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Abstract

328 whale sharks (Rhincodon typus) were identified using photographs and pattern
recognition software between 2013 and 2017 around the island of St Helena in the South
Atlantic. The highest number of whale sharks were recorded in the month of January. This is
probably due to the sharks exploiting a seasonally abundant food source, such as tuna
(Scombridae spp.) and other fish spawn in the waters around St Helena. Other behaviours
observed included females remaining stationary in an inverted arc posture with males
swimming around them, which is associated with mating behaviour in other shark species.
The mean total length of the sharks was 7.63 metres, and of the sharks whose sex was
determined 45.9% (133) were female, and 54.1% (157) male. Of those males, only one was
juvenile as determined by clasper morphology. Worldwide, aggregations of whale sharks
tend to consist of majority juvenile males. The combination of mature male and female whale
sharks in the study area and the observed courtship behaviour means it is possible that the

waters around St Helena are of global importance for whale shark mating.

The St Helena aggregation was compared to an aggregation in the Maldives with 315 whale
sharks identified over 10 years. Whale sharks in the Maldives bore a significantly higher
injury rate (82.2%, p<0.001, X?test) than those in the St Helena aggregation (9.1%), with
anthropogenic injuries in Maldives at 54.9%, compared to 2.4% in St Helena. This may be a
consequence of the greater number of weakly regulated ecotourism boats targeting the
Maldives aggregation compared to the tightly regulated and limited ecotourism for whale

sharks around St Helena.

Introduction

The whale shark Rhincodon typus was first described in 1828 by physician Andrew Smith
from a specimen harpooned in Table Bay, South Africa (Smith, 1828). R. typus are
Orectolobiformes, part of the carpet shark family, with morphological and anatomical

features including two dorsal fins; a transverse mouth that does not extend behind the eyes;


https://en.wikipedia.org/wiki/Carpet_shark

and, barbels beside the nostrils (Colman, 1997; Compagno, 1984). Whale sharks have five
gill slits and a spiracle which is used in respiration (Compagno, 1984); a large primary dorsal
fin; and, three longitudinal dermal ridges (Rowat & Brooks, 2012; Colman, 1997; Taylor
2007). One of three known filter feeding elasmobranch species along with the basking shark
(Cetorhinus maximus) and megamouth shark (Megachasma pelagios), whale sharks are the
largest known fish. A specimen with a measured total length of 12.18 m (Karbhari &
Josekutty, 1986) is the largest recorded, however whale sharks exceeding 18 m have been

reported.

The longitudinal dermal ridges contain Ampullae of Lorenzini that detect electromagnetic
fields and changes in water pressure (Rowat & Brooks, 2012; Colman, 1997; Taylor 2007).
Whale shark inner ears are the largest in the animal kingdom suggesting their hearing is
very good, particularly at detecting very low frequencies (Myrberg, 2001). Although their
eyes are small, they are sensitive to low light environments and can pick out objects and see
movement at close range (between 3 and 5 m) (Martin, 2007). In general Chondrichthyes’
sense of smell is extremely sensitive, using chemo sensory detection through the olfactory
capsules (Hueter et al 2004), but the role of this in whale sharks is largely unknown (Rowat

& Brooks, 2012; Klimley, 2013).

Whale sharks have many rows of tiny teeth but feed by filtering large volumes of water along
with prey through their gill rakers. They are known to feed on plankton (Nelson & Eckert,
2007), krill (Wilson et al, 2001; Taylor, 2007), fish spawn (de la Parra Venegas et al, 2011)
and small schooling fish (Duffy, 2002). Recent tagging studies have shown whale sharks are
able to dive to depths beyond the pressure tolerance of the tags (3500 m) (Thums et al,

2012) where temperatures of as low as 2.2°C (Rowat & Brooks, 2012).

Whale shark sex can be determined by the presence or absence of claspers between the
pelvic fins; they are absent in females. Clasper development can be used to identify male

maturity: immature males have short uncalcified claspers whilst mature males’ claspers
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extend beyond the pelvic fins (Holden & Raitt, 1974) and after copulation become calcified
and torn (Rohner et al, 2015; Holden & Raitt, 1974). Female sharks are thought to be mature

at around 8m (Hearn et al, 2016).

Whale sharks have been recorded across all warm temperate and tropical waters
(Compagno 2001), though their local abundance varies greatly from place to place. Whale
sharks are capable of far ranging movement; for example, an individual tagged in the Sea of
Cortez swam 21,000 km over 37 months (Eckert & Stewart, 2000), but it is not known if
migration takes place. Seasonal aggregations have been identified and are most prominent
on the west coast of Australia, Gulf of Mexico and the Indian Ocean where the South Ari atoll
in the Maldives hosts the only known year round aggregation site (Sequiera et al, 2012;
Riley et al, 2010). These aggregations usually demonstrate a strong juvenile male bias and
are associated with seasonally abundant food sources (Heyman et al, 2001; Wilson et al,
2001). There are only a few locations where mature females have been found and even
fewer where mature males and females are found together, including the Gulf of Mexico
(Ramirez-Macias et al, 2007), Galapagos (Acuna-Marrero et al, 2014) and St Helena as

reported here.

Knowledge of whale shark reproduction comes almost exclusively from a single gravid
female landed in Taiwan in 1995. 304 embryos of different stages of development were
inside her (Joung et al, 1996). This demonstrated ovoviviparity. Very few neonates have
been reported free swimming in the ocean but it is thought that pups are less than a metre
long at birth (Hussey et al, 2010). There are distinct morphological differences between
neonatal and adult whale sharks. Neonates have a more curved caudal fin held at a more
acute angle, relatively smaller pectoral fins, and an elongated body (Wolfson & Notarbartolo-
di-Sciara, 1981, Kukuyev, 1996). Growth rates of whale sharks have been documented
through direct measurement in aquariums and using laser photogrammetry in the wild

(Rohner et al, 2011). Laser photogrammetry is commonly used by whale shark research



teams although the accuracy is reliant on the correct preparation and operation of the laser

array which makes this method vulnerable to error (Webb et al, 2016).

The greatest natural threat to whale sharks is probably from predators when they are
neonates: they have been found in the stomachs of other sharks and blue marlin (Colman,
1997; Kukuyev, 1995). Neonatal pups grow faster than juveniles (Chang et al, 1997) which
could be an evolutionary response to reduce the risk of predation. Adult whale sharks are
subject to attacks by other shark species (Rowat et al, 2007; Speed et al, 2008), orcas
(Orcinus orca), and false killer whales (Pseudorca crassidens) (O’Sulivan & Mitchell, 2000).
Their defensive response when encountering these predators is to protect their more
vulnerable undersides by banking and rolling away from threats (Martin, 2007; Pers. Obs.,
Maldives, 2013). Pictures from Ningaloo reef, Western Australia, showed a whale shark
completely upside down after an orca swam underneath (Jess Hadden, Pers. Comm., 2017).
Other natural threats include strandings such as those off the coast of South Africa, which
are thought to be due to a combination of topography, swells, and a change in water

temperature which affected the sharks’ metabolism (Beckley et al, 1997).

Anthropogenic threats present the greatest risk to whale sharks. The species is protected by
the Convention on International Trade in Endangered Species (CITES) under Appendix Il
(Figure 1). Historical hunting for their liver oil has all but stopped (helped by readily available,
cheap synthetic alternatives), but hunting continues for the illegal sale of meat and fins in
China and Taiwan (Chen & Phipps, 2002). Whale sharks are regularly by-catch in the fishing
industry (SPC-OFP, 2012) and although some are released alive, many more are killed
(Amande et al, 2010; Moazzam et al, 2016). For those that become entangled in nets,
swimming with parts of net and rope attached to them causes severe injuries (Pers. Obs.,

Maldives 2014).

Whale sharks have thick dermal layers covered with dermodenticles (Wilson & Martin,
2003), but because they often feed at the surface they are vulnerable to collisions with

vessels travelling at speed which can lead to lacerations from propellers, blunt trauma and



partial-amputation of fins (Speed et al, 2008; Meekan et al, 2006; de la Parra-Venegas et al,
2016). This is recorded in increasing frequency in areas where commercial whale shark
ecotourism occurs (Womersley et al, 2016). Although whale sharks can recover from serious

injuries (Riley et al, 2010) it presumably reduces individual survivorship and fecundity.

Appendix Il lists species that are not necessarily now threatened with extinction but that may become 5o unless frade is closely confrolled. It
alzo includes so-called "look-alike species”, i.e. species whose specimens in trade look like those of species listed for conservation reasons
(zee Aricle |l paragraph 2 of the Convention). International trade in specimens of Appendix-1l species may be authorized by the granting of
an export permit or re-export cerfificate. No import permit is necessary for these species under CITES (although a permit is needed in some
countries that have taken stricter measures than CITES requires). Permits or certificates should only be granted if the relevant authorities are
zatisfied that certain conditions are met, above all that trade will not be detrimental to the survival of the species in the wild. (See Arlicle IV of
fhe Convention)

Figure 1: CITES Appendix Il definition (https://cites.org/eng/app/appendices.php)

Ecotourism is becoming an ever-increasing threat with regards to changing behaviours and
boat strike injuries (Trujillo-Coérdova et al, 2016). Whale sharks are slow maturing species -
estimated to reach sexual maturity at around 30 years old (Taylor, 1994) — which increases
their vulnerability (Bradshaw et al, 2008). Due to the global movement of whale sharks
between different ocean jurisdictions, conservation and protection is difficult to manage.
Species protection in one habitat but not in another close by means numbers continue to fall
even in protected areas. Decreasing global whale shark numbers were discussed in the 4"
International Whale Shark Convention in Doha in 2016 (Norman, 2016), this led the status of

whale sharks on the IUCN Red List to be moved from vulnerable to endangered (Figure 2).

Based on count data, modelled population estimates and habitat availability, 75% of the global Whals Shark
population is inferred to occur in the Indo-Pacific, and 25% in the Aflantic. A variety of datasets present declines of
40-92%, inferring an overall decling of §3% in the Indo-FPacific over the last 75 years (three generations), resulting
in & subpopulation assessment of Endangered A2bd+4bd. In the Atlantic, the overall population decline is
considered to be lower at =30%, resulting in a subpopulation assessment of Vulnerahble A2b+4b. Given the bulk
of the global population occurs in the Indo-Pacific, the overall global decling is inferred to be =50%. Globally, the
Whale Shark iz therefore assessed as Endangered A2bd+4bd.

Figure 2: IUCN Red List Endangered Definition
(http://www.iucnredlist.org/details/summary/19488/0)
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Aims

Specialised research on R. typus only really started from 1985. With continued advances in
technology and increased public interest there are now over 50 sites globally where whale
sharks are known to aggregate and numerous research programmes with tags, drones and
other resources helping to improve knowledge on the species (https://www.whaleshark.org/
2017). This paper sets out the characteristics of the little-researched St Helena whale shark
aggregation. It goes on to compare this aggregation to one in the Maldives, exploring the
frequency of whale shark injuries attributable to boat strikes between two sites: St Helena
which has little ecotourism, and Maldives which has a well-developed and high intensity

whale shark tourist industry (Cagua et al, 2014).

Research Sites

St Helena is a relatively young volcanic island of 122 km? in the South Atlantic Ocean and is
a British Overseas Territory. At 15°57' S latitude and 005°43" W longitude, it has a sub-
tropical climate with sea surface temperatures between 15 and 28°C. There are seamounts
just off the island that rise up to as shallow as 11 metres below sea level. Whale sharks have
been observed here for 8 years mainly between December and April - the summer season in
St Helena - when the sea surface temperature is warmer. Each season the whale sharks are
usually first recorded at the seamounts, moving to the coastal waters of the island as tuna
shoals gather there to spawn. St Helena has strict rules controlling whale shark tourism, with
Environmental Protection Ordinance and guidelines enforced by the Marine Section of St
Helena Government (St Helena Government, 2016). All marine tourism boats in the
Economic Exclusion Zone (designated as a Marine Protected Area (MPA)) must be licensed
to undertake these activities and have passed an accreditation scheme (St Helena
Government, 2016). A maximum of 8 people are allowed in the water with a whale shark at

any one time; touching the animal, flash photography and swimming in front of the shark is



prohibited; and people have to maintain a minimum distance of 3 metres from the shark. The
total interaction time allowed with a shark is 45 minutes. The regulations regarding boats
include one boat per shark; maximum speed of 6 knots; and, the boat must maintain a
minimum distance of 100 m from the shark at all times with engines turned off at this

distance. These rules are studiously obeyed (Pers. Obs., St Helena 2016).

The Maldives archipelago is located in the central part of the Indian Ocean on the
Laccadive-Chagos ridge, 03°20" N latitude and 73°22' E longitude. The Maldives covers an
area of approximately 107,500 km?, only 0.3% of which is land. It consists of 1192 islands
over 26 atolls running north to south (Khan et al, 2010). The inner seas of these atolls are
generally between 250 and 300 m deep with the lagoons inside the atolls between 30 and
80 m deep. The channels between the atolls can be over 1000 m deep. The edges of the
atolls are made up of fringing reefs and thilas with high levels of biodiversity supported by
the coral and fish life (Riley et al, 2010). However, the coral reefs have been affected by
rising ocean temperatures, with many sites exhibiting almost complete coral bleaching (Perry
& Morgan, 2017). The climate is tropical - warm and humid year round with two distinct
monsoon periods, and with sea surface temperatures between 28 and 32°C. There are 32
MPAs in the Maldives with varying levels of management and enforcement. The South Ari
atoll MPA was the location for the research reported here. It was designated in 2009 but has
no management plan. Although there are best practice guidelines for whale shark

encounters this area is not actively managed and guidelines are not enforced.

Field Study Methods

Searches for R. typus around the island of St Helena were conducted by a dedicated whale
shark research team from Georgia Aquarium in Atlanta who visited the island for a total of 12
days in 2016 and 12 days in 2015. The research team search hours on the water were
between 0900 and 1600 UTC daily. Opportunistic sightings continued outside of the
research team’s dedicated time by means of whale shark tourist trips, ad hoc sightings by

fishing boats, dive trips and visiting vessels. If a whale shark was sighted the encounter was



reported to the Marine Conservation Section of the St Helena Government who recorded all
data on Wildbook for Whale Sharks (www.whaleshark.org) — an online platform visual
database for people to upload their ID photos of whale sharks, the Wildbook team then
processed the pictures and searched for a match online. Searches in the Maldives were
conducted by a dedicated research team who spent 5 days out of 7 on the water searching
for sharks each week (except during Ramadan). Typical search periods were also from 0900
to 1600 UTC daily. All data were recorded by the research team who directly used the 13S
software (Interactive Individual Identification System, http://www.reijns.com/i3s/) to assist

with photographic identification as described below.

At both sites, when a whale shark was spotted the boat was manoeuvred alongside the
animal and dropped swimmers with snorkels into the water to observe behaviour, sex,
record total length and take photos of injuries and the shark’s spot pattern. Another
researcher recorded data on the boat. Data collected included number of people in the water
with the shark, number of vessels in the vicinity, location, behaviour of shark and

environmental parameters.

Whale sharks have unique body pigmentation pattern of spots and stripes that remain
relatively stable over time so can be used to identify individual sharks (Arzoumanian et al,
2005; Tienhoven et al, 2007). By taking photographs of specific area on both sides of the
shark within set boundaries — behind the gills, before the first dorsal fin and above the
pectoral fin (Figure 3) individuals can be compared using pattern recognition software. The
algorithms can determine a match among pictures of whale sharks already in the database.

If a match isn’t found a new unique shark identification number is assigned.



Figure 3. Area used for photographic identification. 1) behind the gills, 2) before the first

dorsal fin and 3), above the pectoral fin.

Whale shark behaviour were classified in four main categories — evasive, positive behaviour
change, cruising, and feeding. Evasive behaviour equates to the shark immediately moving
away from the observers (Quiros, 2007). Positive behaviour change was determined when
the shark changed direction to approach observers or the boat. Cruising described the shark
swimming in a consistent direction not engaging in feeding behaviour (Nelsen & Eckhert,
2007). Feeding behaviour was divided in to three categories: active ram filter feeding;
passive ram filter feeding; and suction feeding (Motta et al, 2009). Active ram filter feeding
was characterised by the whale shark swimming quickly through food rich areas with their
mouth open, often with the upper jaw, dorsal and caudal fin visible above the water (Motta et
al, 2009). Passive ram filter feeding was designated as the shark moving slowly through the
water with mouth partially open but with no pumping of the gills taking place (Taylor, 2007).
Suction feeding was determined when a whale shark remained stationary in the water in a
vertical position repeatedly gulping (Heyman et al, 2001; Nelsen & Eckhert, 2007). If any

other unusual types of behaviour were observed these were noted.

If a shark had any unusual features such as a tag or visible injuries these were documented.
Injuries have been classified into several categories according to Speed et al. (2008). The

categories were abrasions, lacerations, nicks, bites, blunt trauma, amputations and ‘other’
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which were wounds that did not fit into any of the other categories (Figure 4). The likely

cause of these injures was noted.

Figure 4. Examples of whale shark injuries (1. Abrasion 2. Laceration 3. Bite 4. Amputation).

The characteristics of five different whale shark aggregations were analysed with data taken
from the Wildbook for Whale Sharks online database (https://www.whaleshark.org/). These
five sites- St Helena; the Maldives; Ningaloo reef, Australia; Isla Mujeres, Mexico; Mahe
Island, the Seychelles- were chosen as they are the most well known and longest
researched aggregations. Chi square (X?) tests were used to compare the occurrence of
males and females in each aggregation. Significance was accepted at p < 0.05. All analyses

were conducted using statistical package SPSS.
Results

Of the five aggregations, four showed a male bias with the majority of the males being
juvenile (Table 1). Only the St Helena aggregation had a more even ratio of males to
females, and the males were almost exclusively mature (n=328, male =156, juvenile

male=1) (Figure 5).
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Table 1: Aggregation numbers at selected sites, sex and mean total length.

Aggregation Total Number of Male Female Unknown Mean Total Length
Individuals
Identified

St Helena 328 157 133 38 7.63

Maldives 315 194 30 78 5.58

Ningaloo 7231 2257 590 4384 5.5

Mexico 5986 1351 645 3990 8.24

Seychelles 424 259 44 121 5.59

The mean total length of sharks in all aggregations was less than 8 metres, except at the
Mexico site where mean length was 8.24 metres (Table 1). Whale sharks are considered to
be mature when 9 metres long (Norman and Stevens, 2007) but visual observations of the
claspers of the St Helena aggregation suggest that 156 males were mature, with only one
being immature. Of all females observed (n=133), seven were thought to be gravid through
visual observation. Analysis of the aggregations resulted in a low p-value, indicating that the
variables are independent from each other suggesting that the sex ratios were related to the

locations (X2 = 182.8, df = 4, p = <0.001).

Distribution of sex at different aggregation sites
100% - -
80% . l
60%

40%

20%

% of total population

0%
St Helena Maldives Ningaloo Mexico Seychelles

Location of Aggregation

B Male ®Female

Figure 5: Sex distribution at the different aggregation sites

Two sites of similar aggregation numbers and both within MPAs - St Helena and Maldives -
were used to compare injury rates likely to have been caused by boat strikes (abrasions,
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lacerations, blunt trauma, and amputations). St Helena has an undeveloped tourism industry
and limited capacity for ecotourism with whale sharks. South Ari atoll in the Maldives has

very high levels of tourism, with whale shark viewing trips especially popular (Table 2).

Table 2: Number of sharks bearing injuries likely to be caused by boat strikes and number of

tourist boats at two locations

Aggregation St Helena Maldives
No of Tourist Operators 4 36
Injured 30 259

The number of tourist boats active in the MPAs was far higher in the Maldives (n=36)
compared to St Helena (n=4) with the number of sharks observed bearing injuries likely to

be caused by boat strikes in Maldives was much higher than in St Helena.

54.9% (n=315) of the sharks identified in the Maldives bore injuries consistent with boat
strikes compared to 2.4% (n=328) of sharks in St Helena (Figure 6). The analysis suggests
that the data isn’t independent from each other and it is related to another factor, for
example the number of boats. (X? = 346.8, df = 4, p = <0.001) which shows a highly

significant result.



Distribution of Total Injuries in Two Locations

100%
=
S B0%
=
2 60%
(=]
[=1
o a0
s
R
#

0%

3tHelena Maldives
Location of Aggregation
B Injured B Mot Injured
Distribution of Anthropogenic Injuries in two
Locations

100%
=
]
=] B0
=
o 60%
[=1
T 40%
g
= 20%
o

StHelena Maldives
Location
B Arthropogenic Injury B Non Anthropogenic Injury

Figure 6: Distribution of total injuries distribution of total anthropogenic injuries in two

locations.

Discussion

Importance of the St Helena whale shark aggregation

The composition of whale sharks at each aggregation site varies in both sex and size, with
many sites showing a juvenile male bias (Stewart et al 2007; Sequiera et al, 2011; Ketchum

et al, 2012). These aggregations are associated with near-shore, seasonally abundant food
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sources (Rohner et al, 2013). These large feeding events may aid growth, allowing juveniles
to receive enough nutrients to achieve their full adult size (Rowat et al, 2012). Although
nutrient upwellings are linked to abundant food sources (Rohner et al, 2013), the
identification of these coastal aggregations is as likely to be a product of human behaviour-
people are more likely to engage in water activities in near-shore, warm seas so are more
likely to encounter animals there- as behaviour of the sharks. Tagging data show that
juveniles spend more time in coastal waters near the surface than mature sharks who move
offshore (Ramirez-Macias et al, 2017) so it is rational that most known aggregations are of
juveniles. These aggregation sites are important to researchers as they allow whale sharks
to be studied relatively easily compared to the challenges of studying highly mobile marine
animals in the open ocean. However, it is difficult to draw conclusions about a species from

limited cohorts, seasonally, in only a part of their habitat.

A whale shark may be capable of traversing the entire globe in two to four years (Sequiera et
al, 2011; Beckley et al, 1997) allowing for the possibility of a panmictic global population
(Sequiera et al, 2011; Rowat et al, 2012). The very limited genetic diversity recorded
between global aggregation sites supports this assertion (Schmidt et al, 2009). We know
that the same individuals have been found at single aggregation sites year after year using
photo identification but to date there is no record of an individual being identified away from
the aggregation at which it was first identified. So although observing movements over
temporal and spatial scales can provide estimates of populations’ size and distribution
(Meekan et al, 2006; Holmberg et al, 2008), to advance our understanding of whale sharks it

is important to locate the other components of the putative panmictic population.

The St Helena whale shark aggregation reported here is therefore considered to be
significant because of its 46:54 female to male ratio, because almost all of the individuals
were adults and because of the 133 female sharks observed in St Helena, seven were
determined to be gravid. Ramirez-Macias et al (2017) suggested that gravid females move in

to pelagic waters and there is some evidence of female sharks having a more pelagic diet



(Borrell et al, 2011). This is in keeping with the location of St Helena, surrounded by deep
ocean- bathymetrically similar to the Galapagos Islands where gravid females have also

been observed (Hearn et al, 2016).

R. typus courtship and mating behaviour is poorly understood. A few observations of male
and female whale shark interactions - the nose-to-tail following, parallel and echelon
swimming - documented by Martin (2007) may be similar to those observed in basking
sharks by Sims et al (2000). These are consistent with other shark courtship behaviours in
aggregations (Martin, 2007). On two occasions in St Helena in 2016, a lone female
appeared to be stationary in the water about 5 m below the surface in an inverted arc
position with head and caudal higher than the belly (Pers. Obs., St Helena 2016). After a few
minutes in this position, a number of male sharks approached the female. In the absence of
abundant food, usually when two whale sharks meet they circle each other before swimming
away but the female in these two instances maintained her position while the males swam
around her. Eventually the female moved away followed by the males. This may be the first
time this behaviour has been documented in whale sharks although fellow Orectolobiformes
- nurse sharks (Ginglymostoma cirratum) - have been observed adopting a similar position
prior to mating (Carrier et al, 1994). Similarly, female sand tiger sharks (Carcharias taurus)
have also been observed to stop all forward movement in the water just below the surface in
a posture documented as ‘stalling’ before mating was observed between males and females
(Pratt & Carrier, 2001). Reports from St Helena fishermen of “belly to belly” contact between
whale sharks, interpreted as mating behaviour (Clingham et al, 2016) have not been verified
and could be attributed to other behaviour, such as the sharks competing for by-catch being
jettisoned by the fishermen. However, in combination these observations suggest that St

Helena could be a significant research location for whale shark reproduction.

Threats to whale sharks — injury rates likely resulting from boat strikes in

aggregations with varying levels of ecotourism
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Because whale sharks are harmless to humans and can be found predictably, in warm
waters, in relatively large numbers targeted human interactions are increasing. Governments
are often keen to develop ecotourism as it can generate substantial revenue. A study of
whale shark tourism in the Maldives reported between 72,000 — 78,000 tourists participated
in whale shark excursions at South Ari atoll between 2013 and 2014 generating between

US$ 7.8 and US$ 9.4 million in revenue (Cagua et al, 2014).

Whale shark tourism in St Helena is limited. Approximately 3,600 tourists visit the island
each year, there are only four accredited marine tourism operators, and there a very low
numbers of visiting vessels (SHG State of the Island, 2015). Local ordinances mandate
standardised briefings are given to tourists; place limitations on boat speeds; mandate that
only one vessel is permitted within 100 m of any whale shark and a maximum of 8 people
are permitted in the water at any time. After 45 minutes of interaction the shark has to be left
alone. This is supported by a public information campaign, and the small community and
single harbour make monitoring adherence to licence conditions relatively easy (SHG,

2016).

In contrast, 1.9 million tourists visit the Maldives each year and the author estimates that at
least 36 boats conduct whale shark tourist trips at any one time in the South Ari MPA. There
have been instances where a larger number of boats have been recorded. The vessels
come from multiple harbours and resorts and although there are best practise guidelines in

place there is no enforcement and operators are not licenced.

Of the 328 sharks recorded at St Helena 8, 2.4% of the aggregation, bore injuries consistent
with boat strikes and these were healed scars observed suggesting they didn’t happen
recently, or necessarily around St Helena. Conversely in South Ari in the Maldives 173 of the
315 sharks identified (54.9%) bore these injuries, the majority being fresh. The analysis
suggests that this is linked to a higher number of tourist vessels targeting the Maldives

aggregation. Other factors may contribute towards the different injury rates: the Maldives is



an archipelago with far higher rates of commercial boat traffic than St Helena - although

these vessels do not regularly transit the MPA the sharks may be being injured elsewhere.

The behaviour of the predominantly juvenile sharks in the Maldives may increase the
likelihood of them coming in to contact with boats as they may spend more time near the
surface than the mature sharks encountered at St Helena (Ramirez-Macias et al, 2017).
However, this argues for tighter regulation of vessels in areas where the more vulnerable

juveniles aggregate.

Aside from the direct injury to the shark, open wounds could leave the animal less resilient to
disease and parasites, and may affect its foraging ability and metabolism. Whale sharks may
also become excluded from important habitats as they seek to avoid higher disturbance
levels caused by unregulated ecotourism (Trujillo-Cérdova et al, 2016; Quiros, 2007). In the
Maldives it has been observed that whale sharks spend less time on the surface when many
people enter the water with them (MWSRP, 2017). Whale sharks are speculated to stay at
the surface to warm up and recover after a deep dive, a reduced recovery time may have

detrimental effects on the shark.

Whale shark aggregations are known to follow seasonally abundant food sources (Rohner et
al, 2013) and it is possible that entire aggregations are able relocate without detriment to the
sharks. For example during La Nina years, Ningaloo reef experiences higher numbers of
whale sharks than in EI Nino Southern Oscillation years (Stevens, 2006). However, if the
whale shark aggregations do relocate it would cause the site specific ecotourism industries

built around them to collapse.

Conclusion

The behavioural ecology of mature whale sharks is poorly understood. Projections and
assumptions made from studying the largely male, juvenile aggregations in isolated locations
tell us little about this far ranging and long-lived fish. Therefore, the unusual characteristics

of the St Helena whale shark aggregation — mature adults, near equal sex ratio and gravid



females- combined with the proximity to deep pelagic water, and the observed male and
female interactions suggests it could be of particular scientific interest. A dedicated, full time
research facility should be considered as the remoteness of the island and its relative

inaccessibility make regular research by visiting teams challenging.

The comparatively high injury rates recorded in the Maldives archipelago are at least in part
due to poorly regulated ecotourism. The impact of this on the animals is unknown but if they
are excluded from an important habitat the survivorship and fecundity of the juveniles could
be negatively affected. And if an aggregation moves to a different location the industry that
depends on the whale sharks could fail. The St Helena Government should heed these
lessons and ensure that when commercial flights to the island start in 2018, bringing

increased tourism, they continue to protect their whale shark aggregation.
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