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ABSTRACT

1. Fishing spans all oceans and the impact on ocean predators such as sharks and rays is largely
unknown. A lack of data and complicated jurisdictional issues present particular challenges for
assessing and conserving high seas biodiversity. It is clear, however, that pelagic sharks and rays of
the open ocean are subject to high and often unrestricted levels of mortality from bycatch and
targeted fisheries for their meat and valuable fins.
2. These species exhibit a wide range of life-history characteristics, but many have relatively low

productivity and consequently relatively high intrinsic vulnerability to over-exploitation. The
IUCN}World Conservation Union Red List criteria were used to assess the global status of 21
oceanic pelagic shark and ray species.
3. Three-quarters (16) of these species are classified as Threatened or Near Threatened. Eleven

species are globally threatened with higher risk of extinction: the giant devilray is Endangered, ten
sharks are Vulnerable and a further five species are Near Threatened. Threat status depends on the
interaction between the demographic resilience of the species and intensity of fisheries exploitation.
4. Most threatened species, like the shortfin mako shark, have low population increase rates and

suffer high fishing mortality throughout their range. Species with a lower risk of extinction have
either fast, resilient life histories (e.g. pelagic stingray) or are species with slow, less resilient life
histories but subject to fisheries management (e.g. salmon shark).
5. Recommendations, including implementing and enforcing finning bans and catch limits, are

made to guide effective conservation and management of these sharks and rays.
Copyright # 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

The current rate of biodiversity loss is several orders of magnitude higher than the background historic
extinction rate (Baillie et al., 2004; Mace et al., 2005). Much of the known species loss has occurred on land,
and there have been few documented marine species extinctions to date (Carlton et al., 1999). However, the
increasing scale of human exploitation of the seas, coupled with evidence of declines and population
extinctions, may forewarn of increasing loss of coastal and oceanic biodiversity (Verity et al., 2002; Dulvy
et al., 2003; Hilborn et al., 2003; Myers and Worm, 2005). The conservation and management of open-
ocean biodiversity is generally hampered by two key issues. First, oceanic ecosystems lie far from land,
making it difficult to monitor the consequences of human activities for biodiversity. Second, these species
range primarily in the high seas outside countries’ Exclusive Economic Zones (EEZ), beyond the remit and
immediate concerns of national jurisdictions. Oceanic sharks and rays face additional threats associated
with lack of management and low conservation priority.

Twenty-one oceanic pelagic shark and ray (Subclass Elasmobranchii) species range widely in the
enormous habitat of the oceans’ upper pelagic waters, largely beyond the continental margins of the world
(Table 1). These species also are widely distributed, occurring in multiple oceans, with many found
circumglobally (Compagno, 2001). In common with other shark and ray species, these oceanic pelagic
elasmobranchs exhibit life history traits that confer on most a low intrinsic rate of population increase
(Hoenig and Gruber, 1990; Smith et al., 1999; Cortés, 2000, 2002; Frisk et al., 2005). They mature late
(average=11, range=2–21 years) and have long life spans (8–65 years). After a long gestation period
(typically 9–18 months) they give live birth to few well-developed offspring with a relatively high probability
of surviving through to adulthood (Table 2). The slow life-history characteristics and low population
growth rates of sharks render them less able to withstand fishing mortality than the earlier-maturing,
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shorter-lived bony (teleost) fishes with which they are frequently captured (Musick, 1999; Stevens et al.,
2000; Schindler et al., 2002). There is, however, considerable intrinsic variation in demographic rates among
species and populations of pelagic sharks and rays which has consequences for their relative response to
exploitation and threatened status (Cortés, 2000).

Oceanic pelagic sharks and rays are threatened by over-exploitation in high seas fisheries, which is
exacerbated for sharks by the high value and demand of their fins (Clarke et al., 2007). Many of these
species are caught regularly as bycatch in widespread longline, purse seine, and gillnet fisheries targeting
more productive tuna, swordfish and other billfish, as well as midwater trawl fisheries for small pelagic fish
in boundary current systems (Baum et al., 2003; Zeeberg et al., 2006). Most shark species have valuable fins,
which are traded internationally to meet the burgeoning demand for a delicacy ‘shark fin soup’. This
demand is driven by rapidly growing Asian economies (Rose, 1996; Clarke, 2004; Clarke et al., 2006a, b).
The fins of sharks are generally worth more than their meat, which creates an economic incentive to retain
the fins and discard the carcass at sea} a practice known as ‘finning’. Of the species identified in the Hong
Kong shark fin market (�45%), a large proportion (�70%) were pelagic sharks (Clarke et al., 2006a). The
median number and biomass of sharks entering the shark fin trade each year have been estimated at 38
million individuals and 1.7 million mt, respectively (Clarke et al., 2006b). These figures suggest that shark
catches may be 3-4 times as large as those recorded in the United Nations Food and Agriculture
Organization (FAO) fisheries landings database (Clarke et al., 2006b). In the past, only a few oceanic
pelagic shark species were targeted, primarily shortfin mako (Isurus oxyrinchus) and porbeagle (Lamna
nasus), which have high-value meat. However, due to the high and growing demand for shark fins and

Table 1. Taxonomic list of all 21 oceanic pelagic sharks and rays considered in this paper and their global IUCN Red List status and
the year of assessment

Family Species English common
name

Global Red List statusa Assessment
year

Rhincodontidae Rhincodon typus Whale shark VU A1bd+2d 2000
Odontaspididae Odontaspis noronhai Bigeye sand tiger DD 2000
Pseudocarchariidae Pseudocarcharias kamoharai Crocodile shark NT 2000
Megachasmidae Megachasma pelagios Megamouth shark DD 2000
Alopiidae Alopias pelagicus Pelagic thresher VU A2d+4d 2008
Alopiidae Alopias superciliosus Bigeye thresher VU A2bd 2008
Alopiidae Alopias vulpinus Thresher shark VU A2bd+3bd+4bd 2008
Cetorhinidae Cetorhinus maximus Basking shark VU A1ad+2d 2000
Lamnidae Carcharodon carcharias Great white shark VU A1cd+2cd 2000
Lamnidae Isurus oxyrinchus Shortfin mako VU A2abd+3bd+4abd 2008
Lamnidae Isurus paucus Longfin mako VU A2bd+3d+4bd 2005
Lamnidae Lamna ditropis Salmon shark LC 2008
Lamnidae Lamna nasus Porbeagle shark VU A2bd+3d+4bd 2006
Carcharhinidae Carcharhinus falciformis Silky shark NT 2008
Carcharhinidae Carcharhinus longimanus Oceanic whitetip shark VU A2ad+3d+4ad 2006
Carcharhinidae Prionace glauca Blue shark NT 2000
Dasyatidae Pteroplatytrygon violacea Pelagic stingray LC 2008
Mobulidae Manta birostris Manta ray NT 2006
Mobulidae Mobula japanica Spinetail devilray NT 2005
Mobulidae Mobula mobular Giant devilray EN A4d 2006
Mobulidae Mobula tarapacana Chilean devilray DD 2006

aSpecies were categorized as EN}Endangered, VU}Vulnerable, NT}Near Threatened, LC}Least Concern and DD}Data
Deficient.
In addition to the threat categories, the detailed criteria from the assessment are presented. Criteria A1–4 refer to different time scales
of population decline (A1}past and ongoing threat, A2} past and threat ceased, A3} future and A4} past and future) and a–d
refer to different forms of evidence for population decline (for further detail see IUCN, 2004a).
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Table 2. Summary of biological parameters and demographic information for 21 oceanic pelagic sharks and rays collated from primary and secondary scientific
literature

Common name Population Sex Sizea at

maturity
(cm)b

Age at

maturity
(years)b

Longevity

(years)c
Max

size
(cm)c

Size at

birth
(cm)d

Gestation

period
(months)

Reproduc-

tive cycle
(years)

Average

litter
sizee

Annual

survivorship
(age 0+)f

Annual

survivorship
(ages 1+)f

Generation

time
(years)f

Annual

rate of
increaseg

Source

Species

Whale shark
Rhincodon typus

Global F >800 >22 } ca 2000 ca 55–60 } } } } } } } (Chen et al., 1996;
Compagno et al., 2005;

Joung et al., 1996;
Kukuyev, 1996;

Wintner, 2000;

Wolfson, 1983)

M >600 520 } } } } } } } } } }

Bigeye sandtiger Global F ca 325 } } 326 } } } } } } } } (Amorim et al., 2005;
Odontaspis noronhai M ca 225–300 } } 367 } } } } } } } } Compagno, 2001)

Crocodile shark

Pseudocarcharias

SW Indian F 89–102 } } 105 40–43 } } 4 } } } } (Bass et al., 1975;

Compagno, 1984)

kamoharai

Ocean M 74 } } 98 } } } } } } }

Megamouth shark

Megachasma
pelagios

Global F ca 500 } } 709 5177 } } } } } } } (Compagno, 2000;

Wang and Yang, 2005)M ca 400 } } ca 550 } } } } } } } }

Pelagic thresher
shark

NW Pacific
Ocean

F 282–292 8–9 16 375 158–190 } 1 2 0.77–0.87 0.77–0.90 13 0.033 (Liu et al., 1999; 2006;
Otake and Mizue, 1981)

Alopias
pelagicus

M 267–276 7–8 14 353 } } } } } } } }

Bigeye thresher

shark

NW Pacific

Ocean

F 332–341 12–13 20 422 138–149 12 1 2 0.75–0.89 0.77–0.89 17 0.002 (Chen et al., 1997;

Liu et al., 1998)
Alopias

superciliosus

M 279–288 9–10 19 357 } } } } } } } }

Common thresher

shark

Alopias vulpinus

NE Pacific

Ocean

F 315 3–4 15 573 117–155 9 1 4 0.35–0.83 0.56–0.93 8 0.254 (Cailliet and

Bedford, 1983;

Hixon, 1979)

M 333 4–5 } } } } } } } } } }

Basking shark
Cetorhinus

maximus

Global F 700–800 5–18 } 1043 150 18 } 6 } } } } (Cheeseman, 1981;
Francis and Duffy, 2002;

Kunzlik, 1988;
Matthews, 1950;

Matthews and

Parker, 1950;
Pauly, 1978;

Pratt and Casey, 1990)

M 700–800 } } 900 } } } } } } } }

Great white shark
Carcharodon

carcharias

Global F 450–500 18 25 ca 700 120–150 } } 8 0.63–0.90 0.71–0.96 22 0.051 (Compagno, 2001;
Francis, 1996;

Malcolm et al., 2001;
Mollet and

Cailliet, 1996a, b)

M 360–380 10 – 550

Shortfin

mako shark
Isurus oxyrinchus

NW Atlantic F 280–298 18–19 32 375 70–80 15–18 3 12.5 0.75–0.91 0.79–0.94 24 0.047 (Campana et al., 2005;

Mollet et al., 2000;
Natanson et al., 2006;

Pratt and Casey, 1983)

Ocean M 201 8 29 298 } } } } } } } }

SW Pacific F 300–311 19–21 28 380 66 15–18 3 12.5 0.76–0.91 0.79–0.93 23 0.034 (Bishop et al., 2006;
Francis, 2007;

Francis and Duffy, 2005)
Ocean M 196–202 7–9 29 295 } } } } } } } }
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declines in traditional food fish, others such as the blue shark (Prionace glauca), are increasingly targeted
for both meat and fins (Clarke et al., 2007; Hareide et al., 2007).

Despite this widespread exploitation, oceanic pelagic shark and ray catches have been poorly reported in
fisheries records (Bonfil, 1994; Barker and Schluessel, 2005; Lack and Sant, 2006). This is due to the
incidental nature of most catches of these species and their traditionally low value relative to the tuna and
billfish with which they are typically caught. These factors have translated into these species having low
priority for fisheries management. Although this situation has improved over the last decade in some
countries, notably Australia, New Zealand and the USA, in general there are very few effective domestic or
international regulations for reporting shark and ray catch and bycatch. Even when catches are reported
they are usually not recorded to the species level. For example, only 15% of all shark catches reported to
the FAO have been recorded by species (Lack and Sant, 2006). This lack of species-specific data poses a
significant challenge to quantifying the impacts of exploitation on these species and may mask declines and
local extinctions (Dulvy et al., 2000).

Here we present the first assessment of the global status of 21 oceanic pelagic shark and ray species using
IUCN Red List Categories and Criteria. The threats to, challenges of, and opportunities for conserving
these species are illustrated and management recommendations are given.

METHODS

There are 30 oceanic pelagic species in total; however, this analysis is limited to only those species usually
caught in high seas fisheries. This paper is based on an evaluation of the global threatened status of 21
oceanic pelagic sharks and rays occurring in the top 200m of the ocean. The term pelagic refers to highly
mobile species that are not closely associated with the sea bottom (Compagno, 2008). Truly oceanic species
primarily inhabit ocean basins away from the submerged shelf edge of continental land masses. Some
oceanic species enter waters over continental and insular shelves (shallower than about 200m) to feed,
breed, or partake in other activities, including social interactions (Compagno, 2008).

The global threatened status of oceanic pelagic sharks and rays has been assessed using the
IUCN}World Conservation Union Red List Categories and Criteria (Mace, 1995; IUCN, 2004a).
Threat assessments for all of the chondrichthyan fish (sharks, batoids and chimaeras) were conducted by
the IUCN Shark Specialist Group (www.flmnh.ufl.edu/fish/organizations/ssg/ssg.htm), an international
network of 200 members. The SSG will conclude its 10 year programme to complete Red List assessments
for the world’s�1200 species of chondrichthyan fish at the end of 2007, for publication in 2008. This will
be the first complete assessment of all members of a major marine taxonomic group, and will provide an
important baseline for monitoring the global health of marine species and ecosystems (Butchart et al., 2006;
Dulvy et al., 2006). The results will be published in the web-based IUCN Red List of Threatened SpeciesTM

(www.iucnredlist.org) which is widely recognized as the most comprehensive, scientifically based source of
information on the global status of plant and animal species. IUCN Red List Categories and Criteria are
applied to individual species assessments (which contain information on ecology and life history,
distribution, habitat, threats, current population trends and conservation measures) to determine their
relative threat of extinction (IUCN, 2001, 2004a). Species listed as Critically Endangered (CR), Endangered
(EN) or Vulnerable (VU) are considered ‘threatened’. Taxa that do not qualify for the threatened
thresholds, but are either close to meeting or are likely to meet a threatened threshold in the near future are
classified as Near Threatened (NT). Taxa evaluated to have a low risk of extinction are classified as Least
Concern (LC). Also included within the Red List are taxa that cannot be evaluated because of insufficient
knowledge, and are therefore assessed as Data Deficient (DD). This category does not necessarily mean
that the species is not threatened, only that its risk of extinction cannot be assessed with the current
available data (IUCN, 2006).
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The SSG is the IUCN’s Red List Authority for chondrichthyan assessments and considers full
consultation with its membership to be essential for the preparation of accurate assessments (Fowler, 1996).
In recent years the SSG has undertaken most of its Red Listing work through a series of regional
workshops which have facilitated detailed discussions and the pooling of resources and regional expertise.
As of February 2007, the SSG had conducted IUCN Red List Assessments at seven region-specific and two
habitat or taxon-specific workshops (Table 3). Once draft assessments have been produced and consensus
achieved at the workshops, a summary of the assessment is provided to the entire SSG membership for
comment. This process of consultation has led to consensus being reached on each Red List assessment
before it is submitted to the IUCN Red List and ensures consistency across assessments (Cavanagh et al.,
2003; Cavanagh and Gibson, 2007). Synthesizing the global status of pelagic sharks required input from
experts from all regions. Therefore in February 2007, the SSG held its third thematic workshop to complete
Red List assessment documentation and to determine the global threatened status of pelagic species that
occur across multiple ocean regions. This workshop was convened near Oxford, UK, and was attended by
the 15 co-authors of this paper. Overall, however, the pelagic species assessments presented here result from
the work of 62 experts from 26 countries. This paper was based on, and summarizes, the outcomes of the
assessments that were completed before the writing of this manuscript. Full details of each species
assessment will be published both as an IUCN Shark Specialist Group report available from the IUCN
SSG website and on the IUCN Red List website (www.iucnredlist.org).

RESULTS

Eleven oceanic pelagic species were assessed as globally threatened (one Endangered, 10 Vulnerable) and
five as Near Threatened (Figure 1(a); Table 1). Two species were categorized as Least Concern; the
remaining three were Data Deficient. The proportion of oceanic pelagic sharks and rays that are threatened
(52%) is considerably higher than the proportion of all chondrichthyans that are threatened (21.3%). To
date, of the 591 chondrichthyans assessed globally 126 species are considered threatened and 107 species
(18%) are Near Threatened (Figure 1b). All of the threatened species were listed on the basis of population
declines over 10 years or three generation spans, whichever is greater. Some population reductions were
observed, estimated, inferred or suspected using direct observation (e.g. basking shark, (Cetorhinus
maximus)), an appropriate index (typically standardized catch per unit effort (CPUE) estimated from
fishing vessels) or actual or potential levels of exploitation (Table 1). Without exception, fishing is the main
activity threatening oceanic pelagic sharks and rays.

Table 3. Details of IUCN SSG’s Red List workshops up to February 2007, including the FAO areas covered, workshop location, date,
number of participants and number of countries represented

Regional or thematic workshop FAO areas Location Date Participants Countries

Australia and Oceania 57, 71, 81 Queensland, Australia March, 2003 26 5
South America 41, 87 Manaus, Brazil June, 2003 26 9
Subequatorial Africa 47 Durban, South Africa September, 2003 28 9
Mediterranean 37 San Marino October, 2003 30 14
North-west and Central America 21, 31, 77 Florida, USA June, 2004 55 14
North-east Atlantic 27 Peterborough, UK February, 2006 24 11
West Africa 34 Dakar, Senegal June, 2006 24 14
Deep sea Chondrichthyans N/A New Zealand November, 2003 36 14
Batoids N/A Cape Town, South Africa September, 2004 30 15
Pelagics N/A Abingdon, UK February, 2007 15 11
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The giant devilray (Mobula mobular) is currently the only globally Endangered oceanic pelagic
elasmobranch (Table 1). This planktivorous ray is highly vulnerable to capture and over-exploitation by
fisheries because of its life-history characteristics: it has large body size with a wingspan up to 5m and gives
birth to a single pup with unknown breeding frequency (i.e. annually or only biennially) (Notarbartolo di
Sciara, 1987). This species has a relatively small geographic range compared with most other oceanic
pelagic species, it is found only in the Mediterranean Sea and adjacent North Atlantic waters of southern
Europe and Northwest Africa (Notarbartolo di Sciara, 2005; Cavanagh and Gibson, 2007). It is known to
suffer high mortality from bycatch in the intensive pelagic longlines, driftnets, purse seines and traps
targeting tuna and swordfish in the Mediterranean Sea (Muñoz-Chapuli et al., 1993; Cavanagh and
Gibson, 2007).

The threat status of oceanic pelagic sharks and rays is highly dependent on the interaction between the
intrinsic demographic capacity to withstand fishing mortality and the intensity and scale of fishing pressure
(Figure 3). Of the species assessed, blue shark and pelagic stingray (Pteroplatytrygon violacea) have the
highest annual rates of population increase�more than three times greater than the other species (29 and
31% yr�1; Table 2, Figure 2).

Found throughout the world’s oceans, the blue shark is (or was) arguably the most widespread and
abundant chondrichthyan fish and is the most frequently caught shark species (Bonfil, 1994; ICCAT, 2005;
Hareide et al., 2007; Rogan and Mackey, 2007). While not considered by traders to be the most sought after
of fins, blue shark fins are the most prevalent on the Hong Kong shark fin market (Clarke et al., 2006a).
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Figure 1. Percentage of (a) oceanic pelagic elasmobranchs (n=21) and (b) globally assessed chondrichthyan fishes (n=591) within
each IUCN Red List category in 2007. Of the globally assessed chondrichthyans 126 (21.3%) are threatened; comprised of 22 (3.7%)

Critically Endangered, 29 (4.9%) Endangered and 75 (12.7%) Vulnerable species.
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Figure 2. Life histories, demography and IUCN Red List status of oceanic pelagic sharks and rays. (a) Maximum length and length at
maturity for 20 of the 21 species, the Endangered giant devilray was excluded as length at maturity is not known. Length is reported as
total length for sharks and disc width for rays. Note that the pelagic thresher shark and shortfin mako shark data points overlap. (b)
Generation time and the annual rate of population increase for 11 species. The data are average values from Table 2. The shape and
colour of each point represents global IUCN Red List status: Threatened} red diamond, Near Threatened – orange square, Least

Concern} green circle and Data Deficient}white circle.
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Blue shark fins comprise at least 17% of the overall market, and an estimated 10.7 million individuals (0.36
million tonnes) are killed for the global fin trade each year (Clarke et al., 2006a, b). Despite being one of the
best-studied of the world’s elasmobranchs, assessment of the global status of the blue shark was hindered
by its wide geographic range throughout the world’s oceans and by the paucity and/or poor quality of
demographic and catch data (ICCAT, 2005; Aires-Da-Silva and Gallucci, 2007; Hareide et al., 2007; Pilling
et al., 2008). Official FAO statistics underestimate the true magnitude of catches: landings estimated from
blue shark fin exports from the Atlantic Ocean alone are known to greatly exceed the reported catches from
this area (ICCAT, 2005; Campana et al., 2006; Pilling et al., 2008). Demographic models, catch-rate
analysis, age-structured models, food web and ecosystem models have been applied or attempted for blue
sharks, mainly in the North Atlantic and North and Central Pacific, and these yield a conflicting picture of
blue shark sustainability (West et al., 2004). Different catch-rate analyses generate diverging trends even for
the same ocean: the North-west Atlantic data suggest significant declines in abundance (Simpfendorfer
et al., 2002; Baum et al., 2003), while those for international waters of the North Atlantic suggest little
change (Nakano, 1998; Matsunaga et al., 2001). Increasing fin prices, further depletion of less-productive
sharks and lack of management (particularly on the high seas) will lead to greater pressure on blue shark
stocks (Clarke et al., 2007). In the past decade high seas fleets (especially Spanish and other European fleets)
in the Atlantic, Pacific, and Indian Oceans have also increasingly targeted blue sharks for their previously
low-valued meat (Mejuto et al., 2006a, b; Hareide et al., 2007). Given the current state of knowledge it is
difficult to determine the status of global blue shark stocks with a high degree of confidence, but it was
evaluated as Near Threatened.

Only two species were categorized as Least Concern; the pelagic stingray and salmon shark (Lamna
ditropis). There are contrasting reasons for the Least Concern classifications: the pelagic stingray’s
productive life-history should allow it to withstand relatively high fishing mortality, whereas the salmon
shark is now subject to reduced fishing pressure on the high seas and management measures in the small
part of its range where it is fished (Figure 2). The pelagic stingray is frequently caught by tuna and
swordfish longliners (Mollet, 2002; Domingo et al., 2005; Forselledo et al., in press; Ribeiro-Prado and
Amorim, in press) and to a lesser degree in pelagic gillnet and demersal trawl fisheries (Hemida et al., 2003).
It has little commercial value and is usually discarded, but chances of survival are low. The jaws are often
damaged during hook removal and in an effort to avoid being stung fishermen may smash the rays against
the rail (Domingo et al., 2005). The pelagic stingray is one of the most productive of the live-bearing
elasmobranchs and therefore more resilient to fishing pressure than most sharks and rays. In captivity it
produces two litters of 1–13 pups each year resulting in an annual rate of increase of�31% yr�1 (Table 2).
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Figure 3. FAO capture production (landings) for all chondrichthyan catches (^, left axis) and adjusted Hong Kong imports of shark
fin (&, right axis), 1990-2005 (FAO, 2007; HKSARG, 2007).
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In contrast to the pelagic stingray, the salmon shark has low productivity with an annual rate of increase
of �8% yr�1 and potentially low capacity to withstand fishing mortality (Table 2, Figure 2). From the
1950s and 1960s salmon sharks were taken in relatively large numbers (105 000–155 000 individuals yr�1) in
open ocean gillnet fisheries for Pacific salmon (Oncorhynchus spp.) and flying squid (Ommastrephes spp.)
mostly by Canadian, Japanese, and Russian vessels (Robinson and Jamieson, 1984; Blagoderov, 1994).
Salmon shark populations now appear to be rebuilding after cessation of these fisheries, suggesting that
there have been significant declines in fishing mortality (Nagasawa et al., 2002). There is currently a small
directed commercial fishery for salmon sharks in the North-west Pacific, and in the North-east Pacific
directed catch is limited to a tightly controlled recreational fishery (Goldman and Musick, 2008).

The Least Concern status of the salmon shark contrasts with the Vulnerable listing of its sister
species} the porbeagle shark. These two species have similar demography with the porbeagle perhaps
being slightly more resilient (Stevens, 1999). The higher threat status of the porbeagle is a result of intense
fisheries in the North Atlantic and Mediterranean Sea since the early 1960s (Campana et al., 2002;
Cavanagh and Gibson, 2007). Over-exploitation and collapse of porbeagle populations in the North-east
Atlantic in the 1960s led to intensive directed and largely unregulated fishing in the North-west Atlantic,
where most of the virgin biomass was removed in just six years. Porbeagles continued to be taken as
bycatch in the Mediterranean and targeted in the North-east Atlantic even from depleted populations,
whereas the North-west Atlantic population was able to begin rebuilding after fisheries collapsed. In the
1990s, renewed target fishing in the North-west Atlantic led to another population decline to 11–17% of
virgin biomass (Campana et al., 2002). Age- and sex-structured life-history models project that this
population will most likely require 70–100 years to recover to maximum sustainable yield [BMSY] (Gibson
and Campana, 2005). Little is known of porbeagle shark population trends in the remainder of its
range (i.e. the Southern Hemisphere), where they are also taken primarily as bycatch in the pelagic and
demersal longline fisheries. However, the even slower growth rates and greater longevity of this stock
(Francis et al., 2007) indicate that it is biologically more vulnerable to over-exploitation than the depleted
North Atlantic stocks.

The combination of very low capacity to withstand fishing mortality and intense exploitation is shared by
other species. For some species, regional variation in the intensity of fishing mortality is an important factor
determining their global threatened status. The shortfin mako shark, for example, is considered Vulnerable
globally but is classified as Critically Endangered in the Mediterranean Sea and Near Threatened in the
North-east Pacific. Like porbeagles, shortfin makos are sought for both their meat and fins; thus unlike
many other oceanic pelagic sharks, they are frequently targeted by the large longline fleets in the Atlantic,
Pacific and Indian Oceans. The shortfin mako comprises up to �7% of total catches (weight) in the
Atlantic swordfish fishery and�10% (weight) of all North Atlantic shark catches (Mejuto et al., 2006a, b;
Hareide et al., 2007). This species is also a highly-prized recreational gamefish, particularly in the North-
west Atlantic. Major declines in shortfin mako abundance have occurred, notably in the eastern
Mediterranean Sea where they are now rarely seen. In the North Atlantic Ocean, population declines of up
to 70% have been documented (ICCAT, 2005). In the North-east Pacific, the combination of domestic
management of the US swordfish fishery, the lack of a target fishery for shortfin makos, and the absence of
adult makos from the region, appears to have limited the effect of fishing on the population in this area,
although its exact status is uncertain (Taylor and Bedford, 2001).

For many oceanic species, there is major regional variation in the quality and quantity of data available
for assessment. The global classification of some of these species reflects a balance between higher threat
categories in ‘data-rich’ regions, and lower threat or Data Deficient classification in ‘data-poor’ regions
where fisheries impacts are suspected but are unquantifiable. For example, the oceanic whitetip
(Carcharhinus longimanus) and the bigeye thresher (Alopias superciliosus) shark are regionally assessed as
Critically Endangered and Endangered, respectively, in the North-west and Western Central Atlantic
Ocean, but Vulnerable globally. Similarly, the silky shark (Carcharhinus falciformis) is regionally assessed
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as Vulnerable in the South-east and Central Pacific as well as in the North-west and Western Central
Atlantic, yet Near Threatened globally. These three species are taken incidentally in fisheries worldwide
and, along with blue shark, other thresher sharks (Alopias spp.) and hammerhead sharks (Sphyrna spp.),
make-up the bulk of the fins sold in the global shark fin trade (Clarke et al., 2006b). Their status requires
careful monitoring and these species might be upgraded to a higher threat category when more data and
knowledge become available from other regions.

The white shark (Carcharodon carcharias) is one of the largest, most widespread apex ocean predators,
yet it is one of the least demographically resilient species. Despite its almost global distribution, this species
is extremely rarely recorded in high seas fisheries (Springer, 1963; Beerkircher et al., 2004; Baum et al.,
2005), although small numbers move inshore seasonally or year-round to aggregate in a few coastal regions
or islands (Goldman and Anderson, 1999; Bonfil et al., 2005; Domeier and Nasby-Lucas, 2007). Where
white shark populations go unprotected, their iconic status and high value jaws and fins mean that they are
subject to exploitation. This includes target recreational and trophy fisheries, beach meshing operations
(although in South Africa all sharks retrieved alive are released) and possible positive or negative
disturbance by non-consumptive ecotourism operations. White shark bycatch in high seas fisheries is likely
to be finned unless legal protection or finning prohibitions are enforced.

The white shark was listed as globally Vulnerable (Table 1). This species is afforded the highest level of
protection of any elasmobranch and in the absence of this protection the threatened status could be worse.
Indeed this species is listed as Endangered in the Mediterranean Sea (Cavanagh and Gibson, 2007). The
white shark is listed on the appendices of a range of regional and international conventions (UNCLOS,
CITES, CMS, Barcelona and Bern treaties; Appendix 1) as well as being protected under fisheries or
biodiversity conservation legislation of a growing number of States.

DISCUSSION

Despite perceptions to the contrary, wide-ranging highly migratory marine fishes can be threatened.
Globally, three-quarters (16 of 21) of oceanic pelagic sharks and rays have an elevated risk of extinction due
to overfishing, based on this analysis (Figure 1(a)). The proportion of threatened oceanic pelagic
elasmobranchs (52%) is more than double that of all assessed chondrichthyans (21%). This reflects the
widespread intense effort of open ocean fisheries for highly-valued large pelagic fishes (primarily billfish and
tuna), the lack of limits on pelagic shark catches, and the rising value of shark fins and meat. Fisheries have
rapidly spread across the world’s oceans over the last 50 years and it is increasingly likely that there are no
more unexploited open ocean areas (Myers and Worm, 2003; Roberts, 2007). High seas shark fishing
continues unabated because of the relatively high productivity of the primary target species (Schindler
et al., 2002; Sibert et al., 2006) and the limited interest in managing sharks (Lack and Sant, 2006).

Sharks are among the top predators in ocean ecosystems and continued depletion of their populations
through overfishing could also have cascading effects for high seas biodiversity (Stevens et al., 2000;
Kitchell et al., 2002; Ward and Myers, 2005; Myers et al., 2007). ECOSIM models of the Venezuelan shelf,
the Alaska Gyre and the French Frigate shoals in Hawaii suggest the removal of sharks results in changes
in the abundance of some prey species (Stevens et al., 2000). Similarly, the proliferation of cownose rays
(Rhinoptera bonasus) in coastal North-west Atlantic waters may stem primarily from over-exploitation of
the great sharks (Myers et al., 2007). However, ECOSIM models of the open-ocean Central North Pacific
ecosystem, which is more relevant to this study, suggest oceanic pelagic sharks do not have a keystone role
because of their relatively low consumption rates, low production-to-biomass ratios and a wide range of
prey types consumed compared with tuna and billfish (Kitchell et al., 2002). While the over-exploitation of
sharks and rays may have minor ecosystem effects in oceanic pelagic systems, the intrinsic biodiversity value
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and long evolutionary history of these species provides strong argument for appropriate management and
conservation (Kitchell et al., 2002).

Though not considered in detail here, semi-oceanic pelagic sharks may face similar or greater threats.
Some species have valuable fins and they suffer considerable fishing mortality both in the oceanic and shelf
edge habitats from commercial and artisanal pelagic fishing fleets using surface gillnets and longlines. The
semi-oceanic hammerheads (Sphyrna spp.) are the second most commonly traded shark fins. All species
together comprise at least 4–5% of the fins in the Hong Kong market representing an annual catch of
between 1.3 and 2.7 million individuals (49 000–90 000mt) (Clarke et al., 2006a, b). Although hammerheads
are moderately productive, they are estimated to have suffered considerable population declines of up to an
order of magnitude since the mid-1970s in the North-west Atlantic; one of the few areas where data are
available to assess their status (Baum et al., 2003; Myers et al., 2007). One hammerhead species, the
scalloped hammerhead (Sphyrna lewini), was categorized as globally Endangered. Like many fully oceanic
species little is known of the biology, fisheries and status of many semi-oceanic sharks. For example the
bignose shark (Carcharhinus altimus) was categorized as Data Deficient globally as it is presumably
misidentified and not reported worldwide. It shares similar life-history characteristics with its close relative,
the sandbar shark (Carcharhinus plumbeus), which has been assessed as Vulnerable globally.

The high value of shark fins, coupled with poor catch documentation and the lack of international
regulation of catches, can easily lead to over-exploitation of oceanic pelagic sharks (Clarke et al., 2007).
One such signal may be found in a comparison between annual chondrichthyan (sharks, skates, rays and
chimaeras) catches reported to FAO and shark fin imports reported by Hong Kong (Figure 3). The rate of
increase in the amount of fins traded was higher than the rate of increase of reported catches until 2000.
These data suggest that year-by-year fisheries began more fully utilizing the fins on the sharks they caught,
as was documented in the Hawaiian longline fishery (Ito and Machado, 1999). However, in the six years
following 2000, the trends in the shark fin trade very closely parallel trends in catches suggesting that all
sharks’ fins were being utilized already and the only way traders could obtain more fins would be if catches
increased. The reasons for the observed decline in global catches since 2000, e.g. over-exploitation of
sharks, a reduction in fishing effort, or simply a delay in reporting catches to FAO, are unknown.
Nevertheless, the downturn in catches in combination with similar trends in the fin trade, despite
indications that demand for fins is growing (Clarke et al., 2007), calls for urgent consideration of effective
fisheries management measures.

MANAGEMENT ISSUES AND POSSIBLE SOLUTIONS

Oceanic pelagic elasmobranch assessment and management is hindered by a dearth of species-specific catch
data from high seas fisheries, and a complete lack of information on stock status in major parts of the
species’ ranges (including the entire Indo-Pacific Ocean). Both fishery and biological data are needed to
assess the status of pelagic and other shark populations (Table 4). Basic catch and effort data of fleets
catching sharks are often of poor quality because of non- or misreporting, particularly when sharks are
taken as bycatch. A huge unreported catch (fleets not reporting catch and illegal unreported unregulated
[IUU] fishing) of pelagic sharks is evident from shark trade analysis (ICCAT, 2005; Clarke et al., 2006a, b).
In addition, many countries do not make their data available for the assessment process.

The development of fisheries and threat assessments and the provision of management advice are
hampered by considerable uncertainty, even where data are available. There are statistical frameworks that
allow the incorporation of different sources of uncertainty and provide probabilistic statements about the
consequences of alternative management actions (Cortés, 2002; Peterman, 2004; Kell et al., 2007).
However, data quantity and quality are still the main impediments to assessment of pelagic shark stocks,
and hence the development of management advice (Pilling et al., 2008). Where a large body of information
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is available, for example for the blue shark, there are considerable difficulties reconciling the different
spatial scales and relevance of the wide range of ecological and fisheries information to produce a coherent
picture of fisheries or threat status. In particular, standardisation of catch rates for species, like the blue
shark, is a major problem.

The boundaries of pelagic shark populations are difficult to define and are likely to span across more
than one region. The available data from all regions were used to produce a global assessment of extinction
risk for each species. However, in some cases it was considered necessary to produce regional assessments
where fisheries are well-monitored, and population data are available, in order to highlight documented
population trends. So, while regional assessments are available for some species considered here, little
ecological or fisheries information were available for the Indian Ocean, and to a lesser degree, the South
Atlantic Ocean. As better data become available for these data-poor regions, higher global threat
categorizations for some species may be warranted.

Oceanic pelagic shark and ray populations remain a very low priority for fisheries management and are
therefore at risk of further depletion, despite increased awareness of and concern for their conservation
status. The 1999 FAO International Plan of Action for the Conservation and Management of Sharks
(IPOA–Sharks) called on all fishing nations and Regional Fishery Management Organizations (RFMOs) to
assess shark populations and prepare National and Regional Shark Plans by 2001 (FAO, 2000). The IPOA
is, however, wholly voluntary and progress toward its implementation has been slow: insufficient political

Table 4. Proposed management actions that would contribute to rebuilding threatened populations of oceanic pelagic elasmobranchs
and sustaining associated fisheries

We recommend fishing nations and Regional Fisheries Management Organizations:

I. implement, as a matter of priority, existing scientific advice for preventing overfishing, or to recover, pelagic shark
populations (e.g. ICCAT Scientific Committee recommendation to reduce fishing mortality on North Atlantic shortfin
mako sharks);
II. draft and implement Plans of Action pursuant to the IPOA-Sharks which include, wherever possible, binding,
science-based management measures for pelagic sharks;
III. significantly improve observer coverage, monitoring, and enforcement in fisheries taking pelagic sharks;
IV. require the collection and accessibility of species-specific shark fisheries data;
V. conduct stock assessments for pelagic elasmobranchs;
VI. implement pelagic shark catch limits, ensuring these are precautionary where sustainable catches are scientifically
uncertain;
VII. strengthen finning bans by requiring sharks to be landed with fins attached. Until then, ensure fin-to-carcass ratios
do not exceed 5% of dressed weight (or 2% of whole weight) and standardize Regional Fisheries Management
Organizations finning bans to specify ratios apply to dressed rather than whole weight;
VIII. promote research and gear modifications aimed at mitigating elasmobranch bycatch and discard mortality; and
IX. commence programmes to reduce and eventually eliminate overcapacity and associated subsidies in pelagic
fisheries.

We recommend country governments:

I. ensure active membership in CITES, CMS, Regional Fisheries Management Organizations and other relevant
international agreements;
II. adopt bilateral fishery management agreements for shared, pelagic elasmobranch stocks;
III. propose and work to secure pelagic shark management at Regional Fisheries Management Organizations;
IV. ensure full implementation and enforcement of CITES shark listings based on solid non-detriment findings, if trade
in listed species is allowed;
V. collaborate on regional agreements for CMS-listed shark species;
VI. promote and support the advice of the CMS Scientific Council and the CITES Animals Committee with respect to
sharks;
VII. propose and support the listing of additional threatened pelagic shark species under CMS and CITES; and
VIII. develop and promote options for new international and global conservation agreements for migratory sharks.
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will among these entities and their members is believed to be the largest obstacle to improving the status of
pelagic sharks. No RFMOs have implemented Plans of Actions for Sharks} the only regional Action Plan
published (for the Mediterranean) was developed under a UN Regional Seas Environment Programme
(Anonymous, 2003; Camhi et al., 2008).

Finning bans, which prohibit the retention of shark fins on board vessels without the corresponding
carcasses, are the most widely implemented shark management measure. At present, finning bans have been
implemented by 19 countries and the European Union (EU), as well as by nine RFMOs, including the tuna
commissions in the Atlantic (ICCAT), Eastern Pacific (IATTC), and Indian (IOTC) Ocean (Camhi et al.,
2008). Most countries and RFMOs use a fin-to-carcass weight ratio as a means to ensure compliance with
finning bans, although such ratios are difficult and costly to enforce (Hareide et al., 2007). Moreover, ratios
vary between fleets depending upon cutting practices. Whereas the upper limit ratio for mixed US Atlantic
shark fisheries is approximately 2% live weight, ratios of up to 5% fin to live carcass weight can be obtained
when whole caudal fins are retained and crude cuts leave flesh attached to fins (Hareide et al., 2007). Such
high ratios (e.g. 5%), like that adopted in the EU, and replicated at the tuna commissions, create loopholes
that potentially enable fishermen to fin sharks without exceeding the ratio limit (IUCN, 2004b). A
requirement that sharks be landed with their fins attached to their bodies, as used in parts of Central
America and Australia and proposed for the US Atlantic, would allow for better effectiveness, enforcement
and data collection (IUCN, 2004b; Hareide et al., 2007).

Finning bans should curb mortality and reduce waste, but these alone are insufficient to secure effective
conservation: enforced catch limits are also required (Table 4). As of 2007, only about 22 nations and the
EU have imposed any catch limits for oceanic elasmobranchs within their waters. In most cases, including
the EU, such action involves protection for just one or two species listed on biodiversity conservation
legislation (primarily whale, white and/or basking sharks). Australia, Canada, New Zealand, Papua New
Guinea, South Africa and the USA have implemented domestic fishing limits (primarily quotas) for pelagic
sharks, while Republic of the Congo, Ecuador, Egypt, Israel and Palau prohibit targeted shark fishing
(Camhi et al., 2008). Enforcement of these prohibitions can be challenging, for example, shark fishing and
finning continues illegally within the Galapagos Marine Reserve (Camhi, 1995; Anonymous, 2007). On the
high seas, no catch limits for shark have been established to date by any RFMOs. For the most part,
RFMOs remain focused on more commercially-valued species such as billfish or tuna. However, those
organizations with a mandate to manage tuna and billfish are most relevant to pelagic sharks, based on
catch composition and obligations to address bycatch issues. When RFMOs have considered their remit for
shark management, they have focused on calls for more data rather than implementation of catch limits
(e.g. ICCAT, 2007).

Regional and global wildlife conservation agreements may offer alternative routes to RFMOs for pelagic
shark and ray conservation. These include regional treaties such as the Barcelona and Bern Conventions
and International treaties such as the Convention on International Trade in Endangered Species (CITES)
and the Convention on Migratory Species (CMS) (Table 4). Ideally, measures under these instruments,
which seek to promote sustainable management for listed species, should be applied in conjunction with
effective fisheries management measures. The giant devilray, white shark and basking shark are listed on
Annex II ‘List of endangered or threatened species’ of the Barcelona Convention and Appendix II ‘Strictly
protected fauna species’ of the Bern Convention. The Barcelona Convention requires Parties to ensure
maximum protection and aid the recovery of listed species; however these listings are implemented in Malta
and Croatia only (Cavanagh and Gibson, 2007). Three oceanic pelagic species (shortfin mako, porbeagle
and blue shark) are listed under Annex III of both Conventions, which permit a certain level of exploitation
if population levels allow (Bern) or require exploitation to be regulated (Barcelona); however these
regulations have yet to be implemented (Serena, 2005).

Three oceanic pelagic sharks are listed on CITES Appendix II (whale and basking shark in 2002, white
shark in 2004) with an aim to limit international trade to sustainable levels through a permitting system. A

N.K. DULVY ET AL.474

Copyright # 2008 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst.; 18: 459–482 (2008)

DOI: 10.1002/aqc



Shark Working Group of the CITES Animals Committee provides advice to Parties regarding proposed
listings, species status, and fishery management priorities. An EU proposal to list the Vulnerable porbeagle
shark on CITES Appendix II was unsuccessful in June 2007.

The same three sharks are listed on the CMS Appendices (whale shark on Appendix II in 1999, white
shark on Appendices I and II in 2002, and basking shark on Appendices I and II in 2005). These listings led
to complete protected status for basking and white shark in the EU (with the establishment of zero quotas),
and for white shark in New Zealand, but not yet to regional conservation agreements, as intended (Camhi
et al., 2008). In 2005, a CMS Recommendation called for stronger protection of migratory sharks and the
development of a global conservation agreement to mitigate shark bycatch and identify alternatives to
consumptive use (CMS, 2007). The CMS convened a workshop in December 2007 to examine related
options and its Scientific Council has concluded that 35 species of migratory elasmobranchs, including most
of the species discussed in this paper, could benefit from listing on appendices of the CMS.

Overall, despite widespread acknowledgment and understanding of their intrinsic vulnerability to over-
exploitation and numerous commitments to conserve them, oceanic pelagic sharks and rays remain a low
priority for resource managers and continue to be over-exploited. To improve the conservation status of
these species and ensure they are exploited sustainably, fishery managers and other government officials
have the ability to take immediate, decisive action at national, regional and international levels. These
actions include: implementing and enforcing finning bans (requiring sharks to be landed with fins attached)
and scientifically-based (or precautionary) catch limits. Effective conservation of pelagic sharks and rays
will also require developing new management tools for their conservation (Table 4). Oceanic pelagic sharks
and rays may face greater threats than are currently portrayed in the IUCN Red Listing categories, given
current data and management limitations. Regular reviews of threatened status, as additional data become
available, are necessary to continually refine our understanding of the degree of threat faced by oceanic
pelagic sharks and rays.
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APPENDIX 1. LIST OF ACRONYMS USED IN THIS PAPER

Acronym Full name Web reference

Barcelona The Convention for the Protection of
the Marine Environment and the
Coastal Region of the Mediterranean

www.unep.ch/regionalseas/main/hconlist.html

Bern Convention on the Conservation of
European Wildlife and Natural Habitats

http://www.coe.int/t/e/cultural co-operation/
environment/nature and biological diversity/
Nature protection/
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CITES Convention on International Trade in
Endangered Wild Species of Fauna and Flora

www.cites.org

CMS Convention of Migratory Species www.cms.int

EEZ Exclusive Economic Zone

FAO Food and Agriculture
Organization of the United Nations

www.fao.org

IATTC Inter-American Tropical Tuna Commission www.iattc.org

ICCAT International Commission for the
Conservation of Atlantic Tunas

www.iccat.es

IUCN World Conservation Union www.iucn.org
IUU Illegal, unreported and unregulated

RFMO Regional Fisheries Management Organisation

SSG IUCN Shark Specialist Group http://www.flmnh.ufl.edu/fish/organizations/
ssg/ssg.htm

UNCLOS United Nations Convention on the
Law of the Sea

www.unclos.com

N.K. DULVY ET AL.482

Copyright # 2008 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst.; 18: 459–482 (2008)

DOI: 10.1002/aqc


