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Abstract

Increasing fishing pressure has negatively impacted elasmobranch populations

globally. Despite high levels of historical and current fishing pressure, the Bay of

Bengal region remains data-poor. Focusing on Bangladesh, we conducted a

socio-ecological study to characterize elasmobranch fisheries and evaluate their

impact on threatened species. The results demonstrate that several globally

threatened elasmobranch species are frequently captured, and some of them

have experienced substantial population declines (e.g., wedgefishes, sawfishes,

large carcharhinid sharks) over the past decade. A decrease in elasmobranch

diversity, abundance, and size of caught specimens was also reported, which was

attributed to increased fishing intensity, destructive practices (e.g., bottom

trawling), and an accessible elasmobranch market. While catch and trade of

more than 90 elasmobranchs are regulated under Bangladesh's law, non-

compliance is widespread. Likely causes include a dearth of awareness, practical

alternative livelihoods, and technical facilities, and the complex nature of the

fisheries. Encouraging and facilitating the engagement of fishers in science (data

collection), local governance (policy-making), and field implementation (bycatch

mitigation) is vital. These interventions must be rooted in sustainable approaches

and co-designed with fishers, with appropriate training available. Development

of this work through enhanced engagement with fishers has the potential to

transform the elasmobranch fishery situation in Bangladesh and could be used

as a model for data-poor regions.
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1 | INTRODUCTION

Elasmobranch (sharks and rays) populations have declined
by 80% or more in many regions across the globe, predom-
inantly due to unsustainable fisheries driven by high

demand for fins and meat (Clarke et al., 2007; Dulvy
et al., 2008; Graham et al., 2010; Kyne et al., 2020;
Morgan & Carlson, 2010; Schindler et al., 2002), together
with high levels of bycatch especially in the tropics (Dulvy
et al., 2021). Most elasmobranchs have slow growth rates,
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late age-at-maturity, and low fecundity meaning they
are vulnerable to fishing pressure and have a longer recov-
ery time to overfishing compared to most bony fish
(Bräutigam et al., 2015; Schindler et al., 2002). Nearly 37%
of all elasmobranch species globally are now listed as
threatened with extinction, according to the International
Union for Conservation of Nature (IUCN) Red List of
Threatened Species (Bräutigam et al., 2015; Dulvy et al.,
2014; Dulvy et al., 2021; IUCN, 2021). Sustainable elasmo-
branch fisheries are possible, and a number of developed
countries manage some elasmobranch fisheries sustainably
(e.g., School Shark, Galeorhinus galeus; Gummy Shark,
Mustelus antarcticus; Alaskan Skate, Bathyraja parmifera
in the USA and Australia) (Prince, 2005; Dulvy et al.,
2017; Simpfendorfer & Dulvy, 2017). However, the sustain-
able management of these fisheries is underpinned by
data, enabling effective monitoring and assessment, and a
good understanding of the fishery, together with high
levels of compliance to regulations (Prince, 2005; Dulvy
et al., 2017; Simpfendorfer & Dulvy, 2017; Dulvy et al.,
2021; Haque, Cavanagh, & Seddon, 2021). Despite initia-
tives such as the UN Food and Agricultural Organization
(FAO) to develop sustainable management plans for
elasmobranchs (https://www.fao.org/ipoa-sharks), many
developing countries face challenges resulting from limited
research and resources (e.g., Bornatowski et al., 2014;
de Mitcheson et al., 2018; Haque et al., 2020; Haque,
Cavanagh, & Seddon, 2021; Haque, D'Costa, et al., 2021;
Haque, White, et al., 2021).

The Northern Indian Ocean region includes some of
the world's largest shark fishing nations (Davidson
et al., 2016). In countries bordering the Bay of Bengal
(BoB), an expansion of fisheries have led to overfishing of
many species and populations in recent decades and is
likely the cause for observed steep declines in elasmo-
branch catch and landings together with population
shifts from larger long-lived species to smaller short-lived
species (Haque, Washim, et al., 2021; Krajangdara &
Vibunpant, 2019; Krakstad et al., 2014; Lam & Sadovy de
Mitcheson, 2011; Pauly et al., 2020).

This study focuses on Bangladesh, a developing
country situated at the northern tip of the BoB,
where elasmobranchs have been exploited for decades.
Fisheries expansion has increased catch levels to some
extent; however, recent declines have been observed
(Haque et al., 2020; Haque, Cavanagh, & Seddon, 2021;
Haque, D'Costa, et al., 2021; Haque, Washim, et al., 2021;
Haque, White, et al., 2021; Hoq et al., 2011). All BoB
coastal and marine fisheries catch elasmobranchs, in
either targeted or bycatch fisheries (Haque et al., 2020;
Haque, Cavanagh, & Seddon, 2021; Haque, D'Costa,
et al., 2021;Haque, Washim, et al., 2021; Haque, White,

et al., 2021). Yet, Bangladesh is one of the most data-poor
countries in the BoB regarding elasmobranch fisheries
(Haque, Washim, et al., 2021; Haque, White, et al., 2021).
Vital knowledge including information on fishery charac-
teristics, catch trends, baseline data, and stakeholder
information is lacking (Haque, Cavanagh, & Seddon,
2021; Haque, D'Costa, et al., 2021; Haque, Washim, et al.,
2021; Haque, White, et al., 2021; Zafaria et al., 2018), and
currently hampers informed conservation decision
making. This combination of high fishing pressure, data
paucity, and limited resources (Fischer et al., 2012)
makes it challenging to devise and implement sustainable
fishery management.

In the absence of historical data, the knowledge of fish-
ers can be used to understand spatio-temporal abundance,
for example, to reconstruct long-term population trends and
species distributions (Colloca et al., 2020; Daw, 2008;
Dulvy & Polunin, 2004; Foster & Vincent, 2010; Frezza &
Clem, 2015; Irigoyen & Trobbiani, 2016; Lavides et al., 2016;
Macdonald et al., 2014). Moreover, fishers can also offer
important socio-ecological insights on conservation, legisla-
tion, and aspects related to improved compliance (Booth
et al., 2020; Collins et al., 2021; Gupta et al., 2020; Jabado,
2014; Liao et al., 2019; Mason et al., 2020; Patankar, 2019;
Spaet, 2019; Ward-Paige et al., 2020). However, fishers'
meaningful participation in research and fisheries decision-
making processes is absent in Bangladesh.

Here, we present the results of our socio-ecological
study in Bangladesh to characterize elasmobranch fish-
eries and evaluate their impact on threatened elasmo-
branch species based on the knowledge of local fishers.
This adds to data being collected through concurrent
scientific fieldwork and helps to validate the results
(Haque, Cavanagh, & Seddon, 2021; Haque, D'Costa,
et al., 2021), especially where knowledge gaps exist such
as historical accounts and population trends in the face
of increasing fishing pressure. We utilize fishers' knowl-
edge, observations, and perceptions to: (1) characterize
elasmobranch target and bycatch fisheries; (2) assess
population trends of selected elasmobranchs and iden-
tify the reasons behind these trends; (3) explore regula-
tions, that is, the legal framework governing fishers'
activities, and levels of compliance within this; and
(4) characterize the attitude of fishers toward potential
conservation measures. We evaluate these data and
demonstrate the valuable role of local stakeholders in
conservation decision making and conservation prac-
tice. The information presented in this study substan-
tially improves our understanding of the complex
dynamics of elasmobranch fisheries in Bangladesh and
will inform conservation and management in the region
and beyond.
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2 | METHODS

2.1 | Interview surveys

Between May 3, 2017 and January 28, 2019, 66 semi-
structured (Table S1) and 80 structured (Table S2)

interviews with Bangladeshi nationals involved in elas-
mobranch fisheries were conducted. Interviews were con-
ducted in 21 fishing villages (66 semi-structured,
39 structured), at two fish landing sites (Cox's Bazar and
Teknaf; 21 structured) and two shark processing centers
(Cox's Bazar and Teknaf; 20 structured) (Figure 1a,b) in

FIGURE 1 (a) Map of the study region—Bangladesh within the Bay of Bengal region (inset). (b) Survey locations of focus group

discussions (FGD) and interviews with number of participants. (c) Study area indicating survey sites, processing centers, landing sites, and

landmarks close to the fishing grounds along the coast of Bangladesh as identified by fishers. The map was created using QGIS version 3.22.
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south-eastern Bangladesh (Cox's Bazar, Teknaf and
St. Martin's Island). More details on study sites are
described in Haque and Spaet (2021).

The semi-structured questionnaire comprised pre-
determined questions to enable comparison of responses,
with allowance for questions that were not planned in
advance. The latter provided flexibility to explore subjects
important to individual respondents on an informal
level, helping to characterize the system qualitatively.
Stakeholder-specific semi-structured questionnaires to
evaluate: (1) fishing practices; (2) target and by-caught spe-
cies and their value; (3) legal frameworks governing
fishing activities and compliance to these; and (4) the
attitude of fishers toward conservation measures were
designed partially based on Jabado et al. (2015), Jaiteh,
Loneragan, and Warren (2017)., and Haque, Cavanagh,
and Seddon (2021); Haque, D'Costa, et al. (2021). In some
instances, related questions were grouped together
(e.g., questions regarding the value or species) to aid both
the information gathering and analysis. The knowledge
shared by fishers was obtained either through their own
experiences or shared legacies from fishing families. Addi-
tionally, to supplement this information, four focus group
discussions (FGD) comprising a total of 43 participants (8–
13 participants in each) were conducted in four fishing
communities with targeted ray fisheries (Table S3).

Within the structured interviews, interviewees were
asked a set of predefined standardized questions in the
same order (Table S2). Questionnaires for structured
interviews (Table S2) were designed to evaluate the per-
ception of fishers on elasmobranch population trends
(e.g., historical exploitation and observed changes in
catch numbers over time). To evaluate these trends as
accurately as possible, a species-identification exercise
was conducted with a group of 25 experienced fishers of
the Cox's Bazar District Fishing Boat Labourer Union
prior to the interviews. In an FGD format, fishers were
shown photographs of 65 shark and ray species reported
from Bangladesh (Hoq et al., 2011) and asked questions
related to species identification, species-specific fisheries,
and local species names. Fishers were encouraged to dis-
cuss their knowledge of each species within the group.
Nine unanimously identified species/species groups
(i.e., Galeocerdo cuvier tiger shark, hammerhead sharks
(Sphyrna lewini scalloped hammerhead shark, Sphyrna
mokarran great hammerhead shark, Sphyrna zygaena
smooth hammerhead shark, Eusphyra blochii winghead
shark), Rhincodon typus whale shark, sawfishes (Pristidae),
wedgefishes (Rhinidae) guitarfishes (Glaucostegidae and
Rhinobatidae), Carcharhinus sorrah spottail shark, Carchar-
hinus falciformis silky shark, and other large Carchariniform
sharks) were selected for further taxa-specific questions
regarding population trends. Additionally, most of the

information on shark species provided by the fishers was
corroborated by observations at landing sites (Haque,
Washim, et al., 2021; Haque, unpublished data). Limitations
of the study methods are detailed in Supporting Information
Material S1, for example, accuracy of identification, map-
reading ability (see Supporting Information Material S1).
Deep-water (>60 m) fishers were not included in this study
due to small sample sizes, therefore the deep-sea fishery is
not characterized here.

In addition, interviewees were engaged in conversa-
tions beyond the questionnaires' capacity as a means of
capturing additional information (e.g., detailed percep-
tions and personal experiences about the reasons for pop-
ulation decline, personal stories encountering specific
species, information on potentially extinct species, and
information on species not included in the species photo
compilation). Further details on the interview process
and interviewee selection processes are provided in
Haque and Spaet (2021).

2.2 | Data analysis

All interviews were translated into English (Tables S1
and S2). Descriptive (e.g., age, fishing experience) and
inferential (e.g., monthly and annual average number of
elasmobranchs caught) statistic routines were performed
in R (R Core team, 2020, version 3.6.1). For open-ended
questions where multiple responses were recorded, each
response was categorized and counted under a designated
broad category. For example, in response to the question,
“What are the main reasons for shark population decline
in Bangladesh?”; fishers generally provided multiple
answers such as overexploitation, increased number of
boats, increased number of ports, new gear usage, greater
distances covered. Each of these answers was placed
within the broad category of overexploitation. Responses
were categorized for several variables (e.g., reasons for
elasmobranch population declines, list of target species,
list of retained by-caught species, fishing grounds)
(Tables S3–S5 and 1, Figures 1c and S1).

The average number of elasmobranchs caught
monthly can also be associated with different variables
such as gear used, fishing homeport, seasonality of fish-
ing (monsoon [June to September], winter [October to
January], summer [February to May], and all seasons),
the mesh size (cm) of nets used, fishing depth (m),
monthly fishing days, and distance covered from home-
port (km). To determine if the number of elasmobranchs
caught was associated with these independent variables,
we fitted generalized linear models (GLM, Poisson regres-
sion) (R Core team, 2020). Poisson regression is a form of
regression analysis in statistics used to model count data
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(Cameron & Trivedi, 2013). A GLM (Poisson regression)
was selected as the dependent variable (number of elas-
mobranchs caught) was count data and had a Poisson
distribution. The mean and variance of the dependent

variable were checked. Overdispersion of the data
observed (variance > mean). As a result, the quasi-
Poisson family was used to deal with the overdispersion
of data. Quasi-Poisson regression keeps the coefficients

TABLE 2 Percentage of respondents (n = 66) and their answers to selected questions pertaining to Bangladeshi shark fisheries

Question
related to Answers (in %)

Average no. of big
sharks caught per
trip

1–50 (26) 50–100 (39) 100–150 (23) >200 (12)

Monthly average
catch

Tiger sharks Hammerhead sharks Whale sharksa Sawfish

15–20 40-60 1–3 0

Guitarfishes Spadenose sharks Wedgefishes Other large
Carcharhiniformes

1–50 500–600 0 1–65

Discards and sales Auction (14) Sale to middlemen/
traders (83)

Discard (3)

Shark parts offered
for sale

Whole body (94) Fins (6)

Main shark product
destinations

Chittagong Hill Tracts
and other domestic
destinations (55)

Local tribal and
Burmese buyers (13)

Myanmar (17) China (15)

Estimated daily
amount (kg) of
landed sharks

0.5–300 (38) 300–600 (39) 600–1000 (9) >1000 (6)

Sale to specific
buyers

Yes (6) No (94)

Is it desirable to
catch sharks as
bycatch?

Yes (74) No (17) Sometimes (9)

Monthly income
from shark
bycatch (US$)

12–120 (44) 120–235 (20) 235–353 (6) Negligible to no income
(30)

Willingness to use
methods to
mitigate bycatch

Yes (41) No (23) Only if alternatives are
available (27)

Inconceivable (unsure)
(9)

Reasons for shark
population
decline

Overfishing (36) Bottom trawling (13) Destructive net use (12) Anthropogenic
development, pollution,
biological reasons (5)

Awareness on
national laws

No (94) Yes (6)

Awareness on
public outreach
campaigns

No (100)

Reason for
population
decline

Risks from specific and
detrimental net use (17)

Irregular seasonal
variation and extreme
weather (12)

Industrial bottom
trawling and increase
in fishing ports (27)

Overfishing (43.94)

Desired next
generational
occupation

Further study (47) Going abroad (5) Islamic priest, Navy, or
independent business
(24)

Fishing (11)

aWhale sharks were more commonly sighted at sea than caught.
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the same as the Poisson regression; however, it adjusts
the standard errors to avoid Type I errors in p values. The
model fit was checked by comparing the model with a
null model (without any predictors) using the summ()
function in the jtools package (Long, 2020).

To test for the presence of a progressive shift in
accepted standards for the state of the natural environ-
ment (Pauly, 1995; Soga & Gaston, 2018), that is “shifting
environmental baseline syndrome” (Jabado, 2014), and
evaluate whether observed elasmobranch population
changes were associated with age and experience of inter-
viewed fishers, a GLM (Poisson regression) was per-
formed using the same methods described above.

A linear regression model was performed to establish
whether mesh size was related to fishing depth (see
Section 3.2).

3 | RESULTS

3.1 | Elasmobranch fisheries

Fishers used a multi-species and multi-gear approach
(e.g., submerged or floating gill nets, set bag nets, seine
nets, and long lines) in all areas and on all vessel types
(Tables 1 and S5). Gear selection was primarily driven by
the seasonality of the target species and sea condition.
The majority of fishing boats (83%) carried three to five
additional big hooks in addition to their primary gear to
opportunistically catch large fish including sharks
(Tables 1 and 2). According to fishers, an estimate of
>8000 boats operated from three sites (St. Martin's
Island, Teknaf and Cox's Bazar) on a daily basis. Targeted
species generally included demersal and/or pelagic fish
species (Figure S1A, Table 1). Elasmobranchs were cau-
ght as bycatch in other teleost fisheries, such as the hilsa
fishery, and were targeted in ray fisheries (Figure S1B;
see Section 3.2). According to fishers, a range of 0.5 to
>1000 kg of whole bodied sharks was landed by each ves-
sel per day (94% stated that between 300 and 600 kg of
sharks were landed by each vessel per day in the winter
months). With the exception of one exclusive shark
trader in Cox's Bazar, who operated a fleet of 7–8
medium to large sized fishing vessels with modified gill-
nets, none of the interviewees were involved in targeted
shark fisheries. Based on interviewers with three fishers
who targeted rays, guitarfishes, and wedgefishes, it was
inferred that at least 480 motorized fishing vessels
targeted rays (e.g., Glaucostegus spp. giant guitarfishes,
Gymnura spp. butterfly rays; Table S6), mostly from ports
of the south-central region and 60 in the south-east
region. FGD participants indicated that bottom-dwelling
rays were targeted in bottom long line fisheries, using

10,000 to 30,000 unbaited 3.8–5 cm hooks per km of line,
at a depth between 4.8 and 36.5 m (Table S6, Figure S2).
Ray fisheries target multiple species, although guitar-
fishes and large-sized rays were the most desirable
(Table S6).

3.2 | Catch composition

Almost all gear types used caught elasmobranchs. While
smaller specimens (<70 cm) were relatively common in
the catch throughout the year, large specimens
(>150 cm) were generally only caught in the winter,
spring, and summer months. The catch size was depen-
dent on the season, fishing gear used, and geographic
location of homeports and fishing grounds.

The most commonly by-caught elasmobranchs were
Scoliodon laticaudus/macrorhynchus spadenose shark,
small-sized whiprays and stingrays (Pateobatis spp.
whiprays, and Brevitrygon spp. stingrays), followed by
Gymnura spp. and other small-sized sharks. Fishers also
commonly caught Sphyrna spp. hammerhead sharks,
and several species of requiem sharks. Between 100 and
1000 small (<70 cm) and 1 and 200 medium (71–150 cm)
and large sharks (>150 cm), respectively, were reportedly
caught per fishing trip, although 12 fishers stated catches
of more than 200 sharks per trip. Monthly average
sightings in coastal waters were highest for spadenose
shark (500–600 individuals) and lowest for sawfish
(0) (Table 1). With the exception of sharks >2.5 m, all
sharks were reportedly landed whole, although cases of
finning and carcass discarding of larger catches around
15–20 years ago were reported by three fishers. The most
commonly caught species in longline fisheries were Gla-
ucostegus spp., Gymnura spp., Himantura spp. stingrays,
and other dasyatid rays (Urogymnus spp. mangrove rays,
Maculabatis spp. whiprays, Neotrygon spp. maskrays)
(Table 3).

The number of elasmobranchs caught per month was
dependent on area, fishing homeport, and season (p < .001)
(details in Table S7). For example, fishers in St. Martin's
Island caught significantly lower numbers of elasmo-
branchs than fishers from Cox's Bazar (beta = �1.7043,
p = .00123**). Fishers, who fished during all seasons
caught a higher number of elasmobranchs than fishers
fished during the winter (beta = �2.9219, p = .02886*),
summer (beta = �1.9137, p = .10585), and monsoon
(beta = �1.2293, p = .27906) seasons; however, the rela-
tionship of the number of elasmobranch caught in all sea-
sons with summer and monsoon was not significant.
Quasi-Poisson regression model results showed that
Set-bag nets using fishers (beta = 2.2301, p = .00424**)
caught a higher number of elasmobranchs than fishers
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who used floating gill nets. Fishers using hilsa gill nets
(beta = �0.9191, p = .04002*) on the other hand caught
lower number of elasmobranchs than fishers who used float-
ing gill nets (detail in Table S7 for quasi-Poisson regression
results for all gear types). The quasi-Poisson regression

model was a good fit (Nagelkerke's R2 = 1.00; pseudo-R2

[Cragg–Uhler] = 1.00; pseudo-R2 [McFadden] = 0.39).
Another quasi-Poisson regression model results showed, the
number of elasmobranchs caught per month was also nega-
tively related to mesh size of gear used (beta = �0.151837,

TABLE 3 Challenges regarding elasmobranch fisheries management in Bangladesh with recommendations to address those challenges

using fishers' knowledge

Challenges Recommendations

1 This study found that populations have already
declined, and presumably to critical limits for
several species of high demand

Using fishers' knowledge to inform
• Prioritizing conservation of most threatened species (Haque,

Washim, et al., 2021)
• Engaging fishers (Islam et al., 2017) to help enforce the setting of

sustainable fishing limits and quotas
• Ensuring fishers” participation in using modified destructive gears

and managing bottom and mid-water trawl fisheries is essential for
mitigating wasteful fisheries practices.

2 Heavy fishing pressure occurs in critical habitats
in shallow water coastal areas

Using fishers' knowledge to inform spatial management, including
protection of critical habitats (Moore, 2018) to provide refuge for
threatened species, for example, shallow water south-central regions
are crucial for Rhinopristiformes rays; the Sundarbans are important
for giant freshwater rays and sawfishes.

3 Given that thousands of fishers in Bangladesh
utilize unlicensed vessels and do not use
logbooks and or record catches (Haque,
unpublished data), monitoring of catch is
challenging.

Promoting and facilitating incentive-based monitoring and bycatch
mitigation (Booth et al., 2020)

• This could be achieved in collaboration with Bangladesh Fisheries
Development Corporation (BFDC)

• Initiate research into bycatch mitigation techniques to inform
this work.

4 Fishers coming from impoverished social strata Increasing market efficiency of other sustainable catch (e.g., Hilsa) and
creating alternative livelihood opportunities, thereby decreasing
pressure on elasmobranchs (Haque, unpublished data)

5 Management approaches are a challenge in itself
due to the limited capacity of institutions in
Bangladesh; and an absence of inclusive
management regimes, resulting in apparent
non-compliance (Bladon et al., 2016)

Institutional capacity building and approaches for co-designing actions
to manage such complex fisheries and enabling transboundary
approaches to conservation

6 Lack of awareness (e.g., of legislation) Ensuring fishers can access relevant information and practical
facilitation/support for following regulations with the help of local
governance, Department of Forest and Department of Fisheries.

7 Lack of relatable examples of conservation
measures reflecting the benefits of both fish and
fishers

Sustainable approaches to fisheries management based on fishers'
participation, rather than top-down umbrella bans on catch and trade

Creating and sharing relatable examples of positive conservation
outcome for fishers and their livelihoods.

8 Lack of research—effective fisheries management
requires reliable and regionally accurate
population assessments and socio-ecological
understanding (Haque, Cavanagh, &
Seddon, 2021; Haque, D'Costa, et al. 2021;
Haque, Washim, et al. 2021; Haque, White
et al. 2021).

Further biological research will be critical to determine the size and
seasonal catch reflecting species long-term sustainability

Further research to address critical questions raised by this study, such
as—

• how to incorporate fishers in local governance meaningfully?
• how to generate experimental and/or qualitative evidence to identify

the most cost-effective and efficient pathways to support local
governance at a larger scale?

• how complex elasmobranch management regimes can be structured
in a way that enables long-term adaptive and species/group specific
solutions?
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p = .0172*) (Table S7). This quasi-Poisson regression model
was also a good fit (Nagelkerke's R2 = 1.00; pseudo-R2

[Cragg–Uhler] = 1.00; pseudo-R2 [McFadden] = 0.16). Lin-
ear regression results showed that with increasing depth,
larger mesh sizes were used (beta = 0.05, p < .01). Here, the
beta coefficient is the degree of change in elasmobranch
catch numbers for every 1-unit of change in the predictor.
As the effect sizes in the models are small, these results need
to be interpreted with caution.

3.3 | Fishers' species identification skills

Elasmobranch identification skills varied amongst fish-
ers. Identification capacities were particularly low when
obvious traits, such as body markings or a distinctive
body shape were absent. Elasmobranch identification
was particularly poor for morphologically similar species,
and overall fishers grouped most large Carcharhiniformes
without any distinctive marks (e.g., black tips on fins)
into one category. Additionally, all rhinopristiformes rays
(guitarfishes, giant guitarfishes, wedgefishes, except for
Rhynchobatus laevis/australiae smoothnose wedgefish/
bottlenose wedgefish and Rhina ancylostoma bowmouth
guitarfish), all sawfishes (Pristis pristis largetooth sawfish,
Anoxypristis cuspidate narrow sawfish, Pristis zijsron
green sawfish) and all hammerhead sharks, respectively
were grouped together. Although several fishers were able
to identify at least four to five different Rhinopristiformes
and at least two to three hammerhead sharks, this iden-
tification capacity was not consistent, for example,
smaller guitarfishes (Rhinobatodae) and giant guitarfishes
(Glaucostegidae) were mostly identified as the same spe-
cies, as were Carcharhinus amboinensis pigeye shark,
Carcharhinus leucas bull shark, and Glyphis spp. ganges
shark (Table S8).

3.4 | Population trends

Fishers observed a steep decline in diversity, individual
size, and catch size of elasmobranchs during their fishing
careers. One fisher stated, “there was a time a few decades
ago when we could not keep all the sharks caught due to
limited storage capacities; now the size of catch has declined
tremendously” (Table S9). Reports of the disappearance of
several species from the catch were also reported unani-
mously. The majority of fishers associated the decline pri-
marily with overfishing and bottom trawling.

The vast majority of interviewees (98%) reported a
change in elasmobranch catch and abundance over time,
with a decrease in catch size (total catch) of all valuable
species (large and high priced; see Haque & Spaet, 2021).

A reduction in the size of individual species within the
past 20 years (mean = 14.21 ± 5.6 SD) was also men-
tioned by fishers (80%; mean = 14.21 ± 5.6 SD)
(Figure 2a,b). Sixty-eight percent of fishers suggested
changes occurred over the last two decades and 95% indi-
cated accelerated declines over the past 5–10 years. In
contrast, 25% of fishers were unaware of any changes in
population size over the past 10–20 years, whereas 3.75%
had not observed any change in population size over the
past 5–10 years. Changes were reported for both, species
diversity (34% of fishers) and total catch (41% of fishers).
Seventy percent reported a reduction in valuable species

FIGURE 2 Observed changes in the catch composition of

sharks. (a) Observed change in catch composition over individuals'

fishing careers (n = 66). (b) Observed changes in the number and

size of caught sharks over the entire fishing career of interviewed

fishers [2–55 years (mean = 26.5 ± 13 SD)]. Observed changes in

the number of caught sharks over the past 5–10 and 11–20 years,

respectively
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only (e.g., sawfishes, wedgefishes). Fishers identified at
least 12 species or species groups which had become less
common over their career (Figure 3a) with the disappear-
ance of some species such as sawfishes (75% fishers) and
wedgefishes (especially smoothnose wedgefish/bottlenose
wedgefish) (15%) from their catches (Figure 3b). Fishers
also reported lower catches of large sharks (e.g., whale
sharks, large hammerhead sharks, and large carcharhinid
sharks), now, compared to 10–20 years ago (Figure 2a).
Twenty-four percent of fishers reported an increase
of smaller hammerhead sharks (likely juveniles, cor-
roborated by unpublished landing data) over the past
10 years. All fishers reported a steep decline in ray

populations, especially after the late 1990s (Table S9).
Fishers targeting rays also reported an overall decline in
larger ray species. Reported catch sizes varied, with fish-
ers reporting 1–20 individuals (per 7-day trip in recent
times). A steep decline in catch rates between 2000 and
2010 was reported (e.g., recent one individual caught in
2018, compared to >1000 large dasyatid rays in one trip
in 2000s). For instance, fishers mentioned that fishing
trips were cut short due to a lack of storage capacity cau-
sed by catching large numbers of rays 10–20 years ago.

The reported main drivers of change in elasmobranch
abundance were overfishing by artisanal fisheries (cited
by 55% fishers; e.g., introduction of modified gears and

FIGURE 3 (a) International Union

for Conservation of Nature (IUCN) Red

List of Threatened Species status of

species that have shifted from common

to uncommon. Fishers were asked to list

the species which were common at the

beginning of their fishing careers, but

became uncommon in recent years (total

no. of respondents = 80). Twelve

species/taxa that fitted this description

were identified by the fishers; these are

presented in the graph. The colors

represent the IUCN Red List categories

for the status of these species/taxa,

whereby CR = critically endangered;

EN = endangered; VU = vulnerable,

NT = near threatened, NE = not

evaluated. Species that could not be

determined based on local names are

labeled as unidentified and colored gray.

Number of fishers who did not respond

were also colored gray. (b) Observed

population trends of selected

elasmobranch species, over the past

10 years. (a) Whale shark, (b) tiger

shark, (c) silky shark, (d) sawfishes,

(e) wedgefishes (Rhynchobatus spp.), (f)

hammerhead sharks, (g) guitarfishes and

wedgefishes, (h) small carcharhinid

sharks (e.g., spottail shark), (i) large

carcharhinid sharks
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methods targeted to increase catch sizes (e.g., smaller
mesh size, bottom longlines), commercial mid-water and
bottom trawling, unselective fishing gear, as well as an
expansion of fishing areas, an increase in numbers and
size of vessels, as well as the introduction of negative sub-
sidies to industrial fisheries. Coastal habitat degradation
by other anthropogenic drives (e.g., coal-based power
plant, industries) and the K-selected life history of elas-
mobranchs were also considered important (62%).

3.5 | Cross-generational differences in
perception

Fisher age was positively and significantly related to the
perception of the timeline since a change in elasmobranch
population size was observed (beta = 0.02, 95% CI
[8.45e�03, 0.02], p = 7.56e�05***). Correlations of fishing
experience and perception of the timeline since a change in
elasmobranch population size was observed were positive
but non-significant (beta = 7.45e�03, 95% CI [�1.04e�03,
0.02], p = .0817). This suggests that older fishers observed a
change in population earlier than the younger fishers
(Figure S3) allowing no time for a “shifting environmental
baseline syndrome” to develop. The quasi-Poisson regres-
sion model was a good fit (χ2(2) = 114.08, p = .00, see Table
S10) and 84% of the variation in the outcome was explained
by covariates (Nagelkerke's R2 = .84) (Nagelkerke, 1991).

3.6 | Fishers' attitudes toward fisheries
management and conservation

Ninety percent of interviewed fishers were unaware of
Bangladesh's national Wildlife (Conservation and Security)
Act, 2012 (WCSA). Those who were aware of the Act were
unable to elaborate on existing laws (Table 2). While sev-
eral fishers stated that some sharks might be protected,
they were unable to provide details on their protection sta-
tus. None of the fishers were familiar with CITES (the
Convention on International Trade in Endangered Species
of Wild Fauna and Flora). Fishers stated that permits to
trade shark products were not required. Ray fishers in the
FGD group were unaware of any national and interna-
tional laws or treaties protecting ray species. Reportedly
awareness campaigns on declining ray populations and
conservation had not been conducted. Additionally, fishers
claimed that they were compelled to pay bribes to avoid
punishment for trading certain undefined species.

Fishers showed a genuine interest in national laws.
During interviews and FGD, they were eager and compas-
sionate about the recovery of elasmobranch populations in
Bangladesh. Several participants (n = 15) asked about ways

to concurrently conserve elasmobranchs and their liveli-
hoods. Over 75% of fishers acknowledged the importance of
sharks to ocean health and 41% were willing to employ
new methods to stop shark and ray catch or mitigate
bycatch with alternative livelihoods provided. A fifth (22%)
were unwilling to change fishing practices mainly because
of the unavailability of required support. The remaining
fishers either did not answer the question (33%), or were
not sure of the actions needed for shark conservation, but
showed interest by inquiring about appropriate conserva-
tion approaches. Fishers mentioned the potential
unsustainability or failure of conservation measures due to
insufficient income of affected fishers leading to non-com-
pliance. Fishers noted that trading had become minimally
profitable due to declining elasmobranch populations. As a
result, they showed willingness to change to more sustain-
able fishing methods if facilitated (e.g., through financial
support, social security, training, ownership of vessels and
nets) and incentivized. Many fishers (n = 35) also stated
that a better and equitable share of profit or salaries from
fish catches in coastal waters may improve their decision
making regarding best practices and conservation of threat-
ened species. Fishers also mentioned the possibilities of
including existing cooperatives in managing resources. For
instance, one fisher in Cox's Bazar stated, “We have a coop-
erative with 500 registered fishers but we never participated in
any conservation actions regarding elasmobranchs.”
Mechanical (e.g., diverse net use, variation in season, and
fishing practices) and social complexities (e.g., poverty,
unequal profit sharing, oppression by fishing companies,
limited access to fundamental rights) were mentioned as
hurdles to conservation planning (e.g., live release, possible
temporal or spatial closure or trade ban). Additionally,
interviewees requested specific information regarding
bycatch mitigation, the release of by-caught species. Fishers
also wanted to understand governance issues regarding
potential regulations impacting their livelihoods. For
instance, they requested information on authorities respon-
sible for potential compensations or alternative livelihood
facilitation if targeted ray fisheries were to be banned. Inter-
viewed fishers also showed interest in understanding the
possible monitoring mechanisms for ensuring adherence to
regulations at sea (e.g., “what if, in fear of being fined or
jailed, fishers discarded dead sharks at sea?”; “Who will
monitor what is happening at sea and how?”). Finally, sev-
eral fishers were eager to learn about the ecological benefits
of healthy shark and ray populations.

4 | DISCUSSION

Our study highlights that in data-poor regions such as
Bangladesh, fishers' knowledge provides an invaluable
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information source for an increased understanding of
exploited species, current and historical trends, and to
inform the development of conservation and manage-
ment measures. The insights gathered by this study high-
light the benefits of fishers' participation in conservation
and the importance of co-designing management regimes
for better sustainability and success.

4.1 | Elasmobranch: fisheries and
population trends

Elasmobranch catch is prevalent in every gear used in
Bangladesh, either as targeted or desirable bycatch.
Monthly catch and daily landings reported during the inter-
views indicate higher catch numbers than those reported in
national statistics (DoF, 2018; Haque & Spaet, 2021).
Catches have perpetually declined over the past decade,
indicating size distribution change, stock depletion due to
overexploitation (see Section 3.4), and increasing fishing
effort potentially leading to stock collapse.

Most fishers reported changes in elasmobranch species
composition and/or catch rates over time. Several fishers
identified species that were commonly present in the past
but had not been caught over the past 5–10 years or more,
for example, bottlenose wedgefish/smoothnose wedgefish,
and sawfish potentially indicating extreme rarity. According
to IUCN Red List criteria (IUCN, 2021) at least 21 of the
elasmobranch species that were frequently caught and
traded by interviewed fishers are currently threatened with
extinction (12 critically endangered, seven endangered, and
two vulnerable) (Tables 1 and S9) and several were listed in
different CITES appendices (Haque & Spaet, 2021). None of
these species are currently managed in Bangladesh. Fisher's
responses were corroborated by recent studies that recorded
the disappearance or reduced landings of several elasmo-
branch species at these sites (Haque, Washim, et al., 2021;
Haque, unpublished data, 2022). Changes in abundance
were emphasized for largetooth sawfish, narrow sawfish,
bottlenose wedgefish/smoothnose wedgefish, great ham-
merhead shark, and smooth hammerhead shark, amongst
several others. This corroborates declines of these species
globally (IUCN, 2021). For instance, largetooth sawfish
populations have been depleted by more than 80% through-
out their range across the Indo-West Pacific (Kyne
et al., 2013; Yan et al., 2021). At least 30 nations within
this region have declared largetooth sawfish as locally
extinct owing to an array of threats, particularly fisheries
(Harrison & Dulvy, 2014; Yan et al., 2021). The case is
similar for wedgefishes and giant guitarfishes (Rhinidae
and Glaucostegidae). Exploited by targeted and incidental
catch, these species have gone through severe population
depletion and even localized disappearances (Dulvy

et al., 2016; Jabado et al., 2018; Moore, 2017). For instance,
in neighboring Pakistan, a 99% population decline was
reported for all rhinids and glaucostegids (Kyne et al., 2020).
These species are particularly vulnerable to extinction due to
their limited biological productivity (Kyne et al., 2020),
intense coastal fisheries overlapping their habitats, and ensu-
ing food security for vulnerable communities (Moore, 2017).
Similarly, in Bangladesh, fishers stated that declines in elas-
mobranchs were primarily associated with destructive bot-
tom trawling practices and unselective net use.

The decreases in catch rates over the past two decades
reported in this study coincide with an estimated 34%
decrease in reconstructed Bangladesh elasmobranch land-
ings over 15 years starting in 2000 (Pauly et al., 2020), and
a four-fold increase in overall fishing effort between 2000
and 2014 (Pauly et al., 2020; Ullah et al., 2014). Although
there is evidence that gear modification for increased cap-
ture rates can lead to overfishing, the direct quantitative
relationship between gear modification and elasmobranch
population change could not be determined. However, it
is commonly accepted that fisheries expansion (e.g., over-
fishing) is the primary cause of worldwide elasmobranch
population reduction (Dulvy et al., 2021).

Reported decreases in size and number of caught elas-
mobranchs in this study, corroborate findings across
Southeast Asia, where large sharks have declined and
landings of small-bodied sharks (e.g., bamboo sharks)
have increased over the past few decades (Arunrugstichai
et al., 2018; Khine, 2010; Krakstad et al., 2014; Lack &
Sant, 2012; Lam & Sadovy de Mitcheson, 2011). At the
same time, many resilient and small-bodied shark
populations have either declined or collapsed, for exam-
ple, in India, spadenose shark, Rhizoprionodon acutus
milk shark, Carcharhinus limbatus blacktip sharks
(Mohamed & Veena, 2016), highlighting the problem of
fishing for elasmobranchs in the absence of practical reg-
ulations. Fishers also cited overexploitation of juvenile
and pregnant individuals as reasons for the observed pop-
ulation declines. It is of critical importance to connect
the conservation of early life-stage individuals, in nursery
areas, with management strategies safeguarding all life-
stages (Kinney & Simpfendorfer, 2009). Interventions
such as large-scale net/mesh-size modification, fishers'
involvement in live release programs, and designating
species-specific quotas are crucial for limiting catch. For
habitat level, interventions spatial co-management of
critical habitats are key. This study found that the size of
catch is associated with gear, mesh size of net used, total
fishing days, depth at the catch, fishing homeports, sea-
sonality, and distance covered from homeports. These
results can be applied to help co-design appropriate
quotas to curb unsustainable catches by introducing loca-
tion, depth, and gear selectivity within these fisheries.
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4.2 | Fishers' attitude: conservation and
challenges

Changes in elasmobranch populations were observed by
all age classes of fishers, signifying that overexploitation
has been occurring for decades. This also suggests that
the perceived changes are occurring at such a rapid pace
that all age groups are experiencing it without adequate
time for a “shifting environmental baseline syndrome”
(Jabado, 2014) to develop. It is likely that the fishers may
have attuned to the increasing scarcity of the elasmo-
branchs and perceived this as “natural” when they
started their careers. This can impact their behavior
toward the corrective policies (Bunce et al., 2008;
Haque & Spaet, 2021; Jabado, 2014). For instance, with-
out adequate time for a “shifting environmental baseline
syndrome” to develop, in the current study, several fish-
ers were certain that some species (e.g., wedgefish, saw-
fish) have been uncommon/rare throughout their fishing
career, and that there is no way to prevent bycatch. As a
result, some fishers had the view that regulations may
not help to conserve such species. Such mindsets can be
challenging when attempting to convince fishers to
adhere to specific regulations to limit catch. This empha-
sizes the need for education, including evidence and
relatable examples of the positive effects of conservation
actions on species survival, and on fishers' livelihoods;
which can help change these views and mindsets. Inclu-
sion of fishers' perceptions and understanding of conserva-
tion measures can be used to develop more effective
conservation regimes for fisheries management (Fauconnet
et al., 2019; Liao et al., 2019; Maynou et al., 2018).

The capacity and willingness of fishers to abide by
laws and regulations are cardinal for management
regimes to be effective. Nevertheless, this study reveals
that legal frameworks governing fishing activities and
protected species were, in many cases, unknown or not
well-accepted by fishers, resulting in non-compliance.
This dearth of knowledge is likely caused by limited
interactions with fisheries officers, a lack of implementa-
tion of existing laws, undemocratic law development pro-
cesses, increasing corruption, and the fear of livelihood
loss. Local managers from BFDC and employees of the
local government were also either unaware of the fisher-
ies or disinterested due to lack of resources/incentives in
promoting elasmobranch protection beyond setting up
signboards at some sites (Haque, pers. comm. January
2019). Another important aspect is the oversimplification
of the national law, which does not consider the com-
plexities of fisheries. For example, several species are
prohibited from being caught and traded, with little pro-
vision for awareness generation or facilitating fishers'
adherence to the regulations, either logistically or

technically (e.g., bycatch mitigation strategies). A more
detailed and holistic approach is needed for effective con-
servation and compliance. Additionally, incentives for
fishers would help secure compliance and effectiveness of
the law in protecting threatened species. For such inter-
ventions, it is essential to understand the fishers' situa-
tions, perceptions, and capacity to comply.

Fishers showed mixed reactions toward participating
in elasmobranch conservation actions, depending on
several socio-ecological aspects (e.g., financial capacity
for good practice at sea, poverty, access to information,
effective livelihoods). Although education programs
organized by several local and international NGOs exist,
they were unable to reach the fishers at the scale required
due to a lack of resources, the sheer number of fishers
in all coastal regions, and the short-term nature of such
projects.

A substantial number of fishers were willing to partic-
ipate in bycatch mitigation methods and were aware of
the reasons behind population depletion. However, as
fishers face lost incomes, unpaid debts (Haque
et al., 2020), and corruption, it is also likely that these fac-
tors will cause illegal activities and enhanced levels of
non-compliance (Jaiteh, Hordyk, et al., 2017). Prosocial
attitude is critical for the long-term management of com-
mon property resources like fisheries. Socioeconomic
characteristics influence fishers' prosocial actions, as a
result, management regimes need to understand fishers'
socio-economic backgrounds (Rojas et al., 2021). For
example, providing ineffective alternative livelihoods/
compensations for hilsa seasonal catch ban to mitigate
fishing mortality generated conflicts in Bangladesh
(Islam et al., 2017). Similarly, recent sporadic implemen-
tation of the umbrella bans on shark catch has instigated
alternative ways of landing and selling the catch in
coastal Bangladesh and conflicts amongst fishers and
government fishery officials, but failed in mitigating
capture of elasmobranch species (Haque, unpublished
data, 2022). For both cases, this was because these actions
were largely devoid of in-depth understanding of
fishers' socio-economic conditions. Similar bans on shark
catch remained futile in Myanmar and non-compliance
was an issue in the absence of acceptance by the fishers
(Begum et al., 2020; Collins et al., 2021). Ensuring
fishers' participation in data collection has been effective
in the Bay of Bengal as it builds trusted relationships
and active participation (e.g., reporting Critically Endan-
gered sawfish catch in Haque et al., 2020), which can
lead to ownership of the actions and marine resources
(Haque et al., 2020). Monitoring measures are also essen-
tial in this regard (Price et al., 2016) to ensure mitigating
any further illegal activates. There are several other
factors which enhance fishers' compliance with laws.
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For instance, fishers follow laws when they understand
them, feel that the laws serve their interests, and have
relationships with management authorities that are
based on trust (Hauck, 2008; Hønneland, 1999). None-
theless, participating meaningfully and representing
the fisher communities in the fisheries decision-
making process has hardly been considered to date in
Bangladesh.

The decline in elasmobranch populations and the dif-
ficult financial and economic situation of most fishers is
succinctly captured in the following quote of a bycatch
fisher from Alipur interviewed in January 2018: “In the
early days (the 1970s - 90s), we caught sharks and rays
abundantly. Now they have declined due to heavy fishing
pressures. We have no other alternatives for our livelihoods
than fishing. Although we do not target them, an extra
income from sharks and rays is always helpful. We do not
own boats or nets. We have debts from the boat owners,
and more catches are better for us. But the recent attempts
from the government officials to stop the catch at the land-
ing sites will not help anyone… not the sharks or fishers.
They have to understand our problems and help us if they
are expecting real change. Otherwise, there will be some
corruption from both ends”—translated from Bangla. This
reflects the multifaceted problems that need to be
addressed in order to improve fisheries management in
Bangladesh and other/similar developing countries.
Building on the evidences from this study, openness of
fishers for inclusive, future management scenarios, a
democratic conservation strategy could be an effective
way forward.

4.3 | Future directions: preserving fish
and fishers

Political interest in, and conservation initiatives for, elas-
mobranchs are new for Bangladesh and need to be
supported with geographically appropriate scientific and
socio-economic evidence (White et al., 2017), which will
take time. A precautionary approach, whereby manage-
ment regimes are planned before a species is depleted
would be ideal but currently lacking (Haque, D'Costa,
et al., 2021). This study highlights the value of local fish-
ers' knowledge, observations, perceptions, and participa-
tion to support conservation through corroborating
results from concurrent scientific fieldwork; identifying
and addressing knowledge gaps and priority areas;
and supporting and guiding the development of mana-
gement measures. We recommend a three-pronged
approach to enhance fishers' engagement in this work
and potentially transform the elasmobranch fishery situa-
tion in Bangladesh.

4.3.1 | Input from fishers to ensure
management interventions for exploited
elasmobranchs in Bangladesh are species/taxa
specific

In response to target and by-caught practices, manage-
ment interventions for exploited elasmobranchs in
Bangladesh need to be species/taxa specific. For example,
for guitarfishes (CR, CITES II), low catch allocations or
total bans (depending on the species' biological resilience
against existing fishing pressures) on target catch and
retention may be appropriate. Given that post-release
mortality is low for some giant guitarfishes (Ellis
et al., 2017; Fennessy, 1994), these can be successful
endeavors. On the other hand, for sawfish (CR, CITES I),
a complete ban on catch and trade with live release pro-
tocols (Haque et al., 2020) can be a suitable intervention.
For hammerhead sharks and other big carcharhinids,
controlling the catch of several age classes toward
protecting reproductive adults may be appropriate. Man-
aging all life stages with interventions embedded in evi-
dence is also crucial in this regard (Haque, Washim,
et al., 2021). However, these will all depend on the avail-
ability of technical and social means to control such fish-
ing mortalities. Moreover, due to the extensive spatial
extent of many species caught in Bangladeshi fisheries
(e.g., hammerhead sharks, whale sharks, devil rays),
regional management interventions are necessary to
achieve biologically meaningful outcomes. Keeping
species-specific realities in mind, we recommend a holis-
tic approach for effective conservation (Booth et al., 2020)
to start with, comprising traceable short- and long-term
management goals (Table 3).

4.3.2 | Meaningful participation of fishers in
co-designing, and engaging in, management
actions for governing fishery resources

Fishers' meaningful participation in co-designing and
engaging in management actions for governing fishery
resources is cardinal. It will improve governance by
decentralizing decision making and endorsing local gov-
ernance (Dawson et al., 2021), creating trust and improv-
ing sustainability. The current study found growing
distance and distrust between fishers and fishery
policymakers/managers where state governance super-
sedes customary institutions (e.g., cooperatives) in pol-
icymaking (see Section 3.6, Figure 4). It has been
profusely reported that local communities play a promi-
nent role, such as when they have significant influence
over decision-making or when local institutions control
part of governance, producing excellent outcomes for
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well-being and conservation. Externally managed initia-
tives, on the other hand, that involve strategies to influ-
ence local habits and override traditional institutions
tend to produce relatively ineffective conservation while
also causing adverse social effects (Dawson et al., 2021).
Equitable conservation, which empowers and supports
local communities' environmental responsibility, is the
key avenue to sustainable long-term biodiversity conser-
vation, mainly when backed by law and policy. Conserva-
tion can become more effective through an increased
focus on governance type and quality and fostering solu-
tions that reinforce the role, capacity, and rights of com-
munities (inclusion of fishers in this process is
graphically represented in Figure 4).

4.3.3 | Provision of education, training,
facilitation, and incentives

Endorsing local governance, providing adequate and
long-term education, training, technical facilities, and
incentives are crucial for fishers to adhere to manage-
ment actions and regulations. The current study found
low to medium identification capacity amongst fishers
for morphologically similar species, difficult for
untrained personnel (Haque, White, et al., 2021). Educa-
tion and training in species identification linked with
existing knowledge (ability to identify specific groups and
taxa, see Section 3.3) will contribute toward species/taxa-

specific regulation compliance. An assessment of true
improvement in identification ability following trainings
can aid in determining the efficacy of such trainings.
A substantial number of fishers were willing to adapt to
bycatch mitigation if they could be adequately supported
in this. Training on safety and live release for by-caught
species and best practices at sea are essential. For target
elasmobranch fishers, facilitating smooth progress
toward an alternative sustainable fishery (e.g., hilsa) and
engaging in mainstream financial mechanisms can
reduce pressure on elasmobranchs. Ensuring adequate
long-term finances supporting gear modification, loss of
income concerning live release programs and catch
limits, rewards/incentives, and punitive measures for
positive and negative behavior, respectively, are all
important factors to facilitate progress.

We have highlighted the importance of local knowl-
edge in filling crucial data gaps and conservation
decision-making in a data-poor region. This study has
wider application, especially for other fishery data-poor
regions where elasmobranch populations lack the past
understanding. In the absence of baseline studies, fisher's
knowledge provides an unconventional yet highly valu-
able basis for assessing fishery status, population trends,
and for conducting further quantitative assessments.
While it is clear from this and other recent studies (Haque
et al., 2020; Haque, Cavanagh, & Seddon, 2021; Haque,
D'Costa, et al., 2021; Haque & Spaet, 2021; Haque,
Washim, et al., 2021; Haque, White, et al., 2021) that

FIGURE 4 Model for fisher's meaningful inclusion and collaboration for science/research, local governance, and filed implementation

of conservation actions toward species protection
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Bangladesh needs to prioritize elasmobranch conservation
and sustainable fisheries management, the approach
needs to be holistic and inclusive. Fishers need to be
included in co-designing management actions and
participating in governance. Such actions may include
identifying the most threatened species, critical fishing
areas, incentives, and facilitation required by the fishers
to adhere to good fishing practices at sea and devising
strategies for reducing elasmobranch mortality by both
legal and social interventions. It is crucial to acknowl-
edge that Bangladeshi fishers belong to the most imp-
overished communities and reside in the country's least
developed areas. As a result, while they face real strug-
gles to provide food and education to their families, they
do not have the economic freedom to reduce their
impact on the ecosystem to safeguard the future genera-
tions of elasmobranchs. We emphasize that approaches
to managing elasmobranch fisheries must account for
these real-life problems and incorporate appropriate and
economically viable incentives and livelihood alterna-
tives to both enable and ensure compliance. This model
can potentially be used to change the top-down manage-
ment of elasmobranch fisheries globally.

We call for further research on specific issues (e.g., taxa
specific understanding of threats, mortalities, the biologi-
cal potential to withstand fisheries pressure, bycatch miti-
gation strategies, culturally appropriate and accepted
alternative livelihoods, incremental approach of manage-
ment) for geographically appropriate and bespoke actions
that also contribute to improving the conservation and
management of elasmobranchs in a global context.

ACKNOWLEDGMENTS
The authors are grateful to all interviewees for participat-
ing in this study. They also thank N. Seddon for providing
valuable comments to the working manuscript. Rachel
D. Cavanagh is supported by Natural Environment
Research Council (NERC) core funding to the British
Antarctic Survey Ecosystems Programme. The authors are
thankful to National Geographic Photo Ark ZSL EDGE
fellowship and Save Our Seas Foundation for supporting
Alifa Bintha Haque for the sawfish conservation project in
Bangladesh. The authors are also grateful to Bangladesh
Fisheries Research Institute to support Alifa Bintha Haque
to conduct the project entitled “Sustainability analysis of
elasmobranch fishery” between 2019 and 2021.

CONFLICTS OF INTEREST
The authors declare that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Alifa Bintha Haque: conceptualization; data curation;
formal analysis; investigation; methodology; project

administration; resources; software; visualization; roles/
writing - original draft. Rachel D. Cavanagh: validation;
writing - review & editing. Julia L. Y. Spaet: methodol-
ogy; validation; writing - review & editing.

DATA AVAILABILITY STATEMENT
The data are fully presented in the supporting informa-
tion material and available upon a reasonable request
from the corresponding author.

ETHICS STATEMENT
The ethical approval to conduct a survey with human
participants was reviewed and approved by the Ethical
review committee of the Faculty of Biological Sciences,
University of Dhaka (reference number- 59/Biol.scs.).

ORCID
Alifa Bintha Haque https://orcid.org/0000-0001-8250-
0030
Julia L. Y. Spaet https://orcid.org/0000-0001-8703-1472

REFERENCES
Arunrugstichai, S., True, J. D., & White, W. T. (2018). Catch

composition and aspects of the biology of sharks caught by
Thai commercial fisheries in the Andaman Sea. Journal
of Fish Biology, 92(5), 1487–1504. https://doi.org/10.1111/
jfb.13605

Begum, A., Sarker, S., Uzzaman, M. S., Shamsuzzaman, M. M., &
Islam, M. M. (2020). Marine megafauna in the northern Bay of
Bengal, Bangladesh: Status, threats and conservation needs.
Ocean & Coastal Management, 192, 105228. https://doi.org/10.
1016/j.ocecoaman.2020.105228

Bladon, A., Syed, M. A., Hassan, S. T., Raihan, A. T., Uddin, M. N.,
Ali, M. L., Ali, S., Hussein, M. B., Mohammed, E. Y., Porras, I.,
& Steele, P. (2016). Finding evidence for the impact of hilsa
fishery management in Bangladesh. IIED, London, 1–47.
https://panoramatest.tbodev.de/sites/default/files/16625iied.pdf

Booth, H., Squires, D., & Milner-Gulland, E. J. (2020). The mitiga-
tion hierarchy for sharks: A risk-based framework for reconcil-
ing trade-offs between shark conservation and fisheries
objectives. Fish and Fisheries, 21(2), 269–289. https://doi.org/
10.1111/faf.12429

Bornatowski, H., Navia, A. F., Braga, R. R., Abilhoa, V., &
Corrêa, M. F. M. (2014). Ecological importance of sharks and
rays in a structural foodweb analysis in southern Brazil. ICES
Journal of Marine Science, 71(7), 1586–1592. https://doi.org/10.
1093/icesjms/fsu025

Bräutigam, A., Callow, M., Campbell, I. R., Camhi, M. D.,
Cornish, A. S., Dulvy, N. K., S.V. Fordham, S.L. Fowler, A.R.
Hood, C. McClennen, E.L. Reuter, G. Sant, C.A. Simpfendorfer
and D.J. Welch. 2015. Global priorities for conserving sharks and
rays: A 2015–2025 strategy, Global Sharks and Rays Initiative.

Bunce, M., Rodwell, L. D., Gibb, R., & Mee, L. (2008). Shifting base-
lines in fishers' perceptions of Island reef fishery degradation.
Ocean & Coastal Management, 51(4), 285–302. https://doi.org/
10.1016/j.ocecoaman.2007.09.006

HAQUE ET AL. 17 of 20

https://orcid.org/0000-0001-8250-0030
https://orcid.org/0000-0001-8250-0030
https://orcid.org/0000-0001-8250-0030
https://orcid.org/0000-0001-8703-1472
https://orcid.org/0000-0001-8703-1472
https://doi.org/10.1111/jfb.13605
https://doi.org/10.1111/jfb.13605
https://doi.org/10.1016/j.ocecoaman.2020.105228
https://doi.org/10.1016/j.ocecoaman.2020.105228
https://panoramatest.tbodev.de/sites/default/files/16625iied.pdf
https://doi.org/10.1111/faf.12429
https://doi.org/10.1111/faf.12429
https://doi.org/10.1093/icesjms/fsu025
https://doi.org/10.1093/icesjms/fsu025
https://doi.org/10.1016/j.ocecoaman.2007.09.006
https://doi.org/10.1016/j.ocecoaman.2007.09.006


Cameron, A. C., & Trivedi, P. K. (2013). Regression Analysis of
Count Data (Vol. 53, p. 566). Cambridge University Press.

Clarke, S., Milner-Gulland, E. J., & Bjørndal, T. (2007). Social,
economic, and regulatory drivers of the shark fin trade.
Marine Resource Economics, 22(3), 305–327. https://doi.org/10.
1086/mre.22.3.42629561

Collins, C., Nuno, A., Broderick, A., Curnick, D. J., de Vos, A.,
Franklin, T., Jacoby, D., Mees, C., Moir-Clark, J., Pearce, J., &
Letessier, T. (2021). Understanding persistent non-compliance
in a remote, large-scale marine protected area. Frontiers in
Marine Science, 8, 503. https://doi.org/10.3389/fmars.2021.
650276

Colloca, F., Carrozzi, V., Simonetti, A., & Di Lorenzo, M. (2020).
Using local ecological knowledge of fishers to reconstruct abun-
dance trends of elasmobranch populations in the Strait of Sic-
ily. Frontiers in Marine Science, 7, 508. https://doi.org/10.3389/
fmars.2020.00508

Davidson, L. N., Krawchuk, M. A., & Dulvy, N. K. (2016). Why have
global shark and ray landings declined: Improved management
or overfishing? Fish and Fisheries, 17(2), 438–458. https://doi.
org/10.1111/faf.12119

Daw, T. (2008). How fishers' count: Engaging with fishers' knowledge
in fisheries science and management [Doctoral dissertation,
Newcastle University].

Dawson, N., Coolsaet, B., Sterling, E., Loveridge, R., Nicole, D.,
Wongbusarakum, S., Sangha, K., Scherl, L., Phan, H., Zafra-
Calvo, N., Lavey, W., Byakagaba, P., Idrobo, C., Chenet, A.,
Bennett, N., Mansourian, S., & Rosado-May, F. (2021). The role
of Indigenous peoples and local communities in effective and
equitable conservation. Ecology and Society, 26(3), 19. https://
doi.org/10.5751/ES-12625-260319

de Mitcheson, Y. S., Andersson, A. A., Hofford, A., Law, C. S.,
Hau, L. C., & Pauly, D. (2018). Out of control means off
the menu: The case for ceasing consumption of luxury
products from highly vulnerable species when international
trade cannot be adequately controlled; shark fin as a case study.
Marine Policy, 98, 115–120. https://doi.org/10.1016/j.marpol.
2018.08.012

DoF. (2018). Yearbook of fisheries statistics of Bangladesh, 2017–18
(p. 129). Fisheries Resources Survey System (FRSS), Depart-
ment of Fisheries. Bangladesh, Ministry of Fisheries.

Dulvy, N. K., Baum, J. K., Clarke, S., Compagno, L. J., Cortés, E.,
Domingo, A., Fordham, S., Fowler, S., Francis, M. P.,
Gibson, C., Martínez, J., Musick, J. A., Soldo, A.,
Stevens, J. D., & Valenti, S. (2008). You can swim but you
can't hide: The global status and conservation of oceanic
pelagic sharks and rays. Aquatic Conservation: Marine and
Freshwater Ecosystems, 18(5), 459–482. https://doi.org/10.1002/
aqc.975

Dulvy, N. K., Davidson, L. N., Kyne, P. M., Simpfendorfer, C. A.,
Harrison, L. R., Carlson, J. K., & Fordham, S. V. (2016). Ghosts
of the coast: Global extinction risk and conservation of
sawfishes. Aquatic Conservation: Marine and Freshwater Ecosys-
tems, 26(1), 134–153. https://doi.org/10.1002/aqc.2525

Dulvy, N. K., Fowler, S. L., Musick, J. A., Cavanagh, R. D.,
Kyne, P. M., Harrison, L. R., Carlson, J., Davidson, L.,
Fordham, S., Francis, M., Pollock, C., Simpfendorfer, C.,
Burgess, G., Carpenter, K., Compagno, L., Ebert, D., Gibson, C.,
Heupel, M., Livingstone, S., … White, W. T. (2014). Extinction

risk and conservation of the world's sharks and rays. elife, 3,
e00590. https://doi.org/10.7554/eLife.00590.001

Dulvy, N. K., Pacoureau, N., Rigby, C. L., Pollom, R. A.,
Jabado, R. W., Ebert, D. A., Finucci, B., Pollock, C., Cheok, J.,
Derrick, D. H., Herman, K., Sherman, C., VanderWright, W. J.,
Lawson, J., Walls, R., Carlson, J., Charvet, P., Bineesh, K.,
Fernando, D., … Simpfendorfer, C. A. (2021). Overfishing drives
over one-third of all sharks and rays toward a global extinction
crisis. Current Biology, 31(21), 4773–4787. https://doi.org/10.
1016/j.cub.2021.08.062

Dulvy, N. K., & Polunin, N. V. (2004). Using informal knowledge to
infer human-induced rarity of a conspicuous reef fish. Animal
Conservation Forum, 7(4), 365–374. https://doi.org/10.1017/
S1367943004001519

Dulvy, N. K., Simpfendorfer, C. A., Davidson, L. N., Fordham, S. V.,
Bräutigam, A., Sant, G., & Welch, D. J. (2017). Challenges and
priorities in shark and ray conservation. Current Biology,
27(11), R565–R572. https://doi.org/10.1016/j.cub.2017.04.038

Ellis, J. R., McCully Phillips, S. R., & Poisson, F. (2017). A review of
capture and post-release mortality of elasmobranchs. Journal of
Fish Biology, 90(3), 653–722. https://doi.org/10.1111/jfb.13197

Fauconnet, L., Frangoudes, K., Morato, T., Afonso, P., & Pita, C.
(2019). Small-scale fishers' perception of the implementation of
the EU landing obligation regulation in the outermost region of
the Azores. Journal of Environmental Management, 249,
109335. https://doi.org/10.1016/j.jenvman.2019.109335

Fennessy, S. T. (1994). Incidental capture of elasmobranchs by com-
mercial prawn trawlers on the Tugela Bank, Natal,
South Africa. South African Journal of Marine Science, 14(1),
287–296. https://doi.org/10.2989/025776194784287094

Fischer, J., Erikstein, K., D'Offay, B., Guggisberg, S., & Barone, M.
(2012). Review of the implementation of the International Plan
of Action for the Conservation and Management of Sharks.
FAO Fisheries and Aquaculture Circular, C1076.

Foster, S. J., & Vincent, A. C. J. (2010). Tropical shrimp trawl fisher-
ies: Fishers' knowledge of and attitudes about a doomed fishery.
Marine Policy, 34(3), 437–446. https://doi.org/10.1016/j.marpol.
2009.09.010

Frezza, P. E., & Clem, S. E. (2015). Using local fishers'
knowledge to characterize historical trends in the Florida Bay
bonefish population and fishery. Environmental Biology of
Fishes, 98(11), 2187–2202. https://doi.org/10.1007/s10641-015-
0442-0

Graham, N. A., Spalding, M. D., & Sheppard, C. R. (2010). Reef
shark declines in remote atolls highlight the need for multi-
faceted conservation action. Aquatic Conservation: Marine and
Freshwater Ecosystems, 20(5), 543–548. https://doi.org/10.1002/
aqc.1116

Gupta, T., Booth, H., Arlidge, W., Rao, C., Manoharakrishnan, M.,
Namboothri, N., Shanker, K., & Milner-Gulland, E. J. (2020).
Mitigation of elasmobranch bycatch in trawlers: A case study
in Indian fisheries. Frontiers in Marine Science, 7, 571. https://
doi.org/10.3389/fmars.2020.00571

Haque, A. B., Cavanagh, R. D., & Seddon, N. (2021). Evaluating
artisanal fishing of globally threatened sharks and rays in the
Bay of Bengal, Bangladesh. PloS one, 16(9), e0256146. https://
doi.org/10.1371/journal.pone.0256146

Haque, A. B., D'Costa, N. G., Washim, M., Baroi, A. R., Hossain, N.,
Hafiz, M., Rahman, S., & Biswas, K. F. (2021). Fishing and

18 of 20 HAQUE ET AL.

https://doi.org/10.1086/mre.22.3.42629561
https://doi.org/10.1086/mre.22.3.42629561
https://doi.org/10.3389/fmars.2021.650276
https://doi.org/10.3389/fmars.2021.650276
https://doi.org/10.3389/fmars.2020.00508
https://doi.org/10.3389/fmars.2020.00508
https://doi.org/10.1111/faf.12119
https://doi.org/10.1111/faf.12119
https://doi.org/10.5751/ES-12625-260319
https://doi.org/10.5751/ES-12625-260319
https://doi.org/10.1016/j.marpol.2018.08.012
https://doi.org/10.1016/j.marpol.2018.08.012
https://doi.org/10.1002/aqc.975
https://doi.org/10.1002/aqc.975
https://doi.org/10.1002/aqc.2525
https://doi.org/10.7554/eLife.00590.001
https://doi.org/10.1016/j.cub.2021.08.062
https://doi.org/10.1016/j.cub.2021.08.062
https://doi.org/10.1017/S1367943004001519
https://doi.org/10.1017/S1367943004001519
https://doi.org/10.1016/j.cub.2017.04.038
https://doi.org/10.1111/jfb.13197
https://doi.org/10.1016/j.jenvman.2019.109335
https://doi.org/10.2989/025776194784287094
https://doi.org/10.1016/j.marpol.2009.09.010
https://doi.org/10.1016/j.marpol.2009.09.010
https://doi.org/10.1007/s10641-015-0442-0
https://doi.org/10.1007/s10641-015-0442-0
https://doi.org/10.1002/aqc.1116
https://doi.org/10.1002/aqc.1116
https://doi.org/10.3389/fmars.2020.00571
https://doi.org/10.3389/fmars.2020.00571
https://doi.org/10.1371/journal.pone.0256146
https://doi.org/10.1371/journal.pone.0256146


trade of devil rays (Mobula spp.) in the Bay of Bengal,
Bangladesh: Insights from fishers' knowledge. Aquatic Conser-
vation: Marine and Freshwater Ecosystems, 31(6), 1392–1409.
https://doi.org/10.1002/aqc.3495

Haque, A. B., Leeney, R. H., & Biswas, A. R. (2020). Publish, then
perish? Five years on, sawfishes are still at risk in Bangladesh.
Aquatic Conservation: Marine and Freshwater Ecosystems,
30(12), 2370–2383. https://doi.org/10.1002/aqc.3403

Haque, A. B., & Spaet, J. L. (2021). Trade in threatened elasmo-
branchs in the Bay of Bengal, Bangladesh. Fisheries Research,
243, 106059. https://doi.org/10.1016/j.fishres.2021.106059

Haque, A. B., Washim, M., D'Costa, N. G., Baroi, A. R., Hossain, N.,
Nanjiba, R., Hasan, S. J., & Khan, N. A. (2021). Socio-ecological
approach on the fishing and trade of rhino rays
(Elasmobranchii: Rhinopristiformes) for their biological conser-
vation in the Bay of Bengal, Bangladesh. Ocean & Coastal Man-
agement, 210, 105690. https://doi.org/10.1016/j.ocecoaman.
2021.105690

Haque, A. B., White, W. T., Cavanagh, R. D., Biswas, A. R., &
Hossain, N. (2021). New records of elasmobranchs in the Bay of
Bengal, Bangladesh: Further taxonomic research is essential.
Zootaxa, 5027(2), 211–230. https://doi.org/10.11646/zootaxa.
5027.2.4

Harrison, L. R., & Dulvy, N. K. (2014). Sawfish: A global strategy
for conservation. IUCN Species Survival Commission's shark
specialist group.

Hauck, M. (2008). Rethinking small-scale fisheries compliance.
Marine Policy, 32(4), 635–642. https://doi.org/10.1016/j.marpol.
2007.11.004

Hønneland, G. (1999). A model of compliance in fisheries: Theoreti-
cal foundations and practical application. Ocean & Coastal
Management, 42(8), 699–716. https://doi.org/10.1016/S0964-
5691(99)00041-1

Hoq, M. E., Haroon, A. Y., & Hussain, M. G. (Eds.). (2011). Shark
fisheries in the Bay of Bengal, Bangladesh: Status and potential-
ities. Support to Sustainable Management of the BOBLME Pro-
ject, Bangladesh Fisheries Research Institute (p. 76).

Irigoyen, A., & Trobbiani, G. (2016). Depletion of trophy large-sized
sharks populations of the Argentinean coast, South-Western
Atlantic: Insights from fishers' knowledge. Neotropical Ichthyol-
ogy, 14(1), e150081. https://doi.org/10.1590/1982-0224-20150081

Islam, M. M., Shamsuzzaman, M. M., Mozumder, M. M. H.,
Xiangmin, X., Ming, Y., & Jewel, M. A. S. (2017). Exploitation
and conservation of coastal and marine fisheries in Bangladesh:
Do the fishery laws matter? Marine Policy, 76, 143–151. https://
doi.org/10.1016/j.marpol.2016.11.026

IUCN, 2021. The IUCN Red List of threatened species, version
2021-1. https://www.iucnredlist.org

Jabado, R. W. (2014). Assessing the fishery and ecology of sharks in
The United Arab Emirates [dissertation, United Arab Emirates
University].

Jabado, R. W., Al Ghais, S. M., Hamza, W., & Henderson, A. C.
(2015). The shark fishery in The United Arab Emirates: An
interview-based approach to assess the status of sharks. Aquatic
Conservation: Marine and Freshwater Ecosystems, 25(6), 800–
816. https://doi.org/10.1002/aqc.2477

Jabado, R. W., Kyne, P. M., Pollom, R. A., Ebert, D. A.,
Simpfendorfer, C. A., Ralph, G. M., Al Dhaheri, S. A.,
Akhilesh, K., Ali, K., Ali, M. H., Al Mamari, T. M. S.,

Bineesh, K., El Hassan, I. S., Fernando, D., Grandcourt, E.,
Khan, M. M., Moore, A., Owfi, F., Robinson, D., … Dulvy, N. K.
(2018). Troubled waters: Threats and extinction risk of the
sharks, rays and chimaeras of the Arabian Sea and adjacent
waters. Fish and Fisheries, 19(6), 1043–1062. https://doi.org/10.
1111/faf.12311

Jaiteh, V. F., Hordyk, A. R., Braccini, M., Warren, C., &
Loneragan, N. R. (2017). Shark finning in eastern Indonesia:
Assessing the sustainability of a data-poor fishery. ICES Journal
of Marine Science, 74(1), 242–253. https://doi.org/10.1093/
icesjms/fsw170

Jaiteh, V. F., Loneragan, N. R., & Warren, C. (2017). The end of
shark finning? Impacts of declining catches and fin demand on
coastal community livelihoods. Marine Policy, 82, 224–233.
https://doi.org/10.1016/j.marpol.2017.03.027

Kinney, M. J., & Simpfendorfer, C. A. (2009). Reassessing the value
of nursery areas to shark conservation and management. Con-
servation Letters, 2(2), 53–60. https://doi.org/10.1111/j.1755-
263X.2008.00046.x

Krajangdara, T., & Vibunpant, S. (2019). Sharks and rays in
Thailand. Department of Fisheries, Thailand.

Krakstad, J., Michalsen, K., Krafft, B., Bagøien, E., Alvheim, O.,
Strømme, T., Tun, M. T., Thein H, and Tun S. (2014). Cruise
report “Dr Fridtjof Nansen” Myanmar Ecosystem Survey
13 November to 17 December 2013. Bergen: Institute of Marine
Research.

Kyne, P. M., Carlson, J., & Smith, K. (2013). Pristis pristis (errata
version published in 2019). The IUCN Red List of Threatened
Species 2013: e.T18584848A141788242. https://doi.org/10.2305/
IUCN.UK.2013-1.RLTS.T18584848A141788242.en

Kyne, P. M., Jabado, R. W., Rigby, C. L., Gore, M. A.,
Pollock, C. M., Herman, K. B., Cheok, J., Ebert, D. A.,
Simpfendorfer, C. A., & Dulvy, N. K. (2020). The thin edge of
the wedge: Extremely high extinction risk in wedgefishes and
giant guitarfishes. Aquatic Conservation: Marine and Freshwa-
ter Ecosystems, 30(7), 1337–1361. https://doi.org/10.1002/aqc.
3331

Lack, M., & Sant, G. (2012). An overview of shark utilisation in the
Coral Triangle region. TRAFFIC & WWF.

Lam, V. Y., & Sadovy de Mitcheson, Y. (2011). The sharks of South
East Asia—Unknown, unmonitored and unmanaged. Fish and
Fisheries, 12(1), 51–74. https://doi.org/10.1111/j.1467-2979.
2010.00383.x

Lavides, M. N., Molina, E. P. V., de la Rosa Jr, G. E., Mill, A. C.,
Rushton, S. P., Stead, S. M., & Polunin, N. V. (2016). Patterns of
coral-reef finfish species disappearances inferred from fishers'
knowledge in global epicentre of marine shorefish diversity.
PLoS One, 11(5), e0155752. https://doi.org/10.1371/journal.
pone.0155752

Liao, C. P., Huang, H. W., & Lu, H. J. (2019). Fishermen's percep-
tions of coastal fisheries management regulations: Key factors
to rebuilding coastal fishery resources in Taiwan. Ocean &
Coastal Management, 172, 1–13. https://doi.org/10.1016/j.
ocecoaman.2019.01.015

Long, J.A. (2020). jtools: Analysis and presentation of social scien-
tific data. R package version 2.1.0. https://cran.r-project.org/
package=jtools>

Macdonald, P., Angus, C. H., Cleasby, I. R., & Marshall, C. T.
(2014). Fishers' knowledge as an indicator of spatial and

HAQUE ET AL. 19 of 20

https://doi.org/10.1002/aqc.3495
https://doi.org/10.1002/aqc.3403
https://doi.org/10.1016/j.fishres.2021.106059
https://doi.org/10.1016/j.ocecoaman.2021.105690
https://doi.org/10.1016/j.ocecoaman.2021.105690
https://doi.org/10.11646/zootaxa.5027.2.4
https://doi.org/10.11646/zootaxa.5027.2.4
https://doi.org/10.1016/j.marpol.2007.11.004
https://doi.org/10.1016/j.marpol.2007.11.004
https://doi.org/10.1016/S0964-5691(99)00041-1
https://doi.org/10.1016/S0964-5691(99)00041-1
https://doi.org/10.1590/1982-0224-20150081
https://doi.org/10.1016/j.marpol.2016.11.026
https://doi.org/10.1016/j.marpol.2016.11.026
https://www.iucnredlist.org/
https://doi.org/10.1002/aqc.2477
https://doi.org/10.1111/faf.12311
https://doi.org/10.1111/faf.12311
https://doi.org/10.1093/icesjms/fsw170
https://doi.org/10.1093/icesjms/fsw170
https://doi.org/10.1016/j.marpol.2017.03.027
https://doi.org/10.1111/j.1755-263X.2008.00046.x
https://doi.org/10.1111/j.1755-263X.2008.00046.x
https://doi.org/10.2305/IUCN.UK.2013-1.RLTS.T18584848A141788242.en
https://doi.org/10.2305/IUCN.UK.2013-1.RLTS.T18584848A141788242.en
https://doi.org/10.1002/aqc.3331
https://doi.org/10.1002/aqc.3331
https://doi.org/10.1111/j.1467-2979.2010.00383.x
https://doi.org/10.1111/j.1467-2979.2010.00383.x
https://doi.org/10.1371/journal.pone.0155752
https://doi.org/10.1371/journal.pone.0155752
https://doi.org/10.1016/j.ocecoaman.2019.01.015
https://doi.org/10.1016/j.ocecoaman.2019.01.015
https://cran.r-project.org/package=jtools%3e
https://cran.r-project.org/package=jtools%3e


temporal trends in abundance of commercial fish species:
Megrim (Lepidorhombus whiffiagonis) in the northern North
Sea. Marine Policy, 45, 228–239. https://doi.org/10.1016/j.
marpol.2013.11.001

Mason, J. G., Alfaro-Shigueto, J., Mangel, J. C., Crowder, L. B., &
Ardoin, N. M. (2020). Fishers' solutions for hammerhead shark
conservation in Peru. Biological Conservation, 243, 108460.
https://doi.org/10.1016/j.biocon.2020.108460

Maynou, F., del Mar Gil, M., Vitale, S., Giusto, G. B., Foutsi, A.,
Rangel, M., Rainha, R., Erzini, K., Gonçalves, J., Bentes, L.,
Viva, C., Sartor, P., Carlo, F., Rossetti, I., Christou, M.,
Stergiou, K., Maravelias, C., & Damalas, D. (2018). Fishers' per-
ceptions of the European Union discards ban: Perspective from
south European fisheries. Marine Policy, 89, 147–153. https://
doi.org/10.1016/j.marpol.2017.12.019

Mohamed, K. S., & Veena, S. (2016). How long does it take for trop-
ical marine fish stocks to recover after declines? Case studies
from the southwest coast of India. Current Science, 110, 584–
594. https://www.jstor.org/stable/24907920

Moore, A. B. (2017). Are guitarfishes the next sawfishes? Extinction
risk and an urgent call for conservation action. Endangered
Species Research, 34, 75–88. https://doi.org/10.3354/esr00830

Moore, A. B. (2018). Identification of critical habitat in a data-poor
area for an endangered aquatic apex predator. Biological Con-
servation, 220, 161–169. https://doi.org/10.1016/j.biocon.2018.
02.013

Morgan, A., & Carlson, J. K. (2010). Capture time, size and hooking
mortality of bottom longline-caught sharks. Fisheries Research,
101(1–2), 32–37. https://doi.org/10.1016/j.fishres.2009.09.004

Nagelkerke, N. J. (1991). A note on a general definition of the coef-
ficient of determination. Biometrika, 78(3), 691–692. https://doi.
org/10.2307/2337038

Patankar, V. J. (2019). Attitude, perception and awareness of stake-
holders towards the protected marine species in the Andaman
Islands. Ocean & Coastal Management, 179, 104830. https://doi.
org/10.1016/j.ocecoaman.2019.104830

Pauly, D. (1995). Anecdotes and the shifting baseline syndrome of
fisheries. Trends in Ecology & Evolution, 10(10), 430. https://
doi.org/10.1016/s0169-5347(00)89171-5

Pauly, D., Zeller, D., & Palomares, M. L. D. (2020). Sea around us
concepts, design and data. seaaroundus.org

Price, E., Melville-Smith, R., King, D., Green, T., Dixon, W.,
Lambert, S., & Spencer, T. (2016). Measurement of fisheries
compliance outcomes: A preliminary National Study. FRDC
Project No 2014/206. FRDC Final Report. Fisheries Research
and Development Corporation, Perth, Australia.

Prince, J. D. (2005). Gauntlet fisheries for elasmobranchs—the
secret of sustainable shark fisheries. Journal of Northwest Atlan-
tic Fishery Science, 35, 407–416. https://doi.org/10.2960/J.v35.
m520

R Core Team. (2020). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. https://www.R-project.org/

Rojas, C. A., Cinner, J., Lau, J., Ruano-Chamorro, C., Contreras-
Drey, F. J., & Gelcich, S. (2021). An experimental look at trust,
bargaining, and public goods in fishing communities. Scientific

Reports, 11(1), 1–13. https://doi.org/10.1038/s41598-021-
00145-5

Khine SS. (2010). Species diversity, population abundance and repro-
ductive condition of elasmobranch species from the Ayeyarwady
Division [PhD thesis, University of Yangon].

Schindler, D. E., Essington, T. E., Kitchell, J. F., Boggs, C., &
Hilborn, R. (2002). Sharks and tunas: Fisheries impacts on
predators with contrasting life histories. Ecological Applications,
12(3), 735–748. https://doi.org/10.1890/1051-0761(2002)012
[0735:SATFIO]2.0.CO;2

Simpfendorfer, C. A., & Dulvy, N. K. (2017). Bright spots of sustain-
able shark fishing. Current Biology, 27(3), R97–R98. https://doi.
org/10.1016/j.cub.2016.12.017

Soga, M., & Gaston, K. J. (2018). Shifting baseline syndrome: Causes,
consequences, and implications. Frontiers in Ecology and the
Environment, 16(4), 222–230. https://doi.org/10.1002/fee.1794

Spaet, J. L. (2019). Red Sea sharks—Biology, fisheries and conserva-
tion. In Oceanographic and biological aspects of the Red Sea
(pp. 267–280). Springer. https://doi.org/10.1007/978-3-319-
99417-8_15

Ullah, H., Gibson, D., Knip, D., Zylich, K., & Zeller, D. (2014).
Reconstruction of total marine fisheries catches for Bangladesh:
1950–2010, Fisheries Centre Working Paper #2014-15, Fisheries
Centre, University of British Columbia, Vancouver.

Ward-Paige, C. A., Brunnschweiler, J., & Sykes, H. (2020). Tourism-
driven ocean science for sustainable use: A case study of sharks
in Fiji. bioRxiv. https://doi.org/10.1101/2020.02.04.932236.

White, W. T., Appleyard, S. A., Kyne, P. M., & Mana, R. R. (2017).
Sawfishes in Papua New Guinea: A preliminary investigation
into their status and level of exploitation. Endangered Species
Research, 32, 277–291. https://doi.org/10.3354/esr00810

Yan, H. F., Kyne, P. M., Jabado, R. W., Leeney, R. H.,
Davidson, L. N., Derrick, D. H., Finucci, B., Freckleton, R.,
Fordham, S., & Dulvy, N. K. (2021). Overfishing and habitat
loss drive range contraction of iconic marine fishes to near
extinction. Science Advances, 7(7), eabb6026.

Zafaria, A. B. M., Chakraborty, S., Hossain, M. M., Rana, M. M., &
Baki, M. A. (2018). Elasmobranch diversity with preliminary
description of four species from territorial waters of
Bangladesh. Bangladesh Journal of Zoology, 46(2), 185–195.
https://doi.org/10.3329/bjz.v46i2.39052s

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher's website.

How to cite this article: Haque, A. B., Cavanagh,
R. D., & Spaet, J. L. Y. (2022). Fishers'
tales—Impact of artisanal fisheries on threatened
sharks and rays in the Bay of Bengal, Bangladesh.
Conservation Science and Practice, e12704. https://
doi.org/10.1111/csp2.12704

20 of 20 HAQUE ET AL.

https://doi.org/10.1016/j.marpol.2013.11.001
https://doi.org/10.1016/j.marpol.2013.11.001
https://doi.org/10.1016/j.biocon.2020.108460
https://doi.org/10.1016/j.marpol.2017.12.019
https://doi.org/10.1016/j.marpol.2017.12.019
https://www.jstor.org/stable/24907920
https://doi.org/10.3354/esr00830
https://doi.org/10.1016/j.biocon.2018.02.013
https://doi.org/10.1016/j.biocon.2018.02.013
https://doi.org/10.1016/j.fishres.2009.09.004
https://doi.org/10.2307/2337038
https://doi.org/10.2307/2337038
https://doi.org/10.1016/j.ocecoaman.2019.104830
https://doi.org/10.1016/j.ocecoaman.2019.104830
https://doi.org/10.1016/s0169-5347(00)89171-5
https://doi.org/10.1016/s0169-5347(00)89171-5
http://seaaroundus.org
https://doi.org/10.2960/J.v35.m520
https://doi.org/10.2960/J.v35.m520
https://www.r-project.org/
https://doi.org/10.1038/s41598-021-00145-5
https://doi.org/10.1038/s41598-021-00145-5
https://doi.org/10.1890/1051-0761(2002)012%5B0735:SATFIO%5D2.0.CO;2
https://doi.org/10.1890/1051-0761(2002)012%5B0735:SATFIO%5D2.0.CO;2
https://doi.org/10.1016/j.cub.2016.12.017
https://doi.org/10.1016/j.cub.2016.12.017
https://doi.org/10.1002/fee.1794
https://doi.org/10.1007/978-3-319-99417-8_15
https://doi.org/10.1007/978-3-319-99417-8_15
https://doi.org/10.1101/2020.02.04.932236
https://doi.org/10.3354/esr00810
https://doi.org/10.3329/bjz.v46i2.39052s
https://doi.org/10.1111/csp2.12704
https://doi.org/10.1111/csp2.12704

	Fishers' tales-Impact of artisanal fisheries on threatened sharks and rays in the Bay of Bengal, Bangladesh
	1  INTRODUCTION
	2  METHODS
	2.1  Interview surveys
	2.2  Data analysis

	3  RESULTS
	3.1  Elasmobranch fisheries
	3.2  Catch composition
	3.3  Fishers' species identification skills
	3.4  Population trends
	3.5  Cross-generational differences in perception
	3.6  Fishers' attitudes toward fisheries management and conservation

	4  DISCUSSION
	4.1  Elasmobranch: fisheries and population trends
	4.2  Fishers' attitude: conservation and challenges
	4.3  Future directions: preserving fish and fishers
	4.3.1  Input from fishers to ensure management interventions for exploited elasmobranchs in Bangladesh are species/taxa spe...
	4.3.2  Meaningful participation of fishers in co-designing, and engaging in, management actions for governing fishery resources
	4.3.3  Provision of education, training, facilitation, and incentives


	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


