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1. INTRODUCTION

Regardless of an overall dissemination, developing proper protection
plans and some pervasive human interest in sharks, shockingly very little we
focus on the life history of elasmobranchs. Little data is accessible about the
breeding behaviour and population genetic structure of the elasmobranch
species. Among these, sharks generally displays moderate developmental
pattern by producing few young ones and displaying a long inter-birth
intervals. This creates a developing concern with respect to decrease of the
shark species (Manire & Gruber 1990; Musick ef al., 2000). Even though they
are the biggest gatherings in fisheries they are incredibly helpless against
overexploitation and have low population flexibility to over angling. The
International Union for Conservation of Nature (IUCN) assessed the current
status of most taxa and records the situation over a thousand types of
elasmobranchs in fisheries (Camhi er al., 1998, IUCN). The most surpassing
migratory sharks are among the species with mostly elevated protection

concerns (Dulvy er al., 2008).

In recent times, Carcharhinus longimanus (oceanic whitetip sharks)
have been focused in the conservation studies in the oceanic regions after
serious decreases in the wealth. Oceanic whitetip sharks are the tropical
pelagic predators which are inadequately examined in contrast with numerous
other enormous sharks. Truly assembled with C. falciformis and Prionace
glauca, C. longimanus was found as a common pelagic maritime shark. A few
investigations have indicated considerable population decreases in the case of
oceanic whitetip sharks, in all likelihood identified with mortality related with
the worldwide shark finning. This species is currently recorded as ""Critically
Endangered" in the Northwest Atlantic and "Vulnerable" throughout the
series, all-inclusive by IUCN Red-list data. This develops a worldwide

enthusiasm for improving the protection of this species, including an
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ineffective proposition by the United States by adding them to Appendix II of
the Convention on International Trade in Endangered Species (CITES) in
2010. Many programs and plans are being initiated to recover and protect the
groups through sustainable management plans (Sembiring et al, 2015).
However, Several International organizations have banned the landings of
these species in worldwide. Even though this shark is widely distributed along
the Indian Ocean region, knowledge regarding its intra-specific diversity and
population structure is scanty. The genetic stock structure of Atlantic
populations of C. longimanus has been studied extensively and two genetically

distinct populations have been recorded (Camargo ef al., 2016).

Genetic markers have been developed for deriving the population
hereditary structure in the huge versatile marine life forms (Baker ef al., 1990;
Amos et al., 1993; Berube ef al., 1998), yet several data related to the genetic
stock structure information regarding shark populations have been not
available properly. Both the nuclear and mitochondrial markers have been
used for the genetic structure analysis among them the mtDNA markers, the
mitochondrial control region (D loop) examination is usually utilized
technique to discover the hereditary stock divergence and fluctuation among
species in their particular spatial locales (Clarke er al., 2016). In demographic
analysis, estimation of the haplotypic and nucleotype diversity of the
populations, genetic divergences in the population and species population size
through mismatch distribution analysis which may give information about the
possible presence of species subpopulation and its present condition in those

regions.

Overexploitation of these species is due to the absence of legitimate
execution of the laws in few areas of Indian Ocean. This will inquire
concerning current situation of the species and its loss of evolutionary lineages
in these areas. Globally sharks are in danger due to their inherent

vulnerabilities like long gestation time and reduced number of offsprings
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coupled with over fishing and habitat degradation. Our study also corroborated
the findings of shark decline, as decline in genetic diversity is an indicator of
decrease in resilience capacity. The present study calls for restrictions on its
fishery so that populations will get sufficient time to replenish and
consequently their resilience is ensured in the face of changing oceans by
sustaining the species from the point of extinction. Accordingly, this study
helps to produce some management plans and preservation strategies to
protect the distinguished species stocks in those areas with the following

objectives:

I. To identify the population genetic structure of Carcharhinus
longimanus (oceanic white tip shark) using mitochondrial DNA

markers.

2. To identify patterns of intra-specific genetic diversity, gene flow and

connectivity among oceanic white tip sharks of Indian Ocean.
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2. REVIEW OF LITERATURE

2.1Biodiversity; Marine world

Biodiversity is normally a proportion of variety at the hereditary,
species, and biological system level. Terrestrial biodiversity is typically closer
to the equator, which has a warm atmosphere and high productivity.
Biodiversity isn't appropriated equitably on Earth, and is most extravagant in
the tropics. The fear of diminution of biodiversity are unevenly distributed and
may cause detrimental effects to the ecosystem and all our living organisms,
so prioritization is very much needed to slow down the biodiversity
loss. (Mittermeier and Fonseca, 2006).The dispersal of biodiversity over the
Earth can be depicted similarly as a reasonably unassuming number of
expansive scale spatial examples. Despite the fact that these patterns are
progressively very much reported to understand why they exist and comprises
an intellectual challenges to scientists and bio geographers. Biogeographic
classification is necessary for developing the ecologically delegate protected
areas. Among them Marine spaces are still terribly underrepresented in the
worldwide ensured zones to organize heavy protection (nearly 0.5% surface
area of the entire ocean is presently as protected, (Chape ef al., 2005). Bio-
geographers adds some critical and powerful tools to scaling up of the
marine ecosystem preservation strategies and the key thought aims to ensure a
full scope protection to the biodiversity around the world especially the
marine world as in the species and genus level or even in higher taxa

(Spalding et.al., 2007).

2.2 Marine Life; Fishes

There are descriptions of an estimated 33,059 valid species of fish



known from around the world (Eschmeyer and Fong, 2014). They live in all
conceivable aquatic habitats and exhibit huge diversity in of size, shape,
biology and habitat (Asia, 1997). Accurate identification of both adult and
larvae of fishes is very important for various reasons including food security,
conservation and environmental controls. There are clearly defined criteria for
morphological identification of fishes that help to identify both larval and
adult fishes (Taylor, 2016). There is also a need to develop strategies for the

identification of eggs and larvae (Rago, 1984).

Correct identification of fishes and their larval stages are important for
various fields of research such as migration studies, phylogenetic analysis and
prevention of illegal trade. Traditionally, for fish identification, morphological
characters such as body shape, pigmentation, and measurements are used. But
these characters are not enough to identify every species accurately especially
rare or cryptic species (Carr ef al., 1999; Gharrett ef al., 2001; Hebert et al.,
2003; Spies ef al., 2006) and the eggs and larvae (Pegg et al., 2006;
Richardson et al., 2007; Saitoh et al., 2009). Morphological identification
relies on specific features in adult fishes that may have not been developed in
larval fishes (Strauss and Bond, 2016). There is a chance to misidentify larval
stages upon using the same taxonomic key that of adults (Ko et al., 2013).
Species identification based on morphology creates an inadequacy for samples
like fish fins or products do not bear intact morphological characters (Sotelo et
al., 1992). With these shortcomings, there is a need for an alternative method
for identification of fishes (Ebert, 2009).

Among the cartilaginous fishes, sharks are an evolutionarily
conservative group comprising of approximately 250 species. Most typical
representatives of the class Chondrichthyes, subclass Elasmobranchii are the
most ancient and have a successful lineage in the light of vertebrate evolution
(Compagno, 1984). They play a crucial role in maintaining healthy marine
environment (Id and Azri, 2019; Chen et al, 2015). Sharks comprise a



significant predator group in marine biological system and assumes a
significant job in vitality trade inside the most astounding trophic levels
(Heithaus, 2016). Chondrosteans are on the verge of high rate of extinction
when compared with any other vertebrate strata and only a third of the total

number of species is considered safe (Dulvy ef al., 2014).

2.2.1 Sharks

Sharks are the most undermined gathering of vertebrates around the
world (Grace, 2014). India is one among the real shark angling nations on the
planet and by and by stands at second position alongside Indonesia
(Vivekanandan, 2015). Evaluated shark arrivals in India during 2017 were
19,777 tons (http://www.cmfiri.org.in/2017). Sharks comprise a noteworthy
extent of high esteemed fishes in both household and global market
(Vivekanandan, 2015). The decent variety of sharks in Indian waters has been
a subject of immense examination. Day (1889) detailed 69 types of
Chondrosteans, 52 species by Misra (1952), 41 species by Compagno (1984)
and Talwar and 76 species by Kacker (1984). Raje er al, (2002) announced
114 types of Elasmobranches while Venkitaramanan et al., (2003) included 72
species in field ID hand book on sharks. Akhilesh er al., (2013) revealed the
presence of at any rate 157 legitimate types of sharks or. Froese and Pauly
(2015) revealed 119 shark species from Indian waters and according to
CMFRI, there are 160 types of sharks in Indian waters (Annual report
C.M.F.R.I, 2015). The effects of unsustainable angling on sharks has been
well-revealed all around and studies have showed up all through the latest
many years various immense transient species usually got in gigantic scale
pelagic marine fisheries are rapidly declining. IUCN assesses the protection
status of most taxa, starting at now records over a thousand kinds of
elasmobranchs.. The uncommonly transient sharks are among the species with

most striking security concerns (Camargo et al., 2016)



2.2.2 Carcarhinidae

Carcarhinidae is one among the largest and the most important of shark
families. They are the dominant group of sharks found in tropical waters in
terms of biodiversity and biomass richness, spotted in continental shelves and
offshore. They are also present in subtropical and warm temperate warm and
temperate, seas (Ebert and Dasvid, 2013). Many species among the genus
Carcharhinus are quite similar to each other, which make it difficult for the
researchers to distinguish one from the other. Field identification of a wide

variety of closely related Carcharnids is often difficult (Cambhi et al., 2009).

A lot of morphological and non-morphological analyses were carried
out to determine the relationship between different species of the same genus
(Dosay-akbulut, 2008). For example, Lavery (1992) and Nayler (1992) studied
the interrelationship of Carcharhinids using allozyme electrophoresis. Nuclear
and mitochondrial phylogenetic analyses conducted by Iglésias ef al., (2005)
showed paraphyly of Carcharhinidae. Phylogenetic analysis by Dosay-akbulut
(2008) using ribosomal ITSI-2 region agreed that the Blue Shark (genus
Prionace) belonged to the genus Carcharhinus instead of Prionace.
Carcharhiniformes were the order with almost 270 species and commonly
named as the ground sharks. Within this Carcharhiniforms, the species named
Carcharhinus longimanus within the Carcharhinus genus were included in the

TUCN red list.
2.2.3 Carcharhinus longimanus

Carcharhinus longimanus is probably the most migratory species
among the sharks in various oceanic regions (Camargo ef al., 2016). They
commonly names as oceanic whitetip sharks or Brown Milbert sharks with
relatively large size. These species distributed worldwidly and formerly the
most abundant oceanic pelagic shark in tropical and warm temperate areas at

18-28°C. They were also found in shallow water (37m) off oceanic islands or



where the continental shelf is very narrow, but is usually reported between the
surface and depth of the at least 152m over water deeper than 184m
(Compagno, 2013). Mainly feeds on oceanic bony fishes and Cephalopods,
also stingrays, sea birds, turtles, marine mammal carrion and garbage. They
were placental viviparous organisms by reproducing one to 15 pups per litter
after about one year gestation. Information regarding the stock structure of the
oceanic white tip shark in the Indian Ocean is not available. They are observed
to undertake long distance movement ranging from the Mozambique Channel
to the Somali Basin and the Southern Indian Ocean. They are highly migratory
in nature (Bass ef al., 1973, White 2007, Romanov & Romanova 2009, Coelho
et al., 2009, Filamalter ef al., 2012).

Large stocky grey or brownish shark, underneath white, Vast rounded
first dorsal fin long paddle-like pectoral fins with noticeable white mottled
tips. Juveniles have black tips on some fins and black patches or saddles on
the caudal peduncle. Caudal peduncle region is pigmented dark (Backus et.
al., 1956) Snout bluntly rounded, Small eyes, upper teeth triangular, inter-
dorsal ridge present (Garrick, 1982), inconspicuous keels were found.
Currently IUCN considering these species as Vulnerable globally (assessed in
2006) and Critically Endangered Western North and Central Atlantic, where
long term declines up to 99% and recent declines of 60-70% are reported. A
90% decline is reported in Central Pacific Ocean (https://www.iucn.org/).
Hence these species requires the conservation plans to sustain their population
and to implement the conservation plan the data related to their stock

information were required.
2.3 Concept of Stock structure

Shaklee ef al. (1990) defined stock as “separately grouped population
of some related people within animal groups which are genetically diverged

from such population" (Booke, 1981; Dizon et al., 1997). Morphological
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contrasts among gatherings of hereditarily homogeneous fish from various

territories may basically reflect diverse natural conditions.

Grant et al. (1999) pointed to the significance of monitoring the stocks
and their functional limits which has turned into a fundamental part of fishery
the species preservation. Limited data on a particular interbreeding population
i.e. of a misused or abused species won't help the administration arrangements
to accomplish long term preservation objectives. It is very important to gather
more relevant data about the populations stock in order to maintain proper

management plans for conserving those species from the fear of extinction.

2.4 Population genetics

The study Population genetics always focuses about the statistic and
developmental components which influences the genetic makeup of
populations (Hartl, 2000; Ewens, 2001). Somebody defines population as a
group of individuals residing on a particular region at a same time with same
behaviour. Most of the population units get diminished due to the various
difficulties in the adaptive nature of the individuals to the changing nature of
environment and the resulted in the diminishing of the species as well as
biodiversity. It is very important to focus on this diversity management
process for safeguarding the organisms from the fear of extinction. Loss of
hereditary decent variety inside the population may be related with inbreeding
process in populations, which thus results in diminished wellness and
eventually endangers the population perseverance (Bonin er al., 2007).
‘Ongoing examinations brought up that intraspecific hereditary decent variety
was additionally appeared to support species extravagance and add to
environment working and recuperation (Bonin et al., 2007). By monitoring the
type of fishes, we can discriminate the fishes among their species, population

and individual levels and more over the identifying hybrids are also possible



by performing the population studies and phylo-geographic history and stock
detail analysis. Hereby we can figure out the reasons of fish exploitation by
analysing the stock structure, estimating the size of the populations and the
mixed populations (Wirgin and Waldman, 1999; Huey ef al., 2006; Ilves and
Taylor, 2009).

Genetic level variation can be divided into two groups however
disengaged segments that must be evaluated independently and in an
unexpected way (Bonin er al., 2007). The first is the chosen (or useful)
assorted variety emerging legitimately from versatile advancement i.e. directly
adapted and evolved because of regular determination and second is the
unbiased legacy of the population coming about because of the impacts of
unbiased transformative powers for example, hereditary float, change, or

movement among the individuals.

Characteristic determination works in various ways and it can wipe out
hereditary variety or look after it. So as to see all the organizing of population
in nature we need to take in to thought every one of these perspectives and
break down them by taking a gander at variety of particular alleles at
characterized loci known as atomic or hereditary markers (Allendorf er al.,
1987). Even though there are so many methods and techniques which are used
in the stock structure analysis and the studies but all of them may get affected
by some environmental factors (Clayton, 1981) so, molecular markers related
studies will always provide perfect a way to genetic stock structure

identification studies.

2.5 Molecular mgrkers

The vast improvement in the DNA-based genetic markers provides a

wide range achievement in the genetic studies of an organism by retrieving its
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evolutionary lineages. As indicated by Liu and Cordes (2004), that the various
biochemical, morphological and molecular markers were involved in those
studies. The morphological markers only distinguish the organisms on the
basis of the meristamatic features while the biochemical markers like
allozymes focuses on the presence of any particular proteins. Not only these
types of the ancient markers but the molecular markers like RAPD, RFLP,
AFLP, SNP, EST, Micro and minisatellites were used for the investigations in

finding the lineages.

Molecular markers are fundamentally of two types'protein and DNA
markers. The DNA markers were further classified as nuclear DNA and
mitochondrial DNA (mtDNA) (Park and Moran, 1994)were the nuclear DNA
markers are Random Amplified Polymorphic DNA (RAPDs), Amplified
Fragment Length Polymorphisms (AFLPs), Variable Number of Tandem
Repeats loci (VNTRs like minisatellites and microsatellites) and Single
Nucleotide Polymorphisms (SNPs) which are bi-parently acquired. While,
mitochondrial DNA markers were the maternally acquired and non-
recombining nature with the powerful hereditary population estimation nature
(Ferguson and Danzmann, 1998). Investigations in several vertebrate species
studies revealed that the stock difference always accumulates more quickly

and widely in mitochondrial region than in nuclear DNA (Clawson, 1985).

The principle inquiries at the start of any genomic research are that
what kind of marker is appropriate for the study and its efficiency in retrieving
the information. As indicated by Carvalho and Hauser (1998) all ways to deal
with portray population structure utilizing the genetic markers are based on the
rule that migratory behaviour and mating behaviours among population may
decide the degree of a typical genetic stock and in this manner their
uprightness; despite the fact that there are numerous kinds of genetic markers

accessible for this (Park and Moran, 1994).

11
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Mitochondrial DNA (mtDNA), which always proves as an efficient
marker in the studies than the nuclear markers. It has been utilized as a sub-
atomic marker and demonstrated to be an amazing asset for explaining
population structures and evaluating phylogenetic connections in different

gatherings of species (Howard and Berlocher, 1998; Avise, 2000).

2.5.1 Mitochondrial DNA

One of the greatest challenges in genome research lies on the
selection/identification of the marker types which was suitable for the species
of interest and for the study being carried out. Some times, a combination of
multiple molecular markers are utilized (Gopalakrishnan, 2009). Mitochondria
contain own genetic material and protein synthetic machinery. Besides the
packaged DNA in nucleus, mitochondria also contain another form of DNA
called mitochondrial DNA (mtDNA). Mitochondrial DNA occurs in 10*10*
copies per cell. This enables higher recovery of mtDNA in extraction
experiment (Hubert, 2008). Mitochondrial DNA resembles bacterial DNA due
to its endo-symbiotic origin. Each cell has about 50-100 mtDNA molecules
(Stevens, 1981). In case of animals, the mitochondrial DNA is a double helical
circular molecule with a size range of 15-20 kb. Only, 5% of the total RNA
and polypeptides required by the mitochondrion is encoded by mtDNA.
Mitochondria are semi- autonomous and are able to code for some of their
polypeptides (Becker ef al., 2007). Out of 37 genes, 13 genes encode for
synthesis of respiratory enzymes involved in the oxidative phosphorylation
pathway of cell metabolism. The remaining genes codes for tRNAs and
rRNAs. In genetic investigations, it is considered as a single locus because of

non-mendelian inheritance (Avise, 1994).

There are many advantages of using mtDNA such as high copy
number, rare combination (Sangthong and Jondeung 2003), haploid mode of

inheritance absence of introns inside coding exon sequences (Rokas and
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Holland, 2000) and lack of Indels in protein coding sequences. Park and
Moran (1995) considered whole mtDNA as a single locus with multiple alleles
that showed rapid evolution (Avise, 1994). Technical advantages of mtDNA
include requirement of only a small amount of fresh, frozen or alcohol stored
tissue to amplify the genes (Bineesh et al., 2017). This makes mtDNA a
versatile tool for the population study (Gold et al., 1993). Gold et al., (1993)
examined mtDNA variation in 478 Sciaenops ocellatu. Major disadvantages
of mtDNA in population study are the lack of information on male population
and homogeneity of population based on allelic frequency due to the maternal
inheritance pattern. However it is widely used in phylogenetic studies among

various groups of species (Avise, 1994).

Mitochondrial genome of vertebrate is 15-20 kb in length in different
organisms. It comprises of 40 genes coding for 2 rRNAs, 22 tRNAs, and 13
proteins which were essential in respiration process (Hartl and Clark, 1997). It
also has a non-coding D-loop region which is responsible for replication
otherwise called as the control region. The control region is A-T rich and is
the fastest evolving region in the entire mtDNA because of high substitution
rate. It is the most divergent molecule because, the mtDNA do not have repair
enzymes for errors in replication and for damage of DNA (Brown er al.,
1979). Partial mtDNA sequences like 16s rRNA and COI are more suitable
than other sequences to study the phylogenetic relationship between the
families of different eukaryotes especially fishes (Barucca et al., 2004).
Mitochondrial DNA was used as a tool in the phylogenetic evaluation of
various group of fishes comprising of the class Actinoptergii (Cypriniformes
and Perciformes) and Sagoptergii (Zardoya and Meyer 1996) as revealed by
the results (Lio ef al., 1998; Rasmussen and Arnasson, 1999).

Cytochrome b is a widely used protein coding molecular marker in the
mtDNA to study species specific pattern in many animals, which shows a slow

rate of evolution (Guan ef al., 1993). It has been used to study phylogenetic
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relationship between different taxa (Meyar ef al., 1990). Johns and Avise
(1998) demonstrated that closely related vertebrate species showed more than
2 % divergence at mitochondrial gene cytb. It also has excellent use in
molecular taxonomy, population genetics and phylogenetics (Irwin er al.,
1991). It is an important gene coding for the transmembrane protein involved

in the respiratory chain of cellular metabolism (Martin er al., 1990).

The mt-cyt b gene has been used in the study of phylogenetics of
anemone fishes of Persion Gulf by Ghorashi et al., (2008). The phylogenetic
performance of cyt b is comparable to that of CO1 of mtDNA (Zardoya and
Meyer, 1996). It contains both slowly and rapidly evolving codon positions as
well as more conservative and variable regions and domain. The phylogenetic
utility of mt-cytb was studied at various taxonomic levels (Irwin et al., 1991;
Moritz et al., 1992; Da Silva and Paton, 1993; Graybeal, 1993; Lamb and
Lydeard, 1994; Moore and De-Filippis, 1997and Nunn and Stanley, 1998).
Hsu er al., (2017) surveyed 636 bp of mtDNA cyt b from 99 individuals of
Trichiurus lepturus collected from 8 locations in Taiwan. Biochemical and
molecular based analysis including mt-cyt b gene was carried out in the
investigation of phylogenetic relationship diversity in Cyprinus carpio by
Kohlmann et al., (2003).

2.5.2 Cytochrome ¢ oxidase 1 subunit (COI) and The concept of DNA

barcoding

Mitochondrial gene cytochrome ¢ oxidase 1 serve as the core of a
global bio-identification of animals. It is supposed to be evolving faster than
16S rRNA of mtDNA and used widely in identification of animals especially
fishes (Steinke ef al., 2005). This gene is conservative among metazoans
(Jacobs et al., 1988; Folmer er al., 1994). The sequence diversity among
various groups of closely related. In animal kingdom was examined by using
mt-COI gene and concluded that species level diagnosis can be obtained
through COI analysis (Hebert ef al., 2003). Protein coding COI gene is highly
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conserved and has been sequenced in various vertebrate and invertebrate
lineages (Brown, 1985; Bermingham and Lessios, 1993; Santos et al., 2003;
Munasinghe et al., 2004; Vinson et al., 2004; Ward et al., 2005; An et al.,
2005; Whiteman ef al., 2004; Shander and Willassen, 2005). The total length
of COI in vertebrates is about 1545bp and a region of about 655bp long near
the start of the COI reading frame was named as ‘barcode’ region. This is a

well characterized sequence near the 5 end of COI gene (Folmer et al., 1994).

DNA barcoding using COI on animal species was studied by Hebert et
al., 2003. It also aims to employ standardized protocols. The methodology is
simple and may be applied to a wide variety of organisms for solving
taxonomic ambiguities (Iglésias et al., 2005). Sequence and specimen data is
stored and made available in Barcode of Life (BOLD) system (Ratnasingham
and Hebert 2007).

In March, 2003, Consortium of The Barcode of Life (COBOL) was
started and since then has been promoting the use of standardized and
universal sequence for identification of species. The short sequence used for
standardized identification of organism has gained attention under the terms of
DNA barcoding or DNA taxonomy (Floyd ef al., 2002; Hebert ef al., 2003 and
Tautz ef al., 2003). It is a powerful tool for the accurate identification of
species (Newmaster ef al., 2006). In addition to species identification, it also
reveals the evolutionary history of life on earth and aid phylogenetic analysis
of organisms (Barucca ef al., 2004). It is used when the traditional method of
taxonomy produced unsatisfactory results viz, identification of eggs,
immature forms and analysis of gut content or excreta to determine the food

webs (Lijo, 2009).

Brown et al. (2003) for the first time described new species from
holotype using DNA barcoding. Thereafter, many similar cases of describing
new species from different holotype and paratype were recorded (Burns ef al.,

2007; Yassin et al., 2008; Adamski 2009). Bartlett and Davidson (1991) used
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mtDNA sequencing for fish identification and reveled that cytochrome b

sequence could discriminate for species of tuna.

Aquilino et al. (2011) for the first time, employed DNA barcoding in
fishes of Taal Lake of Philippines coveringl18 individuals belong to 21
genera, 17 families and 19 orders. Bineesh ef al., (2017) studied about 528
specimens of 111 Chondrostean species and 34 families from Indian EEZ and
barcoded 655 bp mitochondrial COI regions. They confirmed the potential of
DNA barcoding for accurate identification of sharks, rays and their products

from Indian waters.

Harvey et al. (2009) examined over 1000 DNA barcodes representing
nearly 20% of all known Elasmobranchs and demonstrated that a character
based nucleotide diagnostic approach to barcode identification is feasible.
Ward and Homes er al. (2007) examined mt-COI barcodes of 388 species
including the sub class Holocephalii, Elasmobrancii and Actinoptergii and
concluded that major efficiency of mt-COI nucleotide sequence analysis for
the identification of species comes from the codon degeneracy and the highly
variable nature of the position of third codon of amino acid. They also
revealed that CO1 amino acid diversity is less and does not possess enough

power in resolving status of species.

Ward et al. (2005) performed important studies of fish DNA
barcoding. They generated 754 sequences from Osteichthyes and Teleosts.
Laskar et al, (2019) generated mt-COI sequences from morphologically
identified fishes from the river Diphlu in North East India to cover endemic

species and to resolve the prevailing taxonomic keys.

However, the DNA might be altered by various processing methods
like canning and heating even though it is more thermo-stable and resistant
than proteins. It is also possible to amplify DNA fragments by polymerase
chain reaction (PCR). DNA can be retrieved from any substrate because DNA

is present in almost all cells of an organism (Lockley and Bardsley, 2000).The
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substitution and mislabeling of fresh or processed seafood considered as a
universal problem. These practices have been increasing as there is no
standard system for seafood labeling (Cawthorn et al., 2015). Arduro et al.,
(2010) endorsed DNA barcoding as a successive tool in detecting food
adulteration and to prevent the problems of mislabelling. They investigated the
commercial landing at Amazon River, using DNA barcoding. Botti and
Giuffra (2010) examined 17 processed fish species of family Scrombridae
including economically important tunas and mackerels using cytochrome b
sequence and reported an additional species of fish in the product as against
the ‘contents’ of the label. Dhar and Ghosh, (2015) scrutinised 128 full length
CO1 barcode sequence of traded samples and they investigated through
combined approach of morphology to identify 128 ornamental fish specimens
that were exported from North East India. They found that around 33% of

traded samples belonged to the threatened group.

Holmes er al. (2009) resolved the problem associated with sharks
owing to shortage of specimens. They conducted DNA barcoding of dried and
removed fins of sharks. They identified 20 species of sharks from 211 fin
parts. Many of the species are enlisted in the [UCN Red list including one as
critically endangered. Sembiring er al., (2015) scrutinized barcodes of 600-654
bp of mitochondrial COI gene from the unknown shark fins collected from
Indonesian fish markets. The main findings of study revealed that, 80% of the
total species identified are either considered as “endangered”, “nearly

threatened” or “vulnerable”.

Wong et al. (2011) studied 9 cat fish species from United States
coming under families Ictaluridae, Clarridae and Pangassidae with COI
sequence and developed protocol and consensus barcode, which are valuable

resources in the present world. Sarmiento-Camacho and Valdez-Moreno

(2018) identified fresh fillets of shark via DNA barcoding.

Rasmussen er al. (2009) investigated the essentiality of DNA
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barcoding in identifying seven commercially important salmon and trout
species from North America. Several shorter barcode regions called “mini-
barcodes™ were identified in silico that can differentiate all eight different
species thereby serving as a potential tool for identification of heavily
processed fish products. Shokralla er al. (2015) established a mini-barcode
system for all fish species used in fish processing. The study conducted by
Asis et al., (2016) established the importance of DNA barcoding in case of
illegal trade. Chuang et al., (2016) barcoded the processed fish products like
shark fins and identified 23, 24 and 14 species from 231 fish landings, 316 fin
products and 113 detained samples respectively. Leyva-Cruz er al, (2016)
conducted barcoding for the identification of eggs of pelagic fishes. He and his
co-workers identified 42 taxa, 35 genera and 24 families. Sultana et al,, (2018)
developed a mini-barcode to discriminate fish species in raw and processed
products. Study conducted by Yan et al., (2016) employed a DNA barcoding
approach to authenticate different fish species imported via a single port of
China. They came to a conclusion that performance of DNA barcoding as a

practical demonstration in the prevention of fraud in international trade.

In any case, DNA barcoding has advanced technique of scientific
categorization but struggle still stays in the choice of a standard marker for
this even with in vertebrates. Both COI and 16S (unaligned) rRNA qualities
could be utilized as the methods for viable and increasingly exact recognizable
proof of species can be recommended as the solution. The preservation of the
hereditary inconstancy is one of the fundamental goals in administrative
projects aiding the recuperation of imperilled species. All things considered,
the sequencing of the mitochondrial DNA control loop (D-circle) is a standout
amongst the most normally connected strategy to population hereditary

investigations of vertebrates, including sharks (Camargo et al, 2016).

Hereditary i.e., genetic qualities have turned into a significant device in

species preservation and conservation. A few investigations of this issue have
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been directed on both marine and freshwater fish species, particularly
regarding those matters to abuse of the resources. Sub-atomic procedures can
give profitable information about phylogeny, structure and endemicity of
target species. The collected information can hereby use for the analysis of
inter population analysis, gene flow, migration, recruitment, shifts,
reproductive strategies, depletion of any particular population and the

behaviour of the fishes species.

As in the case of huge maritime sharks which are liable to angling
weight for all intents and purposes all through its range. It is gotten in huge
numbers as a by-catch in pelagic fisheries, with other pelagic fishes.. Its
enormous blades are very prized in global exchange despite the fact that the
body is regularly disposed of. Fishery weight is probably going to persevere if
not increment in future. Outside of the regions itemized beneath, this species is
under comparative angling weight from various pelagic fisheries, there are no
information to recommend that decreases would and have not have moreover
happened in these regions, given there are comparable fisheries all through the

range.

Accordingly, a preparatory worldwide appraisal of Vulnerable is
viewed as proper for the maritime white tip sharks. Endeavours are in progress
to improve the gathering of information from certain areas and successful
preservation and the board of this species will require universal
understandings about the current size of the species in a particular region

(www.iucn.in).

Camargo ef al. (2016) developed a report regarding the C. longimanus
in the ecast-west Atlantic Ocean and those data were used for the
implementation of management plans of the species. The present study also
focuses on the gathering of information of these species in the Indian Oceanic

regions which helps for managing the species.
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3. MATERIALS AND METHODS

The present study was carried out at the Marine Biotechnology
Division, ICAR- Central Marine Fisheries Research Institute Kochi,
Ernakulam during the year 2018-2019. Details regarding the experimental
materials used and procedures followed in the study are elaborated in this

chapter.
3. 1 Sample collection

150 Samples of C. longimanus (oceanic whitetip shark) were collected
from the 5 identified sites of Indian Ocean comprising the regions of Kerala
and Tamil Nadu as the fisheries of this shark exist only in these regions.
Samples were then identified by morphological characters (FAO., 1983) and
the dichotomous keys of Compagno (1984) and Grace (2014).The sample
collection details were listed in Table 1 and the morphological characters were

listed in Table 2.

Tablel Details of C. longimanus sample collected from Eastern Arabian

Sea.

SI Landing Site code Month of

No | centers were sample
the samples collection

collected

1 Cochin CFH Feb 2019
(Kerala) May 2019

2 | Mangalore MFH Dec 2018
(Kammataka)

3 Kollam QPC Nov 2018
(Kerala)

4 | Tamil Nadu TFH Oct 2018

5 Lakshadweep LPC Nov 2018

Dec 2018
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Table 2 Morphological features of C. longimanus

1. Body shape Not kite like

2. Pelvic fin Present

3. No. of Gills Five

4. Dorsal Fins Two

5. Mouth position Back along underside of head
6. Head shape Not expanded

7. Caudal size Varying size

8. Length of dorsal fin Less than total body length

9. Caudal fin length Less than total body length
10. Anal fin Present

3.2 Mitochondrial Marker Analysis
3.2.1 Glass ware and other materials

Mortar and pestle, 2 ml Eppendorf tubes, micropipette tips and PCR
tubes were autoclaved and used. 2 ml tube stand, micropipettes, measuring
cylinder, bottles, petriplates, tube holders, sterilized blades, labels, and

weighing pot are the other materials needed for molecular work.

3.2.2 Instruments

The equipments wviz., autoclave (Hirayama), electronic weighing
balance (Afcoset), vortexer (Labnet), spinner (Rivotek), water bath
(Memmert), microwave oven (IFB), cooling centrifuge (Eppendorf).
NanoDrop™ spectrophotomete, deep freezer (-20 °C (Vestfrost), -80 °C (New
Brunswick Scientific)), refrigerator (Whirlpool), electrophoresis apparatus
(Cleaver Scientific), gel documentation system (Syngene), PCR machine

(Proflex), and distilled water unit (ELGA) were used for the study.
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3.2.3 DNA Extraction

Whole genomic DNA was isolated using standard “Phenol —
Chloroform method ™ (Sambrook & Russel 2001).The procedure listed below;

For the DNA extraction, one piece of tissue (approx. of 1 mg) either
from the fin clip or any muscular parts of the samples was excised or stored in
the 95% alcohol. Approximately, 10 mg of collected tissue samples were
taken and minced well (without any contamination). Later transferred to an
eppendorf tube and labelled properly. To the Tube, 400ul cell lysis buffer,
100pl SDS (10%), 10ul proteinase K (1mg/ml) were added to the tube and
placed in a water bath at 55°C for incubation by intermittent shaking at around
15 minutes for 2 hours. After incubation, added 500uL of phenol-chloroform-
isoamyl alcohol (25:24:1) to the tube which contains a clear lysate and
vortexed for 2 minutes. The sample was taken for centrifugation at 10,000 rpm
for 10 minutes in a pre-cooled axis (4°C). The top aqueous layer was
evacuated and transferred the samples in another eppendorf tube using a
pipette. Add 500uL of Chloroform-isoamylalcohol (24:1) to the new tube and
vortexed for 1 minute. The sample was again centrifuged at 10,000rpm for 10
minutes (4°C).The top aqueous layer was again transfered to another
Eppendorf tube. Add 500ul of isopropanol to final tube and kept for
precipitation at -20°C for 2 hours. The isopropanol added tube was centrifuged
at 10,000rpm for 10 minutes at 4°C. Supernatant was removed from the tube
without disturbing the pellet found at the tube bottom. The found pellet was
washed with 70% ethanol and centrifuged at 10,000rpm for 10 minutes at
4°C.The supernatant was decanted without disturbing the pellet (Repeat
ethanol washing steps for 3 times). After washing, the pellets get air dried and
suspended in 50ul of 1x TE buffer and stored at - 20°C.

After extraction of the genomic DNA, the quantification and quality

analysis was carried out using agarose gel electrophoresis.
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3.2.4 Analysis of extracted DNA

The extracted DNA was quantified using the Agarose gel
electrophoresis and Nano drop spectrophotometer methods. Agarose gel
electrophoresis is mainly used to analyse the DNA molecules on the basis of
their molecular size. 0.8 gm of agarose in 45 ml TBE buffer (pH-8) was heated
using a microwave oven until agarose gets dissolved and becomes a clear
solution. After the solution got cooled, Ethidium bromide (0.5ul- 10 mg/ml)
was added (to visualize DNA bands in the gel documentation system).The
solution was poured into a sample comb inserted casting tray. without forming
air bubble and allowed to solidify at room temperature. The comb was
removed once the gel gets solidified. The gel was detached from the tray and
was inserted horizontally into the buffer containing electrophoretic chamber.
3ul of DNA sample was mixed with 3ul of gel loading dye (6X). Then 6ul of
mixture (3pul DNA+3ul loading dye) was loaded into the wells on the gel.100
bp DNA ladder (New England Biolabs) was used along with the samples.
Constant voltage (90V) was applied across the electrodes using power
pack/supply unit. The current flow was confirmed by observing bubbles
coming off the positive and negative electrodes. The distance at which DNA
has migrated in the gel was judged by monitoring the migration of tracking
dye. To visualize the DNA, a gel documentation system (with an ultraviolet
transilluminator and digital camera) (Vibler) and the image was recorded with
‘Bio vision’ software (software package for imaging, analysis, and data basing

2-D electrophoresis gels).

The quantification was carried out using the Nano drop
spectrophotometric method which always provides a wide range of accuracy
and reproducibility. Through this method, the DNA extracted quality was
analysed at OD 260 absorbance level and the purity was checked with the OD
260/280 ratio value. The major advantage of this method was the analysis

requires only 1 pl sample.
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3.2.5 Primer Screening

3.2.5.1 Primer for barcode segment of cytochrome oxidase I.

The primers developed by Ward ef al., 2005 were used to amplify the
650bp barcode segment of COI gene. The analysis was performed from the

randomly chosen samples of each location collected for the study.

The details of primers used are given in the Table 3.

Table. 3. Details of Primer (Ward ef al., 2005) used in COI amplification.

SI Primer Primer sequence Annealing
No | name Temperature
1 Ward F1 | 5“TCAACCAACCACCACAAAGACATTGGCAC-3'

53°C
2 Ward R1 | 5“TAGACTTCCTCTGGGTGGCCAAAGAATCA-3'

3.2.5.2 Primer for D-loop region of mitochondrial DNA.

A partial sequence of D loop/control region of mitochondrial DNA was
amplified from the collected samples. The primers used for PCR amplification
were designed using the prime3 plus software based on complete mitogenome

sequence of C. longimanus.

PCR conditions for the new primers were optimized by performing

gradient PCR. Details of the primers are given in the Table 4.
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Table.4. Details of Primer (D- loop primer) used in Population Genetic

Analysis.
SI | Primer Primer sequence Annealing
No | name Temperature
1 CRSF Primer (Forward):
5' CTCCCAAAGCCAAGATTCTG 3
2 CRSR Primer (Reverse): 56°C
S'GGCTTAGCAAGATGTCTTGGGS

The genomic DNA extracted from the randomly chosen samples were

used for the initial primer screening for the barcode segment region and rest of

the samples were used for the screening of the D Loop region. The

composition of the PCR reaction mixture was listed below in Table 5.

Table 5. Details of PCR reaction mix used for PCR amplification of CO1

and D-loop

PCR Reaction mixture components

Vol/cone

PCR buffer with MgCl, (Sigma-

2.5ul (1.5 mM)

Aldrich)[10X]
Water 19.8ul
dNTP Mix (200 pM)[Sigma-Aldrich] 0.5p1 (200mM of each dNTPs)
Forward Primer (F) (100mM) 0.5ul
Reverse Primer (R) (100mM 0.5ul
Taq polymerase (Sigma-Aldrich) 0.25ul (0.05 units/pl)
Template DNA 1 ul (20ng)
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3.2.6 PCR reaction conditions for COI barcode amplification.

The PCR program was set with an initial denaturation temperature
at94'C for 4 minutes and subsequent denaturation of 30 cycles at 94°C for 30
seconds, annealing at 53'C for 30 seconds and extension at 72°C for 45

seconds and final extension at 72'C for 7minutes.
3.2.7 PCR reaction condition for D-loop region amplification.

The PCR program was set with an initial denaturation temperature of
94°C for 4 minutes and subsequent denaturation of 32 cycles at 94°C for 30
seconds, annealing temperature at 56 C for 30 seconds and extension at 72'C

for 80 seconds and final extension at 72 C for 7 minutes.

PCR products were electrophoresed on 1.2%  ethidium bromide
stained agarose gel in 1X TBE buffer (composition/preparation).

Electrophoresis was done at constant voltage (90 V) for 30 minutes.

The amplicons were then illuminated using UV gel documentation

system and further used for the study.
3.3 Phylogenetic Analysis.

The partial CO1 gene sequences obtained were aligned and combined
with the CO1 gene sequences of the same genus, class, order were Narcine

bancrofii as out group which was listed in Table 6.

A phylogenetic tree using the Maximum Likilihood method in MEGA

software using the above dataset.
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Table 6. Details showing the gene sequences used in phylogenetic analysis

with their accession number.

SINo | Species Name Accession No
1. Carcharhinus brevipinna FI519070.1
2. Carcharhinus plumbeus KJ740750.1
3. Carcharhinus amblyrhynchos KX713065.1
4. Carcharhinus albimarginatus MF508660.1
5. Carcharhinus falciformis KU497489.1
6. Carcharhinus signatus MG787978.1
7 Carcharhinus cautus FJ519071.1
8. Carcharhinus maclotii HQS530173.1
9. Carcharhinus fitzroyinsis KX982222.1
10. | Carcharhinus leiodon JN034903.1
11. | Carcharhinus limbatus AY766127.1
12. | Carcharhinus tilstoni GQ227283.1
13. | Carcharhinus longimanus KX789509.1
14. | Carcharhinus dussumieri (GQ227288.1
15. | Carcharhinus porosus MH911149.1
16. | Carcharhinus leucas MH488888.1
17. | Carcharhinus sealei MH243171.1
18. | Carcharhinus sorrah KF819774.1
19. | Carcharhinus altimus JN313266.1
20. | Carcharhinus brachyurus MH719957.1
21. | Carcharhinus acronotus KM657088.1
22. | Carcharhinus isodon KU255141.1
23. | Carcharhinus amboinensis NC 026696.1
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24. | Carcharhinus perezii MH719962.1
25. | Carcharhinus galapagensis MG241881.1
26. | Carcharhinus obscurus KU661494.1
27. | Rhizoprionodon oligolinx MH243154.1
28. | Rhizoprionodon acutus MH243140.1
29. | Rhizoprionodon taylori EU399000.1
30. | Rhizoprionodon lalandii HM446242.1
31. | Rhizoprionodon terraenov HM991198.1
32. | Glyphis garricki EU818709.1
33. | Glyphis glyphis EU818708.1
34. | Glyphis gangeticus MH244900.1
35. | Negaprion brevirostris AF457185.1
36. | Galeocerdo cuvier KX858829.1
37. | Sardinellalon giceps KJ888390.1
38. | Prionace glauca EU427559.1
39. | Protophormia terraenovae KM861203.1
40. | Scoliodon lanticaudus KF927964.1
41. | Scoliodon macrorhyrichos KF927964.1
42. | Loxodonm acrorhinus NC 029843.1
43. | Heterodontus francisci S51944.1

The genetic distance was calculated between the CO1 sequence of C.

longimanus and the NCBI sequences using MEGA.
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3.4 Population genetic analysis.

D-loop sequence data set of C. longimanus was prepared by aligning
the sequences obtained from 150 specimens in Clustal-W on MEGA software.
We estimated several parameters like nucleotype diversity (Nei, 1987),
haplotype diversity (Nei, 1987), total number of synonymous and non-

synonymous mutations were estimated using DnaSP (Rozas ef al., 2003).

To understand the demographic history of the species, we used a step-
wise expansion model (demographic and spatial) with a parametric
bootstrapping method to compare expected mismatch with observed mismatch
distribution. It was then confirmed by estimating the sum of squared
deviations (SSD), Harpending raggednes index (Hri), Tajima's D and Fu’s Fs.
Arlequin was used for carrying out AMOVA analysis and estimation of
pairwise ®st (Psy) (Tajima, 1983), in order to understand the demographic
history C. longimanus populations, pairwise mismatch distribution was
conducted in DnaSP. Changes in the effective population size through time
were estimated using Bayesian skyline analysis as implemented in BEAST
v1.7.5. Convergence was tested by running the analysis for 10000000 chains
under the GTR model for above data set with a strict clock model and
coalescent skyline. All parameters were automatically optimized and the
skyline plot was generated by Tracer v1.6. A haplotype network tree was
generated for the D-loop data using POPart program (http://popart.
otago.ac.nz) using using median joining networks (Bandelt et al., 1999).
Accompanied by the above generated information from the D loop dataset of
Indian samples, we put together a comparative analysis of the species from
Indian Ocean with the information available from Atlantic Ocean. We utilized
the haplotypes of C. longimanus D-loop sequences from Atlantic Ocean

(Camargo ef al., 2016) was listed in Table no 7.

In addition, the above D-loop data we prepared an additional dataset

containing D-loop sequence from this study and sequences characterized from
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Atlantic Ocean by aligning them using Clustal W. then we estimate the
pairwise ®st between the Indian Ocean populations and Atlantic Ocean

population using Arlequin Version 3.5.1.2 (Schneider ef al., 2005).
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2016) with accession number.

Table7. Details showing the haplotypes of Atlantic Ocean (Camargo ef al.,

SI Haplotypes from the Atlantic Ocean (Camerago ef al.,2016) Accession
No no:

1.| Carcharhinus longimanus haplotype 12 D-loop, partial sequence. KT160329.1
mitochondrial

2.| Carcharhinus longimanus haplotype 11 D-loop, partial sequence. KT160328.1
mitochondrial

3.| Carcharhinus longimanus haplotype 10 D-loop, partial sequence. KT160327.1
mitochondrial

4.| Carcharhinus longimanus haplotype 9 D-loop, partial sequence. KT160326.1
mitochondrial

5.| Carcharhinus longimanus haplotype 8 D-loop, partial sequence. KT160325.1
mitochondrial

6.| Carcharhinus longimanus haplotype 7 D-loop, partial sequence. KT160324.1
mitochondrial

7.| Carcharhinus longimanus haplotype 6 D-loop, partial sequence. KT160323.1
mitochondrial

8.| Carcharhinus longimanus haplotype 5 D-loop, partial sequence. KT160322.1
mitochondrial

9.| Carcharhinus longimanus haplotype 4 D-loop, partial sequence. KT160321.1
mitochondrial

10/ Carcharhinus longimanus haplotype 3 D-loop, partial sequence. KT160320.1
mitochondrial

11} Carcharhinus longimanus haplotype 2 D-loop, partial sequence. KT160319.1
mitochondrial

12 Carcharhinus longimanus haplotype 1 D-loop, partial sequence. KT160318.1

mitochondrial
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4. RESULT

The study entitled “Identification of population genetic structure

studies of Carcharhinus longimanus using mitochondrial markers from Indian

Ocean™ was carried out at the Marine Biotechnology Division, ICAR-Central

Marine Fisheries Research Institute, Kochi Ernakulam during 2018-2019.

The collected 150 specimens of C. longimanus were characterized

based on mitochondrial markers. The results are depicted in this chapter.

4.1 Sample collection and Identification

The collected specimens were confirmed as Carcharhinidae and the

species by the paddle shaped and white pattern coloration in the pectoral fin

region. The sample collection details were listed in Table 8.

Table 8. Sample details collected from different locations.

Sample | Sample Sample collected | Sex Collection W/L

No: Name Location period

1 CLK1 Kochi (Kerala) F Oct 2018 15Kg/121ecm
2 CLK2 Kochi (Kerala) M Oct 2018 21Kg/212cm
3 CLK3 Kochi (Kerala) F Oct 2018 23Kg/182 ecm
4 CLK4 Kochi (Kerala) F Oct 2018 SKg/46ecm

5 CLKS5 Kochi (Kerala) F Oct 2018 15Kg/121cm
6 CLK6 Kochi (Kerala) M Oct 2018 21Kg/212cm
7 CLK7 Kochi (Kerala) M Oct 2018 23Kg/182 ecm
8 CLKS8 Kochi (Kerala) M Oct 2018 5Kg/46cm

9 CLK9 Kochi (Kerala) M Oct 2018 28kg/212cm
10 CLK10 Kochi (Kerala) M Oct 2018 19K g/46 cm
11 CLK11 Kochi (Kerala) F Oct 2018 22kg/111cm
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12 CLKI2 Kochi (Kerala) M Oct 2018 56kg/100cm
13 CLK13 Kochi (Kerala) F Oct 2018 26kg/152cm
14 CLK14 Kochi (Kerala) M Oct 2018 33kg/111em
15 CLK15 Kochi (Kerala) I Oct 2018 67kg/121em
16 CLK16 Kochi (Kerala) M Oct 2018 22kg/123cm
17 CLK17 Kochi (Kerala) M Oct 2018 12kg/53cm
18 CLKI8 Kochi (Kerala) M Oct 2018 72kg/154cm
19 CLK19 Kochi (Kerala) M Oct 2018 33kg/138cm
20 CLK20 Kochi (Kerala) M Oct 2018 59kg/156cm
21 CLK21 Kochi (Kerala) M Oct 2018 20kg/121cm
22 CLK22 Kochi (Kerala) M Oct 2018 32kg/111cm
23 CLK23 Kochi (Kerala) M Oct 2018 54kg/222¢m
24 CLK24 Kochi (Kerala) M Oct 2018 23Kg/182 em
25 CLK25 Kochi (Kerala) M Oct 2018 5Kg/46em
26 CLK26 Kochi (Kerala) M Oct 2018 28kg/212cm
27 CLK27 Kochi (Kerala) M Oct 2018 26kg/152¢cm
28 CLK28 Kochi (Kerala) M Nov 2018 33kg/11lem
29 CLK29 Kochi (Kerala) M Nov 2018 67kg/121em
30 CLK30 Kochi (Kerala) M Nov 2018 22kg/123cm
31 CLK31 Kochi (Kerala) M Nov 2018 26kg/156cm
32 CLK32 Kochi (Kerala) M Nov 2018 15Kg/121em
33 CLK33 Kochi (Kerala) F Nov 2018 21Kg/212cm
34 CLK34 Kochi (Kerala) M Nov 2018 23Kg/182 cm
35 CLK35 Kochi (Kerala) F Nov 2018 5Kg/46¢cm
36 CLK36 Kochi (Kerala) M Nov 2018 28kg/212cm
37 CLK37 Kochi (Kerala) F Nov 2018 19K g/46 cm
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38 CLK38 Kochi (Kerala) M Nov 2018 22kg/111cm
39 CLK39 Kochi (Kerala) F Nov 2018 50kg/152cm
40 CLK40 Kochi (Kerala) M Nov 2018 20 kg/50cm
41 CLK41 Kochi (Kerala) F Nov 2018 15Kg/121em
42 CLK42 Kochi (Kerala) F Nov 2018 26kg/152¢m
43 CLK43 Kochi (Kerala) F Nov 2018 33kg/l11lem
44 CLK44 Kochi (Kerala) F Nov 2018 67kg/121cm
45 CLK45 Kochi (Kerala) F Nov 2018 20kg/123cm
46 CLK46 Kochi (Kerala) F Jan 2019 26kg/156ecm
47 CLK47 Kochi (Kerala) F Jan 2019 15Kg/121cm
48 CLK48 Kochi (Kerala) F Jan 2019 21Kg/210cm
49 CLK49 Kochi (Kerala) F Jan 2019 23Kg/182 cm
50 CLK50 Kochi (Kerala) F Jan 2019 26kg/158cm
51 CLKS51 Kochi (Kerala) F Jan 2019 67kg/120cm
52 CLK52 Kochi (Kerala) F Jan 2019 22kg/123cm
53 CLKS3 Kochi (Kerala) F Jan 2019 12kg/53cm
54 CLK54 Kochi (Kerala) F Jan 2019 72kg/154cm
55 CLKS5 Kochi (Kerala) F Jan 2019 67kg/121cm
56 CLKS56 Kochi (Kerala) F Jan 2019 15Kg/121cm
57 CLK57 Kochi (Kerala) F Jan 2019 21Kg/212cm
58 CLKS58 Kochi (Kerala) F Jan 2019 23Kg/182 cm
59 CLK59 Kochi (Kerala) F Jan 2019 5Kg/46¢cm
60 CLK60 Kochi (Kerala) F Jan 2019 26kg/152cm
61 CLK61 Kochi (Kerala) F Jan 2019 21Kg/210cm
62 CLK62 Kochi (Kerala) F Jan 2019 67kg/120cm
63 CLK63 Kochi (Kerala) F Jan 2019 28kg/217cm
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64 CLK64 Kochi (Kerala) o Jan 2019 26kg/152cm
65 CLK65 Kochi (Kerala) F Jan 2019 21Kg/210cm
66 CLK66 Kochi (Kerala) M Jan 2019 22kg/123cm
67 CLK67 Kochi (Kerala) F Jan 2019 67kg/121cm
68 CLK68 Kochi (Kerala) M Jan 2019 21Kg/210cm
69 CLK69 Kochi (Kerala) M Jan 2019 15Kg/121em
70 CLK70 Kochi (Kerala) F Jan 2019 21Kg/212¢cm
71 CLK71 Kochi (Kerala) F Jan 2019 23Kg/182 cm
72 CLK72 Kochi (Kerala) M Jan 2019 SKg/46¢cm
73 CLK73 Kochi (Kerala) M Jan 2019 20kg/123cm
74 CLK74 Kochi (Kerala) M Jan 2019 26kg/156cm
75 CLK75 Kochi (Kerala) M Jan 2019 15Kg/121cm
76 CLK76 Kochi (Kerala) M Jan 2019 21Kg/210cm
77 CLK77 Kochi (Kerala) M Jan 2019 23Kg/182 cm
78 CLK78 Kochi (Kerala) M Jan 2019 26kg/158cm
79 CLK79 Kochi (Kerala) M Jan 2019 67kg/120cm
80 CLK80 Kochi (Kerala) M Jan 2019 22kg/123¢cm
81 CLKS81 Kochi (Kerala) M Jan 2019 28kg/217cm
82 CLK82 Kochi (Kerala) M Jan 2019 19Kg/46 cm
83 CLKS83 Kochi (Kerala) M Jan 2019 22kg/111lem
84 CLK84 Kochi (Kerala) M Jan 2019 50kg/159cm
85 CLK85 Kochi (Kerala) M Jan 2019 20 kg/50cm
86 CLK86 Kochi (Kerala) M Jan 2019 28kg/212¢m
87 CLK87 Kochi (Kerala) M Jan 2019 22kg/123cm
88 CLKS88 Kochi (Kerala) M Jan 2019 26kg/156cm
89 CLKS89 Kochi (Kerala) M Jan 2019 15Kg/121em
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90 CLK90 Kochi (Kerala) M Jan 2019 22kg/123cm
91 CLK91 Kochi (Kerala) M Jan 2019 12kg/53cm
92 CLK92 Kochi (Kerala) M Jan 2019 72kg/154cm
93 CLK93 Kochi (Kerala) M Jan 2019 33kg/138cm
94 CLK9%4 Kochi (Kerala) M Jan 2019 59kg/156cm
95 CLK95 Kochi (Kerala) M Jan 2019 20kg/121em
96 CLK96 Kochi (Kerala) M Jan 2019 32kg/111em
97 CLK97 Kochi (Kerala) M Jan 2019 54kg/222¢m
98 CLK98 Kochi (Kerala) M Jan 2019 56kg/100cm
99 CLK99 Kochi (Kerala) M Jan 2019 21Kg/210cm
100 CLK100 Kochi (Kerala) M Jan 2019 67kg/120cm
101 CLK101 Kochi (Kerala) M Jan 2019 22kg/125¢cm
102 CLK102 Kochi (Kerala) M Jan 2019 26kg/156cm
103 CLK103 Kochi (Kerala) M Jan 2019 15Kg/121cm
104 CLK104 Kochi (Kerala) M Jan 2019 21Kg/212c¢m
105 CLK105 Kochi (Kerala) M Jan 2019 23Kg/182 cm
106 CLK106 Kochi (Kerala) M Jan 2019 22kg/123cm
107 CLK107 Kochi (Kerala) M Jan 2019 19K g/46 cm
108 CLK108 Kochi (Kerala) M Jan 2019 28kg/212cm
109 CLK109 Kochi (Kerala) M Jan 2019 12kg/53¢cm
110 CLK110 Kochi (Kerala) M Jan 2019 59kg/156cm
111 CLK11 Kochi (Kerala) M Jan 2019 32kg/111em
112 CLK112 Kochi (Kerala) M Jan 2019 19K g/49¢m
113 CLK113 Kochi (Kerala) M Jan 2019 56kg/100cm
114 CLK114 Kochi (Kerala) M Jan 2019 19K g/48 cm
115 CLKI115 Kochi (Kerala) M Mar 2019 22kg/111em
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116 CLK116 Kochi (Kerala) M Mar 2019 50kg/152em
117 CLK117 Kochi (Kerala) M Mar 2019 20 kg/50cm
118 CLKI118 Kochi (Kerala) M Mar 2019 52kg/95¢m
119 CLK119 Kochi (Kerala) M Mar 2019 4 kg/31cm
120 CLK120 Kochi (Kerala) M Mar 2019 56kg/100cm
121 CLK121 Kochi (Kerala) M Mar 2019 26kg/152em
122 CLK122 Kochi (Kerala) M Mar 2019 19Kg/46 cm
123 CLK123 Kochi (Kerala) M Mar 2019 22kg/111em
124 CLKI124 Kochi (Kerala) M Mar 2019 50kg/159c¢m
125 CLK125 Kochi (Kerala) M Mar 2019 19K g/40cm
126 CLK126 Kochi (Kerala) M Mar 2019 15Kg/121em
127 CLM127 Mangalore M Nov 2018 21Kg/212cm
128 CLMI128 Mangalore M Nov 2018 23Kg/182 cm
129 CLTI129 Tamil Nadu M Nov 2018 5Kg/46cm
130 CLTI30 Tamil Nadu M Nov 2018 28kg/212cm
131 CLQI131 Kollam (Kerala) | M Feb 2019 19K g/46 cm
132 CLQ132 Kollam (Kerala) | F Feb 2019 28kg/212cm
133 CLQ133 Kollam (Kerala) | M Feb 2019 26kg/152cm
134 CLQ134 Kollam (Kerala) | F Feb 2019 33kg/111lcm
135 CLQ135 Kollam (Kerala) | M Feb 2019 67kg/121cm
136 CLQI136 Kollam (Kerala) | F Feb 2019 22kg/123cm
137 CLQI137 Kollam (Kerala) | M Feb 2019 26kg/156cm
138 CLQI138 Kollam (Kerala) |F Feb 2019 15Kg/121cm
139 CLQ139 Kollam (Kerala) | M Feb 2019 21Kg/212em
140 CLL140 Lakshadweep F Feb 2019 23Kg/182 em
141 CLL141 Lakshadweep M Mar 2019 5Kg/46ecm
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142 CLL142 Lakshadweep F Mar 2019 19K g/46 cm
143 CLL143 Lakshadweep M Mar 2019 22kg/111ecm
144 CLL144 Lakshadweep F Mar 2019 50kg/152cm
145 CLL145 Lakshadweep M Mar 2019 20 kg/50cm
146 CLL146 Lakshadweep F Mar 2019 52kg/95cm
147 CLL147 Lakshadweep M Mar 2019 4 kg/31em
148 CLL148 Lakshadweep F Mar 2019 56kg/100cm
149 CLL149 Lakshadweep M Mar 2019 26kg/152cm
150 CLL150 Lakshadweep F Mar 2019 33kg/111em
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4.2 Molecular Data Analysis

Whole genomic DNA of 150 specimens was extracted using “Phenol-

chloroform method™ (Sambrook & Russel 2001).

Quantity of DNA was estimated through the Nano drop
spectrophotometric method. Quantity of the isolated DNA ranged from 188 to
640ng/pul and the average 260/280 values ranged from 1.5 to 2.02.

The extracted DNA was separated using Agarose gel electrophoresis

method and the image was shown in Plate 1.
4.3 Mitochondrial Marker Analysis

Isolated DNA was subjected to the PCR reactions with selected
primers and after the amplification the PCR product was separated using 1.2%
Agarose gel electrophoresis.

The amplification of the COI and D-loop region resulted to a product
size of 650 base pairs (shown in Plate 2) and 1300 base pairs (shown in Plate
3).
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Plate 1: 0.8% Agarose gel image of the genomic DNA isolated from C.
longimanus.
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3.4 Phylogenetic Analysis

The evolutionary history was inferred by using the Maximum
Likelihood method and Kimura 2-parameter model (Kimura, 1980). The tree
with the highest log likelihood (-5887.30) is shown in figure 4.

The phylogenetic tree generated with the COI sequences from the
collected samples (represented as Carcharhinus longimanus 1,2,3,4.5) and the
Gen bank deposited sequence of the desired species (TH1) observed to be in a
single clade which reveals that all collected samples belongs to the desired

species.

The tree is drawn to scale with branch lengths measured in the number
of substitutions per site. This analysis involved 77 nucleotide sequences. There
were a total of 641 positions in the final dataset. From the phylogenetic tree,
we found that the C. longimanus shows more similarity towards the species

Carcharhinus galapagenesis and Carcharhinus obscurus.

The genetic distance calculated using the Kimura2 parameter in
MEGA software. The collected sample shows a genetic distance of 0.2 with
the gene bank deposited sequences which confirm that both the sequences
belong to same species. The results of genetic distance calculated shown in

Figure 4.
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Fig. 4: Phylogenetic tree proving the collected specimens were similar to the
desired samples (TH1=Carcarhinus longimanus, TH2= C. longimanus, TH3= C.

Sfalciformis, GC= Galeocerdo cuvier , Pg. GC=Galeocerdo cuvier)



4.5 Population genetic analysis with mitochondrial control region (D loop)

Among the 150 specimens of C. longimanus sequenced, we obtained
sequences ranging from 720 to 980bp in length. After alignment and

trimming, we got dataset with common sequences of 720 base pairs.

In the overall polymorphic analysis using the DNA sequence
polymorphism (DnaSP), we found three major haplotypes. H1, H3& HS were
the most commonly found and almost representing majority of individuals
with an overall haplotypic diversity (Hd) of 0.718 and nucleotypic diversity

(m) of 0.00168. The basic statistical values were mentioned in Table 9.

Table 9. Sample details and the sequence characters of the Mitochondrial

control regions.

SI Sampling Total no. | Total No. of | Haplotype | Nucleotype
No locations of samples | haplotypes | diversity diversity
1. Kochi 126 17 0.708 0.0016

2. Tamil Nadu 4 4 1.00 0.003

3. Kollam 10 6 0.88 0.002
4. | Lakshadweep 10 3 0.37 0.0005

We found 12 polymorphic sites yielding 13 haplotypes. The obtained
haplotypes were in almost all regions which substantiates the interbreed of
individuals among the populations which is shown in figure 6. The respective

haplotypes and their sequences are shown in figure 7.

Genetic differentiation among the populations of C. longimanus from
Indian Ocean were tested using the ®st pairwise difference comparisons in the

control region sequences and the obtained ®st values are shown in Table 10.
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The results reveal a non-significant statistical analysis after the Bonferroni

correction with these set of genes.

Table 10. Pairwise ®st values using control regions of samples from

different locations

Kochi Tamil Nadu | Kollam
Kochi 0.00 - -
Tamil Nadu 0.13* 0.00 -
Kollam -0.03 0.03 0.00

* indicates P> 0.05 at Bonferroni correction

Estimated the genetic differentiation by pairwise nucleotide difference
using the F- Statistics showed a Fixation index (®st) of 0.13 [Kochi & Tamil
Nadu], 0.03 [Kochi &Kollam] and 0.03 [Tamil Nadu &Kochi]. The P values

associated to these results were greater than the significant value i.e., 0.05.

AMOVA test was conducted to confirm the results of pairwise
differences and hence partitioned the molecular variance as among and within

the populations was listed in the Table 11.

The pairwise difference within the population and among the
population shows a % of variance as 97.92% and 2.08% with an ®st value of
0.02080 and estimated p value as 0.26002+-0.0174 were the significant limit
of p value as p < 0.05.
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Tablell. Details of AMOVA carried out in the mitochondrial regions.
Samples Observed values
Source of samples Variance % total st P

Among the 0.008 2.08
papulation 0.02080 0.26
Within the 0.39 97.92 (P>0.05)
population

Mismatch distribution analysis indicated signals of population
expansion as the graph was uni-modal shown in figure 8. This findings was
corroborated by negative Tajima’ D values (-1.68) and the Fu-Fs test values (-
16.33).

In addition to these, historical demographic studies using Bayesian
skyline plot revealed a slowly expanding population historically followed by a

recent decline as in Figure 9.

Shared haplotypes were found in all regions of Indian Ocean which
evident that there were no specifically isolated populations of C. longimanus
among Indian Oceanic regions. They exhibit a heavy gene flow and migration

among the populations.




Fig. 5: Medium joining network diagram using the control regions.
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4.5.1Population size analysis graphical representations
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4.5.1 Comparison between Atlantic Ocean haplotypes to understand

global genetic structure of C. longimanus.

haplotypes with 9 polymorphic sites from various regions of East- West
Atlantic Ocean and Indian Ocean. 4 haplotypes from the 9 samples were found
in the previous study while the present study viewed only 13 haplotypes from
the 150 specimens collected from various regions of Indian Ocean. In
accordance to the study by Camargo et al., 2016, the pairwise ®st value was
estimated among the populations of inter oceanic regions which show non-

significant genetic differentiation as listed in Table 12.

Table 12. Pairwise ®st values of samples using control regions from
different locations of Indian Ocean and the deposited haplotypes from

Atlantic Ocean.

In a previous study by Camargo e/ al., (2015), they obtained 12

b

Kochi | Tamil | Kollam | Lakshadweep West East Indian
Nadu Atlantic | Atlantic S1
Ocean Ocean
Kochi 0.000 - - - - - -
Tamil Nadu | 0.1320* | 0.000 - - - - -
Kollam -0.0325 | 0.031* 0.000 - - - -
Lakshadweep | 0.132* | 0.333* 0.031 0.000 - - -
West Atlantic | 0.183* 0.022 0.030 0.022 0.000 - -
Ocean
East Atlantic | -0.030 | 0.066* | 0.113%* 0.066* 0.065* 0.000 -
Ocean
Indian S1 0.409* | 0.055* | 0.209* 0.055* 0.105* 0.054% 0.000

* indicates P> 0.05 at Bonferroni correction
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Three major haplotypes were observed from Indian Ocean in the
present study H1, H3 & HS5 and the other independent haplotypes which had

diverged from the majorly found groups with least nucleotide differences.

In the study given by Camargo et al., in various regions of Atlantic
Ocean, they observed 4 major groups and some diverged haplotype groups.
The lower genetic differences observed between individuals collected from
different regions. A comparative statistical parsimony haplotype network tree
was also generated with the haplotypes of both the Indian Ocean and Atlantic

Ocean regions as shown in Figure 10.

Many haplotypes were shared between Indian and Atlantic oceans
whereas some unique haplotypes were observed in West Atlantic and the
Indian Ocean. The minor haplotypes were diverged from the major ones
usually by a single nucleotide difference. The minor haplotypes were diverged
from the major ones usually by a single nucleotide difference. The respective

network diagram was shown in Figure 11.

Global ®st was significant with the P<0.05 (P=0.009) which may be
due to the partitions observed by Camargo between East and West Atlantic
Ocean. The ®st values were not significant (P>0.05) which substantiates the
migration of individuals between inter oceanic regions. Comparisons of Indian
Ocean and Atlantic Ocean sequences (Camargo et al., 2016) also revealed
absence of subpopulation structure between Indian and East Atlantic ocean
samples with insignificant pairwise ®st value (P>0.05). On the contrary,
significant pairwise ®st value (p<0.05) was observed between Indian and

West Atlantic Ocean samples.
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AMOVA test was conducted to confirm the results of pairwise
differences and hence partitioned the molecular variance as among and within
the populations was shown in Table 13.The pairwise difference within the
population and among the population shows a % of variance as 74.04% and
5.5% with an ®st value of 0.09 and estimated p value as 0.007 were the

significant limit of p value as p < 0.05.

The findings were further corroborated by AMOVA analysis as
significant ®st values were observed in one, two and three gene pool
comparisons due to the differentiation of West Atlantic Ocean samples from
all the other samples. Within the Atlantic Ocean significant genetic
differentiation was observed between East and West Atlantic Ocean by
Camargo et al., (2016) which may be the reason for significant global @st in

the present study in comparisons with NCBI data.

The results show some moderate genetic differentiation among the
populations. Due to the heavy migration and interbreeding reveal that the
entire population belongs to a single stock. Only a small isolation is there in
between the populations of East-West Atlantic Regions. In the haplotype
network diagram, there are four major haplotype groups separated by one or

two mutations.

The haplotypes were shared between Indian Ocean, West Atlantic and
East Atlantic Ocean. A star like phylogeny indicates signals of population
expansion which had happened historically. Along the haplotypes obtained

from the study, we only observed the nucleotide substitutions.

The different groupings of the haplotypes found in this examination.

were stored in Gene-Bank with Accession numbers shown in Table 13.
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5. DISCUSSION

Studies on population genetic structure of C. longimanus from Indian
Ocean region indicated lack of significant genetic differentiation when partial
control region sequences were analysed pointing towards substantial gene
flow and migration within Indian Ocean. Comparisons across oceanic basins,
mainly between Indian and Atlantic oceans (based on sequences deposited in
NCBI, GenBank) also indicated lack of significant sub-structuring indicating

the potential of these sharks for inter-oceanic migrations.

A gradual expansion in effective population size starting from the
Pleistocene epoch until the late Holocene followed by a recent decline was
evident in Bayesian skyline plot which calls for efficient management
measures to protect this species from further decline and extinction. The
reasons for the recent decline may be habitat degradation and over
exploitation. Haplotype network diagram also corroborated the findings of
lack genetic differentiation as shared haplotypes were present on all locations

of Indian and Atlantic Ocean.

The oceanic white tip shark (Carcharhinus longimanus) is one of the
most basic top predators in open waters of every tropical sea of the world
(Nakano, 2008). Regardless of its overall dispersion and regular appearance in
most oceans in tropical zones, little consideration has been paid to the life
history of oceanic white tip sharks. Since Bigelow and Schroeder (1948)
called attention to that "incredibly little is known about its habitat, taking into
account that it is one among the Carcharhinidae family that has been perceived
the longest," just a bunch of papers have concentrated on the studies about this
shark. Studies by Backus ef al., (1956) in the western North Atlantic and
Strasburg (1958) in the eastern Pacific Ocean mainly concentrate on the
population structuring, distribution, biological nature and its reproductory

behaviour. The oceanic white tip shark is a tropical, epipelagic shark seen
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from the surface to the depth of 152 m only. It has an unmistakable inclination
for open sea waters (Backus ef al., 1956; Strasburg, 1958; Compagno, 1984).
In spite of the fact that it tends to be found in waters somewhere in the range
of 15°C and 28°C, it is also found in waters with temperatures above 28°C. It
is one of the most plenteous maritime sharks. The information regarding the
migratory behaviour of these sharks is very little. Backus ef al., 1956 reported
the movement of these sharks towards the Gulf of Mexico regions during the

winter times and return when the temperature changes.

These sharks are the major predators of the open waters mainly feeding
on teleosts and cephalopods (Backus er al., 1956). They belong to the
viviparous group with embryonic placental development (Seki et al., 2008)
which signifies that they follow philopatry in shark behaviour and that may
got affected with the habitat degradation. Shared haplotypes were observed
between the populations mainly due to the heavy migratory behaviour of the
species between the populations of different regions. Haplotypes mixing were
evident in all the locations of Indian oceans and the Atlantic regions. In a
previous study by Camargo er al, 2016, significant genetic divergence was
observed between the populations of East and West Atlantic Oceanic regions
which were attributed to difference in oceanic parameters between the two
regions, while in our study we got non-significant genetic differentiation
between the populations. So within Indian Ocean C. longimanus can be
assumed to move freely. Bayesian skyline plot indicated a recent decline in
populations of C. longimanus which may be due to habitat alterations,
overfishing and climate change. Sharks are characterized by a life history of
slow growth, late maturity, and low fecundity. They are extremely vulnerable
to overexploitation and have low population resilience to over fishing. Sharks
have been increasingly exploited in recent years (Bineesh er al., 2017). Over
fishing led to exploitation of oceanic and coastal sharks (Naylor, 1992).
Generally, sharks are caught by trawling, long lining, gill netting erc. Shark

finning practices use shark resources and speed up the crumple of shark
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population. Even though shark finning has been banned in many countries,
illegal shark finning seems to continue at an alarming rates (Heithaus ef al..
2001; Pank et al., 2001). Many programms are being initiated to recover and
protect this group through sustainable management plans (Sembiring er al.,

2015).

Studies on population genetic structure of C. longimanus from Indian
Ocean region indicated lack of significant genetic differentiation when partial
control region sequences were analysed pointing towards substantial gene
flow and migration within Indian Ocean. Comparisons across oceanic basins,
mainly between Indian and Atlantic oceans (based on sequences deposited in
NCBI, GenBank) also indicated lack of significant substructuring between
Indian Ocean and East Atlantic oceans indicating the potential of these sharks
for inter-oceanic migrations. Whilst, significant genetic differentiation was
observed between Indian ocean and West Atlantic ocean which may be due to
absence of gene flow between these regions. A gradual expansion in effective
population size starting from the Pleistocene epoch until the late Holocene
followed by a recent decline was evident in Bayesian skyline plot which calls
for efficient management measures to protect this species from further decline
and extinction. The reasons for the recent decline may be habitat degradation
and over exploitation. Haplotype network diagram also corroborated the
findings of lack of genetic differentiation within Indian Ocean as well as

between Indian and East Atlantic oceans as shared haplotypes were present.

The lack of significant genetic differentiation within Indian Ocean and
between Indian and East Atlantic Oceans indicated the capacity of oceanic
white tip sharks for long distance migration and mixing. Shared haplotypes
were observed between the populations mainly due to the heavy migratory
behaviour of the species between the populations of different regions.
Camargo et al., 2016 observed significant genetic differentiation between East

and West Atlantic regions in control region sequences which was attributed to
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natal homing or Philopatry as mitochondrial genes are maternally inherited. In
spite of that, a lack of significant structuring pattern was evident between East
Atlantic and Indian Ocean region even though only 9 samples were analysed.
The present study using large number of samples from the Indian Ocean
region corroborated these findings which indicate that sharks move between

these regions.

The recent decline in effective population size in Bayesian skyline
plots is a cause for concern and it calls for urgent management and
conservation measures. The reasons for this decline may be habitat alterations,
overfishing and climate change. The oceanic white tip shark (Carcharhinus
longimanus) is one of the most basic top predators in open waters of every
tropical sea of the world (Nakano et al., 1996; Bonfil et al., 2008). Population
structuring, distribution, biology and reproductive behaviour of these sharks
from western North Atlantic (Backus er al., 1956) and Eastern pacific
(Strasburg er al., 1958) have been studied. The oceanic white tip shark is
considered as a tropical, epipelagic shark occurring from the surface to a depth
of approximately 150 m. It has an unmistakable inclination for open sea
waters (Matsunaga ef al., 2005). Even though the preferred range of
temperature is between 15°C and 28°C, it is also found in waters with
temperatures above 28°C. They feed mainly on teleosts and cephalopods
(Backus er al, 1956) and are viviparous with embryonic placental
development (Seki et al., 1998). Life history traits like viviparity make them
vulnerable to overfishing. International Union of Conservation of Nature
(IUCN) has characterized the greater part (58%) of this species as "threatened"
for extinction. In addition to targeted fishing practices like angling, hook and
line fishing, sharks are also landed as by catch in major gears like trawls, gill
nets and purse seines. So in order to prevent shark population decline, it is also
important to reduce by catch by devising some by catch reduction devices
which can selectively remove some of the fished sharks. Shark finning

practices also speed up the crumple of shark population. Even though shark
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finning has been banned in many countries including India, illegal shark
finning seems to continue at an alarming rate (Pank ef al., 2001; Greig et al.,
2005).

In demographic analysis studies to estimate the current scenario of the
population size in the targeted regions which is very much important to sustain
that current population size by implementing any measures of conservation.
The present examination demonstrates a chart with declining population of
these species in the Indian Coast which as of now uncovers an overwhelming
gene flow within the individuals taking all things together over oceanic
locales. For whatever length of time that the specimen Carcharhinus
longimanus is by all accounts a “vulnerable” species by the IUCN red list (
Sharks are considered as top predators and excessive fishing will upset the
predator prey relationships or in other words the “trophic relationships™. This
subsequently impacts the marine ecosystems adversely. It is difficult to predict
the impact of excessive shark removals on oceanic ecosystems due to the

complex nature of marine ecosystems (Ferretti et al., 2010).

Similar to the present investigation, studies on catch rate of oceanic
white tips in the Northwest Atlantic and Gulf of Mexico also proposed a solid
pattern of declining population. In the Northwest Atlantic, pelagic long line
catch rates for C. longimanus demonstrated a 70% decline from 1992 to 2000
in spite of the fact that such patterns are more difficult to decipher for
maritime shark species on the grounds that their environments vary widely
(Baum ef al., 2003). In the previous period, the oceanic whitetip was the most
well-known shark, representing 61% of every single snared shark.
International Union of Conservation of Nature (IUCN) has characterized the
greater part (58%) of this species as "threatened" for extinction. In addition to
targeted fishing practices like angling and hook and line fishing, sharks are
also landed as by-catch in major gears like trawls, gill nets and purse seines.

So in order to prevent shark population decline, it is also important to reduce
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by-catch by devising some by-catch reduction devices which can selectively
remove some of the fished sharks. In addition to the reduced genetic
variability among the species in the areas and the current declining population
size might be focused to the extinction of the species. These low genetic flow
rates found to a sensational hazard to the adapting capability of the species and
prompting a flimsier capacity of the species which react to natural changes,
and consequently could advance elimination of certain ancestries. So as to
anticipate further population decreases, we recommend that worldwide
management of all haplotypes through global participation, and especially for
the two particular populations of oceanic white tips distinguished in both the

Indian and Atlantic regions.

Recent reports indicate that catch rate of this species has declined by
around 99%. In spite of contrasts in the operational arrangements, the authors
inferred that this species is in peril of extinction (Ramon er al., 2009).Habitat
degradation, pollution, overexploitation and restricted migration may

somewhat /ead to the species population decline.

The present study was the first attempt to understand the dynamics of
oceanic white tip shark, Carcharhinus longimanus in the Indian Ocean as well
as its relationship with populations of Atlantic Ocean. Vital insights were
gained from this study indicating lack of significant substructuring and its
capability to migrate across large expanses of Open Ocean. The capability to
migrate may provide it with some buffering against habitat loss and climate
change, but excessive fishing is a danger to its populations. Globally sharks
are in danger due to their inherent vulnerabilities like long gestation time and
reduced number of offsprings coupled with over fishing. Our study also
corroborated the findings of shark decline, as decline in genetic diversity is an
indicator of decrease in resilience capacity. The present study calls for

restrictions on its fishery so that populations will get sufficient time to
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replenish and consequently their resilience is ensured in the face of changing

oceans.

Globally sharks are in danger due to their inherent vulnerabilities like
long gestation time and reduced number of off springs coupled with over
fishing. Our study also corroborated the findings of shark decline, as decline in
genetic diversity is an indicator of decrease in resilience capacity. The present
study calls for restrictions on its fishery so that populations will get sufficient
time to replenish and consequently their resilience is ensured in the face of

changing oceans.
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6. SUMMARY

Carcharhinus longimanus is probably the most migratory species
among the sharks in various oceanic regions (Camargo ef al., 2016). It belongs
to the Carcharhinidae family of sharks with a world-wide importance. The
International Union for Conservation of Nature (IUCN), ‘Red list of
Threatened Species’ showed almost 30% of all sharks as “threatened™ or “near
threatened™ with a near extinction risk (Dulvy et al,, 2014). IUCN considering
the oceanic white tip sharks as Vulnerable globally (assessed in 2006)
Critically Endangered Western North and Central Atlantic, where long term
declines up to 99% and recent declines of 60-70% are reported. A 90% decline

is reported in Central Pacific Ocean.

Information regarding the stock structure of the oceanic white tip shark
in the Indian Ocean is not available. They are observed to undertake long
distance movement ranging from the Mozambique Channel to the Somali
Basin and the Southern Indian Ocean. They are highly migratory in nature. To
recognize geological distributions and fundamental genetic attributes of
detached population is a fundamental requirement for the logical management
and protection of species in a particular region. Despite the fact that the
Oceanic White tip sharks are the larger sharks it feels as difficult for analysing
the population structure in the interoceanic scales using the mitochondrial
markers due to its high migratory nature. In the Indian Ocean, the absence of
structure might be the after effect of the mix of high capability of movement

and the absence of compelling hindrances in the regions.

Here we provide evidence by saying that all the specimens collected
from the different regions belongs to a similar stock due to the heavy
migratory nature. In spite of their exceedingly transient nature, obstructions to

the quality progression of oceanic white tips in the Atlantic outcome in two

58



L

!
hereditarily unmistakable and demographically free population (Camargo ef
al.,2016). This structure ought to be joined into evaluations and checking of
this species. The elements that confine gene flow in the Atlantic might be
present in between the east Atlantic and parts of the Indian Ocean, as there
gives off an impression of being network between these all locales. In addition
to the reduced genetic variability among the species in the areas and the
current declining population size might be focused to the extinction of the
species. These low genetic flow rates found to a sensational hazard to the
adapting capability of the species and prompting a flimsier capacity of the
species which react to natural changes, and consequently could advance
elimination of certain ancestries. So as to anticipate further population
decreases, we recommend that worldwide management of all haplotypes
through global participation, and especially for the two particular populations

of oceanic white tips distinguished in both the Indian and Atlantic regions.

The outcomes together with the rate of gene flow, shared incessant
haplotypes, and comparable genetically assorted variety and population
parameters among population gatherings support the idea of an absence or
incredibly weak genetic separation of the Indo-Atlantic shark collection that is
scarcely recognizable at the degree of haplotype recurrence. Here, we found a
result in AMOVA as the entire population while considering all as one
population shows a non-significant P value which shows the absence of
subdivisions in the group. While comparing the Indian and Atlantic species in
AMOVA resulted significance in the entirely grouped model and at the same

time the subgroup shows non-significance.

Finally, we concluded that the entire populations of oceanic white tip
sharks in the interoceanic regions were belongs to a similar group with low
genetic differentiation among the population and hence we can say that the all

belongs to a single stock.
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APPENDICES

1. MEGA (MOLECULAR EVOLUTIONARY GENETICS ANLYSIS,
version 6.0) SOFTWARE INSTALLATION

The archived package is available from: https://www.megasoftware.net

Unzip and extract the MEGA package in your target location.

2. DnaSP (DNA sequence polymorphism) SOFTWARE
INSTALLATION

The archieved package is available from : https://en.bio-soft.net » dna »
dnasp.

3. PopART (Population Analysis with Reticulate Trees) SOFTWARE
INSTALLATION

The package available from: http://popart.otago.ac.nz

4. Arlequin 3.5 SOFTWARE INSTALATION

The package available from: https://en.bio-soft.net » other » arlequin
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ABSTRACT

Even though sharks are the largest fishes in the world with their size
varying size and behaviour, they were over exploited and most of them were at
the fear of extinction. Among these Carcharhinus longimanus, an epipelagic
bottomless shark considered as at the point of extinction were IUCN Red list
points out this shark as a “vulnerable” species at global level. In order to
implement the management measures for these species which require the
information regarding its population in interoceanic regions. Population
genetics can be characterized as the study of how hereditary variance is
dispersed among the species and population on a very basic level (Hansen,
2003). Assessment of genetic makeup and variability of fish stock is important
for scientific management of fishery, conservation and rejuvenation of
endangered species. Mitochondrial DNA (mtDNA), which in general possess
a five to ten times greater variability than single copy nuclear genes hence,
served as a powerful tool for elucidating population structures studies. Among
the 150 specimens of C. longimanus sequenced, we obtained sequences
ranging from 720 base pairs were obtained 12 polymorphic sites yielding 13
haplotypes. Genetic differentiation among the populations of C. longimanus
from Indian Ocean was revealed as a non-significant statistical analysis. Vital
insights were gained from this study indicating lack of significant sub-
structuring and its capability to migrate across large expanses of Open Ocean.
The capability to migrate may provide it with some buffering against habitat
loss and climate change, but excessive fishing is a danger to its populations.
Globally sharks are in danger due to their inherent vulnerabilities like long
gestation time and reduced number of offsprings coupled with over fishing.
Our study also corroborated the findings of shark decline, as decline in genetic
diversity is an indicator of decrease in resilience capacity. The present study
calls for restrictions on its fishery so that populations will get sufficient time to
replenish and consequently their resilience is ensured in the face of changing

oceans

86



