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igure 1. Location and magnitude of sustainable shark, ray and chimaera catches. 
op panel: Location of sustainable and managed (green circles) and sustainable but not managed 
yellow circles) shark, ray and chimera populations. Populations assessed as unsustainable or lacking 
vidence of sustainability (Supplemental information) are not shown. Sustainability is defi ned as cur-
ent biomass being greater than that required to achieve Maximum Sustainable Yield (Bcurrent > BMSY), 
r current fi shing mortality being less than that which will yield MSY (Fcurrent < FMSY) if current biomass is 
ot available. Managed stocks were those with a science-based management plan in place. Bottom 

eft panel: Proportion of estimated global catch that is sustainable and managed (green), sustainable 
ut not managed (yellow) and lacking evidence for sustainability (red) based on stock assessments 
nd assuming species IUCN-listed as Least Concern and Near Threatened are sustainable but not 
anaged. Bottom right panel: Maximum rate of population increase (rmax) of 19 sustainably fi shed 

pecies (green) compared to all other available estimates (n = 75; grey). 
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Bright spots of 
sustainable shark 
fi shing
Colin A. Simpfendorfer1,*, 
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Sharks, rays and chimeras (class 
Chondrichthyes; herein ‘sharks’) 
today face possibly the largest crisis 
of their 420 million year history. Tens 
of millions of sharks are caught and 
traded internationally each year, many 
populations are overfi shed to the 
point where global catch peaked in 
2003, and a quarter of species have 
an elevated risk of extinction [1–3]. 
To some, the solution is to simply 
stop taking them from our oceans, or 
prohibit carriage, sale or trade in shark 
fi ns [4]. Approaches such as bans and 
alternative livelihoods for fi shers (e.g. 
ecotourism) may play some role in 
controlling fi shing mortality but will not 
solve this crisis because sharks are 
mostly taken as incidental catch and 
play an important role in food security 
[5–7]. Here, we show that moving 
to sustainable fi shing is a feasible 
solution. In fact, approximately 9% 
of the current global catch of sharks, 
from at least 33 species with a wide 
range of life histories, is biologically 
sustainable, although not necessarily 
suffi ciently managed.

Stock assessments were available 
for a total of 65 populations 
(Supplemental information). A subset 
of 39 populations (of 33 species) met 
criteria for biological sustainability, 
including 27 (of 22) sharks, nine (of 
nine) rays, and three (of two) chimeras, 
representing a very small fraction 
(~2.6%) of global shark diversity (n = 
1,188). Of the populations that met 
biological sustainability criteria, eight 
populations of fi ve species did not 
have science-based management 
plans. Stocks that met some or all 
of the sustainability criteria mostly 
occur in the Exclusive Economic 
Zones (EEZs) of developed countries 
that have well-developed fi sheries 
management systems (e.g. USA, 
Australia, New Zealand and Canada; 
Figure 1). However, there are some 
developed nations with good fi sheries 
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anagement capacity (e.g. European 
nion) that have not yet translated this 

nto sustainable outcomes for shark 
opulations. 
The total annual landed catch of the 

iologically sustainable populations 
as approximately 204,945 tonnes 

ive weight, approximately 27.0% of 
he average annual catch of sharks, 
ays and chimeras reported to the 
nited Nations Food and Agriculture 
rganization (FAO) over the past fi ve 
ears (2009–2013) of 759,495 tonnes 
7]. However, this fi gure drops to 
2.0% (91,460 t) for populations that 
re both biologically sustainable and 
ave a science-based management 
lan in place. FAO capture production 
tatistics underestimate true global 
ake of sharks by a factor of 3 or 4 [1]; 
ence the proportion of biologically 
ustainable take is closer to 9 %, and 
% of global shark catch is managed 
or sustainability (Figure 1). 
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An alternative method of estimating 
the current annual catch of sharks that 
is biologically sustainable is to sum 
the FAO capture production fi gures for 
species that are categorized as ‘Least 
Concern’ or ‘Near Threatened’ on the 
IUCN Red List of Threatened Species. 
Assuming these species meet the 
biological sustainability criterion, the 
average FAO capture production over 
the last fi ve years of Least Concern 
and Near Threatened species was 
212,691 t (~28% of FAO capture 
production; Figure 1). Again rescaling 
to account for underreporting of FAO 
capture production, this fi gure reduces 
to ~7% of total shark catch, similar to 
the results of stock assessments. 

The prevalent view has been that 
only the most productive species with 
fast life histories can be managed 
sustainably [4]. We found that 
some species with relatively low 
productivity — with the most common 
, February 6, 2017 © 2016 Elsevier Ltd. R97
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rmax values between 0.1 and 0.2 — can 
support sustainable fi sheries (Figure 
1). No species with a maximum 
rate of population increase (rmax< 
0.1) were identifi ed as sustainable 
and species capable of achieving 
sustainability were proportionally 
more common at rmax> 0.3. These data 
suggest that with strong science-
based management, most shark 
species have the potential to support 
sustainable fi sheries.

We highlight fi ve lessons that can 
help progress sustainability across 
shark fi sheries: fi rst, protect those 
species with the lowest biological 
productivity. Sustainable outcomes 
have been achieved only for species 
with rmax > 0.1. Species with very low 
rmax include some deep water species 
(e.g. gulper sharks) and species with 
very small litter sizes (e.g. Cownose 
Ray, Bigeye Thresher Shark) [8]. 

Second, tuna Regional Fisheries 
Management Organizations (tRFMOs) 
should implement precautionary 
science-based catch limits on the 
more biologically sustainable high-
seas sharks. Some of the largest 
shark catches come under the remit 
of tRFMOs. While tRFMOs conduct 
stock assessments and have some 
shark-specifi c rules, they have yet to 
implement catch limits for blue shark 
(Atlantic and Pacifi c Oceans) and 
shortfi n mako shark (Atlantic Ocean) 
despite repeated scientifi c advice that 
catch levels should be capped. 

Third, international treaties 
can contribute to sustainable 
international fi sheries and trade 
and prompt fi sheries management 
improvements. The Convention on 
Migratory Species and Convention 
on International Trade in Endangered 
Species (CITES) are increasingly 
being seen as possible drivers of 
improved shark management [9]. For 
example, the listing of commercially 
important shark species on CITES 
in 2013 and 2016 requires that 
nations demonstrate that products 
in international trade do not threaten 
the survival of the species in the wild. 
This has required many countries (and 
tRFMOs) to undertake sustainability 
assessments (i.e. produce Non-
Detriment Findings) and develop 
product identifi cation and traceability 
systems that all contribute to 
improved outcomes for these species. 
R98 Current Biology 27, R83–R102, Februar
Fourth, developed countries 
have a responsibility to support the 
transition to sustainability in developing 
countries. Many developed countries 
import, consume or re-export shark 
products [6]. Hence, as developed 
nations bring their fi sheries into 
sustainability and import more fi sh, they 
should translate their successes into 
lessons and capacity building for other 
nations to ensure that they are able to 
move towards sustainability.

Finally, responsible, traceable shark 
fi sheries can provide consumers with 
the ability to choose and purchase 
sustainable seafood. Traceability 
has repeatedly and reliably driven 
sustainability across numerous 
natural resource supply chains [10]. 
All products from sustainably caught 
sharks and rays could be sold as 
sustainable, including shark fi ns. At 
present, the notion of sustainable 
shark fi ns is unthinkable to many. Yet, 
today’s sustainable (but not necessarily 
managed) shark fi sheries yield about 
4,406 t of dried fi ns (Supplemental 
information). This suggests that 
approximately 8.7% of the fi ns in the 
global fi n trade are from sustainable 
sources, but not yet traceable or 
labeled. Without labeling fi ns from 
sustainable sources cannot yet 
command the price premium that would 
in-turn feedback to drive sustainability 
back through supply chains.

Achieving sustainable outcomes 
for most or all shark populations 
will require tailored diagnosis and 
management depending on species 
and context, rather than simplifi ed 
solutions such as outright bans. The 
successes demonstrated here provide 
a template to guide the expansion of 
fi sheries sustainability. The benefi ts 
of such change, for both biodiversity 
conservation and human food security, 
argue for tackling the challenge without 
further delay.

SUPPLEMENTAL INFORMATION

Supplemental Information including 
experimental procedures and two tables can 
be found with this article online at 
http://dx.doi.org/10.1016/j.cub.2016.12.017.

AUTHOR CONTRIBUTIONS

C.A.S. and N.K.D. devised the study, 
gathered data and wrote the paper.
y 6, 2017
ACKNOWLEDGEMENTS

We thank the MacArthur Foundation, 
Leonardo DiCaprio Foundation, Cathay 
Pacifi c, Natural Science and Engineering 
Research Council (Canada) and Canada 
Research Chairs Program for funding to think 
about the concept of sustainable fi shing for 
sharks and rays. S.A. Pardo provided data, 
S.C. Clarke, S.V. Fordham, and T.H. Curtis 
provided valuable advice. Ray Hilborn and 
Enric Cortes provided insightful comments 
on the manuscript.

REFERENCES

 1. Clarke, S.C., McAllister, M.K., Milner-Gulland, 
E.J., Kirkwood, G.P., Michielsens, C.G.J., 
Agnew, D.J., Pikitch, E.K., Nakano, H., and 
Shivji, M.S. (2006). Global estimates of shark 
catches using trade records from commercial 
markets. Ecol. Lett. 9, 1115–1126.

 2. Davidson, L.N.K., Krawchuk, M.A., and Dulvy, 
N.K. (2016). Why have global shark and ray 
landings declined: improved management or 
overfi shing? Fish Fisheries 17, 438–458.

 3. Dulvy, N.K., Fowler, S.L., Musick, J.A., 
Cavanagh, R.D., Kyne, P.M., Harrison, L.R., 
Carlson, J.K., Davidson, L.N., Fordham, S.V., 
Francis, M.P., et al. (2014). Extinction risk and 
conservation of the world’s sharks and rays. 
eLife 3, e00590.

 4. Shiffman, D.S., and Hammerschlag, N. (2016). 
Shark conservation and management policy: 
a review and primer for non-specialists. Anim. 
Conserv. 19, 401–412.

 5. Cisneros-Montemayor, A.M., Barnes-Mauthe, 
M., Al-Abdulrazzak, D., Navarro-Holm, E.,
and Sumaila, U.R. (2013). Global economic 
value of shark ecotourism: implications for 
conservation. Oryx 47, 381–388.

 6. Clarke, S.C., and Dent, F. (2015). State of the 
global market for shark products. FAO Fisheries 
and Aquaculture Technical Paper 590, 1–187.

 7. Fischer, J., Erikstein, K., D’Offay, B., 
Guggisberg, S., and Barone, M. (2012). Review 
of the implementation of the International 
Plan of Action for the Conservation and 
Management of Sharks. FAO Fisheries and 
Aquaculture Circular No. 1076. Rome, FAO. 
pp. 120.

 8. Pardo, S.A., Kindsvater, H.K., Reynolds, J.D., 
and Dulvy, N.K. (2016). Maximum intrinsic 
rate of population increase in sharks, rays, 
and chimaeras: the importance of survival 
to maturity. Canad. J. Fisher. Aqua. Sci. 73, 
1159–1163.

 9. Vincent, A.C.J., de Mitcheson, Y.J.S., Fowler, 
S.L., and Lieberman, S. (2014). The role of 
CITES in the conservation of marine fi shes 
subject to international trade. Fish Fisheries 15, 
563–592.

 10. Sampson, G.S., Sanchirico, J.N., Roheim, C.A., 
Bush, S.R., Taylor, J.E., Allison, E.H.,
Anderson, J.L., Ban, N.C., Fujita, R., Jupiter, S., 
et al. (2015). Secure sustainable seafood from 
developing countries. Science 348, 504–506.

1Centre for Sustainable Tropical Fisheries 
and Aquaculture and College of Science 
and Engineering, James Cook University, 
Townsville, Queensland, 4811, Australia. 
2Earth to Ocean Research Group, Biological 
Sciences, Simon Fraser University, 8888 
University Drive, Burnaby, BC, Canada, 
V5A 1S6.
*E-mail: colin.simpfendorfer@jcu.edu.au

http://dx.doi.org/10.1016/j.cub.2016.12.017
mailto:colin.simpfendorfer@jcu.edu.au

	Bright spots ofsustainable sharkfi shing
	Supplemental Information

	Acknowledgements

	References



