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Abstract: Stock assessment is necessary to understand the status of fishery stocks. However, for the
data-poor fishery, it is very challenging to assess the stock status. The length-based Bayesian biomass
(LBB) technique is one of the most powerful methods to assess the data-poor fisheries resources that
need simple length frequency (LF) data. Addressing the present gap, this study aimed to assess the
stock status of three sardines (Sardinella fimbriata, Dussumieria acuta, and D. elopsoides) in the Bay of
Bengal (BoB), Bangladesh using the LBB method. The estimated relative biomass for S. fimbriata was
B/B0 < BMSY/B0, indicating the overfished biomass, while the assessed B/B0 > BMSY/B0 for D. acuta
and D. elopsoides indicates healthy biomass. Additionally, for S. fimbriata, the length at first landing
was smaller than the optimum length at first landing (Lc < Lc_opt), indicating an overfishing status,
but a safe fishing status was assessed for D. acuta and D. elopsoides (Lc > Lc_opt). Therefore, increasing
the mesh size of fishing gears may help to ensure the long-term viability of sardine populations in
the BoB, Bangladesh.

Keywords: clupeiformes; size frequency; capture fisheries; stock status; management

1. Introduction

Stock assessment of a fishery is necessary to relieve fishing pressure and ensure the
fisheries’ sustainability. The fishers and management administrators need to set manage-
ment actions based on stock assessment information [1–3]. However, most of the world’s
fish stocks are still unassessed because of data limitations, and a shortage of expertise is a
significant constraint in fishery management [3,4]. In affluent nations, the evaluated fish
stock’s percentage varies between 10% and 50%, whereas in developing countries, the
proportion is often 5% to 20% [1,5]. Due to the high cost of data collection and analysis,
resource assessment exists for less than 1% of global fish species. As a result, only 12% of
fish stocks are managed correctly or have advanced stock assessments [5,6].

Traditional stock assessment techniques are generally based on the target fish’s life
history data, age-structure data, time series of catch, and effort data that are hard to
collect [7]. Mainly, long-term catch effort data are challenging to get, and there may even be
no data for non-targeted species [6,8]. To address this problem, the length-based Bayesian
biomass (LBB) approach was developed [8]. LBB requires simple length frequency (LF)
data, and is often the most suitable method for data deficient fish stock [4,8–11]. LBB
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can evaluate growth, mortality, and stock information, and the fishery administrator may
utilize this information to manage the fishery resource when LF data is suggestive of
an exploited stock [4,8,10,11]. Additionally, LBB findings may be utilized as inputs for
stock assessment techniques that need an independent estimation of biomass as input in
comparison to unfished biomass [8,10,11].

In the Bay of Bengal (BoB) water, several surveys were conducted after 1970 to explore
the marine fishery resources, but were paused in 1999 [4]. The BoB is part of the Indian
Ocean and is considered one of the most productive ecosystems endowed with a tropical
climate and abundant rainfall [12]. In 2016, the R.V. Meen Sandhani started survey research
and recorded 344 species of fish, 45 species of shellfish, and 14 species of cephalopods
within the shelf sea area of Bangladesh [4,13]. Furthermore, some previous studies reported
that around 511 marine fishes, including shrimps, exist within the BoB, Bangladesh [4,14,15].
The marine fisheries’ resources are harvested from three different depth zones in the BoB,
Bangladesh. The artisanal fishing activities are done within 40 m water depth. Industrial
mid-water trawlers operate between 40 to 200 m water depth. Beyond the 200 m depth to
the edge of the exclusive economic zone (EEZ), long-line fishing and deep water trawling
activities operate in the BoB, Bangladesh [16].

Though, in the demersal fishing reported, the pelagic fish is among the major targeted
catch group from the marine water of Bangladesh [14]. Sardines comprise one of the
largest clupeid groups of fishery targets, in terms of biomass captured from the BoB,
Bangladesh [17–20]. Sardines are silver in color, oily, small fish swimming as a school.
Sardines mainly graze on plankton and offer themselves as food to support predators,
and thus maintain the food cycle and ecosystem, and marine environment [17,21]. A total
of 61 species of sardine has been reported globally, and the Indo-Pacific water contains
15 species of sardine, while the BoB is the home of 12 species. Sardinella fimbriata (fringe
scale sardine), Dussumieria acuta (rainbow sardine), D. elopsoides (slender rainbow sardine),
S. gibbosa (gold stripe-sardine), and S. melanura (black stripe sardine) were reported from
the territorial water of Bangladesh. S. fimbriata, D. acuta, and D. elopsoides are the most
abundant [13,18,19]. Sardines comprise 4.28% of the total marine production in Bangladesh,
where a large portion comes from the industrial catch (97%), and only 3% come from the
artisanal catch [22]. Before 2012, the sardine landing was recorded and estimated as “other
marine catch”, but after recognizing their importance, separate catch statistics of the landed
sardine have been started since 2012. The annual landing of sardine was reported at
20,187 metric tons (mt) in 2012. After that, a robust increasing sardine landing trend was
reported until 2017 (48,704 mt) [22]. The landing of sardine that was reported almost
double in 2018 (41,486 mt), compared to its initial report in 2012, but the decline in sardine
landing was reported in 2019 (28,256 mt) [22]. The minimum number of fishing efforts was
183,102 gears/year (g/yr) observed in 2014, while the maximum effort was 242,450 g/yr
in 2012 and 2013 [22]. The average landing was 34,135 mt, and the average effort was
200,201 g/yr reported for sardines in Bangladesh [22]. However, the sudden decline in the
sardine landing in 2019 has raised questions about its sustainability in the BoB, Bangladesh
(Figure 1). Additionally, the changes in the physicochemical parameters of the water
strongly influence the biology and abundance of sardines, that ultimately impacts the other
marine catches [23]. Therefore, stock assessment is the primary objective for ensuring the
sustainability of the fishery stocks in Bangladesh’s marine waters.

Despite the scarcity of data and expertise, Bangladesh has conducted stock assess-
ments on a few commercial marine fish species, using different stock assessment tech-
niques [4,12,24] without a sardine assessment. Moreover, many studies and investiga-
tions on sardines’ reproductive morphology, biology, and abundance have been con-
ducted [17–19]. However, there is still a dearth of complete stock assessment informa-
tion for sardines in Bangladesh. Therefore, the LBB technique was used in this study
on three sardine populations (S. fimbriata, D. acuta, and D. elopsoides) exploited from
the BoB, Bangladesh, to evaluate life history characteristics and determine the biomass
depletion level.
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Figure 1. Catch effort data of sardine in the BoB, Bangladesh.

2. Materials and Methods
2.1. Data Source and Sampling Procedure

The coastal and marine fisheries of Bangladesh are broadly categorized as industrial and
artisanal sectors. The industrial trawlers are typically 20–40 m long with 350–1450 horsepower
(HP) marine diesel engines, and artisanal fishing boats 20–75 HP. Mostly the sardine groups
were reported to be captured by the industrial trawlers (>97%), with a few (<3%) captured
by the artisanal boats [22]. Landings of S. fimbriata, D. acuta, and D. elopsoides was reported
from industrial trawlers, but few landings of S. fimbriata were reported from artisanal gill
nets. The monthly LF data for these three species were collected from January 2018 to
December 2018. Usually, above 90% of industrial trawlers landed their catch in a single
landing center called “Fishery Ghat” in Chattogram (22◦19′42′′N, 91◦50′48′′E) (Figure 2). In
addition, few LF data of S. fimbriata were collected from the artisanal gill net catch from two
fish landing centers named Teknaf Fishery Ghat in Teknaf Sadar (20◦52′0.12′′N, 92◦17′60′′E)
and BFDC fish harbor in Cox’s Bazar (21◦27′06′′N, 91◦58′05′′E), where artisanal fishing
vessels landed their catches (Figure 2).
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The central industrial landing of S. fimbriata was exploited in the southern part of the
south patches and south of south patches (N: 20◦09′22′′, E: 92◦04′07′′ to N: 20◦45′25′′, E:
92◦18′56′′), and north-west to north-east of middle ground areas (N: 21◦36′23′′, E: 90◦06′43′′

to N: 21◦18′18′′, E: 91◦17′57′′) of the BoB, Bangladesh. The industrial catch of D. acuta and
D. elopsoides were harvested within the north-west to north-east of middle ground areas
(N: 21◦36′23′′, E: 90◦06′43′′ to N: 21◦18′18′′ E: 91◦17′57′′), and south-west to the south-east
of middle ground areas (N: 20◦17′29′′, E: 90◦15′21′′ to N: 20◦29′56′′, E: 91◦24′22′′) in the
BoB. However, the artisanal catch of S. fimbriata was reported from the shallow coastal
and estuarine water of Teknaf and Cox’s Bazar area in Bangladesh. To ensure the better
representation and good quality of the LF data, trawlers were frequently visited. LF data
were randomly collected as mixed fish samples from the trawler owners when their catches
were on board the vessels during the landing. The total length (TL) and fork length (FL)
for each specimen were measured in millimeters (mm) using a measuring tape. Collected
samples were taken to the wet laboratory of the marine fishery survey management unit,
Department of Fisheries (DoF), Chattogram, for taxonomic identification, and species
names were used following FishBase [25]. Obtained samples were categorized according
to species, and the total number was determined based on 10 mm (1.0 cm) class intervals
(CL) for each species. The LF data of three sardine populations from the BoB, Bangladesh
(Table 1) were analyzed in R using the R-code (LBB_33 a.R) created in the original article [8]
and obtained from http://oceanrep.geomar.de/44832/ (accessed on 10 July 2021).

Table 1. Prior and basic information of three sardine populations in BoB, Bangladesh.

Scientific
Name Min (cm) Max (cm) Class

Interval (cm)
Individual

Number
Linf Prior

(cm)
Z/K

Prior
M/K
Prior

F/K
Prior Lc Prior Alpha

Prior

Sardinella
fimbriata 7.0 19.0 1.0 1749 22.8 2.7 1.5 1.21 11.2 38.5

Dussumieria
acuta 9.0 19.0 1.0 1145 19.1 1.8 1.5 0.31 14.8 40.0

Dussumieria
elopsoides 7.0 18.0 1.0 705 18.0 1.4 1.5 0.3 13.8 22.6

2.2. State of the Sardine Fisheries

A total of 3599 specimens were collected, where 1749 individuals for S. fimbriata,
1145 individuals for D. acuta, and 705 individuals for D. elopsoides specimens were identified
during the study period. The minimum length was 70 mm, and the maximum length was
190 mm recorded for S. fimbriata. For D. acuta, the minimum length was 90 mm, and the
maximum length was 190 mm; and for D. elopsoides, the minimum length was 70 mm and
the maximum length was 180 mm. During this study, the average length of S. fimbriata,
D. acuta, and D. elopsoides were reported as 130 mm, 140 mm, and 125 mm, respectively
(Figure 3). Mostly sardines were reported to be harvested from the 10 m to 60 m depth,
but rarely harvested from 90 m depth. In most cases, the code end mesh size for industrial
fish trawler was reported below 60 mm. In the artisanal sector, the sardines were mainly
caught by Rog jal (monofilament gill net) having 30 mm, and Bata jal (gill net) having
20 mm mesh size.

D. acuta and D. elopsoides were recorded as by-catch from industrial fish trawlers,
whereas the midwater trawler accounted for most of the catch. S. fimbriata was the target
species, whereas industrial fishing from Bangladesh’s off-shore waters harvested all three
species. The landing of sardines was observed around the year. S. fimbriata was exploited
mainly in June to August, October to November, and March to April from the artisanal
sector. However, this species was exploited mainly in late November to December and late
February to the first of April from the industrial sector. The peak landing of S. fimbriata
was reported from November to December, while January to February was reported as the
peak landing period for D. acuta and D. elopsoides.

http://oceanrep.geomar.de/44832/
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2.3. Description of the LBB Method

LBB is an innovative and powerful method that can estimate the stock status of an
exploited fishery using LF data [8,10,11,26]. LBB incorporates a Bayesian Monte Carlo
Markov Chain (MCMC) to assess relevant population parameters of an exploited fishery,
such as relative fishing mortality (F/M), relative natural mortality (M/K), average length
at first capture (Lc), and asymptotic length (Linf), over the age range described in the LF
survey [8]. The LBB is a valid method for species that can grow throughout their lives,
such as most commercially harvested fish and invertebrates [4,8,10,11]. Therefore, only the
basic formulas for LBB are provided here, while the details are explained by Froese et al.,
2018 [8].

Von Bertalanffy Growth Function (VBGF) is essential in the LBB method to predict
the fish growth in length [Beverton and Holt 1957; von-Bertalanffy 1938] (Equation (1)).
When the fishery becomes completely specialized in particular fishing gear, total mortality
(Z) = M + F relative to K is oriented toward the right section of the curve in the catch
samples, and is represented by Equation (2). Usually, fishing gears have characteristic
selection curves that are assumed (i.e., avoiding capturing extremely young fish) by the
ogive distribution of the LBB search (Equation (3)) [8]. The combining and rearrangement
of Equations (1)–(3) results in the following equations (Equations (4) and (5)), which may
simultaneously calculate M/K, F/K, Lc, Linf, and α (alpha). Equations below explain the
outline to approximate the stock information from F/K, M/K, Linf, and Lc. The Lopt (size of
fish at which cohort biomass becomes the maximum) was estimated from the given Linf and
M/K using Equation (6) [2]. Finally, equation seven was used to calculate the maximum
catch and biomass (Lc_opt) based on Equation (6) and F/M.

Lt = Lin f

[
1− e−k(t−t0)

]
(1)
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NL = NLstart(
Lin f − L

Lin f − Lstart
)

z/k

(2)

SL =
1[

1 + e−α(L−Lc)
] (3)

NLi = NLi−1(
Lin f − Li

Lin f − Li−1
)

M
K + F

K SLi
(4)

CLi = NLi SLi (5)

Lopt = Lin f

(
3

3 + M
K

)
(6)

Lc_opt =
Lin f

(
2 + 3 F

M

)
(

1 + F
M

)(
3 + M

K

) (7)

where length at t age is denoted by Lt, Linf signifies asymptotic length, K stands for growth
coefficient (year−1), hypothetical age at zero length was indicated by t0, NL denotes the
number of individuals that survive at L length, the number of individuals at length Lstart
is signified by NLstart, the fraction of an individual fish at L length captured by fishing
gear was symbolized by SL, α is the gradient of the ogive that determines the length-based
selection of gear, Li is the number of individuals at the length i, Li−1 refers the number at
the previous length, and C is the number of individuals vulnerable to fishing gear [8].

For the unfinished state of a fishery, the Z/K and M/K are equal, where NLstart should
be set as 1, Lstart as 0. Further, the result of Lc_opt was used for relative biomass to produce
maximum sustainable yield (MSY) [8]. The calculated result for F/M > 1 indicates the
overfished condition, and F/M <1 indicates the underfished condition. The current relative
stock size (B/BMSY) and relative stock size or currently exploited biomass relative to unex-
ploited biomass (B/B0) were evaluated and converted by the LBB method to explain the
fishery stock status. The stock were further classified based on the B/BMSY values [7] and ex-
plained as healthy stock (B/BMSY > 1.1); slightly overfished (0.8 < B/BMSY ≤ 1.1); overfished
(0.8 ≤ B/BMSY ≤ 0.5); grossly overfished (0.5 < B/BMSY ≤ 0.2); and collapsed (B/BMSY < 0.2).
However, B/B0 = 0.4–0.5 was defined as the reference limit for stock biomass [8]. The pro-
portions of Lmean/Lopt and Lc/Lc_opt less than unity, accounting for the fishery’s capture of too
tiny individuals and truncated length structure. Similarly, the ratios of the 95th percentile
length and L95th/Linf (asymptotic length) close to unity (>0.9) indicate the minimum pres-
ence of the large individuals. The B/B0 < BMSY/B0 recommended that the fishing pressure
or catch be reduced, while Lc < Lc_opt recommended that the first of the fish caught must be
bigger sizes [6,8]. Thus, the findings of relative biomass and Lc from the LBB method are
very advantageous for the management of data-poor fisheries. Table 1 represents the basic
information and priors (Linf, Lc, Z/K, M/K, F/K, and α) for the LBB analysis.

3. Results
3.1. Sardinella fimbriata (Fringe Scale Sardine)

The assessed B/BMSY was 0.70, which denotes an overfished condition for S. fimbriata
stock, and the current biomass was not enough to produce MSY level (Table 2). The
estimated B/B0 (0.26) was below the reference limit for S. fimbriata stock biomass, and
denoted that the biomass was in a low condition where the wild stock of this species
had been depleted by 74% because of overfishing. The calculated B/B0 was smaller than
BMSY/B0 (0.37), and F/M was 1.4, which implies the overfishing condition. The estimated
Lmean/Lopt (0.89) and Lc/Lc_opt (0.85) were below unity (<0.9), indicating a truncated length
structure and overfishing of tiny fishes. The assessed L95th/Linf (0.84) was smaller than
the unity (<0.9), indicating insufficient numbers of significant individuals of S. fimbriata.
In addition, a smaller estimation was observed for Lc (10.6) than Lc_opt (13.0), indicating
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growth in overfishing and recommended that the first fish caught be more extensive. The
B/B0 < BMSY/B0 and Lc < Lc_opt suggested that reducing fishing pressure and increasing gear
mesh sizes for fishing might be advantageous for the S. fimbriata population in the marine
water of Bangladesh (Figure 4A).

J. Mar. Sci. Eng. 2021, 9, x FOR PEER REVIEW 7 of 13 
 

 

fishing might be advantageous for the S. fimbriata population in the marine water of Bang-
ladesh (Figure 4A). 

Table 2. Estimated results of three sardine species using length frequency (LF) data by LBB method. 

Scientific Name Lc Lc_opt Lmean/Lopt Lc/Lc_opt L95th/Linf B/B0 BMSY/B0 B/BMSY F/M Z/K Assessment 
Sardinella fimbriata 10.6 13 0.89 0.85 0.84 0.26 0.37 0.7 1.4 3.8 Overfished 
Dussumieria acuta 14.2 9.8 1.3 1.4 0.96 0.57 0.36 1.6 0.59 2.8 Healthy 

Dussumieria elopsoides 12.6 9.7 1.1 1.3 0.95 0.63 0.37 1.7 0.44 1.7 Healthy 

 
Figure 4. Graphical representation of LBB results for three sardine populations in the BoB, Bangla-
desh. Left curves depict the LBB model’s fit to the length data, and right curves depict the LBB 
method’s prediction, where Lc denotes the length of 50% of the individuals caught, Linf indicates the 
body length limit. Lopt signifies the length when the maximum catch is achieved. 

Figure 4. Graphical representation of LBB results for three sardine populations in the BoB, Bangladesh. Left curves depict
the LBB model’s fit to the length data, and right curves depict the LBB method’s prediction, where Lc denotes the length
of 50% of the individuals caught, Linf indicates the body length limit. Lopt signifies the length when the maximum catch
is achieved.
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Table 2. Estimated results of three sardine species using length frequency (LF) data by LBB method.

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

Sardinella
fimbriata 10.6 13 0.89 0.85 0.84 0.26 0.37 0.7 1.4 3.8 Overfished

Dussumieria
acuta 14.2 9.8 1.3 1.4 0.96 0.57 0.36 1.6 0.59 2.8 Healthy

Dussumieria
elopsoides 12.6 9.7 1.1 1.3 0.95 0.63 0.37 1.7 0.44 1.7 Healthy

3.2. Dussumieria acuta (Rainbow Sardine)

The estimated B/BMSY was 1.6, which confirmed the healthy condition of D. acuta
stock and indicated the safe biomass level capable of producing the MSY (Table 2). The
calculated B/B0 (0.57) was above the reference limit for D. acuta stock biomass and denoted
that the biomass was in the safe condition, whereby 43% of the wild stock of this species
had been harvested. The assessed B/B0 was larger than BMSY/B0 (0.36), and F/M was 0.59,
which indicated an underfishing condition. The output result for Lc/Lc_opt and Lmean/Lopt
was 1.4 and 1.3 respectively, which signified the healthy stock with the fishing of prominent
individuals. The output result of L95th/Linf (= 0.96) is close to unity (>0.9), indicating the
presence of the number of significant individuals in the stock. Furthermore, the Lc (14.2) and
Lc_opt (9.8) assessment indicated that the current fishing level was in a safe condition. The
B/B0 > BMSY/B0 and Lc > Lc_opt suggested that the existing fishing pressure and mesh sizes
may not influence the biomass (Figure 4B). However, it is recommended that maintaining
the current fishing pressure and mesh size or slightly increasing the mesh size for fishing
may be beneficial for the sustainability of the D. acuta population in the BoB, Bangladesh.

3.3. Dussumieria elopsoides (Slender Rainbow Sardine)

The calculated B/BMSY of 1.7 denoted the healthy stock condition and safe biomass
for this species, enough of which to produce the MSY (Table 2). The assessed B/B0 (0.63)
was above the stock biomass reference limit and denoted that only 37% of the wild stock
of this species had been harvested. The F/M was 0.44, and a more significant value of
B/B0 was estimated than BMSY/B0 (0.37), which indicated the underfished condition for this
sardine species. The calculated values for Lmean/Lopt, and Lc/Lc_opt were 1.1 and 1.3, which
signified the healthy stock and catching of significant fish individuals for this species. The
estimated value of L95th/Linf (=0.95) is near to unity (>0.9), indicating the existence of large
size fishes in D. elopsoides stock. Moreover, Lc (12.6) evaluation was more significant than
the assessment of Lc_opt (9.7), indicating safe fishing. The calculated values from Lc, Lc_opt,
and B/B0, BMSY/B0 recommended that the current fishing pressure and mesh size of nets do
not affect the biomass. So, this research suggested maintaining the current fishing pressure
and keeping the present gear mesh size, or even expanding it to ensure the sustainable
exploitation of D. elopsoides in the BoB, Bangladesh (Figure 4C).

4. Discussion
4.1. Suitability of LBB Method for Data-Poor Sardine Fishery

Sardine is a forage species classified as herring, anchovies, and sardines (HAS). The
HAS accounts for 18.6% of the global marine capture production of fish, and is estimated
as 15.2 million tons [27–29]. Sardine is considered a commercial fishery harvested from
the BoB, Bangladesh [17–19,22,30]. In the past decade, it has been observed that the
contribution of sardine landing has increased, which contributed around 4–5% of the
total marine harvest in Bangladesh. However, the recent decline in sardine landing was
reported in Bangladesh [22], and a similar decline trend was reported in India, Pakistan, and
Myanmar waters [21,22,31,32]. However, a wide fluctuation in sardine catch was reported
globally and investigated thoroughly [28,29,33]. The Indo-West Pacific (IWP) marine water
is the world’s biggest tropical area that produced about half of the world’s sardines from
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2008–2017 [10]. However, the government of Bangladesh recorded sardine’s landings from
2012, before it was considered and estimated as “other marine catch” statistics [22]. Still,
there is no species-specific landing data record for sardine species, where the reported
catch is the cumulative estimation of all species of sardines harvested from BoB. There is no
other fishery information available for stock study and management, except for short-term
landing data, so sardine can be called a data-poor fishery in Bangladesh. For data-poor
fisheries, independent fishery data are usually absent, making it difficult to assess the
comprehensive stock status [12,34].

Because of its data-poor nature, this research used one-year LF datasets that repre-
sented all potential length classes for three sardine species (S. fimbriata, D. acuta, and D.
elopsoides), to evaluate their stock status using the LBB method. The LBB method was
applied in this study because of its suitability and reliability to assess the stock status of a
data-poor fishery [4,6,8,10,11,26]. This method is appropriate for fish species that can grow
continuously through their lifetimes. Additionally, LBB needs no further data beyond sim-
ple LF data. Similar to the other methods, this method assumes that the LF data used must
reflect the exploited population [8]. The LBB deliberated stock information and exploitation
status may directly be used to manage fisheries or as a source of prior information for
other assessment techniques [8]. Comparison of the LBB method with classical approach
(Pella–Tomlinson Model, Beverton–Holt Y/R analysis) indicated that although available
data were rare, the majority could verify the validity of the LBB method [11]. Thus, the LF
data of three sardine species used in this study was appropriate, since their resultant fits
exhibited asymmetric patterns consistent with the original study [8]

4.2. The Stock Status of Sardine Populations in BoB

This research recorded a total length of 70–190 mm for 1749 individuals of S. fimbriata,
the size of which was consistent with the previous reports [17,30]. For D. acuta, our study
recorded the TL 90–190 mm from 1145 individuals, which supports the findings from
previous studies [20,35]. Again, the estimated total length of D. elopsoides was 70–180 mm
for 705 individuals, while a market survey recorded the TL 80–180 mm for this species [13],
which supports our length limit findings. However, variations in the minimum length limit
for S. fimbriata and D. acuta were observed compared with previous studies. This variation
may happen because of different sample sizes and mesh sizes of nets used in their studies.
To avoid the bias results of LBB, we collected possible small size and large size samples
from industrial and artisanal catches in BoB, Bangladesh.

The present research identified the overfished condition caused by overfishing and
overexploitation of S. fimbriata, while the other two sardine species remain in an underfished
condition and safe fishing status. Most of the small pelagic fish stock, including sardines,
are reported as sustainably fished to underfished conditions in the Indo-Pacific marine
water [27]. The LBB-derived parameter results from Lmean/Lopt and Lc/Lc_opt indicated the
shortened length structure and capture of very young individuals for S. fimbriata, but safe
and healthy fishing for both D. acuta and D. elopsoides species, which was consistent with
the previous reports (Table 3). The initial stock assessment of sardine in marine water of
Bangladesh was performed using a biomass dynamics model for multispecies of Sardinella,
and suggested a minor overfished condition [13] that slightly varied from our findings,
maybe because of the use of single species (S. fimbriata) data and a different assessment
method applied in the present study. It was discovered that several studies on the sardine
fishery resource assessments had been conducted off the coast of Bangladesh for both D.
acuta and D. elopsoides stock. So far, our research might be the first stock assessment study
for these two species in this region.
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Table 3. Comparative analysis of the current results in light of other pertinent studies.

Scientific Name Method of
Assessment Finding Present Finding References

Sardinella
fimbriata

Length converted
catch curve Overfishing

Overfished

[36]

Biomass dynamics
model Overfished [13]

Length converted
catch curve Overfishing [37]

Yield per recruit
analysis Overexploited [38]

Length converted
catch curve Overexploited [17]

Dussumieria
acuta

Length converted
catch curve Safe

Healthy

[31]

Biomass dynamics
model Underfished [13]

Dussumieria
elopsoides

Biomass dynamics
model Underfished Healthy [13]

4.3. Ecological Status and Future Research

During the sampling, sardine was reported as one of the most common marine
species harvested from the BoB water in Bangladesh. Because of the data deficiency of
sardine, no complete stock assessment information is available in this region. Further, a
high abundance of sardine in the marine catch indicates a low risk of extinction in the
BoB. Presently, the International Union for Conservation of Nature (IUCN, 2021) [39]
classifies the sardine species studied in this research as of least concern (LC), despite the
potential increases in recent capture [27]. However, the IUCN’s designation as LC may
be ascribed to the restricted nature of captures, due to a mix of factors including low
value, data misrepresenting, and discarding in sampling; a presumed minimal exposure
to fishing stress; and species identification problems [6]. Sardines are mostly reported
as the non-targeted pelagic species from commercial fishing. However, S. fimbriata was
reported as a target species during sampling. Our findings were supported by some
studies from the onshore areas of Bangladesh, which reported S. fimbriata as target species
in commercial fishing [13,17,18]. Although concerns have been expressed regarding the
significance of non-target species, such as sardines, while most untargeted species are
highly productive, many variables contribute to their vulnerability, which may result in
population decrease [6].

Furthermore, owing to a deficiency of good quality data, it was unknown if existing
levels of sardine fisheries endangered this fish population. Therefore, it is best to use
the survey data for LBB analysis to ensure the maximum representation of LF data and
minimum data error [8]. Because of funding inefficiency and limited research facilities, the
LF data were collected from industrial and artisanal landings for this study. However, the
industrial fishing vessel does not maintain the same effort and hauling time, and operates
in specific fishing ground areas. Instead, the random operation for sampling may affect the
data accuracy and result in the misinterpretation of LF data. The most challenging issue for
both commercial and artisanal fishing was the mesh size of nets. According to the Marine
Fisheries Ordinance 1983, the industrial fish trawlers can use 60 mm cod-end mesh size
in the nets and 45 mm for the shrimp nets; 100 mm for small mesh drift gillnet (Rog jal);
and 45 mm for set bag net [22]. However, in practice, the mesh size was not maintained
accordingly, so it is difficult to suggest a specific mesh size for the sustainable harvesting
of sardine.
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Further research on gear selectivity and mesh size selectivity is needed to determine
the mesh size, escaping size, and rate of the recapture of sardine. Despite the absence of
management and conservation measures to protect this fishery stock, greater emphasis
should be paid to improving the sardine stock status. Reduction of fishing pressure or
maintaining a balanced effort and increased mesh size of fishing gear might be advanta-
geous to ensure the sustainability of sardine. Furthermore, continuous LF and catch data
collection are recommended to observe the overall changes in stock status. Despite many
limitations, this research provides baseline information on these three sardine populations
that will help the fishery administrator make an effective management policy of sardine
and other fisheries in BoB.

5. Conclusions

This research assessed three sardine species’ stock status (S. fimbriata, D. acuta, and
D. elopsoides) in the BoB, Bangladesh. The assessment suggested the healthy stock status
for both D. acuta and D. elopsoides, while an overfished status for the S. fimbriata. The
calculated Lc_opt values by LBB served as a baseline for exploitation and stock rebuilding
efforts for the sardine. To aid in the rebuilding of fish populations, fishery policymakers
and managers should establish species-specific size restrictions and enforce particular
mesh sizes for fishing gear and nets. Nevertheless, management regulations, such as
increasing mesh size would be challenging to implement. Thus, the research suggests
that decreasing fishing pressure, reducing the number and type of fishing vessels, and
restricting harvesting season should be explored to ensure the sustainability of sardine.
The present study used all possible size class LF data to avoid biased results generated
by the LBB method. Thus, the stock parameters provided by LBB for sardine fisheries are
trustworthy and offer information that may be used to manage and conserve these fisheries.
These LBB findings can be used as proxies in more complex evaluation models when
reliable data is available. Though LBB’s stock status estimates are reliable, the validity of
LBB output must be shown via further study, as there are limited studies based on it, and
the combination of the LBB with additional models may increase the dependability of the
actual results.
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