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Abstract: As one of the largest and most commercially valuable finfish species, Leptomelanosoma indicum
(Indian salmon) significantly contributes to Bangladesh’s marine catches. The length-based Bayesian
biomass (LBB) method and catch-based Monte Carlo method (CMSY) are among the most recent and
powerful methods for predicting the state of fisheries resources from data-limited fisheries. CMSY
requires catch and resilience data, as well as quantitative stock status information. For LBB, only
length–frequency (LF) data are required. The stock status of L. indicum was estimated using these
two independent methods, utilizing twenty-one years of catch–effort and length–frequency data
(978 individuals) from commercial fisheries on the Bangladesh coast. Here, a BSM (Bayesian state-
space implementation of the Schaefer surplus production model) was also employed. The current
study’s findings showed that the B/B0 ratio of currently exploited biomass to unexploited biomass
(0.1) was smaller than BMSY/B0 (0.36) and B/BMSY = 0.28 was smaller than the reference value of 1.0,
indicating the grossly overfished and depleted condition of the stock. Similar trends in the results
were found for B/BMSY = 0.11 (<1.0) from CMSY. In addition, the exploitation rate (F/FMSY = 5.66),
biomass (B < BMSY), and fishing status (F > FMSY) further justify the severely overfished conditions of
L. indicum stock in the study area. Furthermore, the Lc_opt (optimal length at first capture) was higher
than the Lc (length at first capture), indicating that this species is being overfished, and that mesh
sizes should be increased for better management. This study provides information on biological
reference points (BRPs), and confirms the severely overfished status of L. indicum in the coastal
waters of Bangladesh. More specific and prompt management measures are required to recover and
sustainably manage this valuable species, and protect the fish stock from commercial extinction.

Keywords: LBB; CMSY; Leptomelanosoma indicum; BRPs; Bay of Bengal

1. Introduction

The outputs of stock assessment studies provide significant information for successful
policy making for fisheries resources, which is crucial for the sustainable management of
fisheries. Scientists assess the status of fisheries stocks to offer biological reference points
(BRPs), calculated using various statistical approaches [1–5]. Both scientists and managers
must consider this information about the stock status and its response to the existing
degree of removal to investigate the future possibilities for sustainable exploitation of the
fishery [6–8]. The coastal and marine environment of Bangladesh is characterized by a
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warm tropical climate and substantial rainfall, which is loaded with various nutrients from
the land, resulting in one of the world’s richest and most productive ecosystems [9,10].
These diverse coastal and marine environments support over 511 marine species, including
fish, shrimp, mollusks, mammals, crabs, seaweeds, etc. [11].

Leptomelanosoma indicum (Shaw, 1804) belongs to the family Polynemidae, and is often
referred to as Indian salmon or Indian threadfin, and locally called “lakkha”. It is also
referred to as Polydactylus or Polynemus indicus in previous literature and reports [12]. As a
commercially valuable single fishery, Indian salmon has made a significant contribution
to the country’s marine fisheries catches over the last decade; however, indiscriminate
overfishing has negatively influenced the recent catches of this stock [13]. This is generally
distributed in the Indo-West Pacific region, currently recognized from South Africa [14],
Sri Lanka, and Western India [15], as well as Northern Australia, Singapore, Malaysia,
Thailand, Myanmar, Bangladesh and Eastern India [16].

The resources in the Bay of Bengal (BoB) have generally been over-exploited, resulting
in a reduction in fish stocks. The larger-bodied and generally more important species
groups, including L. indicum (Indian Salmon), display more signs of depletion and overfish-
ing, with some exceptional catches that were usually incidental, i.e., not explicitly targeted
by fishers, indicating that they are in need of rebuilding [17,18]. Trawl nets and large mesh
drift gillnets (LMDs) are usually used to catch Indian salmon in the BoB, on the coast of
Bangladesh. As a target species of LMDs, L. indicum is now almost extinct in Bangladeshi
seas [19].

Considering the commercial value of this significant fishery inside and outside the
country, there is no comprehensive study on the stock status of this valuable species
in this area. However, the declining stock status of this species has been mentioned in
many technical reports and articles based on historical data of the catch–effort method
from the commercial landing [13,18,19]. Due to a lack of data and required expertise in
Bangladesh, only a tiny portion of commercially harvested stocks has been studied until
today. This is similar to many other places around the world, where fishery research has
languished. Recently data-limited methods were developed in response to the current
situation. Using catch statistics and supplementary data, CMSY method attempted to
determine the maximum sustainable yield (MSY) and related biological population param-
eters [2,20]. The alternative method of LBB relies on LF (length–frequency) data to arrive at
conclusions about population growth (G), mortality (M), and, consequently, responses to
exploitation [21–23].

In this study, we have applied the most recent and powerful methods of length-based
Bayesian biomass (LBB) and catch-based Monte Carlo (CMSY) for estimating the existing
status of L. indicum stock in the BoB, on the coast of Bangladesh, and to give advice for the
protection and long-term management of this commercially valuable fishery resource in
this region.

2. Materials and Methods
2.1. Data Sources

CMSY and LBB analyses were conducted using a time series of maritime catch–effort
and length–frequency data from the Indian salmon fishery in the BoB, Bangladesh coast
(Figure 1). Capture data from industrial and artisanal fisheries were collected for 21 years
(1999–2019) from the Fisheries Statistical Year Book of Bangladesh, published by the De-
partment of Fisheries (DoF), Bangladesh. In addition, the length–frequency (LF) data of
978 samples of L. indicum were collected directly from the commercial fishing fleets on
board the vessels during the landing period. For each fish sampled, length and weight data
were measured by metric scale to the nearest mm and g, respectively, on board the vessel,
with the cooperation of fishers, vessel owners and concerned marine fishery officials of the
Department of Fisheries. Total capture data were valued in tons (t), and catch per unit of
effort (CPUE) was calculated in tons per gear per year (t/g/yr) for the catch and effort data
utilized for CMSY analysis.
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Figure 1. Bay of Bengal, Bangladesh coastal map showing the different depth zones within the
fishing grounds.

The LF and catch–effort data were analyzed in the R statistical environment using
the R codes LBB 33a.R and CMSY 2019 9f.R, which were produced by Froese et al.,
2019a, 2019b [24,25], and were downloaded from http://oceanrep.geomar.de/44832/
(accessed on 20 September 2021) and https://oceanrep.geomar.de/33076/ (accessed on
12 November 2021), respectively. During CMSY, JAGS software [26] was used to sample
parameter probability distributions using a Markov Chain Monte Carlo approach.

2.2. Description of the LBB Method

Froese et al., 2018 [27], developed LBB, a new approach for analyzing LF data from
the exploited fisheries. LBB requires no input other than length–frequency data for species
that grow throughout their lifetimes, such as most economically significant fish and inver-
tebrates. It calculates the Linf, Lc, M (natural mortality), and F (fishing mortality) relative to
each other [24,27]. Using these data as the input, standard fisheries equations can be ap-
plied to assess depletion or current exploited biomass comparative to unexploited biomass
(B/B0). These factors also allow for an estimate of a proxy for the relative biomass capable
of delivering the BMSY/B0 and Lc that would optimize catch and biomass for a given Lc opt.
The relative biomass predicted by LBB was comparable to independent estimates from
comprehensive stock assessments and did not statistically deviate from “actual” values in
simulated data [27]. The comprehensive information with a detailed description of the LBB
method can be found in [24,27]. LF data for the commercially valuable L. indicum species
(Table 1) from the BoB, on the coast of Bangladesh, were investigated in this study.

Table 1. Basic and prior information for LBB approach.

Scientist
Name

Common
Name

Min
(cm)

Max
(cm)

Class
Interval Numbers

Linf
Prior
(cm)

Z/K
Prior

M/K
Prior

F/K
Prior Lc Prior Alpha

Prior

Leptomelanosoma
indicum

Indian
Salmon 24 91 1 978 109 3.4 1.5 1.89 33.7 26.4

http://oceanrep.geomar.de/44832/
https://oceanrep.geomar.de/33076/
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2.3. Description of CMSY and BSM

The CMSY and BSM approaches were used to estimate the MSY, B/BMSY, exploitation
(F/FMSY), and other relevant BRPs using time series of catch, CPUE, and resilience data.
Different parameters, such as the maximum intrinsic growth rate of population (r) = rmax
and carrying capacity (k), are projected from [28].

Bt+1 = Bt + r
(

1− Bt

k

)
Bt − Ct (1)

where Bt+1 is the exploited biomass in the following (t + 1) year, Bt is the current biomass,
and Ct is the catch in year t. The following equation was used to clarify the reduced
recruitment at harshly depleted stock sizes, where biomass falls below 1

4 k:

Bt+1 = Bt + 4
Bt

k
r
(

1− Bt

k

)
Bt − Ct|

Bt

k
< 0.25 (2)

Resilience for Indian salmon is “medium” according to Fishbase [29], and for CMSY+,
the prior range (Table 2) chosen for parameter r was 0.2–0.8. By default, depending on the
presumed depletion level, the probable biomass ranges (Table 3) deliver prior estimations
of relative biomass at the start and end of the time series data.

Table 2. Prior r ranges used for CMSY+.

Resilience High Medium Low Very Low

Prior r range 0.6–1.5 0.2–0.8 0.05–0.5 0.015–0.1

Table 3. Prior relative biomass ranges (B/K) for CMSY+.

Very Strong
Depletion Strong Depletion Medium Depletion Low Depletion Nearly

Unexploited

0.01–0.2 0.01–0.4 0.2–0.6 0.4–0.8 0.75–1.0

In the following equation, the catchability coefficient (q) relates the abundance index
to the stock biomass:

CPUEt = qBt (3)

where CPUEt is the average CPUE in year t, Bt is biomass in the year t, and q is catchability
coefficient for a data-limited fishery.

CMSY and BSM parameters were estimated [20,30] as MSY = rk/4, biomass correspond-
ing to MSY was BMSY = 0.5 k, fishing mortality corresponding to MSY was FMSY = 0.5 r,
and biomass below which recruitment may be compromised 0.5 of the BMSY [31–33]. Table 4
represents CMSY input values (biomass, r, k, and q ranges) for prior distribution.

Table 4. Relative biomass, ranges for r, k, q as priors in CMSY+ of L. indicum in BoB.

Input
Parameters

Prior Initial
Relative Biomass

Prior Intermediate
Relative Biomass

Prior Final
Relative Biomass Prior Range for r Prior Range of q Prior Range for k

Ranges of the
values 0.4–0.8 0.01–0.4

In year (2015) 0.01–0.1 0.2–0.8 1.54 × 10−06–
6.16 × 10−06 26,600–79,800
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3. Results
3.1. Parameters Produced by the LBB Approach

The length–frequency data for Indian salmon (L. indicum) from the BoB, on the coast of
Bangladesh, were analyzed using the LBB method. Table 1 shows the priors (Linf, Lc, M/K,
Z/K, F/K, and a) and basic information for this fisheries stock, while Figure 2 shows the cal-
culated results. Table 5 provides comprehensive information on the calculated parameters.

Figure 2. The graphical outputs of LBB for the Indian Salmon. Panel-(A) displays the accumulated
length frequency (LF) data analyzed for estimating the priors for Lc,, Z/K and Linf,. Panel-(B) shows
the Lopt, Linf and Z/K assessed by the fitting curve.

Table 5. Estimated results from length–frequency data of L. indicum by the LBB method.

Scientist Name Lmean/Lopt Lc/Lc_opt L95th/Linf B/B0 B/BMSY F/M F/K Z/K Assessment

Leptomelanosoma indicum 0.61 0.53 0.81 0.10 0.28 2.3 3.9 5.5 Grossly
overfished

The present study found that the ratio of current exploited biomass relative to unex-
ploited biomass B/B0 (0.10) was smaller than the BMSY/B0 (0.36) and B/BMSY = 0.28 was
smaller than the reference value of 1.0, which indicates the grossly overfished condition
of the stock. The Lc_opt was higher than the Lc, which indicates growth overfishing of this
species. The poor presence of large individuals is suggested from the L95/Linf = 0.81 value
in this study area (Figure 2).

3.2. Fisheries Reference Points (BRPs) Produced from CMSY and BSM

The BSM-derived BRPs for the L. indicum fishery in the study area are shown in
Table 6. The biomass (1620 t) was significantly lower than the BMSY (15,600 t) and the
fishing mortality F was higher than FMSY, which denotes the severely exploited condition
of this fishery in the BoB, on the coast of Bangladesh (Figure 3). In addition, the findings of
B/BMSY = 0.11 (<1.0) and exploitation (F/FMSY = 5.66) further justify the severely exploited
conditions of L. indicum stock in the study area (Figure 4).

Table 6. Estimated results with 95% confidence interval for management based on BSM analysis from
catch and effort data using BSM method.

BRPs r (/yr) F (/yr) FMSY (/yr) B (t) BMSY (t) F/FMSY B/BMSY MSY (t)

BSM 0.32
(0.19–0.54) 0.17 0.03 1620 15,600 5.66 0.11 2490

(1820–3410)
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Figure 3. Graphical findings of BSM method for the L. indicum fishery in the BoB, Bangladesh coast.

Figure 4. Kobe plot of BSM for the Indian salmon fishery in the BoB, Bangladesh coast.
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4. Discussion

CMSY [2] is a catch-based Monte Carlo approach that is best for calculating BRPs where
fisheries data are limited. Only catch and resilience data are required for the CMSY model.
CMSY has been reported to outperform other methods for estimating BRPs, and to be more
practical for short time series data in developing and least-developed countries [4,8,34,35].
BSM can be used if CPUE data are available [2]. The LBB approach uses Bayesian Markov
Chain Monte Carlo (MCMC) to analyze LF data from commercial fish or invertebrate
populations [27]. Thus, even in data-poor situations, fishery managers may rely on LBB
assessments for stock estimation procedures which can produce a reasonable assessment of
biomass relative to unfished biomass. Here, we have considered 21 years of catch–effort
data and two years of LF data, using two different powerful models, CMSY and LBB,
respectively, with the ‘medium resilience’ value (Table 2) collected from the updated life
history parameters in Fishbase [29].

The proxies for the B/B0 (0.4–0.5) [27] and B/BMSY (1) [27,36] can be considered as the
lower boundaries of expected stock sizes. The values of B/BMSY, produced by both the
LBB and CMSY approaches, are <1.0 (LBB = 0.28 and CMSY = 0.11), which indicates the
severely overfished and depleted condition of the Indian Salmon stock in the current study
area. In addition, the biomass from the last year (1620 t) was much lower than the BMSY
(15,600 t), and the current fishing status (F > FMSY) indicates the severely depleted and
overfished status of this fishery in the BoB, on the coast of Bangladesh. It may be assumed
that this continuous overexploitation for a long period would severely deplete the stock,
resulting in the poor condition of the existing biomass of L. indicum in the BoB, on the coast
of Bangladesh.

There is not sufficient published information on BRPs that compares different parame-
ters of this species in the present study area. However, in previous studies, many authors
reported the severely overfished status of the L. indicum fishery in the BoB, on the coast
of Bangladesh [13,18,19], which agrees with the present study. For the past two decades,
large mesh drift gillnets (LMDs) have been used in the BoB, on the coast of Bangladesh,
to catch L. indicum (Indian salmon) and long jewfish. These species have been overfished to
the point of extinction [9], which also coincides with our findings of a high exploitation
status (F/FMSY = 5.66), B/BMSY = 0.11, as calculated by BSM, and B/BMSY = 0.28, as deter-
mined by LBB, in the present study. In addition, [37] reported the collapsed stock status
of threadfins (Polynemus spp.) in 2013 in the northern Bay of the Bengal area, which also
strongly supports the severely overfished and depleted conditions of L. indicum estimated
by the present study.

Furthermore, the results of the LBB analysis showed that the Lc_opt (optimal length
at first capture) was higher than the Lc (length at first capture), indicating that the Indian
salmon is being overfished, and implying that mesh sizes should be increased for better
management. Overfishing may disrupt the delicate balance of fish species and other marine
organisms in the ocean, and overfishing for a specific species may result in its depletion.
Continual overfishing may alter the food chain and truncate the food web, posing a threat
to the health of the ocean, with ramifications for all living things [5,38,39]. The findings
of this study confirm that L. indicum has been severely overfished for a long period in
the coastal waters of Bangladesh. More targeted and quick management approaches are
required to rehabilitate and manage this valuable species sustainably.

5. Conclusions

The current study applied two recent and powerful methods for estimating the stock
status of Indian salmon (Leptomelanosoma indicum). Both methods exhibited similar results,
identifying the severely overfished and depleted condition of this stock, which is very
alarming for this commercially valuable and giant-sized Indian threadfin, L. indicum, fishery.
These findings will help to formulate management strategies and conservation policies for
protecting this valuable fish stock from extinction, and assist further development of this
fishery in the BoB, on the coast of Bangladesh.
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