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Abstract

Sharks and rays (elasmobranchs) are charismatic megafauna that support healthy
ecosystems and can serve as flagship species for marine conservation. Elasmobranchs tend to be
highly mobile, mid- to high trophic level predators, with slow population growth rates that render
them vulnerable to overexploitation. While many species have experienced widespread and
ongoing population declines, some nations have recognized the value of elasmobranchs to the
tourism industry. The Republic of Maldives has protected sharks and rays from exploitation
within their national waters since 2014 because of the significant amount of revenue lost from
the tourism industry when populations there began to show signs of overexploitation. However,
local threats such as bycatch, entanglement in fishing gear, and unregulated tourism may
continue to negatively impact populations, highlighting the need for additional conservation
measures. Known as ‘Shark Island’, Fuvahmulah Atoll, a recently designated UNESCO
Biosphere Reserve, has recently experienced a steep rise in dive tourism due to improved
accessibility to, and awareness of, its abundant and diverse shark and ray megafauna. Although a
marine protected area (MPA) has been designated at the southern end of the atoll, a management
plan has not yet been developed and species-specific information is lacking. Furthermore, it is
unclear if dive tourists are willing to contribute financially to help conserve the biodiversity upon
which their tourism depends. Here, we sought to inform management plans and policy design by
1) quantifying elasmobranch assemblages on Fuvahmulah Atoll’s reefs and 2) examining
tourists’ willingness to pay for increased conservation action on the atoll. In Chapter 2, we
deployed remote timelapse cameras at three shallow fore reef sites and collected images on 63
days over a 6-month period. From a total of 1,629,756 images, we calculated the occurrence and

relative abundance within days and hours to assess spatial and temporal variations in
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elasmobranch visitation to the sites. Sharks and rays were captured on 72% of hours and 95% of
days, with the highest number of occurrences recorded at the site within an MPA, Farikede,
followed by Kedevari and Hudhekede. Both reef sharks and apex sharks were represented, with
whitetip reef sharks, pelagic threshers, grey reef sharks, tiger sharks, and silvertip sharks,
representing the most frequently observed species. We show that Farikede MPA is a hotspot for
reef sharks and tiger sharks. However, Kedevari appears to be an ecologically significant site for
pelagic threshers. In Chapter 3, we conducted stated preference surveys with tourists visiting
Fuvahmulah to assess tourists’ willingness to pay a one-time “Reserve” entrance fee, the factors
that influence the value of the fee, and their preferences for conservation measures proposed by
the community. Virtually all (97%) tourists were supportive of paying a one-time reserve
entrance fee, with an average fee of US$58 per person. Tourists with more positive
environmental attitudes, those more committed to dive tourism (higher skill levels and more
frequent trips), and those who encountered specific shark species (tiger sharks or pelagic
threshers) in Fuvahmulah were willing to pay higher entrance fees. Visitors to Fuvahmulah Atoll
highly value marine conservation, and their financial support creates unique opportunities to
safeguard biodiversity and ensure the sustainability of the tourism industry. Increasing our
understanding of the biological community while exploring avenues to finance conservation can
provide opportunities to create informed and comprehensive management plans. While many
elasmobranch populations continue to experience global declines, protected and well-managed

sites may increase resilience on a global scale.
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Chapter 1 — Introduction

Sharks and rays are charismatic megafauna that support healthy ecosystems and can serve
as flagship species for ocean conservation. These cartilaginous fishes, which belong to the
subclass Elasmobranchii of the Class Chondrichthyes, tend to be highly mobile, mid- to high
trophic level predators, with slow population growth rates that render them vulnerable to
overexploitation (Musick et al., 2000; Roff et al., 2016; Shipley et al., 2023). Indeed, global
declines of elasmobranchs have been largely attributed to the rapid expansion of fisheries
operating in the open ocean from the 1960s onward (Bonfil, 1994; Rose, 1996; Baum et al.,
2003; Baum & Myers, 2004; Nadon et al., 2012; MacNeil et al., 2020a; Dulvy et al., 2021;
Pacoureau et al., 2021; Simpfendorfer et al., 2023). In countries around the world and on the
high seas, elasmobranchs are landed in both targeted and bycatch fisheries for the high value of
their fins or gill plates (Rose, 1996; McClenachan et al., 2016; O’Malley et al., 2017). Initially,
research reported the decline of oceanic species, which have been greatly affected by offshore
longline fisheries (Baum et al., 2003; Baum & Myers, 2004). Declines in the open ocean have
reached 99% for some species; however, declines in reef shark species, which were previously
thought to be less impacted by fisheries, have also been documented, with common reef-
associated species declining by up to 73% (Baum & Myers, 2004; Simpfendorfer et al., 2023).
Diver surveys have revealed that declines of reef-associated elasmobranch species mirror those
of pelagic species, with the most severe impacts occurring on reefs near areas of high human
density (Graham et al., 2010; Ward-Paige et al., 2010; Nadon et al., 2012). Recent studies
estimate that more than half of reef-associated sharks and rays are threatened with extinction

(Sherman et al., 2023). Furthermore, MacNeil et al. (2020) report a complete absence of reef



sharks from 20% of coral reefs worldwide. The growing concern for elasmobranch population

declines has led to international interest in conservation strategies.

1.1 Management and conservation measures for elasmobranchs

Although marine protected areas (MPAs) are often promoted as a strategy for
elasmobranch conservation, the efficacy of these spatial protections for highly mobile species
like elasmobranchs remains highly debated (Robbins et al., 2006; MacKeracher et al., 2019;
Dwyer et al., 2020). Positive impacts of MPA designation have been documented for some reef
shark species (McCook et al., 2010; Bond et al., 2012; Goetze & Fullwood, 2013; Flowers et al.,
2022; Goetze et al., 2024). A recent study analyzing protected areas on coral reefs worldwide
demonstrates that shark populations within MPAs are highest when associated with regions with
less historical shark fishing, have specific fisheries regulations, and are well enforced (Goetze et
al., 2024). While area-based management may be an effective strategy for reef-associated species
with small home ranges, we often lack the knowledge required to design effective MPAs for
elasmobranchs (Dwyer et al., 2020). Furthermore, conservation strategies for wide-ranging
species, which may be making transboundary movements, are more complex yet critical,
considering wide-ranging species face an elevated risk of extinction (Dwyer et al., 2020; Flowers
et al., 2022; Sherman et al., 2023). For species which may not remain within the confines of a
single MPA, networks which may protect multiple habitat types and fisheries management at the
national level are suggested as more effective conservation strategies (Graham et al., 2016;
Goetze et al., 2024). Studies investigating the efficacy of shark sanctuaries, which protect species
from exploitation within national waters, reveal that these designations are likely not enough in
isolation (Ward-Paige, 2017; Ward-Paige & Worm, 2017). Local threats, such as bycatch,

entanglement, or unregulated tourism, may continue to impact elasmobranch populations



(Venables et al., 2016; Ward-Paige & Worm, 2017; Murray et al., 2020; Legaspi et al., 2020).
Therefore, shark and ray populations may benefit from national protection coupled with area-
based management.

A common barrier to MPA success is the long-term financing required to support
management and enforcement, critical components of effective MPAs. (Bohorquez et al., 2019;
Brown et al., 2023). The economic gain from tourism has motivated some countries to grant
national protection to sharks and rays, and the revenue gained can provide opportunities for
conservation financing (Depondt & Green, 2006; Terk & Knowlton, 2010; Brown et al., 2023).
Interest in shark diving, for example, has increased substantially on a global scale, and visitor
fees may be a viable option to help finance conservation, considering charismatic megafauna has
been shown to positively affect tourist donation behaviour (Walpole & Leader-Williams, 2002;
Kontoleon & Swanson, 2003; Cisneros-Montemayor et al., 2013; Colléony et al., 2017;
Zimmerhackel et al., 2019). Indeed, dive tourists tend to show concern for marine ecosystems
and wildlife and are generally willing to pay park entrance fees to support conservation in
protected areas (Peters & Hawkins, 2009; Grafeld et al., 2016). The value charged by protected
areas has been determined using many methods ranging from policymakers’ intuition to carefully
designed empirical research (Peters & Hawkins, 2009).

Contingent valuation is a stated preference method that uses questionnaires to assess
people’s willingness to pay for a change in an environmental good (Johnston et al., 2017). Using
this method, respondents are presented with a baseline scenario and a proposed change and are
asked to state how much they would be willing to pay for the proposed change. Although the
literature has highlighted concerns regarding the potential hypothetical bias present in responses,

guidelines for survey design were outlined by the National Oceanic and Atmospheric Association



(Arrow et al., 1993), and later updated by Johnston et al. (2017), to increase validity and
minimize bias. Contingent valuation methods have been used widely for environmental valuation
research. Results have been used as central components for resource damage assessments,
decision making, advocacy, and policy design (Johnston et al., 2017). When uncertainties
surround the potential impact on the tourism industry, this method can directly assess the
willingness of tourists to contribute to conservation through entrance fees and determine an
appropriate level of payment (Walpole et al., 2001; Tisdell & Wilson, 2002; Peters & Hawkins,

2009).

1.2 Study location

The Republic of Maldives, situated in the Indian Ocean, has offered national protection to
sharks and rays since 2014 (Government of the Maldives President’s Office, 2010; EPA, 2014;
Ali & Sinan, 2015). Currently, tourism is the island nation’s largest industry (Zimmerhackel et
al., 2019). Additionally, the tourism levels are dependent on healthy elasmobranch populations
(Anderson et al., 2011b; Cagua et al., 2014; Ministry of Tourism, 2022). Shark fishing occurring
in the 1990s led to a noticeable decline in species encounters at dive sites, and as a result, the
tourism industry suffered significant losses (Anderson et al., 1999; Anderson & Ahmed, 1993;
Ali & Sinan, 2014). In response to these economic losses, the Maldives exclusive economic zone
(more than 900,000km?) was declared a shark sanctuary in 2010, protecting shark species from
catch, captivity, trade, and harm (Government of the Maldives President’s Office, 2010; Ali &
Sinan, 2014; Ward-Paige, 2017). Ray species were secondarily afforded protection in 2014
(EPA, 2014). Marine megafauna encounters remain an important component of tourism to the
Maldives and snorkelling and diving are among the most popular activities of guests

(Zimmerhackel et al., 2018; Ministry of Tourism, 2022). Recent estimates suggest that shark and



manta ray diving contribute US$8.1 million and US$14.4 million per year in direct revenue,
respectively, offering considerable support to the country’s economic growth (Anderson et al.,
2011; Zimmerhackel et al., 2019). Protective efforts are in place for some sites which provide
tourist opportunities to encounter megafauna (MCCEE, 2024). However, very few MPAs within
the country have strong management plans in place. Currently, the Maldives’ Ministry of Climate
Change, Environment, and Energy is working towards developing effective management plans
for existing MPAs and identifying additional areas of ecological significance as candidates for
increased protection (MCCEE, 2024).

This thesis research took place on Fuvahmulah (Gnaviyani) Atoll, an isolated single-
island atoll located in the southernmost region of the Maldives. Fuvahmulah has recently
experienced a steep rise in dive tourism due to increased access to this area and an increased
awareness of the diverse and abundant elasmobranch megafauna found here (Araujo et al.,
2024). The atoll was designated a UNESCO Biosphere Reserve in 2020 in recognition of the
significant biodiversity in Fuvahmulah’s marine and terrestrial ecosystems (UNESCO, 2020).
Fuvahmulah’s protected areas include two mangrove ecosystems, Bandaara Kilhi and
Dhandimagu Kilhi, and their surrounding wetland ecosystems, which support diverse flora and
fauna communities (MCCEE, 2024). A third protected area known as “Thundi Area” is
considered both marine and terrestrial and is located on the island's northeast corner. The sand pit
of the Thundi Area is dynamic and changes as currents around Fuvahmulah shift. Protection
efforts aim to control the amount of sand removed at this site for construction (MCCEE, 2024).
One MPA, Farikede, has been recently designated on the southern edge of the reef to increase
marine ecosystem protection (MCCEE, 2024). Management plans for the UNESCO Biosphere

Reserve and Farikede MPA are still being developed. However, studies have not yet been



conducted to identify the elasmobranch diversity within the MPA and on Fuvahmulah’s reefs in
general. Furthermore, tourists are increasingly visiting Fuvahmulah, and the community remains

divided about the potential negative impacts of visitor fees on the tourism industry.

1.3 Thesis research

This thesis aims to quantify the elasmobranch assemblage of a remote Indian Ocean atoll
and assess the potential contribution of tourism to the conservation of these shark and ray
species. Specifically, my collaborators and I (1) recorded the diversity and visitation rates of
different elasmobranch species in Fuvahmulah Atoll and investigated how they changed spatially
(across the atoll) and temporally (diurnally and seasonally), and (2) conducted surveys with
visiting tourists assessing their willingness to pay (WTP) to support conservation initiatives and
the factors that influence tourists” WTP.

In Chapter 2, we investigate the identity and visitation patterns of megafauna in the
region by monitoring three fore reef sites with unbaited timelapse cameras. Fuvahmulah Dive
School guides and staff deployed cameras; images were captured every 2 seconds over six
months. In total, 63 days of recorded images were collected and analyzed. Overall, four ray
species and seven shark species were observed, the most common of which were whitetip reef
shark, pelagic thresher, and grey reef shark, observed on 89%, 83% and 78% of days,
respectively. We demonstrate that Farikede’s MPA is a hotspot for reef-associated sharks and
tiger sharks. Additionally, we recorded consistent occurrence of pelagic thresher sharks
throughout the study period and highlighted the importance of a site beyond the MPA for this
species. By analyzing the spatial and temporal trends of the elasmobranch occurrence and
relative abundance over hours and days, we contribute species-specific knowledge to developing

MPA management plans and suggest directions for future research.



In Chapter 3, we empirically evaluate the willingness of tourists to financially contribute
to conservation initiatives at Fuvahmulah Atoll through Biosphere Reserve entrance fees. We
demonstrate that Fuvahmulah Atoll attracts committed and environmentally conscious scuba
divers, and nearly all visitors are willing to contribute financially to support conservation
initiatives. Tourist preferences reveal that MPA management and waste management receive
more support than community education and marine research facilities. Additionally, we provide
evidence that encounters with specific shark species, namely pelagic thresher or tiger sharks,
motivate visitation and promote higher WTP values. Our results suggest that tourism can support
increased conservation measures, and that the sustainability of the tourism industry depends
upon effective shark conservation.

Together, this research provides novel insights into how Fuvahmulah Atoll is a refuge for
shark species experiencing global population declines and attracts dive tourists who are willing
to contribute to conservation. Our work contributes to the growing knowledge of the importance
of remote locations for elasmobranch species and how a rising dependence on tourism can, and
should, be accompanied by an increased capacity for environmental protection. In the face of a
biodiversity crisis caused by human impacts, there is an urgent need to identify locations which
act as refuge for species facing global population declines. Protecting these sites provides
resilience to the coastal communities depending on them and is a critical step for regional and

global conservation efforts.
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2.1 Abstract

Sharks and rays (elasmobranchs) support both marine ecosystem function and the
livelihoods of people on island nations through tourism. However, both oceanic and reef-
associated elasmobranchs have experienced widespread declines globally. Within the Indian
Ocean, Fuvahmulah Atoll, a highly exposed oceanic atoll in the south of the Republic of
Maldives, is increasingly recognized for its abundant elasmobranch megafauna. Yet despite a
recent UNESCO Biosphere Reserve designation, Fuvahmulah’s elasmobranch populations are
not well studied. Using remote timelapse cameras at three shallow fore reef sites on the atoll, we
quantified elasmobranch visitations during daylight hours over a six-month period (March —
August) in 2022. Overall, four ray species and seven shark species were observed, the most
common of which were the whitetip reef shark, pelagic thresher, and grey reef shark which were
observed on 89%, 83% and 78% of days, respectively. Community composition at the sites was
similar but more consistent over days at Farikede. The daily activity (relative abundance, and
FO; # of hours obs/total hours recorded)) of tiger sharks and thresher sharks declined throughout
the study period. However, we found no impact of date on pelagic thresher occurrence while the
occurrence of tiger sharks declined over days. In contrast, the daily relative abundance and FO (#
hours obs/total hours recorded) of reef sharks increased throughout the study. Species-specific
diurnal patterns were also observed. Overall, the most sightings occurred within the island’s only
marine protected area, Farikede. Furthermore, occurrence (daily and hourly), relative abundance
(daily MaxN) and FO (# hours obs/total hours recorded) of tiger sharks and reef sharks was
highest at Farikede. These findings represent the first quantitative descriptions of Fuvahmulah

Atoll’s elasmobranch community and highlight the atoll as an important site for sharks and rays.
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While many species continue to experience global declines, protected and well managed sites

may increase resilience on a global scale.

2.2 Introduction

Elasmobranchs maintain diverse roles within marine ecosystems and have significant
influence on predator prey dynamics and the movement of nutrients across trophic levels (Baum
& Worm, 2009; Simpfendorfer et al., 2023). However, following significant increases in direct
and indirect fishing pressure, the global abundance of oceanic sharks and rays is estimated to
have declined by over 70% in the past four decades (Baum et al., 2003; Baum & Myers, 2004;
Pacoureau et al., 2021). Recent studies indicate that reef sharks, which had previously been
considered less threatened by the International Union for the Conservation of Nature (IUCN),
have also declined substantially on a global scale (MacNeil et al., 2020a; Nadon et al., 2012;
Osgood & Baum, 2015; Simpfendorfer et al., 2023). In addition to fisheries impacts, climate
change and habitat degradation compound the risk of elasmobranch extinction (Dulvy et al.,
2021; Hyde et al., 2022; Jorgensen et al., 2022), with important implications for the coastal
communities depending on ocean resources (Simpfendorfer et al. 2023; Jorgensen et al. 2022).

Amidst intense global fishing pressure, highly protected areas with the capacity for
monitoring and enforcement are increasingly important for ensuring elasmobranch population
persistence (Simpfendorfer et al., 2023; Jorgensen et al., 2022). Identifying areas of importance
for shark and ray populations and developing species-specific management plans has thus
emerged as a conservation and research priority (Hyde et al., 2022; Jorgensen et al., 2022;
Simpfendorfer et al., 2023). In particular, remote oceanic islands and atolls may provide a refuge
for threatened shark and ray species (Stevenson et al., 2007; Nadon et al., 2012; Nalesso et al.,

2019). Oceanic islands generate habitat complexity in the open ocean and create biodiversity
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hotspots supporting both oceanic and reef-associated elasmobranchs (Worm et al., 2003; Nalesso
et al., 2019; Mazzei et al., 2021). Beyond the ecosystem functions gained by healthy
elasmobranch populations, sharks and rays also provide opportunities for economic growth for
the coastal communities in these regions though dive related tourism (Cisneros-Montemayor et
al., 2013; O’Malley et al., 2013). Income generated by the tourism industry therefore provides
additional incentive for ensuring shark and ray populations are adequately protected from
population declines (Cisneros-Montemayor et al., 2013; O’Malley et al., 2013).

In the Indian Ocean, tourism, which generates employment and supports livelihoods, is
the main economic driver of the Republic of Maldives (Zimmerhackel et al., 2019). With
snorkelling and diving rated the most popular activities among tourists visiting the island nation,
the tourism industry depends upon on the persistence of shark and ray populations (Anderson, et
al., 2011b; Cagua et al., 2014; Ministry of Tourism, 2022). For example, in the 1990°s
unsustainable shark fishing depleted shark populations and resulted in a decline in tourism and
significant losses to the dive tourism industry (Anderson & Ahmed, 1993; Anderson et al., 1999;
Ali & Sinan, 2014). In 2010, the Government of the Maldives responded to tourism losses by
declaring the country a shark sanctuary, legally protecting sharks from exploitation (Ali & Sinan,
2015; Government of the Maldives President’s Office, 2010). Furthermore, all ray species were
given national protection in 2014 (EPA, 2014). As the interest in shark-diving grows on a global
scale, the income generated in the Maldives from shark and ray diving has increased
substantially (Cisneros-Montemayor et al., 2013; Zimmerhackel et al., 2019). Recent studies
estimate that shark and ray diving collectively contribute US$29.8 million per year in direct
revenue in the Maldives (Anderson et al., 2011b; O’Malley et al., 2013; Zimmerhackel et al.,

2019). However, tourism, may also put vulnerable species at risk by disturbing the natural
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behaviours of sharks and rays, increasing habitat degradation, or causing injury from boat traffic
(Hall, 2010; Venables et al., 2016; Murray et al., 2020; Harvey-Carroll et al., 2021).

Although some marine protected areas (MPAs) within the Maldives have strong
management plans in place to protect economically important megafauna, the Ministry of
Climate Change, Environment and Energy and associated partners are currently working towards
identifying additional areas of ecological significance and developing effective management
plans for these areas (MCCEE, 2024). Fuvahmulah Atoll, located in the far south, is the
country’s only single island atoll and is referred to as ‘Shark Island’. Fuvahmulah Atoll’s unique
marine and terrestrial biodiversity is recognized globally through its recent declaration as a
UNESCO Biosphere Reserve (UNESCO, 2020). To date, Fuvahmulah has only a single MPA,
located at the southern end of the island encompassing an area of 6.4km?, which does not yet
have an implemented management plan (MCCEE, 2024). Tourist access to this remote region in
the Maldives increased with the opening of a domestic airport in 2011 (Araujo et al., 2024). Dive
tourists from around the world are increasingly visiting Fuvahmulah Atoll which has become
well known for the abundant shark and ray megafauna found here. Currently, more than 10,000
dive tourists visit Fuvahmulah annually (Araujo et al., 2024). An understanding of the species
present in Fuvahmulah Atoll, as well as which areas might be of particular ecological
importance, is critical to developing management plans that safeguard the shark and ray
populations which tourism depends on (Garcia-Barén et al., 2019; Graham et al., 2016).

The vulnerabilities of elasmobranchs to anthropogenic threats, such as unregulated
tourism and bycatch, as well as the efficacy of spatial protection, may depend on their habitat use
and movement patterns (Graham et al., 2016; Dwyer et al., 2020; Flowers et al., 2022). Both

oceanic and reef-associated elasmobranchs have been encountered by divers in Fuvahmulah.
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Reef-associated sharks, which typically have small home ranges (2-10km?), show diurnal
changes in habitat use, utilizing shallow waters at dawn and dusk, when they may have increased
foraging opportunities (Whitney et al., 2007; Vianna et al., 2013; Dwyer et al., 2020; Beauvais et
al., 2024). Additionally, reef-associated species tend to prefer habitats that incorporate specific
reef features such as high levels of hard coral coverage, benthic complexity, and reef slopes
which are exposed to high current flow (Vianna et al., 2013; Espinoza et al., 2014; Lester et al.,
2022). In contrast, oceanic species demonstrate transboundary movements to track increases in
productivity offshore, to mate, or give birth (Meyer et al., 2009; Holmes et al., 2014; Werry et
al., 2014; Lea et al., 2018). Some studies suggest that site fidelity of oceanic species may sex
specific or depend on ontogeny (Lea et al., 2018; Polo-Silva et al., 2013; Werry et al., 2014).
To advance understanding of the elasmobranch assemblages occupying Fuvahmulah
Atoll’s reefs, we monitored three sites from sunrise to sunset using remote timelapse cameras
over a six-month period (March to August 2022). Specifically, we aimed to: 1) determine the
elasmobranch species present in the area, and 2) quantify the spatial and temporal variation of
species sightings. We hypothesized that the occurrence and relative abundance of reef sharks
would vary across hours, with increased activity occurring at dusk and dawn. In contrast, we
hypothesized that apex predators would be transient at the atoll, with their occurrence and
relative abundance increasing, due to oceanographic changes, during the Southwest Monsoon
period. Due to the exposed and sloping nature of the southern reef, Farikede, we further
hypothesized that this site would have the most reef shark activity. However, we suspected that
transient species would be less site attached than reef sharks. By recording elasmobranch
assemblages and visitation patterns, we provide critical knowledge for species specific

management actions and recommendations for future research.
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2.3 Methods
2.3.1 Study site and design

The Republic of Maldives consists of 26 atolls and extends 870km spanning the equator
(Figure 2.1; Stevens & Froman, 2019). Fuvahmulah Atoll (0°17'56.22"S, 73°25'35.94"E) is one
of the country’s southernmost atolls, located 494km south of the capital, Malé. Tourism to
Fuvahmulah has been introduced relatively recently and development has increased with more
tourists visiting each year. The first dive centre opened in Fuvahmulah in 2013, and eleven dive
centres currently operate on the island with tourism primarily driven by shark diving (Araujo et
al., 2024).

To investigate the visitation of elasmobranch species on Fuvahmulah Atoll (Republic of
Maldives) reefs, we intensively surveyed 3 fore reef sites, Hudhekede, Kedevari, and Farikede,
with remote timelapse cameras from March to August 2022 on 63 days (Figure 2.1). Camera
deployment locations were selected based on dive sites to aid in camera deployment and
retrieval. Due to rough conditions on the west side during the study period, deployments were

restricted to the northern, eastern and southern part of the island.

2.3.2 Camera system

Each camera system setup consisted of two external power banks (Voltaic V75) linked
together and connected to a GoPro (Hero 8 model). GoPro Labs firmware was downloaded and
installed on each camera (Hero 8 Black model, https://gopro.github.io/labs/). Timelapse settings
were configured with GoPro Labs QR Code Creator
(https://gopro.github.io/labs/control/custom/) to switch on at sunrise and off at sunset to preserve

memory card space and maximize battery life. The camera, power banks and associated cables
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were attached via cable ties to an electronics tray that was then placed inside of a Blue Robotics
watertight housing (https://bluerobotics.com/store/watertight-enclosures/wte-vp/#tube). Prior to
camera deployments, small concrete blocks with metal bar attachments were deployed to mark
each site, secure the positively buoyant system setup, and ensure a consistent angle was
maintained across deployments. Blocks remained in place throughout the study duration. Based
on pilot testing conduct in 2018 with the Manta Trust, Maldives Manta Conservation Programme
and Fuvahmulah Dive School, an image capture rate of 1 photo per minute resulted in a 20%
decline in identifiable images of megafauna species when compared to a capture rate of 1 photo
per 2 second interval. Therefore, in the current study, one system setup was deployed at each site
and a capture rate of one image per two seconds was used. System setups were collected every
four days (when battery life was depleted) and replaced with a fully charged systems in attempt
to minimize data gaps. Systems were secured to the metal bars of the block with a dive weight

belt.

2.3.3 Image processing

Metadata (file name, date, time of image) were extracted for all images with the use of an
Exif tool and then organized in Microsoft Excel according to site. With approximately 20,000
images captured at each site/day, images were imported into Adobe Premiere Pro (version
23.1.0) and stitched together at a frame rate of 10 frames/second to streamline video processing.
Processing accuracy at different playback frame rates, was tested with volunteers of the Manta
Trust and the Maldives Whaleshark Programme during data collection in March 2022. Tests
revealed that sightings missed by volunteers were minimized when volunteers analyzed footage
at a rate of 10 frames per second. When megafauna appeared in the videos, the video was paused

and sightings were recorded in an excel spreadsheet describing the date, site, time of image,
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species present, and number of individuals. Additionally, for each sighting, a measure of
certainty was included on a scale of 1 to 3 (Table A1). Images that were unidentifiable were
marked as such and checked by the lead author. Data entered by volunteers was double checked
and corrected until corrections were no longer necessary to prevent misidentifications and ensure

minimal observed bias.

2.3.4 Statistical analysis

From the image data, we quantified the following metrics for each species at both the daily

and hourly level;

1) Occurrence: defined as a 0 when absent and 1 when present (presence-absence).

2) Relative abundance: defined as the maximum number of individuals in one frame at any
point within an hour or day (MaxN).

3) Frequency of Occurrence; (FO) defined as the proportion of occurrence within a given
timestep. Sub-daily FO represents the proportion of hours within a day in which a
presence was recorded. Sub-hourly FO represents the proportion of ten-minute intervals
within an hour in which a presence was recorded. Sub metrics are used as a proxy for the
duration of occupancy at a site within a day and hour.

For metrics at the hourly level, hours on different days were considered independent data points.
We evaluated the influence of site and date category (early-mid-late) on elasmobranch
community composition via non-metric multidimensional scaling (NMDS) using the package
‘vegan’ v2.4-6 (Okasanen et al., 2022) in R v4.2.2 (R Core Team, 2022). First, we constructed
two Bray-Curtis dissimilarity matrices, one of which described the daily occurrence and relative
abundance of all species recorded during the study, and a second that described the sub-daily FO

of all species recorded. Metadata included site, and date which was categorized as “early”
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(March-April), “mid” (May-June) or “late” (July-August) based on roughly even divides of
sampling dates. Significant species scores (p < 0.05; Table A9) were projected onto each NMDS.
Resulting ordinations displayed site, and date category separately for both variables
(occurrence/relative abundance and sub-daily FO). Next, we tested for significant differences in
community composition through permutational multivariate analysis of variance
(PERMANOVA) tests with 999 permutations and Bray-Curtis distances using the andonis2
function (Okasanen et al., 2022). Site and study period category were used as fixed effects in
separate models. Post hoc pairwise comparisons were conducted if PERMANOVA results were
significant (p < 0.05). Finally, to examine differences in the dispersion of sites or date categories,
we tested beta dispersion using the betadisper function and a subsequent permutation test for
homogeneity of multivariate dispersions with 999 permutations (Okasanen et al., 2022).

We then used generalized linear modelling (GLMs) to investigate the influence of site,
date and hour on 1) daily and hourly occurrence , 2) daily and hourly relative abundance, and 3)
sub-daily and sub-hourly FO of each of the five most frequently sighted species: whitetip reef
sharks (Triaenodon obesus), pelagic threshers (Alopias pelagicus), grey reef sharks
(Carcharhinus amblyrhynchos), tiger sharks (Galeocerdo cuvier), and silvertip sharks
(Carcharhinus albimarginatus). The remainder of the observed species, which were observed on
less than 5% of hours recorded, were left out of the analysis due low sightings in the dataset
(Table 2.1). Separate GLMs were built to investigate changes over days and hours and the daily
and hourly metrics were used as response variables where appropriate. Considering relative
abundance may be governed by a separate process by which a presence-absence occurs, we
modeled occurrence data and relative abundance data together using a hurdle modelling

approach where possible using the hurdle function from the package ‘pscl’ v1.5.5.1 (Zeileis et
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al., 2008). In this two-step process, a binomial probability model is first used to determine
whether a zero or non-zero outcome occurs and a second step fits a separate model for positive
outcomes using a Poisson or negative binomial distribution. Modeling the positive outcomes
based on truncated data allows us to answer questions about relative abundance when a presence
is determined ie. when the species is present, in what abundance. Occurrence and relative
abundance trends across days and hours were analyzed using the hurdle model approach with the
exception of daily occurrence trends of grey reef sharks and tiger sharks which were present
within each day recorded at Farikede. Occurrence models for these species therefore had
complete separation with 100% success at Farikede and required bias-reduced logistic regression
from the R package brglm2 (Kosmidis & Pagui, 2023). Count models were run separately in this
case and included absences. Proportional data (sub-daily and sub-hourly FO) was modeled using
the quasibinomial distributions. For models examining the occurrence and relative abundance as
separate processes, as well as for all FO models, the g/m function from the ‘stats’ package was
used (R Core Team, 2022).

For all three metrics (occurrence, relative abundance, FO), site, date, and the interaction
between them were included as fixed effects in the models to investigate trends over days. Site,
and hour, as well as the interaction between them, were included as fixed effects to investigate
trends over hours. To account for varying recording durations across deployments, “effort”,
measured by the number of images captured within each day or hour, was included as an offset
term for all occurrence and relative abundance models. Similarly, the number of 1 hour and 10-
minute intervals was included as weights argument for the sub-daily and sub-hourly FO models.
Normality assumptions and homogeneity of variance were evaluated for each model, and for

each case appeared reasonable. Best-fit models were selected based on the lowest AICc (Akaike
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information criterion with a correction for small sample sizes) or the model which captured the
most significant terms that was within dAICc of 2.0 of the best fit model. Interactions that were
non-significant were removed from the best-fit model. Hour was modeled as a quadratic (second-
order) polynomial to allow for the fact that sightings of species would likely peak at some point
during the day. If the second-order polynomial of the hour term was non-significant in the best-
fit model, it was removed, and no transformation of hour was defined. Planned contrasts were
conducted for post hoc analysis on differences between the three sites or site-hour interactions
for each best-fit model using the functions emmeans and contrast from the package ‘emmeans’
v1.10.1 (Lenth, 2024). Top models, as well as estimates and p-values are included in Appendix

A (Table A2-A6).

2.3.5 Data availability

The data and R code used in the statistical analysis for this study will be made publicly

available through GitHub (https://github.com/baumlab) upon manuscript acceptance.

2.4 Results

Overall, 4 species of ray, 7 species of shark and 1 species of turtle were captured by the
timelapse cameras (Table 2.1), with at least one elasmobranch captured on 72% of hours and
95% of days ( n=550/743 hours; n= 60/63 days) . The highest number of elasmobranch
occurrences were recorded at Farikede (90.73% hours), followed by Kedevari (66.74% hours)
and Hudhekede (46.62% hours; Table A7). Although the pelagic thresher shark was observed in
the most images overall (n = 27,447, 1.6%), which accounted for over half of all identifications
(54.15%; Figure A1), whitetip reef sharks were observed on the most days and within the most

hours (Table 2.1, Figure 2.2a, Figure A2a). This difference reflects the long durations of pelagic
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thresher shark presence at Kedevari (Figure Ala,c). After whitetip reef sharks, pelagic thresher
sharks followed by grey reef sharks were observed on the most days and hours (Table 2.1, Figure
A2, Figure 2.2a). At Farikede, most identifications were of grey reef sharks, followed by pelagic
threshers and whitetip reef sharks (Figure A1d), while whitetip reef sharks dominated sightings

at Hudhekede, (Figure A1b).

2.4.1 Community composition

Overall, megafauna community composition varied significantly across the sites
(permanova p = 0.001; Table 2.2, Figure 2.3, Table A8). However, the sites shared the occurrence
and relative abundance of many species. The occurrence and relative abundance of oceanic
manta rays, hawksbill sea turtles, tiger sharks, and pelagic threshers was more associated with
Hudhekede and Kedevari (Figure 2.3, Table A8). Although not significant when examining
community composition based on occurrence and relative abundance, a trend of declining
dispersion was identified on a gradient from North to South likely reflecting more consistent
sightings at Farikede (Table 2.3; Figure 2.3). Site differences were stronger when examining
community composition based on the sub-daily FO (# of hours with observations in a day/total
hours sampled in a day) of species where sharks were highly associated with Farikede (and to a
lesser extent, Kedevari) reflecting higher amounts of time spent at this site (Figure 2.3b, Table
AR). Pelagic threshers were additionally associated with Kedevari (Figure 2.3b).

In addition to site differences, megafauna community composition significantly changed
throughout the study period (permanova p = 0.001; Figure 2.4, Table 2.2, Table A8). The
occurrence and relative abundance of oceanic manta rays, hawksbill sea turtles and tiger sharks
were more associated with sampling days early and mid-study period and community

composition homogenized throughout toward the later portion of the study period (Figure 2.4a,
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Table 2.3, Table A8). Shifts across days also occurred within the sub-daily FO of communities
wherein higher proportions of the day in which tiger sharks, grey reef sharks and silvertips were
recorded was increasingly associated with later portions of the study period (Figure 2.4b). The
association of pelagic threshers, scalloped hammerheads and whitetip reef sharks likely reflected

site level differences (Figure 2.3b, Figure 2.4b).

2.4.2 Whitetip reef shark Triaenodon obesus

Daily relative abundance was highest at Farikede relative to the other sites and increased
throughout the study period (Figure 2.6b, Table AS). Hourly whitetip reef shark occurrence and
relative abundance was higher at Hudhekede and Farikede relative to Kedevari, however
occurrence and relative abundance significantly declined across hours at Hudhekede (Figure
2.6¢c,d, Table A4, Table AS). Sub-hourly FO declined throughout the day driven by the within-
hour trends observed at Hudhekede (Figure 2.5d-f, Table A6). Similarly, sub-daily FO declined
throughout the study, however, the opposite trend was observed at Farikede where the proportion

of hours per day in which whitetip were identified increased (Figure 2.5a-c, Table A6).

2.4.3 Pelagic thresher Alopias pelagicus

Daily pelagic thresher occurrence and relative abundance were higher at Kedevari
relative to Hudhekede while hourly occurrence and relative abundance at Kedevari was highest
relative to both Farikede and Hudhekede (Figure 2.7, Table A4, Table AS5). Sub-daily and sub-
hourly FO was highest at Kedevari and Farikede compared to Hudhekede (Table A6, Figure
2.5d-f). Additionally, sub-daily FO declined across the study period (Table A6, Figure 2.5a-c).
Hourly thresher shark occurrence, as well as relative abundance, was higher between 09:00 and

12:00 during which sub-hourly FO was also highest (Figure 2.7d-f, Fig 2.5, Table A4-A6).
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2.4.4 Grey reef shark Carcharhinus amblyrhynchos

Grey reef sharks were most commonly observed at Farikede and in higher relative
abundances (Figure 2.8). This included hourly and daily occurrence as well as daily relative
abundance (Table A4-AS5). Sub-daily and sub-hourly FO was also highest at Farikede (Figure
2.5, Table A6). The sub-daily FO increased across the study period and sub-hourly FO peaked
between 11:00 and 14:00 (Figure 2.5, Table A6). The hours between 11:00 and 14:00 were also

associated with higher grey reef shark relative abundance (Figure 2.8, Table AS).

2.4.5 Tiger shark Galeocerdo cuvier

Tiger sharks had higher occurrence and relative abundance at Farikede (Figure 2.9, Table
A4, Table AS5). Sub-daily and sub-hourly FO differed between the sites with the highest FO
observed at Farikede, followed by Kedevari and Hudhekede (Figure 2.5, Figure 2.9, Table A6).
Occurrence, relative abundance, and sub-daily FO declined across days (Figure 2.5, Figure 2.9,
Table A4-A6). Furthermore, tiger shark occurrence declined throughout hours of the day at
Farikede (Fig 7c¢). Sub-hourly FO was highest between 09:00 and 12:00, primarily driven by the

trend observed at Farikede (Figure 2.5d-f, Table A6).

2.4.6 Silvertip shark Carcharhinus albimarginatus

Silvertip sharks were only identified at Farikede. The hourly occurrence of silvertip
sharks changed throughout the day with higher occurrences, and sub-hourly FO between the
hours 11:00 and 14:00 (Figure 2.10c,d, Figure 2.5f, Table A4, Table A6). Hourly relative
abundance changed throughout the day and was highest from 14:00 until evening hours (Figure

2.10d, Table AS). Although we observed an increase in daily occurrence and relative abundance
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over the study period, the null was the top model (Table A4, Table A5) likely due to low daily

sightings (n = 10 days).

2.5 Discussion

Our study found evidence for species specific influence of site, day and hour on the
occurrence, relative abundance, and duration of occupancy on the shark species identified at
Fuvahmulah Atoll, Maldives. Overall, 12 species of megafauna were observed, the majority of
which were sharks. While an extensive BRUV study conducted on the Great Barrier Reef, a
world renowned biodiversity hotspot, identified sharks on 25% of BRUVs, sharks were
commonly identified here; present on 95% of the days and 72% of the hours recorded with
multiple species identified at each of the sites highlighting the high levels of elasmobranch
activity here (Espinoza et al., 2014). Within the top sighted species, both transient apex species
(tiger shark and pelagic thresher) and reef-associated mesopredators (whitetip reef shark, grey
reef shark, and silvertip shark) were represented. In terms of occurrence (presence-absence),
relative abundance (MaxN) and duration of occupancy (sub-daily and sub-hourly FO), site
influenced the visitation of all top species except for silvertip sharks which were only detected at
Farikede. Our data suggests that Farikede is an ecologically significant site for both reef-

associated and transient species while Kedevari is particularly significant for the pelagic thresher.

2.5.1 Site level differences

We found higher occurrences as well as daily relative abundance and duration of
occupancy of reef sharks at Farikede. Additionally, the community composition at Farikede was
highly associated with the daily occurrence, relative abundance, and duration of occupancy of

reef sharks and tiger sharks. This site is likely an ecologically significant area for whitetip reef
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sharks, grey reef sharks and silvertips due to the structural complexity that the plateau provides.
Areas of greater structural complexity (such as reef slopes) are known to support aggregations of
reef-associated species and strong current flow may provide additional benefits (Espinoza et al.,
2014, 2015; Lester et al., 2022; Vianna et al., 2013). The steep coral-covered reef provides
habitat for benthic-associated species such as the whitetip and the proximity to open ocean
currents and upwelling supports primary productivity which provides ample prey opportunities
for sharks. It’s unsurprising that silvertip sharks were identified only at Farikede. Although the
ecology of silvertip sharks is not well known, previous research has suggested the species prefers
offshore habitats that are near coral reefs, and additionally show strong associations with specific
reef features, such as slopes (Espinoza et al., 2014). Espinoza et al., (2015) revealed that
“hotspots” for both silvertips and grey reef sharks are located in areas of stronger current flow. In
addition to Farikede, whitetip reef sharks were found at higher occurrences across hours at
Hudhekede, where they were also the most frequently observed species. On the Great Barrier
Reef, whitetip reef sharks were found in a variety of habitats but were observed in greater
numbers on reef slopes (Rizzari et al., 2014). It’s likely that the northern and southern ends of the
island provide ample benthic complexity while simultaneously providing strong current flow to
allow whitetip sharks to rest and ventilate.

For tiger sharks, Farikede also appears to be an ecologically significant site. Occurrence
and duration of occupancy of tiger sharks was highest at Farikede compared to other sites across
days and hours. While there was no spatial effect of relative abundance across hours (likely a
result of rare occurrences of MaxN > 1), daily relative abundance values, were highest at
Farikede compared to other sites. This result likely reflected the higher occurrences of tiger

sharks at Farikede considering 100% of days recorded a tiger shark presence and therefore
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models for daily presence and relative abundance models were separate. Other apex predators
have been shown to associate with specific sites at oceanic islands. Hearn et al. (2010)
demonstrated that hammerhead sharks favoured the southeastern edge of oceanics islands in the
Galapagos and suggested that these sites were likely associated with greater prey availability.
Alternatively, the southeastern edges might serve as landmarks for transitions between coastal
and epipelagic habitats (Hearn et al., 2010). Tiger sharks, like other pelagic sharks, have
demonstrated oscillatory diving behaviour to deeper waters for the suspected purpose of
navigation, to increase foraging potential, or increase energy and metabolic efficiency
(Andrzejaczek et al., 2020; Campana et al., 2011; Lipscombe et al., 2020). In addition to ample
prey opportunities, the sloping nature of the plateau at Farikede may offer convenient transitions
to these deeper habitats.

In contrast to reef-associated sharks and tiger sharks, the highest occurrence, relative
abundance, and duration of occupancy of pelagic threshers was found at Kedevari compared to
the other sites. Additionally, the community composition of Kedevari was highly associated with
the sub-daily FO of the pelagic thresher. The effect of site for this species is not surprising
considering Kedevari has been identified by the dive community as a pelagic thresher cleaning
station (IUCN SSC Shark Specialist Group, 2023). However, there was no significant difference
between the daily occurrence and daily relative abundance of pelagic threshers at Kedevari
compared to Farikede. These results suggest that, on a broad scale, Farikede is additionally
important site for threshers which may be used for foraging, or possibly provide additional
cleaning opportunities. Although much more common at Kedevari, local dive centres, as well as
images analyzed during this analysis, have identified the interaction of cleaner wrasse with

pelagic thresher sharks at Farikede (pers obs).
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2.5.2 Seasonal patterns

The relative abundance, and sub-daily FO of whitetip reef sharks and grey reef sharks
increased throughout the study. However, the occurrence of whitetip reef sharks and grey reef
sharks was not affected by date suggesting that, although presence remains consistent across
days, these species spend more time at the sites, and in higher numbers. The observed increases
were most prominent at Farikede. Similarly, the sub-daily FO of silvertip sharks increased over
days modestly, but not significantly at Farikede, while the occurrence and relative abundance of
silvertips here was not affected by date. The patterns of activity of silvertip sharks across days
were likely difficult to detect considering this species was only sighted on ten days within the
study. Grey reef sharks and whitetip reef sharks show high levels of site fidelity across seasons
and years in other isolated regions, and therefore identifying consistent occurrence across days of
the study was not surprising (Barnett et al., 2012; Vianna et al., 2013). It’s likely that these
species are using Fuvahmulah Atoll habitats year-round. However, some evidence indicates that
site fidelity is sex biased with females more likely to show strong site fidelity (Heupel &
Simpfendorfer, 2014; Vianna et al., 2013).

The increase in relative abundance and sub-daily FO towards the latter portion of the
study period demonstrated by reef sharks may be a response to changing biotic or abiotic
conditions. August was the final month of data collection and additionally coincided with the
peak of the Southwest Monsoon period. The Southwest Monsoon season, known as Hulhangu,
occurs from May to October, with March and April identified as transition months (Anderson et
al., 2011; Harris et al., 2020; Su et al., 2021). During Hulhangu, the southern equatorial counter
current joins with the eastward flowing monsoon current (Benny, 2002). In the Southern regions

of the Maldives, downwelling is prevalent along the eastern coastline of the Maldives from June
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to July (Su et al., 2021). However, upwelling is initiated in June and reaches its maximum in
August or September, during which primary productivity peaks (Schulte et al., 1999; Su et al.,
2021). Increased primary production during the Southwest Monsoon season influences the site
use of reef manta rays in the Maldives (Harris et al., 2020). Additionally, increased foraging
opportunities influence reef shark habitat preference (Heithaus et al., 2002; Rizzari et al., 2014;
Sims, Witt, et al., 20006).

Alternatively, the increase in daily relative abundance and sub-daily FO could be a result
of altered abiotic factors such as oxygen minimum zones and temperature (Gilly et al., 2013;
Vianna et al., 2013). During Hulhangu, and especially in August, when upwelling is maximized,
oxygen minimum zones may become increasingly shallow limiting the depth accessed by reef
sharks (Gilly et al., 2013). While research has shown that upwelling associated with the
southwest monsoon season limits the depth of teleost fish and elasmobranchs (Mcilwain et al.,
2011), cameras were placed at Farikede at roughly 55m depth which is near the maximum depth
typically occupied by whitetip reef sharks (Fitzpatrick et al., 2011; Tickler et al., 2017). Grey
reef sharks can occupy depths up 60-80m (although deeper dives have been recorded) suggesting
that maximum depth could be limited for grey reef sharks during upwelling events that affect
oxygen minimum zones (Wetherbee et al., 1997; Vianna et al., 2013). Changes in temperature
may additionally impact habitat and depth preferences. While pregnant females may prefer
warmer temperatures for reproductive development, cooler waters may be exploited to slow
digestion rates (Sims, Wearmouth, et al., 2006; Speed et al., 2012). The increase in daily relative
abundance and duration of occupancy of reef-associated species throughout the study likely

suggests that the southern end of the island offer optimal habitat during towards the peak of
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Hulhangu potentially providing increased feeding opportunities, or optimal conditions for
physiological process.

The daily relative abundance, and sub-daily FO of tiger sharks and pelagic threshers
declined throughout the study, although declines in pelagic thresher relative abundance were
modest and not significant. In addition to daily relative abundance and sub-daily FO, the daily
occurrence of tiger sharks also declined. However, we found no effect of date on the occurrence
of the pelagic thresher suggesting that the presence of pelagic threshers at Fuvahmulah remains
consistent throughout the study period. Ocean currents, water temperature and prey distribution
are known drivers of tiger shark movement patterns with complex individual variability in long
range migrations (Lipscombe et al., 2020; Werry et al., 2014). As oceanic waters becoming
increasingly productive towards the peak of the southwest monsoon season, tiger sharks may be
increasingly utilizing offshore areas which may provide alternative areas of high productivity for
foraging, or perform long range migrations to and from oceanic islands for pupping or mating
(Lea et al., 2018; Werry et al., 2014). Furthermore, the community composition of Fuvahmulah
Atoll changed throughout the study period. Although long term studies are needed to tracking
visitation patterns across all seasons and throughout multiple years, this indicates that some
species may be seasonal visitors to Fuvahmulah Atoll, with a higher level of diversity occurring
during monsoon transition months. Multiyear telemetry studies in this area could provide a more
detailed understanding of migratory behaviours and additionally identify species that may not
have been present during the period of the current study.

Our results suggest that pelagic threshers, however, remain around Fuvahmulah reefs.
The observed decline in sub-daily FO suggests a potential behaviour change wherein pelagic

threshers may be partaking in less, or shorter, cleaning events with investment in other activities
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such as feeding during which pelagic threshers may be utilizing deeper habitats with sightings
occurring when pelagic threshers leave the mesopelagic zone to thermoregulate. However, one
study tracked the movement patterns of one juvenile male for 15 days and found no evidence of
thermoregulatory behaviour (Arostegui et al., 2020). Alternatively, pelagic threshers may be
cleaning at other areas of Fuvahmulah, such as on the east side of the island, which was
inaccessible for monitoring during this study. Some evidence indicates that males and females
may use oceanic and coastal habitats differently (Polo-Silva et al., 2013), therefore, more
research should be done to determine potential sex differences in sightings and habitat use of

pelagic threshers in Fuvahmulah Atoll.

2.5.3 Diurnal patterns

Reef and apex sharks demonstrated species-specific trends across hours of the day. Hour
had no effect on the occurrence of grey reef sharks suggesting grey reef sharks use Fuvahmulah
Atoll habitats consistently throughout the day. Grey reef sharks spent higher proportions of time
between 11:00 and 14:00, during which higher relative abundances were also found. Silvertip
occurrence and sub-hourly FO trailed this peak in grey reef shark activity demonstrated peaks
between the hours of 10:00-15:00. Additionally, silvertip relative abundance increased
throughout the day. Previous studies have documented the cyclical pattern of daily depth usage
of grey reef sharks and silvertip sharks (Barnett et al., 2012; Beauvais et al., 2024; Speed et al.,
2011; Vianna et al., 2013). While sharks utilize shallow habitats during dawn and dusk, during
the day reef sharks preferentially use deeper waters of around 45m depth adding support to the
hypothesis that reef sharks may move into shallow habitats during dawn and dusk for increased
foraging opportunities, or to optimize thermal preferences (Beauvais et al., 2024; Speed et al.,

2011; Tickler et al., 2023; Vianna et al., 2013). However, since grey reef occurrence remained
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consistent across hours our results suggest that the species is present at depth throughout the day
but aggregations peak in the afternoon. An aggregation of adult female grey reef sharks in
Australia showed a similar pattern wherein peaks in activity were observed at 14:00 and were
suspected to have reproductive importance (Speed et al., 2011). Tagging studies in which shark
demographics are recorded could lend insight into the potential mechanisms behind aggregations
and peaks in sightings. Although grey reef sharks and silvertip sharks displayed similar peaks in
activity, whitetip reef sharks demonstrated declines throughout the day in occurrence, relative
abundance, and sub-hourly FO. These declines were largely influenced by the activity observed
at Hudhekede and may reflect diel movements in shallower or deeper water throughout the day.
Alternatively, laboratory studies on whitetip reef sharks indicate that behavioural activity peaks
at night, therefore, sightings of this species in the morning hours may be higher if whitetip reef
sharks are beginning to diminish activity levels early in the day (Whitney et al., 2007).

Tiger shark occurrence and sub-hourly FO declined throughout the day at Farikede.
While the opposite trend was observed at Hudhekede and Kedevari, sightings at these locations
were low relative to Farikede. Tiger sharks have demonstrated variable deep diving behaviours
wherein individuals make near vertical descents (Vaudo et al., 2014). While recent studies have
shown no diel pattern of diving behaviour in tiger sharks, our results indicated that dives, and
subsequent returns to shallower water, may be occurring more frequently in the early hours of
the day (Hammerschlag et al., 2017; Holmes et al., 2014; Meyer et al., 2009). Other apex
predator shark species, such as scalloped hammerheads, as well as reef sharks, have shown
distinct diurnal behaviour therefore, monitoring species over 24-hour periods would allow a
better resolution of activity patterns and the potential drivers (Speed et al., 2011; Hoffmayer et

al., 2013; Ketchum et al., 2014).
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Pelagic threshers demonstrated distinct peaks in occurrence, relative abundance and sub-
hourly FO at the sites between the hours of 9:00 and 12:00. These trends were observed at
Farikede and Kedevari however, the interaction of hour and site was likely not significant due to
low sightings at Hudhekede. Limited studies exists on pelagic thresher ecology and movement
patterns, however a juvenile pelagic thresher that was satellite tagged in the Red Sea showed
distinct diurnal migrations and remained in the mesopelagic zone (200m-300m depth)
throughout daylight hours (Arostegui et al., 2020). The patterns of activity in the current study
reflect distinct patterns of cleaning station use. To date, one study has examined the cleaning
patterns of pelagic threshers at a coastal seamount in the Philippines (Oliver et al. 2013). Our
results corroborate Oliver et al. (2013) by identifying more frequent visitations to cleaning
stations in the morning hours, followed by a gradual decline in cleaning behaviour throughout
the day. Additionally, Oliver et al. (2013) describes pelagic thresher posing behaviour as
“circular stance swimming”; a behaviour which is meant to promote cleaner fish inspections.
Circular stance swimming was commonly observed in the timelapse footage collected from
Kedevari (pers obs). Higher relative abundance coinciding with the peaks in occurrence indicates
that multiple thresher sharks are simultaneously using the cleaning station. This suggests that
there are peak times wherein cleaning is more beneficial to the species, potential driven by

elevated cleaner fish hunger levels which occur in the morning hours (Coté & Molloy, 2003).

2.5.4 Conservation implications

Our results suggest that Farikede is a significant site for the majority of Fuvahmulah’s
elasmobranch community, and developing management plans should consider the importance of
this site for reef-associated species as well as for migratory species which may depend on the site

at various times of the year. Furthermore, resource managers should consider increasing
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protective efforts at Kedevari, a site of high ecological importance for the pelagic thresher.
Kedevari may be, additionally, a site of global importance considering it is the only identified
pelagic thresher cleaning station in the Western Indian Ocean (IUCN SSC Shark Specialist
Group, 2023). Future research should aim to conduct long-term monitoring at Fuvahmulah Atoll
to identify migratory species that may not be present in this study, but also dependent on
Fuvahmulah Atoll reefs.

Our results provide evidence that Fuvahmulah Atoll is a significant habitat for both
oceanic and reef-associated elasmobranchs, both of which have experienced recent widespread
population declines (Baum et al., 2003; Baum & Myers, 2004; MacNeil et al., 2020b; Pacoureau
et al., 2021; Simpfendorfer et al., 2023). Although MPAs, when regulated and enforced, may
provide resilience to resident reef shark populations with small home ranges, oceanic or transient
populations may be continually exposed to the impacts of fisheries and therefore receive minimal
benefits, if any, from MPA designation (Heupel et al., 2014; White et al., 2017; Albano et al.,
2021; Simpfendorfer et al., 2023; Goetze et al., 2024). A more detailed understanding of when
and how oceanic or migratory species use remote atolls is required to inform MPA design for the
protection of key species and important time points (Garcia-Baron et al., 2019; Graham et al.,
2016). However, international legislation which regulates fisheries activities will likely be
required to protect transient species. Some remote atolls may have experienced an inflated
abundance of reef-associated mesopredators due to a loss of transient apex predators (Heupel et
al., 2014). Isolated coral reefs, which lack a history of intense exploitation and low human
population, may offer refuge for elasmobranch communities which more closely represent
historical communities where apex and reef-associated sharks exist together (Barnett et al., 2012;

Goetze et al., 2024; Nadon et al., 2012). Recently, Fuvahmulah Atoll was declared an Important
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Shark and Ray Area by the [IUCN acknowledging the critical importance of the island’s reefs for
elasmobranch species (IUCN SSC Shark Specialist Group, 2023). This study presents the first
detailed findings of the island’s elasmobranch community and provides species-specific
information that can be used to inform future research directions and management strategies in
the area. Since protected populations may help to rebuild populations in decline, offering
increased protection and enforcement to the elasmobranch community in Fuvahmulah Atoll may
work to increase the global resilience of sharks and rays (Simpfendorfer et al., 2023; Jorgensen et

al., 2022).
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2.6 Tables and Figures

Table 2.1. Summary of the taxonomy, [IUCN Red List status, population trend on the IUCN Red List (Version 2022-2), frequency of

occurrence (FO) and relative abundance (MaxN) of the megafauna species observed on remote timelapse cameras.

Species Common Name IUCN“ Population FO MaxN?  FO hr¢ MaxN hr¢  FO day? MaxN day’
Triaenodon obesus Whitetip reef shark vu I"end 4.17x1073 5 0.44 1.28 0.89 1.89
Alopias pelagicus Pelagic thresher shark ~ EN d 1.68x1072 3 0.41 1.27 0.83 1.67
Carcharhinus Grey reef shark EN J 7.66x10° 21 0.32 2.38 0.78 3.98
amblyrhynchos

Galeocerdo cuvier Tiger shark NT d 8.98x10* 2 0.17 1.01 0.67 1.02
Carcharhinus Silvertip shark VU J 9.39x10* 6 0.050 1.85 0.16 2.40
albimarginatus

Sphyrna lewini Scalloped hammerhead CR d 1.83x10* 7 0.042 1.27 0.32 1.40
Mobula birostris Oceanic manta ray EN d 1.50x10* 2 0.023 1.06 0.19 1.08
Eretmochelys imbricata  Hawksbill sea turtle CR d 2.46x10* 1 0.019 1.00 0.16 1.00
Aetobatus ocellatus Spotted eagle ray VU d 2.09x10* 4 0.013 2.10 0.079 2.20
Rhincodon typus Whale shark EN d 3.31x10°3 1 0.0054 1.00 0.063 1.00
Torpedo sinuspersici Variable torpedo ray DD ? 1.23x10°° 1 0.0027 1.00 0.032 1.00
Pastinachus sephen Cowtail stingray NT d 3.68x10°¢ 1 0.0013 1.00 0.016 1.00

“Abbreviations; LC, Least Concern; NT, near threatened; VU, vulnerable; EN, endangered; DD, data deficient; FO, frequency of occurrence (i.e proportion of
images observed on)

?MaxN, maximum number of individuals observed per species across images collected.

‘Frequency of occurrence measured by the proportion of hours species were observed on out of total recorded hours; MaxN averaged across hours where species
occurred

Frequency of occurrence measured by the proportion of days species were observed on compared to total day recorded; MaxN averaged across days where
species occurred
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Table 2.2. Results of permutational multivariate analysis of variance (PERMANOVA) tests

examining the effects of site and study period category on megafauna community composition.

Sub-daily FO is measured by the proportion of one-hour intervals in a day that species were

sighted on each day at the sites. Note that F values reflect the pseudo F statistic.

Site Date Category
(early-mid-late)

Occurrence and F=15.28 F=4.67
relative abundance R?=0.28 R?=0.07

p =0.001 p =0.001
Sub-daily FO F=28.06 F=10.35

R?=0.31 R?=0.083

p =0.001 p =0.001

Table 2.3. Results of permutation test for homogeneity of multivariate dispersions of megafauna

community composition within site and study period category. Dispersion is measured from the

centroid. Sub-daily FO is measured by the proportion of one-hour intervals that species were

sighted on each day at the sites.

Site Date Category
(early-mid-late)
Occurrence and F=1.90 F=4.15
relative abundance p=0.154 p=0.017
Sub-daily FO F=34.52 F=3.15
p=0.001 p=0.059
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Figure 2.1. Map of Fuvahmulah Atoll (a) showing the loaction of camera deployment sites and
position relative to designated marine protected area. The position of Fuvahmulah Atoll (red box)

relative to the Republic of Maldives is shown (a) as well as the location of the Maldives within the

western Indian Ocean (b).
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Figure 2.2. Frequency of occurrence measured by the proportion of hours that species were

observed on (presence-absence) out of the total number of hours recorded overall (a) and at

Hudhekede (b), Kedevari (c), and Farikede (d). All values represent a percentage. Note the

different y axis values.
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Figure 2.3. NMDS of megafauna community composition of surveyed sites (Hudhekede, Kedevari and
Farikede) on Fuvahmulah Atoll, Maldives, according to (a) species’ daily occurrence and relative
abundance, and (b) sub-daily frequency of occurrence. Each point represents one day of recorded
observations at the sites where at least one species was present (n = 81). Species displayed represent

statistically significant species scores (p < 0.05).
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Figure 2.4. NMDS of megafauna community composition of early (March-April), mid (May-June) and
late (July-August) date categories on Fuvahmulah Atoll, Maldives according to (a) species’ daily
occurrence and relative abundance and (b)sub daily frequency of occurrence. Each point represents one
day of recorded observations at the sites where at least one species was present (n = 81). Species

displayed represent statistically significant species scores (p < 0.05).
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Figure 2.5. Linear regression of sub-daily (a,b,c) and sub-hourly (d,e,f) frequency of occurrence
at Huhekede (a,d), Kedevari (b,e) and Farikede (c,f). Shaded areas represent the 95% confidence
interval. Reef sharks (whitetip, grey reef and silvertip) are shown in cool colours while transient
species (pelagic threshers and tiger sharks) are shown in warm colours. Sub-daily frequency of
occurrence is measured by the proportion of hours within each day in which species were
observed (a-c). Sub-hourly frequency of occurrence is measured by the proportion of 10min
intervals within each hour (d-f) in which species were observed on. Patterns of the five most
frequently sighted species are shown. Daily records at Farikede (c) did not occur until mid-May

due to limited site access.
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Figure 2.6. The probability of occurrence (presence-absence) and predicted relative abundance
(MaxN) of whitetip reef sharks (7riaenodon obesus) across days (a,b) and across hours (c,d) at
Hudhekede, Kedevari, and Farikede. Lines represent linear regressions and shaded areas represent
95% confidence intervals. Daily records at Farikede (a,b) did not occur until mid-May due to

limited sight access.
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Figure 2.7. The probability of occurrence (presence-absence) and predicted relative abundance

(MaxN) of pelagic threshers (Alopias pelagicus) across days (a,b) and across hours (c,d) at

Hudhekede, Kedevari, and Farikede. Lines represent linear regressions and shaded areas

represent 95% confidence intervals. Daily records at Farikede (a,b) did not occur until mid-May

due to limited sight access.
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Figure 2.8. The probability of occurrence (presence-absence) and predicted relative abundance
(MaxN) of grey reef sharks (Carcharhinus amblyrhynchos) across days (a,b) and across hours (c,d)
at Hudhekede, Kedevari, and Farikede. Lines represent linear regressions and shaded areas
represent 95% confidence intervals. Daily records at Farikede (a,b) did not occur until mid-May due

to limited sight access.



44

1.00 b
25
80.75 2
= [0}
g g
5 5
Q k=)
8 515
ks ©
z 2
= K
S ©
3 g !
o
0.25
0.5
0.00 — 0 —
= N o) N 2 = N ) N 2
S T < 5 S & IS S
< 5 5§ s 2 < £ s s 2
< <
1.00 Cc 3 d
Site
Hudhekede
— Kedevari
® 0.751 — Farikede
5 8
5 g2
Q ©
[ c
° 3
ks ©
S 05 o
5 K5
3 o
8 b
a 1
0.25
0.00 0
6 9 12 15 18 6 9 12 15 18
Hour Hour

Figure 2.9. The probability of occurrence (presence-absence) and predicted relative abundance
(MaxN) of tiger sharks (Galeocerdo cuvier) across days (a,b) and across hours of the day (c,d) at
Hudhekede, Kedevari and Farikede. Lines represent linear regressions and shaded areas represent
95% confidence intervals. Daily records at Farikede (a, b) did not occur until mid-May due to

limited site access.
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Figure 2.10. The probability of occurrence (presence-absence) and predicted relative
abundance (MaxN) of silvertip sharks (Carcharhinus albimarginatus) across days (a,b) and
hours (c,d) at Farikede. Silvertip sharks were only identified at Farikede. Lines represent linear
regressions and shaded areas represent 95% confidence intervals. Daily records at Farikede (a,

b) did not occur until mid-May due to limited site access.
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3.1 Abstract

Tourism is increasingly used to finance conservation and accounts for a significant
portion of economic growth in many island nations, including the Republic of Maldives.
Abundant and diverse marine life is a critical component of the Maldives’ tourism, with
snorkelling and diving identified as the most popular tourist activities. Strategic management
plans are being developed throughout the Maldives to safeguard marine ecosystems while
supporting economic growth. However, it is unclear if dive tourists are willing to contribute
financially to help conserve the biodiversity upon which their tourism depends. Known as ‘the
Galapagos of the Maldives,” Fuvahmulah Atoll, a recently designated UNESCO Biosphere
Reserve, has recently experienced a rise in dive tourism due to improved accessibility to and
awareness of its abundant and diverse shark and ray megafauna. Here, we sought to inform
policy design by examining tourists’ willingness to pay for increased conservation action on the
atoll. Working collaboratively with a local tourist operator, we conducted a stated preference
survey to assess tourists’ environmental attitudes, willingness to pay for an entrance fee to
Fuvahmulah, and preferences for conservation measures proposed by the community. Virtually
all (97%) tourists were supportive of paying a one-time “Reserve” entrance fee. On average,
tourists were willing to pay US$58 per person. Tourists preferentially supported waste
management and marine protected area management over community education and marine
research facilities. Encounters with tiger sharks or pelagic threshers on Fuvahmulah Atoll reef
positively impacted the amount tourists were willing to pay. As committed members of the dive
community, visitors to Fuvahmulah Atoll highly value marine conservation, and their financial
support creates unique opportunities to safeguard biodiversity and ensure the sustainability of the

nation’s largest industry.



48

3.2 Introduction

Nature-based tourism, defined as travel motivated by experiences in nature, has been
increasing globally and is considered one of the fastest-growing sectors of the tourism industry
(Goodwin, 1996; Balmford et al., 2009, 2015). By diversifying the livelihoods of communities
living close to protected areas, tourism offers alternative sources of income. Tourism has created
a socioeconomic shift in many regions from dependence on extractive industries such as fishing
(Diedrich, 2007). Furthermore, the contribution of nature-based tourism to economic growth has
motivated nations to protect species at risk of extinction and their habitats (Van Oosterzee, 2000;
Hall, 2010). However, tourism does not intrinsically benefit conservation and, in some cases, has
also been linked to negative consequences for ecosystems and wildlife (Brandt & Buckley, 2018;
Stronza et al., 2019).

Although there is potential for increased conservation achievement through tourism,
negative human impacts persist when local communities or sectors fail to receive benefits or
when management plans fail to protect sensitive species and ecosystems. For example, while
overfishing is the primary threat to shark and ray populations, in the case of shark and ray
tourism in Indonesia, economic benefits have not reached fishers, and thus, shark and ray
populations continue to be exploited (Mustika et al., 2020). Butler (1980) originally described
how tourism may operate to the detriment of the environment. Indeed, the negative impacts of
unregulated tourism on ecosystems and wildlife have been well documented (Trave et al., 2017).
On coral reefs, scuba diver behaviour can cause direct damage to corals due to physical contact,
increased coral disease susceptibility, and increased sedimentation, leading to localized bleaching
and tissue loss (Cerutti-Pereyra et al., 2022; Hawkins & Roberts, 1992; Krieger & Chadwick,

2013; Lamb et al., 2014). Ecosystems have also experienced degradation through the
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development and pollution associated with tourism. In addition to habitat loss or degradation,
tourism can impact wildlife by causing stress and altering wildlife behaviour. Tourist behaviour
interrupts manta ray foraging and has been associated with increased behavioural stress
responses in green sea turtles, as well as increased parasite loads and compromised immune
systems in stingrays (Tapper, 2006; Semeniuk et al., 2009; Griffin et al., 2017; Murray et al.,
2020). Without effective management, the very resources that attracted tourism in the beginning
may be degraded or destroyed, leading to a collapse of the tourism industry.

As a method of increasing the sustainability of tourism to natural areas and ensuring
tourism generates conservation benefits, protected areas may impose entrance fees to visitors,
which directly fund practices that improve conservation outcomes (Depondt & Green, 2006; Terk
& Knowlton, 2010; Brown et al., 2023). The contribution of visitor fees to marine protected
areas (MPAs) is especially important, considering funds for long-term monitoring and
enforcement are limited yet critical for MPA success (Peters & Hawkins, 2009; Bohorquez et al.,
2019; Brown et al., 2023). Snorkelers and divers are MPA users who typically place a high value
on the state of marine life and, therefore, represent an opportunity to financially support the
protection and conservation of marine ecosystems and wildlife (Peters & Hawkins, 2009;
Grafeld et al., 2016).This may be especially true for experienced divers, who may be more aware
of the increasing anthropogenic impacts on marine ecosystems (Luo & Deng, 2008; Nisbet et al.,
2009; Malpica-Cruz et al., 2017).

The amount that tourism could potentially contribute to MPAs is often not fully realized
(Depondt & Green, 2006; Peters & Hawkins, 2009). A comparative study investigating tourists’
willingness to pay entrance fees at MPAs on a global scale found that the average willingness to

pay is consistently higher than current charges if any charges are implemented at all (Peters &
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Hawkins, 2009). This suggests that tourists place a high value on the management of marine
ecosystems and are indeed willing to contribute to create a more sustainable tourism industry.

Tourism is the main economic driver in the Republic of Maldives (Maldives Ministry of
Tourism, 2023), and the health of the natural environment plays a central role in maintaining the
country’s tourism industry. Snorkelling and diving are rated the most popular activities among
tourists visiting the island nation, and the economic benefit derived from tourism has historically
depended on tourist satisfaction with the marine environment (Ali & Sinan, 2014; Ministry of
Tourism, 2022). In the 1990s, shark fishing noticeably depleted shark populations, which
resulted in significant losses to the dive tourism industry (Ali & Sinan, 2014). In response to the
decline in tourism, the Government of the Maldives declared the country a shark sanctuary,
offering legal protection to sharks and rays from fisheries exploitation in 2010 and 2014,
respectively (Government of the Maldives President’s Office, 2010; EPA, 2014; Ali & Sinan,
2014; Ward-Paige, 2017). The income generated in the Maldives from diving has increased
substantially in recent years, with shark and ray diving collectively contributing US$29.8 million
per year in direct revenue (Anderson et al., 2011b; Cisneros-Montemayor et al., 2013; O’Malley
et al., 2013; Zimmerhackel et al., 2019).

Fuvahmulah Atoll is a remote, single-island atoll in the southern Maldives nicknamed
“Shark Island” for its diverse and abundant shark and ray megafauna. Dive tourism has increased
rapidly in this location due to improved access to this region and awareness of the elasmobranch
visitation. In recognition of the significant biodiversity in terrestrial and marine ecosystems,
Fuvahmulah Atoll was declared a UNESCO Biosphere Reserve in 2020 (UNESCO, 2020).
However, management plans for the Biosphere Reserve and the MPA within it are still being

developed. While there is a recognized need for long-term funding strategies which support
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conservation on the island, considerable uncertainties remain about the potential impact of tourist
fees on the tourism industry.

In July 2023, Fuvahmulah City Council announced the implementation of a tourist fee for
dive tourism activities. The fee structure aimed to implement charges to both international and
resident divers. Regulations stated that those operating from international vessels would be
charged US$200 per guest for a 15-day period. Safari vessels and diving schools from outside of
Fuvahmulah but within the Maldives and operators within Fuvahmulah would be charged US$55
and US$40 per person, respectively, for the same duration. The regulations stated that guests who
are citizens of the Maldives and work permit holders would be charged less. Significant
resistance from the dive community of Fuvahmulah occurred following the announcement of the
fee implementation. News articles reported that community members voiced concerns about the
sustainability of the tourism industry with the specified regulations in place and the lack of
community consultation in designing the management plan (“Fuvahmulah Mayor Faces Calls to
Resign over New Diving Fee,” 2023; Mizyal, 2023; Mohamed, 2023). In August of 2023, the fee
implementation was postponed by Fuvahmulah City Council, highlighting the need for more
informed policy design and community involvement.

Here, we aim to quantify how much tourists to Fuvahmulah Atoll would be willing to
contribute to park entry fees. Additionally, we investigate the factors that impact the willingness
to pay, explicitly focusing on tourist preferences and interests in marine conservation and dive
tourism activities. Specifically, we ask: 1) are tourists willing to pay to increase conservation
measures in Fuvahmulah Atoll? If so, at what value? 2) Do tourists preferentially support some
conservation initiatives over others? 3) What factors affect the amount that tourists are willing to

contribute? We predict that dive tourists to Fuvahmulah Atoll would be willing to contribute to
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conservation in the form of entrance fees and that more experienced divers, as well as those who
hold stronger pro-environmental attitudes would be willing to contribute higher fees. By
comprehensively understanding visitor demographics and interests, we contribute critical
knowledge to developing management plans for protected areas and, more generally, the

Fuvahmulah Atoll UNESCO Biosphere Reserve.

3.3 Methods

3.3.1 Study site

The Republic of Maldives has 26 atolls and extends 870km, spanning the equator (Figure
3.1; Stevens & Froman 2018). Fuvahmulah Atoll is one of the most southern atolls, located
494km south of Malé, the capital of the Maldives. Access to Fuvahmulah Atoll was historically
difficult before opening a domestic airport in 2011, before which tourist visitation was
uncommon (Araujo et al., 2024). The first dive centre opened in 2013; however, eleven dive
centres are in operation today, reflecting the increasing recognition of the financial benefits of
tourism on the island.

Fuvahmulah divers encounter resident reef shark species and seasonal visitation of
transient species including scalloped hammerheads (Sphyrna lewini) and oceanic manta rays
(Mobula birostris). In addition, dive centres advertise frequent encounters with tiger sharks
(Galeocerdo cuvier) and pelagic threshers (Alopias pelagicus). Pelagic threshers frequent
cleaning stations on the island’s reef which represent the only identified cleaning stations for this
species in the Western Indian Ocean (IUCN SSC Shark Specialist Group, 2023).

Multiple protected areas exist on Fuvahmulah Atoll which intend to offer protection from

human activities to select sites. In total, there are four protected areas within the Biosphere
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Reserve. Three protected were designated in 2012 and include two wetland and mangrove
ecosystems (Bandaara Kilhi and Dhandimagu Kilhi) as well as the highly dynamic sand split
(Thundi Area) on the northeast corner (MCCEE, 2024). More recently, an MPA encompassing
6km of the southern reef was designated for which management plans are in development
(Figure 3.1; MCCEE, 2024). Management plans for the Biosphere Reserve as well as the
protected areas within it aim to safeguard the island’s biodiversity and socioeconomic

importance.

3.3.2 Survey overview

To better understand tourists' perceptions and attitudes toward marine conservation in
Fuvahmulah Atoll, a contingent valuation survey was designed and implemented for
international and national island visitors. Contingent valuation is a stated preference method
which uses questionnaires to assess the willingness to pay for a change in an environmental good
(Arrow et al., 1993; Johnston et al., 2017). Scenarios are constructed to offer alternatives to the
status quo. Well-designed and carefully tested questionnaires are expected to reveal respondent’s
true willingness to pay for a given change (Johnston et al., 2017). Using the contingent valuation
method (CVM), we asked if visitors would support the implementation of a one-time “Reserve”
entrance fee to Fuvahmulah Atoll and assessed visitors’ willingness to pay for initiatives which

support marine conservation on the island.

3.3.3 Survey design

The survey design followed the recommendations of Arrow et al. (1993) where possible.
Within a single online questionnaire, respondents were provided with a short introduction,

including a description of incentives and the privacy policy. This introduction highlighted that
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the survey was anonymous, and any information provided for the incentive draw would not be
linked with survey responses. The incentives, donated by the Manta Trust, included entries into a
draw for either a 1-year Cyclone membership or a Manta Ray Adoption Package. The survey
began by asking respondents to identify if they were a Maldivian national visitor, an international
visitor, or a resident of Fuvahmulah to filter out any potential participation by the local
community. If a local resident was selected, respondents were guided to a thank you message
before the survey automatically exited.

Next, knowledge and perceptions of important marine life at Fuvahmulah Atoll, as well
as previous interactions with sharks and rays, were assessed through a set of four warm-up
questions. This portion of the survey aimed to orient the respondents to the topics covered within
the survey, encouraging reflection on current understanding and assessing if perceptions,
knowledge, and previous interactions impact stated willingness to pay values (Johnston et al.,
2017). Respondents were then guided to either a video or PDF file (determined by a preliminary
question asking if limited bandwidth may be an issue) which explained the UNESCO Biosphere
designation of Fuvahmulah Atoll and the need for long-term funding strategies to finance marine
conservation initiatives on the island. Proposed marine conservation initiatives were presented
and explained identically in the video and PDF. Initiatives included community education, waste
management, protected areas management, and a marine research and education centre. These
initiatives were included based upon consultations prior to survey development with groups from
and working within the community, including Fuvahmulah City Council, Pelagic Divers
Fuvahmulah, Maldives Manta Conservation Programme, Fuvahmulah Nature Park and

Fuvahmulah Surf Association. The current need for these initiatives was clearly outlined,
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presenting a baseline or status quo scenario, a critical requirement in stated preference
questionnaires (Johnston et al., 2017).

If limited bandwidth was selected before the video, respondents were guided to the PDF
alternative, and an internal timer ensured respondents were adequately engaged with the survey
material. If respondents were not on limited bandwidth, an additional check occurred after the
video played to confirm that respondents could see and hear the video. Respondents were
redirected to the timed PDF script if any visual or audio issues were indicated. After explaining
each initiative, respondents were told that their responses would be shared with policymakers:

While the following questions seem hypothetical, please remember that your answers will be
considered by Fuvahmulah City Council and will impact policy design.
The amount you state may be accepted as the charge for visiting this area in the future.
This statement aimed to strengthen incentive compatibility by demonstrating that the answers
can be translated into enforced payments (Cummings et al., 1997). The statement was followed
by the willingness to pay question, which included a range slider for respondents to indicate a
value from US$0 to US$200:

Considering your income and current expenses, slide the bar to indicate how much (USD) you
would be willing to pay as a Fuvahmulah Atoll entry fee if those funds were to be divided among
the projects outlined in the video?

This fee would be a one-off charge collected by your guest house once for your trip rather than
a daily fee or a fee per dive.

All monetary questions included a link to a currency exchange resource

(https://www.xe.com/currencyconverter/). Respondents were then asked to rate their certainty of

their answer on a four-point scale. Respondents who selected a positive value for payment were
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asked additional questions to gather information about tourist perceptions of responsibility, price
sensitivity, and preferences for the fee distribution across the proposed initiatives. To determine
protest bids, those who indicated a zero willingness to pay were asked their reason for doing so.
Valid-zero responses included any of the following answers: (i) I feel I cannot afford to pay more
to contribute to these conservation initiatives; (ii) I’m not interested in contributing to these
conservation initiatives. Alternatively, protest-zeros included responses: (i) I don’t believe the
money gained by fees will be spent reasonability on conservation initiatives; (ii) I feel the money
for these initiatives should come from other places and not from tourists; (iii) I can’t decide
without more time or information; (iv) I didn’t understand the question. Respondents could also
select Other (please specify) to input an answer that accurately reflects their position, which
would be categorized as a valid or protest-zero answer during analysis. This approach maximizes
the validity of valuation studies by minimizing potential biases presented in stated preference
frameworks (Bishop & Boyle, 2017; Ison et al., 2021).

The next part of the survey investigated the interests, attitudes, and demographics to build
visitor profiles and identify covariates that could explain changes to the observed willingness to
pay. A trap question, which can be used to assess the attentiveness of respondents, was included
at the beginning of this section to ensure that all questions were being carefully read
(Oppenheimer et al., 2009).

To ensure all questions are being carefully read, please select manta ray from the list below; (i)
whaleshark (ii) mola mola (iii) manta ray (iv) devil ray (v) hammerhead shark.

Any respondents who failed to select the manta ray were excluded from the data analysis.
The primary reason for an individual’s visit to the island was investigated. If respondents

identified dive tourism-related activities (such as snorkelling, freediving or scuba-diving),



57

follow-up questions identified their skill level, commitment to the activity and if they have
previously visited Fuvahmulah Atoll for that purpose. We asked if dive tourism visitors had an
excursion type preference (reef dives or blue water dives) and if a particular marine organism
motivated their trip to Fuvahmulah Atoll. Respondents who were motivated by encounters with
marine organisms ranked their top three choices for encounter preference based on species
known to occur in this region of the Maldives. We also asked respondents which organisms they
had encountered in the area to gauge their potential satisfaction level during their visit.
Demographic questions included gender, age, annual income, and education. Finally,
environmental attitudes and values were explored by asking about respondents’ charitable
donation history and using the New Ecological Paradigm scale.

The New Ecological Paradigm scale (NEP) is a standardized set of questions which
assess an individual’s environmental attitude, and it’s commonly incorporated in studies aiming
to understand the intrinsic value of environmental goods and services (Dunlap et al., 2000;
Dunlap & Van Liere, 1978; Taye et al., 2018). Items of the NEP scale describe worldviews
toward humanity’s relationship with the natural environment. Respondents were asked to
indicate their level of agreement and disagreement with 15 items (Dunlap et al., 2000). Answers
were then summed together to categorize each respondent as having a (i) strong dominant social
paradigm, (ii) moderate dominant social paradigm, (iii) ambiguous worldview, (iv) moderate
ecological worldview, and (v) strong ecological worldview. The complete survey, including the
NEP scale questions, is included in Appendix B.

The final page of the survey thanked participants and reviewed the details of the available
incentives. Participants were reminded that all survey responses are anonymous and that personal

details provided for the incentive draw would not be linked to survey responses at any point. A
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link to the privacy policy was included followed by a text box where participants could opt to
enter their name and email for the incentive draw. Finally, an open text feedback box concluded
the survey where participants were given the opportunity to voluntarily share any additional
feedback or comments. These comments were reviewed during data analysis to identify any
common trends in values or concerns, and identify potential issues with survey completion or
interpretation.

The research team designed and pretested the survey on two separate occasions within
the University of Victoria between November and December 2022. Pretesting utilized the
feedback of 11 people and ensured readability and understanding of scenarios and payment
vehicle while minimizing respondent fatigue (Champ et al., 2003). As a result of the pretesting,
minor wording changes were made to increase clarity and readability. The final online survey
was built by Omnisis and UK marketing consultant, Deep Blue Thinking, and further tested with
a group of five people in December 2022. The survey was launched in January 2023, and
responses were closely monitored to ensure proper functioning. The first surveys were presented
to tourists in Fuvahmulah Atoll by staff of the Manta Trust, who were briefed on project aims
and survey distribution and were able to assist respondents with navigating the online platform
when required. With a higher rate than expected of incomplete surveys within the first two weeks
of the survey launch, some timing limits were reduced so that tourists could navigate the survey
more quickly. However, no questions were changed, added or removed; thus, any complete
surveys collected during this time were incorporated into the final analysis.

Respondents accessed the survey through QR codes or a web address link. QR codes
were displayed on posters placed in areas with high tourist traffic (such as the domestic airport,

dive centre, restaurant, and cafes) and on business cards which were handed out to tourists
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opportunistically by the staff of Maldives Manta Conservation Programme (MMCP) or Pelagic
Divers Fuvahmulah (PDF). Web address links were sent to tourists through email
correspondence. The Pelagic Divers Fuvahmulah dive centre was the primary location used to
promote the survey. Both PDF and MMCP staff were briefed on how to introduce the survey to
tourists and were instructed to inform tourists that participation was voluntary and anonymous. If
tourists were approached after a dive, respondents usually completed the survey immediately
while the staff was available to answer questions. If tourists were approached before a dive,
respondents usually collected the business card, choosing to complete the survey later. Surveys
took approximately 15 minutes to complete. The target population included foreign tourists and
tourists who are citizens or residents of the Maldives. Tourists were required to be 18 or older to
participate in the study. Sampling took place exclusively on Fuvahmulah, and the survey was
written in English, the most used language to communicate cross-culturally in the Maldives

(Meierkord, 2018). The survey remained open from January 2023 to February 2024.

3.3.4 Statistical analysis

Responses were analyzed using R version 4.2.2 (R Core Team, 2022). Datasets were
analyzed to differentiate between genuine and protest zero bids (Bateman et al., 2002). We
identified one protest bid (n = 1) within our dataset in which the respondent specified that they
felt the money should come from other places and would likely not be spent responsibly on
conservation. Although protest bids may introduce unwanted noise in analysis, we determined
the introduced noise was minimal and we, therefore, did not filter this respondent out of our final
analysis (Johnston et al., 2017). The respondent seemed to clearly understand the questions
presented and based on political views, opted to enter a zero bid. Subsequently answered

questions suggested that the protest response was not pervasive or influential on the remainder of
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the survey. Furthermore, sensitivity analysis revealed that the protest bid showed little impact on
results. The protest response and true zero bid (n = 2) were incorporate in our final analysis. The
average willingness to pay was calculated from all respondents who answered the trap question
correctly (n = 93).

To investigate the intricacies of accepted entrance fee prices, we used the van Westendorp
Price Sensitivity Meter (Van Westendorp, 1976). This method provides an estimation of
consumer price preferences for products of a unknown value and was recently used to determine
the willingness of visitors to South Africa to pay additional fees to replace revenues gained by
trophy hunting (Moorhouse et al., 2023). The van Westendorp methodology involves the
description of a novel product after which respondents are asked to state the values at which they
deem the product to be “too cheap” and “too expensive” (Van Westendorp, 1976). For the current
study, we presented the questions as a request to identify the price at which the fee would be too
low to make a meaningful contribution to marine conservation and the price at which the fee
would be so expensive that it could deter future trips. The resulting data was visually inspected to
depict the cumulative distribution functions and identify the optimal price point for the described
product (Van Westendorp, 1976). Responses were removed (n = 10) if stated payment values for
the entrance fee fell outside the price range stated in the van Westendorp analysis.

The proportion of funding dedicated to each initiative was analyzed using beta regression
mixed models in the package ‘glmmTMB’ (Brooks et al., 2022). Models included the initiative
type and the random effect of respondent ID as explanatory variables. The proportion of funding
stated (range from 0-1) was the response variable. Since response variables of beta regression
need to be bound between 0 and 1, a value of 0.001 was added and subtracted from the lower and

upper bound, respectively. Planned contrasts were conducted for post hoc analysis of differences
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between the initiative types. The effects of demographics and dive tourist preference and
experience on willingness to pay were explored using nonparametric Kruskal-Wallis tests (KW,
a = 0.05) from the package ‘stats’ considering we had small sample sizes and non-normal
distribution of responses (R Core Team, 2022). Although non-parametric analysis is robust in
comparing groups of different sample sizes, we excluded groups from comparison in the KW
tests if they included four or less respondents to further limit the impact of small sample size on
results. If KW was significant (< 0.05), a post hoc Conover-Iman test from the R package

‘conover.test’ was conducted for multiple comparisons between groups (Dinno, 2024).

3.4 Results

3.4.1 Sample characteristics

In total, 94 completed surveys were collected from January 2023 to February 2024
primarily from foreign scuba divers, who held high pro-environmental attitudes and
demonstrated concern regarding elasmobranch population declines . Over 90% of respondents
were foreign visitors (from countries outside the Maldives; n = 86). Due to the limited number of
responses from Maldivian nationals (n=8), we combined responses into one tourist group for
analysis. Responses from Maldivian nationals (n = 8) were combined with responses from
international visitors (n = 86) after inspecting the distributions of WTP within the groups, and
after inspecting subsequent questions for significant outliers. Respondents ranged in age from
21-24 to 65+, although most were between 25-54 (Table 3.1). Male and female respondents were
roughly equally represented, and income levels were mixed. The NEP survey categorized most
respondents as having moderate ecological worldviews (n = 74; Table 3.1, Figure B1). Many

respondents were highly educated, with 73% (n = 68) achieving a minimum of a bachelor’s or
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associate's degree (Table 3.1). Many indicated they previously contributed financially to a non-
profit organization (74%; n = 69). Furthermore, those who had previously donated to a non-profit
organization most specifically contributed to wildlife or ecosystem protection (79%, n = 55;
Table 3.1). Nearly all respondents reported some previous interaction with sharks and rays (n =
92; Table 3.2), knew of the current population declines of sharks and rays (n = 91), and
expressed concern about these declines (n = 66; Table 3.2).

We identified all visitors as dive tourists, individuals primarily engaged in dive tourism-
related activities such as snorkelling, freediving, or scuba diving. One respondent, however,
indicated that neither scuba diving, freediving, nor snorkelling was their primary reason to visit
Fuvahmulah and instead listed “ocean conservation™ as their primary reason. Although we
suspect this individual was also a visitor engaged in dive tourism (concluded from answers to
questions related to species encounters), we excluded this respondent from our analyses
specifically relevant to dive tourists because we could not present follow-up questions to them.
Additionally, we removed another respondent (n = 1) from our full analysis as they answered the
trap question incorrectly.

Dive tourists (n = 92) were most often scuba divers (n = 84; Table 3.3). Furthermore,
most scuba divers indicated they were advanced or professional (n = 67). Seven respondents
indicated that freediving was their primary activity with mixed skill levels, and one respondent
was engaged in snorkelling activities at a beginner level (Table 3.3). We classified dive tourists
as committed, or casual based on the frequency of dive trips and reported skill level in their
primary activity (Table B1). Most dive tourists were committed to undertaking more frequent
trips at higher skill levels (n =80, 87%), and 32% (n = 29) were returning dive tourists indicating

they had previously visited Fuvahmulah before their current trip at least once (Table 3.3). Nearly
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all dive tourists indicated that their trip was motivated by the potential encounter of certain

marine organisms (93%, n = 86; Table 3.3).

3.4.2 Willingness to pay

Of all respondents, 94% (n = 87) indicated that they would be willing to pay a one-time
“Reserve” entry fee to Fuvahmulah Atoll Biosphere Reserve to support conservation initiatives
on the island. Of the three respondents who selected a 0 bid, two were identified as true zeros,
indicating, “I feel I cannot pay more to contribute to these conservation initiatives.” The final
zero bid was recognized as a protest bid indicating “I don’t believe the money will be spent
responsibly on conservation initiatives” and “I feel the money for these initiatives should come
from other places.” The protest bid did not significantly affect the distribution of payment values,
and did not seem to affect answers provided to subsequent questions; therefore, all responses (n
= 93) were included in the willingness to pay analysis.

The average fee respondents reported being willing to pay for reserve entry was
US$58.17 (range = US$0-200; Figure 3.2a). The van Westendorp Price Sensitivity Meter
supported these results and found the optimal price to be US$50 with suitable prices identified
between US$25-100 (Figure 3.2b). Of those who stated they would be willing to pay a reserve
entry fee, most believed this fee should be charged to all visiting tourists (58%, n = 48), with
some respondents specifying that Maldivian and work permit holders should be charged less (n =
3; Figure B2).

Of those who were willing to pay an entrance fee to Fuvahmulah Atoll, respondents
allocated, on average, 21-29% of the fee across the initiatives; MPA management, waste

management, community education and marine research facilities (Figure 3.3). The proportion of
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funding allocated to MPA, and waste management was significantly higher than the funding

allocated to community education and marine research facilities (Figure 3.3; Table 3.4).

3.4.3 Factors affecting WTP

We found limited evidence of the impact of demographics on WTP. Age, gender, and
education did not affect the value of WTP (Table 6). Although we found a significant effect of
income on WTP value (32 = 16.64, df = 7 p = 0.02; Table 3.5), there were no observed patterns
between the tested income categories, and corrected p-values for post hoc comparisons were
insignificant (Table 3.6).

Environmental attitudes and donation history impacted the amount visitors were willing
to pay for the entrance fee. There was a general trend of increasing WTP value with stronger
ecological worldviews (as measured by the NEP scale); however, only respondents with a strong
ecological worldview had significantly higher WTP values than those with an ambiguous
worldview (p = 0.036; Table 3.6, Figure 3.4c). Respondents with no donation history reported a
wide range of WTP values, which were significantly higher than the WTP values reported by
respondents donating to other causes (apart from ecosystem or wildlife protection; p = 0.045;
Table 3.6; Figure 3.4a). Additionally, respondents who donated specifically to non-profits for the
protection of ecosystems or wildlife had a higher willingness to pay values than those who
donated elsewhere (p = 0.011; Table 3.6, Figure 3.4a).

Many respondents were aware of the current global declines of shark and ray populations
(n=91), and all expressed some level of concern. Concern level significantly impacted WTP
values (3% = 8.16, df =2, p = 0.017; Table 3.5). Generally, WTP values increased with increasing

concern (Figure 5b). Those who indicated they were extremely concerned had significantly
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higher WTP values than those who were only moderately concerned (p = 0.0073; Table 3.6;
Figure 3.4b).

Respondents’ previous experience with sharks and rays and their experience in
Fuvahmulah Atoll impacted WTP. Tourists reporting previous encounters with sharks and rays
while scuba diving, snorkelling or freediving had higher WTP values than those who did not
report previous encounters (32 = 6.88, df = 1, p = 0.0087; Table 3.5). Additionally, those who
reported watching movies or documentaries about sharks and rays had significantly higher WTP
than those who hadn’t watched films (3% = 3.81, df = 1, p = 0.051; Table 3.5). Other previous
interactions, including trips focusing on encounters, research activities, and encountering sharks
and rays in an aquarium setting, showed no significant impact on WTP (Table 3.5). Dive tourists
who visited Fuvahmulah in the past did not have significantly different WTP values than those
who indicated they were first-time visitors (x> = 0.071, df = 1, p = 0.79; Table 3.5). Those who
were considered committed dive tourists (undergoing more frequent dive tourist trips and
maintaining high skill levels) showed significantly higher WTP values compared to those who
were casual dive tourists (y? = 7.14, df = 1, p = 0.0075; Table 3.5; Figure 3.5b). While many dive
tourists were motivated to visit Fuvahmulah to encounter specific species (n = 86; Table 3.3,
Figure B3), WTP was not significantly affected by the primary species selected for motivating
visitation to Fuvahmulah (3% = 3.37, df = 5, p = 0.64; Table 3.5). However, the reported
encounters with specific megafauna within Fuvahmulah Atoll did affect WTP values.
Specifically, WTP was significantly higher for dive tourists reporting encounters of tiger sharks
(x*>=6.68, df = 1, p = 0.0097; Table 3.5) and thresher sharks (y> = 6.28, df = 1, p = 0.012; Table
3.5, Figure 3.5¢c,d) in Fuvahmulah. Tiger and pelagic thresher sharks were the most frequently

selected as the primary motivator for visiting Fuvahmulah and the most frequently encountered
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species (Figure B3). However, encountering the top motivating species had nonsignificant
impacts on WTP (2 = 3.33, df = 1, p = 0.068; Table 3.5). No other encounters in Fuvahmulah

Atoll affected WTP values (Table 3.5).

3.5 Discussion

Our survey results indicate that tourists are willing to contribute to marine conservation
financing through park entry fees in Fuvahmulah Atoll. The average value that tourists were
willing to pay was US$58.17, and the van Westendorp Price Sensitivity Meter revealed that fees
between US$25 and US$100 would be considered appropriate by most tourists. The recognized
need for increased conservation measures on the island was evident in the analysis of feedback
provided by respondents at the end of the survey. One respondent stated, “Urgent decision-
making must be done as soon as possible in order to protect the marine life in Fuvahmulah.”
Another respondent alluded to the risks associated with unregulated tourism, stating,
“Fuvahmulah is a heaven on earth that should be persevered and managed in such a way that
tourism doesn t ruin its natural wild heart. Even if it meant limiting the [number] of tourists it
hosts at any given moment.”

We found that tourists preferentially support allocating funds to marine protected area
management and waste management over community education and research facilities. Previous
research has identified a link between time spent within an environment and the willingness to
pay for its conservation (Schuhmann et al., 2023). Dive tourists are generally willing to pay
entrance fees provided that the revenue gained is used for conservation improvement instead of
generating general revenue for government bodies (Peters & Hawkins, 2009). While other
studies have identified the willingness of visitors to increase donations to support community

education specifically (Murphy et al., 2018), respondents in the current study can likely identify
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a direct link between MPA management, waste management, and marine conservation.
Additionally, Pelagic Divers Fuvahmulah, the local dive centre where most responses were
collected, has supported installing built-in water filtration systems on the island to reduce plastic
accumulation. Therefore, guests of the dive centre may be more aware of waste management
issues and more inclined to support these efforts. The connection between marine conservation
and community education may be more nuanced, and marine research facilities may not
inherently be linked to conservation. Our findings suggest that an increased awareness
surrounding specific initiatives and highlighting direct connections to marine conservation may
increasingly support implementing a multi-use management plan.

Our results suggest that WTP depends on the entrance fee used to support marine
conservation. However, with increased government decentralization, revenue gained by charging
entrance fees represents a tempting resource for local authorities in developing countries
(Emerton et al., 2006; Peters & Hawkins, 2009). While we recognize that the initiatives
presented in the current study are not an exhaustive list of those possible, the WTP values
reported here were collected after highlighting the various conservation initiatives in
Fuvahmulah Atoll that the fee could support. Respondents answered survey questions while
assuming that their fee would be going towards these initiatives, at least in part. Previous studies
have identified a link between revenue use and WTP. Agreements to fee implementation within
marine parks in Malaysia and Indonesia depended upon revenue being used for marine park
management, and higher fees were accepted by respondents if how the revenue was used
remained transparent (Walpole et al., 2001; Yeo, 2005). The only protest bid identified in the
study specified that they felt the money would not be spent responsibly on nature, further

highlighting the importance of transparency. Ensuring revenues are channelled to island
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conservation while maintaining expenditure transparency would likely positively impact long-
term visitor WTP.

Most tourists indicated that entrance fees should be charged to all tourists visiting
Fuvahmulah Atoll and not specifically directed to those accessing protected areas. This finding is
interesting, considering all tourists were involved with dive tourism. It may be assumed that
travel of any kind would inherently impact the marine ecosystems since the island is built upon
coral reefs. With the entire island declared a UNESCO Biosphere Reserve (BR), fees to visit the
island for any reason may be justified. A fee structure is typically site-dependent when
comparing the global network of BRs, and there is no unified approach (Peters & Hawkins,
2009). Many sites implement fees to access specific areas within the BR or to partake in
particular activities (e.g., hiking or scuba diving). The Galapagos Biosphere Reserve does,
however, charge visitors a general entrance fee to support conservation efforts (Benitez, 2001). A
similar approach to that of the Galdpagos may be appropriate at Fuvahmulah Atoll; however, we
only captured the WTP and associated preferences of dive tourists, who are mostly foreigners.
Many developing countries differentially charge foreign tourists and residents or visa holders
(Apollo, 2014; Peters & Hawkins, 2009). Additional work should aim to assess the WTP of
visitors not participating in dive tourism activities and Maldivian visitors.

While we found that nearly all tourists are willing to pay to contribute to conservation
initiatives on the island, the amount depended on various factors, including environmental
attitudes, and donation history. Tourists’ WTP were widespread across demographics, with no
significant difference found across income levels, gender, education, or age. Environmental
attitudes, however, did impact the amount tourists were willing to contribute towards entrance

fees in multiple ways. Stronger ecological worldviews measured through the NEP scale and
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increased concern for declining shark and ray populations were associated with higher WTP.
Other studies have identified a similar relationship between WTP and environmental attitudes.
Visitors to the Galapagos marine park, considered “pro-environmental” based on the NEP scale,
were willing to pay more for seafood with lower associated bycatch (Tanner et al., 2021).
Similarly, Booth et al. (2002) found that tourists with stronger pro-environmental attitudes were
willing to pay higher fees for shark conservation in Indonesia.

We found that donation history positively impacted WTP values. Respondents who
reported specifically donating to charities which protect wildlife or ecosystems were associated
with higher WTP than those who donated elsewhere. Previous research reported the positive
impact of donation history on the intention to donate money to recover threatened shark species
(Cardenas & Lew, 2016). In contrast, Lewis et al. (2018) found no significant impact of previous
donation behaviour on conservation and community. Here, we found that the specific cause to
which respondents donated was an important determinant when assessing the impact of donation
history on WTP.

We found that dive tourist commitment (i.e., the skill level maintained and frequency of
dive trips) and previous interactions with sharks and rays impacted the amount visitors were
willing to pay. More experienced divers tend to have higher ecological awareness which can
translate to higher WTP (Dearden et al., 2006; Anderson & Loomis, 2011; Malpica-Cruz et al.,
2017). Committed dive tourists, who take more frequent dive tourism trips and maintain more
advanced skill levels, were associated with higher WTP. Similarly, Malpica-Cruz et al. (2017)
found that committed divers, who possessed more ecological knowledge and had higher
engagement levels with diving, were willing to pay higher fees for marine conservation. In

addition to dive tourist commitment, visitors who reported previously encountering sharks and
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rays were associated with higher WTP values. Additionally, those who reported watching movies
or documentaries about sharks or rays had significantly higher WTP. Other previous interactions
showed no impact on WTP, including participating in trips focusing on shark and ray encounters
and viewing sharks and rays in aquarium settings, suggesting that, while respondents have been
willing to pay for trips in the hopes of encountering sharks and rays, it’s specifically successful
trips which affect the amount that tourists are willing to contribute to Fuvahmulah conservation.
Marine wildlife tours can promote pro-environmental attitudes held by tourists, and studies have
shown that encounters can promote higher WTP if the funds aid wildlife protection (Tisdell &
Wilson, 2001). Furthermore, shark encounters in the wild have positively impacted the
willingness to pay for shark conservation in other studies (Booth et al., 2022). Since most tourists
in the current study were motivated to travel to Fuvahmulah for shark/ray encounters and were
committed to dive tourism, it’s likely that those who have previously encountered sharks/rays
partake in these excursions more frequently and may be more invested in marine conservation.
Although respondents reported encounters with several megafauna species, those
reporting encounters with tiger sharks or pelagic threshers at Fuvahmulah Atoll were associated
with higher WTP values. Charismatic species, which are associated with particular habitats or
geographic locations, represent opportunities to act as flagship species to encourage more
general conservation action (Walpole & Leader-Williams, 2002; Kontoleon & Swanson, 2003;
Colléony et al., 2017). Although other charismatic species were encountered, no other encounters
demonstrated an impact on WTP. The frequency of encounters has been identified as an
important factor in determining the effect of megafauna interactions on WTP (Batel et al., 2014).

It’s likely that while other species were encountered and may contribute to the attractiveness of
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Fuvahmulah Atoll as a dive destination, tiger sharks and pelagic threshers were the most
consistently encountered and, therefore, have a stronger impact on WTP.

The effect of tiger sharks and pelagic thresher encounters on WTP is likely a result of the
combination of these species being the top motivators for Fuvahmulah trips and the high
frequency of tiger shark and thresher shark encounters. In Fuvahmulah, tiger sharks are
encountered on a regular basis at the Tiger Harbour dive site where fish scraps are used to attract
sharks to the mouth of the harbour (Araujo et al., 2024). Pelagic threshers are also frequently
encountered at pelagic thresher shark cleaning stations, which local dive operators have
identified. Cleaning stations are ecologically significant sites which pelagic threshers routinely
visit to have bacteria and parasites removed through the symbiotic relationship they hold with
cleaner fish (Oliver et al., 2011). Furthermore, this behaviour is sensitive to dive tourism
activities. Dive tourists visiting manta ray (Mobula alfredi) cleaning stations in Australia
negatively impacted the amount of time manta rays spent actively cleaning (Venables, 2013).
Similarly, scuba divers in Philippines interrupted thresher shark cleaning behaviour at a coastal
seamount (Oliver et al., 2011). The potential dependency on the frequency of encounters
suggests that WTP may be negatively impacted if megafauna visitation is disrupted or becomes
less frequent as a result of tourism activities, further highlighting the need for effective marine
conservation measures.

Tourists to Fuvahmulah Atoll provide an opportunity for increased marine conservation
efforts through their willingness to pay a one-time “Reserve” entrance fee. As a remote
destination boasting abundant and diverse marine life, Fuvahmulah Atoll attracts highly trained
and committed dive tourists. Dive tourists often possess foundational ecological knowledge

related to marine ecosystems, and by spending time underwater, many divers have witnessed
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changes as human influence continues to shape the underwater ecosystems. Here, we
demonstrated that visitors to Fuvahmulah Atoll are concerned about declining shark and ray
populations and uphold strong environmental values that positively influence WTP values.
Additionally, we identified the dependent nature of tourism to Fuvahmulah on specific species
encounters by documenting a high number of visitors motivated by encounters and the positive
impact of tiger shark and pelagic thresher encounters on WTP. When channelled to marine
conservation, funds generated by entrance fees can increase the protection of species and habitats
on which tourism to Fuvahmulah depends. Increasing marine conservation efforts on
Fuvahmulah Atoll is more achievable through tourism and could also ensure the tourism

industry's sustainability for the years to come.



3.6 Tables and Figures

Table 3.1. Demographics of visitors to Fuvahmulah Atoll (n = 93). Percentage of total

respondents in each category is included in parenthesis.

Variable Number of respondents
Age
Under 21 0 (0.00%)
21-24 3 (3.22%)
25-34 37 (39.78%)
35-44 32 (34.41%)
45-54 15 (16.13%)
55-64 4 (4.30%)
65+ 1 (1.08%)
Prefer not to say 1 (1.08%)
Gender
Female 44 (52.69%)
Male 49 (47.31%)
Prefer to identify in another way 0 (0.00%)
Income (USD)
<20,000 8 (8.60%)
20,000-39,999 14 (15.05%)
40,000-59,999 12 (12.90%)
60,000-79,999 12 (12.90%)
80,000-99,999 10 (10.76%)
100,000-149,999 8 (8.60%)
150,000-199,999 9 (9.68%)
200,000-499,999 6 (6.45%)
> or equal to 500,000 1 (1.08%)
Prefer not to say 13 (13.98%)
NEP category
Strong social 0 (0.00%)
Moderate social 1 (1.08%)
Ambiguous 13 (13.98%)
Moderate ecological 74 (79.57%)
Strong ecological 5(5.37%)
Education
Elementary/middle school graduate (gr 8-10) 0 (0.00%)
High school graduate (gr 9-12) 12 (12.90%)
Some post-secondary 12 (12.90%)
Bachelor’s degree/associate’s degree 41 (44.09%)
Doctorate/master’s/professional degree 27 (29.03%)
I’d rather not say 1 (1.08%)
Donation history
No donation history 24 (25.81%)
Donated in the past 14 (15.05%)
Donated in the past specifically for 55 (59.14%)

wildlife/ecosystem protection




Table 3.2. Fuvahmulah Atoll respondents’ previous interactions and knowledge of sharks and

rays (n = 93). The percentage of total respondents in each category is included in parentheses.

Variable Number of respondents
Previous interactions”
Research 14 (15.05%)
Encountered while scuba, snorkelling 77 (82.80%)
Participated in trips focused on encounters 68 (73.12%)
Watched movies or documentaries 60 (64.52%)
Visited in aquarium 38 (40.86%)
Supported campaigns/NGOs 2 (2.15%)
No previous interaction 1 (1.08%)
Awareness of shark/ray population declines
Yes 91 (97.84%)
No 1 (1.08%)
Unsure 1 (1.08%)
Level of concern for shark/ray populations
Not concerned 0 (0.00%)
Slightly Concerned 3 (3.23%)
Moderately Concerned 12 (12.90%)
Very Concerned 12 (12.90%)
Extremely Concerned 66 (70.97%)

“values exceed 100% for previous interactions- respondents could select multiple answers



Table 3.3. Dive tourist experience and motivations in Fuvahmulah Atoll (n = 92). The percentage

of total respondents in each category is included in parentheses.

Variable Number of respondents
Primary dive tourism activity and skill level
Snorkelling (total) 1 (1.09%)
Beginner 1 (100%)
Intermediate 0 (0.00%)
Advanced 0 (0.00%)
Professional 0 (0.00%)
Freediving (total) 7 (7.61%)
Beginner 0 (0.00%)
Intermediate 3 (42.86%)
Advanced 2 (28.57%)
Professional 2 (28.57%)
Scuba diving (total) 84 (91.30%)
Beginner 1 (1.19%)
Intermediate 16 (19.05%)
Advanced 46 (54.76%)
Professional 21 (25.00%)

Previous trips to Fuvahmulah for diving

1x
2x
3-5x
> 5x
Never
Diver commitment level
Casual
Committed
Trip motivated by marine megafauna encounters
Yes
No
Encountered top motivating species®
Yes
No

17 (18.48%)
3 (3.26%)
7(7.61%)
2(2.17%)
63 (68.48%)

12 (13.04%)
80 (86.96%)

86 (93.48%)
6 (6.52%)

70 (81.40%)
16 (18.60%)

“Only included those who indicated their trip was motivated by an encounter with specific organisms (n =

86)
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Table 3.4. Model estimates and p-values for the fixed effects of the beta regression model
explaining the proportion of funding. Response ID was additionally included as a random
variable. Asterisks and planned post hoc contrasts shaded green indicate significant differences

between initiatives.

Initiative (fixed effect)” Estimate  P-value’
MPA: Edu 0.28 0.016"
Res: Edu -0.24 0.044
Waste: Edu 0.20 0.087"
MPA: Res 0.52 1.3x10°""
MPA: Waste 0.08 0.48

Res: Waste -0.44 0.00023"™

“Abbreviations for proposed initiatives; MPA — marine protected areas management, Edu — community
education, Res — marine research facilities, Waste — waste management.
*kk

"Number of asterisks represents significance level where * indicates p < 0.05, ™ indicates p < 0.01, and

indicates p < 0.001



Table 3.5. Non-parametric ANOVA results (Kruskal-Wallis test).

Variable* df Ve P -value

Sociodemographic
Age 2 0.066 0.97
Gender 1 1.58 0.21
Income 7 16.64 0.020"
Worldview (NEP) 2 6.06 0.048"
Education 3 3.10 0.38
Donation history 2 7.27 0.026"

Concern for population declines
Moderately concerned, very concerned 2 8.16 0.017
and highly concerned

Previous interaction
Encountered 1 6.88 0.0087*
Trips 1 1.72 0.19
Research 1 0.0058 0.94
Films 1 3.81 0.051"
Aquarium 1 0.27 0.61

Diver experience and motivations
Repeat visitor 1 0.071 0.79
Commitment 1 7.14 0.0075™
Top motivating species® 5 3.37 0.64
Tiger shark encounter 1 6.68 0.0097*
Pelagic thresher encounter 1 6.28 0.012"
Hammerhead encounter 1 1.87 0.17
Manta ray encounter 1 0.64 0.42
Whaleshark encounter 1 0.74 0.39
Cetacean encounter 1 0.93 0.33
Encountered top motivating species® 1 3.33 0.068

“Only tested groups with more than four responses (refer to Tables 3.1-3.3)

"Number of asterisks represents significance level where * indicates p < 0.05, * indicates p < 0.01, and

indicates p < 0.001

“Used only responses from dive tourists who indicated their trip was motivated by encountering certain

species (n = 86)

77

sk



Table 3.6. Conover-Iman post hoc pairwise comparisons with Bonferroni correction for

significant effects of KW tests where more than two groups are compared.

78

Variable” t p-value Adj. p-value®
Income (USD)
< 20,000 —20,000: 39,999 1.50 0.069 1.00
< 20,000 — 40,000: 59,999 -1.02 0.16 1.00
< 20,000 — 60,000: 79,999 -0.55 0.29 1.00
< 20,000 — 80,000: 99,999 0.36 0.36 1.00
<20,000 — 100,000: 149,999 1.85 0.03 0.97
< 20,000 — 150,000: 199,999 -1.00 0.16 1.00
< 20,000 —200,000: 499,999 -0.60 0.27 1.00
20,000: 39,999 — 40,000: 59,999 -2.88 0.0027 0.07
20,000: 39,999 — 60,000: 79,999 -2.32 0.011 0.32
20,000: 39,999 — 80,000: 99,999 -1.19 0.12 1.00
20,000: 39,999 — 100,000: 149,999 0.58 0.28 1.00
20,000: 39,999 — 150,000: 199,999 -2.69 0.0045 0.12
20,000: 39,999 —200,000: 499,999 -2.03 0.023 0.64
40,000: 59,999 — 60,000: 79,999 0.53 0.30 1.00
40,000: 59,999 — 80,000: 99,999 1.49 0.070 1.00
40,000: 59,999 — 100,000: 149,999 3.04 0.0016 0.05
40,000: 59,999 — 150,000: 199,999 -0.04 0.48 1.00
40,000: 59,999 —200,000: 499,999 0.28 0.39 1.00
60,000: 79,999 — 80,000: 99,999 0.98 0.16 1.00
60,000: 79,999 — 100,000: 149,999 2.57 0.0061 0.17
60,000: 79,999 — 150,000: 199,999 -0.53 0.30 1.00
60,000: 79,999 —200,000: 499,999 -0.15 0.44 1.00
80,000: 99,999 — 100,000: 149,999 1.58 0.059 1.00
80,000: 99,999 — 150,000: 199,999 -1.43 0.079 1.00
80,000: 99,999 —200,000: 499,999 -0.97 0.17 1.00
100,000: 149,999 — 150,000: 199,999 -2.90 0.0025 0.07
100,000: 149,999 —200,000: 499,999 -2.31 0.012 0.33
150,000: 199,999 —200,000: 499,999 0.30 0.38 1.00
NEP category
Ambiguous — moderate ecological -2.02 0.023 0.069
Ambiguous — strong ecological -2.30 0.012 0.036"
Moderate ecological — strong ecological -1.30 0.099 0.30
Donations for conservation
No donation history — previously donated to other cause 2.20 0.015 0.045"
No donation history — donated for ecosystem/wildlife
protection -0.34 0.37 1.00
Donated for ecosystem wildlife protection — previously
donated to other cause 2.76 0.0035 0.011™
Concern for population declines
Moderately concerned - very concerned -1.39 0.085 0.25
Moderately concerned - extremely concerned -2.89 0.0024 0.0073™
Very concerned - extremely concerned -1.089 0.14 0.42

“Only included groups with more than four responses for pairwise comparisons (refer to Tables 1-3)

"Number of asterisks represents significance level where * indicates p < 0.05, ™ indicates p < 0.01, and

indicates p < 0.001
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Figure 3.1. Map of the Republic of Maldives within the Indian Ocean (a) and Fuvahmulah Atoll (b).
Designated protected areas are displayed and include Thundi Area, Dhandhmagu Kilhi, Bandaara

Kilhi and Farikede. The red box displays the position of Fuvahmulah Atoll within the Maldives.
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Figure 3.2. The distribution of Fuvahmulah Atoll “Reserve” entrance fees stated by respondents
(a; n =93) and van Westendorp price sensitivity analysis (b). The dashed line (a) indicates an
average entrance fee of US$58.17. The green shaded area (b) indicates the interval in which less
than 50% of respondents think the fee is too expensive, deterring future trips, and less than 50%
of respondents feel the fee is too cheap to make an impact on marine conservation in
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indicated a positive willingness to pay for Fuvahmulah Atoll entrance fees (n = 90). Error bars
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encounters, (b) dive tourist commitment, and (c,d) encounters in Fuvahmulah Atoll with tiger

sharks (Galeocerdo cuvier) and pelagic threshers (Alopias pelagicus). Coloured squares

within boxplots represent means and points represent outliers.



84

References

Albano, P. S., Fallows, C., Fallows, M., Schuitema, O., Bernard, A. T. F., Sedgwick, O., &
Hammerschlag, N. (2021). Successful parks for sharks: No-take marine reserve provides
conservation benefits to endemic and threatened sharks off South Africa. Biological
Conservation, 261, 109302. https://doi.org/10.1016/j.biocon.2021.109302

Ali, K., & Sinan, H. (2014). Shark ban in its infancy: Successes, challenges and lessons learned.
Journal of the Marine Biological Association of India, 56(1), 34—40.
https://doi.org/10.6024/jmbai.2014.56.1.01750s-05

Ali, K., & Sinan, H. (2015). National Plan of Action for the Conservation and Management of
Sharks in the Maldives. Ministry of Fisheries and Agriculture.
http://www.mrc.gov.mv/assets/Uploads/Sharks-Plan-Maldives.pdf

Anderson, L. E., & Loomis, D. K. (2011). SCUBA diver specialization and behavior norms at
coral reefs. Coastal Management, 39(5), 478-491.
https://doi.org/10.1080/08920753.2011.598813

Anderson, R. C., Adam, M. S., & Goes, J. I. (2011). From monsoons to mantas: Seasonal
distribution of Manta alfredi in the Maldives: Manta ray distribution in Maldives.
Fisheries Oceanography, 20(2), 104—113. https://doi.org/10.1111/j.1365-
2419.2011.00571.x

Anderson, R. C., Adam, M. S., Kitchen-Wheeler, A. M., & Stevens, G. (2011b). Extent and
economic value of manta ray watching in maldives. Tourism in Marine Environments,
7(1), 15-27. https://doi.org/10.3727/154427310X12826772784793

Anderson, R. C., & Ahmed, H. (1993). The Shark Fisheries of the Maldives. Ministry of
Fisheries and Agriculture.

Anderson, R. C., Waheed, Z., & Whitevaves, H. (1999). Management of Shark Fisheries in the
Maldives (pp. 367-401) [Technical Report]. Ministry of Fisheries and Agriculture.
https://www.fao.org/4/X2097E/X2097E17.htm

Andrzejaczek, S., Gleiss, A. C., Lear, K. O., Pattiaratchi, C., Chapple, T. K., & Meekan, M. G.
(2020). Depth-dependent dive kinematics suggest cost-efficient foraging strategies by
tiger sharks. Royal Society Open Science, 7(8), 200789.
https://doi.org/10.1098/rs0s.200789

Apollo, M. (2014). Dual pricing — Two points of view (citizen and non-citizen) case of entrance
fees in tourist facilities in Nepal. Procedia - Social and Behavioral Sciences, 120, 414—
422. https://doi.org/10.1016/j.sbspro.2014.02.119

Araujo, G., Scotts, G., & Zareer, 1. H. (2024). Review of Shark Diving Practices at Fuvahmulah,
Maldives, prepared for the Ocean Country Partnership Programme (p. 72).



85

Arostegui, M. C., Gaube, P., Berumen, M. L., DiGiulian, A., Jones, B. H., Restad, A., & Braun,
C. D. (2020). NOTE Vertical movements of a pelagic thresher shark (Alopias pelagicus):
Insights into the species’ physiological limitations and trophic ecology in the Red Sea.
Endangered Species Research, 43, 387-394. https://doi.org/10.3354/ESR01079

Arrow, K., Solow, R., Portney, P. R., Radner, R., & Schuman, H. (1993). Report of the NOAA
Panel on Contingent Valuation.

Balmford, A., Beresford, J., Green, J., Naidoo, R., Walpole, M., & Manica, A. (2009). A global
perspective on trends in nature-based tourism. PLoS Biology, 7(6), €¢1000144.
https://doi.org/10.1371/journal.pbio.1000144

Balmford, A., Green, J. M. H., Anderson, M., Beresford, J., Huang, C., Naidoo, R., Walpole, M.,
& Manica, A. (2015). Walk on the wild side: Estimating the global magnitude of visits to
protected areas. PLOS Biology, 13(2), €1002074.
https://doi.org/10.1371/journal.pbio.1002074

Barnett, A., Abrantes, K. G., Seymour, J., & Fitzpatrick, R. (2012). Residency and spatial use by
reef sharks of an isolated seamount and its implications for conservation. PLoS ONE,
7(5), €36574. https://doi.org/10.1371/journal.pone.0036574

Batel, A., Basta, J., & Mackelworth, P. (2014). Valuing visitor willingness to pay for marine
conservation — The case of the proposed Cres-Losinj Marine Protected Area, Croatia.
Ocean & Coastal Management, 95, 72—-80.
https://doi.org/10.1016/j.ocecoaman.2014.03.025

Bateman, I. J., Carson, R. T., Day,._B., Hanemann, W. M., Hanley, N., Hett, T., Lee, M. J.,
Loomes, G., Mourato, S., Ozdemiroglu, E., Pearce, D. W., & Elgar, E. (2002). Economic
Valuation With Stated Preference Techniques: A Manual.

Baum, J. K., & Myers, R. A. (2004). Shifting baselines and the decline of pelagic sharks in the
Gulf of Mexico. Ecology Letters, 7(2), 135-145. https://doi.org/10.1111/j.1461-
0248.2003.00564.x

Baum, J. K., Myers, R. A., Kehler, D. G., Worm, B., Harley, S. J., & Doherty, P. A. (2003).
Collapse and conservation of shark populations in the Northwest Atlantic. Science, 299,
389-392.

Baum, J. K., & Worm, B. (2009). Cascading top-down effects of changing oceanic predator
abundances. Journal of Animal Ecology, 78, 699-714. https://doi.org/10.1111/j.1365-
2656.2009.01531.x

Beauvais, S. M. S., Martinez-Rincén, R. O., Ketchum, J. T., Schaal, G., Lluch-Cota, S. E., &
Hoyos-Padilla, M. (2024). Movement patterns and residency of silvertip sharks
(Carcharhinus albimarginatus) in a remote archipelago of the Eastern Tropical Pacific.
Environmental Biology of Fishes. https://doi.org/10.1007/s10641-024-01523-4



86

Benitez, S. (2001). Visitor use fees and concession systems in protected areas: Galdpagos
National Park Case Study. [Technical Report]. The Nature Conservancy.

Benny, P. N. (2002). Variability of Western Indian Ocean currents. Western Indian Ocean Journal
of Marine Science. 1(1), 81-90.

Bishop, R. C., & Boyle, K. J. (2017). Reliability and validity in nonmarket valuation. In P. A.
Champ, K. J. Boyle, & T. C. Brown (Eds.), 4 Primer on Nonmarket Valuation (pp. 463—
497). Springer Netherlands. https://doi.org/10.1007/978-94-007-7104-8 12

Bohorquez, J. J., Dvarskas, A., & Pikitch, E. K. (2019). Filling the data gap — A pressing need for
advancing MPA sustainable finance. Frontiers in Marine Science, 6, 45.
https://doi.org/10.3389/fmars.2019.00045

Bond, M. E., Babcock, E. A., Pikitch, E. K., Abercrombie, D. L., Lamb, N. F., & Chapman, D. D.
(2012). Reef sharks exhibit site-fidelity and higher relative abundance in marine reserves
on the Mesoamerican barrier reef. PLoS ONE, 7(3), €32983.
https://doi.org/10.1371/journal.pone.0032983

Bonfil, R. (1994). An Overview of World Elasmobranch Fisheries (Fisheries Technical Paper
341; p. 119). FAO.

Booth, H., Mourato, S., & Milner-Gulland, E. J. (2022). Investigating acceptance of marine
tourism levies, to cover the opportunity costs of conservation for coastal communities.
Ecological Economics, 201, 107578. https://doi.org/10.1016/j.ecolecon.2022.107578

Brandt, J. S., & Buckley, R. C. (2018). A global systematic review of empirical evidence of
ecotourism impacts on forests in biodiversity hotspots. Current Opinion in Environmental
Sustainability, 32, 112—118. https://doi.org/10.1016/j.cosust.2018.04.004

Brooks, M., Bolker, B., Kristensen, K., Maechler, M., Magnusson, A., Skaug, H., Nielsen, A.,
Berg, C., & Bentham, K. van. (2022). glmmTMB: Generalized linear mixed models
using template model builder. https://github.com/glmmTMB/glmmTMB

Brown, C., Ahmadia, G. N., Andradi-Brown, D. A., Arafeh-Dalmau, N., Buelow, C. A.,
Campbell, M. D., Edgar, G. J., Geldmann, J., Gill, D., & Stuart-Smith, R. D. (2023).
Entry fees enhance marine protected area management and outcomes. Biological
Conservation, 283, 110105. https://doi.org/10.1016/j.biocon.2023.110105

Cagua, E. F., Collins, N., Hancock, J., & Rees, R. (2014). Whale shark economics: A valuation of
wildlife tourism in South Ari Atoll, Maldives. Peer.J, 2014(1), e515.
https://doi.org/10.7717/PEERJ.515/SUPP-1

Campana, S. E., Dorey, A., Fowler, M., Joyce, W., Wang, Z., Wright, D., & Yashayaev, 1. (2011).
Migration pathways, behavioural thermoregulation and overwintering grounds of blue



87

sharks in the Northwest Atlantic. PLoS ONE, 6(2), ¢16854.
https://doi.org/10.1371/journal.pone.0016854

Cérdenas, S. A., & Lew, D. K. (2016). Factors influencing willingness to donate to marine
endangered species recovery in the Galapagos National Park, Ecuador. Frontiers in
Marine Science, 3(MAY), 1-14. https://doi.org/10.3389/fmars.2016.00060

Cerutti-Pereyra, F., Lopez-Ercilla, 1., Sdnchez-Rivera, G., Francisco, V., Arvizu-Torres, X., &
Adame-Séanchez, T. (2022). Impact of SCUBA divers on the coral reefs of a national park
in the Mexican Caribbean. Journal of Ecotourism, 21(1), 71-86.
https://doi.org/10.1080/14724049.2021.1922422

Champ, P. A., Boyle, K., & Brown, T. C. (2003). 4 primer on nonmarket valuation.
https://api.semanticscholar.org/CorpusID: 150626664

Cisneros-Montemayor, A. M., Barnes-Mauthe, M., Al-Abdulrazzak, D., Navarro-Holm, E., &
Sumaila, U. R. (2013). Global economic value of shark ecotourism: Implications for
conservation. ORYX, 47(3), 381-388. https://doi.org/10.1017/S0030605312001718

Colléony, A., Clayton, S., Couvet, D., Saint Jalme, M., & Prévot, A.-C. (2017). Human
preferences for species conservation: Animal charisma trumps endangered status.
Biological Conservation, 206, 263-269. https://doi.org/10.1016/j.biocon.2016.11.035

Cote, 1. M., & Molloy, P. P. (2003). Temporal variation in cleanerfish and client behaviour: Does
it reflect ectoparasite availability? Ethology, 109(6), 487—499.
https://doi.org/10.1046/1.1439-0310.2003.00883.x

Cummings, R. G., Elliott, S., Harrison, G. W., & Murphy, J. (1997). Are hypothetical referenda
incentive compatible? Journal of Political Economy, 105(3), 609—-621.
https://doi.org/10.1086/262084

Dearden, P., Bennett, M., & Rollins, R. (2006). Implications for coral reef conservation of diver
specialization. Environmental Conservation, 33(4), 353-363.
https://doi.org/10.1017/S0376892906003419

Depondt, F., & Green, E. (2006). Diving user fees and the financial sustainability of marine
protected areas: Opportunities and impediments. Ocean & Coastal Management, 49(3—
4), 188-202. https://doi.org/10.1016/j.ocecoaman.2006.02.003

Diedrich, A. (2007). The impacts of tourism on coral reef conservation awareness and support in
coastal communities in Belize. Coral Reefs, 26(4), 985-996.
https://doi.org/10.1007/s00338-007-0224-z

Dinno, A. (2024). conover.test: Conover-Iman test of multiple comparisons using rank sums.
https://CRAN.R-project.org/package=conover.test



88

Dulvy, N. K., Pacoureau, N., Rigby, C. L., Pollom, R. A., Jabado, R. W., Ebert, D. A., Finucci,
B., Pollock, C. M., Cheok, J., Derrick, D. H., Herman, K. B., Sherman, C. S.,
VanderWright, W. J., Lawson, J. M., Walls, R. H. L., Carlson, J. K., Charvet, P., Bineesh,
K. K., Fernando, D., ... Simpfendorfer, C. A. (2021). Overfishing drives over one-third of
all sharks and rays toward a global extinction crisis. Current Biology, 31(21), 4773-
4787.e8. https://doi.org/10.1016/j.cub.2021.08.062

Dunlap, R. E., & Van Liere, K. D. (1978). The “New Environmental Paradigm.” The Journal of
Environmental Education, 9(4), 10—19. https://doi.org/10.1080/00958964.1978.10801875

Dunlap, R. E., Van Liere, K. D., Mertig, A. G., & Jones, R. E. (2000). New trends in measuring
environmental attitudes: Measuring endorsement of the New Ecological Paradigm: A
revised NEP scale. Journal of Social Issues, 56(3), 425-442.
https://doi.org/10.1111/0022-4537.00176

Dwyer, R. G., Krueck, N. C., Udyawer, V., Heupel, M. R., Chapman, D., Pratt, H. L., Garla, R.,
& Simpfendorfer, C. A. (2020). Individual and population benefits of marine reserves for
reef sharks. Current Biology, 30(3), 480-489.e5.
https://doi.org/10.1016/j.cub.2019.12.005

Emerton, L., Bishop, J., & Thomas, L. (2006). Sustainable financing of protected areas: A global

review of challenges and options. ITUCN.
https://doi.org/10.2305/TUCN.CH.2005.PAG.13.en

EPA. (2014). Batoidea Maldives Protection Gazette No. (IUL) 438-ECAS/438/2014/81.
https://www.gazette.gov.mv/iulaan/print/15847

Espinoza, M., Cappo, M., Heupel, M. R., Tobin, A. J., & Simpfendorfer, C. A. (2014).
Quantifying shark distribution patterns and species-habitat associations: Implications of
marine park zoning. PLoS ONE, 9(9), e106885.
https://doi.org/10.1371/journal.pone.0106885

Espinoza, M., Heupel, Michelle. R., Tobin, A. J., & Simpfendorfer, C. A. (2015). Movement
patterns of silvertip sharks (Carcharhinus albimarginatus) on coral reefs. Coral Reefs,
34(3), 807-821. https://doi.org/10.1007/s00338-015-1312-0

Fitzpatrick, R., Abrantes, K. G., Seymour, J., & Barnett, A. (2011). Variation in depth of whitetip
reef sharks: Does provisioning ecotourism change their behaviour? Coral Reefs, 30(3),
569-577. https://doi.org/10.1007/s00338-011-0769-8

Flowers, K., Babcock, E., Papastamatiou, Y., Bond, M., Lamb, N., Miranda, A., Nuifiez, R.,
Valentin-Albanese, J., Clementi, G., Kelley, M., & Chapman, D. (2022). Varying reef
shark abundance trends inside a marine reserve: Evidence of a Caribbean reef shark
decline. Marine Ecology Progress Series, 683, 97-107.
https://doi.org/10.3354/meps13954



&9

Fuvahmulah mayor faces calls to resign over new diving fee. (2023, July 23). Front Page.
https://www.frontpage.mv/news/detail/694#:~:text=Divers%20in%20the%20southern%?2
Ocity,most%20fundamental%20form%200f%20income.

Garcia-Baron, 1., Authier, M., Caballero, A., Vazquez, J. A., Santos, M. B., Murcia, J. L., &
Louzao, M. (2019). Modelling the spatial abundance of a migratory predator: A call for
transboundary marine protected areas. Diversity and Distributions, 25(3), 346-360.
https://doi.org/10.1111/ddi.12877

Gilly, W. F., Beman, J. M., Litvin, S. Y., & Robison, B. H. (2013). Oceanographic and biological
effects of shoaling of the oxygen minimum zone. Annual Review of Marine Science, 5(1),
393-420. https://doi.org/10.1146/annurev-marine-120710-100849

Goetze, J. S., & Fullwood, L. A. F. (2013). Fiji’s largest marine reserve benefits reef sharks.
Coral Reefs, 32(1), 121-125. https://doi.org/10.1007/s00338-012-0970-4

Goetze, J. S., Heithaus, M. R., MacNeil, M. A., Harvey, E., Simpfendorfer, C. A., Heupel, M. R.,
Meekan, M., Wilson, S., Bond, M. E., Speed, C. W., Currey-Randall, L. M., Fisher, R.,
Sherman, C. S., Kiszka, J. J., Rees, M. J., Udyawer, V., Flowers, K. L., Clementi, G. M.,
Asher, J., ... Chapman, D. D. (2024). Directed conservation of the world’s reef sharks
and rays. Nature Ecology & Evolution. https://doi.org/10.1038/s41559-024-02386-9

Goodwin, H. (1996). In pursuit of ecotourism. Biodiversity and Conservation, 5(3), 277-291.
https://doi.org/10.1007/BF00051774

Government of the Maldives President’s Office. (2010). Government to impose ban on trade and
export of sharks and shark products—The President’s Office.
https://www.presidency.mv/Press/Article/998

Grafeld, S., Oleson, K., Barnes, M., Peng, M., Chan, C., & Weijerman, M. (2016). Divers’
willingness to pay for improved coral reef conditions in Guam: An untapped source of
funding for management and conservation? Ecological Economics, 128,202-213.
https://doi.org/10.1016/j.ecolecon.2016.05.005

Graham, F., Rynne, P., Estevanez, M., Luo, J., Ault, J. S., & Hammerschlag, N. (2016). Use of
marine protected areas and exclusive economic zones in the subtropical western North
Atlantic Ocean by large highly mobile sharks. Diversity and Distributions, 22(5), 534—
546. https://doi.org/10.1111/ddi.12425

Graham, N. A. J., Spalding, M. D., & Sheppard, C. R. C. (2010). Reef shark declines in remote
atolls highlight the need for multi-faceted conservation action. Aquatic Conservation:
Marine and Freshwater Ecosystems, 20(5), 543—548. https://doi.org/10.1002/aqc.1116

Griffin, L. P., Brownscombe, J. W., Gagné, T. O., Wilson, A. D. M., Cooke, S. J., & Danylchuk,
A.J. (2017). Individual-level behavioral responses of immature green turtles to snorkeler
disturbance. Oecologia, 183(3), 909-917. https://doi.org/10.1007/s00442-016-3804-1



90

Hall, C. M. (2010). Tourism and biodiversity: More significant than climate change? Journal of
Heritage Tourism, 5(4), 253-266. https://doi.org/10.1080/1743873X.2010.517843

Hammerschlag, N., Gutowsky, L. F. G., Gallagher, A. J., Matich, P., & Cooke, S.J. (2017). Diel
habitat use patterns of a marine apex predator (tiger shark, Galeocerdo cuvier) at a high
use area exposed to dive tourism. Journal of Experimental Marine Biology and Ecology,
495, 24-34. https://doi.org/10.1016/j.jembe.2017.05.010

Harris, J. L., McGregor, P. K., Oates, Y., & Stevens, G. M. W. (2020). Gone with the wind:
Seasonal distribution and habitat use by the reef manta ray (Mobula alfredi) in the
Maldives, implications for conservation. Aquatic Conservation: Marine and Freshwater
Ecosystems, 30(8), 1649—1664. https://doi.org/10.1002/aqc.3350

Harvey-Carroll, J., Stewart, J. D., Carroll, D., Mohamed, B., Shameel, 1., Zareer, 1. H., Araujo,
G., & Rees, R. (2021). The impact of injury on apparent survival of whale sharks
(Rhincodon typus) in South Ari Atoll Marine Protected Area, Maldives. Scientific
Reports, 11, 937. https://doi.org/10.1038/s41598-020-79101-8

Hawkins, J. P., & Roberts, C. M. (1992). Effects of recreational SCUBA diving on fore-reef
slope communities of coral reefs. Biological Conservation, 62(3), 171-178.
https://doi.org/10.1016/0006-3207(92)91045-T

Hearn, A., Ketchum, J., Klimley, A. P., Espinoza, E., & Pefaherrera, C. (2010). Hotspots within
hotspots? Hammerhead shark movements around Wolf Island, Galapagos Marine
Reserve. Marine Biology, 157(9), 1899—1915. https://doi.org/10.1007/s00227-010-1460-
2

Heithaus, M. R., Dill, L. M., Marshall, G. J., & Buhleier, B. (2002). Habitat use and foraging
behavior of tiger sharks ( Galeocerdo cuvier ) in a seagrass ecosystem. Marine Biology,
140(2), 237-248. https://doi.org/10.1007/s00227-001-0711-7

Heupel, M., Knip, D., Simpfendorfer, C., & Dulvy, N. (2014). Sizing up the ecological role of
sharks as predators. Marine Ecology Progress Series, 495, 291-298.
https://doi.org/10.3354/meps10597

Heupel, M., & Simpfendorfer, C. (2014). Importance of environmental and biological drivers in
the presence and space use of a reef-associated shark. Marine Ecology Progress Series,
496, 47-57. https://doi.org/10.3354/meps10529

Hoffmayer, E. R., Franks, J. S., Driggers, W. B., & Howey, P. W. (2013). Diel Vertical
Movements of a Scalloped Hammerhead, Sphyrna lewini, in the Northern Gulf of
Mexico. Bulletin of Marine Science, 89(2), 551-557.
https://doi.org/10.5343/bms.2012.1048

Holmes, B. J., Pepperell, J. G., Griffiths, S. P, Jaine, F. R. A., Tibbetts, 1. R., & Bennett, M. B.
(2014). Tiger shark (Galeocerdo cuvier) movement patterns and habitat use determined



91

by satellite tagging in eastern Australian waters. Marine Biology, 161(11), 2645-2658.
https://doi.org/10.1007/s00227-014-2536-1

Hyde, C. A., Notarbartolo di Sciara, G., Sorrentino, L., Boyd, C., Finucci, B., Fowler, S. L.,
Kyne, P. M., Leurs, G., Simpfendorfer, C. A., Tetley, M. J., Womersley, F., & Jabado, R.
W. (2022). Putting sharks on the map: A global standard for improving shark area-based
conservation. Frontiers in Marine Science, 9(September), 1-16.
https://doi.org/10.3389/fmars.2022.968853

Ison, S., Ison, T., Marti-Puig, P., Needham, K., Tanner, M. K., & Roberts, J. M. (2021). Tourist
preferences for seamount conservation in the Galapagos Marine Reserve. Frontiers in
Marine Science, 7, 602767. https://doi.org/10.3389/fmars.2020.602767

TUCN SSC Shark Specialist Group. (2023). Fuvahmulah Atoll ISRA Factsheet. Dubai: IUCN
SSC Shark Specialist Group.

Johnston, R. J., Boyle, K. J., Adamowicz, W. (Vic), Bennett, J., Brouwer, R., Cameron, T. A.,
Hanemann, W. M., Hanley, N., Ryan, M., Scarpa, R., Tourangeau, R., & Vossler, C. A.
(2017). Contemporary guidance for stated preference studies. Journal of the Association
of Environmental and Resource Economists, 4(2), 319-405.
https://doi.org/10.1086/691697

Jorgensen, S. J., Kyle, S. V. H., Salvador, J. J., Micheli, F., White, T. D., Andrzejaczek, S.,
Arnoldi, N. S., Block, B., Butner, C., Micheli, F., White, T. D., Kyle, S. V. H., Alfaro-
Shigueto, J., Mangel, J. C., Alfaro-Shigueto, J., Baum, J. K., Britten, G. L., Caballero, S.,
Cardefiosa, D, ... Salvador, J. J. (2022). Emergent research and priorities for shark and
ray conservation. Endangered Species Research, 47, 171-203.
https://doi.org/10.3354/ESR01169

Ketchum, J. T., Hearn, A., Klimley, A. P., Pefiaherrera, C., Espinoza, E., Bessudo, S., Soler, G., &
Arauz, R. (2014). Inter-island movements of scalloped hammerhead sharks (Sphyrna
lewini) and seasonal connectivity in a marine protected area of the eastern tropical
Pacific. Marine Biology, 161(4), 939-951. https://doi.org/10.1007/s00227-014-2393-y

Kontoleon, A., & Swanson, T. (2003). The willingness to pay for property rights for the giant
panda: Can a charismatic species be an instrument for nature conservation? Land
Economics, 79(4), 483—499. https://doi.org/10.2307/3147295

Kosmidis, 1., & Pagui, E. C. K. (2023). brglm2: Bias reduction in generalized linear models.
https://github.com/ikosmidis/brglm?2

Krieger, J. R., & Chadwick, N. E. (2013). Recreational diving impacts and the use of pre-dive
briefings as a management strategy on Florida coral reefs. Journal of Coastal
Conservation, 17(1), 179-189. https://doi.org/10.1007/s11852-012-0229-9



92

Lamb, J. B., True, J. D., Piromvaragorn, S., & Willis, B. L. (2014). Scuba diving damage and
intensity of tourist activities increases coral disease prevalence. Biological Conservation,
178, 88-96. https://doi.org/10.1016/j.biocon.2014.06.027

Lea, J. S. E., Wetherbee, B. M., Sousa, L. L., Aming, C., Burnie, N., Humphries, N. E., Queiroz,
N., Harvey, G. M., Sims, D. W., & Shivji, M. S. (2018). Ontogenetic partial migration is
associated with environmental drivers and influences fisheries interactions in a marine
predator. /ICES Journal of Marine Science, 75(4), 1383—-1392.
https://doi.org/10.1093/icesjms/fsx238

Legaspi, C., Miranda, J., Labaja, J., Snow, S., Ponzo, A., & Araujo, G. (2020). In-water
observations highlight the effects of provisioning on whale shark behaviour at the world’s
largest whale shark tourism destination. Royal Society Open Science, 7(12), 200392.
https://doi.org/10.1098/rs0s.200392

Lenth, R. V. (2024). emmeans: Estimated marginal means, aka least-squares means.
https://github.com/rvlenth/emmeans

Lester, E., Langlois, T., Lindgren, I., Birt, M., Bond, T., McLean, D., Vaughan, B., Holmes, T.
H., & Meekan, M. (2022). Drivers of variation in occurrence, abundance, and behaviour
of sharks on coral reefs. Scientific Reports, 12(1), 728. https://doi.org/10.1038/s41598-
021-04024-x

Lewis, A. R., Young, R. P., Gibbons, J. M., & Jones, J. P. G. (2018). To what extent do potential
conservation donors value community-aspects of conservation projects in low income
countries? PLOS ONE, 13(2).

Lipscombe, R. S., Spaet, J. L. Y., Scott, A., Lam, C. H., Brand, C. P., & Butcher, P. A. (2020).
Habitat use and movement patterns of tiger sharks ( Galeocerdo cuvier ) in eastern
Australian waters. ICES Journal of Marine Science, 77(7-8), 3127-3137.
https://doi.org/10.1093/icesjms/fsaa212

Luo, Y., & Deng, J. (2008). The New Environmental Paradigm and Nature-Based Tourism
Motivation. 46, 392—402. https://doi.org/10.1177/0047287507308331

MacKeracher, T., Diedrich, A., & Simpfendorfer, C. A. (2019). Sharks, rays and marine protected
areas: A critical evaluation of current perspectives. Fish and Fisheries, 20(2), 255-267.
https://doi.org/10.1111/faf.12337

MacNeil, M. A., Chapman, D. D., Heupel, M., Simpfendorfer, C. A., Heithaus, M., Meekan, M.,
Harvey, E., Goetze, J., Kiszka, J., Bond, M. E., Currey-Randall, L. M., Speed, C. W.,
Sherman, C. S., Rees, M. J., Udyawer, V., Flowers, K. I., Clementi, G., Valentin-
Albanese, J., Gorham, T., ... Cinner, J. E. (2020a). Global status and conservation
potential of reef sharks. Nature, 583(7818), 801-806. https://doi.org/10.1038/s41586-
020-2519-y



93

MacNeil, M. A., Chapman, D. D., Heupel, M., Simpfendorfer, C. A., Heithaus, M., Meekan, M.,
Harvey, E., Goetze, J., Kiszka, J., Bond, M. E., Currey-Randall, L. M., Speed, C. W.,
Sherman, C. S., Rees, M. J., Udyawer, V., Flowers, K. I., Clementi, G., Valentin-
Albanese, J., Gorham, T., ... Cinner, J. E. (2020b). Global status and conservation
potential of reef sharks. Nature, 583(7818), 801-806. https://doi.org/10.1038/s41586-
020-2519-y

Maldives Ministry of Tourism. (2023). Tourism Yearbook. Tourism Research and Statistics
Section. https://www.tourism.gov.mv/en/statistics/annual

Malpica-Cruz, L., Haider, W., Smith, N. S., Fernandez-Lozada, S., & Coté, 1. M. (2017).
Heterogeneous attitudes of tourists toward lionfish in the Mexican Caribbean:
implications for invasive species management. Frontiers in Marine Science, 4, 138.
https://doi.org/10.3389/fmars.2017.00138

MCCEE. (2024). Protected Areas of Maldives. Ministry of Climate Change, Environment and
Energy. https://www.environment.gov.mv/v2/en/download/25263

McClenachan, L., Cooper, A. B., & Dulvy, N. K. (2016). Rethinking trade-driven extinction risk
in marine and terrestrial megafauna. Current Biology, 26(12), 1640—1646.
https://doi.org/10.1016/j.cub.2016.05.026

McCook, L. J., Ayling, T., Cappo, M., Choat, J. H., Evans, R. D., De Freitas, D. M., Heupel, M.,
Hughes, T. P., Jones, G. P., Mapstone, B., Marsh, H., Mills, M., Molloy, F. J., Pitcher, C.
R., Pressey, R. L., Russ, G. R., Sutton, S., Sweatman, H., Tobin, R., ... Williamson, D. H.
(2010). Adaptive management of the Great Barrier Reef: A globally significant
demonstration of the benefits of networks of marine reserves. Proceedings of the
National Academy of Sciences, 107(43), 18278—-18285.
https://doi.org/10.1073/pnas.0909335107

Mcilwain, J. L., Harvey, E. S., Grove, S., Shiell, G., Al Oufi, H., & Al Jardani, N. (2011).
Seasonal changes in a deep-water fish assemblage in response to monsoon-generated
upwelling events: Seasonal changes in deep water fish assemblages. Fisheries

Oceanography, 20(6), 497-516. https://doi.org/10.1111/j.1365-2419.2011.00598.

Meierkord, C. (2018). English in paradise: The Maldives: English is rapidly establishing itself as
a second language in a society transforming from fishing to tourism and trade. English
Today, 34(1), 2—11. https://doi.org/10.1017/S0266078417000475

Meyer, C., Clark, T., Papastamatiou, Y., Whitney, N., & Holland, K. (2009). Long-term
movement patterns of tiger sharks Galeocerdo cuvier in Hawaii. Marine Ecology
Progress Series, 381, 223-235. https://doi.org/10.3354/meps07951

Ministry of Tourism. (2022). Maldives Visitor Survey September 2022.pdf. Ministry of Tourism,
Republic of Maldives.
https://www.tourism.gov.mv/dms/document/007489921a2c2fb99994e69a8c9b368b.pdf



94

Mizyal, A. (2023, July 24). Divers from Fuvahmulah protest at the city council office on Sunday
against the council’s decision to charge a fee for diving. Atoll Times.
https://atolltimes.mv/post/business/4740

Mohamed, M. (2023, July 23). Fuvahmulah divers stage protest over diving fee. The Press.
https://en.thepress.mv/15513?fbclid=IwAR 1bpuO8sdwwV4vtKgVXs3fowEtJa2v8tTIYp
b4rfMTxPgPy 0IQ89B5QVg

Moorhouse, T. P., Elwin, A., Ntuli, H., & D’Cruze, N. C. (2023). Assessing the potential for a
levy-based system to replace revenue from trophy hunting in South Africa. Global
Ecology and Conservation, 47, €02656. https://doi.org/10.1016/j.gecco.2023.02656

Murphy, S. E., Campbell, 1., & Drew, J. A. (2018). Examination of tourists’ willingness to pay
under different conservation scenarios; Evidence from reef manta ray snorkeling in Fiji.
PLoS ONE, 13(8), 1-15. https://doi.org/10.1371/journal.pone.0198279

Murray, A., Garrud, E., Ender, ., Lee-Brooks, K., Atkins, R., Lynam, R., Arnold, K., Roberts, C.,
Hawkins, J., & Stevens, G. (2020). Protecting the million-dollar mantas; creating an
evidence-based code of conduct for manta ray tourism interactions. Journal of
Ecotourism, 19(2), 132—147. https://doi.org/10.1080/14724049.2019.1659802

Musick, J. A., Burgess, G., Cailliet, G., Camhi, M., & Fordham, S. (2000). Management of
sharks and their relatives (Elasmobranchii). Fisheries, 25(3), 9-13.
https://doi.org/10.1577/1548-8446(2000)025<0009:MOSATR>2.0.CO;2

Mustika, P. L. K., Ichsan, M., & Booth, H. (2020). The economic value of shark and ray tourism
in Indonesia and its role in delivering conservation outcomes. Frontiers in Marine
Science, 7, 261. https://doi.org/10.3389/fmars.2020.00261

Nadon, M. O., Baum, J. K., Williams, 1. D., Mcpherson, J. M., Zgliczynski, B. J., Richards, B.
L., Schroeder, R. E., & Brainard, R. E. (2012). Re-Creating missing population baselines
for Pacific reef sharks. Conservation Biology, 26(3), 493-503.
https://doi.org/10.1111/1.1523-1739.2012.01835.x

Nalesso, E., Hearn, A., Sosa-Nishizaki, O., Steiner, T., Antoniou, A., Reid, A., Bessudo, S., Soler,
G., Peter Klimley, A., Lara, F., Ketchum, J. T., & Arauz, R. (2019). Movements of
scalloped hammerhead sharks (Sphyrna lewini) at Cocos Island, Costa Rica and between
oceanic islands in the Eastern Tropical Pacific. PLoS ONE, 14(3), 1-16.
https://doi.org/10.1371/journal.pone.0213741

Nisbet, E. K., Zelenski, J. M., & Murphy, S. A. (2009). The nature relatedness scale.
Environment and Behavior, 41(5), 715-740. https://doi.org/10.1177/0013916508318748

Okasanen, J., Simpson, G., Blanchet, F., Kindt, R., & Minchin, P. (2022). Vegan: Community
ecology package. https://CRAN.R-project.org/package=vegan



95

Oliver, S. P., Hussey, N. E., Turner, J. R., & Beckett, A. J. (2011). Oceanic sharks clean at coastal
seamount. PLoS ONE, 6(3), e14755. https://doi.org/10.1371/journal.pone.0014755

O’Malley, M. P., Lee-Brooks, K., & Medd, H. B. (2013). The global economic impact of manta
ray watching tourism. PLoS ONE, 8(5). https://doi.org/10.1371/journal.pone.0065051

O’Malley, M. P., Townsend, K. A., Hilton, P., Heinrichs, S., & Stewart, J. D. (2017).
Characterization of the trade in manta and devil ray gill plates in China and South-east

Asia through trader surveys. Aquatic Conservation: Marine and Freshwater Ecosystems,
27(2), 394-413. https://doi.org/10.1002/aqc.2670

Oppenheimer, D. M., Meyvis, T., & Davidenko, N. (2009). Instructional manipulation checks:
Detecting satisficing to increase statistical power. Journal of Experimental Social
Psychology, 45(4), 867—872. https://doi.org/10.1016/j.jesp.2009.03.009

Osgood, G. J., & Baum, J. K. (2015). Reef sharks: Recent advances in ecological understanding
to inform conservation. Journal of Fish Biology, 87, 1489—1523.
https://doi.org/10.1111/jtb.12839

Pacoureau, N., Rigby, C. L., Kyne, P. M., Sherley, R. B., Winker, H., Carlson, J. K., Fordham, S.
V., Barreto, R., Fernando, D., Francis, M. P., Jabado, R. W., Herman, K. B., Liu, K. M.,
Marshall, A. D., Pollom, R. A., Romanov, E. V., Simpfendorfer, C. A., Yin, J. S.,
Kindsvater, H. K., & Dulvy, N. K. (2021). Half a century of global decline in oceanic
sharks and rays. Nature, 589(7843), 567-571. https://doi.org/10.1038/s41586-020-03173-
9

Peters, H., & Hawkins, J. P. (2009). Access to marine parks: A comparative study in willingness
to pay. Ocean & Coastal Management, 52(3—4), 219-228.
https://doi.org/10.1016/j.0ocecoaman.2008.12.001

Polo-Silva, C., Newsome, S. D., Galvan-Magaiia, F., Grijalba-Bendeck, M., & Sanjuan-Muioz,
A. (2013). Trophic shift in the diet of the pelagic thresher shark based on stomach
contents and stable isotope analyses. Marine Biology Research, 9(10), 958-971.
https://doi.org/10.1080/17451000.2013.793802

R Core Team. (2022). R: A language and environment for statistical computing. R Foundation
for Statistical Computing. https://www.R-project.org/

Rizzari, J. R., Frisch, A. J., & Magnenat, K. A. (2014). Diversity, abundance, and distribution of
reef sharks on outer-shelf reefs of the Great Barrier Reef, Australia. Marine Biology,
161(12), 2847-2855. https://doi.org/10.1007/s00227-014-2550-3

Robbins, W. D., Hisano, M., Connolly, S. R., & Choat, J. H. (2006). Ongoing collapse of coral-
reef shark populations. Current Biology, 16(23), 2314-2319.
https://doi.org/10.1016/j.cub.2006.09.044



96

Roff, G., Doropoulos, C., Rogers, A., Bozec, Y.-M., Krueck, N. C., Aurellado, E., Priest, M.,
Birrell, C., & Mumby, P. J. (2016). The ecological role of sharks on coral reefs. Trends in
Ecology & Evolution, 31(5), 395-407. https://doi.org/10.1016/j.tree.2016.02.014

Rose, D. A. (1996). An Overview of the World Trade of Sharks and Other Cartilaginous Fishes.
TRAFFIC Network.

Schuhmann, P. W., Bangwayo-Skeete, P., Skeete, R., Seaman, A. N., & Barnes, D. C. (2023).
Visitors’ willingness to pay for ecosystem conservation in Grenada. Journal of
Sustainable Tourism, 1-25. https://doi.org/10.1080/09669582.2023.2259119

Schulte, S., Rostek, F., Bard, E., Rullkétter, J., & Marchal, O. (1999). Variations of oxygen-
minimum and primary productivity recorded in sediments of the Arabian Sea. Earth and
Planetary Science Letters, 173(3), 205-221. https://doi.org/10.1016/S0012-
821X(99)00232-0

Semeniuk, C. A. D., Bourgeon, S., Smith, S. L., & Rothley, K. D. (2009). Hematological
differences between stingrays at tourist and non-visited sites suggest physiological costs
of wildlife tourism. Biological Conservation, 142(8), 1818—1829.
https://doi.org/10.1016/j.biocon.2009.03.022

Sherman, C. S., Simpfendorfer, C. A., Pacoureau, N., Matsushiba, J. H., Yan, H. F., Walls, R. H.
L., Rigby, C. L., VanderWright, W. J., Jabado, R. W., Pollom, R. A., Carlson, J. K.,
Charvet, P., Bin Ali, A., Fahmi, Cheok, J., Derrick, D. H., Herman, K. B., Finucci, B.,
Eddy, T. D., ... Dulvy, N. K. (2023). Half a century of rising extinction risk of coral reef
sharks and rays. Nature Communications, 14(1), 1-11. https://doi.org/10.1038/s41467-
022-35091-x

Shipley, O. N., Matich, P., Hussey, N. E., Brooks, A. M. L., Chapman, D., Frisk, M. G.,
Guttridge, A. E., Guttridge, T. L., Howey, L. A., Kattan, S., Madigan, D. J., O’Shea, O.,
Polunin, N. V., Power, M., Smukall, M. J., Schneider, E. V. C., Shea, B. D., Talwar, B. S.,
Winchester, M., ... Gallagher, A. J. (2023). Energetic connectivity of diverse
elasmobranch populations — implications for ecological resilience. Proceedings of the
Royal Society B: Biological Sciences, 290(1996), 20230262.
https://doi.org/10.1098/rspb.2023.0262

Simpfendorfer, C. A., Heithaus, M. R., Heupel, M. R., MacNeil, M. A., Meekan, M., Harvey, E.,
Sherman, C. S., Currey-Randall, L. M., Goetze, J. S., Kiszka, J. J., Rees, M. J., Speed, C.
W., Udyawer, V., Bond, M. E., Flowers, K. 1., Clementi, G. M., Valentin-Albanese, J.,
Adam, M. S., Ali, K., ... Chapman, D. D. (2023). Widespread diversity deficits of coral
reef sharks and rays. Science, 380(6650), 1155-1160.
https://doi.org/10.1126/science.ade4884

Sims, D. W., Wearmouth, V. J., Southall, E. J., Hill, J. M., Moore, P., Rawlinson, K., Hutchinson,
N., Budd, G. C., Righton, D., Metcalfe, J. D., Nash, J. P., & Morritt, D. (2006). Hunt
warm, rest cool: Bioenergetic strategy underlying diel vertical migration of a benthic



97

shark. Journal of Animal Ecology, 75(1), 176—190. https://doi.org/10.1111/j.1365-
2656.2005.01033.x

Sims, D. W., Witt, M. J., Richardson, A. J., Southall, E. J., & Metcalfe, J. D. (2006). Encounter
success of free-ranging marine predator movements across a dynamic prey landscape.
Proceedings of the Royal Society B: Biological Sciences, 273(1591), 1195-1201.
https://doi.org/10.1098/rspb.2005.3444

Speed, C., Meekan, M., Field, I., McMahon, C., & Bradshaw, C. (2012). Heat-seeking sharks:
Support for behavioural thermoregulation in reef sharks. Marine Ecology Progress
Series, 463, 231-244. https://doi.org/10.3354/meps09864

Speed, C., Meekan, M., Field, I., McMahon, C., Stevens, J., McGregor, F., Huveneers, C.,
Berger, Y., & Bradshaw, C. (2011). Spatial and temporal movement patterns of a multi-
species coastal reef shark aggregation. Marine Ecology Progress Series, 429, 261-275.
https://doi.org/10.3354/meps09080

Stevens, G., & Froman, N. (2019). The Maldives Archipelago. In World Seas: An Environmental
Evaluation (2nd ed., Vol. 2, pp. 211-236). https://doi.org/10.1016/C2015-0-04332-5

Stevenson, C., Katz, L. S., Micheli, F., Block, B., Heiman, K. W., Perle, C., Weng, K., Dunbar,
R., & Witting, J. (2007). High apex predator biomass on remote Pacific islands. Coral
Reefs, 26(1), 47-51. https://doi.org/10.1007/s00338-006-0158-x

Stronza, A. L., Hunt, C. A., & Fitzgerald, L. A. (2019). Ecotourism for conservation? Annual
Review of Environment and Resources, 44, 5.1-5.25.

Su, D., Wijeratne, S., & Pattiaratchi, C. B. (2021). Monsoon influence on the island mass effect
around the Maldives and Sri Lanka. Frontiers in Marine Science, 8, 645672.
https://doi.org/10.3389/fmars.2021.645672

Tanner, M. K., Olivares-Arenas, M., Puebla, L., & Marin Jarrin, J. R. (2021). Shifting demand to
sustainable fishing practices in Darwin’s Archipelago: A discrete choice experiment
application for Galapagos’ certified Yellow-fin tuna. Marine Policy, 132(May), 104665.
https://doi.org/10.1016/j.marpol.2021.104665

Tapper, R. (with United Nations Environment Programme & Secretariat, Convention on
Migratory Species). (20006). Wildlife watching and tourism: A study on the benefits and
risks of a fast growing tourism activity and its impacts on species. United Nations
Environment Programme ; Secretariat of the Convention on the Conservation of
Migratory Species of Wild Animals.

Taye, F. A., Vedel, S. E., & Jacobsen, J. B. (2018). Accounting for environmental attitude to
explain variations in willingness to pay for forest ecosystem services using the new
environmental paradigm. Journal of Environmental Economics and Policy, 7(4), 420—

440. https://doi.org/10.1080/21606544.2018.1467346



98

Terk, E., & Knowlton, N. (2010). The role of SCUBA diver user fees as a source of sustainable
funding for coral reef marine Protected areas. Biodiversity, 11(1-2), 78-84.
https://doi.org/10.1080/14888386.2010.9712651

Tickler, D. M, Carlisle, A., Meeuwig, J., Chapple, T., Curnick, D., Dale, J., Castleton, M.,
Schallert, R., & Block, B. (2023). Pop-up archival tags reveal environmental influences
on the vertical movements of silvertip sharks Carcharhinus albimarginatus. Marine
Ecology Progress Series, 717, 85-105. https://doi.org/10.3354/meps14376

Tickler, D. M., Letessier, T. B., Koldewey, H. J., & Meeuwig, J. J. (2017). Drivers of abundance
and spatial distribution of reef-associated sharks in an isolated atoll reef system. PLOS
ONE, 12(5), e0177374. https://doi.org/10.1371/journal.pone.0177374

Tisdell, C., & Wilson, C. (2001). Wildlife-based tourism and increased support for nature
conservation financially and otherwise: Evidence from sea turtle ecotourism at Mon
Repos. Tourism Economics, 7(3), 233-249.
https://doi.org/10.5367/000000001101297847

Tisdell, C., & Wilson, C. (2002). Ecotourism for the survival of sea turtles and other wildlife.
Biodiversity and Conservation, 11, 1521-1538.

Trave, C., Brunnschweiler, J., Sheaves, M., Diedrich, A., & Barnett, A. (2017). Are we killing
them with kindness? Evaluation of sustainable marine wildlife tourism. Biological
Conservation, 209, 211-222. https://doi.org/10.1016/j.biocon.2017.02.020

UNESCO. (2020). Fuvahmulah—Man and the Biosphere Programme (MAB).
https://www.unesco.org/en/mab/fuvahmulah

Van Oosterzee, P. (2000). Ecotourism and biodiversity conservation—Two way track. Pacific
Conservation Biology, 6(2), 89. https://doi.org/10.1071/PC000089

Van Westendorp, P. H. (1976). NSS Price Senstativity Meter (PSM)- A new approach to study
consumer perception of prices. Proceedings of the 29th ESOMAR Congress, 129167.

Vaudo, J. J., Wetherbee, B. M., Harvey, G., Nemeth, R. S., Aming, C., Burnie, N., Howey-
Jordan, L. A., & Shivji, M. S. (2014). Intraspecific variation in vertical habitat use by
tiger sharks ( Galeocerdo cuvier) in the western North Atlantic. Ecology and Evolution,
4(10), 1768-1786. https://doi.org/10.1002/ece3.1053

Venables, S. (2013). Short-term behavioural responses of manta rays, Manta alfredi, to tourism
interactions in Coral Bay, Western Australia. Murdoch University, Honours Thesis.

Venables, S., McGregor, F., Brain, L., Keulen, M. van, Venables, S., McGregor, F., Brain, L., &
Keulen, M. van. (2016). Manta ray tourism management, precautionary strategies for a
growing industry: A case study from the Ningaloo Marine Park, Western Australia.
Pacific Conservation Biology, 22(4), 295-300. https://doi.org/10.1071/PC16003



99

Vianna, G. M. S., Meekan, M. G., Meeuwig, J. J., & Speed, C. W. (2013). Environmental
influences on patterns of vertical movement and site fidelity of grey reef sharks
(Carcharhinus amblyrhynchos) at aggregation sites. PLoS ONE, 8(4), e¢60331.
https://doi.org/10.1371/journal.pone.0060331

Walpole, M. J., Goodwin, H. J., & Ward, K. G. R. (2001). Pricing policy for tourism in protected
areas: Lessons from Komodo National Park, Indonesia. Conservation Biology, 15(1),
218-227. https://doi.org/10.1111/j.1523-1739.2001.99231.x

Walpole, M. J., & Leader-Williams, N. (2002). Tourism and flagship species in conservation.
Biodiversity and Conservation, 11, 543-547.

Ward-Paige, C. A. (2017). A global overview of shark sanctuary regulations and their impact on
shark fisheries. Marine Policy, 82, 87-97. https://doi.org/10.1016/j.marpol.2017.05.004

Ward-Paige, C. A., Mora, C., Lotze, H. K., Pattengill-Semmens, C., McClenachan, L., Arias-
Castro, E., & Myers, R. A. (2010). Large-scale absence of sharks on reefs in the Greater-
Caribbean: A footprint of human pressures. PLoS ONE, 5(8), e11968.
https://doi.org/10.1371/journal.pone.0011968

Ward-Paige, C. A., & Worm, B. (2017). Global evaluation of shark sanctuaries. Global
Environmental Change, 47, 174—1809. https://doi.org/10.1016/j.gloenvcha.2017.09.005

Werry, J. M., Planes, S., Berumen, M. L., Lee, K. A., Braun, C. D., & Clua, E. (2014). Reef-
fidelity and migration of tiger sharks, Galeocerdo cuvier, across the Coral Sea. PLoS
ONE, 9(1), €83249. https://doi.org/10.1371/journal.pone.0083249

Wetherbee, B., Crow, G., & Lowe, C. (1997). Distribution, reproduction and diet of the gray reef
shark Carcharhinus amblyrhynchos in Hawaii. Marine Ecology Progress Series, 151,
181-189. https://doi.org/10.3354/meps151181

White, T. D., Carlisle, A. B., Kroodsma, D. A., Block, B. A., Casagrandi, R., De Leo, G. A.,
Gatto, M., Micheli, F., & McCauley, D. J. (2017). Assessing the effectiveness of a large
marine protected area for reef shark conservation. Biological Conservation, 207, 64-71.
https://doi.org/10.1016/j.biocon.2017.01.009

Whitney, N. M., Papastamatiou, Y. P., Holland, K. N., & Lowe, C. G. (2007). Use of an
acceleration data logger to measure diel activity patterns in captive whitetip reef sharks,
Triaenodon obesus. Aquatic Living Resources, 20(4), 299-305.
https://doi.org/10.1051/alr:2008006

Yeo, B. H. (2005). The recreational benefits of coral reefs: A case study of Pulau Payar Marine
Park, Kedah, Malaysia. Economic valuation and policy priorities for sustainable
management of coral reefs, 70, 108—117.



100

Zeileis, A., Kleiber, C., & Jackman, S. (2008). Regression Models for Count Data in R. Journal
of Statistical Software, 27(8). http://www.jstatsoft.org/v27/108/

Zimmerhackel, J. S., Kragt, M. E., Rogers, A. A., Ali, K., & Meekan, M. G. (2019). Evidence of
increased economic benefits from shark-diving tourism in the Maldives. Marine Policy,
100, 21-26. https://doi.org/10.1016/j.marpol.2018.11.004

Zimmerhackel, J. S., Rogers, A. A., Meekan, M. G., Ali, K., Pannell, D. J., & Kragt, M. E.
(2018). How shark conservation in the Maldives affects demand for dive tourism.
Tourism Management, 69, 263-271. https://doi.org/10.1016/j.tourman.2018.06.009



Appendices

101

Appendix A: Supplemental information or Chapter 2

Table Al. Certainty scores assigned to each captured in timelapse footage.

Certainty Score
0

Description
No distinguishing features are visible, species ID is listed as “Unknown
Shark” or “Unknown Ray”

Few distinguishing features are visible, correct ID is likely but not certain
Some distinguishing features are visible, reasonable confidence in ID

Many distinguishing features are visible, high confidence in ID
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Table A2. Top models for daily occurrence, relative abundance, and sub-hourly FO. Models that were run together using the hurdle

model approach are indicated in red text. Sub-daily FO is measured by the proportion of 1-hour intervals within a day that species

were sighted on.

Species Response Variable Top Model Distribution Dispersion Coefficient®

Whitetip Reef Shark Occurrence Null Binomial Hurdle
Relative Abundance Date + Site Poisson Hurdle P=1.07NB=1.07
Sub-daily FO Date * Site Quasibinomial

Pelagic Thresher Shark Occurrence Site Binomial Hurdle
Relative Abundance Date + Site Poisson Hurdle P=0.78 NB =0.78
Sub-daily FO Date + Site Quasibinomial

Grey Reef Shark Occurrence Site Binomial
Relative Abundance Date + Site Negative Binomial P=6.1NB=23
Sub-daily FO Date + Site Quasibinomial

Tiger Shark Occurrence Date + Site Binomial
Relative Abundance Date + Site Poisson P=0.52NB=0.52
Sub-daily FO Date + Site Quasibinomial

Silvertip Shark Occurrence Null Binomial Hurdle
Relative Abundance Null Negative Binomial Hurdle P=135NB=0.95
Sub-daily FO Date Quasibinomial

"Dispersion coefficients for Poisson (P) and negative binomial (NB) distributions
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Table A3. Top model for hourly occurrence, relative abundance, and sub-hourly FO. Models that were run together using the hurdle

model approach are indicated in red text. Sub-hourly FO is measured by the proportion of 10-minute intervals within an hour that

species were sighted on.

Species Response Variable Top Model* Distribution Dispersion Coefficient”

Whitetip Reef Shark Occurrence Hour * Site Binomial Hurdle
Relative Abundance Hour * Site Negative Binomial Hurdle P=1.08 NB=1.02
Sub-hourly FO Hour * Site Quasibinomial

Pelagic Thresher Shark Occurrence Hour + Site Binomial Hurdle
Relative Abundance Hour + Site Poisson Hurdle P=1.097 NB =1.097
Sub-hourly FO Hour + Site Quasibinomial

Grey Reef Shark Occurrence Site Binomial Hurdle
Relative Abundance Hour + Site Negative Binomial Hurdle P=190NB=1.17
Sub-hourly FO Hour + Site Quasibinomial

Tiger Shark Occurrence Hour * Site Binomial Hurdle
Relative Abundance Null Poisson Hurdle P=0.98 NB =0.98
Sub-hourly FO Hour + Site Quasibinomial

Silvertip Shark Occurrence Hour Binomial Hurdle
Relative Abundance Hour Poisson Hurdle P=1.016 NB =0.9845
Sub-hourly FO Hour Quasibinomial

“Hour italicized where 2™ order polynomial was significant

"Dispersion coefficients for poisson (P) and negative binomial (NB) distributions



Table A4. Model estimates and p-values for fixed effects included in the top models for daily (left) and hourly (right) occurrence

(presence-absence). Planned post hoc contrasts are shaded yellow. Site comparisons include Hudhekede (HK), Kedevari (KV) and
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Farikede (FK).

Species Fixed Effect Estimate P-value

Pelagic thresher = FK-HK 1.21 0.11
KV-HK 1.82 0.0082
KV-FK 0.61 0.47

Grey reef shark  FK-HK 3.39 0.027
KV-HK 0.66 0.23
KV-FK -2.72 0.072

Tiger shark FK-HK 5.18 0.0015
KV-HK 1.07 0.093
KV-FK -4.11 0.0078
Date -0.025 0.0011

Species Fixed Effect Estimate P-value
Whitetip reef shark FK-HK 0.13 0.84
KV-HK -1.53 0.0077
KV-FK -1.63 4.54e-20
Hour -0.13 0.00089
KV*Hour: HK*Hour 0.13 0.0079
FK*Hour: HK*Hour 0.13 0.019
KV*Hour: FK*Hour 0.0018 0.97
Pelagic thresher FK-HK 1.77 4.05¢e-12
KV-HK 2.29 2.26e-22
KV-FK 0.52 0.0045
poly(Hour,2)1 -23.22 2.46e-11
poly(Hour,2)2 -36.14 2.87e-25
Grey reef shark FK-HK 2.93 7.52¢-33
KV-HK 0.32 0.19
KV-FK -2.62 7.69e-41
Tiger shark FK-HK 3.37 0.0011
KV-HK 0.071 0.95
KV-FK -1.42 6.95e-11
Hour 0.065 0.37
FK*Hour: HK*Hour -0.12 0.15
KV*Hour: HK*Hour 0.040 0.64
KV*Hour: FK*Hour 0.16 0.0086
Silvertip Shark poly(Hour,2)1 1.46 0.68
poly(Hour,2)2 -8.35 0.023
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Table AS. Model estimates and p-values for fixed effects included in the top models for daily (left) and hourly (right) relative

abundance (MaxN). Planned post hoc contrasts are shaded yellow. Site comparisons include Hudhekede (HK), Kedevari (KV) and

Farikede (FK).

Species Fixed Effect Estimate P-value

Whitetip reef shark FK-HK 1.29 0.0032
KV-HK -0.071 0.88
KV-FK -1.36 4.29¢-05
Date 0.0076 0.025

Pelagic thresher FK-HK 2.11 0.043
KV-HK 2.37 0.018
KV-FK 0.26 0.48
Date -0.0069 0.11

Grey reef shark FK-HK 1.90 2.01e-06
KV-HK 0.82 0.03
KV-FK -1.08 0.00018
Date 0.0082 0.013

Tiger shark FK-HK 1.12 0.0075
KV-HK 0.42 0.29
KV-FK -0.71 0.027
Date -0.0097 0.019

Species Fixed Effect Estimate P-value
Whitetip reef shark FK-HK -5.54 0.048
KV-HK -6.96 0.018
KV-FK -1.41 2.09e-05
Hour -0.89 0.025
KV*Hour: HK*Hour 0.88 0.029
FK*Hour: HK*Hour 0.88 0.026
KV*Hour:FK*Hour 0.00095 0.99
Pelagic thresher FK-HK 1.40 0.17
KV-HK 2.23 0.026
KV-FK 0.83 0.0048
Poly(Hour, 2)1 -42.13 0.00018
Poly(Hour, 2)2 -28.08 0.0016
Grey reef shark FK-HK 3.14 7.36e-05
KV-HK 3.26 6.49¢-05
KV-FK 0.12 0.69
Poly(Hour, 2)1 -4.73 0.31
Poly(Hour, 2)2 -15.15 0.0052
Silvertip shark Poly(Hour, 2)1 33.51 0.0031
Poly(Hour, 2)2 -20.75 0.015
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Table A6. Model estimates and p-values for fixed effects included in the top models for sub-daily (left) and sub-hourly (right)

frequency of occurrence. Planned post hoc contrasts are shaded yellow. Site comparisons include Hudhekede (HK), Kedevari (KV)

and Farikede (FK).

Species Fixed Effect Estimate P-value

Whitetip reef shark FK-HK -S5.41 0.00044
KV-HK -0.80 0.40
KV-FK -1.14 1.01e-05
Date -0.012 0.039
FK*Date: HK*Date 0.0043 2.07e-05
KV*Date: HK*Date 0.0065 0.33
KV+*Date: FK*Date -0.037 1.66e-05

Pelagic thresher FK-HK 1.96 2.49¢-06
KV-HK 2.27 7.36e-09
KV-FK 0.31 0.23
Date -0.0073 0.012

Grey reef shark FK-HK 2.62 5.41e-09
KV-HK 0.19 0.64
KV-FK -2.43 3.42e-15
Date 0.0077 0.034

Tiger shark FK-HK 2.40 5.61e-08
KV-HK 0.86 0.030
KV-FK -1.54 1.63e-08
Date -0.010 0.0037

Silvertip shark Date 0.021 0.10

Species Fixed Effect Estimate P-value
Whitetip reef shark FK-HK -0.28 0.53
KV-HK -1.66 0.00057
KV-FK -1.59 2.54e-38
Hour -0.15 1.39¢-05
FK*Hour: HK*Hour 0.15 0.00020
KV*Hour: HK*Hour 0.14 0.0021
KV*Hour : FK*Hour -0.017 0.62
Pelagic thresher FK-HK 241 9.24e-12
KV-HK 2.84 7.86e-17
KV-FK 0.43 0.0054
Poly(Hour, 2)1 -31.63 3.95¢-14
Poly(Hour, 2)2 -38.54 1.64e-23
Grey reef shark FK-HK 2.92 1.26e-27
KV-HK 0.64 0.024
KV-FK -2.29 1.55e-46
Poly(Hour, 2)1 3.02 0.20
Poly(Hour, 2)2 -7.38 0.0023
Tiger shark FK-HK 2.04 6.37e-12
KV-HK 0.63 0.042
KV-FK -1.41 2.59e-14
Poly(Hour, 2)1 0.35 0.91
Poly(Hour, 2)2 -6.93 0.022
Silvertip shark Poly(Hour, 2)1 5.24 0.20
Poly(Hour, 2)2 -9.14 0.033




Table A7. Frequency of occurrence (%) of elasmobranchs in images, hours, and days.

Site

Overall

Farikede

Kedevari

Hudhekede

Image Hourly
3.11% 72.02%
5.31% 90.73%
3.44% 66.74%
0.56% 46.62%

Daily
95.24%
100%
94.87%

92.31%
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Table A8. Results of permutational multivariate analysis of variance (PERMANOVA) post hoc

pairwise comparisons examining the effects of site and study period category on community

composition. Sub-daily FO is measured by the proportion of one-hour intervals in a day that

species were sighted on each day at the sites. Note that the F values reflect the pseudo-F statistic,

and the Bonferroni correction has been applied to p-values for post hoc comparisons.

Site Date category
Hudhekede vs Hudhekede vs Kedevari vs Early vs Early vs Mid vs

Kedevari Farikede Farikede Mid Late Late
Occurrence F=6.36 F=2333 F=19.48 F=4.57 F=8.24 F=236
and relative R*=0.10 R*=0.36 R*=0.26 R*=0.05 R*=0.11 R*=0.03
abundance p =0.003 p =0.003 p =0.003 p = 0.004 p =0.003 p =0.066
Sub-daily FO F=18.35 F=31.25 F=4147 F=5.38 F=12.46 F=13.23

R*=0.16 R*=0.31 R*=0.33 R*=0.03 R*=0.10 R*=0.07

p =0.003 p =0.003 p =0.003 p =0.003 p =0.003 p =0.003




Table A9. P-values of associated species scores extracted from non-metric multidimensional
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scaling of occurrence/relative abundance and frequency of occurrence. Sub-daily FO is measured

by the proportion of one-hour intervals in a day that species were sighted on each day at the sites.

Significant species scores are shown in bold (p < 0.05).

Species Occurrence and relative Sub-daily FO
abundance
Whitetip reef shark 0.012 0.001
Pelagic thresher 0.001 0.001
Grey reef shark 0.014 0.001
Tiger shark 0.001 0.001
Silvertip shark 0.023 0.001
Scallopped hammerhead 0.100 0.001
Oceanic manta 0.002 0.312
Hawksbill sea turtle 0.001 0.060
Spotted eagle ray 0.882 0.318
Whale shark 0.076 0.876
Torpedo ray 0.837 0.570
Cowtail sting ray 0.599 0.609
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Figure A1. Frequency of occurrence measured by the proportion of images that species were

observed overall (a) and at Hudhekede (b), Kedevari (c), and Farikede (d). All values represent a

percentage.
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Figure A2. Frequency of occurrence measured by the proportion of days that species were

observed overall (a) and at Hudhekede (b), Kedevari (c), and Farikede (d). All values represent a

percentage.
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Appendix B: Supplemental information for Chapter 3

Contingent Valuation Survey
Intro:

We are conducting this anonymous survey to better understand how tourists feel about contributing to
conservation initiatives in Fuvahmulah Atoll. The project is conducted in collaboration with local council,
dive operators and the Maldives Environmental Protection Agency and will inform management plans to
protect Fuvahmulah’s biodiversity.

This survey is being conducted purely for research purposes in accordance with the Market Research
Society Code of Conduct and won’t be used to sell or market anything to you on an individual basis. The
survey will take about 15 minutes to complete.

By submitting your survey responses, you will have the opportunity to enter your email for a chance to
win 1 year membership to The Cyclone, or a Manta Ray Adoption Package.

Please note that your name and email will remain confidential and will not be linked with any of your
survey answers.

The contact information collected for the prize will be stored separately from your survey responses and
destroyed once the incentive has been administered.

By clicking ™', you acknowledge that you have read and agree to the privacy policy.

By clicking the next button below, it is assumed that you have read the accompanying letter of
information, understood the above details of the experiment, and freely consent to participate.

Q1 Which of the following best describes you?
This is a single response item

Maldivian national visitor

International visitor

Local resident of Fuvahmulah

If local resident is selected;

Since this study is assessing the perceptions of tourists, we are only collecting responses from visitors at
this time.

Please feel free to share this survey with national and international visitors in Fuvahmulah.

Thank you for your time.


https://www.mantatrust.org/the-cyclone
https://www.mantatrust.org/adopt-a-manta/#adopt-a-manta-choose-your-manta
https://omnisis-resources.s3.amazonaws.com/5660-22/Implied_Consent_%26_Privacy_Policy.pdf
https://omnisis-resources.s3.amazonaws.com/5660-22/Implied_Consent_%26_Privacy_Policy.pdf
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Q2 Which, if any, of the following interactions have you had with sharks and/ or rays previously?
This is a multi-response item
Participated in research
Encountered while scuba diving, snorkelling, and/or freediving
Participated in diving, snorkelling and/or freediving trips focusing on encounters with sharks or
rays
Watched movies or documentaries focused on sharks and/or rays
Visited an aquarium which displays sharks and/or rays
Other (please specify)
I have never encountered sharks and/ or rays in any of these ways

Q3 Have you heard that sharks and rays have been experiencing global population declines?
This is a single response item

Yes

No

Unsure

Q4 Have you heard that shark and ray populations are vulnerable to population declines because they
reproduce slowly?
This is a single response item

Yes

No

Unsure

Q5 How do you feel about the decline of sharks and rays over the recent decades?
This is a table item. Users select one heading for each option
Please choose one

Options Headings

1 Not at all concerned

2 Slightly concerned

3 Moderately concerned
4 Very concerned

5 Extremely concerned

preQ6 We would now like to show you a short video clip. If you are on a limited bandwidth connection,
please indicate this below:
This is a single response item

Continue to video

I'm on a limited bandwidth connection

volCheck Please ensure your volume is turned up for the next question...
This item requires no user response

introQ6a Please take a moment to watch this video. The following questions will be based on the
information provided in the video.
This item requires no user response
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(script read in video and text displayed on pdf version for limited bandwidth)
Because of its unique diversity on land and the reefs, Fuvahmulah Atoll was declared a UNESCO
Biosphere Reserve in 2020.

Community stakeholders and Fuvahmulah City Council are considering additional conservation actions to
safeguard and protect the biodiversity of Fuvahmulah; however, long-term funding plans for these actions
need to be addressed.

Since tourism can provide economic opportunities for local communities, we would like to know your
opinion on different conservation initiatives that would work toward protecting Fuvahmulah's nature.
Proposed conservation actions include;

Community Education

Because of the exposed nature of Fuvahmulah Atoll, it has been historically difficult for many young
children to learn how to swim and proper swim safety.

For this reason there are limited opportunities for marine science students to gain practical experience and
training beyond the classroom.

Funds for community education initiatives would support swimming lessons for local school students,
field trips for marine science students to more accessible regions, and paid internships with Fuvahmulah
Nature Park, or Fuvahmulah Biosphere Reserve.

Waste Management

Plastic pollution is a primary environmental concern for Fuvahmulah.

Funds for waste management will contribute to a water plant where reusable bottles may be filled and will
fund reverse osmosis water filtration systems that can be installed to local houses and businesses.

Local business and households may also be supplied with reusable bags to eliminate the need for plastic
bags.

Management of Protected Areas

Management plans for current protected areas need to be developed, and additional protected areas may
be designated through monitoring efforts.

Park rangers must be hired to ensure that all sites are effectively protected and well-managed.

Funds for protected area management will support staff and other operational cost of monitoring the
reserve's protected areas.

Marine Research and Education Centre

To support visiting and local researchers, a marine research and education centre would provide
laboratory space, storage and essential equipment. Additionally, the centre would serve as an educational
space for local students and tourists where they can visit to learn about the maritime history of the island,
local marine ecosystems and current research efforts.
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Funds for the Marine Research and Education Centre would contribute to local staff salaries, including a
director, research officer, and education manager.

While the following questions seem hypothetical, please remember that your answers will be considered
by Fuvahmulah City Council and will impact policy design.

The amount you state may be accepted as the charge for visiting this area in the future.
This item requires no user response

(included only at the end of low bandwidth pdf version) Please note: Time has been allowed for you to
read the information fully, the next' button will appear shortly.

checkQ6 Were you able to see and hear the video?
This is a single response item
Yes
No, I'm on a limited bandwidth connection
No, I had a problem with the video

Q6 Considering your income and current expenses, slide the bar to indicate how much (USD) you would
be willing to pay as a Fuvahmulah Atoll entry fee if those funds were to be divided among the projects
outlined in the video?

This fee would be a one-off charge collected by your guest house once for your trip rather than a daily fee
or a fee per dive.

If you need to check the latest foreign currency exchange rates you can find one here.
This question has format RangeSlider

Q7 How certain are you of your previous answer?
This is a single response item

Uncertain

Somewhat uncertain

Somewhat certain

Certain

Q8 Who do you feel should be primarily responsible for paying this fee?
This is a single response item

Visitors accessing marine protected areas only

Visitors accessing land-based protected areas only

Visitors accessing either marine or land-based protected areas

All visitors to Fuvahmulah Atoll

Don't know

Other (please specify)
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Q9 At what price (USD) would an entrance fee be so low that you’d be worried it
wouldn’t make a difference in protecting Fuvahmulah’s biodiversity?

This fee would be a one-off charge collected by your guest house once for your trip rather than a daily fee
or a fee per dive. Assume the fee would be spilt equally between the previous mentioned initiatives.

If you need to check the latest foreign currency exchange rates you can find one here.

This is a single response item
$10 or less
$25
$50
$75
$100
$125
$150
$175
$200
$250
$300 or more

Q10 At what price (USD) would an entrance fee become so expensive that you would be less likely to
visit Fuvahmulah in the future?

This fee would be a one-off charge collected by your guest house once for your trip rather than a daily fee
or a fee per dive. Assume the fee would be spilt equally between the previous mentioned initiatives.

If you need to check the latest foreign currency exchange rates you can find one here.

This is a single response item
$10 or less
$25
$50
$75
$100
$125
$150
$175
$200
$250
$300 or more
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Q11 How you would like your contributions to be distributed amongst the different conservation
initiatives proposed?
Please select a value from 0% to 100% for each initiative. Your entries need to total to 100%.
This is a numeric table item. Users enter a number (from 0-100) for each option under each heading.
Headings
Community Education
Waste Management
Marine Protected Areas Management
Marine Research Centre

Q12 Please select the answer that best explains your thoughts on the Fuvahmulah entrance fee.
This is a multi-response item
I feel I cannot afford to pay more to contribute to these conservation initiatives
I'm not interested in contributing to these conservation initiatives
I don't believe the money gained by fees will be spent responsibly on conservation initiatives
I feel the money for these initiatives should come from other places and not from tourists
I can't decide without more time or information
I didn't understand the question
Other (please specify)

Q13 To ensure all questions are being read properly, please select manta ray from the list below:
This is a single response item

Whale shark

Mola mola

Manta ray

Devil ray

Hammerhead shark

Q14 Have you been a member of an environmental NGO or non-profit within the last 5 years?
(by member we include both paid and/or volunteer work)
This is a single response item

Yes

No

Q15 Have you previously contributed financially to a non-profit organization?
This is a single response item

Yes

No

Q16 Was it a conservation charity focusing on ecosystem or wildlife protection?
This is a single response item

Yes

No

Q17 Which activity listed below is your primary activity in Fuvahmulah?
This is a single response item
Please select the option which applies best to you

Snorkelling

Freediving

Scuba Diving

Other (please specify)



Q18a How frequently do you travel specifically to snorkel?
This is a single response item

More than once per year

Approximately once per year

Once every 1-3 years

Less than once every 3 years

Q18b How frequently do you travel specifically to free dive?
This is a single response item

More than once per year

Approximately once per year

Once every 1-3 years

Less than once every 3 years

Q18c How frequently do you travel specifically to scuba dive?
This is a single response item

More than once per year

Approximately once per year

Once every 1-3 years

Less than once every 3 years

Q19a Prior to this trip, how many times have you visited Fuvahmulah to snorkel?
This is a single response item

Once

Twice

Three to five times

More than five times

I have never visited Fuvahmulah to snorkel before

Q19b Prior to this trip, how many times have you visited Fuvahmulah to free dive?
This is a single response item

Once

Twice

Three to five times

More than five times

I have never visited Fuvahmulah to free dive before

Q19c Prior to this trip, how many times have you visited Fuvahmulah to scuba dive?
This is a single response item

Once

Twice

Three to five times

More than five times

I have never visited Fuvahmulah to scuba dive before
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Q20 You mentioned your primary activity in Fuvahmulah is $Q17.
How would you describe your skill level in this activity?
This is a single response item

Beginner

Intermediate

Advanced

Professional

Q21 Which type of excursion do you most prefer?
This is a single response item

Blue water excursions
at these sites, divers / snorkelers / freedivers drift off the reef and into the blue water with the aim of
encountering large sharks, oceanic manta rays or other species that are found off the reef (example in
Fuvahmulah is Farikede, also known as Plateau).

Reef excursions
at these sites, divers / snorkelers / freedivers follow the reef encountering corals, reef sharks, turtles and
occasionally other species such as tiger sharks or thresher sharks

No preference

Q22 Did you come to Fuvahmulah to encounter specific marine organisms?
This is a single response item

Yes

No

Q23 Which marine organisms motivated your visit?
This is a ranked item. Users can rank items in sequence

Please select your top 3 choices, with 1 being the top choice
Hammerhead sharks
Thresher sharks
Manta rays (oceanic or reef)
Tiger sharks
Whale sharks
Cetaceans (dolphins and whales)
Corals
Other marine organisms

Q23.1 (if other was selected) Which other marine organisms motivated your visit?
This is a free text item

Q24 Which of the following marine animals have you encountered in Fuvahmulah on this trip so far?
This is a multi-response item

Hammerhead sharks

Thresher sharks

Manta rays (oceanic or reef)

Tiger sharks

Whale sharks

Cetaceans (dolphins and whales)

I have not been in / on the water in Fuvahmulah

I have been in / on the water in Fuvahmulah, but have not encountered any of the above animals
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flashQ25 The following section is a set of questions that are part of a standardized international survey.
We’re interested to know how you feel about various issues relating to the environment and conservation.
This item requires no user response

Q25 (NEP scale) Looking at the following statements, please indicate how much you agree or disagree
with each statement:
This is a table item. Users can select one heading for each question

Question
1. We are approaching the limit of the number of people the Heading
earth can support Strongly Disagree
2. Humans have the right to modify their environment to suit Disagree
their needs Neither agree nor disagree
3. When humans interfere with nature it often has disastrous Agree
consequences Strongly agree

4. Human ingenuity will ensure that we do NOT make the
earth unliveable

5. Humans are severely abusing the environment

6. The earth has plenty of natural resources if we just learn
how to develop them

7. Plants and animals have as much right as humans to exist

8. The balance of nature is strong enough to cope with the
impacts of modern industrial nations

9. Despite our special abilities humans are still subject to the
laws of nature

10. The so-called "ecological crisis" facing humankind has
generally been greatly exaggerated

11. The earth is like a spaceship with very limited room and
resources

12. Humans were meant to rule over the rest of nature

13. The balance of nature is very delicate and easily upset

14. Humans will eventually learn enough about how nature
works to be able to control it

15. If things continue on their present course we will soon
experience a major ecological catastrophe

C1 Which of the following options most closely aligns with your gender?
This is a single response item

Male

Female

I prefer to identify in another way

Prefer not to say
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C2 Please indicate your age:
This is a single response item

Under 21

21-24

25-34

35-44

45-54

55-64

65+

Prefer not to say

C3 Please indicate your annual household income:
If you need to check the latest foreign currency exchange rates you can find one here.

This is a single response item
Under $20,000
$20,000-$39,999
$40,000-$59,999
$60,000-$79,999
$80,000-$99,999
$100,000-$149,999
$150,000-$199,999
$200,000-$499,999
$500,000 or more
I’d rather not say

C4 What is the highest level of education you have achieved?
This is a single response item

Elementary / middle school graduate (grades 8-10)

High school graduate (grades 9-12)

Some post-secondary education

Bachelor's degree / associate's degree

Doctorate / master's degree / professional degree

I’d rather not say

Other (please specify)
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(Incentive)
Thank you for taking part in our survey! If you would like the chance to win a Manta Trust prize pack
(either an annual membership to The Cyclone or a Manta Adoption Pack) please enter your details below.

Your details will be stored separately from survey answers in order to ensure the survey remains
anonymous. Your details will not be linked to your survey answers.

Please see our Privacy Policy for more information on how we look after your personal information. You
can change your mind about us contacting you or storing your personal data at any time by emailing us at
info@mantatrust.org.

Data Protection & Providing Consent:

Your privacy is important to us, so we will always keep your details secure and never use them for
marketing communications that you haven’t agreed to receive. We will never share your information with
a third party.

By supplying your contact details below, you consent to the Manta Trust storing the personal data you're
submitting in this form. You also confirm that you've read and agree with our Privacy Policy, and you're
happy for the Manta Trust to use this personal data to contact you about the prize draw.

This item requests a list of text responses

First Name:

Last Name:

Email Address:

To provide any additional feedback or comments, please use the space provided below.
This is a free text item

End

We have now reached the end of the survey. Thank you for participating. You may now close your
window.

This item requires no user response
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Table B1. Committed vs. casual classification method of snorkelers, freedivers, and scuba divers

visiting Fuvahmulah Atoll.

Frequency of dive tourism related trip

Travel > 1/per Travel 1/per Travel 1/every Travel <1/every
year year 1-3 years 3 years
Beginner Committed Casual Casual Casual
§ Intermediate Committed Committed Casual Casual
i Advanced Committed Committed Casual Casual
7 Professional Committed Committed Committed Casual
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100 4

801

Respondents (%)

Figure B1. Percentage of respondents (n = 93) within each New Ecological Paradigm scale
category: strong dominant social paradigm, moderate dominant social paradigm, ambiguous

worldview, moderate ecological worldview, and strong ecological worldview.
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604

Respondents (%)

Figure B2. Percentage of respondents (n = 90) who feel the one-time “Reserve” entrance fee
should be paid by all visitors, visitors accessing protected areas (PA) only, marine protected areas
only, terrestrial protected areas only, and those who answered, “I don’t know”. Only respondents

who answered with positive WTP were presented this question.
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Top motivating species of Fuvahmulah visit Species encountered in Fuvahmulah

Figure B3. The top motivating species (a) for respondents’ trip to Fuvahmulah of those who
indicate their trip was motivated by a specific encounter (n = 86) and the reported encounters for

dive tourists (n = 92) during their visit in Fuvahmulah (b).



