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Abstract Southeast Asia is a major shark product
trade hub, and many of the world’s largest shark prod-
uct selling markets are located in the region. Malay-
sia is the second largest importer of shark fins in
the world, approximately 2500 metric tonnes of fins
were imported between 2000 and 2016. The country
is also a major shark fisher—the eighth largest in the
world in terms of yearly catch. Yet the composition of
the species of shark involved in the Malaysian trade
remains largely unknown. Not knowing the com-
position of the sharks involved in the fin trade in a
major trade hub presents challenges when it comes to
determining conservation goals, setting appropriate
catch quotas and establishing new, or revisiting pre-
vious conservation listings. Using a fragment of the
mtDNA COI gene we attempted to DNA barcode 147
dried shark fins. We identified a number of fins that
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belonged to species listed on either CITES appendix
I, or II, and the composition of the sharks identified in
samples collected from Peninsular Malaysia appears
to be different from that of other trade hubs within the
region. Given these differences, we suggest that fur-
ther DNA barcoding studies be performed throughout
the region at regularly repeated intervals to build a
more comprehensive picture of the sharks involved in
the trade within the region and globally, this informa-
tion will be useful to policy makers and conservation
planners.
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Introduction

Shark populations have declined precipitously over
the past 40 years, and many species are now con-
sidered at risk of extinction, a consequence of the
demand for shark fin products in many Asian commu-
nities (Dulvy et al. 2014; Fields et al. 2020; Pacou-
reau et al. 2021). Furthermore, an increasing demand
for shark meat and liver oil supplies a near USD 1
Billion industry (Dulvy et al. 2014; O’Bryhim et al.
2017). Even though many countries are obligated
by international treaty, applied under the Conven-
tion on International Trade in Endangered Species of
Wild Fauna and Flora (CITES), to monitor the spe-
cies of shark that are traded within, and through their
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boarders (Dulvy et al. 2017; Cardefiosa et al. 2020;
Prasetyo et al. 2020), products from endangered spe-
cies of shark are readily available to members of the
public (Sembiring et al. 2015; Wainwright et al. 2018;
Cardefiosa 2019; Liu et al. 2021).

The monitoring of this trade is not a trivial matter,
shipments of shark fins are frequently given generic
labels (i.e., “seafood” or “dried marine product”) to
avoid detection by the authorities. Further compound-
ing this difficulty, once a fin is processed and dried
it becomes nearly impossible to identify from visual
characteristics alone (Wainwright et al. 2018). The
common practice of shark finning, where the high
value fin is removed and the low value carcass is dis-
posed of at sea means that many of the diagnostic
features used in identification are no longer present.
This makes the task of regulatory bodies more chal-
lenging, and in some cases impossible (Shivji et al.
2002). DNA barcoding techniques have long been
used to overcome these challenges, they allow posi-
tive identifications to be made from small samples
of dried and processed fins that would otherwise be
impossible to identify. These methods have already
been applied throughout the world to identify the
species of shark that a fin or meat came from (Shivji
et al. 2002; Ward et al. 2008; Sembiring et al. 2015;
O’Bryhim et al. 2017; Fields et al. 2018; Appleyard
et al. 2018; Hobbs et al. 2019; Abdullah et al. 2020;
Liu et al. 2021; French and Wainwright 2022; Neo
et al. 2022).

Work examining the shark fin trade in East and
Southeast Asia has tended to concentrate on Hong
Kong (Fields et al., 2018), mainland China (Card-
eflosa et al. 2020), Indonesia (Sembiring et al. 2015;
Prasetyo et al. 2020) and Singapore (Wainwright
et al. 2018), while each of these represents a major
trade hub for shark products, there are other trade
hubs in the region. It is important that conclusions
and management decisions are based on representa-
tive data from all major shark markets and distribu-
tion centers. Each country is likely to have its own
complex supply chain logistics, fisheries and cus-
tomer specific nuances. For example, Singapore does
not host a major shark fishery, rather, shark products
are imported, processed and then exported to other
markets (Boon 2017). The supply chain dynam-
ics of the fin trade in Mainland China differ from
those in Hong Kong and consequently the composi-
tion of the shark species landed differs between each
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market (Cardefiosa et al. 2020). These differences
make it important that shark landings, and the spe-
cies involved in the shark product trade are monitored
wherever shark fishing takes place, or shark products
are sold.

Hong Kong, Malaysia, China and Singapore
account for 90% of all global imports of shark fin
(Oakes and Sant 2019). Malaysia is the second larg-
est importer of shark fins in the world importing
approximately 2500 metric tonnes of fins between
2000 and 2016. In terms of metric tonnes of shark
caught, Malaysia is the world’s eighth largest shark
fisher, with a mean yearly catch of over 21,000 tonnes
between 2007 and 2017 (Oakes and Sant 2019).
Despite the scale of the trade in Malaysia and the
implications this could have for shark conservation,
very little is known about the species composition
of the sharks traded within and through this country.
With this study we aim to shed light on what species
of shark are traded in Malaysia, and by doing so we
provide data that can be used for future comparisons
and policy decisions.

Methods

In total 147 dried shark fins were collected from
stores in Dungun and Kuantan, Terengganu and
Pahang States respectively, east coast Peninsular
Malaysia. DNA was extracted from approximately
25 mg of tissue using a Qiagen DNeasy Blood &
Tissue Kit following the manufactures instructions.
Initially, we attempted to amplify an approximate
650 bp fragment of the mtDNA COI gene using the
Fish-BCL-5" TCAACYAATCAYAAAGATATYGGC
AC-3' and Fish-BCH-5' ACTTCYGGGTGRCCR
AARAATCA-3 primer pair (Appleyard et al. 2018)
in 25 pl reaction volumes of 12.5 pl of GoTaq Mas-
ter Mix Green (Promega), 1 pl Bovine Serum Albu-
min, 1.0 pl of each 10 uM primer, 7.5 pl water and
2 ul of template DNA. PCR cycling conditions were
94 °C for 3 min, followed by 35 cycles of 94 °C for
1 min, 50 °C for 1 min 30 s, 72 °C for 1 min and a
final extension step of 72 °C for 10 min. Samples that
failed to amplify were re-extracted and amplifica-
tion was attempted again with the same primer set. If
amplification failed again we targeted a shorter frag-
ment (313 bp) of the mtDNA COI gene using the
mlCOlintF & LoboR1 primers (Leray et al. 2013;
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Lobo et al. 2013), PCR cycling conditions were:
94 °C for 60 s, 5 cycles of 94 °C for 30 s, 48 °C for
120 s, 72 °C for 60 s, and 35 cycles of 94 °C for 30 s,
54 °C for 120 s, 72 °C for 60 s; and 72 °C for 5 min
(Wainwright et al. 2018). Finally, in any sample that
failed with either of the two previously described
primer sets, we attempted to amplify a small 150 bp
fragment of the mtCOI gene using the VF2_tl and
Shark150R primer set with the following cycling
conditions: 2 min at 94 °C, followed by 35 cycles at
94 °C for 1 min, 52 °C for 1 min, 72 °C for 1 min,
and a final extension period of 10 min at 72 °C (Card-
efiosa et al. 2017). Negative PCR controls contain-
ing no template DNA were included to identify any
possible contamination issues, and successful PCR
amplification was confirmed on a 1% TAE agarose
gel. All PCR reactions were enzymatically cleaned
(ExoSAP) and bidirectionally Sanger sequenced by
Macrogen, Inc.

Sequences were viewed, and primer sites removed
with Geneious v2020.2.4 (http://www.geneious.com/,
Kearse et al. 2012). Consensus sequences were con-
structed from forward and reverse reads, and species
identifications were made using the Barcode of Life
Database (BOLD) (http://www.boldsystems.org/)
and the BLASTn function in GenBank (http://www.
ncbi.nlm.nih.gov/). We considered species identifica-
tion positive if; (1) BOLD returned a 100% match for
a single species, and indicated that no closely allied
congeneric species currently exist, and (2) the same
ID was made in GenBank with a 100% match.

Results

Using a combination of primers, we were able to
positively identify 120 of the collected fins to the spe-
cies level (n=21), and a further 24 to genera (n=3)
(Table 1, Fig. 1). Ninety-nine samples were ampli-
fied with the Fish-BCL/BCH primer set, 31 ampli-
fied with the mlCOIlintF & LoboR1 primer set, and
amplification for 14 could only be achieved with the
VEF2_tl and Shark150R primers. We failed to produce
usable sequences (low quality, or no amplification) in
four samples.

Ten of the positively identified species are listed
on the CITES appendix II, or 48% of all species
identified in our work. We were unable to resolve
samples identified as belonging to the genus Pristis

(sawfish) to the species level, but, it should be noted
that all members of this genus are listed under CITES
appendix I. Similarly, we could not ID members of
the Rhynchobatus (wedgefish) beyond genera, but
all members of this genus are listed under CITES
appendix II. Fourteen of the positively identified
species (67%) are listed as threatened (vulnerable,
endangered, or critically endangered) on the ITUCN
Red List, the remainder are listed as near threatened
(n=5), data deficient (n=1), or least concern (n=1)
(Table 1). Eighteen (12%) of the products sold as
shark fin were identified as belonging to rays.

Discussion

As with other work that has used DNA barcod-
ing techniques to identify the species of shark a fin
was removed from (Fields et al., 2020, 2018; Hobbs
et al., 2019; Kuguru et al., 2018; Marchetti et al.,
2020; O’Bryhim et al., 2017; Sembiring et al., 2015;
Wainwright et al., 2018; Ward et al., 2008), we show
numerous species of shark that have some degree of
control over their trade are freely available to con-
sumers. Most of these regulations are implemented
under CITES appendix II which applies to species
not necessarily threatened with extinction, but in
which trade must be controlled in order to avoid uti-
lization incompatible with their survival. Addition-
ally, we identified one sample belonging to a genera
of shark species (Pristis spp. or the sawfish) that is
listed under CITES appendix I, meaning that trade in
this species is permitted only in exceptional circum-
stances. Despite success in amplifying the longest
fragment of the three primer pairs used, we were una-
ble to identify the exact species of sawfish that this fin
came from, this sequence matched 100% with all four
current living species. In spite of this limitation, the
presence of this genus should be of concern to regu-
latory bodies—all members of this genus are listed
under CITES appendix I, and classified as Vulnerable
or Endangered on the IUCN Red List.

The top five species most frequently occurring in
this work (bull shark, spot-tail shark, great hammer-
head shark, silky shark and scalloped hammerhead
shark) accounted for 56% of the 21 species we were
able to identify to species level, this possibly indi-
cates a targeted fishery where these sharks are caught
in preference to others, this suggestion is consistent
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Table 1 Details of the shark and ray species and occurrence of fins collected in Dungun and Kuantan, Peninsular Malaysia

Species Common name IUCN status CITES Occurrence Primers used
Carcharhinus leucas Bull shark NT - 20 BCH/BCL (13), Shark150R/
VE2tl (4), mlCOlintF/
LoboR1 (3)
Carcharhinus sorrah Spot-tail shark NT - 20 BCH/BCL (13), mlCOlintF/
LoboR1 (5),
Shark150R/VF2tl (2)
Sphyrna mokarran Great hammerhead shark CR I 15 BCH/BCL (14), mlCOlintF/
LoboR1 (1)
Carcharhinus falciformis Silky shark VU 11 13 BCH/BCL (9),
mlCOlintF/ LoboR1 (2),
Shark150R/VF2tl (2)
Sphyrna lewini Scalloped hammerhead shark CR I 12 BCH/BCL (8), mICOlintF/
LoboR1 (4)
Rhina ancylostoma Bowmouth guitarfish CR 11 5 BCH/BCL (3)
Shark150/VF2tl (2)
Prionace glauca Blue shark NT - 4 BCH/BCL (4)
Rhynchobatus australiae Bottlenose wedgefish CR 1T 4 BCH/BCL (3)
Shark150R/VF2tl (1)
Rhynchobatus laevis Smoothnose wedgefish CR I 4 BCH/BCL (3)
mlCOlintF/ LoboR1 (1)
Carcharhinus albimarginatus ~ Silvertip shark VU - BCH/BCL (3)
Galeocerdo cuvier Tiger shark NT - BCH/BCL (3)
Isurus oxyrinchus Shortfin mako shark EN 11 BCH/BCL (2)
Shark150R/VF2tl (1)
Carcharhinus brevipinna Spinner shark NT - 3 mlCOlintF/ LoboR1 (2), BCH/
BCL (1)
Alopias pelagicus Pelagic thresher EN 11 2 BCH/BCL (2)
Glaucostegus typus Giant shovelnose ray CR 11 2 mlCOlintF/ LoboR1 (1)
Shark150R/VE2tl (1)
Hemipristis elongata Snaggletooth shark VU - 2 BCH/BCL (2)
Carcharhinus amboinensis Pigeye shark DD - 1 BCH/BCL (1)
Carcharhinus obscurus Dusky shark EN - 1 mlCOlintF/ LoboR1 (1)
Pristiophorus cirratus Common sawshark LC - 1 BCH/BCL (1)
Rhinobatos rhinobatos Common guitarfish EN - 1 BCH/BCL (1)
Sphyrna zygaena Smooth hammerhead shark VU 11 1 BCH/BCL (1)
Carcharhinus spp. Requiem shark N/A - 21 BCH/BCL (11),
mlCOlintF/ LoboR1 (9),
Shark150R/VF2tl (1)
Rhynchobatus spp. Wedgefish VU/EN* I 2 mlICOlintF/ LoboR1 (2)
Pristis spp. Sawfish CR* Ik 1 BCH/BCL (1)

IUCN Red List status: CR critically endangered, EN endangered, VU vulnerable, NT near threatened, LC least concern, DD data
deficient). A CITES list status of Appendix I indicates a species threatened with extinction, and trade in specimens of these species
is permitted only in exceptional circumstances. Appendix II indicates that trade must be closely regulated to avoid utilisation that is
incompatible with their survival. Also indicated are the primers used, number in parenthesis indicates the number of samples ampli-

fied with that set, in all cases identifications were made using the longest fragment possible

# All members of this genus are listed as either vulnerable or endangered by the IUCN

# All members of this genus are listed as critically endangered by the IUCN

*All members of this genus are listed on CITES Appendix II

**All members of this genus are listed on CITES Appendix I

@ Springer



Rev Fish Biol Fisheries (2022) 32:993-999

997

Occurrence
- - N
o [$,] o (3] o
|
|
|
]
Sphyrna lewini I

Carcharhinus leucas

Carcharhinus sorrah

Sphyrna mokarran

Rhina ancylostoma I
Prionace glauca I
Rhynchobatus australiac R
Rhynchobatus laevis IR
Galeocerdo cuvier 1

Carcharhinus falciformis
Carcharhinus albimarginatus ——

Isurus oxyrinchus —

Carcharhinus spp. I

IHIHII_III_II_III
Tsss28s58sses
T & )
-E-E&m:é‘é"&'m"""
Q D & € 9 o £ Q D v o
ISEUJO-SM'~°>==
? @ S T 62 © & N uw §
$§8308°asseg 3
n & g E » £ > & o
v © S & v S <
:._W.‘Q‘B: 3 ]
:Q_Okm-_-:‘_-: S
S 08 3 £ 287 2 S,
£ 3 3 F &£ 5 9 o9
L < & & = ®8 S § =
I = O £ < o [v'd
< o S 6 ¢ S
) ImghE
S s &8 Q
3 s o &
S
(§)

Species/Genus

Fig. 1 Species and genus composition of the identified shark
fins. Also indicated is the IUCN status of each. The category
‘not applicable’ is not an IUCN category, in this instance it

with work from Indonesia that showed a bias in fish-
ing effort towards silky, and hammerhead sharks
(Sembiring et al. 2015). Similarly the silky shark was
one of the top most frequently occurring sharks sold
in Singapore (Wainwright et al. 2018). The frequent
occurrence of fins from the silky shark in Southeast
Asian markets is unfortunately not surprising, this
shark is one of the most commonly caught shark
species on the planet and is one of the top contribu-
tors of fins to the shark fin trade (Kraft et al., 2020;
Oliver et al., 2015), and correspondingly this once
widespread and abundant shark has seen populations
decline by an estimated 85% over the past two dec-
ades (Kraft et al. 2020).

The two most frequently encountered sharks in
this survey were the bull shark (Carcharhinus leu-
cas) and spot-tail shark (Carcharhinus sorrah), these
two sharks make up over a quarter of all the samples
identified in our work. Bull sharks have been identi-
fied in other studies examining the shark fin trade in

indicates a genus that contains multiple species that have dif-
ferent JIUCN designations, see Table 1 for additional details
and CITES list status

Southeast Asia (Sembiring et al. 2015; Wainwright
et al. 2018), Hong Kong and Guangzhou (Cardefiosa
et al. 2020), however, bull sharks tend to be much
less frequently encountered in these regions—gen-
erally making up less than 2% of all the fins exam-
ined. In the samples we collected from Malaysia the
bull shark accounted for 14% of all identifications. It
is a similar situation with the spot-tail shark, in the
Malaysian samples it makes up 14% of all identifi-
cations, in Indonesia it was 7%, Hong Kong 1% and
Guangzhou 2%. It should be noted that the work per-
formed in Indonesia dates from 2015 and the com-
position of the sharks involved in the fin trade could
be different now, however, the work from Singapore,
Hong Kong and Guangzhou is recent and provides a
good comparison of the species composition in each
market. These differences reinforce the need to moni-
tor multiple trade hubs, if this is not done, it may not
be possible to design effective conservation strategies
for sharks. For example, bull sharks are not CITES
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listed, and are classified as near threatened on the
TUCN red list. Considering the low occurrence of this
species in the markets of Hong Kong, Guangzhou
and Singapore, this could be an appropriate designa-
tion if only data from these markets is used, but, the
high occurrence of bull shark fins in Malaysian mar-
kets suggest a targeted fishery. Bull sharks are known
to aggregate in near-shore locations such as estuaries
and the associated high human populations found in
these areas typically results in elevated fishing pres-
sure, these factors make bull sharks particularly vul-
nerable to local extirpation, which in turn elevates the
potential for global extinction (Karl et al. 2011; Mar-
tin 2005).

The scalloped hammerhead (Sphyrna lewini), one
of the most commonly encountered species in the
samples collected from Malaysia, is also frequently
observed in Singapore, Hong Kong, and Guangzhou.
This is despite its listing on the CITES appendix II
and designation as critically threatened on the IUCN
Red List. Notable by its frequent occurrence in sam-
ples collected in Malaysia is the presence of fins from
the great hammerhead shark (Sphyrna mokarran),
this species made up more than 10% of all individu-
als identified here, yet it was absent in fins examined
in Singapore, Indonesia and present at a frequency of
< 1% in samples from Hong Kong and Guangzhou,
this discrepancy further reiterates the need to moni-
tor multiple trade hubs to build a comprehensive pic-
ture of the species of shark involved in the fin trade.
This information is critical when setting appropriate
catch quotas, determining the conservation status
and appropriate CITES designation of shark species.
Recent work suggests that the populations of scal-
loped hammerhead and great hammerhead sharks
have declined by more than 80% (Pacoureau et al.
2021), and both of these are in the top five most fre-
quently encountered species in our work.

To our knowledge, this is the first study to explic-
itly examine the composition of the shark fin trade in
Malaysia, a country that is one of the largest import-
ers, and fishers of shark in the world. We show dis-
tinct differences in terms of species composition
to other markets in Southeast, and East Asia. We
hope this information will be useful to policy mak-
ers and law enforcement agents, we provide baseline
data and suggest that continued monitoring of the
shark fin trade throughout Malaysia and Southeast
Asia be implemented to assist in the management
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and conservation of sharks within the region, and
throughout the world. The continuing advancement
and development of increasingly sophisticated and
cost effective molecular diagnostic techniques will
provide additional support to these biodiversity moni-
toring activities. The evidence for the overexploita-
tion of sharks is unequivocal, and many species of
shark are at serious risk of extinction. If these extinc-
tions are to be avoided, it is critical that national and
international trade obligations are met, and enforce-
ment is taken seriously to prevent the unsustainable
trade of threatened species that continues unabated
throughout the world.
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