Protecting Cayman Island Sharks: Monitoring, Movement and Motive
Protegiendo a los Tiburones de las Islas de Caiman: Monitoreo, Movimiento y Motivo

Protection des Requins aux Iles Cayman : Surveillance, Mouvement et Motivation

RUPERT ORMOND'? MAUVIS GORE'?, ANNABELLE BLADON®, OLIVER DUBOCK',
JOHANNA KOHLER'?, and CATRIONA MILLAR'*
"Marine Conservation International, South Queensferry, Edinburgh, Scotland, United Kingdom.
*rupert.ormond.mci@gmail.com
Heriot-Watt University, Riccarton, Edinburgh, Scotland, United Kingdom.
3University of York, York, United Kingdom.

ABSTRACT

In April 2015, the Cayman Islands gave full legal protection to all sharks and other elasmobranchs throughout its Exclusive
Economic Zone. This was the culmination of a research programme initiated in 2008 to determine the status of sharks in Cayman
waters and assess the need for their conservation. A Facebook linked citizen science scheme and interviews with fishers, as well as
BRUVS and longline surveys, were used to monitor the principal species, among which Caribbean reef sharks (Carcharhinus
perezi), blacktip sharks (C. limbatus) and nurse sharks (Ginglymostoma cirratum) are the most common, while tiger sharks
(Galeocerdo cuvier), silky sharks (C. falciformis), oceanic whitetip sharks (C. longimanus) and great hammerhead sharks (Sphyrna
mokarran) occur locally or seasonally in small numbers. The results of eight years of surveys indicate that shark abundance on
Little Cayman is about three times that on the other two islands, and that while abundances in the Cayman Islands overall are higher
than many Caribbean locations, they are markedly less than those within large protected or unexploited areas elsewhere or than in
the historic past. To investigate the ranges of individual sharks in comparison to the Cayman Islands existing Marine Protected
Areas (MPAs) medium-bodied species have been fitted with acoustic tags and larger-bodied ones with SPOT GPS tags. The results
have revealed that while some individuals of smaller shark species may be semi-resident within a part of an island, they may also
travel significant distances around or between islands. Two Caribbean reef sharks travelled from Grand Cayman to Little Cayman, a
distance of about 150 km through water at least 1000 metres deep, one of them completing the return journey twice. Larger sharks
were found to travel much greater distances: the majority of seven tagged tiger sharks travelled widely across the Caribbean basin,
one returning seasonally to Grand Cayman for at least three further years, while among 18 tagged oceanic whitetip sharks many not
only crossed the Caribbean but travelled in to the Gulf of Mexico. The scale of shark movements strongly supported the need for
protection on a much larger scale than the existing MPA network could achieve. In further support of the case for shark conserva-
tion, an environmental economics study revealed that both residents and visitors value the marine life highly, more so than the
islands’ Caribbean culture or fishing. The Non-Consumptive Use Value of sharks to the Cayman Islands, through tourism and
recreation, was estimated at US $46.8 to 62.6 million/yr, compared with an estimated Consumptive Use Value, if sharks were
sustainably fished, of no more than US $1.3 million/yr.

KEYWORDS: Shark conservation, shark sanctuary, Cayman Islands, Caribbean reef shark, tiger shark, oceanic whitetip shark,
shark migration, shark movement ecology, shark economic value

INTRODUCTION

In May 2016 we held a Cayman Shark Festival to celebrate the first anniversary of the Cayman Islands giving full legal
protection to all shark and ray species, when the Cayman Islands National Conservation Law, 2013, section 17, came into
effect. The event included a shark photography competition for divers, a poster competition for schools, short talks and
demonstrations, as well as music by local traditional bands and dancing. It was attended by both visitors and local residents,
fishers as well as divers, and children, as well as Cayman Island Government Department of Environment (DoE) staff. In
affording legal protection to sharks throughout Cayman waters, the Cayman Islands joined the ten or so other countries,
including notably the Bahamas, Maldives, and Palau, that have established shark sanctuaries covering part or all of their
Exclusive Economic Zone (MPA Atlas 2016, The Pew Charitable Trusts 2017).

The need for such measures to help conserve shark species has become widely recognised since the extent of the
decline in shark abundance, and the scale of their slaughter over the past 25 years, became appreciated. It is generally
considered that by the beginning of the present century an estimated 26 - 73 million sharks were being caught each year
(Clarke et al. 2006), mainly to meet the demand of the Asian shark-fin trade, with the result that across the world’s oceans
the populations of many species are now thought to have declined by over 90%, compared to pre-exploitation levels (Baum
et al. 2003, Baum and Myers 2004, Robbins et al. 2006, Ferretti et al. 2008, Graham et al. 2010). This collapse in shark
abundance has affected not only the major ocean basins, but also marginal seas including the Gulf of Mexico and the
Caribbean (Baum and Myers 2004, Ferretti et al. 2008, Ward-Paige et al. 2010). Ward-Paige et al. (2010) notably conclud-
ed, based on data from over 75,000 dives, that human impacts, principally fishing, has led to the broad-scale absence of
sharks on reefs in the greater Caribbean, sharks other than nurse sharks being largely absent around Cuba, Jamaica,
Dominican Republic, and Puerto Rico, as well as through most of the Antilles and the Central and South America coasts.
Following their latest assessment the IUCN shark specialist group now consider that among sharks six species are now
Critically Endangered, four species Endangered, and 24 species Vulnerable (Dulvy et al. 2008, IUCN 2016). Thus develop-
ing measures to protect especially the larger-bodied sharks has become a matter of urgency.

Besides a straight-forward concern for the conservation of biodiversity, it has been widely proposed that large-bodied
sharks play a key role in maintaining the health of marine environments including coral reefs (Dulvy et al. 2004, Myers et
al. 2007, Ferretti et al. 2010). For reefs it is hypothesised that sharks as apex predators may regulate a trophic cascade that
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influences the health and abundance of corals. If large
sharks regulate the abundance of middle level predators,
which in turn may regulate the abundance if herbivorous
fishes such as parrotfishes (Scaridae) and surgeonfishes
(Acanthuridae), which in turn help regulate the abundance
of reef algae, that otherwise can outcompete corals, then a
collapse in the numbers of large sharks could in principal
result in a large reduction in the abundance of corals.
However, a recent in-depth review (Roff et al. 2016) has
concluded that while sharks perform important ecological
roles, so far the evidence to support the hypothesised shark
-driven trophic cascades is equivocal, especially since it
appears that most reef-associated shark species do not act
as apex predators but instead function as mesopredators,
along with a variety of other larger reef fish species. Their
conclusions have however been questioned (Ruppert et al.
2016), implying that more work is needed on this topic.

In addition to their ecological role, sharks and also
rays are increasingly valued as a source of tourist income,
with shark watching becoming almost as popular among
SCUBA divers as is whale (and dolphin) watching more
generally. While in 1998, whale & dolphin watching was
estimated to be ongoing in 87 countries and territories, to
involve more than 9 million participants per year, and be
worth more than US$1 billion per year, by 2008 it was
estimated to involve 13 million participants per year in 119
countries and territories, generating a total annual income
of $2.1 billion (Hoyt 2008, O’Connor et al. 2009).
Although it only developed some time later, by 2010 shark
and ray tourism was estimated to involve at least 376
operators in at least 29 countries (Gallagher and Ham-
merschlag 2011), and to be generating US$314 million of
economic expenditures per year (Cisneros-Montemayor et
al. 2013). In fact the oldest example of elasmobranch
tourism is believed to be one that has been operating in
Grand Cayman since the early part of the last century. This
is the tourist attraction most widely known as “Stingray
City”, where up to a hundred wild Southern stingrays
(Dasyatus americana) come to be fed daily and can be
experienced close-up while snorkelling or bathing. Up to a
thousand or more visitors a day may be taken by boat to the
site, which is regarded as the most popular tourist attraction
in the Caribbean (Department of Environment, Un-
published a). The rays have been estimated to be worth
approximately US$1.75 million each in terms of the
revenue generated, yet until 2015 these rays were not
subject to any legal protection.

Concerning sharks in the Cayman Island, while small
numbers were not infrequently sighted by SCUBA divers,
they have not in recent decades been regarded as abundant.
The Cayman Islands were doubtless not unaffected by the
region-wide decline in shark numbers brought about by
intense commercial and recreational fishing (Bonfil 1997,
Shepherd and Myers 2005, Ward-Paige et al. 2010) that
apparently did not peak until the 1990s (Pauly 2010). In
addition, however, during the middle part of the last
century (1900s) the Cayman Islands were the base for a
modest commercial shark fishery that had a small number
of vessels covering wides areas of the western Caribbean,
targeting in particular nurse and tiger sharks for their skin
to be exported for the production of sharkskin leather.

Otherwise, at the start in 2008 of the work described here
there was little known about which were the main species
present in the Cayman Islands, or their relative abundances.
Given the islands’ isolated position, separated by very deep
water from continental coasts and shelf (see Study Area) it
could not be assumed that species occurrence or abundance
would reflect that of adjacent continental areas.
Thus a long-term project was initiated to address the
following questions:
i) What shark species are present around the
Cayman Islands,
il) What are their relative abundances,
iii) Are measures desirable to give protection to some
or all species or populations, or are the exiting
Marine Protected Areas adequate, and
iv) Are other shark related management measures
advisable in relation to the marine tourist indus-
try?

This paper provides an overview of the information
and results obtained to date and indicates how they
influenced the DoE’s decision to recommend the full
protection pf sharks through Cayman waters. More detailed
accounts of the scientific results are in hand.

STUDY AREA

The Cayman Islands are a cluster of three islands in
the north-west Caribbean, approximately midway between
Jamaica and Cuba (Figure 1). The largest island, Grand
Cayman, which accounts for most of the population and
commercial and tourist activity, is approximately 40 by 20
km in size. About 100 km away to the north-east are the
two smaller “sister islands” of Little Cayman and Cayman
Brac, each about 20 by 5 km (Figure 1 inset). The three
islands lie adjacent to the Cayman Ridge which separates
deep water (about 3000 m) immediately to the north from
the Cayman Trench (about 5000 m) immediately to the
south. All three islands are almost completed surrounded
by a well-formed fringing reef characterised by a broad
terrace at about 15 m, beyond which is a sharp deep reef
face, the famous (to divers) “Cayman Wall”. In some
places however the fringing reef is separated from the
shore by sandy lagoons, known locally as “sounds”. In
particular the north-west portion of Grand Cayman features
a large bay enclosing an approximately 10 km wide (up to
5 m deep) lagoon known as North Sound. Parts of this
sound and other smaller ones are lined with well-developed
mangrove forest.

The reefs and associated biota have been the object of
extensive research and monitoring by or under the auspices
of the Cayman Islands Department of the Environment
(DoE). Most appear to be still in relatively good condition
compared to most other parts of the Caribbean (Department
of Environment, a situation aided by the establishment over
25 years ago of a network of Marine Parks and Conserva-
tion / Replenishment Areas. These occupied about 25% of
the coast of the three islands (Figure 2), with proposals to
increase the extent of these Marine Protected Areas
(MPAs) due for implementation.
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METHODS AND RESULTS

Species Occurrence

Early in the project, to gain information on the species
of shark present in the Caymans, besides undertaking our
own surveys (see next section) we involved the public in
two ways. First we undertook in depth interviews with a
large proportion of the islands’ fishers. There are few full-
time fishers on the islands, but perhaps a hundred or so
boat-owners (DoE Cayman Islands, unpublished report b)
fish part-time to supplement other income. Second we es-

tablished a Facebook based reporting scheme and promoted
it among divers (especially local diving centre staff) and
interested local people and visitors. This group, “Cayman
Island Sharks and Cetaceans” (we were also seeking infor-
mation on local cetaceans) now has over a thousand mem-
bers, many of whom remain active.

The results of both surveys suggested that Caribbean
reef (Carcharhinus perezii) and nurse (Ginglymostoma
cirratum) sharks were relatively common, and that blacktip
(C. limbatus), oceanic whitetip (C. longimanus), and lemon
(Negaprion brevirostris) sharks were not uncommon, while

Figure 1. Map to show the location of the Cayman Islands in the north-west
Caribbean, including the largest island Grand Cayman to the south-west, and
the two “sister islands” of Little Cayman and Cayman Brac approximately 150
km to the north-east. Inset shows the three islands in more detail. The lines
surrounding the islands indicate the extent of territorial waters (closer) and the
exclusive economic zone (further). Map source: DoE GIS layers
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Figure 2. Map to show the extent of different types of Marine Protected Area
(MPA) on each of the three Cayman Islands, Grand Cayman (main map), and
Little Cayman and Cayman Brac (inset). Map source: DoE GIS layers.
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tiger (Galeocerdo cuvier), great hammerhead (Sphyrna
mokarran), scalloped hammerhead (S. lewini), whale
(Rhincodon typus) and blue (Prionace glauca) sharks were
also occasionally encountered. Subsequent reports and our
own survey work have largely supported the information
we were provided, save that contrary to reports we have no
evidence for the occurrence of bull sharks on the islands,
and suspect that prior reports were of large female Caribbe-
an Reefs. Nor during the past nine years have we had any
confirmed sightings of dusky sharks (C. obscurus) or short-
fin makos (Isurus oxyrinchus). Scalloped hammerheads
used to be observed regularly at the grouper and snapper
spawning aggregation sights that are present in locations of
the ends of the islands, but are now rarely seen. In contrast
we discovered during the course of the project that silky
sharks (C. falciformis), mostly sub-adult, may be caught
mainly offshore, especially around the banks to the west
and north-west of Grand Cayman.

Relative Abundance

Two methods were used to gain more quantitative in-
formation on the relative abundance of the more common
species. First we used Baited Remote Underwater Video
Stations (BRUVS), a now widely used technique (Meekan
and Cappo 2004, Cappo et al. 2004, Meekan et al. 2006,
Brooks et al. 2011, White et al. 2013, Espinoza et al. 2014),
to record the sharks that were attracted by scent to reef lo-
cations around the three islands. Initially our BRUVS con-
sisted of a traditional hand-held video camera recording
images to tape contained in a simple underwater housing
and mounted on a heavy iron frame from which a 1.5m
long bait arm was extended. At the end of the arm was sus-
pended a bait bag containing approximately 300 g of cut
fish (usually imported-frozen Pacific Mackerel). However
as soon as higher resolution waterproof “GoPro” cameras
became available we switched to these and to a lighter,
plastic frame weighed down and stabilised by dive weights
placed around the base. On each occasion four BRUVS
were deployed at stations typically 500 m to 1 km apart, at
a series of standard locations around all three islands. They
were left in situ for as long as the cameras could record,
initially for 90 minutes using tapes, and subsequently for
up to two hours as higher capacity memory cards and bat-
teries became available. Following retrieval recordings
were downloaded to a hard drive and the resulting videos
viewed and visits to the BRUVS by different shark species
noted.

Secondly, we also employed “Scientific Longlining”
which likewise has been widely used to estimate shark
comparative abundance (Simpendorfer 2004, Pikitch et al.
2005, Brooks et al. 2011). While similar in essence to com-
mercial longline fishing, with a series of baited hooks being
hung from a 2 m line supported from the surface by a series
of buoys, scientific long-lining as used by us differed in
that a) we used only 30 hooks attached to a line no more
than 500 m in length, and b) we patrolled the line at inter-
vals of 30 minutes to retrieve any sharks that were caught,
thus minimising the risk of mortality. The sharks were
identified, measured and tagged, both with a conventional
numbered tag (attached to the dorsal fin) and in many cases
with an acoustic and / or satellite tag (see below). Catch

data enabled catch rates to be generated for comparison
between species or with data from studies elsewhere. Catch
rates were calculated as catch per unit effort (CPUE) in
units of number caught per hook per hour.

To date we have data from 1048 BRUVS deployed
over an eight year period. An example of the data obtained
is shown in Figure 3 which compares the overall frequency
with which Caribbean reef sharks were recorded on each of
the three islands. As the figure indicates this species ap-
pears to be about three times more abundant on Little Cay-
man (mean 0.27 sharks/hour) than on either of the other
two islands (Grand Cayman 0.8 sharks/hour; Cayman Brac
0.09 sharks/hour). Figure 4 compares the mean detection
rates for the same species pooled across islands for the
years 2008 to 2016. The abundance of Caribbean Reef
Sharks appears to have declined slowly to 2010, to have
increased sharply to the highest level recorded in 2012, but
then declined again by 2016 to close to the original levels.
Figure 5 shows the mean detection rates for all shark spe-
cies combined for each of the three Cayman Islands and
compares the rates with similar data from the Bahamas
(Brooks et al. 2011) and from reef areas in the Indian
Ocean and Australia (Meekan et al. 2006, Clarke et al
2012, Gore et al. unpublished data) where sharks are either
protected or little exploited. It should be noted however
that the species involved at the Indo-West-Pacific Ocean
locations are different, albeit of the same genera and play-
ing a similar ecological role.

An example of the catch data from the scientific long-
lining (Figure 6) compares the overall mean catch rates of a
second species, the blacktip shark (C limbatus), between
the three Cayman islands. Again the CPUE for Little Cay-
man appears to be much higher (0.026/hook/hour) than for
either Grand Cayman (0.005 hook/hour) or Cayman Brac
(0.001 hook/hour). The longline catch rates for blacktip
shark also show significant differences between years
(Figure 7), with abundance apparently increasing until
2012 before falling sharply again through 2013 to 2016.

Shark-logger Programme

More recently we have introduced a third method for
monitoring reef shark abundance which, as a citizen sci-
ence / volunteer programme, also has the advantage of pro-
moting public awareness. Our “Shark-logger” project takes
the Facebook reporting scheme one stage further by recruit-
ing regular divers (mostly dive centre staff) and asking
them to record not only when they do see a shark while
diving, but also those dives when they do not. This enables
us to allow for variable effort and by calculate values of
mean sightings per dive, comparable to the data reported by
Ward-Paige et al. (2010). In addition we ask the observers
to note whether the shark appears tagged i.e. with a num-
bered dorsal tag. To data we have 878 logged dives (738 on
Grand Cayman and 140 on Little Cayman) during which
328 sharks were sighted. Four of these sharks carried our
conventional tags.

As an example of the data generated Figure 8 shows
the monthly variation in the mean sighting rates for the two
commonest reef species as recorded over the first year of
the project’s operation. The data suggest that on the Cay-
man Islands Caribbean reef sharks are about twice as abun-
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Figure 5. Mean CPUE on BRUVS of all shark species combined in each of eight reef area, four (to left) in the Carib-
bean, four in the Indian Ocean (to right) (error bars = standard errors). Note the species recorded are different in the two
regions. Source of data other than present study (1) Brookes et al. (2011), (2) Clarke et al. (2016) (3) R.F.G. Ormond & M.A.
Gore unpublished data, (4) Meekan et al. (2006).
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Figure 6. Mean catch rates of Blacktip Sharks
(Carcharhinus limbatus) on each of the three Cayman Is-
lands as obtained during scientific longlining (see text for
explanation) between 2009 and 2016.

dant as nurse sharks. At the same time the data indicate
possibly marked variation in observation rates during the
course of the year, nurse sharks being most frequently ob-
served in May and June, and Caribbean reef sharks in Sep-
tember.

Shark Movement Patterns

A key question in relation to the issue of whether or
not the existing MPAs on the Cayman Islands are large
enough to afford effective protection to the main shark spe-
cies was whether the home or foraging ranges of individu-
als could frequently be contained within individual MPAs,
or were much larger. To investigate this we followed other
researchers in tagging smaller-bodied species with acoustic
tags (Heupel et al, 2004, Chapman et al. 2005, Heupel et al.
2010, Clarke et al. 2011), and larger-bodied species with
satellite tags (Bonfil et al. 2005, Rowat and Gore 2007,
Gore et al. 2008).

All adult and sub-adult Caribbean reef and blacktip
sharks that appeared to be in good condition, as well as a
few individuals of some other species, were tagged by in-
serting surgically under the skin of the abdomen an acous-
tic pinger (Vemco V9 and V16) generating a regular pulse
(at 69 kHz) detectable by listening gear over a distance of
100 — 300 m. Detections were obtained via a network of
about 40 acoustic receivers (Vemco VR2W) that were lo-
cated at sites around the three islands, many of which had
been installed for use during an earlier study of Nassau
Grouper (Semmens et al. 2006), and others of which were
obtained for the present project. Receivers were collected
and data downloaded typically at intervals of 6 — 12
months. However due to faults on some receivers, it has not
been possible to analyse the patterns of detections at all
stations. Instead data from the same side of an island
(North, East, South or West) have been pooled, with the
exception that stations on the northern side of Grand Cay-
man have been processed as two groups a) those to the
west outside or inside of North Sound and b) the remaining

Figure 7. Variation in mean catch rate by year between
2009 and 2016 of Blacktip Sharks (Carcharhinus limbatus)
pooled across all three Cayman Islands as obtained during
scientific longlining (see text for explanation).

stations further east along the northern side.

Tiger and oceanic whitetip sharks were if practicable
tagged with SPOTS satellite tags (Wildlife Computers) that
were fixed to the upper part of the dorsal fin. The tags are
designed to fix a position using GPS within about a minute
and then transmit that information via an Argos satellite to
a receiving ground station. This work was undertaken in
collaboration with our colleagues Guy Harvey (Guy Har-
vey Ocean Foundation, Grand Cayman), Mahmood Shivji
(Nova SE University, Florida, USA) and Brad Wetherbee
(University of Rhode Island, Rhode Island, USA) and will
be reported on in more detail shortly.

To date a total of 70 sharks have been tagged with
acoustic tags: 54 Caribbean reef sharks, nine blacktip
sharks, three lemon sharks, two tiger sharks and two silky
sharks. In each case about half the sharks tagged were male
and half female. Of these sharks only 30 (42.9%) were de-
tected again, even though in all cases the sharks were
tagged in the vicinity of the receiver network. Of the sharks
detected 25 were Caribbean reef sharks (detection rate
36.4%), 2 blacktip sharks (detection rate 22.2%), and one
each a lemon shark, a tiger shark and a silky shark. Notably
four of the Caribbean reef sharks (two male and two fe-
male) were recorded to move between islands, and of these
two moved between Grand Cayman and Cayman Brac,
covering a distance between stations of approximately 150
km.

Examples of the movement behaviours of individual
sharks are shown in Figure 9 and Figure 10. The former
shows for different months from 2013 to 2016 the parts of
the island of Grand Cayman on which one shark was de-
tected. The shark is mainly detected within the North
Sound (NS) sector of Grand Cayman and appears as if it is
semi-resident in that area. However, it was not detected
every month, and notably each year, in the period July to
September, was also regularly detected in the more eastern
portion of the north side of the island (N). Figure 10 shows
the detection pattern for another (female) Caribbean Reef
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Shark, one of the individuals that was detected both on
Grand Cayman and on Little Cayman. This individual also
appeared to be resident in the North Sound (NS) sector of
Grand Cayman and for most of the time was only detected
in that area. However in a period between June to October
each year the shark appeared to move about, visiting the
North and East parts of Grand Cayman, and in 2013 and
2015 travelling as far as Little Cayman, before in the for-
mer case at least returning to Grand Cayman.

Plots of the SPOT tag data revealed movements of
both tiger and oceanic whitetip sharks on an even larger
scale. Example plots for each species are shown in Figures
11 and 12. Together with our collaborators we have tagged
18 oceanic whitetip sharks and 7 tiger sharks. Figure 11
shows the reliable locations recorded for the first tiger
shark we tagged, in North Sound, in December 2010. From
there within the next 273 days the shark moved first north-
west to the entrance to the Gulf of Mexico, then east to the
south coast of Cuba, then south across the Caribbean to the
eastern coast of Honduras, and finally north-west again to
the east coast of the Yucatan Peninsula, in Mexico. Further,
because it also carried a longer-lived acoustic tag, we de-
tected this same individual in the North Sound area of
Grand Cayman for three further years, in each case during
the December — January period.

Figure 12 shows a comparable plot for an oceanic
whitetip shark, tagged off Grand Cayman in April 2014 and
detected for a further almost two years. During this time
the individual not only spent significant periods of time in
an ocean area due west of Jamaica, but also visited Hondu-
ras, Belize, the Yucatan Peninsula (twice) and travelled
someway north in to the Gulf of Mexico, almost to the lati-
tude of Tampa, Florida. Comparing the plots of the two
species (tigers versus oceanic whitetips) it is of note that

while all the individuals of both species moved extensively
across the Caribbean, none of the tiger sharks appear to
have left it, whereas many of the oceanic whitetips have
did so, travelling at least some way in to the Gulf of Mexi-
co.

Economic Value

Besides conservation and ecological considerations,
the Cayman Island DoE was also interested to assess the
economic value of sharks to the Cayman Islands. To inves-
tigate this issue we undertook work to estimate in relation
to sharks some of the elements of both the “Use” and “Non
-Use” Values that environmental economics has come to
recognise (Moran and Pearce 1994, Perlman and Adelson
1997)

These elements potentially included:

i) Consumptive Direct Use (e.g. of shark products
such as meat, fins, oil and hides,

ii) Non-Consumptive Direct Use, such as occurs as a
result of shark-related tourism or recreation,

iii) Indirect-Use value, such as the benefits to fisher-
ies or tourism that may be the result of healthy or
more stable marine habitats,

iv) So-called Option or Bequest Value, the potential
value that might arise as a result of the discovery
of some new use of sharks (e.g. perhaps in medi-
cine), and

v) The animals’ Existence Value, meaning the
amount people are prepared to pay simply to know
that a species continues to survive or to thrive.

In order to investigate the Non-Consumptive Direct se
and the Existence values of sharks in the Cayman Islands,
we designed an environmental economics questionnaire
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Figure 8. Mean number of sharks per dive recorded by SCUBA divers participating in the “shark-
logger” project during different months of the year (2016) — left: Caribbean Reef Shark (Carcharhinus pere-
zi); right: Nurse Shark (Ginglymostoma cirratum). Total number of dives during the period n = 878.
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and interviewed a total of 458 Caymanians, Cayman resi-
dents (non-Cayman nationals with permission to reside or
work in the Cayman Islands) and visiting tourists.

As one method of estimating the current non-
Consumptive Direct Use of sharks in Cayman, we first
asked respondents about the aspects of the Cayman Islands
that influenced their decision to live in or to visit the Cay-
man Islands: its beaches (sun & sea), its Caribbean culture,

the opportunities for fishing (of different types), marine life
related activities, or the islands’ terrestrial wildlife. Focus-
sing on the islands’ marine environment, we then asked
what features of the marine life most attracted them to the
Cayman Islands: their impressive dive sites, the corals, the
marine mammals, sharks, or other marine megafauna such
as turtles. We then both a) partitioned the known income
from tourism and recreation between these different ele-
ments and sub-elements, assuming that each could be val-
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Figure 9. Figure illustrating the parts of Grand Cayman Island on which a single
acoustically tagged Caribbean Reef Shark (C. perezi) (# xxx) was detected as pre-
sent month by month since being tagged in February 2013. Different lines indicate
different parts of the island: W — west, NS — North Sound and adjacent reef, N —
north (more eastern portion), E — east, and S — south; blue infill indicates months in
which the tag was detected by one or more acoustic receivers within that sector.
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Figure 10. Figure illustrating the parts of Grand Cayman and Little Cayman Islands
on which a second acoustically tagged Caribbean Reef Shark (C. perezi) (# 130,
female) was detected as present month by month since between January 2013 and
December 2015. Abbreviations as per Fig. 7; blue infill indicates months in which
the tag was detected on Grand Cayman, green infill months in which it was detected

on Little Cayman.
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ued in proportion to its relative importance as judged by
respondent, and b) enquired of visitors how much they
were spending to visit.

The responses received to the stage one question are
summarised in Figure 13. They illustrate that for visitors,
on average, the marine life of the islands was clearly the
most important factor driving their visit, ahead of beach
life and Caribbean culture. For residents “sun and sea”
counted equally with the marine life as their most im-
portant reasons for living in the Caymans. For both groups
fishing opportunities were on average the least important
reason for being in the Cayman Islands. Turning to the
different elements of marine life, impressive dive sites and
sharks were on average rated as less important than the
other characteristics listed above, but sharks were never-
theless rated as a significant feature, scoring a mean of 6.0
(on a scale of 0 -10) among visitor respondees, and 7.2
(out of 10) among residents. In support of this assessment
some visitors stated they were willing to pay up to US
$1,000 or more for a reasonable opportunity of seeing
sharks in the wild. Depending on the measures used to
estimate relevant visitor income we estimated the Non-
Consumptive Use Value of sharks in the Cayman Islands
to be between US $46.8 and 62.6 million per year. This
compares we estimate with a direct use of the shark popu-
lation, if fish sustainably for meat, fins, oil and leather, of
no more than US $1.3 million, even after the stocks was
permitted to recover to four times the current population
levels.
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Figure 11. Chart showing sample successive locations of a
2.47 metre long female Tiger Shark (Galeocerdo cuvier)
tagged with a SPOTS5 satellite tag between it being caught
in North Sound, Grand Cayman on 15th December 2010,
and its final detection 273 days later. The same shark is
known to have returned to the Cayman Islands subsequent-
ly because its acoustic tag was detected by the Cayman
array seasonally for three further years.

DISCUSSION

As will be evident from the above, our work on the
project over the past eight years has largely answered our
initial questions. The combined information from BRUVS
and longline surveys on the one hand, and our own and
independent diver observation on the other, have firmly
identified the principal shark species present around the
Cayman Islands. Caribbean reef sharks are the commonest
species over the outer / fringing reefs, but blacktip sharks
may also be encountered there, as are nurse sharks. Nurse
and to a lesser extent lemon sharks are the main species
observed in the sounds. Occasionally solitary tiger and
great hammerhead sharks have been seen in North Sound,
where both have been observed to target the southern
stingrays, but both species are also very occasionally seen
on the outer reef, and the tiger sharks seem to be present
mainly if not only during mid-winter. Offshore, within
sight of the islands, both oceanic whitetip and silky sharks
seem to occur regularly in small numbers. In contrast, we
have been unable to confirm the presence in the Cayman
Islands of either dusky shark, which appear possibly absent
from the north-west Caribbean (Campagno et al. 2005), or
bull sharks, which may be absent given their requirement
for freshwater influenced habitat for breeding (Campagno
et al. 2005), although female bull sharks have now been
found capable of migrating considerable distances from
remote islands to find suitable pupping grounds (Lea et al.
2015). Nor have been able to confirm the reported occur-
rence of shortfin mako sharks, though this seems more
plausible, given their published range (Campagno et al.
2005). Also, while well before the start of our study small
schools of scalloped hammerhead sharks used to be seen
by divers at the grouper spawning aggregation sites, main-
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Figure 12. Chart showing sample successive locations
of a 2.19 metre long male Oceanic Whitetip Shark
(Carcharhinus longimanus) tagged with a SPOT5 satellite
tag between it caught off the north coast of Grand Cayman
on 26" April 2014, and its final detection 644 days later.
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Figure 13. Box and whisker plots to illustrate the relative importance of different features of the Cayman Islands to the deci-
sions of visitors (left, n = 180) and residents (right, n = 195) to visit or live in the Cayman Islands. The features respondents
were asked to discriminate between were (from left to right): sun & sand (beaches), Caribbean culture, fishing opportunities;
marine wildlife; other wildlife. In the plots the heavy horizontal lines indicate the median values, the upper and lower margins
of the boxes indicate the second and third quartiles, the whiskers indicate the standard errors and the open symbols the ex-

treme values.

ly off Little Cayman, they have not been recorded there in
recent years, although we have recently received a single
report of three sharks. Many species that are well known
from the continental coasts of the Caribbean and Gulf of
Mexico appear absent from the islands, presumably as a
result of lack of habitat and the islands’ separation from
those areas by very deep water. However there will un-
doubtedly be additional species present in the deep water
near the islands, though we have yet to investigate this pos-
sibility systematically.

Our relative abundance data, both from BRUVS and
from scientific longlining (Figures 3 and 6) indicate that
most of the species present are two or three times more
likely to be encountered on Little Cayman than on either of
the other two islands. Little Cayman is widely considered
to have the best reefs and densest reef fish populations
(Department of the Environment, Unpublished b). It has a
larger proportion of its coast protected as MPAs (Figure 2),
and the smallest number of regular fishermen (Department
of the Environment, Unpublished c). However our data
analysis has not as yet indicated whether healthier coral
and fish populations are the cause or the result of the great-
er numbers of sharks, or whether both are independent con-
sequence of better protection or less human impact. Thus
we are not able as yet to comment on current debate re-
garding the potential role of sharks on stabilising reef ecol-
ogy (Myers et al. 2007, Ferretti et al. 2010, Roff et al.
2016, Ruppert et al. 2016). When we observed increased

CPUEs in some of our BRUVS and longline data through
2012 and 2013 (figs 4 & 7) we were encouraged to consid-
er that shark populations might be recovering as a result of
the public awareness campaign promoting shark conserva-
tion that we had been developing since the start of the pro-
ject. In consequence the return to low numbers through
2015 and 2016 was disappointing. However, despite the
low standard errors in these Figures (4 & 7) we are not yet
fully confident that this variation in mean CPUE accurately
reflects inter-annual changes in shark abundance. It is pos-
sible that they reflect instead slight differences in the times
of sampling between years or in the amounts of sampling
on different islands. Further analysis of the full dataset is
currently underway to explore these possibilities.

Both our BRUVS and longline data also suggest, on
comparison with similar data from elsewhere, that the over-
all abundance of sharks in the Cayman Islands is currently
higher than that in most Caribbean areas, but not as high as
in a few areas in places such as the Bahamas and Belize,
where sharks have been protected (Pikitch et al. 2005,
Chapman et al. 2007, Brooks et al, 2011). A similar conclu-
sion is reached if the diver sightings rates from our shark-
logger project, or those shown for the Cayman Islands in
the Caribbean-wide study of Ward-Paige et al. (2010) are
compared with their data from other regions. Similarly,
overall shark abundance in the Cayman Islands is also well
below that recorded in some relatively unexploited or well
protected areas in the Indian Ocean or Australia (Meekan et
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al. 2006, Clarke et al. 2012, Gore et al. unpublished data).
This comparison lends support to the interpretation that
while sharks in general may be two or three times as abun-
dant in the Cayman Islands as in most other parts of the
Caribbean, their current population levels are nevertheless
very low compared to those that once existed in the region
(Bonfil 1997, Heithaus et al. 2007a, Stallings 2009, Ward-
Paige et al. 2010), or elsewhere (Nadon et al. 2012).

It should be stressed that while discussing shark abun-
dance we are considering, so far, only relative abundance.
Both BRUVS and longline data only provide indirect indi-
cators of abundance allowing comparisons between sites or
times. Even the abundances of different species can not be
reliably compared since different species likely have differ-
ent tendencies to be attracted to BRUVS or caught on long-
lines. In any case relative abundance data does not allow us
to estimate population density or size, unless we also have
information on the local home range sizes of species or
separate information such as mark-recapture data from
which effective population size can be estimated as has
been attempted for some other shark species (Castro &
Rosa 2005, Chapple et al. 2011, Gore et al. 2016).

Our acoustic tag data have confirmed the conclusion of
Chapman et al (2007) that many Caribbean reef sharks ap-
pear to be essentially semi-resident within a particular reef
area. However the data also revealed two other important
aspects of the behaviour of this species. Firstly, over the
half the individuals released were not detected by the re-
ceiver network. Since receivers are located at regular inter-
vals around all three islands and we do not have evidence
that catching and surgery caused significant mortality, this
suggests that a high proportion of individuals were simply
passing through the locations where they were captured
rather than resident in the immediate vicinity. This may be
because they were truly vagrant individuals, wandering
over very large areas. Or it may be, since Chapman et al.
(2007) also report an archival satellite (PAT) tagged Carib-
bean reef shark descending to a depth of 356 m, that some
of these undetected individuals were semi-resident, but
only within very much larger areas of seabed, extending
into much deeper water (perhaps 500 metres or more), than
previously realised. As described in the Study Area section,
the reefs on the Cayman Islands drop away in to very deep
water within only a short distance of the upper reef face.

Secondly, we recorded four individuals that moved
between islands and two that travelled as far as from Grand
Cayman to Little Cayman, and back, covering in each di-
rection a distance of about 150 km, and travelling through
water that over most of that distance was at least 1000 me-
tres deep. It was reported by Chapman et al. (2005) that
some individuals of this species may travel distances great-
er than might have been assumed for a supposed resident
species, but the distance between Grand Cayman and Little
Cayman significantly exceeds the maximum of 30 km
(across open water >400m deep) described to date
(Chapman et al. 2005). The distance is more comparable
with the observation by Heupel et al. (2010) of an acousti-
cally tagged grey reef shark (C. amblyrynchos), the ecolog-
ically comparable carcharhinid in the Indo-Pacific, travel-
ling 134 km between reef areas. Our data suggest that a)
some Caribbean reef sharks may routinely travel long dis-

tances over or between reef areas, and that b) this may be
on a seasonal basis, perhaps to mate or pup. This latter in-
terpretation is supported by the fact that the female illus-
trated in Fig. 9 travelled from Grand Cayman to Little Cay-
man on two occasions, exactly two years apart, and by
knowledge that the species is recorded to produce a litter of
3 — 6 pups every second year (Castro et al. 2009).

We had anticipated at the start of the project that we
would be able to get a separate indication of the size of the
populations of the main shark species from the rates of
recapture (by longlining) or re-sighting (by divers) of the
sharks tagged with conventional external tags. We have
had a small number of recaptures of tagged sharks and
some re-sightings by divers participating in our shark-
logger programme. But in each case there have been less
than 10, amounting to both a small proportion of the sharks
newly caught or sighted, and a small proportion of the
sharks originally tagged. Unless tags are being lost from
the sharks at a much greater rate than normal, these obser-
vations suggest that the sharks caught or observed represent
only a small proportion of a much larger population pool.
Since both the overall catch and sightings rates of sharks
are relatively low and the extent of the reefs around the
islands not that great, this again suggests that many of the
individuals seen on the reef may be mixing over a much
larger area of seabed, perhaps as large as 10,000 km?, than
previously supposed.

As previously indicated, information on the movement
patterns of individuals is also important both for assessing
whether or not MPAs of a particular size-range are likely to
be of value in affording significant protecting to at least a
proportion of the population. The distances covered by
many of our acoustically tagged Caribbean reef sharks sup-
ports the observation of Chapman et al (2005) that some
individuals of this species may travel distances of 10 km or
more, taking them well beyond the bounds of MPAs estab-
lished on a such a scale, such as those in the Cayman Is-
lands. Bond et al (2012) nevertheless found that there was a
significantly higher abundance of Caribbean reef sharks
within compared to without the approximately 30 x 10 km.
diameter Glover’s Reef Marine Reserve, Belize. But taken
with our data the evidence suggests that to be provided
with adequate protection, this and comparable shark spe-
cies require MPAs on the scale of at least the individual
Cayman Islands, if not throughout the combined territorial
waters.

The data resulting from the satellite tagging of the tiger
and whitetipped oceanic sharks provides a further tranche
of evidence relevant to this issue. It is clear that both these
species travel widely across the Caribbean, supporting evi-
dence of trans-oceanic migration by tiger sharks from other
studies (Kohler et al. 1998, Heithaus et al. 2007b, Meyer et
al. 2009, Meyer et al. 2010, Ferreira et al. 2015), including
notably of one individual travelling at least 8,000km be-
tween Western Australia and southeast Africa (Heithaus et
al. 2007b). Similarly satellite tagged oceanic whitetip
sharks have been recorded as travelling up to 4000 km
from tagging sites in the central Pacific (Musyl et al. 2011)
and 1940 km from a tagging site in the central Bahamas
(Howey-Jordan et al. 2013). Clearly the existing Cayman
Islands MPAs will be of only limited benefit to these two
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species. Individual tiger sharks may spend part of their time
within one or two of the current MPAs during the month or
two they are in the Cayman Islands, while the oceanic
whitetips caught of the Cayman Islands probably rarely
enter the MPAs, since the existing conservation areas cover
a relatively narrow coastal strip. The scale of movement of
these two species supports the case for their protection not
only throughout Cayman waters, which do cover a signifi-
cant portion of the north-west Caribbean (Figure 1), but
through a reasonably high proportion of the whole Caribbe-
an basin. There is thus a case also for cooperation on a re-
gional level with adjacent countries, notably Honduras,
which was among the first countries to give full protection
to sharks (Pew Charitable Trusts 2016, MPA Atlas 2017).

The iconic conservation status of some of the larger
shark species apart, protective measures are more likely to
be implemented and enforced if both government and peo-
ple support the measures and can see value in them. Our
estimate of the Non-Consumptive Use value of sharks to
the Cayman Islands is important in this context. Our figure
of US $46.8 to 62.6 million per year does not include all
aspects of total economic value (i.e. optional or bequest
values), but is surprisingly similar to comparable estimates
made in other studies for other countries, the best known
examples being of US $78 million per year for the Baha-
mas (Cline 2008), and US $18 million per year for the Mi-
cronesian territory of Palau (Vianna et al. 2012). It is nota-
ble however that whereas both of these estimates are large-
ly based on the value of shark-diving, when SCUBA divers
pay to visit sites where wild sharks are provisioned, feeding
of sharks is prohibited in the Cayman Islands. Nevertheless
it appears that SCUBA divers visiting the Cayman Islands
are willing to pay a premium, in part because during nor-
mal dives they more likely to see a wild shark than in many
other locations. In this connection it is interesting that
whereas a recent environmental economics assessment of
the touristic value of the northern Great Barrier Reef
(Australia) (Farr et al. 2014) concluded that visitors valued
the opportunity to see whales and dolphins more highly
than the opportunity to see sharks, in the Cayman Islands
we found the reverse to be the case, likely because the Cay-
man Islands are considered a premier SCUBA diving desti-
nation, but not somewhere that visitors come expecting to
encounter cetaceans.

Even though legal protection for a species is very im-
portant and knowledge of its economic value, especially if
not used non-exploitatively invaluable, vital also to secure
the conservation of species is the support of the public in
general and of the relevant stakeholders in particular. It is
for this reason that our public awareness programme
(involving press, radio and TV items, talks and promotional
events, such as the shark festival) is critical, and that our
relationship with the Cayman Island brewery “Caybrew”
especially significant. Not long after the beginning of the
project Caybrew agreed to the development, production
and sale of a new brand “Whitetip”, each can and bottle of
which carries a strapline highlighting the case for shark
conservation, and from which, for the sale of each drink, 5
cents is donated to local shark conservation work. Not only
was this we believe the first “Conservation Beer” to be
produced and marketed anywhere, but Caybrew’s generosi-

ty was compounded by the fact that the beer proved to have
an excellent taste, won a Caribbean-wide award and sold
extremely well. The subliminal message that sharks are to
be appreciated rather than feared undoubtedly contributed
to the wide public support for shark conservation in the
Cayman Islands that we found during an on-line survey
prior to the passing of the shark protection legislation
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