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Abstract

This study aims to analyze the fishing trend and predict the future catch of Persian sturgeon
(Acipenser persicus) stocks by DB-SRA and dynamic models in the southern shores of the
Caspian Sea. The results showed that, according to the size of the initial population in 2018, equal
to 153 spicemens (mean weigth 30kg); assuming a constant rate of catch from the population
equivalent to 0.2 per year (half of the current catch); until the next 30 years (2050), the amount
of catching of Persian sturgeon will increase until the stocks of this species have the ability to

fully restore themselves. While assuming the current catch rate, there has been a sharp decrease
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in the catch of fish in the southern shores of the Caspian Sea; it is estimated that the stocks of this

type of sturgeon fish will be extinct by 2050.
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INTRODUCTION
The Caspian Sea is considered as the largest of the
brackish water lake in the world (Kamza et al. 2023).
The Caspian Sea is the habitat of valuable commercial
fish such as sturgeon, so that six species of fish
(beluga, Persian, Russian, starry, ship and sterlet
sturgeons) live in Caspian Sea and its catchment area
that the major part of the world's sturgeon (90-92%) is
caught from it (Ermolin & Svolkinas 2016). Persian
sturgeon, Acipenser persicus (Brodin, 1897) is found
in the southern shores of the Caspian Sea and it is
rarely seen in its northern parts (Farhani 2015).In fact,
this kind of fish is considered native to Iran and has a
special status in the composition and quantity of
sturgeon fish (60% of it) in Iran (Raisi et al. 2018).
Sturgeons are extremely valuable species due to
increasing demand for their Caviar and boneless meat
(Hatef et al. 2011). However, they were severely
affected by long-term anthropogenic activities that
have resulted in a significant decline in the population
of Sturgeons especially A. persicus species in the
Southern Caspian Sea (Pourkazemi 2006; Nazeri et al.
2019; Haghshenas et al. 2021) and are listed as
threatened species in the International Union for
Conservation of Nature (IUCN) (Iranian Fishery
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Statistics Yearbook (IFSY) 2008).

Today, unlike the previous extinctions, where
natural factors were the main cause of the mass death
of organisms, today the rapid decline of animal
species, especially sturgeon fish, due to the pressure
caused by human activities, especially the loss of
habitats, hydrocarbon pollution caused by the
exploitation of oil in the sea and pollution chemicals
of rivers; excessive and illegal exploitation of water
ecosystems (Ceballos et al. 2015).

Unfortunately, the instability in exploiting the
valuable sturgeon fish, and the non-compliance with
fishing laws have caused serious concerns about the
sustainable exploitation of sturgeon (Sumaila et al.
2016). At the beginning of the 20th century, the catch
of sturgeon was around 40,000 tons (Sumaila et al.
2016) and 80-90% of the world's caviar was produced
in the Caspian Sea (Pourkazemi 2006). However, in
recent years, the amount of catch and stocks of
sturgeon fish in the Caspian Sea has had a very sharp
downward trend; so that their catch has decreased
from 28,500 tons in 1985 to less than 861 tons in 2009
(Iranian Fishery Statistics Yearbook (IFSY) 2008) and
6/97 tons in 2020 has decreased (National Fisheries
Science Research Institute 2021). The sharp decrease
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in the commercial catch of Persian sturgeon fish in the
southern coast of the Caspian Sea depends on several
factors, overfishing especially illegal fishermen is
considered as the main factor (Mirrasooli et al. 2019).
Ecological and geographical factors can play a
decisive role in the decision-making of fishermen
about targeting suitable fishing areas. These factors
are particularly important in the case of the activities
of illegal fishermen due to their ambiguous behavior
that they often try to target specific areas to avoid the
risk of detection and also to take advantage of the
opportunity to reduce costs and maximize profits
(Jalali et al. 2015). Considering the importance of
Persian sturgeon and the excessive reduction of their
stocks in recent years, which has caused this valuable
species to be at risk of extinction (IUCN 2015).

Several previous studies have been conducted on
the stocks of Persian sturgeon (Acipenser persicus).
Most of them assessed the Sturgeon wild stock has
been dramatically decreased due to overfishing,
poaching and environmental degradation and since
1990s, in aquaculture-based protection
programs has been increased (Ceballos et al. 2015;
Mirrasooli et al. 2019; Meng et al. 2022) and have
investigated the amount of sturgeon stocks at present
and less attention has been paid to the amount of
sturgeon harvest in the coming years.

That is why the investigation of Forecasting the of
catch of the stocks of Persian sturgeon (Acipenser
persicus) in the southern shores of the Caspian Sea in
the coming years, based on the current fishing
situation and the amount of stocks harvested from
them an important step towards an improved
management and conservation of Persian sturgeon
populations in the Southern Caspian Sea.

Several methods exist for assessing stock status for
data-deficient populations. These methods are based
on trends in commercial catches whereby the scale of
depletion is assumed based on knowledge of the
relationship between current population sizes relative
to the unknown historic size which one of them is DB-
SRA. Depletion-Based Stock Reduction Analysis is a
catch-based method for determining sustainable yields
for data-poor fish stocks that we are able to use it to

interest

determine the sustainable yield for aquatic stocks that
face a lack of data and stated that according to the
natural mortality rate, maturity age and fishing
history, the state of the stock to reach production
Stable can be evaluated (Dick & MacCall 211). As,
Owashi (2014) and Walters et al. (2006) presented an
alternative using a stock reduction analysis (SRA)
assumptions fleet
unnecessary. Instead, stock reduction draws on
estimates of life history parameters (primarily
intrinsic population growth rate r, the carrying
capacity K, and the natural mortality rate M) and
predicts what the historical abundance would have
been in order to sustain the observed fishery catches
without reaching extinction (Walters et al. 2006;
Owashi 2014).

As a result, the aim of this research is prediction of
the catch status of Persian sturgen stocks in the
southern shores of the Caspian Sea using the
Depletion Based Stock Reduction Analysis (DB-
SRA) model and the dynamic model.

where about behavior are

MATERIAL AND METHODS

Study area: The area studied in this research; the
southern shores of the Caspian Sea, about 800km long,
were determined in special fishing areas for sturgeon
fishing (Fig. 1).

Data collection: Modeling the prediction of the catch
of Persian sturgeon based on the DB-SRA model:
Based on DB-SRA modeling R 4.1.1, taking into
account the average age of fish catched in accordance
with Lm50, the equivalent of 14 years and a minimum
of 5 to a maximum of 15,000 tons of total biomass of
fish was formulated (Table.1).

Dynamic model: To study the dynamics of the
population of Persian sturgeon based on the
exponential growth rate and the effect of
environmental parameters, a dynamic model is used

using Stella 8 software (McCarthy 1996).
Nt

Nt+1)
In order to obtain the exponential growth of the

population of this fish (population production), the
catch information of previous years has been used. It

Exponential growth rate = Ln (
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Fig.1. Legal and illegal catch ranges of sturgeon (range of yellow lines) based on data obtained from fishermen in the southern

region of the Caspian Sea. A map of the bed slope is also shown.

is necessary to mention that in the population of a
migrant species, the annual population density
fluctuates greatly and the migration factor cannot be
ignored. In these conditions, an equation with a high
standard error and the absence of a linear relationship
with the parameters (due to R? being less than 0.5)
may be obtained, which has low credibility for
modeling. The statistics of climatic parameters were
obtained from the offices of Meteorology centers (the
located in the south of the Caspian Sea) for the years
2014 to 2018.

The required parameters in the proposed model are
NYP (size of the catchable population in the next year),
TYP (size of the population in the current year), REF
(population mortality), H (catch from the population),
HR (catch rate) and PP (production of population). To
calculate population growth, the effect of climatic
parameters on the exponential growth of sturgeon has
been studied in the form of a multiple regression
equation. The parameters studied in this equation are Nt
(population size in each year), Nt+1 (population size in
the next year) and environmental parameters including
of; water temperature (°C), relative humidity (percent)
in the morning, noon and evening, the amount rainfall
(mm), evaporation rate (mm), wind speed (m/s) and
wind direction (degrees) are in the morning, noon and
evening. Using the mentioned information and the
resulting equation, a population dynamics model was
created with Stella 8 software, in which the dynamics

of the population of this type of fish was simulated in a
state where it is catched to a certain ration. Also, the
effect of different catch rates on its population was
tested. The reduction of the population of Persian
sturgeon was considered at a constant rate. If the
amount of catch is a fixed proportion of the population
every year, considering the climatic parameters as a
constant, different rates from zero to one are
considered. In this way, it can be shown which of these
rates causes the maximum amount of catch from the
annual population of Persian sturgeon. As a result, in
the verification chart, catch rates from 0.2 to 0.6 are
considered in 5 classes, and the amount of population
is calculated based on the expected exploitation rate
and available data, and then the best scenario is selected
and for the simulation will be considered to 2050
(Pereverzoff & Ackerman 1998).

RESULTS

The results obtained based on the modeling of the DB-
SRA model of the catch of Persian, taking into account
the average age of catch in accordance with Lm50,
equivalent to 14 years and a minimum of 5 tons to a
maximum of 15,000 tons of fish are given in Figure 2.
The model can start with a population in K
(environmental carrying capacity) or a number of K
iterations. The final distributions of K are the intrinsic
rate of population growth (r), then Bmsy and Umsy
can be estimated from the distributions of the set of
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Fig.2. List of estimated parameters based on SRA model.

accepted parameters. According to the According to
the figure 2, the amount of acceptable K is in the range
of 650 to 13775 tons with the highest frequencies
corresponding to 7750 to 10500 tons. The acceptable
amount of Umsy is between 0.015 and 0.135 and the
maximum acceptable frequency is 0.025 to 0.045. The
acceptable amount of Bmsy is between 3100 and 3900
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tons and the maximum acceptable amount is 3300 to
3700 tons. The acceptable amount of MSY is between
30 and 150 tons and the maximum acceptable
frequency is 150 tons. The acceptable level of M is
between 0.015 and 0.045 and the maximum
acceptable frequency is 0.045. The acceptable amount
of Fmsy is between 0.475 and 0.825 and the maximum
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Fig.3. A set of parameters that results in the extinction or non-

extinction of the biomass of Persian sturgeon.
acceptable frequency is 0.775. The acceptable amount
of Bt/K is between 0.325 and 0.575 and the maximum
acceptable frequency is 0.375. The acceptable amount
of Bmsy/K is between 0.29 to 0.37 and 0.47 to 0.55
and the maximum acceptable frequency is 0.37 (Fig.
2).

In the best scenario, K by releasing about 22
million Persian sturgeon juveniles and observing the
appropriate weight and optimal conditions of the river
with a return of 0.002 and with an average weight of
30kg, the expected biomass is about 14000 tons of
sturgeon biomass; Therefore, the sharp reduction of
the catch reached the extinction limit in 2007 and
2008, which is due to the reduction of the release of
juveniles, the conditions of releasing the juveniles into
the river and the increase of illegal fishing. At this
time, according to the arrangements of the Caspian
basin countries, with the approval of the fishing law in
2010 for at least 5 years (and if necessary, its
extension), especially the non-fishing in the rivers and
determining the minimum capacity, the situation has
improved. It seems that due to the increase in the
quantity and quality of the release of juveniles into the
rivers and the double control of illegal fishing, the
amount of biomass has an increasing trend (Fig. 3).

The relationship between the rate of release of
juveniles into the rivers, the reported catch ration and
the expected return rate of the fishes was investigated
considering the minimum capacity of natural
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Fig.4. The relationship between release rate and catch of
Persian sturgeon on the shores of the Caspian Sea.

reproduction due to the unsuitable conditions of the
rivers for the reproduction of broodstocks in the
southern part of the Caspian Sea. To verify the
reported catch data with the data related to the release
of fish and the fishery return of broodstocks fish (with
an average age of 14 years and 30kg, the coefficients
of fishery return from a maximum of 0.0015 in 1996
to 0.00005 was tested in 2004 onwards. It seems that
the situation of the return coefficient of Persian
sturgeon has been decreasing due to the unfavorable
conditions of the weight of the released juveniles and
also the inappropriate quality of the place where the
juveniles are released (Fig. 4).

On the other hand, in the dynamic modeling of the
prediction of the catch of Persian sturgeon, 27-year
catch statistics (1992-2018), received from the
Sturgeon Affairs Organization of Golestan Province,
have been used to determine the effective and
significant factors on the catch of it. The required
parameters in the proposed model are NYP
(population size in the next year), TYP (population
size in the current year), REF (mortality), H (catch),
HR (catch rate), PP (production), Wind speed at 18:00
(WF18) and wind direction at 12:00 noon (WD12).

PP=Exp (1.846-
.013WD12+0.322WF18+0.0001TYP) +TYP

R=0.837, R*=0.70
Therefore, the proposed model for predicting the
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Fig.5. Proposed dynamic model for predicting the population
of Persian sturgeon.

Table 1. Population size forecast in the next 20 years (NYP).
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Fig.6. Predictable scenario of Persian sturgeon catching
based on catch rate (1=0.2, 2=0.3, 3=0.4, 4=0.5, 5=0.6).

Year/catch ratio 0.2 0.3 0.4 0.5 0.6
2008 3000.9 2851.3 2700.6 2550.8 2401.4
2009 2401.4 2210.1 2025.9 1849.8 1681.5
2010 1921.7 1713.3 1519.8 1341.7 11775
2011 1537.6 1328.3 1140.4 972.9 824.7
2012 1230.6 1030.1 855.9 706 577.7
2013 984.9 798.7 642.3 512.2 404.6
2014 788.5 619.3 482.3 371.6 283.6
2015 631.3 480.4 362.1 269.8 198.9
2016 505.4 372.7 272 195.9 139.6
2017 404.6 289.1 204.5 142.5 98.1
2018 323.8 224.4 153.7 103.7 69.1
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Fig.7. Validation of Iranian fish catch statistics with
fisheries catch statistics Solid line: Catch data, dashed line:

predicted data with a catch rate of 0.4.

Persian sturgeon population was drawn as follows
(Fig. 5). Also, the designed mathematical model was
formulated as follows.

I TYP(t) = TYP(t- dt) + (NYP - REF) * dt
INIT TYP = 6000
INFLOWS:

<% NYP =PP*(1-HR)
OUTFLOWS:

T REF=TYP*7
H = HRPP
HR =0.5-0.9
PP = EXP(1 846- 013*WD12+0 322*WF18+0 0001 TYP)+TYP
WD12 = NORMAL{212.2,14.3)
WF18 = NORMAL(3.22,0.25)

Do000

If the amount of catching is a fixed proportion of
the population every year, taking into account the
climatic parameters in normal conditions, different
rates from zero to one are taken into account. For this
purpose, the reduction of the population of the fish is
in the range of HR values from 0.2 to 0.6 were
considered. In this way, it can be shown which of these
rates will get the maximum catch from the annual
population of Persian sturgeon. First, to validate the
model as well as the environmental parameters, the
catches made in the last 10 years were used to predict
the decrease trend. In the dynamic model (IUCN
2015), the population size in the current year (TYP)
equivalent to about 2500 pieces of fish in 2008 was
considered as the initial population (the entire catch of
the southern part of the Caspian Sea) (Fig. 6).

Considering the forbidden on sturgeon fishing in
the Casian Sea accepted by the adjucent countries and
taking into account the 0.2 to 0.6 catch scenario, it is
possible to predict the persian sturgeon catch for the
next 10 years (from 2008 to 2018). (Fig. 6 and Table
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Fig.8. Predictable scenario of Persian sturgeon population based on catch rate for the next 30 years (NYP) (1=0.2, 2=0.3, 3=0.4,
4=0.5, 5=0.6).

Table 2. Predicted population size (frequency) in the next 30 years (NYP) (Withdrawal rate).

Year catch ratio 0.2 0.3 0.4 0.5 0.6
2018 529.5 421.3 325 241 168.5
2019 583.2 421.8 293.3 193 118.3
2020 642.1 422.4 264.3 154.9 83.18
2021 707.2 4231 238.4 124.5 58.5
2022 778.7 423.7 214.8 100 41.23
2023 857.4 4245 194.2 80.3 29.3
2024 943.6 425.1 175.4 64.6 20.8
2025 1038.9 425.4 158.2 52.1 15
2026 1143.7 425.8 143 41.9 10.9
2027 1258.6 426.4 129.3 34 8
2028 1385.2 427.1 116.7 27.4 5.9
2029 1524.7 4277 105.6 22.6 45
2030 1677.7 428.3 95.5 18.6 34
2031 1846.3 428.9 86.3 15.3 2.7
2032 2032 429.6 78.3 12.7 2.2
2033 2235.7 430.4 71.2 10.2 2
2034 2706.7 4315 58.4 75 15
2035 2978.3 432 53.2 6.7 14
2036 32771 432.9 48.3 5.5 15
2037 32771 432.9 48.3 5.5 15
2038 3605.7 4334 44 4.8 1.3
2039 3967.2 434 40.2 41 1.2
2040 4365.4 434.6 36.7 3.6 1.3
2041 4803.1 435.2 33.3 3.2 11
2042 5285.4 436 30.6 3 1.3
2043 5814.4 436.4 28.2 2.9 1.1
2044 6397 436.7 25.9 2.9 1.1
2045 7038.2 437.3 23.6 2.7 1.1
2046 77441 437.7 21.9 2.75 1.25
2047 8519.9 438.2 20.1 25 0.96
2048 9374.4 438.9 18.6 2.6 0.99
2049 10315 439.4 17.1 2.4 0.99
2050 11349.7 439.8 15.8 25 1.1

2). However, the results of the random simulation
show that this strategy can lead the fish population to
a sharp decrease in the future years and it needs to be

protected and supported. After drawing the graph of
the reduction of the sturgeon fish population in the
range of 0.4, the accuracy of the catch statistics was
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done with the fisheries catch statistics (Fig. 7). Based
on the validation results, it can be stated that the
proposed model for predicting the population of
Persian sturgeon is consistent with the actual statistics
and data of the catch in the southern shores of the
Caspian Sea. This means that the proposed plan is
suitable and can be used to predict the catch for the
next 10 years. The predicted quantities in 2018 were
approximately 154 Persian sturgeon with an average
weight of 30 kg, which is equivalent to about 5 tons
(Table 2). Then, taking ration in the scenario (catch
rate 0.4), and the climatic parameters, the catch
values were predicted for 2050. It should be noted
that in recent years the average weight of fish caught
is about 20kg (Fig. 8 and Table 3).

It seems that the continuation of the current fishing
trend (based on the 0.4 catching rate scenario) shows
that the amount of sturgeon fishing will be close to zero
(Fig. 8 and Table.3). While compliance with even the
catch rate of 0.3 can increase the current catch by 50%,
but assuming a constant rate of catching from the
population equal to 0.2 per year till the next 30 years,
the catching rate of Persian sturgeon will greatly
increase.

DISCUSSION

The obtained results in the current research indicated
that according to the size of the initial population of
Persian sturgeon on the southern shores of the Caspian
Sea in 2018, it is only equal to 153 Spicemens. It
seems that the continuation of the current fishing trend
(based on the harvest rate scenario of 0.4) shows that
even though the fishing prohibition law has been
announced to all the countries basin the Caspian Sea,
it is still due to illegal fishing and the fishing of
immature fish due to unsiabale mesh size of nets, the
process of destruction of sturgeon fish continues; it is
estimated that the stocks of this type of sturgeon fish
will be extinct by 2050. Whereas, according to the size
of the initial population and assuming a constant rate
of catch from the population equal to 0.2 per year
(reducing the catch of sturgeon to half of the amount
caught in the current conditions); until the next 30
years (2050), the amount catching of its stocks will

increase until the stocks of this species have the ability
to fully restore themselves.

In line with the results obtained; Researchers such
as Dick et al. in their studies in 2011 stated that the use
of the DB-SRA model as a basic method to determine
the sustainable performance of water resources that
face a lack of information; According to natural
mortality rate, maturity age and fishing history and
stock status can be used to achieve sustainable
production (Ye & Valbo-Jgrgensen 2012). Also, Ye &
Valbo-Jorgensen (2012) assessed the population
dynamics of the starry sturgeon fish using the SRA
model and showed that if the amount of illegal fishing
continues at the current level, without restoration of
stocks in the Caspian Sea, this species will become
extinct in the coming decades (Sweka et al. 2018). On
the other hand, the results of Sweka et al.'s studies in
2018, which used the DB-SRA model to simulate the
population growth of Acipenser fulvescens from 1929
to 2018, showed that the final tolerable capacity was
estimated to be 22,652 tons, and if the exploitation rate
of the reserve is 37% was more than the required
amount of harvest to reach the maximum sustainable
production; The amount of reserves of this species will
become extinct in the coming years (Alam et al. 2022).
Likewise, Alam et al. (2022) showed that the two
economically important shrimp species in Bangladesh
are the tiger shrimp, Penaeus monodon, and the brown
shrimp, Metapenaeus Monoceros.
continuous decline in the landing of these species from
the industrial trawling made it critical to assess their
stock biomass status to explore their response to the
present degree of removal. Given the minimum data
requirement and robustness, this study employed the
depletion-based stock reduction analysis (DB-SRA) to
assess these fisheries rigorously. For the industrial
fishing zone (beyond the 40 m depth in the EEZ of
Bangladesh), the estimated historic mean carrying
capacity (K) was 5015 metric tons for the Penaeus
monodon and 35,871 metric tons for Metapenaeus
monoceros. The estimated overfishing limits (OFL),
which were much smaller than the reported catches
throughout the time series, indicate the overfishing
status of these fisheries. As a result, the estimated

However, a
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biomass for the reference year (B2020) for both
species was lower than BMSY, indicating that these
fisheries are not producing MSY. Therefore, for the
rebuilding and sustainable management of these
stocks, this study recommended a catch limit of 100
metric tons for P. monodon and 750 metric tons for M.
monoceros for the next ten years from biomass
projections (Scheffer et al. 2021).

According to the obtained results from the
proposed models in the present research, it can be
showed that these models can be expanded in the
future. It can also provide a better understanding of the
current transformation processes. Although there are
limitations in this research, such as the lack of accurate
statistics and sufficient information on illegal fishing,
as well as the lack of meteorological information to
improve the model, it can be considered as a
preliminary step and a model to show the need to
protect this species. On the other hand, using common
forecasting scenarios in order to define safe and fair
boundaries may lead to ignoring the entire range of
paths and interactions that lead the system to
undesirable results. Especially for feedback-
dependent systems such as fisheries, in which if any
of the effective factors change slightly, it can bring
disaster. However, models that are data or processor
intensive (integrated evaluation models) and do not
have computational resources are suitable for creating
an acceptable path.
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