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Overfishing has significantly decreased global shark populations, with some
species experiencing reductions of approximately 70% over the last 50 years.
Singapore is a major shark fin transhipment hub that helps to satisfy the global
demand for shark fins, which are considered status symbols and reputed to
have medicinal value in Asian culture. Despite the recognised and urgent need
to better protect shark populations, the success of such efforts has been limited
by the difficulties associated with visually identifying the species of shark from
which the fins originated. In this study, we collected 451 shark fin tissue samples
from a variety of local retail markets in Singapore. Using DNA barcoding
techniques, we amplified a 350 base pair fragment of the mitochondrial
cytochrome c oxidase subunit | (COI) gene from each to identify the species
sold in Singapore. We identified 22 shark species, of which 17 are categorised as
Threatened (Critically Endangered, Endangered or Vulnerable) under the IUCN
Red List. Six of these species are also listed on Appendix Il of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES).

KEYWORDS

conservation, CITES, DNA barcoding, IUCN, shark fins, Singapore

Introduction

The global shark trade is valued at nearly US$1 billion and is responsible for the death
of an estimated 100 million sharks annually (Worm et al., 2013; Steinke et al., 2017; Van
Houtan et al., 2020), and shark finning is a major contributor to the decline in shark
populations (Sembiring et al., 2015; Appleyard et al., 2018; Bonaccorso et al., 2021). Fins
are considered a delicacy, a status symbol and are frequently served in soup at celebratory
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events. Additionally, fins are highly prized in Traditional
Chinese Medicine (TCM) practices where they are reputed to
have a host of beneficial effects, from improving general well-
being, to claims promoting anti-cancer properties (Clarke et al.,
2007; Dent and Clarke, 2015; Teo, 2015; Choy and
Wainwright, 2022).

In efforts to prevent unsustainable fishing and international
trading practices, the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) was
established as a legally-binding framework to prevent the illegal
trade of wildlife. In addition to CITES, the International Union for
the Conservation of Nature (IUCN) Red List serves as a framework
for identifying the extinction risk of shark species. The use of these
regulatory structures is crucial to the conservation of sharks; they
provide regulations through which policy can be designed,
regulations upheld, and a mechanism that allows global shark
populations, catches and trade to be monitored (Clarke et al., 2013).

Singapore is a consumer and key distributor of shark fins,
which typically do not originate from the country’s waters (Dent
and Clarke, 2015; Boon, 2017). Singapore is recognized as the
world’s second-largest importer and exporter of shark fins, with
an average of 2,352 tonnes imported and 2,067 tonnes exported
each year (Boon, 2017). Despite recent reductions in the import
and export of shark fins due to the COVID-19 pandemic and
associated supply chain disruption, data from the Singapore
Food Agency shows that Singapore continues to import and
export large numbers of fins with 2,700 tonnes of shark fin
imported and 2,400 tonnes exported in 2021 (SFA, 2022).

Highlighting the need for the improved regulation and
enforcement of those that already exist, trade-regulated and
endangered species of shark are frequently encountered in
markets throughout the world (Cardefiosa et al., 2018). Previous
studies show that TUCN red-listed and CITES trade-regulated
species such as Rhynchobatus australiae and Sphyrna lewini are
commonly sold in Singapore (Wainwright et al., 2018; Choo et al.,
2021; Liuetal., 2021), yet these species are not typically found in the
countries waters (Ip et al., 2021). Emphasising the need for more
stringent enforcement and monitoring of the global shark fin trade,
most of the species identified in the markets of Singapore come
from populations that are acknowledged to be declining
(Wainwright et al., 2018; Liu et al., 2021).

Shark fins come from a variety of sources, including legal
fisheries, by-catch, illegal, unreported, and unregulated fisheries
(TUU). Finning is the process of removing a shark’s fins and
subsequently discarding the carcass (Biery and Pauly, 2012).
This process is wasteful and does not utilise the entire shark, but
discarding the comparatively large and low value carcass means
more storage space is available for the high value fins, resulting
in overfishing and contributing to the documented declines in
shark populations (Biery and Pauly, 2012). Shark fins are then
processed and dried before being sold to consumers in the food
and beverage industry or to TCM practices. During processing
and drying, key morphological features of shark fins are
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removed (Van Houtan et al., 2020) making species
identification by visual methods alone challenging and in some
cases impossible (Figure 1). These challenges hinder the accurate
monitoring of the species involved in the trade and make it
much more likely that endangered, or trade-regulated species
inevitably end up in supply chains. In efforts to mitigate the
challenges that finning presents in species identification, calls for
the implementation of a Fins Naturally Attached (FNA) policy
are gaining traction in numerous countries (Passantino, 2013;
Ferretti et al., 2020), and have been implemented in 19 of the 43
recognised shark fishing nations (Government of India Ministry
of Environment and Forests, 2013; Marine Stewardship Council)

The utility of DNA barcoding in species identification is
well-established (Hebert et al., 2003). It has been used to good
effect throughout the world to help prevent seafood fraud and
mislabelling, and it has extensive applications in the monitoring
of illegal wildlife and the shark fin trade (Rehman et al.,, 2015;
French and Wainwright, 2022; Neo et al., 2022). The technique
uses species-specific differences in DNA sequence and the
subsequent matching of this sequence to a known species in
publicly accessible databases (e.g., GenBank and BOLD). The
official animal DNA barcode is an approximate 650 bp fragment
of the mitochondrial gene coding for cytochrome ¢ oxidase 1
(COI) (Hebert et al., 2003). However, due to the processed
nature of dried fins, DNA is often degraded to such an extent
that it is impossible to amplify the full 650 bp region.
Consequently, mini-barcoding approaches have been
developed to allow DNA amplification from challenging or
degraded samples (Cardefiosa et al, 2017). DNA barcoding

FIGURE 1
Selection of purchased dried shark fins (Barcoded as: (A, B)
Sphyrna mokarran, (C, D) Rhizoprionodon oligolinx).
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provides an efficient, reliable and accurate method to identify the
species of shark that a fin came from. Once this identification has
been made, the species conservation status and any trade
regulations imposed upon it can be readily determined with
online resources (e.g., CITES and IUCN databases).

Materials and methods

A total of 451 tissue samples were collected from Traditional
Chinese Medicine (TCM) and retail shops across Chinatown in
Singapore in January 2022, collections were made in the same
way as Liu et al. (2021). Briefly, a list of TCM shops was
compiled and each shop was assigned a number, this number
was used to randomly pick retailers to visit. From each of 22
shops, the proprietor haphazardly selected a minimum of 20 fins
from large, mixed and unmarked containers.

DNA extraction was performed using a Qiagen DNeasy®
Blood and Tissue Kit with the following modification: DNA was
eluted in 50 pL of AE buffer. Other than this, all steps followed
the manufacturer’s instructions. Polymerase Chain Reaction
(PCR) was performed in a 25 pL volume, with each reaction
containing 12.5 uL GoTaq mastermix green (Promega), 1 uL
forward primer at 10uM, 1 pL reverse primer 10 uM, 1 uL
Bovine Serum Albumin (BSA), 7.5 UL of nuclease-free water and
2 uL of undiluted DNA template. The forward primer
mlCOIintF (5-GGW ACW GGW TGA ACW GTW TAY
CCY CC-3") (Leray et al, 2013) and reverse primer LoboR1
(5’-TAA ACY TCW GGR TGW CCR AAR AAY CA-3’) (Lobo
et al., 2013) were used to amplify a 350bp fragment of
mitochondrial DNA under the following thermal cycling
profile: 5 repeats of 94°C for 30 s, 48°C for 2 min, 72°C for 1
min, then 35 repeats of 94°C for 30 s, 54°C for 2 min, 72°C for 1
min, then 72°C for 5 min (Wainwright et al., 2018).

Successful PCR amplification was verified on a 1% agarose
gel, and bi-directional Sanger sequencing and enzymatic
cleaning was performed by Bio-Basic Asia Inc. Sequences were
viewed and quality checked with Geneious Prime (v2022.0.2)
(Kearse et al,, 2012), we considered sequences high quality if
chromatograms showed clear, well defined peaks and contained
no ambiguous base calls. Sequences were then referenced against
The Barcode of Life Data System (BOLD) and GenBank. We
deemed a species identification positive and unambiguous if
BOLD returned a 100% match and indicated no matches with
other closely related congeneric species, and if the same species
was the top match in GenBank (Choy and Wainwright, 2022)

Results

Of the 451 tissues collected, 294 samples were successfully
identified at the species or genus level while 157 samples
returned low quality DNA sequences (i.e., multiple peaks) or
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did not amplify. We identified a total of 22 different shark
species across 11 genera. Six species are listed under CITES
Appendix II (n = 119), and the IUCN consider 17 of them as
threatened. Of these 17, four species are listed as critically
endangered (n = 37), five species as endangered (n = 28), and
eight species as vulnerable (n = 95). Only five of those identified
at the species level were listed as not threatened by the IUCN
(n = 52), and we were only able to identify 82 fins to the level of
genus. These 82 all belonged to the genus Carcharhinus and
matched with 100% identity against two or more of the following
candidate species; Carcharhinus leiodon, Carcharhinus
amblyrhynchoides, Carcharhinus tilstoni, or Carcharhinus
amboinensis. (Figure 2 and Table 1). The top 5 most
frequently observed shark species from seven previous
barcoding studies performed between 2015 and 2022 were
compared (Figure 3), Carcharhinus falciformis, and Prionace
glauca were frequently in the top three most encountered species
found in studies performed until 2022. In this study, Prionace
glauca was completely absent in the 294 samples we identified to
the species or genus level, and Carcharhinus falciformis was still
commonly encountered.

Discussion

We successfully identified 294 samples to the species or
genus level. It is likely samples failing to amplify or those that
returned low quality sequences contained DNA that was
degraded when the fins were processed, with DNA undergoing
further degradation when stored in conditions that are not
optimal for preservation (e.g., room temp). Of the 22 species
level identifications, 17 are considered threatened by the ITUCN
(Critically Endangered n = 4, Endangered n = 5, or Vulnerable
n = 8), and six species are listed under CITES Appendix II. These
findings are in agreement with previous work performed in
Singapore that shows endangered species are frequently available
for purchase in public markets and retail shops (Wainwright
et al., 2018; Choo et al., 2021; Liu et al.,, 2021).

Carcharhinus falciformis, the silky shark, was the most
commonly identified species in our study (n = 61), and this
species is consistently one of the most frequently encountered in
retail shops and trade hubs throughout Asia (Sembiring et al.,
2015; Carderiosa et al., 2018; Fields et al., 2018; Wainwright et al.,
2018). Because of rapid population declines, this species has been
listed as vulnerable on the IUCN Red List since 2017 and has
been included on the CITES Appendix II list since 2016.
C. falciformis tends to track tuna aggregations, making it
vulnerable to accidental bycatch (Poisson et al., 2014;
Hutchinson et al, 2015). Additionally, the relatively long
gestation and sexual maturation period of the species limits
the potential for stock recovery (Branstetter, 1987). Despite
regulations to prevent the trade of this species, there is still a
high occurrence of it in the markets of Singapore, Malaysia and
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near threatened). Only samples identified to the species level are included.

China (Fields et al., 2018; Wainwright et al., 2018; Seah et al,,
2022). It should be noted that dried shark fin can last for several
years if processed and stored correctly. Therefore, depending
upon the turnover of inventory, we could be seeing fins that were
collected before CITES and IUCN listings were implemented for
this species. However, its high prevalence in markets make it
very likely that at least some of these C. falciformis fins represent
recent catches.

Rhizoprionodon oligolinx, the grey sharpnose shark, was the
second-most commonly identified species in our samples (n =
30). While this species has been identified in previous shark
DNA barcoding work in Asia, it usually occurs at a much lower
frequency in comparison to that observed here (Sembiring et al.,
2015; Cardenosa et al., 2018; Fields et al., 2018; Wainwright et al.,
2018). R. oligolinx was recently re-categorised by the IUCN from
Least Concern to Near Threatened due to population declines of
20-29% over the past three generations (Rigby et al., 2021), but it
has yet to be listed under any CITES appendices. The increasing
incidence of this species as demonstrated by this work supports
this TUCN re-classification, and may warrant its inclusion on the
CITES list in the future. The increased occurrence of R. oligolinx
fins may be an outcome of more stringent regulations placed on
other shark species (e.g., Carcharhinus falciformis, and all three
species of thresher sharks that were added to CITES appendix II
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in 2016). These regulations could shift fishing pressure from one
species to another, or it could simply be the case that some shark
populations have reached such low levels that they are less
frequently encountered meaning other species (e.g., R.
oligolinx) are caught to make up for the shortfall.

Sphyrna lewini, the scalloped hammerhead, is the third most
commonly encountered shark in this work. This high prevalence
is consistent with a range of other work performed in Southeast
Asia (Sembiring et al., 2015; Wainwright et al., 2018; Liu et al.,
2021; Choy and Wainwright, 2022; Seah et al., 2022), and this
species is recognised as one of the top four most traded in
international shark fin markets (Cardenosa et al., 2018; Fields
et al, 2018). As previously suggested (Liu et al, 2021), the
schooling behaviour that S. lewini engages in could mean it is
easier to catch and therefore preferentially targeted.

A 2018 study showed that fins from guitarfish and wedgefish
in the genus Rhynchobatus were readily available for purchase in
the markets of Singapore (Wainwright et al., 2018). At the 2019
CITES CoP18 summit held in Geneva, critically endangered
rays, guitarfish, and wedgefish were listed under CITES
Appendix II. Since this regulation was introduced, two studies
in Singapore using similar methods have uncovered no
processed fins belonging to wedgefish or guitarfish (Liu et al,
2021; this study). It is still too early to attribute this finding to
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TABLE 1 Details of species identification, common names, occurrence, the IUCN Red List status (CR, critically endangered; EN, endangered; VU,
vulnerable; NT, near threatened; LC, least concern), and CITES appendix listing.

Scientific name Common name Occurrence IUCN CITES
Red list status
n %

Carcharhinus falciformis Silky shark 61 20.7 VU I
Rhizoprionodon oligolinx Grey sharpnose shark 30 10.2 NT -
Sphyrna lewini Scalloped hammerhead 24 82 CR I
Isurus oxyrinchus Shortfin mako shark 21 7.1 EN I
Carcharhinus sorrah Spot tail shark 16 5.4 NT -
Rhizoprionodon acutus Milk shark 15 5.1 VU -
Sphyrna zygaena Smooth hammerhead 9 31 vU I
Carcharhinus porosus Smalltail shark 7 24 CR -
Carcharhinus leucas Bull shark 5 1.7 vU -
Lamiopsis temminckii Broadfin shark 3 1 EN -
Sphyrna mokarran Great hammerhead 3 1 CR I
Galeorhinus galeus School shark/Tope 3 1 CR -
Galeocerdo cuvier Tiger shark 3 1 NT -
Carcharhinus macloti Hardnose shark 2 0.7 NT -
Carcharhinus limbatus Blacktip shark 2 0.7 VU -
Carcharhinus acronotus Blacknose shark 2 0.7 EN -
Carcharhinus melanopterus Blacktip reef shark 1 0.3 vU -
Triaenodon obesus Whitetip reef shark 1 0.3 vU -
Negaprion acutidens Sharptooth lemon shark 1 0.3 EN -
Carcharhinus brevipinna Spinner shark 1 0.3 vU -
Scoliodon laticaudus Spadenose shark 1 0.3 NT -
Alopias pelagicus Pelagic thresher 1 0.3 EN I
Carcharhinus spp. N/A 82 27.9 N/A N/A
their recent CITES listing, but it is encouraging that additional population declines suggest that this species would be an ideal
surveys using similar methodologies with similar sample sizes candidate for inclusion on the CITES appendices, or the TUCN
did not uncover their presence. Repeated monitoring is required Red list. In fact, members of the Genus Prionace (e.g., blue sharks)
to assess whether this is a sampling artefact, a consequence of have been proposed for listing on CITES Appendix II at the
regulations or if this absence is a result of population collapse. nineteenth Conference of the Parties (CITES CoP19 Prop. 37).

Despite the frequent occurrence of blue sharks, Prionace DNA barcoding studies are now becoming increasingly
glauca, in previous work performed in Singapore and East Asia routine, and they serve an important role in monitoring the
(Chuang et al., 2016; Wainwright et al., 2018; Liu et al,, 2021), it trade of shark fins throughout the world’s retail hubs and
was notable by its absence in the 294 fins we identified to the markets. Without molecular identifications, many of these fins
genus or species level in this survey (Figure 3). This could be a would likely remain unidentified. Recent work shows that
cause for concern, blue sharks are one of the most heavily markets from different regions throughout East Asia and
exploited shark species in the world. They account for up to Southeast Asia have distinct species compositions (Cardenosa
90% of all oceanic elasmobranch catches (da Silva et al., 2021) and et al.,, 2020; French and Wainwright, 2022; Seah et al., 2022;
are frequently discarded as bycatch in long line fisheries Figure 3). This suggests a number of supply chains, hubs and
(Campana et al., 2002; da Silva et al., 2021). Scientific evidence fisheries supply the demand for shark fin. Without routine and
indicates that catches of this species have exceeded maximum repeated monitoring of the trade at numerous locations, it
sustainable yields, and recommendations that their catches be becomes very difficult to assess whether policy and regulations
capped have been made (Simpfendorfer and Dulvy, Nicholas, are having the intended effects. As DNA sequencing technology
2017; da Silva et al, 2021). Yet, despite this acknowledged continues to advance and the associated costs fall, it will become
overfishing and observed population declines, blue sharks are more feasible for governments to apply large scale and rapid
not CITES regulated and are only listed as near threatened on the testing of fins, for example, it is now possible to make accurate
TUCN Red List. The evidence collected, along with the observed IDs within 60 minutes with minimal equipment (But et al,
Frontiers in Marine Science 05 frontiersin.org
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2020). If further declines in shark populations are to be avoided,
it is necessary that countries take their CITES trade obligations
seriously, and sufficient resources are directed towards the
enforcement of these regulations. Without it, there will be little
to no impact on the conservation of shark populations.
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