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Foreword

This Status Report represents over a dozen years of
volunteer effort by many dedicated scientists and
conservationists, many of them obsessed by the plight of
sharks. Prior to the 1990s there was little interest in
protecting sharks and their relatives (the batoids and
chimaeras). Although a few of us had been clamouring for
management of dwindling stocks, chondrichthyan fisheries
were of such low value that we were getting nowhere. In
1988, a series of articles on shark finning raised US public
awareness. A hue and cry against this ‘cruel and wasteful’
process got the attention of US legislators, who began to
take action.

The 1990 American Elasmobranch Society (AES)
annual meeting voiced its concerns and agreed to address
overfishing through a special Symposium on elasmobranch
exploitation the following year. Dr George Rabb, then
Chairman of the IUCN Species Survival Commission
(SSC), rose from the audience and dramatically announced
that he had selected me to establish the Shark Specialist
Group (SSG) by forming a group of scientists and
conservationists interested in documenting, raising
awareness and eventually controlling the increasing threats
to sharks and their relatives. I was struck dumb because, as
a research scientist, I felt entirely inadequate to the task
and had no real experience with conservation or the often-
bizarre domestic and international politics that go with it.
But ‘fools rush in where angels fear to tread’ and, with a
small grant from ITUCN and the blessing of the AES, 1
began to search out experts willing to identify conservation
problems in their regions. The enthusiastic response was
truly gratifying; a group of passionate experts was quickly
assembled.

Meanwhile, planning was underway for the 1991 ‘Sharks
Down Under’ Conference in Sydney, Australia. Billed as
‘the inaugural international conference on shark
conservation’, it aimed to assess current knowledge of the
environmental crisis faced by sharks and establish future
directions for action. The meeting provided the first
opportunity for SSG founder members to discuss drafting
a Chondrichthyan Status Report and Action Plan. I gave
a short speech to open the Conference and several SSG
members presented seminal papers, published ina dedicated
issue of a respected Australian journal, making the point
that the SSG was an intellectual force to be reckoned with.
Shark conservation was becoming a reality!

In November 1993, the SSG summarised progress at
the4th Indo-Pacific Fish Conferencein Bangkok, Thailand.
Twenty-two members, including most regional chairs,
attended an SSG meeting. We defined our mission
statement, established a Trade Subgroup, set our schedule
for publication of the SSG Chondrichthyan Status Report

vii

and Conservation Action Plan by 1995 (naive, but we were
on a steep learning curve) and planned our newsletter
Shark News. At least one international SSG meeting has
been held every year since.

The culmination of my efforts took place in November
1994, when I testified in Fort Lauderdale, Florida, at the
9th meeting of the Conference of the Parties (CoP) to
CITES (the Convention on International Trade in
Endangered Species of Wild Fauna and Flora). The political
oratory that day led to the adoption of a Resolution
calling, inter alia, for a full review by the UN Food and
Agriculture Organization (FAO) and the CITES Animals
Committee of the global status of sharks. The Resolution
clearly understood the SSG’simportance and international
standing: ‘RECOGNISING that the members of the [UCN
Species Survival Commission’s Shark Specialist Group are
currently reviewing the status of sharks and the global trade
in their parts and derivatives in the course of developing an
action plan on shark conservation...’. This led to national
and international shark conservation and management
initiatives, most recently the adoption of an updated Shark
Resolutionat the 12th CITES CoP, November 2002, which
will drive much future work. The Parties also formally
recognised CITES’ role in marine resource management
with the listing of the whale shark and basking shark in
Appendix II: a “first’ for commercially exploited marine
fish.

In August 1995, after five and a half years at the helm,
I tendered my resignation to IUCN and returned to pure
research, asking my deputies, Sarah Fowler and Merry
Cambhi, to take over the reins as Acting and Deputy Chairs,
respectively. (In 1997, Sarah became Co-Chair with Jack
Musick.) Today, we have seen important advances in the
worldwide recognition of the plight of sharks by the public,
the conservation community and governments. When I
established the SSG 14 yearsago, I would not have expected
such a difference. However, we still have a long way to go
and the SSG’s work is far from complete. This Status
Report goes a long way towards systematically laying out
the rationale and need for sustainable management and
conservation of chondrichthyan stocks. The information it
presents lays the foundation for a Conservation Action
Plan, a companion document to be published separately in
the near future. A Status Report and Action Plan have
been a crucial objective of the SSG since 1991, to provide
both scientific information and advice that will lead to
rational and responsible management as well as effective
conservation of chondrichthyan species worldwide. I am
delighted to introduce this volume to our readers.

Samuel H. Gruber, Bimini, Bahamas, December 2004



Editor’s Note

There are several key points we urge readers to take note
of before reading this report.

Future updates
This is the IUCN/SSC Shark Specialist Group’s (SSG)

first major attempt to synthesise information on the global
status of chondrichthyans in one volume. It has been a
long-term effort by many contributors. However, as we go
to press we are already aware of several shortcomings. As
noted in the Foreword, writing and compiling this Status
Report has been underway for more than 12 years and,
prior to the employment of our Programme Officer in
2001, thiswas an entirely voluntary effort by SSG members
resulting in unavoidable delays in progress. Some sections
and facts are already outdated because of significant
advances in such fora as CITES and FAO and extensive
progress with our recent Red Listing efforts. Data
presented on landings and trade were current at the time
of writing the various sections; it is inevitable that this
information will be out of date by the time of publication.
Availability of domestic data and SSG regional contacts
at the time of writing dictated the level of detail that could
be included for each country in the regional reports, and
these vary widely.

Despite these shortcomings the decision was made to
print this large volume to facilitate its distribution and use
throughout the world. But, through periodic updates, this
status report will become a ‘living document’ on SSG’s
website www.flmnh.ufl.edu/fish/organizations/ssg/
ssg.htm. Therefore, we welcome additional information,
corrections, and updates from readers, particularly for
countries for which we currently have little or no
information.

Classification

The official classification system used by SSG follows
Compagno — see Chapter 2 for details. However, since
some of the sections were written several years ago, there
may be minor discrepancies with species names and
distributions in this report. Readers are advised to refer to
the checklist in Appendix I for clarification. Common
names used throughout the report are the official FAO
names in most cases, with the exception in some regional
contexts where the most commonly used regional names
(which may or may not appear in Appendix I) have been
used.

Landings and trade data

FAO data: FAO data are often the only available source
of catch and landings data for chondrichthyan fisheries in
many countries, but may be highly inaccurate as discussed
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in Chapter 4. Some national catches are unmonitored and
some FAO statistics are based solely on extrapolations of
poor quality data published in other years. Data from
national fisheries offices may be underestimates because
of widespread lack of reporting, inaccurate record keeping,
or willful under-reporting. These data may not account
for subsistence catches, recreational catches, landings in
foreign ports, transhipments at sea, and/or bycatch
discarded at sea. It has been estimated that global catches
may be twice that published by FAO. Caution should,
therefore, be exercised when attempting to draw
conclusions from this source.

We have used data from FAO, 2002, FISHSTAT Plus
(v.2.30), Capture Production Database, 1950-2000. Where
possible, this has been compared with information from
national fisheries organisations and/or anecdotal and
individual project research data (such information will be
made available at a later date as graphics and/or tables in
the regional sections of the SSG website, and updated
regularly). For the sake of consistency, we have used our
standard form of graphics and tables in Chapter 7 to show
overall regional trends in landings reported to FAO since
the 1950s, and to highlight the main chondrichthyan
fishing nations in each region. Where a country falls
within two SSGregions (e.g., USA, Mexico) FAO landings
data were divided by ocean of landing. The use of ‘t’ refers
to metric tonnes.

Data on fin trade: One way to assess the global trade in
shark fins is to examine import records from Hong Kong,
the world’s largest trading centre for fins. All quoted
figures for export of shark fins to Hong Kong cited as
‘Anon 2001’ in Chapter 7 are based on declared imports
from each particular country in the Hong Kong customs
databases and were compiled by summing weights of
unprocessed dried fins and unprocessed salted or frozen
fins (without adjusting for water content). For more details,
refer to Chapter 4. It should also be noted here that where
‘finning’ is mentioned, this refers to the practice of slicing
off a shark’s valuable fins and discarding the body at sea.

IUCN Red List assessments

Several of the TUCN Red List species status assessments
presented in Chapter 8 and referred to in other sections are
already outdated (see Appendix 9 for summary of updates).
The majority of assessments in this report were submitted
to TUCN for inclusion in the 2000 JUCN Red List of
Threatened Species™. Unless stated otherwise, the 2000
assessments were based on the previous JUCN Red List
Categories and Criteria (1994). In particular, it should be
noted that the ‘Conservation Dependent’ category no longer



exists. Since 2003, a number of Red Listing workshops
have been held around the world by SSG to continue to
evaluate the status of chondrichthyan species in more
detail. Some of the resulting species assessments can be
viewed on the SSG website others are still under review and
will be posted there in due course.The IUCN Red List
Programme is ongoing and readers are urged to regularly
consult the SSG (updated regularly) and IUCN Red List
(www.redlist.org — updated annually) websites.

Regional assessments

TUCN Red List assessments attempt to address the global
status of a species, synthesising information on all known
populations, and thisis our ultimate aim. For some species,
however, information is not yet available throughout
their entire range hence regional assessments have been
undertaken by SSG members in the interim to provide
useful guidance for conservation and management on a
regional basis. However, only the global assessments are
displayed on the IUCN Red List website, unless the
population in a region is considered a separate
subpopulation by IUCN definition (see www.redlist.org),
and then only displayed if this is more threatened than the
overall global assessment. Note that where a species is

endemictoaregion, the ‘regional assessment’is considered
the ‘global assessment’, and will appear as such in the
IUCNRed List. SSG planstomake all regional assessments
available on its website in due course.

Chondrichthyans, elasmobranchs and sharks
Readers may note the interchange between the terms
chondrichthyans, elasmobranchs and sharks. The strict
definitions of chondrichthyans (encompassing sharks,
batoids and chimaeras) and elasmobranch (sharks and
batoids) are provided in Chapter 2. The editors have made
every effort to make the use of the terms consistent as far
as possible. Similarly, with the terms batoid, skate and
ray. However, FAO tends to use ‘elasmobranch’ in many
of their statistics which can sometimes include chimaeras,
and ‘shark’ when referring to all chondrichthyans in the
context of the IPOA-Sharks (International Plan of Action
for the Conservation and Management of Sharks). Some
authors may also use ‘sharks’ in the broader sense, for
reasons of simplicity.

Rachel Cavanagh
TUCN Shark Specialist Group Programme Officer
December 2004
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Executive Summary

Sharks and their relatives — the batoids (including skates,
rays, guitarfishes and sawfishes) and chimaeras — are a
diverse group of cartilaginous fishes (class Chondrichthyes),
comprising about 1,200 living species. Unfortunately, the
life-history traits that have served these species well during
their 400 million years of evolution (slow growth, late
maturity, and low rates of population increase) also make
many of them vulnerable to intense human exploitation.

Shark fisheries have historically been undervalued and
ignored by fishinginterests, managers and conservationists.
But no longer: many species are now taken in vast numbers
in both directed commercial, subsistence and recreational
fisheries, and as bycatch in fisheries targeting other species.
Rapid expansion of the trade in shark fins in recent
decades has led to the widespread practice of shark finning
and altered the landscape of shark management and
conservation. Sharks are now among the world’s most
versatile and valuable fishery resources, providing an
important source of protein in some regions and luxury
goods in others.

With this rise in commercial value of sharks, the threats
to their populations have also escalated. These include
directed fishing, bycatch, habitat loss and habitat
degradation from a variety of assaults. Fishing is, by far,
the largest cause of chondrichthyan depletion worldwide.
Many historic shark fisheries were characterised by boom-
and-bust cycles of exploitation, making the fishery
economically unviable while leaving behind a locally
depleted population to recover over time. But as fisheries
have expanded during the past two decades, in many
waters to meet the growing demand for shark fins, few
shark populations now remain unexploited or are given
the opportunity for recovery. Reported global landings
have increased steadily since the early 1950s, when they
were around 200,000t. By 2000, 828,364t were landed
according to the United Nations Food and Agriculture
Organization’s (FAO) fisheries data, yet even this is likely
to be a gross underestimate of actual mortality. It is
impossible to predict the effect that such exploitation,
when compounded by the insidious and poorly quantified
threats from habitat loss and global climate change, will
have on the oceans’ sharks.

Despite increasing concern over the vulnerability of
sharks to this overexploitation, effective international
shark conservation and management remains woefully
lacking. Some progress has been made through the
adoption of the FAO International Plan of Action for the

Conservation and Management of Sharks, but its
implementationisextremely slow. Only a very few depleted
species that enter international trade are listed in the
CITES Appendices (Convention of International Trade
in Endangered Species of Wild Fauna and Flora). Many
other conservation and management tools are available to
help ensure sustainable shark fisheries, but the political
will to implement these tools must still be generated.

The TUCN/SSC Shark Specialist Group (SSG) has
prepared this Status Survey to provide a comprehensive
resource documenting the biology, threats, and
opportunities for global action for the conservation of
chondrichthyan fishes. The Survey arose out of widespread
concern that many populations are in serious decline
worldwide, resulting from expanding exploitation largely
in the absence of fisheries management, conservation
measures, or reliable data to guide sustainable fisheries.
Its eight chapters include information on taxonomy,
biology, and life history; the products, trade, and economics
of exploitation; regional reports summarising shark
fisheries from nine geopolitical SSG regions and their
fishing nations; and status assessments for more than 100
species. The wealth of information collected here reflects
the wide variety of work undertaken by the global SSG
network.

This Status Survey will be widely distributed to SSG
members, research and academic institutions, fisheries
departments, the Food and Agriculture Organization,
regional fishery organisations, conservation groups and
concerned individuals, in the hope that it will inspire and
form a strong scientific foundation to promote the
conservation and sustainable management of
chondrichthyan populations and their habitats around
the world. It will also regularly be updated and expanded
on the SSG website http://www.flmnh.ufl.edu/fish/
organizations/ssg/ssg.htm.

The Status Survey also sets the stage for a Conservation
Action Plan, which will be published as a separate
document to identify priorities and a global strategy for
the conservation of sharks and their relatives.

The SSG will use this report and the forthcoming
Action Plan to guide its future activities, encourage and
direct research, conservation and precautionary
management activities from international to domestic
levels, and for fundraising to support these efforts. Without
such initiatives, chondrichthyan populations and the
fisheries they support will not be viable for much longer.



Chapter 1

Introduction

John A. Musick

Sharks and their relatives, the batoids (including skates,
rays, guitarfishes and sawfishes) and chimaeras are all
chondrichthyans, or cartilaginous fishes. Chondrichthyans
are a rather small (about 1,200 species), evolutionarily
conservative group that has functioned successfully in
diverse ecosystems for over 400 million years. Despite
their evolutionary success some may now be threatened
with extinction as a result of human activity and the very
conservative life-history traits. Many, if not most
chondrichthyans grow rather slowly, mature at relatively
late ages and have a small number of young. These
characteristics result in very low rates of potential
populationincrease so that populations havelittle capacity
to offset excess losses from fishing (either direct or indirect)
and other sources of mortality wrought by humans.
Therefore, chondrichthyan populations are vulnerable to
overfishing, local extirpation and population collapse
from which they are slow to recover.

Most chondrichthyans are marine creatures, although
many utilise estuaries, particularly as nurseries and some
enter or are endemic to fresh water. Chondrichthyans
range from the immediate subtidal zone offshore to coastal,
bathyal (200-2,000m) and even abyssal habitats (>2,000m).
Some species are strictly benthic, like the skates (Rajoidei)
and angel sharks (Squatinidae), whereas others like the
mako shark Isurus oxyrinchus (Lamnidae) are pelagic,
restricting most of their activities to the upper layers of the
ocean. Threats posed to chondrichthyan habitats by
humansaredirectly proportional to the habitat’s proximity
to land. Freshwater species have been affected by the

construction of dams, deforestation (and siltation),
eutrophication and chemical pollution. Estuarine species
have been affected by the destruction of marsh and
mangrove nursery habitats. Likewise coastal species have
beenimpacted by habitat change brought about by human
activities such as trawling and dynamite fishing. Offshore
species are buffered the most from human-induced habitat
degradation. Vast oceanic habitats remain relatively clean
and unaltered, although the spectre of ozone depletion
and global warming will probably affect the geographic
ranges of some oceanic species of chondrichthyans.

Most chondrichthyans are predators, and the variety
of their prey is great. Some species of skates may specialise
on small benthic infaunal animals, such as polychaetes
or amphipods. Some rays, particularly the myliobatids,
may consume hard-shelled bivalve molluscs. Most sharks
eat a wide variety of fishes and crustaceans, although
white sharks Carcharodon carcharias prefer marine
mammals, and basking sharks Cetorhinus maximus and
whale sharks Rhincodon typus filter zooplankton from the
sea. Despite an extensive literature on the food habits of
chondrichthyans, very little is known of the dynamic
function they serve in their ecosystems.

The centre of greatest chondrichthyan biodiversity lies
in the Indo-West Pacific Region (as with many other
fishes). Some of the galeomorph sharks (requiem sharks
and their relatives, order Carcharhiniformes, carpet sharks,
order Orectilobiformes and bullhead sharks, order
Heterodontiformes) have radiated and reach their highest
diversity there. The ancient Orectolobiformes (carpet

A school of silky sharks
Carcharhinus falciformis.

Yves Lefevre, Fondation Malpelo



sharks) have low diversity outside the area and are
represented elsewhere only by the cosmopolitan whale
shark R. typus and one relict species (the nurse shark
Ginglymostoma cirratum) in the tropical Atlantic. In
contrast, the squaloid sharks, certain carcharhinoid sharks
(catsharks, family Scyliorhinidae), skates and the
chimaeras have reached their greatest diversity in the cool,
dark reaches of the bathyal zone, with the smaller species,
such as the lantern sharks (Etmopterus spp.) and many
skates, showing regional endemism. In fresh water, the
Amazon basin has the highest incidence of chondrichthyan
endemism and species diversity because of the radiation
within the river stingrays (family Potamotrygonidae).

Despite the infamous yet erroneous public image of
sharks as threatening man-eaters, the probability of shark
attacks is minute (there are fewer than 15 deaths per year
worldwide). Humans have a much higher probability of
being struck by lightning than being attacked by a shark.
Rather, it is the sharks that are increasingly threatened by
humans. Shark fisheries have proliferated around the
world in response to lucrative markets for shark fins used
for soup in Asia. In addition, the burgeoning human
population and its demand for food, along with the collapse
of many traditional fisheries, have created market demand
for the meat of sharks, skates, rays and even chimaeras.
Fishers, who once discarded chondrichthyans (often alive)
because of their low value, now land them or cut their fins
off and discard the dead or dying animals. The most
insidious source of mortality is bycatch, where species are
not the target of specific fisheries but are killed incidentally
in fisheries aimed at other species. For example, the
barndoorskate Dipturus laevis, alarge and obvious species,
was severely reduced in abundance in the western North
Atlantic before scientists noticed, because it is taken as
bycatch and often discarded dead in the bottom-trawl
fishery for cod, haddock or other teleosts.

The barndoor skate was allowed to decline because
little information is recorded on bycatch or landings of
chondrichthyans on a species-by-species basis, even in
such well-monitored fisheries as the Canadian and New
England ground fisheries. In other regions of the world
where the fisheries management infrastructure may be
rudimentary or non-existent, the situation is much worse.
In South East Asia, where most fisheries land everything
thatis captured, 60-70 species of chondrichthyans may be
landed in a single area. Some of the most common species
of batoids are still undescribed. In such areas, taxonomic
study and production of regional fish identification guides
are needed if fisheries data are to be provided on a species
level to enable effective management.

In other areas where species in the catch are known,
the lack of data on fishing effort and size and age
composition of the catch is problematic, even for fisheries
like the US Atlantic shark fishery, where the management
infrastructure is well established. In addition to a paucity

of fishery-dependent data, basic biological information
on age, growth and reproduction (all necessary for
management) is only known for about 4% of shark species
and less than 1% of batoids. Very little is known about the
biology of chimaeras.

Responsible management of chondrichthyan
populations has been hampered not only by the lack of
biological and fisheries data, but also by the historically
low priority given these fishes by fishery managers. Because
chondrichthyans have traditionally been of low market
value compared to most other fishes, very low (or no)
priority has been placed on their management (Shotton
1999). Even today when some sets of sharks fins may bring
in excess of US$700 per kg (Clarke et al. this volume),
shark fisheries are virtually unmanaged with the exception
of a few countries including Australia, Canada, New
Zealand and the USA. Some causes for lack of management
are the relatively recent and rapid development of
chondrichthyan fisheries and lack of knowledge on the
part of most fisheries managers about the extreme life-
history limitations and high vulnerability of most species
torapid overfishing. Furthermore, the long-term economic
impact of overfishing chondrichthyan stocks has been
overlooked. Whereas most teleost stocks can recover
from overfishing in less than a decade, chondrichthyan
stocks take several decades to recover, during which time
little, if any, economic gain can be realised from the
fishery. Consequently, even if chondrichthyan landings
may be of lower immediate value, the total economic loss
to fishers over the extended period of recovery may be
greater than that for more valuable species that recover
from overfishing more rapidly.

The ultimate objective of the present document is to
provide scientific information and advice that will lead
to responsible fisheries management and effective
conservation of chondrichthyan species worldwide.

Fishing harbour, Hodeidah, Yemen, the main shark landing point
in the entire Red Sea/Gulf of Aden region.
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The document begins with a brief description of
the taxonomic diversity and interrelationships of
chondrichthyans, general biology, ecology and life
history of chondrichthyans, their socio-economic
importance, threats to their populations and a discussion
of global conservation initiatives. The next section
includes regional overviews of the status of chondrichthyan
populations in nine geographic regions prepared by
TUCN/SSC Shark Specialist Group (SSG) teams from
each region.

A large part of this document comprises status reports
for individual species. The general format for these
accounts includes a discussion on taxonomy, physical
description, geographic distribution, ecology and life
history, exploitation and threats and the IUCN Red List
assessment as of 2000. Species chosen for review were
generally prioritised by perceived degree of threat,
ecological or economic importance and availability of
expertise within SSG. Many additional chondrichthyan
species have since been assessed, submitted to the Red List

(www.redlist.org) and summarised on the SSG website
(www.flmnh.ufl.edu/fish/organizations/ssg/ssg.htm). In
addition, the species status reports in this volume will be
updated on the SSG website as new information becomes
available, as will the regional overviews.
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Chapter 2

Classification of Chondrichthyan Fish

Leonard J.V. Compagno, Dominique A. Didier and George H. Burgess

2.1 Introduction

The living members of the class Chondrichthyes, the
cartilaginous fishes, are the end products of over 400
million years of evolution. Cartilaginous fishes comprise
the sharks, batoids (including skates, rays, guitarfishes
and sawfishes) and chimaeras. Chondrichthyans are often
mistakenly considered to be a group of unsuccessful and
primitive fishes; rather, they are a derived lineage of
superbly adapted, wide-ranging and highly diverse fishes
(Compagno 1973, 1977, 1981, 1984, 1988, 1990a, 1990c,
1999a, 1999b, 1999c, 2000a). They have survived and
successfully reradiated after two major periods of
extinction of life on Earth, the Permian-Triassic and
Cretaceous-Tertiary transitions. Today they occupy niches
in every marine environment, from coral reefs to cold
coastal waters and from pelagic expanses to the depths of
the world’s oceans; some even occur in fresh water.
Chondrichthyans range in size from less than 10cm to 20m
long when adult. Most are predators, ranging from feeders
on tiny bottom invertebrates to apical predators that feed

on large bony fishes, other sharks and marine tetrapods
(birds, turtles, whales, dolphins and seals). Some, like the
whale and basking sharks, are plankton-feeders.

It is easy to underestimate the diversity of living
cartilaginous fishes. Non-batoid sharks, particularly the
relatively few large, ‘toothy’ species, receive most of the
publicity and interest, both public and scientific; rays are
less well known and chimaeras are poorly known. There is
also a popular misconception of ‘sharks’ as being large
man-eating monsters fitting the JAWS image, which
distorts public awareness and masks the variety and
harmlessness of most sharks (Clarke ez al. this volume).

A problem that causes taxonomic confusion is an old
typological classification of the cartilaginous fishes as
consisting of three groups: the typical sharks, the rays and
the chimaeroids, with the chimaeras separated in the
subclass Holocephali and the sharks and rays falling in the
subclass Elasmobranchii. Most classifications of living
elasmobranchs then subdivide the Elasmobranchii into
separate groups for sharks (Squalii, Pleurotremata) and
rays (Batoidea, Hypotremata). In contrast, current

Figure 2.1. Examples of the
three main groups of
cartilaginous fishes: Silver
tip shark Carcharhinus
albimarginatus, spear-nosed
chimaera Rhinochimaera
atlantica and spotted eagle
ray Aetobatus narinari.

R. Williams




research shows thatlivingelasmobranchs can be subdivided
into two superorders, Squalomorphii and Galeomorphii,
orsqualomorph and galeomorph sharks. Modern cladistic
classifications (Shirai 1996; De Carvalho 1996; Compagno
2000a) treat the batoids as an order, Rajiformes, within
the squalomorph sharks, that is, as the sister group of the
sawsharks or Pristiophoriformes. The batoids are
dorsoventrally depressed sharks with enlarged pectoral
fins and indeed are the most successful shark order in
terms of sheer number of species and morphological
diversity. A cladogram and classification of chondrichthyan
fishes are shown in Figure 2.2 and Table 2.1.

Although cartilaginous fishes are less diverse than the
living bony fishes, they are more diverse than all other
groups of marine vertebrates, including jawless fishes and
marine tetrapods (reptiles, birdsand mammals). The danger
of not recognising chondrichthyan diversity in all of its
complexity is that it could readily decline with little notice
(Stevens et al. this volume).

It is likely that cartilaginous fishes were little affected
by human activities in most parts of the world during the
long, pre-industrial phase of human development. But
subsequent industrialisation, the exploding human
population and the advent of high-technology fisheries
and massive environmental modification have dramatically
affected these fishes. Because of their K-selected life history
patterns (Cailliet et al. this volume), cartilaginous fishes
face disproportional threats in the current period of
anthropogenically driven extinction that parallels the
evolutionary career of Homo sapiens. The fourfold increase
in world fisheries after World War II (Compagno 1990b,
2000b; Bonfil 1994) has resulted in a situation in which
exploitation and habitat modification are fast outpacing
our knowledge of chondrichthyan diversity at the basic
alphasystematiclevel. Overfishingand habitat degradation
(Stevens et al. this volume) are now occurring in areas
where adequate surveys of the chondrichthyan fauna have
not been conducted or where the faunas are largely

Figure 2.2. Cladogram of living sharks.
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unknown. We are overfishing species and destroying
habitats before the species are even known to science and
in most cases, even when species have been identified and
named we know almost nothing about their basic
biology.

Although much publicity has been generated during
the past decade from directed and overexploited fisheries
for large sharks, with strong focus on certain products
such as fins and cartilage, most fisheries for cartilaginous
fishes are unselective bycatch fisheries (with the bycatch
generally utilised) powered by large-scale exploitation of
more fecund, r-selected bony fishes, crustaceans and
cephalopods, in which continuing fisheries effort is not
limited by declining bycatch of cartilaginous fishes.
Chondrichthyan fishes caught in such fisheries may be
utilised or discarded, but more and more fisheries are
relying on the economic bonus of various shark products,
from meat for human consumption or livestock feed to
leather, liver oil, curios, trophies and purported medicinal
uses (Clarke et al. this volume). A further problem is that
some cartilaginous fishes that are known from historical
data (including museum specimens and locality records in
the systematic literature) are apparently much rarer than
other similar species that occur in the same areas and
environments. Such rarities are often difficult to distinguish
from more common species (except by experts) and could
be driven toward extinction as heavy bycatch exploitation
and habitat modification proceed apace and the more
common species themselves are severely depleted.

Chondrichthyan fishes are poorly known
taxonomically. New species and, less commonly, new
genera and even families, have been regularly discovered
by researchers over the past few decades. For example, the
megamouth shark Megachasma pelagios, despite reaching
5.5minlength, was only recently discovered and described
as a new species, genus and family of sharks (Taylor ef al.
1983). Similarly, Last et al. (2002) described six new
species of bioluminescent lantern sharks from the
Australasian region and acknowledged that additional
members of the genus recognised from the same region
will soon be described as new species.

Chondrichthyan systematics is poorly supported as a
discipline, with few research posts available, few
opportunities for students to study systematics, inadequate
funding and facilities and relatively few published works
that cover the subject locally or worldwide. There are
enormous areas of the world’s oceans that have poorly
known chondrichthyan faunas, particularly on the
continental and insular slopes below a depth of 200m and
inshore in many areas of the tropics.

Ninety-five new species and six new genera of
cartilaginous fishes were described between 1980 and
1990 and at least 30 new species, three new genera and one
new family were described between 1990 and 1999 (Burgess
pers. obs.).



Table 2.1. Classification of the living chondrichthyan fishes.

No. of No. of
Order Family genera species
Class Chondrichthyes Total cartilaginous fishes 188 1,168
Subclass Holocephali
Chimaeriformes. Modern chimaeras Total chimaeras 6 43
Callorhinchidae. Elephant fishes 1 3
Rhinochimaeridae. Longnose chimaeras 3 8
Chimaeridae. Shortnose chimaeras 2 32
Subclass Elasmobranchii Total elasmobranchs 182 1,125
Total non-batoid sharks 106 494
Superorder Squalomorphii Total squalomorph sharks 107 786
Total non-batoid squalomorphs 31 155
Hexanchiformes. Cow and frilled sharks Total cow and frilled sharks 4 6
Chlamydoselachidae. Frilled sharks 1 2
Hexanchidae. Sixgill and Sevengill sharks 3 4
Squaliformes. Dogfish sharks Total dogfish sharks 24 121
Echinorhinidae. Bramble sharks 1 2
Squalidae. Dogfish sharks 2 20
Centrophoridae. Gulper sharks 2 16
Etmopteridae. Lantern sharks ) 50
Somniosidae. Sleeper sharks 7 18
Oxynotidae. Roughsharks 1 )
Dalatiidae. Kitefin sharks 7 10
Squatiniformes. Angel sharks Squatinidae. Angel sharks 1 19
Pristiophoriformes. Sawsharks Pristiophoridae. Sawsharks 2 9
Rajiformes. Batoids (rays) Total batoids 76 631
Suborder Pristoidei: Sawfishes Pristidae. Modern Sawfishes 2 7
Suborder Rhinoidei: Sharkrays Rhinidae. Sharkrays 1 1
Suborder Rhynchobatoidei: Wedge fishes Rhynchobatidae. Wedgefishes 1 6
Suborder Rhinobatoidei: Guitarfishes Rhinobatidae. Guitarfishes 4 48
Suborder Platyrhinoidei: Thornbacks Platyrhinidae. Thornbacks and fanrays 2 3
Suborder Zanobatoidei: Panrays Zanobatidae. Panrays 1 3
Suborder Torpedinoidei: Electric rays Total electric rays 11 79
Narcinidae. Numbfishes 4 34
Narkidae. Sleeper rays 5 14
Hypnidae. Coffin rays 1 1
Torpedinidae. Torpedo rays 1 30
Suborder Rajoidei: Skates Total skates 28 283
Arhynchobatidae. Softnose skates 11 94
Rajidae. Hardnose skates 15 166
Anacanthobatidae. Legskates 2 23
Suborder Myliobatoidei: Stingrays Total stingrays 26 201
Plesiobatididae Giant stingarees 1 1
Urolophidae. Stingarees 2 28
Urotrygonidae. Round stingrays 2 15
Hexatrygonidae. Sixgill stingrays 1 1
Potamotrygonidae. River stingrays 5 26
Dasyatidae. Whiptail stingrays 6 76
Gymnuridae. Butterfly rays 2 12
Myliobatidae. Eagle rays 4 21
Rhinopteridae. Cownose rays 1 11
Mobulidae. Devil rays 2 10




Table 2.1 ... continued. Classification of the living chondrichthyan fishes.
No. of No. of
Order Family genera species
Superorder Galeomorphii Total galeomorph sharks 75 339
Heterodontiformes. Bullhead sharks Heterodontidae. Bullhead sharks 1 9
Orectolobiformes. Carpet sharks Total carpet sharks 14 34
Parascylliidae. Collared carpetsharks 2 7
Brachaeluridae. Blind sharks 2 2
Orectolobidae. Wobbegongs 3 7
Hemiscylliidae. Longtailed carpetsharks 2 13
Ginglymostomatidae. Nurse sharks 3 3
Stegostomatidae. Zebra sharks 1 1
Rhincodontidae. Whale sharks 1 1
Lamniformes. Mackerel sharks Total mackerel sharks 10 15
Odontaspididae. Sand tiger sharks 2 3
Pseudocarchariidae. Crocodile sharks 1 1
Mitsukurinidae. Goblin sharks 1 1
Megachasmidae. Megamouth sharks 1 1
Alopiidae. Thresher sharks 1 3
Cetorhinidae. Basking sharks 1 1
Lamnidae. Mackerel sharks 3 o)
Carcharhiniformes. Ground sharks Total ground sharks 50 281
Scyliorhinidae. Catsharks 16 154
Proscylliidae. Finback catsharks 8 5
Pseudotriakidae. False catsharks 3 4
Leptochariidae. Barbeled houndsharks 1 1
Triakidae. Houndsharks 9 47
Hemigaleidae. Weasel sharks 4 8
Carcharhinidae. Requiem sharks 12 54
Sphyrnidae. Hammerhead sharks 2 8

At present the class Chondrichthyes consists of about
60 families, 188 genera and 1,168 living species (see
Table 2.1). It is divided into two unequal groups, the
subclass Holocephali or chimaeras and the subclass
Elasmobranchii or shark-like fishes (including modern
sharks and rays). The Holocephali includes the order
Chimaeriformes and three families, six genera and
34-40+ species of chimaeras, ratfishes and elephantfishes.
The Elasmobranchiiincludesasits modern representatives
the highly diverse sharks and rays of the cohort Euselachii,
subcohort Neoselachii and the superorders Squalomorphii
and Galeomorphii.

Appendix 1 is a classification and checklist of living
cartilaginous fishes. In addition to valid, recognised genera
and species, it includes additional genera and species that
arerecognised by various systematists but are undescribed.
These are added to give an estimate of known diversity
beyond the valid, described species and account for the
range in total species reported. Many of these
undescribed taxa were found in poorly known areas.
This compilation of undescribed taxa probably omits
additional taxa that were not reported to the authors
but are known by other systematists. A list such as this
is constantly being amended by systematists as new

species are discovered and described and some described
species are determined to be synonyms of earlier
described species

2.2 Elasmobranchs

There are between 954 and 1,125 species of living
elasmobranchs in at least nine major groups (here ranked
as orders), 57 families and 182 genera. A few authors
recognise additional orders for the bramble sharks,
family Echinorhinidae, and frilled sharks, family
Chlamydoselachidae, but these are placed respectively in
the Squaliformes and Hexanchiformes here. Also, the
Squaliformes is sometimes divided into a few additional
orders (Shirai 1992, 1996), which is not followed here.
Non-batoid sharkscomprise about 34 families, 106 genera
and 417-494 species; batoids comprise 23 families, 76
genera and 537-631 species.

Elasmobranchs live in a wide range of habitats, from
fresh and intertidal waters to the open ocean, from waters
of the continental shelf and the deep slope to the ocean
floor at depths of over 4,000m. Most favour temperate to
tropical seas, but about 5% of the species live in fresh



water and some species range into Arctic and Antarctic
waters. Most elasmobranchs are found on the continental
and insular shelves and slopes, with a much lower diversity
below the slopes and in the open ocean. The greatest
diversity of living elasmobranchs occurs in the Indian
Ocean and western Pacific. Although some large-sized
coastal and oceanic species and larger deepwater
elasmobranchs are wide ranging and may be circumglobal,
many species have limited geographic distributions and
may be found in circumscribed areas (regional endemics);
in the waters of a single country (national endemics);
off a single island or island group (insular endemics);
off part of the coast of a single country, or in a river
crossing a few countries, or within the boundaries of a
single country. Generally speaking, small-sized and
strictly benthic-dwelling elasmobranchs have more
limited distributions than larger and pelagic taxa.

Squalomorph sharks, including batoids

The superorder Squalomorphii includes five orders of
sharks. The frilled and cow sharks (order Hexanchiformes)
are a small group of about six species (0.6% of the living
elasmobranchs) placed in two families. Unlike other non-
batoid sharks, which have five pairs of gill openings, cow
sharks (Hexanchidae) have six or seven pairs of gill openings
and frilled sharks (Chlamydoselachidae) have six pairs of
gill openings. Both groups are circumglobal in distribution.

By contrast, the dogfish sharks (order Squaliformes)
are a highly diverse group of seven families and at least 121
species (about 11%) of considerable ecological importance
found primarily in deep water and the open ocean. The
bramble sharks (Echinorhinidae), containing two species
and the roughsharks (Oxynotidae), with five species, are
the smallest squaliform families. The bramble sharks are
large, sluggish species that are found primarily in deep
water. They are widespread, but have irregular
distributions. The odd-shaped roughsharks are residents
of moderately shallow shelf to deep slope waters. All five
species are bottom dwellers with limited ranges. More
speciose are the kitefin sharks (Dalatiidae; about 10
species), sleeper sharks (Somniosidae; about 18 species),
dogfish sharks (Squalidae; about 20 species) and gulper
sharks (Centrophoridae; about 16 species). The kitefin
sharks are mostly smallish pelagic and epibenthic species,
the most renowned of which are the cookiecutter sharks.
The sleeper sharks range in adult size from about 0.3—7m,
the latter achieved by the lumbering Greenland and
(possibly) Pacific sleeper sharks. The dogfishes and gulper
sharks are greatly in need of systematic study. Species are
very difficult to tell apart and many are widespread in
distribution. The spiny dogfish Squalus acanthias is of
great commercial fishery importance, with populations in
marked decline in several areas as a result of overfishing
(Fordham this volume). Gulper sharks are locally

important as fishery species. The most diverse squaliform
family is the Etmopteridae, an assemblage of at least 50
small, bioluminescent lantern shark species. Most are
benthic and have limited geographical ranges.

The angel sharks (order Squatiniformes, family
Squatinidae) and sawsharks (order Pristiophoriformes,
family Pristiophoridae) are small, specialised groups with
about 19 (1.6%) and nine (0.8%) species, respectively.
Angel sharks and sawsharks are dorso-ventrally flattened
elasmobranchs that live on or near the sea floor. The
widespread, ray-like angel sharks primarily inhabit coastal
continental shelf waters, where they commonly burrow
into the sea bottom. Sawsharks, which bear saws on their
snout resembling those of sawfishes, are irregularly
distributed throughout the world in shallow to deep waters.

The order Rajiformes, the batoids, is by far the most
speciose order of squalomorphs (and of living cartilaginous
fishes), including more than half (56%) of the elasmobranch
species. The Rajiformesincludes nine groups, herein ranked
as suborders. Five of these are specialised and depauperate
groups of primarily tropical inshore species. The sawfishes
(suborder Pristoidei, family Pristidae) comprise seven
(0.6%) tropical and subtropical species with well-developed
rostral saws. They are found in shallow coastal, estuarine
and fresh waters worldwide and, as a group, are threatened
worldwide by overfishingand habitat loss and degradation
(Compagno and Cook this volume). The sharkrays
(suborder Rhinoidei, family Rhinidae) with one species
(0.1%), the wedgefishes (suborder Rhynchobatoidei, family
Rhynchobatidae) with about six species (0.5%), the
thornbacks (suborder Platyrhinoidei, family Platyrhinidae)
with three species 0.3% and the panrays (suborder
Zanobatoidei, family Zanobatidae), with about three
species (0.4%) are all dorso-ventrally flattened Indo-Pacific
bottom dwellers. Most achieve maximum sizes of 0.5-1m
in length, but two species, the bowmouth guitarfish Rhina
ancylostoma and white-spotted guitarfish Rhynchobatus
djiddensis, reach respective lengths of 2.7m and 3m. The
fins of both species are highly desirable, receiving extremely
high return in the fin trade (Rose 1996).

The electric rays (suborder Torpedinoidei) and
guitarfishes (suborder Rhinobatoidei, family
Rhinobatidae), are more diverse, with about 79 (6.9%)
and 48 (4.2%) species, in each suborder respectively. The
Torpedinoidei includes four families, the Hypnidae (the
coffin ray Hypnos monopterygius), the Narcinidae
(numbfishes), Narkidae (sleeper rays) and Torpedinidae
(torpedo rays). The dorso-ventrally flattened, bottom-
dwelling electric rays and guitarfishes show considerable
morphological and habitat diversity and are found
worldwide (however, the Hypnidae and Narkidae are
limited to the Indo-Pacific region). The electric rays, as
theirnameimplies, are capable of producingelectric shocks
ranging from a mild twinge in small species to a jolt capable
of knocking a large human to the deck in larger (up to 1m)



forms. Most guitarfishes are smallish (0.5-1m in length)
species taken as bycatch in trawl fisheries.

The two remaining batoid groups are similarly
dominant in diversity but complement each otherin habitat
and zoogeography. The skates (suborder Rajoidei), with
about 283 species (26%), are most diverse in deep water
and in higher latitudes; and the stingrays (suborder
Mpyliobatoidei), with about 201 species (18%), are most
diverse in inshore tropical waters and in fresh water. The
dorso-ventrally flattened skates range in size from about
0.25mtonearly 2min disc width (from wingtip to wingtip).
They are keystone species in many communities and are
among the most commonly captured fishes in numerous
trawl fisheries, marketed in many areas and discarded,
largely dead, in others. The three families of skates,
Anacanthobatidae (legskates), Arhynchobatidae (softnose
skates) and Rajidae (hardnose skates) are often united as
asingle family under the latter familial name (McEachran
et al. 1996; McEachran and Dunn 1998). As considered
here, the Myliobatoidei is comprised of 10 families, the
Plesiobatidae (giant stingaree Plesiobatis daviesi),
Urolophidae (stingarees), Urotrygonidae (round
stingrays), Hexatrygonidae (sixgill stingray Hexatrygon
bickelli), Potamotrygonidae, (river stingrays) Dasyatidae
(whiptail stingrays), Gymnuridae (butterfly rays),
Myliobatidae (eagle rays), Rhinopteridae (cownose rays)
and Mobulidae (manta or devil rays). Alternative
classifications of this group abound (e.g. Nishida 1990;
Lovejoy 1996; McEachran et al. 1996). Most myliobatoids
arecharacterised by having one or more tail spines capable
of injecting a venom capable of causing great pain and
occasional death.

Galeomorph sharks

The galeomorph sharks include many species popularly
considered to be typical sharks and fall into four
unequal-sized orders. The bullhead sharks (order
Heterodontiformes, family Heterodontidae) are a small
(nine species, 0.8%) group of morphologically similar
sharks occurringin tropical and temperate inshore waters.
These smallish (0.5-1.5m) sharks are unique among sharks
in producing large, spiral-shaped external egg cases in
which embryos develop until hatching months later.
The mackerel sharks (order Lamniformes) are a small
(15 species, 1.3%) but highly diverse group in both
morphology and ecology. The Lamniformes include
seven largely pelagic families, the Odontaspididae (sand
tiger sharks), Pseudocarchariidae (crocodile shark
Pseudocarcharias kamoharai), Mitsukurinidae (goblin
shark Mitsukurina owstoni), Megachasmidae (megamouth
shark Megachasma pelagios), Alopiidae (thresher sharks),
Cetorhinidae (basking shark Cetorhinus maximus) and
Lamnidae (mackerel sharks). The latter include such well-
known species as the mako, white and porbeagle sharks.

The makos, threshers, porbeagle and salmon sharks are
highly regarded as foodfishes, and white sharks and
shortfin makos have become valuable in a few areas as
ecotourism species (Clarke er al. this volume). All
lamniformes except the crocodile shark reach large
maximum sizes: none are shorter than 3m, seven are
larger than 4m, and four (basking, white, megamouth,
thresher) exceed 5m, with the basking shark reaching at
least 12m.

The somewhat larger group of carpet sharks (order
Orectolobiformes), with 34 species (3%) also has
seven families, the Parascylliidae (collared carpet-
sharks), Brachacluridae (blind sharks), Orectolobidae
(wobbegongs), Hemiscylliidae (longtailed carpetsharks),
Ginglymostomatidae (nurse sharks), Stegostomatidae
(zebra shark Stegostoma fasciatum) and Rhincodontidae
(whale shark). Orectolobiform sharks are mostly tropical
inshore bottom-dwellers commonly seen by divers
because of their benthic niches and slow swimming
speeds. Some species lay oval egg cases which protect
developing young, while others are live bearers. The
group also includes the huge (up to 15-20m), pelagic
whale shark, the largest species of all modern fishes,
which bear about 300 fully-developed pups in a litter.

The dominant shark order, second only to the
Rajiformes (the batoids) in species diversity with about
281 species (25%) of elasmobranch species, is the order
Carcharhiniformes (ground sharks). There are eight
families, the Scyliorhinidae (catsharks), Proscyllidae
(finback catsharks), Pseudotriakidae (false catsharks),
Leptochariidae (barbeled houndshark Leptocharias
smithii), Triakidae (houndsharks), Hemigaleidae (weasel
sharks), Carcharhinidae (requiem sharks)and Sphyrnidae
(hammerhead sharks). The ground sharks have diversified
across the entire spectrum of shark habitats except for
extremely high latitudes and include freshwater species,
oceanic species, deep-benthic species and numerous littoral
and benthic species. The Carcharhiniformes include many
of the shark species commonly taken in fisheries, especially
the catsharks, houndsharks, requiem sharks and
hammerhead sharks. Shark species most familiar to the
general public, including most of those involved in shark
attacks (most notably the requiem sharks) are also in this
order (Clarke et al. this volume). The Scyliorhinidae is the
most diverse family of sharks with more than 150 species.
Most are small (less than 80cm in length) and oviparous,
laying eggcases which encase the developing foetuses. All
other carcharhiniform species except Proscyllium habereri
(Proscylliidae) are livebearers.

2.3 Chimaeras

There are currently 34 described species of chimaeras
(order Chimaeriformes) (Didier 1995; Didier and Stehmann



1996; Didier 1998); however, recent research suggests that
losses to synonymy place this number closer to 30.
Additional species are in the process of being described or
are recognised as new in museum collections, bringing the
total to about 43 (Didier in prep.). Recent deep-sea
expeditions have yielded new species of chimaeroids and it
is assumed that there are many other species awaiting
discovery. Nine (Last and Stevens 1994) of the 13
undescribed species are from waters around New Zealand
and Australia.

The Chimaeriformes consists of three families, the
Callorhinchidae (elephant fishes), Rhinochimaeridae
(longnose chimaeras) and Chimaeridae (shortnose
chimaeras). The Callorhinchidae is a depauperate family
of three species, all described, confined to temperate waters
of South America, southern Africa and Australasia.
Elephant fishes are so-named because of the presence of a
flexible, hoe-shaped structure at the tip of the long snout.
The eight described species of rhinochimaerids are
distributed worldwide in temperate and tropical seas. Also
known as spookfishes, they possess long, pointed snouts
and some species reach lengths of over a metre. The
Chimaeridae is the most diverse family with about 32
species, including the undescribed forms. Lacking the long
snouts present in members of the other two families, the
shortnose chimaeras are found globally in tropical and
temperate waters. Some species are of local commercial
importance.

Examples of this order are found in all the world’s
oceans, excluding the far polar regions. Their depth range
1s 6-20min spawning areas to a maximum recorded capture
of over 2,000m. Although they are most common in the
colder waters of northern and southern oceans, increased
fishing and biological sampling in tropical regions has
resulted in the discovery of many new species. In areas
where careful collecting of chimaeroids has been conducted
(e.g. Australia and New Zealand), there is a great diversity
of species thatare separated both horizontally and vertically,
with significant overlap in some areas. It also appears that
some species may either be widespread throughout their
range or exist as separate populations; for example the
Pacific spookfish Rhinochimaera pacifica is found from
both New Zealand and Japan. Molecular studies may be
useful for identifying separate species and populations and
for determining whether hybridisation occurs in regions of
overlap.
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Chapter 3

Ecology and Life History Characteristics of
Chondrichthyan Fish

Gregor M. Cailliet, John A. Musick, Colin A. Simpfendorfer and John D. Stevens

3.1 Introduction

The biology of the chondrichthyan fishes is among the
most poorly known and least understood of all the major
marine vertebrate groups. Detailed information on life
history and reproductive dynamics is available only for a
few of the species that are of importance for directed
fisheries. This is the result of both the low priority placed
oncartilaginous fish research and the considerable difficulty
of data collection for many species (particularly those
restricted to deepwater habitats, or that are sampled only
at certain times of year or at some stages in the life cycle).

Thecartilaginous fishes occupy a wide range of habitats,
including freshwater riverine and lake systems, inshore
estuaries and lagoons, coastal waters, the open sea and the
deep ocean. Most species have a relatively restricted
distribution, occurring mainly along continental shelves
and slopes and around islands, with some endemic to
small areas or confined to narrow depth ranges. Others
are disjunct in their distribution, represented by many
populations occurring in widely separated areas around
the world. Many of the latter exhibit little or no genetic
exchange between populations, even including some cases
where migrating stocksappear to overlap. Only a relatively
small number of species are known to be genuinely wide
ranging. The best studied of these are the large pelagics,
which make extensive migrations across ocean basins.
However, at least some of the deepwater species, such as
the Portuguese dogfish Centroscymnus coelolepis, may
exhibit similar wide-ranging movements, although very
few of these have been studied.

Cartilaginous fishes are predominantly predatory;
however, some are also scavengers and some of the largest
(whale, basking and megamouth sharks and manta rays)
are suction or filter-feeders on plankton and small fish,
similar to the great whales. None are herbivorous. The
predatory sharks are at, or near, the top of marine food
chains. Therefore, wherever they occur their numbers are
relatively small compared to those of most teleost fishes.

3.2 Ecological role

Theecological role of chondrichthyans, for example, their
influence on the structure of complex fish communities,
has only recently been recognised as intensive fisheries
have disturbed ecological systems. For example the
abundance of spiny dogfish Squalus acanthias and several
species of skates (Rajidae) was observed to increase
drastically off New England after stocks of demersal
teleosts such as cod Gadus morhua and haddock
Melanogrammus aeglefinus collapsed from overfishing
(Anon. 1995). Theincrease in chondrichthyans wasimplied
to be due to the decrease in their teleost competitors and
predators on young, but this hypothesis has yet to be
supported by additional data. More recently, with declining
availability of the traditional teleost species, fishers have
been targeting spiny dogfish in the Northwest Atlantic,
with the consequence that these stocks are now in serious
jeopardy (Fordham this volume).

Casey and Myers (1998), Walker and Hislop (1998)
and Dulvy et al. (2000), working on skate assemblages in

Atlantic sharpnose shark
Rhizoprionodon terraenovae,
gravid female, carrying term
embryos and ripe oocytes
concurrently. The sharpnose
shark reproduces annually,
unlike the larger requiem sharks
which reproduce biennially and
mates shortly after giving birth.

Jose |. Castro
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the North Atlantic, all noted declines in the larger species
of skate such as Dasyatis laevis, D. batis, D. oxyrhyncus
and Raja alba, while smaller species increased in
abundance. Increased fishing mortality has altered the
species composition so that the species with the lowest age
at maturity now dominate. Dulvy ef al. (2000) suggested
that the removal of larger skates may have led to the
increase in smaller species through increased food
availability. Competitive release such as this has also been
implicated in a community shift from a teleost-dominated
to a chondrichthyan-dominated community on Georges
Bank (Murawski and Idoine 1992).

Inferential evidence of the effects of predation by large
sharks on small juvenile sharks was offered by Van Der
Elst (1979), who reported that the abundance of young
dusky sharks increased off South Africa after the large
sharks that preyed on them had been reduced in numbers
by protective beach meshing. However, Dudley and CIiff
(1993) concluded that Van Der Elst’s claims were
exaggerated, pointing out that small sharks are not as
important in the diet of large sharks as suggested by the
1979 study. Musick et al. (1993) suggested that juvenile
sandbar sharks increased substantially in the Chesapeake
Bight off the US mid-Atlantic coast after a 70-80%
reduction of large shark populations. A small species, the
Atlantic sharpnose shark Rhizoprionodon terraenovae,
also increased in abundance at the same time.

Although the diets of many shark species have been
studied in detail (Cortes 2000; Simpfendorfer ez al. 2001),
the trophic effects of sharks on ecosystems other than
those mentioned above are largely unknown. However, it
is widely considered that, as apex predators, the larger
species are likely to significantly affect the population size
of their prey species and the structure and species
composition of the lower trophic levels of the marine
ecosystem. This, of course, is dependent upon the rate at
which chondrichthyans consume prey. Gastricevacuation
studies indicate that many sharks take a relatively long
period of time to process their meals (Wetherbee ez al.
1987; Cortesand Gruber 1990; Cortes 1997), and therefore
do not eat often, reducing the potential effect on their
prey. Anderson and Hafiz (2002) report that Maldivian
fishermen believe that if they remove all pelagic sharks
from an area, they will no longer catch tuna, implying that
the removal of their predators will alter the behaviour of
tuna so that shoaling no longer occurs. More research is
required to confirm that these species do, indeed, play a
similar role to that of apex predators in the terrestrial
environment.

Stevens et al. (2000) reviewed what little is known
about trophic interactions resulting from the effects of
fishing on chondrichthyans and also carried out modelling
of selected ecosystems to examine the effects of
chondrichthyan removal. They found that ecosystem
responses to removal of sharks are complex and fairly
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unpredictable, though may well be ecologically and
economically significant and should be studied further.
For example, removal of tiger sharks from a tropical
ecosystem resulted in a decline in numbers of some
important commercial fish species, such as tuna, even
though the latter were not important prey for the sharks
and might therefore have been expected to increase in
abundance following loss of sharks from the ecosystem.
The tuna decline, in fact, occurred because the sharks kept
populations of other predators of these fishes in check.

3.3 Life history characteristics

Among the approximately 1,200 species of known
chondrichthyans there is considerable variation in life
history parameters (e.g. litter sizes among viviparous
species vary from 1-300; see Compagno 1990; Dulvy and
Reynolds 1997).

Studies on life history parameters such as age and
growth, along with basic information on distribution,
abundance, movements, feeding, reproduction and
genetics, are essential for biologists to understand and
predict how populations will grow and how they will
respond to fishing pressure (see Section 3.4). Good age
estimates provide valuable information on recruitment,
age at maturity, age-specific reproduction and mortality
rates, longevity and growth rates of fished populations.

Inthe past, age and growth studies have mainly utilised
size frequencies and size-at-birth and maturity estimates
to predict how shark populations will fluctuate. In many
cases, growth information was predicted from zones in
calcified structures such as spines and vertebrae (Cailliet
et al. 1983, 1986; Cailliet 1990). The basic process was to
remove calcified structures, such as vertebral centra and
process them so their growth zones could be counted.
Once sufficient samples of all size classes were analysed,
the result was a growth curve that represented the rate at
which size (usually total length) increased with increasing
age (estimated from the number of bands). In those
chondrichthyans for which vertebrae were not useful ageing
structures, other hard parts were used (spines or caudal
thorns; see Rago and Sosabee 1997; Gallagher and Nolan
1999).

Unfortunately, most sharks and rays have not yet been
reliably aged. For some species, using the current scientific
techniques on calcified structures may not even be possible,
and time-consuming and expensive tagging and recapture
studies (e.g. Cailliet et al. 1992; Kusher et al. 1992) are
often necessary.

In addition, in only very few cases have the growth
zones been temporally validated, resulting in potential
imprecision and inaccuracy in estimates of age at a
given size, which can seriously affect our ability to
manage these populations. Numerous verification and



validation techniques have been reviewed by Cailliet et
al. (1986) and Cailliet (1990). The best approach is to
mark these growth zones at an initial time, then analyse
growth zone deposition subsequent to a period of time
the shark remained alive and at large in the field or in
captivity. This technique has only been successfully
applied to a few species of sharks (see review by Cailliet
1990; Kusher et al. 1992 for chondrichthyans; Campana
2001 for fishes in general). It is easily seen that out of
the hundreds of species of sharks and rays that exist in
the world’s oceans, very few have been convincingly
studied.

Many recommendations have been made to improve
our knowledge of shark life histories (Cailliet and Tanaka
1990). These mainly centre around getting more and
better information about those sharks for which few
biological data are available. Verification of growth zones
in calcified structures is certainly among the most
important, but the list also includes improved precision
and accuracy, better growth models, increased sample
sizes (of size classes, sexes and geographic locations),
more tag-recapture studies (Casey and Taniuchi 1990)
and development and application of new methods of age
determination, verification and validation.

The chondrichthyans for which age and growth have
been estimated and verified generally exhibit strongly K-
selected life history strategies (Holden 1974), especially
when compared with the vast majority of r-selected,
highly fecund teleost fishes. With few exceptions (e.g.
Simpfendorfer 1992, 1999), these cartilaginous fishes
exhibit, to a greater or lesser degree:

* slow growth;

* late age at maturity;

e low fecundity and productivity (small, infrequent
litters);

* long gestation periods;

* high natural survivorship for all age classes and

* long life.

This suite of biological traits, which has developed over
some 400 million years of evolution, results in a low
reproductive potential for most species. This is an
appropriate and successful strategy for an environment
where the main natural predators of these fish (even as
juveniles) are larger sharks. These top predators need only
to produce a very few young capable of reaching maturity
in order to maintain population levels under natural
conditions. However, these K-selected life history
characteristics, combined with the tendency of many species
to aggregate by age, sex and reproductive stage, have
serious implications for the sustainability of fisheries for
cartilaginous species, particularly for apex predators with
few or no natural enemies and naturally small populations,
even at their centres of distribution. Their limited
reproductive productivity and, for many species, restricted
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geographical distribution severely limit the capacity of

populations to sustain and recover from declines resulting

from human activities (see Stevens et al. this volume).

Of those chondrichthyan fishes that have been aged,
most are relatively long-lived (up to about 75 years; see
McFarlane and Beamish 1987) and very slow to reach
maturity (Pratt and Casey 1990). Age to maturity ranges
from the unusually short 1-2 years in the Australian
sharpnose shark Rhizoprionodon taylori (Simpfendorfer
1992,1993)to 20-25 yearsin the spiny dogfish (McFarlane
and Beamish 1987) and the dusky shark Carcharhinus
obscurus (Natanson et al. 1995). Because of the paucity of
validated age and growth studies coupled with
comprehensive information on reproductive habits, such
informationis not known for most chondrichthyan species.

There are three main patterns of embryonic
development in chondrichthyans, all of which involve
considerable parental investment to produce small
numbers of large, fully-developed young that have a
relatively high natural survival rate (Hamlett 1997; Hamlett
and Koob 1999). Internal fertilisation of relatively few
eggs is followed by either:

* attachment of the embryo by a yolk-sac placenta
(placental viviparity);

* development of unattached embryos within the uterus,
with energy supplied by large egg yolks (ovoviviparity
oraplacental yolk-sac viviparity), ingestion of infertile
eggs (oophagy), ingestion of eggs and smaller embryos
(adelphophagy) or fluids secreted by the uterus (the
last three are all forms of matrophagy); or

* development of the young within large leathery egg
cases that are laid and continue to develop and hatch
outside the female (oviparity).

Depending on the species, females may bear from one or
two (in the case of the sand tiger shark Carcharias taurus
and manta ray Manta birostris) to 300 young (in the whale
shark Rhincodon typus). Gestation rates are unknown for
most species, but range from around three months (e.g.
rays in the genus Dasyatis and Urolophus halleri; Hamlett
and Koob 1999) to more than 22 months for the
ovoviviparous spiny dogfish (Pratt and Casey 1990), which
has the longest gestation period known for any living
vertebrate. Breeding does not always occur annually in
females: some species have one or more ‘resting’ years
between pregnancies.

Following their high initial investment in pup
production, many sharks and rays subsequently give birth
in sheltered coastal or estuarine nursery grounds, where
predation risks to the pups (primarily from other sharks)
arereduced (Branstetter 1990), or deposit eggsinlocations
where they are most likely to survive undamaged until the
pups emerge. There is no known post-birth parental care.
Nevertheless, it is thought that most chondrichthyans
have relatively low natural mortality coefficients (M).



However, accurately estimating M is one of the most
difficult things to do in marine fishes and usually indirect
methods are used (Gunderson 1980; Pauly 1980; Hoenig
1983; Vetter 1987; Gunderson and Dygert 1988; Jensen
1996). Few direct estimates of M have been generated for
chondrichthyan fishes (see Hoenig and Gruber 1990;
Manire and Gruber 1993; Simpfendorfer 1999; Gruber et
al. 2001).

Although the large majority of chondrichthyan species
are slow-growing with low productivity, a few species of
sharks, especially many of the smaller species, are not as
extreme in their life histories as the larger, K-selected
species (Smith e al. 1998). For example, the Australian
sharpnose shark matures at age one, lives to age six or
seven and has an average natural mortality rate of about
0.6 (Simpfendorfer 1999). Thisisin contrast to the sandbar
shark C. plumbeus with an average natural mortality rate
of only about 0.10-0.05 (Sminkey and Musick 1996).
Species that have shorter life spans are likely to have
higher productivity and are better able to sustain
commercial fisheries (Section 3.4), although they still
require careful and conservative management (e.g. the
gummy shark Mustelus antarcticus in Southern Australia,
with a maximum age of 16 years).

3.4 Life history constraints on
exploitation

In comparing life histories across taxa (see Table 1 in
Camhi et al. 1998; Cortes in press), it is immediately
apparent that many sharks and rays are among the latest-
maturing and slowest-reproducing of vertebrates. Their
reproductive strategies, along with the relatively close
relationship between parent stock and subsequent
recruitment from their live-borne or egg-borne early
development, contrast markedly with those employed by
all but a few examples of the teleosts, which support most
fisheries (sharks and rays provide around 1% of the total
world catch, see Stevens et al. this volume). In general,
cartilaginous fishes are much slower-growing and live
longer than teleosts. Thousands to tens of millions of tiny
eggs are produced annually by large teleost fishes and,
although only very few of the young produced survive to
maturity, recruitment to the adult population is broadly
independent of the size of the spawning stock (at least until
the latter declines to extremely low levels). This is partly
due to the operation of density-dependent factors that
compensate for adult population decline.

Once basic life history information, such as age, size,
mortality (age-specific death rates) and natality (age-
specific birth rates), is available, demography can be
applied to better understand the population dynamics of
sharks. Using life tables constructed of survivorship and
reproductive schedules (Mertz 1970; Krebs 1985), one can
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calculate the following reproductive demographic

parameters:

* Net Reproductive Rate (R or multiplication rate per
generation);

* Generation Length (G = the average time between the
birth ofanindividual and the birth of her first offspring;
also defined as the mean age of living, reproductive
females in the population by IUCN);

* Intrinsic (instantaneous) Rate of Increase or growth
coefficient of the population (r);

* Finite (usually annual) Rate of Population Increase (¢");
and

*  Doubling Time (time, in years, it takes for a population
to double).

This approach has only been utilised successfully for a few
shark species (Cailliet 1992; Cailliet et al. 1992; Cortes
1995, 1998; Cortes and Parsons 1996; Sminkey and Musick
1996; Simpfendorfer 1999; Brewster-Geiszand Miller 2000).
Demographic analyses have helped manage some of these
species. Forexample, the leopard shark Triakis semifasciata
from California waters (Cailliet 1992; Kusher et al. 1992)
was estimated to have an R_of 4.47,a G of 22.35 years and
an r of 0.067, in the absence of fishing pressure. However,
when fishing mortality is included, these population
parameters are radically reduced and suggest the need for
management procedures such as size and bag limits.

These results are even more graphic for the longer-
lived sandbar shark, for which demographic analyses
using both life history tables and stochastic matrix
modelling indicate that their annual rate of population
increase is only between 2.5% and 11.2% (most likely 5.2%
maximum; Sminkey and Musick 1996; Cortes 1999;
Brewster-Geisz and Miller 2000). Thus, one can readily
see how a shark population, with relatively slow growth,
late age at maturity, long gestation period and low
fecundity, can be very vulnerable to overfishing.

As a result of few and inadequate age and growth
estimates, the use of stock replacement and yield per
recruitment models (Smith and Abramson 1990) and
demographicanalyses hasnot been widely applied. Because
of these gaps in ecological knowledge, shark populations
have continued to suffer from overexploitation without
the benefit of reasonable management strategies.

A relatively new analytical technique (Au and Smith
1997), termed ‘Intrinsic Rebound Potentials’ by Smith ez
al. (1998), requires less basic life history information and
may prove very useful in early management efforts on
newly developing shark and ray fisheries. Their method
incorporated density dependence as r depended on the
level of fishing mortality and the resulting decrease in
population size. Productivity was strongly affected by age
at maturity and little affected by maximum age. Sharks
with the highest recovery potential tend to be smaller,
early-maturing, relatively short-lived inshore coastal



species such as Mustelus and Rhizoprionodon. Those with
the lowest recovery potential tended to be larger-sized,
slow-growing, late-maturing and long-lived coastal sharks
such as Carcharhinus obscurus, C. plumbeus, C. leucas,
Sphyrna lewini and others. The smaller-sized Squalus
acanthias and Galeorhinus were also in this group (Smith
et al. 1998; Cortes in press).

Alternative approaches to determining vulnerability
have looked for other life history traits such as body size,
which are correlated with response to exploitation. In
skates, body size appears to be a good predictor of
vulnerability to exploitation (Dulvy et al. 2000; Dulvy and
Reynolds 2002), with larger species having lower
replacement rates than smaller species (Walker and Hislop
1998; Dulvy et al. 2000; Dulvy and Reynolds 2002).
However, this trend is less clear in western Atlantic skates
and in Pacific sharks there is no body size correlation with
Smith et al’s (1998) rebound potential (Stevens et al.
2000). While the detection of species that are potentially
vulnerable to exploitation is in its infancy, refinements of
these new approaches may well lead to useful tools for the
assessment of vulnerability.

Alltraditional fisheries management strategies are based
on typical teleost reproductive strategies and life history
characteristics. In contrast, recruitment of cartilaginous
fishes to the adult population is very closely linked to the
number of breeding females (see Rago and Sosabee 1997).
This suggests that as mature individuals are fished out, the
number of younger fish that will support future generations
will also decline, which in turn limits future productivity of
the fishery and the capacity of shark populations to recover
from overfishing. In this respect, the reproductive potential
and strategies of the cartilaginous fishes, particularly the
larger species, are more closely related to those of the
cetaceans, sea turtles and large land mammals and birds
than to the teleost fishes (Musick 1997; Musick 1999;
Musick et al. 2000). As a result, a very different approach
tomanagement than that currently employed for teleosts is
required for chondrichthyan fisheries to be sustainable (see
Stevens et al. this volume).

It should, however, be noted that some density-
dependent factors do operate for elasmobranch stocks,
notably theincrease in survivorship of juveniles and smaller
species as adults and larger species are fished down (see
Section 3.2).
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Shelley Clarke and Debra A. Rose

Introduction

Chondrichthyans are versatile fisheries resources,
providing meat and shark fins for human consumption;
leather; shark liver oil used to produce lubricants, cosmetics
and vitamin A; live specimens for aquaria; and shark teeth
and jaws sold as tourist curios. More recently, shark
cartilage has been exploited as a purported treatment for
cancer and other ailments (Jiminez 1994; Vannuccini 1999),
and sharks and rays have become an important attraction
to scuba divers. Nevertheless, shark fisheries have been
historically undervalued and ignored, except during ‘boom-
and-bust’ cycles for export products such as liver oil and
fins and most remain unregulated.

The versatility of chondrichthyan products and the
ease with which fishing effort can be targeted towards
chondrichthyans when other species are depleted, restricted
or seasonally unavailable have led to increasing
exploitation over the past few decades. Rapid expansion
of the trade in shark fins has placed a disproportionate
value on one small part of the shark carcass and led to the
practice of shark finning in which all but the fins are
discarded. These trends, in combination with an inherently
vulnerable life history (Cailliet ez al. this volume), are now
widely recognised as a cause for serious concern.

Since 1985, reported elasmobranch catches to FAO
have increased annually by an average of 2% through
2000, roughly tracking, if not falling behind, increased fin
fish catches worldwide. In 2000, the reported annual
capture production of 828,364t of elasmobranchs
represented just over 1% of the annual total capture
production for all marine fishes (FAO 2002) (Table 4.1).
Although global elasmobranch production has remained
fairly stable in relation to fish production, this is the
product of considerable regional variation, with declining
catches in heavily fished regions masked by increasing
catches as fishermen move into new grounds.

Average weights of individuals vary widely by fishery
and target species, but assuming 20kg per individual
(sensu Bonfil 1994), total reported catches in 2000 would
represent over 41 million sharks, skates and rays. In recent
years (1998-2000) the highest catches (>60,000t per country
per year) have been reported by Indonesia, India and
Spain. Other major contributors to the fishery (25,000—
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55,000t per country per year) during this period include
Pakistan, Taiwan, the USA, Mexico, Japan, Argentina
and Sri Lanka. The People’s Republic of China, the
driving force behind the shark fin trade and the major
market, is a minor player in shark fisheries, reporting only
200-400t/year of shark catches in 1999 and 2000 and
negligible quantities in prior years (FAO 2002).

Actual elasmobranch catches are likely to be
significantly higher than indicated by these figures because
of the lack of reporting as well as inaccurate record
keeping and wilful underestimation. Offshore fleets, which
often target tuna or swordfish but also take a large shark
bycatch, may land partially processed sharks in foreign
ports or tranship cargo at sea, thereby obscuring valuable
species, fishery and geographic information. In addition,
many thousands of metric tonnes of elasmobranchs are
believed to be discarded at sea, either in whole form or
with fins removed and the catch weights of these discards
are often unaccounted forinlogbooks. Actual catches may
be up to double those recorded in the official statistics
(Bonfil 1994). Similarly, sharks caught by artisanal fishing
communities may be consumed locally and bypass official
record keeping, or there may be no existing system of
monitoring. Globalstatistics on the production of particular
shark products such as meat, fins and liver oil are available
(Table 4.2), but owing to sparse data and the potential for
double counting, conversions to numbers or biomass of
sharksare problematic. Produced quantities of less valuable
elasmobranch products, such asskinsand leather, cartilage,
jaws, fish meal and fertiliser, are rarely tabulated by trade
authorities and are thus even more difficult to assess.

Elasmobranch fisheries have long been described as
being characterised by a great deal of waste because of the
processing difficulties or economic infeasibility of
obtaining all potential products, such as meat and leather,
from a single animal (Kreuzer and Ahmed 1978§; Nichols
1993; NMFS 1993). Utilisation is expected to have declined
further as the expanding trade in shark fins has led to the
proliferation of finning in at least some fisheries (Camhi
1999). Smaller sharks are more easily marketed for human
consumption owing to lower concentrations of urea and
mercury, ease of processing and size comparability with
other fisheries species (Kreuzer and Ahmed 1978). In
contrast, when elasmobranchs are taken to supply the
demand for fins or shark skin, larger sharks are preferred.
The quality of the meat or the fin rays of particular species



Table 4.1. Capture production of sharks, rays and chimaeras by country, 1985-2000 (metric tonnes)
(FAO 2002).

Country 1985 1986 1987 1988 1989 1990 1991 1992
Indonesia 54,536 55,087 58,887 63,982 74,907 73,272 76,827 80,139
India 50,470 49,094 57,850 73,495 66,281 51,230 55,925 59,730
Taiwan, Province of China 55,768 45,994 50,756 43,899 54,790 75,731 68,632 64,512
Pakistan 29,502 27,366 28,634 30,324 27,633 40,043 45,098 45,745
Mexico 33,310 29,397 27,903 34,610 33,114 44,880 41,169 43,267
Japan 39,435 44,412 42,877 28,616 33,904 32,103 33,362 38,466
USA 11,906 12,092 15,204 17,169 20,445 34,576 35,510 54,093
Spain 13,718 15,771 22,022 16,682 21,413 14,163 14,578 9,946
France 33,143 36,378 36,634 34,400 27,298 26,310 25,895 24,705
Sri Lanka 15,113 15,543 16,083 16,710 16,958 15,263 18,360 18,306
Argentina 15,267 16,113 15,342 21,141 16,513 16,687 17,628 18,915
United Kingdom 22,816 21,340 25,681 24,523 22,161 21,776 20,690 23,412
Brazil 29,604 25,729 27,761 24,263 24,872 24,690 23,730 20,500
Malaysia 13,328 15,388 13,877 16,194 13,678 17,360 17,161 20,771
Korea, Republic of 22,888 20,954 16,172 21,682 20,847 15,721 21,400 12,250
Peru 16,782 23,251 23,117 26,635 25,045 12,266 5,586 13,571
New Zealand 10,355 7,566 8,496 11,234 9,708 10,108 9,809 9,617
Thailand 9,226 18,522 14,359 11,438 11,211 10,950 11,056 7,576
Philippines 10,948 18,058 16,155 17,879 18,980 18,442 19,049 8,985
Portugal 5,306 6,233 9,376 7,850 6,732 19,999 30,495 13,396
Other 132,811 134,948 142,475 150,006 128,634 117,431 121,757 140,747
Total 626,232 634,236 669,661 692,732 675,124 693,001 713,717 728,649
Country 1993 1994 1995 1996 1997 1998 1999 2000
Indonesia 87,138 92,776 98,098 94,691 95,998 110,788 108,393 111,973
India 76,604 83,689 77,078 132,160 71,991 74,704 76,802 72,090
Taiwan, Province of China 56,080 39,457 44,064 41,158 40,089 40,025 42,933 45,923
Pakistan 46,405 50,177 49,964 51,432 48,429 54,497 54,958 51,170
Mexico 43,603 42,922 43,470 45,205 35,665 36,532 35,239 35,260
Japan 38,539 34,317 31,146 24,206 29,397 34,262 36,519 33,072
USA 38,074 37,764 37,554 52,043 40,425 44,560 37,559 30,935
Spain 11,572 20,827 24,380 19,012 99,320 67,319 67,226 77,269
France 23,064 22,149 21,613 22,447 23,641 21,524 22,918 22,794
Sri Lanka 29,111 33,875 28,477 27,954 26,920 28,500 29,360 28,014
Argentina 18,933 23,651 258882 30,169 28,987 33,514 27,517 25,716
United Kingdom 19,692 18,358 22,155 21,335 21,443 20,082 17,558 17,392
Brazil 18,300 15,800 14,881 14,894 14,941 17,269 18,553 18,480
Malaysia 20,898 20,889 24,144 24,007 24,765 23,943 25,125 24,521
Korea, Republic of 20,342 17,845 17,938 15,593 15,900 10,310 16,397 15,395
Peru 13,908 5,796 7,070 6,680 6,780 14,295 8,989 15,405
New Zealand 14,171 12,717 17,766 14,293 22,619 15,840 19,810 17,718
Thailand 8,312 13,229 15,281 17,753 17,969 16,026 16,200 16,213
Philippines 10,928 9,081 9,059 8,595 3,815 4,293 4,490 4,328
Portugal 13,711 11,354 9,387 9,253 8,392 8,386 9,193 9,060
Other 131,883 150,541 143,793 141,483 149,591 139,724 148,105 155,636
Total 741,268 757,214 762,650 814,363 827,077 816,393 823,844 828,364

also determines catch handling and utilisation (McCoy
and Ishihara 1999). Markets may thus selectively drive the
exploitation of particular species and sizes in directed
fisheries and the utilisation or wastage in bycatch fisheries.

This chapter also introduces the socio-economic
importance of elasmobranchsin culture and for recreation.
The positive (ecotourism) and negative (shark attack) of
thelatter are reviewed, as are theimportant role of aquaria
and education programmes in providing conservation of
these animals.
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4.2 Markets and production

Shelley Clarke and Debra A. Rose

Meat

Consumption of shark meat has been recorded in literature
as early as the fourth century and represents a traditional
part of the diet in coastal areas of Asia, Africa, Latin
America and the Pacificislands (Vannuccini 1999). Drying



Table 4.2. Production, import and export quantities for elasmobranch commodities, 1985-2000 (metric

tonnes) (FAO 2002).
1985 1986 1987 1988 1989 1990 1991 1992

SharkMeat (Fresh, Chilled or Frozen)'

Production 23,233 22,462 25,826 31,083 25,537 29,952 36,476 46,701

Imports 34,448 32,085 38,530 40,326 39,030 44,643 46,671 45,447

Exports 25,046 26,942 31,465 33,854 29,542 37,396 45,637 45,140
Shark Meat (Dried or Salted)?

Production 8,240 9,759 11,317 10,227 11,896 11,108 7,239 10,355

Imports — — 8 — — — 40 —

Exports 67 1 8 30 1 1 20 1
Shark Meat (Total)®

Production 31,473 32,221 37,143 41,310 37,433 41,060 43,715 57,056

Imports 34,448 32,085 38,533 40,326 39,030 44,643 46,711 45,447

Exports 25,113 26,943 31,473 33,884 29,543 37,397 45,657 45,141
Shark Fins*

Production 3,745 2,762 2,206 5,392 6,423 5,782 4,394 4,500

Imports 3,795 3,922 4,907 5,915 5,236 5,272 5,793 5,743

Exports 2,799 2,884 3,497 3,339 4,069 4,341 2,847 4,224
Shark Liver Oil®

Production 113 82 45 42 31 35 53 41

Imports 2 3 45 181 303 544 821 402

Exports 992 3il 36 429 18 29 214 234

1993 1994 1995 1996 1997 1998 1999 2000

Shark Meat (Fresh, Chilled or Frozen)'

Production 49,955 47,647 49,284 40,915 44,962 53,361 48,768 46,562

Imports 44,474 46,275 52,697 53,843 54,781 59,109 56,985 70,901

Exports 52,807 49,379 56,793 51,956 55,309 59,316 59,217 73,383
Shark Meat (Dried or Salted)?

Production 13,085 11,577 13,3773 15,889 20,306 23,252 24,694 26,765

Imports — 1 7 — — — — —

Exports — — — — — 669 351 —
Shark Meat (Total)®

Production 63,040 59,224 62,657 56,804 65,268 76,613 73,462 73,327

Imports 44,474 46,276 52,704 53,843 54,781 59,109 56,985 70,901

Exports 52,807 49,379 56,793 51,956 55,309 59,985 59,568 73,383
Shark Fins*

Production 6,295 4,251 4,727 4,061 6,167 3,290 3,933 4,853

Imports 5,439 5,730 1,780 7,010 7,046 4,630 4,584 5,242

Exports 4,371 4,355 2,535 4,613 4,352 3,772 4,087 5,188
Shark Liver Oil®

Production 31 39 1 11 4 — — —

Imports 397 749 448 286 192 36 100 110

Exports 113 66 129 100 137 69 55 56
Notes:

1. Shark Meat (Fresh, Chilled or Frozen): ‘Dogfish (Squalus spp.) fillets, fresh or chilled’, ‘Dogfish (Squalus spp.) fillets, frozen’, ‘Dogdfish (Squalus spp.),
fresh or chilled’, ‘Dogfish (Squalus spp.), frozen’, ‘Shark fillets, fresh or chilled’, ‘Shark fillets, frozen’, ‘Sharks, fresh or chilled’, ‘Sharks, frozen’, ‘Sharks,

rays, chimaeras nei, frozen’, ‘Sharks, rays, skates, fresh or chilled, nei’.

b wWN

. Shark Meat (Dried or Salted): ‘Sharks, dried, salted or in brine’, ‘Sharks, rays, etc. dried, salted or in brine’.
. Shark Meat (Total): Shark Meat (Fresh, Chilled or Frozen) and Shark Meat (Dried or Salted).

. Shark Fins: ‘Shark fins dried, unsalted’ and ‘Shark fins dried, salted, etc.’.
. Shark Liver QOil: ‘Shark liver oil’ and ‘shark oil’.

and salting of shark and ray meat has traditionally been
practised in rural areas and allows for simultaneous
removal of skin, cartilage and other byproducts. However,
drying is a time-consuming process and dried, salted meat
commands low prices, with limited possibilities for export.
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Fresh, chilled or frozen shark meat is more marketable
but requires timely processing to control high levels of
urea and bacteria and many artisanal fisheries lack the
necessary onboard handling space and freezing facilities
(Kreuzer 1993). In Europe, commercial production of



shark meat began after the First World War in the form of
schillerlocken and fish and chips, but it was only with the
advent of commercial refrigeration in the 1950s that the
consumption of shark meat gained widespread acceptance
(Vannuccini 1999).

According to FAO statistics (Table 4.2), reported
production of fresh, frozen and cured chondrichthyan
meat and fillets more than doubled from approximately
31,500t in 1985 to over 73,000t in 2000. Throughout
this period more than half of all production was in the
form of frozen whole sharks, with a large portion of the
remainder, particularly in recent years, being sharks in
dried or salted whole form. Major producers of frozen
shark meat (>10,000t per annum) in 1998-2000 were
Spain and Japan, whereas Pakistan dominated dried and
salted shark production (>20,000t per annum) (FAO
2002).

Reported exports of fresh, frozen and cured
chondrichthyan meat and fillets have grown in parallel
with production and in 2000 were roughly equivalent in
quantity (approximately 73,350t) (Table 4.2) and valued
at over US$152 million. The UK and Ireland led exports
in the mid-1980s; as Ireland’s exports began to decline in
1989, the UK was joined by Norway in dominating the
export market until 1993. The USA was the world’s largest
exporter from the mid-1990s until 1997, when Spain’s
exports soared to capture 20-30% of the world market.
Other major exporters (consistently >2,000t per annum)
in the late 1990s included Japan, New Zealand, Taiwan,
the UK and the USA (FAO 2002).

Recorded imports of chondrichthyan meat have
increased from approximately 34,500t in 1985 to 70,900t
(Table 4.2) valued at over US$145 million in 2000. Italy
and France dominated imports of shark and ray meat
(7,000-15,000t per annum) from 1985 until 1998 when
Spain surpassed France and then Italy (in 2000) to become
the world’s largest importer (13,913t in 2000). The only
other major importer (consistently >2,000t per annum) in
1998-2000 was the UK (FAO 2002). These statistics
indicate that the European Union (EU) is the main
importing region, although this could be due to better
recording of this trade compared with other nations
(Vannuccini 1999). FAO sources report that the most
expensive shark meat is spiny dogfish Squalus acanthias
originating from the UK and sold in Italy for US$8.13—
9.91 per kg (Vannuccini 1999). Other species that produce
valuable meat are the shortfin mako Isurus oxyrinchus, the
common thresher Alopias vulpinus, the porbeagle Lamna
nasus (Rose 1996) and the whale shark Rhincodon typus
(Hanfee 2001).

Consumption of shark meat has recently been the
subject of public health warnings, because of the
bioaccumulation of high levels of mercury in the flesh that
may harm unborn infants and children (USFDA 2001;
Food Standards Agency 2002).
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Fins

Records of shark fins as a delicacy in Chinese cuisine date
to the Sung dynasty (AD 960-1279) and shark fin soup was
established asa traditional component of formal banquets
by the Ming dynasty (AD 1368-1644) (Anon. 1995; Rose
1996). The quality of the dish is said to derive from the
length and thickness of the fin rays, which are separated
from the skin and cartilage of the fin prior to cooking. As
the fin rays do not impart any flavour, chicken and other
ingredients are responsible for the characteristic taste
(Rose 1996). Consumption of shark fin was discouraged
in China under Mao Tse-tung but the practice was suddenly
rehabilitated in 1987, sparking a huge surge in demand
(Cook 1990). Today, serving shark fin at Chinese banquets
and business dinners is a very common custom, and given
the continuing economic development and rising standards
of living in mainland China, it is expected that demand for
shark fin will grow over time.

In the early days of the trade, fins were sold as matched
sets (Cook 1990), but as the market has matured a broader
range of species and fin positionsis being utilised in a more
complex system of quality grading. Shark fin traders
distinguish between 30-45 fin types that are known to
produce useable fin rays (Yeung et al. 2000), but these fin
types may contain multiple species and there is no clear
nomenclatural system to match fin types with species
(Vannuccini 1999). Using trade names and categories,
traders rank tiger, hammerhead, sandbar, blacktip, brown,
blue and porbeagle/salmon shark fin types in decreasing
order of desirability, but claim that a given fin’s value is a
function of not only shark type, but also fin position, size
and cut (Fongand Anderson 2000). Shark fins, particularly
those from highly desirable species, are among the most
expensive of seafood products and retail at US$4.25-744
per kg (S. Clarke 2002). Artificial shark fin, which mimics
the appearance and texture of real shark fin, is frequently
used to deceive uneducated customers or to reduce costs in
restaurants, but it is not recognised or promoted as an
acceptable substitute (Vannuccini 1999).

Estimating the scale of trade in shark fin products is
complicated by discrepancies between data sources. Data
on imports, exports and production figures rarely match,
fora variety of reasons. Unlike production figures, import
and export figures are subject to biases introduced where
the same goods are counted each time they are consigned
or transhipped en route to their final destination. As
discussed above, global shark fin trade statistics are likely
to be underestimates owing to distant-water fishing and
lack of specific commodity codes. This situation is
illustrated by the 2000 FAO estimates of global shark fin
production (4,853t), imports (5,242t) and exports (5,153t),
which are each well below the total quantity of unprocessed
imported fins declared in Hong Kong in that year (9,779t)
(Anon. 2001a).



Reported world production of dried shark fins during
the period 1985-2000 totalled 72,781t (Table 4.2) (FAO
2002). Applying a dried fin-to-body-weight ratio of 1.5%
(Rose 1996), reported production of dried shark fins
would account for catches of 4.8 million tonnes in 1985-
2000. On an annual basis, figures from 2000 indicate that
4,853t of fins were produced, equating to 323,533t of
elasmobranchs utilised in the fin trade. This calculated
catch in 2000 is roughly 40% of the reported global
elasmobranch capture production (828,364t), butif sharks
caught for the fin trade were finned and discarded, the
323,533t calculated would not be included in the capture
production figure and would thus represent an additional
take. As of 2000, China has been the world leader in
reported shark fin production (2,065t), followed by
Indonesia (1,166t) and Singapore (472t) (FAO 2002).
Reported shark fin import data have fluctuated
considerably in the past decade from a low of 1,780t in
1995 to a high of 7,046t in 1997 (Table 4.2). Reported
exports have also varied from year to year within a smaller
range of 2,535t in 1995 to 5,153t in 2000. The declared
values of exported shark finsin 2000 totalled over $US116.2
million, triple that of imports (US$35.5 million) (FAO
2002). As imported and exported quantities are nearly
identical (Table 4.2), differences in value data may reflect
the influence of import tariffs on the undervaluing of
imports. A complementary effect may be occurring if re-
exports of higher value processed fins are recorded as
exports; this may be the case for China which reports no
re-exports of shark fins though engaging in a healthy
cross-border trade in processed fins with Hong Kong.

An alternative means for assessing the global trade in
shark fins is to examine import records from the Hong
Kong Special Administrative Region of the People’s
Republic of China, which is the world’s largest trading
centre. Estimates of Hong Kong’s share of world imports
have varied between 50% (Tanaka 1994, based on data
through 1990) and 85% (Vannuccini 1999, based on data
through 1992). A total of 110 countries or territories
exported fins to Hong Kong during the period 1996-2000,
but this number had declined to 86 by 2000 (Anon. 2001a).
Declared imports of processed and unprocessed shark fins,
reported at 2,648t in 1985, more than quadrupled to a total
of 11,451t 1n 2000 (Anon. 2001a), although a downturn in
the trade was noted during the Asian financial crisis of
1997-1999, which still persists. Recent years have been
characterised by a large increase in the quantity of fins
imported in frozen form (Clarke and Mosqueira 2002).

When declared quantities are adjusted for water content
of frozen fins and for double counting of fins transiting
between Hong Kong and processing factories in southern
China, the adjusted totals indicate the trade is growing at
approximately 5% per year, with total (adjusted) imports
0f5,931tin 2000 (Figure4.1) (Anon. 2001a). Prior to 1996,
China, Japan, Mexico, Singapore, the United Arab
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Emirates and the United States were the main exporters of
fins to Hong Kong, although it was suspected that a
substantial proportion of the trade from mainland China
and Singapore consisted of processed fins being re-
imported to Hong Kong (Parry-Jones 1996). Recent
changes to declaration procedures allow separation of
raw and processed fins and reveal that for 1998-2000,
Spain contributed 14% of all shark fin imports to Hong
Kong (byadjusted weight), nearly double the contribution
of the second-ranked exporter, Indonesia (Figure 4.2)
(Anon. 2001a).

It should be noted that the USA, Brazil, Australia,
South Africa, Oman and Costa Rica have implemented
finning bans in recent years (Fordham 2001) and the EU
banned finning in 2003 (see Walker et al. this volume).
These measures have implications for trade ifimplemented
effectively.

Other uses

The primary non-food markets for shark products are
liver oil and cartilage, although neither market now appears
capable of supporting a fishery on its own. In the 1930s
and 1940s, the use of shark liver oil as a lubricant and
source of vitamin A prompted a boom in fisheries for the
tope, soupfin or school shark Galeorhinus galeus and the
spiny dogfish S. acanthias. However, the development of
synthetic substitutes soon caused the shark liver oil market
tocollapse. Although the oilis still used in the manufacture
of cosmetic and pharmaceutical products, reported
production decreased from nearly 500t in 1976 to only 4t
in 1997 (Vannuccini 1999). No production has been
reported since 1997, although Norway and Korea have
both continued to report liver oil trade (i.e. imports and/
or exports) (FAO 2002). Despite the lack of production
reported to FAO, ongoing production of liver oilis reported
from regions, such as the Northeast Atlantic (see Walker
et al. this volume) and at a minimum these fisheries are
contributing to the continuing trade.

Shark cartilage, obtained as a byproduct from
commercial and artisanal fisheries, isincreasingly marketed
as a health supplement and alternative cure for certain
diseases. Many claims have been made about the beneficial
effects of shark cartilage in the treatment of asthma,
eczema, arthritis and other conditions, including cancer,
although these mostly remain unproven. Research has
shown that there is indeed a promising mechanism
involvinginhibition of tumour angiogenesis, around which
cancer therapy and potential drugs are currently being
developed. However, there is no scientific evidence that
shark cartilage food supplements can achieve such effects
against cancer (Horsman et al. 1998; Miller et al. 1998).
Chondroitin, derived from shark cartilage (although by
no means unique to shark cartilage) has been used as an
ingredient in artificial skin for burn victims (Last and



Figure 4.1. Imports of unprocessed shark fins to
Hong Kong (SAR), 1985-2000.
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Figure 4.2. Imports of shark fins to Hong Kong
(SAR) by country of origin, 1998-2000.
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Stevens 1994) and is becoming increasingly popular as a
health supplement with claims of joint rebuilding, despite
lack of evidence to suggest that shark cartilageis a superior
source of this compound.

There is currently no information available on the
volume of production or trade of shark cartilage products.
Major producing and trading countries are believed to be
the USA, Japan, Australia and India. Products are also
sold in Europe, Hong Kong, Taiwan, Singapore and
many other countries (Vannuccini 1999).

Extracts of shark bile have been used for treating acne
and anticoagulant blood-clotting agents have been
extracted from some sharks. Markets also exist for jaws
and teeth as curios, in the jewellery trade and for the skins
of some species. The market for skins is limited by the
small number of tanning facilities for shark leather, which
require a special chemical process for the removal of
denticles from the skin. FAQO, as well as many countries,
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does not compile statistics on trade in shark skin, but the
market is believed to have declined in recent years. In the
past, major processors of shark skin were the USA, Mexico,
Venezuela, Germany, the UK and Japan (Vannuccini
1999).

In addition to consumption of shark meat and fins as
food, other shark parts are considered edible in various
countries. Shark skin is eaten in Japan, Taiwan, the
Solomon Islands and the Maldives, and specially processed
and sold as ‘fish lips’ in Singapore and Malaysia. Shark
stomach is consumed in the Solomon Islands, Australia,
Taiwan and Uruguay, and shark liver is eaten in the
Solomon Islands, Japan and China. The heart of the
salmon shark Lamna ditropis is served as sashimi in Japan
and eggs of the gulper shark (presumably Centrophorus
spp.) are used as food in the Maldives (Vannuccini 1999).

4.3 Regional fisheries and trade

Shelley Clarke and Debra A. Rose
Asia

Six of the 10 largest shark-fishing nations in terms of global
catch — Indonesia, India, Taiwan, Pakistan, Japan and Sri
Lanka — lie within Asia. In aggregate, these six countries
accounted for over 40% of world elasmobranch catches
between 1985-2000 and also in 2000 alone (Table 4.1). In
addition to these countries, Malaysia, South Korea,
Thailand and the Philippines are among the 20 countries
reporting the highest elasmobranch capture production
between 1985-2000. When the Asian nations’ elasmobranch
catch rates are compared with their overall marine fish
production for 2000, the importance of elasmobranchs to
their domestic fisheries can be assessed. At one end of the
spectrum s the People’s Republic of China, which reported
9.8 million tonnes of marine fish production in 2000, but
only 252t of elasmobranch catch (<0.002%) in 2000 and
similar or lower quantities in previous years. Over-
estimation of China’s marine fish production by up to two
times as reported in Watson and Pauly (2001) would not
materially alter thislow percentage. Sri Lanka and Pakistan
stand in sharp contrast, with elasmobranch landings
accounting for approximately 12% of national catches
during the period 1985-2000.

Indonesia

A description of the Indonesian elasmobranch fishery in
the early 1990s characterised it as having the highest
sustained rate of development of catches and showing no
signs of levelling off (Bonfil 1994). These trends continued
until 1998, when Indonesian elasmobranch catches
appeared to plateau at around 110,000t, 13% of world
elasmobranch production. Earlier studies indicated
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Fisherman finning a guitarfish Rhynchobatus cf australiae, a
species with particularly valuable fins. Lombok, Indonesia.

Indonesia’s fishery was dominated by sharks (66%) (Bonfil
1994), but as of 1997 the fishery was 55% sharks and 45%
rays (SEAFDEC2001). Asof 1995, Taiwanese and Korean
vessels were reported to be targeting sharks in eastern
Indonesian waters and exporting the carcasses and fins.
Although shark meat is found in markets, it is not highly
valued in Indonesia and this is suspected to contribute to
considerable discarding of carcasses, particularly in remote
areas. In the last few years, rising prices for fins, such as
valuable guitarfish (family Rhynchobatidae) and
carcharhinid fins, have increased elasmobranch fishing
effortand resulted in localised depletions, forcing fishermen
to increasingly remote fishing grounds (Chen 1996).

India

India’s elasmobranch fisheries are also among the world’s
largest and longest-running. Reported catch rates have
been generally stable, except for 1996 when India produced
record annual elasmobranch landings (132,160t). Catch
composition data are not available as India reports all
catches in the group ‘Elasmobranchii not identified,” but
sharks are known to account for about 70% of the
elasmobranch catch (Vannuccini 1999). Prior to the early
1990s sharks were incidentally taken by longlines, trawls
and gillnets, but more recently directed shark fisheries
using hook-and-line and large-mesh gillnets have
developed in southern India (Bonfil 1994; Hanfee 1999).
In addition, as of the late 1980s, a seasonal whale shark
fishery was established off Gujarat driven by local and
export markets for fins, liver oil, cartilage, skin and meat
(Hanfee 2001). In 2001, the Indian government banned
the landing of all species of chondrichthyan fish in its
ports, although shortly afterwards this ban was amended
and there are now only nine species of sharks and rays,
including the whale shark R. typus, on the protected list
(Schedule 1 of the Indian Wildlife Protection Act) (ICSF
2001).
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Taiwan

Taiwan’s elasmobranch catches peaked in 1990 (75,731t),
at which time it dominated world landings, but catches
then declined and stabilised at about 42,000t (1994-2000).
Unlike Indonesia and India, which report elasmobranch
catches largely from their own waters, Taiwan’s catches
are widely distributed across 11 of the 14 non-polar FAO
statistical areas, reflecting Taiwan’s sizeable distant-water
fleet. Along with Hong Kong, Singapore and mainland
China, Taiwan is one of the key markets for shark fins,
although it is expected that domestic fin production
provides for much of the local demand and thus
international trade figures do not accurately reflect its
market dimensions. Taiwan also maintains a lively trade
in shark meat, which is primarily used in minced fish paste
products (i.e. fish cakes, fish balls or kamaboko) (Chen et
al. 1996). Whale shark R. typus meat is particularly highly
valued at retail prices of up to US$17 per kg (Chen and
Phipps 2002).

Pakistan

Following six years of elasmobranch catches of more than
60,000t per annum, Pakistan’s shark and ray fisheries saw
reported production plunge to just over 18,000t in 1983.
Since that time, catches have slowly increased and have
hovered near 50,000t throughout the 1990s. Reports from
the early 1990s stated that most of the catch is taken by
pelagic gillnet vessels working as far afield as Somalia,
Yemen and Oman, as well as in Pakistani coastal areas
(Bonfil 1994). As of 2000, Pakistan was responsible for
83% of the world production of dried or salted shark meat
and was joined by only Peru, Sri Lanka and Columbia in
focusing production on this product in recent years. These
figures are, however, expected to overestimate Pakistan’s
dominance given that most dried and salted shark meat is
produced by artisanal fishermen in developing countries
and likely underreported to FAO. Pakistan’s fisheries
appear to be highly dependent on sharks and rays (as
indicated by their high proportion in national catch
statistics) and channel their product into the domestic

Fins drying at a Taiwanese fin processing plant.
B o e




market, as there are no recorded imports or exports of
dried, salted meat (FAO 2002).

Japan

Japan has perhaps the longest history of commercial
shark fishing, with development of a longline fishery in the
seventeenth century and export trade of shark fins with
China recorded as early as 1764. Although production
was curtailed during the Second World War, it rebounded
quickly torecord landings of 118,000t in 1949, but gradually
declined as products were replaced by less costly
alternatives (Sonu 1998). Elasmobranch catches continued
to decline in the 1970s and fluctuated around 35,000t from
1985-2000; in 2000 it comprised <1% of Japan’s marine
fish landings (FAO 2002). The reasons for this decline are
believed to be overexploitation, fleet reduction and changes
in consumer preferences (Nakano 1999). Japanese
elasmobranch catches consist primarily of blue shark
Prionace glauca bycatch in tunalongline fisheries, although
directed fisheries for salmon shark L. ditropis and spiny
dogfish S. acanthias are also reported (Nakano 1999;
Simpfendorfer er al. this volume). Elasmobranchs are
utilised in Japan as sashimi, surimi, boiled meat, squalene
(a component of liver oil), cartilage and skin for
consumption and leather goods (Kiyono 1996). Domestic
production supplies about 90% of the Japanese market for
shark products; imports from Spain, the USA and China
contribute the remaining 10% (Sonu 1998). Japan is a net
exporter of shark products, particularly fins, of which 90%
are exported (Kiyono 1996). China customs statistics
(Anon. 2001b) report that Japan is the largest exporter of
fins to mainland China, accounting for 40-64% per year
(1,847-2,698t) of China’s imports in 1998-2000 and
considerably more than reflected in either the FAO export
figures for Japan (242-347t) or Japan’s customs databases
(15-30t) (Anon. 2001c; FAO 2002).

Sri Lanka

Sri Lankan reported elasmobranch landings rose by 60%
between 1992-1993 and have hovered near 30,000t through
2000. Comparisons with overall marine fisheries landings
indicate that Sri Lankan fisheries are highly dependent on
sharks and rays (FAO 2002). The only Sri Lankan fishery
that directly targets sharks is the bottom longline fishery
for gulper shark Centrophorus moluccensis, although the
drift longline and drift gillnet fisheries also contribute
significantly to capture production and are believed to be
targeting sharks for the fin trade (Joseph 1999). Silky
shark Carcharhinus falciformis may account for 50% of all
catches (Joseph 1999), but as first described by Shotton
(1999) for 1996 data, 56-73% of reported catches for the
period 1997-2000 have been attributed to this species with
theremainder recorded as undifferentiated elasmobranchs
(FAO 2002). While there is a strong domestic market for
fresh and dried shark meat, the export trade in shark fins
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has catalysed the development of the offshore fishery
since the fins are reportedly 100 times more valuable than
the remainder of the catch (Joseph 1999).

Other Asian countries
Other Asian countries with large shark fisheries are
Malaysia, South Korea, Thailand and the Philippines. Of
these, the only country trading considerable quantities of
shark meat (>1,000t per annum) during the period 1998-
2000 is South Korea (FAO 2002). Malaysia, South Korea
and the Philippines report between 10-50t of shark fin
exportseach year, whereas Thailand engages more heavily
in the trade with 40—140t per annum exported. During this
period, Malaysia was the largest importer of shark fins
(57-132t), followed by Thailand (42-98t) (FAO 2002). In
Thailand, shark fin is primarily supplied to restauranteurs
in ‘Chinatown’ sections of large cities, but demand
reportedly dropped in 2001 following reports of high
mercury content in fins (Anon. 2001d). The Philippines
maintained an active whale shark fishery until 1998, when
a national ban on fishing and trade was introduced
(Yaptinchay 1998; Simpfendorfer ez al. this volume).
Three major participants in the shark trade, Hong
Kong, China and Singapore, do not report substantive
elasmobranch catches. In the case of Singapore and to
some extent Hong Kong, both of which serve as key shark
fin transshipment centres, fishing activity is limited to
nearshore trawling and mariculture and thus substantial
elasmobranch landings would not be expected. Mainland
China’s reported marine fish capture production is the
world’s largest (based on 1996-2000 totals), but
elasmobranch landings were first reported in 1997 (2t).
Since then China has recorded low levels of elasmobranch
catch (635t total through 2000) from the eastern Central
and south-eastern Atlantic, the western Central Pacific,
and the eastern and western Indian Ocean, indicating the
presence of a distant-water fishing fleet (FAO 2002).
Shark fin processing is centred in southern China, where
fins are received from Hong Kong (or Singapore via Hong
Kong) duty free on the condition they are returned to
Hong Kong for export or local sale. However, a large, but
unknown, proportion of such fins are consumed in China
and mainland authorities have recently stepped up
enforcement efforts to combat related smuggling activities.
China’srecent accession to the World Trade Organisation
lends further uncertainty to Hong Kong’s continued
intermediary role in this trade (S. Clarke 2002).

Oceania

Targeted commercial shark fishing is conducted in New
Zealand and Australia and small numbers are also taken
in these countries by recreational fishers (Francis and
Shallard 1999; Rose and McLoughlin 2001). New
Zealand’s elasmobranch catches doubled in the 1990s and



now rank among the top 20 worldwide (17,718t in 2000)
(Table 4.1). Australia’s reported shark catches are lower,
but the main difference between the two countries lies in
their local markets and implications for trade. In 2000,
New Zealand exported nearly 4,000t of sharks and shark
fillets, whereas nearly all of Australia’s catches were utilised
domestically (FAO 2002). In New Zealand there is a
limited market for shark meat and the productis frequently
sold under other names to overcome consumer resistance
(Francis and Shallard 1999). Shark fisheries in Australia,
in particular the fisheries for gummy Mustelus antarcticus
and school G. galeus sharks, operate primarily to supply
‘flake’ for fish and chips (Simpfendorfer 1999; Stevens
1999; Walker 1999). In addition, deepwater squalids are
targeted for liver oil off Western Australia and both
western and northern fisheries export fins to the Asian
market (Simpfendorfer 1999; Stevens 1999). Although
neither country reported any production or trade in shark
fins to FAO in 1998-2000, both appear in the Hong Kong
customs shark finimport database. During the three years
1998-2000, Australia exported a total of 152t of shark fins
to Hong Kongand New Zealand exported 57t (unadjusted
figures) (Anon. 2001a). For a one-year period spanning
1998-1999, Australia’s national databases recorded 94t of
shark fin exports, 43% of which were destined for Hong
Kong (Rose and McLoughlin 2001). In the same period,
Australia exported 25t of cartilage, with more than half
shipped to the USA (Rose and McLoughlin 2001).
Waters of the small Pacific island states in the Oceania
region support many species of elasmobranchs, but little
is known regarding their fisheries and trade. The use of
sharksand rays for meat varies between and within islands
owing to particular affinities for, or taboos against,
consumption (Hayes 1996). Artisanal fisheries are known
to utilise sharks caught as target species and bycatch for
meat, fins (primarily for export), liver oil, teeth and jaws
(Hayes 1996). Information from Fiji, where shark meat is
not particularly sought after, indicates that most sharks
caught in the artisanal fisheries are finned and discarded
(Swamy 1999). Commercial fleets, including those from
Japan, Taiwan, Korea and mainland China in addition to
domestic vessels, operate throughout the South Pacific
pursuing a longline fishery for the frozen and fresh sashimi
tuna market (Williams 1999). Catch disposition statistics
from observer programmes in these fisheries indicate that
finning and whole carcass retention rates vary by species,
but using weighted averages they are 58% finned and 17%
retained. Finning was found to be common on Japanese,
Taiwanese and Korean vessels operating in USA flag
areas of the Western and Central Pacific and only high-
value carcasses such as shortfin mako 1. oxyrinchus and
less frequently silky shark C. falciformis and oceanic
whitetip C. longimanus, were commonly retained (McCoy
and Ishihara 1999). The only reported contributions to
shark trade from Oceania (excluding Australia and New
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Zealand) in 1998-2000 derive from Fiji (fresh and frozen
sharks and fins), Palau (fins), French Polynesia (frozen
sharks) and the Solomon Islands (fins) (FAO 2002).
Imports of shark fins to Hong Kong from the small island
nations of Oceania grew from 75t in 1998 to 146t in 2000
(unadjusted figures) (Anon. 2001a), although much of
Oceania’s production may be transshipped through
another country before reaching Hong Kong.

Africa and the Middle East

Reported elasmobranch landings in Africa and the Middle
East are low and no country ranks in the top twenty
worldwide for capture production in 1985-2000. As of
2000, the largest shark and ray fisheries in the region were
based in Nigeria (13,238t) and Senegal (10,757t). South
Africa reported only 1,665t of elasmobranch catches in
2000 (FAO 2002), which is comparable to separate annual
estimates of catches compiled from various gear types for
the mid-1990s (Japp 1999). Nevertheless, given the lack of
reporting in artisanal fisheries and the large number of
nations fishing in African waters, actual South African
landings are believed to be double those in reported catch
data (Kroese and Sauer 1998).

In terms of production and trade, South Africa and
Senegal are the only two countries reporting substantive
production (>1,000t in aggregate over 1985-2000).
Between 1998-2000 South Africa produced 95454t per
annum of frozen shark meat and 52-66t per annum of
shark fin; Senegal produced 3-120t per annum of frozen
meat and 44-55t per annum of fins. Countries recording
more than 100t per annum of frozen shark exports in the
same period include Sdo Tomé and Principe, Guinea,
South Africa and Angola. Only Gambia (0-23t), Senegal
(23-63t), the Seychelles (0-8t), South Africa (52-66t) and
Yemen (0-366t) declared annual exports (or re-exports)
of shark fins in excess of 5t per annum between 1998-2000
(FAO 2002). Import records from Hong Kong, however,
indicate that during this period the United Arab Emirates
(UAE) exported in the order of 400-500t per annum and
Yemen exported between 190-350t per annum (unadjusted
figures) of fins to Hong Kong. Furthermore, between
1996-2000, every coastal African country except for Benin,
Equatorial Guinea, Algeria and Libya exported shark fins
to Hong Kong and these African exports totalled 717t in
2000 (unadjusted figures), 9% of the total (adjusted)
declared imports into Hong Kong.

There are domestic and regional, as well as
international, markets based in Africa and the Middle
East for shark meat, cartilage, skin, liver oil and fins
(Barnett 1996). Dried and salted shark meat is common as
it provides a convenient form in which to transport the
productin areas where shelf-life would otherwise be limited
(Vannuccini 1999). The Kenyan and Tanzanian markets
for shark meat are substantial and Kenya imports shark



meat from neighbouring countries (Barnett 1996). Kenya
and South Africa act as African transshipment points for
dried fins, but the UAE and Yemen also appear to be
important transshipment hubs (Barnett 1996; McCoy
and Ishihara 1999). Interviews with fishermen and
traders in several African countries suggest that the
shark fin trade is financing the overexploitation of
shark resources and leading to declining catches
(WildAid 2001).

Europe

On the basis of reported capture production from 1985-
2000, the major elasmobranch fishing nations of Europe
are Spain, France, the UK and Portugal (Table 4.1).
Earlier records (1970-1984) indicate that France, the
former USSR, the UK and Norway were the key
contributors to catches. Norway targeted spiny (or piked)
dogfish S. acanthias, as well as basking shark Cetorhinus
maximus (Bonfil 1994), but total elasmobranch catches
have waned to less than 5,000t per annum since 1996,
apparently because of stock depletion in the Northeast
Atlantic. The former USSR’s shark and ray production
prior to 1988 has not been matched by the Russian
Federation’s fisheries, which are mainly catching rays and
fell below 1,000t per annum for much of the 1990s before
rebounding to nearly 6,000t in 2000 (FAO 2002).

Spain
Squalus acanthias and other dogfish species feature
prominently in European landings and are used for human
consumption, liver oil, fishmeal, pet food and leather.
These species are favoured as food in France, the UK,
Germany and other northern European countries, whereas
smoothhound Mustelus spp. and mako Isurus spp. are
preferred in southern Europe (Vannuccini 1999).
Between 1998-2000, Spain was the world’s largest
exporter of all elasmobranch commodities combined and
second largest importer after Italy (FAO 2002). Spain’s
trading partners were primarily within the EU: in 1998 the
UK and Portugal were the two main suppliers of Spain’s
imports and 40% of Spain’s exports were shipped to Italy
(Vannuccini 1999). With the decline of swordfish stocks in
many areas, there is some evidence that Spanish fishermen
are now operating directed fisheries for sharks (Castro et
al. 1999; Clarke and Mosqueira 2002). Spain’s dramatic
increase (eight- to ninefold) in elasmobranch catches in
the Northeast Atlantic and eastern Central Atlantic in
1997 and subsequent years has propelled it toward the top
ranks of shark and ray fishing nations (Table 4.1) (FAO
2002). These catch rates may also explain Spain’s recent
dominance in the Hong Kong shark fin market. Overall
European participation in supplying the shark fin market,
measured by imports to Hong Kong, has increased from
negligible levels in the early 1990s to almost a third of the
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total declared imports (29%, unadjusted figure). In terms
of overall adjusted import weight of both dried and salted
(frozen) fins, current figures indicate that Spain leads all
other exporters (worldwide) by a wide margin (Clarke and
Mosqueira 2002) (Figure 4.2).

France

As of the mid-1990s, France was the largest consumer of
shark and skate meatin Europe, based on domesticlandings
plusimport figures (Vannuccini 1999). As of 2000, however,
both Spain and Italy’s figures (total of production and
imports minus exports) were higher than France’s (FAO
2002). The majority of France’s imports are believed to
consist of S. acanthias from the USA. The Italian market
absorbs much of the French shark exports, with porbeagle
sharks L. nasus fetching particularly high prices (Vannuccini
1999). In contrast to Spain, which catches elasmobranchs
indistant-water fishing operations throughout the Atlantic,
more than 99% of all French elasmobranch catches derive
from the Northeast Atlantic (FAO 2002). The species
composition of the French catch (catsharks, rays, dogfish
and smoothhounds) explains France’s minimal
participation in the shark fin trade: France exported less
than 8t of shark fins per annum (unadjusted figure) to
Hong Kong between 1996-2000 (Anon. 2001a).

United Kingdom

On the basis of data to 1991, Bonfil (1994) characterised
the UK’s elasmobranch fishery, directed primarily at S.
acanthias, as one of the world’s most stable. However,
declines of several thousand tonnes have been reported in
more recent years (FAO 2002; SGRST 2002; also see
Walker et al. this volume) and a preliminary stock
assessment by the International Council for the Exploration
of the Sea (ICES) Study Group on Elasmobranch Fishes
(SGEF) of S. acanthias in the Northeast Atlantic region
shows a steep decline in abundance (ICES 2002). Between
1998-2000, UK imports of dogfish (Squalus spp.) comprised
70-75% of all chondrichthyan imports, which is typical of
UK imports through the 1990s (FAO 2002). In 1998 the
USA contributed approximately 50% of all UK imports
and France represented the principal market for UK exports
of elasmobranchs (Vannuccini 1999). Based on catch
composition, shark fin production is low and not
particularly valuable, yet the UK imports shark fin products
to supply one of Europe’s largest Chinese communities
(Vannuccini 1999).

Portugal

Although Portugal is one of the world’s major
elasmobranch fishing nations, its trade in elasmobranchs
islow, primarily consisting of the import and export of less
than 2,000t per annum each of frozen sharks (FAO 2002).
Vannuccini (1999) reports that most exports are destined
for Spain.



Italy

In contrast, Italy is not a major European shark fishing
nation yet it plays a key role in trade and consistently led
Europeanimports from 1989 until its position was usurped
by Spain in 2000. Again, EU trade linkages are strong,
with nearly half of Italy’s imports supplied by Spain and
the bulk of the remainder contributed by the Netherlands,
the UK and France (Vannuccini 1999).

The Americas

The leading elasmobranch fishing nations of North,
Central and South America are Mexico, the USA,
Argentina, Brazil and Peru, and in aggregate these
countries contributed 17% of all reported elasmobranch
catches during 1985-2000 (Table 4.1) (FAO 2002).
Throughout the 1990s and in 2000 the USA (6,643-14,973t
per annum) and Mexico (3,378-5,106t per annum) have
led the region in elasmobranch production, largely in the
form of frozen or fresh whole sharks and fillets. During
the same period the USA also dominated exports (3,029—
12,063t) and imports (1,706-3,426t) of these products,
except in 1999 and 2000 when Brazil recorded higher
imports(2,434-2,487t). Although most elasmobranch trade
is undifferentiated by species, US and Canadian fisheries
were known to be primarily focused on spiny dogfish S.
acanthias and rays Raja spp. as of the mid-1990s (Rose
1998; see also Cailliet and Cambhi this volume). The western
hemisphere’s reported exports of shark fins are minimal
(511t in 2000) (FAO 2002), but substantially higher
quantities are recorded in the Hong Kong shark fin import
database(1,885tin 2000, unadjusted figures) (Anon. 2001a).

USA

The main elasmobranch fisheries in the USA have
traditionally been centred on sharks, although skates and
raysarealso fished (Bonfil 1994). The first directed fisheries
for sharks were driven by demands for liver oil, but
following severe overfishing and the advent of synthetic
vitamin A, these fisheries dwindled (Vannuccini 1999).
Subsequent to a federally assisted promotional campaign,
shark meat gained consumer acceptance and demand and
prices rose (Branstetter 1999). At present shark meat
produced by the USA east and west coast fisheries is
consumed domestically, except for blue shark P. glauca,
which is considered unpalatable and is usually discarded
(Hanson 1999).

Although USA elasmobranch fisheries have become
increasingly important, such that by 1999 total commercial
landings were 37,500t and valued at US$16.2 million, they
still represent less than 1% of total USA marine fish
commercial landings and value. Elasmobranchs
contributed a similar proportion to the total USA
recreational fish catch in 1999, when 351,000 individuals
(1,410t) were landed (NOAA 2001).
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Concerns regarding the increasing number of sharks
being finned, particularly in the Western Pacific (Camhi
1999), led to enactment of the US Shark Finning
Prohibition Act. Signed in late 2000, implementation of
corresponding regulations occurred in March 2002. The
Act brought US Pacific fisheries in line with the Atlantic
Shark Fishery Management Plan by banning finning and
requiring that fins be landed with the corresponding carcass
within a 5% fin to dressed carcass ratio.

Until recently the USA did not record fin exports, but
Hong Kong customs data indicate that in 2000, the USA
was Hong Kong’s sixth largest supplier (adjusting for
water content), with unadjusted imports of fins from the
USA totalling 482t (Anon. 2001a). The USA also receives
re-exported shark fins from Hong Kong (30t in 2000
(unadjusted figures)) for its own domestic market (Anon.
2001a), in which small raw fins sell for $16-18 per kg, large
raw fins for $70-90 or more per kg and processed fins
generally double the price of raw fins (Vannuccini 1999).

Mexico

Sharks have long served as an important fishery resource
in Mexico and records of shark fin exports to Asia date
back over 100 years. In parallel with markets in the USA,
demand for liver oil drove catches in the 1940s and
subsequently the government promoted the fishery on
both coasts as a source of animal protein (Rose 1998).
Elasmobranch landings ranged from 28,000-45,000t/year
between 1985-2000 (FAO 2002). Currently, up to 90% of
Mexico’s elasmobranch production is consumed
domestically (Castillo-Géniz et al. 1998), thus trade
production figures would tend to under-represent catches.
Furthermore, itis estimated that of Mexico’s 11,315t shark
productionin 1995, 80% was derived from artisanal fisheries
(Castillo-Géniz et al. 1998). Itis therefore likely that official
domestic statistics underestimate the production and
consumption of shark products in coastal communities
(Rose 1998). Based on adjusted figures, during the period
1998-2000, Mexico ranked as the tenth largest exporter of
shark finsto Hong Kong (740t over three years, unadjusted
figures) (Anon. 2001a). However, these figures may also
misrepresent Mexico’s actual participation in the trade
since much of the production is believed to enter the USA
for re-export to the Asian market or local sale (Rose 1998).
Although trade in shark skin is not well documented,
Mexico appears to maintain one of the world’s most active
tanning and leather-working industries (Rose 1996).

Other nations in the Americas

Other important shark fishing nations in the western
hemisphere include Argentina, Brazil and Peru. Other
countries in the region reporting more than 1,000t per
annum of elasmobranch exports between 1998-2000
include Canada, Costa Rica, Panama, Uruguay and
Ecuador. The trade documented for each of these countries



consists almost entirely (>95%) of frozen or fresh whole
sharks or fillets. Although little fin production or trade is
recorded, in 2000, Central and South American countries,
excluding Mexico, declared exports of 1,003t (unadjusted
figures) of fins to Hong Kong, representing 13% of Hong
Kong’s imports that year (adjusted figures), with Brazil
leading the trade (186t, unadjusted figures) (Anon. 2001a).
A recent review of Latin American elasmobranch fisheries
concluded that most of the reported shark and ray catches
are from bycatch fisheries and that artisanal fisheries are
disappearing. The main domestic markets were reported
for fresh-chilled and salted-dried meat in Argentina,
Uruguay, Brazil and Peru, whereas export markets require
frozen meat/fillets and dried fins (Vannuccini 1999).

4.4 Cultural significance

Matthew T. McDavitt
Overview

Elasmobranch fishes boast a cultural history rivalling that
of any symbolically important species. Much of this
ethnozoological knowledge resides in small tropical
societies and as a result, the majority of world shark lore
remains unfamiliar to lay people. Unfortunately, there are
currently no comprehensive guides to world shark
mythology, though limited and at times erroneous,
summaries can be found in Baughman (1948), McCormick
(1963) and Ellis (1987). Whitley (1940) provides detailed
information on elasmobranch ethnozoology in Oceania.
A brief account of sawfish cultural history is presented in
McDavitt (1996). Indeed, much of what is available is
fragmentary, requiring intensive research into the
background culture. In the sections below, a selection of
the more elaborate traditions will be introduced with
references provided for further investigation.

Regional summaries

Elasmobranchs have played only a minor historical role in
Western civilisation. While virtually absent from the
traditions of ancient Mesopotamia and Egypt, a variety of
sharks and rays were well known to the ancient Greeks
and Romans. Aristotle (Peck 1984) and Pliny the Elder
(Rackham 1997) record astute observations about the
biology and behavior of cartilaginous fishes, mixed in
with ample folklore. The most detailed version appears in
Oppian, including the legend that Odysseus had been
killed with a stingray-spine spear (Mair 1928). These early
accounts supplied the roots of many common and scientific
names still employed today.

The most symbolic elasmobranch in the ancient world
was perhaps the torpedo ray. Plato records that “Torpedo-

30

ray’ was the nickname of Sophocles, as he was said to
stupefy students as mysteriously as this sluggish batoid
(Mair 1924). According to Roman physician Scribonius
Largus, livetorpedo rays were employed for electro-therapy,
being applied to patients’ bodies to deaden the pain of gout
and severe headaches (Kellaway 1946; Sconocchia 1983).
Given their role in metaphor and medicine, torpedo rays
occasionally appear in Classical art, including the famous
‘Marine Life’ mosaic from Pompeii (Seindal 2002).

For European Renaissance compilations of elasmo-
branch lore, consult Aldrovandi (1613), Gesner (1551-87)
and Townsend (1923). Accounts of the bizarre practice of
creating fake mermaids or dragon babies from dried
batoids are detailed in Gudger (1934) and Whitley (1928).
For the history of shark teeth as glossopetrae ‘tongue-
stones’ and their impact on the development of
palacontology, see Albritton (1980) and Thackray (1986).

Modern Western shark lore is summarised in Ellis
(1987,1994). For psychological analyses of both wild and
captive elasmobranch interaction, consult Magnuson
(1987)and Blanche and Hamber (1996). Listings of current
shark and ray metaphors in the English language can be
found in Palmatier (1995).

Given their aggressive connotations in European
culture, elasmobranchs have often been employed as
military emblems and insignia, mainly by naval vessels
and combat diver teams (Prichard 1997; Hogel 1999).
However, a famous exception occurred during WWII,
when America’s ‘Flying Tigers” and Britain’s RAF No.
112 Squadron painted shark-mouths on their aircraft, a
design copied from Germany’s II/ZG-76 ‘ Haifisch-Gruppe’
(Rosch 1995; Cleaver 2002). The word ‘torpedo’ was
intentionally chosen for self-propelled submarine missiles
because this weapon was intended to incapacitate ships
just as the torpedo-ray stuns prey (Kirby 1999).

Fornative North America, a good general summary of
shark utilisation in Florida is presented in Kozuch (1993).
In the Pacific Northwest, societies such as the Haida,
Tlingit and Kwakiutl display prominent clan crests
depicting dogfishes and skates. These crests depict ancestral
spirits associated with founding the family lineage.
Elasmobranch crests continue to figure prominently in
the totemic art of these societies (Laguna 1972; Stewart
1979; Bringhurst 1991).

Elasmobranchs have also played an important role in
the great cultures of Mesoamerica. In Mayan cosmology,
stingrays were linked to the underworld, aquatic fertility
and warfare. Stingray barbs were favoured as bloodletting
implements by rulers, symbolising ancestral connections
and earthly abundance (Benson 1988). Anthropologist
Tom Jones has convincingly traced the origin of the
English word ‘shark’ to Yucatec Mayan (Jones 1985;
Jones 1991). For the Aztecs, sharks and sawfishes
symbolised the hostile, devouring earth-monster Cipactli.
Sawfish rostrain particular represented the role of warfare



in feeding the ravenous earth (McDavitt 2002a). Details
about elasmobranch symbolism and material culture in
Precolombian Central America may be found in Lothrop
(1937), Borhegyi (1961) and McDavitt (2002b).

The most extensive elasmobranch folklore in South
America occurs in the Amazon basin, where freshwater
stingrays figure prominently in the mythology of many
societies. Similar to the folklore surrounding boto river
dolphins, these rays are popularly thought to possess the
ability to transform themselvesinto people, and are viewed
with amixture of fear and reverence (Wilbert and Simoneau
1982-1992). A modern story drawing upon these traditions
eloquently describes a battle between animals in northern
Argentina, where a group of river rays defends a dying
man from a pack of jaguars (Quiroga 1918). A brief
account of sawfish cultural significance in Brazil occurs in
Charvet-Almeida (2002).

In Africa, the most extensive cultural representation of
sharks occurs in Sub-Saharan West Africa. The Bidjogo
people of Guinea-Bissau, for instance, stage elaborate
initiation dances, transforming young men into
carcharhiniform sharks, hammerheads, sawfishes and
stingrays (Duquette 1983, 2000; see also Walker et al. this
volume). For the Ijo and other societies along the Niger
River Delta, powerful water-spirits are embodied in
enormous masks depicting a variety of sharks and rays.
These societies harness the power of aggressive
elasmobranchs to dispel sickness and misfortune from the
village (Anderson and Peek 2002). In presenting himselfin
the guise of a shark, the great Fon King Gbehanzin
symbolised his indisputable authority and might in
defending his Dahomey kingdom from European
encroachment (Blier 1995; Piqué and Rainer 1999). In
Madagascar, a legend explaining the sacredness of
shovelnose-rays in Vezo society is recorded in Queyrat
and Gremillon (n.d.).

Dozens of cultures along Australia’s northern coasts
feature extensive elasmobranch mythology. These societies
often represent certain ancestral creators as sharks and
rays. These spiritsare credited with creating the landscape,
birthing social groups and bestowing land and culture
upon their descendants. Aboriginal groups such as the
Yolngu and the Anindilyakwa have shark mythology as
elaborate as the more familiar traditions of Polynesia.
Here, an incredible variety of elasmobranchs (including
freshwater sharks, shovelnose rays, sawfishes, mobulids,
myliobatids and a wide variety of stingrays) attain central
positions in creation mythology and clan totemic identity.
The literature on these groups is meagre, with few
approachable summaries available. Two good places to
startare Buku-Larrngay Mulka Centre (1999) and Waddy
(1984). The distribution of stingray barb spears is detailed
in Davidson (1934).

In Torres Strait, located between New Guinea and
Australia, sharks and rays figure prominently in local
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folklore. Many elasmobranchs are totemic clan emblems,
including carcharhiniform sharks, hammerheads,
stingrays, shovelnose rays and sawfishes. Formerly,
enormous masks were constructed from tortoise-shell to
celebrate these cartilaginous clan ancestors. Dangerous
sharks are associated with the culture-hero Bomai-Malu,
embodying his sacred power. Animated shark masks are
now constructed to symbolise the law and order he
established (Haddon er al. 1901-1935; Robinson and
Mosby 1998).

Melanesia too, boasts elasmobranch cultural
traditions. The Asmat of southern Irian Jaya often
incorporate stingray designs into their war-shields and
spears (Schneebaum 1985). In New Ireland, renowned
shark-callers fish by attracting sharks using coconut-shell
rattlesand ancestral songs (K6hnke 1974; O’Rourke 1986).
Further south in the Solomon Islands, shark-calling is
also practised, though for a different purpose; the Kwaio
people of Maliata Province believe that their ancestors
(adalo) can return as sharks, so sharks were traditionally
‘called’ into shallow bays and hand-fed pork offerings,
securing their supernatural intervention to solve

Elasmobranchs feature prominently in the culture of the Bijago
people, Guinea-Bissau.

Mathieu Ducrocq



community problems (Whitley 1940; Doak 1975; Ellis
1987).

Polynesia and Micronesia boast an elaborate and well
documented shark mythology (Henry 1928; Mackenzie
1930; Andersen 1931; Beckwith 1970; Taylor 1993).
Important Hawaiian shark deities are widely recognised
even outside traditional contexts. The shark god
Kamohoali’i, for instance, is widely celebrated as the
inventor of surfing (Varez 2002); the popularity of this
shark-god has even inspired the local nickname ‘Moho’.
Also in Hawaii, protective ancestral spirits known as
‘aumakua often assume the form of sharks (Nakuina and
Kawaharada 1994; Nichols 2001). These societies often
employed shark teeth to manufacture tools and weapons
(Finsch 1914; Koch 1986; Kaeppler et al. 1993; Wardwell
1994). A study of shark fishing and lore in the Gilbert
Islands is found in Luomala (1984). The New Zealand
Maori operated a small-scale shark fishery, utilising flesh,
oil and teeth (Hamilton 1908; Matthews 1910; Cox and
Francis 1997).

Given their reliance on marine resources, it is surprising
that Japan does not feature a more extensive shark
mythology. The best summaries of shark cultural history
in Japan occur in Joya (1964) and Clark (1982). Japanese
shark myths appear in Joly (1967) and Hamada (1993).
Brilliantly polished and bleached ray-skin has been
employed for centuries as a highly valued non-slip grip for
samurai sword hilts (Joly and Inada 1963).

Elsewhere in Asia, sharks and rays are only
peripherally important. As noted in Section 4.2, in
China, elasmobranch fins are prized ingredients in shark
fin soup. Elasmobranchs are also employed in traditional
Chinese medicine and Read (1939) lists shark flesh, skin
and bileamong animal materia medica. Details of cultural
significance in India can be found in Day (1875-1878) and
Hull (1994). The utilisation of stingray venom in Malay
magic is detailed in Gimlette (1915).

Implications

The diverse symbolism embodied in sharks and rays
worldwide provides an important tool for promoting
elasmobranch conservation. This cultural ‘value’ can be
directly impacted by awareness campaigns aimed at
increasing concern for threatened species. The high
symbolic value of whales and manatees, for instance,
provide examples of successful campaigns to change and
bolster the societal value of target species.

The variety of human traits and institutions represented
by cartilaginous fishes can also be employed to promote a
more balanced image of sharks, demonstrating positive
associationsand generatinginterest in species long neglected
in Western traditions. Veneration of sharks as ancestral
creators in tribal cultures could even provide impetus for
establishing protected marine zones in certain regions.
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4.5 Ecotourism

George H. Burgess

During the last decade, ecotourist diving with elasmo-
branch operations have developed in numerous locations
worldwide. Sharks historically were feared by most divers
and interaction was neither desired nor encouraged. More
recently, in response to a more sympathetic public image
fostered by biologists and conservationists as well as
abundantunderwater television footage of elasmobranchs,
a growing number of divers now seek personal encounters
with these animals. Diving with bait-attracted sharks has
drawn the most interest because of the relative difficulty in
encountering free-ranging sharks during traditional,
unbaited dives. In a few areas, feeding of large stingrays is
promoted. Non-feeding, observation dives with basking
sharks C. maximus, whale sharks R. typus and manta rays
Manta birostris are less common but popular and boat-
based observation of large sharks (whale sharks, basking
sharks and white sharks Carcharodon carcharias) is
becoming increasingly popular, even for non-divers.

Diving with whale sharks has become the most popular
non-feeding elasmobranch dive, occurring in locations
such as Western Australia, Seychelles, Thailand and the
Philippines (Newman et al. 2002). In the Ningaloo Marine
Park in Western Australia, which probably hosts more
whale shark observers than any area in the world, the
government has developed a code of conduct for swimming
with sharks (Colman 1997, 1998). This protocol bans
attempts to touch or ride whale sharks; prohibits activities
that restrict normal movement or behaviour of the shark;
limits approaches to more than 3m of the shark’s head and
body and 4m of the tail; and restricts the use of flash
photography and motorised underwater propulsion
devices. No such protocol is in place at other whale
shark, basking shark and manta ray observation dive
locations. The Western Australian whale shark code of
conduct provides a laudable example that should be
emulated by all such dive operations in order to minimise
harassment and alteration of natural behaviour caused
by humans.

Whale shark ecotourism was estimated to be worth
around US$6.5 million to the local and regional economy
of Western Australia in 2000 and growing rapidly. Most
participants were overseas visitors (Anon. 2002). The
potential value of the Seychelles whale shark ecotourism
industry was estimated as US$3.95-4.99 million in 1996
(Newman et al. 2002).

Sharks are an important source of income for the dive
tourism industry in the Maldives (see Anderson and
Simpfendorfer this volume). Anderson and Ahmed (1993)
reported that ‘shark watching’ generated in excess of US$
2 million annually in direct revenue, much more than the
fishery for reef sharks. They calculated that grey reef



sharks C. amblyrhynchos were worth at least 100 times
more alive at a dive site than dead on a fishing boat in
terms of direct revenue. In addition, mantaraysare thought
to have a nominal value of US$7.8 as attractions for
touristdiversin the Maldives (Waheed 1998). The challenge
is to balance the demands of the tourist industry with the
rights and needs of the fishermen (see Anderson and
Waheed 2001 for further discussion).

Shark-feeding dives are controversial (Burgess 1998).
On one hand, these operations have afforded thousands
of divers the opportunity to experience firsthand the
beauty and majesty of sharks in situ. They are promoted as
a safe, non-invasive and ecologically sound alternative to
more intrusive aquatic recreational and commercial
activities, such as fishing and spearfishing and as a means
to positively promote the image of sharks. Some
proponents argue that such ecotourism pumps ‘clean’
money into a local economy and can generate greater
potential economic payoffs than from fishing.

Dives in which participants are protected within cages
appear to be reasonably safe and, if undertaken in the
pelagic realm, ecologically non-invasive. Inshore cage
diving, particularly that for white sharks, has been
contentious in some quarters, most notably South Africa
(Kroese 1998), where an industry code of conduct has
been developed to address questions of safety and ethical
conduct. In South Australia, State Government regulation
sets minimum distances from shore that chumming may
be undertaken to reduce predation on endangered sea
lions that also inhabit viewing areas. Nevertheless, the
continuous presence of ecotourist boats and feeding
activities has altered the natural behaviours of resident
white sharks (Bartlett 1998).

Not all feeding dives, however, are equally safe.
Numerous attacks on divers engaged in non-cage dives
have been reported to the International Shark Attack File
(ISAF) (housed at the Florida Museum of Natural History,
University of Florida). Most bites have involved host dive
guides, but there also have been a number of attacks on
participating ecotourists. A lack of industry safety
guidelines has resulted in widely variable operational
procedures, ranging from conservative, hands-off
observation, feeding of sharks from the hands or mouths
of dive guides, encouraged participant handling of sharks
and manipulation of sharks, including such actsasinducing
tonic immobility and ‘kissing’ sharks.

Attacks on humans instigated by shark-feeding dives
may contribute to an altered public perception of the
animal. Provoked attacks occurring during such dives are
usually reported in the media as unprovoked, thus
reinforcing the ‘man-eater’ stereotype that only recently is
beginning to change through publiceducation. Since shark-
feeding dives are routinely videotaped and photographed
by host dive guides and participants, provocative attack
incident footage is likely to appear in the tabloid press,
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where it is likely to be presented in a less than enlightened
manner.

Though it is debatable whether shark-feeding
ecotourists come to see sharksengaged in natural behaviour
or simply to see the sharks themselves, it is patently clear
that the former does not occur. The shark-feeding dive
industry has evolved from initial attempts to lure in a few
sharks for close observation to, in many cases, underwater
circuses in which entrained sharks perform on cue and are
physically manipulated by their ‘dive keepers’.

Potential ecological disruption associated with inshore
shark feeding is also a concern. Concentrations of sharks
at regularly visited feeding sites are usually higher than
natural abundance levels in an area, suggesting the
‘clumping’ of, or even an increase in, the local population
(due to increased reproductive potential or survivability
of locally pupped sharks, or to immigration). In many
areas, sharks clearly are entrained, appearing on cue to
the sound of boat engines. They also may be at least
partially dependent upon human-provided food. Certain
bony fishes are similarly attracted to and entrained at
many shark-feeding sites. In some areas, fishes and sharks
are routinely captured to be used as bait for shark-feeding
attractions, which potentially could lead to localised
depletions in their local populations.

The presence of sharks entrained to the sound of boat
engines may lead to regional losses of activities such as
fishing, spearfishing and diving if participants do not
desire to encounter sharks. Engine-entrained sharks are
likely to rob or frighten away the catches of recreational
anglers, spearfishers and commercial fishers. Divers
seeking shark-free dives may find undesired escorts seeking
handouts. The opportunity forattack is thereby enhanced;
recently, a shark bit the head of a tourist who was diving
at a feeding site on a non-feeding day.

In 2001 and 2002 shark feeding was banned in waters
offthe US states of Florida and Hawaii and in the Cayman
Islands in response to public and governmental concerns
that this activity was changing the natural behaviour of
sharks, altering the environment and increasing the risk of
shark attack. Florida’s regulation bans the feeding of all
marine animals. These regulations are consistent with
similar measures in effect prohibiting the feeding of other
biota, including alligators, baboons, bears, cassowaries,
crocodiles, porpoises and raccoons, in various areas of the
world.

Another major ecotourism or recreational use of sharks
is sports angling, or game fishing. Where the use of the
quarry species is consumptive, with the catch retained,
this can have a significant impact upon stocks (see Stevens
et al.thisvolume). Itis, effectively, another form of fishery
(albeit often with much greater economic value to coastal
communities than commercial fisheries). Indeed, the
economic benefits to the local community (from boat hire
or marine fees, charter boat fees, accommodation, food



and associated expenditure by visiting anglers) are similar
to those obtained from dive ecotourism. Data from
voluntary tag and release programmes associated with
sports fisheries can also contribute significantly to research
and management programmes. Concerns have been voiced,
however, regarding the survival of released sharks that
have been subjected to poor handling by anglers. The
environmental costs of sports angling, even when all
catches are released are not, therefore, zero.

Perhaps there are cases in which economic losses
associated with fishery declines can be offset by shark-
feedingecotourism. As Fowler (1998) points out, however,
while a dead shark may be worth only a fraction of the
economic value of a live ‘performing’ shark, unless local
people (rather than outside operating interests) directly
benefit, at least to the extent they would have without
such activity, ecotourism as a local economic resource
will fail.

4.6 Shark attack

George H. Burgess and Colin A. Simpfendorfer

In recent years, attitudes to sharks have changed in many
areas of the world due to a growing understanding of their
roles in the marine ecosystem and their susceptibility to
overfishing, as well as other anthropogenic influences.
Despite these changes in perception, fear of shark attack
is pervasive among coastal users. The word ‘shark’ is still
more likely to elicit apprehension than appreciation from
much of the world’s populace.

Shark attack is a relatively rare phenomenon,
with the ISAF (www.flmnh.ufl.edu/fish/sharks/isaf/
isaf.htm) reporting 75-100 unprovoked attacks occurring
per year worldwide, leading to 10-15 fatalities. These
numbers are quite low when compared to other causes of
injury and death associated with aquatic recreation, the
activities that most often bring humans and sharks
together. Deaths by drowning and cardiac arrest are
orders of magnitude higher in occurrence and such
common injuries as acute sunburn and dehydration are
too numerous to count. Injuries caused by other marine
organisms, such as jellyfishes, sea nettles and the
Portuguese man-of-war, also are far more frequent than
those caused by sharks. Worldwide, the number of attacks
inflicted by crocodilians is probably similar to those by
sharks, but the fatality rate is probably higher for
crocodilian attacks.

The number of shark attacks has steadily increased
throughout the last century (Figure 4.3), but the rate of
attack has not. As the global human population continues
to grow and aquatic recreation becomes ever more popular,
the yearly number of human-hours spent in marine and
estuarine watersincreases dramatically. Even though many
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populations of coastal sharks are declining, the human
portion of the human abundance + shark abundance =
attack frequency’ equation is now the factor most
influencing the number of shark-human interactions.

Shark attacks tend to occur most often in cool temperate
waters frequented by white sharks and in warm temperate-
subtropical continental locales. Attacking species are
primarily carcharhinid sharks, but any species achieving
a size of 2m or longer should be viewed with respect and
caution. Three species, the white shark, tiger shark
Galeocerdo cuvier and bull shark C. leucas, are generally
regarded as most dangerous to humans based upon
recorded number of attacks, the large sizes they achieve
and their dentition, which is well designed for shearing
through flesh and bone.

Sharks may attack humans for a variety of reasons,
but many bites are probably stimulated by a shark’s
perception of a human’s activity as that of a natural prey
item. A large number of attacks involve strikes to a
victim’s arms or legs, which are usually in motion at or
near the water surface at the time of the attack. Sharks
presumably interpret surface splashing or movement as
that of natural prey. In other cases, especially involving
larger species, such as the white shark, a human may
simply appear to be an appropriately sized food item, such
as a seal, sea turtle, or large fish. Other attacks may be
agonistic in nature. That shark attacks are so few in
number is a good indication that sharks generally do not
view humans as desired prey.

In a number of regions around the world where shark
attacks have historically been common, programmes to
reduce the abundance of large sharks (and hence the risk
of shark attack) have been instituted. These programmes
are generally referred to as beach meshing in reference to
the gillnets that are used, although some programmes also
use baited lines. The first such programme was introduced
in Sydney, Australia, in 1937 in response to numerous
shark attacks along the beaches and in the harbour. The
success of this programme resulted in its introduction in
KwaZulu-Natal (South Africa), Queensland (Australia),

Figure 4.3. Unprovoked shark attacks over the last
century worldwide (N=1852). Data from ISAF website.
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Hawaii (USA), Hong Kong and Dunedin (New Zealand).
The Hawaii programme used baited lines and ran
intermittently between 1959 and 1976, with pressure to re-
establish it in recent years (Wetherbee e al. 1994). All
other programmes have run continuously since their
inception. The Sydney and KwaZulu-Natal programmes
use only nets (Cliff and Dudley 1992; Reid and Krogh
1992), whereas the Queensland programme uses a
combination of netsand lines (Simpfendorfer 1993; Stevens
et al. this volume). On average, some 1,500 sharks are
caught in the Australian programme each year and about
1,200 (85t) in South Africa. These programmes are
expensive; the current Australian operation costs roughly
USS$1 million, while the annual budget in South Africa is
in the region of US$1.7 million.

Beach meshing programmes appear to have been
successful with regard to bather protection. In Durban,
South Africa, the rate of attack resulting in a fatality or a
serious injury dropped from 0.58 per year to zero with the
introduction of nets in 1952 and at KwaZulu-Natal’s
other meshed beaches the decline was from 1.08-0.10 per
year (91% reduction) (Dudley 1997). In Australia there
have been few attacks at beaches where nets or lines have
been deployed. For example, at Sydney’s meshed beaches
the rate of shark attack fell from 0.46-0.04 per year (90%)
with the introduction of nets. The rate at Queensland’s
meshed beaches fell from 0.98 attacks per year to zero with
the introduction of nets. However, there were other
confoundingeffects, such as the banning of offal discharge
at about the same time, that probably helped reduce the
chances of shark attack. The situation in Durban provides
a contrasting example with the cessation of fatal/serious
attacks after nets were installed in 1952, despite the fact
that whaling, which was known to attract large sharks to
the vicinity of Durban harbour continued until 1975
(Dudley 1997).

Despite their apparent success in reducing attacks,
beach meshing programmes come at a cost to the marine
environment. Analysis of data from all programmes
indicates that there are significant decreasesin the localised
abundance of most shark species that are regularly captured
(e.g. CIiff and Dudley 1992; Reid and Krogh 1992;
Simpfendorfer 1993). These declines are unlikely to affect
the populations significantly where programmes operate
alongonly asmall fraction of the coast (e.g. the Queensland
programme covers less than 1% of the coastline), but may
have more of an impact where programmes are more
extensive (e.g. the KwaZulu-Natal programme, where
approximately 29km of netting are spread over about
300km of coastline, for 9% coverage of the coastline). A
large proportion of the sharks caught, especially by nets,
are not considered to be dangerous to humans (e.g. Reid
and Krogh 1992; Dudley and CIiff 1993; Simpfendorfer
1993). Interestingly, in Queensland the abundance of tiger
sharks (probably the most dangerous species in tropical
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waters) appears to have increased since the beginning of
the programme (Simpfendorfer 1992), raising doubts that
beach meshing is as effective as believed.

In addition to sharks, the nets and lines also catch a
wide range of other marine animals, including batoids,
teleost fishes, turtles, sea birds and marine mammals.
There has been increasing concern about the impact of
beach meshing programmes on some of these groups,
especially endangered populations of marine mammals
and sea turtles. For example, in Queensland, Heinsohn
(1972) raised concerns 30 years ago about the impact of
the nets on the population of dugongs. However, since the
recommendations of the 1992 review of the Shark Control
Programme were implemented the annual take has fallen
to 2.2 animals and there have been no captures in the
Great Barrier Reef Marine Park area since 1995
(www.dpi.qld.gov.au/fishweb). Reports of the impact of
beach meshing programmes on non-target species have
been published by several authors, including Paterson
(1990), Reid and Krogh (1992) and Dudley and CIiff
(1993). Policy makers need to weigh the actual public
safety benefits against the environmental impacts. One
suggested solution has been to convert netting effort to
lines, as their use significantly reduces the impact on non-
target species (but does not eliminate them; e.g.
Simpfendorfer 1993). The Queensland authorities have
begun to respond to this with certain areas now having
drumlines only (S.F.J. Dudley pers. comm.).

4.7 Education

Sonja V. Fordham and Rachel D. Cavanagh
Introduction

Human attitudes and behaviour, based largely on
misinformation, have contributed to the threatened status
of some species of sharks. Public education is key to
changing attitudes, engendering political will and securing
resources to ensure that shark populations are conserved.
Hollywood’s unrealistic portrayal of sharks as vindictive
man-eaters, as well as intense media attention to the
infrequent attacks by a few species, have created a poor
public image for the entire group. This unfortunate
reputation lessens concern for shark populations and
thereby stands to hamper conservation programmes. Strong
and sustained public support is essential to balance
misconceptions and afford these traditionally low value
species the top management priority warranted by their life
history. Indeed, to be effective, shark education must
reach a broad array of people, from children and the
general public to fishermen, fishery managers and policy
makers. Raisingawareness about the inherent vulnerability
of elasmobranchs and the many threats facing them



(Stevens et al. this volume) holds the key to reversing
population depletion and ensuring sustainable use.

Public education and awareness

Media

Sharks have captured human attention for thousands of
years but until recently have rarely been portrayed in a
positive light. Individuals, businesses and the media have
long capitalised on the public’s fascination with sharks,
with widely varying and contradictory messages even
today. Resulting impressions have great influence on how
and whether shark fishing is controlled and on resources
made available for fisheries research and management. As
we learn more about the urgent problems facing sharks,
their conservation is slowly becoming more ‘fashionable’
and perhaps asmarketable as shark attack sensationalism.
To really turn the tide, however, efforts to raise public
awareness of the facts about sharks must be significantly
increased.

Peter Benchley’s first novel Jaws was made into a
blockbuster movie that terrorised a generation of
beachgoers. The author now devotes much of his career to
writing and spreading the word about shark conservation.
Still, in an age when several major environmental
organisations dedicate resources to shark conservation
education, intense media attention to a few, serious bite
incidents turned mid-2001 into “The Summer of the Shark’
inthe USA: ashark attack ‘media frenzy’ that provided an
opportunity for fishing interests to cast doubt on shark
management restrictions, with much of the negative public
imagery surrounding sharks resurfacing.

Sharks are regular and popular attractions in modern
enterprises, from cable television shows, to multimedia
theme parks, to ecotourism operations (see Section 4.5
above). Despite lingering sensationalism, messages about
the shark’s plight are increasingly injected into these
experiences. Forinstance, the Discovery Channel’s ‘Shark
Week’ is the longest running cable television event.
Featured each summer since 1988, the week of shark-
related programming now reaches an average of 25.5
million viewers worldwide. While programming still
focuses on the feeding habits of great white sharks and
highlights the drama of shark attacks, in recent years
Discovery has increased conservation and scientific
programming and linked with environmental organisations
to broadcast public service announcements calling
attention to the need for shark protection.

A recent analysis by TRAFFIC of newspaper articles
on whale sharks in Taiwan indicates an interesting shift in
the focus of media attention on the species over the last
decade (Chen and Phipps 2002). In the early 1990s, the few
articles published on whale sharksin Taiwan’s media were
concerned with landings, size and prices (Chen et al.
1997). The recent study found that from 1996-1999, an
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annual average of five newspaper articles were published
on whale sharks, 20% of these on conservation. In 2000
this rose to 104, with over 60% focused on conservation
issues. Efforts by Penghu Aquarium and the National
Museum of Marine Biology and Aquarium in 2000 to
nurse and release a baby whale shark (originally caught in
a set-net), helped raise public awareness regarding
conservation of the species. Since then, coverage of whale
shark conservation issues in the media has remained high,
with 36 articles in 2001, over half of which discussed
conservation and fisheries monitoring.

Education programmes

Sharks are key attractions at many aquariums around the
world that continue to enhance conservation programmes
and work to educate millions of visitors about the threats
facing sharks and the urgent need to act on their behalf (see
Section 4.8).

As reflected in cartoons and toys, sharks are gaining
popularity with children. Representing hope forenlightened
thinking as well as the generations that will inherit the
results of today’s resource management mistakes, children
are key targets of a variety of shark education efforts. Such
projects include ‘The Shark Finning and Live Reef Fish
Education Project’, funded by the Packard Foundation
and supported by the Marine Conservation Biology
Institute. This is capitalising on children’s fascination with
sharks. In the materials created by the project, sharks are
ambassadors that introduce children to the crisis of
overfishing and the challenge of learning to use the ocean’s
living resources in ways that are sustainable and equitable.
Using comics, photographs, scientific illustrations, charts
and graphs, and a fiction story the project’s materials — a
book, teacher activity guide, and teacher training
programme — strive to translate into ‘children’s language’
what scientists and resource managers already know about
sharks and the necessity of conserving them.

One of the key aims of a recent project in Sabah,
Malaysia, on elasmobranch biodiversity, conservation and
management was raising local awareness. Fishing village
elders, fishermen and school children were familiarised
with the threats facing sharks and rays and their
conservation needs, through the use of leaflets, posters and
involvement in project fieldwork (Fowler 2002). In southern
Brazil, ‘Projeto Cagao’, astudy of sharks caught by artisanal
fisheries, isestablishingan education programme to inform
local fishermen about sharks (Gadig et al. 2002). Indeed,
all studies seeking to improve the status of sharks and rays
in any country around the world should integrate
educational components within their programmes to ensure
effective, long-lasting success in the region.

Consumer choice
Since the mid-1990s, a growing array of conservation
organisations have launched campaigns to educate



consumers about the environmental issues surrounding
their choice of seafood. Major US-based groups, such as
the National Audubon Society (Lee 2000) and Monterey
Bay Aquarium, have gone to great lengths to convince
diners to make environmentally responsible choices by
publishing sustainable seafood lists. While programmes
often differ on the most politically correct menu selections,
all identify sharks as entrees for the environmentally-
conscious diner to avoid. The movement has recently
spread to Europe, as evidenced by the release of a seafood
consumption guide by the Marine Conservation Society of
the UK (B. Clarke 2002). Despite these education campaigns
and with the exception of ‘dolphin-friendly’ labelling of
canned tuna, very few marine products from wild caught
fisheries are ‘labelled” to promote environmental
responsibility. This is changing and a number of
organisations have developed or are developing labels to
promote the quality and/or environmental credentials of
fish (B. Clarke 2002). The Marine Stewardship Council
(MSC), an independent non-profit organisation, was
established in order to create economic incentives for
sustainable fishing. The MSC’s voluntary certification
standard is supported by over 100 organisations (including
non-governmental organisations (NGOs), fish retailers
and processors) in more than 20 countries. Although
increasing numbers of fish products are retailed with the
MSC eco-label, it has not yet been asked to assess any
shark fisheries for certification. Other fisheries eco-labelling
programmes are being established, but none have the same
international scope and transparency as that of the MSC.

Affluent Asians, as the primary consumers of shark fin
soup, are now the specific focus of a public education
project orchestrated by the international environmental
group, WildAid. WildAid’s Shark Conservation
Programme works on the ground with local NGOs in a
number of countries, with a particular focus on East Asia,
to raise awareness about shark conservation, reduce
demand and promote sustainable shark management
(WildAid 2001).

‘The Shark Finning and Live Reef Fish Education
Project’, described above, is distributing its materials to
teachers at private schools throughout East Asia. The
goal is to give teachers the resources they need to help
students think through their own personal responsibilities
in the chain of events that bring seafood to our tables. The
students at these private schools, children of the affluent,
will eventually take their places among the region’s future
business and government leaders. Theidea isto encourage
in them the seeds of a marine conservation ethic and a new
appreciation for sharks and the oceans.

Chondrichthyan societies

As a direct result of growing professional shark scientific
societies, an increasing number of college and university
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students are now studying sharks and their relatives.
Membership of the US-based American Elasmobranch
Society (AES), the world’s largest professional scientific
society dedicated to chondrichthyan fish, has grown
substantially since its inception in 1983, from roughly 10
initial members to more than 500 in 2002 (with nearly one-
fifth from outside the USA). The society’s strong
commitment to supporting students has led to growing
numbers of graduates with experience in shark-related
disciplines. These individuals are in turn finding
employment at academic institutions and stimulating
exponential increases in the number graduate seminars on
chondrichthyan fish. University chondrichthyan
educational programmes, particularly in the USA, thereby
continue to expand.

A similar pattern is occurring in Europe, albeit on a
smaller scale. Established in 1996, the European
Elasmobranch Association (EEA) has rapidly evolved
and now includes nine national groups dedicated to the
study of chondrichthyans, for example, the Italian group
‘GRIS’ focused on the Mediterranean region. The largest
EEA member organisation, the UK-based Shark Trust,
has a supporter database of over 2,000 individuals from 16
countries worldwide, including many scientists, although
the majority are members of the general public.

In Brazil, the Sociedade Brasileira para o Estudo de
Elasmobranquios (SBEEL) is a growing organisation
with many Brazilian chondrichthyan scientists and students
involved. These groups host annual scientific and
management symposia that attract a diverse, global
audience and facilitate cooperative information sharing
with fish specialists from a host of other countries and
continents.

Training

The capacity for sustainable management of
chondrichthyan stocks is highly dependent on knowledge
of chondrichthyan biology, taxonomy and appropriate
management techniques as well as on an effective
management infrastructure and other resources. Thus,
training manuals, workshops and exchange programmes
for fisheries managers and personnel will enhance
the capacity for sustainable management. The IUCN/
SSC Shark Specialist Group (SSG) is planning to hold a
number of capacity-building regional workshops in the
near future.

In addition, under the direction of SSG Co-Chair,
Jack Musick, SSG has prepared a Technical Manual for
the Conservation and Management of Elasmobranchs with
support from the Asia Pacific Economic Cooperation
(APEC). The manual covers a wide array of basic
management subjects including tagging, age and growth,
reproduction, mortality, stock assessment and measures
to avoid waste. This is available in electronic format



(Musick and Bonfil 2004) and will be published in hardcopy
at a later date.

As outlined in the FAO’s International Plan of Action
for Sharks (IPOA-Sharks) (see Fowler and Cavanagh this
volume), FAO should provide in-country technical
assistance in connection with the development of Shark
Plans. However, they have very limited funds and are
relying to a large extent on donors. At the time of writing,
Japan is the only country that has contributed.

Conclusion

Although encouraging, these diverse educational efforts
alone are not enough to address sharks’ mounting
conservation problems, as the critical step of educating
politicians remains. It is up to the enlightened divers,
students, technicians, concerned general public and even
children to use what they learn about sharks to educate
elected officials and other decision makers as to the
importance of fully implementing sound elasmobranch
research and management programmes. In order to
adequately protect such migratory species, such actions
are needed at local, regional, national and international
levels.

4.8 Public aquaria

Mark Smith and Gerald Crow

Elasmobranchs have been exhibited in aquaria since the
1860s, when they became an instant exhibit success with
aquarium visitors (Taylor 1993). The very word ‘shark’
stimulated the imagination and inspired such a morbid
fascination that these animals proved to be a considerable
attraction to patrons. Modern aquaria, with their large
acrylicwindows and tunnels, enable visitors to be completely
‘immersed’ in the world of sharks and rays, providing an
ideal environment for conservation education.

Revenue generation and job creation

Throughout the world, an estimated 619 million people
visit zoological parks and aquaria each year. These visits
generate revenue in excess of US$3.7 billion annually.

When it opened in 1981 the National Aquarium in
Baltimore, USA, created 274 jobs. An estimated 1,340
jobs were created by visitor expenditures in and around
the aquarium (P. Chermayeff pers. comm.). Although
obviously only a portion of revenue and employment can
be directly attributed to the display of elasmobranchs,
sharks and rays often form the cornerstone of a modern
aquarium’s successful operation.

Over the last three decades, an estimated capital
expenditure in excess of US$675 million has been invested
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in the construction of nine aquarium facilities in the USA
alone (Taylor 1998). Building an aquarium as a
redevelopment catalyst has become a common goal and
has proved successful around the world (e.g. the National
Aquarium in Baltimore, USA, 1981; Sydney Aquarium
in Sydney, Australia, 1988; Ring of Fire Aquarium
in Osaka, Japan, 1990; L’Aquarium in Barcelona,
Spain, 1995; Oceanario in Lisbon, Portugal, 1998).
Elasmobranchsare a major feature at each of these facilities
and are therefore partly responsible for the success of
these projects.

Education, conservation and research

Public aquaria should adopt a responsible approach
toward the process of selecting elasmobranch species for
display. A. Dehart (pers. comm.) has suggested five criteria:
(1) the goal of the exhibit; (2) the design of the exhibit and
its suitability for the species under consideration; (3) the
availability and conservation status of the species under
consideration; (4) compatibility, both within and between
species; and (5) the likelihood of captive reproduction.
Consideration of each of these points is essential in
determining the appropriateness of a given species for
display.

The public aquarium community should always be
cognisant of the fact that it is the animals within their care
that generate revenue. Therefore, aquaria have an ethical
obligation to ensure that some recompense is extended
toward the ‘wild’ populations of their representative
species. Because elasmobranchs represent an important
feature of almost all public aquaria, they should offer
activities thateducate visitorsabout these fish and promote
theresearch and conservation of thisimportant taxonomic
group. It has been repeatedly demonstrated that the
development of an education programme increases revenue
by encouraging additional and repeat visitations.
Furthermore, surveys indicate that patrons prefer an
education-oriented visitor experience.

Trends in visitor reactions indicate that aquaria are
helping to change the misguided perception that sharks
are ‘deadly’ and should be ‘feared’ (Martin 1993; Demetrios
and Denardo 1995). Promoting more accurate epithets
like ‘hunters’ or ‘predators,” rather than the damning
‘killers,’ is helping to facilitate this change in perception
(McCormick-Ray 1993).

On a more ambitious level, aquaria educate the public
about conservation imperatives throughout the marine
environment. Increasingly, active efforts are being made to
teach the importance of healthy marine ecosystems and the
diversity of species therein, in particular the sharks. Notable
examples are the ‘Fishing for Solutions’ exhibit established
by the Monterey Bay Aquarium, USA in 1997 (Taylor
1998) and the ‘Sharks: Predators or Prey? forum held
there in 2002.



Recently, a meeting dedicated to the husbandry of
elasmobranchs was organised and supported by several
aquaria and academic institutions. The ultimate objective
of this Ist International Elasmobranch Husbandry
Symposium (Orlando, USA, 2001) was to produce an
elasmobranch husbandry manual, a sourcebook that will
assist in the development of new exhibits, in training
employees and as a general guide for the captive
maintenance of this important taxonomic group (Smith ez
al. in prep).

Aquariamay also facilitate elasmobranch conservation
by acting as a focus for marine research activities. Much
of the knowledge we possess about elasmobranchs was
built on the foundations of research performed within
aquaria (T. J. Koob, pers. comm.). Aquaria can still
play a valuable role in this regard, especially in the
fields of endocrinology, physiology and reproductive
biology. Some aquaria have established independent

research foundations solely for the support of such
investigative efforts (e.g. Sea World Research and
Rescue Foundation (SWRRFI), founded by Sea World
Australia Ltd.). Others have long-term associations
with research institutions (e.g. the National Aquarium
in Baltimore and the Woods Hole Oceanographic
Institution, USA; Waikiki Aquarium and the University
of Hawaii) (Taylor 1998).

Breeding and reintroduction programmes

According to a recent survey by A. Henningsen (pers.
comm. 2000), at least 99 species of chondrichthyan fishes
have completed the reproductive cycle or exhibited mating
behaviour in aquaria (Table 4.3). In general, the life
history and ecology of most elasmobranchs make
them unsuitable candidates for captive breeding and
reintroduction programmes. Despite this, a number of

Elasmobranchs in aquaria are
ambassadors for their wild
conspecifics, helping to
educate visitors of the
importance of conservation.
Green sawfish Pristis zijsron,
Ripley’s Aquarium, Gatlinburg,
USA.

Matthew T. McDavitt



Table 4.3. Chondrichthyan reproduction in captivity showing both species that have completed the
reproductive cycle in a captive environment, as well as those which have exhibited mating behaviour in

captivity.
Family Species Common name Mode
Chimaeridae Hydrolagus colliei spotted ratfish (0]
Squalidae Squalus acanthias piked dogfish VA1
Etmopteridae Etmopterus lucifer blackbelly lantern shark VA1
Squatinidae Squatina japonica Japanese angelshark VA1
Rhinidae Rhina ancyclostoma bowmouth guitarfish VA1
Rhynchobatidae Rhynchobatus djiddensis giant guitarfish VA1
Rhinobatidae Rhinobatos hynnicephalus ringstraked guitarfish VA1
Rhinobatos lentiginosus Atlantic guitarfish VA1
Rhinobatos productus shovelnose guitarfish VA1
Trygonnorhina sp. A (undescribed) eastern fiddler ray VA1
Torpedinidae Torpedo marmorata marbled torpedo VA2
Rajidae Leucoraja erinacea little skate O
Leucoraja ocellata winter skate (0]
Okamejei kenojei spiny rasp skate (0]
Raja binoculata big skate (0]
Raja clavata thornback skate (0]
Raja eglanteria clearnose skate (0]
Raja microocellata smalleyed skate (0]
Raja montagui spotted skate O
Raja rhina longnose skate O
Raja texana roundel skate O
Raja undulata undulate skate O
Urolophidae Urolophus aurantiacus sepia stingray VA2
Urotrygonidae Urobatis halleri round stingray VA2
Urobatis jamaicensis yellow stingray VA2
Potamotrygonidae Potamotrygon histrix porcupine river stingray VA2
Potamotrygon magdalenae Magdalena river stingray VA2
Potamotrygon motoro ocellate river stingray VA2
Potamotrygon ocellata redblotched river stingray VA2
Potamotrygon orbignyi smoothback river stingray VA2
Potamotrygon schroederi rosette river stingray VA2
Dasyatidae Dasyatis akajei red stingray VA2
Dasyatis americana southern stingray VA2
Dasyatis brevicaudata shortail stingray VA2
Dasyatis chrysonata blue stingray VA2
Dasyatis fluviorum estuary stingray VA2
Dasyatis izuensis Izu stingray VA2
Dasyatis matsubarai pitted stingray VA2
Dasyatis pastinaca common stingray VA2
Dasyatis sabina Atlantic stingray VA2
Pteroplatytrygon violacea pelagic stingray VA2
Taeniura lymma bluespotted ribbontail stingray VA2
Taeniura meyeni speckled stingray VA2
Gymnuridae Gymnura altavela spiny butterfly ray VA2
Gymnura japonica Japanese butterfly ray VA2
Gymnura micrura smooth butterfly ray VA2
Myliobatidae Aetobatus narinari spotted eagle ray VA2
Myliobatis californicus bat ray VA2
Rhinopteridae Rhinoptera bonasus cownosed ray VA2
Rhinoptera javanica flapnose ray VA2
Heterodontidae Heterodontus francisci horn shark O
Heterodontus galeatus crested bullhead shark O
Heterodontus japonicus Japanese bullhead shark (0]
Heterodontus mexicanus Mexican hornshark O
Heterodontus portusjacksoni Port Jackson shark (0]
Brachaeluridae Brachaelurus waddi blind shark O
Heteroscyllium colcloughi bluegrey carpet shark O
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Table 4.3 ... continued. Chondrichthyan reproduction in captivity.
Family Species Common name Mode
Orectolobidae Orectolobus japonicus Japanese wobbegong VA1
Orectolobus maculatus spotted wobbegong VA1
Orectolobus ornatus ornate wobbegong VA1
Hemiscylliidae Chiloscyllium arabicum Arabian carpet shark (0]
Chiloscyllium griseum grey bambooshark (0]
Chiloscyllium indicum slender bambooshark (0]
Chiloscyllium plagiosum whitespotted bambooshark (0]
Chiloscyllium punctatum brownbanded bambooshark O
Hemiscyllium hallstromi Papuan epaulette shark (0]
Hemiscyllium ocellatum epaulette shark (0]
Ginglymostomatidae Ginglymostoma cirratum nurse shark VA1
Stegostomatidae Stegostoma fasciatum zebra shark (0]
Odontaspididae Carcharias taurus sand tiger shark VA3
Scyliorhinidae Apristurus brunneus brown catshark O
Atelomycterus macleayi Australian marbled catshark (0]
Atelomycterus marmoratus coral catshark (0]
Cephaloscyllium umbratile Japanese swellshark (0]
Cephaloscyllium ventriosum swellshark O
Haploblepharus edwardsii puffadder shyshark (0]
Haploblepharus pictus dark shyshark (0]
Parmaturus xaniurus filetail catshark (0]
Poroderma africanum striped catshark (0]
Poroderma pantherinum leopard catshark (0]
Scyliorhinus canicula smallspotted catshark O
Scyliorhinus retifer chain catshark (0]
Scyliorhinus stellaris nursehound (0]
Scyliorhinus tokubee Izu catshark O
Scyliorhinus torazame cloudy catshark (0]
Triakidae Mustelus californicus grey smoothhound VP
Mustelus canis dusky smoothhound VP
Mustelus manazo starspotted smoothhound VA1
Mustelus norrisi Florida smoothhound VP
Triakis scyllium banded houndshark VA1
Triakis semifasciata leopard shark VA1
Carcharhinidae Carcharhinus acronotus blacknose shark VP
Carcharhinus leucas bull shark VP
Carcharhinus melanopterus blacktip reef shark VP
Carcharhinus perezi Caribbean reef shark VP
Carcharhinus plumbeus sandbar shark VP
Negaprion brevirostris lemon shark VP
Triaenodon obesus whitetip reef shark VP
Sphyrnidae Sphyrna tiburo bonnethead shark VP
Notes: Thelistincludes species from aquaria, laboratories and semi-natural environments. It does not refer to those that were known to be gravid when retained
in captivity. Reproductive modes include the following: O = oviparous; VA1 = viviparous - aplacental - yolksac; VA2 = viviparous - aplacental - with uterine
villi or trophonemata; VA3 = viviparous - aplacental - with oophagy and (with or without) intrauterine cannibalism; and VP = viviparous - placental.

attempts have been made to reintroduce captive-bred
animals into their ‘natural’ habitat.

Extreme prudence is needed when considering
elasmobranch reintroduction. There are valid
concerns that reintroduction could potentially expose
discrete wild elasmobranch populations to exotic
parasites, ‘exotic’ genetic material or resistant strains
of pathogens. Any such programme must be
scientifically robust and conducted in tandem with the
effective management of activities that caused the species
to be threatened in the first place (e.g. habitat degradation
or overfishing).
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Future work in this area needs to be soundly based
upon accepted conservation management practices. The
World Conservation Union hasissued guidelines outlining
appropriate procedures for reintroduction programmes
(TUCN 1998).

An important benefit of captive breeding programmes
is the collection of information about reproductive
strategies, growth rates, maturity and other life history
parameters. Thisinformation can be used by policy makers,
with appropriate caution and scientific advice, to help
formulate elasmobranch conservation management
strategies.



4.9 Summary

Historically, chondrichthyan fishes have generally been
of low economic value and they contribute only a small
proportion of the overall world fisheries catch.
Consequently they receive low priority in terms of research
and management and this has been compounded by the
traditionally negative public image of these fishes.

In recent years, certain chondrichthyan products,
especially shark fins and cartilage, have dramatically
escalated in value, resulting in much increased incentives
to catch and retain them. However, most of the fisheries
are completely unmanaged and the catches poorly recorded
(Fowler and Cavanagh this volume).

It is now recognised that certain shark and ray species
have significant ecotourism value, for example, for diving
and in public aquaria. Education is the key with which to
raise awareness on alllevels concerning the socio-economic
importance of chondrichthyans and the associated
problems and benefits.
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Chapter 5

Threats Faced by Chondrichthyan Fish

John D. Stevens, Terence |. Walker, Sid F. Cook and Sonja V. Fordham

The threats faced by chondrichthyans can be grouped
generally into the effects of various fishing activities on
their populations and the effects of habitat loss and
environmental degradation such as pollution.

The impact of fishing on chondrichthyan populations
around the world is currently the focus of considerable
international concern. Most chondrichthyan populations
are of low productivity relative to teleost fish, owing to
their different life history strategies (see Cailliet et al. this
volume). In addition, all chondrichthyans depend on
properly functioning ecosystems. As a result of their K-
selected life history, they are generally unable to adapt
to rapidly changing environmental conditions, such as
those caused by coastal habitat degradation and loss,
and possibly the bioaccumulation of pollutants.
Documentation of how altered and contaminated habitats
affect the health and productivity of chondrichthyans, or
the overall dynamics of the marine food web, remains
scarce.

5.1 Targeted fishing (direct
exploitation)

The effects of fishing on chondrichthyans comprise
pressure from commercial, artisanal, subsistence and
recreational fishing activities, as well as shark control
programmes designed to reduce the risk of shark attack at
bathing beaches (Stevens er al. 2000). Fishing may be
targeted, where chondrichthyans are the desired catch, or
they may be taken incidentally to the desired target species
as bycatch (Anon. 2000). It is noteworthy that, in many
cases, the so-called bycatch of chondrichthyans is of
economicimportance and utilised (known as ‘byproduct’).
It may even be crucial to the economic viability of the
‘target’ fishery.

Commercial fisheries

Commercial fisheries, which have grown steadily since the
1920s, appear to be having the greatest impact on shark
stocks (Walker 1998). As noted in Chapter 4, global
reported landings of chondrichthyans have been steadily
increasing since 1985 by an average of 2% per year.
Reported capture production at the time of writing is
828,364t (FAO 2002). Although this catch represents only
about 1% of the world’s annual total marine fish catch
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(Walker 1998), chondrichthyan fishes, because of their
unique life history strategies, require specialised and very
careful management.

Historically, many shark fisheries have been associated
with ‘boom and bust’ cycles. Well-known examples include
the North Atlantic porbeagle Lamna nasus fishery, where
catches crashed to below 2,000t about a decade after
peaking at 11,000t in 1964 (Compagno 1990) and the
Californian soupfin shark Galeorhinus galeus fishery, which
reached over 4,000t in 1939 before declining from a
combination of fishing pressure and falling market demand
(Ripley 1946). Several fisheries for the basking shark
Cetorhinus maximus and spiny dogfish Squalus acanthias
have also demonstrated ‘boom and bust’ cycles (Holden
1977; Anon 2002).

Thirty years ago questions were raised as to whether
long-term sustainable fisheries for chondrichthyans were
possible (Holden 1973). Today, it is thought that
economically viable and biologically sustainable yields
can be taken from some of the relatively more productive
species, such as Mustelus, under careful management
(Walker 1998). However, the majority of chondrichthyan
fisheries are unregulated and the high catches reported by
a number of countries are almost certainly unsustainable.
For example, the elasmobranch catches reported by
Indonesia, India and Pakistan of around 110,000t, 70,000t
and 50,000t, respectively (FAO 2002), are expected to
decline in the future.

Large concentrations of silky sharks Carcharhinus falciformis are
seasonally targeted off Qusayar by Yemeni small-scale
fishermen using longlines and gillnets.




Even where protective measures are in place, illegal
fishing activity may target and threaten chondrichthyan
stocks. For example, commercial gillnetting of
hammerhead sharks has been reported in the Galapagos
Marine Reserve (Camhi 1994).

Additionally, nearly 35% of chondrichthyan species
are confined to the deep sea and will likely be affected by
pioneer fisheries currently developing to exploit previously
unfished populations and species off the edge of continental
shelves and around oceanic islands. Deepwater
chondrichthyans are believed to be even more vulnerable
to exploitation than shallow water species, due to their
even slower growth and reproductive rates (Clarke ez al.
2002; Compagno and Musick this volume). There is
virtually no information on stock size or distribution of
these species, indeed some deepwater fisheries are taking
chondrichthyan fishes that have not yet been described.
Few marine animals have lower international fisheries
management priority than the unfamiliar, relatively low
value, deepwater sharks, rays and chimaeras (Camhi ez al.
1998).

Chapter 4 describes the main commercial products
and markets that chondrichthyan fisheries supply.

Recreational fisheries

Angling is a major leisure activity in many parts of the
world. While the majority of anglers target teleost fishes,
some actively target sharks and rays.

Few dataareavailable on angling catches of the smaller
species of chondrichthyans, but there are data from
gamefishing clubs on some of the bigger species of sharks.
Large numbers of sharks have been caught by sport
fishermen, particularly in Australia, New Zealand and the
USA. In some areas recreational landings for certain
species have been higher than commercial landings. While
the available biomass in sport fishing areas is not known,
the scale of recreational fishing statistics is salutory. The
annual recreational shark catch from the East Coast and
Gulf of Mexico was estimated at about 35,000t, of which
some 10,000t were killed (Musick et al. 1993). Data from
the US National Marine Fisheries Service for 2001 show
that some 11.1 million sharks, skates and rays were caught
by anglers in these waters, of which about 448,000 were
retained (MRFSS 2001). In fact, estimated recreational
catches in numbers of fish of large coastal sharks (such as
blacktip Carcharhinus limbatus and sandbar sharks
C. plumbeus) have been higher than commercial landings
in 15 of 21 years between 1981 and 2001 (Cortes et al.
2002). In West Coast waters, 870,000 chondrichthyans
were caught and 130,000 were kept in 1998 (Camhi 1999).
Off California, shortfin mako Isurus oxyrinchus and
leopard sharks Triakis semifasciata are the primary targets;
the recreational catch of leopard sharks is estimated to be
six times the commercial catch. Although the impact of
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these catches in isolation is not known, in combination
with commercial landings they are likely to have
contributed to stock depletion in coastal and Gulf waters
(Musick et al. 1993). Recreational spearfishing had such a
deleterious impact on populations of grey nurse (sand
tiger) sharks Carcharias taurus in Australia that the species
is now protected in New South Wales, Queensland and
Federal waters.

Recently there has been a welcome trend towards tag-
and-release fishing, which allows sportfishing while at the
same time providing useful scientific information. Clearly
anglers can contribute to the conservation of the resources
on which their sport depends. Feedback on the results of
tag and return schemes may help to catch the interest of
both anglers and the public.

Beach protection schemes

Netting of popular bathing beaches as a protective measure
against shark attack is practised mainly in Australia and
South Africa and is thus a localised threat to certain shark
populations. The nets have been associated with a reduction
in the number of attacks (a number of other factors are
also involved — for further discussion see Clarke et al. this
volume), but their use is controversial. The nets reduce
both shark numbers and the statistical chances of attack,
but they do not stop sharks from entering an area because
they do not fully enclose bathing areas. Not all areas can

Tiger shark Galeocerda cuvier being removed from shark nets off
Durban, South Africa.

Natal Sharks Board



be netted because of topography or sea conditions, so
some beaches also use setlines (baited hooks suspended
from drums anchored to the bottom).

On average, some 1,500 sharks are caught in the
Australian programme each year and about 1,200 (85t) in
South Africa (G. Cliff pers. comm. 2002). In South Africa,
beach meshing is linked with a research programme; live
sharks caught in the nets are now tagged and released,
while the dead animals have contributed much valuable
information on their distribution and biology. The effect
of beach meshing on some populations is also quantified
here (see Clarke et al. this volume). In Australia, there are
current moves to improve the collection of data and to
provide material for research (C.A. Simpfendorfer pers.
comm.).

Removal of large numbers of sharks may have serious
effectsonthelocal ecosystems. Research to find alternative
means of protecting swimmers from sharks is needed.
Interestingly, many countries with relatively high shark
attack rates and also a large tourist trade, such as the
USA, particularly Florida and California, do not have
meshing programmes. The real danger is statistically very
low (one in 11.5 million in 2000, which is 30 times less
likely than the risk of a fatal lightning strike in the USA),
but this is not conveyed to the public sufficiently clearly.

5.2 Bycatch (indirect exploitation)

Commercial fisheries

Reported world landings of chondrichthyan fishes are a
gross underestimate. They do notinclude the vast quantities
caughtasbycatch, which are almost entirely undocumented
and totally unregulated. Bycatch alone may represent 50%
of the actual world cartilaginous fish catch (Bonfil 1994).

The high seas longline and driftnet fleets that target
tuna and billfish are major sources of bycatch for pelagic
sharks. Such fleets include those of Japan, Korea, Taiwan
and Spain. The bycatch of chondrichthyans in the oceanic
zone comprises mainly blue Prionace glauca, oceanic
whitetip C. longimanus and silky sharks C. falciformis.
Stevens (2000) estimated that 136,600t, between 45,700
and 233,000t, and 104,600t of these three species
respectively, were caught as bycatch in the Pacific during
1994. Northridge (1991) states that blue sharks are
apparently the most widely caught species and estimated
acatch of 2.4 million blue sharks in the 1988 North Pacific
squid fishery season. Bonfil (1994) estimated that, at the
end of the 1980s, approximately 12 million elasmobranchs,
or up to 300,000t, were being taken as bycatch each year
on the high seas alone, with 6.2-6.5 million of these being
blue sharks.

Skates, rays, juvenile sharks, deepwater dogfish and
chimaerids are taken in far greater numbers by trawl
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fleets, exploiting multi-species fisheries in nearshore,
offshore and deepwater fishing grounds throughout the
world, than by pelagic fleets. Catches of many demersal
chondrichthyans caught as a bycatch or a secondary catch
in multi-species fisheries have declined, for example the
common skate Dipturus batis in the Irish Sea (Brander
1981) and North Sea (Ellis and Walker this volume) and
the barndoor skate Dipturus laevis in the north-western
Atlantic (Casey and Myers 1998; Dulvy this volume). A
number of studies have documented changes in demersal
chondrichthyan diversity in relation to trawl fisheries, for
example Aldebert (1997) describes a clear decline of several
elasmobranch species commercially captured by trawls in
the north-western Mediterranean and suggests that this is
related to increased fishing intensity and technological
advancement of the fishing gear. Similarly, a decrease has
been reported in the biodiversity and distribution of large
species of elasmobranchs in the Adriatic between 1948
and 1998 (Jukic-Peladic et al. 2001); small-sized
elasmobranchs and teleosts were not affected. Rogers and
Ellis (2000) suggest that commercial trawl fisheries in
some British coastal waters have resulted in changes in the
demersal fish assemblages, for example, a decline in large
sharks, skates and rays, such as D. batis and the angelshark
Squatina squatina. Consequently, contemporary
elasmobranch catchesin this area comprise mainly smaller
elasmobranch species.

With the escalation in prices paid for shark fins, there
has been a massive rise in the finning of shark bycatch,
formerly released (often alive) (McCoy and Ishihara 1999),
with the distinction between target and bycatch shark
species increasingly disappearing. Shark finning is a
lucrative practice because of the high price of the product,
combined with low cost and volume storage needs; fins
can be easily stored while the carcasses are frequently
dumped by vessels so they do not compete for limited hold
space with more valuable species such as tuna. As an
example, the rising value of shark fins caused the number
of sharks finned by Hawaii-based longliners to rise from
zeroin 1991to 61,000 1in 1998, with nearly 99% of the latter
being taken for their fins alone (Camhi 1999; McCoy and
Ishihara 1999). Finning is now banned in Hawaii, under
the US finning ban (Fordham 2001) and also in a number
of other countries. However, the demand for shark fins
continues to drive alarming increases in commercial shark
fishing on a global scale (see Clarke et al. this volume).

Recreational fisheries

Chondrichthyans are often taken incidentally by anglers
fishing for other species. Recreational net fishing is also of
major concern in some areas, particularly in inshore bays
and estuaries, which are important as nursery grounds.
There is a need for greater awareness that such bycatch
should be returned to the water alive.



5.3 Habitat loss and degradation

Habitat changes can be natural or human-induced and can
potentially change a species” abundance and distribution.
Cartilaginous fishes are not well adapted to withstand
rapid habitat changes induced by human activity.

Habitat requirements vary for different species during
different stages of their life cycles. Critical habitats range
from freshwater rivers and lakes, shallow estuarine sloughs
and coastal bays, to coral reefs, kelp forests and the deep
sea. These habitats must be functioning properly in order
to sustain the growth, reproduction and, ultimately,
survival of chondrichthyan populations. The scale of
anthropogenic habitat alteration is occurring in direct
proportion with proximity to land. Thus impacts on fish
habitats have been greatest in freshwater and estuarine
environments and least in oceanic environments (Musick
et al. 2000).

Some of the most threatened chondrichthyan species
are those restricted to freshwater and estuarine habitats
and with naturally very small populations (Compagno
2002). These include the Ganges shark Glyphis gangeticus,
known only from the Ganges-Hooghli River and estuarine
system of the Indian subcontinent (Compagno 1984 and
this volume) and possibly more species of the genus Glyphis
occurring in the region of Borneo, northern Australia and
Papua New Guinea (Last and Stevens 1994). Foraging
areas as well as pupping and nursery grounds (see below)
have been affected.

The tropical rivers and lakes where freshwater species
occur are mostly in developing countries with large and
expanding human populations (Compagno and Cook
1995 and this volume). These areas are much more
accessible to human exploitation than marine waters.
Freshwater habitats are also less stable than marine
habitats in terms of water temperature, dissolved oxygen,
clarity and water flow and many of these factors are being
disrupted through deforestation. Land clearing and
destructive land-use practices in a river catchment can
degrade chondrichthyan habitat within the river, the
estuary and offshore. Plumes of suspended sediment
flowing down rivers increase turbidity and can smother
reefs and seagrass beds. Such changes can promote
infestations of invasive plants and animals, which in turn
exacerbate the habitat disturbance (Fourqurean and
Robblee 1999). Habitat modification is most conspicuous
in fresh water with the construction of physical barriers
such as dams and the diversion of water for agricultural
irrigation and industrial uses (Mooney et al. 1995).
Contamination of the water with toxicants from mining
and agriculture, physical modifications to the waterways
through dam construction and irrigation and inevitable
changes to the flora and fauna in freshwater habitats are
likely to alter them beyond the tolerance of the sharks that
live there.
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Coastal habitat is being destroyed and degraded at an
alarming rate (Mooney et al. 1995). Human activity
threatens coastal and estuarine habitats through
development, chemical and nutrient pollution, and
freshwater diversion from incoming rivers. Dumping of
plastic and other garbage is known to entangle and choke
a wide variety of marine life. Little is known about how
altered and contaminated habitats affect the health and
productivity of sharks or the overall dynamics of marine
food webs.

Coral reef habitats require clean water to exist because
of the photosynthetic zooxanthellae that are symbiotic
and necessary for coral growth. Recent evidence suggests
that rising sea water temperature associated with global
warming causes the zooxanthellae to die and/or be expelled
from corals, thus causing widespread coral bleaching in
several regions around the world. In addition, dynamite
fishing has caused widespread destruction of coral reefs in
Indonesia and the Philippines and other Indo-Pacific
areas (Spaldingetal.2001). Many species of elasmobranchs
are associated primarily with coral reef and lagoon flat
habitats (Last and Stevens 1994) and the widespread
destruction of these habitats will undoubtedly be affecting
the elasmobranchs that depend on them.

Vulnerability of shark nursery areas

Species that use inshore coastal nursery grounds, or that
are completely dependent throughout their life cycle on
coastal, estuarine, or freshwater habitats, have been
affected during the last half century by intensified direct
and indirect fishing pressures and accelerated habitat loss
and degradation. Adults of many species visit inshore egg-
laying or pupping and nursery grounds on a seasonal
basis, usually in the spring and summer. Newborns and
juveniles may remain year-round, as these productive
shallow areas provide both abundant food and shelter
from predators.

Species of chondrichthyans that rely on inshore and
shallow-water nursery areas appear to be the most affected
by habitat change. Many of these areas are likely to be at
high risk through loss or change of habitat from coastal
development, pollution, aquaculture industries and the
spread of exotic organisms. While threats to these areas
might be recognised locally in various parts of the world,
the information is not readily accessible through the
literature.

Walker (1998) describes how nursery arcas of the
school shark Galeorhinus galeus are being affected off
south-eastern Australia. Changesinabundance of neonatal
and juvenile school sharks are evident in inshore and
coastal waters of Victoria and southern Tasmania (Stevens
and West 1997). The Geelong Arm of Port Phillip Bay was
identified as an important nursery area for this species in
the early 1950s; more than 200 small sharks a day could be



caught there by handline during 1947-1951. A legal
minimum length was adopted for the species in the early
1950s (Olsen 1959). In the 1990s, professional fishers
working with scientists in the same area over a three-year
period caught fewer than 10 small sharks a day. The lack
of recovery can be partly explained by a decline in the
number of breeding animals but, given the high movement
rates of adult sharks, it appears more likely that the
reduced use of this formerly important nursery is a result
of habitat modification in the now highly industrialised
area of the Geelong Arm (Walker 1996).

Effects of fishing on habitat

Scientists have only recently begun to study the effects of
fishing on the marine environment, although the impact
of commercial fishing has long been raised as a matter of
concern, particularly by fishers competing for fish
resources (De Groot 1984). Recent research suggests that
intensive bottom-trawling may reduce demersal fish
productivity by reducing the complexity of the benthic
substrate or even gross destruction of hard bottom habitats
(Jennings and Kaiser 1998; NRC 2002). Apart from
topographic changes resulting from the physical impact of
demersal trawls and dredges, epiflora and epifauna are
dislodged and uprooted. Such disruptions are likely to
reduce the availability of suitable habitat for predators
and prey.

Other studies are attempting to quantify the indirect
impact of ‘ghost fishing’ from lost or abandoned fishing
gear on fish populations. In addition to the problems of
entanglement, fishing can also have indirect impacts on
cartilaginous fishes as a result of ingestion of debris.
New laws and codes of practice in various parts of the
world are beginning to be implemented to discourage the
discarding of unwanted equipment, fishing gear and
plastics at sea.

Fishers in the industrial shark fishery off southern
Australia targeting G. galeus and Mustelus antarcticus
believe that the presence of sharks captured in bottom-set
gillnets repels free-swimming sharks from an area. Many
express the view that habitat disturbance and noise from
trawl fishing also have the effect of repelling sharks from
a region. To maintain their catch rates, the fishers tend to
shift position after hauling the gear and for several weeks
will avoid grounds known to have been previously fished
(Walker 2002).

Aquaculture

Aquaculture is expanding in marine coastal waters in
response to growing demand for fish, while food
production from wild fisheries declines and aquaculture
production from inland waters levels out. Aquaculture
requires pollution-free waters, but their development often
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destroys marshlands, mangroves and other inshore
habitats, including nursery areas for sharks, rays and their
prey species. As aquaculture has boomed in Indonesia,
Malaysia and Thailand, for example, their mangrove
habitat has declined by 55%, 74% and 84% respectively,
from its original extent (WRI 2000-2001). Escape of
cultured exotic species and genetically altered strains,
contamination of inshore waters by chemicals and food
wastes and entanglement in protective netting also likely
affect chondrichthyan habitat and populations. Although
aquaculture can help augment the world fisheries catch, it
seems unlikely that large-scale aquaculture industries will
develop for sharks or rays. There might be potential for
rearing full-term embryos retained from pregnant females
captured in wild fisheries, but holding chondrichthyan
fishes captive for breeding purposes is unlikely to be
economically viable. Inactive species, which do not have
to swim continuously, have the highest potential for
aquaculture.

5.4 Other threats

Marine ecotourism

Ecotourism is a large and expanding industry. There is
growinginterest in viewing and filming sharks, particularly
white sharks Carcharodon carcharias from boats and
underwater cages, reef sharks and rays by free-swimming
divers, and whale Rhincodon typus and grey nurse sharks
C. taurus by divers, snorklers and from boats. However,
the development of ecotourism focused on sharks often
depends on attracting them to an area by ‘chumming’ with
fish blood and oil. This raises questions such as the impact
on seals and other marine life, either directly by fouling or
indirectly by concentrating sharks in an area.

Although shark diving can play an important role in
education and improving the overall public image of
sharks, Burgess (1998; and in Clarke et al. this volume)
callsattention to the possible dangers posed by unrestricted
ecotourist diving, particularly that associated with shark
feeding. These not only concern the potential for injury to
tourists by conditioned sharks, but also the ecological
disruption to shallow-water shark feeding areas and
potential forloss of entrained populations by opportunistic
poachers. There are also concerns that interactions between
tourists and whale or grey nurse sharks (although these do
not involve feeding) may also disrupt the sharks’ natural
behaviour and that excessive levels of disturbance could
exclude sharks from some areas of critical habitat (Norman
this volume; Pollard and Smith this volume). Conversely,
the potentially high economic value of shark diving, a
‘non-consumptive use’, can act as an incentive to initiate
species conservation or marine protected area initiatives
(see Clarke et al. this volume for further discussion).



Exotic marine organisms

Introductions of non-indigenous organisms to an aquatic
area threaten the integrity of natural communities and
could disrupt chondrichthyan nurseries and other sensitive
inshore arcas that they inhabit. These organisms are
numerous and varied in terms of their roles in ecosystems.
They occur at many different trophic levels in the food
chains (i.e. phytoplankton, herbivores, carnivores and
scavengers) and can affect an array of species in the newly
invaded habitat. Asdescribed by Carlton and Geller (1993),
any mechanism for rapidly transporting water or suspended
sediments containing plankton from shallow, coastal waters
across natural oceanic barriers has the potential to facilitate
invasions by entire assemblages of marine organisms. One
suchmechanismis the transport of ballast water containing
plankton taken aboard ocean-going ships. Marine
organisms are also transported attached to the hulls of
ships and to oilrigs. Surveys indicate that most major
marine taxonomic groups are being transported in these
ways. The ecological impacts of exotic species can be only
partially predicted from knowledge of their biology and
ecology in their original areas.

Many of the inshore and coastal habitats receiving
ballast water are already significantly disturbed by the
effects of human development. This makes these areas
particularly susceptible to invasions that further alter
community structure and function.

Pollution

Pollutants, as with physical disturbances, can affect whole
ecosystems. Some of the more notable pollutants are sewage
effluent, plastics, petrochemicals, tin-based antifoulants,
heavy metals and persistent organochlorine compounds.
Also, increases in phosphorus, nitrogen and potassium
causeeutrophication, which canlead to clogging of channels
and bays or the overgrowth of coral and rocky reefs.
Nutrient pollution can also stimulate toxic algal ‘blooms.’
Persistent pollutants such as heavy metals and slowly
degraded organic chemicals like polychlorinated biphenyls
(PCBs) can adversely affect aquatic organisms and
ecosystems. Individual organisms can accumulate some of
these pollutants to concentrations much higher than
background levels (bioaccumulation). In addition, the
concentrations of pollutants can be increased as they are
passed up the food chain (bioamplification).
Organochlorine contaminants (OC) are bio-
accumulative, and although there are extensive data on
OC levels and effects in wildlife in general, there is almost
no information on levels or effects of OCs and their
metabolites in chondrichthyans. Many chondrichthyans
occupy high trophic levels and may thus accumulate high
levels of OCs. A recent measurement of OCs and
halogenated phenolic compounds (OC metabolites) in
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Greenland sharks Sommniosus microcephalus showed this
predator to be one of the most contaminated organisms in
the Canadian Arctic, higher in fact than in the turbot
Reinhardtius hippoglossoides and ringed seal Phoca hispido.
These high levels may be related to the low metabolism and
long lifespan of these sharks (Fisk ez al. 2001).

Studies have demonstrated a high frequency of infertile
ova in the uterus of pregnant bonnethead sharks Sphyrna
tiburo along the central Gulf Coast of Florida. Manire et
al.(2001) suggest that thisinfertility is caused by disruption
to the endocrine system and that it could be correlated
with the presence of OCs. Estradiol concentrations in
mature bonnethead females from an area highly
contaminated with OCs were found to be half the
concentrations found in females in a control area of low
OC contamination. It is likely that these (and other)
differences in hormone concentrations are caused by
endocrine-disrupting OCs present in the marine
environment. Thus there is a need to evaluate the presence
of chemical pollutants in chondrichthyans, particularly
those occurring in more contaminated waters.

Mercury is another pollutant known to reach
particularly high levels in sharks depending on species, sex,
size and locality (Walker 1976). Mercury accumulates in
these animals from natural background levels, but the
concentrations can be further elevated from human
activities (Walker 1988). This has resulted in several health
warnings regarding consumption of shark meat (see Clarke
et al. this volume).

More than 2 million tonnes of oil enter the marine
environmenteach year. Apartfromabout 15% from natural
oil seeps, a major source is runoff from terrestrial uses.
Other sources are discharges from tankers and shipping
alongmajor routes, discharges from production platforms,
storage facilities and refineries and accidental events such
as oil spills and rupture of pipelines. Recent wars resulted
in major inputs to the Persian Gulf and Arabian Sea
(Anon. 1993). Although not identified as a major problem
in open waters, hydrocarbons and other toxicants in oil can
contaminate the flesh of shark and other fish either through
direct contact or via the food chain. Impacts on sharks
from oil spillsismost likely through the effects on vulnerable
and sensitive coastal seagrass, mangrove, salt marsh, coral
reef, rocky reef and polar habitats.

The dredging of harbours and shipping channels and
the translocation of dredge spoil cause short-termincreases
in turbidity and can cause a build-up of silt deposits in
sensitive coastal ecosystems. Renourishing beaches with
sand for recreational use can have similar localised effects.

Sub-sea cable electric and magnetic fields
Chondrichthyans, through their acute electroreception

and magnetoreception capabilities, are likely to be affected
by the presence of sub-sea cables for communications and



transmission of High Voltage Direct Current (HVDC)
electricity (Walker 2001). With their ampullae of Lorenzini,
they sense the weak low frequency electric fields (0.002—
<100mV cm ') that are emitted by prey animals (Kalmijn
1997, Walker 2001). Their particularly sensitive
electroreception may also be used in conjunction with the
geomagnetic field for navigation (Kalmijn 1984; Carey
and Scharold 1990; Klimley 1993; Paulin 1995).

The complex array of electric and magnetic fields
generated by sub-sea cables are likely to produce several
responses in chondrichthyans. An HVDC cable, if buried
~1m below the surface of the seabed, has a static magnetic
field strength several times that of the strength of the
geomagnetic field. Although the strength of the field
declines rapidly with increasing distance from the cable, it
is uncertain how chondrichthyans are likely to respond to
strong anthropogenic magnetic anomalies. The weak
electromagnetic fields generated around communications
cablesappear to attract sharks, as they often bite exposed
cables. Conversely, the strong static electric fields
around the electrodes are likely to repel chondrichthyan
species, but these fields are not strong enough to cause
electrotaxis.

For much of the time, the magnitude of the induced
electric fields falls within the range of the naturally
occurring electric fields, but rapid tidal flows will produce
higher electric fields. Chondrichthyans close to the seabed
crossing a cable during strong tidal flow may experience
some distortion to the electrosensory information received
for navigation purposes (Walker 2001).

Ozone thinning and climate change

At the global level, ozone thinning has the potential to
alter shark habitat through its effect on whole ecosystems.
An increase in ultraviolet radiation penetrating surface
waters could alter the abundance and species mix of
phytoplankton (Woods 1988). Any changes at low trophic
levels will have effects further up the food chain.

Long-term effects of climate change could include
changes in sea level, water temperatures, tidal and current
patterns, coastal erosion and storm frequency. These
could alter estuarine and inshore ecological stability or
destroy existing chondrichthyan habitat. The abundance
and distribution of species are affected by many factors,
such as climate, food supply and ability to compete with
other species. In turn, all of these factors affect each other
inacomplex web of interactions. A species thatis successful
in today’s climate might be ousted by invaders better
suited to the new climate.

Global warming will vary from place to place and
changes are likely to be greater away from the equator.
Such effects could be particularly damaging to migratory
species, whose migration is timed to fit in with food supplies
along the route or conditions suitable for high survival of
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the offspring. If life history events get out of phase, effects
on the migrants could be catastrophic (Pain 1988).

Sharks as a group and certain extant species (or closely
related species), flourished during the warmer climates of
the Mesozoic and obviously survived the recent periodic
ice ages. It therefore seems likely, depending on the
magnitude, patterns and speed of climate change, that
most chondrichthyan species will survive global warming.
It is less likely, however, that the species’ levels of
abundance and patterns of distribution will remain as
they are today (Walker 2002).

5.5 Summary

The life histories of chondrichthyan fishes make them
highly vulnerable to over-exploitation and therefore
inappropriate targets for large-scale commercial fisheries
in the absence of effective management. Shark fisheries
effort and reported landings continue to grow in directed
fisheries seeking fins, cartilage and meat and in multi-
species fisheries. In most places, exploitation occurs in the
absence of even the most basic monitoring and
management (Fowler and Cavanagh this volume). Over-
exploitation is the greatest, but not the only threat to this
group of fishes; several other factors, such as loss of
habitat and pollution, are also of concern. Effective
conservation and management must address the array of
factors affecting their populations (Cambhi ef al. 1998).
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Chapter 6

International Conservation and Management
Initiatives for Chondrichthyan Fish

Sarah L. Fowler and Rachel D. Cavanagh

Authors’ note: We draw readers’ attention to the fact that,
for reasons of simplicity, organisations, agreements and
conventions often use the term ‘sharks’ to encompass
chondrichthyan fishes as a group.

Much of this chapter was written late 2002/early 2003
and since then there has been further progress with CITES,
the IPOA-Sharks, ICCAT, etc., and readers are urged to
visit the [UCN/SSC Shark Specialist Group website and
other relevant websites for the latest information (see
Appendix 4 for details).

6.1

Several reviews in the mid-1990s (Bonfil 1994; Rose 1996;
Oliver 1996) found that little or no attention was paid by
domestic and international fishery management
organisations to chondrichthyans, despite their
vulnerability, important role in marine ecosystems and
theincreasing volume of catches and trade in their products
(Weber and Fordham 1997). However, some important
international chondrichthyan conservation and
management initiatives have commenced in the past
decade. These have been stimulated by increased awareness
of the biological vulnerability of chondrichthyans to over-
exploitation (Cailliet e al. this volume), rising fishing
pressure driven partly by the mounting demand for, and
rising economic value of, their products during the late
1980s (Clarke et al. this volume), as well as other
anthropogenic threats to these species (Stevens et al. this
volume).

Domestic conservation and management initiatives
certainly have vital roles to play, particularly for those
species with restricted distributions. Such initiatives
are discussed in the regional reviews later in this volume.
However, many species and populations of sharks and
rays straddle boundaries between adjacent Exclusive
Economic Zones (EEZs) and others are highly migratory
and move among EEZs of various countries and between
the high seas and waters under coastal State jurisdiction.
Thus, for many species, international initiatives are
essential for effective management (Weber and Fordham
1997).

This chapter summarises the major international
initiatives and policies that currently promote

Introduction

58

chondrichthyan conservation and management objectives
and some of the tools that may be used to deliver these
objectives. Such toolsinclude fisheries agreements, natural
resource instruments and examples of management
organisations that explicitly include chondrichthyans
within their remit. This overview excludes most ‘soft law’
instruments of relevance to the management of living
resources (e.g. non-binding declarations, charters and
resolutions) because these have a rhetorical or moral,
rather than a legal status (Fowler 1999). It does, however,
include non-statutory fisheries codes of conduct and
guidelines of direct relevance to chondrichthyan fish
management.

This chapter also briefly reviews the status of
chondrichthyans within national legislation (because this
is often driven by the international policy context),
including fisheries management initiatives and legally
protected species (see Section 6.5).

A description of the IUCN Red List Programme is
included because it is recognised as an important
indicator of the changing status of biodiversity. The Red
List has no statutory remit but may help States to identify
priorities for conservation or management action when
implementing statutory instruments.

Fisheries and broader natural resource management
instruments, whether national, regional or global,
should not be considered nor applied in isolation from
each other: many are already closely linked — the United
Nations Convention for Environment and Development
(UNCED) supported the preparation of the United
Nations Food and Agricultural Organisation (FAO) Code
of Conduct for Responsible Fisheries (see Section 6.2)
and many recent chondrichthyan conservation and
fisheries management activities are arguably the direct
result of the involvement of the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora (CITES) in these issues. Indeed, there is
great potential for the complementary use of both
broader natural resource and fisheries management tools
to promote the conservation and management of
chondrichthyan fishes. The coordinated application of
such legislation and policies at regional and international
levels can potentially yield greater benefits for sustainable
natural resource management than when these tools are
applied in isolation.



6.2 International fisheries
agreements

United Nations Convention on the Law of
the Sea (UNCLOS)

UNCLOS was adopted in 1982 and came into force in
1994 (www.unclos.com). It provides a framework for the
conservation and management of fisheries and other uses
of the seas by giving coastal States rights and
responsibilities for the management and use of fishery
resources within their national jurisdictions. Its provisions
for establishing the EEZ of coastal States (Article 56) and
high seas require cooperation between States for the
conservation and utilisation of highly migratory species
and stocks that straddle coastal waters and high seas. This
may be achieved by bilateral agreements or through an
international organisation. Coastal States are also required
to consider the effects of fishing on associated and
dependent species (Article 61(4)). The management goal
adopted by UNCLOS (Article 61(3)) is that of maximum
sustainable yield, qualified by environmental and
economic factors. UNCLOS provisions of direct relevance
to the conservation and management of sharksinclude the
duty placed on coastal States to ensure that the stocks
occurring within waters under their jurisdiction are not
endangered by over-exploitation. Other important
provisions affecting the conservation and management
of some shark species arise from the Agreement on
Straddling Fish Stocks and Highly Migratory Fish Stocks
(see below).

UN Fish Stocks Agreement

The UN Agreement on the Conservation and Management
of Straddling Fish Stocks and Highly Migratory Fish
Stocks, 1995, (UNFSA) amplifies and facilitates the
implementation of UNCLOS provisions relating to the
conservation and management of high seas fish stocks, by
setting out detailed mechanisms for cooperation between
coastal and fishing States, including the establishment of
regional fisheries arrangements or organisations. Adopted
in 1995, it received its 30th ratification in November 2001
and came into force 30 days later in December 2001, thus
establishing firm rules and conservation measures for
high seas fishery resources.

UNEFSA calls for Parties to protect marine biodiversity,
minimise pollution, monitor fishing levels and stocks,
provide accurate reporting of and minimise bycatch and
discards and gather reliable, comprehensive scientific data
as the basis for management decisions. It mandates a
precautionary, risk-averse approach to the management
of straddling and highly migratory stocks and species
in cases where scientific uncertainty exists. States are
directed to pursue cooperation for such species through
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subregional fishery management organisations or
arrangements.

Putting this Agreement into context for chondrichthyan
fishes: the species of oceanic sharks currently defined
under UNCLOS as ‘highly migratory’ are the sixgill shark
Hexanchus griseus, basking shark Cetorhinus maximus,
whale shark Rhincodon typus, thresher sharks (Alopiidae
spp.), whaler or requiem sharks (Carcharinidae spp.),
hammerhead sharks (Sphyrnidae) and mackerel sharks
(Lamnidae spp.). The Agreement specifically requires
coastal States and fishing States to cooperate to ensure the
conservation and optimum utilisation of these listed
species. Other species and populations may qualify as
‘straddling stocks’ under Article 63(2) of the Convention,
particularly in areas where jurisdiction has not been
extended to the 200 nautical mile limit. Coastal and fishing
States are also required to agree measures to ensure the
conservation of qualifying chondrichthyan species or
stocks that straddle coastal waters and high seas. Finally,
for chondrichthyans that occur only on the high seas,
fishing States must take measures themselves and/or in
cooperation with other fishing States to ensure that these
stocks are conserved. Such coordinated management and
assessment of shared migratory populations of these
chondrichthyan fishes would certainly promote an
understanding of the cumulative impacts of fishing effort
on the status of shared populations and greatly improve
management actions for chondrichthyans. Unfortunately,
todate, there are only very few such managementinitiatives
in evidence.

The UNFSA is complemented by the FAO Code of
Conduct for Responsible Fisheries, which sets out
principles and international standards of behaviour for
responsible practices.

FAO Code of Conduct for Responsible
Fisheries

The FAO was founded with a mandate to raise levels of
nutrition and standards of living, to improve agricultural
productivity and to better the condition of rural
populations. Its Fisheries Department aims to facilitate
and secure the long-term sustainable development and
utilisation of the world’s fisheries and aquaculture. It
provides technical assistance in all aspects of fisheries and
aquaculture management and development.

The concept of ‘responsible fisheries’ arose in
recognition that fishing activities were causing the over-
exploitation of fish stocks, ecosystem modifications and
economic losses, and that international conflicts over the
management of fisheries and trade in fish products
threatened the long-term sustainability of fisheries. As a
result, in 1991 FAO’s Committee on Fisheries (COFI)
recommended new approaches to fisheries management
to embrace conservation and environmental, as well as



social and economic considerations. FAO was asked, with
support from UNCED, to develop the concept of
responsible fisheries and to elaborate a Code of Conduct
to foster its application.

A later recommendation by an FAO Technical
Consultation to elaborate the Code to address high seas
issues was endorsed in 1992 when the FAO Council agreed
that this should be a priority.

Although voluntary, the Code of Conduct was
formulated so asto beinterpreted and applied in conformity
with the relevant roles of international law, as reflected in
UNCLOS (1982), the Straddling Stocks Agreement (1995)
and in the light of the International Conference on
Responsible Fishing and ‘Declaration of Cancin’ (1992)
and the 1992 Rio Declaration on Environment and
Development, particularly Chapter 17 of Agenda 21.

The Code of Conduct is comprised of five introductory
articles, an article on General Principles and six thematic
articles on Fisheries Management, Fishing Operations,
Aquaculture Development, Integration of Fisheries into
Coastal Area Management, Post-Harvest Practices and
Trade and Fisheries Research (www.fao.org/fi/). Some of
the Code’s provisions have or may be given binding effect
by other obligatory legal instruments.

Resolution4/95 of the FAO Conference, which adopted
the Code of Conduct in 1995, also requested FAO, inter
alia, to elaborate appropriate technical guidelines in
support of theimplementation of the Code, in collaboration
with members and interested organisations.

International Plan of Action for the
Conservation and Management of
Sharks (IPOA-Sharks)

The voluntary IPOA-Sharks was developed by FAO within
the framework of the ‘Code of Conduct for Responsible
Fisheries’ in response to the request made in CITES
Resolution Conf. 9.17 (see Section 6.2). FAO organised
an expert consultation, with extra-budgetary funds
provided by the Governments of Japan and the United
States, to develop Guidelines leading to a Plan of Action.
A meeting of the Technical Working Group on the
Conservation and Management of Sharks (Tokyo) and
the Technical Consultation on the Management of Fishing
Capacity, Shark Fisheries and Incidental Catch of Seabirds
in Longline Fisheries (Rome)in 1998 developed the IPOA-
Sharks, which was adopted during the 23rd Session of
COFI, Rome, February 1999.

The IPOA-Sharksissupported by Technical Guidelines
(FAO 2000) addressed to decision-makers and policy-
makersassociated with the conservation and management
of chondrichthyans.

The IPOA-Sharks highlights the action required for
sharks within the context of the ‘Code of Conduct for
Responsible Fisheries’. The overall objective of the IPOA-
Sharks is to ensure the conservation and management of
sharks and their long-term sustainable use. It embraces
the precautionary approach and encompasses all
chondrichthyan fisheries, whether target or bycatch,

A shark biology and stock assessment training course being delivered by Dr Ramén Bonfil to 23 biologists from seven countries within the
Red Sea and Gulf of Aden region during 2002.

R. Bonfil/PERSGA



industrial, artisanal or recreational, within the context of
four main elements: species conservation, biodiversity
maintenance, habitat protection and management for
sustainable use (see Appendix 2 of this volume for IPOA-
Sharks and FAO 2000 for the technical guidelines).

It calls upon all States to produce a Shark Assessment
Report (SAR) and, if they have shark fisheries, to develop
and implement National Plans of Action (NPOA) by the
COFT session of early 2001. The latter should identify
research, monitoring and management needs for all
chondrichthyan fishes that occur in their waters. In
implementing the IPOA, States are also urged to ensure
effective conservation and management of sharks that are
transboundary, straddling, highly migratory and high
seas stocks. The Technical Guidelines (FAO 2000) support
the implementation of the IPOA. They provide general
advice and a framework for States to use when developing
SARs, NPOAs and joint Shark Plans for shared
transboundary species.

Guiding principles of both the IPOA-Sharks and the
Guidelines are that States contributing to fishing mortality
of a species or stock should participate in its conservation
and management and that shark resources should be used
sustainably. The number of States that might be expected
at least to undertake a SAR can be estimated on the basis
of the number of States reporting chondrichthyan landings
to FAO (113 countries are listed on the FAO database)
and the number exporting shark fins to Hong Kong (86—
125 States: Rose 1996; Clarke and Mosqueira 2002).

Progress by early 2001 was very disappointing, with
only 29 States reporting to FAO COFI on progress with
IPOA implementation. Of these, just six had a SAR or
NPOA available for review. In fact, none of the 18 major
shark-fishing nations (defined as those whose annual
landings, as reported to FAO, exceeded 10,000t in 2000,
see Table 4.1, Clarke et al., this volume) had produced a
SAR by September 2002. Only two had completed a
NPOA and a draft NPOA had been prepared by the
European Union (on behalf of its member States).

A review of available draft and completed NPOAs
concluded that all failed to meet some of the standards
recommended in the FAO Technical Guidelines (IUCN/
SSC Shark Specialist Group and TRAFFIC 2002a). Since
then, Australia has completed a NPOA, which it expects
to implement in 2003. This draft is the first that appears to
meet the standards recommended by FAO. At the time of
writing, many more States are expected to report some
progress to FAO COFI in February 2003.

The majority of National and Regional Fisheries
Organisations (RFOs) also appear not to beimplementing
the IPOA-Sharks effectively, if at all, which means that
there is very little improvement in the collection and
management of catch and trade data (IUCN/SSC Shark
Specialist Group and TRAFFIC 2002a). This situation
has arisen due to lack of resources, lack of technical
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supportand because the IPOA-Sharksis wholly voluntary:
States and Fisheries Management Organisations are not
obliged to undertake any of the actions urged by FAO in
the IPOA and it appears that few consider it to be a
priority.

CITES Resolution Conf.12.6, adopted in 2002 (see
below), requires that CITES continues its involvement in
encouraging and monitoring implementation of the IPOA-
Sharks and associated sustainable shark fisheries
management measures. By working together, hopefully
the staff of Parties’ CITES Management Authorities and
Fishery Departments can improve the investment in and
implementation of shark fishery management measures.

6.3 International natural resource
management agreements

Convention on International Trade in
Endangered Species of Wild Fauna and
Flora (CITES)

The Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) was established
in recognition that international cooperation is essential
for the protection of certain species from over-exploitation
through international trade. It came into force in 1975,
creating the international legal framework for the
prevention of trade in endangered species of wild fauna
and flora and for the effective regulation of international
trade in other species which may become threatened in the
absence of such regulation (www.cites.org; Wijnstekers
2001). Over 160 countries are now Party to CITES.

CITES is one of the most influential and effective
international instruments regulating natural resource use,
in that it enables Parties to take effective measures (e.g.
trade suspensions in specimens of CITES-listed species)
toenforce the provisions of the Convention and to prohibit
trade in specimens that would violate these provisions
(Wijnstekers 2001; Reeve 2002).

Appendix I of CITES currently lists about 820 species
that are threatened with extinction and for which no
international trade is allowed (except under exceptional
circumstances). Trade in the approximately 29,000 species
listed in Appendix II is subject to strict regulation and
monitoring to ensure that it is not detrimental to the
survival of the listed species. Appendix III lists about 230
speciesidentified by certain Parties as subject to regulation
within their jurisdiction in order to prevent or restrict
exploitation and as requiring the cooperation of other
Parties in the control of trade.

Proposals to add or remove species from Appendices
Iand IImust receive a two-thirds majority vote at meetings
of the Conference of Parties (CoP) to CITES (held every
two to three years) or by post for acceptance. Species may



be added to Appendix III by any range State at any time,
following consultation with other Parties.

CITES and marine fishes

CITES first listed a marine fish species (the totoaba
Cynoscion macdonaldi, Appendix I) in 1977, while all
species of sturgeon (Acipenseriformes), including some
species of significant value in fisheries and trade, were
listed in Appendix I or II between 1975 and 1998. The
queen conch Strombus gigas, one of the most important
commercially-fished and traded marine species in the
Caribbean, was added to Appendix ITin 1992 and CITES
has been debating shark conservation and management
issues since 1994.

There has been considerable debate during recent
meetings of CoP regarding the respective roles of the FAO
IPOA-Sharks (as a voluntary fisheries management
agreement) and CITES (an enforceable international
wildlife trade monitoring convention with the potential to
complement traditional fisheries management measures
through international trade controls and monitoring).
The FAO IPOA-Sharks (see Section 6.2) notes that the
NPOAs to be developed by shark fishing nations should
aim to facilitate and pay special attention to vulnerable or
threatened stocks, but does not specify how this should be
done, recognising a role for forms of cooperation through
regional fisheries arrangements. As pointed out by Weber
and Fordham (1997), CITES can contribute towards
chondrichthyan management by usingits established trade
monitoring role to assemble information on catch and
trade that are not now collected, but that are crucial to the
proper management of fisheries. Indeed, CITES provides
the only international legal mechanism to enable these
aspects of the IPOA-Sharks to be implemented. It can
certainly play a synergistic role to that of traditional
fisheries management by ensuring sustainable trade
through the inclusion of some commercially important
yet inadequately managed fish species in the Appendices,
as well as through specific Resolutions and Decisions.

Shark Resolutions and Decisions

In 1994, concern over the impacts of international trade in
shark products was brought to the attention of Parties,
leading to the adoption of Resolution Conf. 9.17 ‘The
Status of International Trade in Shark Species’. This
noted the lack of specific management or conservation
measures for sharks at a multilateral or regional level. It
directed the CITES Animals Committee to compile and
review existing data on the biological and trade status of
shark species subject to international trade and to prepare
a discussion paper on these data prior to CoP10 in 1997.
Parties to CITES, FAO and other international fisheries
management organisations were also asked to establish
programmes to provide biological and trade data (IUCN/
SSC Shark Specialist Group and TRAFFIC 2002b).
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The CITES Animals Committee accordingly compiled
and reviewed existing data on the biological and trade
status of shark species subject to international trade,
utilising contributions from many sources (Rose 1996;
Matsunaga and Nakano 1996; Nakano 1996; Oliver 1996;
an IUCN/SSC Shark Specialist Group report on the
biology and conservation status of sharks (later published
as Camhi et al. 1998); and information from FAO,
International Convention for the Conservation of Atlantic
Tuna (ICCAT) and Agreement Instituting the Latin
American Organisation for Fisheries Development
(OLDEPESCA). The Animals Committee report,
‘Biological and Trade Status of Sharks’ (CoP Doc.10.51)
was presented and adopted at CoP101in 1997. It recognised
the vulnerable nature of chondrichthyans, the danger of
rapid population collapse, lack of accurate fisheries data
and paucity of information on international trade. As a
result of this document, the following recommendations
were adopted to be implemented through five CITES
‘Decisions’ (10.48, 10.73, 10.74, 10.93, 10.126):

* improvement of identification, recording and reporting,
at species level, of landings, bycatch and trade;

* discrimination between different shark products in
international trade;

* initiation of amoreintensive FAO work programme on
sharks and rays;

* initiation of research and management efforts by Parties
to CITES which operate shark fisheries, including data
collection, compilation of life history information,
biological parameters, distribution and reduction of
bycatch mortality;

* improved subscription to and implementation of the
principles and practices in

the FAO Code of Conduct for Responsible Fisheries;

the FAO Precautionary Approach to Fisheries (Part

I: Guidelines on the Precautionary Approach to

Capture Fisheries and Species Introductions); and

the FAO Code of Practice for Full Utilisation of

Sharks;

* FAO to convene a consultative meeting of FAO
representatives, fisheries biologists/managers,
intergovernmental fisheries organisations and non-
governmental organisations with expertise on shark
management; and

* the CITES Secretariat to communicate relevant
recommendations to FAO and otherintergovernmental
fisheries management and/or research organisations
and to establish liaison with them to monitor
implementation.

For further details on the Decisions, refer to the tables in
IUCN/SSC Shark Specialist Groupand TRAFFIC (2002b).

The Animals Committee has since continued actively
to monitor and report on progress in shark fisheries
management.



Most current international chondrichthyan
conservation and management initiatives arose as a direct
result of CITES Resolution Conf. 9.17 and associated
Decisions. It stimulated the collection of large quantities
of data on landings and trade, which will aid in the future
management of chondrichthyan fish species. The
Resolutionalso stimulated development of the FAO IPOA-
Sharks (see below).

The 11th CoP repealed Resolution Conf. 9.17, which
had largely been implemented by 2000, but recorded two
Decisions (11.94 and 11.151) concerning outstanding
instructions from this Resolution.

Decision 11.151 ‘Regarding trade in shark specimens’,
directed the CITES Secretariat to continue to liaise with
the World Customs Organisation to promote the
establishment and use of specific headings to discriminate
between shark meat, fins, leather, cartilage and other
products.

Decision 11.94 ‘Regarding the biological and trade
status of sharks’, directed the Animals Committee to
maintain liaison with FAO’s COFI, to monitor the
implementation of the IPOA-Sharks and to report to the
12th CoP on progress made.

In implementing the latter Decision, the 19th Animals
Committee meeting considered a paper presented by the
IUCN/SSC Shark Specialist Group and TRAFFIC
(2002a). The Committee agreed that progress towards
IPOA-Sharks implementation had been unsatisfactory,
that the Animals Committee Chair should continue to
monitor progress following CoP12 and that shark trade
and conservation issues should be discussed by CoP12 in
November 2002.

Two Parties subsequently prepared papers (CoP12
Doc. 41.1 and 41.2 — see www.cites.org) to inform the
discussions of the Conference and proposed a new Shark
Resolution on the Conservation and Management of
Sharks. CoP12 adopted Resolution Conf. 12.6 whose

operative paragraphs (see Appendix 7), directed to the
CITES Secretariat, Animals Committee, Partiesto CITES
and to FAO and RFOs, require the continued involvement
of CITES in shark conservation and management issues
and ensure that the Animals Committee, continues to
maintain a ‘watching brief” on international progress
towards sustainable shark fisheries management at least
until CoP13 in 2004.

Chondrichthyan fish listing proposals

In addition to stimulating general measures to improve
the management of shark fisheries, the Parties to CITES
have also considered several listing proposals. In 1997, a
proposal to include all species of sawfishes, Pristiformes,
in Appendix I was rejected, despite all species having been
evaluated as Endangered or Critically Endangered globally
on the IUCN Red List of Threatened Species. In 2000,
proposals to include three species of sharks (the basking
shark C. maximus, whale shark R. typus and white shark
Carcharodon carcharias) in Appendix II were rejected.
Arguments against listing included lack of data, that these
species should be dealt with through traditional fisheries
management bodiesand that the FAO IPOA-Sharks would
shortly be delivering the necessary management for these
and other shark species. The basking shark was listed by
the UK and European Union in CITES Appendix I1I later
that year and the white shark listed in Appendix III by
Australia in 2001 (www.cites.org). In 2003 at CoP12,
however, proposals to include the basking shark and
whale shark in Appendix Il were accepted. It was apparent
by this time that the IPOA-Sharks had not been
implemented by most Parties and had not delivered any
obvious improvement in shark fisheries management. In
addition, there was no collaborative management
underway for these species, nor were they the responsibility
of any regional fisheries management body. Controls on
the lucrative and increasing trade in basking shark and

The basking shark Cetorhinus
maximus listed in CITES
Appendix Il.

Jeremy Stafford-Deitsch



whale shark products were agreed to ensure that trade was
not detrimental to the survival of these vulnerable species.
It was argued during debate that this would also protect
sustainable fisheries and ecotourism operations that might
be threatened by unregulated exploitation elsewhere. It is
too early to judge progress with implementation of these
listings, but such future assessments of the results of the
listings will be complicated by the Reservations on listed
fish species that have been taken out by some major shark
fishing and trading States. While Reservations are in
effect, the Parties concerned are formally treated as non-
Parties with respect to trade in the species concerned.

Convention on Migratory Species
(Bonn Convention)

The Convention on Migratory Species (CMS), signed in
1979 and ratified in 1983, had 270 Parties at time of writing
(www.cms.int). CMS recognises the need for countries to
cooperate in the conservation of animals that migrate
across national boundaries, if an effective response to
threats operating throughout a species’ range is to be
made. The CMS operates a regional structure (Africa,
America and the Caribbean, Asia, Europe and Oceania),
providing a framework within which Parties may adopt
strict protection measures for endangered migratory
species (listed in Appendix I), or conclude Agreements for
the conservation and management of migratory species
with an unfavourable conservation status (listed in
Appendix II). These Agreements are open to accession by
all range States of the species concerned, not just to the
CMS Parties. They may also cover any species that would
benefit significantly from international cooperation and
have been applied to cetaceans and to sea turtles.

The whale shark R. typus (accepted for listing in
Appendix II by the 6th CMS CoP in 1999) and the white
shark C. carcharias (listed in Appendices I and II by the
7th CoP in 2002) are the only chondrichthyan fish listed at
the time of writing. The 6th CoP called for cooperative
actions to be undertaken for the whale shark and a
workshop is being planned to initiate such action.

Convention on Biological Diversity

The Convention on Biological Diversity (CBD) was
concluded in Rio at the UNCED in 1992. CBD aims to
conserve biological diversity and to promote the
sustainable, fair and equitable use of its benefits. It has 182
Parties and 168 Signatories at the time of writing
(www.biodiv.org).

Parties are required to develop or adopt national
strategies for the conservation and sustainable use of
biological diversity in accordance with the CBD, to monitor
components of biological diversity that are important for
conservation, and to identify and monitor activities with
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likely adverse impacts on the conservation and sustainable
use of biodiversity. The 1995 meeting of the CBD CoP also
adopted the Jakarta Mandate on Marine and Coastal
Biodiversity, which calls upon Parties to take action for the
sustainable use of marine and coastal living resources and
invites major international bodies to improve their existing
activities in this area.

Although similar to CITES in terms of numbers of
Parties and hence its international coverage, CBD differs
considerably in that implementation is the individual
responsibility of each Party and may be taken forward in
varying ways in different States and Decisions are passed
by consensus.

CBD can influence and drive national conservation
and management policies for commercially fished species,
including chondrichthyans, if considered appropriate by
Parties. The UK, for example, identified large numbers of
priority species of concern during its initial response to the
CBD, including several species of chondrichthyans (basking
shark C. maximus, common skate Dipturus batis, tope
Galeorhinus galeus, porbeagle Lamna nasus and blue shark
Prionace glauca—none of which was being managed in UK
or European waters) and other commercially-fished fish
species. All of these species were considered by the UK to
be among those components of marine biodiversity that
are in need of management and monitoring as part of its
implementation of the CBD (Anon. 1995).

6.4 Regional agreements and
management bodies

There are numerous other regional agreements or
management bodies that require Parties to protect, monitor
or manage marine species and which could potentially be
applied toimprove the conservation or management status
of chondrichthyan fishes. A few examples are given below.
To date, however, only one of these is known to have listed
chondrichthyans (the Barcelona Convention for the
Protection of the Mediterranean Sea) and only one Party
has formally implemented this agreement (Malta).

Regional seas conventions

Theremit of themany Regional Seas Conventions (generally
established under the auspices of the United Nations
Environment Programme’s Regional Seas Programme,
www.unep.ch/seas/) usually includes, inter alia, protected
areas and the protection and management of biodiversity
(wild animals and plants). They generally oblige States to
take appropriate measures for the conservation and
management of listed species, including the establishment
of cooperation programmes to assist with protected species
management and conservation and the development of
regional recovery programmes. Only one regional seas



Convention (the Barcelona Convention) is known to list
chondrichthyan fishes, but all could potentially do so.

The Convention for the Protection of the Mediterranean
Sea against Pollution (Barcelona Convention) wasadopted
in 1976 and entered into force in 1978. It was revised in 1995
as the Convention for the Protection of the Marine
Environment and the Coastal Region of the Mediterranean.
This new text is still under ratification. The Barcelona
Convention lists eight species of chondrichthyan fish: white
shark C. carcharias, basking shark C. maximus and giant
devilray Mobula mobular on Annex II (Endangered or
Threatened species) and shortfin mako Isurus oxyrinchus,
porbeagle L. nasus, blue shark P. glauca, white skate Raja
albaand angelshark Squatina squatina on Annex I1I (species
whose exploitation is regulated). The species listings are on
the new Specially Protected Areas and Biological Diversity
protocol (SPA and Biodiversity). This legally binding
instrument was adopted in 1995 and came into force in
1999 —even though the revised text of the Convention s still
under ratification. Malta is so far the only signatory that
has used its national legislation to provide legal protection
to Annex II species.

At the request of the Contracting Parties to the
Barcelona Convention, UNEP’s Mediterranean Regional
Activities Centre for Specially Protected Areas (RAC/
SPA)recently prepared an Action Plan for the conservation
of Mediterranean species of cartilaginous fish, focusing on
species and habitat protection; improved monitoring and
data collection; education and sustainable management.
At the time of writing, this Action Plan was due to be
reviewed and submitted for adoption at the 6th Meeting of
National Focal Points for the SPA and Biodiversity
protocol, before being submitted to the Contracting Parties
to the Barcelona Convention for approval in 2003.

Other examples of regional seas conventions which
could potentially include chondrichthyan fish within their
remit include the Convention for the Protection and
Development of the Marine Environment of the Wider
Caribbean, the East African Regional Convention and the
Convention for the Protection of the Natural Resources
and Environment of the South Pacific. To date, very few
marine species, none of them chondrichthyans, are listed,
even though many species clearly qualify for inclusion and
could benefit from appropriate management within the
State EEZs.

Regional Fisheries Organisations

Regional Fisheries Organisations (RFOs) are usually (but
not invariably) established under the mandate of FAO
(www.fao.org/fi/body/rfb/index.htm). There are currently
some 14 management bodies for marine fisheries resources,
with otherssstill to be established as additional conventions
come into force. Additionally, 18 advisory bodies and
four scientific organisations deal with specified marine
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resources in particular areas. Only a few of these
organisations cover whole ocean basins and even the
largest tend to have only some 15-30 members. (See
Appendix 3 for oceanic coverage of RFOs and fisheries
scientific advisory bodies.) There is considerable
geographical overlap between many RFOs, but overlap in
species responsibilities does not generally occur and not
all fisheries resources (particularly high seas species) fall
within the mandate of existing RFOs (A.Willock,
TRAFFIC Oceania, in litt., www.fao.org/fi/body/rfb/
index.htm).

The terms of reference of many RFOs are generally not
as precautionary in their approach as that required by the
UN Agreement on Straddling Fish Stocks. Many RFOs
also fall short in areas such as enforcement and flag-State
responsibilities, which receive particular attention from
the Agreement. This is partly due to the relatively recent
introduction of the precautionary approach to fisheries
management fora, compared with the older instruments
which originally established many RFOs and naturally
did not anticipate these developments.

TUCN/SSC Shark Specialist Group and TRAFFIC
(2002a) summarised the potential for a selection of RFOs
and advisory bodies to cover the monitoring and
management of shark species (see Appendix 3). These
include the Commission for the Conservation of Antarctic
Marine Living Resources (www.ccamlr.org), the
Commission for the Conservation of Southern Bluefin
Tuna (www.ccsbt.org), the Inter-American Tropical
Tuna Commission (www.iattc.org), the International
Commission for the Conservation of Atlantic Tunas
(www.iccat.org), the Indian Ocean Tuna Commission
(www.iotc.org) and the Northwest Atlantic Fisheries
Organisation (www.nafo.ca). The main activities that have
been undertaken by those organisations in relation to
sharks (primarily data collection) are also briefly described.

Chondrichthyan fish species are not usually included
within the species-specific marine resource management
remit of most RFOs, although some do already include
sharks and many more could choose to do so, particularly
if the fisheries within their remits have significant impacts
on or catches of sharks (RFOs often have a mandate
enabling conservation and management measures to be
implemented for related or bycatch species). Only a few,
however, have actually implemented specific measures for
sharks beyond basic catch reporting requirements and if
others expand their remit to sharks, this is most likely to
be within the context of RFO data collection and
monitoring duties, rather than as a subject of targeted
fisheries management activities.

Thissituation will hopefully change in future, as CITES
and FAO increasingly urge RFOs to increase their shark
fishery management activities. At the time of writing,
however, NAFO had recently declined to set quotas for
declining stocks of targeted chondrichthyan species. Only



the International Council for the Exploration of the Sea
(www.Ices.dk) and ICCAT were known to be utilising
chondrichthyan fisheries and/or bycatch data to develop
stock assessments. ICCAT’s Standing Committee on
Research and Statistics (SCRS) agreed in 1994, following
the adoption of CITES Resolution Conf. 9.17, that its
remit for ‘tuna and tuna-like species’ did encompass sharks
and established an ad hoc Working Group on Bycatches.
This subsequently became a formal Sub-Committee on
Bycatches, covering all bycatch species encountered by
tuna fisheries. The Sub-Committee considered at an early
stage the requirements for conservation and management
of sharks and established its own Shark Working Group,
which first met and established a data collection system in
1996. In 2001 the Shark Working Group held a data
preparation meeting for an Atlantic shark stock assessment
in 2004, to focus on blue and shortfin mako sharks, in
collaboration with ICES. The SCRS has also recommended
that contracting parties, entities and fishing entities
establish and/or maintain scientific research programmes
on sharks; collect and submit to the ICCAT Secretariat
species-specific shark catch and discard statistics
(including size data and conversion factors for
estimating whole weight from product weight); and
develop and conduct observer programmes for their
own fleets, in order to provide accurate data on shark
catches by species (Nakano 2002).

The ICES Study Group on Elasmobranch Fishes
(SGEF) and the ICES Working Group on the Biology and
Assesment of Deep Sea Fisheries Resources (WGDEEP)
have been closely involved in the EU-funded study (CFP
99/055) on the Development of Elasmobranch Assessments
(DELASS). DELASS was established to develop
elasmobranch stock assessments, focusing on case studies
of nine species from different ecological groups of sharks
and rays (Walker et al. this volume; ICES 2002a, 2002b).
The final conclusions of this project became available as
this chapter was completed (Heessen ez al. 2003), but at the
time of writing no management advice had been prepared
as a result.

ASEAN Agreement on the Conservation
of Nature and Natural Resources

The Association of Southeast Asian Nations (ASEAN)
Agreement on the Conservation of Nature and Natural
Resources covers Brunei, Indonesia, Malaysia, the
Philippines, Singapore and Thailand and is considered to
be one of the most modern, comprehensive and forward-
looking of all conservation treaties (de Klemm and Shine
1993). Its Parties are required to give special protection to
threatened and endemic species and to preserve the critical
habitats of endangered or rare species, species that are
endemic to a small area and migratory species. While no
threatened, rare or migratory chondrichthyan fishes of
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the ASEAN region are yet listed, this Agreement could
potentially be applied to the conservation and management
of such species.

6.5 National chondrichthyan fish
conservation and management
initiatives

Section 6.2 has noted the significant lack of activity, to
date, among shark fishing States urged by FAO to
implement the voluntary IPOA-Sharks since this was agreed
in 1999. Indeed, the number of chondrichthyan fishing
nationsimplementing management tools for their domestic
chondrichthyan fisheries has not grown significantly since
the review undertaken by Camhi ez al. (1998). Whereas in
1998 only four States (Australia, New Zealand, the United
States and Canada) had established integrated research
and management plans for their shark fisheries and a fifth
(South Africa) had a plan in development, in 2002 this
number had increased only in that Japan now hasa NPOA
for sharks and a number of other countries have draft
NPOAs in progress, including the European Union on
behalf of all their member States. In 1998, only 11 countries
had any federal management identified for their
chondrichthyan fisheries and there had been very little
increase on this at the time of writing.

Some of those States that manage chondrichthyan
fisheries also protect one or more threatened species under
wildlife or fisheries legislation. A few countries that
currently have no chondrichthyan fisheries management
measures have introduced legislative measures to protect
rare or threatened species. In many cases protected species
are taken as fisheries bycatch, sometimes in large numbers.
Even if utilisation of this bycatch is prohibited (New
Zealand permits utilisation of carefully monitored bycatch
of prohibited target chondrichthyans), these levels of
bycatch may be sufficiently high to make protection largely
ineffective. For some protected species, bycatch in other
fisheries may be sufficient to prevent recovery of depleted
populations and even continue to drive them towards
extinction (Musick 1995, 1999). This is of particular
concern in the case of the eastern Australian stock of the
grey nurse shark Carcharias taurus. This received strict
legal protection in 1984 (it was the first chondrichthyan
species to be protected anywhere in the world), but has
shown no signs of population recovery during the 17 years
since then and is now estimated to comprise fewer than
500 adult individuals (Pollard and Smith this volume).

6.6 The IUCN Red List Programme

The regularly updated IUCN Red List of Threatened
Species™ is widely recognised as the most comprehensive,



global source of information on the conservation status of
plant and animal species. It has no statutory force, but
occupies a prominent role in setting priorities and guiding
the conservation activities of governments, non-
governmental organisations (NGOs) and scientific
institutions.

Thefirst IUCN Red Data Book (a volume on Mammals)
was published in 1966. This was followed by global, national
and regional Red Data Books for many other groups of
species and regular updates of earlier versions published all
over the world. Chapter 8 of this volume does, to some
extent, represent a first Red Data Book, albeit for just 10%
of the chondrichthyan fishes.

The original process of producing Red Data Books,
which summarised mainly qualitative information on the
status of threatened species, changed considerably in the
mid-1990s when ITUCN’s Species Survival Commission
introduced a more consistent and objective process for
evaluating the threatened status of world biodiversity,
including the development of quantitative criteria (described
in Chapter 8) for assessing more objectively levels of
extinction risk faced by species.

This has enabled IUCN to establish a formal Red List
Programme, the goals of which (Hilton-Taylor 2000) are to
provide a global index of the state of degeneration of
biodiversity, and identify and document those species most
in need of conservation attention if global extinction risks
are to be reduced. The Red List Programme proposes to
achieve these goals by assessing, in the long term, the status
of a selected set of species, establishing a baseline from
which to monitor the status of species, providing a global
context for the establishment of conservation priorities at
the local level and monitoring, on a continuing basis, the
status of arepresentative selection of species (as biodiversity
indicators) that cover all the ecosystems of the world.

Due to its size, the Red List is now primarily available
as an electronic database, updated annually and accessible
through the internet at www.redlist.org.

The new Red List Programme is also integrating the
information into other IUCN datasets, such as SSC’s
information management system, the Species Information
Service (SIS). This will make it possible to integrate Red
Listdata with other information such as species’ geographic
distributions or populations, thus greatly enhancing the
use of the Red List for biodiversity analyses.

The vision for the Red List Programme is ‘to make
reliable information on the status of biodiversity available
tosupport the work of conservation agencies, development
assistance agencies, scientists, land-use planners, policy-
makers and others’. This work is certainly of relevance to
future conservation and management initiatives for the
chondrichthyan fishes. The SSG is currently working
towards undertaking Red List assessments of all species of
chondrichthyans (commencing with sharks), in order to
build a clearer picture of the threatened status of the whole
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taxonomic group. Appendix 9 provides the latest summary
of progress with this goal.

6.7 Conclusions

Despite the progress described in this chapter, there are still
gaps in many of the international regimes for managing
fisheries that directly or incidentally catch sharks and rays
and for regulating trade in shark products. However, there
is a wide range of potential international instruments and
agreements available to encourage or deliver improved
management of chondrichthyan fish populations, both in
territorial waters and EEZs and on the high seas.

Mostnational and regional fisheries organisations would
undoubtedly prefer to see shark management (particularly
for commercially-fished species) remain within their remit
and operating under fisheries agreements, such as the UN
Agreement on Straddling Fish Stocks and Highly Migratory
Fish Stocks and the FAO’s IPOA-Sharks. The membership
of RFOs, however, is generally restricted to a much smaller
number of Parties than is the equivalent regional
membership of international natural resource management
conventions. Additionally, some of the latter now list some
species of sharks (e.g. CMS and CITES). Some of these can
provide amuch stronger framework within which to deliver
shark conservation or trade management than do voluntary
fisheries codes or agreements, or RFOs with a tightly
defined remit for the active management only of certain
listed species. As already noted, CITES is potentially the
only truly effective means for monitoring international
trade in products from wild species, while the IPOA-Sharks
is a wholly voluntary measure.

Paragraph 25 ofthe IPOA-Sharksalsonotes that ‘States,
within the framework of their respective competencies and
consistent with internationallaw, should strive to cooperate
through regional and subregional fisheries organisations
or arrangements and other forms of cooperation, with a
view to ensuring the sustainability of shark stocks’. It may
be thislogic whichled to a recent agreement to drafta MOU
between FAO and CITES and to theadoption of Resolution
Conf. 12.6 concerning conservation and management of
sharks, that will ensure that CITES continues to take an
active role with regard to the IPOA-Sharks.

Ultimately, the case for improved management of
threatened and commercially exploited species of
chondrichthyans is so urgent that it is important for
managers and policy-makers to promote the use of all
relevant management tools available to them. Fisheries
and natural resource agreements do not cover completely
different natural resource management priorities, but
overlap significantly within the area of sustainable resource
utilisation. They can complement each other and the
thoughtful use of both types of instruments will yield an
important synergy, equipping fisheries and natural resource



managers with the means to reverse current population
declines and promote sustainable use more effectively
than would be the case if only a single form of management
is applied.
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Chapter 7

Regional Overviews

7.1 Introduction

Rachel D. Cavanagh
Overview

The following nine reports have been compiled by TUCN/
SSC Shark Specialist Group (SSG) members in order to
provide an overview of the status of chondrichthyan fishes
and fisheries in each region. Each report begins with an
introduction, followed by a summary of the following
main issues and trends.

* Biology andstatus covers topics such as species diversity,
threats to habitats and the major commercial and
threatened species in the region.

Fisheries and utilisation presents an overview of
the main fisheries (directed and incidental) for
chondrichthyans in the region, later discussed in more
detail within individual country sections. Information
is also included (if available) on the regional economic
importance of chondrichthyans and a summary of
products and trade based on TRAFFIC survey reports
and other data.

Management and conservation presents a summary of
any management in place and/or individual species
protection.

Research summarises the current status of research on
chondrichthyans in the region.

Sections then follow for each country in the region,
describing directed and incidental fisheries for
chondrichthyans, plus information on management and
conservation if this exists. It was not possible to include
similarly detailed information on every country; the authors
compiled data available at the time of writing. Therefore,
we welcome additional information and updates from
readers, particularly for countries for which we currently
have little or no information. This supplementary
information will be included in internet updates of this
volume (see below).

Finally thelimited information oninternational waters/
high seas fisheries is described.

A separate Conservation Action Plan will be prepared
in the near future to summarise major regional
conservation issues, including species of concern/at risk,
fisheries causing most cause for concern, main data and
research needs, and to provide conservation and
management recommendations.

Landings data and graphics

In most cases, the regional overviews are intended to
summarise the current state of knowledge by describing
and citing available data sources. In some cases, however,
(e.g. West Africa) very little published data exists elsewhere
thus it was considered necessary to present more detailed
information than for better-studied regions.
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Data presented on landings and trade were current at
the time of writing. It is inevitable, however, that some of
this information will already be outdated by the time this
reportis printed! The SSG therefore intends to maintain an
active regional section on our website (www.flmnh.ufl.edu/
fish/organizations/ssg/ssg.htm) where periodic updates will
add to the information presented in this publication.

We have used data from FAO (Food and Agriculture
Organization of the United Nations) 2002, FISHSTAT
Plus (v. 2.30) and Capture Production Database 1950—
2000 throughout the regional reports. Where possible,
this has been compared with information from national
fisheries organisations and/or anecdotal and individual
project research data (such information will be made
available at a later date as graphics and/or tables in the
regional sections of the SSG website and updated
periodically). For the sake of consistency, we have used
the same form of graphics and tables in each regional
chaptertoshow overall regional trendsin reported landings
to FAO since the 1950s and to highlight the main
chondrichthyan fishing nations in each region (in terms of
reported landings to FAO). Where a country falls within
two SSG regions (e.g. USA, Mexico) then FAO landings
data were divided by ocean of landing. The use of ‘t’ refers
to metric tonnes.

FAO data are the only available source of
information on chondrichthyan fisheries in many
countries, but readers must bear in mind their limitations
and exercise extreme caution when attempting to draw
conclusions from them. Shotton (1999) notes that FAO
data are usually obtained from national reporting offices
and, wherever possible, verified from other sources. In
cases where national data are not reported or are
considered to be unreliable, data are used from other
sources (regional fisheries bodies, scientific projects,
etc.). Where there is no confidence in reported data and
no alternative sources, landings are simply estimated,
based on ‘best available information’ (which may simply
represent an extrapolation of data from other years
when accuracy was similarly poor). Additionally, as
discussed in Clarke et al. (this volume), actual
chondrichthyan catches are likely to be significantly higher
thanindicated by FAO data because of widespread lack of
reporting, inaccurate record keeping and in some cases
wilful underestimation. Offshore fleets with a large shark
bycatch may land partially processed sharks in foreign
portsortranship cargo at sea, thereby ‘losing’ information.
In addition, many thousands of metric tonnes of
chondrichthyans are believed to be discarded at sea, often
unaccounted for in logbooks. Finally, chondrichthyans
caught by artisanal fishing communities are often
consumed locally and bypass official record keeping, or
there may be no existing system of monitoring. Indeed
actual catches may be up to double those recorded in the
official FAO statistics (Bonfil 1994).
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Data on fin trade

One way to assess the global trade in shark fins is to
examine import records from Hong Kong, the world’s
largest trading centre for fins. All quoted figures for
export of shark fins to Hong Kong cited as ‘Anon. 2001a’
in the regional reports are based on declared imports from
that particular country in the Hong Kong customs
databases and were compiled by summing weights of
unprocessed dried fins and unprocessed salted or frozen
fins (without adjusting for water content). For more details,
refer to Clarke et al. (this volume). It should also be noted
here that where ‘finning’ is mentioned in the regional
chapters, this refers to the practice of slicing off a shark’s
valuable fins and discarding the body at sea.

7.2 Northeast Atlantic (including
Mediterranean and Black Sea)

Paddy Walker, Rachel D. Cavanagh, Mathieu Ducrocq
and Sarah L. Fowler

Authors’ note: Since this report was written, the TUCN/
SSC Shark Specialist Group (SSG) has formed a regional
group for West Africa, comprising countries incorporated
within the Northeast Atlantic and Subequatorial Africa
regions, as defined in this publication. Future web updates
will cover West Africa separately. In the interim, this
Northeast Atlanticregional report presents United Nations
Food and Agriculture Organization (FAO) landings data
separately for countries in FAO’s Eastern Central
Atlantic area.

Introduction

This region covers the Northeast Atlantic Ocean from the
Arctic to the Equator, bordered in the west by the coast of
eastern Greenland and Longitude 40°W in the central
North Atlantic, and including the White, Baltic,
Mediterranean and Black Seas (see Figure 7.2). This
chapter also covers those West African countries that
have recently been incorporated into a separate West
African SSG region (see authors’ note). A huge range of
chondrichthyan habitatis represented: areas permanently
covered by sea ice, deep-sea, open ocean and coastal
waters from the Arctic to the Equator, enclosed fully-
saline and brackish seas, estuaries and tropical rivers. In
2000, 52 countries from the region reported landings of
chondrichthyans to FAO, although the total number has
been up to 61 in some of the past 15 years, because some
countries only report landings of these species infrequently
(Tables 7.1 and 7.2). The FAO Major Fishing Areasin this
region are 27 (Atlantic, Northeast), 37 (Mediterranean
and Black Sea) and part of 34 (Atlantic, eastern Central).
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Information on landings for this review was compiled
from an earlier SSG status report for Europe (Mufioz-
Chapuli et al. 1994), various reports of the International
Council for the Exploration of Seas (ICES 1995 onwards),
an FAO Case Study (Pawson and Vince 1999), a report by
the European Commission’s Subgroup on Resource Status
of the Scientific, Technical and Economic Committee for
Fisheries (SGRST 2002) and FAO elasmobranch capture
production statistics (FAO 2002). Additional information
for countries in the West Africa region (M. Ducroq in /itt.)
is also reported here. The International Commission for
the Conservation of Atlantic Tuna (ICCAT) is also
collecting data for pelagic fisheries in the region (see
Fowler and Cavanagh this volume).

The region contains some of the most important
chondrichthyan fishingnationsin the world. Spain, France,
the UK and Portugal are among the 20 countries reporting
the highest capture production of these species worldwide
in 1985-2000 (see Table 4.1 Clarke et al. this volume).
Although total landings of chondrichthyans in the
northern part of the region have remained relatively
stable over the past 50 years, their contribution to total
wild capture production has declined from around 1.4%
in 1969 (when chondrichthyan stocks were still only lightly
exploited) to about 0.77% in 1982, indicating that their
relativeabundance had declined. This decline is confirmed
by other sources (see below). The downward trend has
continued in recent years, with one exception: a steep (8—
9-fold) increase in reported landings by Spain. It is not
possible to determine whether the latter is due to improved
reporting, increased retention of bycatch, or new targeted
fisheries as other teleost stocks decline. In general, however,
mostchondrichthyanslanded from the Northeast Atlantic
are now taken as bycatch. The few traditional directed
fisheries targeted at commercially valuable species are all
in decline; many vessels engaged in these fisheries have

been redirected to other target species or have stopped
fishing altogether. It is apparent that reduced availability,
rather than falling market values, has been the main
reason that the fisheries in which these species were the
principal component of the catch have become unprofitable
(Pawson and Vince 1999). Reported landings in the
Mediterranean have also declined. In contrast, reported
landings in the southern part of this region (north-west
Africa) have increased significantly since the 1970s and
still appear to be rising slightly, although chondrichthyan
landings throughout the FAO Eastern Central Atlantic
region peaked in 1997 and have since declined.

With very few exceptions, exploitation of chond-
richthyans is unregulated in the region.

Summary of issues and trends
Biology and status

The region has a moderate chondrichthyan diversity
comprising around 70-71 species of sharks in 21
families and six orders, 54-58 species of batoids in
nine families and two orders, and seven chimaeras in
two families and one order. Thus, an estimated 131-
136 chondrichthyan species occur in the region. In
this account, we follow Compagno (1999a), and his
modifications (Compagno et al. this volume a and
Appendix 1) in the higher order classification of the
sharks and rays.

Most of the species considered in this report are
widespread throughout the area, although a few have
limited distributions. The Mediterranean Sea has one
endemic chondrichthyan, the speckled skate Raja
polystigma, while the giant devilray Mobulamobular occurs
in the Mediterranean Sea and possibly in nearby northern
Atlantic waters. There are a few species that occur mainly



in the Mediterranean, with some extension in the eastern
Atlantic: the Maltese skate R. melitensis, the starry skate
R. asterias and the rough skate R. radula. Other species are
quite widely distributed within the region but do not occur
elsewhere, including the common skate Dipturus batis and
angelshark Squatina squatina. A few brackish and
freshwater species, including African endemics, are
recorded from West African estuaries, lakes and rivers.
The Archipelago Bijagos, Guinea-Bissau and Banc
d’Arguin, Mauritania, are known to be important zones
for coastal elasmobranch reproduction and biodiversity.
A new species of the family Rhynchobatidae, recorded
twice in the Banc d’Arguin, is presently being described
(Ducrocq pers. comm.).

Throughout the region thereis a general trend towards
declinein theabundance and distribution of elasmobranch
fishes, particularly larger coastal species; those which are
most biologically vulnerable to exploitation and which
occur in areas that have been heavily fished for a long
time. These declines have caused some formerly
commercially exploited species to become so rare that
they are now protected or being considered for listing
under wildlife conservation legislation. It is generally
recognised that most of the larger Raja species are less
abundant in this region now than in the past. Mufioz-
Chapulietal. (1994) noted that all available data suggested
that skate and ray populations were decreasing through-
out the area, especially those of the larger species such as
white skate Rostroraja alba, D. batis, long-nose skate
D. oxyrhinchus and blonde ray R. brachyura. They
considered that species present in low population densities
and affected by smaller fisheries reporting only sporadic
landings might also be declining in the Mediterranean, for
example, M. mobular, basking sharks Cetorhinus maximus
and white sharks Carcharodon carcharias. Dipturus batis
has disappeared altogether from some areas such as the
Irish Sea (Brander 1981) and North Sea (Walker and
Hislop 1998), if not from most shelf waters (Ellis and
Walker this volume). The common sawfish Pristis pristis
was once common in the region, but is thought to have
been extirpated from Europe and the Mediterranean. The
smalltooth sawfish P. pectinata has been wholly or nearly
extirpated from large areas of its former range in the
Mediterranean, by fishing and habitat modification (see
Adams this volume). Sawfishes are also thought to have
been extirpated from West African coastal waters
(P. pristis, largetooth sawfish P. perotteti and P. pectinata
sp.), although small numbers (species unknown) may still
remain in Archipelago Bijagos, Guinea-Bissau.
Guitarfishes of the family Rhynchobatidae have been
extirpated from the Sine-Saloum region in Senegal and,
although some are still found in the Banc d’Arguin,
Mauritania, they are highly threatened by the fishery
targeting guitarfishes of the family Rhinobatidae for the
finmarket. Squatina squatina, which has a similar bottom-
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dwelling habit and vulnerability to fisheries for the batoids
described above, was common in coastal waters in the
nineteenth and early to mid-twentieth century but is now
rare in many areas, including the UK, France and the
Mediterranean (Rogers and Ellis 2000; Ellis 2001); other
species of Squatina are likely to be similarly depleted.
Several species of elasmobranch are already listed on
regional conventions and protected through national
wildlife legislation (see below).

Aldebert (1997) describes a clear decline of several
elasmobranch species commercially captured by trawls in
the north-western Mediterranean in relation to increased
fishing intensity and technological advancement of the
fishing gear. Notobartolo di Sciara (1988) expressed
concern with regard to overfishing in the Mediterranean
possibly being responsible for the serious declines and
possible disappearance from the region of species such as
the Lusitanian cownose ray Rhinoptera marginata, the
dark spotted stingray Himantura uarnak and the
Mediterranean skate species mentioned above. Research
in the Adriatic Sea, central-eastern Mediterranean,
highlighted a decrease in elasmobranch biodiversity and
distribution between 1948-1998, with batoids being most
seriously affected (Jukic-Peladic ez al. 2001). Rogers and
Ellis (2000) suggest that commercial trawl fisheries in
some British coastal waters are responsible for similar
changes in the demersal fish assemblages, for example, a
decline in large sharks, skates and rays, such as D. batis
and S. squatina. There has also been a marked change in
the species composition of batoids in the North Sea (see
below).

Similar declines are also reported for important
commercial stocks of smaller species, some of which are
more fecund and much more resistant to exploitation.
Muioz-Chapuli et al. (1994) had doubts about the future
of the spurdog Squalus acanthias fishery in the Northeast
Atlantic, due to the expectations of heavier exploitation
pressure in the near future and noted that landings of
houndsharks Mustelus spp. in the Mediterranean were
decreasing steadily.

ICES (1995) stated that landings of all elasmobranch
species had declined in the North Sea since the 1970s.
Pawson and Vince (1999) reported that landings in all the
well-established elasmobranch fisheries in the Northeast
Atlantic have declined or ceased. These are described in
the following section.

Fisheries and utilisation

FAO capture production data from 1985-2000 indicate
that the major elasmobranch fishing nations of this region
are Spain, France, the UK and Portugal (Table 7.1); these
countries are also among the 20 largest elasmobranch
fishing nations in the world (see Table 4.1 Clarke et al. this
volume). Figure 7.3 shows the overall fluctuations in



Table 7.1. Elasmobranch landings (metric tonnes) by country within the Northeast Atlantic region as reported
to FAO (2002).

Country 1985 1986 1987 1988 1989 1990 1991 1992
Albania 141 236 491 429 58 20 10 10
Algeria 840 - - - - 474 709 751
Belgium 3,117 2,841 2,795 2,229 2,250 1,899 1,729 1,855
Bulgaria 68 153 90 51 28 16 21 14
Channel Islands 97 84 76 118 162 166 155 200
Croatia - - - - - - - 470
Cyprus 55 138 338 92 162 11 7 24
Denmark 1,856 1,277 1,577 1,611 1,188 1,478 1,387 933
Egypt 94 52 711 773 392 770 585 1,152
Estonia 0 0 0 3,264 416 477 0 0
Faeroe Islands 524 550 472 538 608 708 832 944
France 33,143 36,378 36,634 34,400 27,298 26,310 25,895 24,705
Georgia 0 0 0 61 217 128 68 14
Germany 453 423 885 268 185 83 14 61
Greece 1,182 1,192 959 1,186 963 616 797 715
Greenland 113 17 <0.5 24 39 - 1 ©
Iceland 183 180 291 214 300 452 1,198 1,038
Ireland 11,817 7,345 11,432 8,860 6,191 4,154 3,281 3,653
Isle of Man 127 106 145 117 102 129 145 81
Israel 131 111 110 90 83 87 73 68
Italy 14,273 13,399 9,776 10,426 8,398 9,613 13,746 13,72
Latvia - - - BI880 655 810 - -
Lebanon - - 50 50 50 40 50 50
Lithuania - - - 2,692 550 507 911 1,289
Malta 158 67 55 52 66 58 44 45
Netherlands - - - - - - - -
Norway 7,821 6,451 5,067 5,199 7,992 11,117 12,317 11,803
Palestine - - - - - - - -
Poland 260 48 26 147 47 0 0 0
Portugal 5,306 6,233 9,376 7,850 6,732 19,999 30,495 13,396
Romania 77 84 49 73 99 59 26 58
Russian Federation 0 0 0 8,961 8,330 2,520 1,218 876
Slovenia - - - - - - - 8
Spain 13,718 15,771 22,022 16,682 21,413 14,163 14,578 9,946
Sweden 375 484 720 749 630 404 342 264
Syrian Arab Republic 24 18 30 25 31 32 29 &
Tunisia 1,611 1,684 1,671 1,648 1,492 1,697 1,693 3,241
Turkey 4,410 4,546 5,311 5,953 7,193 2,805 3,518 3,974
Ukraine 0 0 0 2,639 2,026 1,827 934 918
USSR 10,174 17,522 18,063 0 0 0 0 0
United Kingdom 22,816 21,340 25,681 24,523 22,161 21,776 20,690 23,412
Yugoslavia SFR 515 540 558 721 674 597 341 -
Yugoslavia, Fed. Rep. of - - - - - - - 11
Total 135,479 139,270 154,601 146,045 129,181 126,002 137,754 119,738

landings for the countries in the northern part of the
Northeast Atlantic region (see Table 7.1 for complete list),
excluding West Africa and some North Africa countries.
Reported landings were around 100,000t in 1950
(compared with just 4,000t in Northwest Africa in 1950),
peakingin the early 1970s at~185,000t. The recent peak of
~181,000t clearly reflects the dramatic eight to ninefold
increase in reported landings from Spain (Figure 7.5),
which may be due to improved reporting, increased
retention of bycatch, or a shift towards target elasmobranch
fisheries as teleost stocks decline (few data are identified to
species level, making interpretation difficult). For the
most part, chondrichthyan fishes are not landed in target
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fisheries in the northern part of the region, but in
multispecies fisheries or as utilised bycatch.

In contrast, although several West African fisheries
target elasmobranchs, reported elasmobranch landings
for all of Africa are low on a global scale and no country
ranks in the top 20 worldwide for capture production
from 1985-2000 (Clarke et al. this volume). Figure 7.4
shows the overall reported elasmobranch landings for
West African, as well as for some North African countries
(see Table 7.2 for a complete list of countries). It is clear
that these are much lower in general than those in Figure
7.3. Reported landings increased significantly in the 1970s
from very low levels in the 1950s-1960s, reflecting the



Table 7.1 ... continued. Elasmobranch landings (metric tonnes) by country within the Northeast Atlantic
region as reported to FAO (2002).

Country 1993 1994 1995 1996 1997 1998 1999 2000
Albania 10 15 88 153 60 129 120 147
Algeria 1,127 1,200 1,124 1,237 535 1,317 1,061 1,050
Belgium 1,787 1,726 1,686 1,813 1,722 1,625 1,720 1,647
Bulgaria 12 12 80 64 40 28 25 102
Channel Islands 202 191 177 230 66 250 284 217
Croatia 811 541 505 401 358 225 121 107
Cyprus 30 19 21 14 17 10 12 14
Denmark 617 372 293 294 317 242 300 362
Egypt 1,000 1,226 1,172 1,120 1,629 1,211 1,383 1,197
Estonia 0 0 0 0 0 0 2 240
Faeroe Islands 697 450 705 570 702 731 726 492
France 23,064 22,149 21,613 22,447 23,641 21,524 22,918 22,794
Georgia 131 45 31 71 1 550 18 21
Germany 161 521 327 393 225 207 382 606
Greece 1,029 2,146 1,929 1,844 1,723 1,451 1,625 1,727
Greenland 14 39 67 136 6 - - -
Iceland 730 1,720 2,343 1,942 1,776 1,575 1,218 1,360
Ireland 5,196 5,164 6,249 5,500 5,071 4,523 4,003 3,438
Isle of Man 67 60 B3] 85) 31 18 22 22
Israel 60 50 48 330 49 59 58 -
Italy 11,802 16,473 10,528 4,968 5,946 3,443 1,557 969
Latvia - - - - - - - -
Lebanon 50 50 50 50 50 50 50 60
Lithuania - - - - - - - -
Malta 48 45 38 43 43 42 29 41
Netherlands - - - - - 550 480 659
Norway 10,998 7,393 5,025 5,554 BI885 2,210 2,374 2,855
Palestine - - - 53 33 38 35 35
Poland 0 1 0 0 0 0 0 0
Portugal 13,711 11,354 9,387 9,253 8,392 8,386 9,193 9,060
Romania 6 3 7 0 0 0 0 0
Russian Federation 541 661 110 48 501 1,065 1,035 4,510
Slovenia 4 2 4 <0.5 <0.5 1 1 2
Spain 11,572 20,827 24,380 19,012 99,320 67,319 67,226 77,269
Sweden 222 132 123 164 206 143 118 128
Syrian Arab Republic 40 39 39 50 - - - -
Tunisia 1,792 1,469 1,267 1,202 1,847 1,750 2,018 1,921
Turkey 2,573 4,133 2,151 2,724 2,075 1,975 2,115 4,040
Ukraine 412 152 82 62 30 62 125 99
USSR 0 0 0 0 0 0 0

United Kingdom 19,692 18,358 22,155 21,335 21,443 20,082 17,558 17,392
Yugoslavia SFR - - - - - - - -
Yugoslavia, Fed. Rep. of 11 11 21 22 22 20 21 20
Total 110,219 118,749 113,858 103,134 181,212 142,811 139,933 154,603

increase from Nigeria. The subsequent decline in the
1980s also mirrors the data from Nigeria (Figure 7.6).
In recent years, skates and rays have contributed more
than 40% by weight to the reported landings of
elasmobranchs in the northern section of the Northeast
Atlantic region (SGRST 2002). However, landings data
are confounded by lack of information on effort, species
composition of catches and market mechanisms, yet despite
this a number of trends can be seen. The most obvious is
adecreasein landings of large batoids throughout the area
(Walker and Hislop 1998; Dulvy et al. 2000; Dulvy and
Reynolds2002). Species particularly affected in this region
are those mentioned above in relation to the report by
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Muiioz-Chapuli et al. (1994). In the past D. batis was
considered to be widely distributed throughout the central
and northern North Sea and was an abundant constituent
of the demersal fish community of north-west Europe
(Ellis and Walker this volume). Its range in the North Sea
isnow restricted to very northern areas (Walker 1996) and
Brander (1981) reported its extirpation from the Irish Sea.
Very low numbers are still caught, but only sporadically;
these may mainly be from very deepwater populations
only recently targeted by fisheries.

The thornback ray or roker Raja clavata has also
decreased in its area of distribution in the North Sea, and
in its contribution to landings in many areas, for example



Figure 7.3. Northeast Atlantic region. Trends in total
elasmobranch fishery landings in metric tonnes (t)
compiled from FAO landings statistics, from 1950-
2000, all countries in the region combined

(FAO 2002).

Figure 7.5. Northeast Atlantic region. Trends in total
elasmobranch fishery landings in metric tonnes (t)
compiled from FAO landings statistics, from 1950-
2000, for the top five countries in the region for which
landings were reported in the year 2000 (FAO 2002).
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Figure 7.4. West and north-west Africa.Trends in
total elasmobranch fishery landings in metric tonnes
(t) compiled from FAO landings statistics, from 1950-
2000, all countries in the region combined

(FAO 2002).

Figure 7.6. West and north-west Africa.Trends in
total elasmobranch fishery landings in metric tonnes
(t) compiled from FAO landings statistics, from 1950-
2000, for the top five countries in the region for which
landings were reported in the year 2000 (FAO 2002).
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North Wales, UK. ICES (1995) reported that none
were caught along the Dutch coast from 1958-1994 in
anareain which R. c/avatahad previously been common.
In the 1940s, skates and rays made up almost 30% of all
landings in the Bristol Channel (southern Irish Sea),
which provided 27% of the entire UK skate and ray catch.
From 1964-1974, skate and ray populations halved in
the Bristol Channel, and by the 1980s, the remaining
populations were declining even more rapidly than in
the 1960s (Fowler 2000a). These species are relatively
sedentary and local stock depletions are, therefore,
unlikely to be replenished quickly by immigration from
elsewhere.

The spurdog S. acanthias is the region’s most
commercially important elasmobranch (Pawson and Vince
1998). Squalus acanthiaslandingsin the Northeast Atlantic
region fell drastically by more than 50% from 1987-1994,
with recent landings of around 15,000t (Pawson and Vince
1999; SGRST 2002; see below). The porbeagle Lamna
nasus is one of the highest value food fish species in Europe
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(Gauld 1989), but also one of the most biologically
vulnerable to overfishing in the region (see Stevens this
volumessection 8.8 forlife history parameters). Historically,
L. nasus has been the subject of intensive unregulated
targeted longline fisheries (see below). The only remaining
directed fishery for L. nasus is prosecuted in the Bay of
Biscay and Celtic Sea and activity is decreasing (Pawson
and Vince 1999). Lamna nasus are also taken as bycatch in
longline and gillnet fisheries, for example, the Spanish
longline fishery in the Mediterranean and Atlantic (Bonfil
1994).

In the last few decades, landings of C. maximus have
varied considerably, partly due to fluctuating local
availability and market prices (Fowler and Cavanagh this
volume). Pawson and Vince (1999), updated by Anon.
(2002a), present a historic series of C. maximus landings
data in Norwegian, Scottish and Irish fisheries. These
show classic ‘boom and bust’ patterns, with extremely
slow recovery following fishery collapses. Indeed, landings
appear to have ceased completely in 2002.



Table 7.2. Elasmobranch landings (metric tonnes) by country within the North Central African region as
reported to FAO (2002).

Country 1985 1986 1987 1988 1989 1990 1991 1992
Benin 290 400 532 376 343 303 282 227
Cameroon 270 152 164 164 238 238 231 234
Cape Verde - - - - - - - -
Equatorial Guinea 350 500 400 400 400 370 360 370
Gambia 298 302 263 250 387 620 395 194
Ghana 1,135 729 2,612 2,418 2,329 1,579 1,140 1,145
Guinea - - - - - - - -
Guinea-Bissau - - - - - - - -
Liberia 371 363 Bl 231 281 54 43 52
Mauritania 2,489 1,584 2,273 989 700 450 210 175
Morocco 2,567 2,257 2,326 3,170 3,176 2,940 2,429 2,330
Nigeria 14,156 9,334 9,494 9,494 6,942 8,402 7,229 8,912
Sao Tome and Principe 230 241 238 247 265 305 189 178
Senegal 2,773 2,601 2,931 4,378 3,910 4,964 2,792 4,003
Sierra Leone 420 430 430 430 428 400 1,442 1,424
Togo 11 12 14 12 6 11 6 11
Total 25,360 18,905 22,052 22,559 19,405 20,636 16,748 19,255
Country 1993 1994 1995 1996 1997 1998 1999 2000
Benin 210 196 174 162 170 140 110 73
Cameroon 162 180 219 234 220 216 297 217
Cape Verde = 1 1 = = = = =
Equatorial Guinea 330 500 220 490 620 779 910 100
Gambia 316 480 498 415 3,223 606 650 720
Ghana 2,253 1,467 1,453 1,367 894 1,936 4,867 1,901
Guinea - - 726 506 505 700 800 969
Guinea-Bissau - 2 12 12 10 10 10 10
Liberia 150 365 391 219 472 656 1,599 1,675
Mauritania 60 70 65 7 4 295 31 704
Morocco 2,386 2,451 3,306 81805 2,635 3,449 3,467 5,599
Nigeria 5,849 9,053 6,471 8,388 8,821 13,969 18,873 13,238
Sao Tome and Principe 221 321 337 247 130 175 190 180
Senegal 3,996 6,233 7,477 6,765 8,985 9,265 8,221 10,757
Sierra Leone 1,408 1,403 1,403 1,402 1,405 83 51 1,690
Togo 44 13 20 213 59 67 232 148
Total 17,385 22,735 22,773 23,732 28,153 32,346 36,808 37,981

Information is generally scarce for all species of
deepwater sharks, which have only recently become the
subject of regular monitoring, sampling and commercial
fisheries that are still unregulated (Clarke et al. 2002a,
2002b; Crozier et al. 2002; Figueuredo et al 2002).
Exploratory surveys have begun to provide preliminary
information on their status (unfortunately this is as a
result of the introduction of commercial fisheries for these
species, soitistoo late to provide a baseline for monitoring).
A summary of the distribution and range of the 12 most
frequently caught deepwater sharks is given in ICES
(1997). Countries landing deepwater sharks are primarily
Iceland, Norway, the UK, Ireland, France, Spain and
Portugal. The kitefin shark Dalatias licha targeted off the
Azores has shown a decline in landings in the past two
decades(Pawson and Vince 1999; SGRST 2002; see below).
Although population depletion as a result of exploitation
is thought to play a role, the falling market value of the
liver oil has probably also contributed to the pattern seen.
Although deepwater fisheries are still in the early stages of
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development, they are exploiting the last available under-
utilised fisheries resource in the region. Deepwater stocks
(teleost and chondrichthyan) are also less productive than
those in shallow water, thus requiring more precautionary
management if they are not also to be overfished. Further,
the unavoidably high bycatch of chondrichthyan fishes in
deepwater fisheries for teleost fishes is already cause for
concern.

Fleming and Papageorgiou (1996), summarised in
Rose (1996), produced a comprehensive description of
trade within and through Europe, but there is no
available summary of such data for northern and western
Africa.

The product with the longest history of trade in the
region is shark liver oil, which stimulated Irish fisheries
for Cetorhinus maximus as early as the eighteenth and
nineteenth centuries to produce lighting fuel. Later fisheries
for C. maximus in the 1940s mainly supplied liver oil
products, although fins were also traded. Demand later
declined due to increased supplies of mineral oils and the



advent of synthetic vitamin A, but oil continued until
recently to be an important product of the Norwegian
fishery for fins and liver oil (Fowler this volume). Spanish
and Portuguese fisheries for deepwater sharks also supply
liver oil markets for lubricating oils, medicines and leather-
tanning products. The main species landed are the
Portuguese dogfish Centroscymnus coelolepis, leafscale
gulper shark Centrophorus squamosus and birdbeak dogfish
Deania calcea (Pawson and Vince 1999).

There is a strong demand for shark meat in Europe
dating back to theintroduction of commercial refrigeration
in the 1950s (Clarke et al. this volume). The main influence
on the retention of elasmobranchs such as dogfishes,
skates and rays, taken as bycatch in other fisheries, is the
market demand for meat. Squalus acanthias and other
dogfish species are favoured as food in France, the UK,
Germany and other northern European countries, whereas
houndsharks Mustelus spp. and makos Isurus spp. are
preferred in southern Europe (Vannuccini 1999). The UK
and Ireland led exports of chondrichthyan meat in the
mid-1980s; Ireland’s exports began to decline in 1989, and
the UK and Norway dominated the market until 1993.
The USA became the largest exporter until 1997, when
Spain’s exports soared to 20-30% of the world market
(Clarke et al. this volume). The UK remains one of the
major exporters (FAO 2002).

FAO statistics indicate that the European Union (EU)
is the main importing region for chondrichthyan meat,
although this could be due to better recording of this trade
compared with other nations (Vannuccini 1999). Italy and
France dominated imports of chondrichthyan meat from
1985 until 2000 when Spain become the world’s largest
importer (Clarke et al. this volume). The only other major
importer was the UK (FAO 2002).

Some of the countries in this region are among the
biggest exporters of shark fins to Asia, particularly
Spain, which contributed 14% of all shark fin imports
to Hong Kong (by adjusted weight) for 1998-2000, nearly
double the contribution of the world’s second-ranked
exporter, Indonesia (Clarke et al. this volume). Elsewhere
in the region, Norway exported ~25,600t of fins to
Hong Kong in 2000, France ~7,900t, Egypt ~5,500t, with
lesser quantities from Morocco, Tunisia, Turkey, the
Netherlands, Ukraine and Czech Republic (the latter
three each <1,000t (Anon. 2001).

Elasmobranch meat is an important source of protein
for many countries in Africa (WildAid 2001). A large
market for salted and dried flesh is centralised in the
Gambia, where a Ghanean community operates an export
business to Ghana (see below). Guinea and Mali import
important quantities of smoked elasmobranch flesh from
the West Africa region. In terms of production and trade,
Senegalisthe only countryin this area reporting substantive
amounts. Between 1998-2000 Senegal produced 3-120t/
year of frozen meat (Clarke et al. this volume). Only the
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Gambia (0-23t) and Senegal (23-63t) declared annual
exports (or re-exports) of shark fins in excess of St/year
between 1998-2000. However, records from Hong Kong
show that actual exports from Senegal are higher than
those declared (~130t in 2000) and other West African
countries, for example, Mauritania, Guinea and Gabon
have also exported amounts much higher than 5t (Anon.
2001a). Aswill be discussed later in this chapter, interviews
with fishermen and traders strongly suggest that the shark
fin trade is financing the overexploitation of shark
resources and leading to declining catches throughout
Africa (WildAid 2001).

Management and conservation

Since the 1994 SSG report on this region (Muiioz-Chapuli
et al. 1994), several international initiatives have been
taken to address the problems surrounding the
management of elasmobranch stocks, many of which are
of relevance to this region (see Fowler and Cavanagh this
volume). Thisincludes the FAO-commissioned case study
on the conservation and management of sharks in the
Northeast Atlantic (Pawson and Vince 1998), which
highlighted the lack of regional management.

Fishingin Atlantic waters of the EU is mainly managed
under the Common Fisheries Policy (CFP); this covers the
Atlantic waters of the European Union but doesnotapply
to the Mediterranean. The primary objective of the CFP
(which was under revision at the time of writing) is to
provide for sustainable exploitation of living aquatic
resources while taking account of environmental aspects
in a balanced manner. It is now starting to incorporate
some management of elasmobranch stocks. The revised
CFP is expected to have an improved focus on the wider
marine environment, and should include the development
of a long-term strategy to promote the protection of
vulnerable species, such as cetaceans, sharks, skates and
rays, and marine birds. Management actions proposed in
2002 by the European Commission (EC) included the
protection of sharks within the FAO International Plan of
Action for the Conservation and Management of Sharks
(IPOA-Sharks) (a European Shark Plan of Action (POA)
has been in preparation since 2001). When complete, this
POA should be based on technical advice from the ICES
Study Group on Elasmobranch Fishes (SGEF) (ICES
1995, 1996, 1997, 2002), whose work, including stock
assessments under the Development of Elasmobranch
Assessments (DELASS) Research Programme, is covered
under the following section, ‘Research’. The recent report
by the Subgroup on Resource Status (SGRST 2002) of the
EC’s Scientific, Technical and Economic Committee for
Fisheries represented the response to an EC request for
assistance with the preparation of a new POA within the
framework of the IPOA-Sharks (see Fowler and Cavanagh
this volume) (the original preliminary draft POA presented



by the EU to FAO’s 24th COFI in 2001 was inadequate
and never widely circulated). In 2003, an EU Regulation
prohibited finning (the removal of fins and discard of
carcassesatsea)in EU watersand by EU vessels worldwide.
Finsand carcasses may be landed separately under special
permit provided that detailed records are kept. This
Regulation will be reviewed in 2006.

Total allowable catch quotas (TACs) have also been
introduced in recent years for some elasmobranch species
in some European waters, for example the North Sea. The
objective here is to allocate TACs to a restricted number
of states, hence preventing vessels from other states from
fishing for these species, rather than to reduce total capture
rates to sustainable levels; indeed, the current TACs are so
large that they cannot be taken. For example, less than
half of the 2002 UK TAC for North Sea skates and rays
had been landed by mid-December 2002, but the UK TAC
for 2003 was only reduced by 15% and was even less likely
to be taken up in full in 2003 because of effort restrictions
(Mogensen 2003). TACsdonot, of course, include discards.
There are no TACs for deepwater sharks, for which stock
size is unknown and discards are probably significant
(proposals for improved observer coverage may improve
assessments of catches and discards of these species).

Some quotas also apply to Norwegian and Faeroese
vessels fishing in EU waters for C. maximus (quota recently
reduced to zero, Anon. 2002a) and L. nasus (200t and 125t
annually for Norway and Faeroe Islands, respectively;
Pawson and Vince 1999). There are no stock assessments
for these species, but the value of these TACs for limiting
catches to sustainable levels may be assessed by comparing
them with the reported landings to FAO by these two
states for the entire Northeast Atlantic. None of the
C. maximus quota was ever taken by Norway, and annual
L. nasuslandingsreported since 1990 have ranged between
17t-44t for Norway and between 7t—48t for the Faeroe
Islands, for the entire FAO Northeast Atlantic region.

Apart from these few unrealistic measures, which are
not based on stock assessments and are clearly of no
practical use for stock management or rebuilding,
elasmobranchs in the region are not subject to catch
controls and there is no obligation for fishermen to record
catches in logbooks (SGRST 2002).

Gear restrictions applied to fisheries that take
elasmobranchs as bycatch are discussed in Pawson and
Vince (1999). A recent EC discussion document on reducing
discards of commercial species does not take account of
theimportance of reducing catches and discards of bycatch,
including elasmobranchs. This may be covered in the
proposed European Shark POA, which will hopefully
include some management strategies and objectives.

Technical measures (increased mesh size) for directed
skate trawl fisheries are being improved in the North
Atlantic Fishing Organization (NAFO) Regulatory Area,
although this may prove to be of limited effectiveness. The
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North-East Atlantic Fishery Commission (NEAFC)
recently introduced ad hoc and temporary conservation
and management measures for 22 deep-sea species
(including 11 sharks) to take effect in 2003; these simply
required Contracting Parties to limit their fishing effort so
as not to exceed the highest level in previous years.

In the Mediterranean, the General Fisheries Council
for the Mediterranecan (GFCM) is responsible for
Mediterranean Fisheries but does not appear to have
plans to initiate management of chondrichthyan fishes.

Aregionalinitiative in West Africa through the member
states of the CSRP (Sub-regional Fishing Commission,
comprised of Mauritania, Senegal, Gambia, Guinea-
Bissau, Guinea Conakry and the Cape Verde Islands) is
contributing to the implementation of the FAO IPOA-
Sharks through the development of a subregional plan
of action for sharks (SRPOA), coordinated by regional
fishing organisations. The first workshop was held in
Senegal in 2000; since then further workshops have
occurred and the SRPOA was adopted by fishing
ministers in 2001. However, these efforts are being
hampered by lack of funds, limited local competency,
limited access to information and political situations in
some areas of the region (WildAid 2001). The CSRP is
seeking donors to support its implementation. One of
the pressing issues in this region is the need to raise
funds to help the elasmobranch-specialised fishermen
to redirect their efforts to other more sustainable
activities and stocks.

There are a very few national initiatives to improve
fisheries management of chondrichthyan fishes. Examples
include Norway’s minimum landing size for S. acanthias
(unfortunately not matched by similar regulations for this
migratory stock in other parts of its range) and limits on
the number of licences issued to C. maximus fishermen.
There are some minimum landing sizes for skates and rays
in the 0—6 mile zone in some areas of England and Wales.
An informal coalition of fisheries and wildlife managers,
scientists, anglers and commercial fishermen has
established the Welsh Ray Project in order to collate
information on catches, distribution and population trends
with the objective of improving management and hence
the sustainability and value of commercial and sports
fisheries for skates and rays.

There are also a number of species conservation
initiatives in the region, including the addition of
threatened or declining species on regional instruments
such as the Barcelona, Bern and OSPAR Conventions.
The United Nations Environment Programme’s (UNEP)
Mediterranean Regional Activities Centre for Specially
Protected Areas (RAC/SPA) has an Action Plan for the
conservation of Mediterranean species of cartilaginous
fish (see below), but this excludes commercial fisheries
issues. Some of these initiatives are described in more
detail below.



The Barcelona Convention for the protection of the
Mediterranean Sea lists eight species of elasmobranchs:
C. carcharias, C. maximus and M. mobular on Annex II
(Endangered or Threatened species), and shortfin mako
Isurus oxyrinchus, L. nasus, blue shark P. glauca, R. alba
and S. squatina on Annex III (species whose exploitation
is regulated). The Barcelona Convention listings were
followed by similar listings on the Bern Convention
(Convention on Conservation of European Wildlife and
Natural Habitats 1979). Cetorhinus maximus
(Mediterranean population only) and M. mobular have
been added to Appendix II (strictly protected species) and
L oxyrinchus, L. nasus, P. glauca, R. alba and S. squatina
to Appendix III, which lists species requiring regulation to
keep them out of danger. There is an EU reservation on
the C. maximus listing. Malta is the only country in
the Mediterranean to have protected C. carcharias,
C. maximus and M. mobularunder its national legislation,
as required by these Conventions, and no regulation of
fisheries for other listed species is yet underway.

At the request of the Contracting Parties to the
Barcelona Convention, UNEP’s RAC/SPA recently
prepared an Action Plan for the conservation of
Mediterranean species of cartilaginous fish (Fowler and
Cavanagh this volume).

The text of the Convention for the Protection of the
Marine Environment of the North-East Atlantic(OSPAR
Convention) has recently adopted an Annex (V) on ‘The
Protection and Conservation of the Ecosystems and
Biological Diversity of the Maritime Area’. The
implementation of this Annex is being progressed through
the development, in consultation with Parties, of a list of
threatened and endangered species and habitats based on
various criteria including rarity, keystone species and
declines. It is interesting to note that, although the text of
the Annex explicitly excludes fisheries management
issues fromits remit, a number of species of elasmobranchs
have been proposed for inclusion in this list, including
species that are now very rare and others still of
commercial importance which have undergone
significant declines driven by fisheries. The list was due to
be approved by committee at the time of writing. Once
approved, Parties will presumably be required to take
action to conserve the threatened species identified, but
this action may be restricted to drawing their concerns to
the attention of the responsible fisheries management
bodies.

Proposals to include S. squatina, D. batis, black skate
D. nidarosiensis, D. oxyrhinchus and R. alba on Schedule
5 of the UK Wildlife and Countryside Act 1981 are
currently being considered because of their declines and
biological vulnerability. If accepted, this will provide these
species with full legal protection in British waters, as
granted to C. maximus in 1998. The latter species is also
legally protected within a 3-mile zone around the Isle of
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Man, Irish Sea and around Guernsey. In 2001 the UK
government listed C. maximus on the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora (CITES) Appendix III, and in 2002, the UK’s
proposal to list this species on Appendix II was approved
(Fowler and Cavanagh this volume).

At the time of writing, the only steps known to have
been taken to protect or manage elasmobranch habitats
are in Mauritania’s Banc d’Arguin, parts of the
Archipelago Bijagos, Guinea-Bissau and the
Mediterranean Sea. The former is a national park where
motorised fisheries are prohibited (Ducrocq pers. comm.).
This important area provides breeding grounds for many
species of sharks and rays. Local artisanal fishermen are
being encouraged through a development project to
redirect their fishing activities away from elasmobranchs
and towards other groups of species (see below). The
international cetacean sanctuary between Monaco, Italy
and France incidentally protects elasmobranchs.

Research

Most fishery institutes in Europe collect information on
the abundance of elasmobranchs during scientific surveys
aimed at assessing the stock status of other commercially
important species. Detailed biological data are usually
not collected on a regular basis, although a lot of
information is ‘hidden’ in archives. Through the ICES
SGEF, 18 scientists from 11 countries are currently
completing the DELASS programme (Pawson and Fowler
2001). They have collated existing data, instigated the
collection of new data and developed standard assessment
methods for one or two representative species of each of
four groups: pelagic sharks; skates and rays; coastal
dogfish and catsharks and deepwater sharks (Heessen
2003). Initial efforts to produce IUCN Red List
Assessments for Mediterranean cartilaginous fish species
confirmed that thereis a significant lack of information on
the status of most species (SSG unpubl.). At the time of
writing an IUCN/SSC Shark Specialist Group Red
List workshop was being planned to assess the status
of chondrichthyans of this region (refer to:
www.flmnh.ufl.edu/fish/organizations/ssg/SSG.htm). In
the case of deepwater chondrichthyans (as for most
deepwater bony fish), ageing — by use of vertebrae and fin
spines — is still unresolved.

Collection of data is very sparse in North and West
Africa and difficulties regarding species identification
widespread. FAO identification sheets are the only
documentation on locally occurring species, although a
research project led in Mauritania, Senegal and Guinea-
Bissau is in the process of preparing identification guides
(Ducrocq pers. comm.).

The European Elasmobranch Association (EEA) has
been holding annual scientific meetings since 1996 and



provides an excellent forum for discussions on research
progressintheregion (e.g. Vacchiet al. 2002). A symposium
was held in September 2002 by the North Atlantic Fisheries
Organisation (NAFO): ‘Elasmobranch Fisheries:
Managing for Sustainable Use and Biodiversity
Conservation’. Almost 60 oral presentations and 30 posters
were presented, many from work carried out in the
Northeast Atlantic region. The Proceedings were in
preparation at the time of writing and will be published in
the NAFO Journal of Northwest Atlantic Fishery Science.
We advise readers to refer to this excellent collection of
papers for further information that is beyond the scope of
this chapter, see (http://journal.nafo.int/25/35.html).

Northern Europe (>45°N) (including
Belgium, Denmark, France, Ireland,
Norway, Netherlands and the UK)

Authors’ note: There are a great many countries in this
region compared with others, thus in some cases we have
written this section in regional groupings rather than
individual countries.

Overview

Two of the countries from Northern Europe —the UK and
France — are amongst the world’s 20 major elasmobranch
fishing nations in terms of reported landings to FAO
(FAO2002; Clarke et al. this volume). These two countries
have dominated landings in Europe since the 1950s and it
was only recently that Spain surpassed them by an
extremely wide margin (see below). The UK had the
highest landings in Europe during the 1950s at ~30,000—
35,000t/year. Over the next few years France’s reported
landings gradually became higher than the UK’s, peaking
at ~42,000t in 1981 (Figure 7.5). In 1999-2000, France
reported ~23,000t/year and the UK ~17,500t. Records
indicate that the former USSR, Ireland and Norway were
also key contributors to elasmobranch landings in the
region in previous years (Table 7.1).

Sharks

The piked or spiny dogfish or spurdog S. acanthias is
the most important commercial elasmobranch species in
the northern part of the region. FAO reports that the
most expensive shark meat is S. acanthias originating
from the UK and sold in Italy for US$8.13-9.91 per kg
(Vannuccini 1999). S. acanthias is caught in the north
(around the British Isles, in the North Sea and off Norway)
by trawlers, seine nets and deep longlines. There are some
local, directed fisheries but most of the catch is incidental
(Pawson and Vince 1998). The major fishing nations for
this species are the UK, Norway, Ireland and France.
Other countries, for example Germany, Denmark, Poland
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and Belgium, tend to have much smaller landings.
Overall annual landings averaged 3,000t prior to the
1930s, increased to more than 12,000t by 1937 and
then varied between 20,000-42,000t from 1951-1970
(Holden 1977). Holden (1968) considered the female
portion of the Scottish-Norwegian stock to be overfished
in the late 1960s. In the late 1970s, landings continued to
decline and by 1978, the Norwegian fishery north of
Scotland had collapsed (Hjertenes 1980). ICES and FAO
statistics show landings from the Northeast Atlantic
dropped more than 50%, from 43,000t in 1987 to under
20,000t in 1994 and more recently were down to around
15,000t/year (SGRST 2002). A preliminary assessment
by ICES SGEF of the spurdog in the region describes
this steep decline in abundance (ICES 2002). Declining
landings of spurdog in recent years have resulted in
more imports, especially from the fisheries in North
America and Canada. No management measures are in
place, except for a minimum landing size of 70cm
established by Norway. For more information see
Fordham (this volume).

The lesser spotted dogfish Scyliorhinus caniculais also
captured as bycatch in fisheries in northern Europe, but is
more abundant further south (see below), apparently
replacing S. acanthias. Off the east coast of Scotland the
relative abundance is 6.5:93%, respectively, whereas off
the Breton coast S. canicula represents 67% of landings
and S. acanthias 16%.

Historically, C. maximus was an important
commercially fished species in northern Europe.
Traditionally the liver oil was the main product,
supplying domestic oil markets, but nowadays the liver
oil market is dominated by deepsea sharks such as gulper
Centrophorus spp. and D. licha (ICES 1995), and it is the
high value of C. maximus fins, worth up to US$1,000—
2,400 per shark at first sale (Anon. 2002a) that is now
thought to encourage the harvesting of this species.
Directed fisheries have targeted C. maximus for centuries,
but these fisheries rarely last longer than 20 years (taking
an average of 200 fish per year) before stocks collapse and
take up to 100 years to rebuild. A seasonal fishery started
in 1947 at Achill Island, off the west coast of Ireland,
landings declined by over 90% in 20-25 years and it closed
in 1975, despite high oil prices. Parker and Stott (1965)
and Horsman (1987) attributed the decline and collapse of
this fishery to the overfishing of a local stock. Berrow and
Heardman (1994) note that there were still very few
observations of C. maximus along the whole west and
north-west coast of Ireland in 1993 and Achill Island
fishermen report fewer than 10 sharks sighted annually
(Earll pers. comm.). For more details, see Fowler (this
volume, Section 8.8). Recently, the only directed fishery in
operation appears to have been the declining Norwegian
fishery, which took only an estimated 36 sharks in 2001,
compared with >600 a year in the early 1990s (Norwegian



Directorate for Nature Management, in /itz. 2002), and
now may have closed completely (Norwegian intervention
at 12th Conference of Parties to CITES, November 2002).
Landings were at their highest (>1,000 and up to 4,000 in
some years) between 1959 and 1980. The quota for
Norwegian catches in European waters was never taken
and eventually reduced to zero. A directed fishery in
Scotland’s Firth of Clyde showed declines of >90% in 12
years, from its initiation in 1982 through to 1992 (see
Anon.2002a foran overview of alldocumented C. maximus
fisheries).

Directed fisheries for L. nasus in the North Sea and off
the Scottish coast have been carried out by Norwegian
and, to alesser extent, Danish vessels, and in the south and
west of England by French vessels. The Norwegian fishery
was active in the 1930s—1940s and was the principle fishery
for L. nasus in the Northeast Atlantic after World War I1
(Gauld 1989), but since the 1960s it has been of little
importance (ICES 1995). A progressive drop in landings
occurred in the Norwegian fishery from around 6,000t/
year to 160-300t/year in the early 1970s to around 10-40t/
year in the late 1980s/early 1990s (ICES 1995). Danish
landings in the North Sea declined from around 500-600t/
year in the 1950s to a minimum of 32t in 1988, then
increased again to 94t in 1994, whilst those in the Kattegat
and Skaggerak decreased (40-50t to 2-4t) in the same
period (ICES 1995). The quotas granted to Norway and
the Faeroe Islands to take this species in European waters
are far too high and cannot be caught (see Section 7.2).
Sport fishermen regularly catch L. nasus in the English
Channel and occasionally off the Irish coast. L. nasus
tagged off southern England have been recaptured over a
wide area between northern Norway, Denmark and
northern Spain (Pawson and Vince 1998; Stevens this
volume).

Thereisno directed commercial fishery for tope sharks
Galeorhinus galeus in the region (although some
recreational anglers specialise in fishing for this species);
they are caught mainly as bycatch in bottom, trawl, net
and line fisheries, especially by French vessels. Landings
of this species in France decreased from ~1,400t in 1983 to
~200t in 1992, and Stevens (this volume) reports that
declining landings of G. galeus in this region and the
Southwest Atlantic, are cause for concern. Stevens (in
Pawson and Vince 1998) reports that G. galeus tagged off
England were recaptured throughout the eastern Atlantic
from southern Spain to the north-west of Iceland.
Galeorhinus galeus tagged off the Irish coast have also
been recaptured in the Mediterranean sea off the coasts of
Algeria and Spain.

Prionace glauca are rarely targeted as a commercial
species, but are a major bycatch of pelagic longline and
former driftnet fisheries targeting tuna and billfish,
particularly from nations with high seas fleets such as
Japan, Taiwan, Korea and Russia. The entire catch is not
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retained on all fishing trips so landings datais notindicative
of stock trends (ICES 2002). Spain and Portugal have
longline fisheries for tunas which have some bycatch of P.
glauca (ICES 2002; see below). In addition France, UK
and Ireland have gillnet fisheries for albacore tuna where
P. glauca is taken as bycatch. Periodically, small target
fisheries have existed for P. glauca. In 1991 a directed
fishery using longlines and gillnets was started off the
south-west coasts of England and Ireland (Pawson and
Vince 1998; SGRST 2002), in areas where they are also
subject to a recreational rod-and-line fishery, although
much of this is now tag-and-release. As these fish are part
ofaveryextensive North Atlanticstock, ICESand ICCAT
are working together towards an assessment of P. glauca
in the North Atlantic (ICES 2002). ICCAT collects and
collates catch and landings statistics from the commercial
fisheries, but these data are not complete at present.
Estimates of available landings data collated by ICCAT
are presented in Anon. (2001b).

There are estimates of dead discards in only some
fisheries and only for certain years. Catch curve data were
also not available. Irish tagging data for blue sharks
(Fitzmaurice and Green 2000) is currently being compiled
and analysed.

Deepwater sharks

An overview of the distribution and ecology of 27
deepwater shark species was given in the ICES (1997)
report. The following is taken from that report. Their
deepwater habitat, until recently out of range and interest
of commercial fisheries, hasnot allowed regular monitoring
and sampling of these stocks. Biological and life history
information is, therefore, generally scarce for all species.
Exploratory surveys have only recently begun to provide
preliminary information indicating that mating and
nursery areas for most North Atlantic deepwater squaloid
sharks occur along the Mid-Atlantic Ridge, where the
young may spend their first years of life. Schools of adults
appear to spend a long phase along the Mid-Atlantic
Ridge and move from there to the continental slopes of
north-west Africa and western Europe in the course of a
feeding migration to the north as far as the Rockall
Trough, Faeroe-Iceland Ridge and Iceland. Sexual
segregation of the schools by depth has been found in most
places, and females were regularly found at various stages
of gestation and embryonic development. Connolly and
Kelly (1996) describe catch and discards from experimental
trawl and longline fishing in the deep water of the Rockall
Trough.

There have been no reported landings of sharks in
ICES Sub-areas I and II since 1990 (SGRST 2002) and
those data almost certainly referred to Greenland shark
Somniosus microcephalus. Landings data for velvet belly
Etmopterus spinax in Division IVa rose to over 350t in
1998, but declined to 52t in 2001. Landings of deepwater



sharks by France and the UK (almost exclusively C.
squamosus and C. coelolepis) probably refer to fisheries
west of the Shetland Isles. UK landings have been small in
most years and French landings have declined from a
maximum of just over 130t in 1992.

Landings of S. microcephalus by Iceland in Division
Va have fluctuated between 30t-82t since 1989. Whilst
C. coelolepis occurs in this area, landings are infrequent.
In Division Vb France has had the largest landings,
fluctuating around 200-300t in most years, though reaching
a peak of 460t in 1999. There have been some landings
of C. coelolepis, and in 2001 also of C. squamosus, by
the Faeroe Islands. UK (England and Wales) and UK
(Scotland) have begun to collect separate species
landings data for deepwater sharks (almost exclusively
C. squamosus and C. coelolepis) since 1999, but it is not
possible to ascertain what proportion of earlier landings
for these countries, or for Germany, were deepwater
sharks.

Two species of sharks are routinely landed for their
flesh and livers in VI and VII; C. squamosus and
C. coelolepis. These species are collectively called ‘siki’
in French fishery records (Gordon 1999) and are
marketed elsewhere under this name too. French vessels
catch these species in the mixed-species bottom-trawl
fishery and landings have increased from 302t in 1991 to
3,284t in 1996, declining to 1,939t in 1999 (ICES 2000).
More recently, longliners from Norway and trawlers
and longliners from Scotland and Ireland are catching
these species. Other, smaller species of deepwater sharks
are now being landed, or in some cases livers or fins are
retained and the carcasses discarded. These species are
black dogfish Centroscyllium fabricii, D. calcea and
longnose velvet dogfish Centroscymnus crepidater.
Apart from France, no other country reports landings
data for deepwater sharks separately, but rather for shelf
and slope species combined. In this area, deepwater
sharks are also taken by gillnetters, but no data are
available.

There have been Spanish, French, English/Welsh and
Scottish landings of sharks in Sub-area VIII, but the
deepwater component is unknown. There are directed
longline fisheries in this area for sharks. The main species
are C. squamosus and C. coelolepis, as in the northern
areas, but also gulper shark Centrophorus granulosus and
D. licha. Some of the smaller sharks, such as C. crepidater,
great lanternshark Etmopterus princeps and D. calcea, are
sometimes taken (Pineiro ez al. 2001).

At Sesimbra (ICES Subdivision 1Xa), the longline
fishery targeting black scabbardfish Aphanopus carbo has
other deepwater species as bycatch and these provide an
important additional income. The most important species
are C. coelolepisand C. squamosus;however, other species
such as D. licha, D. calcea, C. granulosus and knifetooth
dogfish Scymnodon ringens are also caught.
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Skates and rays

Skates and rays appear to be under heavy exploitation in
Northern Europe. ICES compile annual total landings for
skates and rays combined. These can be accessed by
Statistical Areas on www.ices.dk. Total international
landings of all skate and ray species combined from the
North Sea have steeply declined since World War 11
(SGRST 2002). In the past, directed fisheries for skates and
rays occurred off the European continental coast (Walker
1996). Nowadays they are mainly caught as bycatch,
although most of the species have a commercial value. A
small-scale fishery off south-east Ireland targets rays,
especially thornbacks R. clavata (in the 1950s and 1960s
this was a much bigger fishery operating from Wales).
During the last decade, small-scale fixed-net fisheries
targeting R. clavata and other species have developed off
the west and north coasts of Wales, and similar fisheries
using lines, fixed nets and trawls have taken place in
localised coastal regions in the North Sea. Raja clavata is
often the target of directed seasonal fisheries by France,
mainly in the Celtic Sea and Irish Sea (SGRST 2002).
Quero and Monnet (1993) studied statistics from the
port of Arcachon (west France), and state that the fall in
the landings of skates and rays is dramatic, from 1,000t/
year in the early 1920s (23.8% of the total catch), to 3—15t
inrecent years (0.3% of total catch). Three series of transects
perpendicular to the Dutch coast (Sole Transect Data,
Netherlands Institute for Fisheries Research) have been
sampled since 1951, with >90% of the catches being the
thornback Platyrhinoidis triseriata (Walker and Heessen
1996). Since the mid-1950s, no skates and rays of any
species have been caught in these transects, with the
exception of a few single individuals. Annual landings of
skates and rays in England and Wales have fallen from
~18,000t to 3,000t over the last 40 years (Jones et al. 2002).
It seems that the larger species are more seriously
affected by this overexploitation, as mentioned above.
Although only the larger individuals (>~70cm) are landed
regularly, most length and age classes are caught in trawls,
and individuals as small as 30cm are sometimes landed
(Walker pers. obs.). Since only mature individuals can
contribute to the next generation, survival during the
juvenile periodisakey factorin batoid population dynamics.
It is to be expected, therefore, that those species with the
lowest length and/or age at maturity have the highest
chance of survival at increasing levels of exploitation. Du
Buit (pers. comm.) noted the sharp decrease in Brittany of
the catches of large species such as R. alba, R. oxyrinchus
(which has become very rare) and D. batis, landings of
which declined from 1,165t in 1964 to 200t in 1992.
Rostrorajaalbahasnot been recorded in the Frenchlandings
since 1980. The Bristol Channel area of the UK is an
important area for skates and rays and used to account for
25-30% of UK landings. Dipturus batis was once frequent



but is now commercially extinct there, and R. brachyura
and R. clavata have also declined in abundance and size, to
be partly replaced by smaller species: the spotted ray R.
montagui and the cuckoo ray R. naevus (Jones et al. 2002).

Thedemise of D. batisin the Irish Sea has been mentioned
above (Brander 1981); see also Ellis and Walker this
volume). In the first half of last century, the distribution of
R. clavata and D. batis was considered to be extensive
throughout the central/southern and central/northern
North Sea, respectively (Walker 1996). The limited evidence
available suggests that in the past few decades D. batis has
retreated to the very northern North Sea, R. clavata is no
longer caught in the south-eastern bight and the starry ray
R. radiata has replaced other species in the central North
Sea (Rijnsdorp et al. 1996; Walker 1996; Walker and
Heessen 1996; Walker and Hislop 1998). Even the
populations of the other species that are still present in the
North Sea are unlikely to be able to withstand the current
level of total mortality for long, despite changes in
maturation which, at a population level, appears to enable
R. montaguiand R. radiatato survive a slightly higher level
of mortality now than in the past. Itis a point for discussion
if these apparent changes are due to: changes in population
structure (i.e. removal of large and slow growing individuals
by fisheries or (im)migration of individuals with different
growth characteristics; density-dependent feedback
(compensatory) mechanisms; or possibly temperature.

Species considered to have disappeared from the
southern Bay of Biscayare R. alba, R. batisand R. brachyura.
The recovery of the populations after the World Wars in
the first half of the twenticth century shows that over-
exploitation is the reason for the decline. Another clue is
the abundance of rays in areas where fishing is restricted.
Scientific trawl surveys with R.V. ‘Thalassa’ yielded 46
specimens/hour in the Douarnenez Bay (Bay of Biscay)
and 300-600 specimens/hour in the north of the Cardigan
Bay (Wales), both areas closed for commercial fishing
(Quero and Gueguen 1981; Quero 1998).

A certain stability in landings is reported from other
areas. Landings from the Irish Sea and Bristol Channel
were about 6,000t/year between 1960 and 1964, declined
to 4,200t/year in 1975, but increased up to 6,350t/year in
1988. Catches from the English Channel and Celtic Sea
show similar stability (ICES statistics).

Central Eastern Atlantic areas (0—-45°N)
(Spain, Portugal, Azores)

Overview

Spain and Portugal are amongst the world’s 20 largest
elasmobranch fishing nationsin terms of landings reported
to FAO (FAO2002). Spain’s dramaticincrease in reported
elasmobranch landings since 1997 (Table 7.1, Figure 7.5)
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has propelled it toward the top ranks of shark and ray
fishing nations (Clarke ez al. this volume). Spain reported
the highest landingsin the world in 1997 atalmost 100,000t;
in 2000 it was second to Indonesia with ~77,200t (FAO
2002; Clarke et al. this volume). These volumes may also
explain Spain’s recent dominance in the Hong Kong shark
fin market. In 2000 custom records showed that around
2,800,000t of fins were exported from Spain to Hong
Kong (Anon. 2001a).

Portugal’s reported elasmobranch landings increased
significantly in the early 1990s (Table 7.1) and in 1991
ranked eighth in the world. Landings declined again soon
afterwardsand have been <10,000t since 1995, with Portugal
currently nineteenth in the world in terms of reported
landings to FAO (FAO 2002).

There is significant shark bycatch in the main pelagic
longline fisheries targeting tunas and swordfish in this
area, with the main species being P. glauca, Isurus spp.,
bigeye threshers Alopias superciliosus and hammerheads
Sphyrna spp. (Mufioz-Chapuli 1985); however, there are
no reliable statistics on individual species. There is an
important trawl fleet, operating mainly from Spain, off
south Europe and north-west Africa. The main demersal
species caught in this area are: S. canicula, shortnose
spurdog Squalus megalops, longnose spurdog S. blainvillei,
smoothhound Mustelus mustelus, starry smoothhound M.
asterias, C. granulosus, lowfin gulper shark C. lusitanicus,
Squatina spp. and various species of rays including R.
clavata, R. naevus, smalleyed skate R. microocellata,
undulate skate R. undulata, R. montagui, D. oxyrhynchus,
D. batisand R. alba. The statistical information from these
areasis very scarce. Despite this, declinesin batoid landings
are evident in some areas, however, there is no evidence of
a correlation to fishing effort.

Spain (Atlantic coast)

There is a longline fishery targeting swordfish (operating
from Europe’s most important market for pelagic sharks
in Algeciras, southern Spain), which also takes P. glauca,
Isurus spp., Sphyrna spp., A. superciliosus and L. nasus,
but there are no reliable data on catches or landings.
In Oliver (1996) it is mentioned that one of the most
important sharks landed by Spanish swordfish fisheries is
L oxyrinchus. Prionace glauca are also important bycatch.
Mejuto (1985) reported that P. glauca caught by longline
vessels operating from northern Spain are discarded in the
first sets, used as bait or their fins are removed. With the
decline of swordfish stocks in many areas, there is some
evidence that Spanish fishermen are now operating directed
fisheries for sharks (Castro et al. 1999; Clarke and
Mosqueira 2002).

Oliver (1996) describes a fishery on the continental
slope off Cantabria (northern Spain) which occurs when
traditional target species are lacking. In 1992 17 vessels



participated in the fishery and landed 340t and in 1993 10
vessels landed 452t. Species caught were: S. canicula,
blackmouth dogfish Galeus melastomus, Centrophorusspp.,
Etmopterus spp., D. licha and D. calcea, most of which
occur in deep water. Because the fish are skinned and/or
just the liver is retained, it is difficult to determine accurate
landings or catches per species.

For some years there has been a small Spanish longline
fishery targeting P. glaucain the Bay of Biscay. Each vessel
uses 15 miles of line and 1,000 hooks. The rest of the catch
consists of other pelagic sharks such as L. nasus and I
oxyrinchus (less than 0.5% of total landings) (SGRST
2002).

Scyliorhinus caniculais the mostimportant shark species
in the bycatch of the demersal fishery that operates along
the north and north-west coast of Spain. However, most of
the catch is discarded, with only 10% landed (around 200t)
as observed in the Spanish fishing fleets operating in the
Cantabrian Sea (ICES 2002). Fishery CPUE series from
Spanish trawlers in one area shows an increasing trend
from 1991-2001 with a pronounced peak in the last two
years.

Spain has an offshore deepwater fishery in the area,
which started in 1991 with the advent of a market for the
liver oil from the targeted species. The fishery is carried out
by longliners which had traditionally fished for hake in the
same area. [tis difficult to quantify landings as data are not
species-specific (SGRST 2002). The livers are the primary
commercial product for the fishery and occasionally the
only retained portion of the shark. The main species are
C. squamosus and C. coelolepis, also C. granulosus and D.
licha. Some of the smaller species of deepwater sharks, (e.g.
C. crepidater, E. princeps and D. calcea) are sometimes
taken (Pineiro et al. 2001).

Portugal

In Portugal, the fisheries for elasmobranchs expanded
rapidly in 1983 due to an increasing demand for shark liver
oil, together with increasing bycatch from a ‘booming’
deep-sea teleost fishery. The demand for oil has since
declined, although demand for flesh has steadily increased
and is now the principal elasmobranch product marketed
in Portugal (Nunes et al. 1989). The Portuguese longline
fishery for swordfish in the North Atlantic started in 1985,
and although P. glaucaand I. oxyrinchus are considered as
bycatch of this fishery, the landings reported for these
species are more important than the registered landings of
swordfish (SGRST 2002). There is no regulation and no
established size or catch quota limits for elasmobranchs.
The fisheries which capture elasmobranchs consist
mainly of: (1) targeted deep-sea elasmobranch longlining;
(2) targeted pelagic elasmobranch surface longlining;
(3) bycatch of deep-sea elasmobranchs from black-scabbard
fish Aphanopus carbo longlining; (4) bycatch of pelagic
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elasmobranchs from teleost gillnetting, purse-seine netting
and surface longlining; and (5) bycatch of skates and rays
from crustacean bottom-trawling. The fisheries are still
poorly studied, landings data are inadequate, particularly
for earlier years (SGRST 2002), and much of the little
research that has been carried out on elasmobranchs is
published only ininternal reports of the Portuguese Marine
Research Institute (Instituto de Investigagao das Pescas ¢
do Mar, IPIMAR).

However, landings of elasmobranch fishes by the
Portuguese commercial fishery between 1986-1999 were
recently analysed by Correia and Smith (2003). An average
of 5.5t/year (~2.5% of the total catch) were landed,
constituting 34 species. Annual landings showed a marked
decrease in 1991 and again in 1996. Raja spp. were
the main group of elasmobranchs landed accounting for
~30% of the landings, followed by C. granulosus,
C. coelolepis, Scyliorhinus spp. and C. squamosus.
Significant decreases in yearly landings were observed for
Raja spp., C. granulosus, Mustelus spp., Torpedo spp. and
S. squatina, and the authors considered that these
species certainly merit the focus of future research. On the
other hand, landings of some species have increased
(e.g. C. coelolepis, Scyliorhinus spp., P. glauca and
G. melastomus), though should continue to be monitored.

Their study shows that in general, the annual landings
of elasmobranchs appear to have decreased over time,
although market prices per kilogram have increased. This
is particularly evident with Raja spp., C. granulosus,
Mustelus spp., Torpedo spp.and S. squatina. As mentioned
above, landings declined dramatically in 1996 (57.6% of
landings in 1995), although the total number of registered
fishing vessels did not change nearly as much (97.2% of the
vessels registered in 1995). Correia and Smith (2003)
cautiously speculate that the drop in landings may be
related toadeclinein theelasmobranch stocks at frequented
fishing grounds. The price of elasmobranch flesh has
continued to rise (well in excess of inflation rates), suggesting
that consumer demand hasdriven the price of elasmobranch
meat and other products higher, thus reducing the likelihood
that decreased demand was responsible for the observed
decline in landings. Another study has shown that landings
of rays in Portugal (particularly in the Algarve) decreased
more than 42% in 10 years, while their commercial value
increased by more than 71% (DGPA 2000). There is an
urgent need for improved data collection, further analysis
and monitoring.

Azores

In the Azores, the demersal fishery catches G. galeus and
R. clavata, as well as negligible quantities of other
elasmobranch species. The two main species are discarded
in large quantities. Deep-dwelling species are caught as
bycatch as the demersal fishery extends to 550-600m.



These species are mostly discarded and landings data are
not collected by species. The shark species caught by these
fisheries and identified from demersal surveys include D.
calcea, C. squamosus, C. granulosus, E. spinax, smooth
lanternshark E. pusillus, great lanternsharks E. princeps,
D. lichaand C. coelolepisandlittle sleeper sharks Somniosus
rostratus (SGRST 2002).

A directed fishery for D. licha(ICES 1995) using gillnets
and handlines operated for over 20 years, for liver oil as
well as meat. Landings peaked at 950t in 1981 and were
down to40tin 1998, after which the fishery was considered
extinct. Recently, a few small open-deck boats returned to
using traditional handlines for D. licha, with landings of
about 30t in 1999 and 2000. As mentioned above, catches
and landings are likely to be influenced by market
considerations and fishery CPUE may not accurately
reflect actual abundance trends (SGRST 2002).

Large pelagic sharks (mainly P. glauca and
L oxyrinchus) are caught as bycatch in the longline
fishery for swordfish in the Azores. Other species include
L. nasus, thresher shark Alopias vulpinus, Sphyrna spp.
and G. galeus. Discard of P. glauca is thought to be high
(ICES 1996).

Mediterranean Sea
Overview

Although the Mediterranean is a semi-enclosed sea, the
chondrichthyan fish faunais diverse with around 86 species
(about 7% of total living chondrichthyans). Some areas of
the Mediterranean Sea are thought to beimportant nursery
grounds, for example, Tunisian waters may be a nursery
area for C. carcharias. A spawning ground of the P.
triseriata is known in the northern Tyrrhenian Sea, which
is presently an important fishing area for trawlers. Some
sharks appear to be territorial, like the smalltooth sand
tiger shark Odontaspis ferox, whose small population
seems resident in a particular area off Lebanon.
Although there is little data, there is evidence that, in
general, the chondrichthyans of the Mediterranean Sea are
decliningin abundance, diversity and range, possibly facing
a worse situation than in most regions since this is a semi-
closed sea with intense fishing activity all around its coasts
and offshore. Elasmobranch landings increased from
10,000t to 25,000t between 1970-1985, then slowly
decreased to 15,000t in the following 15 years, representing
only 1.1% of the total landings in the Mediterranean Sea
(SGRST 2002). Unfortunately, itis not clear whether these
variationsare real or due to changesin recording procedure
(i.e. some years they are reported as sharks and others
generically as marine fishes) (FAO 2002). The commercial
value is low compared with those of teleost fishes and
shellfish in the Mediterranean, hence chondrichthyans are
bycatch in fisheries targeting more valuable species. More
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detail is provided in Munoz-Chapuli (1985), Serena
and Abella (1999) and Torres et al. (2001). Many
chondrichthyan species can be considered locally or
commercially extinct in the Mediterranean; however, since
they constitute bycatch in many fisheries, exploitation still
continues.

The major elasmobranch fishing countries are Turkey
(~2,000t), Tunisia (~2,000t), Greece, Italy and Spain (all
~1,500t). Until 1998, Italy led Mediterranean elasmo-
branch production, with a maximum of 12,357t in 1994,
although this declined rapidly to 1,557t in 1999 (SGRST
2002). Minor elasmobranch landings are reported for other
Mediterranean countries such as France (~60t). FAO data
are not available for some countries (e.g. Croatia, Slovenia
and Albania). The most common elasmobranchs, in order
of importance for the coastal fisheries, are: Mustelus spp.,
Rajids, Scyliorhinus spp., Squalus spp., Myliobatids and
Dasyatids. Unfortunately, the data collected are incomplete,
with some of the most important landings not recorded, for
example, among the Rajids only R. clavata has separate
data. Inaddition, the FAO data only report official landings,
not bycatch that is returned to the sea.

As mentioned in Stevens et al. (this volume), a few
recent studies have documented changes in demersal
chondrichthyan diversity in relation to fisheries. Two of
these are studies in the Mediterranean region (Aldebert
1997; Jukic-Peladic et al. 2001). The latter presents the
results of research surveys carried out in the Adriatic Sea in
1948 and 1998. The comparison between the two surveys
shows a decrease in elasmobranch biodiversity and
abundance, especially batoids. Small species such as the
spotted dogfish S. canicula and the brown ray Rajamiraletus
were frequently collected in both surveys, while bigger
shark species and most other batoids had disappeared or
were rarely found during the 1998 survey.

The bycatch of deep-sea fisheries in the Mediterranean
includes many shark species, as described by Hornung et
al. (1993), Fergusson (1996), Relini et al. (1999) and Serena
and Abella (1999).

There areno Mediterranean pelagic fisheries that target
migratory oceanic sharks, but these species form a large
part of the tuna and swordfish bycatch in coastal and
offshore fisheries that utilise longlines, driftnets and purse-
seines. Examples of elasmobranchs caught in various pelagic
fisheries are listed in De Metrio et al. (1984), Aguilar et al.
(1992), Di Natale ef al. (1992) and Notarbartolo and
Serena (1998). The MEDLEM project (Mediterranean
Large Elasmobranch Monitoring), initiated in 1985, collects
data on incidental captures, sightings and strandings of
cartilaginous fish in the Mediterrancan Sea. This
programme has acquired valuable information, including
several records of captures and sightings of C. maximus
(Serena and Abella 1999).

Historically, fixed tuna traps had a major impact on
large predatory shark species (Boero and Carli 1979; Vacchi



et al. 2002), but today almost all are no longer profitable
and have been closed (Cushing 1988). Historical data from
tuna traps document accurately the former greater
abundance and diversity of elasmobranch species in the
area, particularly notable before the introduction of active
fishing gear (bottom-trawl) and urbanisation and
industrialisation of the area (SGRST 2002).

Driftnet fishing is generally believed to be the most
suitable technique for catching a large number of
elasmobranch fishes. In the past this was widely used
throughout the Mediterranean, but is now prohibited by
the EC. Itis likely that in the near future this management
measure will be extended to cover the whole Mediterranean.
The elasmobranch species most vulnerable and frequently
caughtwith driftnetsare P. glauca, A. vulpinus, I. oxyrinchus,
L. nasus, Carcharhinus spp., C. maximus, Sphyrna spp.,
M. mobular and pelagic stingray Pteroplatytrygon violacea
(De Metrio et al. 1999; Muiioz-Chapuli 1994).

Over the past few years, sport fishing has increased
markedly in the Mediterranean region, mainly off the
Italian coast, but also off Spain and France (Bianchi et al.
1997). The target species are mainly threshers Alopias spp.
and blue sharks P. glauca, with catches primarily composed
of young individuals, sometimes newborn specimens.
Anglersareincreasingly releasing their catch alive (SGRST
2002).

Italy

Italy is not a major European shark fishing nation, yet
plays a key role in trade and consistently led European
importsfrom 1989 until overtaken by Spainin 2000 (Clarke
and Mosqueira 2002). In Italy, elasmobranchs represent
lessthan 2% of total landings (Shotton 1999); smoothhounds
(Mustelus spp.) represent about 50% (4,463t/year) and

skates and rays 38% (3,340t/year). Much of this is bycatch;
for example, skates and rays generally represent the
predominant species by weight of the ‘rapido’ (a variant of
beam trawl) catch in the north Tyrrhenian Sea (Abella et al.
2001). For the same area, there is some information on
fisheries that target Squalus spp. and on the common
presence of species such as Rhinobatos spp., Mustelus spp.
and Squatina spp. in the catch of trawlers during the fifties
and sixties. Today these species can be considered locally
extinct, especially in the northern part of the Mediterranean
basin. Many other species of batoid, for example D.
oxyrhynchus, once quite common in the area, can now be
considered rare. The species is still relatively frequent in the
southern Ligurian Sea, probably due to lower fishing
pressure in the deepwater arecas where the species lives
(F. Serena pers. comm.).

Speciessuch as Raja asterias, R. clavataand R. miraletus
are exploited intensively by local fisheries. Moreover, they
are very common in trawl survey catches. Others (e.g.
shagreen skate R. fullonica and R. undulata) are rare or
have been considerably reduced, perhaps by fishing effort.
Serena (2002) presents data on the abundance and
distribution of these and other skates and rays collected
from 1985-2001 during scientific trawl surveys as part of
the Italian national GRUND project (Gruppo Nazionale
risorse Demersali) and from 1994-2001 in the European
Community MEDITS project (Mediterranean Trawl
Survey).

Prionace glauca is taken as bycatch in swordfish and
albacore drift longline fisheries in the Gulf of Taranto
(southern Italy) (De Metrio et al. 1984). The species is
sometimes sold fraudulently as M. mustelus, so catch and
landings statistics are unreliable (for both species). Italy
used to have a surface driftnet fishery targeting swordfish
which took P. glauca (most common), A. vulpinus and
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C. maximus (occasionally) as bycatch (Di Natale et al.
1992). Deepwater trawl fisheries, operating in July and
Augustin the Sicilian Channel, capture neonate and juvenile
great white sharks C. carcharias and demersal batoids.
Thesearelanded in southern Italy for human consumption.

A special traditional fishery targeting P. glauca, mainly
in the spring in southern parts of Italy, uses “stese’ (short
lines with hooks placed near the surface). In the northern
Adriatic Sea, gillnets have traditionally been used to catch
M. mustelus, blackspot smoothhound M. punctulatus,
S. acanthias, nursehound Scyliorhinus stellaris, common
eagle ray Myliobatis aquila and G. galeus during the spring
and winter and P. glauca, bullray Pteromylaeus bovinus
and A. vulpinus during the summer (Costantini ez al. 2000).

Turkey

Kabasakal (1998) reviewed shark and ray fisheries in
Turkey where, although chondrichthyan fishes have never
been harvested, they are being considered as new
opportunities for fisheries development following drastic
reductions in stocks of commercially important species.
The main fishing areas are the Black Sea and the northern
Aegean, and otter trawls, purse-seines, bottom longlines
and gillnets are used. The targeted species are: S. acanthias,
R. clavata and M. mustelus. The first two species account
for 18.1% and 5.7% of the total demersal landings on the
Turkish coasts of the Black Sea. Scyliorhinus canicula is
caught in the Sea of Marmara and northern Aegean
Sea, but individuals are rarely larger than 50cm and are
usually discarded. The commercial swordfish longline
fisheryin the Gulf of Antalya takes A. vulpinusincidentally
and the fish are landed for export. Bluntnose sixgill shark
Hexanchus griseus is taken by purse-seine in the Sea of
Marmara. The meat of S. acanthias and M. mustelus is
smoked or salted for export or marketed fresh as whole
carcasses. Fins and livers of sharks are also processed
and exported. The wings of rays and skates are processed
and marketed skinned and frozen.

Although recent reported landings of elasmobranchs
by Turkey show that it is placed fifth in the region (Table
7.1; Figure 7.5), the total of around 4,000t in 2000 is still
relatively low on a global scale. Unfortunately, the
knowledge of stock status, population dynamics and the
life history parameters of the relevant species is scant, and
no management measures are in place. These are possibly
the major factors limiting the development of a sustainable
fishery in Turkey.

Greece

There is no targeted fishery for elasmobranchs off Greece,
but they are caught as bycatch on longlines, in bottom-
trawl fisheries and other nets. See Table 7.1 for recent
reported landings: around 1,700t in 2000 and roughly
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similar since the mid-1990s. According to official Greek
fisheries statistics, the contribution of elasmobranchs to
the total landings is not high. However, official statistics
are neither full nor accurate and in most cases cartilaginous
fishlandings data are not species-specific (M. Labropoulou
pers. comm.).

Data on bathymetric distribution, species composition
and abundance of elasmobranchs for Greek waters have
been collected from 1994-2001, during the ‘MEDITS’
project (see section on Italy above). Most of the species
caught during the surveys were demersal and caught at 10—
800m depth (Bertrand et al. 2000). Furthermore, discard
and landing data of the bottom-trawl fishery, including
elasmobranchs, have been collected in the framework of
another project, from 1995-1998 (Machias et al. 2001).
Except for the national conservation/management measures
concerning fisheries in Greece, no specific management
measures have been enforced to date for elasmobranchs.

Croatia

Thereare no targeted shark fisheries in the eastern Adriatic,
other than on a small scale for demersal species, such as
houndsharks and dogfish, with a certain type of gillnet. In
accordance with fisheries legislation, shark catches and
bycatch donotneed to bereported, although elasmobranch
landings have been reported to FAO for Croatia since
1992 and were around 100t in 2000 (FAO 2002). There is
no shark fishery management in the eastern Adriatic,
although Croatian legislation has a minimum landing size
for S. acanthias.

Monitoring of large sharksin the Adriatic was initiated
by the Institute of Oceanography and Fisheries in Croatia
in 1999. This study is based on the voluntary collaboration
of marine scientists, fishermen, journalists, marine police,
harbour offices and the public. Records have been compiled
for C. carcharias, I. oxyrinchus, L. nasus, C. maximus,
smooth hammerheads Sphyrna zygaena and smalleye
hammerheads S. fudes (although the occurrence of the
latter is questionable). These species are all rarities in this
area, although evidence (by comparing records in the
nineteenth century with the twentieth century) suggests
that they used to be more abundant, with the exception of
basking sharks, for which there has been a notable increase
inrecords reported in the eastern Adriatic since 2000. This
may be related to zooplankton abundance, currently
under investigation by the Institute. Unfortunately,
chondrichthyan data are still insufficient and more
thorough investigations are necessary.

Malta

There is limited research on sharks and rays in Malta.
Information available includes species confirmed or
presumed present in local waters (e.g. Lanfranco 1993;



Fergusson 1996; Farrugia Randon and Sammut 1999) and
data on the weights and market value of some species of
sharks and rays collected annually by the Department of
Fisheries and also held by the Central Office of Statistics.
Thelatestinformation in this section is taken from Schembri
and Mifsud — an unpublished Action Plan for sharks and
rays in Maltese waters.

Maltese data are considered representative of the central-
southern Mediterranean Sea. Fergusson (1996) investigated
shark landings in the area. Elasmobranchs comprised over
8% of all landings in Malta between 1982-1992 and in that
period a sharp decline was seen in landings of P. glauca,
despite increased longline effort. The largest number of
blue and other pelagic sharks are taken as bycatch in the
surface longline fishery for bluefin tuna. Deepwater
longlining, (eclipsed in importance by the tuna fisheries),
targets broadbill swordfish Xiphias gladius. The bycatch
includes several species of large sharks, most frequently 7.
oxyrinchus and P. glauca (Schembri and Mifsud unpubl.).

Similar decline trends were seen by Fergusson (1996)
for other elasmobranch species including S. canicula,
Squatina spp. and M. mustelus. Sphyrna zygaena have
virtually disappeared from the area since 1986. There are
directed fisheries off Malta for deepwater sharks including
H. griseus, C. granulosus, S. blainvillei and Mustelus spp. Of
these species, only H. griseusshowed no declineinlandings.

Coastal demersal fisheries (including traps, gillnets,
bottom longlines and spear fishing with SCUBA apparatus)
operate on a small scale and sometimes catch sharks. In
addition, artisanal setline and gillnet fisheries operate in
winter and spring when larger fishing expeditions are not
feasible. They target a variety of pelagic species at depths
between 50-200m. There is also a direct fishery using
surface longlines; however, this consists of around five
boats and has only a low impact (Schembri and Mifsud
unpubl.).

There is very little data available on catches of rays and
skates. The Department of Fisheries collects data on the
weight of the catch and monitors the commercial value.
However, this data is not particularly reliable due to
misidentification of species and grouping of species that are
often totally unrelated (Schembri and Mifsud unpubl.).

Malta is so far the only signatory to the Barcelona
Convention (see Fowler and Cavanagh, this volume) that
has used its national legislation to provide legal protection
to the chondrichthyan fishes listed on Annex II of the SPA
and Biodiversity protocol (C. carcharias, C. maximus and
M. mobular).

Cyprus

Reported elasmobranch landings to FAO by Cyprus are
some of the lowest in the region (Table 7.1). However, they
arecaughtasbycatch by almostall kinds of fishing methods.
The catch of elasmobranchs from the inshore and trawl
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fisheries ranges from about 12t-24t in an average year (N.
Hadjistephanou and D. Konteatis pers. comm.). An
initiative to record the various chondrichthyan groups
separately rather than grouped as ‘Sharks and Rays’ began
in 2001, when fishermen were provided with new logbook
sheets.

Sharksare also often caught by surface drifting longlines
in the swordfish fishery. Since 1998 sharks have been
recorded in a separate category of the logbooks, showing
that shark species dominate the bycatch, representing an
average of 75.1% and this makes up an average of 11.22%
of the total catch. The quantities of sharks landed by the
swordfish fishery of Cyprus have been estimated in the
range 7-16t in an average year, although the actual catch
may be much higher, due to unrecorded discard at sea.
Sharks, skates and rays have a low wholesale price in the
fish markets of Cyprus; consumers are not interested in
buying them, mostly because they do not like the taste. It
should be noted that conservation and management of the
Mediterranean species of cartilaginous fish falls within the
targets of Cyprus (N. Hadjistephanou and D. Konteatis
pers. comm.).

Lebanon

The Lebanese fishery is artisanal. Trawling is legally
prohibited; the most commonly used gear includes
trammels and longlines, ‘roudhaul’ nets and beach-seines.
Nevertheless, fishing nets with illegal mesh sizes are widely
available on the black market. Reported landings of
elasmobranchs are low (Table 7.1). In recent years there
hasbeen a shift towardsconservationin Lebanon, including
the declaration of two coastal marine reserves, while three
RAMSAR sites incorporate coastal areas. It is not yet
known whether these protected areas are used as nursery
grounds by chondrichthyans. The Ministry of Environment
intends to create a chondrichthyan database for Lebanon
by participatingin the Mediterranean Action Plan initiative
by RAC/SPA (see above) and by working closely with
academic institutions (M. Nader pers. comm.).

North Africa (Mediterranean coastline)
Overview

There is a general lack of information on the status of
species, habitats and fisheries along much of the North
African coast. However, through SSG member, Farid
Hemida, we have some information on Algeria, Morocco
and Tunisia.

Algeria

Data reported to FAO by Algeria shows an increase in
chondrichthyan landings since 1990 from less than 500t to



over 1,000t in 2000 (FAO 2002). Sharks and batoids are
regularly present in fish markets in Algeria, represent an
important fishery product and are consumed like other
commercial fish species. Until very recently there has been
no information on these species in Algeria, and it has been
impossible to understand and predict the responses of
their stocks to exploitation. Modest catches of P. glauca
have been landed as bycatch of the swordfish and albacore
drift longline fisheries, and also by offshore pelagic
fisheries. In addition, important catches of some
carcharhinid species (Carcharhinus brachyurus, C.
brevipinna, C. falciformis, C. obscurus, C. plumbeus and C.
altimus) are made in the pelagic longline fishery operating
from ports in eastern Algeria.

Hemida (1998) reviewed shark and ray fisheries in the
Algerian Basin. The traditional coastal fisheries use
bottom-trawls and target shrimps, mullet and sparids.
New, more powerful, boats and nets catch pilchards,
anchovies and horse mackerel. Elasmobranchs are taken
as bycatch. A project was initiated in 1996 as a first
attempt to evaluate the dynamics of the abundance and
mortality of elasmobranchs. Fish stock assessment data
have been collected, and to date, von Bertalanffy growth
parameters have been estimated for S. canicula, S. blainvillei
and C. granulosus (F. Hemida pers. comm.). At the same
time, by regularly visiting fish markets, a systematic survey
of elasmobranchs occurring along the Algerian coasts
began. Sixteen species of sharks (from eight families) and
eight species of batoids (genus Raja) have been recorded.
In addition, data obtained from a trawl survey carried out
in 1982 has been used to determine the geographical and
depth distribution of eight species of sharks and five
species of batoids (Hemida 1998).

Morocco

An FAO report on the marine species in Moroccan waters
identifies 79 shark species from the Atlantic and
Mediterranean coasts. Fisheries statistics are not reliable
because all shark species are landed as ‘sharks’ and all
skate and ray species as ‘rays’. An important effort should
be to build capacity for field identification in order to be
able to use fishery statistics to reach the objectives of an
action plan on shark fisheries management. Basic data
are missing that would allow assessments to be
undertaken of species’ status, the most threatened species
identified and measures introduced to ensure their
conservation.

Tunisia

So far 63 chondrichthyan species (33 sharks, 29 batoids
and one chimaera) have been recorded in Tunisian waters
(Bradai 2000). Most of these species are commercially
exploited in Tunisia.
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According to FAO statistics (1998), shark landings
represent 3.2% of the total Tunisian fisheries production.
The main part of this production is landed in the Gulf of
Gabes, an area that is thought to be a nursery for most
benthic elasmobranchs.

Sharksarecaughtasbycatchin other fisheries (trawling,
longlines, pelagic tuna and swordfish fisheries) and targeted
by a small gillnet fishery in the south of Tunisia from
March to June.

Tunisia has ratified the Barcelona Convention SPA
and Biodiversity protocol, CMS and CITES, but no shark
species have so far been protected through Tunisian
legislation. Fisheries legislation has established a minimum
landing size for rays and Tunisia is also planning to
develop a national action plan for sharks, following the
FAO TPOA-Sharks.

West Africa
Overview

Since the mid-1990s, reported landings of elasmobranchs
in West African countries have steadily increased and
were at their highest recorded levels in 2000 (Figure 7.4).
At this time, the largest elasmobranch fisheries in the
whole of Africa were the West African countries of Nigeria
(13,238t)and Senegal (10,757t) (FAO 2002). Nevertheless,
given the lack of reporting in artisanal fisheries and the
large number of nations fishing in African waters, actual
landings are likely to be much higher.

Almost 50 coastal species of elasmobranchs are found
along the West African coast, with the Sahelian upwelling
marine ecoregion (SUME) — from Mauritania to Guinea-
Bissau — being particularly important in terms of
biodiversity and primary production, although there is
little in terms of marine resource management.

Elasmobranchs in this region were first exploited by
semi-industrial fisheries during the 1950s, although these
fisheries gradually collapsed. Elasmobranchs were also
caught as bycatch by small-scale fisheries and the flesh
salted and dried for consumption. These small-scale
fisheries have undergone a huge development during the
past 20 years in terms of numbers of canoes and
improvement of gear, and some now use motorised boats.
In the early 1970s, a Ghanaian fishing community settled
in the Gambia and established a commercial network
throughout the West Africa region to collect salted and
dried elasmobranch flesh for export to Ghana. The shark
fin business soon reinforced the very active and profitable
shark fishing in the region and by the 1980s many fishermen
in the region were specialising in catching sharks and
guitarfishes. This has led to population reductions of
some species of elasmobranchs, the extinction of some,
such as those of the genus Pristis, and a significant
transformation in the structure of small-scale fisheries.



Many communities invested in shark fishing, but are now
faced with a difficult economic situation. A scheme
underway in Mauritania’s Banc d’Arguin National Park
(PNBA)is working with communities towards sustainable
fisheries management and to facilitate the reconversion of
these specialised elasmobranch fisheries (see below).

Several West African countries are collaborating,
through the Sub-Regional Fisheries Commission to
address management issues for shark fisheries and
associated problems. A number of workshops have been
held and, as mentioned above, a subregional plan of
action for sharks (SRPOA) in line with the FAO IPOA-
Sharks was adopted in 2001, although funds are needed to
support its implementation.

The IUCN/SSC SSGestablished a West African group
in 2001 and this is gradually expanding to improve
communication and collaboration on conservation and
managementissues, including capacity buildingand IPOA-
Sharks implementation in the region.

Cameroon

We have no information on elasmobranch fisheries or
populations in Cameroon at the time of writing other than
reported landings to FAO, which have been around 200t
for several years (Table 7.2). Fisheries management in this
country has always involved the fishers in order to devise
the best management plans. An association of fishers has
been formed and is actively involved in the management
forum (IFAW 2001).

Gabon

In April 2001, a code was adopted by Parliament for
forestry and natural resources. This code encompasses
laws for fishing and included regulations for shark fisheries,
but these are yet to be implemented (IFAW 2001). Gabon
does not report elasmobranch data to FAO, but there is
evidence for the export of ~8t of fins to Hong Kong in
2000 (Hong Kong Census and Statistics Department
unpubl.).

Ghana

Ghanaian fishermen have been exploiting sharks for a
long time, salting and drying small pieces of the meat in
cooking (these pieces were often dried and used again).
Nowadays, fins are the main product of this fishery, with
exploitation of sharks having increased in recent years
followed by an observed rapid depletion of the stocks.
Reported landings to FAO indicate a peak of ~11,500t in
the mid-1970s, followed by a sharp decline soon after.
Since then, reported landings have fluctuated around
1,000-2,500t (Table 7.2). A growing number of fishermen
are turning to shark fishing and away from traditional
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food fishes, and there are no shark fishery regulations in
Ghana. Experienced shark fishermen are apparently
offering free tutorials on effective shark hunting techniques.
Carcasses of sharks are processed as fermented fish for
local consumption, although discarding of carcasses
following finning is also known to occur at sea. In 2001,
local fishermen said they were paid US$30-40 per kg of
dried fins, however, in Singapore, Taiwan and Hong
Kong, the middlemen are paid US$265-300 for 1kg. The
size of the fins sold are getting smaller, with even the
smallest juveniles now being finned (Anane 2001).

Rather worryingly, fishermen have recently discovered
anew fishing technique, already used by Yemeni fishermen.
Dolphins are harpooned and longlines baited with the
flesh, which is perfect for attracting sharks. With this
method, captures are again good enough to maintain the
exploitation of sharks, and are also linked to a serious
threat to dolphins in the area (Anane 2001). Ghanaian
fishermen were the first to introduce specialised shark
fishing gear in the West African region (for more detail,
refer to the section below on The Gambia) and, now
that shark populations are heavily depleted and yields
very low throughout the region, there is great concern that
this new fishing technique might spread over the whole
region.

Guinea-Bissau

Despite reporting extremely low and infrequent landings
of elasmobranchs to FAO (Table 7.2), there is a great deal
of useful and interesting information from this country.
The following section is taken primarily from Tous ef al.
(1998), updated in 2002 by M. Ducrocq (pers. comm.).

Cartilaginous fish have never been the target of
sustained fishing by indigenous fishermen in the
Archipelago Bijagos of Guinea-Bissau which was declared
a Biosphere Reserve in April 1996. The unavailability of
sophisticated equipment, the absence of a local market for
the product and traditional beliefs (these animals are
considered by the local Bidjogo people to hold mysterious
powers and are consistently represented in religious
activities in the form of dances, masks and wall paintings)
made the archipelago a safe breeding ground for
elasmobranchs.

However, the rapid growth of the shark fin market in
the region over the last decade, for export to the Far East,
has prompted shark fishermen from neighbouring Senegal
and Guinea, from Sierra Leone and even as far as Ghana
to come to the archipelago to capture elasmobranchs.
These fishermen are well organised and use sophisticated
equipment. Highly specialised, they sometimes take only
the fins, discarding the rest of their catch. On occasions,
large quantities of rotting sharks have been found on
beaches. These activities were not acceptable to the Bidjogo
people and led to inter-community conflicts and the death



of some Senegalese fishermen. Unfortunately, the younger
generation of Bidjogos naturally saw the attraction of
earning quick money and started to follow the trend and
target sharks. It can be questioned whether the shark fin
business will also be responsible for the extinction of an
integral and deep-rooted aspect of the Bidjogo culture?

In the absence of consistent scientific data on the
existing elasmobranch populations and because of the
poor national capacity for law enforcement, the increased
pressure that these new activities have caused has raised
considerable concern over the sustainability of this
industry, the exit of national resources from Guinea-
Bissau and the archipelago in particular, and the
conservation of the target species. Indeed, fishermen in
the archipelago all seem to agree that the populations of
cartilaginous fish have undergone significant declines over
the last five years or so.

In 1997 the IUCN Guinea-Bissau Programme, in
partnership with the national Centro de Investigagao
Pesqueira Applicada (Centre of Applied Fisheries
Research), organised a two-month study to describe the
small-scale fisheries and assess the status of populations
based on local knowledge. The seven private game fishing
operations, who rely heavily on shark fishing for their
business and some of the artisanal fishermen participated
in this preliminary undertaking.

Initial surveys provided some valuable yet fragmented
information. For example, in the case of the great
hammerhead shark Sphyrna mokarran, catches of juveniles
seem to be increasingly frequent and most of the adults
caught are pregnant females. The bull shark Carcharinus
leucas and the milk shark Rhizopronodon acutus seem to
be more frequently caught than before. For the blacktip
shark C. limbatus, catches of adults, particularly of
pregnant females, have become exceptional and juveniles
of birth size constitute over one-third of the small sharks
found during the survey of fishing catches at local harbours.
The populations of guitarfishes Rhinobatos rhinobatos
and R. cemiculus, the main targets of the specialised
fishing teams, seem to have diminished substantially.
Althoughitisstilltoo early to draw any definite conclusions
for the above species, the situation is clearer and more
alarming for others. The three species of sawfish, greattooth
Pristis microdon, P. pectinata and P. pristis, have not been
reported at all for several years and it is thought that the
genus is locally extinct.

The economic significance of this sector of activity is
substantial. Indeed, on the basis of the declared catches
of the industrial fishing operators and past surveys of
the artisanal fishing sector, together with calculations
of the profitability threshold of specialised ships, it is
possible to estimate the overall catches of cartilaginous
fish within the Guinea-Bissau EEZ to ~25,000t/year.
This represents a yearly production of around 250t of
dried fins exported from the archipelago to neighbouring
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countries. The price paid for this product by traders in
the region varies between US$50-80 per kg, depending
on the species. The total turnover of this trade would be
USS ~16 million per year, yielding no benefit at all to
Guinea-Bissau and no return to the monitoring of the
status of the resource base (Tous et al. 1998).

To follow up on these results, IUCN Guinea-Bissau
and the Fondation Internationale du Banc d’Arguin
(FIBA), acting essentially in Mauritania, in collaboration
with national institutions in their respective countries,
initiated a three-year joint research programme in 1998
aiming to describe the fisheries involved in shark
exploitation, the collection of field data on species, their
reproductive cycles and nursery areas, and the preparation
of management tools for the formulation of management
measures for the sustainable exploitation of elasmobranchs.

The outbreak of war in Guinea-Bissau stopped the
programme in June 1998. FIBA continued the work in
Mauritania’s PNBA (see below) developed links with the
IUCN Senegalese team, and began looking for ways to
work with Gambia and Guinea Conakry. It is hoped that
there will soon be a way to start again in Guinea-Bissau,
because the coastal zones and the Archipelago Bijagos
present important and vulnerable sites that should benefit
from monitoring and action for marine resources
conservation.

Mauritania

FAO landings data for elasmobranchs from Mauritania
were highest in the 1970s-1980s, at around 1,000-2,500t
with a peak of ~4,000t in 1979. Since the late 1980s they
have been less than 1,000t and sometimes less than 100t
(Table 7.2). Customs records show that almost 57t of fins
were exported from Mauritania to Hong Kong in 2000
(Hong Kong Census and Statistics Department unpubl.).
Sharks are caught off Mauritania as bycatch by the
commercial trawling fishery targeting octopus, and by
pelagicfisheries targeting sardines, but no dataisavailable
on species quantities and utilisation. A fishery for M.
mustelus operates in the northern part of the coastal zone,
destined for the Spanish market. The quantities are being
studied by the National Research Centre for Oceanography
and fisheries (CNROP).

Mauritania’s Banc d’Arguin National Park (PNBA),
one of Africa’s largest marine reserves, with 6,000km? of
coastal shallow waters, many sand banks, muddy flats
exposed at low tide and sea grass beds, is an important
breeding and nursery area for at least 25 species of sharks.
The area is irrigated by a current from the upwelling zone
in the north of Mauritania’s EEZ and the abundance and
biodiversity of fish is enormous. In these shallow waters,
rays used to be extremely numerous, and large schools of
sharks came to breed. However, within the PNBA, the
fishing community of the Imraguen are now highly



specialised in shark fishing. The Imraguen constitute the
only community with the right to exploit the extraordinarily
abundant resources of the park using their traditional sail
boats. Traditionally they shared their time between camel
breeding in the desert and fishing for grey mullet Mugil
cephalusto sell the eggs (poutargue) for a good price on the
European and American markets. However, in the 1980s,
organised producers operating outside the park with
motorised boats and efficient gear displaced the Imraguen
from the poutargue business. During the same period,
businessmen aware of the fin market created incentives
(providing fishing gear through a credit system) for the
Imraguen fishermen to target sharks, particularly in the
PNBA.

The Imraguen quickly developed a very specialised
fishery, initially for fins, but in 1995 they also started to
sell the carcasses to processors who had contacts with the
Ghanaian traders based in the Gambia. Monitoring of the
fishery since 1997 has shown that guitarfish R. cemiculus
and R. acutus are the main targets. In the case of the latter
gatherings of pregnant female milk sharks are targeted.
Milk sharks Rhynchobatus spp. have shown an overall
decrease in average length of around 3% per year, with
increasing proportions of juveniles in the catches. There is
concern for nurse sharks Ginglymostoma cirratum, spinner
sharks C. brevipinna, blacktip sharks C. limbatus and
scalloped hammerheads Sphyrna lewini, with catches
comprised exclusively of juveniles, often newborn. There
is also concern for lemon sharks Negaprion brevirostris
and African giant guitarfish Rhynchobatus libbertii,
which are now caught only rarely. Moreover, the Imraguen
said the overall yield had dropped drastically in the past
five years.

A meeting was organised by FIBA, which fishermen,
scientists, donorsand representatives of the administration
attended and the results of the survey were presented. At
the end of the meeting, the Imraguen had signed a series of

Sharks processed for salting and drying. Banc d’Arguin National
Park, Mauritania.

Mathieu Ducrocq
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restrictive measures aiming at a reduction of the directed
fishing effort for the elasmobranchs found in the area.
Since 1998, a yearly workshop has been organised to
present the research results to the fishermen and to set the
most urgent conservation measures and methods of fishing
for the following year. Discussions are open to all the
villages and national institutions concerned with fishing.
As a result, fishing is now partially forbidden during the
breeding periods of some elasmobranch species.

Monitoring has continued to date and in 2000, with the
financial support of FIBA, the PNBA set up a project:
‘Reconversion of the Imraguen Fishery’. Its main
objectives are to facilitate a shift of the fishing effort from
elasmobranchs to teleosts, help structure the fishing
network and assist with better management of village
activities. A big problem is that although the fishermen
themselves are fully aware of the serious problems with
the shark fishery, they are heavily indebted to the
businessmen and cannot afford to re-equip themselves
with the appropriate new gear, particularly as the shark
fishing is no longer profitable due to the severe declines.
Pressure to repay their debts is maintaining the fishing
pressure on the sharks and the situation also puts the
merchants in a position of strength, allowing them to
negotiate the price of fishing products as well as take over
the production. So the project has begun repurchasing the
shark fishing nets from the fishermen, helping them to pay
off their debts and purchase new fishing gear. Around
15% of the fleet has now been able to develop other types
of fishing, targeting teleost fishes of high commercial
value (e.g. sole and bream). Assistance with management
is an essential component of the project because the
shift of fishing effort towards valuable teleosts is of
course not lost on the businessmen who are eager to
master this new market. Currently, only three village
cooperatives control the marketing of their fishing products
as they have vehicles. This significantly improves the
fishermen’s income.

Footnote: In December 2003, an agreement was signed to
halt targeted shark and ray fishing in the PNBA (see
www.ufl.edu/fish/organizations/ssg/pnba.htm).

The Gambia

The Gambia is a very small country, but has great
importance in the regional shark business. Sharks were
virtually unexploited here, until, as mentioned above, a
Ghanaian community consisting of 60 fishermen and
processors arrived in the early 1970s and began targeting
sharks. A commercial network was established to buy the
elasmobranchs caught as bycatch by local artisanal
fishermen and fishermen from neighbouring countries.
Salted and dried elasmobranch flesh is popular in Ghana,
and the price that Ghanaians paid for what fishermen had



been throwing away for centuries made the interest
grow and the business spread all over the region, from
Senegal to Guinea Conakry, reaching Mauritania in
the mid-1980s. The shark fin business came later and
significantly increased the profitability, resulting in a
huge increase in the number of fishermen specialising in
shark fishing. There are now more than 2,000 Ghanaians
settled in the area, specialising in shark fishing, processing
and trading. Reported landings to FAO, as so often is the
case, do not give the full picture. Elasmobranch landings
were not reported to FAO until 1977 at ~1,500t, and since
then have fluctuated between 300-900t, with a peak of
~3,000t reportedin 1997. Approximately 15t were exported
from the Gambia to Hong Kong in 2000.

The Gambian coast, especially the southern part, is an
important breeding and nursery area. A large number of
juveniles of Dasyatidae, Sphyrnidae and Carcharhinidae
are a bycatch of other fisheries such as the sole fishery,
which uses bottom-fixed nets during May and June.
Juveniles were simply discarded some years ago, but
yields are now so low that even the smallest sizes are
accepted for processing. There are no official records of
the stocks’ status, but fishermen now have to travel to
Guinea for five months each year due to elasmobranch
population collapsesin Gambian waters. Asdetailed above
for the Imraguen, the Ghanaians are becoming in debt to
Guinean fin traders using informal credit schemes to
encourage shark fishing in their waters. It is vital that a
solution is found to develop new economic activities in the
Ghanaian villages of the Gambia, the centre of specialised
shark exploitation in West Africa.

Nigeria

There are no industrial purse-seines or longline vessels
along the Nigerian coastline and no targeted commercial
fishing for chondrichthyans. Small-scale artisanal fisheries
target sharks mainly by driftnets. Elasmobranchs are
caught as bycatch in the many shrimp trawls in the coastal
waters, although recently, turtle exclusion devices have
been fitted to the nets and these allow relatively large
species toescape (B.B. Solarin pers. comm.). Unfortunately
complianceis still a problem (IFAW 2001). As can be seen
from Figures 7.4 and 7.6, Nigeria has the highest reported
elasmobranch landings in West Africa, with a particularly
large peak in the late 1970s to early 1980s, reaching
~21,500t in 1980. In 2000, at ~13,000t Nigeria had the
highest reported landings for all of Africa (FAO 2002).
Awareness is being raised in Nigeria regarding the
conservation of sharks and maximum utilisation of all
captured sharksis beingencouraged. Indeed, the dumping
of shark carcasses at sea is already prohibited and does not
occur in small-scale fisheries. However, shark finning by
foreign vessels fishingillegally in Nigerian waters has been
reported (B.B. Solarin pers. comm.).

94

Senegal

In Senegal there is active industrial exploitation of marine
resources by pelagic and bottom-trawlers, coastal and
deepwater longliners, although there is no information on
particular species, quantities and utilisation of the
elasmobranchs captured as bycatch. It is assumed that
finning is a very common practice in Senegal and large
amounts of fins are exported to Hong Kong: ~130t in
2000 (Hong Kong Census and Statistics Department
unpubl.).

Senegal has gone through several phases in the
development of shark exploitation by artisanal fisheries,
which are now very developed in this country and
responsible for more than three-quarters of the total
landings. Some of the fishermen from the Sine Saloum
region and the Casamnace (bordering the Gambia at the
north and south respectively) started to target sharks in
the early 1970s, selling the products to the Ghanaian
community set up in the Gambia, discussed above.

Local populations of elasmobranchs declined very
quickly, but the fin market continued to develop and
many fishermen carried on targeting sharks, elaborating
new fishing pirogues, materials and strategies in order to
stay two or three weeks at sea fishing for sharks, travelling
as far south as the Archipelago Bijagos in Guinea-Bissau.
In 1994, the franc CFA, (the West African currency for
French speaking countries), was devalued by 50%. As a
result it became lucrative to export shark fins to Hong
Kong and the flesh to Ghana, out of the CFA zone. Prices
were doubled, so a great number of Senegalese fishermen
bought shark nets and started to fish for sharks. A huge
decline of the elasmobranch population is described by
the fishermen during this period.

A study led by FIBA and IUCN has been studying the
importance of the Sine Saloum zone for sharks and rays,
and the history of the shark fishery. In the main, fishermen
are no longer targeting sharks because of small yields.
Those few still specialising in shark fishing leave their
homes for several months, joining some of the Senegalese
fishermen who have settled in the Archipelago Bijagos,
Guinea-Bissau, where a relative abundance of sharks still
exists. Fishermen of the Sine Saloum have signed a
document fixing the principles for a natural resources
management plan, formulated jointly with [UCN, in which
sharksand raysare highly protected. However, as described
above for other countries in this region, many of the
fishermen in Senegal are also caught in a debt trap with
businessmen.

International water/high seas fisheries
EU vessels now fish all over the world, particularly off the

coasts of developing countries (~1,300 boats, paying annual
fees totalling ~US$100 million). For example, in 2000



there were 78 EU boats licensed to fish off Senegal in an
agreement worth US$10.5 million to Senegal (WildAid
2001). Senegalese fishermen reported that some of these
boatsfishillegally in areas reserved for artisanal fishermen
and local catches have declined dramatically as discussed
above. Another example are the 22 Dutch ‘state-of-the-
art’ trawlers fishing in Mauritanian waters.

Some European countries (Spain, France and Portugal)
haveimportant billfish and tuna fisheries in tropical waters.
Bycatch of pelagic sharks in these fisheries is recorded by
ICCAT (see Fowler and Cavanagh this volume), although
not all European countries provide ICCAT with this
information, for example, there is no ICCAT data for
elasmobranch bycatch of the French fleet fishingin tropical
waters. According to ICCAT, bycatch of elasmobranchs
in the Spanish swordfish fishery in ICCAT areas (94, 94A,
94B, 95, 96, 97) in 1999 was more than 29,000t of blue
sharks and 4-5,000t of other pelagic sharks. The
Portuguese longline fishery for swordfish in the South
Atlantic area gained importance in 1989. Although blue
sharks and shortfin makos are considered as bycatch of
this fishery, in fact the landings reported for these species
are more important than the registered landings of
swordfish (SGRST 2002).

Despite the lack of records of the elasmobranch bycatch
in these pelagic fisheries, some studies have been carried
out. Forexample, recent studies based on the EU observer
programme ‘Elasmobranch bycatch of the French and
Spanish tuna purse-seiner fleets in the eastern tropical
Atlantic in 1997-99°, reported the composition of the
bycatch of elasmobranch species in the commercial purse-
seine activities off West Africa. The most important shark
species in weight were S. lewini, other Sphyrna spp., silky
sharks C. falciformis and manta rays Manta birostris. The
strategy of this fishing activity is based on the use of
artificial and natural ‘FADs’ (Fishing Aggregating
Devices) that attract small tuna schools. Whale sharks
Rhincodon typus are considered by fishers as a natural
FAD. The elasmobranch bycatch was 0.34% in biomass of
the total catch (or 1.05%including R. typus) corresponding
to 448t (or 1,350t including R. typus). Pelagic EU fisheries
off the coast of West Africa are also known to have a
significant bycatch of elasmobranchs. The composition of
the bycatch of the pelagic longline fisheries in the Atlantic
and Indian Oceans is less diverse than the purse-seiners,
comprising mainly Prionace glauca and I. oxyrinchus,
representing on average 2-4% of the total catch in number
(SGRST 2002).

Elasmobranch bycatch is also reported in other EU
overseas fisheries exploiting demersal resources, e.g. the
Patagonian toothfish Dissostichus eleginoides and the
mackerel icefish Champsocephalus gunnari. This is in
addition to other fisheries using bottom-trawls and
longlines in the French EEZ of Kerguelen and Crozet
Islands in the Southern Ocean whose bycatch include
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sleeper shark Sommniosus spp., L. nasus and some
subantarctic skates. Finally, bycatch of pelagic sharks in
the Northeast Atlantic also occurs by fleets from outside
of the region, for example, Japan and South Korea
(WildAid 2001).

European high seas fleets may be responsible for a
significant proportion of the large imports to Hong Kong
of shark fin from Europe. The very large mismatch between
reported landings of shark in Europe, compared with
shark fin production, could be the result of finning at sea.
The EC is currently developing a new fisheries regulation
which should prevent the finning and discard of shark
carcasses at sea.
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Introduction

The IUCN/SSC SSG Northwest Atlantic (NWA) region
extends from the eastern coast of Greenland at 40°W
longitude to 120°W in the Arctic waters north of Canada
and southwards to the French Guiana-Brazil border at
5°N latitude (see map, Figure 7.7). This region fully
overlaps the UN Food and Agriculture Organization’s
(FAO) Major Fishing Areas 21 and 31 and part of 18
to the north. It includes part of the eastern coast of
Greenland and the eastern coasts of Canada, the USA,
Mexico, Belize, Honduras, Nicaragua, Costa Rica,
Panama, Colombia, Venezuela, Guyana, Surinam and
French Guiana, as well as all waters of the Caribbean
island nations.

The region ranges from Arctic, subarctic and boreal
waters off Canada and Greenland to temperate and tropical
waters at the southern boundary. In the Caribbean area,
marine habitats vary from coral reef formations and
narrow shelvesto habitats heavily influenced by freshwater
runoff with wide continental shelves and muddy bottoms
(Chan A Shing 1999).

This regional report draws on the best information
available from the published literature, the FAO, and
unpublished catch and fisheries data and management



Figure 7.7. IUCN/SSC
Shark Specialist Group:
Northwest Atlantic region.
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information from government and non-governmental
sources, primarily from the US National Marine Fisheries
Service (NMFS), Canada’s Department of Fisheries
(DFO), Mexico, and Trinidad and Tobago. The quality
and quantity of fisheries data vary greatly within the
region, with the most detailed and reliable information
coming from the US and Canada, the two countries that
actively manage their Atlantic shark fisheries. Much of
the information regarding catches and management in the
lesser studied countries of the NWA region was derived
from a summary paper by Chan A Shing (1999), the US
NMFS United Nations Convention on Trade in
Endangered Species (CITES) discussion paper (Oliver
1996), a review of shark trade in the Americas (Rose 1998)
and the FAO database providing overall landings statistics
(FAO 2002).

During the early 1990s, elasmobranch catches from the
Northwest Atlantic (FAO Area 21) (Table 7.3) were
considered to be among the fastest growing in the world
(Bonfil 1994). Elasmobranchs are taken in directed fisheries
primarily in the US, Canada and to some extent in Mexico
(Rose 1998), and are also taken as bycatch in other fisheries,
such as on the pelagic longlines targeting swordfish and
tuna and trawl fisheries for shrimp and demersal fishes. As
a result, the US, Canada and Mexico rank among the top
20¢clasmobranch-fishing nationsin the world. Other circum-
Caribbean countries have small bycatch fisheries: much of
the elasmobranch catch by the artisanal fisheries is
consumed within the region (often salt-dried), buta number
of products (e.g. fins and cartilage) are exported or
transhipped by foreign vessels using local ports (Chan A
Shing 1999). In the Caribbean, most countries neither land
noruseelasmobranchs, however, elasmobranchs arelanded
in the Bahamas, Barbados, Belize, Dominica, Grenada,
Guyana, St. Lucia, St. Vincent and the Grenadines, and
Trinidad and Tobago (Chan A Shing 1999).
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Over the decade 1990-2000, annual elasmobranch
landings by 23 fishing nations in the NWA region were
just below 100,000t/year (FAO 2002) (thisincludeslandings
from all oceans by these nations). The region includes
three of the world’s top 20 elasmobranch-fishing nations:
Mexico, the US and Canada, which ranked sixth, eighth
and twenty-second in 2000 (FAO 2002) in total
elasmobranch landings. In 2000, total elasmobranch
landings summed over all NWA countries were about
95,890t (again from all oceans), or about 11.2% of
theworld total that year. However, elasmobranch landings
of NWA fishing nations from western Atlantic and
Caribbean waters only are considerably lower, totalling
47,382t in 2000.

Elasmobranch fisheries in the northern part of the
region (i.e. off Canada and the US) are subject to more
management attention than any other elasmobranch
fisheries in the world, with the exception of some Australian
and New Zealand fisheries. Despite these management
efforts (see below), many of the commercially valuable
species in the region are considered to be overexploited or
suffering from fishing rates that are unsustainable. In the
southern part of the region (i.e. Caribbean nations),
management of elasmobranch fisheries is virtually non-
existent.

Summary of issues and trends
Biology and status

The chondrichthyan fauna of the Northwest Atlantic is
relatively well known, although new species are still
occasionally discovered and scientifically described (e.g.
Schofield and Burgess 1997). The region’schondrodiversity
is rich, but does not compare with areas such as the Indo-
Pacific region.



In general, chondrichthyan abundance, diversity and
fisheries increase from north to south in the region. In
Canadian Atlantic waters, elasmobranch abundance
and diversity are relatively low, with 20 sharks (Joyce
1999) and 13 species of skates (Scott and Scott 1988 in
Kulka and Mowbray 1999). Sharks have been of minor
economicimportance in Atlantic Canada, but commercial
fisheries do exist for porbeagle Lamna nasus, blue shark

Prionace glauca and spiny dogfish Squalus acanthias.
Skates, although subject to high bycatch, were minor in
reported landings until the collapse of the groundfish
stocks in the early 1990s (Kulka and Mowbray 1999).
Thorny skate Amblyraja radiata accounts for 80% of the
skate landings.

At least 77 shark species have been identified from the
waters within 500 nautical miles of the US Atlantic Coast,

Table 7.3. Elasmobranch landings (metric tonnes) by country within the Northwest Atlantic region as reported
to FAO (2002).

Country 1985 1986 1987 1988 1989 1990 1991 1992
Bahamas - - - - - - - -
Barbados 51 48 51 134 37 18 14 24
Belize - - - - - - - -
Bermuda 12 22 28 14 12 12 12 12
British Virgin Islands = = = = = = = =
Canada 137 224 228 338 338 1,543 1,972 2,367
Colombia 55 51 83 150 143 36 23 286
Costa Rica 7 26 30 30 30 30 11 7
Cuba 4,784 3,427 3,487 3,301 3,759 3,129 2,017 2,837
Dominican Republic 169 106 165 80 87 80 85 46
Grenada 10 14 17 18 9 8 8 7
Guyana - - - - - - - -
Honduras 0 0 0 0 0 0 1,388 1,148
Martinique 226 198 152 56 60 62 114 104
Mexico 13,650 12,014 11,951 12,522 13,982 18,146 17,067 18,508
Panama - - - - - - 1,962 1,257
Puerto Rico - - - - - - - -
Saint Lucia - - - - - - 7 12
St. Pierre and Miquelon 172 977 641 653 1,776 581 642 46
Saint Vincent/Grenadines - - - - - - - -
Trinidad and Tobago 904 700 675 874 1,063 873 922 531
USA 8,866 8,116 9,935 14,550 18,282 32,211 29,476 35,685
Venezuela 6,073 7,826 6,997 8,879 7,049 6,762 6,811 7,970
Total 35,116 33,749 34,440 41,599 46,627 63,491 62,531 70,847
Country 1993 1994 1995 1996 1997 1998 1999 2000
Bahamas 3ir <0.5 <0.5 5 3 2 1 1
Barbados 18 22 24 25 14 12 10 14
Belize - - - - - - 519 48
Bermuda 14 10 17 i3 9 12 24 10
British Virgin Islands = = = = 1 1 1 <0.5
Canada 2,712 9,052 8,901 5,466 6,331 5,246 6,676 5,676
Colombia 307 102 46 253 27 45 3 30
Costa Rica 32 11 27 11 1 54 64 106
Cuba 2,847 3,391 3,061 3,415 3,297 3,073 2,847 2,850
Dominican Republic 10 18 90 39 96 62 134 518
Grenada 12 4 14 4 9 18 24 29
Guyana - - - 765 1,892 - 2,175 -
Honduras 1,948 876 615 460 10 108 101 71
Martinique 125 125 105 73 95 85 75 55
Mexico 17,092 16,452 16,766 17,365 14,275 14,805 12,225 10,351
Panama 611 372 85 170 - - 202 -
Puerto Rico - - - - - - 28 35
Saint Lucia - 6 6 11 3 8 6 5
St. Pierre and Miquelon 12 4 11 43 16 29 4 44
Saint Vincent/Grenadines - - - 2 - - 3 -
Trinidad and Tobago 440 488 550 624 558 645 712 755
USA 34,440 34,195 34,347 45,883 34,437 39,263 31,957 26,560
Venezuela 7,849 8,650 9,918 8,791 7,896 6,708 5,260 5,491
Total 68,506 73,778 74,583 83,418 68,965 70,176 63,051 52,649
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as well as 21 batoids. Of these, 11 species of large coastal
sharks, four small coastal sharks, five pelagic sharks,
spiny dogfish and seven batoids are of commercial
importance and are subject to management by the US
NMFEFS. At least 34 sharks occur off Mexico in the Gulf of
Mexico and Caribbean Sea (Bonfil 1997), of which 14 are
important to fisheries (Bonfil 1997), especially the Atlantic
sharpnose Rhizoprionodon terraenovae, bonnethead
Sphyrna tiburo and blacktip sharks Carcharhinus
limbatus(Castillo-Geniz et al. 1998).

Less is known of the species composition, abundance
and fisheries among Caribbean nations owing to a lack of
directed elasmobranch fisheries, observer programmes
and fishery-independent surveys (Chan A Shing 1999).
About 36 species of sharks occur in the fisheries of Trinidad
and Tobago, Guyana and Dominica.

In April 2003, the smalltooth sawfish Pristis pectinata
was the first elasmobranch species to be listed as
Endangered under the US Endangered Species Act of
1973 (ESA). Three other species, dusky shark Carcharhinus
obscurus, sand tiger shark Carcharias taurus and night
shark C. signatus, are on the candidates list for further
evaluation to determine if they too should be listed as
Threatened or Endangered under the ESA. Currently, no
elasmobranchsarelisted as Species at Risk by the Canadian
Committee on the Status of Endangered Wildlifein Canada
(COSEWICQ).

Inarecentstudy of marine fish stocksin North America
that are at risk of extinction, the American Fisheries
Society (AFS)identified the smalltooth sawfish P. pectinata
and largetooth sawfish P. perotteti as Endangered; the
dusky shark, sand tiger shark, night shark, thorny skate,
big skate Raja binoculata and barndoor skate Dipturus
laevis as Vulnerable; and the whale shark Rhincodon typus,
basking shark Cetorhinus maximus and white shark
Carcharodon carcharias as Conservation Dependent, using
the AFS criteria (Musick et al. 2000). A separate paper

Figure 7.8. Northwest Atlantic region. Trends in total
elasmobranch fishery landings in metric tonnes (t)
compiled from FAO landings statistics, from 1950-
2000, all countries in the region combined (FAO
2002).

suggests large, rapid declines in many shark species in the
Northwest Atlantic (Baum et al. 2003). Based on analyses
of logbook data, hammerheads Sphryna spp., white and
thresher sharks Alopias spp. had declined by more than
75% over the past 15 years, whereas tiger Galeocerdo
cuvier,oceanic whitetip Carcharhinus longimanus and blue
sharks suffered declines of 60-70%. Overfishingis believed
to be driving these declines, which in some cases may lead
to large-scale extirpation if not stemmed (Baum ez al.
2003). Additional details of elasmobranch species’ status
in the NWA region can be found in the species accounts in
Chapter 8 of this volume. The IUCN/SSC SSG recently
convened a workshop for North and Central America to
determine the conservation status of all chondrichthyan
populations of the region relative to the IUCN Red List of
Threatened Species criteria.

In general, overfishing is the primary threat to the
status of elasmobranchs in NWA waters. Each year in the
US, the status of all marine fish stocks subject to
management is re-evaluated. In 2002, 25 of 31 sharks
(including spiny dogfish) for which adequate population
and fisheries data were available were considered
overfished or suffering overfishing, whereas the status of
an additional 43 sharks remains unknown, including most
of the pelagic sharks taken as bycatch in longline fisheries
targeting swordfish and tuna. Two of seven skate species
assessed (barndoor and thorny) are overfished (NMFS
2003a). In Canada, overfishing has driven the Atlantic
porbeagle to 10-20% of its 1961 population, while the
status of two important bycatch species, blue shark P.
glauca and shortfin mako Isurus oxyrinchus, remains
unknown (Campana et al. 2001). The status of shark and
batoid populationsin the waters of Mexico and Caribbean
nations remains unknown.

Habitatloss currently ismost pronounced in the coastal
USA, but such loss is a threat throughout the region,
particularly as industrial development and human

Figure 7.9. Northwest Atlantic region. Trends in total
elasmobranch fishery landings in metric tonnes (t)
compiled from FAO landings statistics, from 1950-
2000, for the top five countries in the region for which
landings were reported in the year 2000 (FAO 2002).
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populations increase throughout Latin America.
Degradation and loss of inshore nursery areas and other
critical coastal habitats, especially lagoons and riverine
estuaries frequented by sawfishes (family Pristidae), are
considered significant contributions to declining
elasmobranch stocks.

Fisheries and utilisation

Fisheries information varies greatly within the region,
ranging from some of the most extensively studied and
managed fisheries (US and Canada) in the world to some
of the smallest and least understood fisheries. A large
variety of sharks, skatesand rays are taken from Northwest
Atlantic waters, in both direct fisheries and as bycatch,
with a variety of fishing gear. Expansion of shark fisheries
in the Atlantic in the 1980s, particularly by US fishing
interests, was fuelled by the growing demand and high
prices paid for shark fins to make the Chinese delicacy
shark fin soup (Clarke et al. this volume). This led to the
widespread practice of shark finning, which is now
prohibited in the US and Canada.

Twenty-three fishing nationsin the NWA region report
their elasmobranch landings to FAO. Average annual
landings between 1990-2000 ranged from less than It
(British Virgin Islands) to almost 41,000t (Mexico). These
figures include landings from all waters fished by these
nations (e.g. most of Mexico’s and Costa Rica’s shark
catch is from Pacific waters). When landings by NWA
region countries are restricted to those taken only from
waters of the western Atlantic, the US becomes the most
important elasmobranch-fishing nation in the region with
average landings between 1990-2000 of 34,405t, followed
by Mexico (15,732t), Canada (5,108t), Cuba (2,062t), and
Trinidad and Tobago (645t). Total landings for the 23
North American countries fishing in the Atlantic peaked
in 1996 with 83,418t (FAO 2002).

Commercial shark and skate fisheries off the US and
Canada employ primarily trawls, gillnets and pelagic
longlines, as well as hook-and-line gear. Meat from large
sharks taken in these fisheries is generally consumed
locally, whereas fins are exported to Asian markets. US
and Canadian fisheries for spiny dogfish and skates are
driven by European demand for meat. Both countries also
have substantial recreational fisheries for many species of
sharks, especially pelagic species toward the northern part
of the region and smaller coastal species toward the
southern US. Exceptionally depleted species such as
sawfish are no longer targeted.

In Canada, marketing and trade in elasmobranch
products are poorly documented, with exports of shark
and dogfish products lumped together. Porbeagle and
spiny dogfish are the only species commercially profitable
in the Atlantic. Meat is exported to the US and Europe,
and fins of porbeagles and blue sharks head to Hong Kong
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or to the US for re-export. Since the mid-1990s, fresh and
frozen skate wings are primarily exported to European
markets (Kulka and Mowbray 1999; Vannuccini 1999).

In Mexico, elasmobranchs have long been an important
source of animal protein in coastal regions and urban areas
of lower income. Elasmobranchs are mainly caught in
mixed-species fisheries, with 80% of the catch taken by
artisanal boats of less than 10m equipped with outboard
motors (Rose 1998). Although elasmobranchs are taken as
bycatch in gear targeting other species (such as shrimp nets
and tuna and billfish longlines), little of this bycatch is
discarded. Today, shark oilis used locally and fins, cartilage
and shark skins for the production of leather are exported.

Many of the fisheries in the Caribbean that take
elasmobranchsin their bycatch are artisanal in nature and
operate inshore seasonally with gillnets and handlines
(Chan A Shing 1999). Fisheries that partially target sharks
usinglonglines existin Guyana, and Trinidad and Tobago.
Domestic industrial trawlers also take elasmobranchs as
bycatch, as do foreign longline fleets operating in the
region, but little is known of the catch composition or its
transhipment. In general, elasmobranch meatis consumed
domestically or dried and salted for export within the
region. Shark fins are exported to Asian markets or to the
US for re-export (Chan A Shing 1999).

Management and conservation

Many shark and batoid populations in the Northwest
Atlantic Ocean are declining as a result of overfishing and
habitat loss. No elasmobranch fisheries in federal waters
anywhere in the region were subject to management prior
to the 1990s. At present, comprehensive fishery
management for sharks and batoids exists only in the US
and Canada. Canada implemented its first fishery
management plan (FMP) for Atlantic sharks (porbeagle,
blue and shortfin mako sharks) in 1994, and amended and
expanded the plan in 1997 (DFO 1997a). Regulations for
skate fisheries in Canada’s Atlantic waters were first
introduced in 1995; skates are now included in the 1997
Groundfish Management Plan (DFO 1997b).

In the US Atlantic, sharks were first subject to federal
management in 1993 (NMFS 1993). A new FMP called
the Final Fishery Management Plan for Atlantic Tunas,
Swordfish and Sharks was released in 1999 (NMFS 1999)
and is in the process of being amended and implemented.
A separate FMP to manage fisheries taking spiny dogfish
S. acanthias in US federal waters was first implemented in
2000 (MAFMC 1999), and a related interstate FMP for
spiny dogfish taken in state waters (0—3 miles from shore)
was slated for final approval and implementation by the
Atlantic States Marine Fisheries Commission in late 2002
(ASMFC 2002). A first FMP for seven species of Atlantic
skates in US federal waters was developed under the
purview of the New England Fishery Management Council



and adopted by NMFS in 2003 (NEFMC 2003). These
will be discussed more fully in the country accounts that
follow.

A set of National Standard Rules for Shark
Exploitation and Conservation in Mexican waters was
published in the Mexican Federal Gazette on 12 July 2002
(Castillo-Geniz, pers. comm.). The resolution, which was
called NORMA Oficial Mexicana NOM 029-PESC-2000,
was not implemented but was being redrafted to include
more conservation provisions at the time of writing. No
other country in the region has a management plan or
shark-specific regulations. However, in the early 1990s,
the Bahamas banned longline fishing (lines with more
than 10 hooks are prohibited) in domestic waters, in large
part out of concern for the high mortality of sharks killed
on the longlines.

The USA is the only elasmobranch-fishing nation in
the NWA region that has produced a National Plan of
Action (NPOA) in accordance with FAO’s International
Plan of Action for Sharks (IPOA-Sharks (FAO 2000b).
The US, Canada and Costa Rica are the only nations in
the region that have formal bans on the practice of shark
finning, although enforcement in Costa Rica is lacking.
Under these bans, fins may be landed in these countries
but only if they do not exceed 5% of the dressed weight of
carcasses landed.

For developing nations in the region, lack of basic
fisheries data as well as insufficient management capacity
are major obstacles to shark assessment and conservation.
Even the most developed countries in the region (US and
Canada) have failed to heed scientific advice or take
action sufficient to avoid shark and batoid depletion.
Despite these countries’ wealth, capacity and stated
commitment to the precautionary approach, serious
overfishing and bycatch of sharks and batoids persist with
few exceptions, and key habitats, such as nursery grounds,
remain largely unprotected. Management efforts in the
US and Canada are welcome steps in stemming the tide of
overfishing, but further restrictions are required.
Unregulated Mexican shark fisheries and excessive
Canadian dogfish quotas are of particular concern to the
US as these may target shared stocks that are being
addressed by US management. In other areas of the
Northwest Atlantic, many elasmobranch populations are
probably fully fished or overfished, but scientific and
management initiatives are sorely lacking.

As in other parts of the world, there are no regulations,
management plans, or treaties governing shark fishing in
international waters of the western Atlantic, where large
numbers of pelagic sharks are taken incidentally onlonglines
targeting tunas and swordfishes. Many of the nations
fishing these waters have no regulations for the take or
finning of sharks. The International Commission for the
Conservation of Atlantic Tunas (ICCAT) oversees
international management for longline fisheries targeting
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tuna and swordfish in the Atlantic. Though ICCAT hasno
mandate to regulate the take of sharks, concerns over
growing shark bycatch led ICCAT to establish a Sub-
Committee on Bycatch to collect and collate species-specific
data on shark bycatch by member nations. At the time of
writing a meeting of ICCAT scientists was planned for
2004 to conduct assessments for blue and shortfin mako
sharks.

Research

The US and Canada have the institutional capacity to
effectively conduct the scientific research and fishery
management needed to reverse the continuing decline of
regional chondrichthyan populations. Mexico is
developing such a capacity and has the potential to become
a regional leader in Latin America. Most Caribbean and
Central and South American countries currently lack the
scientific and management capabilities to adequately
address chondrichthyan issues and conservation needs.

To improve the management of elasmobranchs in US
waters, NMFS undertakes and/or underwrites a variety of
elasmobranch-related research. In addition to population
assessments, which form the basis of management
decisions, NMFS conducts fishery-independent surveys
that monitor elasmobranch populations throughout the
Atlantic and Gulf of Mexico, conducts age and growth
studies, supports the Shark Observer Program (which is
operated by the University of Florida), and maintains the
national database of catches (including bycatch), landings
and market information.

The recently established National Shark Research
Consortium (NSRC) is coordinated by the Mote Marine
Laboratory Center for Shark Research, and is a
cooperativeinitiative involving four leading elasmobranch
research organisations in the US: the Florida Museum of
Natural History, Moss Landing Marine Laboratories in
California, Virginia Institute of Marine Science and Mote
Marine Laboratory in Florida. Ongoing independent and
cooperative research projects gather data on the biology,
ecology and behaviour of elasmobranchs needed for
enlightened fishery management.

An intensive research programme on Canada’s
porbeagle stocks began in 1998 and resulted in the first
assessment for a pelagic shark in Atlantic waters. It was
based on reported landings since 1961, catch and effort
data from both the domestic and foreign fleets, and
biological and tagginginformation (Campana et al. 2001).
Significantly less information has been collected on the
shortfin mako and blue sharksin Canada’s Atlantic waters.

In general, research on elasmobranchs in the rest of the
NWA is limited in scope. Biological data are collected on
five shark species in Trinidad and Tobago’s inshore gillnet
and line fisheries. In the 1980s, Mexico implemented
research on shark biology and population dynamics with



an eye toward future shark fishery management (Bonfil
1997).

Canada (Atlantic coast)

Twenty shark species are known from the Atlantic waters
of Canada and three species — blue, porbeagle and spiny
dogfish — support directed fisheries. An additional 17
sharks have been reported as bycatch in fisheries targeting
other species (Joyce 1999). Thirteen skate species are
found in the Canadian Atlantic (Scott and Scott 1988 in
Joyce 1999).

Historically, elasmobranch fisheries in Canada’s
Atlantic waters have been minor, with most elasmobranch
landings a result of bycatch in traditional fisheries,
particularly those targeting tunas and swordfish. Over the
past decade, a small directed fishery for pelagic sharks has
developed, landing primarily porbeagle L. nasus and blue
shark P. glauca and a small number of shortfin mako
L oxyrinchus. Historically, unlike in the Pacific, spiny
dogfishin the Atlantic have not been significantly targeted
(Rose 1998). However, with the collapse of traditional
groundfish stocks, spiny dogfish landings from Atlantic
waters have been steadily increasing (see below).

Reported Canadian elasmobranch landings from
Atlantic waters were 5,676t in 2000 (FAO 2002). More
than 50% of these landings were of spiny dogfish S.
acanthias. Canada ranks third among Northwest Atlantic
shark-fishing nations, with reported annual landings
between 1,543-9,052t during the period 1990-2000 (FAO
2002).

A directed fishery for porbeagles by Norwegian and
Faroese vessels began in the Northwest Atlantic in 1961.
Intensive fishing, which peaked at 8,116t in 1964, led to
fishery collapse within six years. During the 1970s and
1980s, annual landings hovered around 350t, giving the
porbeagle population a chance to recover. However,
foreign effort began to increase in 1989, and with the
development of the domestic fishery, total porbeagle
landings rose to 1,777t in 1992. This resulted in very low
catch rates and a worrying decline in mature females
(Campana et al. 2001). In 1993, foreign vessels were
limited to 400t of porbeagle; in 1994 they were excluded
entirely from the directed fishery in Canadian Atlantic
waters with the advent of a fishery management plan
(FMP). Three Canadian offshore pelagic vessels and a
number of inshore vessels landed about 1,578t in 1994
(DFO 2001). Following a reduction in effort, landings
dropped to 1,357t in 1995 and 1,099t in 1996. Continued
concerns about overfishing led to a 1,000t TAC (total
allowable catch)in 1997, which was exceeded (1,321t) that
year, and an 850t TAC in 2000 (DFO 2001). The first full
porbeagle stock assessment was conducted in 1999 and
updatedin 2001 (Campana et al. 2001). Current population
size is estimated at 10-20% of the 1961 pre-fishing
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population, with an estimate of 6,075 mature females
remaining. The crash of this porbeagle population is
believed to be entirely due to fishing. A TAC of less than
250t is necessary for this population to recover.

In the early 1990s, a small number of inshore vessels
began to target blue sharks. In 1994, landings were about
138t, but it was later estimated that total landings and
discards of blue sharks in Canadian waters by both
domestic and foreign fleets were over 800t (DFO 2002). A
non-restrictive catch guideline of 250t/year was
implemented in 1995 for the directed shark fishery. Annual
landings of blue shark since 1990 have averaged 52t. No
restrictions were put on shark bycatch from the pelagic
longline fishery, where blue sharks suffer undocumented
mortality as a result of finning, which was banned in the
1994 management plan (see below) but not fully
implemented until 1997 (Joyce 1999). Fins from the
commercial fishery may be sold, traded, or bartered in the
proportion to the shark carcasses held onboard, up to a
maximum of 5% (by weight) fins per dressed carcass
weight. Landings of shortfin mako, taken primarily as
bycatch in the swordfish longline fishery, averaged 107t
between 1989 and 1997. Sustainable levels of blue shark
and shortfin mako catches from Canadian waters and the
North Atlantic remain unknown.

The Canadian recreational fishery for sharks has
increased in recent years. Blue shark is the predominant
catch while the shortfin mako and porbeagle are
occasionally reported. It has been a ‘catch and release’
fishery since 1995 and was unregulated until that time.
Data for the developing recreational fishery have not yet
been analysed (Joyce 1999).

In 1995, Canada introduced its first FMP for three
species of Atlantic sharks: porbeagle, blue and shortfin
mako. The FMP for these three species was updated in
1997 as the Management Plan for Canadian Atlantic
Sharks for 1997-1999 (DFO 1997a) and again in 2000—
2001 (DFO 2000). The main objective of the Plan is to
increase scientific knowledge of these species to enable
precautionary management and the determination of
whether a commercial shark fishery is indeed sustainable.
The Plan prohibited shark finning, established a limited
number of exploratory fishing licences restricted to vessels
meeting specific landing history criteria, and legalised
only handlines, longlines, and rod and reel for commercial
fishing. Although there was no limit on the number of
recreational shark licenses issued, the recreational fishery
for sharks is catch-and-release only. Landings for the
directed blue shark fishery were capped at 250t, while
shortfin makos can only be landed as bycatch. The total
allowable catch for porbeagles was reduced from 1,300t to
1,000t because of concerns over the conservation status of
this species. There is no restricted fishing season for any of
these sharks, although there are seasonal area closures to
minimise bycatch of tunas and swordfish.



A directed fishery for spiny dogfish has developed in
Atlantic Canada since 1987. Annual landings increased
from an average of 350t in the period 1979-1989 to over
1,800t in 1994. After a subsequent decline in 1996 and
1997, landings (primarily from Nova Scotia) more than
doubled in 1998 and 1999, reaching a record high in 2003
0of~3,760t (FAO 2002) (higher than the US quota). In May
2002, Canada announced a 2,500t dogfish quota for Nova
Scotia and Bay of Fundy waters. Bycatch caps for other
fisheries (consistent with historical landings) and 700t for
cooperative industry sampling were also granted. The
government claims that these caps are aimed at limiting
catch while determining sustainable levels. The US has
expressed concern over rising Canadian catches that
threaten US rebuilding efforts and increase the risk of
collapse for this shared spiny dogfish stock.

Spiny dogfish are also taken in substantial numbers as
bycatch in Canadian groundfish fisheries. Discard rates
have been significant, ranging from 3-30% of the total
landings (DFO 1996). Discard estimates are 50% from
otter trawls and 75% for gillnets and longlines. This
constitutes a loss of stock equal to two-thirds of the total
landings, with the majority being immature animals
(McRuer and Hurlbut 1996). Furthermore, these discard
estimates are likely to be low (Joyce 1999).

Bycatch of sharks occurs in the directed tuna and
swordfish longline fisheries and to a lesser extent in gillnets,
traps, handlines and longlines set primarily for groundfish,
and in midwater and bottom otter trawls. Species taken
include spiny dogfish, blue, porbeagle, shortfin mako,
common thresher Alopias vulpinus, basking shark C.
maximus, Greenland shark Sommniosus microcephalus,
Portuguese dogfish Centroscymnus coelolepis, deepwater
catshark Apristurus profundorum, black dogfish
Centroscyllium fabricii and rough sagre Etmopterus
princeps, and rarely white C. carcharias, oceanic whitetip
C. longimanus, dusky C. obscurus, sand tiger C. taurus and
smooth hammerhead Sphyrna zygaena sharks. Shark
bycatch in both domestic and foreign fleets fishing in
Canadian Atlantic waters is usually discarded and poorly
documented (Joyce 1999).

Several species of skates are commonly found on the
Grand Banks of Newfoundland (Kulka and Mowbray
1999). Before the mid-1980s, foreign fleets, the largest
component of offshore fisheries on the Grand Banks,
retained and processed several thousand tons of skate
each year. In contrast, the Canadian fishing industry did
not consider skates to be of value until the collapse of
major groundfish stocks in the early 1990s, when skates
began to be increasingly exploited. A regulated skate
fishery was then established by Canada inside the 200-
mile limit and another was developed for the adjacent
waters of the Scotian shelf. There is also a non-regulated
Spanish fishery for skate operating outside the 200-mile
limit and this, together with bycatch of skate in other

102

fisheries outside the 200-mile limit, contributes significantly
tothecatches reported to the Northwest Atlantic Fisheries
Organisation (NAFO).

After 1993, the Canadian catch component of skates
from the Grand Banks rose from 2% to around 35% of the
total reported catches. As the new Canadian fishery for
skates developed, reported catches increased from about
90tin 1993 to 3,300t in 1994 and 4,500t in 1995. The quota
was lowered from 6,000t to 2,000t in 1996 and revised
upward to 3,000t in 1997, resulting in catches of 1,900t in
1996 and 2,800t in 1997. The most common skate
encountered is the thorny skate 4. radiata, with smaller
numbers of the spinytail Bathyraja spinicauda, barndoor
D. laevis, smooth Malacoraja senta and winter Leucoraja
ocellata.

Analysis of research data suggests that the thorny
skate stock began declining in the early 1980s and
accelerated in the early 1990s. For the last few years, after
reaching its lowest level in all areas, the biomass shows no
sign of recovery (Kulka and Mowbray 1999). The barndoor
skate has been suggested by Casey and Myers (1998) to be
atrisk of extinction in Canadian waters. In general, Grand
Bank skates have decreased in size and abundance and
have undergone a contraction in distribution.

The Canadian DFO is attempting to manage the skate
stocks. Unfortunately there is a lack of baseline data and
management is made more difficult because this multi-
species fishery is being managed currently as a single-
species fishery (for the thorny skate). What may be
sustainable for thorny skate may not be so for other
skates. For a thorough review of this fishery, refer to
Kulka and Mowbray (1999).

Colombia (Atlantic coast)

Based on FAO reported landings, Columbia is a relatively
minor elasmobranch-fishing nation. Average annual
landings were 507t from 1990-2000, but only 21% was
taken in Atlantic waters. In 1994, artisanal fisheries
contributed 96t of Colombia’s 102t of recorded landings
from the Caribbean Sea. In 2000, only 30t of the reported
361t of Colombia’s elasmobranch landings were taken
from Atlantic waters (FAO 2002). Bycatch from foreign
fishing vessels is not reported and no data are available on
species composition. There are no national quotas for
elasmobranchs. Finsareexported primarily to Hong Kong;
shark oil is extracted and sold locally. The Instituto
Nacional de Pesca y Agricultura (INPA) began a study of
local shark fisheries and populations in 1995.

Costa Rica (Atlantic coast)
During the 1990s, Costa Rica became one of the most

important shark-fishing nations in North America with
the rapid expansion of the Pacific Coast shark fisheries.



Reported annual landings averaged 4,647t from 1990—
2000, ranking Costa Rica twenty-first among the world’s
shark-fishing nations. By 2000, total landings from both
the Atlantic and Pacific were 12,901t; however, just over
1% (106t) were taken from Atlantic and Caribbean waters
(FAO 2002). Little is known of the species composition of
the catch or trade in elasmobranch products. However,
species known to be taken and in trade include bigeye
thresher Alopias superciliosus, nurse shark Ginglymostoma
cirratum, Mustelus spp., tiger shark G. cuvier, shortfin
mako I. oxyrinchus, bonnethead shark S. tiburo and longtail
stingray Dasyatis longa (Santiago Caro Ros 1999). The
US, Canada and Hong Kong are the primary export
markets for Costa Rican shark products. Although shark
finning is prohibited by law, finning of pelagic sharks
continues due to a lack of enforcement. Refer to the
Northeast Pacific regional report (Cailliet and Cambhi this
volume) for a more complete picture of Costa Rica’s shark
fishery and management.

Cuba

Cuba reports relatively moderate landings to FAO with
an average of 2,979t for the years 1990-2000, with a peak
of 3,391 in 1994 (FAO 2002). Reported landings to FAO
were almost the same for 1999 and 2000, ~2,850t, which
ranked Cuba as the fifth most important elasmobranch-
fishing nation in the region. Data are lacking for species
composition and trade in elasmobranch products.

Guatemala (Atlantic coast)

Elasmobranch landings from Guatemala are relatively
small. The shark fisheries in Guatemala are focused
largely in Pacific waters and are mainly artisanal,
although industrial vessels increased in number during
the late 1990s (Ruiz Alvarado and Mijangos Lopez
1999). Combined Atlantic and Pacific landings of all
elasmobranchs for 1994 were 225t and only 151t in 2000,
with an annual average of 204t from 1990-2000. Data on
species composition or products in trade are lacking, but
the US and Mexico are the primary export markets (Ruiz
Alvarado and Mijangos Lépez 1999). There is no
management plan for elasmobranch fisheries in
Guatemala. Refer to the Northeast Pacific regional report
(Cailliet and Cambhi this volume) for additional details on
Guatemala’s shark fisheries.

Guyana

Directed fishing for sharks in Guyana was precipitated in
theearly 1980s by a ban on fishimports. Artisanal fisheries
partially target sharks using handlines, large (12—15m)
and small (6-12m) gillnets and caddell (i.e. demersal
longline) vessels within 50 nautical miles of shore in waters
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less than 40m deep, catching both demersal and pelagic
inshore species (Chan A Shing 1999). There are about 600
boats involved in this fishery. Elasmobranchs are also
caught as bycatch by the 100 industrial trawlers targeting
shrimp, but little is known about this bycatch.
Elasmobranchs are consumed fresh locally and about
90% of the dried salted meat, processed in about six small
plants, is exported to other countries in the Caribbean.
Shark fins are exported to US en route to the Asian fin
markets. Logbooks are used in both the artisanal and
industrial fleets and return of logbooks is a requirement
for the annual renewal of mandatory fishing licenses. No
elasmobranch-specific regulations or management plans
have been developed (Chan A Shing 1999).

Elasmobranch landings from Guyana are reported in
the FAO database only in 1996, 1997 and 1999 with
landings of 765t, 1,892t and 2,175t, respectively (FAO
2002). Most sharks are headed and gutted before they are
landed, obscuring the species composition of the catch.
Species in Guyana’s landings include thresher sharks
Alopias spp., blacknose Carcharhinus acronotus, blacktip
C. limbatus, smalltail C. porosus, dusky smoothhound
Mustelus canis, smalleye smoothhound M. higmani,
Brazilian sharpnose Rhizoprionodon lalandii, Caribbean
sharpnose R. porosus, scalloped hammerhead Sphyrna
lewini and smalleye hammerhead S. tudes (Chan A Shing
1999).

Mexico (Atlantic coast)

There are at least 34 species of sharks from 11 families
occurring off Mexico in the Gulf of Mexico and Caribbean,
14 of which are important to fisheries (Bonfil 1997).
Records of commercial exploitation of sharks in Mexican
waters of the Gulf of Mexico and the Caribbean Sea date
back to the 1940s. Ray landings have only been reported
separately since 1996 (Castillo-Geniz 2003). Little was
known of Mexican elasmobranchs or their fisheries prior

Full utilisation of sharks in Mexico includes using the hides for
leather production. A processor skins a nurse shark
Ginglymostoma cirratum in Progreso, Yucatan, Mexico.

R. Bonfil



to 1992, when the Ministry of Fisheries’ National Fisheries
Institute (Instituto Nacional de Pesca) began a national
shark programme and research studies aimed toward
future shark fishery management (Rose 1998).

Sharks have been caught and utilised in the region
since pre-Columbian times. Fishing occurs in all Mexican
states, with Veracruz and Campeche having the largest
catches. Eastern Mexico’s shark fisheries are multi-species,
seasonal and largely artisanal: 80% of the catches are
taken by boats less than 10m in length fishing within 20
nautical miles of shore by landlines, harpoons, longlines,
gillnets and trawls (Rose 1998). More than 90% of the
catch is used for human consumption. Approximately
one-third of Mexico’s reported elasmobranch landings
are taken by fisheries in the Gulf of Mexico and Caribbean
waters (FAO 2002).

Sharks account for about 3.5% of the total Mexican
fisheries catch (Bonfil 1997). They are captured in directed
longline and gillnet fisheries and as bycatch in other
fisheries, such as the snapper/grouper hook-and-line, tuna
longline, and king mackerel and lagoon gillnet fisheries.
Official landing statistics are not species-specific but are
reported in two categories: large sharks measuring more
than 150cm TL (‘tiburones’) and small sharks less than
150cm TL (‘cazones’, which often include juveniles of
larger species). However, Bonfil (1997) reports that of the
34 species that are known to occur in the catch, the most
commonly caught are smooth dogfish M. canis, blacknose
C. acronotus, spinner C. brevipinna, silky C. falciformis,
bull C. leucas, blacktip C. limbatus, dusky C. obscurus,
sandbar C. plumbeus, tiger G. cuvier, Atlantic sharpnose
R. terraenovae, scalloped hammerhead S. lewini, great
hammerhead S. mokarranand bonnethead S. tiburo sharks.
About 44% of the landings are small sharks (‘cazon’),
mostly R. terraenovae and S. tiburo, but these also include
unquantified numbers of juveniles of larger species such
as C. limbatus and C. falciformis, among others. Batoids
are also caught and landed for human consumption (Rose
1998), and although many are taken as bycatch in shrimp
and demersal fish trawls most are discarded (Bonfil 1994):
few data exist on the size or species composition of these
landings and discards.

Overall, Mexico is ranked sixth in the world for total
elasmobranch landings (Atlantic and Pacific coasts) in
2000 with 35,260t and an annual average of 39,994t from
1990-2000 (FAO 2002). Landings from the Atlantic (i.e.
Gulf of Mexico and Caribbean) have always been lower
than Pacific landings, accounting for about one-third of
total landings for Mexico. Prior to 1980 elasmobranch
landings from Atlantic waters oscillated between 1,000—
5,000t. In the 1980s Atlantic landings averaged just under
12,000t. Bonfil (1997) suggests that year-to-year variability
since the mid-1980s could simply be related to Mexico’s
unsteady economy or market demand. As there are no
effortdata, itisnotclear whether the variability isinfluenced
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by fluctuating effort. Reported elasmobranch Mexican
landings from western Atlantic waters have been steadily
declining since the 1990s, from a high of 18,508t in 1992 to
alow of 10,351t in 2000, with an annual average of 15,238t
(FAO 2002).

According to Rose (1998), most elasmobranchs are
marketed fresh locally or shipped fresh or frozen to urban
markets of Mexico City. Some species are smoked (e.g.
hammerheads) and others are dried and salted (e.g. tiger
shark and rays). Mexico also exports shark skins, shark
liver oil (which is also locally consumed), cartilage and
fins. Many of the fins are exported to the US, where they
are re-exported to Asia for processing. In Yucatan, most
sharks, even juveniles, are landed with their fins intact
(Rose 1998).

While catches of large (‘tiburon’) and small (‘cazon’)
sharks vary from year to year, the importance of small
sharks, often the juveniles of larger species, is particularly
high. This is a result of the fisheries operating in coastal
shark nursery habitat in the southern Gulf of Mexico.
Heavy exploitation of this sensitive life stage is of particular
concern to the stability of populations.

There have been limited attempts to assess the status of
shark stocks in Mexico. Alvarez (1988), using surplus
production models, found stocks of S. tiburo and R.
terraenovae (two ‘cazon’ species) in Yucatan to be close to
optimal exploitation levels. Using the Beverton and Holt
model, he found S. tiburo at an optimum level and R.
terraenovae to be overexploited. However, many of the
data used in these models were necessarily approximate,
so the results are difficult to evaluate. Bonfil ez al. (1993)
used direct methods and the Beverton and Holt model to
assess the C. falciformis stock from Campeche Bank.
Their data are also somewhat uncertain due to a crude
estimate of mortality from length-frequency data, but
indicate growth overfishing resulting from high catches of
newborns and juveniles in the grouper fishery and they
recommend that fishing effort for sharks in the area
should be capped.

Shark fisheries in Mexico remain unregulated, except
that a permit is required to fish for sharks (Rose 1998). The
Instituto Nacional de Pesca has been monitoring shark
resources since 1981 and no new shark-fishing permits
have been issued since 1993, but enforcement is lax. A set
of National Standard Rules for Shark Exploitation and
Conservation in Mexican waters was published in the
Mexican Federal Gazette on 12 July 2002, after many years
in the making. Proposed measures included a ban on shark
finning and designation of protected shark species.
However, the resolution, which was called NORMA Oficial
Mexicana NOM 029-PESC-2000, met with strong
opposition from a variety of interest groups and was
suspended in October 2002. The NORMA would have
restricted gillnet and longline vessels from fishing for sharks
(and other pelagic species) within 1km of the coast. The



cancellation of the NORMA leaves sharks without any
effective management or conservation measures in Mexican
waters unless/until a redraft can be approved.

Neither has Mexico implemented an NPOA-Sharks as
recommended by FAO. The extensive capture of juveniles
of many species in both the directed and bycatch fisheries
in Gulf of Mexico and Caribbean waters may be the
greatest threat to the shark stocks in the area. Changing
this practice will be a challenge owing to the artisanal
nature of most fisheries and the high value of small sharks
as food for local consumption.

Nicaragua (Atlantic coast)

Little information is available about Nicaraguan
elasmobranch catches, as landings were not reported to
FAO prior to 1999, with 200t and 150t reported for 1999
and 2000, respectively (FAO 2002). However, the majority
of shark fishing takes place in Pacific waters: refer to the
Northeast Pacific regional report for additional
information. Lake Nicaragua elasmobranchs were
documented as overfished asearlyas 1982 (Thorson 1982a).
Of particular concern is the marked decline of sawfishes,
which were formerly abundant in the lake and adjacent
rivers.

Panama (Atlantic coast)

Panama started sporadically reporting elasmobranch
landings to FAOin 1991, with a high of 1,962t in 1991 and
a low of 85t in 1995. All landings are reported from
Atlantic waters. In 1994, exports of shark products
reportedly corresponded to about 3,636t whole weight for
both Atlantic and Pacific coasts. Species composition
data are lacking. Dried shark fins are exported (Santiago
Caro Ros 1999) but little else is known of the trade.

St. Kitts and Nevis

There is no directed fishery for shark in these islands.
Bycatch is considered minimal.

St. Vincent and the Grenadines

Elasmobranchs are taken as bycatch only (i.e. no targeted
fishery) in St. Vincent and the Grenadines, but landings
are very minor. Landings of 2t and 3t were reported to
FAO in 1996 and 1999, respectively.

Trinidad and Tobago

Trinidad and Tobago is perhaps the only Caribbean
country for which sharks are a significant component of
fish landings, ranking third in importance after the serra
Spanish mackerel Scomberomorus brasiliensis and shrimps
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Penaeus spp. in inshore fisheries. Most landings are from
an artisanal inshore fishery operating within 50 nautical
miles of shore and an industrial offshore fishery of about
six vessels (in 1997) which operates within the Exclusive
Economic Zones (EEZ). Sharks are used for their meat and
fins. Oil is extracted in some rural areas for medicinal
purposes.

Over 85% of the artisanal shark landings are taken in
the artisanal gillnet and line fisheries, which mainly target
mackerel Scomberomorus spp. Sharks also appear as
bycatch in the snapper-grouper (Lutjanidae-Serranidae)
longline fishery. Longline gear (called ‘palangue’) is utilised
in the industrial offshore fishery, where target species are
swordfish Xiphias gladius and tunas Thunnus spp., although
sharks are partially targeted (Chan A Shing 1999). Until
recently a single bottom longliner also targeted tilefish
Lopholatilus chamaeleonticeps and sharks. In general, sharks
caught as bycatch in Trinidad and Tobago are landed.

Thirty-three species of sharks have been identified
from the area, 15 of which are generally landed. The most
common inshore species are smooth dogfish M. canis,
blacktip C. limbatus, smalltail C. porosus, Brazilian and
Caribbean sharpnose R. lalandii and R. porosus, and
scalloped and smalleye hammerhead S. lewini and S. tudes
sharks. The offshore fishery includes makos Isurus spp.,
threshers Alopias spp., Heptranchias sp., blacktip C.
limbatus, lemon Negaprion brevirostris, blue P. glauca and
great hammerhead S. mokarran sharks.

Shark catch data from the inshore artisanal fishery are
available for most years since 1972 and the average catch
from 1972-1991 is just over 1,000t/year. Chan A Shing
(1993) notes no dramatic declines in total catches or catch
per unit effort, but post-1978 and post-1989 declines
following peak catch years may indicate some depressions
in stocks. Data from the offshore fishery are incomplete.
Partial yearly figures of 12-147t have been recorded, but
there have been reports of substantial quantities of shark
fins beinglanded with very few carcasses aboard. Local and
Taiwanese longliners make up the offshore fleet. Taiwanese
longlining trips may last as long as six months from the
home port. Reported annual average landings from 1990-
2000 were 645t (FAO 2002). Landings in 2000 were 755t,
ranking Trinidad and Tobago sixth in total elasmobranch
landings among Northwest Atlantic region nations (all
waters fished).

No data are available for the recreational fishery,
which is small.

Shark meatisconsumed locally in Trinidad and Tobago,
whereas the fins are exported to US and Asian markets,
but good export data are lacking.

There are no specific management measures in place
for sharks, but regulations for the inshore gillnet fishery
clearly affect inshore shark catches. Henry and Martin
(1992), in their assessment of the inshore gillnet fishery,
indicate that the targeted serra Spanish mackerel is fully



exploited. Management of the mackerel fishery will also
act to regulate the inshore shark bycatch. The general lack
of data on offshore sharks and the inclusion of some
inshore species in the offshore fishery make the assessment
ofthe country’s stocks difficult. Monitoring of the offshore
fishery should be a high priority.

USA (Atlantic coast and Gulf of Mexico)

The US has long been a major shark-fishing nation. From
1990-2000, elasmobranch landings from all watersaveraged
40,281t/year. In 2000, the US ranked eighth in the world
with 30,935t (FAO 2002). The vast majority (86%) of these
reported landings are taken from waters of the Atlantic
and Gulf of Mexico, making it number one among North
American nations in elasmobranch landings from Atlantic
waters (most of Mexico’s landings are from the Pacific).
Only domestic vessels are allowed to fish for or land
elasmobranchs from US state and federal waters.

In 2000, the US Congress passed the Shark Finning
Prohibition Act banning the practice of finning of all
sharks by all US fishersin all waters. The law was prompted
by reports of egregious finning of US Pacific sharks by the
Hawaii-based longlining fleet (refer to the Northeast Pacific
regional report (Cailliet and Camhi this volume)). Signed
by President Clinton in late 2000, implementation of
corresponding regulations was delayed until 2002. The
Act brought Pacific fisheries in line with the Atlantic
shark and dogfish plans in that finning is banned and fins
must be landed with the corresponding carcass within a
5% fin-to-carcass ratio. The law authorised a Department
of Commerce shark research programme to collect data
for assessments and to research fishing gear and practices
that safeguard fishermen, minimise incidental catch of
sharks and maximise shark utilisation. The anti-finning
legislation also encourages the US government to develop
bilateral or multilateral agreements with other nations for
the prohibition of shark finning.

The US is the only shark-fishing nation in this region
to have written and implemented an NPOA-Sharks
(NMFS 2001) in accordance with FAO’s IPOA-Sharks.

Commercially caught US East Coast sharks.

Florida Program for Shark Research, Univ. Fla.
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The plan does a good job of summarising current US
elasmobranch fisheries and management, but falls short
of providing aclear course of action to address outstanding
management needs of elasmobranchs in US waters.

Seventy-seven shark species are known to frequent the
waters within 500 nautical miles of the US Atlantic coast
(Castro 1983), while an additional handful of species may
also occur here (Branstetter 1999). Seventy-two of these
species are included for management or monitoring in the
1999 FMP for Atlantic Tunas, Swordfish and Sharks
(NMFS 1999). Although sharks in US Atlantic waters are
subject to some of the most comprehensive fishery
management measures in the world, their management
has often been contentious and many species remain
overfished.

Elasmobranchs are taken in both commercial and
recreational directed fisheries and as bycatch in other
fisheries in virtually all waters off the Atlantic coast and
Gulf of Mexico. These include: (1) a directed bottom
longline fishery for large coastal sharks in federal waters;
(2) a pelagic longline fishery within and outside the EEZ
that targets tuna and swordfish taking pelagic sharks as
bycatch; (3) a directed gillnet fishery primarily for small
coastal sharks off the southern US; (4) bycatch of large and
small coastal sharks taken in state water fisheries; (5)
recreational fisheries for pelagic, large and small coastal
sharks in all Atlantic and Gulf waters; (6) spiny dogfish
taken in directed state and federal water fisheries and as
bycatch in the groundfish fisheries off New England; and
(7) increased retention of the skate bycatch in the New
England groundfish fisheries. There is also a large bycatch
of elasmobranchs in the menhaden and shrimp trawl
fisheries. No foreign fishing for sharks is allowed in US
waters.

Recreational shark catches by US anglers are far from
minor. In fact, recreational shark fisheries in the mid-
1970s to 1980s precipitated the decline in US sharks in
waters off the East Coast and recreational landings
exceeded commercial landings for large coastal sharks in
1996, 1997, 2000 and 2001 (NMFS 2003b).

Atlantic shark fishery management in
federal waters

Most fishery data for the Atlantic coast of the US are
derived from NMFS, the agency with authority over
federal waters. US federal waters of the EEZ range from
3-200 miles offshore, except where they are intercepted by
the EEZ of another nation, such as the Bahamas. From
1979-1992, prior to management, the total US Atlantic
catch of sharks (minus dogfishes of the genera Squalus
and Mustelus) ranged from 2,821-11,647t/year, averaging
7,587t. Subsequent to management (which beganin 1993),
catches have averaged 6,251t/year, ranging from 4,232—
7,157t. Catches come from directed commercial longline



and gillnet fisheries, recreational hook-and-line fisheries
and bycatch from a variety of gear.

Catch patterns changed in 1986 with the development
of the commercial longline fishery. This directed shark
fishery developed in response to expanding shark fin
markets in Asia. Up until then, recreational catch had
greatly exceeded commercial catch. Concerns about
overfishing of some species prompted fishery managers to
develop an Atlantic shark FMP in the late 1980s. Unlike
other FMPsin the US that are managed by one of the eight
regional fishery management councils, shark fisheries in
federal waters of the Atlantic and Gulf of Mexico have
been the direct responsibility of NMFS’s Highly Migratory
Species Division in Silver Spring, Maryland, since 1990.
The first Atlantic shark FMP was not implemented until
1993 largely because of political pressure and low priority
relative to other fishery issues (NMFS 1993) and was later
revised in 1999 as the FMP for Atlantic Tunas, Swordfish
and Sharks (NMFS 1999).

The US Atlantic shark fishery is a multi-species, multi-
gear fishery. Currently, 39 frequently caught species are
divided into four categories for the purposes of management
—large coastal, small coastal, pelagic sharks and prohibited
species (no retention allowed) — and an additional 33 less
common and deepwater species are included for monitoring
purposes only. Dogfish sharks of the genera Mustelus
(collectively referred to as smooth dogfishes) and Squalus
(the spiny dogfishes) were not addressed in the management
plan. Spiny dogfish have since received their own
management plan (see below; MAFMC 1999), while smooth
dogfish remain unregulated.

The two most important commercial species in the
shark complex are sandbar C. plumbeus and blacktip C.
limbatus sharks, which accounted for 84% of the landings
in 2000. By the time the FMP was implemented in 1993,
the sandbar shark, the most important species in the large
coastal shark fishery, had already been reduced by 85-90%
through overfishing (Musick 1995). Based on a 1992 stock
assessment, NMFS determined that large coastal sharks
(LCS) as a group were overfished and pelagic and small
coastal sharks (SCS) were fully fished.

The 1993 shark FMP established a wide array of
commercial and recreational fishery measures for the 39
species taken in the fishery. Finning was explicitly
prohibited for all sharks covered under this FMP. Limited
information precluded implementation of species-specific
quotas or other measures. Therefore, NMFS set annual
TACs by management group: TACs were 2,900t for
overfished LCS (2,436t for the commercial sector, 464t for
the recreational) and 1,560t for pelagic sharks, but no
quota was imposed for SCS. The fishery closes once the
quotais filled. Recreational bag limits were established by
management group: four sharks per boat per trip for
combined large coastals and pelagics, and five sharks per
person per day for small coastals, and the sale of all

107

recreationally caught sharks was prohibited. Finning of
sharks was also prohibited. In addition, a system of
permitting, data collection and reporting was established.
A 4,000 pound (Ib) trip limit for large coastal sharks was
soon added to the plan to address ‘derby’ fishing that
might result from the newly established quotas.

Theinitial recovery plan for large coastal sharks (NMFS
1993) was widely criticised by scientists and conservationists
for being overly optimistic; as a result it has since been the
subject of numerous reassessments, adjustments and legal
challenges (NMFS 1999). Questionable life history
characteristics were used, most notably significant
overestimations of rates of survival and populationincrease,
which produced unrealistic projections for population
recovery. Analyses also included assumptions that any
annual production, including the maximum, was
sustainable. Subsequent assessments for the LCS group
were conducted in 1994, 1996, 1998 and 2002.

Following the 1996 LCS stock assessment, NMFS
responded to scientific advice and in 1997 reduced the
commercial large coastal shark quota by 50% (to 1,285t)
and the recreational bag limits to two sharks per vessel per
trip (plus two Atlantic sharpnose sharks per person per
trip). Five particularly vulnerable species (C. carcharias,
C. taurus, bigeye sand tiger Odontaspis noronhai, R. typus,
C. maximus) were added to the prohibited species list (i.¢.
they could not be landed). NMEFES also reduced the pelagic
shark quota to 580t and established a quota for small
coastal sharks at 1,760t. The shark-fishing industry
challenged the large coastal quota cut in a lawsuit, but the
court upheld the action as consistent with law.

In the meantime, the Sustainable Fisheries Act (SFA)
of 1996 amended the primary US fisheries law, the
Magnuson-Stevens Fishery Conservation and
Management Act of 1976. The SFA established new
National Standards to reduce bycatch and protect essential
fish habitat as well as timetables for preparing management
plans, stopping overfishing, and rebuilding depleted
populations. Under the SFA, optimum yield (OY) could
no longer exceed MSY (maximum sustainable yield) and
must provide for rebuilding the stock to the MSY level. In
addition, NMFS was required to submit an annual list of
overfished fisheries to the US Congress and have rebuilding
programmes under review within one year of the
declaration of overfished status.

Under the SFA, population rebuilding must occur as
quickly as possible, not to exceed 10 years, unless the
biology of the species or specific environmental conditions
or international agreements dictate otherwise. If the
rebuilding period is longer than 10 years in the absence of
fishing (typical of late-maturing, long-lived species like
sharks), then the maximum time allowed for rebuilding is
the 10 years plus one generation time. Thus for sharks,
which are unlikely to recoverin 10 years even with a closed
fishery, the allowable rebuilding period could span decades.



In its September 1997 report to Congress, NMFS
labeled Atlantic large coastal sharks ‘overfished’ and the
small coastal and pelagic groups ‘fully fished’. At this
time, sharks were being incorporated into the umbrella
FMP for Atlantic Tunas, Swordfish and Sharks (NMFS
1999).

NMES announced several more changes to shark-
fishing restrictions in 1999 in order to comply with SFA
requirements. The new, more precautionary FMP
expanded the number of sharks in the prohibited category
from five to 19 species. In 2003, the four management
units included the following species:

1. Large coastal sharks: a diverse group of 11 shark
species that includes the major targets of sport and
commercial fisheries: nurse G. cirratum, spinner C.
brevipinna, silky C. falciformis, bull C. leucas, blacktip
C. limbatus, sandbar C. plumbeus, tiger G. cuvier,
lemon N. brevirostris, scalloped hammerhead S. lewini,
great hammerhead S. mokarran and smooth
hammerhead S. zygaena sharks.

Small coastal sharks: four small nearshore species,
caught primarily by recreational anglers and as bycatch
of shrimp, longline and gillnet fisheries: blacknose C.
acronotus, finetooth C. isodon, Atlantic sharpnose R.
terraenovae and bonnethead S. tiburo sharks.

Pelagic sharks: five offshore and deepwater species
that are taken primarily as bycatch in tuna and
swordfish longline fisheries and are targeted by sport
fishers: shortfinmako I oxyrinchus, porbeagle L. nasus,
common thresher 4. vulpinus, blue P. glauca and
oceanic whitetip C. longimanus sharks.

Prohibited species: 19 species for which no retention is
allowed: whale R. typus, white C. carcharias, basking
C. maximus, bigeye sand tiger O. noronhai, sand tiger C.
taurus, bignose Carcharhinus altimus, narrowtooth
C. brachyurus, Galapagos C. galapagensis, dusky
C. obscurus, reef C. perezi, night C. signatus, angel
Squatina dumeril, longfin mako Isurus paucus, smalltail
C. porosus, Caribbean sharpnose R. porosus, bigeye
thresher A. superciliosus, sixgill Hexanchus griseus,
bigeye sixgill H. vitulus and sevengill Heptranchias
perlo.

Based on the 1998 stock assessment, NMFS moved to
establish commercial and recreational size limits (to protect
juvenile and subadult sharks) and further reduced the large
coastal quota to 816t because of concerns that overfishing
was continuing. The shark-fishing industry again filed a
lawsuit to challenge the action, primarily the cut in the
large coastal quota. Rather than defending its decisions,
NMES settled the lawsuit and, as a result, the proposed
1999 commercial quota cut and the commercial minimum
size were never implemented. In 2002, large coastal sharks
were subject to a new population assessment and peer
review of the assessment. At the time of writing, NMFS
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was undertaking its first amendment to the 1999 FMP,
to establish new quotas and measures that NMFS
believes will give large coastal sharks about a 70% chance
of rebuilding by the year 2029 (NMEFES 2003b).

In May 2002, NMFS released the results of an updated
assessment for small coastal sharks (Cortes 2002), which
includes the Atlantic sharpnose R. terraenovae, finetooth
C. isodon, blacknose C. acronotus and bonnethead sharks
S. tiburo. Landings represent only a fraction of the overall
catch of these species, as small coastal sharks are caught as
bycatch and discarded in a number of fisheries, particularly
the shrimp trawl fishery, or used as bait in other fisheries.
As mentioned previously, for most years in the 1990s,
commercial landings exceeded recreational catch. The vast
majority of the commercial small coastal shark fishery
takes place off the US south-cast coast. Commercial
landings of US Atlantic small coastal sharks increased
from 9t in 1994 to 330t in 1999 (NMFS 2003b). Atlantic
sharpnose sharks accounted for more than one-third of all
small coastal commercial landings from 1996-1999, while
finetooth sharks accounted for more than one-third of
1998-2000 landings. Estimates of recreational catches
peaked at around 187,000 fish in 2000, dominated by
sharpnose (60-75%) and bonnetheads. Average annual
mortality of SCS from both commercial and recreational
fisheries from 1995-2000 was 440t. The 2002 assessment
concluded that removals from the small coastal shark
complex as a whole were sustainable and stocks were ‘in no
immediate danger of collapse’. The 1997 reduction in the
large coastal shark quota had, however, led to an increase
in targeted fishing for small coastal sharks (Cortes 2002).

In 2002, the Mote Marine Laboratory and the
University of Florida provided NMFS with anindependent
assessment of small coastal sharks in the Atlantic and
Gulf of Mexico (Simpfendorfer and Burgess 2002). Both
assessments indicated that, asa group, current landings of
SCS are sustainable and were not considered overfished.
However, finetooth sharks are not doing as well: although
the current biomass of finetooth sharks suggests they are
not overfished, overfishing is occurring (i.e. fishing rates
are not sustainable) (NMFS 2003b).

In 1999, NMFS had proposed to reduce the small
coastal shark quota to 359t (from 1,760t). Referred to by
NMES as a ‘precautionary quota’; this number was set at
10% above the 1997 catch (Cortes 2002). Because of
shark-fishing industry litigation, however, this quota was
not implemented until 2003. On the basis of the 2002
assessments, NMFS has a legal mandate to reduce fishing
mortality on finetooth sharks.

NMES has not evaluated the status of pelagic sharks
since 1993. Indeed, no estimates of MSY have been
determined for the five species in this complex. However,
due to their fully-fished status, in the 1993 Shark FMP,
NMES established an annual quota of 580t dw for all
pelagic sharks taken in the Atlantic and Gulf of Mexico



based on the mean landings from 19861991 (NMFS 1993).
Catch rates for most species declined through the early
1990s, suggesting depletion. Assessments are hindered by
the transoceanic movements and multinational fisheries
taking these species. To address these concerns, the US has
supported ICCAT’s efforts to collect species-specific
bycatch data on sharks from all member fishing nations. In
the 1999 FMP, NMFS moved toward species-specific
quotas for pelagic sharks setting 488t dressed weight for
shortfin mako, thresher and oceanic whitetip combined,
92t for porbeagle and 273t for blue sharks (NMFS 1999).

Amendment 1 to the FMP does not address pelagic
sharks (NMFS 2003b); it appears that NMFS is awaiting
results from ICCAT’s blue shark and shortfin mako
assessments in early 2004 before taking additional
management action on behalf of pelagic sharks in the
Atlantic. Time may be of the essence: a recent study found
that thresher sharks in the Atlantic had already declined
by 80% over the past 15 years (Baum et al. 2003).

Shark fisheries in state waters of the
Atlantic and Gulf of Mexico

State waters generally extend out to three miles from shore
(Texas and the Gulf Coast of Florida waters extend to
nine miles). Management of fisheries that take sharks in
state waters fallsunder the authority of the state regulatory
agency (usually the state fish and wildlife department).
Most, but not all, states have cooperative agreements with
NMFS toenforce federal regulations in state waters. State
regulations vary widely; some are more restrictive than
the federal regulations, some less so.

Camhi (1998) provides a comprehensive state-by-state
analysis of sharks and their fisheries of the 18 coastal states
from Maine to Texas. Florida has the largest commercial
and recreational shark fisheries (for species other than
spiny dogfish) of any Atlantic or Gulf coastal state. Other
major Atlantic shark-fishing statesinclude North Carolina,
Louisiana and New Jersey, all with commercial landings
over 225t (round weight). Mid-Atlantic and New England
states, primarily Massachusetts and North Carolina, had
substantial commercial fisheries for spiny dogfish in the
1990s, with landings far outweighing those for larger sharks.
Aside from Maine, where makos, porbeagles and blue
sharks are landed, the New England states have minor
fisheries for larger sharks (Camhi 1998).

In 1999, the Atlantic States Marine Fisheries
Commission (ASMFC) began developing coastwide state
management measures for spiny dogfish and other Atlantic
sharks. Following a series of emergency measures to close
state waters to dogfishing, the ASMFC finalised a federally
compatible spiny dogfish management plan in late 2002.
The ASMFCisexpected tonow turn attention to coastwide
stateregulations forlarger coastal sharks, whose population
declines are demanding attention at the federal level.
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Bycatch

Commercial fisheries in Atlantic federal waters that catch
sharks as incidental catch or bycatch include swordfish
handgear, tuna purse-seine, tuna headgear, tuna harpoon,
coastal gillnet, shrimp trawl, and several other net, trawl
and trap fisheries.

The Atlantic bottom longline fishery targets large
coastal sharks, such as blacktip and sandbar sharks.
Between 1994-1997, the directed shark observer
programme found that tiger sharks were the third most
common large coastal sharks caught, although these were
usually discarded. Other species caught, such as dusky,
bulland lemon sharks, were found to be of local importance
(Branstetter and Burgess 1997).

The catch from the shark drift gillnet fishery off the
east coast of Florida and Georgia comprises mainly
Atlantic sharpnose, blacknose, blacktip, bonnethead and
finetooth sharks. From 1998-2000, dead discardsincluded
hammerhead, common thresher, bonnethead and blacktip
sharks. In most cases the reason for discarding sharks was
the lower quality of flesh and low market value in the case
of hammerheads and threshers. In the case of the blacktip
sharks, discards were related to fishing activity that
occurred during the large coastal season closure and state
size regulations.

Pelagic sharks are typically caught incidentally in the
commercial tuna and swordfish pelagic longline fisheries
(NMFS 1993), in a small directed porbeagle fishery off the
coast of New England and in directed recreational fisheries.
Shortfinmako, porbeagle and thresher sharks are typically
landed; other species are landed as hold space and market
prices allow. Some species, particularly blue sharks, are
frequently discarded because their meat is considered
unpalatable. While catches of blue sharks (in numbers) in
the Grand Banks and Northeast coastal areas often
approximate or exceed the catch of the targeted swordfish
and tuna and are discarded, between 30 and 100% are
released alive (Cramer 1996).

Estimates of pelagic sharks discarded dead in the tuna
and swordfish pelagic longline fisheries in 1996 and 1997
were 839t and 253t whole weight (ww), respectively, of
which around 73% were blue sharks (about 19,000 and
8,000 fish, respectively) (NMFS 1999). Estimates of pelagic
sharks discarded dead in other fisheries in 1996 and 1997
were 110t and 56t ww, respectively, of which 93% and 58%
were blue sharks (about 3,000 and 14,000 fish, respectively)
(NMFES 1999).

Observer data indicate that about 98%, 81% and 28%
of the small coastal sharks (by number) caught off North
Carolina, west Florida and the south Atlantic Bight,
respectively, are not landed but are used for bait
(Branstetter and Burgess 1997, NMFS 1999). Recent
estimates of the bycatch of Atlantic sharpnose and
bonnethead in the US shrimp trawl fishery operating in



the South Atlantic and Gulf of Mexico regions indicate
that they exceed in importance the landings for these
shark species (Cortes 2002).

Prior to 1990, the recreational catch of sharks (less
dogfishes) exceeded the commercial catch, but since then
it has contributed a smaller portion (39%) of the total
catch, with most of the emphasis being placed on the
pelagic group. Increasingly, recreational tournaments are
switching to conservation-oriented catch-and-release
formats.

Dogfish

Management of dogfish sharks, an unnatural assemblage
as defined by NMFS, which includes the spiny dogfishes
(Squalidae: Squalus spp.) and smoothhounds (Triakidae:
Mustelus spp.), was not addressed in the 1993 Atlantic
shark FMP. Since Northwest Atlantic spiny dogfish S.
acanthias females reach maturity at 10-13 years of age,
have a very long gestation period (18-24 months) and give
birth to only aboutsix young, this speciesis very susceptible
to overexploitation. Fishing pressure for spiny dogfish off
the north-eastern coast of the USA increased dramatically
beginningaround 1990, as groundfish stocks (cod, haddock
and flounder) became increasingly overfished and regulated.
Once appearing largely as bycatch, spiny dogfish quickly
became the focus of a directed fishery fuelled by high
European demand for large females for the meat. US
commercial landings increased sixfold from 4,492t in 1989
to a peak of 27,200t in 1996, with Massachusetts vessels
responsible for more than half the catch (by contrast, the
total catch of all other sharks was 5,843t in 1996 and the
highest pre-management year total was 11,647t in 1979).
Discards in some years may have equalled or exceeded
landings. Recreational catches increased fivefold from
about 350t annually in 1979-1980 to about 1,700t in 1989,
averaged about 1,300t from 1990-1994 and then declined
sharply in 1996 to 386t.

Northeast NMFS scientists first assessed the region’s
spiny dogfish stock in 1994; several status updates have
been conducted since, beginning in 1997. Although total
biomass had been stable at a high level (approximately
two to three times the levels observed in the late 1970s)
into the late 1990s, the stock was deemed overfished in
1997. Reproductive biomass peaked in 1989 and has since
declined by more than 75%. Market-driven, targeted take
of large females has resulted in a shift in population size
structure toward smaller, immature animals and
recruitment has been at consecutive record lows since
1997. Prior to 1995, the fishery targeted mature females
(larger than 80cm) and the abundance of females declined;
males recently made up 25% of the landings by weight, and
the median weight of landed females has dropped by
nearly 1.5kg since 1990 (NEFCS 1998). The market has
been adapting and accepting smaller fish.
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Despite clear and repeated scientific warnings, federal
US Atlantic spiny dogfish management was stalled in the
late 1990s and continues to be compromised by fishing
effortin the Northeast states and Canada. In 1998, Fishery
Management Councils for the New England and Mid-
Atlantic regions began development of a joint fishery
management plan for spiny dogfish aimed at rebuilding the
1997 spawning stock biomass of 127,000t to the target level
0f200,000t. This goal required a dramatic reduction in the
fishing mortality rate from approximately 0.30 to 0.082—
0.118 (at a length of entry of 70-80cm, respectively),
consistent with a female pup per female recruit value of 1.5,
in order to rebuild the stock within the 10-year legal time
limit. The two Councils selected a seasonal annual quota
system as the primary mechanism to control fishing
mortality and established limited entry, permitting and
reporting requirements, an annual review process and a
prohibition of ‘finning’.

Fishery managers, fishermen and elected officials from
Massachusetts, the state with the highest spiny dogfish
landings, criticised these spiny dogfish managementefforts,
arguing that dogfish prey heavily on and therefore threaten
the recovery of depleted cod and that the FMP’s rebuilding
targets were too high. NMEFS scientists countered with a
thorough analysis of the food habits, range and population
status of spiny dogfish, pointing out that cod and other
groundfish are negligible components of the spiny dogfish
diet, that cod and dogfish exhibit only moderate spatial
overlap and that cod eat more cod than do spiny dogfish.
NMES estimated that New England fishermen landed
nearly 80 times the amount of cod consumed by dogfish in
1996. Despite these findings, the Councils delayed final
adoption of the planin late 1998 and instead commissioned
further scientific review of the spiny dogfish diet, population
models and rebuilding objectives by their Scientific and
Statistic Committees (SSCs).

In early 1999, the SSCs supported earlier scientific
findings in concluding that the population models and
rebuilding targets used in the FMP analysis were
appropriate and that dogfish exhibited very low predation
on cod. The SSCs stated that there was no justification for
lowering dogfish rebuilding targets and/or delaying
management action. Contrary to these scientific findings,
the Councilslowered the rebuilding target for spiny dogfish
from 200,000t to 180,000t spawning stock biomass
(Massachusetts representatives had argued for 150,000t).
Theresulting FMP revisions led to additional management
delays.

The final US Spiny Dogfish Fishery Management Plan
was implemented in January 2000. The FMP established a
4-million-pound quota (increased from the scientifically
advised 2.9 million pounds yet still associated with F=0.03
to account for bycatch only) and trip limits of 300-6001bs
to discourage directed fishing. The Secretary of Commerce
also allowed 500,0001bs for experimental fisheries targeting



male dogfish. Yet owing to a lack of controls in state
waters, more than 21 million pounds of spiny dogfish, or
five times the quota, were landed that year.

A NMFS 2001 dogfish population status update
reported that mature female biomass had also declined
steadily since 1990, average female weight in commercial
landings declined from 4kg in 1987 to 2kg in 2000 and the
pup survey indicated recruitment failure. Despite federal
controls, actual fishing mortality (F=0.27) was found to be
far in excess of the target level (F=0.03), based on a 3-year
average (1999-2001). If this catch rate is maintained, it will
lead to stock collapse (to roughly 13% of the target biomass
by 2009), which could preclude recovery Under the most
optimistic rebuilding scenarios, which rely on cutting
mortality to minimal, not yet attained levels, recovery to
MSY levels will take roughly 14 years.

The US spiny dogfish FMP applies only to federal
waters (beyond three miles from shore). Much of the
targeted fishing, however, takes place within state waters,
where regulations for dogfish have been lacking or
inadequate. Notably, Massachusetts recently implemented
a state waters quota that was nearly twice that for the entire
US Atlantic. As a result, the federal dogfish quota in 2000
was grossly exceeded. To address these interjurisdictional
issues, in 1999 the Atlantic States Marine Fisheries
Commission took a series of emergency actions to link
state and federal limits. In November 2002, the ASMFC
approved a coastwide state dogfish FMP that mirrors the
federal FMP (ASMFC 2002); this new FMP for state
waters went into effect in May 2003.

Skates

For decades, skates were taken primarily as bycatch in
groundfish trawl fisheries in New England waters. The
Northeast skate complex consists of seven species: winter
L. ocellata, barndoor D. laevis, thorny A. radiata, smooth
M. senta, little Leucoraja erinacea, clearnose Raja eglanteria
and rosette L. garmani skates. Winter and thorny skates
currently satisfy a growing European market for wings,
while little skates dominate local demand for bait.
Retention of skates has recently reached record high levels
with an average of 13,000t taken from 1996-1998. Skate
discards are estimated to be at least twice the level of
reported landings. As a result, conservation attention to
Northwest Atlantic skates intensified in the late 1990s.
A paper by Casey and Myers (1998) that suggested D.
laevis was in danger of extinction spurred two petitions by
conservation groups to list the species under the US ESA.
Although a final ruling has yet to be issued, these actions
prompted NMES to examine the population status of the
skate complex at a 1999 Stock Assessment Workshop.
Several skate species, including barndoor, thorny and
smooth skates, were consequently officially declared
overfished, and overfishing was determined to be occurring
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on winter skates. Populations of rosette, clearnose and
little skates were shown to be increasing since the 1980s and
were not considered overfished. Musick ez al (2000)
surveyed the status of marine fish stocks in North America
and classified both barndoor and thorny skates as
‘vulnerable’ using AFS criteria, indicating risk of becoming
endangered or threatened with extinction in the near future.

Barndoorand thorny skate populations are particularly
depleted. The abundance of barndoor skate declined
continuously from the 1960s to historic lows in the 1980s
(Dulvy this volume). The population has increased since
1990, although one survey index found the population at
less than 5% of the peak observed in 1963. As a result,
NMES designated the barndoor skate as a candidate for
listing under the US ESA, if a status evaluation determines
suchadesignation and the protection it confersis warranted.
Similarly, thorny skate abundance was determined to be at
about 10-15% of the peak observed in the late 1960s to
early 1970s. This stock continues to decline, with NMFS
2001 populationindices being the lowest on record. Thorny
skate may also find its way onto ESA’s candidate list.

The 1999 Stock Assessment report warned that
relaxation of restrictions on fisheries that take barndoor
skate as bycatch may hinder the recovery of the barndoor
skate population. Indeed, several New England groundfish
stocks are rebuilding, prompting intense political pressure
to relax fishery restrictions. The recovery of economically
valuable scallop stocks is also leading to increased dredge
access (and hence skate bycatch) in areas that were closed
to bottom fishing in the mid-1990s.

Under the US Sustainable Fisheries Act, the New
England Fishery Management Council was to complete
an FMP for skates by March 2001. After a lengthy delay,
the Council’s final FMP (NEFMC 2003) was approved in
July 2003 and the regulations became effective in September
2003. The plan sets up a regulatory framework to rebuild
overfished populations and account for the effects of
other fisheries on skate stocks. The FMP also establishes
species-specific data collection for skate landings by
fishermen and dealers, generous possession limits for the
skate wing fishery, and bans on the possession of thorny
and barndoor skates because of their precarious status, as
well as for smooth skates (in the Gulf of Maine).

Sawfish

Two species of sawfish, smalltooth P. pectinata and
largetooth P. perotteti, occur in marine, estuarine and
freshwater habitats of the region (Bigelow and Schroeder
1953). Life history data for sawfishes are largely lacking.
Thorson’s (1976, 1982a, 1982b) studies of P. perotteti in
Lake Nicaragua are the major data sources on the species,
with limited peripheral or anecdotal information available
elsewhere (e.g. Bigelow and Schroeder 1953; Thorson et
al. 1966).



Both species are believed to be suffering precipitous
population declines, largely as a result of habitat
degradation and extensive gillnetting and trawling in
coastal, estuarine and freshwater areas throughout their
ranges. Gillnets are especially problematic because the
toothed rostra of sawfishes are easily entangled in nets,
making them almost impossible to remove without
mortality. Early Gulf of Mexico faunal accounts
(Baughman 1943; Bigelow and Schroeder 1953) reported
that sawfish were abundant, but in the same areas today
they are absent or seldom reported. However, there is little
direct evidence of the decline of sawfish populations
(Simpfendorfer 2002).

Probably the best evidence of the impact of fishing on
a sawfish population comes from Lake Nicaragua
(Simpfendorfer 2002). The late 1960s population was
estimated by Thorson (1982b) as ‘numbered in the
hundreds of thousands, including all sizes’. In the early
1980s, following an intense directed commercial fishery in
the 1970s and early 1980s, they had all but disappeared
from the lake (Thorson 1982b).

Recent changes in fishing regulations in some areas of
the USA where they were once common have helped their
survival (Simpfendorfer 2002). Landings of sawfishes by
commercial or recreational fishers are now prohibited in
Florida waters. Florida has also banned the use of
entangling nets (gillnets, trammel nets and purse-seines)
and turtle exclusion devices are required on all commercial
shrimp trawlers in most regions, so the bycatch mortality
of sawfishes has been all but eliminated. If sufficient numbers
of individuals remain to support a viable breeding
population, it is possible that sawfish populations may
start to recover.

In 1999, The Ocean Conservancy petitioned the US
government to list and protect both smalltooth and
largetooth sawfish under the US ESA. After in-depth
examination, it was concluded that US smalltooth sawfish
wereindeed in danger of extinction throughout a significant
portion of their range. NMFS listed the smalltooth sawfish
as ‘Endangered’ under the ESA in April 2003. Largetooth
sawfish could be protected as a ‘look-alike’ species, but is
presently a candidate species. This ESA listing, a first for
US elasmobranchs, will prompt a comprehensive recovery
plan and is likely to involve designation of critical habitat.
Nonetheless, recovery of this population is estimated to
take a century or more.

Summary

Management of elasmobranch fisheries in US waters of
the Atlantic and Gulf of Mexico are among the best in the
world. Yet, despite relatively stringent laws, ample
resources for enforcement and research, and outspoken
concern, many elasmobranch populations remain
overexploited and some may be on the verge of collapse.
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Largely because of the low management priority of
elasmobranchs (as compared to more economically
valuable food fish) and political pressure from influential
fishing interests, elasmobranch fishery regulations are
generally ‘too little, too late’ and continue to reflect a
lenient, risk-prone approach, rather than the precautionary
strategy that is warranted by such slow-growing species.
Basic adherence to US law (primarily the SFA and the
ESA) would take the US a long way toward conserving
sharks and batoids. Such mandated actions include timely
rebuilding plans, conservation of habitat, minimisation of
bycatch, and protection of species threatened with
extinction. Responsible and effective stewardship will
require a fundamental shift to err on the side of
conservation rather than exploitation.

Venezuela

Venezuela has reported elasmobranch landings to FAO
since the 1950s. Elasmobranch landings peaked in 1995
with 9,918t and have steadily declined since, with 5,491t
taken in 2000 (FAO 2002). Mean annual landings from
1990-2000 were 7,235t. Artisanal fishing, using handlines,
short longlines and gillnets, accounts for about 80% of
total landings. The industrial fleet, which employs trawls
and longer longlines, accounts for the rest. Most (85%)
of the landings come from the waters of eastern
Venezuela. In 1990, a directed longline fishery
developed, contributing about half of the industrial
fleet shark landings by 1993.

Theresults of 14 exploratorylongline tripsmade aboard
a commercial fishing vessel document the catch
composition of the local longline fishery. Sharks
numerically represented 21.1% of the total catch.
Unidentified Carcharhinus spp. represented 9.1% of the
catch, followed by bull sharks C. leucas (4.3%), blacktip
sharks C. limbatus (2.5%), hammerheads Sphyrna spp.
(1.9%) and threshers Alopias spp. (1.6%). Other species
taken were smooth dogfishes Mustelus spp., shortfin makos
I oxyrinchus and tiger sharks G. cuvier.

There are some indications of overfishing off western
Venezuela and, with the directed fishery in the east, that
area should be carefully monitored as well. FONAIAP,
thenational management agency, is pursuing management
plans for some species.

International water/high seas fisheries

There are no limits on the amount of sharks taken from
beyond EEZ waters of Northwest Atlantic nations.

US scientists and policy makers have introduced efforts
to assess skate populations and establish skate quotas
under NAFO. Thereis, however, little support outside the
US for these proposals, nor are skates a high-priority issue
for the US at NAFO meetings.



Finning prohibitions by the US and Canada apply to
vessels of those nations wherever they fish in the Atlantic;
Mexico and the EU are currently considering similar
bans. The US Shark Finning Prohibition Act of 2000 also
directs the US Departments of Commerce and State to
seek an international ban on finning and initiate
amendment and development of bilateral and multilateral
agreements to protect sharks. The legislation calls for
government investigation of the nature and extent of
finning and the transshipment of fins and urges other
governments to collect data regarding shark stock
abundance, bycatch and trade and submit NPOA-Sharks
to FAO. The government agencies are to submit a report
to Congress that sets forth a plan of action for international
shark conservation and evaluates the progress of existing
efforts.

ICCAT plans to conduct population assessments for
blue sharks and shortfin makos in the Atlantic in 2004.
These regional assessments are critical to the effective
management of these stocks given their highly migratory
natureand the many fishing nations that take these species
in the bycatch of their tuna and swordfish longline fisheries.

7.4 Subequatorial Africa

Leonard J.V. Compagno, Rachel D. Cavanagh,
Malcolm J. Smale, Sheldon F.J. Dudley, Sid F. Cook,
Andrew Cooke, Warwick Sauer and Hannes
Holtzhausen

Authors’ note: Since this report was written, the TUCN/
SSC Shark Specialist Group (SSG) has formed a regional
group for West Africa, comprising countries currently
incorporated within the Northeast Atlantic and the

Subequatorial Africa regions, as defined in this publication.
Future web updates will cover the West African region
separately.

Introduction

The Subequatorial Africa region is defined as the waters
off Africa south of the equator, including the south-eastern
Atlantic Ocean, the south-western Indian Ocean and part
of the Southern Ocean (see map, Figure 7.10). Its
longitudinal limits are 10°W to 70°E and latitudes 0-90°S.
The region includes the coasts of Gabon, Republic of the
Congo, Democratic Republic of the Congo (formerly Zaire),
Angola, Namibia, South Africa, Mozambique, Tanzania
(including Zanzibar) and Kenya on the African continent,
as well as Madagascar; a section of Antarctica from Cape
Norvegia on the west to Cape Darnley on the east; and
several island groups in the South Atlantic (Ascension, St.
Helena, Tristan da Cunha and Gough), the Southern
Indian Ocean (Europa, Comoros, Aldabra, Cosmoledos,
Amirantes, Seychelles, Réunion, Mauritius, Rodrigues
and the Cargados Archipelago) and the Southern Ocean
(Bouvet, Prince Edward, Crozet and Kerguelen). This
region encompasses UN FAO regions 47, 48 and 51.

This section summarises and updates Compagno
et al.’s 1994 preliminary report on the faunal diversity,
distribution, fisheries, conservation problems and
prospects for the conservation of cartilaginous fishes in
the region. The high endemicity of the chondrichthyan
fauna, coupled with virtually no fisheries regulation,
accelerating fisheries and other marine activities by humans
and localised marine habitat degradation, calls for
considerable urgency in addressing the rational
exploitation and conservation of chondrichthyans of the
Subequatorial Africa region.

Figure 7.10. IUCN/SSC
S5 Shark Specialist Group:
pr Subequatorial Africa
=) S region.
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Summary of issues and trends
Biology and status

The region is a centre of diversity for marine cartilaginous
fishes, with all orders, 47 families and roughly 260 species
of sharks, batoids and chimaerasrepresented. Non-batoid
sharks compose 51% of the species, batoids (order
Rajiformes)45% and chimaeroids4%. Seventy-nine species
(30% of the total) are endemic. South Africa (from the
cold Northern Cape waters to subtropical KwaZulu-
Natal) has the highest recorded number of endemics and
chondrichthyan species overall, with significant numbers
of endemics also found off Madagascar and some of the
islands and on seamounts and submarine ridges. The
Southern Ocean has high endemicity but very few species.
The greatest ecomorphotypical diversity occurs in
Subequatorial African continental waters while the least
diversity occurs in freshwater habitats and in Antarctic
waters. Among batoid suborders, relatively high numbers
of Rhinobatoidei (guitarfishes) and Torpedinoidei (electric
rays) species may reflect high endemism of the smaller
groups in the region, as well as inadequate sampling of
deepwater skates and of inshore Indo-West Pacific
Myliobatoidei (stingrays).

The habitats of cartilaginous fishes in this region range
from frigid waters in the Southern Ocean and deep slopes,
to the temperate waters of relatively narrow continental
shelves, to tropical seas, lakes and rivers. Most freshwater
elasmobranchs are wide-ranging euryhaline species
(sawfishes and bull sharks), but the West African hedgehog
ray Urogymnus ukpam may be an obligate freshwater
elasmobranch. Notable among the continental slope
species is the high diversity of catsharks. The deepwater
slope fauna is very rich and nearly as diverse as that of the
shelves, whereas true oceanic sharks and rays exhibit
limited diversity. Several species range from the shelf to
the oceanic zone, but very few sharks occur across a wide
range of habitats.

Many inshore species (e.g. thelined catshark Halaelurus
lineatus and Arabian smoothhound Mustelus mosis) may
be taken in tropical artisanal and other fisheries and may
be adversely affected by environmental degradation from
dynamiting reefs, pollution of rivers and inshore seas and
general human impact, including badly organised tourism
and line-fishing. A very serious threat in some areas is the
increased siltation of riverbeds, estuaries and shallow
marine areas because of poor farming practices and
development along riverbanks and the edge of the sea.
Sawfishes (Pristidae), which occur in rivers as well as close
inshore, are particularly vulnerable to habitat degradation
and capture by artisanal and small commercial fisheries
and need to be assessed for apparent declines in numbers
and possible local extinctions. Likewise for U. ukpam,
which is found in the Ogouwe River system of Gabon and
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in the Congo River of the Democratic Republic of the
Congo.

The spotted sevengill shark Notorynchus cepedianus
is localised off southern Angola, Namibia and South
Africa (east to East London). It occurs in the intertidal
zone to 100+m, usually in less than 50m and is common,
although its status is uncertain; it is often caught by
anglers in fishing competitions, sometimes trawled and
caught in small-scale line-fisheries for human
consumption off the Western Cape and central Namibia.
The abundance of smaller individuals between 1-2m TL
(total length) suggests that this species reproduces in
southern Africa, though pupping grounds are currently
unknown and large, pregnant females and very small
individuals below 0.8m TL are rare. This species is
vulnerable to overexploitation as the population is limited
to inshore temperate waters.

From the subtidal zone to 191m, spotted raggedtooth
sharks Carcharias taurus are found mainly on the southern
African east and south coasts, with their status in the
tropics uncertain. Caught by anglers, particularly in
competitions, they are also killed by spearfishermen who
tend to view sharks as pests as they sometimes remove
fish from their buoys. They are highly vulnerable to the
KwaZulu-Natal shark nets and commercial fishing
operations because of their inshore distribution and
relative ease with which they may be hooked, gilled or
speared.

The spotted gully shark Triakis megalopterus is a
southern African endemic found in inshore temperate
waters, usually over reefs from southern Angola, Namibia
and South Africa (Eastern Cape). Individuals are mainly
caught by shore-based anglers and commercial line-
fishermen but are often confused with the smoothhound
M. mustelus in catch records. The species may have a
limited home range and although often released alive by
sports anglers, it may be damaged during capture. Their
limited inshore habitat and accessibility to small-scale
fisheries make these sharks highly vulnerable to
environmental degradation and fishing activities. Mustelus
mustelus, is a large inshore Eastern Atlantic shark
commonly found between Angola and KwaZulu-Natal,
South Africa, but it may reach depths of 350m in warm
areas. This species is apparently highly vulnerable to line-
fishing operations, particularly as shark fisheries efforts
increase. They are already exploited to an unknown extent
by the soupfin shark fishery on the Cape south coast and
elsewhere, and targeted by fishermen and sport anglers in
Saldanha and St. Helena Bays. A southern African
endemic, the flapnose houndshark Scylliogaleus quecketti
is uncommon and limited to inshore waters of South
Africafrom East London to KwaZulu-Natal, found at the
surf line to shallow shelf areas. This is another species
caught by the line-fishery and by anglers, and is vulnerable
to the increasing exploitation of sharks as its biology is



littleknown and itapparently hasa very limited distribution
and habitat.

There is possibly a southern African population of
tope shark (soupfin or vaalhaai, Galeorhinus galeus),
although this is uncertain. Galeorhinus galeus are
commonly caught off the Cape coast as a bycatch of
trawlers and a targeted line-fishery. The fishery for this
shark species collapsed off the Cape but the species is still
taken in smaller quantities and used mainly for dried meat
and the fin market.

Southern Africa is unique in having a rich catshark
fauna on the continental shelf, with several endemic genera
(Haploblepharus, Poroderma and Holohalaelurus in part)
and species (e.g. the yellowspotted catshark Scyliorhinus
capensis and tiger catshark Halaelurus natalensis). Some of
these species are very localised in habitat, depth range and
distribution and vulnerable to anglers, small commercial
line-fisheries, lobster traps and trawlers. However, they
are not utilised locally and are returned alive to the water
by many anglers. Some catsharks use inshore areas for
spawning grounds and these could be affected by pollution
and other human-induced sources of habitat degradation.
Others are a bycatch of hake trawling.

Endemic and localised benthic slope dwellers, e.g. the
brown lanternshark Etmopterus compagnoi, Saldanha
catshark Apristurus saldanha and African softnose skate
Bathyraja smithii, in the hake-fishing zone of southern
Africa (100-500m) are vulnerable to overexploitation
through the demersal trawl fishery, which subjects K-
selected cartilaginous fishes to fisheries directed at r-
selected hakes. Deep slope dwellers (e.g. roughbelly
skate Dipturus springeri, munchkin skate Rajella
caudispinosa and Chimaera spp.), below 600m, are
subject to potential trawl fisheries for oreo dories
(Oreostomatidae), roughies and macrourids (see below)
and targeted deepset longline fisheries for sharks. Such
trawl fisheries also bycatch squaloid sharksrich in squalene
liver oil. Local and international deepwater trawling fleets
need to be monitored for bycatch of slow-growing
deepwater cartilaginous fishes.

There is a possible southern African population of
white shark Carcharodon carcharias fromsouthern Angola
to Mozambique, though this needs further investigation.
Apparently recruitment occurs in the Eastern and Western
Cape. A tagging study by the White Shark Research
Project of the South African Museum and Two Oceans
Aquarium in 1992-1993 and other data show very low
recruitment (and probable decline) of young of the year in
Eastern and Western Cape waters and elsewhere. Very
few adults have been recorded and no confirmed adult
females. C. carcharias was given total protection in South
Africain 1991 and Namibia in 1993, but poaching, illegal
hook-tagging and powerheading by divers still take place
despite heavy penalties and individuals are also caught by
the shark nets in KwaZulu-Natal. There is intense interest
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in hooking and catching white sharks by international
anglers and local shark hunters, with a high value for jaws,
teeth and fins. The status of white shark populations off
Mozambique and Namibia is unknown, as there are few
records and a lack of adequate sampling. There is a
growing tourism value of white sharks for observational
and cage-diving and film-making in Western and Eastern
Cape, analogous to game-viewing of lions and other
predators in the Kruger National Park.

Strandings and sightings of whale sharks Rhincodon
typus occur along the entire east, south and south-west
coast of southern Africa, although this shark is not fished
in the area. Its wide range in tropical oceans may make
local management ineffective without sustained
international effort to eliminate pelagic gillnets and to
regulate minor fisheries in waters off the Indian
subcontinent and elsewhere. There may also be a small
west coast population of basking sharks Cetorhinus
maximus off South Africa, though sightings are uncommon
and there are only occasional catches in commercial fishing
gear. The status of basking sharks in Namibian waters is
uncertain. The vulnerability of this species to fisheries
makes protection desirable, as there is the possibility that
southern African basking sharks are genetically isolated
(and perhaps taxonomically distinct) from other basking
shark populations (Compagno 1999b). Manta Manta
birostris and devilrays Mobula spp. are mostly caught in
the shark nets off KwaZulu-Natal in small numbers. The
status of catches in the region are uncertain. These rays are
particularly vulnerable to pelagic gillnets and are captured
in the KwaZulu-Natal shark nets. The impact of offshore
gillnetting and longlining for other fisheries species also
needs to be assessed in terms of bycatch of sharks and
batoids.

Fisheries and utilisation

The impact of fisheries on elasmobranchs in African
waters is not well documented (Kroese and Sauer 1998).
The species composition of the greater portion of the
catchand methods of capture are unrecorded, and effective
regulations governing the catch and sale of elasmobranchs
arelacking inmost African countries (Marshall and Barnett
1997). However, fisheries in the region, particularly
high-seas landings of oceanic sharks by international
fisheries operations, are following the world trend of
greater capitalisation and fishing effort.

Apart from the catch records of the Natal Sharks
Board in South Africa, there has been very little long-term
data monitoring of chondrichthyan catches and fishing
effort. A fundamental problem in the region is that there
is limited knowledge of which cartilaginous species are
being exploited, primarily because of the apparent
inability of most fishermen and anglers to distinguish
between even morphologically distinct species.



Furthermore, fisheries inspectors tasked with monitoring
fish catches focus on teleost species only and are not
concerned with monitoring chondrichthyans. Tools
(including field guides) are available for identification of
fisheries species but their proper utilisation is not assured.
The lack of species information is exacerbated when
inspectors or researchers attempt to identify partially
butchered carcasses in fish markets. Thus data gathering
and subsequent interpretation are woefully inadequate.

The foregoing data and identification weaknesses
encountered in the more stable and wealthy countries of
the region are even more evident in poorer and less stable
countries and islands with limited or declining human and
economic resources. Artisanal fisheries are little monitored
in the region and local knowledge of the chondrichthyan
fauna in the tropics is extremely poor. The inshore species
of East African countries are under heavy fishing pressure
from substantial artisanal fisheries. Several of the countries
with economic, political or military problems have been
open to exploitation by representatives of economically
powerful first world countries with wide-ranging fisheries
interests and large budgets. Unfortunately the composition
and extent of the regional catch of cartilaginous fishes by
such extra-regional interests are not being reported to the
FAO ortolocalfisheries authorities (it is the responsibility
of national authorities to collect fisheries data and
voluntarily supply it to the FAO).

Reported elasmobranch landings to FAO from Africa
are relatively low and no country ranked in the top 20
worldwide for capture production in 1985-2000. In the
subequatorial Africaregion, Tanzania reported the highest
landings of 5,000t of elasmobranchs in 2000 (Table 7.4).
However, given the lack of reporting in artisanal fisheries
and the large number of nations fishing in African waters,

actual landings are believed to be much higher than those
in reported landings data.

Regional landings reported to the FAO have steadily
increased (Figure 7.11). However, these regional data,
combined from national catch statistics, do not include
oceanicelasmobranch catches from high-seasinternational
fisheries operations, nor do they include the large
chondrichthyan bycatch of demersal trawl fisheries in the
region that is largely discarded, hence they significantly
underestimate the actual catch. The fishing nations within
the region that report fisheries statistics to FAO can be
arbitrarily divided into those that report landings of 1,000t
ormore of cartilaginous fishes per year since 1998; Angola,
Cote d’Ivoire, Mozambique, South Africa and Tanzania)
(Table 7.4, Figure 7.12) and those that report landings of
less than 1,000t/year (Table 7.4). Namibian catches
may have been far higher than reported if demersal
chondrichthyans discarded by various international
demersal trawl fisheries (Soviet Union, Spain, Poland,
South Africa) had been landed. This might also have been
the case for Angola in the past few decades.

Historically, trade in shark products has occurred
throughout eastern Africa and some Indian Ocean islands
for centuries, with shark meat and liver oil being the main
products commercially traded and locally consumed. In
Kenya, Tanzania and Seychelles, artisanal fishinginvolved
sharks mainly in the production of dried/salted shark
meat and the use of liver oil for maintenance of traditional
vessels (Marshall and Barnett 1997). Being both nutritious
and inexpensive, shark meat has served as a staple food for
human consumption in this area.

Increasing demands for chondrichthyan products,
locally and internationally (Clarke et al. this volume), are
driving local fisheries that are essentially unregulated and

Table 7.4. Elasmobranch landings (metric tonnes) by country within the Subequatorial Africa region as
reported to FAO (2002).

Country 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Angola 52 56 30 112 11 500 35 703 889 603 970 400 106 1,126 1,399 750
Comoros - - - - - - - 58 58 - - - - - - -
Congo, Dem. - - - - - - - - - - - - - - - -
Rep. of the

Congo, 791 613 708 505 701 748 580 598 597 445 380 315 250 185 120 45
Republic of

Cote d’lvoire 423 504 411 307 238 255 297 379 335 256 258 288 501 407 265 762
Gabon - - - - - - - - <05 5 55 1,439 799 2,023 1,535 800
Kenya 249 292 267 264 276 279 261 178 152 166 176 191 140 134 131 115
Madagascar - - - - - - - - - - - - - - - -
Mauritius 18 16 24 27 18 19 19 20 18 19 17 19 60 11 11 27
Mozambique - - - - - - - - - - 165 21 - - - -
Namibia - - 282 53 48 2 76 24 1 96 247 332 438 278 608 1,548
Réunion - - - - - - - - 36 33 37 46 89 111 81 138
Seychelles 65 60 42 47 31 82 86 93 82 117 116 84 61 103 68 150
South Africa 2,764 2,325 2,347 2290 2,561 2,513 2,476 2,620 2,933 2,209 1,833 1,719 2,174 2,075 1,801 1,665
Tanzania 3,544 3,650 2,148 2,908 3,318 3,865 4,381 4,500 3,473 3,863 4,510 5,600 5,000 4,675 4,875 5,000
Total 7,906 7,516 6,259 6,513 7,202 8,263 8,211 9,168 8,574 7,812 8,764 10,454 9,618 11,128 10,894 11,000
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Figure 7.11. Subequatorial Africa region. Trends in
total elasmobranch fishery landings in metric tonnes
(t) compiled from FAO landings statistics, from 1950-
2000, all countries in the region combined (FAO 2002).

12,000 1
10,000 -
8,000 -
6,000 -
4,000 -
2,000 -
0

\Q%Q

L S & S H D H
RORIRC SR FFF P S

Total elasmobranch landings (t)

Q A
S8

Figure 7.12. Subequatorial Africa region. Trends in
total elasmobranch fishery landings in metric tonnes
(t) compiled from FAO landings statistics, from 1950-
2000, for the top five countries in the region for
which landings were reported in the year 2000.
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unmonitored. A significant change is that artisanal fishers
are altering their fishing methods to focus on large
chondrichthyans with large fins to satisfy this new market,
rather than continue as subsistence fishers. Recent
examples include the landing, drying, stockpiling and
movement of large quantities of shark fins through major
South African cities, such as Cape Town, and development
of local fisheries in many countries to exploit previously
under-utilised sharks and batoids. Interviews with
fishermen and traders in several African countries suggest
that the shark fin trade is financing the overexploitation of
shark resources and leading to declining catches (WildAid
2001). Signs of overexploitation are evident, data from
Tanzania, for example, show that more than a quarter of
inshore sharks caught for their fins are immature. During
the past few years, demand from West African buyers
(Walker et al. this volume) has increased the competitive
nature of the trade by buying directly from fishermen.
Traditional middlemen are bypassed when West African
traders deliver fins in person to the Far East market
(Cooke 1997). Inspectors do not monitor the catches of
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these boats and the extent of finning is unknown. Import
and export of fins from open-ocean fishing vessels (which
may also fish in nearby coastal waters with or without
permits) into various countries prior to shipment to the
Far East make tracking and identifying trends and species
composition virtually impossible.

In terms of production and trade, South Africa is the
only country reporting substantive production (>1,000t
in aggregate over 1985-2000). Between 1998-2000 South
Africa produced 95-454t per annum of frozen shark meat
and 52-66t per annum of shark fin. Countries recording
more than 100t per annum of frozen shark exports in the
same period from this region were South Africa and
Angola. According to FAQO, only Seychelles (0-8t) and
South Africa (52-66t) declared annual exports (or re-
exports) of shark fins in excess of 5t per annum between
1998-2000 (FAO 2002). Hong Kong customs records tell
a different story, for example, in 2000 Kenya exported
~16t, Madagascar ~20t, Tanzania ~22t, Mauritius ~67t
and South Africa ~195t (Anon. 2001a). Furthermore,
between 1996-2000, every coastal African country in this
region exported shark fins to Hong Kong (Clarke et al.
this volume).

There are domestic and regional, as well as
international, markets based in Africa for shark meat,
cartilage, skin, liver oil and fins (Barnett 1996a). Dried
and salted shark meat iscommon asit provides a convenient
form in which to transport the product in areas where
shelf-life would otherwise be limited (Vannuccini 1999).
The Kenyan and Tanzanian markets for shark meat are
substantial and Kenya imports shark meat from
neighbouring countries (Barnett 1996a; WildAid 2001).
Kenya and South Africa act as African transhipment
points for dried fins (Barnett 1996a; McCoy and Ishihara
1999).

In a TRAFFIC Network Report, Rose (1996) listed
South Africa as the only African country reporting a
directed shark fishery on an industrial scale. Probable and
possible major fisheries for cartilaginous fishes in the
Subequatorial Africa region (some of which are detailed
further in the individual country sections that follow)
include:

1. Longline and drift gillnet bycatch of large oceanic sharks,
semi-oceanic sharks and possibly certain batoids, as
part of the international high seas fisheries for
scombroids (see below in the high seas section for
details).

Bottom-trawl bycatch of sharks,batoids and chimaeras
as part of the hake fisheries off South Africa and
Namibia, the sole fishery off South Africa and the
prawn fishery off the KwaZulu-Natal coast of South
Africa and Mozambique. Most of the chondrichthyan
bycatch from the hake fisheryis discarded, but upwards
of 1,000t of skates (Rajidae) are landed each year for
local consumption as skate wings. Skates have also



been sporadically reported from Angola catches,
presumably from trawl fisheries there. Smaller
quantities of St. Joseph sharks C. capensis are landed
from South African trawlers along with gillnet catches.
A national bycatch management planiscurrently being
developed for South Africa, due for completion at the
time of going to press (