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Abstract: This research evaluated fisheries reference points and stock status to assess the sustainability
of the croaker fishery (Sciaenidae) from the Bay of Bengal (BoB), Bangladesh. Sixteen years (2001–2016)
of catch-effort data were analyzed using two surplus production models (Schaefer and Fox), the
Monte Carlo method (CMSY) and the Bayesian state-space Schaefer surplus production model (BSM)
method. This research applies a Stock–Production Model Incorporating Covariates (ASPIC) software
package to run the Schaefer and Fox model. The maximum sustainable yield (MSY) produced by
all models ranged from 33,900 to 35,900 metric tons (mt), which is very close to last year’s catch
(33,768 mt in 2016). The estimated B > BMSY and F < FMSY indicated the safe biomass and fishing
status. The calculated F/FMSY was 0.89, 0.87, and 0.81, and B/BMSY was 1.05, 1.07, and 1.14 for Fox,
Schaefer, and BSM, respectively, indicating the fully exploited status of croaker stock in the BoB,
Bangladesh. The representation of the Kobe phase plot suggested that the exploitation of croaker
stock started from the yellow (unsustainable) quadrant in 2001 and gradually moved to the green
(sustainable) quadrant in 2016 because of the reduction in fishing efforts and safe fishing pressure
after 2012. Thus, this research suggests that the current fishing pressure needs to be maintained so
that the yearly catch does not exceed the MSY limit of croaker. Additionally, specific management
measures should implement to guarantee croaker and other fisheries from the BoB.

Keywords: maximum sustainable yield; biomass; exploitation; fish stock assessment; fisheries
management; CMSY and BSM method

1. Introduction

Croakers, locally called Jewfish or Poa mash, are among the largest groups of com-
mercially important fishes exploited from Bangladesh’s Bay of Bengal (BoB) water [1–3].
Croakers are under the Perciformes order and belong to the family Sciaenidae [4]. There
are 20 species of Corkers under 12 genera that have been reported from the marine water
of Bangladesh [5]. Johnius is the most dominant genus of croakers. The most abundant
species of croaker are Johnius belangerii (Belanger’s croaker), J. elongates (Spindle croaker),
J. dussumieri (Bearded croaker), Otolithes cuvieri (Lesser tiger-tooth croaker), Otolithoides
pama (Pama croaker), Pennahia anea (Greyfin croaker), and Protonibea diacanthus (Spot-
ted croaker). These seven species of croakers play a vital role in Bangladesh’s national
economy [3,5].

Croakers are bottom-dwelling carnivore fishes distributed in the shallow coastal and
marine waters of the BoB. While juvenile croakers are found in coastal water, adults can
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move toward shallow water of the BoB, where maximum commercial fishing occurs [3,4].
They are harvested by artisanal and industrial fishers in which the fishery is caught by
bottom trawl, gillnet, and long lines [5]. This fishery accounts for about 12.8% of the entire
demersal fish population in Bangladesh’s exclusive economic zone (EEZ). In comparison,
66.5% of demersal fishes found on the continental shelf are within 20 m of water depth.
This fishery contributed 6.3% of the total marine catches from the BoB [6]. In Bangladesh,
people consume about 50% of harvested croakers in fresh conditions [1]. Large croakers
are used for the value-added product, while the small ones (about 86% of total croaker
catches) are sun-dried [7]. Croaker has high demand in local and international markets,
particularly in Saudi Arabia, Kuwait, Qatar, the Middle East, and other Arab nations as a
fresh and dry condition [1]. Bangladesh exports about 1000 metric tons (mt) of dried and
salted croaker to China, Hong Kong, Singapore, South Korea, Japan, and other southeast
Asian nations [1,7].

Because of the high demand for croaker and other fisheries, fishing pressure is growing
in Bangladesh’s coastal and marine water. Moreover, the unselective operation of set bag
net (SBN) and other fishing gear in coastal waters is hampering the stock of both pelagic
and demersal fisheries in this region. As a result, the croaker has been overexploited by
high fishing pressure for decades. Because of different management and conservation
measures, the natural stock of croaker has been progressively improving since 1990 [8].
However, there are minimal studies on the growth pattern, mortality, and length–weight
relationships of a few croaker species, but no comprehensive information on the stock
condition of croaker in the BoB [1–3,5,7,9,10].

This research analyzed a 16-year time series of commercial trawling catch and effort
(CE) data of croakers from the BoB. Non-equilibrium surplus production models (SPMs)
were applied to assess the sustainable yield of croakers. The SPMs (also called biomass
dynamics models) are widely used to assess MSY (maximum sustainable yield). The MSY
is the widely used target BRPs (biological reference points) for fisheries management [11].
Additionally, many contemporary techniques exist for estimating MSY and BPRs in data-
limited fisheries, such as the Monte Carlo method (CMSY) [12]. The CMSY can better
evaluate BRPs than other techniques and is particularly handy for developing nations with
limited/absent effort data [12,13].

From Bangladesh’s perspective, commercial fisheries data are limited, poor, and even
absent for many species. Thus, Bangladesh’s marine fisheries management primarily
focused on establishing a marine protected area, closure of spawning grounds, and mesh
size restrictions. Further, Bangladesh has a limited data set of croakers, and there is currently
no research into MSY and stock status—this is a significant constraint on realizing the total
allowable catch (TAC) and stock status. This research aimed to evaluate the population
parameters and stock status of croaker in the BoB. The SPMs and CMSY calculated BRPs
will provide valuable management information to ensure the sustainability of croaker and
other fishery resources in Bangladesh.

2. Materials and Methods
2.1. Catch, Effort, and CPUE Data

Sixteen years (2001–2016) of CE data of croaker comprising annual industrial landing
and effort from the BoB waters of Bangladesh (Figure 1) were used in this study. The series
of CE data were taken from the Fisheries Resource Survey System (FRSS), compiled by the
Department of Fisheries (DoF), Ministry of Fisheries and Livestock (MoFL) in Bangladesh.
The DoF authorities provided a standard log sheet to trawler crews to record the fishery
catch to obtain navigation permission for the next trip, submitted to the Office of the Marine
Fisheries, DoF. The total catch of croaker was calculated in metric tons (mt). The estimated
average catch of croaker was 33,477 mt, while the minimum and maximum catches were
25,251 mt in 2001 and 38,414 mt in 2008, respectively (Figure 2). The minimum effort was
183,102 in 2013, while the maximum effort was 242,450 reported in 2011 and 2012 (Figure 2).
No changes in the fishing effort were observed from 2001 to 2008. Fishing was conducted
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using mechanized and non-mechanized commercial boats in which gill net, trammel net,
longline, and SBN were the most operated fishing gears. The efforts of the croaker fishery
were measured by the total number of gears used for croaker fishing in a year in the marine
water of Bangladesh. Thus, the croaker fishery’s catch per unit effort (CPUE) was estimated
as mt/gear/year. However, the condition of the BoB’s weather may strongly influence the
voyaging time of fishing, whereby usually mechanized boats may take a month to complete
a single trip and non-mechanized vessels go on a daily or nightly basis [6,13].
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Figure 1. The map shows the study area (Bay of Bengal waters of Bangladesh).
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Figure 2. Schematic illustration of the time series (2001–2016) of catch and effort data of croaker from
the BoB, Bangladesh.

2.2. Surplus Production Models (SPMs)

The ASPIC computer packages were used to run two non-equilibrium SPMs to assess
the BRPs [11]. Equation (1) is the logistic population growth model [14], and Equation (2)
is the Gompertz growth model [15].

dB/dt = rB(k − B) (1)

dB/dt = rB(lnk − lnB) (2)
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Here, B means “biomass,” t means “time (year),” k means “carrying capacity,” and r
means “intrinsic growth rate.”

The ASPIC requires an initial proportion (IP) value as an input. The catch data series
observed that the first-year catch was 70% of the highest catch; thus, this research calculated
that IP was 0.7. The IP value ranged between 0 to 1 and was estimated as the ratio between
the first catch and the highest catch from the data series. The IP value zero (0) refers to
the time data series started with virgin stock status, while IP one (1) means the heavy
exploitation status of fisheries in the first year of the data series. Both SPMs were run in
ASPIC with the BOT and FIT files prepared with the IP values. The FIT mode of ASPIC
was used to assess BRPs for management, while the BOT mode was used to calculate the
BRPs with many bootstrap trials. The ASPIC cannot provide the value of r, so the manual
calculation of r was performed using r = 2 × FMSY.

2.3. CMSY and BSM Model

Estimation of BPRs from catch and resilience data of croaker was conducted using a
Monte Carlo method-based SPM called CMSY [16]. The CMSY can predict biomass using
catch and productivity data, while classic SPMs (e.g., Fox and Schaefer model) require catch
and abundance information for productivity estimation [14]. Additionally, we included a
Bayesian state-space Schaefer production model (BSM) that uses catch and CPUE data [16].
This research used both CMSY and BSM approaches to assess MSY, B/BMSY, F/FMSY,
k (carrying capacity), r (intrinsic growth rate of the fish population), and related BRPs
of croakers [17].

Bt+1 = Bt + r
(

1− Bt
/

k

)
Bt − Ct (3)

The biomass exploited in (t + 1) year was Bt+1, existing biomass was Bt, and catch in t
year was Ct. Equation (4) was used when stock sizes were severely depleted, and biomass
fell below 1/4 k.

Bt+1 = Bt + 4
Bt

k
r
(

1− Bt

k

)
Bt − Ct|

Bt

k
< 0.25 (4)

The FishBase [4] resilience score for croakers was “High,” so the prior range for r
was 0.6–1.5 used as input parameter in the CMSY (Table S1). The prior range of k was
determined using three assumptions: the unexploited stock size (k) > largest catch in
the time series, the maximum sustainable catch (FMSY) is productivity-dependent, and
maximum catch represents a more significant fraction of k in significantly depleted stocks
than in lightly depleted stocks. By default, and based on the anticipated degree of depletion,
probable biomass ranges (Table S2) provide prior estimations of relative biomass at the
beginning and end of time series data. The catchability coefficient (q) in the following
equation links the abundance index to the stock biomass. The mean CPUE in the time
t year was CPUEt, biomass in the time t year was Bt, and q is the catchability coefficient
considered for a data-limited fishery.

CPUEt = qBt (5)

where the CMSY and BSM estimated parameters of MSY = rk/4, FMSY = 0.5r, BMSY = 0.5k,
and the under biomass condition in which the recruitment of a fishery may compromise as
half of BMSY [14,18]. Here we utilized the well-established data-limited Bayesian CMSY
technique. The CMSY method has been independently tested by the FAO [16] based on
the previous version of Catch-MSY [19]. It is regarded as an overall top performance
particularly suited for fisheries in developing countries. Since 2017 [12], this technique
has been continually updated and improved and is currently accessible as CMSY+ [12]
and downloaded from http://oceanrep.geomar.de/33076/ (accessed on 20 August 2021).
Table 1 represents the CMSY input values (biomass, r, k, q ranges).

http://oceanrep.geomar.de/33076/
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Table 1. Distributions of biomass (B), k, q, r range as prior for the CMSY used in this study.

Input Parameters Ranges of the Values

Prior initial relative biomass 0.2–0.6
Prior intermediate relative biomass 0.2–0.6 in year (2008)
Prior final relative biomass 0.2–0.6
Prior range for r 0.6–1.5
Prior range for q 2.23 × 10−6–7.06 × 10−6

Prior range for k 69,500–208,000

3. Results
3.1. ASPIC Package-Derived Population Parameters

The ASPIC packages delivered important population information of croaker fishery
in the BoB. Table 2 and Table S3 in the supplementary section represented the assessed
population parameters from ASPIC. The estimated R2 for the Fox and logistic models
were 0.47, and 0.46, respectively, indicating a good fit for both models. Estimated k, B,
MSY, F/FMSY, and BMSY values from the Fox model were higher than the logistic model
and proved the conservativeness of the Fox model. The inconsistent trend of F/FMSY was
calculated, whereas B/BMSY showed a slightly increasing trend over time for both the Fox
and logistic models calculated by the ASPIC package (Table 2). The evaluated values of
k for the Fox and logistic models were 257,200 mt and 176,500 mt, respectively. A more
considerable q value was assessed from the logistic model (1.897 × 10−6) than the Fox
model (1.810 × 10−6). Population growth rate r was evaluated by the Fox (0.76 year−1) and
logistic (0.82 year−1) models. The estimations of FMSY (fishing mortality rate at MSY level)
and BMSY (biomass that can produce MSY) from the Fox model were 0.38 and 94,620 mt,
respectively. In contrast, the logistic model estimated 0.41 and 88,250 mt values for FMSY
and BMSY, respectively. The larger value of B compared with BMSY and the smaller F
compared with FMSY were assessed from both models. The assessed MSYs from the Fox
and logistic (Schaefer) models were 35,900 mt and 35,880 mt, respectively, and were very
close to last year’s catch (33,768 mt in 2016), which indicated the fully exploited condition.

Table 2. Represented ASPIC-derived population parameters (F, B, F/FMSY, and B/BMSY) of croaker
in the BoB water from 2001 to 2018 using IP 0.7.

Year

Models

Fox Model Logistic (Schaefer) Model

F B F/FMSY B/BMSY F B F/FMSY B/BMSY

2001 0.358 7.058 × 104 0.94 0.69 0.374 6.750 × 104 0.92 0.71
2002 0.423 7.654 × 104 1.11 0.79 0.444 7.294 × 104 1.09 0.81
2003 0.401 7.970 × 104 1.05 0.82 0.422 7.577 × 104 1.04 0.84
2004 0.380 8.339 × 104 1.00 0.86 0.400 7.927 × 104 0.98 0.88
2005 0.374 8.695 × 104 0.99 0.90 0.393 8.274 × 104 0.97 0.92
2006 0.397 8.880 × 104 1.04 0.94 0.416 8.457 × 104 1.02 0.95
2007 0.375 9.018 × 104 0.99 0.94 0.393 8.594 × 104 0.97 0.96
2008 0.428 8.978 × 104 1.12 0.96 0.449 8.553 × 104 1.11 0.98
2009 0.400 8.876 × 104 1.06 0.94 0.420 8.449 × 104 1.03 0.96
2010 0.424 8.847 × 104 1.09 0.94 0.435 8.419 × 104 1.07 0.96
2011 0.436 8.695 × 104 1.15 0.93 0.459 8.263 × 104 1.13 0.95
2012 0.345 8.870 × 104 0.91 0.91 0.363 8.434 × 104 0.89 0.92
2013 0.397 9.102 × 104 1.05 0.97 0.417 8.664 × 104 1.03 0.99
2014 0.342 9.303 × 104 0.90 0.96 0.359 8.865 × 104 0.88 0.98
2015 0.329 9.706 × 104 0.87 1.00 0.344 9.262 × 104 0.85 1.01
2016 0.338 1.001 × 104 0.89 1.05 0.354 9.545 × 104 0.87 1.07
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3.2. CMSY- and BSM-Derived Fisheries Reference Points (BRPs)

The CMSY and BSM methods delivered important stock information and BRPs
(Table 3). The BSM-derived BRPs are considered the management information for the
croaker fishery of the BoB. The BSM produced higher k (127,000 mt) than the CMSY
(123,000 mt). The r produced by CMSY and BSM were very close, and values were 0.1, 1.13,
and 1.12, respectively. The q estimated from the BSM model was 2.48 × 10−6. The catch
fit diagram (Figure 3a) depicted a gradual increase in both observed and predicted catch,
while the CPUE fit diagram (Figure 3b) displayed a similar fluctuation in CPUE. The highest
catch (38,414 mt) and CPUE (0.198) were observed in 2008 and 2013, respectively, while
the lowest catch (25,251 mt) and CPUE were reported in 2001. There was no remarkable
variation between the predicted and observed catch and CPUE in the last year (2016), which
is a good sign for the sustainability of this fishery. The CMSY and BSM derived MSY were
33,900 mt per year and 35,900 mt per year. MSY values from both methods were very close
to last year’s catch (33,768 mt per year in 2016), indicating a fully exploited condition.

Table 3. Estimated r, k, and MSY of croaker in the BoB, with 95% confident intervals (CI).

Model Name k (mt) r (year−1) MSY (mt)

CMSY 127,000 (87,800–171,000) 1.13 (0.779–1.6) 35,900 (28,500–42,900)

BSM 123,000 (90,200–178,000) 1.12 (0.81–1.58) 33,900 (32,300–39,800)
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The management information of croaker derived from the BSM method is represented
in Table 4 and Figure 4. BSM produced the catch diagram and the stock diagram of croaker
illustrated in Figure 4. The catch diagram shows the catches below the MSY line (Figure 4a).
The stock diagram (Figure 4b) illustrates that B/BMSY at the beginning of the data year was
below the unity (<1) line, depicting overfished biomass. However, gradually, the fish has
recovered and resulted in safe biomass (≥1) in the last year (2016). In 2016, the estimated B
(72,300 mt) was very close to the BMSY (63,300 mt), suggesting that the biomass is enough
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to produce the MSY. The exploitation figure (Figure 4c) shows that the exploitation line
never crossed the MSY limit. The maximum rate of fishing mortality FMSY was 0.57, F was
0.46, and F/FMSY was 0.81, respectively, suggesting a safe fishing status.

Table 4. Management information of croaker in the BoB produced by BSM method.

Population Parameters Parameter Values 95% Confident Intervals (CI)

MSY 33,900 32,300–39,800
FMSY 0.57 0.41–0.79
BMSY 63,300 45,100–88,900

Biomass (B2016) 72,300 50,900–87,500
B/BMSY 1.14 0.80–1.38

Fishing mortality (F2016) 0.46 0.38–0.65
Exploitation (F/FMSY) 0.81 0.63–1.16
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(a) time series of catch and the estimated MSY with 95% confidence interval (CI) in gray area;
(b) time series drive of relative biomass (B/BMSY); (c) time series drive of exploitation (F/FMSY);
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3.3. Stock Status of Croaker Fishery

The ASPIC and, CMSY methods assessed F/FMSY values < 1 and B/BMSY values close
to 1, indicating safe fishing conditions and healthy stock in which biomass levels were
enough to produce the MSY and, thus, indicating that the biomass levels were enough of
a sustainable state of croaker in the BoB. Kobe phase plot was used to depict the current
stock status and exploitation rate relative to target reference points (TRPs) such as FMSY
and BMSY. The Kobe plot is characterized by four colored quadrants (orange, red, yellow,
and green) for F/FMSY on B/BMSY. The orange plot denotes the healthy stock that will be
depleted by overfishing. The red color plot indicates the overfished and overfishing status
in which the biomass cannot produce the MSY. The yellow color plot indicates very low
biomass, but the stock has a chance to recover in a sustainable state if fishing pressure is
reduced. The green plot is the management targeted area, signifying healthy stock status
and sustainable fishing to produce the MSY. The legend in the plot’s upper right corner
indicates the probability of the stock falling into one of the colored areas over the last year,
such as an 80.7% probability of the stock subsiding into the green area, a 10.6% probability
of the stock falling into the red area, an 8.5% probability of the stock falling into the yellow
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area, and a 0.3% probability of the stock falling into the orange area. The BSM-derived
BRPs indicate that the exploitation of croaker stock started from the yellow plot in 2001 and
already moved to the green area because of the reduction in fishing efforts from 2013 and
safe fishing pressure (Figure 5). The representation of the Kobe phase plot suggests that the
current level of fishing pressure should be strictly maintained to ensure the sustainability
of croaker in the marine water of Bangladesh.
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4. Discussion
4.1. Suitability of SPMs for Fisheries Management

Sustainable fisheries management depends on the outcome of stock assessment stud-
ies [20]. A stock assessment study can provide policymakers and fisheries managers with
valuable information to formulate an effective fisheries management policy. However,
many stock assessment models require a great deal of data [21], which ultimately limits
their implementation to only valuable species, and stocks and other species are less con-
sidered [22]. The scientist and expert apply different statistical methods and models to
evaluate the stock information and biological reference points [23]. MSY is a frequently
used BRPs for fish stocks assessment [22], and B/BMSY is used as a context for determining
the status of fisheries [20]. Experts and policymakers representing fisheries recognize the
principles of k, q, r, and MSY for attaining sustainability in their respective fisheries [13].
The non-equilibrium SPMs (Fox and Schaefer by ASPIC), CMSY, and BSM methods were
used in this study to assess the fisheries reference points of the croaker from the BoB. It is
considered that, occasionally, SPMs can produce better BRPs than age-structured models
and can be used anywhere [11].

Moreover, the ASPIC package with SPMs can suitably assess BRPs from multispecies
data [11]. It is vital to carefully choose an IP value when fitting these models to run the
ASPIC package [11]. On the other hand, k and r were the necessary prior information for the
CMSY and BSM that can be obtained from resilience data obtained from the FishBase [19].
The MSY estimated by CMSY and BSM shows some inefficiencies when used for very-
low-resilience or less-captured fisheries and best fitted for medium to high resilience
fisheries [12]. The resilience value for croaker was high, indicating that the CMSY and BSM
method is best-suited to assess the BRPs. As a result, the CMSY method may be suggested
as a viable alternative for assessing the stock of croaker and other data-limited fisheries in
Bangladesh. BRPs estimated from all models offer information for the management of the
croaker fishery in the BoB waters of Bangladesh.
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4.2. Population Parameters of Croaker

The CMSY and BSM method produced a very close value of k, while the Fox and
Schaefer model produced a larger k compared with the CMSY and BSM method. The
Fox model estimated the highest k, and the CMSY assessed the lowest k value. The
catchability coefficient q is also called gear efficiency for fishing and is considered the ratio
between fishing mortality and fishing effort. The q value is vital when catch and effort
data are considered key input for fish stock assessment [12,13]. The seasonal and spatial
variability may influence the q and fishing effort [12,24]. The q value derived from the
BSM (2.48 × 10−6) was higher than the other models. The intrinsic growth rate (r) is an
important indication to understand a fishery [25,26]. The Fox model produced a smaller
r value compared with CMSY and BSM. The assessed r from all models ranged from
0.76 year−1 to 1.13 year−1, indicating the high growth rate of croaker capable enough of
adding above 76% to 100% biomass to the standing population in a year. When r is 0.1,
it is mentioned that population size can increase 10% in a time interval [24]. The r value
strongly correlates with fisheries resilience related to natural mortality [4,12]. The fisheries
resilience value ranged from 0.015–0.1, categorized as low resilience, 0.2–0.8 is medium
resilience, and 0.6–1.5 is called high-resilience fishery [12]. This study identified the croaker
as a “high-resilience” fishery. When the minimum time required for population doubling is
shorter than 15 months, the population is grouped as a highly resilient fishery [12].

4.3. Maximum Sustainable Yield (MSY) of Croaker

MSY was the target reference point (TRP) and considered the essential BRPs to assume
a fishery status [23]. The estimated MSY from all models ranged from 33,900 to 35,900 mt.
The MSY value produced by all models was very close to last year’s catch and indicated the
fully exploited conditions of croaker in Bangladesh. A stock is considered fully exploited
when the observed catch is very close or equal to the MSY value, and no further growth in
capture is conceivable [16]. The higher MSY and smaller observed catch value indicated
the underexploited condition. In contrast, the higher observed catch and smaller MSY
specified the overexploitation status of a fishery stock [24]. Fisheries management aims
to ensure the fully exploited or maximally sustainably harvest of fish stock. However,
a misconception of fully exploited fish stock leads many non-fishery experts to believe
this term is terrible. However, if the fishing intensity is increased at this time, the stock
may be driven into overexploitation [27]. As a result, the MSY value is recommended
as total allowable catch (TAC) to ensure fisheries’ sustainability [27,28]. Moreover, the
annual catch of croaker should not exceed the limit of the estimated MSY (35,900 mt)
calculated from the BSM model. The BSM is the postponement of non-equilibrium SPMs
empowered by mathematical and computer science and can deliberate prior and posterior
fishery population parameters [12]. However, developed countries usually apply TAC
limits to manage their fisheries [29], and, similarly, fishery managers in Bangladesh are
recommended to manage their fisheries.

4.4. Exploitation and Stock Status of Croaker

The proxies for the B/BMSY and F/FMSY values are measured as the lower limits of
predictable stock sizes [13]. The differentiation of B/BMSY value differs by governing or
management body; for example, the UN and FAO consider the under-fished state of a
fishery when the B/BMSY < 0.8, whereas the USA considers B/BMSY < 0.5 [24]. In this study,
the calculated B/BMSY from all methods was close to 1.0, indicating that the stock biomass
was equal to the BMSY and the biomass that maximizes long-term catches. Moreover,
significantly closer B values than BMSY indicated that the biomass was fully saturated and
safe to produce the MSY. The fully exploited biomass is critical for fishery managers because
a slight increase in fishing pressure may reduce the B below BMSY, leading to overfishing.
The calculated FMSY > F and F/FMSY < 1.0 refers to safe and under the fishing status of
croaker. The stock figure (Figure 4b) and exploitation figure (Figure 4c) illustrate the safe
biomass and safe exploitation status, but exploitation was close to 1 at the beginning of
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the data series. It may be assumed that the fishery was in overfished condition, but the
high growth rate and reduction in fishing efforts may contribute to the fishery rebuilding a
sustainable stock. Several previous studies reported an assessment of the stock of Panna
heterolepis, Pennahia anea, Jhonius argentatus, Johnieops vogleri, and Johnius argentatus from the
BoB waters, Bangladesh [1–3,5]. Additionally, the population dynamics of Otolithoides pama
from the Sundarbans area of Bangladesh was studied [9]. All research reported safe fishing
and optimal exploitation status of different croaker species from the BoB water, supporting
the present research findings. Further, some studies were reviewed for different croaker
species from the Indian and Pakistan waters and reported safe exploitation status [10,30,31].
These findings confirm the safe exploitation of the croaker fishery from the Indian Ocean,
which supports the findings of our study, where our study area (Bay of Bengal) is a part
of the Indian Ocean [20]. Though different studies used different species, data, methods,
and areas, all findings affirmed the safe exploitation and safe stock biomass of the croaker
fishery. The Kobe plot (Figure 5) depicts the relocation of stock biomass from the yellow
to the green zone, confirming the rebuilding state of this fishery; presently, it is in a
sustainable state. Because of their high growth performance, the formerly depleted stock of
croaker from China and South Korea have been reported as in a sustainable state through
stock recovery [27].

5. Conclusions

This research assessed the safe stock status of croaker produced by non-equilibrium
ASPIC and equilibrium CMSY methods. Both methods are robust and showed similar
performance to assess the data-limited fisheries from the marine water of Bangladesh. The
estimated biomass was very close to producing BMSY, and fishing pressure was optimum.
While the fishery is a renewable resource, overfishing results in fish biomass reduction and
destroys the fishery. Thus, it is critical to conduct regular scientific fish stock assessments
to guarantee the sustainability of an exploited fishery. BRPs from all models assessed safe
fishing pressure, and biomass was very close to producing BMSY. Further, the calculated
MSY level depicted the fully exploited condition of croaker in the BoB waters of Bangladesh.
Therefore, the present study strongly recommends maintaining the catch at the MSY level,
and current fishing pressure should not increase to ensure the sustainability of croaker.
The evaluated BPRs and stock information from this research will help fishery managers
and policymakers to manage the croaker and other fisheries’ sustainability in the Bay of
Bengal, Bangladesh.
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