possible to understand the actual state of fisheries stock 
exploitation. Various parameters estimated by CEDA 
include MSY, B, F, r (growth rate), R2 (fitting goodness of 
data), and K (carrying capacity). These parameters were 
estimated using three different error modes of CEDA, viz. 
Gamma (Gam), Normal (Nor), and Log-Normal (L-Nor). 
Each error assumption is based on different suppositions, 
thus testing the data comprehensively and creating 
different data fitting, making it possible to compare and 
find the best fit. For data analysis through CEDA, the CE 
data input file was uploaded, and fisheries parameters were 
estimated for each IP. The data output was either extracted 
to make tables or copied to make graphs using Excel 2013.

ASPIC package
ASPIC is a world-renowned fisheries management 

software. It integrates biological and environmental 
covariates into fisheries stock assessment and produces 
important fishery parameters. This software requires 
manual input of individual IP files and the setting of 
several trials during the estimation process. In this study, 
the number of trails was set at 500. Trail means number 
of checks the software should do to estimate parameters. 
Furthermore, this computer package employs two IP 
file specifications, viz., FIT (bootstrapping focus) and 
BOT (management focus). The operational time of BOT 
is longer as compared to FIT. Key fishery parameters 
produced by this software include MSY, CV (coefficient of 
variation), Q (catchability coefficient), K, R2, FMSY and 
BMSY. ASPIC figures and tables were made by extracting 
data from output files.

Different SPMs were employed in this study. Certain 
criteria were used to compare SPMs in terms of their 
reliable output. Only those output results were considered, 
which had reasonable CV values (lower than 0.5), 
acceptable MSY estimates (logically consistent with catch 
trends) and satisfactory R2 estimates (0.5 or higher than 
0.5).

BDMs and Stock Appraisal of Istiophorus platypterus 3
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RESULTS

CE statistics showed considerable fluctuations during 
the study period (2011-2021). In 2011, the reported catch 
was 1489 t which after several variations increased to 1999 
t in 2021. The average catch quantity remained 2143 t/
year, with a maximum catch of 3314 in 2017. On the other 
hand, effort showed a relatively smooth increase starting 
from 8173 in 2011 to 10298 in 2021. The average effort 
remained at 9481/year. The highest effort, 10298, was 
observed in 2021 (Fig. 1). CPUE estimates showed ebb 
and flow during the study period. In 2011, the calculated 
CPUE was 0.182 which increased to 0.206 in 2015. The 
top three CPUE estimates were observed in 2016 (0.327), 
2017 (0.328), and 2018 (0.281). The estimated values of 
CPUE remained the same during the years 2019 (0.177) 
and 2020 (0.177). The calculated value of CPUE was 
0.194 for the year 2021 (Fig. 2).

Fig. 1. Catch (t) and effort (gillnetters and trawlers) 
statistics of I. platypterus fishery.

Fig. 2. Estimated CPUE of I. platypterus fishery.

Table I presents sensitivity analysis estimates of 
CEDA, IP = 0.5-1. In all the SPMs employed in this study, 
Gam error sometimes produced computational error or 
minimization failure. Mostly F-SPM estimates remained 
lower as compared to S-SPM and PT-SPM calculations. 
It was also observed that S-SPM and PT-SPM produced 
same MSY estimates. However, their CV estimates 
differed from each other. As a general trend, it was noticed 
that for lower IP values higher MSY and higher IP values 
lower MSY estimates were produced. For instance, in 
F-SPM, the L-Nor error assumption estimated MSY 1523 
t against an IP of 0.5. Meanwhile, for IP = 1, the estimated 
value of MSY remained 982 t. Different parameters and 
their estimations by CEDA for IP = 0.5 using all three 
SPMs are given in Table II. For S-SPM and PT-SPM, the 
estimated value of MSY remained 2058 t, 1735 t, and 1644 
t for Gam, Nor and L-Nor error assumptions, respectively. 

Table I. Sensitivity analysis outputs of CEDA for Istiophorus platypterus fishery (IP = 0.5-1).

IP  Model
 S-SPM PT-SPM F-SPM 

Gam Nor L-Nor Gam Nor L-Nor Gam Nor L-Nor
MSY
0.5 2058 1735 1644 2058 1735 1644 1836 1694 1523
0.6 CE 1864 1727 CE 1864 1727 CE 1532 1604
0.7 CE 1545 1576 CE 1545 1576 CE 1387 1351
0.8 CE 1439 1408 CE 1439 1408 CE 1254 1176
0.9 CE 1321 1130 1628 1321 1130 1348 1297 1048
 1 1879 1389 1145 1879 1389 1145 847 1021 982
CV
0.5 0.618 0.115 0.362 0.498 0.267 0.154 0.546 0.387 0.265
0.6 CE 0.317 0.293 CE 0.396 0.285 CE 0.154 0.248
0.7 CE 0.096 0.354 CE 0.025 0.174 CE 0.215 0.177
0.8 CE 0.413 0.143 CE 0.392 0.297 CE 0.354 0.387
0.9 0.127 0.364 0.354 0.354 0.354 0.494 0.049 0.451 0.559
1 0.646 0.420 0.418 0.465 0.618 0.543 0.375 0.587 0.548

CE, computational error.

A. Mehak and M. Mohsin
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Fig. 3. Reported and calculated catch of I. platypterus fishery. 

Table II. Sensitivity analysis outputs of CEDA for 
various Istiophorus platypterus fishery parameters (IP 
= 0.5).

Model R2 r MSY CV B K
S-SPM
Gam 0.546 0.894 2058 0.618 1426 9513
Nor 0.754 0.901 1735 0.115 1410 9752
L-Nor 0.615 0.916 1644 0.362 1396 9647
Gam 0.546 0.894 2058 0.498 1426 9513
PT-SPM
Nor 0.754 0.901 1735 0.267 1410 9752
L-Nor 0.615 0.916 1644 0.154 1396 9647
Gam 0.678 0.691 1836 0.546 1366 8204
F-SPM
Nor 0.821 0.794 1694 0.387 1381 8285
L-Nor 0.754 0.514 1523 0.265 1394 6978

R2, coefficient of determination; r, intrinsic population growth rate; MSY, 
Maximum sustainable yield; CV, coefficient of variation; B, final bio-
mass; K, carrying capacity.

MSY estimates for F-SPM remained 1836 t, 1694 
t, and 1523 t, in that order. It was observed that F-SPM 
produced higher estimates of R2 than S-SPM and PT-SPM. 
For example, in F-SPM, the estimates of Gam, Nor, and 
L. Nor remained 0.678, 0.821, and 0.754, respectively. On 
the other hand, values of this parameter in S-SPM and PT-
SPM remained 0.546, 0.754, and 0.615, correspondingly. 
Figure 3 depicts a comparison between observed and 
estimated catch statistics by CEDA. This figure comprises 

nine graphs, one for each error assumption in each model. 
These graphs have tiny variances depending on the error 
assumption and model suppositions. 

Table III. Sensitivity analysis outputs of ASPIC for 
Istiophorus platypterus fishery (IP = 0.5 -1).

IP Q K CV MSY BMSY FMSY R2

S-M
0.5 4.4E-05 4982 0.265 1423 2941 0.710 0.874
0.6 4.4E-05 4567 0.174 1511 2986 0.674 0.812
0.7 5.2E-05 4822 0.061 1375 3961 0.659 0.812
0.8 5.2E-05 4021 0.348 1315 2764 0.651 0.812
0.9 5.2E-05 3516 0.487 1248 2483 0.584 0.817
1.0 5.2E-05 3495 0.364 1127 2357 0.564 0.812
F-M
0.5 5.1E-05 4661 0.264 1572 3165 0.341 0.859
0.6 5.1E-05 4167 0.139 1497 2941 0.248 0.859
0.7 5.3E-05 4526 0.248 1487 2867 0.341 0.864
0.8 5.3E-05 4087 0.365 1324 2638 0.341 0.864
0.9 5.3E-05 3768 0.291 1291 2443 0.221 0.864
1.0 5.3E-05 3741 0.455 1102 2138 0.209 0.864

The results of sensitivity analysis performed with 
ASPIC are given in Table III. Several trends were observed 
with respect to the estimation of different parameters 
such as MSY, BMSY, and FMSY. For S-M, generally, BMSY 
decreased with the with the increase in IP value. The same 
trend was exhibited by FMSY estimates. MSY estimates 
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decreased with the increase in IP values. For IP = 0.5, the 
estimated value of MSY, BMSY and FMSY remained 1423 t, 
2941 t, and 0.710, correspondingly. However, for IP = 1, 
the estimated values of these parameters were calculated 
as 1127 t, 2357 t, and 0.564. ASPIC estimates of various 
parameters for IP = 0.5 are given in Table IV. S-SPM 
calculation of MSY, 1423 t, is lower than F-SPM, 1572 t. 
The value of CV remained at 0.265 and 0.264 for both of 
these models, in that order. S-SPM showed a higher value 
of R2, 0.874, as compared to F-SPM, 0.859.

Table IV. Sensitivity analysis outputs of ASPIC 
Istiophorus platypterus fishery (IP = 0.5).

Model IP q R2 CV FMSY MSY BMSY K
S-SPM 0.5 4.4E-05 0.874 0.265 0.710 1423 2941 4982
F-SPM 0.5 5.1E-05 0.859 0.264 0.341 1572 3165 4661

A

B
Fig. 4. S-SPM estimates (A) and F-SPM estimates (B) of 
BMSY and FMSY trends for I. platypterus fishery.

Figure 4 portray CEDA estimates of IP, 0.5-1, for 
S-SPM and F-SPM, respectively. For S-SPM, the values 
of BMSY and FMSY, IP = 0.5, remained at 2941 and 0.71, 
in that order. Whereas the values of these parameters for IP 
= 1 were calculated as 2357 and 0.564, respectively. For 
F-SPM, the values of BMSY and FMSY, IP = 0.5, were 
estimated as 3165 and 0.341, respectively. The calculated 
values of these parameters for IP = 1 remained at 2138 
and 0.209, respectively. F/FMSY and B/BMSY trends 
during the study period are given in Table V. In general, 

F/FMSY has increased during the study period from 0.746 
in 2011 to 1.672 in 2021. On the other hand, B/BMSY has 
decreased from 1.894 in 2011 to 0.231 in 2021. The same 
trend for both the parameters, i.e. F/FMSY and B/BMSY, 
was observed for F-SPM.

Table V. ASPIC estimations of F/FMSY and B/BMSY 
for Istiophorus platypterus fishery.

Year Model
S-SPM F-SPM

F/FMSY B/BMSY F/FMSY B/BMSY
2011 0.746 1.894 0.847 2.247
2012 1.038 1.954 0.984 2.005
2013 0.896 1.562 1.243 1.951
2014 1.145 1.164 1.294 1.845
2015 1.371 0.948 0.971 1.326
2016 1.364 0.874 1.362 1.546
2017 1.648 0.836 1.349 1.104
2018 0.956 0.794 1.467 0.849
2019 1.364 0.711 1.516 0.632
2020 1.458 0.514 1.451 0.578
2021 1.672 0.231 1.587 0.548

DISCUSSION

Overfishing is a global issue, and many fisheries 
resources have been victimized by it (FAO, 2007). This is 
a crucial level of fishing that, if not controlled well or in 
time, can lead to the extinction of the fisheries resources 
(Colloca et al., 2017). Thus, comprehensive fisheries 
management should start as soon as possible to conserve 
fisheries resources effectively. The fisheries management 
process is complicated and involves many steps, such as, 
data gathering, data analysis, result interpretation, policy 
recommendation, and implementation of policies (Rice 
and Rochet, 2005). There are generally more incentives at 
the start of the fisheries. This motivates new fishermen to 
join fishing (Clark, 1973). However, the increased number 
of fishermen creates pressure on fisheries and catch starts 
to decline. Thus, a stage of overexploitation commences 
(Brochier et al., 2018; Ding et al., 2017). 

It is reported that one-fourth of the world’s fisheries 
resources are under the pressure of overexploitation (FAO, 
2007). If overexploitation is not managed well it can lead 
to the extinction of fisheries resources. Along this fishing 
cycle, the economic benefit of the fishermen also changes. 
At the start of the fisheries, it is maximum whereas at the 
stage of the overexploitation, the fishermen can get only 
marginal benefit (Rosenberg, 2003; Grafton et al., 2007). 
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Overexploited stocks can be restored. However, this is a 
time taking process. Generally, fishermen do not support 
the rebuilding of fisheries’ stock. To motivate fishermen 
for this idea, transition costs can be arranged properly, 
which is, however a complicated task (Murawski, 2010; 
Ye et al., 2013).

Unfortunately, most of the studies conducted on 
fisheries stock status in Pakistan declare overexploitation 
(Memon et al., 2024; Mohsin et al., 2021). Even though 
controlling overexploitation has been the core objective of 
fisheries management policies in Pakistan, however, this 
target has not been achieved fully until now (Schmidt, 
2014). According to various research findings, fisheries 
in Pakistan are consistently a victim of the open access 
regime (Mohsin et al., 2017). An open access regime 
means fish catch beyond sustainable level due to 
ineffective management. Several private organizations, 
along with public bodies, are striving to achieve this goal. 
There is a considerable improvement in the situation, 
but still, there is considerable room for improvement. 
According to one study, the number of trawlers is much 
more than the recommended one, contributing heavily to 
the overexploitation (Schmidt, 2014).

Several fishery parameters can be used to access 
the fish stock status. Some of them are very simple, non-
statistical parameters such as CPUE (Sant’Ana et al., 
2017). A declining trend in CPUE is an indication of 
overharvesting of the fishery stock. On the other hand, 
if CPUE does not change even if fishing effort increases, 
it can indicate the stable state of the fishery stock. In 
this study, CPUE has decreased during the study period 
from 2017-2019, which represents overexploitation of I. 
platypterus fishery resources. The state of the fishery can 
be statistically evaluated more precisely with the estimated 
MSY values (Mace, 2001; Martell and Froese, 2013). If 
MSY estimates exceed catch figures, then more fish catch 
is acceptable. However, they are lower than catch statistics. 
At that point, overexploitation is ongoing, which should be 
controlled. According to these criteria, MSY has also been 
estimated to have been a signpost for the overexploitation 
of this fishery resource, particularly during 2016-2018. If 
we compare the CPUE of 2011 and 2012 to 2019 and 2020, 
we can probably see the same CPUE. This superficially 
indicates that the fisheries resource is perhaps in a stable 
state. 

However, it must be noted that CPUE has declined 
considerably after 2018. On the other hand, effort has 
increased between 2017-2021. Therefore, following the 
Precautionary Principle, the recommended MSY should 
be lower than the catch, which is considered superficially 
optimal (Hoggarth et al., 2006). In this study, sensitivity 
analysis was performed with CEDA and ASPIC computer 

packages by using different IP values ranging from 0.5 to 
1. IP values essentially represent the state of the fishery. 
For example, if the fishery is in a virgin state or no fishing 
has occurred, the IP value would be 0. Conversely, when 
the fishery stock is fully exploited, the IP value would 
be 1. All the other values between 0 and 1 represent 
moderate to high fishing activities depending upon the IP 
values (Mohsin et al., 2017). More effective management 
measures are needed to control overexploitation (Noman 
et al., 2019; Memon et al., 2024). 

One key point is to focus on integrated fisheries 
management practice by involving all the related 
departments. Some researchers have found a lack of proper 
coordination between various fisheries regulatory bodies. 
Moreover, fisheries management is a comprehensive 
process prone to various risks. Since all the risks are 
interrelated with varying degrees, therefore, to get 
fruitful results, other significant risk factors should also 
be controlled (Mohsin et al., 2022). Such as, to control 
overexploitation effectively, it is also important to develop 
a sound licensing system and punishment system. In 
addition, training for the fishermen with the particular 
aim of developing sustainable fisheries is crucial. Fishery 
officers can play their vital role in this process. Thus, by 
combining all of these efforts, overexploitation can be 
effectively controlled.

To control overexploitation of fisheries in Pakistan, 
measures should include enforcing sustainable catch limits, 
establishing marine protected areas (MPAs), reducing 
bycatch, and improving monitoring to combat illegal 
fishing. Involving local communities in management, 
raising awareness about sustainable practices, and 
offering economic incentives for sustainable fishing can 
also help protect marine resources and ensure long-term 
sustainability.

The nexus between MSY, fisheries management, and 
trade is critical in ensuring the long-term sustainability 
of fish stocks while optimizing economic outcomes, 
particularly in export-driven economies. This study 
highlights the importance of MSY estimates as a tool 
for responsible fisheries management. By determining 
MSY, fisheries managers can set catch limits that prevent 
overfishing, thus safeguarding the resource for future 
generations. This has direct implications for trade, as 
sustainable fisheries practices ensure a stable supply 
of fish for export markets, avoiding stock depletion 
that could disrupt export quantities and revenue. 
Furthermore, adopting the precautionary approach, as 
suggested by the study’s findings, emphasizes the need for 
integrated management strategies that balance biological 
sustainability with economic goals, ensuring both a healthy 
fishery and consistent trade opportunities.
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This study has several limitations. First, CE data 
may not fully reflect fishery fluctuations. Second, 
the models assume constant parameters, overlooking 
dynamic environmental and economic factors. Third, 
computational errors with the Gam error mode affected 
some results, and sensitivity analysis showed variations in 
MSY estimates across models. Fourth, the study advocates 
the Precautionary Principle but lacks detailed management 
recommendations and does not consider external factors 
like environmental changes. Finally, the findings may 
not apply universally due to regional ecological and 
management differences.

This study highlights the importance of accurate 
stock assessments for sustainable fisheries management, 
advocating for reduced catch levels to avoid overfishing. 
The research supports the Precautionary Principle 
and provides guidelines for estimating MSY. It offers 
valuable insights for policymakers to develop effective 
management strategies, boosting export revenues while 
ensuring sustainability. By improving stock assessment 
methodologies, the study enhances the reliability of fishery 
evaluations and contributes to better fisheries management 
practices, both locally and globally. Future studies could 
explore the application of advanced modeling techniques, 
such as ecosystem-based models, to assess the broader 
ecological impacts of fishing on I. platypterus populations. 
Long-term monitoring programs should be implemented 
to track stock trends and refine model predictions. 
Additionally, research could focus on the socioeconomic 
impacts of sustainable fisheries management, particularly 
in relation to local communities and export dynamics. 
Finally, studies could investigate the effects of climate 
change on fishery stocks to better adapt management 
strategies to changing environmental conditions.

DECLARATIONS

Acknowledgement
The authors are thankful to Jiujiang University for 

providing the necessary materials to conduct this study.

Generative AI and AI-assisted technology statement
The authors have declared that no generative AI or AI-

assisted technologies were used to create this manuscript.

Conflict of interest statement
The authors have declared no conflict of interest.

REFERENCES

Barua, S., Liu, Q., Alam, M.S., Schneider, P. and 
Mozumder, M.M.H., 2022. Application of length-

based assessment methods to elucidate biological 
reference points of black pomfret stock in the bay 
of Bengal, Bangladesh. Fishes, 7: 384. https://doi.
org/10.3390/fishes7060384

Brochier, T., Auger, P., Thiao, D., Bah, A., Ly, S., Nguyen-
Huu, T. and Brehmer, P., 2018. Can overexploited 
fisheries recover by self-organization? Reallocation 
of fishing effort as an emergent form of governance. 
Mar. Pol., 95: 46–56. https://doi.org/10.1016/j.
marpol.2018.06.009

Chen, J.L., Hsiao, Y.J. and Yip, K.K., 2021. Risk 
management of marine capture fisheries under 
climate change: Taking into consideration the 
effects of uncertainty.  Sustainability,  13: 3892. 
https://doi.org/10.3390/su13073892

Clark, C.W., 1973. The economics of overexploitation. 
Science, 181: 630–634. https://doi.org/10.1126/
science.181.4100.630

Colloca, F., Scarcella, G. and Libralato, S., 2017. 
Recent trends and impacts of fisheries exploitation 
on Mediterranean stocks and ecosystems.  Front. 
Mar. Sci.,  4: 244. https://doi.org/10.3389/
fmars.2017.00244

Cousido-Rocha, M., Pennino, M.G., Izquierdo, F., Paz, 
A., Lojo, D., Tifoura, A., Zanni, M.Y. and Cervino, 
S., 2022. Surplus production models: A practical 
review of recent approaches.  Rev. Fish Biol. 
Fish.,  32: 1085–1102. https://doi.org/10.1007/
s11160-022-09731-w

Da-Rocha, J.M., Garcia-Cutrin, J. and Gutierrez, 
M.J., 2024. Identifying limit reference points 
for robust harvest control rules in fisheries 
management. Front. Mar. Sci., 11: 1379068. https://
doi.org/10.3389/fmars.2024.1379068

Ding, Q., Chen, X., Chen, Y. and Tian, S., 2017. 
Estimation of catch losses resulting from 
overexploitation in the global marine fisheries. Acta 
Oceanol. Sin.,  36: 37–44. https://doi.org/10.1007/
s13131-017-1096-x

FAO, 2007. State of the world fisheries and aquaculture 
2006. FAO’s Fisheries Department, Rome, Italy, 
pp. 1–180.

Fox, W.W.Jr., 1970. An exponential surplus-yield model 
for optimizing exploited fish populations. Trans. Am. 
Fish. Soc., 99: 80–88. https://doi.org/10.1577/1548-
8659(1970)99<80:AESMFO>2.0.CO;2

Grafton, R.Q., Kompas, T. and Hilborn, R.W., 
2007. Economics of overexploitation 
revisited.  Science,  318: 1601–1601. https://www.
science.org/doi/10.1126/science.1146017

Hoggarth, D.D., Abeyasekera, S., Arthur, R.I., 
Beddington, J.R., Burn, R.W., Halls, A.S., 

https://doi.org/10.3390/fishes7060384
https://doi.org/10.3390/fishes7060384
https://doi.org/10.1016/j.marpol.2018.06.009
https://doi.org/10.1016/j.marpol.2018.06.009
https://doi.org/10.3390/su13073892
https://doi.org/10.1126/science.181.4100.630
https://doi.org/10.1126/science.181.4100.630
https://doi.org/10.3389/fmars.2017.00244
https://doi.org/10.3389/fmars.2017.00244
https://doi.org/10.1007/s11160-022-09731-w
https://doi.org/10.1007/s11160-022-09731-w
https://doi.org/10.3389/fmars.2024.1379068
https://doi.org/10.3389/fmars.2024.1379068
https://doi.org/10.1007/s13131-017-1096-x
https://doi.org/10.1007/s13131-017-1096-x
https://doi.org/10.1577/1548-8659(1970)99%3C80:AESMFO%3E2.0.CO;2
https://doi.org/10.1577/1548-8659(1970)99%3C80:AESMFO%3E2.0.CO;2
https://www.science.org/doi/10.1126/science.1146017
https://www.science.org/doi/10.1126/science.1146017


9                                                                                        

Onlin
e F

irs
t A

rtic
le

BDMs and Stock Appraisal of Istiophorus platypterus 9

Kirkwood, G.P., McAllister, M., Medley, P., Mees, 
C.C., Parkes, G.B., Pilling, G.M., Wakeford, R.C. 
and Welcomme R.L., 2006. Stock assessment for 
fishery management. A framework guide to the 
stock assessment tools of the fisheries management 
science programme. FAO Fisheries Technical Paper 
No. 487, FAO’s Fisheries Department, Rome, Italy, 
pp. 1–261.

Jacobson, L.D., Cadrin, S.X. and Weinberg, J.R., 
2002. Tools for estimating surplus production 
and FMSY in any stock assessment model. N. 
Am. J. Fish. Manage. 22: 326–338. https://doi.
org/10.1577/1548-8675(2002)022<0326:TFESPA
>2.0.CO;2

Kalhoro, M.A., Liu, Q., Zhu, L., Jiang, Z. and Liang, 
Z., 2024. Assessing fishing capacity of two tuna 
fish species using different time-series data in 
Pakistan, Northern Arabian Sea.  Estuar. Coast. 
Shelf. Sci., 299: 108692. https://doi.org/10.1016/j.
ecss.2024.108692

Khatun, M.H., Lupa, S.T., Rahman, M.F., Barman, P.P. 
and Liu, Q., 2019. Evaluation of Labeo calbasu 
fishery status using surplus production models in 
Kaptai Reservoir, Bangladesh. Appl. Ecol. Environ. 
Res.,  17: 2519–2532. https://doi.org/10.15666/
aeer/1702_25192532

Kokkalis, A., Thygesen, U.H., Nielsen, A. and 
Andersen, K.H., 2015. Limits to the reliability 
of size-based fishing status estimation for data-
poor stocks.  Fish. Res.,  171: 4–11. https://doi.
org/10.1016/j.fishres.2014.10.007

Ma, S., Kang, B., Li, J., Sun, P., Liu, Y., Ye, Z. and Tian, Y., 
2023. Climate risks to fishing species and fisheries 
in the China Seas. Sci. Total Environ. 857: 159325. 
https://doi.org/10.1016/j.scitotenv.2022.159325

Mace, 2001. A new role for MSY in single‐species and 
ecosystem approaches to fisheries stock assessment 
and management. Fish Fish., 2: 2–32. https://doi.
org/10.1046/j.1467-2979.2001.00033.x

Martell, S. and Froese, R., 2013. A simple method for 
estimating MSY from catch and resilience.  Fish 
Fish., 14: 504–514. https://doi.org/10.1111/j.1467-
2979.2012.00485.x

Maunder, M.N., Hamel, O.S., Lee, H.H., Piner, K.R., 
Cope, J.M., Punt, A.E., Ianelli, J.N., Castillo-
Jordan, C., Kapur, M.S. and Methot, R.D., 2023. A 
review of estimation methods for natural mortality 
and their performance in the context of fishery 
stock assessment. Fish. Res., 257: 106489. https://
doi.org/10.1016/j.fishres.2022.106489

Maynou, F., Demestre, M., Martín, P. and Sanchez, P., 
2021. Application of a multi-annual generalized 

depletion model to the Mediterranean sandeel 
fishery in Catalonia.  Fish. Res.,  234: 105814. 
https://doi.org/10.1016/j.fishres.2020.105814

McClanahan, T.R. and Azali, M.K., 2020. Improving 
sustainable yield estimates for tropical reef 
fisheries.  Fish Fish.,  21: 683–699. https://doi.
org/10.1111/faf.12454

Memon, A.M., Liu, Q., Memon, K.H., Baloch, W.A., 
Memon, A. and Baset, A., 2015. Evaluation of the 
fishery status for King Soldier Bream Argyrops 
spinifer in Pakistan using the software CEDA and 
ASPIC. Chinese J. Oceanol. Limnol., 33: 966–973. 
https://doi.org/10.1007/s00343-015-4330-4

Memon, A.M., Xin, D., Saleem, C.M., Zhu, C., Xiaona, 
X., Jiang, Y. and Qun, L., 2024. Population dynamic 
parameters of Rohu, Labeo rohita (Hamilton, 
1822) in the Indus River, Sindh, Pakistan. Pakistan 
J. Zool., Pages. 1–13.

Methot Jr, R.D. and Wetzel, C.R., 2013. Stock synthesis: 
A biological and statistical framework for fish 
stock assessment and fishery management.  Fish. 
Res.,  142: 86–99. https://doi.org/10.1016/j.
fishres.2012.10.012

Mohsin, M., Hengbin, Y. and Luyao, Z., 2021. 
Application of non-equilibrium SPMs to access 
overexploitation risk faced by Scomberomorus 
sinensis in Shandong, China. Pakistan J. Zool., 53: 
439–446. https://doi.org/10.17582/journal.
pjz/20190901040914

Mohsin, M., Hengbin, Y., Luyao, Z., Rui, L., Chong, Q. 
and Mehak, A., 2022. An application of multiple-
criteria decision analysis for risk prioritization and 
management: a case study of the fisheries sector 
in Pakistan.  Sustainability,  14: 8831. https://doi.
org/10.3390/su14148831

Mohsin, M., Mu, Y., Memon, A.M., Kalhoro, M.T. and 
Shah, S.B.H., 2017. Fishery stock assessment of 
Kiddi shrimp (Parapenaeopsis stylifera) in the 
Northern Arabian Sea Coast of Pakistan by using 
surplus production models.  Chinese J. Oceanol. 
Limnol.,  35: 936–946. https://doi.org/10.1007/
s00343-017-6096-3

Mormede, S., Parker, S.J. and Pinkerton, M.H., 
2020. Comparing spatial distribution modelling 
of fisheries data with single-area or spatially-
explicit integrated population models, a case 
study of toothfish in the Ross Sea region. Fish. 
Res., 221: 105381. https://doi.org/10.1016/j.
fishres.2019.105381

Mueter, F.J. and Megrey, B.A., 2006. Using multi-
species surplus production models to estimate 
ecosystem-level maximum sustainable yields. 

https://doi.org/10.1577/1548-8675(2002)022%3C0326:TFESPA%3E2.0.CO;2
https://doi.org/10.1577/1548-8675(2002)022%3C0326:TFESPA%3E2.0.CO;2
https://doi.org/10.1577/1548-8675(2002)022%3C0326:TFESPA%3E2.0.CO;2
https://doi.org/10.1016/j.ecss.2024.108692
https://doi.org/10.1016/j.ecss.2024.108692
https://doi.org/10.15666/aeer/1702_25192532
https://doi.org/10.15666/aeer/1702_25192532
https://doi.org/10.1016/j.fishres.2014.10.007
https://doi.org/10.1016/j.fishres.2014.10.007
https://doi.org/10.1016/j.scitotenv.2022.159325
https://doi.org/10.1046/j.1467-2979.2001.00033.x
https://doi.org/10.1046/j.1467-2979.2001.00033.x
https://doi.org/10.1111/j.1467-2979.2012.00485.x
https://doi.org/10.1111/j.1467-2979.2012.00485.x
https://doi.org/10.1016/j.fishres.2022.106489
https://doi.org/10.1016/j.fishres.2022.106489
https://doi.org/10.1016/j.fishres.2020.105814
https://doi.org/10.1111/faf.12454
https://doi.org/10.1111/faf.12454
https://doi.org/10.1007/s00343-015-4330-4
https://doi.org/10.1016/j.fishres.2012.10.012
https://doi.org/10.1016/j.fishres.2012.10.012
https://doi.org/10.17582/journal.pjz/20190901040914
https://doi.org/10.17582/journal.pjz/20190901040914
https://doi.org/10.3390/su14148831
https://doi.org/10.3390/su14148831
https://doi.org/10.1007/s00343-017-6096-3
https://doi.org/10.1007/s00343-017-6096-3
https://doi.org/10.1016/j.fishres.2019.105381
https://doi.org/10.1016/j.fishres.2019.105381


10                                                                                        

Onlin
e F

irs
t A

rtic
le

A. Mehak and M. Mohsin

Fish. Res., 81: 189–201. https://doi.org/10.1016/j.
fishres.2006.07.010

Murawski, S.A., 2010. Rebuilding depleted fish stocks: 
The good, the bad, and, mostly, the ugly. ICES J. 
Mar. Sci., 67: 1830–1840. https://doi.org/10.1093/
icesjms/fsq125

Musick, J.A. and Bonfil, R., 2005. Management 
techniques for elasmobranch fisheries. FAO 
Fisheries Technical Paper No. 474, FAO’s Fisheries 
Department, Rome, Italy, pp. 1-251.

Noman, M., Mu, Y.T., Mohsin, M., Memon, A.M. and 
Kalhoro, M.T., 2019. Maximum sustainable yield 
estimates of Scomberomorus spp. from Balochistan, 
Pakistan. Pakistan J. Zool. 51: 2199–2207. https://
doi.org/10.17582/journal.pjz/2019.51.6.2199.2207

Pella, J.J. and Tomlinson, P.K., 1969. A generalized 
stock production model. Int. Am. Trop. Tuna Comm. 
Bull., 13: 416–497.

Prager, M.H., 2002. Comparison of logistic and 
generalized surplus-production models applied 
to swordfish, Xiphias gladius, in the North 
Atlantic Ocean.  Fish. Res.  58: 41–57. https://doi.
org/10.1016/S0165-7836(01)00358-7

Rice, J.C. and Rochet, M.J., 2005. A framework 
for selecting a suite of indicators for fisheries 
management.  ICES J. mar. Sci.,  62: 516–527. 
https://doi.org/10.1016/j.icesjms.2005.01.003

Rindorf, A., Mumford, J., Baranowski, P., Clausen, 
L.W., García, D., Hintzen, N.T., Kempf, A., 
Leach, A., Levontin, P., Mace, P. and Mackinson, 
S., 2017. Moving beyond the MSY concept to 
reflect multidimensional fisheries management 
objectives.  Mar. Pol.,  85: 33–41. https://doi.
org/10.1016/j.marpol.2017.08.012

Rosas-Alayola, J., Hernandez-Herrera, A., Galvan-
Magana, F., Abitia-Cardenas, L.A. and Muhlia-
Melo, A.F., 2002. Diet composition of sailfish 
(Istiophorus platypterus) from the southern Gulf 
of California, Mexico.  Fish. Res.,  57: 185–195. 
https://doi.org/10.1016/S0165-7836(01)00344-7

Rosenberg, A.A., 2003. Managing to the margins: 
The overexploitation of fisheries.  Front. Ecol. 
Environ., 1: 102–106. https://doi.org/10.1890/1540-
9295(2003)001[0102:MTTMTO]2.0.CO;2

Sant’Ana, R., Kinas, P.G., de Miranda, L.V., Schwingel, 
P.R., Castello, J.P. and Vieira, J.P., 2017. Bayesian 
state-space models with multiple CPUE data: The 
case of a mullet fishery.  Sci. Mar.,  81: 361–370. 
https://doi.org/10.3989/scimar.04461.11A

SBOS, 2024. Development statistics. Sindh Bureau of 
Statistics, Pakistan. Available at: https://sbos.sindh.
gov.pk/development-statistics-of-sindh (accessed 
16 July, 2024).

Schaefer, M.B., 1954. Some aspects of the dynamics 
of populations important to the management of the 
commercial marine fisheries. Int. Am. Trop. Tuna 
Comm. Bull., 1: 23–56.

Schmidt, U.W., 2014.  Fisheries policy report and 
recommendations for Sindh. USFIRMS Project, 
USAID. Available at:  http://pdf.usaid.gov/pdf_
docs/PA00K7T7.pdf (accessed 01 October 2016).

Sethi, S.A., 2010. Risk management for fisheries. Fish 
Fish., 11: 341–365. https://doi.org/10.1111/j.1467-
2979.2010.00363.x

Sun, M., Li, Y., Ren, Y. and Chen, Y., 2021. Rebuilding 
depleted fisheries towards BMSY under uncertainty: 
harvest control rules outperform combined 
management measures. ICES J. mar. Sci. 78: 2218–
2232. https://doi.org/10.1093/icesjms/fsaa078

Tsai, W.P., Liu, K.M. and Chang, Y.J., 2020. Evaluation 
of biological reference points for conservation 
and management of the bigeye thresher 
shark, Alopias superciliosus, in the Northwest 
Pacific.  Sustainability,  12: 8646. https://doi.
org/10.3390/su12208646

Ulrich, C., Vermard, Y., Dolder, P.J., Brunel, T., 
Jardim, E., Holmes, S.J., Kempf, A., Mortensen, 
L.O., Poos, J.J. and Rindorf, A., 2017. Achieving 
maximum sustainable yield in mixed fisheries: A 
management approach for the North Sea demersal 
fisheries. ICES J. mar. Sci. 74: 566–575. https://doi.
org/10.1093/icesjms/fsw126

Ye, Y., Cochrane, K., Bianchi, G., Willmann, R., 
Majkowski, J., Tandstad, M. and Carocci, F., 2013. 
Rebuilding global fisheries: The World Summit 
Goal, costs and benefits. Fish Fish., 14: 174–185. 
https://doi.org/10.1111/j.1467-2979.2012.00460.x

https://doi.org/10.1016/j.fishres.2006.07.010
https://doi.org/10.1016/j.fishres.2006.07.010
https://doi.org/10.1093/icesjms/fsq125
https://doi.org/10.1093/icesjms/fsq125
https://doi.org/10.17582/journal.pjz/2019.51.6.2199.2207
https://doi.org/10.17582/journal.pjz/2019.51.6.2199.2207
https://doi.org/10.1016/S0165-7836(01)00358-7
https://doi.org/10.1016/S0165-7836(01)00358-7
https://doi.org/10.1016/j.icesjms.2005.01.003
https://doi.org/10.1016/j.marpol.2017.08.012
https://doi.org/10.1016/j.marpol.2017.08.012
https://doi.org/10.1016/S0165-7836(01)00344-7
https://doi.org/10.1890/1540-9295(2003)001%5b0102:MTTMTO%5d2.0.CO;2
https://doi.org/10.1890/1540-9295(2003)001%5b0102:MTTMTO%5d2.0.CO;2
https://doi.org/10.3989/scimar.04461.11A
https://sbos.sindh.gov.pk/development-statistics-of-sindh
https://sbos.sindh.gov.pk/development-statistics-of-sindh
http://pdf.usaid.gov/pdf_docs/PA00K7T7.pdf
http://pdf.usaid.gov/pdf_docs/PA00K7T7.pdf
https://doi.org/10.1111/j.1467-2979.2010.00363.x
https://doi.org/10.1111/j.1467-2979.2010.00363.x
https://doi.org/10.1093/icesjms/fsaa078
https://doi.org/10.3390/su12208646
https://doi.org/10.3390/su12208646
https://doi.org/10.1093/icesjms/fsw126
https://doi.org/10.1093/icesjms/fsw126
https://doi.org/10.1111/j.1467-2979.2012.00460.x

