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Chondrichthyes, an ancient and diverse class of vertebrates, are crucial to the health
of marine ecosystems. Excessive demand for chondrichthyan products has increased
fishing pressure, threatening ∼30% of species with extinction in recent decades.
India is the second-largest shark landing nation globally and the province of Gujarat,
is the largest contributor to its shark exports. Despite their significant contribution
to global fish supplies, chondrichthyan fisheries in Gujarat remain understudied and
many species, data deficient, posing challenges to the conservation of remaining
populations in the region. Here, we report results from taxonomic assessment of
elasmobranchs at four key landing sites in Gujarat. We identified thirty-one species
of sharks and rays with a significant bias toward capture of females and juveniles
by fisheries. Our data indicate the presence of nursery areas for species such as
Sphyrna lewini and Rhynchobatus laevis in the neritic areas off Gujarat. Further, we
discovered extensions of the current distribution range for three species -Torpedo
sinuspersici, Carcharhinus sorrah, and Rhinobatos punctifer. Taxonomic identities for
a subset of species were confirmed using genomic analyses conducted with portable
DNA sequencing tools. We present assessments for six data deficient species in the
region – Rhinobatos annandalei, Rhinoptera jayakari, Maculabatis bineeshi, Pateobatis
bleekeri, T. sinuspersici, and Carcharhinus amboinensis. Our investigation underscores
species with urgent conservation needs and reduces data deficiencies. These data
will inform and pivot future scientific and conservation efforts to protect remaining
populations of some of the most vulnerable Chondrichthyes in the Arabian Seas Region.
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INTRODUCTION

Chondrichthyes (sharks, rays, skates, and chimeras) have been
extant for 420 million years and comprise one of the most
diverse and ubiquitous group of vertebrates (Dulvy et al., 2014).
Chondrichthyan species occupy diverse ecological niches and are
selective of their habitats (Compagno, 1990; García et al., 2008).
Most species play a crucial role as apex or meso predators in
marine and freshwater ecosystems, by maintaining ecosystem
health through regulation of population dynamics at all trophic
levels (Dulvy et al., 2014). Chondrichthyes have slow life histories,
long generation times, and low fecundity, because of which
populations present a slow growth rate (Cortés, 2000; Stevens,
2000; García et al., 2008; Hutchings et al., 2012). Consequently,
the population abundance of such species is less than that of lower
trophic level organisms (Hutchings et al., 2012) and are extremely
vulnerable to fishing pressure (Stevens, 2000). Incidental and
targeted catch due to a growing demand for chondrichthyan
products over the past few decades has increased fishing pressure
and overexploitation of many species (Dulvy et al., 2014, 2017;
Jabado et al., 2017, 2018; FAO, 2021). As a result, chondrichthyan
populations have had significant declines, with some species
showing declines of up to 90% (Jabado et al., 2017) and pushed
to the brink of extinction. As such, an estimated 18% of
chondrichthyan species are categorized as Critically Endangered,
Endangered, or Vulnerable by IUCN (FAO, 2019, 2020). The
decrease in abundance of Chondrichthyes as apex predators has
led to damaging direct and indirect effects on oceanic ecosystems
around the world (Bornatowski et al., 2014; Johri et al., 2019).

Globally, the decline of teleost fisheries in combination
with technological advances in fishing methods have made
elasmobranchs an attractive alternative resource for food and
revenue (Lack and Sant, 2011; Dent and Clarke, 2015).
Paradoxically, there is marginal investment in the management
of elasmobranch stocks due to the presumably small proportion
of elasmobranchs caught in fisheries and limited understanding
of the ecology, distribution, and population health of the species
(Rose, 1998; Castro et al., 1999; Musick et al., 2000; Barker
and Schluessel, 2005; Dent and Clarke, 2015). A significant
portion of elasmobranch landings are non-targeted fisheries catch
and as a result, are often discarded, recorded as bycatch or
unidentified shark/ray species, or not recorded at all (Barker and
Schluessel, 2005). As a consequence elasmobranch landings are
often underreported, making estimates of global catches difficult
and inaccurate (Lack and Sant, 2011). A recent estimate places
the actual number of catches as double that of the recorded
value (Barker and Schluessel, 2005). Further, a majority of
shark fishing nations do not report species composition of their
catch to the World Food and Agriculture Organization of the
United Nations (FAO) (Lack and Sant, 2011; Karnad et al.,
2020), restricting assessments of stocks or fishing pressure on
specific species and populations. The highly migratory nature
of many chondrichthyan species places them in international
territories, making country specific protections, when existent,
only partially effective (Stevens, 2000). Additionally, national
or international regulations protecting migratory species are
difficult to enact when information on species distributions are

limited or non-existent, as in the case of many Chondrichthyes
(Dulvy et al., 2014, 2017). As a result of the many shortfalls
in accountability listed above, chondrichthyan stocks are being
depleted at a rampant rate while management policies are scarcely
implemented or are often too inadequate to be effective. The
absence of accurate and comprehensive datasets, management,
and political will are significant barriers impeding the design and
implementation of conservation measures for Chondrichthyes.
This is reflected by the fact that only 13 of the 20 major
shark fishing nations worldwide have developed a National
Plan of Action for sharks (NPOA), and its implementation
is extremely variable in each of the 13 nations with NPOAs
(Bräutigam et al., 2020).

The Arabian Seas Region (ASR), bordered by 20 nations,
is regarded as a global hotspot for marine biodiversity (Stein
et al., 2018) and provides habitat for∼15% of all chondrichthyan
species (Jabado et al., 2017). While the ASR is prolific in
fish resources, it is also one of the most over-exploited
marine environments globally (Jabado and Spaet, 2017; Jabado
et al., 2018). Several teleost species in the ASR have been
over−exploited in the last two decades causing extreme threats
to the teleost fisheries, with reported declines of 40–80% (FAO,
2007). At the same time demand for Chondrichthyes is growing
primarily due to their high economic value in the fin trade
and more recently, to suffice issues of food security through
provision of animal protein from shark and ray meat (Lack and
Sant, 2011; Dent and Clarke, 2015). Both targeted and incidental
catches of elasmobranchs are being tapped to supply this demand
(FAO, 2007; Henderson et al., 2016). The ASR is recognized
for having the largest number of chondrichthyan fishers and
traders in the world (Dent and Clarke, 2015; Dulvy et al., 2017;
Jabado and Spaet, 2017). Within this region the top fishing
nations are India, Iran, Pakistan, Oman, Yemen, Somalia, and
Sri Lanka, respectively (Dent and Clarke, 2015; Jabado and Spaet,
2017). Regional reported landings of chondrichthyans in 2015
represented 9.62% of global landings, despite seven countries
in the region not reporting their chondrichthyan catches (FAO,
2017). Despite the extreme pressures on fisheries and population
declines of up to 90% in some elasmobranchs (Jabado et al.,
2017, 2018), understanding of the extent of declines at the species
level and the contributing factors remains poor. These knowledge
gaps stem from the fact that approximately 19% of elasmobranch
species in the ASR are data deficient (DD) (Dulvy et al., 2014).

India, the largest shark fishing nation in the ASR and
second largest in the world (Dent and Clarke, 2015), contributes
74,000 metric tons of an estimated 831,460 metric tons of
global chondrichthyan exports annually (FAO Yearbook, 2020).
Chondrichthyan exports from India thus account for ∼ 9%
of global and ∼ 93% of ASR exports of the species. While
the FAO reports a 20% decline in global recorded landings of
sharks and rays since 2003 (FAO, 2021), India has seen 20–
60% declines in landings despite a simultaneous doubling of
trawling effort during the same time period (Raje and Zacharia,
2009; Kizhakudan et al., 2015). Batoid landings in India have
fared even worse with declines of up to 86% (Raje and Zacharia,
2009; Kyne et al., 2020b). The reduction in catch per unit
effort (CPUE) has led to intensification of mechanized fishing
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efforts into off shore waters, further jeopardizing chondrichthyan
populations previously protected from commercial fishing (Raje
and Zacharia, 2009; Mohamed and Shettigar, 2016; Jabado and
Spaet, 2017). Overexploitation in Indian fisheries has pushed 55%
of its elasmobranch species to the brink of extinction with 3%
categorized as Critically Endangered (CE), 5% as Endangered
(EN), 26% as Vulnerable (VU), and 21% as Near Threatened
(NT). In addition, 37% are data-deficient (DD) or not evaluated
(Akhilesh et al., 2014).

The significantly high levels of threat and data deficiency
in Chondrichthyes in India are a consequence of almost
non-existent management measures for the species, and poor
enforcement of existing measures at the state and national
levels (Karnad et al., 2020). Chondrichthyan stock assessments
remain absent, and as a result, catch limits on chondrichthyan
landings are only imposed for species protected under Schedule
I of the Wild Life (Protection) Act (1972) which includes the
Whale shark Rhincodon typus, Pondicherry shark Carcharhinus
hemiodon, and Giant guitarfish Rhynchobatus djiddensis (FAO,
2007; Karnad et al., 2020). Species-specific protections have
repeatedly proven inadequate with the exception of whale sharks
(Jabado et al., 2018; Karnad et al., 2020). India is the largest
contributor to global seafood supplies and millions of fishermen
livelihoods in India depend on commercial fisheries (Kizhakudan
et al., 2015). The current rate of unsustainable shark fisheries in
India is likely to cause further declines in commercial fisheries
due to trophic effects. The lack of fisheries regulation in the
Indian sub-continent, therefore not only threatens the diversity
of Chondrichthyes, but could disrupt global food supply chains
and diminish India’s national GDP (Jabado et al., 2017). India
is ranked as the number one country, with the greatest need
for conservation of sharks and rays, among the 20 largest shark
fishing nations of the world (Dulvy et al., 2017).

The state of Gujarat, which accounts for 26% of fisheries
landings (FAO, 2007) and 40% of all chondrichthyan landings
(Kizhakudan et al., 2015) in India, has suffered significant
declines in CPUE (Kizhakudan et al., 2015) and we have
prioritized this region for our assessment. Gujarat comprises
1/5th of India’s total coastline, the longest in the country, and
supports habitats such as mangroves, salt marshes, coral reefs,
and seagrasses (Raje et al., 2007; Worldbank, 2020). A significant
portion of Gujarat’s continental shelf area falls in the depth range
of 0–50 m and supports commercially important species found
at shallow depths including Carcharhinus limbatus, Carcharhinus
falciformis, Rhizoprionodon acutus, Rhizoprionodon oligolinx,
and Sphyrna lewini (Devadoss et al., 1989; Spaet and Berumen,
2015). Gujarat’s state economy relies heavily on fishing and
comprises 15% of the total export economy of India (Devadoss
et al., 1989). Despite a strong reliance of state and national
economies on fisheries in Gujarat, it is lacking in adequate
fisheries assessments by national or state agencies and is
ranked 4th by the FAO among regions with the greatest
need for research and conservation of Chondrichthyes (Dulvy
et al., 2017; Nagle, 2019). The lack of scientific investigations
of fisheries in Gujarat, suggest a lack of stock assessments
and a subsequent lack of management measures to protect
Chondrichthyes. Consequently, further declines in commercial

fisheries can be expected with a potentially catastrophic effect
on the state and national GDP, fishermen livelihoods and global
seafood supply chain.

Gujarat’s significant contribution to Indian and global
fisheries and its extreme paucity of chondrichthyan biodiversity
assessments call for an urgent inquiry into chondrichthyan
species distributions, ecology, and fishing practices in the area.
Although excessive stretches of shallow coastal areas intermixed
with mangrove and seagrass habitats along the coast of Gujarat
are likely favorable habitats for juvenile sharks and rays (Spaet
et al., 2012), local nursery areas remain unidentified within
the region. A high number of recorded landings identified as
immature elasmobranchs from the neighboring Red Sea region,
suggest that juveniles are at a higher risk from fishing in
the ASR (Spaet and Berumen, 2015), including in Gujarat.
Because some species aggregate by age, sex, or reproductive
state, their population numbers could be more vulnerable to
fishing pressure than others (Barker and Schluessel, 2005), and
habitats harboring these species, if present in Gujarat, should be
identified and protected expediently. To address the knowledge
gaps described here, we designed a fisheries dependent survey
to assess elasmobranch biodiversity and fisheries in Gujarat.
We hypothesized that fisher communities in Gujarat encounter
a rich biodiversity of elasmobranchs as targeted or incidental
catch, and that a survey of the fisheries will provide a proxy
measure of elasmobranchs biodiversity and distribution, as well
as fisheries’ catch composition in the area. We focused our studies
in ports known to be the primary fishing and export hubs for
elasmobranchs in Gujarat.

In the current report, we present assessments of seasonal
elasmobranchs biodiversity obtained via fisheries dependent
surveys at four major landing ports in Gujarat. Elasmobranch
specimens were photographed at landing sites, fish markets
and salting factories at the port cities of Veraval, Mangrol,
Porbandar, and Okha in Gujarat. We report the identification and
occurrence of 31 elasmobranchs species in Gujarat, including six
data deficient species and three species reported for the first time
in the region. In the current report, we therefore provide the first
expansive assessment of elasmobranchs and their vulnerability to
fisheries in Gujarat.

MATERIALS AND METHODS

Sampling
Four primary areas along the western coast of Gujarat, India -
Veraval (20.9159◦ N, 70.3629◦ E), Mangrol (21.1172◦ N, 70.1158◦
E), Porbandar (21.6417◦ N, 69.6293◦ E), and Okha (22.4649◦
N, 69.0702◦ E) (Figure 1), were chosen as sites for sample
collection due to their high volume of elasmobranch landings.
Landing sites, fish markets, and salting factories were surveyed
by a single researcher at Veraval (26 days), Mangrol (3 days),
Porbandar (3 days), and Okha (6 days), for a total of 38 days over
5 months (April, May, August 2017, and March–May 2018) in
2017–2018. The number of sampling days in Veraval was highest
due to increased sampling accessibility in markets facilitated
by established relationships of the fisher communities with the
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FIGURE 1 | Sampling sites located along the western coast of Gujarat, India. The four sampling locations -Okha, Veraval, Mangrol, and Porbandar – were selected
due to the high volume of elasmobranch landings reported previously in the region.

College of Fisheries located in Veraval. Each day the researcher
would enter the market, talk with fishers, and ask about the
elasmobranchs that were caught, and each specimen would be
photographed, including close-up photos of the head, mouth,
eyes vulva/claspers, and body of the complete or dismembered
elasmobranch specimen. Tissue samples were taken for genomic
sequencing using methods described in Johri et al. (2019).

Morphological Identification
Photographic identification of each specimen was conducted
following protocols described in Ebert et al. (2013) and Last
et al. (2018). For each sample, photographs were uploaded to
the species identification database iNaturalist1, where expert
observers in the field assigned research-grade identifications for
our samples, in parallel to our own taxonomic identification.

Genomic and Phylogenetic Analyses
Genomic sequencing and phylogenetic assessment of select
specimens was conducted following methods described by us
previously in Johri et al. (2019, 2020a,b,c).

We searched for and downloaded relevant sequences from
GenBank which are detailed in Supplementary Table 1 and
aligned them using MUSCLE v.3.8.31 (Edgar, 2004). We
constructed five alignments: one for the COI gene for genus
Rhinobatos using Glaucostegus formosensis and Acroteriobatus
annulatus as outgroups, two for genus Torpedo for COI and
ND2 separately using Narcine brasiliensis and Narcine bancroftii
as outgroups, one for the mitochondrial genome for the genera
Mobula using Rhinoptera steindachneri as an outgroup, and
one for the mitochondrial genome for genus Carcharhinus
(inclusive of Prionace glauca) using Galeocerdo cuvier as an
outgroup. We used the PartitionFinder2 v2.1.1 tool (Lanfear
et al., 2016) on CIPRES (Miller et al., 2010) to assess partitioning
schemes. We used best-fitting partitioning schemes identified
by PartitionFinder2 to generate phylogenies in RAxML v8.2.12
(Stamatakis, 2014) and MrBayes v3.2.7a (Ronquist et al., 2012) on
CIPRES. All RAxML runs used four starting trees, GTRGAMMA

1iNaturalist: https://www.inaturalist.org (accessed March, 2021).

models for all partitions, and generated 1000 bootstrap replicates.
All MrBayes runs were run in triplicate and used GTR + 40
models for all partitions and ran for 1,000,000,000 MCMC steps.
Convergence of MrBayes runs was assessed by eye in Tracer
v1.7.1 (Rambaut et al., 2018).

Maturity and Sex Determination
Sex was determined by assessing the presence of claspers or vulva
for each intact specimen.

Morphological measurements -Total length (TL) for sharks,
and TL or Disc Width (DW) for batoids, weight measurements
(collected when available), and the presence of calcification of
claspers in males and young or eggs in females’ uterus were
used to identify maturity for each specimen. Specimens that were
less than the gender specific measurements at maturity described
for each species in the literature (Ebert et al., 2013; Last et al.,
2018; Froese and Pauly, 2020; IUCN Red List, 2021; Pollerspöck
and Straube, 2021; referenced in Table 1) were considered to be
immature. Similarly, specimens greater than the gender specific
measurements at maturity and showing hardened claspers and
presence of young or eggs were assessed as mature.

For Pateobatis bleekeri, DW at maturity was unavailable,
and hence, maturity for the specimen could not be
determined. Similarly, for Glaucostegus granulatus, species
specific information on TL at maturity was unavailable. We
therefore based our assessment of maturity on other taxa in the
Glaucostegidae or Giant Guitarfish family (Last et al., 2018) and
followed specifications for Rhinidae/Glaucostegidae maturity
assessments (Rhinidae – IUCN Red List).

Conservation Status
Conservation status of species was determined using the
International Union for Conservation of Nature (IUCN) (IUCN
Red List, 2021) to assess the impact of fisheries in Gujarat
on priority concern species. Conservation categories defined
by IUCN were used and include Critically Endangered (CE),
Endangered (EN), Vulnerable (VU), Near Threatened (NT),
Least Concern (LC), and Data deficient (DD).
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TABLE 1 | Total Length (TL) or Disc Width (DW) (cm) threshold used to determine maturity for each species are listed below.

Species Reference species TL or
DW at maturity (cm)

References for TL/DW at maturity

Carcharhinus amboinensis 198–223 TL https://www.fishbase.se/summary/Carcharhinus-amboinensis.html

Carcharhinus brevipinna 170–266 TL https://www.fishbase.se/summary/Carcharhinus-brevipinna

Carcharhinus falciformis 202–260 TL https://www.fishbase.de/summary/Carcharhinus-falciformis.html

Carcharhinus leucas 180–230 TL https://www.fishbase.se/summary/carcharhinus-leucas.html

Carcharhinus limbatus 120–194 TL https://www.fishbase.se/summary/Carcharhinus-limbatus.html

Carcharhinus macloti 70–89 TL https://www.fishbase.se/summary/Carcharhinus-macloti

Carcharhinus sorrah 130 TL https://www.fishbase.se/summary/Carcharhinus-sorrah

Rhizoprionodon acutus 70–80 TL https://www.fishbase.se/summary/899

Rhizoprionodon oligolinx 32–65 TL https://www.fishbase.se/summary/902

Scoliodon laticaudus 33–35 https://www.fishbase.se/summary/Scoliodon-laticaudus

Sphyrna lewini 140–273 https://www.fishbase.se/summary/912

Lago omanensis 55.7 TL https://www.fishbase.se/summary/5929

Alopias pelagicus 260–292 TL https://www.fishbase.se/summary/5891

Chiloscyllium arabicum 45–54 TL https://www.fishbase.se/summary/Chiloscyllium-arabicum.html

Aetobatus flagellum 50–74.6 DW https://www.shark-references.com/species/view/Aetobatus-flagellum

Aetobatus ocellatus 150–160 DW https://www.fishbase.de/summary/12600

Brevitrygon walga 16.7 DW https://www.fishbase.de/summary/15484

Himantura leoparda 70–80 DW https://www.fishbase.de/summary/Himantura-leoparda.html

Himantura uarnak 82–84 DW https://www.fishbase.se/summary/Himantura-uarnak

Maculabatis bineeshi >51–66 DW https://doi.org/10.11646/zootaxa.4144.3.3

Maculabatis gerrardi 64–? DW https://www.fishbase.se/summary/15483

Pateobatis bleekeri range?–? DW https://www.fishbase.de/summary/13148

Pteroplatytrygon violacea 40–50 DW https://www.fishbase.de/summary/pteroplatytrygon-violacea.html

Mobula mobular 200–220 DW https://www.iucnredlist.org/species/110847130/110847142

Mobula tarapacana 198–250 DW https://www.iucnredlist.org/species/60199/124451161

Glaucostegus granulatus ?–280 TL https://www.iucnredlist.org/species/pdf/2382420/attachment#:$\sim$:text=

Rhynchobatus laevis ∼130 TL https://shark-references.com/species/view/Rhynchobatus-laevis

Rhinobatos annandalei 60–65 TL http://eprints.cmfri.org.in/14336/1/IJF_2020_G%20B%20Purushottama_
Biological%20observations%20on%20the%20Bengal%20guitarfish%
20Rhinobatos%20annandalei.pdf

Rhinobatos punctifer <71–77 TL https://www.iucnredlist.org/species/161447/109904426#habitat-ecology

Rhinoptera jayakari ?–78 DW https://www.fishbase.se/summary/27176

Torpedo sinuspersici 30–? https://www.fishbase.se/summary/Torpedo-sinuspersici.html

Distribution
The occurrence for each species at sampling locations
was assessed to determine differences in species
distribution across sampling sites. Range extensions
were discovered by comparing the location of specimen
landing site with geographic ranges previously reported
for respective species on the IUCN Red List database
(IUCN Red List, 2019).

We obtained depth ranges where species normally occur
from the IUCN and FishBase databases (IUCN Red List,
2019; FishBase, 2020). We divided depth ranges into four
categories by adopting the classical subdivision which
considers 200 m of depth as a limit of the continental shelf,
and considering that species which populate the continental
shelf and beginning of the continental slope could be very
different. The four depth categories are: 0–200 m, 201–
600 m, >600 m, or no available information. We binned
the species of sharks and rays’ samples into the depth
categories listed above, based on published information
about the species.

RESULTS

Species Identification
The surveys conducted at four fish markets and landing
sites within Gujarat state (Figure 1) culminated in
∼1000 photographs of elasmobranchs. A total of 157
elasmobranchs were sampled opportunistically, including
species from the superorder Selachimorpha (sharks) and
Batoidea (rays). Within the superorder Selachimorpha,
we identified fourteen species comprising three orders,
five families, and seven genera (Table 2 and Figure 2),
while within the superorder Batoidea we identified
seventeen species, comprising four orders, eight families,
and twelve genera (Table 2 and Figures 3, 4). Additional
specimen photographs and research grade identifications
for each specimen can be found at iNaturalist: https:
//www.inaturalist.org/observations?place_id=any&subview=
grid&user_id=shaili&verifiable=any&view=species. Note that 71
specimens for which taxonomic identities remained unknown
are not included in Table 2.
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TABLE 2 | Information about taxonomy, number of specimens, collection site, gender, maturity, TL/DW (cm) for mature and immature specimens, and binned depth range (in meters) for each species sampled.
Superorder Order Family Genus Species Common name Conservation

status
No. of

samples
Veraval Mangrol Porbandar Okha Males Females Young TL or DW

(cm)
Mature
adults

TL or DW
(cm)

Reference
species

TL/DW range
at Maturity

(cm)

Binned depth
range (m)

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus
amboinensis

Pigeye Shark Data Deficient 2 0 0 0 2 1 1 1 84 1 208 198–223 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus
brevipinna

Spinner Shark Near
Threatened

1 0 0 1 0 0 1 0 1 Approximate
193–241,
pregnant
female

170–266 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus
falciformis

Silky Shark Vulnerable 2 1 0 0 1 0 2 1 84 0 202–260 201–600

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus leucas Bull Shark Near
Threatened

1 0 0 0 1 0 1 1 90 0 180–230 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus
limbatus

Common Blacktip
Shark

Near
Threatened

2 2 0 0 0 1 1 2 68.58–100 0 120–194 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus macloti Hardnose Shark Near
Threatened

3 1 0 1 1 0 2 0 2 70–76 70–89 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Carcharhinus Carcharhinus sorrah Spot tail shark Near
Threatened

4 2 0 2 0 2 2 4 58–100 0 130, range ?–? 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Rhizoprionodon Rhizoprionodon
acutus

Milk Shark Least Concern 2 1 0 1 0 1 1 1 60 1 81.28 70–80 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Rhizoprionodon Rhizoprionodon
oligolinx

Gray Sharpnose
Shark

Least Concern 5 3 1 0 1 2 3 1 18 2 32–80 32–65 0–200

Selachimorpha Carcharhiniformes Carcharhinidae Scoliodon Scoliodon laticaudus Spadenose Shark Near
Threatened

11 9 1 0 1 2 9 1 25 10 30–53.34 33–35 0–200

Selachimorpha Carcharhiniformes Sphyrnidae Sphyrna Sphyrna lewini Scalloped
Hammerhead

Endangered 5 4 0 1 0 2 3 5 50–66.04 0 140–273 0–275

Selachimorpha Carcharhiniformes Triakidae Lago Lago omanensis Bigeye
Houndshark

Least Concern 4 2 1 1 0 0 4 2 34 2 45–64 55.7, range ?–? >600

Selachimorpha Lamniformes Alopiidae Alopias Alopias pelagicus Pelagic Thresher
Shark

Vulnerable 3 0 0 0 3 2 1 2 204–220 1 300 260–292 0–200

Selachimorpha Orectolobiformes Hemiscylliidae Chiloscyllium Chiloscyllium
arabicum

Arabian Carpet
Shark

Near
Threatened

2 1 0 0 1 1 1 1 43 1 60 45–54 0–200

Batoidea Myliobatiformes Aetobatidae Aetobatus Aetobatus flagellum Longheaded Eagle
Ray

Endangered 1 1 0 0 0 0 1 0 1 76.2 50–74.6 No information

Batoidea Myliobatiformes Aetobatidae Aetobatus Aetobatus ocellatus Whitespotted
Eagle Ray

Vulnerable 3 1 0 0 2 2 1 2 32–40 1 170 150–160 0–200

Batoidea Myliobatiformes Dasyatidae Brevitrygon Brevitrygon walga Arabian Dwarf
Whipray

Near
Threatened

7 4 1 1 1 5 1 1 15 4 16.5–21.34 16.7, range?–? 0–200

Batoidea Myliobatiformes Dasyatidae Himantura Himantura leoparda Leopard Whipray Vulnerable 1 1 0 0 0 0 1 1 58 0 70–80 0–200

Batoidea Myliobatiformes Dasyatidae Himantura Himantura uarnak Reticulate Whipray Vulnerable 2 1 0 0 1 1 1 1 30 0 82–84 0–200

Batoidea Myliobatiformes Dasyatidae Maculabatis Maculabatis bineeshi Shorttail Whipray Data Deficient 5 5 0 0 0 2 0 2 33–40 DW 0 >51–66 DW 0–200

Batoidea Myliobatiformes Dasyatidae Maculabatis Maculabatis gerrardi Whitespotted
Whipray

Vulnerable 1 1 0 0 0 1 0 0 0 range 64–? 0–200

Batoidea Myliobatiformes Dasyatidae Pateobatis Pateobatis bleekeri Bleeker’s Whipray Data Deficient 1 1 0 0 0 0 1 0 0 range?–? 0–200

Batoidea Myliobatiformes Dasyatidae Pteroplatytrygon Pteroplatytrygon
violacea

Pelagic Stingray Least Concern 2 2 0 0 0 2 0 1 34 DW 1 40 DW 40–50 201–600

Batoidea Rajiformes Mobulidae Mobula Mobula mobular Spinetail Devil Ray Endangered 1 0 0 0 1 1 0 1 110 TL, 193
DW

0 200–220 DW >600

Batoidea Rajiformes Mobulidae Mobula Mobula tarapacana Sicklefin Devil Ray Vulnerable 1 0 0 0 1 1 0 0 1 140 TL, 240
DW

198–250 DW >600

Batoidea Rhinopristiformes Glaucostegidae Glaucostegus Glaucostegus
granulatus

Granulated
Guitarfish

Critically
Endangered

2 1 0 0 1 0 2 2 ≤120 0 ?–280 0–200

Batoidea Rhinopristiformes Rhinidae Rhynchobatus Rhynchobatus laevis Smoothnose
Wedgefish

Critically
Endangered

8 7 0 1 0 1 7 6 50.8–111.76 1 150 ∼130 0–200

Batoidea Rhinopristiformes Rhinobatidae Rhinobatos Rhinobatos
annandalei

Annandale’s
Guitarfish

Data Deficient 3 2 0 1 0 0 3 2 36–43 1 62 60–65 0–200

Batoidea Rhinopristiformes Rhinobatidae Rhinobatos Rhinobatos punctifer Spotted Guitarfish Near
Threatened

4 2 0 1 1 1 3 3 54–71 1 85 <71–<77 0–200

Batoidea Rhinopristiformes Rhinopteridae Rhinoptera Rhinoptera jayakari Oman Cownose
Ray

Data Deficient 1 1 0 0 0 1 0 1 31.75 DW 0 ?–78 DW No information

Batoidea Torpediniformes Torpedinidae Torpedo Torpedo sinuspersici Variable Torpedo
Ray

Data Deficient 1 0 0 1 0 1 0 0 1 30 30–? 0–200
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FIGURE 2 | Representative pictures of species sampled in the superorder Selachimorpha. (A) Chiloscyllium arabicum (Arabian carpetshark), (B) Iago omanensis
(Bigeye houndshark), (C) Carcharhinus leucas (Bull shark), (D) Carcharhinus limbatus (Common Blacktip shark), (E) Rhizoprionodon oligolinx (Gray Sharpnose
shark), (F) Carcharhinus macloti (Hardnose shark), (G) Rhizoprionodon acutus (Milk shark), (H) Alopias pelagicus (Pelagic Thresher shark), (I) Carcharhinus
amboinensis (Pigeye shark), (J) Sphyrna lewini (Scalloped Hammerhead), (K) Carcharhinus falciformis (Silky shark), (L) Scoliodon laticaudus (Spadenose shark),
(M) Carcharhinus brevipinna (Spinner shark), and (N) Carcharhinus sorrah (Spottail shark).

Taxonomic identity of specimens from five species were
confirmed by sequencing and phylogenetic analyses in the
current study. Phylogenetic analyses of the species are presented
in Supplementary Figure 1 and the sequence data are
available on GenBank using the listed accession numbers. We
constructed four gene trees, one for each of the following
genera of elasmobranchs: (1) 13 of 22 Rhinobatos species, (2)
seven of 25 Torpedo species, (3) all 12 Mobula and Manta
species, and (4) 14 of 34 Carcharhinus species. All Bayesian
inference (BI) phylogenies converged within 1 billion steps. SRA
Accession # SRR13587043 was placed within the Rhinobatos
tree with 100/100 bootstrap support for Rhinobatos punctifer
(Supplementary Figure 1A). SRA Accession # SRR13660201
was placed within Torpedo ML or BI trees, but relationship of
our contig to any other known taxon was not resolved with
high confidence and extremely short branch lengths occurred
throughout the tree (Supplementary Figure 1B). SRA Accession
# SRR13587044 was confidently placed with high confidence
in both BI and ML Carcharhinus trees and identified as
Carcharhinus sorrah (Supplementary Figure 1C). SRA Accession
# SRR13587041 and SRA Accession # SRR13587042 were
confidently placed in the Mobula/Manta trees identified as

Mobula japanica + Mobula mobular and Mobula tarapacana,
respectively (Supplementary Figure 1D).

There were differences in distribution of species across
the four sampling locations. Scoliodon laticaudus was the
most frequently sampled species (n = 11) among sharks
and Rhynchobatus laevis was the most frequently sampled
batoid (n = 8) (Supplementary Figure 2A). Alopias pelagicus,
Carcharhinus amboinensis, Carcharhinus leucas, M. mobular,
and M. tarapacana, were sampled only in Okha (Supplementary
Figure 2A). Carcharhinus brevipinna and Torpedo sinuspersici
were sampled only in Porbandar (Supplementary Figure 2A),
whereas the Carcharhinus limbatus, Aetobatus flagellum,
Pteroplatytrygon violacea, Himantura leoparda, Rhinoptera
jayakari, Maculabatis gerrardi, and Pateobatis bleekeri were
sampled only in Veraval (Supplementary Figure 2A). The
difference in species sampled at the four locations may
indicate distinct ecology and distribution patterns of the
respective species, as well as distinct habitats in this part of the
Arabian Sea region.

Elasmobranch species were identified across all conservation
categories in the four sampling locations in Gujarat. Of the 31
species identified in our study, 12 (38.7%) are in the threatened
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FIGURE 3 | Representative pictures of species sampled in the superorder Batoidea. (A) Brevitrygon walga (Arabian Dwarf Whipray), (B) Pateobatis bleekeri
(Bleeker’s Whipray), (C) Torpedo sinuspersici (Variable Torpedo ray), (D) Maculabatis gerrardi (Whitespotted Whipray), (E) Himantura leoparda (Leopard Whipray),
(F) Aetobatus ocellatus (Whitespotted Eagle ray), (G) Mobula mobular (Spinetail Devil ray), (H) Mobula tarapacana (Sicklefin Devil ray), (I) Pteroplatytrygon violacea
(Pelagic Stingray), (J) Aetobatus flagellum (Longheaded Eagle ray), (K) Rhinoptera jayakari (Oman Cownose Ray), (L) Himantura uarnak (Reticulate Whipray), and
(M) Maculabatis bineeshi (Short-tail Whipray).

FIGURE 4 | Representative pictures of species sampled in the order Rhinopristiformes. (A) Rhinobatos annandalei (Annandale’s guitarfish), (B) Glaucostegus
granulatus (Granulated guitarfish), (C) Rhynchobatus laevis (Smoothnose wedgefish), and (D) Rhinobatos punctifer (Spotted guitarfish).
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categories of CE, EN, and VU (Table 2 and Supplementary
Figure 2B), 9 (29%) are Near Threatened, 4 (13%) are Least
concern and 6 (19%) are Data Deficient. A majority of shark
species are in the Near Threatened category, whereas a majority
of batoids sampled are either Threatened (CE, EN, VU) (n = 9) or
Data deficient (n = 5) (Table 2 and Supplementary Figure 2B).

Assessment of Gender, Maturity and
Depth Distribution in Specimens
Of a total of 157 specimens, 127 samples were sufficiently intact
for gender determination. Of these 127 samples, 63% were female
(n = 80), and 37% were male (n = 47) (Figure 5A). There
was a significant difference in the number of shark specimens
that were female (68% or 48/71), compared to males (32% or
23/71) (Figure 5B, p = 0.03). For batoids, the difference was
not significant with 57% or 32/55 female specimens and 43%
or 23/55 male (Figure 5B). When gender ratios were compared
across sampling locations, Veraval had a significantly higher
proportion of female vs. male specimens (p = 0.02), whereas
there was no significant difference between occurrence of male
and female specimens at other locations (Figure 5C). Note
that 41 specimens for which the taxonomic identities remained
unknown, but gender was determined are included in the 127
male/female specimens. However these 41 specimens are not
included in Table 2.

Morphological measurements were analyzed to determine the
maturity of specimens. Of the 157 total specimens, sufficient data
was available for 78 samples to determine maturity. Immature
young comprised 58% (n = 45) of total specimens, while mature
adults made up 42% (n = 32), as shown in Figure 5D. For all
shark specimens with distinguishable life stages 51% (n = 22),
were immature and 49% (n = 21) were mature adults (Figure 5E).
Maturity was determined for 35 batoids of which, 65% were
immature and 34% were mature adults (n = 23 and n = 12,
respectively) (Figure 5E). There was no significant difference
in the total number of mature vs. young specimens at the four
sampling locations (Figures 5E,F).

For numerous species of sharks and batoids the gender
ratio was skewed toward females. For instance, nine of eleven
S. laticaudus (p = 0.05), seven of eight R. laevis, and all four
Iago omanensis sampled were females (Table 2 and Figure 5G).
Whereas for species like Brevitrygon walga the ratio was skewed
towards males, with five of six total specimens being male
(Table 2 and Figure 5G). Total distribution of males vs. females
across all species had a significant difference (p < 0.0001,
Figure 5G). Similarly, several species had a higher skew
towards immature specimens including Sphyrna lewini, C. sorrah,
R. laevis, and R. punctifer (Table 2 and Figure 5H). Conversely
for S. laticaudus, 10 specimens were mature adults and only
one was immature (Table 2). The total number of mature vs.
immature specimens across all species (except S. laticaudus) was
significantly different (p < 0.05, Figure 5H).

For Glaucostegus granulatus, species specific information on
TL at maturity was unavailable. However, both specimens in
our collection were female at ≤120 cm TL and 2–4 kg in
weight. Since mature females in closely related species such as

Glaucostegus typus and Glaucostegus cemiculus, are expected to
have TL > 150 cm at maturity (Last et al., 2018, Rhinidae – IUCN
Red List), we assessed G. granulatus specimens in our collection
to be at an immature life history stage.

In our depth assessments, 78% (n = 24) of sampled species
inhabited a depth range of 0–200 m, three species were in the
range of 201–600 m and three species were in the >600 m
range (Table 2 and Supplementary Figure 3). Coastal or neritic
species found at 0–200 m were the most frequently sampled
across all four locations (Supplementary Figure 3), suggesting
that these species had a higher likelihood of capture in the
sampled fisheries. For depth ranges between 0–200 m and 201–
600 m, the frequency of shark and ray species was even, with
12 species each of sharks and rays at 0–200 m and 1 each at
201–600 m. At >600 m depth only one shark (I. omanensis) and
two ray species (M. mobular and M. tarapacana) were found
(Table 2). For the species A. flagellum and R. jayakari no depth
information is available.

Geographic Range Extensions and
Verifications
The high rate of data deficiencies and aggregated, non-species
specific assessments among Chondrichthyes (Dulvy et al., 2014)
mean that geographic ranges are not accurately documented
for many elasmobranch species. Our sampling of fisheries,
which catch mainly coastal elasmobranch species via targeted
or incidental means, provided an opportunity to investigate
the current geographic range of sampled coastal specimens.
Of the 31 species, three were found at landing sites located
outside of their previously reported ranges which are based on
landing data (Dent and Clarke, 2015; IUCN Red List, 2020b;
Park University, 2020). C. sorrah is listed as extant along the
southwestern and eastern coast of India, in addition to its
global distribution, as shown in Supplementary Figure 4A. We
report four sightings of this species along the northwestern
coast of India, specifically in Veraval (n = 2) and Porbandar
(n = 2) (Supplementary Figure 4A), and taxonomic identity
of these specimens was confirmed at species level through
phylogenetic (Supplementary Figure 1C) and morphological
assessments (Figure 2N). T. sinuspersici was reported to be
found along the eastern coast of Africa, and Saudi Arabia
based on landings data, and has not been reported in India
previously (Jabado and Spaet, 2017; Kyne, 2019). We report
its presence for the first time in Porbandar (n = 1), Gujarat,
northwestern India, as shown in Supplementary Figure 4B
and confirmed its taxonomic identity at the genus level
phylogenetically (Supplementary Figure 1B) and at the species
level morphologically (Figure 3C). A third species, R. punctifer,
is known to be extant in the Arabian Seas Region from the
northern Red Sea to the Sea of Oman (Ebert et al., 2017). Ours
is the first study to report four specimens of the species landed
in India, specifically, at the ports of Veraval (n = 2), Porbandar
(n = 1), and Okha (n = 1) (Supplementary Figure 4C). The
taxonomic identification of the specimens was confirmed to the
species level through phylogenetic (Supplementary Figure 1A)
and morphological assessments (Figure 4D).
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FIGURE 5 | Frequency distribution of sharks and the rays by sex and maturity across sampling locations. Sex determination of (A) all samples (n = 117) in which
determination could be made, including samples with no species identification, (B) by shark and ray specimens, and (C) by sampling location. A comparison of the
ratio of young to mature adults (D) among all specimens (n = 77), (E) between sharks and rays, and (F) between sampling locations. Comparison of male and female
specimens in all species in (G) and comparison of mature and immature specimens of each species except Scoliodon laticaudus in (H). Two-way ANOVA with
multiple comparisons between the respective groups was performed in (B,C,E–H). Asterisk * denotes a significant difference (p≤0.05) and *** denotes a highly
significant difference (p≤0.0005) between groups. We compared total population distribution of males vs. females in (G) and mature vs. immature specimens in (H).
Distribution of males vs. females and of mature vs. immature individuals was significantly different as indicated by respective p values. S. laticaudus was identified as
an outlier and removed from analyses in (H).

Frontiers in Marine Science | www.frontiersin.org 10 May 2021 | Volume 8 | Article 619695

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-619695 May 5, 2021 Time: 12:57 # 11

Johri et al. Conservation of Elasmobranchs in India

DISCUSSION

Systematic evaluation of the distribution, population health and
threats adversely affecting Chondrichthyes is vital to drive the
management and conservation of remaining populations and
limit extinctions in the Arabian Seas Region. Here we have
conducted an elasmobranch biodiversity assessment in Gujarat,
India, one of the most prolific fishing region in the ASR. Our
assessment identified 31 species of elasmobranchs from 157
specimens collected in just 38 days. The survey complements
global and regional (Jabado et al., 2017; FAO, 2019) efforts at
chondrichthyan status assessments and the very few scientific
investigations into elasmobranch biodiversity, distribution, and
fisheries in India (Raje and Zacharia, 2009; Akhilesh et al., 2014;
Bineesh et al., 2017; Jabado et al., 2018; Kumar et al., 2018;
Pradeep et al., 2018), and Gujarat (Sutaria et al., 2015; Johri
et al., 2019, 2020b,c). Among the elasmobranch species sampled
in our study ∼39% are in the ICUN Threatened categories
and ∼20% in the data deficient category. We demonstrate that
Gujarat is a biodiverse elasmobranch habitat and the fishery
is exploiting (via targeted and incidental catch) ecologically
important species at an alarming rate. We also alleviate the data
deficiency of elasmobranchs (Dulvy et al., 2014; Jabado et al.,
2017) by extension and confirmation of the geographic range of
species and by documenting the catch of 31 different species with
skewed gender and age ratios in the catch.

Our sequencing and phylogenetic analyses in the current
study corroborates the taxonomic classification of five species
(R. punctifer, T. sinuspersici, C. sorrah, M. mobular, and the
M. tarapacana) in the sample set. Taxonomic identifications for
Carcharhinus falciformis (Johri et al., 2019), Rhynchobatus laevis
(Johri et al., 2020c), and Glaucostegus granulatus (Johri et al.,
2020b) were confirmed previously by us. It should be noted
that the low posterior probabilities or bootstrap support values
in case of T. sinuspersici, Bayesian and maximum likelihood
analyses are due to the lack of enough genetic data available for
this clade of species in public databases. This again highlights
the data deficiency with respect to genomic information on
elasmobranchs and our current work is aimed at reducing these
knowledge gaps.

A significantly high number of female and juvenile
elasmobranchs are being captured by fisheries in Gujarat,
suggesting the presence of a previously unknown nursery ground
in coastal waters off Gujarat. S. lewini, R. laevis, C. sorrah,
Rhinobatos annandalei, and Aetobatus ocellatus specimens were
almost exclusively females (16 out of 26) and juveniles (21 out
of 25). In Veraval, nearly all landings were females and juveniles.
In addition, species found at shallow depths of 0–200 m were
abundantly landed at all locations, with the exception of Okha
and Porbandar which had a higher number of species found at
deeper depths. Fishers in Veraval have high-capacity mechanized
boats which are used for fishing in offshore waters several
hundred nautical miles away from the coast (pers. comm. with
fisher communities). However, at landing sites and fish markets
we identified and sampled auctions of catch from smaller, coastal
fishing vessels, which account for 25% of total fisheries catch in
Veraval (pers. comm. with fisher communities). These fishers

engage in daily fishing and landing activities in coastal and
neritic zones as opposed to month long expeditions in offshore
areas by larger vessels (pers. comm. with fisher communities).
Consequently, catch from these fishers, was sampled heavily in
the current study, represents species individuals caught close
to shore. These data are indicative of the predominantly coastal
fisheries in Veraval targeting coastal and neritic species and
potentially nursery areas with a large proportion of females and
juveniles for several species. Our findings support a potential
nursery area for S. lewini, R. laevis, C. sorrah, R. annandalei,
and A. ocellatus- all species with majority juvenile landings
along the coast of Gujarat, which should be the target of
future research.

Our results are consistent with observations of higher
landing volumes for juvenile scalloped hammerhead sharks in
other parts of the ASR (Henderson et al., 2016; FAO, 2021).
S. lewini, a Critically Endangered, CITES (Pacoureau et al., 2020)
listed species has had a >50% regional decline in the ASR
(Jabado et al., 2017), in part due to its slow life history traits
(Hazin et al., 2001; Harry et al., 2011). R. laevis which is a
Critically Endangered, CITES (Peter Kyne, 2020) listed species, is
similarly vulnerable to fishing pressure due to its slow life history
traits (Compagno, 1990; García et al., 2008; Hutchings et al.,
2012) and has suffered declines of 50–80% throughout the ASR
(Kyne et al., 2020b; FAO, 2021). In general, the population growth
rate of Chondrichthyes is limited by slow life history traits, long
gestation periods, and low fecundity (Cortés, 2000; Hutchings
et al., 2012). Overfishing of juveniles and sexually mature females
as seen in our study, further exacerbates the recovery potential
of overexploited species populations. Our findings thus identify
priority concern species and their nursery grounds in the ASR
and call for expedient management measures to conserve and
protect remaining populations.

We extended the geographic ranges of three species that
were previously unreported in northwest India or in two cases
unreported in the Indian subcontinent. These species include
T. sinuspersici, which is a Data Deficient species, and C. sorrah
and R. punctifer, both of which are Near Threatened. Our
observations are significant in establishing the geographic range
of the species, understanding species ecology, and in evaluating
species biodiversity of the Gujarat coast. Since each of these
species has a coastal distribution range within 0–200 m, the
specimens we report were potentially fished in coastal waters
off of the respective landing sites in Gujarat. The fishing of
these specimens in distant international/national coastal zones
and subsequent landing in Gujarat is extremely unlikely due
to national fishing restrictions within exclusive economic zones
(EEZs) and provincial fishing restrictions within India. We are
therefore confident that the range extensions reported here are
accurate, but suggest dedicated sampling efforts are conducted to
describe the distribution of the species in Gujarat, elsewhere in
India and the ASR.

T. sinuspersici is a species complex (Dent and Clarke, 2015;
Park University, 2020) and warrants investigation to resolve the
component species. The spotted guitarfish R. punctifer, a second
range extension, is commonly mistaken with the Annandale’s
guitarfish R. annandalei, and thus its distribution in the area has
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been questionable (Ali et al., 2021). The spotted guitarfish was
sampled four times in the current study confirming, for the first
time, that the species is extant in India. The repeated landings also
suggest extreme vulnerability of the species to capture by fisheries
all along the coast of Gujarat and are concerning for a species with
a declining population trend. The third species was the spottail
shark C. sorrah, for which we identified four specimens caught
at two different ports in Gujarat, thus extending the geographic
range of the species to northwestern India. The species has
been previously reported on the eastern coast and up to the
southwestern coast of India, along with its wide range in the
tropical Indo-West Pacific, the Indian Ocean, Southeast Asia, and
Australia (IUCN Red List, 2020b). Our observations suggest a
high vulnerability of the spottail shark to fisheries in Gujarat.
Future genetic studies of the species are warranted and will assist
in determining its population trend, which currently remains
unknown. Our findings on the three species found in neritic
marine zones significantly contribute to the current knowledge
on species distributions, and will be instrumental in defining
areas on the continental shelf that warrant protection from the
prolific and exploitative fisheries in Gujarat.

Numerous species sampled in our study such as S. lewini,
A. pelagicus, C. falciformis, C. brevipinna, C. leucas, C. limbatus,
as well as M. mobular, M. tarapacana, and A. ocellatus are
migratory in nature (The IUCN Red List, 2019). These species
potentially cross international maritime boundaries with high
frequency and call for special consideration by the Convention
for Migratory Species (CMS), along with an international
coalition for protection from fisheries, including those in India.

We have reduced the data deficiency of five batoids –
Rhinobatos annandalei, R. jayakari, Maculabatis bineeshi,
P. bleekeri, and T. sinuspersici. Batoid fisheries and trade receive
even less attention and monitoring than true shark landings,
and batoid specimens are often not reported (Bräutigam et al.,
2020). Two of the sampled species, M. bineeshi and P. bleekeri
have declined by >50% (Jabado et al., 2017) and have potentially
undergone heavy exploitation by fisheries in Gujarat due to
their habitation of in-shore coastal areas (Jabado et al., 2017).
R. annandalei is frequently misidentified with the spotted
guitarfish (R. punctifer), and therefore often goes unreported
(Jabado et al., 2017). All three specimens of the species collected
in Veraval and Porbandar were juvenile, suggesting nursery
areas for the species close to the sampling sites. Carcharhinus
amboinensis was the only DD shark species sampled in our study.
Low fecundity of the species, deterioration in its habitat quality
due to heavy coastal pollution and large scale development
in Gujarat and elsewhere in the ASR (Jabado et al., 2017) are
concerning for the species’ status which is expected to have
a 30–50% decline in its population (IUCN Red List, 2020a).
The high frequency of juvenile and female specimens captured
from DD species, raises the concern that populations will be
depleted through exploitation by fisheries, before we have an
opportunity to enact conservation measures by assessing the
species’ distribution and ecology. Our studies provide timely
indicators of the species’ distribution, ecology and catch rate in
fisheries, to enable specific investigations which will ultimately
facilitate enactment of protective measures for the species.

There is an increasing trend toward mechanization of fishing
vessels in the ASR (Raje and Zacharia, 2009; Jabado and
Spaet, 2017). Mechanized fishing fleets explore deeper off shore
environments as nearshore resources are depleted (Akhilesh
et al., 2011; Jabado et al., 2018; Kyne et al., 2020b), thus
expanding fishing capacity into territories with inadequate or
absent oversight and management (Nagle, 2019). Chondrichthyes
inhabiting deep water environments are adapted to colder and
potentially resource limited environments, have slower than
average growth rates and consequently are more vulnerable to
fishing pressure than nearshore species (Nagle, 2019). However,
an estimated 35% of chondrichthyan species are found in deep-
water environments and are considered a low priority for fisheries
management (Bräutigam et al., 2020). Thus, mechanization and
offshore fishing exposes vulnerable species which were earlier
protected in deep water refuges. Mechanized vessels found in
the Indian EZZ use trawl nets, gill nets, and long line gear
and are therefore likely to engage in indiscriminate fishing in
the absence of observers or alternate monitoring mechanisms
(Nagle, 2019). In addition offshore fisheries in India engage in
overfishing of species which have a limited geographic range
and extremely low fecundity, resulting in up to 99% declines
in population abundance of species (Akhilesh et al., 2011; Kyne
et al., 2020a; Pogonoski and Pollard, 2020; White, 2020). Thus,
increased capacity for fishing in deeper waters in Gujarat is likely
going to drive further species declines and extinctions, unless
directed and expedient measure are taken to manage deep water
fisheries at a national and regional level in the ASR.

Reporting of most fisheries occurs by aggregating species
in higher groups such as orders and families, which masks
declines of individual species (Dulvy et al., 2014; Nagle, 2019).
Lack of species identification makes management of stock and
protected species difficult or impossible. We provided species-
specific assessments of landing sites along with the age or
gender groups captured as targeted or incidental catch for 31
elasmobranch species in the fisheries of Gujarat. Thus, we provide
critical information on priority species of concern impacted by
fisheries in the area. While we acknowledge that the number
of specimens recorded for each species was highly variable
and very low in some cases, the data were obtained through
opportunistic samplings of fish markets which offer no control
on the type and number of specimens. However, we used these
specimens to sequence the partial genome of a chondrichthyan
species, C. falciformis (Johri et al., 2019), and reported the
first mitogenomes for G. granulatus (Johri et al., 2020b), and
R. laevis (Johri et al., 2020c), providing the first species specific
assessments for these taxa in the ASR and demonstrating the
power of molecular taxonomy in species assessments of wildlife
trade and fisheries.

CONCLUSION

The ineffectiveness of protection and management measures
in the ASR is represented by the decline in chondrichthyan
stocks over the past few decades. To increase sustainability and
effectiveness of conservation strategies, efforts should be directed
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at identification of priority concern species through ecological
and threat assessments of chodnrichthyan populations in areas
with high fishing volumes. Second, community partnerships
should be forged to enact management measures to their full
potential and to develop a sustainable conservation program
with shared cross-sectoral responsibilities and beneficiaries. The
current report bridges crucial knowledge gaps with regards to
elasmobranch fisheries in India, the largest shark fishing nation
in the ASR and second largest in the world. We expect that
the data presented here will pivot the direction of conservation
measures to protect priority concern species and underline the
impending urgency of these efforts. We also expect to leverage
community partnerships built during the current work to assist in
co-designing and implementation of cross-sectoral management
and conservation programs in India.
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