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Abstract

Populations of large pelagic migratory fish have declined steeply in the past two decades
due to overexploitation. Efforts to manage or protect these species have been constrained
by their cryptic nature and a paucity of knowledge of their biology and behaviour.
Conservation of migratory animals requires understanding of the movements of individual
animals, populations and species. Whale sharks (Rhincodon typus), the main subject of this
thesis, are large, planktivorous, highly mobile and pantropical, and their life history traits of
late maturity, longevity and low fecundity make them vulnerable to overexploitation but
little is known of their behaviour.

A five-year study of their behaviour in an unexploited population was undertaken
on the Belize Barrier Reef between 1998 and 2003, in relation to a spatio-temporally
predictable food source, in order to improve management and conservation. Whale sharks
displayed strong diel, intra- and inter-seasonal fidelity to Gladden Spit, a particular site that
hosts large seasonal aggregations of spawning snappers. The population of whale sharks at
Gladden Spit is transient and composed primarily of juvenile males. Individuals measured a
mean total length of 6.3 m = SD 1.7 m (range: 3.0 m to 12.7 m; error of + 0.50 m). Satellite
pop-off tags revealed that the whale sharks were physiologically robust, being able to dive
over 1000 m and withstand temperatures under 5°C possibly for orientation or to locate
abundant sources of food. Diving behaviour displayed a strong circadian and circalunar
component.

After feeding on cubera and dog snapper (Lutjanus cyanopterus and L. jocu) spawn
at Gladden, sharks dispersed throughout the Belize Barrier Reef with directed movements
of over 550 km recorded to the tip of the Yucatan Peninsula and east of the Bay Islands in
Honduras. Whale sharks did not appear to aggregate at any of seven other documented fish
spawning aggregation sites on the Belize Barrier Reef.

The mutton snapper (L. analis) fishery based at Gladden Spit experienced
significant declines in catch per unit effort and size of fish caught between 2000 and 2002.
Declines occured despite a drop in the number of fishers fishing the spawning aggregation
since the inception of the fishery. Whale sharks did not appear to prey on mutton snapper
spawn and were unlikely contributors to the mutton snappers’ decline. In 2002, whale shark

encounter tourism brought US$ 1.35 million to the Gladden Spit and Silk Cayes Marine



Reserve communities, offering an economic alternative to the mutton snapper fishery.
Patterns of whale shark movement and feeding behaviour indicated that the marine reserve
boundaries encompassed the main spawning aggregation and whale shark feeding zones.
Increased visitor and boat numbers to the marine reserve coincided with alterations in the
spawning behaviour of aggregating snappers and consequently the visitation of whale
sharks at Gladden Spit. Strong management directives and enforcement are needed at the
marine reserve to check unregulated growth of tourism and thus minimize its impacts on

the fish spawning aggregations and visiting whale sharks.
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"Sapadilli Tam"

You want to hear of w'at [ know,
About de fish day tark of so,

De one dat people use to see,
Outside o' Sapadilli Caye?

Now list'n don't y'u be supprise;-

I seen dat shark wid my own eyes;
Not only once but time a score,
W'en I was tradin' to Omoa.

De fust time dat I seen dat shark,
De evenin jus was getting dark;
De sea was smude, de win' was low:

De schooner "Jane" was driftin' slow.

Jus' den dere came in sight a sail,
(we t'ought t'was one) an' so we hail;
but it was goin' fas', it seem

as if it was p'opell wid steam.

But w'en it get to us quite near.
We all was full wid awful fear,
For now we could plainly see,
It was a monster of de sea.

He check his speed den round us
swim;

But we did not quite care fo' him.
We t'ink how we could mek him go,
So overboa'd some pork we t'row.

He start at once de food to eat,

An' den we try to mek retreat.

For now de win' commence to blow,
We put de boat to' near de sho'.

An' so it was we get away,

As bes' respec' to him we pay;
An' pray ne'ermo' to have a calm,
W'en nearin' Sapadilli Tam.

Dere's some strange story dat I hear,
De trut' of dem I cannot swear.

But I am stric'ly now compel,

To give to you as how dey tell-

A dorey once was coming o'er,

Wid Waika from Masquiter Shore-.
Dey saw a caye (Dey t'ought 'twas one)
An' so dey went to it to lan'.

So we'n dey went asho' an' look,
Dey mek a fire an' start to cook;
But w'en de pot was bubblin' free,
De shark sink undeneat' de sea.

"Tis also tol' dat coc'nut tree,
upon his back some people see,
but dere is some mistake I fear,
for I had never seen it dere.

But many a time about dat sea,
W'en nearin' Sapadilli Caye,

De sailor heart would beat fo' fear,
Dat Sapadilli Tam is near.

By James S. Martinez, Belize 1920

From “Caribbean Jingles — Dialect and other
poems of British Honduras
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Chaptér 1. Introduction

1.1 Conservation of migratory animals

Conservation of migratory animals requires a range of strategies to be effective.
Although recent conservation practices have highlighted the need to conserve functional
habitats and ecosystems, many species of animals and insects are highly mobile and
move throughout several habitats and ecosystems. In light of socio-economic and
political constraints, conservation of highly mobile animals is increasingly focussing on
characterising the nature and connectivity of a species’ spatio-temporal predictability
such as feeding, reproduction, and development. It is therefore necessary to understand
the movement behaviour of individual animals to understand migration or movement
patterns of populations and species. This must also be coupled with an understanding of
factors influencing migratory animals throughout their life-cycle such as the state of
breeding or feeding habitats (Vistnes et al., 2001; Webster ef al., 2002). This knowledge
can then provide the basis for the management and conservation of mobile populations
in relation to changing pattemns of resource availability, and the condition of habitats
used as breeding and nursery sites.

Migratory behaviour has been broadly documented across taxa (Dingle, 1996).
Migrations encompass “a regular seasonal movement of animals from one place to
another, often from a breeding site to a non-breeding site” (Webster et al., 2002). This
reflects the back and forth movements and north-south migrations of songbirds and the
eastern population of monarch butterflies (Danaus plexippus) from their springtime
residence in North America to overwintering sites in Mexico (Dingle, 1996). However,
migration may also include several sites used in a cyclical manner as seen with the
seasonal movements of wildebeest (Chonnochaetes taurinus) throughout different areas
of the Serengeti Park in Tanzania based on rainfall patterns and resource availability
(Dingle, 1996). This behaviour suggests an organised process of movement whereby
migrating animals use the same sensory cues.

Migrations or large-scale movements display spatio-temporal plasticity in
response to changes in environmental conditions (Thouless, 1995), habitat change and
disturbance (de Boer et al., 2000), resource depletion (Ferguson et al., 2001), and
predator avoidance (Rettie & Messier, 2001). Additionally, the same species can display



differences in migratory patterns between different populations, as revealed by the
movements of two humpback whale populations. One overwinters in Hawaii and feeds
in Artic waters and the other overwinters off the Mexican coast and feeds both in the
Artic and near the Farallon Islands of California (Baker et al., 1986).

Several methodologies have been recently developed to assess the broad
movements of individuals and populations across variable time-scales. Conventional
tagging can provide information on point-to-point distance covered by a migrating
animal, dispersal from specific areas and distribution data on a species. Yet, mark-
release-recapture methods are reliant on the recapture of tagged individuals. Acoustic
and satellite telemetry tracking technology (see Chapter 4) can provide researcher-
independent data on movement behaviour and habitat preferences but can only be used
with animals large enough to carry the equipment without impacting their survival.
Population-specific genetic markers are increasingly used to help “assign” individual
animals such as birds caught in overwintering grounds to specific breeding sites, and
variations of stable isotopes of carbon, hydrogen, deuterium, strontium and nitrogen
accumulated in animal tissues and their prey can occur systematically over different
geographic ranges to reveal prey preferences, trophic levels and sites utilised during an
animal’s life-cycle (Webster et al., 2002).

Consequently, results from studies on migratory behaviour have led to the
development of a range of conservation measures, from ones that are site-specific, such
as terrestrial and marine protected areas and corridors that link these sites, to
temporally-specific measures such as seasonal bans on hunting or fishing, and species-
specific extraction bans driven by assessments such as the IUCN Red List of Threatened

Species of Fauna and Flora (IUCN, 2000).

1.2 Impact of human-wildlife interactions on conservation

Migratory behaviour almost invariably brings wildlife into contact with humans.
Resulting interactions can aid or thwart conservation efforts of the species encountered.
Interactions may range from the non-consumptive ones with little or no impact on a
species’ life-cycle and behaviour, to exploitation and mortality through consumptive use
by humans. Additionally, there exist the perceived impacts of migratory animals on
humans. In East Caprivi, Namibia, African elephants (Loxodonta africana) and lions
(Panthera leo) compete with local farming communities for the same resources,
complicating management and undermining conservation cfforts (O'Connell Rodwell et

al., 2000). This has led Eltringham (1994) to suggest that wildlife shoulder costs of
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resource conflicts and “pay its way”. Ecotourism represents one way that wildlife can
produce benefits for impacted communities. Ecotourism, and its subsets of nature and
wildlife tourism, provide non-consumptive encounters with wildlife that have proved
lucrative and sustainable. These have often generated public and private support for the
target species and helped to conserve other associated species and key habitats
necessary for the survival of migrating species (Burger, 2000).

Community-based ecotourism programs can foster local support for migratory
species based on viewing wildlife and provide significant revenues that can offset
conservation costs, many of which are often born by local people (Young, 1999). Yet,
ecotourism can also impact the animals it aims to conserve through direct effects on the
target species (Richardson, 1998; Orams, 2000; Farrell & Marion, 2001; Orams, 2002),
development of infrastructure to accommodate tourists, pollution, alterations of their
habitats (Richardson, 1998; Farrell & Marion, 2001), or lack of political and local
interest (Songorwa, 1999). Whales are part of a family of charismatic species
(Cetaceans) sought after by nature tourists who fuel a rapidly growing global whale-
watching industry. In 2000, this form of ecotourism was valued at over US$ 1 billion
distributed among 87 countries, which has provided widespread support against whaling
efforts (Hoyt, 2000).

Consumptive exploitation of wildlife is widespread. In the marine realm stocks of
large migratory fish species such as billfish, tuna, swordfish and sharks, have declined
globally due to over-fishing (UNFAO, 1995). Quotas and species-specific laws used to
protect many of these species have failed to stem their over-exploitation, due to the
open-access nature of many coastal and pelagic ecosystems, the frequent difficulty in
assessing species stock sizes (Lauck et al., 1998; Roberts, 1998; Safina, 1999), and a
lack of knowledge of their reproductive and migratory behaviour. Additionally, massive
bycatch from the long-line fishery and tuna-purse seine fisheries (de Silva ez al., 2001;
Francis et al., 2001; Romanov, 2002) has contributed to a substantial decline in many
migratory species’ populations, undermining fisheries management practices such as
catch quotas. In fact, Baum et al. (2003) recently exposed a dramatic decrease of 75% in
many shark species in the NW Atlantic over the past 15 years. Myers and Worm (2003)
further show that 10% or less of large predatory fish, including sharks, remain since
industrialised fishing began in the 1960s.

To stem fisheries declines, marine reserves are garnering increasing support
worldwide as a cost-effective tool for ecosystem and habitat protection (Roberts, 1994,

1997), biodiversity conservation (Bohnsack, 1990; Bohnsack & Ault, 1996), and the



enhancement of fish stocks (Roberts, 1995; Lauck et al., 1998; Gell & Roberts, 2003).
However, marine protected areas are designed to meet many objectives (Jones, 1994),
often compromising the ability to effectively protect fish stocks (Allison et al., 1998),
including those species that migrate beyond the boundaries of designated areas. It is
possible to enhance migratory species’ protection by focusing on protection at
vulnerable life-stages or areas of repeated or high use (Roberts & Sargant, 2002; Norse
et al., in press) and even venturing away from coastal areas to declare reserves in open-
ocean habitats located in international waters (Mills & Carlton, 1997; Hyrenbach et al.,
2000). Yet, protection of large migratory fish species continues to be undermined by a
glaring lack of information on their ecology and behaviour (IUCN, 1996; Lutcavage et

al., 1999), which effectively excludes them from the marine reserve design process.

1.3 The whale shark as an example

Compared to other large-sized animals such as the African elephant (Loxodonta
africana) and a range of marine mammal species species such as humpback whales
(Megaptera novaeangliae) and gray whales (Eschrichtius robustus) little is known
about the life history and biology of the world’s largest fish, the whale shark
(Rhincodon typus) (Figure 1.1), primarily due to its relative elusiveness. This same lack
of information on population abundance and patterns of movement throughout its life-
cycle has led to difficulties in assessing the vulnerability of this species, further
constraining conservation efforts for this species.

The whale shark was first described by Smith in 1828 after an encounter with an
individual off the coast of South Africa (Smith, 1828). First named Rhiniodon typus
(rhinio=file; don= tooth) — the name was later changed to Rhincodon typus — the whale
shark is the only member of its family Rhincodontidae. This species is most closely
related to other orectolobiforms or carpet sharks such as the nurse shark
(Ginglymostoma cirratum) of the family Ginglimostomatidae, and the zebra shark
(Stegostoma fasciatum) of the family Stegostomatidae (Compagno, 2001). The whale
shark is also known in different parts of the world as pez dama, damero, domino,
chagrin, sapodilla tom, jimbay-zamay, and butanding. Gudger (1915; 1941) provided
some of the first studies on the biology of whale sharks with updated compilations and
reviews provided by Last and Stevens (1994), Colman (1997), Fowler (2000) and
Compagno (2001).

Sharks are thought to have evolved in the Early Devonian over 400 million years

ago (Zangrl, 1981) and whale sharks may have evolved in the Middle Cretaceous



Figure 1.1. A whale shark, Rhincodon typus. Circumtropical and

planktivorous, the whale shark reaches lengths of 18 m and weights of 34 t.



around 90-125 million years ago with many other species of modern sharks
(deCarvalho, 1996; Compagno, 1999). Whale sharks inhabit both coasts and open-
oceans and .are distributed throughout the world’s tropical and warm temperate seas
(Gudger, 1915; Wolfson, 1986; Colman, 1997b) with occasional forays into cooler
temperate waters e.g. near New York (Gudger, 1936). Planktivorous in their feeding
habits, they have evolved several mechanisms such as ram filter-feeding and stationary
suction-feeding that enable them to successfully target and filter high-density food
sources such as thick “soups” of plankton or “bait balls” of small fish. Whale sharks
feed on a variety of prey including plankton (copepod spp., e.g. Acartia clausi,
myctophid spp., euphausiid spp. e.g., Pseudeuphausia latfrons), baitfish, jellyfish and
squid (Gudger, 1915; Colman, 1997b), and fish spawn (Heyman et al., 2001). Whale
sharks are low tertiary consumers with a trophic level of 3.6 (Cortes, 1999) feeding
opportunistically by switching to different food types depending on availability
(Colman, 1997b; Stevens et al., 1998) (Graham, unpublished data).

Although whale sharks may be primarily solitary animals (Colman, 1997b), they
occasionally aggregate in loose groups, often segregated by sex and size (Norman,
1999) (see Chapter 2). Predictable seasonal aggregations are rare, yet have been
identified in sites such as the Philippines, Western Australia, India, Seychelles, Baja
California and Yucatan Peninsula (Mexico), Thailand’s Andaman Sea, South Africa,
Bay Islands of Honduras, and Belize. Whale shark patterns of movement and seasonal
site fidelity are slowly being elucidated by researchers, work often fuelled by the
increasing number of divers and snorkelers seeking whale sharks in the hopes of an
encounter. They exhibit periods of intra- and inter-annual site fidelity associated with
seasonal increases in prey abundance. In Baja California, whale shark sightings increase
in the spring when copepod abundances are high (Clark & Nelson, 1997), and in
Ningaloo Reef, Western Australia, congregations are loosely timed with the advent of
the coral spawning and associated increasc in krill abundance (Taylor, 1994; 1996). In
Belize, whale sharks are observed to feed on the eggs of snappers (Lutjanidae) that
aggregate seasonally to spawn (Heyman et al, 2001). These aggregations may be
further enhanced by the presence of oceanographic features such as ocean fronts
(Colman 1997; Taylor 1996), physical features such as reef passages that concentrate
zooplankton (Wolanski & Hamner, 1988), seamounts that promote a number of physical
processes that locally enhance productivity and concentrate prey (Trasvina-Castro ef al.,

2003), conditions that may also occur at reef promontories.



Whale sharks move readily beyond political boundaries and have been recorded in
the territorial waters of at least 120 countries (COP12, 2002), with most sightings
recorded- in tropical waters of the shark’s preferred temperature range of 21%25° C
(Iwasaki, 1970; Last & Stevens, 1994). They are now known to undertake large-scale
transoceanic migrations with a 13,000 km journey recorded from Baja California to
Tonga (Eckert & Stewart, 2001), two individuals moving from the Seychelles to
Somalia and to the Andaman Sea/Thailand respectively (Graham, unpublished data),
and in the Western Caribbean, from Belize to the north coast of Yucatan and beyond the
Bay Islands of Honduras (see Chapter 4). These movements are very possibly in search
of, or targeting, dense patches of food. Whale sharks may therefore serve as indicators
for their ability to target highly productive sites, widely dispersed across ocean basins,
as recorded with basking sharks in temperate seas of the coast of Britain (Sims &
Quayle, 1998). Their large size and docile nature may therefore make them flagship
species for ocean health and charismatic advocates for marine conservation.

Whale sharks have been documented to attain at least 18 m long (Eckert &
Stewart, 2001), although a maximum length of 20 m and an estimated 34 t was recorded
by Chen ef al. (1996) in 1987. Length at maturity is controversial with females reaching
maturity at an estimated 4.4 m to 5.6 m (Grove & Lavenberg, 1997) to over 9.0 m for
males in South Africa (Wintner, 2000) and 9.0-10.0 m for both sexes in Australia
(Taylor, 1994; Colman, 1997b), both of which are greater than length at maturity
calculated by Fishbase life history parameters for this species'. As females of the nurse
shark, the closest relative to the whale shark, reach maturity at 86% of their maximum
size (Castro, 2000), whale shark size at maturity is more likely to be over 9.0 m. This
further represents a possible age at maturity of 25-30+ years of age (Taylor, 1994;
Colman, 1997b). Male sharks observed in Belize did not appear to be mature with fully
developed claspers when smaller than 8.5m long (Graham, pers. obs., see Chapter 2).

Using von Bertalanffy growth curves, Pauly (2002) calculated two K values for an
asymptotic length of 14 m and weight of 20 t based on parameters derived from basking
sharks and gill size respectively. Resulting values of X = 0.031 year' and K = 0.051
year, suggested that whale sharks may live to 60 or 100 years old respectively, with a
generation time ranging between 24 and 63 years (Pauly, 2002). Whale shark mortality
rates worldwide and regionally are unknown. Human-induced juvenile and adult
mortality may be higher in the Indo-Pacific as compared to the Atlantic and Caribbean

due to known fisheries for this species. Targeted whale shark fisheries are documented

! Estimated life history parameters for the whale shark: www.fishbase.org.
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for India (Hanfee, 2001) and Taiwan (Chen et al., 1996) with anecdotal reports of
catches from Mozambique (S. Sutton, pers. comm. 2002). No documented mortality of
whale sharks has occurred in Belize or along the Mesoamerican Barrier Reef. A small

fishery is known to have existed in Cuba, and was banned by the Government in 1991

(F. Pina, pers. comm. 2000). Incidental catches of whale sharks occur (Gudger &

Hoffman, 1930), occasionally during tuna purse seine net sets, where fishers specifically
set nets around whale sharks as tuna aggregate to feed around them (Romanov, 2002).

Sharks are usually released as they can damage fishing nets, but some occasionally die
through mishandling during release (Fisheries observer Seychelles, pers. comm. 2001).
Mortality through ship strikes provided Gudger with numerous publications and
distributional reports of whale sharks throughout the world (Gudger, 1937b, 1937a,
1937¢c, 1938, 1939). Predation of whale sharks has also been documented by orcas
(Orcinus orca) attacking and feeding on a ~6.0 m total length (TL) shark in the Gulf of
California (O'Sullivan & Mitchell, 2000). A neonate whale shark was recovered from
the stomach of an Indo-Pacific blue marlin (Makaira mazara) in Mauritius (Colman,
1997b) and from a blue shark (Prionace glauca) in the mid—Atlantic (Kukuyev, 1995).
Pauly (2002) conservatively estimates that 9% of adults die each year based on the
calculated K-value of 0.051 year'1 and a mortality of 0.088 year'l.

Whale sharks are ovoviviparous, bearing live young that developed in egg cases
inside the uterus (Last & Stevens, 1994). Relatively prolific compared to all other
documented species of shark, a single 10.6 m female whale shark was found carrying
300 young (Joung et al., 1996). Courtship and mating behaviour are undocumented as
yet. The gestation period is unknown but may emulate the nurse shark’s period of 5-6
months followed by a 2 year reproductive pause (Castro, 2000). Growth in the wild
appears slow during the post-3 m juvenile stage (see Chapter 2) as compared to
individuals held and fed in aquaria (Uchida er al., 2000). Neonate whale sharks may
grow rapidly from a birth size of about 55 cm to counter prcdation by species such as
blue sharks (Kukuyev, 1995). A lack of sightings or landings of whale sharks smaller
than 3 m further support probable early rapid growth. It is not known where the majority
of the 55 cm to 3 m individuals are located, although several free-swimming neonates
were caught in nets off the pacific coast of Central America, off the Western coast of
Africa in the Atlantic Ocean (Wolfson, 1983), off Taiwan (Chang et al., 1997) and a
miscarried egg case was retrieved from a trawler net in the Gulf of Mexico (Baughman,

1955), indicating that these may be four of the whale shark’s reproductive grounds.



The global whale shark population is unknown. Through photo-identification
programs, at least 106 individuals were identified in Belize over the course of 5 years
(Chapter 2) and over 100 recorded in Ningaloo Reef, Western Australia (Norman, pers.
comm. 2000).

1.4 Threats and conservation

Whale sharks are commercially important to the fisheries and tourism industries and are
listed as “Vulnerable” to extinction in the World Conservation Union’s Red List of
Threatened Species (IUCN, 2000). Although apparently not subject to a targeted fishery
in the Atlantic, the whale shark is heavily exploited for its meat, liver oil, cartilage, skin
and fins in the Indian and Pacific Oceans (Chen et al., 1996; Hanfee, 2001; Alava et al.,
2002), leading to serious sightings declines in areas where visitations are considered
predictable (Stevens, pers. comm. 2000) (COP12, 2002). In fisheries, the whale shark
has non-consumptive value as an aggregator and key indicator of other commercially
important fish species (Gudger, 1941; Colman, 1997b) including several species of tuna
(Iwasaki, 1970; Arnborm & Papastavrou, 1988). Tuna fisheries worldwide often target
whale sharks when setting nets (Romanov, 2002), an activity which occasionally leads
to whale shark mortalities (Graham, unpublished data). Initially valuable dead, with a
set of fins recently valued on a Chinese market at US$15,000, whale sharks are highly
vulnerable to exploitation based on their life history traits. This is not a productive
fishery species and targeted efforts are not sustainable even in the short-term, with rapid
stock collapses and declines in predictable sightings documented in the space of a few
years where targeted fisheries take place (COP12, 2002).

Although still fished in Pakistan, Taiwan, Indonesia and China (Chen et al., 1996;
Hanfee, 2001), most countries are slowly realising that whale sharks are worth more
alive through the tourist trade, than dead. Consequently, several countries, such as the
Maldives, Honduras, India and the Philippines, Australia, and specific states in the
United States have passed laws protecting whale sharks (COP12, 2002). Greater global
protection is potentially conferred by international agreements. Whale sharks are listed
on the United Nations Convention for Migratory Species and Straddling Stocks. In
November 2002, they were listed on the Appendix II of the Convention on International
Trade in Endangered Species of Fauna and Flora (CITES) that monitors and regulates
the global trade in whale shark products. However, the highly lucrative Asian shark fin
trade and demand for “tofu shark”, as whale shark meat is known, will test the recently

established listing. CITES cannot monitor domestic trade and highly mobile fishing



vessels are able to capture individuals and take them back to their home port, thus
avoiding CITES monitoring. Additional national and regional accords that protect whale
sharks in' their territorial waters, coupled with education about the species and the
benefits of promoting non-consumptive and lucrative economic alternatives such as

encounter-tourism, will be needed to reduce trade in whale shark products.

1.5 Whale shark tourism

An increase in the numbers of snorkelers and divers taking to the tropical seas has
fuelled shark diving worldwide. In this niche tourism, whale sharks represent the jewel
in the diver’s or snorkeler’s crown of marine experiences due to their curious nature that
often enables very close encounters. Well-managed and non-invasive tourism bolsters a
whale shark’s non-consumptive value and can further protect whale sharks through
education and the lasting impression that an encounter can make on the visitor.
Dedicated whale shark tourism is currently offered in several countries including
Mexico, Belize, Honduras, Galapagos (Ecuador), South Africa, Mozambique, Kenya,
Seychelles, Maldives, Thailand, the Philippines, and Australia. Ningaloo Reef in
Western Australia is the longest established and possibly most lucrative of whale shark
tourism sites, having started in the late 1980s (Taylor, 1994) and commercially
developed since 1993 (Davis et al, 1997; Davis, 1998). Whale shark-human
interactions there generated over US$ 3.1 million for a 2-month season in 1995, with
benefits distributed between 15 tour operators (Davis et al., 1997) and this figure has
risen steadily since (Norman, pers. comm. 2003). At that time, whale shark tourists
spent an average of US$ 1,540 per trip (Davis ef al., 1997) similar to the average whale
shark tourist expenditures recorded in Belize (see Chapter 7 on whale shark tourism).
Tourist impacts on whale sharks are difficult to assess. However, touching,
grabbing and riding sharks often produces an immediate negative response whereby the
shark dives down or moves away rapidly and deprives others of the encounter (Norman,
pers. comm. 2000, Graham, unpublished data). Consequently, several sites that host
predictable whale shark sightings have established an “etiquette” that regulates whale
shark encounters. The basic rules forbid touching or harassing whale sharks and
establishing distance guidelines between tourists or boats and the sharks, and a
maximum number of people allowed in the water at any time. In Australia, only
snorkelers are allowed to interact with whale sharks and a minimum distance of 3 m
from the head and body and 4 m from the tail must be respected. A maximum of 10

snorkelers are allowed per whale shark, operators may not cut off the path of the shark
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and no flash photography is allowed (Colman, 1997a). Some tour operators in Belize,
Mozambique and Mexico have recently adopted several of these regulations in order to

better manage their whale shark tourism.

1.6  Study site

The Belize Barrier Reef and the Mesoamerican Reef Barrier System

The Belize Barrier Reef Complex (BBRC) covers an area about 22,800km? (Kramer et
al., 2000), approximately 10-35 km wide and 250 km in length (Figure 1.2).
Encompassing fringing reefs to the north, the near-unbroken barrier reef becomes a
network of patch reefs, seagrass beds, and mangrove cayes south of Ambergris Caye
(Rutzler & Macintyre, 1982). The BBRC also encompasses three atolls located 7 to 45
km from the main reef and separated by waters over 1,000 m deep. In 1998, the BBRC
was subjected to a coral bleaching event that led to massive coral mortalities following
elevated sea-temperatures precipitated by an El-Nifio event (Aronson et al., 2002).
Surface currents are driven south by the prevailing north-easterly winds (McField,
2001).

The Belize Barrier Reef encompasses a network of 12 marine protected areas
(MPAs), seven of which are declared World Heritage Sites by the United Nations’
Educational, Cultural and Scientific Organisation (UNESCO) (Figure 1.2). The Belize
Department of Fisheries manages five of the MPAs, and five local non-governmental
organisations manage seven remaining MPAs under co-management agreements with
the Department of Fisheries. McField conducted an evaluation of Belize MPA
management effectiveness and found that these were managed ‘“moderately
satisfactory” (McField, 2000).

The BBRC forms an important subset of the Mesoamerican Barrier Reef System
(MBRS) that extends from the tip of Mexico’s Yucatan Peninsula near Isla Contoy to
the Bay Islands off the north coast of Honduras (~950 km) (Figure 1.3). This reef
system is comprised of patch, fringing, and barrier reefs, and four atolls, and forms the
western flank of the Caribbean basin large marine ecosystem. The MBRS was identified
as a reef entity in 1997 when the Ministers of Environment from Mexico, Belize,
Guatemala and Honduras determined that a regional agreement was needed to help
conserve this natural seascape. The resulting Tulim declaration of 1997 formally
described this regional reef system and the mechanisms to manage it. The MBRS was

recently named a hot-spot for biological diversity and in pressing need of conservation
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based on anthropogenic threats (Roberts et al., 2002). As such, four international non-
governmental organisations, the World Wildlife Fund, Wildlife Conservation Society,
Conservation International and The Nature Conservancy, as well as a World Bank-

funded multilateral project have focused conservation efforts and funding on this region.

Gladden Spit

The primary study site where all tagging of whale sharks undertaken for this thesis
took place is located at Gladden Spit, a promontory located two-thirds of the way south
on the Belize Barrier Reef at 16°35’N, 88°00°W, and about 46 km from the mainland
(Figure 1.4). A channel located immediately south of the bend in the reef transects
Gladden Spit. The northern half of the point slopes away gently from the reef crest for
2.5 km and reaches 45 m depth before steeply dropping off to over 2000 m into the
southern finger of the Cayman Trench. On the southern end of the point beyond the
channel, the narrow shelf drops off rapidly reaching over 1000 m within 3 km of the
reef crest. Slope topography at the promontory is characterized by poorly developed
spur and groove, low relief with small patches of coral, predominantly Montastrea spp.
and several species of gorgonians and soft corals interspersed with sand and rubble.

Gladden Spit hosts at least 30 species of reef fish that show indications of
aggregating to spawn, 11 of which have been observed to spawn (see Chapter 6). The
oceanographic and physical features of reef promontories appear to provide spawning
fish with a means for enhancing reproductive success (Johannes, 1978; Claro, 1991;
Domeier & Colin, 1997), and geographically-distinct areas where whale sharks can be
sighted on a predictable basis. In fact, thousands of cubera and dog snapper (L.
cyanopterus and L. jocu) spawn at the site from March through June and attract a rare
yet seasonal aggregation of feeding whale sharks (Heyman et al. 2001). Additionally,
focal fishermen traditionally fish Gladden’s seasonal mutton snapper spawning
aggregation, the last commercially viable spawning aggregation fishery left in Belize.

Due to the importance of Gladden Spit’s multi-species spawning aggregations and
visiting whale sharks, Gladden Spit and the Silk Cayes were declared a marine reserve
on 18 May 2000 (Statutory Instrument no. 68 of 2000), established under a co-
management structure between the Department of Fisheries and the local conservation
non-governmental organisation Friends of Nature (FON; formerly known as Friends of
Laughing Bird Caye) on 29 April 2002. The marine reserve was primarily designed to
encompass the main spawning aggregation fishing site along the fore-reef edge, the

spawning aggregation area and the three Silk Cayes. As a result it covers 10,523
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Figure 1.4: The Gladden Spit and the Silk Cayes Marine Reserve
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hectares, and encompasses a no-take zone around the three Silk Cayes, a restoration
zone for conch in the back reef / lagoon and a reef fish spawning aggregation and whale
shark conservation zone located at the edge of the fore-reef slope. The marine reserve
will soon be expanded along its western edge to encompass Little Water Caye, a small
island recently purchased by FON to site the marine reserve’s ranger station. FON
recently redrafted whale shark tourism regulations originally drafted in 2000, submitted
these to local consultations with the stakeholder communities (Appendix 7.A) and
included them in the marine reserve’s first management plan (FON, 2003). These are set
to become law in the near future. Although fishing on the spawning aggregation is not
regulated, based on the extirpation of most of Belize’s spawning aggregations (Paz &
Grimshaw, 2001), FON is seeking a compromise between traditional fishing and
protection of spawning aggregations. Consequently, it is looking to enforce seasonal
species bans on fishing grouper spp. and limit the number of boats and fishers at the site
and is looking at extending licenses to a maximum of ten traditional fishers (FON,

2003).

1.7 Duration of study

Field visits to Gladden Spit began in May 1998 and took place over 9-14 days following
the full moon every April and May from 1999-2002. I monitored whale shark presence
and reef fish spawning activity at Gladden Spit in May and August 1998, January 1999,
April-July and September 1999, March—June 2000, August-October 2000, December
2000, January 2001, March-June 2001, October and December 2001, January-July
2002, and March-April 2003. All field visits bracketed the full moon and varied in
length from 3-14 days, 2-3 days before the full moon up to 14 days after the full moon.
Fieldwork consisted of 274 trips to the reef and 932 hours of diving. This study’s focus
is primarily on fieldwork undertaken between April 2000 and July 2002.

1.8 Thesis aims

This thesis addressed the issue of conserving migratory species, focussing on the whale
shark. Tt used the site at Gladden Spit, Belize, as a focus for research efforts. The
primary aim was to enhance our knowledge of the movement behaviour of whale
sharks, especially in relation to food sources, and the implications of this for
management strategies such as the design of marine reserves. The thesis also examined

the economic aspects of whale shark behaviour and ecology by focusing on the case
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study of the mutton snapper fishery at Gladden Spit and by seeking to quantify the
actual and potential contribution of whale sharks to ecotourism revenues in Belize.

The status of the seasonal spawning aggregation fishery at Gladden Spit was
assessed as a potential source of competition for feeding whale sharks through the
removal of mutton snapper roe. Ever since whale sharks were discovered to feed on the
spawn of aggregating cubera and dog snapper eggs (Heyman et al, 2001), local
fishermen perceived that whale sharks impacted mutton snapper abundance and were
responsible for an alleged decline in fish catches. Whale shark tourism was also
investigated as an economic alternative to the small-scale snapper fishery. In addition to
research on whale shark behaviour and tourism, this study originally set out to assess if
whale sharks predated mutton snapper eggs, and hence the potential future recruits to
the spawning aggregation at Gladden Spit. This would have been compared to the
fishery impact of removing spawning stock biomass (see Chapter 6). Two years of
research were conducted on the Barrier Reef between 1998 and 1999 on the whale
sharks and spawning snappers prior to the start of this work.

This study specifically focused on a newly reported population of whale sharks for
the Atlantic (Heyman et al. 2001), at six reef promontories located along the 250 km
Belize Barrier Reef and the offshore atolls (see Figure 1.2 map). These sites harbour
large spawning aggregations of several species of reef fish or did so before
overexploitation.

This research has been timely; tourism recently supplanted agriculture and
fisheries and became Belize’s primary source of income (CSQO, 2002). The network of
12 marine reserves and burgeoning whale shark tourism is forming a lucrative
comerstone in Belize’s new tourism strategy to specifically promote adventure eco-
tourism. However, the creation of additional marine reserves and the unregulated whale
shark tourism threatens to further displace traditional fishers. As a result, the socio-
economic tradeoffs between both tourism and fisheries needcd to be assessed to
optimise marine reserve design and promote local support for, distribution of, and
ownership of benefits. One of the immediate aims of this study was to transform results

into resource conservation and management guidelines.

The aims of the research presented in this thesis were specifically to:

1. Assess the size and structure of the seasonal visiting population of whale sharks at
Gladden Spit.

2. Assess whale shark site fidelity to Gladden Spit
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3. Investigate whale shark patterns of movements along and beyond the Belize
Barrier Reef in relation to seasonal prey abundance.

4,  Characterise the mutton snapper spawning aggregation fishery at Gladden Spit

5. Investigate the growing whale shark tourism in Belize with a focus on Gladden

Spit.

1.9 Thesis outline

In Chapter 2 the visiting whale shark population at Gladden Spit is described in terms
of structure between 1999 and 2003. Two methods used to estimate abundance of the
visiting population are discussed.

In Chapter 3 whale shark site fidelity to Gladden Spit both intra- and inter-annually is
described using data collected from remote acoustic telemetry. Foraging behaviour is
described in the context of food availability and physical and biological cues.

Chapter 4 addresses large-scale movement patterns of whale sharks along the
Mesoamerican Barrier Reef and between different acoustic monitoring sites on the
Belize Barrier Reef located in protected and non-protected areas. Use of three different
tagging methodologies to examine movement is discussed. The degree of site fidelity to
each of the study sites is estimated in comparison to Gladden Spit.

Chapter 5 assesses whale shark diving behaviour for four satellite-tagged sharks in
relation to a predictable food source and the lunar phase. Comparisons with other
species of marine animals are discussed.

Chapter 6 provides a detailed account of the snapper spawning aggregation fishery at
Gladden Spit between 2000 and 2002 as this may compete with whale sharks for food.
Seasonal landings data, fishery values and catch per unit effort data are presented for
Gladden Spit. Conflicts with other site users including whale sharks and tour-operators
are discussed.

In Chapter 7 the growing whale shark tourism at Gladden Spit and greater Belize is
described in relation to the snapper spawning aggregation fishery at Gladden Spit and
other Belize spawning aggregation sites. The results of a tourism survey conducted in
2001 and 2002 that focused on the Gladden Spit and Silk Cayes Marine Reserve and its
seasonal aggregation of whale sharks are presented in the context of tourism growth in
Belize. Carrying capacity, management of whale shark tourism and the socio-economic

tradeoffs with the competing artisanal fisheries are discussed.
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Chapter 2.  Abundance and structure of the visiting
population of whale sharks at Gladden

Spit, Belize

Abstract

A lack of reliable data on whale shark (Rkincodon typus) abundance and its migratory
patterns has constrained understanding of this species’ ecology and hampered efforts to
manage it. Using a combination of data on encounters, photo identification and
conventional marker tagging, 106 individual whale sharks were identified as transient
visitors to Gladden Spit between 1998 and 2003. Located on the Belize Barrier Reef,
Gladden Spit hosts a predictable aggregation of whale sharks that feeds on the spawn of
seasonally reproducing snappers. A minimum of 521 encounters with whale sharks was
recorded. Results indicate that the fish spawning site is a preferred feeding area for
juvenile male whale sharks. The majority of sharks encountered (60.3%, n = 314) had a
mean total length (TL) of 6.3 m &+ 1.7 m SD (range: 3.0 m to 12.7 m; error of + 0.50 m).
Thirty one percent of encountered sharks were sexed, 86% were juvenile males. Seventy
sharks were tagged with conventional marker tags between 1999 and 2002. Mean length
of measured and tagged sharks (n = 63) was 6.0 m = 1.6 m SD (range 3.0 m to 9.7 m).
Of these, 41% of tagged individuals were sexed with 83% recorded as juvenile males.
Only 14 mature males, and eight females (two mature and six juveniles) were sighted
from 1998 to 2003. Nine sharks were recorded with a total length over 9 m, which
qualifies them as mature. Monitoring whale shark visiting population abundance,
structure and rates of revisitation at Gladden Spit is key to their conservation in the
region and underpins local tourism focused on whale shark interactions with people.
Patterns of movement and low abundances of the visiting whale shark population
recorded in this study support this species’ recent Appendix II listing for Convention on
the International Trade of Endangered Species of Fauna and Flora (CITES). These
observations further provide the basis for establishing a regional law among range states

to protect this species in their territorial waters.

2.1 Introduction

Management and conservation of vulnerable species is underpinned by reliable
assessments of population abundance. The decline of sharks worldwide (FAO, 1994;

Cambi et al., 1997; Fowler et al., 2002) and specifically in the NW Atlantic (Baum et
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al., 2003) together with worldwide depletion of predatory fish stocks including sharks
has prompted stronger conservation measures for affected species (Myers & Worm,
2003). Yet, estimating population abundance in cryptic and elusive animals is costly and
challenging (Karanth, 1995; Karanth & Nichols, 1998; Schwarz & Seber, 1999;
Carbone et al., 2001; Wilson & Delahay, 2001; Silver et al., in press). Assessing
population abundance in highly migratory marine species is even more difficult due the
uncertainties related to their patterns and range of movement and to the difficulties of
conducting research in relatively inhospitable marine environments. Yet, a key step in
the management and conservation of any threatened species is defining a population
which Begon et al. (1996) states as:

“A group of individuals of one species in an area, though the size and nature of

the area is defined, often arbitrarily, for the purposes of the study being

undertaken.”

Therefore a spatial component needs to be quantified to define the parameters of a
population, which might include the known home ranges or extent of movement of a
species. The World Conservation Union (IUCN) does not focus on the spatial aspect
(whilst it seeks to monitor population levels for reductions in numbers) to determine if a
species is endangered. It states that a functional population consists of the number of
mature individuals (IUCN, 2000). However, for marine fishes, [UCN has recently
expanded its definition to reductions in biomass to account for sex-changing fish or
species, or biased breeding sex ratios. It further notes that the species’ ecology and
behaviour such as site fidelity are key factors determining the vulnerability of a
population. Site attachment infers a temporal factor, another criterion that could be used
to define a population. In this study, the population of whale sharks was defined as the
group of individuals that visits Gladden Spit every snapper spawning-season.

The development of new technologies such as infra-red triggered remote cameras
have facilitated terrestrially-based population estimates of elusive species (Karanth &
Nichols, 1998; Carbone et al., 2001; York et al., 2001; Silver et al., in press), yet prove
useless in the marine environment. Although non-catch dependent population estimates
of marine mammals are widespread and facilitated by the species’ need to surface and
breathe (Best, 1990; Cerchio, 1998; Cerchio et al., 1998), most estimates of population
abundance in specific species of large migratory fish, particularly sharks, remain based
on fisheries-dependent data (Branstetter, 1987; Bonfil, 1997, Fairfax, 1998; Punt et al.,
2000; Anislado-Tolentino & Robinson-Mendoza, 2001; Baum et al., 2003; Myers &
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Worm, 2003) or bycatch data (de Silva e al., 2001; Francis et al., 2001; Romanov,
2002). These surveys are therefore linked to fishing areas or zones as opposed to the
species activity spaces or areas of occupation and therefore do not adequately represent
the studied populations.

Fisheries-independent studies on shark populations and movement are increasing
(Cliff et al., 1996; Ferreira & Ferreira, 1996; Strong et al., 1996; Simpfendorfer et al.,
2002), with a range of methods developed to study the population biology of sharks, all
of which have their opportunities and drawbacks (Cailliet, 1996). Since 1962 the
National Oceanographic and Atmospheric Administration’s National Marine Fisheries
Service Laboratory INOAA-NMFS) implemented a cooperative shark tagging program
with recreational anglers and commercial fishers leading to the tagging of over 87,000
sharks (Kohler et al., 1998). However tag shedding appears common in a range of shark
species (Davies & Joubert, 1967; Gruber, 1982; Carrier, 1985; Heupel & Bennett,
1997), undermining viable population estimates. Photo identification is a non-invasive
method of identifying individuals that relies on cataloguing distinctive scars or
markings originally developed to identify terrestrial animals and marine mammals
(Katona et al., 1979; Ambom, 1987). Successfully used by organisations such as the
International Fund for Animal Welfare in its North Atlantic & Mediterranean Sperm
Whale Catalogue (NAMSC), photo-identification has been adapted to identify basking
sharks (Cetorhinus maximus) in Britain' (Sims et al, 2000b), white sharks
(Carcharodon carcharias) at California’s Farallon Islands (Klimley, 1996) and whale
sharks in Ningaloo Reef, Australia and Belize (B. Norman, pers. comm., and this
chapter). However, photo ID is not always error-proof as individuals may have similar
scars or patterns of markings (Cailliet, 1996) or the entire animal can not be
encompassed in one photograph leading to multiple identifications of the same animal
(Graham, pers. obs.).

One of the most popular methodologies that holds the greatest promise for
assessing population abundance is based on using mark-release and recapture or
resightings (MRR) methods. These can be based on either a Lincoln-Petersen
demographically closed-population estimation model used by CIiff et al. (1996) with
white sharks in South Africa, or a demographically open-population model such as the
Jolly-Seber (Schwarz & Seber, 1999; Seber, 2001) that Strong et al. (1996) used with
white sharks at Dangerous Reef off the south coast of Australia. MRRs are burdened by

! A basking shark identification program has been set up at the UK-based Shark Trust and can be found
at: http://www.sharktrust.org/
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caveats despite their widespread use and apparent success in estimating the abundance
of many animal species (Rabinowitz, 1993; Strong et al., 1996, Tuyttens et al., 1999;
Carbone et al., 2001; Chao, 2001). Assumptions may include whether a population is
closed or open to immigration and emigration, whether it reflects birth and mortality
rates, and resulting population estimates are prone to error if samples sizes are small
(Schwarz & Seber, 1999; Schwarz, 2001; Seber, 2001). Additionally, field-based
failures can further undermine the effectiveness of population estimaticn models, e.g.,
resightings of tags may be prone to error (Graham, pers. obs.) and tags can be readily
shed based on tag type and response of the animal to tagging (Carrier, 1985; Heupel &
Bennett, 1997; Heupel et al., 1998; Sundstrom & Gruber, 2002). Basic knowledge of
the species’ behaviour is required to assess which model will provide the best estimate
of population size. Both demographically closed and open-population models often
yield very large confidence limits (at 95%) with small population samples, which may
undermine the effectiveness of the methods and subsequent population management.
Additionally, if the species investigated displays differences in habitat or dietary
preferences based on sex or size common to many shark species (Springer, 1967
Klimley, 1987), then sampling and subsequent population estimates will not represent
the true population.

The whale shark is a species vulnerable to any exploitation based on its life history
characteristics (COP12, 2002; Pauly, 2002) (Chapter 1) and whose demographic status
is unknown throughout its pan-tropical distributional range. A lack of reliable data on
population densities and abundance (Fowler, 2000; COP12, 2002) coupled with the
species’ ability for large-scale movement (Eckert & Stewart, 2001; Eckert et al., 2002)
(Chapter 4) has constrained understanding of this species’ ecology and undermined its
effective conservation.

The available data on whale shark populations worldwide are based on fisheries-
dependent data collected in Taiwan (Chen et al., 1996), India (Hanfee, 2001) and the
Philippines (Alava et al., 2002), and catch-independent data in Belize (this chapter),
Seychelles (Graham, unpublished data) and Ningaloo Reef, Western Australia (Taylor,
1996; Colman, 1997). Fisheries data have provided a snapshot of abundance in Taiwan,
India and the Philippines, confirming that populations are relatively low with catches
measured in the tens and hundreds of animals. Fished populations appear to be made up
of highly mobile individuals that, according to recent data, demonstrate large-scale
patterns of movement across ocean basins and between regions where targeted fisheries

for whale sharks exist (Eckert & Stewart, 2001; Eckert et al, 2002)
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(http://www.marine.csiro.auw/research/tagging/hopetraveller/index.html) (Graham,
unpublished data). The decline in whale shark sightings at several sites worldwide, often
within the same ocean basin where targeted fishing takes place, further substantiates the
existence of a small population (COP12, 2002). It is worth noting that changes in
population abundance may also be due to the impacts of global climate change. Changes
in prey density and abundance potentially due to rises in sea-surface temperature may
have caused the high gray whale (Eschrichtius robustus) mortality witnessed in the
Eastern Pacific in 1999 (Le Boeuf et al., 2001). Zonal displacements of warm bodies of
water triggered by the El Nifio Southern Oscillation led to spatial shifts in the
populations of skipjack tuna (Katsuwonus pelamis), and comparable temperature regime
changes linked to changes in current patterns appear to have altered whale shark
abundances recorded in Ningaloo Reef, Western Australia (Wilson et al., 2001). Sims
and Reid (2002) similarly recorded a downward trend in basking shark (Cetorhinus
maximus) catches off the coast of Ireland from 1949 to 1975 that are correlated with a
27-year decline in copepod abundance over the same period.

This chapter examines three methods of assessing the abundance of a transient
population of the usually elusive whale shark at Gladden Spit on the Belize Barrier
Reef, a site chosen to maximize encounter rates. This population aggregates seasonally
to feed on the spawn of reproducing snappers (see Chapter 3) and is not subject to
fishing pressure in the region. Encounters, photo identification and conventional marker
tagging of individuals were used as methods of generating fisheries-independent
population abundance and structure data on whale sharks aggregating at Gladden Spit
between 1998 and 2003. Management implications of results are discussed in the

context of threats and opportunities to conserve whale sharks.

2.2 Materials and methods

2.2.1 Study site

A full site description and map is provided in Chapter 1.

2.2.2 Whale shark encounters and photo identification

Individual whale sharks encountered at Gladden Spit were sexed, measured and
identified when possible during three two-week peak snapper spawning moons of May
1998, March through June from 1999 and 2002 and March through April 2003. A whale
shark encounter took place if a boat, snorkeler or diver was ~10 m or less from the

shark. Divers sexed sharks by diving under them and noting the presence and state of

31



claspers. Sharks were classified into four categories: mature male, juvenile male, mature
female and juvenile female. Fully developed and calcified claspers indicated that the
shark was an adult male, small claspers that did not protrude or barely protruded from
the pelvic fins indicated that the shark was still a juvenile. Lack of claspers indicated
female sharks and maturity was based on an estimated total length of over 9 m which
represents a known size at which female whale sharks are sexually mature (Joung et al.,
1996). To estimate shark total length, a diver (about 2 m in length with fins) swam
underwater next to the whale shark while another diver estimated the number of diver
lengths the shark represented. Research snorkelers and divers were also tested on land
for whale shark length accuracy by using measured lengths of rope or prone divers with
fins next to tape measures. Sharks swimming on the surface were measured by driving a
boat (7.5 m) alongside the sharks, matching the tip of the tail with the stern of the boat,
and estimating total length relative to the bow. Identification images were taken with
underwater stills camera (Nikonos V with Fuji 400 slide film), digital cameras and
videos with housings (Olympus 4040, Sony PC 110 and Light and Motion housings) to
generate individual identifications of dorsal and caudal fin spot patterns and inalterable
scars (total or partial fin loss and patterns of fin notches, as opposed to small scrapes
and readily healed superficial wounds) (Figure 2.1). The unique pattern of spots behind
the gills was also recorded to cross reference identifications made in Australia’s
Ningaloo Reef (Stevens et al., 1998) (B. Norman, pers.comm. 2000). All data on whale
sharks, including their tagging and resighting history were recorded in log-books and in
an MS Excel spreadsheet and MS-Access database to create a permanent log of all
individuals.

Once scanned or entered into the computer, images were catalogued using
imagery software (ACDSee 5.0). A printable catalogue of all image identifications
recorded was generated using photo organisational software (ACDSee Fotoslate) (see
Apeendix 2.A). The file nomenclature that helped to retrieve records rapidly while
providing the maximum of information on each individual image included the following
criteria (separated by underscores for easy importation into MS Excel spreadsheets):

1. Unique identifying number (often one given by the digital camera if the image
was taken digitally)

2. Side and body part of the shark: r = right, 1 = left (as viewed from above the
shark); g = gills, d = dorsal fin, ¢ = caudal fin.

3. Location the image was taken

4. Date image was taken
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Figure 2.1: Whale shark identification using spot patterns behind the gills, on

the 1% dorsal and lower caudal
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5. Tag type and number where known: M = marker, AS = acoustic small (V16),
AL = acoustic large (V32), SP = satellite pop-off tag, SL = satellite location-
only or “Spot” tag.

6. Each tag’s location on the shark: rod = right of dorsal, lod = left of dorsal

7. Sex, if available: JM = juvenile male, MM = mature male, JF = juvenile female,
MF = mature female.

8. Name or very distinctive scars or characteristics.

Coded images would be listed in the following way:
#1473-456_1gd BZG 20-5-01_MO052_lod_AS_rod_MM_Chop
Interpreted as: left side image of gills and dorsal number 1473-456 of a mature
male whale shark named Chop (for the chopped dorsal), taken at Gladden in
Belize on the 20™ of May 2001. The shark had a marker tag # 52 located on the

left of its dorsal and a small acoustic on the right of its dorsal.

2.2.3 Tagging

Identification of sharks using scars and spot patterns limited popular involvement in
resighting of individuals, particularly as these animals moved large distances into areas
where people were unfamiliar with the research and identification methods (Chapter 4).
A conventional tagging programme began in 1999 to improve resighting of known
individuals, involve a greater number of people in the study and estimate population
abundance and structure.

Tags were made of colour-coded, sequentially numbered laminated plastic
attached to Floy BFIM nylon darts in 1999, small stainless steel M-type darts in 2000
(Floy FH-69). The letters BZ, for Belize, preceded the numbers to indicate country of
tagging. To increase tag retention in 2001 and 2002 and beyond, larger titanium darts
(1.5 cm x 6.0 cm) replaced the small darts (Figure 2.2) and a grommet was inserted in
the eyehole to increase tag strength. A 140 lb test nylon-coated braided stainless steel
wire crimped with stainless crimps and covered with heat-shrinked tubing linked tags
and darts. Tag number on tags from 2000 to 2002 could be read underwater at a distance
of about 7.0 m if unfouled by algal growth. Numbers could rarely be read from a boat,
unless the observer donned a mask and looked over the side of the boat. However, the
tag’s colour coding and location on the shark provided an indication of deployment year
and sometimes even the individual shark. If fouled, tags required a quick clean before a

number could be read. Whale sharks would occasionally oblige us during this task by

34



(a) (b)

(c) (d)

Figure 2.2: Tag and dart types used during the whale shark tagging program
at Gladden Spit. (a) First tag type used on whale sharks at Gladden Spit,
white humbered with country code with BFIM nylon dart; (b) larger, colour-
coded laminated tag used between 2000 and 2002; (c) stainless steel Floy
Tags FH-69 dart head used in 2000; and (d) titanium dart used in 2001 and
2002. White tags were deployed in 1999, yellow and white tags in 2000,
orange and white tags in 2001, and green and white tags used in 2002.
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swimming slowly and showing no reaction to tag cleaning. In 2002, clear antifouling
paint was applied to the tags to decrease algal fouling.

Tagging took place primarily during the two weeks following the full moon of
March-June, beginning in April 1999. Tags were deployed mainly at dusk using 2 m
pole spears from a 7.5 m skiff manoeuvred next to feeding whale sharks (Figure 2.3).
Data recorded per tag deployed included tag number, placement on the animal — left or
right of the first dorsal fin (lod or rod), a global positioning system (GPS) point taken
(Garmin 12), and total length from tip of the tail to the snout estimated to the nearest 50
cm using the boat length as scale. Where possible a diver entered the water with a
digital video or stills camera to sex, size and record the individual’s spot patterns and
scars. Several sharks were double and even triple tagged with numbered marker and
acoustic and/or satellite tags (see Chapters 3 and 5 for explanations on acoustic and
satellite tagging). All tagging data recorded with the GPS between 1999 and 2002 were
mapped in relation to the location of the spawning snappers at Gladden Spit using the
software ArcView (ESRI Corporation) (Figure 2.4). Tagging points for 2002 were
segregated to show alteration in the sharks’ location during the May moon. Tag and dart
retention characteristics were compared and assessed by comparing tagged animals
identified through video, conventional stills and observational dives on an annual basis.

Information on the tagging program was disseminated at the local, national and
international levels to increase the likelihood of collecting resightings information on
tagged sharks. In the region, tour-guides, fishers and marine conservation governmental
and non-governmental organisations were contacted and provided with study and
tagging information in Belize, Mexico, Honduras, and Texas. Laminated flyers and
information sheets were posted in several restaurants and the Placencia Tourism Center
and distributed locally to tour-guides, fishers and NGOs?. Articles were published in the
local press and project newsletters with the study’s objectives and request for sightings
information were broadly distributed. Both the brochures and the newsletter were also
made available on the project’s web page set up in 2000. Additionally, resightings log
sheets were distributed to tour-guides working out of Placencia and frequent talks with
tour-guides, fishers and tourists visiting Gladden Spit provided information on whale
sharks and the Belize-based research and reiterated the importance of the tagging

program and provided the basis for requesting resightings information.

? Brochure, newsletter and information available on the web at www.york.ac/environment/darwin
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Figure 2.3: Tag deployment on a whale shark from a 7.5 m outboard boat at

the Gladden Spit snapper spawning-aggregation site.
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Figure 2.4: Tagging locations of whale sharks in the Gladden Spit and the
Silk Cayes Marine Reserve between 1999 and 2002. The two northern most
red dots represent tagging that took place during the period of snapper
spawning and whale shark unpredictability from 24-29 May 2002.
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2.3 Results

2.3.1 Population abundance

From 1999-2003, there were 521 recorded encounters of whale sharks at Gladden Spit
(Table 2.1). Sharks were measured during 314 (60.3%) encounters and sexed during
163 (31.3%). The highest recorded daily density of whale sharks on the fish spawning
aggregation grounds was recorded in 1998 with 25 sharks counted in a diameter of 50 m

(Heyman et al., 2001).

Table 2.1: Number of whale sharks (WS) sighted, measured and sexed between 1998
and 2003. TL: total length in meters; JM: juvenile male; MM: mature male: JF: juvenile

female; MF: mature female.

1998 1999 2000 2001 2002 2003

No. WS encounters recorded 50 81 140 133 81 36

No. of WS measured (TL m) 32 71 67 52 58 34

No. sexed 15 15 24 34 53 22

Sexes recorded MM 11IM 20M 27JM 51IM 20 UM
2MF 2MM 2MM 7MM 2MM 1MM
2JF 2JF  1MF 1JF

1JF
Mean TL (m) 6.9 5.8 6.1 6.5 6.9 57
SD (m) 7.6 1.7 1.6 1.4 1.5 1.0

Mean whale shark sightings per day remained relatively steady throughout 1998-
2001 ranging from 3-5 sightings day’, dropping to two sightings day’ in 2002. A
Kruskal-Wallis test comparing the compiled number of whale shark sightings made per
day each year using standard search effort within the snapper—spawning season revealed
a difference in whale shark sightings between years (df = 4; X* = 14.4; p <0.05) (Figure
2.5) with a decline noted between 2001 and 2002. This result was primarily due to the
decline in mean sightings over a period of 6 days from 24-29 May 2002 when the whale
sharks were not seen predictably at the Gladden Spit spawning aggregation site.
The chance of seeing a whale shark on any one day in-season between 1999 and
2001 remained steady at close to 80% (Figure 2.6). Years 1998 and 2002 proved the
worst for sightings with only a 67% and 52% chance respectively of seeing a whale
shark on a given search day during the peak season. Although sighting days were few in

1998 because of only one month sampled, this was also the year during which the
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Figure 2.5: The mean number of whale shark sightings per day during the peak
whale shark season from March to July between 1998 to 2002 (+ SE).
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Figure 2.6: The total number of search days for whale sharks in peak snapper
spawning season (1998-2002) versus the number of days and percentage of
days with no sightings.
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greatest number of sharks (n = 25) were sighted on the surface at one time (Heyman et
al., 2001).

At least 571 usable images of whale sharks were recorded at Gladden Spit
during the same time period, yielding identifications for 123 individuals (Table 2.2;
Appendix 2.A). Of these, several sharks were repeatedly resighted between years, thus
reducing to 106 the number of identified individuals. Several of the 106 identifications
may represent doubles as not all parts of the sharks could be photographed in sequence
or at the same time or date, and spot patterns may differ on both sides of the sharks. At
least 13 sharks could be uniquely identified through distinctive scars alone. At the time
of writing, 69 images were pending further analysis of videotapes or inter-annual image
comparisons to potentially generate new identifications or produce further matches with

previously identified individuals.

Table 2.2: Whale shark identification numbers using photos and marker tags from
1999-2003.

1999 2000 2001 2002 2003 Total

No. of whale shark images 87 157 35 227 65 571
Photo identifications 18 41 18 31 15 123
No. of marker tags deployed 16 31 16 7 0 70
No. of marker tags with photo ID 1 14 4 3 0 22
No. of unidentified images 2 31 1 32 3 69

All sharks were tagged within the Gladden Spit and Silk Cayes Marine Reserve
(Figure 2.4). Seventy whale sharks were tagged with marker tags (Table 2.3). In
addition, eleven tags were lost at sea, accounting for the non-numerical sequence of
tagging in the table. Two tags were deployed on the same shark in the same year (no. 2
and 15 in 1999). Two other tags are known to have detached within the year of their
deployment based on resightings of the untagged sharks within the same season (M42
and M52 in 2001). At least 23 tagged sharks (33%) were identified photographically
(Table 2.2). Most resightings of tagged sharks occurred at Gladden Spit or within 50 km
of the reserve. A few notable exceptions include M54 that was seen at Turneffe Elbow
(see Figure 1.1) on 20 May 2001, a year after tag deployment and M72 was sighted by
two groups of divers near Cancun, four weeks after deployment (see Chapter 4 for

details on movements).
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Table 2.3: Whale shark marker tag details from 1999-2002. TL: total length in meters;
JM: juvenile male; MM: mature male: JF: juvenile female; MF: mature female. Tag

letters “BZ” are interchangeable with “M” for marker.

Tag No. (BZ/M) Date TL (m) Sex Photo ID No.
BZ001 30-May-99 4.5 WS16
BZ002 30-May-99 4.5 JM
BZ004 30-May-99 4.2
BZ006 30-May-99 5.5
BZ007 30-May-99 6.1 JM
BZ008 30-May-99
BZ009 31-May-99 4.2
BZ011 31-May-99 4.2
BZ012 31-May-99 6.7
BZ013 31-May-99 6.7
BzZ014 31-May-99 3.9
BZ015 31-May-99
BZ016 1-Jun-99 3.9
BZ017 2-Jun-99 4.8
BZ018 5-Jun-99 4.8
BZ019 5-Jun-99 7.6
BZ020 31-Dec-99 8.2
BZ033 25-Mar-00 3.9 JM WS 38
BZ035 25-Mar-00 8.5 WS 43
BZ036 25-Mar-00 5.8
BZ037 25-Mar-00 6.7 WS 22
BZ038 19-Apr-00 6.1
BZ039 19-Apr-00 6.7
BZ040 19-Apr-00 5.5 WS 39
BZ041 19-Apr-00 55
BZ042 20-Apr-00 4.2
BZ043 20-Apr-00 55 JM
BZ044 23-Apr-00 5.5 WS 19
Bz045 23-Apr-00 4.8 JM WS 41
BZ046 23-Apr-00 3.0 WS 47
BZ047 23-Apr-00 4.8
BZ048 24-Apr-00 5.5 WS 18
BZ049 24-Apr-00 6.1 JM
BZ050 25-Apr-00 55 JM WS 49
BZ051 25-Apr-00 3.9
BZ052 27-Apr-00 9.7 MM WS 26
BZ053 18-May-00 9.7 MM WS 23
BZ054 19-May-00 5.5
BZ055 19-May-00 7.6
BZ056 19-May-00 8.5 JF
BZ057 21-May-00 5.5 JM
BZ058 21-May-00 WS 48
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Tag No. (BZ/M) Date TL (m) Sex Photo ID No.

BZ059 21-May-00 6.7 JM WS 44
BZ060 23-May-00 5.5 JM WS 34
BZ061 25-May-00 5.5 JM WS 45
BZ062 25-May-00 4.8 JM
BZ063 23-Jun-00 7.3 JM
BZ065 23-Jun-00 45 JM
BZ066 23-Jun-00 5.2
BZ070 9-Apr-01 5.2 JM
BZ071 9-Apr-01 4.5
BZ072 9-Apr-01 7.0 JM
BZ073 10-Apr-01 6.7 JM WS 59
BZ075 10-Apr-01 9.7 MM WS 4
BZ076 10-Apr-01 WS 61
BZ077 10-Apr-01 5.5 WS 62
BZ078 10-Apr-01
BZ079 11-Apr-01 6.1
BZ080 10-May-01 5.5
BZ081 10-May-01 6.1
BZ082 10-May-01 8.5
BZ083 10-May-01
BZ084 10-May-01 6.4 JM
BZ085 11-May-01 6.4 JM
BZ086 11-May-01
BZ090 3-Apr-02 6.0 JM
BZ091 5-Apr-02 6.1 JM WS 78
BZ092 29-Apr-02 6.7 JM WS 76
BZ094 2-May-02 9.7 JM
BZ095 2-May-02 7.3 JF WS 102
BZ096 1-Jun-02 5.2 JM
BZ098 1-Jun-02 6.7 JM

Mean TL 6.0
SD TL 1.6

2.3.2 Population structure
All sharks encountered, identified and tagged were measured with a sightings error of +
0.50 m. The mean size of the 521 whale sharks encountered was 6.3 m + 1.7 m SD
(range 3.00 m — 12.7 m). Of all sexed sharks, juvenile males predominated (85.9%). The
population composition of photo-identified sharks is based on the tagged sharks.

The mean size of whale sharks tagged at Gladden is 6.0 m £+ 1.6 m SD (range 3.0
m to 9.7 m). The smallest shark recorded at Gladden was a juvenile male of 3.0 m in
1999 and the largest was an untagged mature female estimated at 12.7 m in 1998. A

similar sighting made by several tour guides on a 12.7 m boat in 1998 supported this
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size estimate where the shark exceeded the boat’s length by about 0.5-1.0 m (J. Berry,
pers. comm.).

The relatively small size of sharks tagged or encountered at Gladden Spit
indicates that the majority of visiting sharks were immature. Of the 521 whale shark
encounters recorded, 86% (n = 163) were sexed as juvenile males, similar to the 70
tagged whale sharks, of which 29 (41%) were sexed with confidence and 83% (n = 24)
were found to be juvenile males based on an observed presence of claspers but lack of
clasper development. Only two mature females have been sighted since 1998. Similarly,
only six juvenile females were sighted, two of which were tagged (M56 and M95). At
least 14 mature males were sighted, of which three were identified and subsequently
tagged with tags M52 “Chop”, M53 “Dong” and M75).

Growth of three male whale sharks was estimated based on total length at first
sighting and last resighting. The three individuals were readily identified based on their
patterns of spots and scars. Arca and Lower-tail-off (LTO), both untagged juvenile
males also known as WS 8 and WS 21, measured 5.5 m and 4.5 m + 0.50 m respectively
when first identified in 1999. When resighted in 2002, Arca measured 6.6 m + 0.50 m
and LTO in 2003 was estimated at 6.1 m + 0.50 m. This would give a growth rate for
Arca of between [(6.6-0.50) — (5.5 + 0.50)/3] and [(6.6+0.50) — (5.5-0.50)/3], indicating
a growth rate of between 0.03 m and 0.70 m year™. For LTO, the result would be [(6.1-
0.50) — (4.5 + 0.50)/4] and [(6.1+0.50) ~ (4.5-0.50)/4] or 0.15 m to 0.65 m growth year’
! Both were still juvenile when resighted. Chop, a mature male first measured in 2000
at 8.5 m + 0.50 m was resighted most recently in 2003 and estimated measuring 9.5 m
while swimming on the surface. This represents a growth rate of [(9.6-0.50) — (8.5 +
0.50)/3] and [(9.6+0.50) — (8.5-0.50)/3] or 0.03 m to 0.70 m growth year .

2.3.3 Resightings and tag retention
Photo identification facilitated the recognition of several sharks from one year to the
next. Of the 18 individuals identified in 1999, eight were recognised on the fish
spawning ground in 2000. Four of the same sharks from 1999 and 2000 were
recognized again in 2001. At least five sharks including Arca, Chop and Lower Tail
Notch were recognised three out of the five years that photo identifications were taken
at Gladden Spit. An increase in the number of sharks identified each year and between
years may take place following further analysis of videos and still images supplied by
people outside of the study.

Marker tag retention appeared low throughout the study. Only two of the 16
sharks tagged in 1999 with nylon darts and small white tags were resighted with tags in
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2000 despite the high resightings rate (44%) of photographically identified sharks
during the same period. One tag was legible after cleaning off algal fouling (M07), and
the second tag had broken off after the first 2 cm precluding number identification. No
tags from 1999 were recorded in years 2001 onwards. Of the 31 sharks tagged in 2000
with FH-69 stainless steel darts, only two (M43 and M54) or 6.5% were resighted in
2001 with intact but heavily biofouled tags. Within season resightings indicated that
some sharks shed their tags within weeks or days of deployment: M42 shed its tag
within a week of deployment and M52 was sighted without its tag within two months of
tag deployment. Three of 16 sharks with tags deployed in 2001 were resighted in 2002,
but only one of the tags was legible (M73). At least eight sharks reappeared in
successive years at Gladden Spit with only lanyards to indicate that they had previously
been tagged, although some of these represented shed acoustic or satellite tags.
Although tag shedding may be attributable to tagging technique, the method used had
been perfected in 1999 with 16 tag deployments and further consolidated with the 31
deployments in 2000. By comparison, results from the acoustic tagging indicate that tag
retention was high with over half (53%, n = 9) of all acoustically tagged sharks in 2001
(n = 17) returning in 2002 (see Chapter 3). Following the development of a stronger
marker tag and use of a larger dart in the 2001 field season, tag recognition and
retention from 2001 onwards appeared higher. Tags resighted in 2002 and 2003 were
not broken and no sharks were seen with 2001 lanyards that would further indicate
breakage.

Less than 10% of whale shark tag deployments (n = 67 reactions recorded for
markers, satellite and acoustic tags) showed any reaction to tagging. Reactions ranged in
strength from a slight flinching when the dart penetrated to vigorous swimming away.

There appeared to be no difference in strength of response in relation to shark size.

2.3.4 Popular involvement in resightings

The tagging resightings information campaign was not successful. Tour-operators were
too busy to fill out log sheets and rarely remembered or communicated tag numbers if a
tag was sighted. Most tourists were too overwhelmed by their experience of diving or
snorkelling with a whale shark to remember if the shark was tagged, let alone recalling a
number or tag type. A few visitors proved keen observers, recording tag colour, type
and number but usually only provided this information if asked directly after the dive
(this occurred when tourists were surveyed to characterise visitation of the marine
reserve; see Chapter 7). A tourism and whale shark tagging organisation based in

Honduras received a resightings report of the Belize tagged shark that moved to the
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Yucatan Peninsula and promptly emailed the information. However, information
provision on sightings of several Belize tagged sharks in Honduran waters took place at
international conferences several weeks or months later and lacked information on

dates, locations or other information on the sharks.

2.4 Discussion

It was originally hoped that a mark-release-resighting (MRR) method based on an open-
population model such as the Jolly-Seber could be used in this study to estimate
population abundance of whale sharks tagged and resighted at Gladden Spit. Strong et
al. (1996) employed this method of estimating population sizes with moderate success
on a relatively small population of white sharks in Spencer Gulf, South Australia,
yielding population estimates of 191.7 and 18 with 95% confidence limits of 36.5-
1612.2 and 3.9 to 157.6 respectively.

As the Belize-based whale shark study progressed it became evident that the small
number of tagged and resighted individuals per sampling period (either per moon or per
year) precluded the use of MRR models despite the predictability of shark visitation at
Gladden Spit and their relatively high density and large aggregation size (Heyman ef al.,
2001). Additionally, it was also apparent that the population was not functional or
representative of a wider population as it consisted of transient (with several individuals
only sighted once), highly mobile individuals (Chapters 3 and 4) most of which were
juvenile males. Additionally, marker tag retention appeared low, undermining attempts
to estimate numbers based on resightings of tagged sharks. The World Conservation
Union (IUCN, 2000) considers a functional population as one encompassing mature
individuals that are capable of reproduction. It is difficult to apply this definition to the
whale shark aggregations at Gladden Spit. There were only 16 mature individuals
observed in five years, several of which may have been repeatedly counted and only one
male was seen during the same period with frayed claspers, indicating that it had
recently mated.

In this study, population counts based on encounters were not considered reliable
since these involved the numerous resighting of many individuals. Population
abundance based on tagging was not deemed sufficiently reliable due to tag shedding.
Photo identification was considered the most reliable means of estimating the whale
shark population at Gladden Spit although photo-based programmes marking
individuals may only represent a fraction of the total population (Carbone et al., 2001).

There is, however, a small risk that some photo identifications are duplicates,
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representing different non-contiguous parts of the shark or two separate sides that could
not be matched. Yet, if only half of all photo identifications are used (to account for the
possible differences in identification of a shark’s two sides) the minimum population
visiting Gladden would be 53 individuals. This figure definitely underestimates the
visiting population as many sharks were only sighted and photographed once or were
sighted underwater or surface-feeding but could not be photographed or tagged at the
time, often due to decreasing light levels as most sharks aggregated close to sunset.

Why whale sharks appeared to segregate by sex and size with mainly juvenile
males visiting Gladden Spit is unclear. However, segregation by sex and size in whale
shark populations is not unusual: similar findings have been recorded for this species in
the Seychelles (Graham, unpublished data) and Ningaloo Reef, Western Australia
(Colman, 1997). In fact, many species of animals display segregation of the sexes, often
as a means of reducing competition for resources. In the elasmobranchs, Springer
(1967) suggested that sharks segregated into ontogenetically similar groups as well as
sexes when adult (juveniles, adult males, adult females) because of differences in
dietary preferences, swimming capabilities, or to reduce intra-specific aggression and/or
predation. Whale shark searches were conducted throughout most months of the year
from 1999 to July 2002. Based on acoustic tag results and sightings, whale shark
abundance at the fish spawning site was low to nonexistent outside of the peak snapper
spawning season of March through June so mature sharks of both sexes are not visiting
the fish spawning grounds at different times of the year. Larger individuals (over 9 m)
were occasionally observed at Gladden Spit outside of the peak season (Graham, pers.
obs.; tour-guide and fishermen’s observations), but are often found several kilometres
away from the fish spawning site or offshore over deep water, feeding among tuna
(Thunnus atlanticus and Katsuwomus pelamis) and bonito (Sarda sarda).

By comparison, male and female white sharks are segregated spatio-temporally in
relation to a physical and biological gradient in a small geographic area in Spencer Gulf,
South Australia, where females were more abundant near inshore islands in winter and
males more abundant near remote islands in the summer (Strong et al., 1996). Similarly,
Klimley (1987) found that scalloped hammerheads (Sphyrna lewini) segregated by sex
and size while feeding and commuting between the El Bajo Espiritu Santo seamount
and the open sea in Baja California, Mexico. Female hammerheads occupied a different
habitat than the males by leaving the seamount at a smaller size, schooling in like
groups, and feeding more on pelagic prey, which permitted rapid growth to reproductive

size. Morrissey and Gruber (1993) found that the size of a lemon shark (Negaprion
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brevirostris) is positively correlated with home range size and Gruber et al. (1988)
showed that juvenile lemon sharks occupied different activity spaces from adults in the
Bimini Lagoon, Bahamas. Segregation also occurs during dispersal and large-scale
movements. Using genetic markers, Pardini et al. (2001) suggested that white sharks
dispersed differently from feeding and natal grounds based on sex, with females
showing coastal philopatry to natal grounds and males roving across ocean basins. It is
therefore possible that female whale sharks have different dietary preferences to males,
which leads them to feed away from Gladden. Similarly, feeding on offshore schools of
small fish and patches of abundant plankton may prove more nutritionally and
energetically rewarding for adult whale sharks than feeding on fish spawn. No instance
of intra-specific aggression was ever recorded between juvenile or juvenile and adult
whale sharks in Belize or the Seychelles.

Whale shark natural mortality is thought to be low (Pauly, 2002) and there is no
current evidence that populations in the Caribbean Sea and Western Atlantic Ocean are
impacted by fisheries since no dedicated fisheries exists in these regions, although a
fishery has been recorded in Senegal (COP12, 2002). Based on large-scale movements
exhibited by whale sharks (Eckert & Stewart, 2001; Chapter 4), a fishery on the Eastern
Atlantic could impact populations sighted in the West and cause a reduction in the
recorded number of large individuals. Landings data from India taken between 1938 and
1997 do not indicate a predominance of one size class or sex over the other (Hanfee,
2001). Why larger, mature sharks and females in particular do not frequent the
spawning aggregation is not known. Large sharks may find that fish spawn does not
represent a sufficiently energetically attractive food in relation to capture effort
expended. The feeding apparatus of larger sharks may be less suited to the filtering and
ingestion of microscopic snapper eggs. It is possible that females feed on more pelagic
prey, to grow faster and reach a larger size at maturity similar to scalloped
hammerheads near the El Bajo Espiritu Santo seamount in Baja California (Klimley,
1987). However, these reasons should not preclude juvenile females from feeding at the
site and only six juvenile females were recorded feeding on spawn at Gladden Spit
between 1998 and 2003. Although the fish spawning aggregations form the focus of a
feeding aggregation, whale sharks appear to be reproducing in the Western Caribbean
region based on the observation of frayed claspers on one mature male indicating that
mating could have taken place within the previous 14 days (G. Cailliet, pers. comm.
2001).
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Whale shark population abundance at Gladden Spit was variable during the peak
snapper spawning periods between 1998 and 2003. In addition, in 1998 (a La Nifia
year®), relative shark density on the fish spawning grounds was high with 25 individuals
encountered on the surface in a diameter of 50 m (Heyman et al., 2001). No other year
of this study yielded as high a density or number of sharks recorded at a single time.
Wilson et al. (2001) also noted higher abundances of whale sharks at Ningaloo Reef;
Western Australia during La Nifla years. The area where whale sharks aggregated and
were counted from 1998 to 2001 remained standard due to the predictable presence of
spawning snappers and agreed with tagging locations. However, in 2002, whale sharks
were more dispersed throughout the marine reserve apparently due to changes in the
location of the spawning fish (Figure 2.1). Whale shark population abundance at
Gladden Spit is more likely to be regulated by rates of immigration and emigration in
relation to spawning fish abundance than by rates of birth and death in the sharks
themselves. Pauly (2002) suggests a very low mortality for whale sharks (0.088 year™)
based on a longevity range 60 or 100 years (K = 0.031 year'-0.051 year™).

On a methodological note, peaks in shark photo identification during the study
were correlated with availability of suitable camera equipment, with a low occurring in
2001. Purchase of two digital cameras and a video camera in 2002 dramatically
increased the number of images taken and usable identifications made. Although there
is insufficient environmental data to determine whether changes in the number of
encounters are correlated with external factors between 1998 and 2003, it is worth
noting that there was a significant difference in whale shark sightings detected between
2001 and 2002 based on a standard search per unit effort of time (Chapter 7) apparently
based on reduced abundance and predictability of prey (Chapter 3).

241 Tag shedding

It was difficult to estimate rates of tag shedding due to highly variable rates of shark
revisitation to Gladden Spit and the low percentage of tagged sharks identified
photographically (33%). Additionally, multiple identifications were often not possible
over the years. Poor positioning in the water with respect to the shark, shark swimming
speed, etc. further compounded lack of tag resighting. Nonetheless, tag retention
appeared low throughout the study based on a lack of resightings of tagged sharks both

in the water and from boats. Greatest tag losses appeared to occur between 1999 and

? http://www.cdc.noaa.gov/%7Ekew/MEI/#LaNina
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2001 when the nylon darts and the Floy FH-69 M-type stainless steel darts were used.
This is unusual since the nylon darts were apparently successful in tagging of marlin
(Makaira spp.) (E. Prince, pers. comm. 2001) and the FH-69 have been successfully
used by the National Marine and fisheries Service’s cooperative shark tagging
programme (Kohler et al., 1998), by Gruber (1982) on lemon sharks and by Carrier
(1985) on nurse sharks (Ginglymostoma cirratum).

However, Heupel and Bennett (1997) found that although tagging epaulette sharks
(Hemiscyllium ocellatum) with M-type darts provoked a localized but acute response in
tagged tissues, tag sequestration occurred through build up of fibrous tissues and no
secondary infections were noted. However, Davies and Joubert (1967) found that M-
type tags cut through flesh and were shed up to four months in three different species of
shark. The majority of deployed tags on whale sharks showed no visible tissue response,
€.g., necrosis, both immediately after tagging and after a year’s deployment. However, a
shark with a large acoustic tag showed an acute tissue response with lack of healing
after 3 days, showing a 2 cm wound at the point of insertion. The tag was shed within
14 days of deployment based on resighting of the shark. Drag of the laminated plastic
marker tags may have led to premature tag shed or breakage with FH-69 tagged whale
sharks at Gladden. Additionally, in at least one instance a marker tag was seen to have
abraded the skin against which it was positioned. Even if the marker tags stay on, their
effectiveness as a capture-independent means of recognising individuals over the long
term is limited. Carrier (1985) found high levels of fouling with tags on animals over a
mean of 415 days at liberty. Tags deployed on whale sharks at Gladden Spit resighted
within the three-month snapper season were not fouled, however tags resighted after a 6
months or more were often illegible due to heavy algal fouling. Use of clear antifouling
paint on 2002 tags helped to reduce fouling where M094 and M095 were readily
recognized in 2003 (Figure 2.7).

Permanent scars that involved partial or total fin loss or alterations made to fins
(notches, etc.) readily recognized from either side of the shark were useful in the whale
sharks identification and recognition. At least 17 individuals were sighted with scars
and wounds at Gladden, and 13 of these could be confidently used for identification
purposes as Cailliet (1996) warned that recognition of individuals may be impaired if
sharks display similar scars. Many of the wounds appeared to be directly caused by boat
or propeller impact, similar to what Norman (pers. comm.) found at Ningaloo Reef.
Gashes or wounds to the body and fins that did not involve partial fin loss were not

necessarily useful indicators, as whale shark skin appears to heal leaving little visible
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Figure 2.7: Image taken in 2003 of a 2002 marker tag deployment on a whale
shark. The level of algal fouling is minimal after anti-fouling treatment prior to

deployment. Skin abrasion under tag is evident after a year’s deployment.
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scarring. Heupel et al. (1998) recorded rapid healing in wounded carcharinid sharks in
Australia. Two whale sharks named “Chop” and “Prop-chop” both suffered gashes
apparently inflicted by a propeller. Chop’s wound consisted of a gash 60 cm by 10 cm
anterior to the left keel that occurred in 2000 and healed completely by 2001, and Prop-
chop’s first dorsal left side was slashed vertically several times in 2001 but was found
healed with trace marks remaining in 2002 (Appendix 2.A). Norman (pers. comm.) also
noted rapid healing in whale shark wounds recorded in Australia’s Ningaloo Reef.
Shark tagging campaigns requesting information on recapture or resightings of
tagged sharks for research purposes can be successful, for example the National
Oceanographic and Atmospheric Administration’s National Marine Fisheries Service’
Cooperative shark tagging program which involves over 4,000 recreational anglers
(Kohler & Turner, 2001). However, information on resightings of marked whale sharks
in Belize by the public was sparse despite a broad information campaign. It is possible
that resightings were limited due to non-recognition or recording of tags and subsequent
non-reporting of tag information where tags were recognized. Tag resighting
information may have been directed to two organisations linked to whale sharks that
operated in the region. Both had web site forms where tourists could fill in sightings
data online. Such lacklustre feedback is not unusual and was also observed in the
Seychelles, even following an article in the national newspaper and a talk presented

nationally (Graham, unpublished data).

2.4.2 Growth

It was difficult to determine catch-independent rates of growth for whale sharks in the
wild. The + 0.50 m error on size estimates may have negated any meaningful growth
estimates. However, estimated growth rates over three years for three sharks observed at
Gladden ranged from 0.03 m to 0.70 m year" (Chop, Arca and LTO), and encompass
growth rates measured for whale sharks in captivity. Uchida (2000) noted that mean TL
growth year" for a 3.65 m female whale shark held in captivity was 29.5 cm (survival
time: 2056 days), for a 4.5 m male shark was 21.6 cm (1040 days) and for a 4.85 m
male totalled 25.5 cm (458 days). By comparison, Parker and Stott (1965) calculated an
increase in mean length of about 0.43 m over a period of about 6 months from mid-
summer to mid-winter in basking sharks measuring between 2.5-4.0 m. This is similar
to findings by Sims et al. (2000b) who estimated that a highly recognizable female
basking shark resighted several times over a 3.1 years period grew 2.4 m (0.77 m year’

"Y. These growth rates are rapid compared to that of a predatory shark the oceanic
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whitetip (C. longimanus). Lessa et al. (1999)and noted that a fisheries-caught oceanic
whitetip sharks grew rapidly in their first year (0.25 m year), with growth slowing to

0.09 m year” from the ages of 9 years onwards.

2.4.3 Intra- and inter-specific associations and interactions

Whale sharks showed little obvious intra-specific interactions during their time at the
fish spawning aggregation site, unlike several other species of shark including scalloped
hammerheads (Klimley & Nelson, 1981), grey reef sharks (Carcharhinus
amblyrhynchos) (McKibben & Nelson, 1986) and lemon sharks (Gruber et al., 1988).
There were no instances recorded of behaviour where sharks closely follow each other
or circle each other with head to tail as observed in Australia or in the UK with basking
sharks (Sims et al., 2000a). Movement at the site and to and from the site appeared
solitary (Chapters 3 and 4). Sharks appeared to aggregate and feed on the fish spawn
opportunistically and the aggregations did not appear to serve a reproductive purpose
based on the high percentage of juvenile sharks observed (Chapter 3).

At Gladden Spit, whale sharks were often sighted in association with several other
species of fish or marine mammals. Fish species observed moving with whale sharks
included two species of remora, Escheneidae spp., the cobia (Rachycentron canadum)
and the silky shark (C. falciformis). Whale sharks feeding away from the spawning site
were often found swimming with and feeding on the same pelagic baitfish as bonito,
blackfin tuna (Thunnus atlanticus) and occasionally skipjack tuna (Katsuwonus
pelamis). Silky sharks and blacktip sharks (Carcharhinus limbatus) were often present
in the tuna aggregations but blacktips were never seen to move with whale sharks.
There was one recorded interaction of a juvenile male whale shark and a male
loggerhead turtle (Caretta caretta). The turtle swam towards the whale shark’s snout
and both remained head to head for almost a minute underwater until the turtle turned
and swam back down to the reef and the whale shark moved towards the surface.
Although three species of dolphins were recorded at Gladden Spit including the rough
toothed (Steno bradenensis), common pan-tropical spotted (Stenella bradenensis) and
bottlenose dolphins (Zursiops truncatus), only bottlenose dolphins were observed
interacting with whale sharks on a frequent basis. Interactions included swimming in
front of the whale shark, reminiscent of riding the bow-wave of boats, nipping at the
pectoral fins, hanging upside down in front of a stationary whale shark less than a foot

away from the shark’s snout, and tapping the sharks’ pectoral fins with their own fins.
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2.4.4 Conventional tagging programs: are they worthwhile?

Are conventional shark tagging programs worthwhile? If the tagging study had not been
conducted we would not have known that whale sharks feeding at Gladden Spit had
travelled to the northern Yucatan Peninsula or even the Bay Islands of Honduras
(Chapter 4). However, tagging small yet open populations of animals to estimate overall
populations using MRR methods such as the Jolly-Seber model may be construed as
ineffective due to the large confidence intervals. This is particularly true for the
ontogenetically and sexually segregated whale sharks feeding at Gladden Spit that only
represent a sector of the population. Ultimately, all the identification and size data
generated from the study came from the researchers, and the objective of involving a
greater number of people in the study to increase resightings failed. Consequently, non-
invasive identification techniques such as photographic identification is recommended
for the study of whale shark populations over the implementation of more conventional
tagging projects.

The tagging process did not generally affect whale sharks and the majority of
tourists seeing tagged sharks did not mind the tags (Chapter 7). However, tag retention
rates appeared poor and the lack of resightings information make this an onerous and
relatively ineffective means of assessing movement, population abundance and site
fidelity. Satellite and acoustic tagging have proven highly a successful means of
assessing the patterns of movement and site fidelity of whale sharks. Although these
techniques are more expensive than marker tags, they yield unbiased sightings-
independent data and display higher rates of tag retention. The development of more
robust techniques to identify individual whale sharks and confidently estimate
population sizes could be based on the application of computer-generated pattern
matching of spot patterns. This technique is used by the International Fund for Animal
Welfare’s (IFAW) sperm whale identification program (Whitehead, 1990). Genetic
tagging is another feasible option to recognize individual whale sharks and determine
local and global population sizes. This method was usefully implemented to assess
humpback whale (Megaptera novaeangliae) populations and movements in the North

Atlantic between 1988 and 1995 (Palsboll ef al., 1999).

2.4.5 Conclusions and management implications
This study has important implications for the management and conservation of whale
sharks and other elusive migratory fish species. The whale shark population in Belize is

transient and linked to the availability of prey. Results from this study indicate that the
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whale sharks visiting Gladden Spit do not constitute a functional population due to the
bias towards juvenile males and their undefined range of movement and habitat that
would help to define a “population”. However, for management purposes it is worth
noting that the number of whale sharks visiting Gladden Spit is small, with
approximately 100 individuals counted over five years. Although this figure appears top
be an underestimate as not all individuals encountered could be identified. It is not
possible to tell at this stage if the number of individuals is increasing, decreasing or
stable due the range of movement and a range of biological and environmental factors
that can bias counts such as abundance of snappers, sea-surface temperature, availability
of other food types, etc. However, sightings per unit effort over time can provide a
proxy for counts and a guideline for management of the spawning fish and sharks. The
significant decline in sightings in 2002 should therefore be taken as a warning to
strengthen tourism management at Gladden Spit and focus on the conservation of the
spawning aggregations, as these appear to be important nutritional food sources for
juvenile males and appear to form the basis of whale shark sightings predictability.

Resightings of whale sharks based on acoustic and observation data indicate that
the managed population has a strong memory of the aggregation site. The high return
rate of individual whale sharks to the area indicates that management of this population
should observe the precautionary principle and be geared towards reducing
anthropogenic impacts so as not to establish avoidance patterns in sharks. Changes in
predictable aggregation behaviour will undermine the nascent lucrative tourism
industry, a key economic alternative to the spawning aggregation fishery and a means of
offsetting the costs of operating the marine reserve.

Although the Gladden Spit and Silk Cayes Marine Reserve provides the spatial
framework to protect juvenile male whale sharks during their predictable and highly
vulnerable spring feeding bouts, this population is transient and forms part of a larger
population whose individuals are frequently sighted near the Bay Islands of Honduras
and at the tip of the Yucatan Peninsula (Chapter 4 for large-scale movements). Feeding
areas targeted by all individuals may be distributed along high productivity ocean fronts
such as the Yucatan upwelling (Merino, 1997), where large numbers of whale sharks
are sighted yearly from July to September (M. Garcia, pers. comm. 2000). Widespread
movement of this population across multiple political boundaries requires the
implementation of regional instruments to promote the management and conservation of

this species in addition to local and national measures. Photo identification efforts
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should be continued locally and expanded in this and other regions* as a non-invasive
means of cataloguing whale shark populations and recording the large-scale movements
of individuals. Identification of feeding and breeding areas for the other elements of the
whale shark population is an important next step towards the protection of whale shark

populations in the region.
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Appendix 22A Whale shark photo identification catalogue for
Gladden Spit, Belize.
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