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the identified species contributed to the overall trade 
within Singapore. The Singapore market appears dis-
tinct in terms of species composition when compared 
to the markets of Hong Kong and mainland China. In 
Singapore 81% of samples belonged to ten species, 
whereas, in Hong Kong and mainland China a sin-
gle species dominated the trade. Of those identified 
in Singapore, the IUCN considers six to be threat-
ened species and eight are listed in CITES Appendix 
II (in online). The differences in species composition 
between East and Southeast Asian markets suggest 
that different supply chains are sustaining these hubs. 
Given these differences, it is important that conser-
vation, sustainable fisheries management and policy 
decisions are based upon the findings from multiple 
trade centres.

Keywords  CITES · Conservation · DNA 
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Introduction

The oceans are a significant source of protein that bil-
lions of people and coastal communities rely upon 
each day (Roberson et  al. 2020). Biologically and 
genetically diverse ecosystems, along with sustain-
ably managed extractive activities are critical to the 
maintenance of ecosystem functioning and the pres-
ervation of ecosystem services (Roger et  al. 2012; 

Abstract  Overfishing and unsustainable practices 
have caused drastic declines in shark populations 
worldwide; these decreases are largely attributed to 
the demand for shark products (e.g., fins and meat) 
and shark bycatch associated with the global fishing 
industry. In an effort to understand the species com-
position of the shark fin trade in Singapore – a glob-
ally significant trade hub, we collected and genetically 
identify a total of 6840 shark fins collected between 
January 2021 and February 2022. We then adopted 
a Bayesian modelling approach to understand how 
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Ceballos et  al. 2020; Ceballos and Ehrlich 2023). 
However, marine ecosystems are increasingly sub-
jected to a variety of unsustainable practices across 
all habitats globally (Roberson et al. 2020; Pacoureau 
et al. 2021; Sherman et al. 2023). For example, coral 
reef habitats are succumbing to rapid human induced 
climate change and poor land use practices (Abelson 
2020), and fisheries throughout the world are collaps-
ing as government subsidized industrial scale fish-
ing, Illegal, Unregulated and Unreported (IUU) fish-
ing, and the associated bycatch removes biodiversity 
at unprecedented and unsustainable rates (Yan et  al. 
2021; Welch et al. 2022).

As apex predators and keystone species (Bres 
1993), sharks, rays and chimeras (class Chondrich-
thyes, herein ‘sharks’) are key functional components 
in marine and coastal ecosystems (Bornatowski et al. 
2014; Sherman et  al. 2023). Unfortunately, they are 
also a prime example of a species that humans have 
driven to the brink of extinction through unsustain-
able practices (Simpfendorfer and Dulvy 2017; Sher-
man et al. 2023). The vast majority of shark species 
are now considered at serious risk of extinction, with 
some populations experiencing catastrophic declines 
of 70% or more since 1970 (Pacoureau et  al. 2021). 
Underlining the size of these precipitous declines, 
sharks are currently the planet’s second most threat-
ened vertebrate lineage (Pacoureau et al. 2021), with 
once common species of shark now absent on many 
reefs across the world (Simpfendorfer et  al. 2023). 
Sharks are particularly vulnerable to overfishing and 
other unsustainable practices because of their slow 
maturation rates, low reproductive output and lengthy 
gestation period (Liu et  al. 2021). The removal and 
ensuing absence of apex predators in marine eco-
systems can disrupt the delicate balances that main-
tain ecosystem function and stability. For example, 
removal can cause the amplification of trophic cas-
cades throughout food chains (Stevens 2000; Bor-
natowski et  al. 2014), and even the grazing behav-
ior of turtles can be altered through the loss of the 
fear-induced effects that large apex predators such as 
sharks create (Nowicki et al. 2021).

A significant driver contributing to the overfish-
ing of sharks is the continuing demand for shark 
fins and shark products (Sherman et  al. 2023). Spe-
cifically, East and Southeast Asia are regions where 
significant shark fin consumption occurs, here they 
are frequently served at celebratory events, or sold 

as health-promoting tonics (Wainwright et al. 2018). 
Compounding the unsustainable nature of shark fish-
ing, in particular the fin trade, are the challenges 
associated with determining what species of shark 
a fin came from (Drescher et  al. 2022). Without an 
understanding of the species involved in the trade; it 
becomes very difficult to sustainably manage shark 
fisheries. Even when species-specific trade regu-
lations are imposed, they are easily circumvented 
through the use of broad, ambiguous or generic label-
ling of the traded product (e.g., dried seafood, or 
dried fish product) (Neo et  al. 2022). Further com-
plicating management, very few countries keep or 
maintain accurate catch data detailing the species and 
the number caught (Fields et al. 2018). Consequently, 
understanding the composition of the shark fin trade 
and designing sustainably managed shark fisheries is 
challenging, because of this it is estimated that 79% 
of all fins traded globally come from unsustainably 
managed sources (Oliver et al. 2015).

DNA barcoding is a routinely applied technique 
that can aid in the identification of species that are 
challenging to identify by visual methods alone (Van 
Houtan et al. 2020). This method generates accurate 
and reliable results, and has been applied success-
fully in numerous surveys throughout the world to 
identify the species of shark that a dried fin, meat 
or other shark products come from (Cardeñosa et al. 
2017, 2022; French and Wainwright 2022). Findings 
from these barcoding studies further demonstrate the 
unsustainable nature of the shark fin trade, with many 
reporting the frequent occurrence of species that are 
assessed as Critically Endangered or Endangered 
in the IUCN Red List, or species that have a degree 
of control imposed upon their international trade 
through CITES regulations (Wainwright et  al. 2018; 
Hobbs et al. 2019; Haque et al. 2019; Choy and Wain-
wright 2022; Sharrad et al. 2023).

While DNA barcoding surveys provide a valuable 
snapshot of the species present at the time of collec-
tion, their utility is limited to a small window in time. 
These one-off, single point in time surveys have been 
regularly performed throughout Indonesia (Sembir-
ing et  al. 2015), Singapore (Wainwright et  al. 2018; 
Choo et al. 2021; Shen et al. 2024), Malaysia (Seah 
et  al. 2022; Loh et  al. 2023), Thailand (Klangnurak 
et  al. 2023), Papua New Guinea (Appleyard et  al. 
2018) and the wider Asia Pacific region (Liu et  al. 
2013; Bineesh et al. 2017; Thu et al. 2019). In these 
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surveys, threatened species of shark were uncovered 
along with those that are listed on one of the CITES 
Appendices, however, it is not possible to reconstruct 
the full species composition of a trade hub (e.g., Sin-
gapore) from these data. As a result of this limitation, 
Bayesian modeling techniques have been developed 
to provide a more complete picture of the entire spe-
cies composition within a given trade hub (Fields 
et  al. 2018). Such understanding will aid regulatory 
bodies, agencies and policy makers to implement 
more accurate catch quotas and develop sustainable 
management and conservation plans. Here, we survey 
the shark fin market in Singapore, and implement a 
Bayesian modelling approach to understand the spe-
cies composition and the contribution of each species 
within this globally significant trade hub.

Methods

Sample collection

An exhaustive list of shops selling dried shark fins in 
Singapore was compiled and updated as new shops 
opened (additions) or closed (removal). We assigned 
each shop a number, and a random list of 10 shops 
to visit and collect samples from was created bi-
monthly. At each shop, a haphazardly chosen set of 
at least 20 fins from each available price point, size 
class, grade, or mixed container was collected; this 
resulted in totals of between 40 and 181 fins collected 
per shop, with an average of 97 fins. Note however, 
due to cultural norms, proprietor reluctance to be 
involved in work exploring the shark fin trade and the 
perceived negativity that our work may have on prof-
itable business practices, it was not possible to truly 
select fins at random, hence the haphazard nature 
of our collection within shops. All fins were then 
assigned numbers and 20 fins from each shop were 
randomly picked and DNA barcoded. All collections 
were made between January 2021 and February 2022.

DNA barcoding

DNA was extracted from an approximate 25  mg 
piece of tissue using the BioBasic EZ-10 96 Well 
Plate Animal Genomic DNA Isolation Kit following 
the manufacturer’s protocol. Due to the processed 
nature of the fins and the likely degraded nature of the 

extracted DNA, we elected to amplify an approximate 
350 base pair (bp) fragment of cytochrome c oxidase 
subunit I (COI) gene using the 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). Each Polymerase Chain Reaction 
(PCR) was performed in a 25 μL volume containing: 
12.5 μL GoTaq mastermix green, 7.5 μL of nuclease-
free water, and 2 μL of undiluted DNA template, 1 
μL Bovine Serum Albumin (BSA) and 1 μL each of 
the forward primer and the reverse primer, both at 
10  mM. Our thermal cycling profile consisted of: 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. If a 
sample failed to amplify, the amount of input DNA 
was varied by dilution with water at 1:10, 1:20, 1:100, 
1:200. If DNA dilution was unsuccessful, more DNA 
template was added incrementally until amplifica-
tion was achieved, up to a total 9.5 μL, with adjust-
ment in the amount of nuclease free water added to 
maintain a total volume of 25 μL. If amplification 
continued to fail, DNA was extracted again and the 
process was repeated until successful. We used PCR 
negatives throughout to detect possible contamination 
issues, and no contamination was observed. Enzy-
matic cleaning and bidirectional Sanger sequencing 
was performed by Bio-Basic Asia Inc.

Sequence identification

Geneious Prime (v2023.0.4) (Kearse et  al. 2012) 
was used to view and select high quality sequences 
for downstream analysis. We define a high quality 
sequence as one that contains no ambiguous base 
calls, and has only well-defined peaks. Species iden-
tifications were considered positive if the Barcode of 
Life Data System (BOLD) returned a 100% match 
for a single species, and the same species was then 
identified in GenBank as the top match. When an 
exact species match was not possible, we used the top 
matching genus returned in both databases.

Bayesian modelling analysis

Using an approach similar to that used in Hong 
Kong (Fields et  al. 2018), let Njk be the number 
of fins for day j and shop k, j = 1,…,J, k = 1,…,K. 
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For shops k which are not sampled on day j, we 
define Njk = 0. Write yijk for the number of fins of 
species i (i = 1,…,I) on day j for shop k, and write 
yjk = (y1jk,… , yIjk) . In our analysis, rare species 
– those with fewer than 10 identifications – are 
aggregated into a single “Others” category. We then 
constructed a model where we condition on Njk and 
assume that the yjk are multinomially distributed,

where

And for i = 2,…,I, �i are species effects, �ij , 
j = 1,…,J, are species-day interactions and �ik , 
k = 1,…,K, are species-shop interactions. We iden-
tify the model by setting �1=0, �1j = 0, j = 1,…,J, and 
�1k = 0, k = 1,…,K. We consider Bayesian inference, 
with priors similar to those in Fields et  al. (2018), 
�i ∼ N (0, 10, 000), i = 2,…,I, �ij ∼ N(0, �2

�
) , 

i = 2,…,I, j = 1,…,J, �� ∼ U[0.0001, 100] , 
�ik ∼ N(0, �2

�
) , i = 2,…,I, k = 1,…,K, 

�� ∼ U[0.0001, 100].
Fields et al. (2018) fit their model using a variant 

of the so-called “Poisson trick”, which however leads 
to a highly parametrized model and slow mixing in 
Markov chain Monte Carlo (MCMC) algorithms 
for drawing samples from the posterior distribution. 
Hence, here we fit the multinomial model directly, see 
Gelman et al. (2013) for an introduction to Bayesian 
methods and MCMC computational algorithms. The 
model was fitted using the rjags R package V4-13, 
and we ran four chains from different starting values, 
with 5000 warm-up iterations and a further 10,000 
sampling iterations each. Convergence was assessed 
by using trace plots and the Gelman-Rubin diagnos-
tic (Gelman et al. 2013). For summarizing the impor-
tance of each species, the raw observed proportions 
for each species can be highly variable and the Bayes-
ian model produces smoothed proportions. To get 
model-based estimates, we considered the expected 
proportion of species in a posterior predictive repli-
cate of the data (Gelman et al. 2013), obtaining point 
estimates and credible intervals for these quantities. 

yjk ∼ MI

(

Njk;p1jk,… , pIjk
)

,

pijk =
exp

�

�ijk
�

∑I

i�=1
exp

�

�i�jk
�

�ijk = �i + �ij + �ik,

All code for recreating the above analyses can be 
found in the Supplemental Material.

To determine completeness of our data set we 
used the iNEXT (Chao et al. 2014; Hsieh et al. 2016) 
online package to generate a rarefaction curve, with 
100,000 bootstrap samples and a 95% confidence 
interval. Using the abundance data collected for each 
species, we used SpadeR Online (Chao et al. 2016) to 
estimate the number of species within the Singapore’s 
market (Table 2).

Results

DNA barcoding

Of the 6840 barcoded fins, we identified 5888 fins 
to species level but were unable to resolve 952 fins 
beyond the genus level. Of these 952 genus level iden-
tifications, 742 fins belonged to genus Carcharhinus; 
196 fins were in the Mustelus genus and the remain-
ing 14 genus level identifications belonged to the 
genera Glyphis (n = 6), Centrophorus (n = 3), Glau-
costegus (n = 2) & Acroteriobatus (n = 3). In total, 
we identified 52 species of sharks, belonging to 28 
genera via DNA barcoding. Using the updated CITES 
listings that will enter into force with effect from 25 
November 2023 (Stokstad 2022), 39 of the species 
identified are listed on Appendix II (in online), while 
36 of the identified species are assessed to be threat-
ened (Critically Endangered = 7, Endangered = 10, 
Vulnerable = 19) in the IUCN Red List (Table  1). 
The top 10 species identified in this work accounted 
for 84% of all the identifications made at the species 
level. In particular, the silky shark (Carcharhinus fal-
ciformis) was the most frequently observed species, 
with 1171 occurrences accounting for 20% of all the 
identifications made at the species level.

Modelled species richness in Singapore

Our rarefaction curve (Fig.  1) indicates that our 
sampling strategy was robust and sufficient to cap-
ture the diversity of shark species traded within 
Singapore’s market and our data is suitable for the 
modelling approach applied. Further supporting 
this, modelled species richness (Table  2) is close 
to the species richness determined by DNA barcod-
ing. In our modelling approach, the top 10 identified 
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Table 1   Species identified by DNA barcoding of the COI gene, and their respective assessments on the IUCN Red List and CITES 
listings

Species Common name Count CITES listing IUCN red 
list assess-
ment

Carcharhinus falciformis Silky Shark 1171 Appendix II VU
Sphyrna lewini Scalloped Hammerhead 904 Appendix II CR
Galeorhinus galeus Tope 628 Not listed CR
Rhizoprionodon acutus Milk Shark 506 Appendix II VU
Carcharhinus sorrah Spottail Shark 471 Appendix II NT
Rhizoprionodon oligolinx Grey Sharpnose Shark 337 Appendix II NT
Carcharhinus leucas Bull Shark 275 Appendix II VU
Carcharhinus macloti Hardnose Shark 272 Appendix II NT
Isurus oxyrinchus Shortfin Mako 205 Appendix II EN
Sphyrna zygaena Smooth Hammerhead 201 Appendix II VU
Alopias pelagicus Pelagic Thresher 122 Appendix II EN
Galeocerdo cuvier Tiger Shark 117 Not listed NT
Carcharhinus porosus Smalltail Shark 77 Appendix II CR
Furgaleus macki Whiskery Shark 72 Not listed LC
Lamiopsis temminckii Broadfin Shark 69 Not listed EN
Loxodon macrorhinus Sliteye Shark 52 Appendix II NT
Carcharhinus longimanus Oceanic Whitetip Shark 33 Appendix II CR
Carcharhinus dussumieri Whitecheek Shark 31 Appendix II EN
Rhizoprionodon porosus Caribbean Sharpnose Shark 30 Appendix II VU
Sphyrna mokarran Great Hammerhead 30 Appendix II CR
Prionace glauca Blue Shark 28 Appendix II NT
Rhinobatos rhinobatos Common guitarfish 26 Appendix II CR
Carcharhinus melanopterus Blacktip Reef Shark 25 Appendix II VU
Hemigaleus microstoma Sickelfin Weasel Shark 20 Not listed VU
Scoliodon laticaudus Spadenose Shark 20 Appendix II NT
Carcharhinus amboinensis Pigeye Shark 17 Appendix II VU
Pristiophorus cirratus Common Sawshark 17 Not listed LC
Negaprion acutidens Sharptooth Lemon Shark 13 Appendix II EN
Triaenodon obesus Whitetip Reef Shark 13 Appendix II VU
Eusphyra blochii Winghead Shark 12 Appendix II EN
Carcharhinus acronotus Blacknose Shark 8 Appendix II EN
Carcharhinus brevipinna Spinner shark 8 Appendix II VU
Hemipristis elongata Snaggletooth Shark 8 Not listed VU
Carcharhinus fitzroyensis Creek Whaler 7 Appendix II LC
Carcharhinus amblyrhynchoides Graceful Shark 6 Appendix II VU
Mustelus mosis Arabian Smoothhound 6 Not listed NT
Sphyrna tudes Smalleye Hammerhead 6 Appendix II CR
Carcharhinus limbatus Blacktip Shark 5 Appendix II VU
Carcharhinus tjutjot Indonesian Whaler Shark 5 Appendix II VU
Nebrius ferrugineus Tawny Nurse Shark 5 Not listed VU
Rhizoprionodon taylori Australian Sharpnose Shark 5 Appendix II LC
Chiloscyllium punctatum Grey Carpetshark 4 Not listed NT
Stegostoma fasciatum Zebra Shark 4 Not listed EN
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species accounted for 81% of the species found 
within Singapore’s market (Fig.  2). These 10 spe-
cies come from oceanic and pelagic habitats, and 

include a mix of species classified as large or small-
bodied species at maturity, implying that our work 
and sampling strategy is not biased towards lower 

*All listed on CITES appendix II

Table 1   (continued)

Species Common name Count CITES listing IUCN red 
list assess-
ment

Carcharhinus albimarginatus Silvertip Shark 3 Appendix II VU
Carcharhinus obscurus Dusky Shark 3 Appendix II EN
Alopias superciliosus Bigeye Thresher 2 Appendix II VU
Carcharhinus humani Human’s Whaler Shark 2 Appendix II DD
Carcharhinus sealei Blackspot Shark 2 Appendix II VU
Hexanchus nakamurai Bigeyed Sixgill Shark 2 Not listed NT
Pseudocarcharias kamoharai Crocodile Shark 1 Not listed LC
Rhizoprionodon lalandii Brazilian Sharpnose Shark 1 Appendix II VU
Sphyrna tiburo Bonnethead Shark 1 Appendix II EN
Glaucostegus spp N/A 2 N/A N/A
Centrophorus spp N/A 3 N/A N/A
Acroteriobatus spp N/A 3 N/A N/A
Glyphis spp N/A 6 N/A N/A
Mustelus spp N/A 196 N/A N/A
Carcharhinus spp N/A 742 * N/A

Table 2   Species richness determined under various models for the shark fin markets in Singapore

(A) modelled using all species identifications, including those that could only be identified to genus level. (B) Using only fins that 
could be identified to the species level. DNA barcoding indicated 52 species, with six identifications that could not be resolved 
beyond the genus level

Estimate SE 95% CI

(A) All identifications at the genus and species level
Homogeneous Model 60.62 1.517 59.342–66.673
Homogeneous (MLE) 59 1.441 59.156–65.106
Chao1 (Chao 1984) 63.499 4.802 59.815–83.852
Chao1-bc 62 3.42 59.501–76.943
iChao1 (Chiu et al. 2014) 64.624 3.123 61.036–74.538
ACE (Chao & Lee, 1992) 61.783 2.518 59.611–71.671
ACE-1 (Chao & Lee, 1992) 62.089 2.893 59.652–73.634
(B) Using only identifications at the species level
Homogeneous Model 57.66 1.545 56.353–63.809
Homogeneous (MLE) 56 1.44 56.156–62.119
Chao1 (Chao, 1984) 60.499 4.802 56.815–80.851
Chao1-bc 58.999 3.42 56.501–73.943
iChao1 (Chiu et al. 2014) 61.624 3.105 58.047–71.456
ACE (Chao & Lee, 1992) 58.945 2.634 56.655–69.231
ACE-1 (Chao & Lee, 1992) 59.301 3.067 56.703–71.492
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value small-bodied sharks or sharks from one habi-
tat over the other. Carcharhinus spp. accounted 
for 46% of all the modelled observations. Of the 

modelled top 10 species, 60% are considered threat-
ened in the IUCN Red List, with 8 species listed on 
CITES Appendix II (in online), although this top 10 

Fig. 1   Rarefaction curve 
indicating indicates that 
sufficient sampling was 
performed to recover the 
majority of shark species 
sold in the Singapore’s 
market
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Fig. 2   Bar plot showing the relative frequency of each spe-
cies as predicted by Bayesian modelling with 95% credible 
intervals indicated. Asterisks above bars indicates species that 
listed under CITES Appendix II (in online). Species with fewer 

than 10 identifications are aggregated into the single category 
“other”. Those samples that could not be resolved to the spe-
cies level are recorded at the genus level only (e.g., Carcharhi-
nus spp.)
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list contains one group (Carcharhinus spp) which 
could not be fully resolved to the species level. 
However, all members of this genus are listed on 
CITES Appendix II. 

Discussion

Global shark populations have undergone precipitous 
declines over recent decades. As apex predators, such 
population declines can create trophic cascades which 
disrupt the delicate balances maintaining ecosystem 
functioning and stability, ultimately this will nega-
tively impact the human communities that rely upon 
coastal habitats and the services they provide (Sher-
man et  al. 2023; Simpfendorfer et  al. 2023). These 
declines are largely attributed to practices such as 
overfishing, and are indicative of the unsustainable 
practices that humans continue to inflict upon the 
ocean and our planet.

Despite a number of shark species having a degree 
of control exerted upon their international trade 
through treaties that are designed to prevent their 
overexploitation (e.g., CITES), shark populations 
continue to decline. A significant barrier that hinders 
the sustainable management of sharks is the difficulty 
associated with making accurate species identifica-
tions from dried and processed fins from which the 
distinguishing morphological features are generally 
absent. Frequently, even for experts and enforcement 
officials, identifying the correct species of shark that 
a fin came from via visual methods is difficult and 
often impossible (Klangnurak et  al. 2023). Due to 
these difficulties, many threatened or trade-regulated 
species of sharks continue to be sold in the shark fin 
markets throughout the world. DNA barcoding is now 
a frequently used technique that can overcome these 
identification difficulties; and similar to other stud-
ies that have used this technique to examine the spe-
cies sold in shark fin markets, this study also found a 
number of threatened (Critically Endangered, Endan-
gered or Vulnerable IUCN Red Listed species) and 
CITES-listed species available for sale in Singapore. 
However, unlike other studies performed in Southeast 
Asia, we used a Bayesian modelling framework to 
understand the species composition and the respec-
tive contributions of each species to the shark fin 
market in Singapore between January 2021 and Feb-
ruary 2022. This approach is necessary because it is 

impossible to exhaustively sample the entire market 
through physical collections. This yearlong sample 
collection scheme and modelling approach facilitated 
a better, and more complete understanding of the spe-
cies composition of the shark fin market in Singapore, 
thereby providing increasingly comprehensive data 
that can be used to develop more accurate manage-
ment and conservation strategies through the imple-
mentation of policies that promote sustainable fishing 
and resource use (Fields et al. 2018; Cardeñosa et al. 
2020).

Between January 2021 and February 2022, we 
estimated that approximately 50% of all the shark fins 
sold in Singapore that could be identified to the spe-
cies level came from five species (17% Carcharhinus 
falciformis, 13% Sphyrna lewini, 9% Galeorhinus 
galeus, 7% Rhizoprionodon acutus, 7% Carcharhinus 
sorrah). This list excludes the Carcharhinus identifi-
cations that could only be resolved to the genus level, 
but it is worth noting that this category accounted for 
11% of all the modelled identifications and was the 
third most commonly encountered. Of the five species 
level identifications listed above, four are listed under 
CITES Appendix II (in online) and four are currently 
assessed as Endangered on the IUCN Red List. These 
five species were also frequently found in one-off sur-
veys performed in Singapore between 2018 and 2022 
(Wainwright et al. 2018; Liu et al. 2021; Drescher).

A Bayesian approach similar to the one used in 
this study was also implemented in the shark fin mar-
kets of Hong Kong (Fields et al. 2018) and mainland 
China (Guangzhou) (Cardeñosa et al. 2020) to assess 
the species composition in these regions respectively 
between 2014–2015, and 2015–2017. The rarefaction 
curves in these studies suggested that the majority of 
the shark diversity was recovered within the respective 
markets. In Hong Kong, DNA barcoding identified 
67 species, with models predicting at least 76 species 
are sold domestically. Whereas barcoding revealed 43 
species in Guangzhou, with models estimating at least 
48 species in the domestic market. In comparison, 
within Singapore, our barcoding work identified 52 
species, with 56 species predicted by the model. Nota-
bly, the markets in Hong Kong and Guangzhou were 
similar to each other in terms of species composition 
and the proportion that each species contributes, but 
both differed markedly from Singapore.

The markets of Hong Kong and Guangzhou are 
dominated by the same single species, the blue shark 
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(Prionace glauca); in Hong Kong, close to 50% of the 
fins comprised of this single species, and in Guang-
zhou, approximately 32% of the fins came from the 
blue shark (Fields et al. 2018; Cardeñosa et al. 2020). 
Contrastingly, in Singapore, the blue shark accounted 
for only three percent of the species identified. This 
low incidence corresponds with findings from recent 
one-off barcoding research performed in Singapore, 
which found no P. glauca in 294 barcoded fins col-
lected in Singapore (Drescher et al. 2022). Conserva-
tion concerns resulting from the low occurrence of 
P. glauca in surveys performed in Singapore and the 
potential negative impacts of unsustainable fishing on 
this species were previously raised (Drescher et  al. 
2022). These concerns are further supported by the 
acknowledgement that P. glauca is one of the most 
heavily exploited shark species in the world, making 
up approximately 90% of all oceanic shark catches 
with scientific evidence indicating that P. glauca is 
exploited at a level that already exceeds its maximum 
sustainable yield (Silva et al. 2021). Considering the 
close proximity of the Hong Kong and Guangzhou 
markets, it is highly plausible that both markets are 
supplied by the same, or similar supply chains, con-
sequently P. glauca was the dominant species in both 
markets, with both showing similar species composi-
tion too.

Hong Kong only had one species that occurred at 
a frequency greater than 5% (P. glauca at a frequency 
of 50%), while Guangzhou had two that occurred at 
a frequency greater than 5% (P. glauca & C. falci-
formis at frequencies of approximately 32% and 10% 
respectively). Contrastingly, Singapore is not domi-
nated by a single species, and has seven species that 
occurred at a frequency of greater than 5% (Fig. 2). 
The more even distribution of species diversity in 
Singapore suggests a different supply chain to that 
of the Hong Kong and Guangzhou markets. In addi-
tion, notable species identified within the Singapore 
market includes S. lewini & G. galeus – both assessed 
as Critically Endangered by the IUCN Red List, and 
S. lewini is a CITES Appendix II (in online)-listed 
species. Together, they accounted for 22% of the fins 
sold in Singapore, while both species were observed 
in Hong Kong and Guangzhou at much lower fre-
quencies, accounting for less than five percent in both 
markets (Fields et al. 2018; Cardeñosa et al. 2020).

Although the findings between Hong Kong, 
Guangzhou and Singapore are broadly comparable, 

caution must be used when looking for trends across 
the three markets. Our work performed in Singapore 
exclusively sampled dried whole fins, whereas the 
work in Hong Kong and Guangzhou used fin trim-
mings which are the excess skin, cartilage and muscle 
tissues that are removed from fins to make them more 
desirable. It is conceivable that multiple trimmings 
are required to remove these tissues from a single fin, 
hence a single individual may be represented multi-
ple times leading to over-representation. Sampling 
and identifying only dried fins circumnavigates this 
potential confounding factor.

Moreover, the choice of PCR primers between Sin-
gapore, Hong Kong and Guangzhou was not the same 
– in this work, we selected a primer set that consist-
ently amplified an approximate 350 bp region, while 
the work in Hong Kong and Guangzhou used primers 
that amplified a sequence of 120  bp. The decreased 
resolving power of a shorter fragment likely accounts 
for the higher proportion of unidentified species seen 
in Hong Kong and Guangzhou. Nevertheless, where 
species identifications are made, both primer sets are 
reliable and give accurate identifications, facilitating 
comparisons across markets.

Discrepancies across markets could also be a 
result of sample collections made over a variety of 
time periods and years. For instance, fin trimmings 
in Hong Kong were collected between 2014–2015 
(Fields et  al. 2018), and 2015–2017 in Guangzhou 
(Cardeñosa et  al. 2020), whereas fins in Singapore 
were collected between 2021 and 2022. It is therefore 
reasonable to suggest that changing market pressures, 
implementation of new legislations pertaining to the 
documentation of landings, or new policies designed 
to protect sharks (e.g. increased protection through 
CITES listings and the associated regulations) could 
have influenced the species composition between mar-
kets and sampling years. However, given the surrep-
titious nature of the fin trade (Sadovy de Mitcheson 
et al. 2018) and the ease of avoiding rules and regu-
lation onboard fishing vessels when at sea (e.g., 
finning bans, species-specific catch quotas) (Clarke 
et al. 2013; Busilacchi et al. 2022), it is questionable 
whether market and policy forces could have come 
into play. A more parsimonious explanation would 
be that the markets in China (mainland and Hong 
Kong) and Singapore are maintained by different sup-
ply chains. In fact, mainland China operates a distant-
water fishing fleet that catches and lands sharks that 
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subsequently supply a portion of the Chinese shark 
fin markets (Pauly et al. 2014). While Singapore does 
not have a similar fishing fleet, occasional landings of 
sharks do occur in Singapore ports (Clark‐Shen et al. 
2023) albeit on a much smaller scale in comparison 
to China. Therefore, the vast majority of fins sold in 
Singapore are imported from other countries. Indeed, 
as the second-largest importer of shark fin by value in 
the world, Singapore receives shark fins from multiple 
and distant regions (e.g., Spain, Namibia, Uruguay) 
(Boon 2017), and its retail fin market is characterised 
by more even distribution of species in comparison to 
Hong Kong and Guangzhou.

This work confirms that a number of endangered 
or CITES-listed shark species are sold within Singa-
pore, with our model suggesting that over 80% of the 
fins sold in the retail markets of Singapore could come 
from species that are threatened or require their inter-
national trade to be regulated in order not to further 
endanger their survival in the wild under the auspices 
of CITES. However, due to the limitations imposed 
upon our sample collection by the real world (e.g., the 
haphazard, rather than truly random nature of collec-
tions) care should be taken not to over interpret this. 
Nevertheless, suggesting that over 80% of the fins 
could come from threatened or trade regulated species 
is consistent with what would be expected given the 
ongoing exploitation of sharks, especially as over 75% 
of tropical and subtropical coastal species are already 
considered threatened (Dulvy et  al. 2021). The cur-
rent level of fishing pressure that threatened species of 
sharks are subject to is unsustainable, estimates sug-
gest that less than 3% of global shark diversity meets 
the criteria determined for biological sustainability 
(Simpfendorfer and Dulvy 2017). If shark fishing 
remains largely unchecked and sharks continue to be 
harvested at a rate that exceeds their natural repro-
duction and growth rates, their already dwindling 
populations mean eventual collapse and extinction 
is inevitable. However, there is cause for hope, with 
the effective implementation of strong science-based 
management practices, sustainable fishing of sharks 
is possible (Simpfendorfer and Dulvy 2017; Shiffman 
2023; Simpfendorfer et al. 2023). Fundamental to this, 
a comprehensive understanding and documentation of 
the species involved in the global fin trade is neces-
sary. Understanding this can help determine appropri-
ate catch quotas, develop species-specific conserva-
tion and recovery plans, and the implementation of 

appropriate trade controls under the CITES frame-
work. It also allows assessment of the impacts and 
success of new regulations and policies that strive 
towards the sustainable management of shark popula-
tions. Modelling approaches such as those used here 
can contribute important information to these efforts.
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