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ARTICLE INFO ABSTRACT
Keywords: The elasmobranch population is declining in the Bay of Bengal of Bangladesh due to large-mesh
Risk assessment gill net fishing, locally known as the Lakkha net, which primarily targets Indian threadfin (Lep-

Productivity Susceptibility Analysis

tomelanosoma indicum). This study was the first attempt to identify megafaunal bycatch in Lakkha
Large meshed gill net

fishing and assess its vulnerability using Productivity Susceptibility Analysis. A total of 40 elas-

Megaf:

cgalauna mobranch bycatch species were identified, with sharks comprising 13 species from three families,
Bay of Bengal . . . . L. . . .
Bangladesh while 27 rays belonged to six families, with the majority belonging to the Myliobatiformes order

(60 %). Productivity and susceptibility scores were assigned to all identified species, with values
ranging from 1.27 to 2.73 and 1.50 to 2.63, respectively. The target Lakkha fish exhibited the
highest susceptibility score, followed by several pelagic sharks and eagle rays. Vulnerability
assessment revealed that 31.7 % (n = 13) of species were highly vulnerable, while 43.9 % (n =
18) were classified as moderate, and 24.4 % (n = 10) were considered to have low vulnerability.
All the high-risk megafauna species (n = 13) are classified as threatened by the global IUCN Red
List. Sensitivity analysis highlighted susceptibility as a major contributor to species’ vulnerability.
Alterations in susceptibility scores led to significant changes in the vulnerability status of many
species. The overall data quality assessment indicated moderate data quality across species, with
variability observed between productivity (76 % of species received a poor data quality score)
and susceptibility attributes. However, vulnerability of these species can be reduced through
adequate gear modification, shorter net deployment periods, adoption of safe discharge tech-
niques, identification of critical habitats, and establishment of marine protected areas within this
region. This study provides valuable insights into the species composition and vulnerability of
elasmobranchs in the Lakkha gill net fishery, emphasizing the need for conservation measures to
mitigate bycatch impacts on threatened species.
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1. Introduction
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Elasmobranchs (Sharks, rays, and skates) are opportunistic predators that play a significant role in marine ecosystems. They
constitute one of the oldest and most ecologically diverse vertebrate lineages, occupying the upper tier of the aquatic food web [1,2]. In
the northeastern part of the Indian Ocean lies the Bay of Bengal, a vibrant ecosystem that shelters a fascinating array of elasmobranch
species, with a total of 111 species taxonomically validated from the Bay of Bengal of Bangladesh [3]. However, the precipitous decline
of elasmobranch populations has raised the utmost concern among researchers and conservationists around the world [4]. Their
population is significantly influenced by human-induced environmental changes. For instance, excessive fishing has led to adverse

ecological impacts on elasmobranchs [5,6]. Generally, elasmobranchs and other marine mammals (e.g., Cetaceans, Sea turtles, Sea-

birds, etc.) are result of incidental bycatch in commercial or recreational fishing activities [7-10].

Similarly, in Bangladesh, sharks and rays are not specifically targeted species; rather, they are incidental bycatch of artisanal and
commercial fishing of Hilsa (Tenualosa ilisha) and other species. However, a specialized gillnet called the “Shark net” (mesh: 400-520
mm) is also used for shark fishing in the Bay of Bengal region of Bangladesh [11]. While it holds economic value in the local market, the
international fin trade has become a more dependable source for commercial fishing. Moreover, the absence of statistical data
regarding potential stocks, home range, distribution range, and natural habitat has contributed to the overexploitation of many
elasmobranch species in this region. Consequently, the inaccuracies in stock assessment have resulted in management decisions that
are often unrealistic or inadequate [12]. Therefore, ecological risk assessments, gear specificity, and taxonomic identification are

prerequisites for shielding and implementing effective management actions.

For effective fisheries management, ecological risk assessment is a fundamental precondition, which focuses on sustainability and
establishes harmony between ecology and human welfare. Productivity Susceptibility Analysis (PSA), a semi-quantitative method of
ecological risk assessment, has become a reliable method to deal with complex bycatch assemblage in fishery due to its adaptability
and fewer data requirements. This method evaluates the relative vulnerability when data on fishing activity or biological charac-
teristics are insufficient [13,14]. This method also incorporates stakeholders’ and fishers’ knowledge as well as economic aspects of the
fishery or stocks into the assessment and decision-making processes. Thus, PSA has been utilized for a number of years to evaluate
data-limited fisheries resources in order to advocate the degree of threats as well as aid in sustainable management. This method has
been used for many fisheries risk analyses with some regional adjustment in attribute’s scoring criteria, for instance, otter trawl fishery
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Fig. 1. Maps showing the survey points of this study. The map on the left displays the coastal zones of Bangladesh,
while the map on the right illustrates the seven sampling points in the two coastal districts, Chattogram and Cox’s Bazar, of Bangladesh. (S1- New

Fishery Ghat, S2-Old Fish Market, S3-BFDC Fishery Ghat, S4-Najeertek, S5-Chowfaldandi, S6-Nuniachara, S7-Moheskhali).
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in southeastern Australia [15,16], small-scale artisanal fisheries in Baja California, Mexico [17], tuna purse-seine and longline fisheries
in the Atlantic [18], Pacific [5] and Indian Ocean [18,19] to estimate potential relative risk caused by anthropogenic stressors [20-23].
Bangladesh contributes significantly to the elasmobranch bycatch each year due to its choice of fishing practices and unregulated
management regime. Multiple fishing gear (e.g., gill net, set-bag net, trammel net, longline) operates in this region, predominantly
unselective or less selective in nature, generating a significant number of bycatches in Bangladesh. Since limited information is
available about the gear-specific species composition, it may put marine baycatch species at greater risk of overfishing. In addition, the
majority of fisheries regulations primarily prioritize the protection of the Hilsa population, resulting in other species receiving less
protection [24]. Moreover, in Bangladesh, no former risk assessment was carried out addressing the impact of unregulated fishing on
the globally threatened elasmobranch species. Therefore, for the first time, our research was designed to identify the Lakkha
net-specific species composition of elasmobranchs in the Bay of Bengal of Bangladesh. The second aim was to assess the gear-specific
relative risk of the identified species using PSA. Finally, identify the data gaps in the life history attributes of sharks and rays, and
recommend some guidelines to improve the vulnerability of the elasmobranchs for their long-term sustainability.

2. Materials and methods
2.1. Study site and gear selection

Bangladesh, a sovereign coastal state, is situated in the northern littoral region of the Bay of Bengal, a shallow embayment of the
Indian Ocean. The Bay of Bengal is the sole adjacent marine ecosystem that supports the Bangladesh’s marine fishery, where the
country has obtained legal rights to a total of 118,813 km? to this region [25]. Bangladesh has several fish landing sites across the 19
coastal districts adjacent to the Bay of Bengal. In this study, we examined various governmental reports, and literature to identify the
potential zones associated with landing and trading of elasmobranch species. Two districts of Bangladesh, Chattogram and Cox’s
Bazar, were selected as the sites for data collection, as they are the major contributors to elasmobranch [11] production in Bangladesh
as shown in Fig. 1. We have selected a total of seven sampling points, two of which were located along the bank of the Karnafuli river in
Chattogram district. The first station, S1, is New Fishery Ghat (Lat: 22.32863; Long: 91.84800), and the second station, S2, is the Old
Fish Market (Lat: 22.32931; Long: 91.84373). The other five station-S3 (BFDC Fishery Ghat; Lat: 21.45213, Long: 91.96813), S4
(Najeertek; Lat: 21.46507, Long: 91.95038), S5 (Chowfaldandi; Lat: 21.51352, Long: 92.01188), S6 (Nuniachara; Lat: 21.47814, Long:
91.97005), and S7 (Moheskhali; Lat: 21.51832, Long: 91.97073)-were situated along the coasts in Cox’s Bazar district.

In the Bay of Bengal region, local fishers operate a considerable variety of fishing gear to target multiple species, especially Hilsa,
Lakkha (Common Name: Indian threadfin; Leptomelanosoma indicum), Pomfret (e.g., Pampus argenteus, Pampus chinensis), etc. [26].
Among them, Large Mesh Drift Gill Net (LDGN) stand out as one of the predominant types of net in the area. This group consists of a
wide variety of nets that differ in terms of mesh size, depth, length, and the specific species they target. The Lakkha net, named after its
primary target fish, Lakkha, is a commonly used LDGN. Although its main purpose is to catch Lakkha, it has been observed to inci-
dentally capture various elasmobranch species. The Lakkha net, made of 60-inch cotton twine, is 5000 m long and 12 m wide. Its mesh
size ranges from 300 to 400 mm, and it is mainly deployed in the open sea for around 5-6 h before being hauled back [26]. However,
limited scientific research has been conducted on the impacts of the Lakkha fishery despite its significant contribution to the mega-
fauna bycatch in the region. Therefore, we conducted an ecological risk assessment of the Lakkha fishing in this study. The field study
was conducted for two years, from February 2021 to January 2023.

2.2. Identification of elasmobranch bycatch from Lakkha net

In Bangladesh, data on gear-specific species composition and their abundance in a particular habitat are often limited. This situ-
ation is exacerbated for elasmobranch species, as many local fishing communities are unaware of the morphological differences among
the species. To overcome the challenges of species identification, we employed a series of techniques. First, we compiled a list of
elasmobranch species with regional importance by analyzing the data from previous catch analysis, market assessment, and com-
mercial importance as documented in various literature [3,11,27-30]. We then created a fish photo album containing all listed
elasmobranch species, along with their local names, common names, scientific names, and identifying characteristics, accompanied by
photographs. Subsequently, we conducted face-to-face interviews with local Lakkha fishers to identify elasmobranch species captured
in that region throughout the year, utilizing the lists and photographs from the album. The number of Lakkha fishers interviewed (210
in total; 30 from each sampling point) was determined based on the principle outlined by Ref. [31]. We also asked the fishers to report
any additional species they might come across during fishing trips or had previously landed but were not included in the current photo
album. Once we collected the preliminary data from the locals, we summarized the identified species and formed a secondary sorted
list for further validation. Then, we conducted field surveys and closely observed the landed catch to understand the composition of the
elasmobranch bycatch associated with the Lakkha fishing net. We scientifically identified species by following the established taxo-
nomic keys published in the literature [32-36]. We continued our surveys for six to seven consecutive days per month at each station
over the course of two years. Subsequently, species that were not observed in the landed catch during the survey period were excluded
from the study. Moreover, none of the fishers reported catching any species that were not listed in the photo album. Finally, all sci-
entific names of bycatch species were validated using FishBase [37], and Eschmeyer’s Catalog of Fishes [38].
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2.3. Focus group discussion

The focus group discussion (FGD) is an interactive and efficient method for obtaining information on a specific topic. FGDs are
commonly used to gather qualitative and quantitative information in field-based research [39,40]. We formed focus groups with 10
participants each, representing one-third of the interviewed fishers at each sampling station [24]. We utilized purposive sampling, also
known as selective or judgmental sampling, to select experienced Lakkha fishers with a minimum of ten years of fishing experience.
This approach aimed to ensure that the groups could provide more insightful information [41]. We asked them about seasonal
availability, gear-specific catch trend, abundance, size of the catch, and previous historic catches of elasmobranch in that area.
Additionally, we collected information regarding the fishing area, depth of gear operation, gear selectivity, fishing persistency, gear
availability, and mesh composition, as these factors resemble the vertical and horizontal overlap between fish and gear. We also
obtained information on market demand (local and international), market structure, and the degree of enforcement of laws on capture
and trades of elasmobranch from focus group discussion. This information was used to assign susceptibility scores, that includes
survival after capture and release, aggregation and migratory behaviors, vertical overlap of species, management strategy, and market
demand. It also supported few arguments within the discussion section. The focus group discussions lasted for three to four hours at
each sampling station.

2.4. Selection of productivity and susceptibility attributes and data sources

In this study, eleven productivity (P) attributes (i.e., species biological characteristics which determine the intrinsic rate of growth)
(Table 1) and eight susceptibility (S) attributes (i.e., species mortality due to fishing activity imposed by different types of fishing gear)
(Table 2) were considered for analyzing the relative vulnerability of the species caught in the Lakkha net fishery. This method is widely
preferred to estimate potential threats to a species when empirical data is limited [16]. The attributes of both productivity and sus-
ceptibility were selected based on the availability of information and their representativeness in the risk analysis [42]. The definitions
of these attributes are presented in the supplementary section (see Table A.1 and A.2).

From the selected life history attributes (P), namely maximum size, maximum age, von Bertalanffy growth coefficient, estimated
natural mortality, measured fecundity, breeding strategy, mean trophic level, and age at maturity were chosen based on [42]. These
attributes are widely recognized by researchers for their strong correlation with life history characteristics [43]. Additionally, we
included other traits such as size at first maturity [16], maturity size ratio, and age ratio [44], which have been found influential in
determining species productivity.

Species-specific biological data for each species were compiled using a hierarchical method. First, life-history data were gathered
from relevant published articles, books, reports, and online libraries (e.g., FishBase, IUCN; Table A.4). Priority was given to species-
specific information based on its regional availability. When specific information was lacking, life-history data were collected from
various sources, including neighboring countries (i.e., India, Myanmar, etc.), the broader Indian subcontinent, or international
committee operating in the Indian Ocean (i.e., IOTTC), or globally when necessary. Close relatives within the same genus were also
considered as proxies, following the protocols described in Ref. [16], to overcome limitations. In addition, we employed an empirical
approach to estimate the productivity values, as there is a strong relationship among the life history traits, as proposed by Ref. [45]. For
instance, empirical equation such as t;;q, = 3/k (Where k is the von Bertalanffy growth parameter and tq is maximum age), Lyqc =
Lo,10 (0:8979-0.0782D) (where I is the asymptotic maximum length, T is the water temperature and Ly, is length at maturity), tme =
-Loge(1 - Linge/Loo)/k (tmae is age at maturity) and M = 0.985 L, —0.27930.654370.4634 (71 i natural mortality at a temperature of 28 °C)
were used to calculate the necessary values [24,46,47]. However, the estimated data we used for scoring did not violate the further
calling for data collection as in data quality scoring, we used to score 4 (i.e., very limited data) for data derived from empirical
equations.

Each of the productivity attributes was ranked on an ordinal scale of 1-3, where “1” symbolized low productivity, “2” represented
moderate productivity, and “3” indicated high productivity. The scoring thresholds were determined by dividing the attribute values
into 1/3 and 2/3 quantiles [48,49], ensuring equal probabilities for each range (see Table 1, Table A.4). The scoring thresholds for

Table 1
Scoring thresholds for selected attributes to estimate the productivity of species.
Productivity Attributes High Productivity (Low risk, score ~ Moderate Productivity (Moderate risk, Low Productivity (High risk, score
=3) score = 2) =1)
Maximum size (Lyqy, cm) <97 97-222 >222
Maximum age (tpqy, year) <15 15-25 >25
von Bertalanffy growth coefficient (K,  >0.20 0.13-0.20 <0.13
yr )
Estimated natural mortality (M, yr™!)  >0.47 0.30-0.47 <0.30
Measured fecundity (MF) >5 3-5 <3
Breeding strategy (BS) Egg layer Live birth unattended Live birth and care
Size at first maturity (Lmqs, cm) <55 55-123 >123
Mean trophic level (MTL) <3.6 3.6-3.9 >3.9
Age at first maturity (tyq, year) <4.67 4.67-6.5 >6.5
Linat/Limax <0.53 0.53-0.68 >0.68
tmat/ tmax <0.25 0.25-0.34 >0.34
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Table 2

Scoring thresholds for selected attributes to estimate susceptibility of species.
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Susceptibility Attributes

High Susceptibility
High risk (3)

Moderate Susceptibility
Moderate risk (2)

Low Susceptibility
Low risk (1)

Availability (distribution;
Av)

Encounterability (vertical
overlap of species and
fishing gear; E)

Schooling/Aggregation and
other behavioral
responses (SABR)

Management Strategy (MSt)

Survival after capture and
release (SCR)

Market Demand (MD)
Gear Selectivity (GS)

Price category (TK)/kg (PC);
1 TK = 0.0091USD

Mostly in the country/fishery

High vertical overlap with fishing gear
(>50 % of species depth range)

Species or stocks show large aggregation
and/or affecting catchability of the gear

Catch and trades are not regulated by
laws/act/rules

Often retained or has value as a by-
product species, or majority dead when
released

High

Species is a by-product, has similar
physical and life history traits to targeted
species, or has traits that attract it to the
fishing gear

>250

Limited range in the region

Moderate vertical overlap with
fishing gear (25-50 % of species
depth range)

Normally found in loose
aggregation and/or has distinct
pairing between male and
female

Catch and trades are regulated
by laws/act/rules and
compliance of regulation
moderate

Likely to be released alive

Medium

Species has some similarities to
targeted species, but there is
evidence it sometimes escapes

150-250

Throughout the region/global

Low vertical overlap with fishing gear (<25 % of
species depth range)

Solitary species and/or does not affect
catchability of the gear

Catch and trades are regulated by laws/act/rules
and compliance of regulation is widespread

Evidence of post-capture release and survival

Low

Species is not physically similar to targeted
species (e.g. much larger or much smaller,
different foraging ecology, habitat use) or there is
evidence species can escape the gear

<150

“breeding strategy” were retained from Ref. [50], where species with egg-laying capabilities were assumed to be at low risk (value 1)
because of their high productivity nature. Conversely, live bearer was given a low productivity score (value 3). Finally, the average
productivity score was calculated for each species.

Susceptibility is an indicator of the impact that fishing activities have on species. Eight susceptibility attributes were selected based
on available data. Each scoring criterion for susceptibility attributes, such as “availability” [51]; “encounterability’’ and “gear
selectivity’’ [50]; “survival after capture and release”, and “schooling/aggregation and other behavioral responses” [52], was drawn
from different published articles due to its applicability with elasmobranch species. Attributes and scoring criteria for “Market De-
mand”, and “Price Category’’ were retained from Ref. [24]. However, in our study, we developed specific criteria for the “Management
Strategy” that align with regional practices aimed at protecting a particular species. Species whose catch and trades are protected by
law and act were assumed to be less susceptible to fishing. Conversely, species with limited catch regulation were assumed to be highly
susceptible to fishing. Like productivity, susceptibility attributes were also scored on a scale of 1-3, with 1 representing low, 2
indicating moderate, and 3 indicating high susceptibility (see Table 2; Table A.5). The cutoff values for the “price category” were
determined using the quantile method, providing equal probabilities to each range. Finally, average susceptibility was calculated for
each species, and all the selected attributes were given the equal weighting of 2 as proposed by Ref. [42].

2.5. Vulnerability analysis

Vulnerability is a measure that indicates species’ regeneration capacity when exposed to higher fishing mortality. Vulnerability for
all species was quantified by incorporating the weighted average values of both productivity and susceptibility on a two-dimensional x-

(P—3)*+(S—-1)%[42]
In the scatter plot, the X-axis was assigned the weighted average productivity score (P-value) from High (3) to Low (1) value, and

the Y-axis was marked with a weighted average susceptibility score (S-value) from Low (1) to High (3) value. The vulnerability score
was classified into three categories (where low <1.32, moderate 1.32 < V < 1.70, and V > 1.70) following the quantile approach [53].

y scatter plot using the equation: V =

2.6. Sensitivity analysis of productivity and susceptibility attributes

After vulnerability analysis through PSA, a sensitivity analysis was conducted on the productivity and susceptibility attributes for
all 41 identified species. This was done to determine the level of contribution of each attribute to the vulnerability score of the species.
This highlights the influential potentiality of attributes in a scoring system. Each attribute was removed in turn, and Root Mean
Squared Error (RMSE) was calculated for all 19 attributes [54].

v,)2

Y vi—v

RMSE; =
n

Where, j is different attribute, i denotes species, v; represent vulnerability after removal of attribute j, v; — v; is the relative error
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between vulnerability scores [47]. A higher RMSE value indicates greater impacts of attributes on the vulnerability score of species,
while a lower value indicates less influence on species vulnerability. Furthermore, we determined vulnerability changes in each species
by altering average susceptibility by + 5 %, +10 %, +15 % and +20 %. Then, for each of these eight scenarios, we compared changes
in the species’ vulnerability category.

2.7. Data quality analysis

Data quality analysis is a key factor in scoring attributes for comprehensive PSA analysis. This technique assists in identifying
species with limited data (uncertainty estimation) and suggests strategies to enhance data collection for those species. Therefore, each
PSA attribute was assigned a data quality score (DQ) using an ordinal scale of 5 tiers (1-5), ranging from best data (1) to no data (5).
Table 3 provides a comprehensive overview of data quality. The overall data quality scores were determined by calculating weighted
means of individual productivity and susceptibility scores. The data was further classified into high (DQ < 2.0), moderate (2.0 < DQ <
3.0), and low quality (DQ > 3.0) followed by Patrick et al. (2010) and Ormseth and Spencer (2011) [42,43].

2.8. Species vulnerability comparison with other assessments

Since PSA has credibility concerns among stakeholders due to its semi-quantitative nature [16], we conducted a vulnerability
comparison with other assessments to gain a deeper understanding of species’ relative risk. According to Osio et al. (2015) [55],
credibility concerns regarding species’ relative risk can be resolved through comparative analysis for fish species. Therefore, we
compared our findings with the IUCN Red List (IUCN, 2024) status of species. The IUCN Red List determines the threat status of species
by assessing the relative potential ecological risk of extinction, considering both qualitative and quantitative information. In this study,
we considered global assessment categories, since national or regional threat assessments were unavailable for the majority of elas-
mobranch bycatch species. The study compared the findings of PSA risk status with the IUCN Red List Categories (Critically Endan-
gered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concern (LC), Data Deficient (DD), and Not Evaluated
(NE)) to examine the potential relationship [16,24,50,55,56]. This implies that species identified as high risk by PSA were anticipated
to be categorized as threatened by the IUCN Red List.

3. Results
3.1. Species composition

The Lakkha gill net fishery is a significant source of elasmobranch bycatch in the Bay of Bengal region of Bangladesh. A total of 40
elasmobranch species were identified to interact with the Lakkha fishing net throughout the region. The identified species showed a
diverse range of groups, with representation from four different orders (Carcharhiniformes, Myliobatiformes, Orectolobiformes, and
Rhinopristiformes) and nine families. Sharks bycatch comprised 13 species belonging to three different families (Carcharhinidae,
Sphyrnidae, and Hemiscyllidae) whereas, rays were from six families (Dasyatidae, Glaucostegidae, Gymnuridae, Mobulidae, Rhinidae,
and Rhinopteridae) comprising 27 species (Fig. 2; Table A.3). The majority of the bycatch species identified belonged to the mylio-
batiformes order (60 %, n = 24), followed by carcharhiniformes order (30 %, n = 12), rhinopristiformes order (8 %, n = 3), and finally
the orectolobiformes order (2 %, n = 1) (Fig. 2). Most interacted shark species observed were the Scalloped hammerhead shark
(Sphyrna lewini), Spottail shark (Carcharhinus sorrah), Spadenose shark (Scoliodon laticaudus), Tiger shark (Galeocerdo cuvier), Pigeye
shark (Carcharhinus amboinensis) and ray species including Bleeker’s whipray (Pateobatis bleekeri), Long-tailed butterflyray (Gymnura
poecilura), Honeycomb whipray (Himantura undulata), and Coach whipray (Himantura uarnak) (see Table A.3).

3.2. Species vulnerability

The target and the 40 identified bycatch species were assigned productivity and susceptibility scores, as presented in Table 4. The

Table 3
Data quality tiers used in Productivity Susceptibility Analysis (PSA) [42].
DQ DQ Description Example
Scores
1 Best Information is based on collected data for the stock and area of interest that is Data-rich stock assessment; published literature
established and substantial for which multiple methods are used, etc.
2 Adequate Information is based on limited coverage and corroboration, or for some other Limited temporal or spatial data, relatively old
reason is deemed not as reliable as tier-1 data information, etc.
3 Limited Estimates with high variation and limited confidence, and which may be based on ~ Similar genus or family, etc.
studies of similar taxa or life history strategies
4 Very Information based on expert opinion or general literature reviews from a widerange  General data not referenced
limited of species, or from outside of the region, or data derived by equations using the
correlated life history parameter
5 No data No information
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Fig. 2. Composition of identified elasmobranch species by order and family.

The diagram displays four orders (A = Rhinopristiformes, n = 3; B= Carcharhiniformes, n = 12; C= Orectolobiformes, n = 1; D = Myliobatiformes,
n = 24). Each order is classified into respective families [e.g., Rhinoprsitiformes (n = 3) = Rhinidae (n = 1) + Glaucostegidae (n = 2); Carch-
arhiniformes = Carcharhinidae (n = 10) + Sphyrnidae (n = 2)].

productivity and susceptibility scores ranged from 1.27 to 2.73 and 1.50 to 2.63, respectively (Table 4). The highest susceptibility
value was received by the target Lakkha fish (Leptomelanosoma indicum; S = 2.63) followed by several pelagic sharks and eagle rays.
Conversely, the Pigeye shark (Carcharhinus amboinensis), a large pelagic shark, received the lowest productivity score of 1.27 (Table 4).

The X-Y scatter plot (Fig. 3) displays the results of the PSA analysis, showing three tiers that visualize the relative risk experienced
by bycatch species from the target fishery. Vulnerability scores ranged between 0.81 and 2.29, with the Blue-spotted stingray (Neo-
trygon kuhlii) receiving the lowest score (V = 0.81), while the Pigeye shark (Carcharhinus amboinensis) received the highest score (V =
2.29). Among the evaluated species, 31.7 % (n = 13) were identified as highly vulnerable, followed by 43.9 % (n = 18) as moderately
vulnerable, and 24.4 % (n = 10) as low vulnerable species. Out of the 41 evaluated species, alongside the targeted Indian threadfin fish
(Leptomelanosoma indicum), seven species of sharks—Graceful shark (Carcharhinus amblyrhynchoides), Pigeye shark (Carcharhinus
amboinensis), Spinner shark (Carcharhinus brevipinna), Silky shark (Carcharhinus falciformes), Bull shark (Carcharhinus leucas), Scal-
loped hammerhead shark (Sphyrna lewini), Great hammerhead shark (Sphyrna mokarran), and five species of rays—Honeycomb
whipray (Himantura undulate), Giant devilray (Mobula mobular), Sicklefin devilray (Mobula tarapacana), Javanese cownoseray (Rhi-
noptera javanica) and Gaint mantaray (Mobula birostris)—obtained higher cut-off score (Table 4; Fig. 3). Eight species at high risk
exceeded the vulnerability score of the targeted Lakkha fish. Among the moderately vulnerable species, scores of Mobula eregoodoo (V
= 1.66), Mobula kuhlii (V = 1.66), Urogymnus polylepis (V = 1.65), and Galeocerdo cuvier (V = 1.64) were close to the cut-off value of
high risk, indicating a probability of high risk in the near future due to continuous fishing activity. Furthermore, three small-sized
sharks and seven smaller Dasyatidae rays were ranked in the lower-risk category according to the PSA.

3.3. Vulnerability comparison with IUCN red list category

According to IUCN Red List categories, 37.5 % (n = 15) of the 40 elasmobranch bycatch species were categorized as “Endangered,”
with 30 % (n = 12) labeled as “Vulnerable”, 15 % (n = 6) as “Critically Endangered” and the remainder falling into the “Near
threatened” category (Fig. 4a). Additionally, species within the families Rhinidae, Glaucostegidae, and Sphyrnidae were marked as
Critically Endangered, while those in the Mobulidae and Rhinopteridae families were classified as Endangered by the IUCN (Fig. 4b).
On the other hand, the majority of the identified sharks were found to be threatened on a global scale. Fig. 5 shows the comparative
analysis of PSAs and the global IUCN Red List status of all identified species.

The five requiem sharks—Carcharhinus amboinensis (V = 2.29), Carcharhinus brevipinna (V = 2.14), Carcharhinus leucas (V = 2.14),
Carcharhinus falciformis (V = 1.84) and Carcharhinus amblyrhynchoides (V = 1.70)—identified as high-risk species by PSA, were
classified as threatened (Vulnerable) on the global IUCN Red List. The hammerhead sharks—Sphyrna lewini and Sphyrna mokar-
ran—were also in the threatened (Critically Endangered) category by IUCN and received high risk in our analysis. However, species
from rhinopristiformes order (Glaucostegus granulatus (V = 1.29), Glaucostegus typus (V = 1.48), and Rhina ancylostomus (V = 1.32)
were classified as Critically Endangered (CR) on the global IUCN Red List, whereas our study evaluated them as low to moderately
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Table 4
PSA results of elasmobranch bycatch species of the Lakkha net fishery including the target Lakkha fish in the Bay of Bengal of Bangladesh.
Scientific Name Common Name FAO code P S 14 VvC DQSP DQCP DQSS DQCS IUCN
Leptomelanosoma indicum Indian threadfin OYD 236  2.63 1.75 H 3.45 L 2.38 M NE
Carcharhinus amblyrhynchoides ~ Graceful shark CCY 2.00 238 1.70 H 291 M 2.25 M vu
Carcharhinus amboinensis Pigeye shark CCF 1.27 2.50 2.29 H 3.18 L 2.25 M vuU
Carcharhinus brevipinna Spinner shark CCB 1.36 238 214 H 3.18 L 2.25 M vu
Carcharhinus falciformis Silky shark FAL 1.55 213 1.84 H 3.36 L 2.00 M vu
Carcharhinus leucas Bull shark CCE 1.36 238 214 H 2.82 M 2.25 M vu
Carcharhinus limbatus Blacktip shark CCL 2.00 2.25 1.60 M 3.09 L 2.25 M VU
Carcharhinus sorrah Spot-tail shark CcCQ 2.00 225 1.60 M 2.82 M 2.00 M NT
Galeocerdo cuvier Tiger shark TIG 1.55 1.75 164 M 291 M 2.13 M NT
Rhizoprionodon acutus Milk shark RHA 2.45 1.75 0.93 L 2.73 M 2.00 M VU
Scoliodon laticaudus Spadnose shark SLA 273 213 1.16 L 2.82 M 2.13 M NT
Sphyrna lewini Scalloped hammerhead shark SPL 1.55 2.25 1.92 H 2.73 M 2.00 M CR
Sphyrna mokarran Great hammerhead shark SPK 1.55 1.88 1.71 H 3.09 L 2.25 M CR
Chiloscyllium griseum Grey bamboo shark ORR 2.55 1.88 099 L 3.27 L 2.38 M vu
Brevitrygon imbricata Bengal whipray DHM 245 213 1.25 L 3.45 L 2.00 M vu
Brevitrygon walga Scaly whipray DHW 236 213 1.29 L 3.00 L 2.25 M NT
Hemitrygon bennettii Bennett’s stingray RDB 2.09 2.00 1.35 M 3.36 L 2.25 M A4
Hemitrygon fluviorum Estuary stingray ZHI 1.82 213 1.63 M 3.36 L 2.25 M NT
Himantura uarnak Coach whipray DHV 1.82 213 163 M 291 M 2.00 M EN
Himantura undulata Honeycomb whipray DHL 1.64 225 185 H 2.82 M 2.13 M EN
Hypanus guttatus Longnose stingray RDU 2.00 213 1.51 M 3.27 L 2.25 M NT
Maculabatis bineeshi Short-tailed whipray ZAJ) 227 225 145 M 3.36 L 2.25 M CR
Maculabatis gerrardi White-spotted whipray DHG 2.36 2.13 1.29 L 3.36 L 2.25 M EN
Maculabatis pastinacoides Round whipray ZCB 2.09 225 155 M 3.09 L 2.25 M EN
Neotrygon kuhlii Blue-spotted stingray RDK 2.36 1.50 0.81 L 291 M 2.13 M DD
Pateobatis bleekeri Bleeker’s whipray DHB 2.36 2.25 1.40 M 3.09 L 2.25 M EN
Pateobatis uarnacoides Whitenose whipray ZPU 2.00 225 1.60 M 3.09 L 2.25 M EN
Telatrygon zugei Pale-edged stingray RDZ 255 213 1.21 L 3.09 L 2.00 M vu
Urogymnus polylepis Giant freshwater whipray DHC 2.09 2.38 1.65 M 3.00 L 2.25 M EN
Gymnura poecilura Long-tailed butterflyray RGP 236  2.00 1.19 L 3.27 L 2.25 M vu
Mobula birostris Giant mantaray RMB 1.64 2.00 1.70 H 3.00 L 2.25 M EN
Mobula eregoodoo Longhorned pygmy devilray RME 1.91 2.25 1.66 M 3.27 L 2.13 M EN
Mobula kuhlii Shortfin devilray RMK 1.91 2.25 1.66 M 3.45 L 2.25 M EN
Mobula mobular Spinetail devilray RMM 1.55 225 192 H 3.18 L 2.13 M EN
Mobula tarapacana Sicklefin devilray RMT 1.55 213 1.84 H 3.36 L 2.13 M EN
Mobula thurstoni Bentfin devilray RMO 1.91 2.13 1.57 M 3.27 L 2.25 M EN
Rhinoptera javanica Javanese cownoseray MRJ 2.00 2.38 1.70 H 2.73 M 2.13 M EN
Rhinoptera jayakari Oman cownoseray MRY 218 238 1.60 M 3.45 L 2.25 M EN
Glaucostegus granulatus Sharpnose guitarfish RBR 236 213 1.29 L 3.00 L 2.25 M CR
Glaucostegus typus Giant shovelnoseray RBQ 1.91 2.00 1.48 M 3.09 L 2.38 M CR
Rhina ancylostomus Bowmouth guiterfish RRY 1.91 1.75 1.32 M 3.36 L 2.38 M CR

P = weighted average productivity scores; S = weighted average susceptibility scores; V = vulnerability score; VC = vulnerability categories (low (L):
V <1.32, moderate (M): 1.32 < V < 1.70, and high (H): V > 1.70); DQSP = weighted average data quality scores of productivity; DQCP = data quality
categories for productivity attributes (high (H): DQ < 2, moderate (M): 2 < DQ < 3, and low (L): DQ > 3); DQSS = weighted average data quality
scores of susceptibility; DQCS = data quality categories for susceptibility attributes; IUCN is the Red List indicating towards extinction risk of species.

vulnerable species based on PSA (Fig. 5).

Furthermore, 15 of the ray species we identified were assessed to be “Endangered” by IUCN. Among them, five species (Himantura
undulata, Mobula mobular, Mobula tarapacana, Mobula birostris, and Rhinoptera javanica) were ranked as high-risk, nine as moderate,
and only one, Maculabatis gerrardi (V = 1.29), as low-risk species in our analysis (Fig. 5). Moderately vulnerable species such as Milk
shark, Pale-edged stingray, and Longnose stingray were classified as “Near Threatened” on the IUCN Red List.

3.4. Sensitivity analysis of productivity and susceptibility attributes

After excluding each attribute in turn, we observed minimal changes in the RMSE value for productivity attributes. The top two
attributes were measured fecundity (MF; RMSE = 0.06) and mean trophic level (MTL; RMSE = 0.05) (Table 5). On the other hand, most
susceptibility attributes scored significantly higher than the productivity attributes. Our result showed that gear selectivity (GS),
availability (Av), and species survival after capture and release (SCR) were the top three attributes that had a greater impact on species
vulnerability, with RMSE values of 0.11, 0.11, and 0.09, respectively (Table 5). This indicates a notable shift in the risk status of the
species, with a relative average error increase of 10.8 % and 10.5 % for 41 species when “gear selectivity (GS)” and “availability (Av)”
were excluded, respectively (Fig. 6). Additionally, the number of highly vulnerable species was increased almost twice (by 52 %) after
excluding “availability” from the calculated vulnerability. These outcomes suggest that susceptibility was the primary driver and had a
stronger influence on species vulnerability than productivity attributes.

Table 6 shows that the majority of the identified elasmobranch species experienced a significant change in their vulnerability status
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Fig. 3. Two-dimensional PSA plot for target species (Lakkha, OYD) and elasmobranch bycatch species.

The contour line shows the vulnerability values (V) of 1.32 and 1.70, where vulnerability categories are defined as low (V < 1.32), moderate (1.32
< V < 1.70), and high (V > 1.70). The scientific and common names associated with species identification codes (FAO codes) are provided

in Table 4.
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Fig. 4. Distribution of elasmobranch species across global IUCN Red List categories: (a) percentage (%) distribution and (b) distribution by families

of species
(DD = Data Deficient, NT = Near Threatened, VU = Vulnerable, EN = Endangered, and CR = Critically Endangered). (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 5. Comparative analysis of global IUCN Red List status with species vulnerability to Lakkha fishery.

Different marker represents different IUCN Red List categories (DD = Data Deficient, NT = Near Threatened, VU = Vulnerable, EN = Endangered,
and CR = Critically Endangered). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)

Table 5
Root Mean Squared Error (RMSE) between vulnerability scores when removing 19 attributes sequentially from the PSA of Lakkha gill net fishery of
Bangladesh.

Attribute removed Limar tmax k M MF BS Linar tmar MTL Linat/Limax tmat/tmax
RMSE 0.04 0.04 0.04 0.04 0.06 0.02 0.04 0.04 0.05 0.05 0.05
Attribute removed Av E SABR MSt SCR MD GS PC

RMSE 0.11 0.08 0.06 0.07 0.09 0.07 0.11 0.05

when the susceptibility score was altered. Throughout the eight scenarios, a consistent pattern has emerged: the number of high-risk
species increased when the susceptibility was increased, whereas many species shifted from higher-risk to lower-risk categories when
the susceptibility score was decreased. According to the analysis, the vulnerability status of 7, 13, 16, and 17 species changed from
moderate to high-risk categories as the susceptibility increased to 5 %, 10 %, 15 %, and 20 %, respectively. Several low-risk species also
changed their status to moderate when their susceptibility increased. Conversely, as susceptibility scores decreased from 5 % to 20 %,
many species shifted their risk categories toward lower vulnerability. Moreover, with a 20 % reduction in susceptibility, over half (n =
22) of the identified species changed their status to the lower-risk category, with only three species remaining in the high-risk group
(C. amboinensis, C. brevipinna, and C. leucas). However, as susceptibility values rose (20 %), about 73 % (n = 29) of the total species
received a high-risk status.

3.5. Data quality assessment

Data quality score of productivity varied between 2.73 and 3.45, with 76 % of the species acquiring a low data quality category
(Table 4). Only ten elasmobranch species obtained moderate data quality scores in productivity. However, scores related to data
quality of the susceptibility attribute did not exceed 3.0 and all the species were categorized as moderate data quality (Table 4). Overall
data quality score ranged from 2.36 to 2.91, indicating that most of the species ranked in the moderate category. The target species
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Fig. 6. Relative error of vulnerability after excluding 11 productivity and 8 susceptibility attributes sequentially from PSA.
received the highest data quality score (2.91), followed by Brown mouth guitar fish (2.87) and Oman cownoseray (2.85).
4. Discussion

4.1. Species composition

In Bangladesh, 161 elasmobranchs (95 rays, 66 sharks) species were recorded, but only 111 species were further validated taxo-
nomically and confirmed to be the most common species found in the Bay of Bengal [3]. We identified 40 bycatch species of sharks and
rays that have the potential to engage with the Lakkha fishing net. The extent of species interaction with the fishing gear depends on
various factors such as their depth preference, habitat, abundance of species, depth of fishing operation, gear efficiency, fishing hours,
etc. [57]. In particular, more than half of the species that interacted with fishing gear were large pelagic sharks and rays, as Lakkha net
(are mostly deployed at certain depths in the water column, drifting in the ocean, targeting schools of Indian threadfin salmon. Besides,
the species composition supported the existence of diversification of elasmobranch species since multiple families were identified [3].

4.2. Species vulnerability

In this study, we employed the PSA method to identify the relative impact of Lakkha fishing on the data-limited elasmobranch
species in the Bay of Bengal, Bangladesh. We chose this approach because it has demonstrated its efficacy in assessing risks in data-
limited scenarios, especially when comprehensive biological or catch data are unavailable or traditional stock assessments are not
feasible [49], a situation common in elasmobranch fisheries worldwide. It has also increased confidence among researchers and
stakeholders in assessing potential risk to target or bycatch species affected by fishing practices. Furthermore, it facilitates the
formulation of guideline, the establishment adequate management strategies, and implementation of proper surveillance to mitigate
anthropogenic impacts on vulnerable species within a relatively short timeframe [16].

Results of the study confirmed that the target Lakkha fish was one of the highly vulnerable species, with a susceptibility score of
2.63 compared to other species. This finding aligns with those reported by Faruque and Matsuda (2021a) and Ormseth and Spencer
(2011) [24,43] for their target stocks of Hilsa fish and Alaskan ground fish, respectively. The high susceptibility of the Indian threadfin
is likely due to the significant modification of the fishing gear used to catch them. This might justify the high vulnerability score
obtained by the target species, even though they possess a high productive score.

Furthermore, certain elasmobranch species showed substantial cumulative risk from the fishing gear. The current assessment
classified seven sharks and five rays as highly vulnerable species to Lakkha fishery. This high risk might result from their intrinsic
biology (poor productivity), influenced collectively by several factors, including poor fecundity, low birth rate, long life span, slow to
moderate growth rate, large size, long interval between breeding period, and late maturity [58-60]. Additionally, the high-risk
elasmobranch species also received a high susceptibility score ranging from 2.25 to 2.50 suggesting a high likelihood of overlap
with the gear and habitat, along with their aggregation behavior, morphological characteristics, feeding and breeding dynamics. This
implies that these species might not sustain the existing fishing pressure.

In our study, the comparison showed a notable alignment between PSA and the IUCN Red List, with all high-risk bycatch species
listed in the threatened categories of global IUCN Red List. This finding is consistent with the equivalences established by Ref. [61],
suggesting that high vulnerability in PSA should correspond with the threatened category (VU, EN, and CR) of the IUCN Red List. This
implies that species with high vulnerability are at risk of facing extinction or experiencing a massive decline in population within the
study region. This underscores the urgent need for immediate conservation efforts for elasmobranch from the Lakkha fishery. Species
such as Sphyrna mokkarran and Carcharchinus brevipinna are highly migratory sharks that exhibit oceanodromus migration, making it
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Alterations in the vulnerability scores of 40 elasmobranch species captured by the Lakkha gill net in the Bay of Bengal, Bangladesh occurred when
susceptibility scores changed by +5 %, £10 %, +15 %, and +20 %. The spectrum of different colors; green, yellow, and red represent low,
moderate, and high vulnerability, respectively.

Scientific name FAOcode -20% -15% -10% -5%  Vulnerabili 5% 10% 15% 20%
C. amblyrhynchoides CCY 1.35 1.43 1.51 1.61

C. amboinensis CCF

C. brevipinna CCB

C. falciformis FAL

C. leucas CCE

C. limbatus CCL 1.28 135 1.43 1.51

C. sorrah CCQ 1.28 1.35 1.43 1.51

G. cuvier TIG 1.51 1.53 1.56 1.60 1.64 1.68

R. acutus RHA 0.68 0.73 0.79 0.86 0.93 1.00 1.07 1,115 1.23
S. laticaudus SLA 0.75 0.85 0.95 1.05 1.47

S. lewini SPL 1.66

S. mokarran SPK 1.54 1.57 1.61 1.65

C. griseum ORR 0.68 0.75 0.82 0.90 0.99 1.07 1.16 1.24 ‘ 1.33
B. imbricata DHM 0.89 0.97 1.06 1.16 1125 135 1.44 1.54 1.64
B. walga DHW 0.95 1.03 iy} 1.20 1.29 1.39 1.48 1.58 1.68
H. bennettii RDB 1.09 1.15 1.21 1.28 ‘ 1.35 1.59 1.67
H. fluviorum ZHI 1.37 1.43 1.49 1.56 1.63

H. uarnak DHV 137 1.43 1.49 1.56

H. undulata DHL 1.58 1.64

H. guttatus RDU 1.22 1.28 1.35 1.43 1.51 1.59 1.67

M. bineeshi ZAJ 1.08 1.17 1.26 135 ‘ 1.45 1.54 1.64

M. gerrardi DHG 0.95 1.03 1.11 1.20 1.29 1.39

M. pastinacoides ZCB 1.21 1.29 1.37 1.46 1.55 1.64

N. kuhlii RDK 0.67 0.69 0.73 0.77 0.81 0.86

P. bleekeri DHB 1.02 1.11 121 1.30 ‘ 1.40 1.50

P. uarnacoides ZPU 1.28 ‘ 1.35 1.43 1.51 1.60 1.69

T. zugei RDZ 0.83 0.93 1.02 1.12 1121

U. polylepis DHC 1.28 ‘ 1.37 1.46 15 1.65

G. poecilura RGP 0.87 0.95 1.02 1.10 189

M. birostris RMB 1.49 158 1.58 1.63

M. eregoodoo RME 1.35 1.42 1.50 1.58 1.66

M. kuhlii RMK 1.35 1.42 1.50 1.58

M. mobular RMM 1.66

M. tarapacana RMT 1.61 1.66

M. thurstoni RMO 1.30 1.36 1.42 1.49

R. javanica MRJ 1.35 1.43 1.51 1.61

R. jayakari MRY 1.22 1.31 1.40 1.50

G. granulatus RBR 0.95 1.03 11111 1.20 1,29 1.39 1.48

G. typus RBQ 1.25 1.30 1.35 1.41 1.48 155 1.62

R. ancylostomus RRY 1.16 1.19 1.23 1.28 ‘ 1.32 1.38 1.43 1.49 1.55

more challenging to estimate their current biomass and population risk, thereby increasing the challenge for implementing adequate
conservation measures. Furthermore, the Devil ray (Mobula mobular and Mobula tarapacana) and Cownose ray (Rhinoptera javanica),
already categorized as Endangered (EN), face substantial market demand that raises their chance for future extinction. Moreover,
Spot-tail shark (Carcharhinus sorrah), Tiger shark (Galeocerdo cuvier), Longnose stingray (Hypanus guttatus), and Estuary stingray
(Hemitrygon fluviorum), classified as nearly threatened by the IUCN Red List on a global scale, scored moderate risk in the present study,
which also aligns with the findings of [61]. Species from the Mobulidae and Rhinopteridae families, classified as moderately
vulnerable by PSA, have risk scores nearing the threshold of high-risk status. This suggests a heightened risk of extinction with

12



R. Das et al. Heliyon 10 (2024) e37331

increased fishing pressure, aligning with the Endangered status designated by the IUCN.

Our results revealed some inconsistencies between the global IUCN Red List status and the low-risk species evaluated by the PSA.
For instance, the majority of low-risk species were classified as threatened by the global IUCN Red List. This inconsistency may result
from various factors, such as their limited capture frequency, body shape, and size of species [57], which suggest their minimal
encounter with the studied gear due to its larger mesh size, gear dynamics, and position in the water column. However, elasmobranchs
are highly susceptible to multiple gear types, and evidence suggests that these species are more susceptible to long line, set bag net, and
bottom set gill net rather than large meshed gill net [49,50,61,62].

The susceptibility of elasmobranch species to multiple fishing gear makes them more fragile in the ecosystem. This susceptibility is
certainly influenced by the structural and anatomical features of species, their vertical distribution in the water, aggregative nature,
depth allocation of fishing gear, fishers’ willingness to retain catch, and socioeconomic importance [63-65]. Besides, researchers need
to consider other anthropogenic pressures such as habitat loss, oil spills, and climate change while evaluating the risk of these species
[66,67].

The target, Indian threadfin fish, obtained a moderate overall data quality score despite being the target species due to the absence
of thorough research. Most of the bycatch species received poor ratings in data quality analysis for productivity, indicating a scarcity of
biological knowledge relevant to individual species from Bangladesh [24]. Species that are quite conspicuous and accessible, such as
Whiprays (Dasyatidae family) and Spinetail devil rays (Myliobatidae), are also rarely investigated. In addition, we provided species
with less market value and demand poor data quality ratings similar to tropical marine fisheries [24,47].

4.3. Sensitivity analysis

In PSA, each productivity and susceptibility trait does not have the same impact when determining a species’ vulnerability [22].
Our sensitivity results for attributes showed higher RMSE value for susceptibility attribute rather than productivity, suggesting that
susceptibility traits were the primary drivers [22,47,52,68], acknowledging the fact that susceptibility traits contributed more towards
species’ vulnerable condition. Among all 19 attributes, availability (Av- 0.11), gear selectivity (GS- 0.11), and survival after catch and
release (SCR- 0.09) received comparatively higher scores. Removal or minimizing of availability (species horizontal overlap with
fishing gear) might create a significant difference in their vulnerability [68]. Similarly, morphological features of species influence the
entanglement with the fishing gear (which is likely to increase gear selectivity) [24]. Along with this, the mesh size of the Lakkha net
and gear position might enhance the susceptibility of the elasmobranch. These could be the probable reason for the high susceptibility
score for shark and shark-like species.

The alteration of susceptibility values caused many species to change their risk status (Table 6), indicating possible improvement in
species’ ecological status by regulated and controlled fishing practices [69]. Another important outcome is more species shifted to high
risk when susceptibility was altered positively, rather than changing to low risk while susceptibility decreased. This demonstrates that
existing fishing pressure has the potential to damage more species unless appropriate management measures are undertaken. The
analysis also highlighted the probable areas, which would guide the authorities to establish and reform management measures and
policies to mitigate species vulnerability to Lakkha fishery.

4.4. Reducing elasmobranch mortality in Lakkha fishing net

Recognizing and understanding the dynamics of Lakkha fishing gear is the primary step in developing interventions and conser-
vation measures for the bycatch species [70]. Gill net industry in Bangladesh is highly diversified and largely unmonitored, similar to
other developing nations [71]. Therefore, authorities should develop an inventory and appropriate protocol to monitor the catch and
fishing vessels operating in the Bay of Bengal. Bycatch mortality can be reduced by limiting encounterability and decrease post-capture
mortality [72,73]. Encounterability can be addressed by establishing closures or marine protected areas , modifying gears, and
changing gear deployment techniques. Shortening the period of gear deployment in the feeding area would lessen the fishing mortality
of bycatch species [74]. Safe discharge technique should be approached with caution, as most entangled elasmobranch species die
before the Lakkha net is hauled [7]. Hence, low-cost strategic adjustments to the deployment technique of the gear and limiting its
operation for a certain period of time could be the most effective methods to lessen the impact of overfishing on the vulnerable bycatch
[75,76]. However, the socioeconomic consequences of limiting the operation of Lakkha net should be accessed. Mandates and criminal
charges should be established to control illegal skin and fin trade activities. Moreover, adequate action plans, proper tactics,
compliance with national and international rules and regulations, formation of an enforcement body, and comprehensive research are
necessary to safeguard the globally threatened elasmobranch species.

4.5. Future research needs

Our study utilized morphological identification keys, a common approach in species identification in fisheries science, to identify
elasmobranch bycatch. However, this technique can be ambiguous and challenging when identifying species with similar morpho-
metrics. A molecular approach in species identification could be ideal in this regard, providing more authentic identification of
elasmobranch species in the Bay of Bengal.

While calculating productivity scores we used maximum sizes documented in literature, instead of landed sizes in the study area.
Furthermore, many identified species encounter other gear types, such as hooks and lines, set-bag nets, seine nets, and gill nets
(varying mesh size), collectively increasing their risk from fishing practices. In addition, varying sizes of the species at different life
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stages, and their differing susceptibility to multiple gear types were not considered when assessing the risk of elasmobranchs.
Therefore, a comprehensive study on multi-gear risk assessment of each identified species should be undertaken to understand their
collective risks with greater certainty. In addition, research on species biology and population structure should be conducted to
generate robust data and revise the vulnerability precisely, aiding in the establishment of adequate management measures to safeguard
these megafauna species in the Bay of Bengal, Bangladesh.

5. Conclusion

Our study sheds light on the significant impact of the Lakkha gill net fishery on elasmobranch species in the Bay of Bengal,
Bangladesh. We identified a diverse array of elasmobranch species interacting with the Lakkha net, with sharks and rays from various
families being the most affected. Through Productivity Susceptibility Analysis, we assessed the vulnerability of these species, revealing
high susceptibility scores for many, including those already classified as Endangered or Critically Endangered by the IUCN Red List.
Our findings underscore the necessity of immediate action to mitigate the threat posed by unregulated fishing to elasmobranch
populations, highlighting the importance of data-driven management strategies for their long-term sustainability. Additionally, the
assessment of data quality emphasizes the need for further research and data collection to enhance our understanding of these
vulnerable species and inform effective conservation efforts.
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