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Foreword

It is my great pleasure to see this compilation of papers
published on the diversity of sharks and rays, the socio-
economic importance of some of these populations, and
the exploitative and non-exploitative threats to their
aurvival. All of these were presented at an International
Seminar and Workshop on elasmobranch biodiversity,
conservation and management in the Indo-Pacific Region,
held in Sabah, Maaysia. ThisProceedingsVolume covers
awide geographic area, with contributions from authors
from 14 countries including Malaysia, Indonesia, Japan,
Singapore, Philippines, Taiwan and Thailand, and reports
the richness of shark and ray species from freshwater
bodies, estuaries, and the seasin this Region. The volume
is a vital reference for students, scientists, and resource
managers working in thisfield and will provide valuable
guidance for maintaining elasmobranch biodiversity and
sustainablefisheries. | hopeitwill stimulatefurther studies
throughout the Indo-Pecific Region.

| am aso pleased that the recommendations
developed during the workshop for elasmobranch

Xi

management are now available to awider audiencein this
volume. | note that some of the recommendations are
aready in place, and | hope that their publication will
further the conservation of elasmobranchs around the
world.

Since Sabah was the host country of the Seminar and
Workshop that resulted in the production of these
Proceedings, mysdf and my colleagues in the Universti
Malaysia Sabah, Department of Fisheries - Sabah, WWF
Maaysa and the Sabah Institute for Development
Studies are extremdy proud that the initia elasmobranch
conservation effortscarried out in Sabah make asgnificant
contribution to these Proceedings. May more essentid
conservation efforts of this kind, built on scientific
foundations, be supported by international funding
agencies and Governments.

Prof. Dr. Ridzwan A. Rahman
Director, Borneo Marine Research Institute
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Executive

The Dawin Elasmobranch Biodiversity Conservation
and Management project in Sabah was a collaborative
project between the Department of Fisheries Sabah and
the lUCN Species Survivd Commission's Shark Specidist
Group, in liaison with WWF Maaysiaand the University
Mdaysa Sabah, and funded by the UK government's
Darwin Initiative for the Surviva of Species. It used fidd,
market and socio-economic surveys to examine the
biodiversity, conservation and management needs of
elasmobranchs (sharks and rays) in the rivers, estuaries
and coastal weters of Sabah, East Maaysia, during the
period January 199 to July 1997.

The Darwin Project concluded with a three day
International Seminar and Workshop (8-10 July 1997),
attended by 67 partici pantsfrom 14 countries. Thismeeting
was held to highlight freshwater and coastdl elasmobranch
conservation issues in the region and worldwide, to
disseminate the result of the project to other Maaysian
states and countries, and to raise awareness of the
importance of considering aspects of elasmobranch
biodiversity in the context of nature conservation,
commercid fisheries management, and for subsistence
fishing communities.

This Proceedings Volume contains peer-reviewed
papers originaly presented at the seminar. These include
descriptions of the results of the Darwin Project work in
Sabah, where an expanding commerciad coasta fishery
exploits a wide range of shark and ray species, some of
which are 4ill to be described by scientists, and where
coastal elasmobranchs are an important resource for
subsistence and artisana fishing communities. Sabah's
largest river, the Kinabatangan, benefits from legd
protection, and fieldwork during the project confirmed
that severd rare and threatened elasmobranchs still occur
and breed there.

Other papers describe smilar studies of elasmobranch
biodiversty (with particular emphasis on freshwater and
coastal habitats), fisheries and trade dsewhere in the
Indo-Pecific (Peninsular Malaysia, Philippines, Thailand,
Maldives, West Java, Taiwan, India, Australia and
Zanzibar). International and regional reviews of

Xii

Summary

taxonomy, biodiversity, fisheries and trade provide the
wider context for these studies, with a species checklist
and areview of the importance of regiona collections for
future taxonomic research providing a basis for more
research into fisheries and biodiversity in the region.

Species receiving particular attention in this volume
are those recorded from freshwater and estuarine habitats
(which are under particular threat and have therefore
been the subject of saverd recent studies by Japanese and
Australian research teams) and the whale shark, a highly
migratory specieswhichisthe subject both of consumptive
fisheriesand ecotourism activity. Thisspeciesisconsdered
to have huge additional potential for sustainable
ecotourism in the region; another paper summarises the
importance of many other pecies of dasmobranchs as a
recreational resourcein the Maldives, where dive tourism
is a particularly important industry.

Severd papersfocus on management and conservation,
outlining the mgor threats to shark and ray populations
and some of the national and international fisheries
management and biodiversity instruments which may be
used to promote sustainable use of elasmobranch
populations.

The fina day of the seminar was dedicated to three
workshop sessions on the subjects of 'Future prospects for
elasmobranch fisheries and biodiversity', 'Strategies for
the conservation and management of el asmobranchs, and
'‘Carrying forward the Darwin Project’. Workshop
participants developed conclusions and recommendations
on these subjects, and the workshop report was agreed in
outline by the find plenary sesson, and subsequently
refined by correspondence between the participants.

The workshop conclusions highlight the importance
of elasmabranchs as top marine predators and keystone
species, noting that anthropogenic changes to shark and
ray populations are likely to have serious and negative
consequences for commercia and subsstence yidds of
other important fish stocks. Therecommendationsprovide
concise guidelines for conservation and sustainable
elasmobranch fisheries in the Indo-Pecific and other
regions.



Editor's Note

Since the majority of these papers were written in 1997/—
98, some species names and distributions have changed
since the manuscripts were submitted. Where particular
species namesin the submitted manuscripts have changed,
they have been amended to reflect the new system, although
checklists in individual papers may contain inevitable
minor discrepancies as a result. Please refer to Appendix
| for the updated checklist of chondrichthyan fish in the
Indo-Pacific region at the time of going to press. Fully
updated reviews of chondrichthyan taxonomy will be
published in Compagno and Didier (in press).

In addition to classification issues, considerable
advances have been made in elasmobranch fisheries
management and an editor's note on p.219 provides a
detailed update (Visser, this volume). Where papers refer
to species' listings on the IUCN Red List, it should be
noted the 2000 Red List, available at http://www.redlist.org,
provides the latest information on elasmobranch species
assessments, and detailed accounts will be published later
thisyear (Fowler, etal.,inpress). With regard to protection
of the whale shark, updated details can be found as editor's
notes added to the relevant papers.

Sarah Fowler
May 2002
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Overview and Conclusions

The 18-month Darwin Project on Elasmobranch
Biodiversty, Conservation and Management in Sabah
concluded with a three-day Internationa Seminar and
Workshop (8-10 July 1997), attended by 67 participants
from 14 countries. This meeting was hdd to highlight
freshwater and coastal éasmobranch conservation issues
in the region and worldwide, to disseminate the result of
the project to other Maaysian states and countries, and to
raise avareness of the importance of considering aspects
of dasmobranch biodiversity in the context of nature
consarvation, commercid fisheries management, and for
subsistence fishing communities.

Seminar objectives and outputs

The objectives of theinternational Seminar wereasfollows:
1. To review the status of sharks, rays and chimaerasin
the region with regard to:

» commercid fisheries and markets;

 marine and freshwater gecies distribution and
biodiversty;

e gcdid and economic importance to subsistence
fishing communities; and

* ecotourism (diving and sports angling).

2. Toreview and assesstrendsin the above, for example:

* the changing status of sharks and rays in fisheries
and markets;

* the development of new degpwater fisheries

» whether the changing abundance of sharks and
raysin fisheries landings and markets may be used
as an ealy indicator of overfishing;

3. To condder needs and options for the management
and consarvation of elasmobranchs, including:

+ thesocid, economic and ecologica implications of
shark and ray fisheries;

 therequirements and opportunitiesfor sustainable
fisheriesmanagement;

* the conservation needs of threatened sharks and
rays, particularly obligate freshweater and brackish
species;

» to what extent marine and freshwater protected
areas may contribute to the conservation of
elasmobranch biodiversity and fisheries
management objectives,

4. To identify further research, conservation and survey
needs in the region.

The papers included in this Proceedings Volume,
presented during the first two days of the meeting, largely
fulfil the firgt two of the above objectives, reviewing the

state of knowledge (in 1997) of regiond elasmobranch
taxonomy, biodiverdty and population status, and the
importance of elasmobranchs in commercial and
subsistence fisheries, markets and international trade,
and ecotourism.

Following the presentation of these papers, participants
Fplit into three separate workshop sessionsto consider the
other meeting objectives, with particular emphasis on
assessing future prospects for and constraints on
elasmobranch fisheries management and biodiversity
conservation in the region, and developing
recommendations for the formulation of Srategies for the
conservation and sustainable management of shark and
ray populations. Participants at these workshop drew
up detailed conclusions and recommendations based on
their reviews of the state of knowledge and importance of
shark and ray biodiversity, taxonomy, population status,
commercia fisheries and markets, conservation, and
recreationa (including ecotourism) and subsigence use.
These were presented in plenary and subsequently
refined by correspondence between al participants.
These conclusions and recommendations are presented
below.

Workshop conclusions
Biology and ecology

Most dasmobranchs (sharks and rays) and the related
chimaeras are characterised by dow growth, late age at
maturity, low fecundity and productivity (very few young
are produced by each mature femde), large sze at birth,
high natural survivorship, and a long life. These pecies
are dependent on a stable environment, have a low
reproductive potential and a limited capacity to recover
from overfishing. Such biological characteristics have
seriousimplications for the sustainability of shark and ray
fisheries. Indeed, exiding data from other areas have
shown a consistent history of rapid stock collapses, with
stock depletion reversed only in cases where appropriate
fishery management has been introduced.

The elasmobranchs, and particularly those sharks
which are top marine predators feeding on week and less
fit individuals of other fish species, are considered to be a
key factor in the health and maintenance of the marine
food webs on which dl fisheries ultimately depend.
Permanently damaging shark and ray populationsislikely
to have serious and unexpected negative consequences for
commercial and subsistence yields of other important fish
stocks.



Recommendation 1. Regional elasmobranch research
efforts should be targeted at understanding the biology
and ecology of the elasmobranchs, including population
dynamics, critical habitat requirements during their life
cycles, and conservation needs.

Recommendation 4. Preparation of a Guide to the
elasmobranch fauna of Sabah would be a logical first step
towards improving the local and regional capacity for data
collection and monitoring.

Recommendation 2. Universities can directly contribute
to better management of elasmobranch resources by
involving their staff and students in ecological studies that
are directly related to fishery problems.

Recommendation 3. The following priorities are considered

to be of particular importance:

e Obtaining population data on age, growth and
reproduction and carrying out life history studies for
the dominant species of sharks and rays in the fisheries,
and for threatened species.

» Assessment of the biological productivity of deepwater
elasmobranchs.

» Using the whale shark Rhincodon typus as the focus of
a collaborative biological research and monitoring
program in the region.

Biodiversity, taxonomy and conservation

The results of the Darwin Project demonstrate that
elasmobranch biodiversity in the region around Sabah is
amongst the richest on earth, with many new species
recorded. It represents a mixture of many different
biogeographical regions with overlapping related species
complexes. However, the shark and ray faunais till poorly
known and additional taxonomic studies, particularly
among the rays, are needed. Such studies are hampered by
the lack of research and reference collections, lack of access
to regional data management and information systems,
the absence of a regional identification guide to the fish
fauna, and a shortage of taxonomists in the region.

Recommendation 1. There is an immediate need to develop
a strategy for building a biodiversity baseline through a
core national collection of elasmobranchs, other fishes
and invertebrates, with provision for temporary working
collections in other regional laboratories. (Collection of
deepwater species for detailed taxonomic study, prior to
development of deepwater fisheries, is of particular
importance in this respect.) This will help to develop a local,
regional and national capacity for monitoring and managing
biological resources of the Indo-Malay archipelago and in
other regions.

Coastal species are dependent on nearshore areas and

habitats which are under increasing pressure from fisheries
activity and other human-induced sources of habitat
degradation and loss. The project identified problems of
over-exploitation of juveniles and young of the year of
several species that utilise inshore nursery grounds.
Juveniles of many other species are poorly known, and
their nursery areas have not been identified.

The freshwater elasmobranch fauna of the area is

imperfectly known, yet particularly vulnerable to
deterioration or loss of its restricted habitat. However,
severa species (e.g. the river shark Glyphis sp. and the
freshwater stingray Himantura chaophraya) not seen for
many decades or previously unrecorded from North
Borneo are now known to be present.

Recommendation 5. In view of the rapid changes in many
coastal and freshwater habitats, regional research efforts
should be targeted at identifying habitats of special
importance to elasmobranch life cycles, with a view to their
conservation.

Recommendation 2. Simultaneously, there is a need to
provide a regional standard for biodiversity data
management and information systems, of which the Darwin
Project in Sabah was the initial step.

Recommendation 3. International training and taxonomic
advice is required to build a highly capable research
capacity within the region.

Similarly, the deepwater species of the area are almost

completely unknown. Many are probably confined to
very narrow depth bands in small geographic areas. Asa
result, many unreported regional endemics are likely to
exist. Deepwater elasmobranchs are the focus of severa
expanding fisheries in the region, yet such species usually
have even slower growth and reproductive rates than
shallow water species. As such, despwater species are even
more vulnerable to over-exploitation than most other
elasmobranchs. Furthermore:

some slope species have restricted spatial distributions
and relatively small unfished populations. Habitat
areas can be disjunct, fragmenting populations of
some more widespread species with relatively large
total numbers;

several stocks of deepwater elasmobranchs have
already been overfished (Maldives, Sri Lanka, India,
Australia, and Suruga Bay-Japan);

once overfished, deepwater elasmobranch stocks may
take many decades to recover; and

sharks are an important component of deepwater
ecosystems, therefore their removal is likely to have a
negative impact on such ecosystems.

Recommendation 6. Multinational surveys targeted on
deepwater elasmobranchs and other deepwater
fauna should be actively encouraged, to establish a
population (and taxonomic) baseline prior to development
of fisheries.




Overall, the status of elasmobranch populations in the
region is largely unknown. Thisisdue to the low economic
emphasis placed on a group of fishes which have, until
recently, occurred as fishery bycatch, and to the absence
of catch-effort data from fisheries.

Recommendation 7. Improved data on population status
of important elasmobranchs in fisheries and potentially
rare or threatened species should be obtained, through
biological, fisheries, fisheries independent, and market
surveys, in order to improve the level of knowledge required
for the formulation of fisheries and conservation
management objectives and strategies.

Recommendation 8. Universities, museums and other
relevant institutions should provide their resources to train
fisheries staff through workshops and preparation of
regional and local species identification manuals.

Commercial fisheries, trade and markets

Shark and ray fisheries and markets in Malaysiaand other
South East Asian states are expanding rapidly, new
fisheries are being actively developed, and thetradein and
value of shark products are increasing. In many countries,
steep increases in fishing effort and elasmobranch landings
have been followed by marked declines in elasmobranch
catch rates in fisheries, and a fdl in the numbers and
biodiversity of elasmobranchs entering markets from
coastal waters has been detected. Some historically
common species no longer appear to be present in some
areas. Multispecies fisheries could potentially result in the
loca extinction of rare shark and ray species taken as
bycatch, and even the complete extinction of rare regional
endemics. The lack of management of elasmobranch
fisheries is therefore cause for concern.

Sabah is a notable exception in the region; statistics
indicate that landings of sharks and rays are ill rising
steeply here, and the Darwin Project has identified a high
diversity of speciesentering markets. Current elasmobranch
fisheries appear, therefore, to be healthy. However, great
caution is required. It is impossible to assess the status of
elasmobranch fisheries without data on catch-per-unit-
effort, and there is a danger of overcapitalisation in the
industry. Elasmobranch fisheries are prone to collapse,
with populations entering long-term declines. Without the
introduction and/or effective implementation of sustainable
management for sharks and rays, Sabah's stocks will
follow the trend seen in other countries. If this occurs, the
result will be the long-term loss of an important economic
and biodiversity resource, and ecosystem disruption.
Although of a lower immediate economic value than other
fisheries, the Sabah elasmobranch fishery was worth
RM13.5 million wholesale and RM4 miillion in processed
shark fin exports from 1991-1995 (and values are rising).

It is, therefore, necessary to place stocks under management
now, because once overfished they will take decades to
recover.

The workshop noted that the following measures
already in place are of benefit to elasmobranch resources:
« controlling the allocation of fishery licences, which

helps control fishing effort;

» establishing protected areas, which help protect species
with restricted distribution in both freshwater and
marine habitats;

* restricting the level and methods of commercial fishery
activity in different zones from the coast. Reduced
fishing activity by larger vessdls (particularly trawlers)
close to coasts benefits shallow inshore elasmobranch
pupping or nursery areas, which are often heavily
fished in the region, without unduly impacting on
traditional artisanal fisheries.

The following conservation measure was, and ill is,

under consideration in Sabah:

« thebanning of large-mesh gillnets, which hel psconserve
breeding stocks by allowing the escape of the larger,
reproductive females. Large-mesh gill nets are also
destructive to endangered sea turtles and marine
mammals.

The workshop recognised the need for improving data
acquisition and management on elasmobranch fisheries and
trade.

Recommendation 1. A shift in fishery management
emphasis is recommended: away from the expansion and
development offisheries and increasing yields, and towards
a lower-risk policy aimed at sustaining yields. Diversifying
markets and improving quality control under such a regime
will enable the income of the fisheries industry to continue
to rise on a sustainable basis.

Recommendation 2. The introduction of new fishery
management measures and/or enforcement of existing
measures and legislation described above are necessary to
ensure that elasmobranch fisheries are managed sustainably.

Recommendation 3. Greater resources should be allocated
to Fisheries Agencies (and other relevant government
bodies, e.g. Marine Parks Authorities) for fisheries activity
monitoring and law enforcement, so that existing regulations
can be more effectively enforced.

Recommendation 4. A precautionary approach to the
development of deepwater elasmobranch fisheries should
be adopted. Because of the biological constraints on
populations of deepwater fish species, these fisheries
need to be closely monitored and major investment in such
fisheries should be discouraged. More specific management
recommendations are not made because it is recognised
that conditions and needs will vary between countries and
fisheries.




Recommendation 5. The workshop supports the
recommendations of the CITES Animals Committee report
[subsequently adopted within FAO's IPOA-Sharks (see
Appendix 2)] regarding improvement of identification,
recording and reporting, at species level, of landings, bycatch
and trade.

Recommendation 12. In view of the vulnerable nature of
elasmobranch stocks to overfishing, their important
ecological role and the importance of fish protein for
human food in the region, it is suggested that the wasteful
practice offinning and discard of sharks is carefully reviewed
by regional governments and fisheries organisations with
a view to regulating the practice.

Recommendation 6. Improved data collection on landings
(combined with improved biological and population data,
see recommendations for biological and ecological research)
is essential to provide the information needed to formulate
fisheries management initiatives. The greatest need is for
more specific fisheries information at taxonomic levels lower
than "shark" or "ray". Data on landings at the species or
population level would be ideal, but statistics at the family or
ordinal level would be a vast improvement over the current
situation and would facilitate more effective management.

Recommendation 7. An improvement in landing and effort
data from the fisheries by gear type would be particularly
useful. To fulfil these needs, more resources should be
allocated to Fisheries Agencies.

Recommendation 8. Reporting of fisheries bycatch of
elasmobranchs and other species, particularly in high seas
fisheries, should be made compulsory.

Recommendation 9. There is a need for improved data
management on a regional basis. Solutions to this problem
could include:

» Storing fishery data on a common database, such as
FishBase, throughout the region.

» Compiling published fisheries related reports within the
existing ICLARM system for easy access to the fishery
community. Abstracts and data summaries from fisheries
reports in languages other than English should be
translated into English as part of these efforts.

» Supporting an initiative by SEAFDEC to develop a regional
fisheries database accessible through the Internet to the
fisheries community.

The socio-economic imp_ortance _of _
elasmobranchs for subsistence fisheries

Many Sabahan and other coastal communities in the
region are highly dependent on inshore fisheries for their
subsistence and income. Subsistence fishing allows families
open access to a 'free common-good resource’ which
provides the majority of their animal protein, as well as
cash income from the sale of surplus catch. Trading shark
fins and dried shark and ray meat can be particularly
important in bringing income into the community.

The catch of fish by these subsistence communities may
not be well reflected in fisheries statistics, because the fish
are not landed or sold in commercial markets. Assessing
the scale and value of fish catches to loca communities
studied during the Darwin Project was very difficult,
because fishers recall of the quantity of fish caught was
often vague. Collection of more detailed cultural and
socio-economic data would help decision-makers to better
understand resource utilisation by coastal communities
and provide the basis for formulating appropriate
community-specific management strategies and policies.

Recommendation 10. The workshop recognises an urgent
need for more information on trade of elasmobranch products
at more precise taxonomic levels, and supports the CITES
Animals Committee report recommendations that trade
statistics should clearly identify which products are in trade
(i.e. fins, whole carcasses etc). In particular, the workshop
requests the FAO and national agencies to provide greater
detail in their trade data forms and trade reports.

Recommendation 11. The workshop notes and supports
the recommendation of the CITES Animals Committee that
Parties should improve their subscription to implementation
of the principles and practices in the FAO Code of Conduct
for Responsible Fisheries, the FAO Precautionary Approach
to Fisheries, and the FAO Code of Practice for Full Utilization
of Sharks, and urges these practices to be implemented
throughout the region. [Editors' note: since the Seminar,
FAOhasapprovedavoluntaryInternationalPlanofActionfor
theConservationandManagementofSharks(IPOA-Sharks,
see Appendix 2) which specifies stock assessment, con-
servationandmanagementactionsforsharkfishingnations.]

Recommendation 1. In order to determine more fully the

socio-economic importance of fisheries for coastal commun-

ities, and to formulate appropriate management regimes,

historical and present information should be collected on:

» Demographic profile

e Fishery profile, including typology of fishers, boats,
gears; fishing operations, practices, problems; and
fishery systems (coastal, reef-based, lagoon, etc.)

e Traditional community structure and institutional
management

» Marketing mechanisms and trade flows, including credit
facilities and post-harvest processing

» Identification of existing alternative or additional
livelihoods, for example sustainable trade for the
aquarium industry and live food market, and ecotourism
(the latter in a form that is ecologically, culturally,
economically and socially equitable)

» Level of existing ecological awareness

e Catch assessment

* Community-managed Fishing Reserves (application
and potential)

* Health and Nutrition

Ecotourism and recreation

It is recognised that in the Indo-Pacific region sharks and
rays have significant ecotourism value, particularly for



diving and recreational angling, but also for display and
educational purposes in public aquariums. However, only
a few countries have attempted to quantify the present or
potential economic importance of the elasmobranchs in
this respect.

Diving isavery important, rapidly expanding, sustainable
and high-yielding source of tourism income, with huge
potential for further development in the region. Revenue
from shark and ray divinginternationally runsinto hundreds
of millions of US dollars annually. In the Maldives, divers
are estimated to spend over US$3 million annually directly
on shark watching dives, while this industry is worth US$6
million in the Bahamas. Indirect revenue from associated
dive-tourist expenditure (e.g. food and accommodation) is
severa times higher. The annual income derived from a
single reef shark at a dive site may range from US$3,300 to
US$40,000. Thisis 100-1,000 times more than the value of
a dead shark to a fisherman, and this value of the former
income is sustainable over the lifespan of the shark.

Recommendation 1. The contribution of sharks and rays
to tourism should be considered in the development of any
management strategies affecting these resources.

Recommendation 2. Countries in the region should be
encouraged to assess the socio-economic importance of
and potential for shark and ray interaction activities.

The whale shark Rhincodon typus can be regarded as a
flagship speciesin this respect, with demonstrated potential
as an ecotourism resource. However, as isthe case for most
elasmobranchs, there is a lack of knowledge about its
biology, ecology, migratory patterns and population
dynamics. There is a possibility that recent increases in
whale shark fisheries in a number of countries in the region
are unsustainable. If so, the sustainable use of this species
for ecotourism is threatened.

Recommendation 3. Feasibility studies should be carried
out to examine the possible development of sustainable
ecotourism activities in areas where there are seasonal
aggregations of whale sharks.

Recreational fishing for large game fish is also growing
in importance in the region, and there are potentially larger
numbers of game fishermen than divers. The economic
vaue of exploitation and sustainable use of elasmobranchs
by this sector can be very high. Additionally, a cooperative
tagging effort between Fisheries Agencies and recreational
fishermen could provide a valuable source of information
about the growth, migration and habitat utilisation of
elasmobranchs.

Education and public awareness

There is a very low level of awareness throughout the
region and internationally among decision-makers,
managers and the genera public with regard to the special
biological constraints faced by elasmobranchs, and hence
their vulnerability to fisheries, their important ecological
role in the marine environment, and the need for their
conservation and management. Raising awareness of all
sectors is essential if sound elasmobranch management
and conservation policies are to be sought and introduced.

Recommendation 1. There is an immediate need to raise
awareness of the need for sustainable management and
the conservation of elasmobranchs throughout the region.
This needs to be implemented at least at three different
levels:

» Educate fishery managers and other decision-makers
about the inherent vulnerability of elasmobranch stocks
to rapid overfishing, and urgent need for management.

» Through educational institutions, promote the role of
elasmobranchs in the ecosystem and the importance
of maintaining their biodiversity.

* Through the media, museums and aquaria, educate
the general public on the importance of this group of
fishes.

The number of people visiting public aguariums in the
region is potentially extremely high, and will include a
large proportion of residentsaswel astourists. Aquariums
can establish important educational programmes on the
socio-economic, cultural and ecological importance of
elasmobranchs.

Recommendation 2. Educational initiatives directed at
raising public awareness about shark and ray conservation
and biodiversity issues and management requirements
may usefully be targeted at certain ‘flagship' species. One
important species which should be used in this way is the
large, impressive and harmless whale shark Rhincodon
typus, although this is a very atypical shark. Another group
of elasmobranchs which is appropriate for this treatment is
the Order Orectolobiformes, the carpet sharks. These
are generally small, colourful and attractive (so suitable
for presentation in aquariums), particularly diverse in the
Indo-Pacific region, and their benthic habitat requirements
(typical of the majority of sharks and rays) make them
particularly important targets for conservation action.
(See also Biodiversity, taxonomy and conservation -
Recommendation 4.)

Recommendation 4. Sports fishermen and sports fishing
organisations in the region should be encouraged to abandon
catch-and-kill fishing for sharks (and other large, long-lived
fish) and to adopt catch-tag-release shark fishing in order to

support conservation efforts and research programmes.

Captive husbandry

Captive elasmobranchs can contribute valuable
information on biology, diseases and treatments, blood
chemistry baselines, and sensitivity to environmental
influences such as pollutants and habitat change. Some of
the species critically threatened by overfishing, habitat
change or other causes can be bred, and data compiled
that might contribute to their conservation.



Recommendation 1. It is recommended that support be
provided to research institutes, universities and local
aquariums for the following activities:

» establishing captive breeding programmes for
elasmobranchs, particularly threatened species (e.g.
freshwater rays).

e educating communities, both through in-house
programmes and outreach programmes to the remote
fishing villages.

Recommendation 4. Hydrographic surveys of the
Kinabatangan River (e.g. variations in salinity, freshwater
flow, water quality, tidal cycles and bathymetry) should be
undertaken at a number of stations from Kg Abai to Kg
Kuamut, to determine the habitat requirements of the river
shark Glyphis sp. and other species of elasmobranchs
recorded here.

Recommendation 2. Aquaria with captive populations of
elasmobranchs should be encouraged to collect and publish
valuable biological information.

Recommendation 5. The threatened status of key species
of elasmobranchs, including the river shark Glyphis sp., all
species of the sawfishes (Pristidae), the giant freshwater
stingray Himantura chaophraya, and the whale shark
Rhincodon typus, should be investigated.

Recommendation 3. Aquaria with adequate facilities
should be encouraged to keep threatened elasmobranch
species for the above purposes.

Recommendation 6. Legal options for the protection of
rare, threatened and/or flagship species of elasmobranchs
and other fish in Sabah should be reviewed.

Recommendation 4. An international registry of
elasmobranchs in captivity in the region should be
established at a central location.

Recommendations for carrying forward
the Darwin Project

This section highlights recommendations specifically
related to the Darwin Project. However, some of these
also have a much wider regional and international
relevance. The other recommendations presented are al
intended to be much wider in scope, and many are certainly
also of direct relevance in Sabah.

Recommendation 1. The momentum provided by the
Darwin Project activities should be continued by setting up
a cooperative venture between Sabahan agencies, with
links to institutes in other countries, to develop a strategic
plan for the evaluation and management of coastal and
marine elasmobranchs and other fish stocks, their
biodiversity and habitats. This might be called the Sabah
Marine Biodiversity Programme.

Recommendation 7. The river shark, Glyphis sp., should
be used as a flagship species to raise public awareness
and promote freshwater biodiversity and habitat
conservation issues in Sabah.

Recommendation 8. Surveys are required to provide data
on the population status of important elasmobranchs in
fisheries and potentially rare or threatened species, in
order to develop conservation and management strategies.

Recommendation 9. Sabahan agencies should investigate
means and opportunities for incorporating Darwin Project
data and related information into a national and
internationally accessible database, in order to improve
dissemination of the knowledge gained.

Recommendation 10. In addition to the publication of the
final Darwin Project report and workshop proceedings,
more detailed and technical information on elasmobranch
species recorded during the project should be prepared
and the Sabah State Museum approached to publish this.
(See also Biodiversity, taxonomy and conservation -
Recommendation 4.)

Recommendation 2. The freshwater component of the
Darwin Project should be extended to other rivers in Sabah
(e.g. the lower reaches ofthe Segama River), other Malaysian
states and neighbouring countries. Particular emphasis
should be placed on the rivers of Sarawak, which are
larger, of greater habitat diversity and hence potential
species diversity (including unrecorded species), and also
under greater threat than the large rivers of Sabah.

Recommendation 11. Sabahan Agencies developing and
implementing land use policies should consider the inter-
relationship between aquatic and terrestrial habitats, the
dependence of river and estuarine species and habitats on
the health of the whole catchment area, and promote the
sustainable management of whole river catchments.

Recommendation 3. Further research should be
conducted on the biology, ecology, population dynamics
and conservation needs of the river shark Glyphis sp. and
other freshwater elasmobranchs.

Recommendation 12. Develop strategies for ensuring
that sustainable local resource uses, compatible with marine
and freshwater biodiversity and habitat conservation, are
developed to maintain and enhance the living standards of
coastal and river communities in Sabah.




Keynote Address

Yang Berhormat Datuk Pandikar Amin Haji Mulia
Minister of Agriculture and Fisheries, Sabah

Mr Y gp Kon Shen, the Organising Chairperson, Director,
Department of Fisheries (Sabah); Dr Mohd. Y aakub Hgji
Johari, Executive Director, Indtitute for Development
Studies Sabah (IDS); Assoc. Prof. Dr Ridzwan Abdul
Rahman, the Representative of the Vice Chancdllor,
Universti Maaysia Sabah; Ms Sarah Fowler, Co-Chair
of the IUCN Shark Specidig Group and UK Project
Leader of the Darwin Initiative for the Surviva of Species
project in Sabah; Heads and representatives from various
government departments and agencies, Foreign and
Maaysian Participants, Datuk-Datuk, Ladies and
Gentlemen:

On behdf of the State Government of Sabah, the
Maaysian Government and al Malaysiansinthiscountry,
it gives me great pleasure to welcome dl participants to
this International Seminar and Workshop on Shark and
Ray Biodiversty, Conservation and Management. | would
like to congratulate the Fisheries Department of Sabah
for taking the initiative to jointly organise this workshop
together with the Institute of Development Studies Sabah
(IDS), Universiti Madaysia Sabah (UMS) and the IUCN
Foedies Survivd Commission's Shark Specidist Group.

| am happy to learn - and see for mysdf - that the
response to participate in this workshop has been
overwhdming. Thisenthusiagtic responseisaclear sgn of
the growing concern for sustainable elasmobranch fisheries
intheregion. | wasaso informed that thisworkshop isthe
firg in this region. For this, we are grateful for the
opportunity to conduct the activity and the privilege of
hosting this distinguished gathering.

It is my hope this coming three-day workshop shdll
trandate into the following:

* A review of the state of knowledge of elasmobranch
biodiversity, taxonomy, population status, fisheries
and markets in the region.

*  Anassessment of the importance of elasmobranchs for
regional biodiversity conservation, commercial
fisheries, trade, subsistence communities and
ecotourism.

* An assessment of the future prospects for, and
constraints on, elasmobranch fisheries management
and biodiversity conservation in the region.

* Deveopment of drategies for the conservation and
sustainable management of shark and ray populations
in the region.

InsSmpleterms, what we are concerned with in Sabah, and
in Maaysa in generd, is that these shal trandate into

more employment opportunities, better income, greater
food security, and a more sustainable coastal fishery for
the people. At therisk of repeating what we dl know, fish
is the mgjor protein source in the region, with per capita
consumption being nearly hdf of dl anima protein
consumed. In Sabah, theper capitafish consumption was
kg in 1994, and we hopeto raisethisto 50kg by theyear
2010. This would place a heavy dependence on fisheries
resources, which unhappily have been dwindling as a
result of various forces, not the least of which are
exploitative and unsustainable fishery practices. In turn,
this would smply mean looking a sustainability and
conservation aspects to augment overall fisheries
production, and proper resource management to sustain
its productivity. But there is a third and more critica
factor, and | am happy to note that this workshop is
addressing very strongly the socid and economic issues
related to elasmobranch fisheries. Sustainable
development, after al, requires that productivity of
resources is not only maintained over time, but that the
bendfits are equitably spread through society.

Sabah, with apopulation of 17 million people, hasthe
highest incidence of poverty among al Maaysian states.
Fishing communities in coastal areas have a particularly
high incidence of poverty, and are one of the priority
groups targeted by the State Government Poverty
Alleviation Programme. In this context, continuous
development of the fisheries industry is important. And
the sustainable exploitation and rational development of
the marine capture fisheries sector (including the
exploitation of elasmobranchs) will certainly have agreater
role in addressing the coastal poverty in Sabah.

Speaking of elasmobranch fisheries, the sub-sector
has an important role in the development of fisheriesin
the country and in Sabah in particular. During the 1991-
1995 period, the elasmobranch fisheries contributed an
average of 2.4% by volume, or about 10% (or RM13.5
million) by wholesdle value, of the total marine fish
landings in Sabah.

In 1995, thetotal of marinefish landingsin Sabah was
reported a around 166462 metric tonnes (t) with a
wholesdevaue of RM461 million, an increase by volume
of 3.8% over the previous year. This represents about 15%
of thetotal marine landingsin Maaysia, which was about
111 milliont valued a RM2.7 hillion.

Elasmobranch meat fetches alow price of RM0.50 to
RM3.00 per kilogram, but by-products such as processed
shark fins are highly vaued (more than RM200 per



kilogramexport value). During 1991-1995, thecumulative
volume of processed shark fins exports from Sabah was
reported at about 20t (vdlue RM4 million).

| understand that the recently concluded 18-month
project on "Elasmobranch Biodiversity, Conservation
and Management in Sabah", under the United Kingdom-
sponsored Darwin Initiative for the Surviva of Species,
came across the mythical Borneo river shark Glyphis sp.,
which had been thought by scientigts to be extinct. | also
understand that the project has left us with arguably the
largest collection of sharks and rays in the region.
Therefore, 1 would like to take this opportunity to
congratulate M s Sarah Fowler's scientific team who made
this possible ... thank you and please accept my
congratulations for ajob wel done.

Ladies and gentlemen, the momentum generated by
the Darwin Initiative project must continue. Let me assure
you that the Ministry of Agriculture and Fisheries under
my jurisdiction and the State Government of Sabah in

particular will make sure that sincere follow-up actions
and result-oriented work will be carried out by both the
Department of Fisheries and Universiti Malaysia Sabah,
in collaboration with local research indtitutions in the
country and the international scientific community. In
this three-day workshop, | hope that you will aso try to
address the ways and means to make this happen.

My friends, | wish you afruitful participation and look
forward to the output of this workshop in due course. For
our guests from other countries, please make yoursdf at
home in Sabah. We hope that the beauty and hospitdity
of the State will encourage you to come back.

In my capecity as the Minister of Agriculture and
Fisheries of Sabah, and asthe officid representative of the
State Government of Sabah, | wish to welcome you again,
and offer my best wishes for the success of this workshop.
Itiswithgreat pleasurethat | now declarethisInternationa
Seminar and Workshop on Shark and Ray Biodiversty,
Conservation and Management officidly open.



Elasmobranch Biodiversity, Conservation and
Management in Sabah

Sarah L. Fowler
Co-chair, IUCN Shark Specialist Group, c/o Naturebureau International, 36 Kingfisher Court,
Hambridge Road, Newbury, Berkshire, RG14 5SJ, UK.

The UK government's Darwin Initiative for the Survival of Species was set up to fund collaborative projects which promote the
conservation of global biodiversity. The Darwin Initiative supports unusual projects, which break 'new ground' and would otherwise
be very unlikely to receive financial support. Specific aims include raising awareness of biodiversity, involving local people,
strengthening links between Britain and partner countries, and acting as a catalyst to generate resources for and interest in further
projects. The proposal for the elasmobranch biodiversity project in Sabah arose from the discovery that local fishermen could
describe several species of freshwater elasmobranchs not recorded in scientific literature, and in recognition of the largely
unreported diversity of elasmobranchs entering coastal markets there. The project was therefore proposed in order to study, for
the first time, the biodiversity, distribution and conservation needs of elasmobranchs in the region. In addition to taxonomic and
biodiversity studies, it was intended to address the local socio-economic importance of elasmobranchs, the need for fisheries
management, protected areas, and education of local people, and to provide the information required by decision-makers to
advance elasmobranch conservation. The final international workshop (of which this is the Proceedings Volume) was intended to
highlight freshwater and coastal elasmobranch conservation issues worldwide. The Sabah project was carried out in collaboration
with the Department of Fisheries, with advice from WWF, and the participation of the Universiti Malaysia Sabah. Work undertaken

during the 18 months of the project is described briefly, with reference to other papers in the Proceedings Volume.

Introduction

The concept for the Darwin Project for the Conservation
and Management of elasmobranchs in Sabah arose in
1995, during a period when concern over the status of
sharksand rayswasfirst being voiced (e.g. by Bonfil 1994),
and that of freshwater species was considered to be
particularly threatened (Compagno and Cook 1995).
Although there had never been any records of freshwater
elasmobranchs published in the scientific literature for
Sabah, local fishermen reported that they fairly regularly
caught at least two species of ray over 200km from the sea
in the Kinabatangan River and, very rarely, sharks and
sawfishes (Fowler and Payne 1995). Additionally, landings
and sdes of sharks and rays in Sabah's fish markets
appeared to be larger and more diverse than in many other
Indo-Pacific regions, where catches and biodiversity were
declining, but this biodiversity was not being fully recorded
and reported.

These observations coincided with one of the annual
calls for project proposals of the UK Darwin Project for
the Survival of Species. The Darwin Project is a unique
venture for funding collaborative projects which will help
to conserve global biodiversity. It funds collaborative
surveys, research projects, training programmes and other
work in centres of biodiversity, and is part of the UK
Government's commitment to the aims of the Biodiversity
Convention. In particular, the Darwin Project supports
unusual projects, which break 'new ground' and would

otherwise be very unlikely to receive financial support.
Specific aims include raising awareness of biodiversity,
involving local people, strengthening links between Britain
and partner countries, and acting as acatalyst to generate
resources for and interest in further projects.

With the help of WWF Malaysia, the IUCN Species
Survival Commission's Shark Specialist Group (SSG) drew
up a collaborative research proposal for implementation
by the Department of Fisheries-Sabah and the SSG, with
assistance from WWF Malaysia and Universiti Malaysia
Sabah. It was intended that data obtained during the study
would begin to provide the information required by
decision-makers to advance elasmobranch conservation in
Sabah and the rest of Malaysia. The project aimed to
undertake the first dedicated study on the biodiversity of
elasmobranchs (sharks and rays) in the region (including
the establishment of a Sabahan elasmobranch reference
collection to stimulate future research and survey); to
examine their socio-economic importance, particularly for
subsistence communities; to consider the problems and
opportunities for conservation and management
(particularly fisheries and habitat issues); to provide
educational materials for local communities to increase
their awareness of sharks and rays; and to develop
recommendations for the management of elasmobranch
populations and their critical habitats.

The proposal included a final international workshop
(of which this is the Proceedings Volume) to highlight
freshwater and coastal elasmobranch conservation issues



throughout the Indo-Pacific region and worldwide. The
Darwin initiative application was successful, and an
eighteen month project commenced in 1996.

Methods

The study was primarily carried out by a combination of
regular fish market visits, river surveys, and visits to river
and coastal kampungs (villages) where villagers could be
interviewed. A few extra surveys were undertaken on an
opportunistic basis by participating in routine marine
resource survey work carried out by the Department of
Fisheries, and by accompanying local trawl and longline
fishermen in order to study their catches and fishing
methods. Although the project placed particular emphasis
on collecting specimens of sharks and rays in order to
establish a complete reference collection, care was taken
not to create an artificial market for rarities during the
study. Fishermen were asked not to target them for
collection, but only to keep those specimensfor the project
which were found as dead bycatch, which would otherwise
have been discarded or used for food. Thesewere purchased
at current market rates only. This was a particularly
successful method of obtaining specimens from those
fishers who were most interested in the survey and keen on
assisting the project team. Methodology for the freshwater
and coastal biodiversity surveysand socio-economic study
is described in more detail in other papers in this volume
(Manjaji aand b and Almada-Villela) and summarised by
Fowler et al. (1997).

In addition to field surveys, information was obtained
from DoF records (e.g. unpublished reports by Buising)
and experienced Fisheries and WWF gaff.

Results and discussion

Detailed results and discussion are presented elsewhere in
this volume. This paper is intended to present the broad
outputs of the Sabah project, with emphasis on how it
contributed to improving knowledge of elasmobranch
biodiversity in the region, and awareness of conservation
and management issues among fishing communities,
managers and decision-makers.

Biodiversity and taxonomy

Prior to the Darwin Project, there had been no dedicated
detailed study of sharks and rays in Borneo or Malaysia,
there were no published records of freshwater species
from Sabah, and only two species of freshwater ray had
been recorded in literature from the whole of Borneo.
Most DoF and WWF staff were unaware that freshwater
elasmobranchs occurred in the state. Despite this lack of
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dedicated attention, some47 elasmobranch speciesrecords
were identified during the initial review of published and
unpublished literature, including some records from the
beginning of the century. Once the Darwin Project
commenced, regular market surveys immediately began
to yield new records for Sabah and new records were
reported throughout the 18-month survey until 25 new
records of sharks and rays had been obtained (Manjaji a,
this volume, and Appendix 1). It became apparent that a
large number of taxonomic groups (particularly among
therays) were very poorly known and that much taxonomic
research is necessary before al species can be identified.
The number of species recorded by the Sabah project will
continue to increase as hew species are described when the
status of species complexes (such as Himantura gerrardi,
H. uarnak and Pastinachus sephen) is resolved. It may
also be possible to identify additional species currently
identified only to genus level from specimens retained in
the extensive reference collection collected and curated
during this project.

The project team largely failed to catch freshwater
species, despite periods of quite intensive sampling in two
east coast river systems. This was at |east partly the result
of unfavourable weather and river conditions -
exceptionally heavy flooding occurred during most of the
first year of the project. All freshwater species records
were initially obtained from Orang Sungei fishermen on
the Kinabatangan River, who saved small specimens of
the giant freshwater stingray Himantura chaophraya and
several juveniles of an undescribed species of river shark
Glyphis sp. for the survey team. The latter subsequently
obtained one newborn river shark from the location
indicated by the villagers. Photographs were provided of
a juvenile freshwater sawfish Pristis microdon and the
specimen's rostrum and fins were saved for the project
team. Villagers also donated several dried saws of Pristis
microdon and the green sawfish Pristis zjsron to the
collection (Manjgji b, this volume). It is obvious from
river fishermen's descriptions that the project did not
obtain photographs or specimens of all the freshwater and
estuarine rays recently reported in the Kinabatangan
River. Thereis at least one other stingray present upriver
over 200km from the sea. Other species occur near the
river mouth, and very large guitarfish (possibly Rhinobatos
typus the giant shovelnose ray) are reported to have been
caught occasionally over 100km upstream.

Because surveys concentrated on coastal commercial
fisheries landings and freshwater habitats, speciesrecords
are predominantly of shallow coastal elasmobranchs;
only one oceanic species and one deepwater species were
observed. Increased attention to pelagic and deepwater
fisheries would significantly increase this species list
(although therewere no registered deepwater fishing vessels
operating in the study area during the project, depths
reach 2,000m fairly close to the coast). A few coastal



species were only obtained from the catches of Sea Bajau
(subsistence fisher folk who only visit land to trade) who
may use different methods and target different habitats
from the commercial vessels that regularly land catches
for sale in markets; it is possible that other species taken
by these methods were not recorded during the 18-month
project. Some historic records from Sabah were not
reconfirmed during the study but, because new species
records for Sabah were made throughout the study, it is
likely that more of these species and others not previously
recorded from the state will be reported in future. It was
recognised that elasmobranch biodiversity in the region
was particularly high, having exceeded researchers'
expectations during the short study. A few of the species
recorded are apparently rare or restricted in range to
around Borneo.

The project aimed from the outset to set up a high
quality specimen reference collection of sharks and rays
recorded during the project. The aimwasto provide along
term resource to stimulate future research activities by
researchersin the region and to attract foreign taxonomists
to work with local scientists. This is in contrast to many
biodiversity projects that have produced reference
collections maintained in internationally-recognised
museums well away from the region of origin. Last (this
volume) describes the importance of local collections to
future taxonomic research, and the uses to which such
collections may be put. The Darwin Project elasmobranch
collection is being maintained by the Sabah State M useum
(with duplicate specimens only having been sent to major
fish collections abroad).

The project had initially planned to supplement field
and market surveys with a diver observation scheme to
record sharks and rays. This was not undertaken because
of the poor results which had been reported from similar
initiatives in the past; this strategy seemed unlikely to
repay the effort necessary to initiate and manage it.

Socio-economic study

Detailed results are presented by Almada-Villela (this
volume), who examined both the subsistence value and the
trade value of sharks and rays (these vary considerably in
different communities and for different ethnic groups).
Only afew fishermen target elasmobranchs, particularly in
certain seasons, but amost al take sharks and rays as
bycatch. Surplus ray meat and some shark meat is dried
(some for sale), and fresh meat eaten by the fishermen's
families. Lower value shark meat is often discarded, but
the fins are always traded and provide a very valuable
source of cash (their value is proportionate to fin size). A
seasonal target fin fishery was identified in one oceanic
idand and this practice is likely widespread. The white-
spotted wedgefish or guitarfish Rhynchobatus sp(p). and
sawfishes are also targeted for their particularly high value
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fins. Fins and other saleablefish catches are usually taken
to fish traders in the village, who transport them to town
for resale. Fish traders also act as money lenders and may
supply fishermen with boats and other gear, repaid with a
portion of their catches. The study was hampered by the
lack of written recordsin thevillages on catch weights, and
poor recal by fishermen on details of their catches, but
severa fishers reported declining catches of sharks and
rays and of other species. This was variously attributed to
increased fishing effort (by other ethnic groups or larger
vessels) and declining habitat quality (particularly as a
result of dynamite fishing). Sharks were identified as an
important ecotourism resource at Pulau Sipadan.

Education and training

There were two main aspects to the education and training
provided during the Sabah Project. Firstly, the Project
Officer and Project volunteers received valuable 'on the
job' training from visiting taxonomic and fisheries experts,
the former leading to post-graduate studies on ray
taxonomy and a teaching post in the Universiti Malaysia
Sabah's Borneo Marine Research Unit (BMRU). This,
and the experience of other DoF staff during the project
will ensure that the education of undergraduates and
related elasmobranch biodiversity research work will
continue through the BMRU in future years.

Additionally, several local fishermen and villagers
spent a lot of time with the project team, becoming
interested in and supportive of the project and its
conservation aims. This was helped by the media interest
in the project, particularly the 'discovery' of the river
shark, in state, national and local papers and international
magazines (copies of the latter were left with key
individuals). Village heads and elders were familiarised
with the project and distribution of leaflets and posters
helped to maintain and extend this interest, particularly
through the continued work of WWF and the DoF in the
lower Kinabatangan region.

International Seminar and Workshop

The international meeting which concluded the Sabah
Project was envisaged as amajor component of the project
from the outset. The results of the study were presented to
awide range of participants from within Sabah and other
Malaysian states, including Sabah's State Minister for
Agriculture and Fisheries. The Minister expressed his
support for the work undertaken by the project, and for
follow-up work by the Department of Fisheries and the
Universiti Malaysia Sabah in collaboration with local
research institutions and the international scientific
community.

By including participants from many other Indo-Pacific
states, the meeting not only disseminated the results of the



project widely in the region, but also enabled the results of
similar research elsewhere to be considered. Parallel
workshop sessions were used to analyse the results, draw
conclusions, and to develop a series of recommendations
for continuation of the work both within Sabah and more
widely in the Indo-Pacific. Each workshop's conclusions
and recommendations were agreed during the final session
of the meeting and subsequently finalised by
correspondence between al participants. Thefinal version
is presented in full in the introduction to this Proceedings
Volume. Finally, participants from the Philippines built
on the experience of the Sabah Project to develop a very
similar study in the Philippines, funded by WWF-US,
which ran from 1998 to 2000 (Alava et al. 2000).

Conclusions

The Darwin Elasmobranch biodiversity project in Sabah
isan exampl e of how a collaborative project can call on the
expertise of an international network of specialists to
provide a considerable boost to local, regiona and
international knowledge of and interest in a taxonomic
group. Not only did it raise awareness in Sabah and
Malaysia of the importance of elasmobranch biodiversity
and fisheries, and of the international policy framework
stimulating activity in this field, but it provided much
wider awareness of research, conservation and
management needs in the Indo-Pacific region and has led
to a least one very similar project in the Philippines
(Alava et al. 2000).
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Participants of a WWF-funded
ecotourism and community
project in Batu Putih, a village
on the Kinabatangan River, with
the Darwin Project posters and
leaflets.

R. Cavanagh and S. Mycock

As a result of the Sabah project, there is now a high
level of awareness among fisheries managers, researchers,
non-governmental organisations and the local Sabahan
community, of shark and ray populations and their special
conservation and management requirements. Loca media
interest and coverage helped to heighten enthusiasm for
continuing to build on the results of the project, for
example by continuing to record unusual species and
developing new elasmobranch research proposals (both
in Sabah and in other states and nations). The importance
of maintaining a permanent research and reference
collection in the study area and improving taxonomic
training has been clearly defined and recognised (Last,
this volume).

An important issue highlighted was the poor level of
knowledge of many species of elasmobranchs present in
Sabah, particularly the rays (Manjgi a, this volume).
There are obviously numerous taxonomic problems till
to be resolved before dl species collected can be identified.
The preparation of a catalogue of batoids of the world is
of high priority. Without such a publication, it will be
extremely difficult for researchers and fisheries managers
to undertake similar studies elsewhere in South East
Asian and the Indo-Pacific Region without considerable
input from overseas taxonomic experts. This is
unfortunate, as rays could be an important indicator of
mixed species fishery health (because of their vulnerability
to fisheries) and of habitat quality. There are likely to be
several regional endemics present, including inshore species
and the deepwater chondrichthyans, which were not
studied during the project. Some of these species are likely



dready to have been ovefished dsawhere in the Indo-
Pacific region.

Freshwater elasmobranchs in South East Asa and
esawhere are imperfectly known, very restricted in
distribution, and particularly vulnerable to habitat
degradation and destruction (Compagno and Cook 1995).
The Kinabatangan River is unusua in that a sizesble
amount of its catchment is protected by wildlife
conservation legidation. This should provide a key
foundation for conservetion of the river's freshwater
elasmobranchs (Payne and Andau, this volume), while
the exigence of 'flagship’ gpecies such as the river shark
Glyphis sp. and sawfish Pristis microdon should help to
support future conservation initiatives for the whole
catchment.

The project highlighted the value of working closdly
withloca fishermen and other villagersto obtain specimens
of rare or unusual pecies (which are far less likdy to be
encountered by visting researchers than by experienced
local fishers), while at the same time involving the
community in conservation and management issues
and increasing their awareness of the international
significance and vulnerability of freshwater elasmobranchs
and their environment. Fishermen and villagers were
invarigbly hdpful and pleased to assist, whether by
describing their catches, photographing unusua specimens
or keeping rarities in containers provided by the project
team.

Finaly, the funding for a find international seminar
and workshop and for publication of the proceedings was
essentid to enable the results of the project to be widdy
disseminated and alow participants to reach a consensus
over priorities for future research, conservation and
management efforts.
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Trends and Patterns in World and Asian
Elasmobranch Fisheries

Ramon Bonfil
Wildlife Conservation Society, 2300 Southern Boulevard, Bronx, NY 10460, USA.

International concern over the fate of elasmobranch fisheries has grown recently. This results from two major causes: first, due
to their life history characteristics, sharks and rays are prone to overexploitation; second, continued expansion in global catches
of sharks and rays seems to be running unchecked. Elasmobranch fisheries remain little known and poorly characterised. This
paper presents an overview of fisheries for sharks in the world based on official statistics of FAO, SEAFDEC and various other
national and international agencies, and is complemented by an extensive literature review. The paper covers the diversity of world
shark fisheries, artisanal and industrial, commercial and recreational, and, where possible, provides information on the most
common gears used and the most important species caught. Catch trends for the different regions of the world are presented,
together with an analysis of production in each of these regions. Out of the 15 FAQO fishing areas, four show decreasing trends in
the catches while nine others have increasing trends and two show almost no trend. An analysis of relative production by areas
suggests that increases in yield could potentially be obtained in the south-east Pacific and the south-east Atlantic Oceans. Although
some industrial fisheries for sharks exist in several countries, most of the catches are actually produced by small-scale fisheries
all over the world. Globally, various types of gillnets provide a greater part of the total catch. The bycatch of sharks in other fisheries
also accounts for a significant part of the total. Estimates on a worldwide scale indicate that about the same amount of sharks are
caught in directed fisheries as are caught as bycatch in other fisheries, mostly longline fisheries for tunas. Sharks are used for food
in many countries, and in some parts of the world the hides are used for the leather industry. However, the traditional Chinese shark-
fin soup market has expanded greatly in the past 10 years and the high prices paid for dried shark fin are putting pressure on shark
stocks around the world. A very controversial novel utilisation of sharks is the production of a shark cartilage pill as a supposedly
"magic" cure for cancer. The paper ends with a brief discussion of the needs for management and conservation of sharks around
the globe, and the problems faced when attempting to do so.

Introduction and hence a low reproductive potential. Moreover, because
of their eco-trophic role, elasmobranch abundance is,
International concern over the fate of elasmobranch stocks  typicaly, relatively low. Secondly, continued expansion in
has grown recently (Bonfil 1994, Rose 1996, TRAFFIC  globa catches of sharks and rays seems to be running
1996). At least two main causes can be identified for this. unchecked, putting increased fishing pressure on these
First, due to their life history characteristics, sharks and  vulnerable stocks (Figure 1).
rays are thought to be especialy prone to overexploitation: Elasmobranch fisheries remain little known and poorly
sharks and rays are typicaly K-sdected organisms and  characterised. Global reviews of shark fisheries and trade
many species - but not al - have: a) alate age of first sexual (Bonfil 1994, Rose 1996) indicate that in most cases there
maturity; b) low fecundity; and c) long gestation cycles.  are large gaps in basic information that preclude any
seriousattempt to managetheseresources. Thispaper provides
an updated overview of fisheries for sharks in the world
with a particular focus on Asian countries. Information for
. R T ) this paper is based on officiad statistics of the United
o Nations Fish and Agriculture Organisation (FAO), South
East Asian Fisheries Development Center (SEAFDEC)

L and various other national and international agencies, and
S is complemented by an extensive literature review.
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Figure 1. World elasmobranch catches according to
FAO statistics with forecasted catches for year 2000.
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Traditional uses

The two main traditional uses of sharks and rays have been
for food, and for the production of tools and weapons.
Elasmobranchsasfood are sold mainly fresh oniice, although
in tropical countries their meat and fins are usualy salt-
dried. For the manufacture of weapons and tools, shark
teeth are used by the natives of the south Pecific islands to
build swords and knives. The spines of rays were used for
ceremonial purposes among the ancient civilisations of
mesoamerica, such as the Aztecs and the Mayas.

Modern uses

The modern uses of sharks and rays include, apart from
food, several industrial applications. Shark skins are used
for the production of leather and abrasives. Extracts from
the blood are used to produce anticoagulants, and the
corneas of sharks are used in medical applications. The livers
are perhaps the most versatile part of sharks, being used in the
production of vitamin A, the manufacture of paints,
cosmetics and many other products derived from sgualene.

Novel uses

A relatively recent use of sharks is the production of
cartilage pills for the alleged control and cure of cancer.
The value of direct intake of shark cartilage as a treatment
for cancer has not been demonstrated scientifically. On the
contrary, there are several tests showing that it does not
have any positive effect. Despite not being approved
anywhere in the world as a bonafide medical product, the
sale of shark cartilage has unfortunately grown through
outlets such as organic food stores.

The direct observation of live elasmobranchs in their
natural habitat - either from boats or using SCUBA gear- is
another recently developed use. Whae sharks, manta rays
and various grey sharks (genus Carcharhinus) are some of the
species most commonly observed around the tropical world.

Fisheries

Fisheries for elasmobranchs are very diverse. Many shark
fisheries are small scale, such as the Maldivian fisheries for
deep water gulper sharks, which utilise wooden sailing boats
without any type of mechanisation (Anderson and Ahmed
1993 and Anderson and Hafiz, this volume). However,
there are also industrial high-tech fisheries for sharks, such
as the Taiwanese driftnetters that operated in the Arafura
and Timor Seas during the 1970s (Stevens 1990).

Shark and ray catches are to a large extent incidental to
effort targeted at other species, and very frequently form
part of multi-specific fisheries. These two characteristics
seriously complicate the assessment and management of
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elasmobranch stocks. Basic fisheries data on such catches
are almost never reported by species, and measures of the
fishing effort are seldom recorded for these low-value fish.

Fishing methods

The fishing methods used to catch elasmobranchs are also
very diverse. The two most common methods for catching
sharks are gillnets and longlines. Other methods are aso
used. Hand harpoons were used by Mexican fishermen to
fish sharksin the 1960sin the area of Y ucatan, and are till
used to harvest whale sharks in the Philippines (Alava et
al. thisvolume). Harpoon gunsare used to harvest basking
sharks, mainly in the North Atlantic. A very common
method for catching rays, other batoids, and some smaller
sharks is the bottom trawl-net. This fishing gear is
responsible for a large amount of bycatch and discard of
elasmobranchs throughout the world.

Patterns of global exploitation of
elasmobranchs

Elasmobranch fisheries are extremely small and almost
irrelevant in comparison to other marine fisheries (Figure
2). In addition to their small volume, shark and ray
fisheries have relatively low monetary value, thus they
have traditionally been of minor importance especialy
when compared to other fishery resources such as sardines
and anchovies (Clupeiformes), cods (Gadidae), shrimp or
tuna (Scombridae). Given their minor importance, it is
not surprising that sharks and rays have received little
attention from most scientists and research institutions,
as can bejudged from the number of papers published for
different groups of fishery resources (Figure 3). This
imbalance partially explains why our knowledge about
elasmobranch populations and the management of their
fisheries is at present less than satisfactory.

Figure 2. Comparison of total world catches from all
fisheries (right axis) against world elasmobranch
catches and total world sardine and anchovy catches.
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Figure 3. Number of papers published for each of
several fishery resources and contained in the ASFA
database.

The officid statistics indicate that total world catches
of eiasmobranchs surpassed 730,000 tonnes (t) during
1994. According to Bonfil (1994), nominal catches are
expected to reach between 755,000 and 827,000t by the
year 2000 (Figure 1). The relative production of
elasmobranchs in different regions of the world is shown in
Figure 4, where an Index of Relative Production (IRP) of
elasmobranchs is used to characterise the patterns of
elasmobranch exploitation. Thisindex issimply theaverage
elasmobranch catch (since 1967) within each of FAQ's
Statistical Areas, divided by the square root of the surface
of each Statistical Area. Areaswith an IRP higher than 10
are arbitrarily considered to have the highest relative
yields, and are probably fully exploited if not already over-
exploited. Note that most of the areas corresponding to

Figure 4. Index of Relative Production of eiasmobranchs
Relative Production.
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Asian countries already have very high relative yields.
Accordingly, we should not expect to see large increases in
catches in these areas. Areaswhich have a medium levd of
production (IRP between 5 and 10) could perhaps sustain
small increases in catches if effort is carefully distributed.
Finally, areas with the smallest relative production (IRP
<5) are perhaps the most promising for fishery expansion.
However, this index should be used with caution, as it
assumes that sharks and rays are evenly distributed in the
world's oceans.

The trends of shark and ray landings in each FAO
Statistical Areain the period 1983-1994 are given in Table
1. Areas27 and 87 show clearly decliningtrendsin landings,
while Areas 37,47,61 and 87 have dlightly declining trends.
Thereisadightly increasing trend of catches for Areas 31,
41, 67, 77 and 81. Only Areas 51, 21, 71 and 57 show
relatively high increasing trends. Within the Asian region.
Area 61 hasadecreasing trend, while Areas 71 and 57 have
very high increasing trends. Worldwide, thereare six Areas
that show decreasing trends in elasmobranch catches.

The data presented above imply that the possibilities
for maintaining a steady growth in world elasmobranch
catches depend largely on what happens in a few key areas
of the world, such as Areas 61, 67, 51, 57 and 21. How
sustainable the growth of catchesisin these key Areasis of
great concern, especialy considering the state of some of
the fisheriesin the Asian region, and the generalised lack of
management for eiasmobranchs throughout most of the
world.

In terms of catches, Asia is the geographical region
that has by far the most important fisheries for sharks and
rays, Europe is second, but with much lower catches

in each of the 15 FAO Statistical Areas. IRP= Index of
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Table 1. World trends and patterns of shark and ray exploitation, divided by FAO Statistical Areas.
Mean catch Trend 1983-1994
area  (1,000s metric Coefficient IRP average (1,000s metric
FAO Statistical Areas (million km?) tonnes) of variation  catch/sqrt size tonnesl/year)
27 NE Atlantic Ocean 16.9 92.3 12% 22.45 -2.05
61 NW Pacific Ocean 20.5 101.1 10% 22.34 -0.72
51 W Indian Ocean 30.2 101.1 19% 18.40 5.79
21 NW Atlantic Ocean 52 28.4 57% 12.44 3.56
37 Mediterranean and Black Seas 3.0 18.4 29% 10.62 -0.65
71 W Central Pacific Ocean 33.2 63.3 38% 10.98 3.84
41 SW Atlantic Ocean 17.6 36.0 30% 8.57 0.94
57 E Indian Ocean 29.8 46.2 32% 8.47 2.26
34 E Central Atlantic Ocean 14.0 28.4 29% 7.59 -0.14
87 SE Pacific Ocean 16.6 20.5 32% 5.03 -1.57
31 W Central Atlantic Ocean 14.7 18.8 47% 4.89 0.54
77 E Central Pacific Ocean 57.5 22.1 34% 2.92 0.61
81 SW Pacific Ocean 33.2 11.0 47% 191 0.18
67 NE Pacific Ocean 7.5 5.2 60% 191 0.21
47 SE Atlantic Ocean 18.6 6.4 42% 1.48 -0.09

(Figure 5). The trend of elasmobranch catches by region
shows that production is intensifying in Asia and to a
lesser extent in North America, the latter due mainly to
the recent growth in US catches.

Asia and, in particular South East Asia figure
prominently in shark and ray fisheries worldwide. As a
whole, Asian countries currently contribute about 60% of
the total world elasmobranch catches, while South East
Asian countries hold about a 25% share of this total. Both
regions seem to be increasing their share of the world
elasmobranch catches (Figure 6).

The distribution of catches among world economies
indicates that the so-called developing countries produce
about two-thirds of the total world elasmobranch catch.
The trend seems to be for further increases in the
contribution of developing countries to the total (Figure
7). This has the unfortunate implication that the main
stakeholders, because of their dower economies, will have
a harder time allocating resources to the management of,
and research into, elasmobranchs. However, the lack of
efforts towards managing shark and ray fisheries seems to
be a general pattern among most fishing nations. Figure

Figure 5. Historical catches of sharks and rays by
geographical region.

8 shows the 10 countries with the highest average catches
of elasmobranchsin the last 10 years. Notice that wealthy
nations like Japan, France and Great Britain are among
the top 10; however, none of these countries has
implemented management of their shark or ray fisheries.

Figure 6. Proportion of world elasmobranch catches
contributed by Asia and South East Asia.
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Figure 7. Contribution to total elasmobranch catches
by world economies.
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importance of elasmobranch catches as proportion of
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Worldwide, only four nations (Australia, Canada, New
Zealand and the USA) have explicit management systems
for elasmobranch fisheries.

According to the relative importance of sharks and
rays in the total catches of each country (Figure 9),
nations such as S Lanka, Costa Rica, the Maldives and
Australia rank very high, despite having relatively small
elasmobranch fisheries. How relevant elasmobranch
fisheries are for each country must be taken into account
if restrictionsin shark trade are ever contemplated, because
the social and economic impacts these measures could
have on the fishing sector of countries with relatively
important elasmobranch fisheries could be great.

Trends of catches jn important
elasmobranch fishing nations

The historical catch trends of the main elasmobranch
fishing countriesare shown in Figures 10and 11. Japanese
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catches, once the largest in the world, arein clear decline,
apparently as a consequence of shifts in consumer
preferences spurred by increased economic status. On the
other hand, Indonesia's elasmobranch catcheshave grown
a an alarming rate, apparently due to the rocketing price

Figure 10. Historical elasmobranch catches for main
shark and ray fishing countries of Asia, Africa and
Oceania.
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Figure 11. Historical elasmobranch catches for main
shark and ray fishing countries of Americaand Europe.

of shark fins during the late 1980s. It is not clear if
Indonesianfiguresarereliable; however, such steep growth
in shark and ray catches should be a major cause for
concern. In fact, there are already some reports suggesting
declines in the abundance of elasmobranch stocks in this
region. India has very important catches of elasmobranchs

that show a higher rate of increase in the last few years.
Elasmobranch fisheries in Pakistan have also been
important, but are highly variable. In contrast, Australia
and New Zealand have relatively smal and cautious
fisheries. They are among the few in the world under
relatively strict management regimes. Fisheries in the
United States grew very rapidly until recently, when a
management plan was finaly implemented.

One of the most pressing problemsin the understanding
of elasmobranch resources is the lack of adequate fisheries
data. It is frequently almost impossible to get even basic
information such as separate catches for sharks and rays,
let alone for individual species. In general, fisheries
information for elasmobranchs is very poor and difficult
to obtain. Figures 12 and 13 show only two examples of
the limitations of catch statistics for elasmobranchs
throughout the world. The larger part of the catch in India
is reported only as elasmobranchs, either from the east
coast or from the west coast. Similarly, the larger part of
the Brazilian catches are reported only as"elasmobranchs”.
Without proper information on the catches by species, or
species group, it isgoing to be very difficult to assess either

Figure 12. Breakdown of shark and ray catches of
India, as reported to FAO.
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Figure 13. Breakdown of shark and ray catches of
Brazil, as reported to FAO.
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of these countries' fisheries. This happens not only in
India and Brazil but in many parts of the world. It is the
author's belief that this is largely a problem with origins
in basic economic forces: the markets have just not been
developed enough to set differential pricing for each
elasmobranch species or species group.

Elasmobranch exploitation in the South
East Asian and Asian Regions

Four countries figure prominently in Asian elasmobranch
fisheries, and thusworldwide. Figure 14 showsthe relative
importance of shark and ray catches in Asia. Indonesia
and India have the largest catches, and together with
Pakistan and Japan comprise almost three-quarters of the
Asian elasmobranch catches. Some of the worrying aspects
of shark and ray fisheriesin theregion are briefly illustrated
in the following paragraphs based on information for
Korean and Indonesian elasmobranch fisheries available
from the recent TRAFFIC report on world trade in sharks
(TRAFFIC 1996).

According to Parry-Jones (1996b), elasmobranch
catches in South Korea have fluctuated around 20,000t

Figure 14. Share of shark and ray catches by Asian and
South East Asian countries (1979-1984).
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Figure 15. Breakdown of elasmobranch catches of
South Korea (data taken from Parry-Jones 1996a).
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since 1980 (Figure 15). Looking at the total South Korean
elasmobranch catches, there seems to be a dight decline
since the mid-1980s, although catches appear to have
increased in the early 1990s. However, it isevident from a
breakdown of the total catches that the landings of
elasmobranchs from adjacent waters — particularly those
of rays—arein sharp and steady decline. In fact, shark and
ray catches in waters adjacent to South Korea have
declined by more than 50% in the last 15 years. Thiscould
be signalling depletion of the local stocks. The reasons
given by South Korean sources for these declines are
various and unclear, but there is a good chance that they
are the result of overexploitation (Parry-Jones 1996h).

Troubled and unchecked shark and ray fisheries also
seem to be a pressing problem in Indonesia, which has the
largest elasmobranch catches in the world: according to
FAO statistics, 93,000t were harvested during 1994.
However, there are reports suggesting that Indonesian
fishery statistics might be quite unreliable (Dudley and
Harris 1987), with inaccuracy reaching factors of 0.8 to
3.8 times the reported catches. Keong (1996) mentions
that the real catches of sharks and rays in Indonesia could
very well be over 100,000t. Given that the trend of
elasmobranch catches in Indonesia shows a very steep
increase in recent years, there are reasons to be worried
about the shark and ray fisheries of this country. Keong
(1996) provides plots of Indonesian shark catches by
locality every five years since 1977. These figures show a
pattern of effort shifting from west to east. Additionally,
a few localities already show decreases in shark catches.
These two patterns, although difficult to interpret without
effort figures, are typical of sequential localised depletion.
Concerns are further fuelled by reports of declines in the
abundance of the giant guitarfish Rhynchobatusdjiddensis
in the Aru Islands, and possible local depletion of grey
sharks in other localities such as the Spermonde
Archipelago (Keong 1996).

Overall, the available statistics show that shark catches
in many parts of Indonesia are either stable or growing.
Nevertheless, there are clear declines in the shark catches
of the south coasts of West and East Java, north coast of
East Java, and South Kalimantan, while more recent
declines are evident in Western Nusa Tengara, North
Suluwesi, Muluku and Irian Jaya (Keong 1996). A point
of scepticism is that there are no declines detectable in the
limited data available on shark catch-per-unit-effort
(CPUE) for Indonesia (total catches divided by total
number of gillnets). This could be explained by:

1. alack of an adequate measure of effort (i.e. gillnet-
days);

obscuring effects due to the pooling of catch and effort
data from different and very distant localities (possibly
including independent stocks); or perhaps more likely
by

3. gross errors in the fishery statistics.
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Independently of the origin of this mismatch, from the
fisheries point of view it is impossible to reconcile that
after more than atwofold increasein catches during an 18-
year period, there is not even a small decline in the CPUE
of shark stocks in Indonesian waters.

Bycatch of elasmobranchs: the unofficial
statistics

While the present analysis has focused on the officia
statistics of elasmobranch catches, there are many other
sources of catches of elasmobranchs that are usually never
accounted for. In particular, the large scae fisheries of the
high seas, such as the driftnet fisheries that existed in the
1980s, or the numeroustunafisheriesthat il exist worldwide,
have aways taken large numbers of sharks and rays as
bycatch in their operations. Until recently there had been
no attempts to quantify the levels of bycatch and discards
of elasmobranchs in these fisheries on a global basis.

Available estimates of bycatch of elasmobranchs suggest
that during the late 1980s and early 1990s about 11-13
million sharks were taken each year in the main high-seas
fisheries of the world (Bonfil 1994). This is equivalent to
about 260,000-300,000t. The discards from these fisheries
were estimated to be around 230,000t. The bycatch of the
longline fisheries for tunaswas, and ill is, by far the most
important contribution to the total -just because of their
sheer effort (Figure 16). The presently banned driftnet
fisheries were the second most important source of
elasmobranch bycatch. Notethat, according to these results,
the amount of sharks taken as bycatch represents about
half the reported elasmobranch catch in the officid statistics.

Recreational fisheries

Recreational fisheries for elasmobranchs are mainly
centred in a few countries such as the USA, the United
Kingdom, Australia, New Zealand and South Africa,

Figure 16. Proportion of estimated bycatch of
elasmobranchs on high seas fisheries (taken from Bonfil
1994) as a proportion of total elasmobranch catches
(bycatch + reported catches from official statistics).
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although sharks are certainly caught in sport fisheries
elsewhere. Unfortunately, information on these fisheries
is very scarce and difficult to find. Recreational fisheries
for sharks need to be more carefully monitored because
they can be specificaly targeted and thus potentially
impact on individual populations (e.g. great white sharks
Carcharodon carcharias).

Shark fishing tournaments were especialy important
in the USA for a few decades. During the 1980s it was
estimated that up to 35,000t of sharks were caught every
year in the eastern US recreational fisheries (Hoff and
Musick 1990). This situation has changed since - thanks
apparently to the concerted efforts of scientists, authorities
and sport fishermen - and many tournamentsin Australia
and the US have turned into tag-and-rel ease programmes.
This trend is very encouraging as tag-and-release
tournaments not only decrease the amount of potential
mortality of sharks induced by sport fishing, but also
provide a vehicle for increased research on the different
species and stocks targeted by recreational fisheries.

Discussion

The general situation of elasmobranch fisheries in Asiais
worrying (Table 2). About one-third of the 13 countries
considered in this analysis show declining trends in shark
and ray catches (Taiwan, Hong Kong, Japan and
Philippines); two others show dight declines (Thailand
and Korea); and four countries have very steep increases
in catches (India, Indonesia, Maldives and Pakistan).
Meanwhile, the status of shark and ray fisheries in China
is still atotal mystery. Despite an intensive survey carried
out recently (Parry-Jones 1996a), not even the total
elasmobranch catches are known for China.

Perhaps the most worrying aspect for the long-term
sustainability of elasmobranch fisheries in Asia is that, at
the time of writing, none of the countriesin this region has
implemented, or is known to be planning, management of
their elasmobranch fisheries. In the light of the prominent
position of the Indo-Pacific region as the world centre of
elasmobranch biodiversity, this is indeed very worrying.
If this was not enough reason for concern, none of these
countries collects data by species or by meaningful species
groups. Although presently the general situation of shark
and ray fisheries seems relatively optimistic in most Asian
countries, judging from their production levels, the future
outlook is rather distressing. Given the current levels of
exploitation and growth in catches, if Asian countries -
and for that matter most of the important elasmobranch
fishing countries in theworld do not start implementing
adequate programmes for fisheries data collection, and
do not enact - even more swiftly - preventive management
measures, it is amost certain that shark and ray stocks
will be in a precarious situation very soon.



Table 2. Trends and patterns of elasmobranch fisheries in Asian countries.

Recent Catch Management  Fishery data

trend 1994 (t) plan by species Notes
China ??? ??? no? no? concern over juvenile catch
Taiwan decline 44,000 no no (partial)*  distant water 85%+: some species in decline (unexplained)
Hong Kong decline 7-12 no no catch crash since early 1970s; 50% shark fin trade
Japan decline 33,500 no no (partial)*  declines in dogfish and mako shark CPUE
Philippines decline 9,000 no no
Thailand slight decline 8,500 no no
Korea slight decline 17,500 no no* distant water 50%: various "reasons" for declines
Malaysia slight increase 21,000 no no
Sri Lanka increase 34,000 no no (partial)
Pakistan steep increase  50.000 no no drop in 1980
India steep increase 84,000 no no
Indonesia steep increase 93,000 no no catch rates "stable"; reliability of data?; localised

depletion suspected

Maldives steep increase 11,000 no no

* some available from TRAFFIC surveys

There are at least two reasons to be worried about the
conservation of elasmobranch stocks, particularly sharks.
First, the increasing worldwide demand for shark fin soup
has meant that the price paid for shark fins has increased at
an unprecedented rate over the last decade. The exorbitant
sums paid for shark fins are a tremendous incentive for
fishermen al over the world to fish more eagerly for sharks,
and sometimes forces them to take part in what is known
asfinningfisheries. This consists of catching sharks, cutting
off the fins and throwing the rest of the shark - often ill
aive- back to the sea. Thisisa very widespread habit among
tuna fishermen. The popular press is full of accounts of
vesd's being caught with hulls full of shark fins, but no trace
of shark carcasses. Because of finning, it is obvious that most
of the estimates of di scards from bycatch in high seas fisheries
can be accounted for as actual dead sharks. Secondly, the
newly-developed market for shark cartilage as a supposed
cure for cancer, means that there is now a new and growing
demand for more dead sharks. Thereis now increasing fear
of new fisheries being encouraged by the cartilage demand.
More recently, American and British entrepreneurs have
been marketing shark cartilageasamiracle curefor arthritic
maladies in pets. Shark cartilage is now very successfully
sold as a food supplement for cats and dogs.

Although shark cartilage fisheries are apparently a
rarity at present, there is at least one enterprise specificaly
devoted to this in Costa Rica (Jimenez 1994). Judging
from the trend in the catches of this country, it is apparent
that the cartilage boom is beginning to contribute to shark
exploitation (Figure 17).

On the other side of the spectrum, there are a few signs
of hope for the conservation of elasmobranchs. Sport
diving to see sharks and rays in their natural environment
has become increasingly popular around the world. This
not only offers an opportunity to educate the general public
about the need for elasmobranch conservation, but in some
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cases it provides an alternative and optimal use of sharks
and rays. According to an analysismadein the Maldives by
Anderson and Ahmed (1993), a live gray reef shark
Carcharhmus amblyrhynchos brings 100 times the money
value of the same shark dead in the fishery. The local
economy receives an estimated $2.3 million/year as a result
of shark diving. Clearly, there is a great advantage in
keeping grey sharks alive in order to provide this leve of
income for a number of years instead of cashing a few
dollars per shark one single time (Anderson, this volume).

Conclusions

e Themultispecific and largely incidental nature of shark
and ray fisheries, together with the lack of information
about the catches and abundance of each species, are
a tremendous obstacle for the assessment and

management of these resources.

Figure 17. Trend of shark and ray catches of Costa
Rica (FAOfigures), attributed to the recent boom of the
cartilage industry.
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Given the biological susceptibility of sharks to
overexploitation, it isworrying that only four countries
in the world have management plans. This situation
must be improved if we want sustainable fisheries and
elasmobranch conservation.

The high levels of bycatch and discards in high-seas
fisheries areworrying becausewelack an understanding
of the potential impact of the reduction in shark
abundance on the oceanic ecosystems.

Two of the most threatening recent developments in
shark exploitation arefinning practices and the potential
for damage as a result of cartilage fisheries.

Recommendations

The diversification of markets for elasmobranch species,
and an increased quality control in the harvest system,
should raise the profitability of the fishery for the
communities that depend on sharks and rays for a living.
This should also improve the reporting of fishery statistics
on sharks and rays. Thisalonewill have an immediate effect
on the possibilities of implementing wise management of
these fisheries, and is perhaps the only real solution in the
long run. The compulsory reporting of bycatch in high-seas
fisheries would provide the basis for a possible solution for
the potential problems of oceanic shark depletion, especially
if this is matched with a worldwide banning of finning
practices. The United Nations' initiatives for the Conference
on Highly Migratory and Straddling Fish Stocks, the
eventual widespread adoption of the Code of Conduct for
Responsible Fisheries, and a precautionary approach to
fisheries management should all provide atimely framework
for the management and conservation of elasmobranchs.
Finally, the promotion  of non-lethal uses of sharks, such
as shark-diving and display in aquaria, will be an important
step towards preserving sharks and educating the general
public about the need for shark and ray sustainable
management and conservation.
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An Overview of Sharks in World and Regional Trade

Noorainie Awang Anak
TRAFFIC Southeast Asia, Unit 9-3A, 3rd Floor, Jalan SS23/11, 47400 Taman SEA,
Petaling Jaya, Selangor, Malaysia

TRAFFIC Network carried out a study of the shark trade in Europe, India, east and southern Africa, South East Asia, East Asia, Oceania
and North and South America between early 1994 and end of 1996. The study highlights the fisheries and trade of sharks and shark
products in domestic and international trade. The study used a number of different sources of information including FAO data, regional
research centres, national fisheries data, national trade data, SEAFDEC, etc., as well as field observations and interviews with traders,
fishers, researchers and government sources. The statistical information was found to have a number of limitations. Chondrichthyan
fish are caught in targeted fisheries or as bycatch. The former is of a much smaller volume compared to incidental bycatch although
it is not possible to accurately compare the two. The trade in sharks includes live specimens, parts and products such as meat, fins,
skin, liver oil, internal organs and other edible products such as brain, eggs, ovaries, cartilage, teeth, jaws and other curios, fishmeal,
fertiliser and fish oil and bait. Fins are the most valuable parts of a shark, and represent by far the largest proportion of parts and
products traded. This study recommends that the principles and standards in the FAO's "Code of Conduct for Responsible Fisheries"
that address fisheries research and data collection should be applied by all nations. The collection of data could be much improved,
and further monitoring efforts on domestic and foreign vessels should be initiated. Ecologically sustainable management plans are
urgently required for the region and Parties to CITES should continue to monitor the work of relevant agencies in improving the
collection of data, perhaps through the formation of a CITES marine fisheries working group.

Introduction by interviews with experts and fishers, and observations at
harvesting and landing sites.
Sharks and shark products are a large and increasingly
important fisheries resource in many countries. Inmany ~ National fisheries data
regions, this expansion has been due to the increase in
tradein shark products such asfins, cartilageand liver oil.  Higtorically, chondrichthyan fisheriesmade only relatively
Sharks are caught both as targeted and incidental  minor contributions to overall fisheries production.
catches. The biology of most of the chondrichthyans — Therefore information on catches is often sparse, where it
is such that they are extremely vulnerable to over-  exigts at al. When chondrichthyan catches are reported
exploitation. Catching of sharksis largely unregulated or by national agencies, the data are usually grouped within
unmonitored. asingle category, and do not differentiate between pecies
In 1994, FAO reported that of thetotal chondrichthyan ~ In Mdaysia, information is taken from the Fisheries
landings, approximately 182,000t were recorded as  Department annual report and regional fisheries agencies
sharks, 197,000t as skates and rays, 5,000t as chimaeras,  such as Infofish.
and 347,000t as unidentified chondrichthyan species.
This paper presents an overview of the findings of ~ National trade data
TRAFFIC dudies in regions of Europe, India, east and
southern Africa, South East Ada, East Ada, Oceania,  National trade data present smilar problems to other
and North and South America. The study, which was  data sources, including incomplete data collection, failure
carried out from early 1994 until theend of 1996, highlights  to record the volumes and prices of many different products
the fisheries and trade of sharks and shark products, intrade, and agenerd grouping of data. The standard Sx-
including the processing, preparation and use of the  digit customs tariff heading adopted under the
products in domestic and internationd trade. 'Harmonised System'’ of classification is not very specific,
categories used being "dogfish" and "other sharks', with,
in general, an additional sub-heading under "shark fin".
Sources of information _
FAO - catches and landings data
A number of different sources were used, including
published reportson national fisheriesproduction, national  FAO provides the most comprehensive data available on
trade data, FAO data, other sources such as regiond  world fisheries production, and the only published sources
research centres and international bodies, supplemented  of such data on a global scde. The principal sources are
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theYearbookofFisheriesStatistics: CatchesandLandings

andYear bookof FisheriesStati stics: Production.However,
these data are based on reports from the fisheries agencies
of individud nations, and are consequently affected by
the same limitations (Rose 1996).

FAO trade data

In an analyss of FAO datistics, Rose (1996) found that
production and trade data often differed dgnificantly
from national customs statistics, and aso highlighted the
frequent discrepancies between reports by national
fisheries and customsagencies. For example, FAO reported
the world production of shark liver oil from 1984 to 1993
as 412t, and other shark oil 227t. However, for South
K oreaa one, the average volumeof shark liver oil imported
annualy was 327t. For shark fin exports, FAO reported
that a total of 15 countries were involved in the export,
while Hong Kong customs data detailed imports from a
total of 125 countries during 1980-1995.

Other data sources

In South East ASa, some data were adso collected from
SEAFDEC (South East Adan Fisheries Development
Center), based in Trengganu, Maaysia, as wel as from
other regiona sources such as the annual report from the
Fisheries Departments of Thailand and Philippines. In
some cases TRAFFIC Southeast Asa (in common with
other TRAFFIC offices) conducted interviews or
distributed questionnaires to traders and fishers, and
collected data from regiona and inter-governmental
bodies, even though the information from these sources
remained limited. It should be noted that information was
dso obtained from the International Council for the
Exploration of the Seas (ICES), which compiles catch and
landing data for sharks, skates and rays, and the
International Commission for the Conservation of Atlantic
Tuna (ICCAT), which recently began to request incidental
shark catch information from member nationsinvolved in
Atlantic tuna, scombrid and billfish fisheries. Some
TRAFFIC offices dso conducted fidld observations at
landing dtes and a various stages of the fisheries.

Types of chondrichthyan fisheries

Table 1 ligts chondrichthyan species commonly caught in
fisheries.

Targeted

The catch from fisheries targeted or directed at sharks is

of amuch smdler volume than from incidental catches. In
targeted fisheries the gears commonly used are longlines,
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gillnetsand trawls, and sharks are targeted both in coastal
and offshore waters.

Bycatch

Sharks are frequently caught as incidentd bycaich in
fisheries directed at other species, such astuna. Thevolume
of sharkscaught asbycatchisthought to belarge, athough
it is not possible to accurately compare the production of
incidental and targeted shark fisheries. Thetypesof fishing
gear usd are related to the scae of the fisheries. Gear for
large-scdefisheriesincludes purse seine, trawl, otter trawl
and gillnet, and samdl-scde gears are gillnet, driftnet and
hook and long line. Bycatch occursin deep waters, aswell
as in coadtd and offshore pelagic fisheries.

Trade in shark products
Meat

Shark meat is becoming increasingly popular in
domestic and international markets. However, the
relatively low vaue of chondrichthyan meat products, in
comparison to other species such as tuna, encourages a
very high rate of discard at sea. Shark meat needs
careful and proper handling as atable mesat because of the
high concentration of urea in the body. To avoid the
formation of ammonia, it requires immediate icing or
freezing and it dso cannot be left too long in the water
after the shark's death. Generdly, both carcasses and
fillets for fresh consumption require washing or soaking
in abrine solution.

Connoisseurs consider the shortfin mako Isurus
oxyrinchus as the world's finest quality shark meet and it
is usad for sashimi in Ada and as a high-vaue fresh
seefood in American and European markets. Other high-
vaue sharks include thresher sharks Alopias spp. and
porbeagle shark Lamna nasus, caught in large numbersin
directed fisheries and as bycatch in tuna and swordfish
fisheries. However, some nations have particular
preferences for other species of shark meat, such as
smoothhounds Mustelus spp. in Argentina.

Between 1985 and 1994, according to FAO data, the
world exports of fresh, chilled and frozen shark mesat
more than doubled, from 22,203t in 1985 to 47,687t in
1994. The number of exporting nationsrosefrom 18 to 37,
and importing countries rose from 12 to 36 in the same
period. Supermarkets in Europe, in particular Italy,
France, United Kingdom, Denmark and Germany, and
in South America(Argenting) and the USA now commonly
offer fresh shark steaks and fillets.

Consumer taste has not developed to the extent that
shark meat can be readily sold as 'shark meat’; it is more
often labelled as 'grayfish, 'rock salmon', 'huss, 'rigg,



'flake', or 'galina del mar' (‘chicken of the sea’). Table 2
lists the species most preferred in the meat trade.

Fins

TRAFFIC found documented evidence that shark fin
soup has been a popular delicacy among the Chinese for
2,000 years. The fins are essentially tasteless and the
processed shark fin needles resemble rice noodles in wet,
dried or cooked forms, with flavouring needed to add
taste. Shark fins are among the world's most expensive
fishery products. The value of the fins varies according to

colour, size, thickness and fin needle content, but nearly

al species have commercially valuable fins (Kreuzer and

Ahmad 1978, Subasinghe 1992)
Shark fins are processed and marketed in the following

forms (Kreuzer and Ahmad 1978, Lai 1983):

» Dried, with the skin intact.

e Semi-prepared, with the skin removed but the fibres
intact.

e Fully prepared with individual strands of the
cartilaginous platelets showing separately.

e Frozen prepared fins.

* In brine.

Table 1. Commonly fished chondrichthyan species*

Family Scientific name Common name
HEXANCHIDAE Notorynchus  cepedianus Broadnose sevengill shark
SQUALIDAE Squalus acanthias Piked dogfish
CENTROPHORIDAE Centrophorus spp. Gulper sharks
SQUATINIDAE Squatina spp. Angelsharks

Carcharias taurus
Odontaspis ferox

ODONTASPIDAE

Sand tiger shark
Smalltooth sand tiger

ALOPIIDAE Alopias spp.
Alopias pelagicus

Alopias vulpinus

Thresher sharks
Pelagic thresher
Thresher shark

CETORHINIDAE Cetorhinus maximus

Basking shark

LAMNIDAE Isurus spp.
Isurus oxyrinchus
Isurus paucus

Lamna nasus

Mako sharks
Shortfin mako
Longfin mako
Porbeagle shark

SCYLIORHINIDAE Scyliorhinus  canicula

Smallspotted catshark

TRIAKIDAE Galeorhinus galeus
Mustelus spp.
Mustelus  antarctlcus

Mustelus lenticulatus

Tope shark
Smoothhounds
Gummy shark
Rig

CARCHARHINIDAE Carcharhinidae spp.

Carcharhinus

Carcharhinus  brachyurus
Carcharhinus  brevipinna
Carcharhinus  falciformis
Carcharhinus leucas
Carcharhinus  limbatus
Carcharhinus longimanus

Carcharhinus
Carcharhinus
Carcharhinus
Carcharhinus

obscurus
plumbeus
sorrah

albimarginatus

melanopterus

Requiem sharks
Silvertip shark
Bronze whaler
Spinner shark
Silky shark

Bull shark

Blacktip shark
Oceanic whitetip shark
Blacktip reef shark
Dusky shark
Sandbar shark
Spottail shark

Galeocerdo cuvier Tiger shark

Prionace glauca Blue shark

Rhizoprionodon  acutus Milk shark

Triaenodon obesus Whitetip reef shark
SPHYRNIDAE Sphyrna spp. Hammerheads

Sphyrna lewini Scalloped hammerhead

Sphyrna mokarran Great hammerhead

Sphyrna zygaena Smooth hammerhead
RHYNCHOBATIDAE Rhynchobatus djiddensis Giant guitarfish

RAJIDAE Raja clavata

Thornback skate

CALLORHINCHIDAE Callorhinchus spp.

Elephantfish

*This list was developed on the basis of TRAFFIC Network research and includes species frequently appearing in available information on worldwide shark
fisheries. The list of commonly fished species is intended to guide preliminary efforts to improve species-specific reporting of catches and landings.
Inclusion in this list does not suggest that the species commonly occurs in international trade. Nor does it indicate that the species is vulnerable to, or
threatened by, overexploitation. Indeed, many of the species listed here are included as a result of their broad geographic distributions.
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Table 2. Preferred species in meat trade*

Family Scientific name Common name
HEXANCHIDAE Notorynchuscepedianus Broadnose sevengill shark
SQUALIDAE Squalusacanthias Piked dogfish
Squalusmegalops Shortnose spurdog
CENTROPHIDAE Centrophorusgranulosus Gulper shark
Centrophorussquamosus Leafscale gulper shark
PRISTIOPHORIDAE Pristiophorus cirratus Longnose sawshark
SQUATINIDAE Squatina spp. Angelsharks
OROLECTOBIDAE Orectolobusmaculatus Spotted wobbegong
ALOPIIDAE Alopiassuperciliosus Bigeye thresher
Alopiasvulpinus Thresher shark
LAMNIDAE Carcharodoncarcharias Great white shark
Isurusoxyrinchus Shortfin mako
Lamna ditropis Salmon shark
Lamnanasus Porbeagle shark
TRIAKIDAE Galeorhinusgaleus Tope shark
Musteluslenticulatus Rig

CARCHARHINIDAE

Carcharhinusplumbeus
Carcharhinuslongimanus
Carcharhinusmelanopterus

Sandbar shark
Oceanic whitetip shark
Blacktip reef shark

Galeocerdocuvier Tiger shark

Prionaceglauca Blue shark
SPHYRNIDAE Sphyrnazygaena Smooth hammerhead
PRISTIDAE Anoxypristis cuspidata Knifetooth sawfish

Pristis pectinata Smalltooth sawfish
RHYNCHOBATIDAE Rhynchobatusdijiddensis Giant guitarfish
RAJIDAE Rajabrachyura Blonde skate

Rajaclavata

Thornback skate

" Shark species preferred for human consumption vary by country and region according to species availability and customary processing and techniques.

Source: TRAFFIC research

Table 3. Preferred species in fin trade*

Family Scientific name Common name
GINGLYMOSTOMATIDAE Ginglymostomacirratum Nurse shark
RHINIODONTIDAE Rhincodontypus Whale shark
ODONTASPIDAE Odontaspisferox Smalltooth sand tiger
ALOPIIDAE Alopias vulpinus Thresher shark
CETORHINIDAE Cetorhinusmaximus Basking shark
LAMNIDAE Carcharodoncarcharias Great white shark
Isurus spp. Makos
Lamna ditropis Salmon shark
Lamnanasus Porbeagle shark
TRIAKIDAE Galeorhinusgaleus Tope shark
CARCHARHINIDAE Carcharhinusfalciformis Silky shark
Carcharhinusobscurus Dusky shark
Carcharhinusplumbeus Sandbar shark
Carcharhinustilsoni Australian blacktip shark
Galeocerdocuvier Tiger shark
Negaprionbrevirostris Lemon shark
Prionaceglauca Blue shark
Scoliodon laticaudus Spadenose shark
SPHYRNIDAE Sphyrnalewini Scalloped hammerhead
PRISTIDAE Pristidae spp. Sawfish
RHYNCHOBATIDAE Rhyncobatusdjiddensis Giant guitarfish

*Interviewsandfieldresearchby TRAFFICinvestigatorsrevealwidelydifferentrankingsbyspecies, presumablyowing, atleastinpart,toregional
differences in species availability. Source: TRAFFIC research
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Table 4. Preferred species in shark skin trade

Family Scientific name Common name
HEXANCHIDAE Notorynchuscepedianus Broadnose sevengill shark
SQUALIDAE Squalusacanthias Piked dogfish
CENTROPHORIDAE Centrophorusniaukang Taiwan gulper shark
DALATIIDAE Dalatiaslicha Kitefin shark
PRISTIOPHORIDAE Pristiophorusnudipinnis Shortnose sawshark
SQUATINIDAE Squatinaaculeata Sawback angelshark
Squatinaoculata Smoothback angelshark
OROLECTOBIDAE Eucrossorhinusdasypogon Tasselled wobbegong
Orectolobusmaculatus Spotted wobbegong
Orectolobusornatus Ornate wobbegong
GINGLYMOSTOMATIDAE Ginglymostomacirratum Nurse shark
Nebriusferrugineus Tawny nurse shark
CETORHINIDAE Cetorhinusmaximus Basking shark
LAMNIDAE Carcharodoncarcharias Great white shark
Isurusoxyrinchus Shortfin mako
Lamnanasus Porbeagle shark
CARCHARHINIDAE Carcharhinusaltimus Bignose shark
Carcharhinusbrevipinna Spinner shark
Carcharhinusleucas Bull shark
Carcharhinuslimbatus Blacktip shark
Carcharhinuslongimanus Oceanic whitetip shark
Carcharhinusobscurus Dusky shark
Carcharhinusplumbeus Sandbar shark
Carcharhinussignatus Night shark
Galeocerdocuvier Tiger shark
Negaprionbrevirostris Lemon shark
Prionaceglauca Blue shark
SPHYRNIDAE Sphyrnalewini Scalloped hammerhead
Sphyrnamokarran Great hammerhead
PRISTIDAE Pristidae spp. Sawfish

Source: TRAFFIC research

» Asfinnets, in which the cartilaginous fin needles have
been boiled, separated and dried and packaged in
loose groupings.

* In canned shark fin soup.

Taiwan is considered to be one of the largest producers of
shark fins, with annual production of nearly 1,000t from
1980 to 1996. Most of it is consumed locally.

According to Hong Kong customs statistics at |east
125 countries are involved in the shark fin trade. Hong
Kong is the centre of this activity and together with China
and Singapore, isthe biggest shark fin trader and processor.

From 1980 to 1995 Hong Kong recorded imports of
shark finsfrom 125 countries and re-export to 75 countries.
During this time the most important suppliers appeared
to be China, Singapore, Japan, Indonesia, USA and the
United Arab Emirates. According to Hong Kong customs
data the reported imports of shark fins rose from 2.7
million kg in 1980 to 6.1 million kg in 1995. However,
these figures and those in other regions appear to be
misleading as they imply that shark harvesting has
increased at a proportionate rate.
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From TRAFFIC Network findings, it seems that
much of the increase appears to be the result of double or
triple counting of fins. For example, fins imported by
Hong Kong from the USA are exported to China for
processing, reimported to Hong Kong and then exported
back to USA, so arecounted twiceasimportsand probably
twice as exports. Multiple counting also occurs in trade
stetistics for China, Singapore and regional trade centres
such as the USA and Y emen.

Asia has long been the consumption centre for shark
fins and this prominence will continue with the opening of
China as a potentially unlimited market for shark fins
since the mid-1980s, which in turn has contributed to a
significant increase in world shark fin consumption. Retail
prices generally range from US$40 to US$564 per kg, and
a bowl of shark fin soup can cost up to US$90 in a Hong
Kong restaurant (Table 3).

Shark skin

Theskininitsrough form isknown as shagreen. Originally
used as an abrasive for rasping and polishing, it is now



also used in the leather industry. The skins are removed by
starting a main cut down the centre of the back of a shark
from which the fin has already been removed. In a number
of countries the skin is used in a variety of leather products
including handbags, watchstraps, cowboy bootsand belts.
Some tanneries have been set up, for example in Europe,
Japan, Australia and Thailand, to process shark leather,
but production and trade data are not available.

The USA imported over US$3.5 million worth of
sharkskin from 1978 to 1987, primarily from Mexico, as

well as from France and Japan. USA customs data from
1984 to 1990 showed that on average annual imports
were 11,984 whole skins, rising from 1,189 in 1984 to
36,818 in 1989 (Table 4). Ray leather isalso increasing in
value.

Shark liver oil

Historically, the oil and its constituants (which include
vitamin A and squalene) have been used as a lubricant, for

Table 5. Preferred species for production of shark liver oil

Family Scientific name Common name
HEXANCHIDAE Hexanchusgriseus Bluntnose sixgill shark
ECHINORHINIDAE Echinorhinusbrucus Bramble shark
SQUALIDAE Cirrhigaleusbarbifer Mandarin dogfish
Squalusacanthias Piked dogfish
Squaluscubensis Cuban dogfish
Squalusmitsukurii Shortspine spurdog
CENTROPHORIDAE Centrophorusacus Needle dogfish
Centrophoruslusitanicus Lowfin gulper shark
Centrophorusniaukang Taiwan gulper shark
Centrophorussquamosus Leafscale gulper shark
Deaniacalcea Birdbeak dogfish
SOMNIOSIDAE Centroscymnusowstoni Roughskin shark
Centroselachuscrepidater Longnose velvet dogfish
Proscymnodonplunketi Plunket shark
DALATIIDAE Dalatiaslicha Kitefin shark
SQUATINIDAE Squatinaaculeata Sawback angelshark

Squatinaoculata
Squatinasquatina

Smoothback angelshark
Angelshark

GINGLYMOSTOMATIDAE Nebriusferrugineus

Tawny nurse shark

ODONTASPIDAE Odontaspidae spp. Sand tiger sharks
ALOPIIDAE Alopias vulpinus Thresher shark
CETORHINIDAE Cetorhinusmaximus Basking shark
LAMNIDAE Carcharodoncarcharias Great white shark
Isurusoxyrinchus Shortfin mako
Isuruspaucus Longfin mako
Lamnaditropis Salmon shark
Lamnanasus Porbeagle shark
SCYLIORHINIDAE Scyliorhinidae spp. Cat sharks
TRIAKIDAE Galeorhinusgaleus Tope shark
Mustelusmanazo Starspotted smoothhound
HEMIGALEIDAE Hemipristiselongatus Snaggletooth shark

Carcharhinusaltimus
Carcharhinusbrevipinna
Carcharhinusfalciformis
Carcharhinusleucas
Carcharhinuslimbatus
Carcharhinuslongimanus

CARCHARHINIDAE

Carcharhinusmelanopterus

Bignose shark
Spinner shark

Silky shark

Bull shark

Blacktip shark
Oceanic whitetip shark
Blacktip reef shark

Carcharhinusobscurus Dusky shark
Carcharhinusplumbeus Sandbar shark
Galeocerdocuvier Tiger shark
Negaprionacutidens Sharptooth lemon shark
Triaenodonobesus Whitetip reef shark
SPHYRNIDAE Eusphyrablochii Winghead shark
Sphyrnazygaena Smooth hammerhead
PRISTIDAE Pristidae spp. Sawfish spp.

Pristis pectinata

Smalltooth sawfish

Source: TRAFFIC research
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tanning and curing of leather, for cosmetic manufacturing
and for pharmaceutical products.

Severd methods have been reported for the extraction
of liver oil. For example, in the Philippines the liver is
chopped and boiled with water, and as the oil rises to the
surface it is skimmed off and allowed to cool before
residues are removed.

Historically, Japan has been the most prominent
sgualene producer, but South Korea appears to be the
world's largest consumer of shark oil and squalene which
is intended for human consumption, with 364t of shark
liver oil imported in 1994 alone. From 1987 to 1994 the
main suppliers were Indonesia, Japan, Norway and the
Philippines. In 1994 Indonesia supplied about 93% of the
total import of shark liver oil. However, production and
trade information is very limited (Table 5).

Internal organs and other edible
products

In addition to fins and meat, other parts taken for human
consumption include the ovaries, brain and eggs. For
example, in Japan the hearts of salmon shark Lamna
ditropis are eaten as sashimi (Kiyono 1996). So far, no
reliable data are available for these products.

Cartilage

Shark cartilage is a relatively new product on the market
thusinformation on production or trade volumeislimited.
Severa medicinal and food products are produced from
cartilage. A chemical compound, chondrichthyan natrium,
found in the hard and soft cartilage of shark is used in
Japan as atreatment for eye fatigue and rheumatism -blue
shark Prionace glauca is considered a good source - and
chondroitine is a pharmaceutical subsistence used in eye
drops (Kiyono 1996).

Cartilage has been marketed extensively worldwide as
atreatment for cancer, in powder or capsule form. But, so
far, no conclusive tests involving humans have been able
to demonstrate that shark cartilage administered orally
contains sufficient amounts of active ingredients to be
effective, or even that it reaches the affected area (Luer
undated, Dold 1996).

From TRAFFIC'S research, the major cartilage
producing nations appear to include Australia, Japan and
the USA. In Europe shark cartilage productsare commonly
marketed in Belgium, France, Germany, Greece, Italy,
the Netherlands, Spain and the UK. Preferred species are
listed in Table 5.

Teeth, jaws and other curios

These have been used in many cultures, both as functional
and ceremonial objects and for saleto tourists as souvenirs.
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Thishasbeen reported in India(Hanfee 1996), the Maldives
(Anderson and Ahmed 1993), the South Pecific (Hayes 1996b),
Thailand (Chen 1996), east and southern Africa (Marshall
and Barnett 1996), Europe (Fleming and Papageogiou 1996),
North America and South America (Rose 1996a).

Fishmeal, fertiliser, fish oll

The waste from processing sharks, skates and rays may be
used as fishmeal to feed domesticated animals, as fertiliser,
or to yield fish oils for industrial uses. For example, in
Thailand fishmeal is used to feed shrimps being cultured in
cages.

Shark as bait

Small and unmarketable sharks are usually used as bait,
often in shark fisheries themselves, or as bait for crustaceans
and mollusc. Catches used as bait are not landed and are
therefore unreported.

Aquarium specimens

Many aquaria keep sharks as live specimens, or for sale to
private hobbyists. For example, live catshark juveniles and
egg cases are imported to the USA from Indonesia (Rose
1996d).

Conclusions

TRAFFIC'S study of the trade in sharks and shark products
suggests that this trade is becoming an increasingly
important part of total fisheries production and
consumption. The trade is earning cash income for coastal
communities, and foreign exchange in the fisheries
processing and export sectors. However, fundamental
difficulties exist in trying to assess the management and
conservation implications of the growing chondrichthyan
fisheries. The available data on catch, landings and trade
are incomplete and the species landed are rarely specified.
These issues can be addressed through concerted effort in
data collection and management. There is an even more
urgent need to improvefisheriesmanagement and research,
since much of the population and ecology of sharks and
their environment is still incompletely known.

TRAFFIC'S recommendations are summarised as
follows:

* The principles and standards in the FAQO's "Code of
Conduct for Responsible Fisheries® that address
fisheries research and data collection should be applied
by al nations.

* Collection of data should be improved; this can be
initiated by FAO, international fisheries agencies, and
regional and national fisheries agencies to indicate the



goecies of sharks caught in commercid, subsistence
and recreational fisheries.

e Logbook reporting, dockside monitoring and other
monitoring efforts should be initiated (and should be
mandatory for domestic and foreign vessels operating
in national waters or landing their catch in domestic
ports).

¢ Regiond and national fisheries agencies should develop
ecologicdly sustainable management plans.

e Partiesto CITES (Convention on International Trade
in Endangered Species of Wild Fauna and Flora)
should continue to monitor the work of relevant
agencies in improving the collection of data. This
could be facilitated through the formation of a CITES
marine fisheries working group.
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Pilot Fisheries Socio-economic Survey
of Two Coastal Areas in Eastern Sabah

Patricia C. Almada-Villela
MesoAmerican Barrier Reef System Project, Coastal Resources Multi-Complex Building, Princess
Margaret Drive, P.O. Box 93, Belize City, Belize

A pilot socio-economic study of two kampongs (villages) in eastern Sabah, one located on an estuary and the other on a reef island,
show that a considerable amount of sharks and rays are caught and consumed by artisanal and subsistence fishermen. However,
in spite of this, sharks and rays are still considered as low-price catches. Fishing and fishing-related tasks (net mending, boat building,
etc.) are the main income generating activities for both kampongs. The role of women is important as food gatherers in both villages.

Introduction

The people of Sabah have been associated for centuries
with the natural resources of their surrounding area.
Many depend entirely on the harvesting of the aguatic
resources, both marine and freshwater, including
elasmobranchs. Fishing has been the main activity in the
project area for many generations, as coastal and island
communities have had little or no opportunities to earn a
living from alternative livelihoods. In riverine areas,
fishing is usually done by choice and fishermen may often
also farm or be involved in other activities. On small
islands, however, fishermen do not have a choice and
activities such aswood collecting and thatching are usually
unwaged and supplementary to their main income from
fishing.

The main objective of this study was to gather
information from indigenous and traditional sources in
order to provide an overview of the present use and value
of elasmobranchs and other fish species to the rural fishing
communitiesin eastern Sabah. Thepresent report represents
a pilot survey of two coastal areas: Kampongs Pulau
Tetabuan and Pulau Mabul located in the Beluran and
Semporna areas respectively (see Manjaji, this volume).

Material and methods

Two representative fishing kampongs (villages) were
selected with the help of the Fisheries Department
personnel in KotaKinabalu and Semporna. This selection
was based on previous knowledge of elasmobranch
landings and sightings for those areas by the Beluran and
Semporna Fisheries Departments, the area offices
responsible for the two sites selected: Pulau Tetabuan and
Pulau Mabul. Pulau Mabul and Pulau Danawan in the
Semporna area are recognised as main localities for the
capture of sharks; indeed, Pulau Danawan is believed to
be more important than Pulau Mabul. However, its
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closeness to the Philippines border, with the potential
threat of border conflict between fishermen from more
than one country, ruled it out of the present study for
safety reasons. The study was carried out from 30 July to
14 August 1996 and thevisits to the villages|asted for five
and three days respectively.

A series of interviews were carried out in these villages
to gather information on fish species, catches, prices and
human nutrition inthevillages. Interviewswere undertaken
with the help of a translator, although in the case of the
Bajau Laut, a complex translation process involving
three translators was needed due to the complexity of the
languages spoken. In general, there were varying degrees
of difficulty in obtaining accurate information as not
everyone who was interviewed felt comfortable providing
details on their finances, health and family situation.
Interviews thus had to be carried out with the utmost tact
and consideration. Information gathered was entered in a
survey form based on methodology developed for similar
projects in Asia and Africa (Gumti Phase Il Sub-Project
Feasibility Study, 1993; Naga Hammadi Barrage
Development Feasibility Study, 1995).

Study sites

Kampong Tetabuan is located on the Labuk River,
approximately 25km from Beluran (Figure 1). It has
approximately 127 households with a combined total of
1,100 people (adults and children). The Beluran Fisheries
Office reports afigure of 764 people, although it is unclear
if this figure includes both adults and children. Most
villagers, including women, are fully involved in fishing.
There is no electricity except for a few generators, thus
catches cannot be kept fresh for more than afew days. The
village was visited during 2 to 6 August 1996.

Kampong Pulau Mabul, located in south-east Sabahin
the Sulawes Sea, was established around 1974-1975 and
can be reached by boat from Semporna in approximately
130 hrs. Thereisalso an army base camp, aschool and two
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tourist resorts (Sipadan Water Village and Sipadan-Mabul
Resort). Two generatorsin the village supply electricity for
part of the day; however, the tourist resorts are totally sf-
contained. There are 252 households on the island with
approximately 3,000 inhabitants (adults and children), and
it iscommon to find more than one family living together.
Fishing is their main income-generating activity, although
there is an increasing amount of part time workers at the
resorts. Pulau Mabul was visited from 7 to 9 August 1996.

Fish market surveys

Sx fish markets were visited in total during this visit in
order to formulate a preliminary concept of how prices per
species vary from source to market. In addition, price
variation between fresh and dry produce was also
investigated.
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Socio-economic context of the
elasmobranch fisheries in the area

Substantial numbersof peopleengage in subsistence fishing
worldwide, either in freshwater or coastal ecosystems.
Indeed in coastal areas, fishing is a magjor activity, which
is carried out either as a full time operation or simply as
part of their everyday lives. This type of subsistence
fishing is best described as the utilisation of a free common-
good resource by family membersin order to provide them
with the majority, if not all, of their animal protein.
Subsistence fishing usually applies to people who are too
poor to buy fish at markets and who therefore enter a
wageless labour system producing food for their families
by catching fish. In some extremely deprived or exploited
areas, it is often this subsistence fishing which keeps these
people marginally on thesurvival level. In Sabah, however.



because the marine and coastal resources are still
comparatively plentiful, subsistence fishing should be
viewed under a dightly different light; the vast majority of
the fishermen will only take what is necessary for their
daily consumption, knowing that they can do the same the
following day.

In general, a substantial proportion of the fish
consumed in rural coastal areas requires no immediate
market mechanisms because it is outside the cash economy
and it costs families and/or communities nothing but their
labour. The availability of free or low cost fish has
important implications for population stability and welfare
in the rural society. People from such rural areas have
been able to remain in their own communities as a direct
result of these subsistence fisheries and thus, the loss of
these subsistence fisheries could drive these people to
move to the cities. The importance of the species which
make up the bulk of the subsistence catches lies in the fact
that they are usually the ones with lower economic value
and are therefore, less regulated by commercial interests.
They are, nevertheless, high in nutritional value, easy to
catch with cheap gear and independent of leasing
mechanisms, i.e. formal or informal fishing permits granted
by either loca and/or regiona authorities, or by local
village headmen. Elasmobranchs fdl into this category.

with shark and ray meat being easily available and at very
low prices. A preliminary model of the links between
subsistence coastal fisheries and the market mechanism in
rural Eastern Sabah is shown in Figure 2. The actua
proportions of each of the elements of the model still need
to be assessed.

Subsistence fishing was definitely a major activity in
both kampongs, Pulau Tetabuan and Pulau Mabul,
sampled during this visit. However, in contrast to areas
where resources are at a premium, e.g. Bangladesh,
kampong people are used to sharing the resources either by
dividing the catch amongst those who partakein fishing, or
by simply providing others with the necessary fish or
shrimp in exchange for other goods or services without any
money being involved. Furthermore, older people often
receive surplus fish from fishermen's catches for free.

In addition, a mechanism of free access to thiscommon-
good resource was also clearly in place in both areas,
allowing the communities to access a wide variety of
coastal resources. This highlights the extent to which
these communities, especialy their poorer sectors, rely on
a wide variety of species to meet their protein needs.
Species diversity is therefore, also relevant to subsistence
fishermen as it is a major component of the nutritional
profile of these rural populations.

Figure 2. Preliminary model of the likely links between coastal subsistence fisheries and market mechanisms in

rural Eastern Sabah.
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Results

Number and typology of fishermen

Bdluran area: According to the Beluran Fisheries Office,
thereis atotal of 3,000 fishermen (full time and part time)
in this area, of which 1,450 are full time marine fishermen
(Beluran Fisheries Office, unpublished information, 1996).
In Tetabuan itsdlf, there has been a fishing community for
about five generations and, at present, there are
approximately 200 fishermen. Nearly 20 fishermen were
interviewed during this pilot study, 13 of these interviews
were recorded in survey forms. Of these 13 fishermen over
half (62%) were full time fishermen, while 15% were part
time and 23% were occasional fishermen. There appears
to bealack ofinterest in fishing in the younger generations.
According to the local fishermen interviewed, fishing can
be a dangerous occupation as a result of threats from
pirates, mainly from the Philippines, and the lack of
appropriate fishing technology to lift and operate nets
when full.

In Tetabuan there were only very few dedicated
elasmobranch fishermen, although elasmobranchs - rays
in particular - were caught by nearly everyone as incidental
catches. Sharksand rays are caught with long lines; sharks
are finned, and dried fins go to a Chinese middleman in
Sandakan; the meat is consumed by the fisherman and his
family. Ray or shark meat does not fetch high prices, and
typical prices are: whole ray (45cm) = RM2; half body =
RM1; dried ray meat = RM2/kg. However, dried shark
fins are sold for RM180/kg.

Semporna area: There is atotal of 2,500 fishermen, most
of them living on islands scattered around the surrounding
area. In 1994, there were 289 fishermen in Pulau Mabul
and, although fishing is their main livelihood, some of
them also engage in coconut planting or work part timein
dive resorts/shops. It appearsthat up to 70% of fishermen
on the island are illegal immigrants originaly from the
Philippines and/or Indonesia, who are usually employed
directly and illegaly by boat owners and, thus, are paid
much lower wages. This situation is partly due to the fact
that many of the locals are not interested in this type of
work. Further details on holdings and origin of fishermen
are held by the Fisheries Department.

Ethnic makeup in the project area

The Bajau, originally from the Philippines, was the only
ethnic group found in Pulau Tetabuan, with the exception
of a Chinese man and his family who ran a small village
shop.

In Pulau Mabul, however, there were four main ethnic
groups: the Bajau, the Suluk, the Bajau-Suluk (inter-
marriages between the Bajau and the Suluk) and the Bajau
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Laut. The Bajau and the Suluk, originally from Zamboanga
in southern Philippines, basically have the same origin,
characteristics and culture although there are some
differences in their language. These two groups co-exist
harmoniously in Pulau Mabul, but this is not the case in
other islands. Prior to 1974, there was only one family
from Indonesia on the island. There are four distinctive
areas in Pulau Mabul: (1) the main kampong area where
the Bajau, Suluk and Bajau-Suluk live; (2) a separate
settlement area where the Bajau Laut live and which is the
poorest areain the island, (3) the area of the resorts, and
(4) the areain between the resorts where the resort workers
live in small brick houses.

The Bajau Laut (SeaBajau), originally intended as one
of the focal points of this study, are notable because they
spend most of their lives on their boats or Lepas. They
usually travel in groups of three boats on tow, and may
also have small boats (for one or two people) at the back
of the chain of boats. The main areas where the Bajau Laut
gather within the Semporna area are: Bohay Dulang,
Pulau Kulapuan, Kampong Labuan, Haji, Kampong
Halo, Kampong Bangauz, Pulau Omadal, Pulau Mabul,
Pulau Nusa Tanga, Pulau Gusungan (a sandbar), and
Pulau Danawan. The largest groups are found in Pulau
Omadal and Pulau Danawan.

Fishing periods and seasons

In general, the fishing season lasts throughout the year
and most fishermen go out every day, except on Fridays.
Occasional fishing does occur on Fridays, but this is
carried out before midday prayers. Young fishermen fish
for an average period of 21 days per month.

The main elasmobranch season is from August to
December, when thewind isfrom the north. The peak season
for al species (fish, sharks, rays, shrimps) is from the
beginning of October to April, when &l catches are high.

Fishing methods

A variety of gears is used, although the main fishing gears
were hook and line, and long line, which is often baited
with anchovies or "eels". In Pulau Tetabuan the main three
gears used were: hook and line (62%), gill nets (54%) and
long lines (38.5%). In Pulau Mabul the main fishing gears
were: hook and line (87.5%) and long line (62.5%). Men
will usually fish in groups of five often composed of
members of the same family, or close friends. The number
of fishermen per boat may be governed by the sze of the
boats, although this needsto be confirmed. Gears are often
set at night and recovered in the morning. In Pulau Mabul,
the norm appeared to be a three-day fishing trip followed
by three days ashore.

Bigger boats from Pulau Mabul are able to stay out
fishing for two or three days at atime, every three days or



so. They go beyond Pulau Sipadan into Indonesian waters
near the Exclusive Economic Zone (EEZ) border, anditis
common for Malaysian fishermen on the island to go into
Indonesian waters and vice versa. In Pulau Mabul, women
only fish in order to gather enough for ameal, or when the
men cannot provide for them or are absent.

Bivalve gathering by women

Bok: The method for collecting Bok (species unknown, a
type of Otter Shell Lutrariawith brown shell approximately
10cm in length) is simply to dig them out of the sandy
substratum. Bok usually bury themselves down to
approximately 30-50cm, leaving a small breathing hole
(<lecm in diameter) in the sand which could easily be
missed. A thin proving stick, usually made out of a palm
leef, is used to identify a viable Bok chamber, although
this is difficult to do during the rainy season. The women
must start digging quickly until they reach the bivalve,
which by then would have tried to bury itself further into
the sand. They will gather Bok until the tide comesin. This
harvesting method requires great stamina and is certainly
not well paid; Bok fetch only RM2/25 shells.

Bok are targeted by women; the average Bok harvest
isapproximately 10kg for 2-3 hrswork. Most of this catch
will be sold locally and part of the harvest will be kept for
their own consumption. The peak harvest season could
not be identified. Women harvest groups tend to remain
the same as they are often composed of family members.

Cockles: These are harvested from the muddy shores near
Pulau Tetabuan. Women dide on the surface of the mud
on a small piece of wood to dig up the cockles which are
kept in a basket tied to their ankles. Cockles are sold for
50 sen/kg.

Likup-likup: To collect this bivalve, that resembles a small
razorshell, the women put a stick in the sand and sprinkle
sodium carbonate (locally known as kapur) in powder
form. The bivalve reacts by surfacing. Approximately 100
small animals (approximately 5-6cm) make up Ikg in
weight, which could fetch RM2/kg. The harvesting area
for this speciesis Lintang Melanga, in the vicinity of Pulau
Tetabuan.

Fish and shrimp catches

Although no specific data were available, the local
fishermen believe that catches in general have declined in
Tetabuan since 1976. At that time, according to their
recollections, a boat full of shrimp was harvested in only
2-3 hrs. The population then was approximately 6,000,
but some people have since moved north and along the
river. At the time of the present study, the majority of the
gpecies in the catch were reported to be shrimp/prawns

37

and fish (probably more shrimp than fish, although this
aspect needs to be verified). Shrimp catches were usually
in the region of 3kg/day/person (RM150/3 days at
approximately RM15/kg). However, when winds blow
from the north, they may catch up to a total of 1 ton (it
has been assumed that they meant metric ton) of shrimp
per day. Rays that are caught are dried and consumed
by the fishermen and families. The most common size
of ray caught in Tetabuan is approximately 50cm in
length.

In the Tetabuan area, the whitespotted wedgefish
Rhynchobatus djiddensis appeared to be targeted by
fishermen. In addition, Filipino mother shipswerereported
to be actively targeting the sawfish Pristis spp. somewhere
in the neighbouring area.

In Pulau Mabul, targeted fish species vary according
to season. During the shark season, fishing gear and bait
are set up especially for thispurpose. Theaverageindividual
weight of a shark during this season is 50kg. The hook and
line gear used for this purpose is made of polythene rope
with a diameter of 4mm; hooks are 20.5cm in length.
Fishing trips are usually 2-3 days long. During the shark
fishing period sharks are finned and the meat discarded
due to its low value (30 sen/kg), although more expensive
species will be kept whole. Sharks are caught around
Pulau Ligitan. Skipjack tuna Katsuwonus pelamis cut up
in dices (approximately 8 x 6¢cm) is used as bait. Tunaare
caught between Pulau Mabul and Pulau Sipadan. The
average catch of skipjack tunais approximately 130t per
month. Rays are also targeted on demand. In general,
dried fishis not popular and is only kept by the Bajau Laut
(Sea Bagjau), who always operate from their boats. The
Bajau Laut only come to Semporna to trade or for shelter
from rough seas.

The estimated average total catch reported for al
fishermen in Semporna is 1,200t per month (OIC,
Semporna Fisheries Office, pers. comm., August 1996).
Sharks are also caught incidentally with hook and line,
mostly 8-10 animals per day (per boat). Small sharks are
about 10kg while large ones reach 60kg and are larger
than 15m (TL). At this stage it is not easy to differentiate
the proportion of this catch that originates in the Pulau
Mabul area, although it could potentially be as high as
269t per month (139t being the proportion of the catch
landed at Sempornaand the remaining 130t being targeted
tuna - see above).

With extremely few exceptions, there were no major
landing sitesin either of these two kampongs. Fish catches
are mainly landed at the fisherman's own house, as most
people live on the edge of the estuary or sea.

Species diversity

It was not feasible to prepare a full species list of the fish
and elasmobranchs mentioned and/or observed during



the interviews and the market visits within the tight time
frame of this pilot study. Valuable information was,
however, gathered during the interviews on most of the
species utilised by the rural communities in both study
areas. Thiscould lead to the compilation of afuller species
list, not only for elasmobranchs, but also for the rest of the
species currently utilised in the villages studied.

Declining species and catches

In general, fishermen considered that fish were more
abundant and catches were larger in the past. Fishermen
did not have to go fishing too far away from home.
Nowadays, they have to travel much further to catch the
same amount of fish. In the Tetabuan area, sawfish used
to be common in the 1960s, but are now rarely found.
Villagers believe thisis due to the increased number of big
operators (Japanese and Filipino fishermen) who have
access to bigger boats and fishing gear. In addition, it was
reported that in the 1950s, more sharks used to be caught
in Tetabuan but catches are now not considered to be high
enough for commercial purposes. Fishermen believe that
both sharks and rays have declined as a direct result of
dynamiting for fish, which are often sold dry. Ordinary
people do not favour dried shark meat but, once dried, it
is very difficult to differentiate between fish caught with
nets and fish caught using dynamite. Thus, people avoid
buying dried shark meat. In the past, only the meat would
be used and the fins would be discarded. More recently,
however, shark fins have become more popular as main
components of traditional Chinese dishes, such as shark
fin soup, with the obvious result that sharks are being
targeted for this purpose.

Accordingto other local fishermen in Tetabuan, sawfish
used to be caught mostly as an incidental catch and the
saws kept for decoration. Six or seven year ago, a sawfish
was caught in a gill net around Pulau Ticus. Filipino
fishermen catch sawfish in the same area but it is not
known if the fish are kept or discarded, although both the
saw and dry fins fetch high prices in Sandakan. Chinese
men from Sandakan come to the area looking for fins
and saws although will only pay for the fins, saws are
considered as gifts. The largest sawfish seen by one of the
headmen in Tetabuan weighed approximately 3t.
According to this gentleman, sawfish come out at night
and are speared when surfacing; it is possible to hear and
see them in the open sea as they move slowly. Local
fishermen in Tetabuan reported that sawfish seldom come
into the river.

There is the fedling in Pulau Tetabuan that catches are
lower as aresult of the arrival of the Filipino fishermen in
the area around 1979, although their effects have only
been felt since about 1989. In contrast, according to some
of the local fishermen and the dive master of one of the
resorts, in Pulau Mabul the decline in the catches is
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believed to be a result of the deteriorating quality of the
reef, which has resulted in a loss of diversity as well as a
dramatic reduction in the number of large specimen fish
previously seen in Mabul. The actual situation is likely to
be a combination of impacts, and needs to be established
with adequate fish and habitat surveys over a period of
time to account for natural seasonal species fluctuations.
Similaritiesto this situation have been found commonly in
other areas, eg. Bangladesh (Gumti Phase Il Sub-Project
Feasibility Study, 1993) and Egypt (Naga Hammadi
Barrage Development Feasibility Study, 1995) when the
ecological balance in the species composition is changed
due to overexploitation, habitat degradation, or other
factors.

New species

It appears that as a result of recent research (i.e. Rudie
Kuiter and colleagues), some 17 new species of small coral
reef fisheshave recently been recorded from Pulau Mabul.
These are small cryptic species that are ill able to hide
amongst the coral rubble in the island which has resulted
from past dynamiting by Filipino fishermen. It is most
likely that these species had always been present in the
island but were only found recently.

Resource use

Fish, crustaceans, bivalves and other invertebrate species
are harvested on adaily basis by all members of the coastal
communities visited. By and large, fishing for
commercially-important speciesis considered men's work;
while food gathering is done exclusively by the women.
Any surplus catch, either fin fish or elasmobranchs, is
freely shared amongst the villagers. Rays are aways
dried, fresh meat is only used for the fisherman's own
consumption, while sharks are eaten fresh or dried.
Anchovies are caught in large numbers but, dueto the lack
of refrigeration facilities in the villages, cannot be kept
long and are soon discarded. Unfortunately, they are
difficult to dry and do not fetch good prices.

The shell of Nautilus, which isfound in the area, isalso
harvested both for food and for decoration. A large shell
inits natural stateis sold for RM2.5; asmall oneissold for
RM1. However, prices rise substantially for polished
shells, to reach RM 30 for the large one and RM 15 for the
smaller one. Seaweed is also consumed. That described by
the villagers has grape-like 'seeds approximately 5mm
long and could potentially be Caulerpa, which isknown to
be consumed in other areas (Dipper, pers. comm., 1999).
Women and children collect a wide variety of food items
for their own consumption from the reef flat in Pulau
Mabul, including several species of sea urchins, shells and
seahorses. They usually harvest them at noon when the
tide is out.



Coconut palms have numerous uses: leaves are used
for roofs and cake wrapping; dried coconut shells for
firewood and to sprinkle water on the dead. During
festivities, coconut shells are used as water containers for
guests. Pandan (presumably Pandanus palm) is used for
mat making.

Fish marketing

In general, fishermen take their catch to fish traders in
the village who, in turn, usually take the product to a
Chinese middleman in Sandakan. Licensed fish tradersin
towns may refuse to buy from the fishermen allegedly due
to high prices. It takes two to three days for a village fish
trader to gather enough product to take to Sandakan, and
this product must be kept refrigerated or at least on ice.
Fish traders mostly deal with shrimps, although there
are some who specialise on fish. There appeared to be up
to 23 fish tradersin Tetabuan, and a select few fish traders
may have up to 50 fishermen in their books. However, it
was difficult to verify these figures. Written records of
sales and prices are largely unavailable, and only one
trader appeared to be keeping records of this type of
information.

In Pulau Mabul, there were five fish traders although
most of them did not appear to keep records. In addition,
fish were also sold to a middleman in the island, but the
fishermen are now taking the product to market directly
in an effort to better their prices. People from Semporna
also go to Pulau Mabul daily to buy fish.

Fish market surveys

Fish prices varied little within each market, however, this
is not surprising as these results were obtained during the
same fishing season. In general prices for fresh and dry
fish, including elasmobranchs, were fairly similar.

Fish prices at source

In general prices vary according to the phase of the moon:
there is no fishing during the full moon. Fish availability
will therefore declinewith aresulting price increase. Prices
also vary according to the fishing season. During the
season fish may fetch RM 1.50/kg, while out of season the
same species will fetch RM2.50/kg. This visit was out of
season (August). A small shark jaw of a 6-7kg shark
(approximately 10cm in length transversally) could
fetch RM2. Large jaws from sharks longer than 1.65m
would fetch RM5. Unfortunately, they have no use for
the skin for the leather industry as in other countries,
eg. Mexico. The shovelnose ray (it is unclear if they
are referring to the whitespotted shovelnose ray) is
extremely expensive as few are caught, fetching an average
of RM380/kg.
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In Tetabuan only about five fishermen take their
catches to bigger towns such as Beluran or Sandakan,
where they get better prices for their catches. For example,
in Beluran fish would fetch RM5/kg while in the village,
the same catch would only fetch RM3.50/kg. Shrimps are
sold to the fish trader at RM7/kg.

Shark fins: The most valuable part of the sharks are the
fins, which are sold by size; the bigger they are the more
expensive they become, even when they are from the same
species. These were commonly sold in both kampongs,
although the number of fishermen targeting sharks
appeared to be greater in Pulau Mabul. The percentage
profit made by the middleman or fish trader on aset of fins
is 25% to 50%. Shark fin sizes are estimated using the
distance from the extended thumb to the little finger
(jengkal). Thus, 2 jengkals = RM120-150. Fins are aso
sold in sets of four per fish: one dorsal, two pectoral, one
caudal, which will fetch approximately RM130-150.

Income from fishing

Fishermen: Typically, most able men will be full time
fishermen with some also engaging in wood collecting,
nipa palm gathering and other minor activities which do
not necessarily earn them any cash, but which will enhance
their standard of living. The contribution of the free
resources to the local economy, although substantial, is
not easy to estimate in the present study, but certainly
merits a closer examination in the future. Surprisingly,
average catches were also difficult to estimate, simply
because the vast majority of the people interviewed
could not (or would not) recall their catches or income
from them adequately. This is in sharp contrast to
similar communitiesin other countries such as Bangladesh
and Egypt, where fishermen have very clear and
remarkably accurate recollections of their recent catches
and income.

According to the small sample taken during this study,
the average monthly income for a full time fisherman is
RM 283, although the range of income recorded varied
from RM150 to RM630 per month. Only one part time
fisherman in Tetabuan provided information on his
average monthly income (RM175). Occasional fishermen
earn an average of RM242 per month, although the
discrepancies in earnings in this category are notable
(RM26.25 to RM625). It is also noticeable that those
fishermen engaged in elasmobranch fisheries earn less on
average than those engaged in shrimp fisheries.

Only one full time female fisher was interviewed in
Tetabuan. She fishes for finfish, crabs and bivalves. She
owns a boat and recycles fishing material given to her by
family members. She sdls her product in the village or
takes it to Beluran.

In general, income from fishing is barely enough to
sustain a family in the villages. Fishermen supplement



Table 1. Summary of interviews with fish traders showing estimated cash flow.

Fuel/trip Men/ RM/trip Trips/ Kg/trip Profit/ Monthly
Fishing season RM trip (men) week sold trip RM income RM
Average 100 2 50 1-3 30 15 180
Peak 100 2-3 50 7 300 150 4,200

their income with many of the other free food resources
available to them. However, aimost certainly, this income
would not be enough to support them outside the village.
Unfortunately, many of the younger generation are now
losing interest in fishing due to the lack of government
incentives.

After afishing trip of 2-3 days, agroup of fivefishermen
from Pulau Mabul may net RM 1,000 from the sale of high
quality fish. Normal catches are usually in the region of
RM500-700 net. The group will share the catch, 50:50
(50% for the boat owner and 50% between the rest of the
crew). Based on this figures, the crew may earn around
RM87.5 each while the boat owner gets RM350. An
average catch of 0.5t will not leave a big profit margin, just
enough to cover costs.

Fish traders. Fish traders act as money lenders to the
fishermen, lending capital to these men for boat, engine
and gear purchases. The fishermen will in turn pay the
trader with a portion of the catch and will sl the rest of
the catch to them. Traders also go into town to buy
merchandise for the fishermen when they are not able to
do so themselves. This merchandise ranges from fishing
gear and engines to food items such as meat, which can
only be bought in town. However, this type of loan takes
some time to be re-paid.

The trader also pays for everyone's expenses during
the trip. Some profits are also lost due to a decrease in the
quality of the product once it reaches its find destination;
e.g. buying at RM7/kg and only able to sdl at RM5/kg.
Thus, the fishermen owe the fish trader, who in turn owes
the Chinese middleman or a bigger company in town.
Three fish traders were interviewed in Tetabuan. A
summary of these interviews is presented in Table 1.

Cost of fishing gear and boats

Government subsidies are not enough to cover the cost of
engines, nets, and/or other gear. Apparently, only one
engine has been given to the villagers by the Fisheries
Department. Traditional wooden boats can cost from
RM150 to RM3,800; while boat-making materials
cost RM800 and labour RM700, for a boat that may
last up to 10 years if well kept. The average cost of
engines is just over RM3,000 (see Table 2). Fishing
licenses are only needed by fishermen working in
marine waters; those fishing in freshwater are exempt

from paying.
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Table 2. Summary of average monthly income and
expenditure by village.

Pulau Pulau
Tetabuan Mabul Average

Monthly income (RM) 257 278 283
Monthly expenditure (RM) 370 174 210
Cost of fishing gear (RM) 396 377 389
Cost of boats (RM) 642 1,764 1,271
Boat length (m) 6.3 10.8
Boat life (years) 4.4 5 4.5
Engine power (HP) 15 40
Cost of engine (RM) 3,004 3,062 3,033

In general, many boats in the area are based on
Filipino designs and some of them are built there as well.
Most boats in Pulau Mabul appeared to have been made
in Indonesia and modified according to local designs.
Painting of the boat and the final details are done in Pulau
Mabul.

Role of women

In general, women are mostly involved with household
duties and with fishing post-harvest activities such as
drying fish and shrimp, net mending (skills passed on
within family members), etc. In Tetabuan, there are also
several harvest methods which are considered exclusive to
women, or in which women are involved at al stages.
Pear| collection is one of the latter and women are involved
in the collection from thewild, shelling and meat extraction.
They may also fish in shallow waters together with the
men (usually husbands or family members), but the men
will always carry out the heavy jobs such as loading the
boats, rowing, etc. Women also clean boats although it is
usually within their own households or family units. Older
women weave mats, but thisskill is being lost. Average age
at marriage is 20 years old.

In Pulau Mabul, the women will typically harvest the
reef flat and will do the household chores. They appeared
to have extended families whereby they help each other
with child care and household duties. Y oung women are
allowed to harvest the reef when they reach 17-18 years
old.

Nutritional aspects

In general, there was no lack of protein in either of the
two villages visited as it would appear that al people



had access to various marine resources, i.e. fish, rays,
bivalves, crabs, etc. However, there was little evidence
of vegetables in their diet. In addition, they had fairly
poor access to other forms of protein, either animal or
vegetable. Indeed, although pulses and lentils were
fredy available in market towns (visited regularly by
the kampong fishermen or their representatives), these
are not consumed by the villagers visited. Apparently this
is due to cultural differences, as the Bajau consider
these foods as part of the Indian diet and not of their own.
Some households also had chickens, which were raised
free-range at the back of the houses, on the edge of the
river bed (Pulau Tetabuan) or around the houses (Pulau
Mabul).

Despite the amount offish consumed, alack of calcium
seemed apparent, in particular in Pulau Tetabuan. In this
kampong, most inhabitants, even children asyoung as 10
years old, suffer severely from tooth decay. The majority
of the adult population have lost most of their teeth. Large
amounts of sugar were used in their tea and coffee. The
Chief Dental Surgeon in Tawau, interviewed during this
study, informed usthat dental health in rural communities
is very poor indeed. The government has started some
rural campaigns to teach people to care for their teeth but
there seems to be little interest from the part of the
villagers concerning these efforts. It is possible to attend
a government dental clinic and have atooth extracted for
RM1, which in many people's eyes is much better than
spending time, effort and money to try to prevent and
combat tooth decay.

Not surprisingly, children in Pulau Mabul appeared to
be smaller in size than children in the UK. An 11 year old
boy appeared to have a similar szeto an 8 year old in the
UK and possibly, to other parts of Malaysia. It is not
possible however, to make any conclusions on the basis of
these superficial observations without the full support of
a complete health and nutritional study. It is amost
certain though, that they may not be achieving their full
growth potential in the absence of a varied diet (i.e. at
present high in animal protein from fish and other marine
resources, but very low in vegetables, fruit and milk
products - calcium).

Cultural and social aspects

Theredid not appear to beany specia cultural ortraditional
customs regarding shark or ray fishing. If they existed
before, the new generations appear to have forgotten
them and only use shark parts for decoration. However,
a pilot study such as this one is simply not adequate
to unravel this aspect fully. In the past, people used
the teeth and jaws to protect them against spirits. In
addition, ray tails were used to scare away spirits/
ghosts in the jungle. Other uses for the tails include
making holes in boats, using the roughest part.
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Denticles were formerly used as sandpaper but not
anymore.

In Beluran market we were informed of an old belief
concerning the sawfish. It was believed that hanging the
sawfish saw from its base in front of a house would scare
spirits/ghosts away, especially when pregnant women
were inhabiting that house. As a result of this belief, they
used to actively hunt the sawfish.

The only ritual linked to the harvest of resources
was found in Pulau Tetabuan and it concerned pearl
oysters and cockles. A group of people known as Sarib
will carry out aritual over the shells; only after this ritual
is conducted will the villagers go out to harvest the
bivalves. A collection will be made and over RM 1,000
could easily be gathered for the Sarib conducting the
ritual. The pearl oyster season may last for 1 to 2 years.
The villagers will stop collecting bivalves for some time to
allow the shells to grow and reach a certain size. Everyone
benefits financially or otherwise from the pearl oyster
season.

Pearls are used in a variety of ways, such as Chinese
medicine; for this purpose the smaller the pearl, the more
expensive they are. Bigger pearls are used in jewellery.
Pearls are also mixed with bird's nests for human
consumption (100g = RM15). Villagersusethisasmedicine
for fevers, or whenever they fed unwell. These are marine
pearls (possibly Placuna sp.), found more abundantly
along the coast at low tide where they can be harvested
from the boats. Villagers consider these pearls as the most
important resource for them, as they can go to Mecca
(both men and women) with the profits they make from
these pearls.

In Pulau Mabul, coconut shells are very important
in relation to the newborn and the dead. After childbirth,
the mother's placenta is buried inside a large shell.
When the baby is about one month old, alock of hair will
be put inside a very young coconut, which is sealed and
tied up with a string. The coconut is then hung from atree
in the belief that this will ensure the child's healthy growth
as well as keeping the child's spirit nearby. The tree is
located in paths utilised by people and not in isolated
areas. Coconut shells are used to sprinkle water on the
dead.

Many families are large (more than sx children) as
parents see the children as an investment for their own
future. In general, although these people live modestly,
they appeared to be in good health, reasonably well
dressed and had permanent houses. In addition, some
households had televisions and radios, and other signs of
modern technology, eg. a mobile telephone at the
headman's house in Pulau Mabul (cost of a mobile
telephone = RM60 per month rental), baby powder in an
ordinary fisherman's house, etc. The headman's house
was substantial in comparison to others and had many
assets (e.g. afull crockery set, TV, radio, video, etc.).



Land tenure and housing

All land in Tetabuan appeared to be government owned,
and only one family was found to own land granted to
them by the previous government. (This land may have
been taken away by the present government.) This family
hasagardenwith morethan 10 maturefruit treesincluding
mangos and jackfruit. Mangos are sold for 20 sen each.
They also had chickens for their own consumption. There
were 36 other people in Tetabuan who own land in
GumGum, although there seems to be a dispute about
land ownership there. It would appear that this land may
have been sold without their knowledge.

Houses which were built on stiltswere privately owned.
Villagers are able to build new houses with government
permission, and although it is easy for the locals to obtain
such a permit, it is not possible for outsiders to build any
houses within the existing village area. Some Filipino and
Indonesian people havetried to build housesin the village,
but have been stopped by the locals through acomplaints
procedure. In general, houses are very close to each other
and the villagers consider this a fire hazard. They are
hoping that in the future they will be built about 4-5m

apart.

In Pulau Mabul land ownership has changed severd
times since the island was first settled. At the time of this
study, some of the island inhabitants owned land and had
land titles. In the beginning, Bugis (Indonesians) were first
employed by the first owner of the island to look after the
coconut plantation. After the Bugis left a few months
later, some of the present occupants arrived and used to
pay rent to the landowner. However, an agreement was
reached by which these people could remain on the island
without paying rent but instead, would look after the
coconuts. They collect and sdl the coconuts and share
profits with the landowner on a 50%-50% basis. They also
developed a system of self-help, assisting each other with
any of their problems.

Tourist development

One of the resorts in Pulau Mabul is ajoint Japanese-
Malaysian (Tawau) investment (Sipadan Water Village
and Tours) and employs 60 gaff, some from Pulau Mabul
and others from Tawau. At the time of the visit, thisresort
accommodated 70 guests in 35 chalets, but was expanding
to include a second dining room and a gift shop. The peak
tourist season is from August to October, although the
resorts are open throughout the year. We have no
information for the Sipadan-Mabul Resort.

Some of the villagers, both male and female, and
usualy the younger ones, are employed by the tourist
resorts on the island: men as electricians, builders and
boatmen, the women as cooks, cleaners and waitresses.
There is a modest housing development near the resorts
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that houses resort employees. However, many of these
people are from Semporna.

General issues to be considered
Government incentives

Most of the people interviewed mentioned the lack of
government support for the purchase of fishing gear,
boats and fish holding facilities. The lack of a continuous
supply of electricity is a rea obstacle for the welfare of
these people who are unable to keep fresh products, either
for sale (fish and shrimp catches) or for consumption
(perishable food such as fruit, vegetables and milk
products). Inaddition, government incentivesare perceived
as vital by the locals to maintain the interest of the
younger generations in fishing. The OIC in Semporna
suggested that perhaps an aquaculture development (e.g.
seaweed, oyster, etc.) might rekindle such interest.
(Government incentives are, of course, viewed increasingly
as a threat to sustainable captive fisheries.)

Threats from pirates

Pirating from Filipino fishermen was reported in both
kampongs. In Pulau Tetabuan, at least 20 people have lost
their enginesto pirates, whowerereported to have firearms.
Some fishermen no longer venture further than half a mile
from base due to the fear of attacks from pirates, who may
take their catches, fishing gear and engines. This situation
is particularly critica in the area around Pulau Danawan,
aprimeareafor sharkswhichisvery closeto the Philippines
border and thus could not be visited during this study. It
has not been easy for the government to enforce existing
regulations due to the fragmented nature of the geography
of the region, i.e. numerous small islands. Sadly, it would
appear that, provided touristsare not involved, the situation
could continue indefinitely.

lllegal fishermen

There appears to be a large number of illega fishermen
and their families in the Pulau Mabul area, most probably
because of its closeness to Indonesia and the Philippines
borders. Many of these people have been there for along
time but still have no documentation and they will be
deported if caught by the police. This situation frequently
afects their deals and sales of their catch as they are
aways under the fear of being caught.

Illegal immigrants often settle on sand bars along the
coastline. In Semporna, for example, there are large
settlements, overcrowded with Filipino immigrants who
would welcome protection and officia assistance from
the Malaysian authorities.



Conservation concerns

As mentioned previously, there is an interest in
aguaculture development (seaweed, oyster, etc.) in the
Fisheries Department in the Semporna area, especially
snceitis seen asapotential tool for rekindling the interest
of the younger generations in fishing. Any such
development should however, be considered with caution
to avoid any further adverse effects on the environment
and follow guidelines.

There is regular dynamiting of reefs and islands.
According to Cindy Harris, the Dive Master of the Sipadan-
Mabul Resort, Pulau Mabul and Pulau Kapalai (a
neighbouring island) have been subjected to this illegal
and destructive fishing method for the last 20 years, with
devastating consequences. Dynamiting destroys the reef
and its fauna and flora with the resulting loss of diversity,
large specimens and cover. Only young or small cryptic
species are able to use the coral rubble to hide from
predators. Dynamiting is acritical problem in the area as
Pulau Ligitan and Sebuan have been completely destroyed
by it, with bombs originating from the Philippines (C.
Harris, pers. comm., 1996). The neighbouring Pulau
Sipadan is not currently at risk because of its high profile
as a tourist attraction, a situation which affords it a
certain degree of protection. Further efforts are being
made towards granting protected area status to Pulau
Sipadan (Dipper, pers. comm., 1999). This Dive Master
has started a naturalist course in the tourist resort in an
attempt to raise environmental awareness concerning the
reefs. However, resort owners fear that by restricting
tourist activities, they may not return.

At the time of the study, the diving capacity of Pulau
Sipadan was approximately 200 divers per day (C. Harris,
pers. comm., 1996), although thisiscurrently under review
for the whole area (F. Dipper, pers. comm., 1999). Some
of these divers have reported hearing dynamiting at least
once a day in neighbouring areas.

For generations, subsistence fishermen have depended
on the reefs and their resources, however, dynamited reefs
are unable to sustain even these low levels of exploitation
nowadays (Semporna Fisheries Department OIC, pers.
comm., 1996). According to some of the local fishermen
and the dive master of one of the Sipadan-Mabul Resorts,
the decline in the quality of the reef has resulted in a loss
of diversity as well as a dramatic reduction in the number
of large specimens previously seen in Mabul. However,
the resorts are providing indirect protection to Pulau
Mabul as dynamiting has been controlled somewhat since
the construction of the resorts. Although widely practised,
dynamiting is a dangerous activity and many fishermen
have either been attacked and died while collecting the
dynamited fish, or have been killed or maimed while using
the dynamite (Dive Master, Sipadan Water Village and
Tours; pers. comm., 1996).
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Pulau Sipadan is in excellent condition, has a high
diversity and sizeable schools of large-sized fish abound
there (Wood, 1994; 1997; Wood, etal., 1993; Wood, etal.,
1996). Whitetip reef sharks Triaenodon obesus are
commonly seen in large groups. In Pulau Mabul the
situation has changed substantially as a result of
dynamiting of the reefs and only smaller species are found
there. As mentioned previously, around 17 new species
have recently been described from its decimated reefs,
including small gobies, cardinal fishes, pipefishes and
other small fishes which may have been inhabiting the
crevices of the reef. Despite the poorer quality of its reef,
Pulau Mabul has become a desirable place for experienced
divers to visit because of its newly found species (Dive
Masters of Sipadan-Mabul and Sipadan Water Village
and Tours; pers. comm., 1996).

According to the Dive Masters of both tourist resorts
in Pulau Mabul, sharks are an attraction for diving tourists
in Pulau Sipadan but not in Pulau Mabul. Sharks seen
thereinclude: whitetip reef shark, grey sharks (presumably
the gray reef shark Carcharhinus amblyrhynchos) and
hammerheads Sphyrna spp.. The latter occurs in large
shoalsin deep water but diversreport adeclinein numbers
seen in recent years. There is some concern that large
numbers of divers may disturb some sharks, eg. Dive
Masters report less frequent sightings of leopard (zebra)
shark Segastoma fasciatum (C. Harris, pers. comm.,
1996). In 1995, this species was seen about twice a week
but it had only been seen twice in two months by the
summer of 1996 when these interviews took place. It is
unclear if this is a direct impact by divers. Whale sharks
Rhincodon typus are occasionally sighted between Pulau
Sipadan and Pulau Mabul and are a considerable tourist
attraction although also attract shark-fin fishermen. A
single whale shark approximately 6m long had been seen
severa times in the area of Pulau Sipadan in 1996. There
are large numbers of bluespotted maskrays Dasyatiskuhlii,
but both the fantail stingray Taeniura meyeni and the
manta Manta brevirostris are considered uncommon. A
facility for a marine biology course was being planned at
the Sipadan Water Village and Tours (Sipadan Water
Village and Tours Dive Master, pers. comm., 1996).

Full Environmental Impact Assessment (EIA)
procedures should be carried out before any further
developments take place on the islands. Public
participation should be an integral part of the study to
ensurethat the locals benefit from thistype of devel opment.
The Semporna Ol C suggested to them that they should try
to preserve their fishing lifestyle since too much
development would ruin the island. Not surprisingly,
some of the people employed at the tourist centres are not
interested in fishing anymore. As a fisherman, a young
man would earn between RM200 and RM 300 per month.
Now as an electrician at one of the resorts, his regular
income is RM700 per month. It would be regrettable to



loose the cultural and socia traditions as a result of
development.

Conclusions

Itisremarkabl e that in general fishermen in both kampongs
were unable (or reluctant) to recall their catches adequately,
even when asked about their morning catches later on in
the afternoon. They were able to recall an approximate
number of fish, but seemed to have little ability, or
willingness, to estimate the weight of their catches in kg.
Recall data for previous days, weeks or months were
therefore not possible to obtain. Thisisin sharp contrast
to the ability of the Bangladeshi or Egyptian rural fishermen
who were able to provide fairly good estimates of their
catches in kg per species or group of fishes (Gumti Phase
Il Sub-Project Feasibility Study, 1993; Naga Hammadi
Barrage Development Feasibility Study, 1995).

It may be possible to explain this situation on the basis
of ecological or climatic landmarks. For example, in
Bangladesh major environmental events take place nearly
every year (e.g. floods, cyclones), which have serious
consequences to the living conditions and indeed to the very
survival of these communities. Inrural Egypt, they also are
subjected to flooding in the River Nile, which affects
agricultural crops and fishing patterns. People in such
communities use this type of events to aid their memories
and relate these to events in their lives. In rural Sabah, life
seemed to be a great deal more relaxed as there was a
constant food supply for even the poorest groups. People
here did not appear to have many ecological or climatic aid
to their memories. However, despite this, the Sabahan
fishermen were only too aware of a general decline in the
catches, and this was reported by everyone who was
interviewed.

Itisclear that the present pilot study wasinsufficient to
decipher the intricate web of social, economic and cultural
aspects relating to the lives of rural fishermen in Sabah.
Nevertheless, extremely valuable information was gathered
to provide a much needed baseline for future work. Indeed,
these preliminary results have identified some of the key
issues regarding the use of the coastal and marine resources
by the two communities that were investigated.

Preliminary recommendations

1. A further catch assessment survey should be carried
out in the kampongs in order to obtain a better estimate
of the subsistence fisheries of the area. This could be
done either by staying at the kampongs for a period of
time and working with the fishermen's catch to monitor
species composition and actual catches; or by carrying
out a separate catch assessment survey.

2. Estimate subsistence fishing from above to attempt to
value the economic contribution of these fishery
resources to the economies of the area.

3. Theuseofdestructivefishing methods such asdynamite
in the reef areas around Pulau Mabul merits further
investigation, asit is directly impacting the entire reef
ecosystem.

4. The Bajau Laut still remain poorly known and thus, a
more detailed socio-economic study focused on this
group of people should be carried out. An estimate of
the subsistence catches for this group alone would
provide new and much needed information on this
unique group and their lifestyle.

5. A full health and nutritional study of the two villages
examined during this study should be carried out,
especialy in Pulau Tetabuan (where the problem of
tooth decay may well be an indicator of further health
problems in the village as a whole).
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Elasmobranchs as a Recreational Resource

R. Charles Anderson
Marine Research Section, H. Whitewaves, Male, Republic of Maldives

Changing patterns of recreation over the last decade have brought changes in attitudes towards elasmobranchs. In particular there
is a growing realisation that there are powerful incentives for sustainable (and often non-extractive) recreational utilisation of many
elasmobranch resources. There are three large groups of recreational users: 1. Recreational divers. The growth of recreational
diving in recent years has been little short of explosive. Divers like to see sharks and rays in their natural habitats and are willing
to pay large sums of money to do so. Revenue from shark and ray diving internationally runs into hundreds of millions of dollars
annually, as a result of which divers have become a powerful force for shark and ray conservation. 2. Recreational fishers. Fishing
is one of the most popular leisure activities worldwide. There is a growing trend among elasmobranch fishers to release catches
alive, often after tagging. As a result, mortality in some stocks has been reduced while at the same time information of value to
resource managers has increased. 3. Aquarists. Recent improvements in aquarium technology have led to a boom in the display
of live elasmobranchs both in big new public aquariums and in domestic tanks. As a result there has been a great increase in
awareness of the importance and vulnerability of elasmobranch resources.

Introduction participation, but PADI (the Professional Association of
Diving Instructors, the largest international training
Shark and ray stocks are under increasing pressure from  agency) now issues over 600,000 new certifications per
commercial fishing activities, and some species are also  year. The total number of currently active recreational
affected by habitat degradation. Many stocks have been  divers must run to several million. The sport has grown
reduced to afraction of their original size. It ssemsalmost  rapidly in recent years, and continues to grow. Growth in
inevitable that demand for elasmobranch products, and  the Asia-Pacific region, not only of local diver and dive
in particular for shark fins, will continueto increaseinthe ~ operator numbers but also of dive tourist arrivals from
foreseeable future. As it does so, the majority of  Other regions, has been especialy rapid.
elasmobranch popul ations around the world may be fished One of the greatest attractions for recreational diversis
towards commercial extinction. observing large marine animals underwater in their natural
Commercial fishing is by far the most important means  habitats. Sharks are always the major attraction wherever
of utilising elasmobranch resources in financial terms, but  they occur (Anderson 1994), but rays too can be of significant
itisnot theonly one. Withthegrowth ofamiddleclassandthe  interest. Magazines for divers regularly carry festures on
expansion of leisure opportunities in south-east and eastern ~ where to see sharks (e.g. Murphy 1993, Saunders 1995) as
Asia, recreational utilisation of many marine resources,  Well as advertisements for shark and manta ray Manta
elasmobranchs among them, is becoming increasingly ~ birostrisdiving. Table 1 listssomeof themany elasmobranch
important. These trends (which are already well advanced in diving locations in the Asia-Pacific region that are being
North America, western Europeand Australia) areresulting ~ advertised in the contemporary diving press. Gray reef
inmoreand morepeoplebecomingawarethat elasmobranchs ~ sharks Carcharhinus amblyrhynchos, whitetip reef sharks
have uses other thanjust being harvested for food. Triaenodon obesus and manta rays are the most often
The aim of this paper is to review three major types of ~ encountered species, but there are over adozen species that
recreational utilisation of elasmobranchs: recreational ~ Can be more or less guaranteed in this region alone.
diving, recreational fishing and aguarium display. The While divers are at the forefront of shark and ray
paper is based on a review of published information on  watching activities, snorkellers and even beach walkers
recreational utilisation of elasmobranchs. The significance  are also participating in growing numbers. Off Ningaloo
of each for elasmobranch resource utilisation and  Reef in northwestern Australia, whale sharks Rhincodon
conservation is discussed, with special reference to the  typus appear regularly every March-May, and have
Asia-Pacific region. stimulated a local shark-watching industry; most of the
watching is done by snorkellers (Newman et al., this
volume). In the Maldives, much manta ray watching is
Recreational divin g doneby snorkellers, whilefantail stingrays Taeniurameyeni
are aregular attraction at severa resort island beaches. In
Diving is one of the fastest growing recreational activities ~ French Polynesia, trips are offered to snorkel with blacktip
worldwide. There are no figures for worldwide  reef sharks Carcharhinus melanopterus.
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The economic value of elasmobranchs as attractions
for recreational divers and snorkellersisenormous. There
has been no worldwide survey, but the total amount spent
annually must run into hundreds of millions of dollars.
Divers typicaly pay US$25-75 for a single dive with
sharks or rays. In Ningaloo, Australia, tourists pay about
US$200 per day to swim with whale sharks. In South
Australia, participation in an expedition to cage dive with
great white sharks Carcharodon carchariasmay cost several
thousand dollars.

In the Maldives in 1992, it was estimated that divers
spent about US$2,300,000 on shark-watching dives
(Anderson and Ahmed 1993). Since then tourist arrivals
(and hence divers visiting shark-watching sites) have
increased substantially. In addition, money spent on ray
watching (both manta rays and stingrays) has not been
calculated but must run into hundreds of thousands of
dollars annually (unpublished data). The current total
spent by divers on elasmobranch watching in the Maldives

is therefore likely to be in excess of US$3,000,000 per year.
This is direct diving revenue only; indirect revenues
(including food, accommodation, transport) are several
times higher.

Anderson and Ahmed (1993) estimated that in 1992 a
single gray reef shark was worth about US$33,500 per
year at what was then the most popular shark-watching
site, "Fish Head." For al shark watching dive sites, the
average value of a live gray reef shark was estimated at
about US$3,300 per year. Since gray reef sharks can live
for at least 18 years (Radkte and Cailliet 1984) and in the
Maldives recognisable individuals have been seen at dive
sites for many yearsin arow (pers. obs.) the total value of
each shark isseveral times higher. In contrast, adead gray
reef shark was calculated to have a one-time value of
about US$32 to a local fisherman.

In the Bahamas, one of the premier shark-watching

destinations for divers, several species of sharks are
regularly seen at a number of locations. It has been

Table 1. Some major shark and ray watching locations in the Asia-Pacific region.

Country Location Scientific name Common name
Maldives Several sites Carcharhinusamblyrhynchos Gray reef shark
Triaenodonobesus Whitetip reef shark
Sphyrnalewini Scalloped hammerhead
Taeniurameyeni Fantaii stingray
Manta birostris Manta
Myanmar Burma Banks Nebriusferrugineus Tawny nurse shark
Carcharhinusalbimarginatus Silvertip shark
Thailand Richelieu Rock Rhincodon typus Whale shark
Shark Rock (Phuket) Stegostomafasciatum Zebra shark
Malaysia Layang Layang Sphyrnalewini Scalloped hammerhead
Sipadan Triaenodonobesus Whitetip reef shark
Sphyrnalewini Scalloped hammerhead
Indonesia Sangalakki, Kalimantan Manta birostris Manta
Maumere, Flores Rhincodon typus Whale shark
Australia Christmas Island Rhincodon typus Whale shark
Ningaloo Reef, WA Rhincodon typus Whale shark
Manta birostris Manta
Neptune Islands, SA Carcharodoncarcharias Great \_Nhite shark
Seal Rocks, NSW Carchariastaurus Sand tiger shark
GBR/Coral Sea Several species
Vanuatu Bokissa Island Carcharhinusamblyrhynchos Gray reef shark

Papua New Guinea

Silvertip Reef
Several sites

Carcharhinusalbimarginatus
Carcharhinusamblyrhynchos
Triaenodonobesus
Sphyrnalewini

Manta birostris

Silvertip shark

Gray reef shark
Whitetip reef shark
Scalloped hammerhead
Manta

Philippines Several sites Carcharhinusamblyrhynchos Gray reef shark
Triaenodonobesus Whitetip reef shark
Sphyrnalewini Scalloped hammerhead
Manta birostris Manta

Palau Blue Corner Carcharhinusamblyrhynchos Gray reef shark

Yap Mil Channel and others Manta birostris Manta

Marshall Islands

Bikini Atoll

Carcharhinusamblyrhynchos

Gray reef shark

French Polynesia

Rangiroa
Moorea and Bora Bora

Carcharhinusamblyrhynchos
Carcharhinusmelanopterus
Dasyatis spp.

Gray reef shark
Blacktip reef shark
Stingrays
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reported that some US$6,000,000 is spent annually on
shark viewing there (Hall 1994). The values of single
Caribbean reef sharks Carcharhinus perezi at particular
dive sites have been roughly estimated at between
US$13,300 (Amsler 1997) and US$40,000 (S.H. Gruber,
pers. comm.) per year. Again, total revenues per shark are
likely to be much higher, perhaps something of the order
of US$200,000 (S.H. Gruber, pers. comm.). A dead
Caribbean reef shark has been estimated to have a one-
time value of about US$50-60 (Hall 1994).

With such enormous sums of money involved in
recreational elasmobranch watching, there is clearly
considerableinterest among diving operatorsin preserving
'their' sharks and rays. The ability to demonstrate that
elasmobranchs are worth very much more alive as
attractions for divers than they are dead to fishermen is a
powerful argument for governments to act to conserve
stocks. In the Maldives, fishing was banned at several top
shark diving sites in 1995 because of the economic
importance of diving tourism to the country. Also in the
Maldives, the export of ray productswas banned to prevent
the development of an export-oriented fishery. In the
Bahamas, longline fishing (which had been threatening
shark populations at some dive sites) has been banned
throughout the country, as a result of these economic
arguments.

Apart from providing a purely economic incentive for
elasmobranch conservation, recreational divers and
snorkellers can have other positive effects, for example:
e They are often at the forefront of efforts to protect

elasmobranchs. In addition to the examples from the

Maldives and Bahamas cited above, divers played a

part in the campaigns to have the great white shark

protected in both California and South Africa. Diving
magazines regularly carry editorials and articles on
shark and ray conservation (e.g. Cousteau 1996, Sigel

1996, Stafford-Deitsch 1996, Amsler 1997).

e They are often in the best position to see and report
incidents such as shark netting within marine reserves
or the dumping of finned carcasses (e.g. Newman
1994, Perrine 1994).

e They can provideinformation on shark behaviour and
ecology, if properly organised by researchers. For
example, divers' sightings are being used to obtain a
better understanding of the migrations and abundance
of the basking shark Cetorhinus maximus in the British
Islesand of the sand tiger or grey nurse shark Car charlas
taurus off south-east Australia.

Despite all these apparent benefits, recreational
elasmobranch watching is not without its problems. It can
lead to increased 'harassment’ of the sharks and rays
themselves, as divers hitch rides or tweak tails. This can
lead to elasmobranchs leaving the area, perhaps
permanently. Thereisalso controversy over the feeding of
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sharks and stingrays. Feeding is a sure way of attracting
them, but one which has implications for diver safety and
the behaviour and ecology of the animals being fed. Some
experienced divers advocate shark feeding as a means of
promoting shark watching and consequently shark
conservation (Amsler 1997). Others advocate an absolute
'hands-off policy for al interactions with large marine
animals (Strickland 1994, Hanauer 1995).

Sports fishing

Fishing is one of the most popular of al recreational
activities. Tens of millions of people worldwide count
fishing among their hobbies or sports. Elasmobranch
fishing, and especially shark fishing, is popular in many
areas. This has undoubtedly led to significant drops in
abundance of some local shark populations. However, a
heartening trend in recent years has been the increase in
numbers of recreational shark fishermen choosing to release
their shark catches, often after tagging (Hueter 1996).

Theriseinpopularity of catch-and-releaseshark fishing
can haveapositiveimpact on shark populations by reducing
the numbers of sharks killed. For example, the Shark
Angling Club of Great Britain, whose members are
responsible for most recreational catches of blue sharks
Prionace glauca off the south-west coast of Britain, reports
that only four blue sharks were killed out of 524 caught in
1996 (Vas 1997).

If catch-and-release is combined with tagging, then
much information about shark biology and population
trends can be gained, leading to the possibility of more
informed management. The long-term tagging carried out
under the US National Marine Fisheries Service (NMFS)
Co-operative Shark Tagging Program provides perhaps
the best example of such a programme. Between 1962 and
1995, more than 128,000 sharks of 40 species were tagged,
from which over 6,000 sharks of 32 species have been
recovered (Kohler 1996). Among other things, analysis of
returns has provided considerable insights into the
distribution and migration of shortfin mako Isurus
oxyrinchus and blue shark Prionace glauca in the western
North Atlantic (Casey and Kohler 1992, Casey 1985).

Tagging can in itsdlf provide a powerful incentive for
release. In the Elkhorn Slough Shark Derby, a long-
running annual elasmobranch angling competition in
Cdlifornia, 65% of elasmobranchs caught were tagged and
released alivein the third year after tagging was introduced
(King and Cailliet 1992). Prior to the introduction of the
catch-tag-release programme, al elasmobranchs landed
were killed.

While the early developments in catch-and-release and
tagging of elasmobranchs occurred in North America and
Europe, other regions are now showing signs of following
suit. In Singapore, one renowned shark angler has recently



abandoned shark killing and is working to establish a
shark tag-and-release programme in the South East Asian
region (Watkins 1996). Further developments of this sort
are needed, and the encouragement of catch-and-release
and tagging of elasmobranchs among sports fishermen is
certainly one areawhere fisheries managers and researchers
in the Asia-Pacific region can make an impact.

Even if elasmobranchs are landed by fishermen, much
information of use to resource managers can be obtained
(Stevens 1984, King and Cailliet 1992, Pepperell 1992). In
some cases the presence of a recreational fishery can be
used to reduce total fishing mortality by reducing
commercial fishingeffort. Inareaswhererecreational fishing
is particularly popular, sports fishermen make enormous
financial contributions to the economies of coastal
communities. Such communities therefore have a vested
interest in the sustainability of their resources. For example,
on the northwest coast of Australia, recreational fishermen
areastrong economic force and have successfully negotiated
restrictions to access by foreign longliners to the western
Australian Fishing Zone (Caton and Ward 1996). While
these recreational fishermen are interested in a variety of
pelagic fishes, not just elasmobranchs, the reduction in
commercial longline effort has presumably reduced pelagic
shark mortality. In the case of the oceanic blue shark
fishery in the eastern North Atlantic mentioned above,
recreational catches are much less than 1% of commercial
catches (Vas 1997). In the case of coastal shark fisheries, the
proportion of thetotal catch made by recreational fishermen
may be much higher (Anderson 1990). In either case, any
limitation of commercial catches by recreational fishing
lobbies should have a profound effect on total mortality.

While recreational elasmobranch fisheries can certainly
bring benefits to the resources they exploit, they can also
have negative impacts. Most obviously, the fisheries do kill
elasmobranchs. Where capture-and-release regimes are
not in place, recreational fisheries may cause local stock
depletion (Walker 1996). Furthermore, as the popularity
of sports fishing increases and starts in new areas, shark
mortality is bound to increase.

Even if arecreational fishery isalmost entirely capture-
and-release oriented, it may not be without problems. The
most obvious problem is post-release mortality (Hueter
1996, Skomal and Chase 1996), which may be significant
for some species or fisheries. Tagging can further increase
post-release mortality (Heuter 1996). The use of
inappropriate tags was shown to increase mortality in
juvenilelemon sharks Negaprion brevirostrisintheBahamas
(Manire and Gruber 1991).

Aquarium display

In recent years there has been a revolution in aguarium
technology. The use of new materials and techniques has
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allowed the development of massive public display tanks.
This in turn has encouraged the holding and exhibition of
sharks and rays.

Over 100 million people visit public aquariums each
year in North America alone, and shark exhibits are
consistently popular with visitors (Sabalones 1995). The
key role of public aquariumsisin education. If threatened
elasmobranch species are to receive the management and
conservation they need, public support isvital. Thedisplay
of living elasmobranchs supported by appropriate
educational materials goes along way towards dispelling
misconceptions about elasmobranchsin general and sharks
in particular. The display of a diversity of small species
demonstrates how inappropriateisthe 'Jaws' image (Croft
1993). Sabalones (1995) suggests that displays and
presentations should cover three main issues:

» The negative image of sharks should be countered, for
example by discussing the relatively low incidence of
shark attacks in comparison to other animals.

* The positive contributions and aspects should be
stressed, for example by discussing their importance to
environmental balance.

» Their conservation needs should be emphasised.

Large public aquariums are also sources of information
for the media, and so their influence on the public's image
of sharks can be spread far beyond those who walk in
(Sabalones 1995). In addition to this primarily educational
role, public aquariums can promote elasmobranch
conservation through their research activities (Sabalones
1995). For example, studies of reproductive behaviour
(Uchidaet al. 1990), reproductive physiology (Rasmussen
and Murru 1992) and growth (Van Dykhuizen and
Mollet 1992) have been successfully carried out on
captive individuals. There have aso been considerable
improvementsin the understanding of physiological changes
in elasmobranchs subject to live capture, transportation
and maintenance, as aresult of which captive mortality has
been reduced (Murru 1990, Smith 1992).

In parallel with the developments in the major
aquariums, there have also been improvementsin domestic
aquarium technology and practice. This too has led to
increased interest in keeping elasmobranchs in captivity
(Fenner 1996). The smaller, demersal, strikingly patterned
sharks such as the epaul ette shark Hemiscyllium ocellatum
arefavoured. The USA isthe largest market, and many of
the elasmobranch species favoured by aquarists there
originate in South East Asian waters (Table 2). Rose
(1996) notes that live catshark (Scyliorhinid) juveniles and
eggcases are exported from Indonesia to the USA for sale
to private aquarists.

A problem for domestic aquarists is that even small
elasmobranchs are relatively large. Table 2 lists the
approximate maximum sizes of sharks commonly kept in
captivity in the USA. Most sharks are purchased by



Table 2. Some sharks commonly kept in captivity in the USA.

Scientific name Common name Family Distribution Size
Squalusacanthias Piked dogfish Squalidae Antitropical 160cm
Squatinacalifornica Pacific angelshark Squatinidae E Pacific 152cm
Heterodontusportusjacksoni  Port Jackson shark Heterodontidae Australia 165cm
Heterodontuszebra Zebra bullhead shark Heterodontidae W Pacific 122cm
Eucrossorhinusdasypogon Tasselled wobbegong Orectolobidae SW Pacific and Australia ~ 125cm
Orectolobus ornatus Ornate wobbegong Orectolobidae W Pacific and Australia 288cm
Chiloscylliumplagiosum Whitespotted bambooshark Hemiscylliidae Indo-W Pacific 95cm
Chiloscylliumpunctatum Brownbanded bambooshark Hemiscyllidae Indo-W Pacific 104cm
Hemiscylliumocellatum Epaulette shark Hemiscyllidae SW Pacific and Australia ~ 107cm
Ginglymostomacirratum Nurse shark Ginglyostomatidae  Atlantic and E Pacific 304cm
Musteluscanis Dusky smoothhound Triakidae W Atlantic 150cm
Triakissemifasciata Leopard shark Triakidae NE Pacific 180cm
Carcharhinusmelanopterus Blacktip reef shark Carcharhinidae Indo-W Pacific 180cm
Negaprionbrevirostris Lemon shark Carcharhinidae Atlantic and E Pacific 340cm
Source: Fenner (1996), with additional data from Compagno (1984) and Last and Stevens (1994).

aquarists as juveniles or eggcases. If they lived long in
captivity most would outgrow al but the largest tanks.
However, the difficulties associated with keeping such
animals in domestic aquariums are such that most sharks
survive for less than one month (Fenner 1996). Despite
these losses, the growth of interest in elasmobranchs
among the large aquarium hobbyist fraternity is creating
a constituency of people who are aware of their
conservation requirements.

The demand for living elasmobranchs from the
aguarium trade is small compared to the demand for other
elasmobranch fishery products. The impact of most
aquarium fisheries on wild populationsistherefore thought
to be insignificant (Sabalones 1995). However, this might
not be the case where wild populations are particularly
small or already under threat from other causes. For
example, there is trade in live freshwater stingrays and
sawfish species, including species from Malaysia (Rose
1996), which may further endanger some threatened local
populations.

Conclusions

Recreational utilisation is an increasingly important
component of the overall utilisation of many elasmobranch
resources. The growth of sport diving, the expansion of
recreational elasmobranch fishing and the changing of
attitudes among its practitioners, and the development of
new aquarium displays are all helping to create a vast
constituency of people with an interest in elasmobranch
conservation. Furthermore, these peopl e have considerable
spending power, and this economic influence can be used
to forward elasmobranch conservation.

Many elasmobranch species have no recreational value
and, even for those that do, promotion of recreational
utilisation over commercial fishing is unlikely to provide
a cure for al problems. Nevertheless, elasmobranch
resource managers, researchers and conservationists need
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to be aware of the challenges and take advantage of the
opportunities presented by the increasing recreational
utilisation of elasmobranch resources.
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Review of the Biodiversity of Sharks and Chimaeras
In the South China Sea and Adjacent Areas

L.J.V. Compagno
Shark Research Center, Division of Life Sciences, South African Museum, 25 Queen Victoria Street,
P.O. Box 61, Cape Town 8000, South Africa

The South China Sea and adjacent areas have a rich shark fauna and undiverse chimaeroid fauna, with at least 136 species of sharks
and four species of chimaeras. The region is diverse hydrographically, and includes a broad continental shelf with continuity of
inshore fauna between the countries fronting it, an ocean basin, and extensive and largely unexplored continental slopes. The low
diversity of chimaeroids in the region may be partly explained by sampling error and limited exploration of the local slopes. The
shark fauna is peculiar in having relatively low diversity of catsharks (Scyliorhinidae) and deep-slope squaloids, which may also
reflect sampling errors such as better representation of important commercial species in the faunal list and poor representation
of deep-slope species. The shark fauna has a wide habitat range and has rich oceanic, slope, and shelf components as well as
species that bridge two or more of these broad habitat categories. Zoogeographically, the fauna has few regional endemics (17%),
and is primarily composed of wide-ranging species (59%) and Western Pacific species (24%). Most of the ecomorphotypes
ascribed to sharks occur in the region, which indicates the high diversity of habitats and life history styles of the regional fauna.
A working checklist of sharks and chimaeras of the South China Sea is provided.

Introduction University of Singapore in 1996 and more limited
examination of elasmobranchs at Kasetsart University,
This paper is an immediate extension of research by the  Bangkok, Thailand in 1996.
author, for a workshop on diversity of fishes of the South Primary literature sources for this paper include
China Sea held at the National University of Singapore in Bessednov (1968), Bigelow and Schroeder (1948), Chen
May 1997. This includes compilation of a checklist of  (1963), Chu (1963), Chu, Meng, Hu and Li (1981), Chu,
cartilaginous fishes of the South China Seg, for use at the  Meng and Liu (1981), Chu et al. (1982, 1983, 1984, 1986),
workshop. The checklist in turn embodies parts of a  Compagno (1984, 1988, 1990a), Compagno and Cook
previous checklist of chondrichthyans compiled by L.JV.  (1995), Compagno et al. (1994), Compagno et al. (1997),
Compagno, P. Last, B. Seret and V. Niem for the  Cook and Compagno (1996), Deng et al. (1981, 1983,
forthcoming FAO species sheets on cartilaginous fishes  1985), Dingerkus and DeFino (1983), Fowler (1905,1941),
of the West-Central Pacific (Compagno et al. 1997),  Garman (1913), Garrick (1982, 1985), Herre (1923, 1925,
aswell as checklists of Borneo Chondrichthyesincluded in 1929,1930,1953), Last and Stevens (1994), Mongkolprasit
a report on structuring the Sabah biodiversity project (1977, 1984), Shen et al. (1995), and Teng (1958,
(Cook and Compagno 1996) and a series of regional 1959a,b,c,d,e, 1962).
checklists and distributional datafiles in the author's The "Region" as defined here includes the tropical
CHONDTAXON database. Thework also contributesto  yyaters of the South China Sea and adjacent waters (Figure
arevision of the FAO shark catalogue (Compagno 1984) 1y ith those countries fronting the South China Sea
soon to be published in three volumes (Compagno 2000, (including freshwater habitats): Thailand (Gulf of
in prep., ab). The South China Sea checklist of  Thgjjand), Malaysia (Peninsular Malaysia, Sarawak and
chondrichthyans will be separately published aspart of a  sanah) Singapore, Kampuchea (Cambodia), Vietnam,
checklist of fishes of the region (J.E. Randall pers. comm.).  China, Taiwan, Philippines, Indonesia (Kalimantan) and
Brunei. This paper restricts itself to a discussion of
Data sources biodiversity of sharks and chimaeroids in the Region,
with the batoids discussed elsewhere by Last and
Sources for the paper include field surveys by Sid Cook ~ Compagno (this volume).
and the author in Thailand in 1993 and in Singapore,
Thailand, Peninsular Malaysia, and Sabah in 1996, field
and lab work by the author in the Philippines in 1995 Hydrog raphy
during the FAO Western Central Pacific workshop, are-
examination of virtually the entire elasmobranch collection ~ The hydrography of the Region indicates some of the
in the Zoological Reference Collection of the National features important in influencing the diversity and
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Figure 1. The South China
Sea and adjacent waters.

commonality of cartilaginous fish faunas from various
localities in the Region. Of considerable importance is the
broad continental shelf with water 0-200m deep in the
south-western part of the Region. This extends into the
Gulf of Thailand and between Malaysia, Singapore,
Sumatra, Kalimantan and Sarawak. Many (but not all)
species of inshore elasmobranchs are common to parts of
this broad shdf. The shelf narrows abruptly along the
south of Vietnam, and broadens northwards in the Gulf of
Tonkin and on the south coast of China around Hainan
Idand and northwards beyond Hong Kong to Taiwan. It
aso narrows abruptly off Brunei and Sabah, and isrelatively
narrow around the Philippines. The continuity of shelf in
the Region might serve ascorridors for local movements of
shelf species in the area, or have served as corridors for
dispersal of wide-ranging inshore specieswithin the Region.
Differences within the shef fauna, including those seen
between the relatively well-known Gulf of Thailand fauna
and those off Singapore, Sabah and Philippines, for
example, suggest localised development of inshore endemics
and isolation of Western Central Pecific species within a
broad pattern of continuity and dispersion of wide-ranging
inshore species.
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The continental slopes between 200 and 2,000m
deep are prominent in the north-eastern part of the Region,
and front a large ocean basin connected by the Luzon
Strait to the Western Pacific. The slopes are extensive
around Philippines, and in the Sulu and Sulawesi Seas.
The north-west slopes off China and the Philippine slopes
apparently have considerable endemicity of deepwater
elasmobranchs but are not well-explored, and the slopes
in other parts of the Region, including Sabah, are poorly
known at best. Exploratory deep bottom trawling by the
Taiwanese research vessel Fisheries Explorer 1 off
north-eastern Luzon during the FAO West-Central
Pacific workshop in Manila in October 1995 revealed
many new records of deepwater chondrichthyans,
including undescribed species, and suggested that much
remains to be learned of the local deep-slope fauna in the
Region.

The extensive epipelagic zone around the slopes and
the ocean basins alows egress and provides habitat for
oceanic and semi-oceanic wide-ranging elasmobranchs,
and accounts for the relative richness of oceanic speciesin
the Region. Sampling of epipelagic sharks is very good
due to intense oceanic fisheries in the Region.



Biodiversitvy of chimaeroids and and also northern incursions of temperate species from the
sharks in the Region western North Pacific. At least 136 species of sharks and four

species of chimaeroids occur in the Region. These speciesare
The Region of the South China Sea and adjacent waters has ~ classified by taxonomic diversity, habitat type, distribution
a rich chondrichthyan fauna, indicative of a diverse range of pattern and ecomorphotypes (listed as codes in Table 1),

tropical surface habitats aswell as varied deepwater habitats

and each of these categories is discussed separately.

Table 1. Species of sharks and chimaeroids in the South China Sea, with habitat, ecomorphotype, and
distributional codes. Listing of taxonomic codes given below; habitat, ecomorphotype and distributional

codes are listed in Tables 4-6.

Habitat Ecomorphotype Distributional
Scientific name Common name code code code
CHLAMYDOSELACHIDAE
Chlamydoselachus anguineus Frilled shark SHS BAN WRAN
HEXANCHIDAE
Heptranchias perlo Sharpnose sevengill shark SHS LSH WRAN
Hexanchus griseus Bluntnose sevengill shark SHS LEU WRAN
Hexanchus nakamurai Bigeye sixgill shark SLO LSH WRAN
Notorynchus cepedianus Broadnose sevengill shark SHL LEU WRAN
ECHINORHINIDAE
Echinorhinus cookei Prickly shark SHS BAT WRAN
SQUALIDAE
Cirrhigaleus barbifer Mandarin dogfish SLO BAT WPAE
Squalus blainvillei Longnose spurdog SHS LSH WPAE
Squalus brevirostris Japanese shortnose spurdog SHS LSH WNPE
Squalus japonicus Japanese spurdog SHS LSH WNPE
Squalus megalops Shortnose spurdog SHS LSH WPAE
Squalus mitsukurii Shortpine spurdog SHS LSH WRAN
CENTROPHORIDAE
Centrophorus acus Needle dogfish SLO BAT WNPE
Centrophorus atromarginatus Dwarf gulper shark SHS BAT IWPE
Centrophorus granulosus Gulper shark SLO BAT WRAN
Centrophorus isodon Blackfin gulper shark SLO BAT IWPE
Centrophorus lusitanicus Lowfin gulper shark SLO BAT WRAN
Centrophorus moluccensis Smallfin gulper shark SHS BAT IWPE
Centrophorus niaukang Taiwan gulper shark SLO BAT WRAN
Centrophorus squamosus Leafscale gulper shark SLO BAT WRAN
Deania profundorum Arrowhead dogfish SLO BAT WRAN
ETMOPTERIDAE
Etmopterus brachyurus Shorttail lanternshark SLO BAT WPAE
Etmopterus decacuspidatus Combtooth lanternshark SLO BAT SCSE
Etmopterus granulosus'? Southern lanternshark SLO BAT WRAN?
Etmopterus lucifer Blackbelly lanternshark SLO BAT WPAE
Etmopterus molten Slendertail lanternshark SLO BAT IWPE
Etmopterus pusillus Smooth lanternshark SOC BAT WRAN
Etmopterus splendldus Splendid lanternshark SHS OMI WPAE
SOMNIOSIDAE
Centroscymnus coelolepis Portuguese dogfish SLO BAT WRAN
Zameus squamulosus Velvet dogfish SOC BAT WRAN
DALATIIDAE
Dalatlas licha Kitefin shark SLO BAT WRAN
Isistius brasiliensis Cookiecutter or cigar shark OCE OMI WRAN
Isistius labialis? South China cookiecutter shark OCE OMI SCSE?
Squaliolus aliae Smalleye pigmy shark OCE OMI WNPE
Squaliolus laticaudus Spined pygmy shark OCE OMI WRAN
PRISTIOPHORIDAE
Pristiophorus japonicus Japanese sawshark SHS BPT WNPE
Pristiophorus sp. SLO BPT PHIE
SQUATINIDAE
Squatina formosa Taiwan angelshark SHS BSQ CHTE
Squatina japonica Japanese angelshark SHL BSQ WNPE
Squatina nebulosa Clouded angelshark SHL BSQ WNPE
Squatina tergocellatoides Ocellated angelshark SHL BSQ CHTE
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Table 1 ... continued.

Habitat Ecomorphotype Distributional

Scientific name Common name code code code
HETERODONTIDAE

Heterodontusjaponicus Japanese bullhead shark SHL BPR WNPE

Heterodontuszebra Zebra bullhead shark SHL BPR WPAE
PARASCYLLIDAE

Cirrhoscylliumexpolitum Barbelthroat carpetshark SHL BLE SCSE?

Cirrhoscylliumformosanum Taiwan saddled carpetshark SHL BLE CHTE
ORECTOLOBIDAE

Orectolobusjaponicus Japanese wobbegong SHL BSQ WNPE

Orectolobus maculatusl| Spotted wobbegong SHL BSQ WPAE?
HEMISCYLLIDAE

Chiloscylliumgriseum Gray bambooshark SHL BLE IWPE

Chiloscylliumhasselti Indonesian bambooshark SHL BLE WCPE

Chiloscylliumindicum Slender bambooshark SHL BLE IWPE

Chiloscylliumplagiosum Whitespotted bambooshark SHL BLE IWPE

Chiloscylliumpunctatum Brownbanded bambooshark SHL BLE IWPE
GINGLYMOSTOMATIDAE

Nebriusferrugineus Tawny nurse shark SHL LSH IWPE
STEGOSTOMATIDAE

Stegostomafasciatum Zebra shark SHL BPR IWPE
RHINCODONTIDAE

Rhincodontypus Whale shark SHO OMA-F WRAN
ODONTASPIDIDAE

Carchariastaurus Sand tiger shark SHL LSH WRAN
PSEUDOCARCHARIIDAE

Pseudocarchariaskamoharai Crocodile shark OCE oMl WRAN
MITSUKURINIDAE

Mitsukurinaowstoni Goblin shark SLO BAR WRAN
ALOPIIDAE

Alopiaspelagicus Pelagic thresher SHO OMA WRAN

Alopiassuperciliosus Bigeye thresher WRH OMA WRAN

Alopiasvulpinus Thresher shark SHO OMA WRAN
CETORHINIDAE

Cetorhinusmaximus Basking shark SHL PTA-F WRAN
LAMNIDAE

Carcharodoncarcharias Great white shark WRH PAR WRAN

Isurusoxyrinchus Shortfin mako SHO PTA WRAN

Isuruspaucus Longfin mako OCE PTA? WRAN
SCYLIORHINIDAE

Apristurusacanutus Flatnose catshark SLO BAR SCSE

Apristurusgibbosus Humpback catshark SLO BAR SCSE

Apristurusherklotsi Longfin catshark SLO BAR WPAE

Apristurusmacrorhynchus Flathead catshark SLO BAR WNPE

Apristurusmacrostomus Broadmouth catshark SLO BAR SCSE

Apristurusmicropterygeus Smalldorsal catshark SLO BAR SCSE

Apristurussinensis South China catshark SLO BAR SCSE

Atelomycterusmarmoratus Coral catshark SHL BLE IWPE

Bythaelurusimmaculatus Spotless catshark SLO BLE SCSE

Cephaloscylliumfasciatum Reticulated swellshark SLO BPR WPAE

Cephaloscylliumumbratile Japanese swellshark SHS BPR WNPE

Cephaloscylliumsp. SHS BPR WPAE

Galeuseastmani Gecko catshark SHS BLE WNPE

Galeussauteri Black“p Savv'ta" Catshark SHL BLE WNPE

Ga|eUSSChu|tZi Dwarf sa\Nta" Catshark SLO BLE PHIE

Halaelurusboesemani Speckled catshark SHL BLE IWPE

Halaelurusbuergeri Darkspot catshark SHL BLE WNPE

Parmaturusmelanobranchius Blackgill catshark SLO BLE SCSE

Pentanchusprofundicolus Onefin catshark SLO BAR PHIE

Scyliorhinusgarmani Brownspotted Ca’[shark SHL? BLE WCPE

Scyliorhinustorazame Cloudy catshark SHS BLE WNPE
PROSCYLLIIDAE

Eridacnisradcliffei Pygmy ribbontail catshark SHS BLE IWPE

Proscylliumhabereri Graceful catshark SHS BLE WPAE
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Table 1 ... continued.

Habitat Ecomorphotype Distributional
Scientific name Common name code code code
PSEUDOTRIAKIDAE
Pseudotriakismicrodon False catshark SLO BAT WRAN
TRIAKIDAE
Hemitriakisjapanica Japanese topeshark SHL LSH WNPE
Hemitriakisleucoperiptera Whitefin topeshark SHL LSH PHIE
Hemitriakis sp. SHL LSH PHIE
Hypogaleushyugaensis Blacktip topeshark SHS LSH IWPE
lago sp. SHS LSH PHIE
Mustelusgriseus Spotless smoothhound SHL LCA WPAE
Mustelusmanazo Starspotted smoothhound SHS LCA IWPE
Triakisscyllium Banded houndshark SHL LSH WNPE
HEMIGALEIDAE
Chaenogaleusmacrostoma Hooktooth shark SHL LSH IWPE
Hemigaleusmicrostoma Sicklefin weasel shark SHL LTE IWPE
Hemipristiselongatus Snaggletooth shark SHL LSH IWPE
Paragaleustengi Straighttooth weasel shark SHL LTE SCSE
CARCHARHINIDAE
Carcharhinusalbimarginatus Silvertip shark SSO LSH WRAN
Carcharhinusaltimus Bignose shark SHS LSH WRAN
Carcharhinusamblyrhynchoides  Graceful shark SHL LSH IWPE
Carcharhinusamblyrhynchos Gray reef shark SHL LSH IWPE
Carcharhinusamboinensis Pigeye or Java shark SHL LEU WRAN
Carcharhinusborneensis Borneo shark SHL LSH SCSE
Carcharhinusbrachyurus Bronze whaler SHL LSH WRAN
Carcharhinusbrevipinna Spinner shark SHL LSH WRAN
Carcharhinusdussumieri Whitecheek shark SHL LSH IWPE
Carcharhinusfalciformis Silky shark SHO OMA WRAN
Carcharhinushemiodon Pondicherry shark SHL LSH IWPE
Carcharhinusleucas Bull shark SHF LEU WRAN
Carcharhinuslimbatus Blacktip shark SHL LSH WRAN
Carcharhinuslongimanus Oceanic whitetip shark SHO OMA WRAN
Carcharhinusmacloti Hardnose shark SHL LSH IWPE
Carcharhinusmelanopterus Blacktip reef shark SHL LSH INPE
Carcharhinusobscurus Dusky shark SHS LSH WRAN
Carcharhinusplumbeus Sandbar shark SHS LSH WRAN
Carcharhinussealei Blackspot shark SHL LSH IWPE
Carcharhinussorrah Spottail shark SHL LSH IWPE
Carcharhinus sp. SHL LSH SCSE
Galeocerdocuvier Tiger shark SSO LEU WRAN
Glyphis sp. B Borneo river shark SHF? LSH SCSE
Lamiopsistemmincki Broadfin shark SHL LSH IWPE
Loxodonmacrorhinus Sliteye shark SHL LSH IWPE
Negaprionacutidens Sharptooth lemon shark SHL LSH IWPE
Phonaceglauca Blue shark SHO OMA WRAN
Rhizoprionodonacutus Milk shark SHL LSH WRAN
RhiZOpriOﬂOdOﬂO"gOlinX Gray Sharpnose shark SHL LSH IWPE
Scoliodon laticaudus Spadenose shark SHL LSH IWPE
Triaenodonobesus Whitetip reef shark SHL LSH INPE
SPHYRNIDAE
Eusphyrablochii Winghead shark SHL LSP IWPE
Sphyrnalewini Scalloped hammerhead SSO LSP WRAN
Sphyrnamokarran Great hammerhead SSO LSP WRAN
Sphyrnazygaena Smooth hammerhead SSO LSP WRAN
RHINOCHIMAERIDAE
Harriottaraleighana Longnose chimaera SLO BAR WRAN
Rhinochimaerapacifica Pacific spookfish SLO BAR WPAE
CHIMAERIDAE
Chimaeraphantasma Silver chimaera SHS BCH WNPE
Hydrolagusmitsukurii Mitsukuri's chimaera SLO BCH PHIE
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Table 2. Actual and relative numbers of species as
percentages of totals in higher groups of sharks
and chimaeroids, for the Region and the world,
with comparisons of regional species as % of
world species.

World Regional

Region maximum as%

Higher groups No. %total No. %total of world
Total species 140 100 529 100 26.5
Chimaeroids 4 2.9 50 9.5 8.0
Hexanchoids 5 3.6 7 13 71.4
Echinorhinoids 1 0.7 2 0.4 50.0
Squaloids 29 20.7 115 21.7 25.2
Pristiophoroids 2 14 18 3.4 11.1
Squatinoids 4 2.9 9 17 44.4
Heterodontoids 2 14 9 17 22.2
Lamnoids 10 7.1 17 3.2 58.8
Orectoloboids 12 8.6 34 6.4 35.3
Carcharhinoids 71 50.7 268 50.7 26.5
Total sharks 136 97.1 479 90.5 28.4

Table 3. Actual and relative numbers of species as
percentages of totals in families of sharks and
chimaeroids, for the Region and the world, with
comparisons of regional species as % of world
species.

World Regional

Region maximum as%

Families No. % total No. % total of world
Total species 140 100 515 100 27.2
Rhinochimaeridae 2 1.4 9 17 22.2
Chimaeridae 2 14 38 7.4 5.3
Chlamydoselachidae 0.7 2 0.4 50.0
Hexanchidae 4 2.9 5 1.0 80.0
Echinorhinidae 1 0.7 2 0.4 50.0
Squalidae 6 4.3 19 3.7 31.6
Centrophoridae g 6.4 15 2.9 60.0
Etmopteridae 7 5.0 48 9.3 14.6
Somniosidae 2 14 17 3.3 11.8
Dalatiidae 5 3.6 10 1.9 50.0
Pristiophoridae 2 14 9 1.7 22.2
Squatinidae 4 29 18 3.5 22.2
Heterodontidae 2 14 J 17 22.2
Parascyllidae 2 14 7 14 28.6
Orectolobidae 2 14 7 14 28.6
Hemiscyllidae 5 3.6 13 2.5 38.5
Ginglymostomatidae 0.7 3 0.6 33.3
Stegostomatidae 1 0.7 1 0.2 100.0
Rhincodontidae 1 0.7 1 0.2 100.0
Mitsukurinidae 1 0.7 1 0.2 100.0
Odontaspididae 1 0.7 4 0.8 25.0
Pseudocarchariidae 1 0.7 1 0.2 100.0
Alopiidae 3 2.1 4 0.8 75.0
Cetorhinidae 1 0.7 1 0.2 100.0
Lamnidae 3 2.1 5 1.0 60.0
Scyliorhinidae 21 15.0 140 27.2 15.0
Proscyllidae 2 14 5 10 400
Pseudotriakidae 1 0.7 3 0.6 33.3
Triakidae 7 5.0 46 8.9 15.2
Hemigaleidae 5 3.6 8 16 62.5
Carcharhinidae 31 22.1 54 105 57.4
Sphyrnidae 4 2.9 10 19 40.0
Total sharks 136 97.1 468 90.9 29.1
Mean for families 46.7
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Taxonomic diversity

Table 2 lists the higher groups of sharks and chimaeroids
in the Region, with number of species listed and compared
with numbers of world species, while Table 3 lists the
numbers of species in the families of sharks and chimaeroids
in the Region and with comparisons with numbers of
world species. It is apparent from these data that the
Region has a relatively low representation of chimaeroids
compared to the world fauna (possibly due to inadequate
and patchy sampling of the deep slope fauna below 600-
800m), while hexanchoids, squaloids, lamnoids,
orectoloboids, and carcharhinoids are represented in
the Region at levels comparable to or higher than world
levels.

Consideration of the species composition of the two
major shark groups in the Region, squaloids and
carcharhinoids, revea interesting differences from the
world fauna. Squaloid sharks (Figure 2) have higher
representation of gulper sharks (Family Centrophoridae)
and kitefin sharks (Family Dalatiidae) and much lower
representation of lantern sharks (Family Etmopteridae)
and sleeper sharks (Family Somniosidae) than the world
fauna, with dogfish sharks (Family Squalidae) similar
regionally and worldwide. These differences may partially
reflect the sketchy state of knowledge of deep slope faunas,
as well as better sampling of important commercial upper
slope species (gulper sharks) and epipelagic species (many
dalatiids). but may also reflect real differences from the
world fauna.

Carcharhinoid sharks have species of requiem sharks
(Carcharhinidae) and weasel sharks (Hemigaleidae) much
better represented than in the world fauna, and the
catsharks (Scyliorhinidae) and houndsharks (Triakidae)
less well represented. The relative abundance of requiem
and weasel sharks may represent better sampling of these
predominantly shelf families as well as very high species
diversity of these groupsin the Indo-West Pacific compared

Figure 2. Taxonomic diversity of higher groups of
sharks and of chimaeroids in the Region and the world,
with relative percentages of species.
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to other parts of the world. Catsharks are undiverse on the
shelvesin the Region and in the entire tropical Indo-West
Pacific, which may reflect the presence of small
orectoloboids (particularly the genus Chiloscyllium) as
possible competitors or replacements for them. However,
catsharks are most diverse on the continental and insular
slopes in the Region and in most of the world (southern
Africa being one notable exception, with a rich inshore
catshark fauna). Further deepwater exploration in the
Region might reveal several additional deepwater
scyliorhinids.

Habitat diversity

The diverse shark fauna of the Region occupies a variety

of habitats (Table 4, Figure 3), while the chimaeroids are

confined to deep water and the continental slopes. The

three main habitat categories for chondrichthyans are:

« themarinecontinental and insular.shelves, with inshore
and offshore waters from the intertidal to 200m, and as
an extension fresh water in lakes and rivers;

Table 4. Habitats occupied by sharks and
chimaeroidsinthe RE?IOH,WIth numbers of species
in each habitat and % of total number of species.

Habitat Code No. %total
Obligate freshwater FWO 0 0.0
Oceanic OCE 6 4.3
Euryhaline freshwater/shelves SHF 2 1.4
Continental/insular shelves SHL 55 39.3
Shelf to oceanic SHO 7 5.0
Shelf to slope SHS 27 19.3
Continental/insular slopes SLO 34 24.3
Slope to oceanic SOC 2 14
Shelf to semi oceanic SSO 5 3.6
Wide range of habitats WRH 2 14

Figure 3. Habitat diversity of sharks and chimaeroids
in the Region and the world, with relative percentages
of species in various habitat categories.
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e the continental and insular slopes below 200m and
extending to 2,000m depth;

¢ the oceanic realm beyond the continental shelves and
above the slopes and ocean floor.

Many species of cartilaginous fishes overlap two or more
of these categories, and can be placed into the following
overlap categories:

» shelfto slope, for those species that extend across the
shelf-slope boundaries;

» dlope to oceanic, for those deepwater slope species that
range into oceanic waters,

» shelfto oceanic, for those oceanic species that regularly
penetrate shelf waters;

« shelf to semi-oceanic, for those shelf species that regularly
range into the open ocean but adjacent to continental
waters;

« wide range of habitats, for those species which can
penetrate shelf, slope and oceanic habitats.

Compagno and Cook (1995) classified elasmobranchs in

fresh water in four rough habitat categories:

* obligatefreshwater, for those species confined to fresh
water;

« euryhaline, for those species that readily penetrated far
into fresh water but also regularly occurred in inshore
marine waters,

» brackish-marginal, for speciesconfined to brackish waters,

e marginal, for coastal shelf species that penetrated fresh
water in estuaries or river mouths but were not found
far from the sea

There are no known obligate freshwater sharks in the
Region, but there are problems with a lack of knowledge
of the life-history of the single species of river shark
(Glyphis sp. B) that is known to occur in the Region (from
Borneo) (Compagno, thisvolume, b). Henceit istentatively
listed as a euryhaline species along with the bull shark
Carcharhinus leucas until it is proven to be an obligate
freshwater species, as may be the case with severa
whiptailed stingrays (Family Dasyatidae) in the Region.
Oceanic species are comparatively few, as with the
world chondrichthyan fauna (Figure 3). The dominant
habitat categories are the continental shelves, with nearly
40% of the species, the continental slopes, and the shelf to
slope category, mostly for slope species that penetrate the
outer continental shelves. Habitat categories with small
representation include shelf to oceanic and shelf to semi-
oceanic. There are a few species in the region that occupy a
wide range of habitats: the great white shark Curcharodon
carcharias is possibly most common in temperate inshore
waters but readily penetrates the tropics, oceanic waters,
and the upper slope. The bluntnose sixgill shark Hexanchus
griseusis adeepwater speciescommon on the slopes, which
may reach inshore waters (particularly in temperate areas)



but is aso known from near the surface in the tropics and
may be wide-ranging on seamounts and possibly partly

pelagic.
Zoogeographic diversity

The Regional fauna of sharks and chimaeroids can be

categorised by their geographic distribution patterns

(Table 5) into three major categories:

» Regional endemics, comprising about 17% of the total;

«  Western Pacific species, about 24% of the total;

» Broaddistribution species, which isthe most important
category with about 59% of the total.

Endemic sharks and chimaeroids are relatively undiverse
in the Region compared to the IUCN subequatorial
African region (Compagno et al. 1989, 1994) or Australia
(Last and Stevens 1994). The Region has only about 17%
endemics compared to about 25% of 133 species of sharks
and nine species of chimaeroids in subequatorial Africa
Endemism in the Australian fauna is even higher (Last
and Stevens 1994), being 48% of the 166 species of sharks
and about 50% of the 14 species of chimaeroids.

Many Regional endemicsascurrently known are slope-
dwellers, especialy from off the Chinese coast and around
the Philippines, with relatively fewer shelf endemics.
Regiona endemics can be subdivided into
» China/Taiwan endemics, from the south-eastern coast

of China and southern Taiwan,

« Philippine endemics, from around the Philippines,
e South China Sea endemics, confined to the Region.

An important component of the Region's shark and
chimaeroid fauna occurs in species found in adjacent
waters of the Western Pacific Ocean, including those
species extending into the tropical West-Central Pacific
(including Indonesia, Papua New Guinea and tropical
Australia), a considerable number of species that extend
into the Western North Pacific (including many temperate-
water species that just reach the Region and which extend
northwards to Japan and the Koreas), and those Western
Pacific species that range north and south of the Region
in the Western North and Western South Pacific. Species
with broad distributions comprise the majority of species
in the Region and include a few Indo-Pacific species with
broad ranges from the Western Indian Ocean to the
Eastern Pacific. Most of these species are either Indo-West
Pacific in distribution, as part of the broad continuity of
Indo-West Pacific fauna from the Western Indian Ocean
to the Western Pacific (some of which range only to the
northern Indian Ocean), or are wide-ranging and occur
circumglobally or partly outside the Indo-Pacific region.
The high percentages of wide-ranging species and relatively
lowendemicity of Regiona sharksand chimaeras(particularly
on the continental shelves) suggest the zoogeographic role
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Table5. Distribution patterns with coding of sharks
and chimaeroids in the Region, with numbers of
species in each category and % of total number of
species.

Distribution patterns Code No. % total
China/Taiwan Endemic CHTE 3 2.1
Indo-Pacific endemics INPE 2 1.4
Indo-West Pacific Endemic IWPE 31 221
Philippine Endemic PHIE 7 5.0
South China Sea Endemic SCSE 14 10.0
West Central Pacific Endemic ~ WCPE 2 14
Western North Pacific Endemic  WNPE 18 12.9
Western Pacific Endemic WPAE 14 10.0
Wide-ranging WRAN 49 35.0

of the Region, particularly the inshore shelves, as more of
a distributional crossroads to other areas of greater
endemicity rather than a centre or series of centres of
diversification or endemicity. This does not necessarily
apply to the relatively poorly known continental slopes
(compared to other parts of the world such as the North
Atlantic, Japan and southern Africa), which have consider-
able endemicity, or for that matter the poorly known
offshore benthic faunas of the outer shelves of the Region.

Ecomorphotype diversity

Compagno (1990a) proposed a series of habitus types or
ecomorphotypes, characteristic patterns of morphology,
habitat, and activity that can be used to classify
cartilaginous fishes and to subdivide them ecologically.
The very varied ecomorphotypes of sharksand chimaeroids
in the Region (Table 6) indicate the wide taxonomic and

Table 6. Ecomorphotype coding of sharks and
chimaeroids inthe Region, with numbers of species
in each category and % of total number of species.

Ecomorphotypes Code No. % total
Anguilliform bathic BAN 1 0.7
Anoxybathic (sharks) BAO 0 0.0
Rhynchobathic BAR 11 7.9
Bathic (sharks) BAT 21 15.0
Chimaerobenthic (chimaeroids) BCH 2 14
Leptobenthic (sharks) BLE 19 13.6
Probenthic (sharks) BPR 6 4.3
Pristobenthic BPT 2 14
Squatinobenthic (sharks) BSQ 6 4.3
Littoral cancritroph (sharks) LCA 2 14
Littoral eurytroph (sharks) LEU 5 3.6
Littoral (sharks) LSH 42 30.0
Littoral sphyrnid (sharks) LSP 4 2.9
Littoral teuthotroph (sharks) LTE 2 1.4
Macroceanic (sharks) OMA 6 4.3
Macroceanic filter feeder OMA-F 1 0.7
Microceanic (sharks) owmI 6 4.3
Archipelagic (sharks) PAR 1 0.7
Tachypelagic (shark) PTA 2 1.4
Tachypelagic filter feeder PTA-F 1 0.7




ecological variety of sharks and chimaeroids in the area.
Of these, the variants on the primitive active littoral body
form of shelf-dwelling sharks, including macropredatory
(littoral eurytroph), specialist cephalopod (teuthitroph)
and crustacean (cancritroph) feeders, and thehammerheads
(littoral sphyrnids), are the most important. A large
component of bottom-dwelling shelf sharks and chimaeras
with various benthic morphotypes also occur in the area,
including compressed chimaerids (chimaerobenthics),
generalised bottom-dwellers (probenthics), elongated
bottom-dwellers (leptobenthics), sawfish-like forms
(pristobenthics, for sawsharks), and flattened angel-shark
like forms (squatinobenthics). Deep-slope morphotypes
among sharks include elongated edl-like forms (anguilliform
bathics, for the frilled shark Chlamydoselachus anguineus),
generalised deepwater ‘floaters' (bathics, for many slope
squaloids and deepwater lamnoids), and long-nosed
deepwater forms (rhynchobathics, including the goblin
shark Mitsukurina owstoni).

There are morphotypes in the Region for specialised
oceanic sharks, including large macroceanic sharks
(lamnoids and carcharhinids, plus the possibly
macroceanic filter-feeding whale shark Rhincodon typus)
and dwarf microceanic sharks (primarily dalatiid squaloids,
also the crocodile shark Pseudocar charias kamoharai).
Adaptations for sustained cruising and high speed are
seen in the few tachypelagic sharks in the area and
worldwide, including the shortfin mako Isurus oxyrinchus
and its essentially macroceanic-converted relative the
longfin mako 1. paucus, with the marginally (Taiwan)
distributed basking shark Cetorhinus maximus a
tachypelagic morphotype converted to sow but steady
filter-feeding on small crustaceans. The archipelagic
morphotype is only represented by the great white shark,
which shows tachypelagic characteristics combined with
adaptations for predation on large marine vertebrates.

Discussion

The Region has a rich tropical chondrichthyan fauna
which is best known from the broad shelves, which support
awide variety of artesanal and commercial fisheries as well
as small to huge fish markets in the various countries. As
has been known by systematic ichthyol ogists since the | ast
century (most notably from Pieter Bleeker's work in
Indonesia and elsewhere in the tropical Indo-West Pacific
in thelast century), fish marketsin the Region are excellent
places for obtaining a broad sample of the local inshore
and increasingly offshore and oceanic ichthyofauna,
including rare and unusual species. Cartilaginous fishes
are mostly caught as bycatch of other fisheries (including
high-technology oceanic fisheries) driven by more fecund
bony fishesand other fisheries species (Compagno 1990b).
The markedly increasing value of shark finsin general and
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large species in particular during the last decade (including
the fins of sharkfin guitarfishes and sawfishes) encourages
development and expansion of specialist fisheries targeting
large sharksin the Region for finsand for local consumption
of their meat, as well as removal of finsfrom small bycatch
sharks during processing of their carcasses for human
consumption or other uses.

An important feature of tropical inshore fisheries for
sharks is the bycatch of the young of large, more dow-
growing species such as tiger sharks, as well as young and
adults of small and medium-sized sharks. Many species of
sharks useinshore waters as nursery grounds, and small to
large scalefisheriesin the Region impact these directly. It
is suspected that some of the larger species may have
declined in the Region due to increased mortality of the
young from expanding coastal fisheries, aswell as targeted
fisheries. Targeted fisheries for large and medium-sized
coastal sharks cut down recruitment of young by decreasing
the number of breeding adults (Holden's model, 1974),
while massive bycatch fisheries that land small sharks, as
well as small-boat fishersthat target small sharks or collect
them as bycatch, catch the young of the larger species and
cut down the recruitment of adults.

Fishing methods in the Region are traditionally varied
and increasingly modern and intensive. They include poison
and explosive-fishing, use of SCUBA gear, and high-
technology local and international fishing vessels and gear
to augment traditional fishing methodology, artisanal
fisheries, and low-tech commercial fisheries (including
inshore bottom trawlingfisherieswith locally manufactured
moderate-sized boats and gear) without replacing them.
Unlike sdlective fisheries and markets in North American
and some European countries, cartilaginous fishes are
generally landed and utilised in tropical markets in the
Region and in most parts of the world as part of traditional
‘catch-everythingfisheries inwhich marginal and sometimes
useless and toxic species are landed as well as species that
are readily utilised for human consumption. Offshore high-
technology international fisheries with long-range fleets
may ditch finned sharks or bring them in, but the fins are
utilised regardless. Cartilaginous fishes form less than 1%
of world fisheries landings according to FAO statistics.
Non-selective, expanding fisheries are essentially driven by
increasing markets for fisheries products and sustained by
more fecund and fishable species than chondrichthyans,
including teleosts, cephal opods and crustaceans. Declining
chondrichthyan catches in such non-targeted fisheries have
little influence on the continuance of the fisheries. In such
fisheries chondrichthyans and other K-selected vertebrates
may be caught in the screws of an r-selected meatgrinder, so
to speak, and with inadequate monitoring can disappear
locally while the fisheries continue at high levels.

Market sampling can be an extremely valuable tool for
estimating the biodiversity of sharks and other
chondrichthyans in the Region, including determining the



relative abundance of various fisheries species over time as
the burgeoning fisheries take their toll. It should be noted,
however, that market sampling cannot substitute for wide-
ranging faunal surveys of the Region, as the markets often
reflect the activities of local fishers who can be relatively
conservative and selective in optimising the best catches on
well-known inshore grounds. Markets in the Region are,
for the most part, not being monitored in detail for species-
specific data on chondrichthyan catches, including
intraspecific composition by sex, size and ageclass, and this
is reflected by the datasets on cartilaginous fishes provided
to the United Nations Food and Agriculture Organization
(FAO), with most countries in the Region combining
chondrichthyan catches for various species or providing
separate statistics for sharksand rays. Thereareno statistics
available for chondrichthyan catches off Vietnam, Brunei,
and Cambodia.

The Sabah project is one of the first attempts in the
Region to provide intensive species-specific monitoring of
tropical markets that land primarily inshore elasmobranchs
(aswell asactively searching for freshwater el asmobranchs),
but it faces problems of continuity, funding, and trained
personnel to do the intensive and often laborious and
unpleasant field work. What is necessary is long-term and
broad-based species-specific monitoring of chondrichthyan
catches, which is properly afunction of fisheries agenciesin
cooperation with systematists and universities, but whichis
not occurring in most of the world. Systematics is the
essential basis of biological research, including fisheries
biology, yet systematists in general, and chondrichthyan
systematists in particular, are relatively few and declining
in numbers, whilethe need for systematic researchincluding
alpha taxonomy has increased markedly over the past few
decades with the expanding human population and
commensurate impact on terrestrial and marine
environments. Systematics has become unfashionable in
many universities, well-established university systematics
institutions such as the Division of Systematic Biology at
Stanford have disappeared, and recruitment of new
systematists and employment of young postdoctoral
systematists is not tracking the increased need for such
researchers. There is often no incentive for the present
generation of established systematic researchers to train
replacements in the form of graduate students, and no
incentives for graduate students to become systematists if
they face an uncertain career.

There is evidence from ichthyological sampling in the
1960s by the George Vanderbilt Foundation and more
recent market surveys in Thailand in 1993 and 1995, that
certain groups of inshore chondrichthyans, including
sawfish (Pristidae), possibly electric rays (Narcinidae and
Narkidae), and eagle rays (Myliobatidae), have markedly
declined in the Gulf of Thailand, while shark diversity and
landings have decreased and whiptailed stingrays
(Dasyatidae) and sharkfin guitarfishes (Rhinidae) are
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increasingly dominating the declining catches. Declining
inshore elasmobranch catches off the Philippines and
Thailand as recorded by FAO fisheries statistics (FAO
1996) are worrying, as are increasingly massive and
probably unsustainable catches of elasmobranchs off
Indonesia; these reached 93,000 metric tonnesin 1994 (the
highest intheworld). Theregionincludesseveral countries
that have major elasmobranch landings (over 10,000t per
year), including Malaysia, Indonesia, Taiwan and China,
and formerly Thailand and the Philippines.

The shelf shark fauna of the Region is best known from
off China and Taiwan, the Gulf of Thailand, Singapore
and Philippines. Surveys in the Gulf of Thailand and off
Sabah reveal a number of new records of sharks and other
elasmobranchs, and suggest that even the inshore
elasmobranch fauna of the Region is imperfectly known
and needs more survey work to improve our knowledge of
it. There is a danger that offshore benthic shelf
chondrichthyan faunas may be adversely impacted as
fisheries expand into areas that are poorly known by
systematists and fisheries biologists.

The oceanic chondrichthyan fauna of the epipelagic
zoneinthe Regioniswell-known dueto extensivecollecting
as part of fisheriesinvestigations, but isrelatively undiverse
and unspeciose as elsewherein theworld. The slope fauna
is best known off Taiwan (where deepwater sharks are
routinely landed in the local fisheries), southern China
and the Philippines, but is poorly known elsewhere. With
the rush to exploit deepwater teleosts elsewhere in the
world (particularly in the North Atlantic but increasingly
inthe southern hemisphere), itisquitelikely that deepwater
fisheries will expand in the Region and will have anegative
impact on a little-known chondrichthyan fauna including
deep-slope sharks, skates and chimaeroids.
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The South China Sea and adjacent areas have a rich ray fauna of at least 103 species, or about a fifth of the world's fauna. The
region is physically diverse with extensive and largely unexplored continental slopes. The fauna is in need of further study.
Knowledge of the species, some of which may be vulnerable to exploitation, is difficult in the absence of an adequate identification
tool. The low diversity of rajoids in the region may be partly due to the limited exploration of the local slopes. The ray fauna is typical
of other parts of the Indo-West Pacific where the myliobatoid groups, the stingrays (Dasyatidae), eagle rays (Myliobatidae) and the
devilrays (Mobulidae) are particularly diverse. The ray fauna has a wide habitat range including freshwater, oceanic, and continental
shelf and slope components, as well as species that bridge two or more of these broad habitat categories. Biogeographically, the
fauna is similar to the shark fauna in having few regional endemics (17%), and is primarily composed of wide-ranging species (54%)
and Western Pacific species (29%). However, unlike sharks, the proportion of Indo-West Pacific endemics (45%) greatly exceeds
the proportion of very widespread species (10%). Most of the ecomorphotypes ascribed to rays occur in the region, indicating a
high diversity of habitats and life history styles of the regional fauna. More than half the species are rajabenthic.

Introduction (Gulf of Thailand), Malaysia (Peninsular Malaysia,
Sarawak and Sabah, Borneo) Singapore, Kampuchea

The ray fauna of the Indo-West Pacificisthemost diverse ~ (Cambodia), Vietnam, China, Taiwan, Philippines,

on earth. Our understanding of its composition and  Indonesia (Kalimantan) and Brunei (sensu Compagno,

distribution is seriously impaired by a lack of focused  this volume).

research. Theinshore component of thefaunais reasonably

well known, although many of the species need more

critical examination and comparison across the region, as Biodiversity of rays in the region

the levels of sibling speciation are high. Offshore on the

continental slope and deep trenches the faunaismuchless  The rich chondrichthyan fauna of the South China Sea

well known. With the possible exceptions of the seas off and adjacent waters is likely to be a product of high

Taiwan and Japan to the north, and Australiato theeast,  habitat diversity and faunal mixing from two major ocean

few areas of the Indo-West Pecific have been adequately  pasins. At least 103 species of rays occur in the Region.

surveyed. Hence, in the absence of robust data, thepresent  These species are classified by taxonomic grouping, habitat

study must be considered to be preliminary. type, distribution pattern, and their ecomorphotypes (listed
This paper is acompanion paper to that on sharks and as codes) in Table 1. Each of these categories is discussed

chimaeras (Compagno, this volume), and is based on  separately as follows.

literature, regional checklists and databases referred to

therein. Its format closely follows this shark paper and ~ Taxonomic diversity

features described relating to the hydrography, bathymetry

and biomic structure, aswel as primary literature sources  Table 2 lists the higher groups (suborders) of rays in the

cited, apply equally to rays. Both authors have had along  Region, with number of species listed and compared with

involvement in researching the ray fauna of the Region  numbers of world species. Table 3 lists the numbers of

through field surveys, museum holdings, regional fish  gpecies in the families of rays in the Region, with

markets and reviewing literature on these fishes. Data  comparisons of numbers of world species. Like sharks, the

achI red will contribute -tO planned volumes of an FAO Region has a relatively high representation across higher

catalogue on world batoids. batoid groups (i.e. pristoids, rhinobatoids, torpedinoids,
The Region, defined as the tropical South China Sea  rajoids, and myliobatoids) with about a fifth to a half of

and adjacent waters, includes those countries fronting the  the world's diversity represented. The comparatively low

South ChinaSea (including freshwater habitats): Thailand  level representation of the rajoids, which is evident from
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Table 1. Species of rays in the South China Sea, with habitat, ecomorphotype and distributional codes.
Listings of codes below in Tables 4-6.

Habitat Ecomorphotype  Distributional
Scientific name Common name code code code
PRISTIDAE
Anoxypristis cuspidata Knifetooth sawfish SHL BPT IWPE
Pristis microdon Greattooth sawfish SHF BPT IWPE
?Pristis pectinata Smalltooth sawfish SHL BPT WRAN
Pristis zijsron Green sawfish SHL BPT IWPE
RHINIDAE
Rhina ancylostoma Bowmouth guitarfish SHL BRH IWPE
RHYNCHOBATIDAE
Rhynchobatus australiae Whitespotted shovelnose ray SHL BRH WCPE
Rhynchobatus laevis Smoothnose wedgefish SHL BRH IWPE
Rhynchobatus sp. Broadnose wedgefish SHL BRH WCPE
Rhynchobatus sp. Roughnose wedgefish SHL BRH WCPE
RHINOBATIDAE
Rhinobatos formosensis Taiwan guitarfish SHL BRH CHTE
Rhinobatos granulatus Sharpnose guitarfish SHL BRH IWPE
?Rhinobatos halavi Halavi guitarfish SHL BRH IWPE
Rhinobatos hynnicephalus Ringstraked guitarfish SHL BRH WNPE
Rhinobatos microphthalmus Smalleyed guitarfish SHL BRH WNPE
Rhinobatos schlegelii Brown guitarfish SHL BRH WPAE
Rhinobatos thouin Clubnose guitarfish SHL BRH IWPE
Rhinobatos typus Giant shovelnose ray SHL BRH WPAE
PLATYRHINIDAE
Platyrhina limboonkengi Amoy fanray SHL BRH WNPE
Piatyrhina sinensis Fanray SHL BRH WPAE
NARCINIDAE
Benthobatis sp. Narrow blindray SLO BTO IWPE
Narcine brevilabiata Shortlip electric ray SHL BTO CHTE
?Narcine brunnea Brown electric ray SHL BTO IWPE
Narcine lingula Rough electric ray SHL BTO CHTE
Narcine maculata Darkspotted electric ray SHL BTO CHTE
Narcine prodorsalis Tonkin electric ray SHL BTO IWPE
Narcine timlei Blackspotted electric ray SHL BTO IWPE
?Narcine sp. Indian electric ray SHL BTO WPAE
NARKIDAE
Crassinarke dormitor Sleeper torpedo SHL BTO WNPE
Narke dipterygia Spottail electric ray SHL BTO IWPE
Narke japonica Japanese spotted torpedo SHL BTO IWPE
Narke sp. Dwarf sleeper ray SHL BTO SCSE
Temera hardwickii Finless electric ray SHL BTO IWPE
TORPEDINIDAE
Torpedo cf. nobiliana Taiwan black torpedo SHL BTO WRAN
Torpedo tokionis Trapezoid torpedo SHL BTO WNPE
Torpedo sp. Philippine torpedo SHL BTO PHIE
ARHYNCHOBATIDAE
Notoraja subtilispinosa Velvet skate SLO BRA SCSE
RAJIDAE
Dipturus gigas Giant skate SLO BRA WNPE
Dipturus kwangtungensis Kwangtung skate SHS BRA WNPE
Dipturus macrocaudus Bigtail skate SLO BRA WNPE
Dipturus tengu Acutenose skate SHL BRA WNPE
Okamejei acutispina Sharpspine skate SHL BRA WNPE
Okamejei boesemani Black sand skate SHL BRA IWPE
Okamejei hollandi Yellow-spotted skate SHL BRA CHTE
Okamejei kenojei Spiny rasp skate SHS BRA WNPE
Okamejei meerdervoorti Bigeye skate SHL BRA WNPE
ANACANTHOBATIDAE
Anacanthobatis borneensis Borneo legskate SLO BRA CHTE
Anacanthobatis melanosoma Blackbodied legskate SLO BRA WPAE
PLESIOBATIDAE
Plesiobatis daviesi Giant stingaree SLO BRA IWPE
UROLOPHIDAE
Urolophus aurantiacus Sepia stingray SHL BRA WNPE
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Table 1 ... continued.

Habitat Ecomorphotype Distributional
Scientific name Common name code code code
HEXATRYGONIDAE
Hexatrygon bickelli Sixgill stingray SLO BRA WRAN
POTAMOTRYGONIDAE
Taeniura lymma Ribbontailed stingray SHL BRA IWPE
Taeniura meyeni Fantail stingray SHL BRA IWPE
DASYATIDAE
Dasyatis akajei Red stingray SHL BRA WNPE
Dasyatis bennetti Bennett's cowtail stingray SHL BRA IWPE
Dasyatis kuhlii Bluespotted maskray SHL BRA IWPE
Dasyatis laevigata Yantai stingray SHL BRA WNPE
Dasyatis laosensis Mekong freshwater stingray FWO BRA SCSE
Dasyatis microps Thickspine giant stingray SHL BRA IWPE
Dasyatis navarrae Blackish stingray SHL BRA CHTE
Dasyatis zugei Pale-edged stingray SHL BRA IWPE
Himantura bleekeri Whiptail stingray SHL BRA IWPE
Himantura chaophraya Giant freshwater stingray SHF BRA WPAE
Himantura fai Pink whipray SHL BRA IWPE
Himantura gerrardi Sharpnose whipray (Species complex, 2 spp.) SHL BRA IWPE
Himantura granulata Mangrove whipray SHL BRA IWPE
Himantura imbricata Scaly whipray SHL BRA IWPE
Himantura jenkinsii Golden whipray SHL BRA IWPE
Himantura krempfi Marbled freshwater whipray SHF BRA SCSE
Himantura marginata Blackedge whipray SHL BRA IWPE
Himantura  microphthalma Smalleye whipray SHL BRA WNPE
Himantura oxyrhyncha Longnose marbled whipray SHF BRA SCSE
Himantura pastinacoides Round whipray SHL BRA SCSE
Himantura signifer White-edge freshwater whipray FWO BRA SCSE
Himantura uarnacoides Whitenose whipray SHL BRA IWPE
Himantura uarnak Honeycomb whipray (Species complex, 2+ spp?) SHL BRA IWPE
Himantura undulata Leopard whipray [? = H. fava] SHL BRA WPAE
Himantura walga Dwarf whipray SHL BRA WCPE
Himantura sp. cf. signifer Darktailed freshwater whipray SHF BRA SCSE
Pastinachus sp. SHL BRA SCSE
Pastinachus sephen Feathertail stingray (Species complex, 2+ spp.) SHL BRA IWPE
Pteroplatytrygon  violacea Pelagic stingray OCE ORA WRAN
Urogymnus asperrimus Porcupine ray SHL BRA WRAN
GYMNURIDAE
Aetoplatea zonura Zonetail butterfly ray SHL B