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Abstract
Substantial ecological, economic and social problems result from shark interactions in pelagic longline ﬁsheries. Improved
understanding of industry attitudes and practices towards shark interactions assists with managing these problems. Information on ﬁsher
knowledge and new strategies for shark avoidance may beneﬁt sharks and ﬁshers. A study of 12 pelagic longline ﬁsheries from eight
countries shows that incentives to avoid sharks vary along a continuum, based on whether sharks represent an economic disadvantage or
advantage. Shark avoidance practices are limited, including avoiding certain areas, moving when shark interaction rates are high, using
ﬁsh instead of squid for bait and deeper setting. Some conventionally employed ﬁshing gear and methods used to target non-shark
species contribute to shark avoidance. Shark repellents hold promise; more research and development is needed. Development of
speciﬁcally designed equipment to discard sharks could improve shark post release survival prospects, reduce gear loss and improve crew
safety. With expanding exploitation of sharks for ﬁns and meat, improved data collection, monitoring and precautionary shark
management measures are needed to ensure that shark ﬁshing mortality levels are sustainable.
r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
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Bycatch1 in marine ﬁsheries is an increasingly prominent
international issue [1–16]. Bycatch raises ecological concerns, as some bycatch species of cetaceans, seabirds, sea
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1
‘‘Bycatch’’ is the retained catch of non-targeted species or ‘‘incidental
catch’’, plus all discards [1, 17]. ‘‘Target’’ catch is the catch of a species or
species assemblage primarily sought in a ﬁshery, while ‘‘non-target’’ catch
is the catch of a species or species assemblage not primarily sought.
‘‘Incidental’’ catch is the portion of non-target catch that is retained, while
‘‘discards’’ is the portion of non-target catch that is not retained [1, 17].
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Fig. 1. Shark-damaged yellowﬁn tuna caught in the Hawaii pelagic
longline ﬁsheries (photo courtesy of US National Marine Fisheries Service
Hawaii Pelagic Longline Observer Program).

turtles, sharks2 and other ﬁsh species are particularly
sensitive to increased mortality above natural levels due to
their life history traits, including being long-lived, having
delayed maturity and having low reproductive rates
[9,12,18,19]. Bycatch can alter biodiversity by removing
top predators and prey species at unsustainable levels. It
also alters foraging habits of species that learn to take
advantage of discards [11,13]. Economic effects on ﬁsheries
from bycatch include the imposition of a range of
restrictions, closed areas, embargos, and possible closures;
ﬁshery interactions, where bycatch in one ﬁshery reduces
target catch in another, and bycatch of juvenile and
undersized individuals of a commercial species, can
adversely affect future catch levels [13]. Discarded bycatch
is a social issue over waste [1, 4].
Depredation, the partial or complete removal of hooked
ﬁsh and bait from ﬁshing gear, is conducted primarily by
cetaceans and sharks in pelagic longline ﬁsheries (Fig. 1).
Economic losses from depredation can be substantial [20,
21]. Depredation also raises ecological concerns as these
interactions may change cetacean and shark foraging
behavior and distribution, increase ﬁshing effort, and
confound ﬁsh stock assessments as well as result in
deliberate injury and mortality of cetaceans and sharks
by ﬁshers to discourage depredation and avoid future
interactions [11].
Much progress has been made to identify effective,
commercially viable, and even operationally beneﬁcial
methods to signiﬁcantly reduce seabird and sea turtle
bycatch in longline ﬁsheries [8, 12, 22–24]. Relatively little
progress has been made to reduce cetacean [11] and shark
interactions in longline ﬁsheries.
In some pelagic longline ﬁsheries, shark interactions pose
substantial ecological, economic and social problems. As

demonstrated in some ﬁsheries to address seabird and sea
turtle bycatch [8, 9, 12, 24, 25], collaborative approaches,
which tap ﬁshers’ large repository of knowledge, may
likewise successfully reduce unwanted shark interactions.
We collect information from longline industries ranging
from small-scale artisanal ﬁsheries to large-scale industrial
distant water ﬂeets to obtain a more complete understanding of shark-pelagic longline interactions, current
ﬁsher attitudes and practices employed in response to shark
interactions, identify methods to avoid shark interactions,
identify research priorities and assess the effects of
legislation that affect longline practices in catching
and processing sharks. Information on existing ﬁsher
knowledge and new strategies for shark avoidance may
beneﬁt sharks and ﬁshers wanting to reduce shark
interactions. Improving the understanding of longline
industry attitudes and practices towards shark interactions provides industry and management authorities with
better information to address these problems. A detailed
project report from this study has been produced by
Gilman et al. [26].
2. Methods and overview of ﬁsheries
Information was collected from the following 12 pelagic
longline ﬁsheries from eight countries: (i) Australia longline
tuna (Thunnus spp) and billﬁsh (Istiorphoridae spp) ﬁshery,
(ii) Chile artisanal mahi mahi (dolphinﬁsh) (Coryphaena
spp) and shark ﬁshery, (iii) Chile swordﬁsh (Xiphias
gladius) ﬁshery, (iv) Fiji longline tuna ﬁshery, (v) Italy
Mediterranean industrial longline swordﬁsh ﬁshery, (vi)
Japan distant water longline ﬁshery, (vii) Japan offshore
longline ﬁshery, (viii) Japan nearshore longline ﬁshery, (ix)
Peru artisanal mahi mahi and shark ﬁshery, (x) South
Africa longline tuna and swordﬁsh ﬁshery, (xi) US Hawaii
longline tuna ﬁshery, and (xii) US Hawaii longline
swordﬁsh ﬁshery. From January to December 2006, 149
vessel captains, ﬁshing masters, crew, vessel and company
owners, ﬁshing cooperative staff and port ofﬁcials from
these 12 ﬁsheries were interviewed at 24 ﬁshing seaports
(nine seaports in Australia, including the main port of
Mooloolabah; Arica, Iquique and Valparaiso, Chile; Suva,
Fiji; Sicily, Italy; Kesennuma, Kii-Katsuura, Yaizu and
Misaki, Japan; Ilo, Paita and Salaverry, Peru; Cape Town
Harbour, Hout Bay Harbour and Richards Bay Harbour,
South Africa; and Honolulu, USA).
Information from the interviews, analyses of available
logbook and observer data, and a review of the literature
were collected and analyzed to:
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The term ‘sharks’ refers to the Chondrichthyan ﬁshes, which comprise
elasmobranchs (sharks, skates and rays) and holocephalans (chimaeroids).

Determine shark catch rates, disposition of caught
sharks and costs and beneﬁts from shark interactions
to better understand longline industry interest in
reducing shark interactions;
Describe the range of longline industry attitudes
towards shark capture and depredation to understand
the degree of interest in shark avoidance;
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Identify practices employed by longline ﬁshers in
response to shark interactions;
Identify promising concepts not currently practiced to
reduce shark capture, reduce depredation and gear
damage, improve discard methods, and determine what
obstacles must be overcome to implement these concepts;
Identify priority research and development, monitoring
and management measures; and
Identify economic, social and ecological effects of
legislation affecting shark practices, assess if the
legislation has resulted in reduced interest in capturing
and retaining sharks, and discuss how these laws may
have affected shark ﬁshing mortality levels.

The 12 ﬁsheries range from small-scale domestic
artisanal ﬁsheries to modern mechanized industrial ﬂeets
of distant water ﬁshing nations. Distant water vessel ﬁshing
grounds range throughout the world’s oceans on trips
lasting two to three months, while smaller vessels ﬁsh in
nearshore waters on trips lasting a few days. The number
of vessels in each ﬂeet also varies, from the South Africa
longline ﬂeet with about 17 vessels, to the Japanese and
Peruvian ﬂeets with about 1500 vessels each. Some of these
ﬁsheries never target and rarely retain sharks, while in
other ﬁsheries sharks are an important target species.
There are several ﬁshing gear designs and operational
characteristics that are likely to affect shark interactions,
including the location of ﬁshing grounds, depth of baited
hooks, timing of gear deployment and retrieval, use of wire
leaders and lightsticks on branch lines and type and size of
bait. For example, Peru artisanal longline vessels, which
are about 15 m in length, target mahi mahi during the
austral summer and target sharks from autumn to spring.
Baited hooks are set at depths between 10 and 16 m. Wire
leaders are not typically used during the mahi mahi season
but are always used during the shark season to maximize
shark retention and reduce gear loss. Giant squid, mackerel
and ﬂying ﬁsh are used for bait. Lightsticks are not used.
Gear soaks during the daytime. Hawaii longline tuna
vessels are a bit larger, between 15 and 31 m in length, set
baited hooks deeper at depths between 35 and 224 m, use a
wire trace, use ﬁsh for bait, do not use lightsticks, and gear
soaks during the day. However, there may be large
variability in ﬁshing gear and methods between vessels in
a ﬂeet and even for an individual vessel. For instance, some
vessels in the Fiji longline tuna ﬂeet ﬁsh at grounds within
the Fiji Exclusive Economic Zone (EEZ), while larger
vessels ﬁsh at grounds much more distant from their home
port, on the high seas and in other nation’s EEZs, and
these two categories of vessels have substantially different
gear characteristics. In some ﬁsheries, vessels will substantially alter their gear seasonally when they change their
primary target species (e.g., Chile and Peru artisanal
longline mahi mahi and shark ﬁsheries, Japan offshore
and nearshore pelagic longline tuna ﬁsheries). Gear
characteristics may also vary substantially between seaports within a ﬁshery.
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Table 1
Shark catch rate and disposition in 12 pelagic longline ﬁsheries for the
most current year for which data are available
Pelagic longline ﬁshery

Shark catch
rate (number
per 1000
hooks)

Shark retention
(ﬁns and/or
carcass) (% of
total number
caught sharks)

Australia tuna and billﬁsh
longline ﬁshery

5.5a

Not available

Chile artisanal mahi mahi and
shark longline ﬁshery

24b

4 99b

Chile longline swordﬁsh ﬁshery

8b

4 99b

Fiji longline tuna ﬁshery

1.1

78–90

Italy mediterranean industrial
longline swordﬁsh ﬁshery

0.74

Not available

Japan distant water longline
tuna ﬁshery

0.021c

Not available

Japan offshore longline ﬁshery

0.175c

Not available

c

Japan nearshore longline
ﬁshery

0.020

Not available

Peru artisanal longline mahi
mahi and shark ﬁshery during
mahi season

0.99

84

South Africa longline tuna and
swordﬁsh ﬁshery

4.0

80

USA-Hawaii tuna

2.2

2.1

USA-Hawaii swordﬁsh

16.7

0.2

a
Rough estimate based on Australian Commonwealth Scientiﬁc and
Research Organization, unpublished data from a subset of the ﬂeet and
time period, possibly not representative.
b
Rough estimate based on interview responses.
c
Based on number of sharks recorded in vessel logbooks [27].

3. Shark catch rates and disposition
Table 1 summarizes the catch rates and retention of
caught sharks, where available. Several of these entries
are based on limited data from small sample sizes. For
the Japan distant water, offshore and nearshore longline
ﬁsheries, the shark catch rates reported in Table 1 are based
on logbook data. These ﬁgures’ relationship to the actual
number of sharks caught and retained is expected to vary
with logbook recording behavior [27]. The Italy Mediterranean large-scale longline swordﬁsh ﬁshery is the only
ﬁshery included in this study where there is a lack of a local
market for shark ﬁns, and as a result, ﬁshers do not ﬁn
sharks. The shark catch rates for the two Chile ﬁsheries are
estimated from ﬁsher interviews. Shark catch rates for the
Chile longline swordﬁsh ﬁshery and artisanal longline mahi
mahi and shark ﬁshery are available only in units of weight
per unit of effort (0.36 and 0.28 kg/hk, respectively [28]),
and not as number of sharks per unit of effort. Information
on the Fiji longline tuna ﬁshery is based on observer data
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from 1999 and 2002 to 2005 (Secretariat of the Paciﬁc Community, unpublished data). Statistics for the Peru artisanal
longline mahi mahi and shark ﬁshery are based on 2004–2006
onboard observer data taken only during the mahi mahi
season from four ports for a total of 27 trips and 197 sets.
The large number of ‘‘not available’’ entries and entries
based on rough estimates in Table 1 suggests either that there
is insufﬁcient data collection and management measures for
shark species or that relevant data are collected but have not
been analyzed. For ﬁsheries where there is high conﬁdence in
available shark catch rates, these range from 0.7 to 17 sharks
per 1000 hooks. The location of ﬁshing grounds and
characteristics of ﬁshing gear and methods are likely primary
factors determining a ﬂeet’s shark catch rate. Certain gear
designs (e.g., use of a wire leader, use of squid for bait, use of
lightsticks, and setting baited hooks at shallow depths)
contribute to high shark catch rates.
The proportion of total catch comprised of sharks by
number varies widely for the ﬁsheries. In the Australia
ﬁshery, sharks comprise about 27% of the total catch.
Sharks comprised 4 25% of the total number of ﬁsh
caught by Fiji longline tuna vessels based on observer data
from 1999 [29], while Secretariat of the Paciﬁc Community
observer program data for 1999 and 2002–2005 found that
sharks comprised only 5.5% of the total number of caught
ﬁsh. From 1998 to 1999, sharks comprised about 18% of
the total catch in the Italian longline swordﬁsh ﬁshery [30].
In the Peru artisanal longline ﬁshery, during the mahi mahi
season in the port of Ilo for 2005–2006, sharks comprise
less than 1% of the total catch by number. In the South
Africa longline ﬁshery, from 1998 to 2005, sharks
comprised 16.2% of the total number of caught ﬁsh. In
2001, pelagic sharks comprised about 50% of the catch
composition of swordﬁsh sets and 16% for tuna sets in the
Hawaii longline ﬁshery [31]. However, since 2004 the shark
catch rate in the swordﬁsh ﬁshery dropped 36% when the
ﬁshery was required to switch from using J hooks with
squid bait to wider circle hooks with ﬁsh bait [8].
Results are generally consistent with the literature, which
shows that a large quantity of pelagic sharks is taken as
bycatch in pelagic longline ﬁsheries with tuna and
swordﬁsh as their primary target species [29, 32–36]. For
example, in the western Paciﬁc, shark species account for
the highest category of bycatch in tropical ﬁsheries, where
sharks comprise 27% of total bycatch, and in subtropical
ﬁsheries, where sharks are 18% of total bycatch [32, 37]. In
the US Atlantic longline swordﬁsh and tuna ﬁsheries,
sharks and rays constituted 25% of total catch between
1992 and 2003 [38]. Beerkircher et al. [33] found that sharks
comprised 15% of the total catch in the southeastern US
pelagic longine swordﬁsh and tuna ﬁsheries. Bonﬁl [18]
found that the same numbers of sharks are caught in
directed ﬁsheries as are caught as bycatch mostly in
longline tuna ﬁsheries. However, the recent development
of longline directed shark ﬁsheries, especially in the Paciﬁc,
may mean that directed shark ﬁsheries are now catching
more sharks [39–42].

For ﬁsheries where information on shark catch composition is available, blue sharks comprise the largest proportion of shark catch. Blue sharks comprise 47% of total
shark catch by number of ﬁsh in the Australia longline
tuna and billﬁsh ﬁshery; 49% in the Fiji longline tuna
ﬁshery; X70% in Japan longline ﬁsheries; 57% for the
Peru artisanal mahi mahi and shark longline ﬁshery (Pro
Delphinus, unpublished data); 69% for the South Africa
longline tuna and swordﬁsh ﬁshery; and 82% and 92% for
the US Hawaii longline tuna and swordﬁsh longline
ﬁsheries, respectively.
Identifying effective and commercially viable methods to
reduce unwanted shark bycatch in longline ﬁsheries would
contribute to reducing shark ﬁshing mortality. Increasing
the proportion of caught blue sharks that are discarded in
pelagic longline ﬁsheries would likely reduce ﬁshing
mortality of this species, as blue sharks are usually alive
when hauled to the vessel. Beerkircher et al. [33] found that
the condition of sharks caught in pelagic longline gear
(dead versus alive when hauled to the vessel) varied widely
by species, where, for example, blue sharks had a relatively
low 12.2% mortality, while silky sharks (the most
dominant species of shark by number caught in the
observed southeastern US pelagic longline swordﬁsh and
tuna ﬁsheries, 31.4% of elasmobranch catch) had a 66.3%
mortality. Over 89% of sharks caught in the Hawaii-based
longline swordﬁsh ﬁshery and over 93% of sharks caught
in the Hawaii-based longline tuna ﬁshery are alive when the
gear is retrieved. Eighty-seven percent of sharks caught in
the Peru artisanal mahi mahi and shark longline ﬁshery
were alive when gear was retrieved. An analysis of
Secretariat of the Paciﬁc Community observer program
data from 2002 to 2005 for the Fiji longline tuna ﬁshery
indicates that over 94% of blue sharks and over 84%
of combined species of sharks were alive when hauled to
the vessel.
4. Summary and effects of national/EC legislation on shark
interactions
Table 2 summarizes legally binding measures that
inﬂuence longline industry practices and attitudes towards
shark bycatch and depredation. The two Chile longline
ﬁsheries, Fiji longline ﬁshery, and three Japan longline tuna
ﬁsheries are not subject to legally binding measures that
manage shark interactions, and are not included in Table 2.
Japan and Fiji distant water vessels may comply with
voluntary measures adopted by Regional Fishery Management Organizations, and vessels operating in EEZs of other
nations through foreign license access agreements may be
required to comply with restrictions on shark catch,
retention and use under these agreements.
Legislation prohibiting the removal of shark ﬁns and tail
and discarding the remainder of the shark at sea in pelagic
longline ﬁsheries exists in four of the eight countries
included in this study (Australia, Italy, South Africa, and
USA) [43–46]. In the Australia longline tuna and billﬁsh
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Table 2
Legal framework that inﬂuence practices and attitudes towards shark bycatch and depredation in six pelagic longline ﬁsheries [43–46]
Legal constraintsa
Pelagic longline ﬁsheries by ﬂag state

Retention of ﬁns
requires retention of
corresponding carcassb

Shark
retention
limitc

Prohibit
wire trace

Prohibit retention
of speciﬁed shark
species

Australia tuna and billﬁsh

X

X

X

X

Italy Mediterranean industrial swordﬁsh

X

Peru artisanal mahi mahi and shark

Size
Limit

X

South Africa tuna and swordﬁsh

X

USA-Hawaii tuna

X

USA-Hawaii swordﬁsh

X

X

X

a
Japan and Fiji distant water longline tuna vessels may comply with voluntary measures adopted by Regional Fishery Management Organizations, and
vessels operating in EEZs of other nations through foreign license access agreements may be required to comply with restrictions on shark catch, retention
and use under these access agreements.
b
USA, Italy (European Union), and South Africa require the total weight of retained shark ﬁns to be p5% of the total dressed ‘‘live’’ weight of shark
carcasses. Australia requires ﬁns to be attached to the shark carcass when landed.
c
Australia has a 20 shark carcass per trip retention limit for longline tuna and billﬁsh ﬁsheries. South Africa has a shark landing limit of 10% of the total
swordﬁsh and tuna catch.

ﬁshery, a rule that disallows possession, carrying and
landing of shark ﬁns unless attached to the trunk of the
shark has likely substantially reduced shark ﬁshing
mortality, as ﬁnning was a widespread practice before this
measure was instituted, while about 75% of caught sharks
are now released alive [47, 48]. In the Hawaii longline tuna
and swordﬁsh ﬁsheries, observer data indicate that the
restriction on shark ﬁnning, which requires the retention of
shark carcasses for corresponding retained ﬁns, has likewise substantially reduced shark ﬁshing mortality. As
many as 76% and 64% of caught sharks were ﬁnned in
the Hawaii tuna and swordﬁsh ﬁsheries, respectively, prior
to this rule, while in 2006, 91% and 93% of caught sharks
were released alive in the tuna and swordﬁsh ﬁsheries,
respectively. Revenue from shark ﬁns had comprised
10–11% of Hawaii longline crew salaries [49]. In the South
Africa longline tuna and swordﬁsh ﬁshery, all interviewed
ﬁshers stated that prior to the ﬁnning restriction, they
would ﬁn and discard the carcass of all caught sharks
excluding makos, which were retained for the sale of
both ﬁns and meat. Thus, the restriction on ﬁnning in
South Africa has also substantially reduced shark retention
and increased discards. In these ﬁsheries, shark ﬁnning
restrictions have caused substantial reductions in revenue
to industry.
All 17 interviewed owner–operators from the Italy
Mediterranean industrial longline swordﬁsh ﬁshery were
unaware of a restriction on shark ﬁnning practices: the
legislation does not affect their practices. However, no
shark ﬁnning is reported to occur in the ﬁshery due to the
lack of a local market for ﬁns.
Japan does not have legislation restricting shark ﬁnning
practices, however, the distant-water ﬂeet ﬁshes in EEZs of
nations that do have ﬁnning restrictions (e.g., South Africa,

Brazil, Costa Rica). Vessels in the Japan distant-water
longline tuna ﬁshery will likely ﬁn caught sharks and
discard the carcass unless they are ﬁshing in the EEZ of a
nation that prohibits this practice, in which case the vessel
may choose to retain the whole shark carcass and land the
carcass in ports where there are markets for shark meat.
Thus, Japanese longline ﬁshermen have adapted to ﬁnning
regulations applicable in some areas by landing sharks in
recently developed local markets. In waters without ﬁnning
regulations, including Japanese waters and the North
Paciﬁc, sharks are either ﬁnned or landed whole, and in
either case the ability to sell shark products has contributed
to a lack of interest in reducing shark bycatch.
A 20 shark carcass per trip limit for the retention of
sharks in the Australia East coast longline tuna and billﬁsh
ﬁshery has not altered the number of sharks retained by
ﬁshers, as fewer than 20 sharks are typically caught during
an average length trip, and only a small proportion of the
sharks caught on a trip are of species (makos and
threshers) for which there is sufﬁcient value for their meat.
Furthermore, many operators only retain a shark of a
marketable species if it is dead or dying when hauled to the
vessel, which can be safely and easily landed.
The South Africa longline tuna and swordﬁsh ﬁshery is
subject to a shark landing limit of 10% of the total
swordﬁsh and tuna catch. In theory, this has been
economically detrimental to the industry. From 1998 to
2005, the total number of caught sharks was 18% of the
total number of caught swordﬁsh and tunas. Thus, vessels
would need to discard about 44% of caught sharks to
comply with the shark limit. Because only about 18% of
caught blue sharks and 10% of makos have been observed
to be released alive in this ﬁshery, and the literature
demonstrates that a much larger proportion of these shark
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species (4 85%) are likely alive when hauled to the vessel
(e.g., [33]), it is likely that ﬁshers are not complying with
this measure.
A prohibition on the use of a wire trace in the Australian
longline tuna and billﬁsh ﬁshery and South Africa longline
tuna and swordﬁsh ﬁshery has likely resulted in an
increased economic cost from shark interactions as this
has likely caused an increase in the loss of terminal tackle
to sharks. A substantially larger number of hooks, bait and
line are likely now bitten off of branch lines compared to
when wire trace was used. However, ﬁshers generally do
not consider this to be a large concern. It is not known how
the injury to sharks from retaining hook and trailing
monoﬁlament line affects their survival prospects. This is a
research priority. This may be an improvement to their
previous fate when caught on lines with wire trace when
they would soak on the gear for hours, be gaffed and
hauled onboard the vessel and then have hooks removed by
cutting with a knife or pulled out by force. Available but
limited information indicates that a large proportion of
sharks caught in longline gear that are released after
removal of the hook will survive (Section 7.4; [50]). In
ﬁsheries where a large proportion of caught sharks are
killed either for retention or discarding, prohibiting the use
of wire leaders will reduce shark ﬁshing mortality.
Prohibiting wire leaders may exacerbate seabird bycatch
problems. Fishers will be less likely to attach weights close
to hooks on branch lines lacking a wire leader due to safety
concerns, thus, reducing the baited hook sink rate, and
increasing seabird catch rates.
Shark ﬁsheries in Peru are regulated by the Ministry of
Fishery through size limits for certain elasmobranch
species. However, there is little enforcement of these
regulations and few ﬁshers are aware of the regulations.
Of the few interviewed ﬁshers who reported that they were
aware of the regulations (5%), all report that they still
retain sharks that are under the minimum size limit.
5. Economic, practical, ecological and social problems from
shark–longline interactions
5.1. Economic and practical concerns
Shark interactions in pelagic longline ﬁsheries result in
substantial inconveniences and adverse economic effects,
including:
(i) Depredation: Lost revenue from shark damage to
target species can amount to several thousand US
dollars in a single set in some ﬁsheries.
(ii) Damage and loss of gear: Sharks bite off terminal
tackle (e.g., baited hook, leader, weighted swivel, and
line) from branch lines, stretch and chafe branch lines,
break the main line, and some shark species will pull
the gear down causing branch lines to entangle.
(iii) Reduced catch of marketable species: When baited
hooks are occupied or removed by sharks, fewer

hooks are available to catch marketable non-shark
species.
(iv) Risk of injury: It is dangerous to handle caught sharks
and there is a risk of being hit by weights when branch
lines containing sharks break during gear retrieval.
(v) Expenditure of time: Substantial time is spent removing
sharks from gear, retrieving terminal tackle and
repairing and replacing gear due to shark interactions.
In ﬁsheries with a demand for shark products, where
vessels continuously or periodically target sharks, ﬁshermen generally perceive these costs to be a minor inconvenience and are not problematic enough to create an
incentive to avoid sharks. However, in ﬁsheries with
restrictions on ﬁnning, a lack of market for shark meat
or a per-trip limit on shark retention, where shark catch
rates are relatively high, shark interactions are perceived to
be a major inconvenience and can represent a substantial
economic cost.
In the Australia longline tuna and billﬁsh ﬁshery,
ﬁshermen estimate that they lose 20% of their catch of
target species due to shark damage, while damage and loss
of gear from shark interactions amount to a loss of about
AUD 100 per set. Considerable time is also expended to
discard caught sharks. The average catch rate of sharks is
about 5.5 sharks per 1000 hooks compared to the catch
rate of target and incidental ﬁsh of about 20.5 ﬁsh per 1000
hooks. However, on a given set, the shark catch can be
extremely high (hundreds of sharks).
Fishers in the Chile mahi mahi and shark ﬁshery and
swordﬁsh ﬁshery report that sharks are an important target
or incidental catch species. Fishers perceive that revenue
from catching sharks exceeds costs from shark interactions.
In a typical mahi mahi set, costs from the loss and damage
to gear is about USD 18.5 and in the swordﬁsh ﬁshery
50–100 branch lines are damaged from shark interactions
on a typical set. Fishermen reported having an average of
six mahi mahi and three swordﬁsh damaged from shark
depredation on a typical set in the artisanal mahi mahi
ﬁshery and swordﬁsh ﬁshery, respectively. This represents a
loss of about USD 146 per mahi mahi set and USD 1063
per swordﬁsh set.
In the Fiji longline tuna ﬁshery, almost all caught sharks
are ﬁnned (Table 1) and carcasses are usually discarded due
to the low value of shark meat. Fishers generally perceive
that costs from shark interactions, including economic
costs and time spent to deal with the interactions, exceed
the beneﬁt from revenue to crew from ﬁns.
In the Italian Mediterranean industrial longline swordﬁsh ﬁshery, where the shark catch rate is low and sharks
are occasionally retained for the sale of meat, ﬁshermen
ﬁnd the costs of shark interactions to be a minor
inconvenience. Few (0–10) branch lines are damaged or
lost to sharks on a typical set, and very rarely is a target
species damaged by sharks. At most, two target species are
damaged by sharks per set. However, despite the perceived
low frequency of shark interactions and nominal economic
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cost from shark interactions, ﬁshermen perceive that the
revenue from catching sharks is exceeded by costs from
shark interactions, and there is concern over the safety risk
of handling caught sharks. As a result, ﬁshers are interested
in reducing shark interactions as long as this does not
adversely affect their catch rate of target species.
In Japanese longline ﬁsheries, where ﬁns are retained
from the majority of caught sharks and in some cases
carcasses are retained for their meat, costs of shark
interactions are perceived to be minor. Gear damage and
loss from shark interactions are considered a much less
important problem than shark damage to hooked tunas
and billﬁshes, which can result in the damage of as many as
three ﬁsh per set, where shark depredation of one ﬁsh every
3–5 sets is more typical.
Fishers in the Peru artisanal mahi mahi and shark
longline ﬁshery report that the revenue from catching
sharks exceeds costs from shark interactions. Sharks are an
important incidental catch species during the mahi mahi
season and the main target species during the remainder of
the year. Fishers estimate that they incur a cost of USD 11
per set due to damage and loss of gear, and incur a loss of
about USD 30 from 7 to 8 mahi mahi being damaged from
sharks on a typical set during the mahi mahi season.
In the South Africa longline tuna and swordﬁsh ﬁshery,
ﬁshers are concerned over shark damage to their gear and
the loss of bait from shark interactions. On average, they
lose the terminal tackle of 10–30 branch lines, although this
is highly variable from set to set. On typical sets, 2–5
marketable ﬁsh are damaged or lost to sharks.
In the US Hawaii longline swordﬁsh ﬁshery, 4 99% of
caught sharks were discarded in 2006 when the shark catch
rate was 16.7 sharks per 1000 hooks and the catch rate of
retained ﬁsh was 23 ﬁsh per 1000 hooks. In the Hawaii
longline tuna ﬁshery, 4 97% of caught sharks were
discarded in 2006 when the shark catch rate was 2.2 sharks
per 1000 hooks and the catch rate of retained ﬁsh was 13
ﬁsh per 1000 hooks [9]. In these ﬁsheries, ﬁshers perceive
the time required to remove sharks from gear and to
rebuild damaged and lost gear to be a substantial
inconvenience. Risk of injury from caught sharks is also
a substantial concern. Economic costs from the damage
and loss of gear are nominal, costing an estimated USD 19
and USD 50 per typical tuna and swordﬁsh set, respectively. Fishers report having an average of three marketable ﬁsh species damaged from sharks on a typical longline
tuna set and ﬁve damaged on a typical swordﬁsh set. This
can represent a loss of several thousand dollars. This is a
much higher rate of depredation of caught ﬁsh than
reported by Lawson [20] for Western and Central Paciﬁc
Ocean pelagic longline tuna ﬁsheries, where 1.8% (46 of
2555) of caught tunas were discarded due to shark damage.
On an especially bad set, as many as 50% of target species
may be damaged to a degree that they cannot be sold.
Many pelagic longline ﬁsheries targeting species other
than sharks, when not prevented by regulation, will retain
the ﬁns of captured sharks, which fetch a high value in the
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Asian dried seafood trade, and occasionally will retain
meat and other parts (cartilage, liver oil, skin) from
marketable species of sharks when markets for these
products are available (e.g., [34, 36, 49, 51]. High demand
for shark ﬁns in Asia means that few sharks caught in
pelagic longline ﬁsheries, where ﬁnning is not prohibited or
resources for enforcement are scarce, are released alive [34,
36]. For instance, from 1995 to 1999, before restrictions on
shark ﬁnning were instituted, the Hawaii-based longline
swordﬁsh ﬁshery ﬁnned 65% of caught sharks, when about
50% of the catch by number was elasmobranch bycatch. In
the Fiji longline tuna ﬁshery, 78–90% of caught sharks are
ﬁnned (Secretariat of the Paciﬁc Community, unpublished
data). Francis et al. [34] found that about half of the catch
by number on New Zealand tuna longlines was elasmobranch bycatch, from which usually only the ﬁns were
retained. Williams [36] found that in western and central
Paciﬁc longline tuna ﬁsheries, the fate of shark bycatch was
species-speciﬁc: Certain species, such as pelagic stingray,
were always discarded, trunks of silky and blue shark were
occasionally retained (45.8% and 5.4% of the time,
respectively), ﬁns of blue sharks were retained 84.1% of
the time, and ﬁns of silky sharks were retained 47.5% of
the time. Crew in many pelagic longline ﬁsheries have a
strong economic incentive to catch sharks and ﬁn as many
of the sharks that are caught as possible as they receive the
proceeds from shark ﬁns [36, 49]. For instance, Williams
[36] reported that crew of some longline tuna vessels
operating in the western and central Paciﬁc obtain half of
their wage from shark ﬁn revenue. McCoy and Ishihara
[49] estimated that Hawaii longline crew had obtained over
10% of their annual wage from shark ﬁn sales, prior to the
promulgation of rules restricting ﬁnning practices. In some
ﬁsheries, shark discarding and retention practices are also a
result of the value of the species of caught shark, whether
the shark is caught at the beginning or end of a ﬁshing trip,
how much hold space remains, whether or not the shark
is alive or dead when hauled to the vessel and the size
of the shark.
However, to address the social concern that shark
ﬁnning is wasteful when a large portion of the shark is
discarded, and ecological concerns over the sustainability
of shark exploitation in ﬁsheries, there have been several
recent international initiatives3 and adoption of national
legislation addressing shark ﬁnning (Section 4 Table 2).
Fisheries that are required to retain and land entire shark
carcasses if they wish to retain the ﬁns have a high
economic incentive to avoid shark bycatch in areas where
there is a lack of markets for shark meat. Some ﬁsheries
may lack access to markets for shark products, as
documented in Italy, creating an incentive to avoid
catching sharks.
3
For instance, the International Commission for the Conservation of
Atlantic Tunas, Inter-American Tropical Tuna Commission and North
Atlantic Fisheries Organization have adopted legally binding measures to
prohibit shark ﬁnning practices.
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There are pelagic longline ﬁsheries where revenue from
sharks exceeds costs from shark interactions, a large
proportion of caught sharks are retained, and sharks are
either always an important target species, are targeted
seasonally or at certain ﬁshing grounds proximate to ports
where there is demand for shark ﬁns and meat, or are an
important incidental catch species. For instance, sharks
comprised 70% of landings by the Spanish North Atlantic
and Mediterranean longline swordﬁsh ﬁshery in 1991–1992
based on sampling at the Algeciras ﬁsh market in southern
Spain [52]. While the majority of pelagic longline ﬁsheries
target tunas and billﬁshes [53], as documented in this study
(Chile, Peru, Japan) there are a growing number of pelagic
longline ﬁsheries where the main target species are pelagic
or coastal sharks [19, 39, 40–42]. While some directed shark
ﬁsheries are large industrial practices, the majority of shark
catches comes from small-scale primarily gillnet ﬁsheries
[19, 54]. Chondrichthyan ﬁsheries have substantially grown
in developing countries over the past several decades.
Developing countries’ shark catches increased from 76,000
to 575,031 metric tons from 1950 to 2000 for a value in the
year 2000 of USD 515 million [39, 41]. From 1985 to 2000,
elasmobranch catches reported to the Food and Agriculture Organization of the United Nations increased
annually by an average of 2% [55]. However, actual
elasmobranch catches are likely much higher than reported
due to a lack of accurate data collection programs and to
purposeful underreporting [51, 56].
Results from this study reveal that there has been a large
increase in the demand for shark ﬁns and meat and catch of
sharks over the past several decades [36, 41, 49]. For
instance, shark catch by weight in Chile ﬁsheries has
increased an order of magnitude from about 1000 ton in
1950 to over 10,000 ton in 2005 [41]. Also, the shark catch
in Peruvian ﬁsheries and export market for frozen shark
meat have grown, where the revenue from shark meat
exceeds revenue from ﬁns on a per-trip basis for a vessel in
the Peru artisanal mahi mahi and shark longline ﬁshery.
From 2000 to 2005, exports of shark meat from Peru
tripled, with main export markets including Uruguay,
Spain, Brazil and Colombia [57]. The Japan component of
this study has identiﬁed a trend in expanding demand for
shark meat in a few regions in Japan where offshore and
nearshore vessels land their catch as well as at several
foreign seaports where distant water longline vessels land
their catch, including Cape Town (South Africa), Callao
(Peru), Las Palmas (Spain), Balboa (Panama), Cartagena
(Venezuela) and Port Louis (Mauritius), and a concomitant increase in retention and landing of shark carcasses by
Japan longline ﬁsheries. The shark meat landed in Callao,
Cape Town and Las Palmas may be exported to European
markets in Italy and Spain.
5.2. Ecological concerns
There is an ecological basis for concern over shark
interactions in pelagic longline ﬁsheries. In the last decade,

as elasmobranch catches have increased in both directed
and incidental ﬁsheries, there has been increasing concern
about the status of some shark stocks, the sustainability of
their exploitation in world ﬁsheries, and ecosystem-level
effects from shark population declines [4, 19, 58–60].4
Most shark species are predators at the top of the food
chain and characterized by relatively late maturity, long
life, slow growth, low fecundity and productivity (small
and infrequent litters), long gestation periods, high natural
survivorship for all age classes, and low abundance
(K-selected life history strategies) relative to bony ﬁsh
such as tunas and billﬁshes and to organisms at lower
trophic levels [66]. Some shark species may also aggregate
by sex, age and reproductive stage [37, 67]. These life
history characteristics make sharks particularly vulnerable to overexploitation and slow to recover from
large population declines [19, 67]. Directed shark ﬁsheries in North America provide examples of overﬁshing
and population declines, such as occurred in directed
ﬁsheries for the porbeagle (Lamna nasus) [68], soupﬁn
shark (Galeorhinus zyopterus) [69], and spiny dogﬁsh
(Squalus acanthias) [70]. Also, for example, the lack of
monitoring of primarily discarded bycatch of the barndoor skate (Dipturus laevis) in the western North
Atlantic bottom trawl ﬁsheries resulted in a large population decline [71].
The main threats faced by chondrichthyans are various
ﬁshing activities and habitat degradation and loss [72].
Reviews of assessments of the threatened status of sharks
and related taxa undertaken to date indicate that the taxa
at highest risk include commercially exploited species of
deepwater sharks, species restricted to freshwater and
brackish water habitats and coastal endemics whose entire
range overlaps with ﬁshing effort [73]. However, a lack of
both fundamental biological information and ﬁsherydependent data for most shark species [67, 71] means
that there is a high degree of uncertainty in the status of
these species. The biology of the chondrichthyan ﬁshes is
the least understood of all the major marine vertebrate
groups, where detailed information on life history
and reproductive dynamics is not available for all but a
few of species important for directed ﬁsheries [67]. There
is a general lack of reliable and sufﬁciently detailed
ﬁshery-dependent data on shark species to enable sustainable management [71, 74]. Pelagic longline ﬁsheries
operating on the high seas are not likely interacting with
these shark species identiﬁed as highest-risk, while some
4
Atlantic blue sharks are among those species reported to have
undergone considerable population declines [58]. Consistent with previous
arguments against treating CPUE as an index of abundance [61], the
reported blue shark decline (60% since 1986) postulated by Baum et al.
[58] has been questioned by several authors (e.g. [62–64] on the basis that
potential reasons for drops in CPUE aside from abundance declines were
not accounted for, such as underreporting, changes in ﬁshing grounds and
changes in ﬁshing gear such as not using wire leaders [65]. It is
acknowledged, however, that the species has likely endured some level
of decline in recent years [64, 65].
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coastal pelagic longline ﬂeets could be catching at-risk
coastal endemics. In particular, blue sharks (Prionace
glauca), the dominant species of shark caught in most
pelagic longline ﬁsheries operating on the high seas (e.g.,
[34, 36]), are less vulnerable to overﬁshing relative to other
shark species due to their being relatively proliﬁc and
resilient [75, 76]. Blue sharks comprise the largest proportion of shark species caught in all 12 of the ﬁsheries
included in this study, ranging from 47% to 92% of shark
catch in ﬁsheries where this information is available.
Kleiber et al. [77] conducted a stock assessment of blue
sharks in the North Paciﬁc and concluded that blue sharks
are not being overﬁshed in the North Paciﬁc. However,
more recent research by Clarke et al. [51] suggests that blue
sharks globally are being captured at levels close to
or possibly exceeding maximum sustainable yield. Clarke
et al. [51] estimated global shark catches using shark
ﬁn trade records, and found that shark biomass in
the ﬁn trade is three to four times higher than shark catch
ﬁgures reported by the Food and Agriculture Organization
of the United Nations, which is the sole existing global
database. Additional stock assessments for other pelagic
sharks have been conducted only by the International
Commission for the Conservation of Atlantic Tunas
for blue and shortﬁn mako sharks in the North and
South Atlantic.
5.3. Social concerns
Shark ﬁnning, where ﬁns from caught sharks are
retained and the remainder of the carcass is discarded,
raises the social issue of waste. This has received recent
international and national attention (Section 4). Concern
has also been raised that ﬁnning practices are cruel to
sharks based on the presumption that ﬁshers remove ﬁns
and discard sharks alive. However, results from this
study document that, in all ﬁsheries where shark ﬁnning
occurs, to avoid injury and increase efﬁciency, crew ﬁrst kill
the ﬁsh before removing ﬁns, and do not remove ﬁns
from live sharks. Also, discarded bycatch in general
raises the social issue of waste [1, 4], however, in the
case of shark discards, available information suggests
that in pelagic longline ﬁsheries, shark post release
survival prospects are high [50] and most sharks caught
in pelagic longline ﬁsheries are alive when hauled to
the vessel [36].
6. Industry attitudes
Table 3 summarizes predominant attitudes related to
shark interactions held by ﬁshers of 12 pelagic longline
ﬁsheries. The existence of restrictions on shark ﬁnning and
shark retention limits (Table 2) has a large inﬂuence on
industry attitudes towards shark interactions in the
Australia, South Africa and Hawaii longline ﬁsheries,
where legal constraints have caused shark interactions to
be an economic disadvantage. In these ﬁsheries, ﬁshers

9

have a large incentive to avoid shark interactions. In the
Italy longline ﬁshery, despite a lack of market for shark
products, low shark interaction rates result in low incentive
to reduce shark interactions. The predominant attitude in
the Fiji longline ﬁshery towards shark interactions is
unexpected. In this ﬁshery, where almost all caught sharks
are ﬁnned and carcasses discarded, ﬁshers perceive that
costs from shark interactions exceed the economic beneﬁt.
In the Chile, Japan and Peru longline ﬁsheries, where
restrictions on shark ﬁnning and retention are lacking,
there is no incentive to reduce shark interactions, as
revenue from sharks exceeds costs.
7. Industry shark avoidance and discarding practices
Table 4 identiﬁes practices in use by longline ﬁshers in
response to shark interactions with longline gear. A
practice is checked for a ﬁshery only when it is employed
predominantly for the purpose of addressing shark
interactions, and not if the practice is employed primarily
as a normal part of ﬁshing operations to maximize catch
rates of non-shark target species.
Fishers identiﬁed numerous ﬁshing methods and gear
characteristics that they employ to maximize catch rates of
non-shark target species, which may contribute to reducing
shark catch rates. For instance, the depth of baited hooks,
timing of gear setting, soak and hauling, location of ﬁshing
grounds in relation to topographic and oceanographic
features as well as sea surface temperature, type and size of
bait and hook, selection of material for the leader on
branch lines, use of lightsticks, and other ﬁshing methods
and gear designs selected to maximize non-shark target
species catch rates may be effective shark avoidance
strategies. More research is needed to improve the understanding of the shark avoidance efﬁcacy of many of these
practices.
7.1. Avoid peak areas and periods of shark abundance
In ﬁsheries where there is an incentive to avoid shark
interactions, common practices are to avoid areas known
to have high shark abundance and move position when
shark interaction rates are high and the non-shark target
species catch rates are not particularly high. Because
there is high spatial and temporal variability in shark
catch rates (e.g., [78, 79]), in addition to ﬁshing gear
characteristics, the location of ﬁshing grounds to target
non-shark species and perhaps the capability of a vessel
captain to avoid areas where sharks are abundant appear
to be important factors determining a vessel’s shark
catch rate.
Fishing position in relation to (i) certain sea surface
temperatures, (ii) topographic features such as shelf breaks
and sea mounts, and (iii) oceanographic features such as
currents, fronts, and gyres, may affect shark interaction
rates. Australian ﬁshermen identiﬁed setting on the colder
side of fronts in order to reduce shark catch levels.
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Table 3
Industry attitudes towards shark bycatch and depredation prevalent in each of 12 pelagic longline ﬁsheries
Longline industry attitude
Pelagic
longline
ﬁshery

Want to
minimize
shark
interactions
due to time
required to
repair gear
and discard
sharks

Australia tuna X
and billﬁsh
ﬁshery

Want to minimize
shark interactions
because revenue
from catching
sharks is exceeded
by costs from
shark interactions

Little incentive
to reduce shark
interactions
because they
are infrequent
and result in
nominal costs

Want to
maximize
shark catch
because
revenue
exceeds
economic costs
from shark
interactions

X

Want to minimize
shark catch to
avoid injuring
crew when
landing sharks
from projectile
swivels and shark
bites

X

Want to
minimize
shark ﬁshing
mortality
because are
concerned
with
overﬁshing

Want to
minimize shark
catch to make
more baited
hooks
available to
more valuable
ﬁsh species

Shark
interactions
are an
expected
and
unavoidable
part of
longline
ﬁshing

X

X

X

Chile
artisanal mahi
mahi and
shark ﬁshery

X

Chile
swordﬁsh
ﬁshery
Fiji tuna
ﬁshery

No incentive to
reduce shark
interactions
because revenue
from sharks
exceeds costs
from shark
interactions

X

X

X

Italy
mediterranean
industrial
swordﬁsh
ﬁshery

X

Japan distant
water,
offshore and
nearshore
tuna ﬁsheries

X

X

X

Peru artisanal
mahi mahi
and shark
ﬁshery
South africa
tuna and
swordﬁsh
ﬁshery

X

X

US hawaii
tuna ﬁshery

X

X

US hawaii
swordﬁsh
ﬁshery

X

X

Catch rates of blue sharks have been found to decline
by 9.7–11.4% in response to only a 0.6 1C increase in
sea surface temperature [24]. Not surprisingly, it has also
been shown that blue sharks tend to prefer sub-surface
depths that possess cooler temperatures (e.g. [80]). However, more comprehensive studies on blue shark distribution according to full water column temperature proﬁles
and thermocline dynamics are necessary before amending
ﬁshing practices in accordance with patterns in sea-surface
temperatures.

X

X

X

X

X

X

X

X

X

X

7.2. Reduce shark detection of baited hooks
Very few interviewed ﬁshers believe that refraining from
chumming during the set and refraining from discarding
offal and spent bait during the haul will affect shark
interactions. Chumming during setting is not a common
practice. Offal and spent bait are typically discarded during
hauling operations. Many respondents explained that it
would be impractical to retain spent bait and offal to
discard at the end of hauling due to limited space. Some
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Table 4
Prevalent industry practices employed to address shark interactions in 12 pelagic longline ﬁsheries
Pelagic longline ﬁshery
Chile
swordﬁsh
ﬁshery

Fiji tuna
ﬁshery

X

X

X

X

X

Practice

Australia
tuna and
billﬁsh
ﬁshery

Move position if shark
interactions are high and
target species CPUE is
low
Avoid ﬁshing grounds
with high shark
abundance from past
experience or
communication from
other vessels

Chile
artisanal
mahi
mahi and
shark
ﬁshery

Italy
Mediterranean
industrial
swordﬁsh
ﬁshery

Japan
distant
water,
offshore
and
nearshore
ﬁsheries

Peru
artisanal
mahi
mahi and
shark
ﬁshery

South
Africa
tuna and
swordﬁsh
ﬁshery

US
Hawaii
tuna
ﬁshery

US
Hawaii
swordﬁsh
ﬁshery

X

X

X

X

X

X

X

X

X

Reduce shark detection
of baited hooks
Set gear deeper

X

Use or avoid type of bait
or hook

X

To discard sharks, cut
branch line or remove
hook by making cut in
shark mouth

X

No wire trace to reduce
retention of sharks

X

Do not use lightsticks

X

Avoid setting in speciﬁc
sea surface temperature

X

Set during daytime

X

Minimize gear soak time

X

Kill sharks before
discarding to avoid recatching

X

Do nothing to reduce
shark catch because
shark catch is desirable
or shark interactions are
rare

X

X

Australian ﬁshers avoid using lightsticks because they
believe lightsticks increase shark catch rates.
7.3. Reduce shark catch rate through deeper setting, leader
material and type of bait or hook
Some ﬁshers avoid using certain types of bait to reduce
shark interactions, or perceive that avoiding certain bait
types will reduce shark capture rates (e.g., Italy and Japan,
avoid squid; Australia, avoid oily pilchard and squid).
Few ﬁshers believe that hook shape has a large effect on

X

X

X

shark catch rates. Furthermore, some ﬁshers indicated
that they set their gear at a certain depth or perceive
that setting deeper would contribute to reducing shark
interactions.
Most ﬁshers believe that the depth of baited hooks and
timing of the gear soak inﬂuence shark catch rates. The
deployment depth of hooks and timing of the soak and
haul (day versus night) can have an inﬂuence on ﬁsh species
CPUE, including sharks, perhaps due to different water
temperature preferences by each species [36, 81, 82]. For
example, Rey and Munoz-Chapuli [82] found higher mako
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shark (Isurus oxyrinchus) CPUE on shallower set hooks,
and no mako capture on the three deepest hooks in a
basket, which were estimated to be set to between 370 and
460 m deep, in a Spanish tropical eastern Atlantic surface
longline swordﬁsh and mako shark ﬁshery. Williams [36]
found that main pelagic shark species, with the main
exception being the mako sharks, tend to be taken at a
higher rate in more shallow-set gear than vessels setting
gear deeper in central and western Paciﬁc pelagic longine
tuna ﬁsheries. Blue shark, silky shark, pelagic stingray, and
oceanic whitetip CPUE were 2.7, 6.4, 1.1, and 2.8 times
higher, respectively, in shallow versus deep set gear. Setting
baited hooks below a threshold depth may reduce bycatch
and depredation by certain species of sharks in certain
areas, but shark interaction rates may also depend on when
it is that the hooks are at these depths.
One ﬁsher in the Hawaii-based longline tuna ﬁshery tried
various types of artiﬁcial baits to determine their ability to
catch target species and to reduce shark capture. He found
that the artiﬁcial baits did not catch tuna well and that they
were not durable enough as he lost about 90% of the
artiﬁcial baits after one trip. One ﬁsher in the Peru artisanal
mahi mahi and shark longline ﬁshery tried artiﬁcial bait,
which did not reduce shark interactions. An artiﬁcial bait
was tested in the Alaska demersal longline sableﬁsh
(Anoplopoma fimbria) and Paciﬁc halibut (Hippoglossus
stenolepis) ﬁshery. Results indicated that the artiﬁcial bait
caught as many or more target species and reduced bycatch
of spiny dogﬁsh shark (Squalus acanthias), skate (Raja
spp.), arrowtooth ﬂounder (Atheresthes stomias), and
Paciﬁc cod (Gadus macrocephalus) by more than ten times
compared to a control of ﬁshing with herring bait, the
conventional bait used in this ﬁshery [83].
The type of hook and natural bait used might affect
shark CPUE and depredation rates [8, 36]. Results from
controlled experiments in the Azores and US North
Atlantic longline ﬁsheries indicate that ﬁshing with ﬁsh
instead of squid for bait causes a signiﬁcant decrease in
shark CPUE, while using a wider circle hook instead of a
narrower J hook may cause a signiﬁcant but small increase
in shark CPUE. Research in the Azores longline swordﬁsh
and blue shark ﬁshery, during a year when blue sharks
were not being targeted due to low market demand, found
that non-offset 16/0 circle hooks had a signiﬁcantly higher
blue shark CPUE than a non-offset 9/0 J hook [84]. In
another study in the Azores ﬁshery, during a year when
blue sharks were being targeted, non-offset 16/0 and nonoffset 18/0 circle hooks caught signiﬁcantly more blue
sharks than a non-offset 9/0 J hook [85]. A study
conducted in the US North Atlantic longline swordﬁsh
ﬁshery found that a non-offset and 101 offset 18/0 circle
hook with squid bait resulted in a small but signiﬁcant
increase in blue shark CPUE (8% and 9% increases,
respectively) compared to a 9/0 J hook with squid [24].
Watson et al. [24] also found that a 101 offset 18/0 circle
hook with mackerel bait and a 9/0 J hook with mackerel
bait resulted in a signiﬁcant and large reduction in blue

shark CPUE by 31% and 40%, respectively, compared to a
9/0 J hook with squid. Research in an experimental
Japanese North Paciﬁc longline ﬁshery found no difference
in the capture rate of blue sharks between a circle and
Japan tuna hook [86, 87].
An assessment of observer data from the Hawaii-based
longline swordﬁsh ﬁshery is consistent with results from
these controlled experiments [8]. Shark combined species
CPUE was signiﬁcantly lower by 36% after regulations
came into effect, which required the ﬁshery to switch from
using a 9/0 J hook with squid bait to using a 101 offset 18/0
circle hook with ﬁsh bait [8].
Retention of sharks on branch lines with wire leaders or
other durable material is substantially higher than in gear
where nylon monoﬁlament is connected directly to the
hook (Section 4 (e.g., [36])). Several ﬁshermen who target
sharks seasonally use a wire leader when they wish to
maximize their shark catch rates and do not use a wire
leader when they are targeting non-shark species. Avoiding
certain material for branch lines could also reduce shark
depredation and catch rates. For instance, the use of
rope/steel (‘‘Yankee’’) gangions resulted in lower juvenile
sandbar shark catch rates than when using monoﬁlament
gangions [88]. In another study, percent-capture of blue
shark with the use of monoﬁlament gangions (66%)
exceeded that when employing multiﬁlament gangions
(34%) [89]. Shortﬁn mako shark catches adhered to the
same pattern (60% and 40%) for ‘‘mono’’ and ‘‘multi’’
line, respectively. Stone and Dixon [89] hypothesized that
the aversion to the multiﬁlament gangion was a function of
strong visual acuity.
7.4. Shark discard practices
A large proportion of pelagic shark species are alive
when gear is retrieved (Section 3), suggesting that improved
shark handling and release methods may reduce ﬁshing
mortality of discarded sharks. While some ﬁshers report
routinely killing caught sharks to retrieve terminal tackle
and to avoid the inconvenience of recapture, empirical
information from Australia, Hawaii and Peru shows that a
very small proportion of caught sharks that are alive when
hauled to the vessel are killed before discarding. When a
caught shark is discarded, the majority of ﬁshers indicate
that most of the time they cut branch lines, cut the hook
out of the shark’s mouth with a knife or pull the hook out
by force in order to retrieve the terminal tackle before
discarding the shark. It is uncommon for ﬁshers to kill
a shark to retrieve terminal tackle or to prevent future
shark interactions.
The survival of sharks that are not ﬁnned, that are
deeply hooked (where the shark has swallowed the hook)
and have hooks removed by ﬁshers pulling the hook out
likely depends on where they were hooked and how much
damage is done by pulling out the hook. For deeply
hooked sharks, as is believed to be the case for sea turtles
[8, 9, 24], prospects for post release survival might be
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improved by having ﬁshers cut the line as close to the shark
as safely possible. A large proportion of sharks caught in
longline gear that is released after removal of the hook
from the mouth are expected to survive. Research using
pop-up satellite archival tags found that 97.5% of pelagic
sharks released after capture in longline gear survived (1 of
40 captured sharks died), while another study found that
94% of 17 tagged shorﬁn mako sharks survived beyond
two months after release from being caught in longline gear
[50]. While shark post-release survival prospects are high,
and while many ﬁshers do not see a need for new hook
removal methods, development of especially designed
equipment to discard sharks could improve shark post
release survival prospects, reduce the loss of terminal tackle
and improve crew safety.
None of the interviewed pelagic longline ﬁshermen use
dehookers to discard live sharks. Only two ﬁshers, one
from the Chile artisanal mahi mahi and shark longline
ﬁshery and one from the Peru artisanal mahi mahi and
shark longline ﬁshery, report that they use a dehooker to
recover hooks from sharks when these are onboard and
already dead. Most ﬁshers perceive commercially available dehooker devices to be impractical and potentially
dangerous for use with sharks. Some caught sharks will
twist and spin when hauled to the vessel, which could cause
the dehooker to be lost overboard and be a hazard for crew
to handle before being lost overboard. Because sharks may
be on the sea surface when being hauled, some ﬁshers were
concerned that the incidence of having branch lines break if
a shark pulls the line would increase with use of a dehooker
because use of a dehooker requires bringing the shark close
to the vessel.
8. Promising new strategies for shark avoidance
8.1. Shark repellents
For ﬁsheries with an incentive to reduce shark interactions, chemical, magnetic, electropositive rare earth metal
and electrical repellents are promising shark deterrents.
Some of these strategies are concepts requiring substantial
investment to develop the technology for application in
longline gear. Research and commercial demonstrations
are needed to assess their efﬁcacy at repelling sharks and
effects on target and incidental species. Research and
development is also needed to reduce the per-unit cost of
these repellents to make them economically viable for use
in pelagic longline ﬁsheries.
Chemical deterrents, including a protein extract called
‘‘pardaxin’’ from an excretion from the moses sole
(Pardachirus marmoratus), sodium and lithium lauryl
sulfate (components of common soap and shampoo) and
sodium dodecyl sulfate, a related compound, have been
found to repel some species of sharks under certain
conditions [90]. Some ﬁshers from Peru artisanal mahi
mahi and shark ﬁshery report retain all shark offal until the
end of a haul because they believe that discharging offal
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during the haul would repel sharks and reduce their shark
catch rate. The US-based company Shark Defense LLC
has identiﬁed a semiochemical-based shark repellent, which
in preliminary trials caused six shark species to leave an
area after the chemical was disbursed without repelling
teleost ﬁsh [91]. Presumably, this can be ascribed to an
apparent aversion in sharks to certain chemicals, including ammonium acetate (a major component in decaying
shark ﬂesh) and other semiochemicals emitted from
predators [92]. When mixtures of semiochemicals were
introduced into feeding aggregations of sharks and
teleost ﬁsh in reef habitat, sharks quickly left the feeding
area while bony ﬁsh stayed in the area and continued
feeding [50].
A preliminary study was conducted by the US National
Marine Fisheries Service Paciﬁc Islands Fisheries Science
Center in Hawaii in early 2005 to compare the catch of
target species and sharks in sets using bait injected with
synthetic shark semiochemicals produced by Shark Defense LLC to catch rates in sets using untreated bait.
Results were inconclusive, in part, because the research
design prevents conclusions to be drawn on the single
factor effect of the presence or absence of semiochemicals
in the bait, and because it was not possible to conﬁrm that
bait injected with semiochemicals retained the chemical
throughout the gear soak [50].
Since conducting this 2005 trial in Hawaii, the chemical
is now available in a hydroxypropyl cellulose and glycol
ether ester gel matrix [91]. In current ongoing trials the gel
is placed in biodegradable, porous muslin bags ﬁlled with
100 ml of the gel at 30.5 cm above the bait. The gel has been
observed to dissolve evenly over an 8-h period while the
ﬁshing gear soaks. The gel could also be syringed directly
into a bait or a bag of the gel could be stuffed into a bait
[91]. One bag ﬁlled with 100 ml of the gel matrix would
cost about USD 1.05. Pre-treated baits may be a less
expensive option.
Shark Defense is also conducting preliminary trials of
neodymium-iron-boride (Nd2Fe14B) magnets as a possible
shark deterrent in longline gear. It is hypothesized that a
10 cm  4 cm NdFeB magnet’s ﬁeld would be effectively
detected by sharks up to a 0.3-m range. Preliminary
research conducted in 2005 on the effect of Nd2Fe14B
magnets by the Inter-American Tropical Tuna Commission
on captive yellowﬁn tuna and by the University of Miami
on cobia indicates that the presence of the magnet versus a
control produced no signiﬁcant difference in feeding
behavior [91]. Preliminary research in a demersal longline
ﬁshery in the Bahamas is underway. A 2.5 cm  2.5 cm
Nd2Fe14B nickel-coated cylinder with a center bore costs
about USD 300 for 100 magnets.
Shark Defense is also exploring the shark deterrent
efﬁcacy of electropositive metals (e.g. neodymium, praseodymium, early lanthanide metals, mischmetal, and magnesium). These metals, which are also present in rare earth
magnets, may be responsible for some of the repellency
effect seen with permanent magnets and present a more
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practical alternative to the magnets. A correlation has been
found between standard oxidation potential of these
metals and their behavioral response using immobilized
sharks [91].
An electrical shark avoidance device was tested in a
coastal midwater trawl ﬁshery in the Sea of Japan
(Ishikawa Prefecture) in 2004. The purpose of the device
was to deter predation by sharks on the cod end of the
trawl during hauling. The device, mounted on the ﬁshing
vessel, emitted an electrical pulse into the waters in the
immediate vicinity. It was believed by ﬁshermen to be
effective based on qualitative observations of sharks
suddenly moving away from the cod end and the vessel
once the electrical pulse was emitted.
The Shark Protective Ocean Device is a device designed
to be worn by scuba-divers that emits an electrical ﬁeld
with a radius of 4–6 m to repel sharks from divers. The
device costs about USD 700. This technology theoretically
could be modiﬁed to deter sharks from foraging on bait
and catch on longline hooks.
Acoustic deterrents may reduce shark–longline interactions, but have not been tested in longline ﬁsheries for any
shark species.
8.2. Hotspot avoidance through fleet communication and
protected areas
The distribution of sharks, as well as other species
groups such as seabirds, sea turtles and cetaceans, is often
unpredictable, and may be spatially contagious or aggregated. Consequently, ﬂeet communication programs may
be employed by a ﬁshing industry to report near real-time
observations of hotspots to substantially reduce ﬂeet-wide
depredation and bycatch of sharks [11]. In addition,
ﬂeet coordination of daily ﬁshing positions and times, a
current practice in many ﬂeets, may minimize per vessel
shark interaction levels relative to vessels that ﬁsh in
isolation [10].
Area and seasonal closures can also contribute to
reducing shark–longline interactions. Establishing protected areas within a nation’s EEZ is potentially an
expedient method to reduce shark–longline interactions.
However, establishing and managing high seas marine
protected areas to protect sharks, which would require
extensive and dynamic boundaries and extensive buffers,
may not be a viable short-term solution. This is due in part
to the extensive time anticipated to (i) resolve legal
complications with international treaties, including creating legally binding mechanisms for multilateral designation
and management of high seas protected areas;5 (ii) achieve
5

It is already possible to establish high seas MPAs for discrete areas by
agreement by individual countries. However, there remains a need for an
international framework with speciﬁc language to identify the criteria to
establish a representative system of high seas MPA networks, and
management and enforcement measures for the individual MPAs. Several
RFMOs are updating their scope and legal mandate to include ecosystembased management and biodiversity conservation under the auspices of

international consensus and political will; (iii) provide
requisite extensive resources for surveillance and enforcement, in part, to control illegal, unreported and unregulated ﬁshing activities; and (iv) improve the scientiﬁc basis
for designing high seas marine protected areas, which can
be effective at reducing shark interactions only where the
location and times of occurrence of shark hotspots are
known and predictable. However, establishing and managing a representative system of protected area networks on
the high seas to contribute to the management of
interactions between marine capture ﬁsheries and highly
migratory sensitive species groups, including sharks, may
eventually be realized.
Consequences of establishing a protected area need to be
carefully considered, as resource use restrictions of a
marine protected area may displace effort to adjacent and
potentially more sensitive and valuable areas, where
weaker management frameworks may be in place [58, 93].
Also, measures adopted by regional ﬁshery management
organizations and other international bodies are only
binding to parties to the Convention that established the
organization, and will not control activities by non-party
States. Thus, another consideration for employing high
seas marine protected areas to manage problematic ﬁsheries bycatch is that closing areas to ﬁsheries only of party
States could result in increased effort in this area by ﬂeets
from non-party States with fewer or no control to manage
bycatch, exacerbating the problem for which the MPA was
established to address.
9. Conclusions
Incentives for pelagic longline ﬁshers to reduce shark
interactions vary along a continuum, based on whether
sharks represent an economic disadvantage or advantage.
On one extreme, there are pelagic longline ﬁsheries with a
regulatory framework limiting shark catches or placing
restrictions on shark handling, or lack of markets for shark
products, resulting in negligible retention of sharks. In
these ﬁsheries, the costs from shark interactions exceed
beneﬁts from revenue from sharks. On the other extreme,
there are pelagic longline ﬁsheries where revenue from
sharks exceeds costs from shark interactions, a large proportion of caught sharks are retained, and sharks are either
always an important target species, are targeted seasonally
or at certain ﬁshing grounds proximate to ports where
there is demand for shark products, or are an important
incidental catch species.
In ﬁsheries where there is an incentive to avoid shark
interactions, predominant shark avoidance practices are to:
(i) Avoid ﬁshing in areas known to have high shark
interactions; and
(footnote continued)
the Fish Stocks Agreement. The Commission for the Conservation of
Antarctic Marine Living Resources has made some preliminary progress
toward establishing a system of MPAs in the Southern Ocean.
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(ii) Change ﬁshing grounds when shark interactions are
high but the target species catch rate is low.
Longline ﬁshers identiﬁed numerous ﬁshing methods and
gear characteristics that they conventionally employ to
maximize catch rates of non-shark target species, which
may contribute to reducing shark catch rates. For instance,
experimental trials have shown that using ﬁsh instead of
squid as bait results in a signiﬁcant and large decrease in
shark catch rates [8, 24, 84, 85]. Also, deeper setting helps
reduce catch rates of most pelagic shark species [36].
Research is needed to improve the understanding of the
shark avoidance efﬁcacy of some of these other practices.
Beyond these strategies, the state of knowledge for shark
avoidance in pelagic longline ﬁsheries is poor. Chemical,
magnetic, electropositive rare earth metals and electrical
shark deterrents hold promise. Research is needed to assess
their efﬁcacy at repelling sharks, effect on target species
catch rates and reduce the cost for commercially viable
employment in longline ﬁsheries. Fleet communication
programs and marine protected areas also hold promise to
reduce unwanted shark–longline interactions.
A large proportion of pelagic shark species are alive
when gear is retrieved. Most sharks that are alive when
hauled to the vessel and will be discarded are released alive.
When a caught shark is discarded, most of the time ﬁshers
either cut branch lines, cut the hook out of the shark’s
mouth or pull the hook out by force in order to retrieve the
terminal tackle before discarding the shark. It is uncommon for ﬁshers to kill a shark to retrieve terminal tackle or
to prevent future shark interactions. Most ﬁshers perceive
commercially available dehooker devices to be impractical
and potentially dangerous for use with sharks. Development of especially designed equipment to discard sharks
could improve shark post release survival prospects, reduce
the loss of terminal tackle and improve crew safety. In
ﬁsheries where shark ﬁnning occurs, to avoid injury and
increase efﬁciency, crew ﬁrst kill the ﬁsh before removing
ﬁns, and do not remove ﬁns from live sharks.
The Japan, Chile and Peru components of this study
documented growing markets for shark meat at several
ports worldwide. This trend toward more utilization of
shark meat may be beneﬁcial in the short term in that fully
utilized sharks are more likely to be reported in logbooks
and landings statistics than are the retention and landing of
just shark ﬁns. However, if the shark meat market
continues to grow, this could increase shark catch rates
and ﬁshing mortality. This study shows that ﬁshers possess
the knowledge to modify their ﬁshing gear and methods to
maximize shark catch. There are few ﬁsheries with
measures to manage shark catch levels. Thus, to prepare
for a possible increase in demand for shark meat ﬁshery
management authorities are encouraged to institute data
collection, monitoring and precautionary management
measures to ensure that shark catches are sustainable.
Most national ﬁshery management authorities of the 12
ﬁsheries included in this study demonstrate a low priority
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for monitoring and managing chondrichthyan ﬁshes,
consistent with the results of a global review by Shotton
[74]. Few regional ﬁshery management organizations are
using ﬁshery-dependent data to conduct shark stock
assessments (only the International Commission for the
Conservation of Atlantic Tunas, for blue and shortﬁn
mako sharks in the North and South Atlantic). Sustainable
management of chondrichthyan populations is hampered
by this general lack of ﬁshery-dependent data and management measures for sharks [71]. The expanding exploitation
of sharks, for their ﬁns as well as meat, largely in the
absence of management frameworks and the lack of
reliable ﬁshery-dependent data and fundamental understanding of the biology of most shark species warrant
concern for the health of shark populations as well as
ecosystem-level effects from population declines. Approaches to sustainably managed cartilaginous ﬁshes will
necessarily differ from traditional ﬁshery management
methods for teleosts due to cartilaginous ﬁshes’ relatively
low reproductive potential [72].
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