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Highlights

1.

Relevance and applicability of chondrichthyan research in India for the conservation of

these species were low.

2. Research efforts were biased towards charismatic species like the whale shark, and
towards the states in south India.

3. Paucity of research on socio-economic and management aspects, with little change over
time.

4. Existing research might be more applicable to an ecosystem approach to fisheries
management, rather than the conventional single species paradigm.

5. Need for more applied and directed research on chondrichthyans, with an explicit
conservation focus.

Abstract

With global biodiversity currently facing unprecedented losses, it is critical that resources are

allocated and used effectively to mitigate these threats, especially in resource-limited tropical

countries of the global south. Chondrichthyans (sharks, rays and chimaeras) are particularly

threatened by overexploitation, with India being amongst the top fishing nations for these

species and a priority region for their conservation. We conducted a scoping review of

chondrichthyan literature in India to assess the relevance of this research to the conservation

of these threatened species. Between March and April 2021, we searched for peer reviewed

and grey literature across national and international databases and found 482 chondrichthyan
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publications. While the number of publications exponentially increased with time, the
literature is dominated by short-term fisheries studies, biological records and observations,
with less than 10% of studies addressing socio-economic and management themes. Research
was biased towards specific states, particularly Tamil Nadu and Kerala, and towards
charismatic species like the whale shark, leading to under-representation of potentially
important regions and taxa. Overall, our study found low relevance and applicability of
India’s research literature to chondrichthyan conservation. There is a need for more directed
and applied research explicitly aimed at informing conservation. We highlight specific data
gaps, such as the need for improved understanding of the socio-economic aspects of
chondrichthyan fisheries, species risk assessments at the regional level, data on critical
habitats, and the evaluation of existing policies. Addressing these gaps can help ensure that
effort is allocated to the regions, species and topics that need it the most, for improved

conservation outcomes.

Keywords: Chondrichthyans; Elasmobranchs; Gap analysis; Fisheries management; Policy;

Scoping review
1 Introduction

Biodiversity is deteriorating at an alarming rate worldwide (Diaz et al., 2019). In order to
conserve nature and its vital contributions to people, there is a need for research that
combines novel and rigorous science with conservation-relevant questions (Cook et al.,
2013). While conservation research has significantly increased in recent decades, this may
not necessarily translate to policy and practice (Milner-Gulland et al., 2012; Williams et al.,
2020). Biodiversity and conservation research has been found to make few direct
contributions to real world conservation outcomes (Pullin et al., 2004; Williams et al., 2020).
This has been especially documented in the Global South; despite having some of the most
biodiverse areas and largest human populations, research in these regions seldom meets the
needs of conservation practice (Gossa et al., 2015; Meijaard & Sheil, 2007; Sheil, 2002).
With a view to promoting evidence-based conservation, there is a need to review existing
research and if necessary, revise and re-focus future research efforts for conservation. Review
and synthesis of literature has been valuable in identifying key data gaps, formulating
research questions, guiding decision-making for policy, and forming the basis of horizon
scans for future conservation issues, amongst other things (Haddaway et al., 2015;
Muenchow et al., 2018; Wintle et al., 2020).
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Sharks, rays and chimaeras, collectively called chondrichthyans, provide valuable
contributions to people, through direct economic benefits from the fisheries and tourism
industries, as important food sources in many parts of the world, and by playing critical
ecological roles in aquatic ecosystems (Ferretti et al., 2010; Gallagher & Hammerschlag,
2011; WWEF, 2021). However, chondrichthyans are one of the most threatened groups in the
world, with over a third of all known species currently threatened with extinction due to
overfishing and other anthropogenic activities (IUCN, 2021). This situation is even more
critical in the Arabian Sea region, where over half the chondrichthyan species have been
assessed as Threatened on the IUCN Red List (Jabado et al., 2018). Bordering the Arabian
Sea and the Bay of Bengal, India has a high diversity of chondrichthyans in its waters (at
least 155 species, Akhilesh et al., 2014), and hosts one of the largest chondrichthyan fisheries
globally (Dent & Clarke, 2015). Fisheries in India are also poorly regulated, making it one of
the highest priority countries for the conservation of sharks and rays in the world (Dulvy et
al., 2017).

An extensive body of literature exists on the biology of chondrichthyans in India. Taxonomic
and species descriptions of sharks and rays from Indian waters began in the 18" century, and
a systematic fisheries database was started as early as 1947 (Jabado et al., 2018).
Chondrichthyan research and conservation also appears to be receiving increasing interest
and investment in recent years (BOBP, 2015). However, existing research may not be
translating to action, as there has been little improvement in fisheries management on the
ground and limited formulation of policies (Karnad et al., 2014; Karnad et al., 2019). India
currently has few policies and regulations for the conservation of chondrichthyans and
management of their fisheries, particularly in comparison to other Asian countries (Karnad,
2018). The policies that exist include the protection of 10 species under the Wildlife
(Protection) Act (WLPA) in 2001, and the prohibition of shark fin exports in 2015
(Kizhakudan et al., 2015). These policies may not be entirely driven by scientific
information; for instance, most of the 10 species protected under the WLPA are very rarely
caught in fisheries, and a few of these species do not actually occur in Indian waters
(Akhilesh et al., 2014; Tyabiji et al., 2020). While poorly framed policies can be attributed to
multiple factors, having a body of scientific research that addresses policy-relevant questions

to draw on can aid in improving policy making.

When it comes to fisheries management, the conventional single-species management

paradigm is largely followed in India on ground (Mohamed & Malayilethu, 2013). This
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approach has been critiqued for working on species in isolation, thereby neglecting
ecosystem interactions as well as human interactions and societal objectives (NOAA, 2021);
furthermore, it relies on data-intensive stock assessments which may be limited in the Indian
context. The Ecosystem Approach to Fisheries Management (EAFM) is a newer and more
holistic form of fisheries management that combines concepts of conserving biodiversity and
ecosystems with those of fisheries management, food security and livelihoods (Staples &
Funge-Smith., 2009). Although an ecosystem-based approach has been advocated in India’s
marine fisheries policy, it has not yet been implemented (Mohamed, 2013; Mohamed &
Malayilethu, 2013). Understanding the availability and quality of existing data can support

the updating and implementation of these management approaches.

These points highlight a need to review chondrichthyan research in India to understand the
applicability of research to date, and inform future research and conservation efforts.
Therefore, we conducted a comprehensive scoping review of chondrichthyan research in
India, with the larger aim of assessing the relevance of this research to conservation of these
threatened species. We looked at the distribution and biases of chondrichthyan literature
across research topics, taxa and locations. We assessed the availability of data and whether it
could potentially contribute to different fisheries management frameworks. Specific research
questions, and the rationale behind them, can be found in Table 1. Through this review, we
identified the main research gaps and priorities that future efforts need to address in order to

guide policy more effectively.

2 Methods

We conducted a scoping review of scientific and grey literature on chondrichthyans in India.
Structured searches were first carried out using specific search terms (Table 2) for the
abstract, title or keywords only, in order to only include literature primarily focused on
chondrichthyans. Searches were conducted in English only, as most scientific literature in
India is in English, and carried out on Google Scholar as well as a number of global and
Indian databases (Table 2). Following this, supplementary searches were conducted by
reviewing the reference lists of the literature from the structured searches to compile a
comprehensive list of published and grey literature. The latter included reports, theses,
newsletters, bulletins and other unpublished work; media articles were excluded from this

study, however. All searches were conducted in March and April 2021.



Table 1: The main research questions that were addressed in this scoping review, hypotheses for each, and the rationale behind them.

Research Question

Hypotheses

Rationale

What are the main themes of
chondrichthyan research in India?

Research will be dominated by fisheries landings
and biology.

This trend was reported in the draft National Plan of Action for Sharks
(NPOA; BOBP, 2015).

How is chondrichthyan research
distributed across the different
regions in India?

Research will be skewed towards regions of high
chondrichthyan fisheries landings.

India has 9 coastal states (i.e. provinces) and 4 coastal Union territories;
chondrichthyan research efforts will likely be distributed across these
regions based on where fisheries for these species occur.

Which taxa have research efforts
focused on?

Research will be dominated by charismatic
species.

Globally, chondrichthyan research is biased towards charismatic species
(Ducatez, 2019).

To what extent can the available data
contribute to different management
frameworks?

Overall applicability of research towards
management frameworks will be low, but
research will be more applicable to a single
species management approach than EAFM

As the single species approach is largely followed in India, we expected
that existing data will be more applicable to this approach than EAFM.

To what extent does existing
literature provide recommendations
for chondrichthyan management?

Few publications will  provide explicit
recommendations for chondrichthyan
management.

Few policies and conservation measures for chondrichthyans exist in
India, hence we expected a low proportion of publications providing
management and policy recommendations.

How have the above listed
characteristics of chondrichthyan
research changed over time?

Chondrichthyan research increasing over time;
Research themes like socio-economics will be
gaining prominence; Proportion of conservation-
relevant research increasing with time.

Globally, chondrichthyans are receiving increasing research attention,
and conservation science is becoming more holistic (Booth et al., 2019).
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Table 2: Search terms, databases, and exclusion criteria for the literature review.

Search Terms!

(india OR  gujarat OR
maharashtra OR goa OR
karnataka OR kerala OR tamil
OR andhra OR orissa OR
odisha OR "west bengal" OR

lakshadweep OR andaman®*)

(*shark* OR stingray* OR whipray* OR elasmobranch*
OR chondrichth* OR guitarfish* OR wedgefish* OR
dogfish* OR skate* OR batoid* OR “sting ray*” OR
AND wobbegong* OR hammerhead* OR bonnethead* OR
carcharhin* OR dasyati* OR mobul* OR manta OR isurus
OR alopi* OR sphyrn* OR sawfish* OR gymnur* OR

chimaer¥*)

Search Databases

Global databases

Google Scholar, Web of
Science, Scopus and ProQuest

Indian databases and repositories

Central Marine Fisheries Research Institute (CMFRI), Central
Institute for Fisheries Technology (CIFT), National Institute of
Oceanography (NIO), Centre for Marine Living Resources &
Ecology (CMLRE), Zoological Society of India (ZSI) and
Shodhganga

Screening Criteria

The following types of publications were excluded:

— Paleontological publications and fossil records

Parasitology publications

—  Studies conducted outside India

— Studies not related to chondrichthyans

— IUCN red list pages

— Media articles

! _ The Asterix * at the start and/or end of a search word is a wildcard of undetermined length, and

guaranteed that all potentially relevant publications were considered

Findings from the first ten pages of results in Google Scholar and all findings from the other

databases were screened for inclusion in the review. We adapted the flowchart from

Haddaway et al. (2017) to organise the screening process (Figure A.1). The title and abstract

of each publication were read, and those meeting the criteria for exclusion were recorded and

removed from the review (Table 2). Duplicates, which refers specifically to the same

publication appearing in multiple databases, were also recorded and excluded.
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After screening, all included publications were downloaded and randomly divided amongst
the 3 reviewers. Each publication was read in full text and reviewed. Metadata such as study
locations, study taxa, affiliations of authors and publication type (grey or peer reviewed) were
extracted and stored. We then coded each publication for its main research themes, coding up
to three themes per publication. Research themes were Biology, Ecology, Records,
Taxonomy/Phylogeny, Fisheries, Socio-economic, Management/Policy and Other (Table
A.1). Publications were also coded for whether they provided explicit policy and/or
management recommendations, and whether they contained data that could potentially
contribute to the conventional single species fisheries management and to EAFM. The coding

protocol and definitions can be found in Supplementary Table A.1.

To test for reliability in coding amongst the 3 reviewers, the lead reviewer (TG)
independently reviewed and coded 10% of the publications (16, selected at random) assigned
to the second reviewer. The Cohen’s Kappa test was then conducted for 5 variables coded by
the two different reviewers. This process was repeated for the third reviewer. The test
produces a coefficient that measures the agreement between two reviewers, with a score of 1
representing complete agreement. Any discrepancies found after the test were discussed and

the process for coding was refined accordingly to maximise inter-reviewer consistency.

The coded data was analysed to calculate the number and proportion of chondrichthyan
publications in each research theme, study state (i.e. province) and taxonomic group. We also
assessed the proportion of literature that was potentially relevant to policy for and
management of these species. Finally, we looked at trends in chondrichthyan literature with
time. The publication year was categorised into 4 time periods: before 1991, 1991-2000,
2001-2010 and 2011-2020, in order to assess decadal trends. We used chi-squared tests to
assess temporal changes in themes within the chondrichthyan literature, taxonomic group
under study, and a publication's relevance to policy and management. All data analyses were
conducted on RStudio version 1.3.1093 (R Core Team, 2014; RStudio Team, 2015), while
regional distribution of publications was mapped using QGIS version 3.16.3 (QGIS, 2021).

To identify gaps in chondrichthyan literature and provide recommendations, we drew upon
global and regional literature (e.g. Dulvy et al., 2017; Jabado et al., 2018) as well as the draft
NPOA for sharks in India (BOBP, 2015). We also took insights from shark and ray research

and conservation in other developing, fisheries-dependent countries.
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3 Results:

3.1 Overview of chondrichthyan literature in India

Our searches produced a total of 1385 publications; a large number of these were duplicates
or met the exclusion criteria and were screened out, resulting in 482 publications for review
(Supplementary Figure A.1; Table A.2). The Cohen’s Kappa test gave an average score of
0.8, ranging from 0.59 to 1 for the different pairwise comparisons across variables and
reviewers, representing a fair level of reliability amongst reviewers. Most discrepancies were

found in coding of the research themes; these were discussed and resolved wherever possible.

For most of the reviewed studies, lead authors were from governmental institutes (79%,
n=385) such as the Central Marine Fisheries Research Institute (CMFRI), which is a research
institute under the Indian Council of Agricultural Research. The number of journal articles
were marginally less than the grey literature (47% and 51%, respectively); most were open
access and easily available. The vast majority of publications contained some primary data
(89%, n=431).

There was an overall increase in the number of publications on chondrichthyans with time
(Figure 1). Nearly half of all chondrichthyan studies (46%, n=219) were published in the
most recent decade (2011-2020, excluding publications from 2021). This was considerably
higher than the previous decade (2001-2010), with only 90 publications (19%). Fewer studies
were published between 1991 to 2000 (16%, n=74). Before 1991, we found a total of 88
studies on chondrichthyans (19%), with the earliest publication dating back to 1945. There
was also a significant increase in the proportion of peer-reviewed publications with time,
particularly from 2011 onwards (2 = 72.10, df = 3, p-value < 0.001; Figure 1).
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Figure 1: Number of publications over time, with proportions of grey (purple bars) and peer-reviewed
(green bars) literature. The black line is the trend line of a linear model with the standard error in grey
shading. The points represent key events for elasmobranch policy and conservation in India. WLPA:
Wildlife (Protection) Act, 1972. NPOA: National Plan of Action.

3.2 Research themes

The main theme of research on chondrichthyans in India was found to be Records (n=232,
48% of all publications), which are publications focusing on single observations or events
(e.g. observations of morphological deformities in certain specimens, records of usually high
landings, strandings of whale sharks, etc.). This was followed by research focusing on
Biology (n=127, 26%), and Fisheries (n=87, 18%). A few publications (6% of total) covered
both Fisheries and Biology in combination, which generally consisted of research using
landings surveys to assess species composition, fisheries characteristics, size, sex and other
biological parameters of chondrichthyans. Contrary to a priori expectations, themes like
Socio-economic and Taxonomy/Phylogeny were poorly covered, with less than 10% of
publications on each. Socio-economic research included studies focused on the processing,
utilisation, marketing and trade of shark and ray products. Very few publications (n=24, 5%

of total) were in the theme of Management/Policy. The bulk of the research in this theme
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composed of non-detriment finding (NDF) reports, which assess whether international trade
of a species will be detrimental to its survival in order to inform policy under the UN
Convention on International Trade in Endangered Species (CITES; e.g. Kizhakudan et al.,
2019; Zacharia et al., 2017), and documents related to the development of the draft National
Plan of Action for Sharks (NPOA; BOBP, 2015; Kizhakudan et al., 2015; Zacharia &
Vivekanandan, 2013). Other Management/Policy themed publications included literature on
conservation campaigns and policy evaluations for the whale shark (Rhincodon typus; e.g.
Premjothi et al., 2016a; Matwal et al., 2014).

Research themes were not equally distributed across the decades (<1991, 1991-2000 2001-
2010 and 2011-2020), based on a chi squared test (3* = 82.07, df = 21, p-value < 0.001). The
themes of Records and Socio-economic appeared to decrease in proportion over time,
especially between 2011 to 2020, despite an overall increase in number (Figure 2). By
contrast, the proportion of publications on Management/Policy, Ecology and
Taxonomy/Phylogeny appeared to increase across the decades (Figure 2). The proportion of
Fisheries-themed publications increased in the 1990s but showed little change after that;
Biology was also nearly constant in proportion across the time periods. On the whole,
research themes have become more diverse with time, as seen by increasing proportions of
the ‘Other’ category, which comprises themes like Ecotoxicology, Biochemistry, Checklists
and Field guides (Figure 2).

As there were a large number of publications that were only of the theme Records, with no
other theme (n=187, 39%), these may be masking broader trends in chondrichthyan literature

and were hence excluded from further analyses, unless specified otherwise.

10
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Figure 2: Main research themes of reviewed literature per time period (before 1991, 1991-2000, 2001-
2010 and 2011-2020). Publications with more than one research theme are counted in each relevant
theme. Top: Size and colour of the symbols represent the percentage of publications in each theme;
larger and purple-coloured dots signify a higher percentage of that theme. Bottom: Total number of
publications (green lines with circles, right axis) and percentage of the total (orange lines with

triangles, left axis) for each research theme.
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3.3 Research locations

The location of the data collection for chondrichthyan research was not equally distributed
across the Indian maritime states (Figure 3). Excluding Records-only publications, Tamil
Nadu, on the south-east coast of India, had the largest number of chondrichthyan publications
(22%, n=65). This was closely followed by Kerala, on the south-west coast (20%, n=58;
Figure 3). Research in both these states were dominated by the theme of Biology, followed
by Ecology for Tamil Nadu and Fisheries for Kerala. Management/Policy was the least
studied theme, with only 2 studies in each state.

The states of Goa (on the west coast) and West Bengal (on the north-east coast) were poorly
studied, with only 6 and 7 chondrichthyan publications respectively. There was no research
on the Management/Policy theme in these states. On the whole, less chondrichthyan research
was conducted on the east coast than the west (Figure 3). Excluding Tamil Nadu, there were
only 25 studies (9% of all publications excluding Records only) related to the remaining 3
east coast states combined. Excluding Kerala, the remaining west coast states were
collectively represented in more than a quarter of chondrichthyan publications (27%, n=78).

These publication trends represented a mismatch between research efforts and
chondrichthyan landings across India’s coastline. States like Gujarat and Andhra Pradesh had
proportionally less research despite having high landings, whereas research efforts in Kerala
and Maharashtra were higher in proportion to the chondrichthyan landings in these states
(CMFRI, 2019; Figure 3).

12
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Figure 3: Total number of publications reporting research conducted in each coastal state (left; excluding publications that are Records only) and the total
chondrichthyan landings per state in 2019 (right; CMFRI, 2019). No recent landings data for chondrichthyans were available for the Andaman and Nicobar
Islands and Lakshadweep. Dark green colour indicates a higher number of publications at that state, and higher chondrichthyan landings, whereas light yellow

indicates fewer publications and lower landings. Non-coastal states are marked in grey.
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3.4 Researched taxa

Sharks (infraclass Selachii) were the main focus of research, represented in 79% of all
publications (n=379). Rays (infraclass Batoidea) were studied in 32% of publications
(n=156), while less than 3% of publications looked at chimaeras (class Holocephali, n=12).
Note that these groups are not mutually exclusive, and there are a number of publications that
studied both sharks and rays (n=71). The whale shark (Rhincodon typus) was the most
studied chondrichthyan species, with over 22% of all reviewed publications (including
Records) focusing solely on this species (n=106). Other commonly researched taxa were
mantas and devil rays (Mobula sp.), spadenose shark (Scoliodon laticaudus), requiem sharks
(Carcharhinus sp.) and bramble shark (Echinorhinus brucus). Most of the literature studied
sharks and rays at the species level (87%, n=416), with very few looking at them at the genus

level or above.
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Figure 4: Number (right axis, line graph) and percentage (left axis, bars) of publications on each taxa
(sharks, green and rays, purple) across the time periods. The data represented here excludes
publications that are Records only. Publications studying both sharks and rays (n=71) are split and

considered individual counts.

14



v A W N -

10
11
12
13
14
15
16
17
18

19
20
21
22
23

24

25

Nearly half of the shark literature was Records (48%, n=183), followed by Biology (26%,
n=97). For rays, research was more evenly distributed across the different themes, with
Records, Biology and Fisheries being the most common (33%, 32% and 26% respectively).
Research on the theme Management/Policy was low for both sharks and rays (6% and 5%
respectively). Although the number and proportion of ray-focused research increased over

time, this increase was not significant (Figure 4, 2 = 2.54, df = 3, p-value = 0.47).

3.5 Relevance of research for policy and management

Overall, the existing literature appeared to have low relevance and applicability in guiding
policy and management for chondrichthyans. Only 12% of the reviewed publications (n=34)
provided explicit policy and/or management recommendations for chondrichthyans and their
fisheries. About 40% of the publications (n=110) contained data that could in principle
contribute to a single-species management approach to chondrichthyan fisheries, while more
than half contained data relevant to an Ecosystem Approach to Fisheries Management
(EAFM; 56%, n=154). This was excluding publications that are just Records (n=187), as only
2 of these publications (1% of all Records) contained data that could contribute to single-
species management and EAFM respectively, and none had any policy recommendations. On
inclusion of research that only concerned Records, the proportion of publications relevant to

policy and management decreased markedly.

The relative proportion of publications (excluding those that are only Records) with policy
recommendations significantly increased with time (42 = 9.01, df = 3, p-value = 0.029). A
similar trend was found for the proportion of publications with data relevant to EAFM (72 =
9.64, df = 3, p-value = 0.022), with significantly higher proportions of relevant publications
in recent years. However, no significant change was observed for publications relevant to a

single-species management approach with time (2 = 3.56, df = 3, p-value = 0.314; Figure 5).

15



N o o A wWwN

|:| No |:| Yes

Policy Recommendations

2011-2020+

2001-2010+

1991-2000 -

<1991 A

Single Species Management

2011-2020

2001-2010+

Year

1991-2000 1

<1991 1

Ecosystem Approach to Fisheries Management

2011-2020+

2001-2010+

1991-2000 -

<1991 4

80 60 40 20 0 20 40 60
Percentage of publications (%)

Figure 5: Relevance of publications to policy and/or management per decade (before 1991, 1991-
2000, 2001-2010, and 2011-2020). Top: Number of publications that discussed the policy
implications of their findings and provided policy/management recommendations; Centre: Number of
publications with data that would be relevant to a single-species management approach; Bottom:
Number of publications with data that would be relevant to an ecosystem approach to fisheries

management (EAFM). The data represented here excludes publications that are Records only.
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4 Discussion:

This study shows that the research on chondrichthyans in India has significantly increased
over time, and has especially grown in the last decade. In support of our hypotheses (Table
1), we found biases in research efforts towards certain states (provinces), taxonomic groups
and topics. However, against our expectations, we found that chondrichthyan research
remains strongly dominated by Records, with a paucity of literature on the socio-economic
and management aspects. Overall, chondrichthyan research had little relevance for on-ground
management or conservation policy-making. Although the field of conservation science has
rapidly grown in India over the past few decades, particularly for terrestrial species (Bawa et
al., 2021; Mishra et al., 2021; Thanuskodi & Venkatalakshmi, 2010), our findings highlight
the need for improved conservation research for threatened marine species like sharks and

rays.

4.1 Biases in chondrichthyan research

The dominance of Tamil Nadu and Kerala as sites for chondrichthyan research is likely to be
due to the presence of governmental research institutes in these states (for example, CMFRI
and CMLRE both have their headquarters in the Kerala, with major research centres in the
Tamil Nadu), resulting in a large body of fisheries and marine research. Furthermore, Tamil
Nadu is amongst the states with the highest level of chondrichthyan fishing (CMFRI, 2019),
while Kerala is known to have a culturally high consumption of seafood, including sharks
and rays (Salim, 2020). Research in other parts of the country remains patchy and scattered,
particularly along the east coast, despite states like Andhra Pradesh and West Bengal having
fairly high chondrichthyan landings and significant levels of local consumption (CMFRI,
2019; Karnad et al., unpublished). Geographical bias in research efforts is not a new
occurrence in conservation and biodiversity research, and has been noted for various different
taxa and topics by global-scale reviews (e.g. Mas et al., 2021; Wraith et al., 2020) as well as
within particular regions (e.g. Jamieson et al., 2019; Pitman et al., 2011; Suryawanshi et al.,
2019). Bias in research locations can compromise conservation efforts through the neglect or
under-representation of important biodiverse regions, and the development of conservation
measures at a national scale that are inappropriate for the local or regional context (Marco et
al., 2017; Muenchow et al., 2018; Teixido et al., 2020). Given the high cultural, socio-
economic and political diversity across India, drivers of fisheries, utilisation and values of

chondrichthyans are likely to vary with region (e.g. Jaini et al., 2018). Hence, this
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geographical research bias may be masking true patterns in chondrichthyan status, fisheries

and trade, leading to poor decision making in conservation and management.

We found a similar bias in the taxonomic group under study, with research skewed towards
sharks, and dominated by the whale shark (R. typus). Conservation science has long been
plagued with a strong bias towards charismatic species, with non-charismatic yet ecologically
important groups often overlooked in terms of research, policy and conservation (Donaldson
et al., 2017). While the rationale is that charismatic species may serve as umbrella or flagship
species for biodiversity conservation, this is not always the case (Zacharias & Roff, 2001;
Wang et al., 2021). Extensive research and campaigns about the whale shark in India,
combined with policy interventions, have led to the apparently successful conservation of this
species (Bloch et al., 2019). However, it remains unclear whether this has led to positive
outcomes for other chondrichthyan species. Rays are under-represented in Indian
chondrichthyan literature, despite being more species-rich, widespread and threatened than
sharks (Last et al., 2016). Rays also form a greater contribution to fisheries in India (59.5% of
the total landed chondrichthyans in 2019; CMFRI, 2019) and are important for local food and
livelihoods. Similarly, chimaeras are very poorly studied, which may be attributed to their
deep-sea habitat and relative rarity in fisheries catch (Holt et al., 2013). Research efforts need
to diversify and include a wider range of species, as a ‘one size fits all’ approach to
chondrichthyan conservation will likely be unsuccessful given their high ecological and

biological diversity (Dulvy et al., 2017).

4.2 Management of chondrichthyan fisheries

Fisheries management has been undergoing a paradigm shift worldwide from single species
to an ecosystem approach (Townsend et al., 2019). While there have been advances in
developing ecosystem approaches in India, its on-ground implementation is hindered by a
multitude of operational challenges (Mohamed & Malayilethu, 2013). Our findings show that
there is limited published information on chondrichthyan stock status and other parameters
that are required for conventional management; this may be true for other commercially
exploited species in India as well. Furthermore, contrary to a priori expectations, we found
that the existing chondrichthyan literature might potentially contribute more to EAFM than
single species management. While this result was surprising, EAFM is a broad and holistic
framework that can integrate different types of data from various sources (Staples & Funge-
Smith., 2009). Hence, we highlight the need to develop a feasible and locally appropriate
framework for implementation of EAFM in India (Vijayakumaran, 2014).
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4.3 Relevance of research for conservation

Overall, applied chondrichthyan research in India was limited, evidenced by the small
number of publications in the Management/Policy theme, and equally few publications
providing explicit recommendations for chondrichthyan conservation. A similarly small
proportion of publications could contribute directly to fisheries management. Furthermore,
although research is becoming increasingly diverse with time, it remains dominated by
Records. While records have some value in understanding long-term trends, identifying
shifting baselines and enabling the analysis of historical changes in socio-economic values
(Baum & Myers, 2004; Monsarrat et al., 2019), we found that they have little direct relevance
in guiding conservation and management of fisheries. The dominance of Records in the
literature indicates that most published studies in our sample were largely incidental or

opportunistic, with little directed and dedicated research on sharks and rays.

In the Asian tropics, conservation research priorities are often driven by the sources of
funding, which are frequently external; this is further challenged by the social and economic
priorities of governments, limited resource capacity, and conflict between development and
conservation objectives (McNeely et al., 2009; Sheil, 2002). Conservation research in India
has largely focused on terrestrial biodiversity, with significant attention given to charismatic
land species such as the tiger and elephant; marine biodiversity has been relatively
overlooked (Kuppasamy et al., 2013). Chondrichthyans are exceptionally challenging as they
are both a threatened marine species group in need of conservation as well as a commercially
valuable group that is regularly fished (Gupta et al., 2020a). As our findings show, most
chondrichthyan research in India has been conducted by organisations under the Ministry of
Agriculture and the Ministry of Fisheries, Animal Husbandry and Dairying of the
Government of India, where these species are viewed through a fisheries resource lens. Very
little research is conducted by the agencies under the Ministry of Environment, Forest and
Climate Change, whose mandate is focused on wildlife and environmental conservation.
Hence, chondrichthyan research tends to be production-oriented rather than conservation-
oriented. This is not an issue confined to India; as a result, fish species are often neglected in
wildlife conservation legislation globally (Vincent et al., 2014; Wyatt et al., 2021). There is a
need for a pluralistic approach for sharks and rays, encompassing their different aspects and
complexities in order to produce research relevant to conservation as well as fisheries

management (Booth et al., 2019).
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4.4 Key gaps and recommendations

We identified a number of critical gaps in chondrichthyan knowledge in India, that need to be
addressed in order to make their conservation more effective. While there have been
significant advances in documenting and describing the chondrichthyan species present in
Indian waters, there is a need to assess the status of these populations, through species stock
assessments or risk assessments (BOBP, 2015). Risk assessments will aid in identification of
priority species and fisheries for conservation and management in India (Dulvy et al., 2017,
Jabado et al., 2018). For instance, an adapted productivity-sensitivity analysis was conducted
in Indonesia to identify at-risk shark and ray species; priority sites for conservation were also

identified (Booth et al., 2018). Similar assessments would be highly valuable in India.

We also highlight a paucity of knowledge about critical habitats of sharks and rays. These
species are known to use specific sites for spawning and nurseries, as well as for feeding,
making them highly vulnerable to fisheries and other activities occurring at these areas
(Heupel et al., 2007; Martins et al., 2018). Few studies in India have looked at the spatial
ecology of chondrichthyans, with very few attempting to identify and characterise their
critical habitats (c.f. Chembian, 2010; Kumari & Raman, 2010; Premjothi et al., 2016b;
Gupta et al.,, 2020b). Knowledge of habitat use and aggregation sites can aid in the
formulation of nuanced, area-based conservation measures (Barnett et al., 2019).
Conventional methods for research on habitat use can be resource-intensive and may be a
challenge for the Indian context. However, fisher knowledge (i.e. Local Ecological
Knowledge and Traditional Ecological Knowledge) can be a crucial source of information in
resource and data-limited situations. Fisher knowledge has been used to gain insights on
shark and ray habitats in regions in Bangladesh (Haque et al., 2021), Mexico (Cuevas-Goémez
et al., 2020) and Fiji (Rasalato et al., 2010), and could be used to address similar data gaps in

India.

There is also a need for deeper understanding of the human dimensions of chondrichthyan
fisheries, as they form complex social ecological systems with important contributions to
livelihoods and food security (Karnad et al., 2019). Chondrichthyan research needs to be
inter- and multidisciplinary to address all elements of this system and guide holistic
management. Social sciences are becoming increasingly mainstreamed into conservation
science in general (Bennett et al., 2017), as well as into chondrichthyan research (Booth et al.,
2019; Simpfendorfer et al., 2011). Social science can be used to understand attitudes,
perceptions and values of sharks and rays and their use by local communities, in order to
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design appropriate and inclusive conservation strategies (Glaus et al., 2018; Mason et al.,
2020; Sabbagh & Hickey, 2020; Skubel et al., 2019). Against our expectations, we found
alarmingly few publications on socio-economic themes in India, with no increase over time.
With a large population of fisher folk (4.9 million; Department of Fisheries, 2020) and
evidence of substantial local chondrichthyan consumption in the country (Karnad et al.,
2019), understanding the socio-economic drivers of chondrichthyan fishing is a priority for

India.

Finally, we propose that evaluation of existing policies and regulations for chondrichthyans
in India is urgently needed. With the exception of the whale shark (e.g. Bloch et al., 2019),
we did not find any policy evaluations that assessed their effectiveness for conservation of
these species, which can be a hindrance to decision-making. It is essential that policies for
sharks and rays in India are evaluated and strengthened based on scientific evidence. For
instance, Collins et al. (2020) and MacKeracher et al. (2020) assessed effectiveness of and
compliance with shark fishing bans in Sri Lanka and Myanmar respectively, to provide strong
recommendations for improved outcomes. Similarly, Booth et al., (2020) developed a
framework to evaluate the impact of regulations on manta ray trade in Indonesia. These

approaches could be applied in the Indian context.

4.5 Limitations of this study

While every effort was made to ensure that we accessed and reviewed the entire set of
chondrichthyan literature in India, such as using a comprehensive set of search terms and
searching across numerous international and national databases, we acknowledge that we
may have missed some relevant publications, particularly grey literature. Searching through a
greater number of national databases, such as repositories of fisheries institutions, and in
different regional languages, may yield more results. In person searches of research institute
archives and libraries would no doubt have yielded some reports, theses and older journal
articles that have not been digitised. However, as our main objective was to assess the
conservation relevance of existing literature, publications that are not easily available online
are unlikely to guide conservation policy-making. Lastly, we note that our assessments of the
conservation relevance of chondrichthyan literature were based on the potential or
hypothetical contributions to on-the-ground conservation or conservation policy. Assessing

the actual real-world contribution made by each publication would be a significant challenge.
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5 Conclusion

There is a substantial body of research for sharks and rays in India, increasing rapidly with
time, which is a very positive sign for a data-limited region and taxonomic group. However,
research on this group in India need to be refocussed towards producing data and evidence
that can better support practical conservation and policy-making. Future research needs to
focus on regional species risk assessments and knowledge of critical habitats to identify
vulnerable species and areas for conservation. Understanding the socio-economic drivers and
aspects of chondrichthyan fisheries must also be a priority, as it can be vital to developing
successful management measures. Lastly, there is a need to review and improve existing
policies for chondrichthyan fisheries and conservation. While implementation of conservation
measures will remain a challenge in India due to limited capacity, political will, and other
factors, strengthening the research and evidence base will help in developing science-based
solutions to the challenges facing chondrichthyans. Our findings can help shape these future

research efforts.
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