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Shark diving tourism is a burgeoning, global industry. The growing perception that sharks can be worth
more alive for tourism than dead in a fish market has become one of the leading contemporary arguments
for shark conservation. However, there still exists concern that many aspects of shark-related tourism
(e.g., provisioning) may alter natural behaviors and foraging areas, as well as pose a threat to humans
by associating people with food. These concerns are largely driven by the previously limited scientific
knowledge regarding the effects of shark diving tourism on shark biology, the marine environment
and human interactions. Here we review and summarize previous research in these areas and evaluate
the potential effects of dive tourism on shark behavior, ecology and subsequent human dimensions. To
assist the development of future research, we provide a set of research questions. Taken together, we con-
clude that under the right conditions and if done in a precautionary, responsible manner, shark diving can
provide a net conservation benefit (i.e., garnering of protective measures, raising awareness, instilling a
conservation ethic) for a handful of species.

� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

As humans continue to exploit natural resources, driving species
population declines and biodiversity loss, the non-consumptive
values of nature associated with tourism have become increasingly
important (Davies, 1990; Duffus and Dearden, 1990). This type of
ecological or natural tourism, often termed ‘ecotourism,’ is one of
the fastest growing sectors of the tourism industry worldwide
(Wearing and Neil, 1999). According to the World Tourism Organi-
zation (UNWTO), ‘‘ecotourism’’ is broadly defined as activities in
which tourists observe and appreciate nature that minimize
impacts on the natural and cultural environment and support the
maintenance of natural areas and host communities (UNWTO,
2002). Additionally, these activities should contain educational
features and be generally organized by small, locally-owned busi-
nesses. Species in their natural settings hold significant aesthetic
and economic values, and wildlife viewing is one of the most prof-
itable and popular forms of ecotourism worldwide (Kruger, 2005).

Charismatic animals tend to be the major attractions in the
wildlife viewing sectors, and are commonly used as flagships for
global conservation efforts (Zacharias and Roff, 2001). Shark diving
tourism is a growing, worldwide industry focused on viewing
sharks underwater by either snorkeling or scuba diving (e.g.,
Gallagher and Hammerschlag, 2011). Shark diving tourism is high-
ly diverse in terms of species, cultures, and regulations. The indus-
try is estimated to cater to more than half of a million participants
annually, distributed in approximately 85 countries (Cisneros-
Montemayor et al., 2013). Shark diving operations can generate
significant revenues, benefiting select members of local communi-
ties and even national economies (e.g., Bahamas; Gallagher and
Hammerschlag, 2011). Given that certain shark populations are
experiencing significant population declines globally due to over-
fishing (e.g., Ferretti et al., 2010), the monetary benefits of shark
diving have become a flag for shark conservation activism. In addi-
tion, the debate on this type of valuation has been rightfully dis-
cussed (see Catlin et al., 2013).

The majority of shark diving operations use an attractant (i.e.,
minced fish) to lure sharks in close proximity to tourists, where
the animals are frequently offered food rewards to maintain their
interest. Such practices have generated public and scientific con-
cern as to the potential negative consequences for shark behavior
or health, as well as for human safety. Accordingly, some coastal
states or nations have banned shark diving activities involving food
rewards (e.g., Florida and Hawaii, USA). Despite these concerns,
scientific information regarding the industry and its effects is
restricted to a few locations. In the last five years, there have been
many studies covering a wide range of topics related to shark div-
ing tourism, such as behavioral modifications or other effects on
sharks, socio-economics, as well as legal and social issues (Table 1).
However, this field of research has only begun to answer the many
questions remaining regarding the biological, ecosystem, socio-
economic, safety and conservation implications of this growing
industry.
Despite the global nature and popularity of this industry, as
well as the recent surge of research interest into assessing it,
there are currently no conceptual frameworks for guiding
empirical research, nor is there a set of science-based recom-
mendations on how practices can be designed to promote
conservation and sustainability while minimizing impacts.
Instead, there seems to be a high degree of mistrust, doubt,
misinformation in the media, and questioning of validity of data
and results between studies and researchers, and an even
greater amount of controversy surrounding certain practices
and specific operators among the public and through social
media (Authors, direct observation). Thus, a conceptual over-
view of the literature and issues surrounding shark diving
tourism may be of great value to the scientific, policy, and pub-
lic communities.

Here we provide a comprehensive and quantitative review of
the research surrounding the shark diving tourism industry by
analyzing trends and patterns in the literature, summarizing what
is known from previous work, identifying critical knowledge gaps,
and providing recommendations for future research. We also
compare findings from the shark literature to other forms of
wildlife viewing and tourism (where appropriate). We focus on five
broad categories and their associated research priorities: behavior
(learning, habitat use and movement), ecology and trophic
interactions, animal welfare, human dimensions (safety, socio-
economics, conservation and research, management), and practice
(regulation, codes of conduct). To identify areas where future
research can be directed to maximize benefit, we also provide a
comprehensive set of questions that may serve as a road map for
future studies.

While the terms ‘‘shark diving ecotourism’’ and ‘‘shark-diving
tourism’’ are often used interchangeably in the literature, use of
the word ‘‘ecotourism’’ implies ecologically sustainable practices
which directly contribute to the maintenance of species, habi-
tats, and local cultures (Valentine, 1993; UNWTO, 2002). Due
to the wide range of operations and variation in practices and
ethics, we refrain from using the word ‘‘ecotourism’’ in the
remainder of our paper. Instead, we use the term ‘‘shark
dive/diving tourism’’ throughout to describe the practice of tour-
ists paying for in-water experiences with sharks in their natural
habitat. Since the majority of shark diving operations worldwide
use bait and attractant (Gallagher and Hammerschlag, 2011; see
also references in Table 1), a large proportion of our discussion
indeed focuses on diving operations in which sharks are
‘‘provisioned.’’ We define ‘‘provisioning’’ as those activities
where some type of attractant, bait, or food reward is offered
for the tourism purposes of aggregating or positively reinforcing
sharks to neutralize their aversion to humans (Orams, 2002;
Knight, 2009; Fig. 1), although other activities which do not
use provisioning are also mentioned (i.e., basking shark and
whale shark tourism). We also impart that this paper does not
argue or advocate for or against any activities related to shark
diving tourism.



Table 1
Published shark diving tourism studies considered in the present review, up until and including 2014. An ‘‘X’’ denotes whether that particular subject area was a focal area of each
study. ⁄Denotes a rebuttal or response paper.

Count References Ocean Primary
shark species
examined

Time
frame
evaluated

Biology/
habitat
use

Ecology Animal
welfare

Socio-
economics

User
experience

Policy/
management

General/
overview

1 Davis et al. (1997) Indian Whale <1 year X X X
2 Davis (1998) Indian Whale 2 years X X X
3 Topelko and Dearden

(2005)
All n/a n/a X

4 Dobson (2006) Indian + Atlantic n/a n/a X
5 Rodríguez-Dowdell

et al. (2007)
Pacific Whale n/a X X

6 Quiros (2007) Indian Whale 2 years X X X
7 Laroche et al. (2007) Indian White <1 year X
8 Rowat and Engelhardt

(2007)
Indian Whale <1 year X X

9 Mau (2008) Indian Whale n/a X X
10 Jones et al. (2009) Indian Whale <1 year X X
11 Dicken and Hosking

(2009)
Indian Tiger <1 year X X

12 Meyer et al. (2009) Pacific Galapagos/
sandbar

4 years X

13 Smith et al. (2009) Indian Grey nurse <1 year X X
14 Pierce et al. (2010) Indian Whale <1 year X X
15 Brunnschweiler

(2010)
Pacific Bull 4 years X X

16 Clua et al. (2010) Pacific Lemon 3.5 years X
⁄Brunnschweiler and
McKenzie (2010)

17 Smith et al. (2010) Indian Grey nurse <1 year X X X
18 Vignon et al. (2010) Pacific Lemon 2 years X
19 Catlin and Jones

(2010)
Indian Whale <1 year X X X

20 Catlin et al. (2010a) Indian Whale <1 year X
21 Catlin et al. (2010b) Indian Whale <1 year X X
22 Maljković and Côté

(2011)
Atlantic Caribbean

reef
<2 years X

23 Gallagher and
Hammerschlag (2011)

All n/a n/a X X

24 Brunnschweiler and
Baensch (2011)

Pacific Bull 7 years X

25 Clarke et al. (2011) Indian Silky <2 years X
26 Fitzpatrick et al.

(2011)
Indian White-tip

reef
<1 year X

27 Cubero-Pardo et al.
(2011)

Pacific Hammerhead <1 year X X

28 Barker et al. (2011a) Indian Grey nurse <4 years X X
29 Barker et al. (2011b) Indian Grey nurse <4 years X X
30 Clua et al. (2011) Pacific Lemon <5 years X
31 Hammerschlag et al.

(2012)
Atlantic Tiger <1 year X X

32 Ziegler et al. (2012) Atlantic Whale <1 year X X
33 Catlin et al. (2012) Indian Whale <1 year X X
34 Vianna et al. (2012) Pacific Reef spp <1 year X
35 Du Preez et al. (2012) Indian Tiger <1 year X
36 Bruce and Bradford

(2013)
Indian White <2 years X

37 Brunnschweiler and
Barnett (2013)

Pacific Bull 8 years X

38 Huveneers et al.
(2013)

Indian White <2 years X

39 Techera and Klein
(2013)

Indian n/a n/a X

40 Bradford and Robbins
(2013)

Indian White >10 years X

41 Clarke et al. (2013) Indian Silky >10 years X
42 Cisneros-Montemayor

et al. (2013)
All n/a n/a X X

⁄Brunnschweiler and
Ward-Paige (2014)

43 Smith et al. (2014) Indian Grey nurse <2 years X X X X
44 Dicken (2014) Indian Grey nurse <7 years X
45 Cagua et al. (2014) Indian Whale <1 year X
46 Anderson et al. (2014) Indian Whale <5 years X
47 Apps et al. (2014) Indian Grey nurse <1 year X X
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Fig. 2. Frequency of studies covering various focal research areas among the 47
published studies on shark diving tourism.Fig. 1. Multi-level hierarchy defining the various types of provisioning used in most

shark diving tourism operations and their relative degree of involvement with the
animals (moving from low [top] to high [bottom]).
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2. Methods and results

Peer-reviewed publications were selected from the Science
Citation Index Database (Web of Science) and the Aquatic Science
and Fisheries Abstracts (ASFA) as a secondary search using the title
and keyword searches: ‘marine tourism, ‘shark diving tourism,’ and
‘shark ecotourism’. The Web of Science search generated papers
that fell between the earliest records of the database (1945) up
to January 2014. The more than 500 publications were filtered on
two criteria: (1) the study must have been published in the
primary literature and (2) sharks were the focal organism/system
of the investigation. For example, several studies on marine tour-
ism have mentioned or included ‘sharks’ as a component of various
regional tourism industries; however, these were excluded from
the analysis because ‘sharks’ were not the focus or target of the
tourism being evaluated. Unpublished theses, conference proceed-
ings, book chapters, and reports from the grey literature were
excluded. Additional papers (including a handful appearing in
2014) were added from authors’ personal libraries and literature
cited sections from the list of relevant papers were surveyed until
no further publications arose. The ASFA search generated 194 pub-
lications that were cross-referenced against those already com-
piled. This search did not turn up any new papers that met our
criteria, suggesting that our literature coverage was comprehen-
sive. Once the final list of original articles was compiled, we noted
the following information from each: (a) year of publication, (b)
primary ocean basin in which the study was conducted, (c) the
primary shark species studied, and the (d) the time frame of the
study in years. Lastly, we categorized each study into either one
or multiple categories: biology and habitat use, ecology, animal
welfare, socio-economics, user experience, policy/management,
and general/overview.

Our review identified 47 original research articles published up
until and including 2014 focusing on some aspect of the shark
diving tourism industry (Table 1). The first study to explicitly focus
on shark diving tourism in some way was Davis et al. (1997), an
overview of the whale shark diving operations off Western
Australia, which provided some of the first socio-economic data
on the industry. Three studies provided a global view of certain
aspects of the industry: Topelko and Dearden (2005) introduced
shark diving tourism as a worldwide industry and was the first
study to formally discuss shark diving tourism as a potential benefit
for shark conservation; Gallagher and Hammerschlag (2011)
provided the first global analysis and report of the shark diving
industry and was among the first to formally discuss and compare
tourism revenues to those earned via fishing; Cisneros-
Montemayor et al. (2013) replicated a handful of the approaches
already conducted by Gallagher and Hammerschlag (2011) and
attempted to calculate the economic value of the entire industry.
Of all articles (44, excluding the three papers which were consid-
ered ‘global overviews’), approximately 68% (30 studies) occurred
in the Indian Ocean, 23% (10 studies) in the Pacific Ocean, and
�9% in the Atlantic (4 studies, Table 1). The apparent lack of
research in the Atlantic Ocean is surprising due to the scale of shark
diving operations in the region, as well as the popularity of shark
diving in the Bahamas alone (Gallagher and Hammerschlag,
2011). Forty studies were assessed as having evaluated a primary
shark species, with the whale shark emerging as the most studied
shark species (15 studies, 37.5% of all studies, Table 1). The
grey nurse shark was the second most-studied primary species
(7 studies, 17.5%, Table 1), whereas the other 45% of studies focused
on a variety of species. That the whale shark dominates the lit-
erature is not surprising, as they are massive, slow-moving, and
have had established tourism industries for decades in numerous
locations worldwide (Gallagher and Hammerschlag, 2011, Table 1).
White sharks have only been considered in 4 studies to date,
whereas ‘reef sharks’ as a group have only been explicitly
considered in two studies. This latter finding is surprising especially
since research has shown that this group of sharks is the most
prevalent in shark diving operations worldwide (Gallagher and
Hammerschlag, 2011). Socio-economic analyses comprised the
majority of studies, �47%, whereas biological reporting and assays
of habitat use (behavioral analyses) of sharks occurred in 34% of
studies (Fig. 2, Table 1). Other subject foci such as the user experi-
ence (�26%), policy and management (23%), animal welfare (21%),
general overviews (10%) and ecology (4%) were less widespread
and covered in the literature (Fig. 2, Table 1). The number of
relevant papers published annually started increasing in 2007, with
the trend steepening from 2010 to present (Table 1). Based on these
results, we identified 5 important themes/foci of research within
the context of shark diving tourism and organized the rest of the
manuscript to provide a succinct yet comprehensive summary of
each focal topic while using these concepts to present a framework
for future studies. We also recognize that certain topics (behavior,
ecology, animal welfare, socio-economics) present a more substan-
tive analysis and warrant a deeper discussion than others
(conservation potential, community management, bites on humans,
practice). We affirm that these differences are reflective of the
existing body of available information and should be an indication
of gaps for future research.
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3. Behavior

3.1. Learning

The adaptive modification of behavior based on experience
(learning) affects virtually every aspect of animal behavior from
finding food and avoiding predators to meeting potential mates.
It allows an animal to develop, within its lifetime, an adaptive
response to a completely novel situation that has potentially never
been encountered in the species’ evolutionary past (Kawecki,
2010). Shark diving tourism creates scenarios with novel stimuli
for the animals to react to; as such the ability to learn is central
to this issue. Broadly, repeated exposure to stimuli creates the
opportunity to learn via: (i) associative learning, which is the
learning of an association or relationship between two events
(e.g., operant and classical conditioning, observational learning);
and (ii) non-associative learning, which is when learning occurs
as the result of the presentation of a single stimulus (e.g., habit-
uation and sensitization; Lieberman, 1990).

Sharks like many other animals use learning across behavioral
processes (Guttridge et al., 2009; Schluessel, 2014). Early experi-
ments using operant and classical conditioning paradigms identi-
fied that sharks could learn discriminative tasks as rapidly as
other vertebrates, retain such information for long time periods
and display comparable learning characteristics to mammals
(e.g., Clark, 1963; Aronson et al., 1967). More recently, empirical
studies have demonstrated that sharks are able to learn from each
other and have memory windows varying from 12 h to a few days
or even months (Guttridge and Brown, 2013; Kimber et al., 2014;
Schluessel, 2014). Interestingly, researchers have found that sharks
become increasingly more accurate and efficient at moving
between key landscapes as they gain experience, providing strong
evidence of memory (Papastamatiou et al., 2011). Clearly sharks
exhibit cognitive abilities, and for animals exposed to provisioning
tourism activities (Fig. 1), the opportunity to learn is further
enhanced since the incentive is usually offered frequently and at
specific times of day and locations. These activities have the poten-
tial to lead to the repeated use of artificial feeding sites, as well as
sharks becoming ‘conditioned’ or ‘conditioned to human interac-
tion by food reinforcement,’ as seen in other taxa such as ceta-
ceans, reptiles and primates (Kamal et al., 1997; Walpole, 2001;
Bejder et al., 2009).

Working with white sharks (Carcharodon carcharias) in South
Africa, Johnson and Kock (2006) found that the ‘speed of arrival’
to a chumming boat was significantly reduced with increasing
experience. Further along the same coast, Laroche et al. (2007)
found that great white sharks receiving more rewards did not have
a greater propensity to remain near the boat. Working in the Nep-
tune Islands in Australia, Bruce and Bradford (2013) determined
that increases in white shark numbers, visit duration and residen-
cy periods were concomitant with an increase in operator effort
and regularity. Interestingly, on days when cage diving operations
were not present, sharks still maintained these movement pat-
terns aligning with the overall daily timing of cage diving opera-
tors. The authors suggested that this was indicative of a
conditioned or anticipatory response by sharks to the provisioning
at the site, although this may result from another natural stimulus
such as seal (prey) behavior. Further it is important to note that
comparisons were made between North and South Neptune
Islands, Australia, where data from the South Island were limited
and mainly based on one individual. Similarly, Brunnschweiler
and Barnett (2013) working with bull sharks (Carcharhinus leucas)
in Fiji found that sharks were attracted to the feeding site regard-
less of whether feeding was occurring, but remained present for
longer periods of time (consecutive hours) when food stimulus
was present.
These studies provide early evidence that sharks will exhibit
some degree of conditioning and are able to learn during shark div-
ing operations as a result of provisioning. Empirical studies on
learning show that it is strongly influenced by the frequency and
intensity of reinforcement and by the temporal and spatial conti-
guity of events (Rescorla, 2008), yet, in general most studies on
shark provisioning tourism are either unable or do not to monitor
the amount and frequency of food rewards that individual animals
receive (but see Maljković and Côté, 2011). Without such informa-
tion it is particularly difficult to interpret and assess the effects of
conditioning on target animals and to identify the mechanisms
underlying such behaviors (Bejder et al., 2009). Importantly, in
some locations the actual feeding of sharks is prohibited, and these
studies will also need to take into account the effects of chumming
or berleying with or without reinforcement.

While it may be impractical to identify learning criteria for indi-
vidual sharks exposed to provisioning on dives, there is a need to
further explore what level of feeding is sufficient to generate a con-
ditioned response (Tables 1 and 2). At this stage, few studies have
related feeding frequency and quantity to behavior, space use and
physiology, and this is further complicated by the effects of indi-
vidual feeding history (i.e., motivation), bait quality, experience,
memory retention, behavioral syndromes, presence of conspecifics
or predators as well as environmental conditions (Huveneers et al.,
2013). Clearly our understanding of shark learning as it relates to
tourism is still in its infancy, and only through further research,
including controlled learning experiments, can we inform the
current debate regarding the effects of provisioning.

3.2. Habitat use and movement

Unnatural human-mediated changes in the quality, quantity
and delivery of food to animals in the wild can promote substan-
tive trade-offs in activity budgets, thus altering fundamental
aspects of their behavior and dynamics within the ecosystem
(Campbell-Smith et al., 2011). For example, wild populations of
baboons (Papio cynocephalus) were shown to decrease their activity
and home range by nearly 50% in response to varying levels of pro-
visioning (Altmann and Muruthi, 1988). Research is beginning to
define the spatial and temporal scales of these types of movements
for sharks, the details of which are crucial to a nuanced examina-
tion of this issue among provisioned sharks (e.g., Huveneers
et al., 2013).

Movements over large spatial and temporal scales are of par-
ticular concern as many species of shark perform seasonal migra-
tions over thousands of kilometers, linked to key life-history
phases (Domeier and Nasby-Lucas, 2013; Papastamatiou et al.,
2013). It should also be noted that for the majority of studies
described hereafter, movement and population studies were initi-
ated after the establishment of tourist diving operations making it
difficult to validate the cause of observed changes over time
(Brunnschweiler and McKenzie, 2010; Bruce and Bradford, 2013),
or the resolution suffers from a lack of proper, ecologically-relevant
controls (i.e., large geographic distances, Hammerschlag et al.,
2012). Overall residency periods for tiger sharks (Galeocerdo cuvier)
did not differ between feeding and non-feeding sites in the Atlan-
tic, and individuals still performed long range movements
(Hammerschlag et al., 2012). In fact, the group of sharks that were
exposed to provisioning in Hammerschlag et al. (2012) traveled
longer distances (linked to natural foraging forays or reproduc-
tion). The seasonal changes in numbers of Galapagos (Carcharhinus
galapagensis) and sandbar sharks (Carcharhinus plumbeus) at an off-
shore cage diving operation in Hawaii, demonstrated fluctuations
that match the seasonal inshore–offshore migration patterns for
these species (Meyer et al., 2009). As described earlier, the pres-
ence of cage operators has increased the residency periods of white



Table 2
Biological, ecological, and social science research needs for the field of shark diving tourism.

Category Area of focus Research question

Behavior Learning To what extent can sharks learn to associate human presence with food rewards?
Can sharks learn patterns, behaviors, and tendencies from others at dive sites?
Which mechanisms underlie conditioning to food rewards?
What level of feeding is required to elicit a conditioned response?

Habitat use and movement What are the short term patterns of shark movement?
What are the long term patterns of shark movement?
Are species segregated by sex?
What is the site fidelity to the diving site?
Does provisioning affect shark diel patterns of activity?

Human interaction How does handling the animals affect their interactions with divers?
Does provisioning lead to aggression within and among species?
What are the impacts of baiting/chumming versus feeding?
Does hand-feeding lead to dominance hierarchies?
What influence do the operations have on energy expenditure or energy budgets?

Life history Age and growth Does human-supplemented feeding affect growth rates?
Are species in reproductive modes at provisioning sites?
How does human-supplemented feeding affect reproductive rates/modes?
Are sex ratios altered by diving operations?

Ecology Trophic interactions Do trophic roles and foraging rates change with baiting and feeding?
Are prey species released from predation risk at dive sites?
What is the spatial scale of predation release?
How does provisioning change the nutritional profiles of sharks?
Are ontogenetic shifts in diet affected?

Social Socio-economics How much are tourists willing to pay to observe sharks in the wild?
What is the value of shark diving?
Will fishers realistically shift from exploitation to non-consumptive use?
What are the employment opportunities for local peoples?

Best practices What are the preferences of divers?
Do divers enjoy when trip leaders handle/manipulate sharks?
What are the impacts of handling and manipulating sharks in the water?
Is a universal or species/specific code of conduct appropriate?

Cultural issues Do locals receive compensation from operators?
What are the attitudes of local cultures to the shark diving industry?
What is the feasibility of implementing diving operations in under-developed areas?
Do those who fished sharks actually receive compensation from switching to diving?
How can economic incentives of the industry be used to substitute fishing practices?

Safety Do shark diving operations increase risk of shark bites?
Does shark diving increase the rate of natural encounters between humans and sharks?
Does shark diving increase interactions between fishers and sharks?

Conservation Biodiversity indices Are there differences in species richness compared to normal sites?
Are there differences in species abundance compared to normal sites?
What are the long term changes in community dynamics inside shark diving sites?

Research How can shark diving operations benefit research and policy?
How can shark diving affect the sustainability of shark sanctuaries and MPAs?
What percentage of shark diving operations exist within a marine reserve/protected area?
Can shark diving operators function as enforcement for marine protected areas?
Are sharks harvested or fished at/near diving sites?

Policy Legal What are the legal frameworks for shark diving practices?
Are local, state-wide, or national shark diving regulations informed by science or opinion?
How does shark tourism fit into local, regional, or national management plans for sharks?
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sharks to the Neptune Islands, Australia, with residency periods of
up to 92 days (Bruce and Bradford, 2013). It is important to note
that the median residency of sharks in this study was 11 days,
and sharks were detected performing their presumed normal
westerly migration patterns (Bruce and Bradford, 2013).

Over shorter time periods (e.g., hours to days), shark viewing
operations can potentially have a greater influence on movements
and activity. Whitetip reef sharks (Trianodon obesus) are normally
nocturnally active, but demonstrate increased levels of diurnal ver-
tical activity when tourism operations are present (Fitzpatrick
et al., 2011). Bull sharks in Fiji and silky sharks (Carcharhinus
falciformis) in the Red Sea will visit reefs regardless of the presence
or absence of baiting operations, although small-scale residency
will increase when bait is available (Clarke et al., 2011;
Brunnschweiler and Barnett, 2013). However, although silky
sharks demonstrated particularly defined diel shifts on days when
baiting occurs, they perform diel horizontal shifts naturally (Clarke
et al., 2011). White sharks in Australia show an increased residence
time within cage diving areas at fine spatial scales, swim at shal-
lower depths when in proximity to cages with lower rates of move-
ment and reduced horizontal range, and also modify diel patterns
of behavior, although this might be expected since cages are most
frequently placed at the surface (they are also deployed at depth,
Huveneers et al., 2013; Bruce and Bradford, 2013).

Overall, these results show that the effects of shark diving tour-
ism on movements and activity space are mixed and are likely spe-
cies, operation and scale (time and space) specific. Based on the
existing data for a few species, it appears that baited shark diving
operations can change the localized or short term behavior of
sharks in the area, but will likely not attract sharks across broad
geographic areas (e.g. islands, or large reefs), influence migration,
or prevent them from undergoing key life-history events (Meyer
et al., 2009; Maljković and Côté, 2011; Hammerschlag et al.,
2012). It should, however, be noted that it is possible for changes
which appear relatively minor to significantly impact energy bud-
gets and individual fitness (Fitzpatrick et al., 2011; Huveneers
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et al., 2013). Within almost all these studies, there were large indi-
vidual differences in residence times, conditioning and foraging
success. Recent work contributes to the notion that fishes can
exhibit individual specialization resulting in differences in
movement linked to intra-specific habitat or food preferences
(Hammerschlag-Peyer and Layman, 2010; Matich et al., 2011). As
such, future work on movements associated with shark-diving
tourism should continue to examine both short and long term
movements as well as focus on whether tourism impacts differ
by sex or among individuals, and across patches of environmental
variability. Further, research with sufficient experimental or nat-
ural controls is sorely needed in future work of this kind. It is also
important that the effects of shark diving on shark movements go
beyond just looking for relationships between that two, but rather
trying to understand if and how such relationships can subse-
quently impact fitness, such as trade-offs in activity budgets.

It is worth considering that most shark diving operations do not
randomly select shark diving sites; instead, they tend to take place
amongst areas that already exhibit high shark abundance
(Gallagher and Hammerschlag, 2011). Therefore, a given research-
er’s interpretations may be confounded and it could be thus diffi-
cult to quantify the extent to which provisioning tourism serves
to aggregate individuals to a site or vice versa. For example, at Seal
Island in South Africa, white shark tourism occurs at a location
where sharks are actively patrolling seal rookeries in search of seal
prey. Very little attraction (sound or bait) is required for the sharks
to come by the boat (AJG and NH, direct observations), therefore it
is important to define terms and use caution when interpreting
results as such.
4. Ecology and trophic interactions

Changes in the feeding behaviors, abundance, and habitat use of
large consumers can have consequences for community dynamics
through trophic cascades (Estes et al., 1998). Although rarely con-
sidered, shark dive tourism has the potential to influence all three
of the above aspects of animal biology and ecology.

Where shark provisioning occurs, consumption of the bait
(which is essentially scavenging) could potentially result in sharks
ceasing to hunt and feed on their normal prey, although this has
not been documented yet. Under those conditions, a trophic cas-
cade could result, in which prey species are released from preda-
tion pressure, potentially causing prey to increase resource
foraging rates, with the risk of a subsequent cascade to other com-
munity members. Laroche et al. (2007) studied the effects of dive
tourism attracting and provisioning on white sharks aggregating
to hunt Cape fur seals (Arctocephalus pusillus pusillus) at a colony
in South Africa. They found little to no impact of these activities
on shark behavior and similarly no changes in seal movements
during periods of shark diving. The authors concluded that moder-
ate levels of dive tourism were unlikely to initiate trophic cascades
at an ecosystem level. By monitoring the success rates of individual
sharks taking offered bait and calculating energy intake rates,
Maljković and Côté (2011) concluded that these successful indi-
viduals were unlikely to meet their metabolic needs with offered
bait and that their natural predation rates are unlikely to be altered
by provisioning. These results should not be extrapolated to other
species or systems, however, and future work in this area is
warranted.

It is also plausible that attracting and aggregating sharks from a
distance to a dive site could intensify predation on local prey spe-
cies and in turn reduce the predation pressure in previously occu-
pied areas. Alternatively, if sharks already in the area of a tourism
site are sufficiently fed, perhaps predation pressure will be sig-
nificantly reduced on prey there, subsequently impacting trophic
interactions at the site. Current evidence is not adequate to mean-
ingfully address the question of shark dive tourism impacts on
community ecology; however, this subject could be addressed
through the establishment of long-term ecological and biodiversity
monitoring at sites and will benefit from close collaboration with
local operators (the benefits of which are discussed later).

Artificially aggregating large sharks at a small spatial scale (the
diving site) could also impact nutrient dynamics through increased
excretion, thus providing a concentrated source of limiting nutri-
ents for primary producers (Allgeier et al., 2013). Nutrient
exchanges by sharks among habitats has only recently been con-
sidered (Matich et al., 2011) and is an area that requires research
attention as it relates to dive tourism.

The timing of migrations between foraging and reproductive
areas in vertebrates can depend on metabolites and lipid reserves.
For example, European eels (Anguilla anguilla) need a minimum
threshold of body fat before they begin migrations to spawn
(Larsson et al., 1990). It is unknown if and how supplemental feed-
ing, in which the quality of bait may vary, can affect the timing and
success of migratory behavior (which is likely driven by fatty acids
in sharks (Gallagher et al., 2014). For example, could reproduction
fail to occur if sharks are fed nutrient poor food items to satiation
that do not meet the energetic and nutritional needs required for
challenging life-history phases?

It is also worth considering that in the case of commercially
important fishes and invertebrates consumed as seafood, attrac-
tion and aggregation at the shark dive site could make them dis-
proportionately prone to exploitation. Moreover, it also remains
relatively unknown whether any provisioning could alter the qual-
ity, condition and health of fishes collected and consumed from the
dive site. However, Vignon et al. (2010) found that grouper and
snapper species collected from inside dive locations where sharks
were regularly fed contained significantly higher parasite loads
when compared to control-site counterparts. The mechanism for
this food-web transfer of parasites was thought to be due to higher
excretion rates of provisioned-sharks (Vignon et al., 2010). Lastly,
removals of other top consumers (i.e., piscivores such as groupers
or snappers) for continued (e.g., daily) use as bait in shark diving
tourism activities may also be another important but often over-
looked issue at the local level.

5. Animal welfare

The term ‘non-consumptive’ as it relates to wildlife recreation is
defined by Duffus and Dearden (1990) as ‘‘human recreational
engagement with wildlife wherein the focal animal is not purpose-
fully removed or permanently affected by the engagement’’. How-
ever, a growing body of work provides evidence that human
presence during wildlife tourism can have sublethal physiological
impacts on animals which can in turn impact important aspects
of animal function such respiration, stress management, reproduc-
tive success, and body condition (e.g., McClung et al., 2004;
Müllner et al., 2004; Bejder et al., 2006; Semeniuk et al., 2009).
Indeed, many predators show measurable stress responses to
human presence. Wolves have been found to exhibit increased
physiological stress in response to the presence of snowmobiles
(Creel et al., 2002); while the mere presence of hikers in wilderness
areas without direct interaction is enough to elevate levels of fecal
stress hormones in wildcats (Piñeiro et al., 2012). Lions display
increased respiration and disturbance in the presence of humans
(Hayward and Hayward, 2009) and cheetah hunting success is
sharply diminished when tourist vehicles are present (Caro,
1994). There are many more examples from other taxa in the lit-
erature not discussed here due to spatial limitations, but they
should be explored and consulted.



Table 3
Potential biological sublethal impacts on sharks exposed to various activities
commonly associated with shark diving practices. The ‘‘Moderator’’ column is used
to characterize the party most responsible for the outcome of each activity (operator,
shark, or both).

Activity Moderator Potential sublethal impact

Shark collides with cages
or watercraft

Shark and
operator

Physical injury, disease, impaired
locomotion, deformity

Shark is continuously put
into tonic immobility

Operator Equilibrium loss, impaired
homeostasis

Shark is touched and
manipulated

Operator Physical injury, impaired
locomotion and ecology

Shark is hand-fed Operator Decrease in natural predation
success

Shark bites bait crates and
chum devices

Shark Impaired feeding, loss of foraging
opportunities

Shark is chronically
flashed by camera
strobes

Operator Physical injury, impaired vision
and visual detection

Shark becomes crowded
with conspecifics

Shark and
operator

Shift in habitat use and timing of
life-history events, injury

Shark is tricked into
performing impressive
behaviors

Shark and
operator

Decreased energy for foraging and
somatic growth

Sharks are displaced into
new areas and habitats

Shark and
operator

Increased territoriality, skewing of
sex ratios, predation on
conspecifics
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Such sublethal impacts are rarely considered in shark diving
tourism (Table 3), but a few studies provide evidence that they
may exist. In one study, researchers demonstrated that approach-
ing sharks more closely than 3 m caused resting sharks to increase
their swimming speed and adjust their mode of respiration (Barker
et al., 2011a,b). Similarly, whale sharks were likely to change
swimming direction when confronted with swimmers in their
paths or in close proximity, and displayed aversive behavior when
touched (Quiros, 2007). Species can also become physically
damaged through interactions: whale sharks exhibit scarring from
collisions with boat propellers (Speed et al., 2008) as do certain
white sharks which are wrangled into shark cages (Authors, direct
observation, Fig. 3).

Some operators permit their staff and guests to engage in han-
dling or manipulation of large predatory sharks (i.e., touching,
grabbing, inverting; Shiffman, 2014a, b). It is dangerous to assume
that these practices do not affect shark physiology or homeostasis,
although this may be manifested on a species or case-specific basis.
For example, certain operators place sharks into ‘tonic immobility’
(a trance-like state) to impress guests, however this practice has
actually been shown to cause significant physiological and bio-
chemical disruption and increase stress in sharks (Davie et al.,
1993; Brooks et al., 2011). Despite the wide range of operator
interactions with sharks, there are very few data on their effects.
Fig. 3. Example of the variability in commitment to animal welfare among shark diving t
South Africa. (a) White shark is dragged into the cage and shows signs of previous phy
dragged away from the cage (pictured left) in an effort to allow the shark time to steer a
who remain anonymous.
As such, we recommend these interactions be avoided until those
data become available. This is particularly important if sharks are
aggregated for key life-history phases where handling could hinder
the sharks from engaging in critical behaviors (i.e., mating). Fur-
thermore, improper operator handling of the sharks (i.e., trapping
them between cages and boats, Fig. 3) could lead to a false impres-
sion among the public that the sharks may be aggressive.

Dive boats can cause noise pollution and physical obstruction
that could interfere with shark behaviors such as feeding or hunt-
ing. For example, in the waters surrounding Seal Island in False
Bay, South Africa, white sharks appear to use a search base or
anchor point from which to stage attacks on seals (Martin et al.,
2009). For that reason, dive boats tend to anchor at this location
to attract sharks for viewing (Laroche et al., 2007). It is possible
that the noise or obstruction caused by the boat and/or cage could
interfere with sharks staging successful predations on seals, or cre-
ate a shelter for seals as they are being hunted by sharks (AJG and
NH, direct observation). At this same spot, seal decoys are often
towed within the hunting spots to elicit strikes for tourists and film
crews. Although the exact energetic values needed to launch a
strike on a decoy remain unknown, this scenario could lead to
reduced predation on seals and perhaps even aversion if sharks
start to associate a seal shape with lack of a food reward. Moreover,
it is possible sharks expend a portion of their daily energy budget
on chasing seal decoys and thereafter cannot engage in other ener-
gy-expensive tasks. Thus, if shark diving tourism continues to be
discussed as a non-consumptive activity, it is critical that potential
sublethal and/or chronic impacts are enumerated, quantified, and
reduced. However, the current scientific literature on animal wel-
fare in shark tourism is limited, and the majority of those studies
which have been conducted are often redundant and difficult to
differentiate (see Table 1 for examples). Future studies should
strive to collect data and test hypotheses that may help generate
codes of compliance that will help improve animal welfare (i.e.,
Pierce et al., 2010).
6. Human dimensions

6.1. Socio-economics

Shark diving tourism has been responsible for a shift in the
socio-economic importance of sharks from a fisheries product to
a more valuable reusable resource in many tourist destinations
around the world. Shark diving generates direct revenues for local
operators, but the demand of participants for services beyond the
immediate industry also stimulates the economic development of
a range of local businesses (e.g., hotels and restaurants; Dicken
and Hosking, 2009; Clua et al., 2011; Bradford and Robbins,
ourism operations, with a specific focus on great white shark cage diving/viewing in
sical trauma and tooth damage. (b) Seal decoy (pictured above the shark) is being
way and prevent collision with cage. Both photos document two different operators
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2013). Together, the commercial activities associated with this
industry generate substantial tax revenues, increasing the capa-
bility of local and national governments to further provide services
and infrastructure to the general community (Vianna et al., 2011,
2012).

Socio-economic studies of shark diving have been conducted at
many scales. A few have attempted to estimate the average eco-
nomic value of individual animals resident at shark diving sites
with the aim of contrasting the non-consumptive versus consump-
tive values (Clua et al., 2011; Vianna et al., 2012). Since the non-
consumptive values of sharks are typically orders of magnitude
higher (Vianna et al., 2012), such figures are commonly used by
advocacy groups as a reason to enact shark protective measures
from fishing. However, valuations studies at the scale of individual
animals have been a source of recent debate in the scientific com-
munity (Catlin et al., 2013; Vianna et al., 2013), with estimates on
larger scales (whole industry or population level) regarded as more
suitable in situations where basic information about the residence
and identity of individuals and populations may not be available
(Vianna et al., 2013). However, there is a lack of quantification of
the net benefits from shark diving that are incorporated to the
community, particularly those communities that are simultane-
ously exploiting sharks for food products.

Valuation studies have been important to show the contribu-
tion of the shark diving industry to economies on regional and
nationwide scales, and they typically quantify the direct and indi-
rect expenditures of participants engaged in shark diving as the
non-consumptive use value of the industry (e.g., Dicken and
Hosking, 2009; Clua et al., 2011). Direct expenditures have been
quantified as the expenditures of participants purchasing a
shark-diving package from the tourist operator (usually obtained
through structured interviews or questionnaires), with indirect
expenditures representing the other costs that might be related
to the presence of participants such as accommodation, living
costs, souvenirs and even airfare (De la Cruz Modino et al., 2010;
Clua et al., 2011). For example, in 2007, a specialized shark diving
industry focusing on tiger sharks on the east coast of South Africa
was estimated to generate annual revenues of approximately
US$1.8 million to the coastal communities in the area (Dicken
and Hosking, 2009), while in Moorea (French Polynesia) shark div-
ing with lemon sharks (Negaprion acutidens) was estimated to gen-
erate over US$5.4 million annually (Clua et al., 2011). Also, in Palau,
the shark diving industry generated approximately US$19 million
in 2010, with benefits to the local community of US$1.2 million
in salaries (Vianna et al., 2012). This industry accounted for 8% of
the Gross Domestic Product of the country and represented the
third highest contributor to the gross tax revenue. Similarly in Fiji,
a well-established shark diving industry was estimated to generate
approximately US$42 million annually at a nationwide scale. Of
this amount, approximately US$4 million was directly assimilated
by the local communities (Vianna et al., 2011).

Recently, Cisneros-Montemayor et al. (2013) employed a meta-
analytical approach to estimate the global value of shark diving
tourism. These authors estimated that shark diving generated
annual revenues in the order of US$314 million, directly support-
ing around 10,000 jobs. Many of the results of this paper were
rebutted by Brunnschweiler and Ward-Paige (2014) and other col-
leagues in the field, who argue that these figures underestimate the
economic value of shark diving and fail to account for empirical
data available in the literature. Despite the debate over precision
of estimates, the greater literature clearly shows that the socio-
economic benefits from the shark diving industry are both large
and widespread, however, these revenues are much lower than
those generated by other wildlife tourism industries which appeal
to wider audience of users such as whale-watching (c.f. US$ 2
billion/year; O’Connor et al., 2009).
The economic figures from empirical valuations and global
demographic analyses have provided early insight into the scale
of shark diving, however, inconsistency in methods among studies
and time lags among estimates may limit the ability to compare
between studies. Instead, a standardization of protocols for data
collection and analysis may permit transparency and compara-
bility of any generated estimates with competing industries (e.g.
fishing industry), and will be important to generate longitudinal
data that might be used to monitor trends in the shark diving
industry and the socio-economic importance of shark tourism for
the livelihood of local communities over time.

People’s willingness to pay to conserve wildlife has been
demonstrated to be linked to variables including the size of a
species population, the relative costs of conservation, the type of
species, whether it has both ‘‘use’’ and ‘‘non-consumptive’’ value,
and whether the species constitutes ‘‘charismatic megafauna’’
(Richardson and Loomis, 2009). These values will vary widely
based on species’ individual characteristics, and thus economic val-
ues ascribed to charismatic shark species or commercially impor-
tant shark species cannot be extrapolated to all elasmobranchs.

In addition to the direct and indirect expenditures of shark tour-
ists, evidence suggests that tourists are more willing to pay to sup-
port the conservation of species they have encountered (Tisdell
and Wilson, 2001). Moreover, the economic analyses reviewed
here do not account for the ‘‘existence’’ value of sharks to environ-
mentally minded individuals, which can constitute a significant
portion of a wildlife species’ estimated total value (Bandara and
Tisdell, 2003). A greater emphasis should be placed on human
dimensions research in the future, specifically that which uses
social science approaches to understand local cultures and com-
munities associated with shark diving.
6.2. Conservation and research

Wildlife tourism, including shark diving tourism, can be a pow-
erful argument for the conservation of biodiversity (Walpole and
Leader-Williams, 2002). While we believe that shark diving tour-
ism has potential conservation benefits, it is worth considering
the potential positive and negative effects on conservation that
may result from these practices.

There is a growing trend in creating Marine Protected Areas
around shark diving locations (i.e., Guadalupe Island, Fiji Shark
Reef) and even very large shark-specific sanctuaries in countries
where shark diving tourism contributes significantly to the
nation’s GDP (i.e., Palau, Bahamas). In some cases, the year-round
presence of operators and eco-tourists at these sites essentially
creates a defacto protected area, serving as monitors, alarms and
deterrents for poachers or fishermen engaging in illegal activities.
However, as new shark diving sites are discovered and advertised,
they can become a target for the exploitation of sharks, as seen in
the local extirpation of an annual stock of bull sharks at a dive site
in Mexico or the illegal poaching of Caribbean Reef sharks at a pop-
ular feeding site in the Bahamas (Authors, direct observation).
Moreover, while there are indeed fishers switching from shark har-
vesting to tourism, these changes can be challenging due to lan-
guage barriers, education, start-up capital, and the expectations
of Western tourists. In some cases, foreign investment can be a cru-
cial and welcome component of development strategies based on
wildlife tourism (e.g., Wunder, 2000), while in others tourism
income may be largely directed away from local people, whose
participation is often limited to menial, poorly paid ‘‘service’’ jobs
(e.g., Mbaiwa, 2003). In some cases, growing reliance on tourism
dollars can lead to increasing local hostility toward tourists them-
selves, as purchases create local inflation or tourists fail to observe
local cultural norms (Walpole and Goodwin, 2001).
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Important debates exist about using economic valuation of
specific species or ecosystems as a tool for conservation, particular-
ly given the role of morality and ethics in making such decisions.
Many of the most significant conservation victories of previous
decades were argued on moral and ethical rather than economic
grounds (for example, commercial whaling bans, or the CITES bans
on international trade in ivory) (McCauley, 2006). Thus, while val-
uation may be a useful way of communicating about the economic
importance of specific species in specific settings, conservation
arguments that rely solely on economic rationality and market
forces to conserve wildlife are significantly weakened.

Operators often maintain detailed daily logs of shark abundance
and community changes, and can identify sharks to the individual
level, monitor their health over time, and detect anomalies in local
faunal patterns (e.g., Meyer et al., 2009; Towner et al., 2013;
Fallows et al., 2013). As such, operators can be a useful source
and partner for scientific investigations and many of the papers cit-
ed throughout benefitted from operator support (although proper
training may be required).

While the potential benefits of responsible tourism to scientists
and natural resource managers are clear, there is skepticism and
debate about whether wildlife tourism ultimately leads to positive
conservation outcomes. While operators genuinely believe that the
personal experiences tourists have with sharks result in attitudinal
change (CCM, unpublished data), the findings of tourism research-
ers have been more equivocal. Pre-existing pro-environmental
attitudes have been shown to be an important predictor of learning
in a wildlife tourism setting, suggesting that these experiences are
likely to be most effective at communicating with those who
already possess environmental awareness and a conservation
ethos, and are more likely to lead to learning than to long term atti-
tudinal or behavioral change (Ballantyne et al., 2011). In addition
to reinforcing existing beliefs, ecotourism can help to create new,
positive attitudes among the previously ambivalent (i.e., ‘‘I didn’t
really care about sharks before. . .’’) but shows a limited ability to
change pre-existing attitudes or result in lasting behavioral
changes (Smith et al., 2011). Finally, even in those cases in which
tourists have profound affective experiences with wildlife, they
may find it difficult to verbally communicate their experiences,
limiting the potential for attitudinal change to spread through
social networks (Milstein, 2008). Qualitative and quantitative
social science methods could be useful for future work seeking to
address this issue. While there is undoubtedly potential for wildlife
tourism to contribute to conservation, that contribution is not nec-
essarily intrinsic to the tourism experience itself, and will be
dependent on the quality of operator and educational opportuni-
ties provided (Curtin, 2010). Of course, this also does not account
for the possibility of shark tourism having a negative impact on
public perceptions of sharks in case of a shark-related injury to a
tourist.

6.3. Community-based management

There are several instances where shark diving tourism has
led local villages to use the community-based management of
sites to establish local Marine Protected Areas, monitored and
enforced by the community and recognized by the government
(Brunnschweiler, 2010). In Fiji, conservation groups and dive busi-
nesses have established long-term partnerships with the local
community, returning part of the revenues generated by shark div-
ing to the villages in exchange for the fishing rights at shark diving
sites (Brunnschweiler, 2010; Vianna et al., 2011). Similarly, the
community-based management of a local whale shark (Rhincodon
typus) diving industry in Donsol, Philippines, has ensured that
the revenues generated by shark diving were largely translated
into socio-economic benefits for the local villages (Pine et al.,
2007). With the support of local government and a Non-
Governmental Organization (NGO), a community-based
management system commissioned local fishers to operate
shark-snorkeling trips for tourists using their fishing boats
(Quiros, 2005; Pine et al., 2007).

In cases where community-based management has not
occurred, the success of shark tourism as a mechanism for develop-
ment and community employment is more mixed; in some locales
fishers may not have the resources or infrastructure to exploit a
growing demand for shark dive tourism, and communities may feel
deprived of access to valuable shark fisheries without compensa-
tion (Rodríguez-Dowdell et al., 2007). In these cases, there is much
greater potential for poaching and resistance to dive tourism
among local populations. Although this system benefits from the
involvement of locals throughout the process of decision making,
the direct participation of government authorities and NGOs pro-
motes interaction between the stakeholders, while providing spe-
cialized training and support for management of the industry
(Quiros, 2005). However, the economic benefits may not neces-
sarily parlay into pro-conservation attitudes, particularly if the
benefits of economization are not communicated sufficiently
(Burns, 2004).

6.4. Citizen science initiatives

Shark diving tourism presents itself as a potential instrument
and platform for the implementation of citizen science initiatives,
and recreational shark divers have assisted in the collection of sci-
entific data in numerous ways. For example, by using an underwa-
ter visual census carried out by trained volunteers, large-scale
declines in shark populations throughout the Caribbean were
revealed, mainly resultant from overfishing (Ward-Paige et al.,
2010). Additionally, photos collected by recreational shark divers
were used to describe the population structure, site use and move-
ments patterns of grey nurse sharks (Carcharias taurus) and whale
sharks off Australia (Barker and Williamson, 2010; Davies et al.,
2012). In Fiji, well-structured programs have also been employed
to monitor the status and demography of shark populations over
time (Brunnschweiler and Baensch, 2011). The validity of the data
collected in these programs relies on the skills of the participants
in detecting, identifying and estimating the number of sharks pre-
sent. For this reason, the use of untrained observers may represent
an important source of bias in count data collected by shark-diving
tourism (Meyer et al., 2009). While citizen science programs
designed to collect data to support research are indeed a valuable
tool, the efficiency of such programs for science can only be
achieved by having clear objectives and hypotheses that can be
realistically tested and published (Brunnschweiler and Baensch,
2011; Ward-Paige and Lotze, 2011; Ward-Paige et al., 2011). Final-
ly, it is fundamental to establish protocols to ensure standardiza-
tion and data quality that may allow the establishment of
citizen-scientist networks for the collection of data for broad-scale
monitoring projects (Huveneers et al., 2009; Vianna et al., 2014).

6.5. Bites on humans

Perhaps the biggest and most controversial concern over shark
diving is the potential to cause safety issues for recreational water
users. Despite millions of dedicated shark dives occurring annually
around the globe, there are very few instances of people being
harmed by sharks during dedicated shark dives. According to the
International Shark Attack File (ISAF), there were 38 and 34 ‘unpro-
voked’ shark bites on humans divers (those entering the water and
submerging) worldwide between 1990–1999 and 2000–2012,
respectively (averaging between 12% and 40% fatal, ISAF). These
descriptive statistics should be treated with caution, however, as
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it includes interactions with spear-fishers but does not specify
whether these interactions occurred during shark diving tourism
activities. A controversial aspect of shark diving is the concern that
diver-shark interactions and/or the use of bait or food-rewards will
habituate sharks to people or cause sharks to associate people with
food, therefore, creating a significant safety concern for any water
users, such as bathers. While sharks are certainly capable of learn-
ing (see Section 1 on learning), we are not aware of any published
studies that have examined such a scenario and therefore, this is
certainly an area requiring further research. However, research
on a variety of other species has shown that some increased risk
of aggression toward humans is possible in provisioned animals.
In one study, researchers showed a strong correlation between
the amount of time provisioned dolphins were made to wait before
being fed and the probability of potentially dangerous interactions
between dolphins and humans at the feeding site (Smith et al.,
2008). Moreover, provisioned animals are more likely to engage
in ‘‘begging’’ behavior, which has been reported for species includ-
ing deer (Hockett, 2000), dolphins (Orams, 1997), iguanas (de
Groot, 1983), macaques (Knight, 2010) and bear (Tate and Pelton,
1983), with sometimes disastrous consequences for wildlife or
humans. There is no doubt that shark diving, like other forms of
wildlife viewing involving mobile predators, is potentially danger-
ous. Clearly, the potential relationships between shark diving and
human safety is a much needed area of important research. This
is not only important in terms of human safety, but a shark bite
on a human can quickly undermine any conservation progress that
has shown the benefits of live sharks to human society (versus
dead) or dispelling their negative image as ‘man eaters’, which
often caused people to hunt them or receive little conservation
attention. While the direct impacts of feeding activities are often
not acutely obvious or clear (see previous sections on learning
and behavior), extreme caution should be taken when interacting
Table 4
Hypothetical scorecard that could be used to quantitatively assess the quality, performan

Poor (1) Fair (2)

Educational
information

Operators provide little, if any,
information on the diving and
animals; no guidelines provided
on animal interactions

Brief overview of diving
conditions and animals;
guidelines provided on
animal interactions

In-water safety Operation is a free-for-all with
no organization; operators
make no effort to
lead/communicate underwater

Operation exhibits loose
organization between di
and operators; operators
remain relatively distan
from divers

Animal treatment Operators frequently handle and
manipulate animals and permit
divers to handle and touch

Operators sometimes ha
and manipulate animals
limiting touching by div
not enforced

Environmental
sustainability

Operators make no efforts to use
local or natural (or low trophic-
level) bait; gear used for animal
interactions is high-impact;
vessel is not fuel-efficient; no
involvement to seed local
community

Operators rarely use loc
natural bait; gear used h
moderate-impact; vesse
moderately fuel-efficien
minimal involvement w
local community

Conservation ethic Operation is not designed to
benefit the conservation of
resources, animals, or local
communities and waters

Operation demonstrates
basic aspects of
conservation-mentality
regards to resources,
animals, communities, a
waters
with wild animals and operators should certainly not operate in
areas close to other water users.
7. Practice

There are currently no universal best practices that are applied
to shark diving, which, although likely difficult to standardize to
due species-specific differences, may be warranted in light of var-
iation in operator behavior and the inherent risks associated with
diving and interacting with large and potentially dangerous preda-
tors. Inadequately regulated marine tourism has been demonstrat-
ed to negatively impact many types of marine wildlife including
cetaceans, sea birds, seals, manatees and stingrays (e.g.,
Newsome et al., 2004; Semeniuk et al., 2009; Sorice et al., 2006;
Steckenreuter et al., 2011; Velando and Munilla, 2011; Andersen
et al., 2012). Authors have contended that a lack of certainty that
harm is occurring can potentially be misleading, as negative
impacts may not be immediate, obvious or easy to detect (Sorice
et al., 2003). Good practices sustain the exploited resource while
providing access to users – a result of a healthy working relation-
ship between conservationists, policy makers, and the industry.
However, regulating behavior in human–wildlife scenarios can be
difficult. The United States Fish and Wildlife Service has found
extreme difficulty in regulating the behavior of tourists swimming
with manatees in shallow inshore waters where most encounters
and infractions take place at the surface (Sorice et al., 2006).
Indeed, even in places where shark provisioning has been banned,
enforcement of these bans has proven extremely difficult (CCM
unpublished data). Under these conditions, it is realistic to assume
that managing agencies will find shark tourism that takes place in
remote locations and at depth far more complex and challenging to
regulate effectively.
ce, and safety of shark diving tourism operations.

Good (3) Excellent (4) Score

no
Basic briefing of diving
conditions, diver safety,
animals; some guidelines
provided on animal
interactions

Very thorough briefings on
diving conditions, diver safety
with an emphasis on animal
behavior; detailed guidelines on
animal interactions provided

vers

t

Operation exhibits good
organization and
communication between
divers and operators;
operators stay relatively close
to divers

Operation demonstrates
effective strategy with strong
organization and frequent
communication with divers;
entry/exit protocol enforced

ndle
;
ers is

Operators rarely handle or
manipulate animals;
touching by divers is
prohibited and enforced

Operators never handle or
manipulate animals; touching
by divers is strictly prohibited
and enforced

al or
as

l is
t;
ith

Operators use local and
natural bait; gear used has
moderate to low impact;
vessel is fuel-efficient; local
communitiy is involved
somehow in the operation

Operators always use local bait
that is natural prey of animals
and ideally source the bait from
fisher or restaurant surplus (or
use no bait); gear is specifically
designed to be low-impact;
vessel is certified fuel-efficient
and low emission; local
community is involved in the
operation (jobs, etc)

with

nd

Operation demonstrates a
clear conservation-based
approach with regards to
resources, animals,
communities, and waters

Operation highly demonstrates
a conservation-based approach
with regards to resources,
animals, communities, and
waters

Total score (/ 20)
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One common approach to regulation of wildlife tourism has
been voluntary codes of conduct. In many cases, these codes are
created and overseen by the tourism industry itself; however they
have shown mixed success as regards compliance. Quiros (2007)
found that compliance to ‘‘code of conduct’’ regulations for interac-
tions with whale sharks in the Philippines in 2004 and 2005 was
irregular, with only 44% of divers maintaining the required mini-
mum distance from the sharks and 18% disobeying the prohibition
on touching sharks. Similar findings with dolphins suggest that
operator behavior was compliant to a voluntary code of conduct
on only 40% of tourism trips—even when crew members were
aware an observer/researcher was on board (Scarpaci et al., 2003).
Despite these limitations, given the present scale of marine wildlife
tourism and available enforcement resources, a code of conduct is
likely to be the most realistic approach to regulating shark tourism.
Evaluating or developing shark diving best-practice is beyond the
scope of this paper, but they should be science-based, explicit and
relatively easy to obey and enforce (Pierce et al., 2010). However,
we propose employing a basic rating system (i.e., the ‘star’ system
seen in hotels and restaurants) to assist tourists in making decisions
for choosing responsible dive operators. For example, operators
could be quantitatively scored from 1 (worst) to 4 (best) in the
following categories: (a) educational information provided to
divers; (b) in-water diver safety; (c) animal welfare; (d) ecological
sustainability; and (e) conservation ethic (Table 4). Furthermore,
tourist-generated photo and video placed on social media and other
websites may also help monitor operator practices; these could be
used in conjunction with an operator-by-operator rating tool
similar to the one proposed above.
8. Conclusions and future directions

Research into various aspects of shark diving tourism appears to
be trending, especially in recent years as researchers have
switched from solely describing the socio-economics of a regional
industry toward designing multi-year investigations which seek to
understand the true impacts on shark behavior and its potential
indirect effects on both natural systems and humans. While a
strong foundation of research exists to begin assessing and making
conclusions on the ecological and behavioral impacts of shark div-
ing practices as well as its potential economic importance, many
questions remain (Table 2). The costs, benefits, and risks associated
with shark diving are likely specific to the species, location, and
perhaps even individual-level. Thus, as scientists, we need to be
thoughtful about these challenges when we frame our research
questions, as well as the limitations when we interpret our results.
This is underscored by some degree of skepticism which clearly
exists within the scientific community, as evidenced by the pub-
lished comments/rebuttals in reference to previously published
work. As a collective group of researchers, we should be open to
collaborations and communications such that we avoid potential
pitfalls (redundancy, over-saturation of topics, lack of controls, dis-
agreements) that may stunt the evolution of this area of study. We
also need to think carefully about how we influence or attempt to
influence the manner in which our results are disseminated to the
popular media or on social media platforms. The latter is likely to
play an important role in how practices in the industry are per-
ceived by the general public, and could be a valuable source of data
for future investigations.

Identifying possible changes in animal ecology and biology as a
result of human–wildlife interactions is the first step in assessing
impacts of shark diving tourism activities. However, given that a
certain level of impact from tourism or ecotourism may always
be expected, it is fundamental for future research to focus on the
extent and relevance of this interference on the shark populations,
and how provisioning may influence the health of the animals and
risk to humans. It is also crucial to define and frame what type of
‘‘impact’’ is under investigation. Furthermore, research projects
should make an effort to have appropriate biologically relevant
controls (sensu Hammerschlag et al., 2012).

Shark diving tourism is a controversial topic. Research in this
field can benefit from collaborations between researchers and
industry representatives, although projects should mitigate the
potential validity threats imposed by operators. While they may
not be ideal or universally valid, codes of conduct, rating systems
and safety guidelines should be explored. Despite the need to
increase our understanding of the potential effects of shark diving
on animal welfare and human safety, we emphasize a precaution-
ary approach be used by operators and tourists and therefore, cer-
tain practices should be avoided, namely: operating in close
proximity to other human-use areas, touching, manipulating and
harassment of animals, hand-feeding, direct interference with
critical shark behaviors, poor normal diving practices, uncontrolled
swimming, as well as uneducated and unregulated mass diving in
the presence of provisioning (Orams, 2002). There appear to be no
net benefits of these actions (except perhaps ‘happier’ clients) over
more precautionary practices, and although they may actually be
benign, they inherently pose added safety risk to users and sharks.
We thus suggest that a universal code of conduct be created to
ensure both human and shark safety. Because shark diving tourism
has the potential to provide significant long term conservation and
economic benefits for a small handful of species and communities
which can exploit them, decisions about regulation or banning
feeding should be based on scientific research; however, a precau-
tionary approach should be taken to ensure human safety, reduce
environmental impacts, promote economic benefits and foster
shark conservation.
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