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Human-wildlife conflicts are a growing phenomenon globally as human populations
expand and wildlife interactions become more commonplace. While these conflicts
have been well-defined in terrestrial systems, marine forms are less well-understood.
As concerns grow for the future of many shark species it is becoming clear that a key to
conservation success lies in changing human behaviors in relation to sharks. However,
human-shark conflicts are multidimensional, each with different ecological, social and
economic implications. Sharks have functional roles as occasional predators of humans
and competitors with humans for fish stocks. In addition, and unlike most terrestrial
predators, sharks are also important prey species for humans, being a source of animal
protein and other products taken in fisheries. These functional roles are complex and
often inter-dependent which can lead to multiple kinds of conflict. Shark management
for conservation and human safety is also leading to conflict between different groups of
people with different values and beliefs, demonstrating that human wildlife conflict can
be a proxy for human-human conflict in the marine domain. Sharks are iconic species in
society, being both feared and revered. As such human beliefs, attitudes and perceptions
play key roles that underpin much human-shark conflict and future work to understanding
these will contribute significantly to solutions that reduce conflict and hence improve
conservation outcomes.
Keywords: human-shark conflict, human-wildlife conflict, depredation, fisheries management, shark bite, shark
conservation

INTRODUCTION
Human-wildlife conflicts (HWC) produce some of the most pervasive and intractable problems
for the conservation of species in both terrestrial and marine domains (Dickman, 2010;
Madden and McQuinn, 2015; Carter and Linnell, 2016). Conflict occurs when the behavior
and needs of wildlife impact on the activities of humans, with predator attacks on humans
among the most well-known of conflicts. There is also growing recognition that human-wildlife
conflict can be a proxy for human-human conflict that cannot be solved through minimizing
human-wildlife interactions alone (Dickman, 2010). Increasingly in conservation, the concept
of conflict is being considered more broadly as a divergence of people’s interests (e.g., Pruitt
and Kim, 2004), and leading to HWC being recast as “conservation conflict” (e.g., Redpath
et al., 2013). For example, conflict can occur over management responses, such as lethal
control of “problem” wildlife (Madden, 2004), or when recovery of a threatened species has
social or economic impacts on human communities (Barua et al., 2013; Redpath et al., 2013).
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There is particular fascination around human conflict with large
predators, where management can be focused on both species
recovery and lethal control of problem individuals that are
threatening human populations or livestock (Carter and Linnell,
2016). However, there has been relatively little exploration
of human-threatened predator interactions outside terrestrial
environments (Gallagher, 2016).
In the marine domain, sharks (and their relatives, the rays)
are involved in a range of different kinds of conflicts with
humans (Figure 1). Sharks can be both predators of humans,
and competitors with humans for food resources. Sharks are
also important prey for humans as a source of animal protein
and products for human use (Simpfendorfer and Dulvy, 2017).
This diversity of conflicts arises in part because sharks are a
diverse group (>1,200 species) that occur in all oceans and
many freshwater systems globally (Ebert et al., 2013). However,
diversity in size, morphology, trophic role, habitat use, etc., mean
that few individual species are involved in conflict with humans
in each of these categories. Despite this, the public and many
conservation actors often view sharks as a unified group, resulting
in broad generalizations about their role in the ocean and their
need for conservation action. Given that many shark species
are threatened under international assessments of conservation
status (e.g., IUCN Red List) (Dulvy et al., 2014) they require
urgent conservation action, largely to address the primary threat
to their existence—overfishing. Given the high level of extinction
risk across the group, most conservation action is focused
on minimizing species loss or promoting sustainable use. Yet
the effectiveness of and support for conservation management
can be undermined by human-shark conflicts, and lead to
further conflict over conservation management itself (Carlson
et al., 2019). For example, conflict can occur when conservation
management of sharks restricts fishing, increases competition for
fish resources or increases perceived threats of shark bites on
humans. Conflict can also largely operate in the human domain;
sharks are iconic, and threats from sharks are widely represented
in the popular media (Lerberg, 2016); they are feared and revered
well-beyond the experience of direct human-shark interactions.
This range of relationships and the resulting range of HWCs is
rarely seen in other taxonomic groups and must be recognized
in the development of effective conservation policy and actions
(Carlson et al., 2019). Here we consider the range of HWCs that
occur with sharks and how they affect shark conservation.

FIGURE 1 | Shark-human conflict is a multidimensional problem that is limiting
the implementation of successful conservation action for sharks, and also
leads to human-human conflict.

occurrence is extremely low [about 10 fatalities per year globally
(McPhee, 2014)]. In the decade from 2000–2009, globally only
7% of reported unprovoked shark bites resulted in a fatality.
This equates to ∼4.6 fatal bites per year, a rate lower than
the long-term average. Of the more than 500 species of true
sharks, only three species (white, bull and tiger sharks) are
responsible for over 60% of all reported shark bites and over
80% of fatal bites (West, 2011). The overwhelming majority of
shark species provide very little risk to human safety. Yet public
perception does not match the reality of this risk. Widespread
media attention of shark bite incidents increases the perception
of risk, and beach goers are more concerned about shark bites
than drowning, despite the much higher likelihood of drowning
(Crossley et al., 2014).
Human responses to predation include culling (eradication,
regulated harvest) or exclusion (Treves and Karanth, 2003) to
reduce risk of interactions. In some cases sharks are subject
to directed lethal removal despite its questionable efficacy in
reducing human-shark interactions (McPhee, 2014; Gibbs and
Warren, 2015). These responses seek to reverse the outcome of
the conflict (e.g., culls), or avoid the interactions that lead to
conflict (exclusion). However, additional human-human conflict
can arise when people oppose lethal management programs.

TYPES OF HUMAN-SHARK CONFLICT
Human-shark conflict has arisen despite the fact that humans and
sharks live in different realms. As we have expanded our use of
the world’s oceans humans and sharks have increasingly come in
contact, at times to each other’s detriment. The resulting conflicts
arise from a range of human activities including extractive used
of marine resources and recreation.

Predation
Animal predation on humans is a primal fear, and few species
are feared more than sharks (Crossley et al., 2014). While
shark bites have a very high public profile, the probability of
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(Clua et al., 2010; Maljkovic and Cote, 2011; Brunnschweiler and
Barnett, 2013).

Studies of public opinion of ocean users after a series of fatal
shark bites in Australia found that a majority of people were
not in favor of shark culls (Gibbs and Warren, 2015; Pepin-Neff
and Wynter, 2019). Those opposed to culling believed that killing
sharks did not reduced their risk of attack, that sharks play a key
role in the ecosystem and that people should be aware of the risks
associated with their activities. In contrast, those who supported
the cull believed that shark populations were increasing and
needed to be reduced. While the human-shark conflict generated
by shark bites can have negative effects on the public perception
of sharks and hence attitudes toward their conservation, the
human-human conflict generated by the response to this conflict
likely plays a negative role in pursuit of conservation outcomes.

Competition for Resources
Humans and sharks can also be in direct conflict via competition
for resources. Fishing can reduce populations of prey species
(e.g., DeMaster et al., 2001; Bearzi et al., 2006), likely reducing
foraging success and survival of individuals and populations.
There is little evidence for direct effects of prey reduction on
shark populations, but it has been demonstrated for other taxa
such as penguins (Robinson et al., 2015). Given the ability of
humans to extract large amounts of prey species from oceans
there is a high likelihood of ongoing and increased competition
between sharks and humans for these vital resources.
Sharks can also deplete (or be perceived to be depleting)
natural populations of species that humans use as food. For
example, in Ariake Bay, Japan, concerns that ray species
were depleting shellfish populations led to rays being culled
to secure shellfish production (Yamaguchi, 2003). Similar to
predator attacks on livestock, sharks have been reported to
feed in aquaculture facilities (e.g., sea pens) housing high value
species such as tuna (Papastamatiou et al., 2010). This poaching
behavior by sharks is a threat to the economic viability of
aquaculture businesses and can lead to culls of sharks that interact
with facilities.
Depredation of catch from fishing gear, where fishers are
catching fish only to have their catch consumed or damaged
by sharks, is also reported increasingly (MacNeil et al., 2009;
Mitchell et al., 2018). In some situations individual fishers have
attacked and killed offending sharks in the hope that they can
reduce the problem of depredation (Simpfendorfer unpubl. data).
This behavior could have significant negative consequences for
conservation if it becomes widespread. While there are currently
limited data to determine the level of depredation by sharks on
fishery catches, public interest in this issue is driving further
investigation of the extent of this interaction.
Managing conflict over competition between sharks and
humans is complex as it has multiple social and economic
dimensions affecting a range of stakeholders. There is growing
awareness that conservation management can itself lead to
human conflict with species (Redpath et al., 2013), further
complicating conservation efforts. Conservation management
programs can restrict social and economic activities of local
people and industries, which can cause human-human conflict
where there are power and information imbalances (Redpath
et al., 2013). There are often many different stakeholders with
different values and objectives that shape the acceptability of
management actions (Marshall et al., 2007). In the context
of shark management, conservation programs can restrict or
prohibit the capture and trade of sharks or shark products.
These restrictions can affect humans in several ways. Reduced
or prohibited catch can have social and cultural implications
for groups such as recreational or Indigenous fishers who may
capture these species for reasons other than economic gain. There
are obvious economic implications to commercial fishers and
businesses such as shark fin traders when capture or sale of

Human Use
Sharks are commonly used as a resource by humans, and are both
direct targets and incidental take of commercial, recreational,
artisanal and Indigenous fisheries (Bonfil, 1994). While they
have been used as a resource for centuries, over-exploitation of
sharks is a modern problem created by industrialized fishing and
global markets for shark products (Dulvy et al., 2017). Shark
fins and meat are in particular demand, while other products
including liver oil, skin, gill plates (from mobulid rays), and
teeth are also used (Dent and Clarke, 2015). Sharks may also be
captured and used for entertainment, education and research in
public or private aquaria. Some communities are highly reliant
on sharks for food or income, which has led to over-exploitation
and population declines (Dulvy et al., 2014; Jaiteh et al., 2017),
and conflict over sustainable use of the resource.
For this form of interaction the conflict and solution seem
simple: rules are needed to manage human use of sharks
(sensu Ostrom et al., 1999). However, there is no consensus
on what these rules should be. Some conservation advocates
believe that all shark fishing is unsustainable and should not
be allowed (Shiffman and Hammerschlag, 2016); while others
argue that sharks can be fished responsibly, used as a resource
and contribute to food security (Simpfendorfer and Dulvy,
2017). Fishers often see shark fishing as part of their cultural
heritage (e.g., Indigenous or artisanal fishers) or their right to
use the species around them (e.g., recreational fishers). These
conflicts reflect broader shifts in societal value orientations, away
from little questioned human domination over and utilitarian
use of wildlife to one where humans and wildlife can coexist
(Whatmough et al., 2011; Manfredo et al., 2016).
Sharks are also used as a resource in non-consumptive ways
that can lead to conflict with consumptive users. Ecotourism
operators are increasingly encouraging communities to reduce or
eliminate harvesting of sharks in favor of shark dive operations
(Brunnschweiler, 2010; Clua et al., 2011; Cisneros-Montemayor
et al., 2013). Sharks can have value simply because divers may
have a chance to see them (Stoeckl et al., 2010). However,
there are inherent risks in interacting with potentially dangerous
species, and some disagree with purposeful human interaction
with sharks and rays. It has also been suggested that shark
tourism alters natural behaviors which may have negative
consequences for species and create an association between
people and food which increases risk to humans from shark bites
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risks to sharks and their importance in marine ecosystems has
begun to change public attitudes toward sharks. For example, the
portrayal of sharks in diving publications has changed from one
of feared man-eater to important ocean inhabitant (Whatmough
et al., 2011). This changing view of sharks based in different
value positions, could be leading to a polarization of attitudes and
increasing conflict between different sectors of society. This will
be a rich topic for future research to explore.

products is reduced or prohibited. The inability to access sharks
may have food security implications for coastal communities.

THE VALUES OF SHARKS
“Values” is a widely used, but complex term in conservation
and natural resource management, referring to the importance
of things (Ives and Kendal, 2014). Values can be seen as a
person’s guiding principles, such as altruism or wealth and
power. Values can also be seen to occur in the environment,
such as ecosystem service values. Values can be things that are
important for their own sake (intrinsic values) or things that are
important in achieving some other ultimate goal (instrumental
values). There is much discussion in conservation about the
relationships between the intrinsic worth of conserving species,
and the synergies and tradeoffs with human-centered values (e.g.,
the social or economic well-being of people). This debate in
particularly salient for sharks.

Economic Importance
The economic importance of sharks is highly variable
geographically depending on the distribution of species,
the value of products obtained from those species, markets for
products and local reliance on species and associated products.
Globally, current reported annual landings of sharks and rays
are about 780,000 t (Davidson et al., 2016), with the actual
landing figure likely to be three to four times greater than this
(Clarke et al., 2006a; Simpfendorfer and Dulvy, 2017). In many
areas shark meat is traded or sold, but is typically a low value
fishery product (Dent and Clarke, 2015; Martins et al., 2018).
Despite this low value, harvest of sharks is a key contributor to
food security in some regions, especially developing countries
(Bornatowski et al., 2015; Dulvy et al., 2017). Other shark
products have markets and an economic scale that goes well
beyond that of shark meat alone. Many components of sharks
are sold including their vertebrae for shark cartilage pills (Dent
and Clarke, 2015), but the most well-known product is their fins
(Clarke et al., 2006b). While the value of shark fins varies by
species, fins present the greatest economic value for most fishers
and drives incentive to catch or retain sharks. The demand
for fins is one of the major drivers in shark fishing around the
world (Clarke et al., 2007). These extractive values often lead
to tension with conservation objectives and hence complicate
management action.
In addition to extractive uses of sharks, some uses may have
synergies with conservation. Increasingly, tourism operations are
focusing on sharks providing the opportunity for new wilderness
experiences with high profile charismatic species. A study on
the global economic value of shark ecotourism in 2013 revealed
an estimated income of US$313 million per year (CisnerosMontemayor et al., 2013). Shark ecotourism was estimated to
attract ∼590,000 participants annually. This same study reported
the value of shark fisheries to be ∼US$630 million, revealing the
large difference in the economic value of these two industries.
While there is debate over the valuations calculated for different
uses of sharks (e.g., Vianna et al., 2012; Catlin et al., 2013), it
is apparent that there are significant economic gains from both
harvesting and watching sharks. While the economic value of the
ecosystem services that sharks provide are not clear, it is no doubt
significant and should be included in estimates of the economic
value of sharks.

Cultural Importance
To fully understand our relationship with species their cultural
significance must be considered. Sharks have played a role as
iconic species for millennia. In many Pacific Island nations sharks
are totemic species and play an important role in the culture of
the community (e.g., Webster, 1911; Baughman, 1948; McDavitt,
2005). For example, in the Torres Strait and Hawaii, sharks
have been the symbol and guide of specific clans and blood
lines. Sharks have been used as religious symbols (Baughman,
1948) and are also often seen as the transporter of souls to the
afterlife thus being viewed as helpful rather than fearsome. The
cultural status of sharks in some areas can have synergies with
conservation outcomes—they may be taboo species which are
not harvested and so easy to protect. Although in other regions
cultural values may adversely affect conservation outcomes, e.g.,
where they have been used as a source of food, trinkets, weapons
and religious tokens for centuries (de Borhegyi, 1961; Drew et al.,
2013).
Unlike many Indigenous cultures, western culture has often
portrayed sharks as villains and man-eaters (Whatmough et al.,
2011; Muter et al., 2013). They have iconic status partly based
on the fear they generate in the public. Neff (2015) argues
that the “Jaws effect” (from the 1975 movie) is still influencing
public opinion and policy around sharks. He suggests that the
movie: 1) attributes intentionality of sharks to attack humans,
2) introduces the concept that human-shark interactions lead to
fatal outcomes, and 3) that sharks must be killed to end the threat.
This framing obviously leads to poor conservation outcomes.
However, western cultural attitudes to sharks have changed over
time. Around the same time that Jaws was released expansion
of shark fisheries was also occurring with very high catch levels
throughout the 1980s (Davidson et al., 2016). At the same
time, western societies views of wildlife have been shifting away
from a dominionistic one to a more mutualistic one (Manfredo
et al., 2016). Based on increasing concern around the status of
shark populations an array of management changes have been
implemented and conservation campaigns initiated (Walker,
1998; Dulvy et al., 2017). Concerted efforts to demonstrate the
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Heupel et al., 2014). In these roles they have direct and indirect
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culled in fisheries targeting other species. As a result, white
shark populations declined globally leading to conservation
intervention at national and international levels. Now, after
over 20 years of protection, white shark populations are
increasing in some parts of their range (Curtis et al., 2014).
It is unclear whether population recovery explains an increase
in the number of bites over recent years (e.g., West, 2011),
but the increase has led to calls for white shark protection
to be relaxed to improve human safety (Gibbs and Warren,
2015). While the evidence linking white shark recovery
and human safety remains weak, the perception that white
shark recovery is jeopardizing human safety remains. These
concerns for human safety are often in conflict with existing
conservation efforts.
Frameworks such as conservation conflict transformation
have been proposed to help achieve better conservation
outcomes where there is deep-seated value-base conflict
(Madden and McQuinn, 2015). This distinguishes between
the surface-level dispute, often the focus of conservationist
thinking (e.g., conflict over culling sharks to reduce risk
of shark bites). However, deeper issues such as the history
of interactions between parties (conservationist vs fisher
vs government) may be underpinning the surface dispute
that cannot be resolved through settling the dispute alone.
Even deeper issues, such as the different value positions
held by stakeholders outlined above can make conflict seem
intractable. Yet pathways to resolving these deep-seated
conflicts have been identified. An adaptation of the conflict
intervention triangle for conservation contexts (Madden
and McQuinn, 2015) suggests that conflicts can be tackled
with a view toward progress, rather than a view to conflicts
being solved. Progress can be made by working on a
“triangle” of fronts: substantive issues directly related to the
surface-level dispute, process issues to increase acceptance of
decisions, and relationship issues to increase trust and respect
between stakeholders.
At present, shark conservation is heavily rooted in western
understanding and attitudes toward sharks and rays, which
in recent years has seen them become accepted as critical
components of ecosystems that need to be conserved by
implementation of measures such as marine protected areas,
bans on fishing, limitation of trade and commerce (Shiffman
and Hammerschlag, 2016). However, many of the conservation
challenges for sharks and rays do not occur in western countries.
Our understanding of non-western human attitudes, values and
beliefs toward sharks is sorely lacking and needs to be urgently
addressed to understand how to best progress conservation in
many regions. If attitudes, values and beliefs are different in
these communities then it is likely that western approaches to
conservation will be unsuccessful, and may be actively resisted
causing additional unintended conflict (Robbins et al., 2006).

effects on ecosystems through consumption of prey and through
fear effects (Wirsing et al., 2008; Ferretti et al., 2010). Given
there are >1,200 species of sharks and rays, ranging in size
from 20 cm to 18 m, that occur in all of the world’s oceans, the
diversity of predation effects are high and cross many trophic
levels (Cortés, 1999; Hussey et al., 2011). While these trophic
roles are often difficult to quantify, there is little doubt that sharks
function as key predators in a variety of ecosystems and that
their removal can have substantial consequences for ecosystem
functioning (Ferretti et al., 2010; Roff et al., 2016), including
causing trophic cascades (Rasher et al., 2017). Highly mobile
sharks also function as energy links between often disparate
ecosystems (Heupel et al., 2015; Williams et al., 2018) meaning
the consequences of even localized shark population declines may
be felt over large spatial scales.

SHARK CONSERVATION IN THE CONTEXT
OF MULTIDIMENSIONAL CONSERVATION
CONFLICTS
The complexity of human-shark conflict has important
implications for shark conservation. Shark conservation
actions are often led by biologists, or based on evidence of
extinction risk caused by overfishing and loss of habitat. While
there is clear scientific evidence supporting the conservation
(Dulvy et al., 2014) and sustainable use (Simpfendorfer
and Dulvy, 2017) of sharks and rays, these do not easily
accommodate the multidimensionality of shark-human conflict
and the compromises that ultimately must be made to achieve
conservation outcomes. A better understanding of the social,
cultural and economic roles of sharks, and how these work
with and against shark conservation is needed to improve the
outcomes of shark conservation (Carlson et al., 2019).
Social considerations have been largely ignored in the
development of shark conservation programs (MacKeracher
et al., 2019). A better understanding of the social, cultural
and economic implications of different conservation actions is
needed for shark conservation programs that are more accepted
by communities. Cultural, socio-economic and biological
knowledge are all needed as an evidence base to support decisionmaking processes and policy development (Booth et al., 2019).
There is increasing awareness that solutions to HWC require the
human dimensions of conflict to be understood and included
in management planning (Madden and McQuinn, 2015). The
challenge for shark conservation is to effectively engage with
stakeholders on all sides of the issue to ensure suitable outcomes,
especially where livelihoods are involved.
Yet the many dimensions of human-shark conflicts that
are based in different values may not be easily reconciled. In
some dimensions (e.g., bites on humans, depredation) sharks
may cause fear and loathing leading to negative attitudes
to shark conservation, while in others (e.g., ecotourism) the
conservation of sharks is strongly supported. Conservation
actions may positively affect one dimension of human-shark
conflict while negatively affecting another. For example, in
the 1960s and 1970s white sharks were regularly caught or
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