3 Determination of Species Composition

3.1 Overview and Purpose

An estimate of the number of sharks utilized byshark fin trade each year is a
fundamental component of understanding and asggsgirole of this trade in the
exploitation of shark resources. However, unlbi&sdstimate can be proportionally
partitioned by species, it will not inform managernef shark resources on a species-by-
species basis. Management based on an amalggqreaiésis suboptimal and
undesirable as it is likely to exaggerate the cord®n concern for some species (e.g.
those sharks with high fecundities and low age affumity) while understating the

potentially threatened nature of less prolific &hstocks (Cortés 2002a).

As presented i€hapter 2 this study obtained shark fin auction recordschvidescribe
auction lots in terms of the Chinese trade namesgddous types of shark fins. Since
species information is lacking in most databasesriteing fin production and shark
catches (FISHSTAT 2002, Shotton 1999a, Hong Konge@onent 2002, SEAFDEC
2001), if the trade names contained in these aucticords can be mapped to taxonomic
nomenclature, these records can provide the fingbxunities to substantiate and
guantify the species composition of shark fing@ué. Previous studies of the Hong
Kong fin trade have assigned English common naméeat names for some types of
fins in trade (Parry-Jones 1996, Fong 1999, Vannut®99, Yeung et al. 2000), but

they have relied solely on traders’ nomenclatuictlzave had no means of independently

verifying fins’ species of origin.

The goal of this component of the study was tofyehinese trade name-species name

concordances for the most commonly appearing fiegyin the Hong Kong auction
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records. The following sections describe the mathugy and results of the concordance
sampling, and adjust the figures given in Chapter&der to provide species-specific
tallies of traded shark fin weight, shark numberd whole landed weights. The
application of these methods to future monitorifithe shark fin trade as well as to other

traded wildlife products is also discussed.

3.2 Technique Selection

Three methods for determining the species from wbied shark fins are derived were
explored for this study: visual key character rod#) microscopic examination of
dermal denticles, and molecular genetic techniqglieseh method is discussed in the

context of its applicability to the Hong Kong shdirktrade below.

3.2.1 Visual Key Character Methods

Visual discrimination of fin morphology involvesiog shape, proportions, colour, and/or
surface texture to distinguish the species of shit@&rphological shark fin keys have
recently been published to aid in fin identificatio Japanese fisheries (Nakano and
Kitamura 1998, Fisheries Agency of Japan 1999)esétkeys include 11 pelagic shark
species, but are based on characters observedyiormnset of fins per species (i.e. n=1).
Several steps in the dichotomous keys requirendistins based on fin colour which is
often an impractical character when sorting finsjescted to various degrees and methods
of drying. Other shark identification guides catsither of photographic catalogs of
individual specimens of fins by trade name (Vanimict999, Yeung et al. 2000) or do

not provide sufficient information to allow identiétion of sharks from the fin alone

(Compagno 1984, Compagno 2001, Hennemann 2001).
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While traders obviously rely on visual discrimirmatito sort fin stocks into lots for
auctioning or direct sale, the distinguishing clhtees for some fins are very subtle and
require considerable experience to recognize.hEurtore, as described above, trader
expertise extends only to trade categories and mima®liably indicate species.
Nevertheless, several months of this study weretdehto observing auctions and
visiting trader warehouses, in order to understaedneans by which traders sort fins
into categories. As a result of these effortajas possible to correctly identify some of
the major trade categories by eye. Ultimately, udifficulties in mastering the
intricacies of visual fin classification for allélspecies of interest within a short
timeframe, this technique was used only as a fdrgeneral corroboration for fin

classifications provided by traders.

3.2.2 Microscopic Methods: Denticle Patterns

Microscopic investigation of dermal denticle pattehas also been proposed as a means
of species identification. An unpublished studbérks from the Mediterranean and the
Eastern Atlantic found that only some of the spreaigsessed can be accurately identified
using this technique (B. Serét, Museum Nationalistéire Naturelle, Paris, France, pers.
comm.). A doctoral dissertation from the Universif Port Elizabeth, South Africa has
also explored this topic (Wagner 2000). Researclapan on 13 species of mainly
pelagic sharks has tentatively identified dentpaéterns using electron microscopy
imaging of one or more individuals of each spe€i@mnaka et al. 2002). This manuscript
and its images were obtained and applied to 24stgpshark fin obtained from a
cooperative Hong Kong trader at the beginning &f $kudy. My investigation concluded
that denticle patterns are difficult to distinguiatdried fins due to distortion during

drying and abrasion during shipment and handliigo, different patterns were

observed at different points on a single fin, confing previous research showing that

denticle patterns vary within species due to pasitin the body and sex (Mojetta 1997).
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It was concluded that although dermal denticle wdtthave potential for species
identification, more field testing is warranted dvef these methods can be reliably

applied, and their diagnostic utility in dried fiappears to be limited.

3.2.3 Molecular Genetic Methods

The third method considered for this study involteel use of deoxyribonucleic (DNA) —
based identification techniques. Molecular genmiithods are clearly capable of
identifying the species origin of shark fins, beguire removing tissue from fins as well
as laboratory support for specialized analysesarety of techniques are available but
must be weighed to determine advantages and distdyes in any given sampling
programme. A brief review of various molecular ggntechniques which have been
applied to the identification of particular specipspulations or individuals in trade is

provided by way of background.

In order to draw conclusions about the origin aghlity of whale meat, researchers have
capitalized on extensive genetic databases an@égied techniques for performing

partial genetic analyses in the field (Baker andifdhi 1994, Cipriano and Palumbi

1999, Dizon et al. 2000, Dalebout et al. 2002)heDstudies have applied genetic
methods in the laboratory to wildlife products sashcaviar (Birstein et al. 1998),
pinniped penises (Malik et al. 1997), turtle mddifran and Bowen 2000), red-meat
products (Martinez and Yman 1998) and shark firse(eel 2001), with the objective of
identifying the species origin of a small numbesaimples in various trade categories. In
the main, these studies have been concerned witbrigrating the proposed technique

is effective for identifying the species or origihindividual market place products, and

have not attempted to characterize the speciesasitigm of the trade as a whole.
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The choice of molecular markers and methods faetraonitoring will depend on the
type of organism being studied and the monitoribgctives. Where existing DNA
sequence databases are available to support sgemesation or even individual
discrimination, such as for cetaceans (Baker atahfta 1994, Cipriano and Palumbi
1999, Baker et al. 2000, Rosenbaum et al. 2000hipeds (Malik et al. 1997) or
geographically confined animals (Manel et al. 20@N A sequencing provides a
straightforward, though expensive and time consgmimeans of assigning a species
identification to a sample. To accommodate laggesand economical identification of
samples in trade monitoring and conservation agtins, alternative molecular markers
and methods have been developed. These inclutietiea fragment length
polymorphisms (Heist and Gold 1999, Gharrett e2@01) and species-specific PCR
primers (Hoelzel 2001, Pank et al. 2001, ShivaleR002), both of which screen for a
small subset of nucleotides that are diagnostiafgpecies; and microsatellites, which
sometimes can be used to identify the populatiaorigin of individual samples (Cornuet
et al. 1999, Manel et al. 2002). Microsatellitehigiques are still under development for

sharks and thus were not available for use instinidy.

Both the species-specific primer and restricti@gfnent length polymorphism (RFLP)
methods require considerable initial developmenttasting to demonstrate that the
primer is indeed diagnostic of a single specielse RFLP technique is based on DNA
extraction and amplification using PCR, but insteadsing a species-specific primer in
the PCR step, it requires one or more subsequactioas to parse the PCR products into
a number of bands that appear, after gel electresiy in species-specific patterns. Like
the PCR primer technique, this technique requirasa specific locus be selected within
which all species of interest can be distinguishR&LP research on sharks has identified
a mitochondrial DNA locus in which species-spedifitferences are apparent, but

problematic intra-specific differences have alserbelentified (Heist and Gold 1999).
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While both RFLP and species-specific PCR primeketigeen used to identify shark
products, the PCR primer technique is believecdetbditer suited to rapid and large-scale

screening applications (Palumbi and Cipriano 188&lzel 2001, Shivji et al. 2002).

3.3 Methodology

3.3.1 Use of Polymerase Chain Reaction (PCR) PrimersSfaarks

Recent development of diagnostic DNA sequence tesitg species-specific PCR
primers for sharks provided an ideal opportunitgtiody the species composition of the
shark fin trade (Pank et al. 2001, Shivji et aD20 Through a cooperative partnership
with the innovators of the shark PCR primer techagjat the Guy Harvey Research
Institute, Nova Southeastern University, this studg able to procure laboratory analysis
services as part of a collaborative effort to teese methods on dried shark tissue

samples from globally distributed sources.

Detailed description of the methodology of thessgdostic tests is provided in Pank et
al. (2001) and Shivji et al. (2002), and summarizedfly here. This technique relies on
DNA sequence differences among shark species inublear ribosomal DNA ITS2

locus for the development of species-specific prinfBigure 3.1). Each primer is a
short, synthetic, single stranded piece of DNA glesil to recognize (anneal to) and PCR
amplify DNA from a single shark species only (egrimer designed for shortfin mako
shark will only amplify DNA from fins of that spexs), producing a diagnostic sized
DNA band (amplicon). Sample screening efficieregéhieved by combining multiple
(up to six) species-specific primers in a singkct®on (multiplex PCR), thereby testing
each unknown fin for its potential origin from aoe of six species at a time. At the

current stage of development, this method workst @ifisiently when the expected
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identity of the fin sample can be narrowed to aimamn of six species for which primers
are available and which can be multiplexed togeitharsingle reaction (Shivji et al.
2002). If the sample is not from one of the sitiahspecies tested, a different suite of
six primers can be tried, requiring a second raefrgtreening. However, because a
complete set of species-specific primers for alrklspecies possibly present in the fin

market is not yet available, some fins cannot culyeébe identified.

Seventeen primers that are species-specific olyngaecies-specific were employed to
identify the shark fins in this study (Table 3.Detailed methodologies for the
development of each species-specific primer andnihiéiplex PCR screening assay are
given in Pank et al. (2001) and Shivji et al. (20fa shortfin mako, longfin mako,
porbeagle, silky, blue, sandbar and dusky shdbkeszelopment of primers for common
thresher, pelagic thresher, bigeye thresher, tig@rbbean reef, bull, bignose, smooth
hammerhead, great hammerhead and scalloped hanadestarks will be published
separately. The diagnostic reliability of eachcéps specific primer within the ongoing
primer development process is described in Shigi.g§2002) and in Table 3.1, with
each primer ranked on a scale of 1 - 4 reflectimgliagnostic robustness (Rank of 1

being the most robust).

3.3.2 Selection of Sampling Sites Within the Hong KoraglShin Market

The feasibility of obtaining dried shark fin tisss@&mples was explored through
numerous reconnaissance visits to Hong Kong'’s diéediood district, Sai Yin Pun
(Figure 3.2). Approximately 50 retail or wholesakablishments located there deal in
shark fin products (Clarke 2002). Of this numlbleere are about 16 wholesalers who
take turns hosting daily shark fin auctions in Hétung, and at least an equal number
who import large quantities of fins and re-expberh to Mainland China for processing

without auctioning. Traders receive fins fromesdt 85 countries and territories (Hong
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Table 3.1 Validation status of the diagnostic reliabilitiysihark PCR primers based on Pank et al.
(2001), Shiviji et al. (2002), and unpublished deRaimer reliability is ranked as
follows: 1) fully validated; 2) extensively velited; 3) partially validated with high

confidence; 4) partially validated but requiregfier testing due to some false

positives with other species for which primers @oeavailable. An asterisk indicates

species whose primers amplify globally distribusadnples of that species, i.e. no

subpopulation variation.

Primer Primer for Shark Species Primer Validation Status
Reliability
Rank
1 Order Lamniformes Verified as species-specific against
68 major, non-target shark fishery
Family Lamnidae species, including all major
Shortfin mako*Isurus oxyrinchus lamniform fishery sharks.
Longfin mako* (surus paucus
Family Alopiidae
Common thresher*Xlopias vulpinuy
Bigeye thresher*Alopias superciliosys
Pelagic thresher*Alopias pelagicus
1 (cont.) Order Carcharhiniformes Tiger primer verified as species-
specific against 68 major, non-target
Family Carcharhinidae shark fishery species, including 30 of
Tiger* (Galeocerdo cuvigr 50 carcharhinid species. 1TS2
sequence divergence between tige
and other carcharhinid species is
large indicating tiger primer is
unlikely to amplify untested species.
2 Order Carcharhiniformes Verified as species-specific against

Family Carcharhinidae

Blue* (Prionace glauca

Silky* (Carcharhinus falciformiy
Caribbean reef*Qarcharhinus pere}i
Bignose Carcharhinus altimus

Spinner* Carcharhinus brevipinna

68 major, non-target shark fishery
species, including 21 of 30
Carcharhinusspecies. The high
degree of species-specificity seen
against all congeners tested thus far
reduces the likelihood that these
primers will show significant cross
amplification against remaining

untested congeners.
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Table 3.1 (cont.)

Order Carcharhiniformes

Family Carcharhinidae

Sandbar* Carcharhinus plumbes

Bull* (Carcharhinus leucgs

Order Carcharhiniformes

Family Sphyrnidae

Verified as species-specific against
67 major, non-target shark fishery
species, including 20 of 30
Carcharhinusspecies. Sandbar
primer cross amplifies bignose, and
bull primer cross amplifies Caribbed
reef. However, sandbar and bull
shark fin identity confirmed by
secondary testing with the
extensively validated bignose and
Caribbean reef primers.

Verified as species-specific against
68 major, non-target shark fishery

species, including 5 of 8 sphyrnids.

AN

Smooth hammerheadSphyrna zygaenal These 3 hammerhead species are
Scalloped hammerhead$phyrna lewini | circumglobally distributed and

Great hammerheadSphyrna mokarran | expected to constitute the major

portion of the hammerhead fins in t
market. The 3 as yet untested

Sphyrnaspecies are rarer and have
localized distributions, and are likel
to be relatively uncommon in the fin

market.

ne

Order Carcharhiniformes

Family Carcharhinidae

Dusky* (Carcharhinus obscurgs

Verified as species-specific against
66 major, non-target shark fishery
species, including 19 of 30
Carcharhinusspecies. However,
dusky primer cross-amplifies ocean
whitetip (C. longimanusand
Galapagos(. galapagensjssharks.
The dusky primer, in combination
with visual diagnostics for oceanic
whitetip, permits robust identificatio
of the latter’s fins without confusing
oceanic whitetip and dusky. False
positive amplifications from

Galapagos shark fins cannot be

ic

distinguished at present.

137



8€T

‘dew 19sUI Y1 UO MoLe Ie|q Byl AQ PBPRDISI UNd UIA 1S Ul 121ISIp PO0Jeas paup ayl Jo
uoneoo| ayl ‘puBpOoY BuoH jo eare uislsap-UYLoN 3yl Bulreraauare yum Buoy BuoH Buimoys euiyd uiayinos jo depy z's ainbi4

T —1— -
B DRI 5 o
AEprog Wws By Loy == L
E 1L ]
pusbel o
u] ] 9
=] o
o0 o o
=}
o o
mt 05 o
Fa0 3 WA
] 0
o
o
fut
Od WO O
TIH TIH TIH 7
i Gl S £
PHYH Y S e 3
o
WS AW B D 3 T o
1%HI Wi kY 3 S
._lll."...ﬂ:l-.._.._.n..z.-.un- T3H.S aTEIaD HRA SHPAHS
. R yro o £ //. o WNIHD ORI
pry el weowim | g
(n]
=11 mo'z mo oo o
IS WS W L L] 5
& u}
MWOHSRNH
g gl
FTAmL
Aidln'd 1 ohdd




Kong Government 2002) in poorly sorted shipmentsranst re-sort the fins into market
categories before auction or sale. However, dmedits are bagged for auctioning, and
once they are sold, traders are reluctant to tamijtlrthe fins for fear of jeopardizing the
sale, thus limiting the window for sampling. Altigh fins are displayed during the
auctions, the opportunity for sampling is too baafl most traders preferred that their
participation in the study remained confidentialjg sampling could not take place at
auctions. Furthermore, traders who were willingaaticipate in the study during fin
sorting could not afford the time required to peraepresentative sampling of their
stock. Given these restrictions, and based orethdts of initial enquires at over 30
trading houses, it was decided to focus on samplamticular Chinese trade names for
shark fins across as wide a range of traders amdeaountries as possible. The
concordances between scientific names and Chirese names could then be linked
with the information on the auction records desmlin Chapter 2 and used to

characterize the species composition.

3.3.3 Statistical Design of the Sampling Program

A total of eleven market categories were chosenefsting on the basis of being common
in the trade and whether there were, or were likelye during the course of this study,
validated primers for the taxa expected to be faarehch category. The expected trade
name — taxonomic concordances (Table 3.2) werethgpized based on information
from traders, and comparison with published infdramaon fins and shark morphology
(Vannuccini 1999, Yeung et al. 2000, Fisheries Agerf Japan 1999, Froese & Pauly
2002). A probabilityp, that the expected match would be found to haldfty sample

of a given market category was formulategriori based on trader interviews (Table

3.2).
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Table 3.2 A priori hypothesized matches{x’) between traders’ market categories and shark

taxa for fins targeted in the sampling. Trade raare romanised using the pinyin

system. Chinese characters are given to facilitateslation between Pinyin and other

forms of Chinese romanisation. The probabilityt the expected match is correct is

given byp. Thesea priori values ofp were used to calculate the required number of

samples (see Figure 3.1).

Market Expected Predominant Assigned | Other Taxa Believed to be

Category (x) Taxa within Market apriori Present in the Market
Category (X') value ofp | Category

Ya Jian blue .95 none

R (Prionace glauca

Qing Lian shortfin mako .80 longfin makol( paucu3

HH (Isurus oxyrinchups

Wu Yang silky .70 Galapago§C. galapagensis),

HF (Carcharhinus falciformis silvertip (C. albimarginatus)

Hai Hu dusky .90 unknown (if any)

VB (C. obscurup

Bai Qing sandbar .90 unknown (if any)

=3 (C. plumbeus

Ruan Sha tiger .90 unknown (if any)

G/ QAN (Galeocerdo cuvigr

Chun Chi smooth and scalloped .60 great hammerhed8.

HA hammerheadsSphyrna mokarran)and other
zygaenandsS. lewin) hammerheadsSphyrnaspp.)

Gu Pian great hammerhead( .85 other hammerheadSghyrna

=g mokarrar) spp.)

Wu Gu threshers .90 longfin makol( paucu3

ImE (Alopiasspp)

Sha Qing bull .80 pigeyeg(C. amboinensis)

wE (C. leucay

Liu Qiu oceanic whitetip .95 none

ViEk (C. longimanuy

As traders’ profits depend on their ability to disgnate fins into market categories of

varying value, it was expected that most marketgates based on distinctive fins
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would have higlp values, i.e. near 1. However, for market categobased on fins that
were less distinctive, and/or were believed to aontore than one speci@spriori

values ofp were reduced in proportion to taxonomic uncenaint

The goal of the sampling program was to estimaetbbabilityp that a fin identified by
a trader as market categosis found to be taxor’ with a low coefficient of variation for
p (CV,<0.10). Based on the binomial model, wheis the proportion correctly
identified, q is the proportion incorrectly identified, is the standard deviation jm and

CV,=s,/p, the required number of sampless calculated as:

q

n= . (Eq. 3.1)
(CV,)p

Using this formula, and the priori p values in Table 3.2, the requisite number of
samples for two Cylevels (0.05 and 0.10) were calculated for eactketaategory

(Figure 3.3).

Individual warehouses were sampled between Novel2®@d and February 2002. At
each establishment, traders were shown a listsifetefin types (in Chinese characters)
and asked to allow free-of-charge sampling of smaltes of tissue from the edges of
dried fins. The market category to be sampledaha&sked using visual characters
employed by traders to avoid obvious errors. &rttajority of visits, not all fin types
could be sampled due to limited stocks on handadttition, some traders were reluctant
to allow sampling of high value fins, such as Hai Bai Qing and Ruan Sha, for fear of
product damage. Most traders did not understamdationale for replicate sampling

within a category and this led to sample sizes=df during many visits.
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Ya Jian
Qing Lian
Wu Yang

Hai Hu

Bai Qing @ Target when CVp<0.1(
Ruan Sha W Target when CVp<0.05%

Chun Chi O Number Collected

o

Gu Pian
Wu Gu
Sha Qing

Liu Qiu

0 100 200 300

Number of Sample

Figure 3.3 Target number of samples and number of samplesctad for coefficient of variation
in p (CV,) set at 0.05 and 0.10 for each shark fin markietgray. As described in
Table 3.2a priori estimates op were formulated and used in conjunction with pre-

selected values of GMo calculate the required number of samples foheategory.

3.3.4 Sampling Cutting and Handling

In order to obtain sufficient fin tissue for anatyssamples were required to be of
approximately 1 crhbut could be cut from any part of the fin, incliglithose areas of
skin or muscle tissue that are discarded duringrfatessing. Samples were usually cut
using metal pincers or stainless steel scissdrgugh some traders insisted on cutting
samples themselves using a jigsaw. The laborataginally requested that the cutting
tool be cleaned with 20% bleach, then water, aneffglly dried before re-use. This

methodology proved unnecessary for dried fins,farttiermore resulted in raised
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suspicions among traders who did not understargberontamination issues, and/or
increased impatience with delays in sample cuttingtead, the cutting tool was
carefully wiped with a cloth between samples amtatory staff were asked to avoid
using cut edges when extracting DNA in case ofg@mnple contamination introduced
at the point of cutting. Once cut, samples weaegd into individual self-sealing plastic
bags and labelled with sample number, date, tradele name of fin and area of origin,

and a separate sample inventory was maintaingaréadsheet form.

3.4 Results

3.4.1 Representativeness and Statistical Power

A total of 596 fin samples from the eleven targerket categories was collected;
opportunistic sampling of non-target fin types tedollection of an additional 239
samples that now await primer development andnigstihe number of collected
samples exceeded the target numbeChd=0.10 for each market category, and for three
categories (Ya Jian, Wu Gu and Liu Qiu), the nundferollected samples also exceeds

the target number fa€V,=0.05 (Figure 3.3; Table 3.3).

The study’s ability to assess i) the fidelity oinmenclature across the trading community,
and ii) traders’ ability to consistently classifng imported from different parts of the
world into coherent categories, was determinechbydistribution of samples among
different trading houses and source ocean basireg@ns. The distribution by trader
(Figure 3.4) was skewed such that 372 of the 58tpkss (62%) were obtained from just
two traders. This situation is a reflection of #erp decline in trade community
cooperation following a shark conservation campaigmducted in Hong Kong in March

2001.
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Table 3.3 Distribution of samples within each market catedaoyytrader and source (ocean
basin/region) of fins. The evenness statisti¢{dy 1999) represents only the equity of
the distribution of samples among traders or sauticat were sampled, and is not a
function of the total possible number of samplediérs or sources. Higher values for J
indicate that the samples were spread more evemiyg the various trader or source
categories being sampled. See text for furtherfmetation of specific J values.

Trader's | Hypothesized | Number Number of | Evenness | Number of | Evenness
Market Species Match | of Traders for Source for
Category Samples | Represented Traders Ocean Sources
Collected | (of 20 in (Brillouin | Basins or (Brillouin
‘n’ total) J) Regions J)

Represented

(of 8in

total,

excluding

unidentified)
Ya Jian P. glauca 37 11 0.81 5 0.77
Qing Lian | I. oxyrinchus 69 11 0.68 6 0.82
Wu Yang | C. falciformis 110 13 0.71 5 0.58
Hai Hu C. obscurus 34 7 0.52 4 0.43
Bai Qing | C. plumbeus 40 9 0.64 3 0.69
Ruan Sha | G. cuvier 26 6 0.63 3 0.48
Chun Chi | S. zygaenar 94 13 0.68 7 0.60

S. lewini

Gu Pian | S. mokarran 35 8 0.70 4 0.29
Wu Gu Alopiasspp. 75 9 0.69 6 0.81
Sha Qing | C. leucas 53 10 0.74 5 0.64
Liu Qiu C. longimanus | 23 9 0.76 3 0.76
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Figure 3.4 Distribution of samples (n=596) across trading lestis Hong Kong. Samples from
each sampled trader are shown in black and andaghigve each column. The grey
portion of each column represents the cumulativebrer of samples obtained from

traders represented in columns to the left of eachpled trader.

The allocation of samples across geographic poifntsigin is shown in Figure 3.5.
Since many of the traders were unable to be pretisat the origin of the fins, a large
proportion of fins were of unknown origin and tleemaining samples were identified
using general categories to represent differerdmbasins or areas. The two heavily
sampled traders specialized in imports from SoutteAca and this is reflected in the
fact that 264 of 596 samples (44%) were said t@ lvaiginated in South America.
Nevertheless, one of the heavily sampled tradersrakceived shipments of fins from

other locations and these other locations congih®0% of the samples from this trader.
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Figure 3.5 Distribution of samples (n=596) across major odeasins. Samples from each
sampled trader are shown in black and annotatedeadach column. The grey portion
of each column represents the cumulative numbsawiples obtained from traders
represented in columns to the left of each samipdeter. Specific source locations
cited by traders for each of the areas in the édteft to right) are as follows: South
America (Brazil, Ecuador), Eastern Atlantic / WAStica (Spain, Togo); South East
Asia (Australia, Indonesia and the Philippinesiliém Ocean (India, Sri Lanka, the
Maldives, Bangladesh); Southern Africa (South Adrand Angola); Central America
(Gulf of Mexico, Costa Rica); South Pacific (Fijitiddle East (including fins from
unspecified African countries).

The diversity of samples in each market categorirdyer and source region was
examined (Table 3.3) using the information-thearetienness measure of Brillouin for

non-random samples (Zar 1999), where:

(logni->"log 1,1)

n

(Eq. 3.2)

with n the total number of samples ahthe number of samples in each category. Higher

values for this statistic indicate that the samplese spread more evenly among the
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various trader or source categories being sampléé.lowest evenness value (0.29) by
source region was calculated where 89% of the sssnpére collected from one source
region with the remaining samples distributed am®mgher regions or unidentified (Gu
Pian, n=35). By trader, the lowest evenness vdué) resulted when 56% of the

samples were collected from one trader, with and@2B&6 from a second trader, and the

remaining samples distributed among 5 other tragitasHu, n=34).

3.4.2 Species Identification of Samples

All samples (n=596) were initially tested with ghemer representing the expected
taxonomic match (Table 3.2). If the sample fatledmplify with this primer (g fin), it
was consecutively tested in a multiplex PCR foragatinst each of the other seventeen
primers used in this study (Table 3.1) until a matas found (& sample) or until all

the primers had been trieddasample). Values qf, the proportion of samples
validating the expected match, ranged from 0.64fw Qing to 1.00 for Liu Qiu (Table
3.4). Calculation o& posterioriestimates of the coefficient of variationmpfCV,)
suggests that for the majority of market categdhiessample size was sufficient to
provide a robust estimate pfince all values of CY are less than 0.11 (Table 3.4). The
results of the testing for those samples whichnadidverify the expected match are given

in Table 3.5.

The results for several market categories, whieheasily distinguished from most other
types of fins due to size, shape or colour, conéarmuite closely to expectations. None
of the Liu Qiu fins were from any shark other ttwoeanic whitetip, and the only Ya Jian
that was not a blue shark fin was from a bigeyedher shark which has similar fin

dimensions. All of the fins in the Gu Pian catsggthrat were not great hammerhead were
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Table 3.4 Results of PCR primer analysis by market categ@gntrol failures are those samples
for which no valid test result could be obtaindthe proportion of samples validating
the expected match swherep is equal to number of matching samples/(humber of
samples tested — control failures). £and g are the coefficient of variation pfand

the standard deviation pf respectively.

Trader’s Genetic Number | Number | Number of | a posterioriEstimates
Market Identification of of Samples
Category | Necessary to Samples| Samples| Confirmed
Score ap Tested | with as Matching | p CVp S
(n) Control | Expected
Failures | Speciesn)
Ya Jian P. glauca 37 1 35 0.97 0.028 0.027
Qing Lian | I. oxyrinchus 69 2 57 0.85 0.051 0.044
Wu Yang | C. falciformis 110 2 86 0.80 0.049 0.039
Hai Hu C. obscurus 34 0 29 0.85 0.071 0.061
Bai Qing | C. plumbeus 40 6 25 0.74 | 0.103 0.076
Ruan Sha | G. cuvier 26 1 21 0.84 0.087 0.073
Chun Chi | S. zygaenar 94 1 89 0.96 0.022 0.021
S. lewini
Gu Pian S. mokarran 35 0 30 0.86 0.069 0.059
Wu Gu Alopiasspp. 75 7 50 0.74 0.073 0.054
Sha Qing | C. leucas 53 3 32 0.64 | 0.106 0.068
Liu Qiu C. longimanus | 23 0 23 1.00 0 0
Totals 596 23 477 - - -
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Table 3.5 Summary of samples not confirming the expected mat@ach market category.
Samples that did not amplify with any species-dpeprimer (g, samples), and
samples that were found to amplify with anothercgsespecific primerg, samples),

are shown. For the latter, the true sample ideigtigiven.

Market English Number | Number | Identity of g Samples
Category Common Name | of q, of g;
of Expected Samples| Samples
Match
Ya Jian blue 0 1 bigeye thresher (1)
Qing Lian shortfin makg Y. 8 longfin mako (6), bigethresher (1),

scalloped hammerhead (1)

Wu Yang silky 9 13| scalloped hammerhead (6), shortfin
mako (4), sandbar (1), dusky or
Galapagos (1), spinner (1)

Hai Hu dusky 4 1| silky (1)

Bai Qing sandba 7 P dusky or Galapagos (1), bigribs

Ruan Sha tige 3 1 bull (1)

Chun Chi hammerhead 1 3 great hammerhead (2),ipefagsher
@

Gu Pian greal 1 4| scalloped hammerhead (4)

hammerhead

Wu Gu threshe 1 1Y longfin mako (15), shortfin m&k),
blue (1)

Sha Qing bull 17 1 tiger (1)

Liu Qiu oceanic whitetip q 0 -

Totals 45 51

scalloped hammerhead. This was expected becatlssdatloped and great
hammerhead fins are similarly light in colour (@posed to smooth hammerheads which
are darker). Genetic testing has confirmed thabaders further classified Chun Chi
(hammerhead fins) into light and dark varietiesthgroups always matched the
scalloped and smooth hammerhead primers respgctiviking of scalloped
hammerhead fins in the Gu Pian category thus osthies some traders identify any

large, light coloured hammerhead fin as a Gu Pian.
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Some market categories validated the hypothesjzecties matches at higher
probabilities than expected. It was expectedttied posteriorip for Chun Chi fins

would be relatively low due to the possible presenicother hammerhead species, for
which primers have not yet been developed, in thenCChi category. However, except
for two samples which amplified with the great haenhead primer, and one sample
which did not amplify with any primer, only scalkeg and smooth hammerhead fins were
present. The possibility that the scalloped andamhammerhead primers amplify three
as yet untestefphyrnacongenersg. mediaS. tudesS. corona can, however, not be

dismissed.

The other category which was less species-divaae éxpected was Wu Yang which
amplified with the silky shark primer in 80% of teamples. OtheCarcharhinus
congeners were found to be present but at muctrImtes than expected. There
remains the possibility, although small, that afigadition of other, yet untested rarer

congeners by the silky shark primer may accounthfethighp value.

Most of the remaining trade categories containkijaer diversity of species than
expected. A key nomenclatural issue was discovergarding the longfin mako which
affects both the Qing Lian (shortfin mako) and Wu @resher) categories. A minority
of traders will sort longfin mako fins into a sept@ category but most will either
combine them with shortfin mako or thresher fing tlusimilarity of appearance and
market value. Of thg samples in Qing Lian and Wu Gu categories, 84%eWangfin
mako fins. All of the high value carcharhinid fing. Hai Hu, Bai Qing and Ruan Sha
showed some degree of mixing with other carchadrépiecies and a proportionally large
number of unidentifiable fins which did not amplifiith any existing primer. The
market category with the lowestposteriori pvalue was Sha Qing, which was originally

expected to show a strong concordance with butkdb@sed on information from
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traders. However, of the 50 Sha Qing samplesde&#could not be identified and may
derive from the morphologically similar pigeye shaarcharhinus amboinensifor

which no primer is yet available.

Other unexpected results may derive from misundedshg traders’ pronunciation. For
example, the presence of several shortfin makéseiWWu Yang category may arise from

the fact that some of the traders call shortfin asa®/u Yang &£, i.e. same

romanization as silky shark, but different intonatand characters). ldentification of
five of the six scalloped hammerheads in the Wugvsamples may also reflect
miscommunication during sampling since on this simathe trader used two different

names for the fins during sampling and then beaamee-operative.

3.4.3 Application of Concordance Results to Trade Records

As described in Chapter 2, there are 16 major niaudkmes that are commonly used to
describe auction lots and over 70 market categoritstal. The results of the Bayesian
imputation and statistical modelling exercise pdevproportions, numbers and biomass
of auctioned fins represented by each Chinese trad®. Thea posteriorip-value for
each of the tested trade name-species name majehesated here can be applied to
these proportions to estimate adjusted proportiepesenting true totals by species or

genus.

The WinBUGS models introduced in Chapter 2 wergpkmented with code which uses
the results of the genetic analysis to create damnvaluep, representing the probability
that a fin labelled with one of the eleven Chineade names is actually derived from the
expected predominant taxon associated with thdétname (see Table 3.2). Thisis

accomplished through use of a binomial distributibithe form:
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n

m p'L-p)"’ (Eq. 3.3)

wherer =0, 1...,n

representing the potential number of matching sampp tm, the total number of
samples tested (Table 3.4). The probabilifie$or each of the eleven tested matches are
assumed to be independent, and given a standarithfoomative prior distribution

conforming to a beta distribution of the form:

b [(a+h)

" e

(Eq. 3.4)

where0< p<1

and usinga =1 andb =1 for an uninformative prior. This simple model vernged
within several thousand iterations; probabilitytdimitions forp in each trade name-

species hame match are shown in Figure 3.6.

Within the WinBUGS models, the random variablegavas used to factor the total

estimate of auctioned weight of each market categbfins, for example:

total weight of Ya Jian dorsals x Ya Jiam
adjusted total weight of Ya Jian dorsals  (Eq. 3.5)

These adjusted auction weights are then diredtljpatable to particular species / genera
and, when processed through the conversion facitiop of the model, provide taxon-

specific estimates of numbers and whole landedhtéitable 3.6).
As estimated in Chapter 2 (Table 2.8) based onhieglh.9% of all auctioned fins were

described by one of the Chinese trade names tigstbid genetic concordance study.

The remaining 54.1% of auctioned fins were eittegatibed using a trade name that was
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Ya Jian = Blue Qing Lian = Shortfin Mako
Mean = 0.95 Mean = 0.84
95% P.I. = 0.86 to 0.99 I | 95% P.l. = 0.75 t0 0.92 | |
0.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9 0/910.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9
p p
Wu Yang = Silky Hai Hu = Dusky
Mean = 0.79 Mean = 0.83
95% P.I. = 0.71 t0 0.86 I | 95% PI. = 0.70 0 0.93 “ "
0.02 0.12 0.22 0.32 0.42 0.52 0.62 0.72 0.82 0.92 0.02 0.12 0.22 0.32 0.42 0.52 0.62 0.72 0.82 0.92
p p
Bai Qing = Sandbar Ruan Sha = Tiger
Mean = 0.72 Mean = 0.82
95% P.I. = 0.57 to 0.85 I|| I|I 95% P.1. = 0.65 to 0.94 I" I|||I
0.02 0.1 0.8 0.26 0.34 0.42 0.5 058 0.66 0.74 0.82 0.9 | |0.02 0.1 0.18 0.26 0.34 042 05 058 0.66 0.74 0.82 0.9
p p
Chun Chi = Hammerhead Gu Pian = Great Hammerhead
Mean = 0.95 Mean = 0.84
95% P.I. = 0.89 to 0.98 95% P.I. =0.70 to 0.94 | | I
N O T O A M A B W] | A A A A—AAAAAAAA—AAAA At .III I.\
0.02 0.1 0.18 0.26 0.34 042 05 0.58 0.66 0.74 0.82 0.9 0.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9
p p
Wu Gu = Thresher Sha Qing = Bull
Mean = 0.73 Mean = 0.63
95% P.I. = 0.62 to 0.82 | | 95% P.l. =0.50 to 0.76 || |II
i tlWO ...
0.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9 | [0.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9
p p
Liu Qiu = Oceanic Whitetip
Mean = 0.96
95% P.I. = 0.86 to 1.00
AR
0.02 0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9
p

Figure 3.6 Probability distributions for values pf the proportion of fins validating the expected
match between Chinese trade name and taxon. IRistms were generated using a
binomial distribution based an the observed number of matches, antdhe sample size.
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not modelled, or sold without reference to any @bitrade name It is possible that
some of these undifferentiated fins in the lategegory derive from one of the eleven
shark taxa genetically identified and modellechis thapter. Traders are known to
dispense with sorting small fins as they are oflaiy low value, and thus lots of smaller

fins are often sold as ‘mixed fing"{2.#, ‘shenme chi’, i.e. no trade namejor these

reasons, the species-specific estimates presenbeg aepresent minimum, confirmed

figures.

3.5 Discussion

3.5.1 Evaluation of the Effectiveness of the SamplinggRnmme

The ability to use the results of this study tondsund conclusions regarding the species
composition of the shark fin trade is a functiorttoke factors: i) the consistency of
nomenclature within the trade community; i) theustness of the sampling design; and
iii) the reliability and scope of the species-sfieg@rimers. Each factor is considered
individually and then integrated in the contexeath studied market category in the
following discussion. (The uncertainties and latiitns associated with the modelling of
fin weights, and the conversion to numbers and bgsnas discussed in Chapter 2 also

apply to the taxa-specific results presented here).

Most studies of the wildlife trade will achieve mhder characterization if trade records

can be accessed and understood rather than rellgingportunistic sampling alone.

! The relative proportion of unnamed shark fins imitthe 54.1% of auctioned fins modelled as
‘other’ can be indicatively estimated by a compamisf simple tallies of the number of bags
auctioned during the 18 month sampling period. péeentage of bags described using one of
the 11 studied trade names was 49.6% (similaraortbdelled percentage by weight of 45.9%).
The percentage of bags described using anothee&hinade name that was not modelled was
24.3%, and the percentage of bags described witkference to any trade name was 26.2%.
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However, if using trade information, potential slsomings should be explicitly
addressed in the sampling design whenever posdtdeexample, in this study it was
acknowledged that traders’ market categories asedan fin value which may have little
connection with scientific taxonomy, and adhereiocinese categories varies by trader.
This issue was addressed for the categories aksttthrough aa priori formulation of

p, the probability of concordance between Chinesgetnames and particular taxa, which
was used to calculate the necessary number of samBlubsequent post-hoc
examination of Cyrevealed that the sampling design achieved itsativp of C\,<0.10

for all categories except Bai Qing (0.103) and Qivag (0.106) (Table 3.4). Another
example was the detection of many taxa to one ragtegory relationships (e.g. Wu Gu
category used for all species of thresher sharkdnaany market categories to one taxa
(e.g. the longfin mako found within several catég®rnomenclatural customs. Those
ambiguities which were detected early in the stwdye addressed through careful
definition of target categories and sampling retpistraders, such as clarifying whether
the fin was sometimes called by another name. fihaéshortcoming of the trade
records, i.e. the large volume of fins (54%) traglednstudied, and often non-specific,
categories could not be overcome and was simplgaeledged by concluding that

estimates based on the eleven studied categorresmeimum figures.

The ability of the sampling design to produce megfuil conclusions was determined
both by the underlying statistical model, and bgapical aspects of obtaining the desired
number and distribution of samples across tradetssaurce regions in order to derive
acceptably precise and accurate estimates of maigebrtions. Access constraints
directed the study toward establishing concordaheéseen market categories and shark
taxa, rather than on random sampling of the tradeahole. The lack of correspondence
between the proportion of source regions samplapuf€ 3.5) and import records for

Hong Kong, which indicate no South American cowstiimongst the major exporters of
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fins to Hong Kong (Clarke 2002, Clarke and Moscu@i®02), underscores the non-
random nature of the sampling. However, the execwf the concordance testing
sampling design achieved target sample sizes atibdition across a minimum of six of
the 21 traders, and three of the eight source megfor all market categories. This
concordance approach provided more reasonablesdayesample collection, and in

combination with auction records, allowed speci@®gosition issues to be addressed.

The final element is the reliability and scopela primers used. PCR primer research
will continue until species-specific primers forchashark utilized by the shark fin trade
are confirmed through testing against a large nurobglobally distributed specimens.
While the goal of this research is a complete fgtalidated species-specific primers,
shark resource management requires timely infoomatn the fin trade in order to assess
guestions of sustainable use, and it is therefecessary to initiate trade studies despite
gaps in the primer library. Conclusions basedanfioned primers can be considered
final results, whereas use of preliminary primexs provide indicative information

useful for interim decision-making. If necessahg data produced by this study can be
re-evaluated and adjusted should further primeing$end new insights to concordances

between Chinese trade names and species.

3.5.2 Applicability of Methods to Future Monitoring Stesdli

This study has developed minimum estimates of dméributions of the taxa identified
within eleven major trade categories to the ovdratle. It was not able to determine all
of the species represented in the shark fin manketthe proportions derived from all of
these species, although once a greater numbemoénsrare available, similar methods
could be applied to address a broader range dof tratégories. Both this study and
similar future studies will, however, be constraifey the large proportion

(approximately 26%) of traded shark fins that astlabelled as belonging to any
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particular trade category. Specifically, speci@mposition, number and biomass
estimates will be underestimates if the unlabdileslalso contain fins derived from
studied species. Further studies addressing #@figpissues of unsorted fins may
remedy this problem, but unclassified productdifedy to continue to present

constraints both in studies of the shark fin trade of traded wildlife products in general.

Another area for further study is the identificatiof products derived from rare species.
Development of primers for those species whicHisred on or have been proposed for
one of the CITES appendices, i.e. baski@gtorhinus maximgswhale Rhincodon

typug and great whiteGarcharodon carcharigssharks, is currently in progress. Once
primers are validated, verification of whether piweasamples derive from these species
can be performed quickly, easily and at low cdstarger challenge will arise from
designing a sampling program for rare speciesaitetr In addition to the usual problems
associated with sampling coverage and statistimakp, awareness of conservation
concerns may lead traders to camouflage certagstgpfins through cryptic labelling, as
has been observed for basking shark fins. Evemowitdeliberate subterfuge, rare fins
lacking distinctive characters and market valueg bainadvertently mixed within large,
undifferentiated market stocks and thus becomdyneapossible to detect. A more
practical approach to expanding the list of speei@snined in this study would be to
begin by identifying additional distinctive marlategories used by traders and then
develop primers that would be expected to resaiveesof the species contained in these

categories.

The market category-taxon concordances determim#dd study are, at a minimum,
useful for future monitoring of the Hong Kong mark®ifferences in nomenclature
among the shark fin trading communities of Hong ¢dBingapore and Taiwan beyond

what would be expected due to dialect / languageea{Vannuccini 1999) may require
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similar concordance exercises in other locatid®syond its applicability to the shark fin
trade, this study has many parallels with wildhifenitoring programs operating under
budgetary and sample access constraints. Ingt®aph to integrating sampling design,
statistical analysis, genetics and existing tragléved information, it may serve as a

model for similar market-based sampling efforts.

3.6 Conclusions

This study has produced the first verified speiestifications for a number of major
trade categories in the world’s largest shark farket, Hong Kong. In addition, using
Bayesian statistical modelling and data-fillingheitjues presented in Chapter 2, the
proportional contributions of key species to tlal, and taxon-specific numbers of
sharks and biomass, have been estimated. Thests @srt fisheries managers to the
types of sharks that are taken for the fin tradikthe extent of utilisation. Furthermore,
these taxon-specific estimates provide a step tligking the results of this trade-based
study with individual stock assessments to evaludtether exploitation rates for
particular species can be sustained. The followiapter extrapolates these results to a
global total, and uses them in a simple assessoiauistainability for the global stock of

blue shark.
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