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ABSTRACT 

Historically, whale sharks, Rhincodon typus, have been infrequently documented from 

the Arabian Gulf and the northern Gulf of Oman.  This thesis documents the population 

and movement ecology of whale sharks within this region between 2011 and 2014.  The 

Al Shaheen Area of Qatar and the Musandam region of Oman were the main hotspots 

for whale shark occurrence.  The Al Shaheen oil field is located 90 km off the coast of 

Qatar in the Arabian Gulf.  Platform workers reported 4351 individual whale sharks 

between 2011 and 2014 based on daily cumulative sightings.  Peak numbers of whale 

sharks were observed between May and September from the west of Al Shaheen.  

Density estimates of up to 150 sharks within an area of 1 km2 were recorded.  Most 

animals observed were actively feeding on surface zooplankton, consisting primarily of 

mackerel tuna Euthynnus affinis eggs.  A total of 420 individual sharks were identified 

from their spot patterns from the entire region, with the majority (81%, n=341) 

encountered at Al Shaheen.  Population size for the Arabian Gulf and Gulf of Oman 

combined was estimated using the program SOCPROG at 2837 sharks ± 1243.91 S.E.  

(95% C.I.  1720-6295) with 120 sharks present on any given day.  A mean residency 

period of 17 days within this area and 31 days outside the study area was estimated.  A 

model representing a fully mixed population showed the best goodness of fit to 

investigate Lagged Identification Rate (LIR) of occurrence between two areas, inside 

and outside of the Arabian Gulf, suggesting a degree of interchange between the 

Arabian Gulf and Northern Gulf of Oman populations. Inter-annual re-sighting rates of 

sharks at Al Shaheen varied between 22 and 88%.  The estimated total length (TL) for 

all sharks assessed in Al Shaheen was 6.9 m (± S.D.  1.24, N=296), with males (7.25 m 

± 1.34, N=171) being larger than females (6.44 m ±1.09, N=78; t = 4.68, df = 247, P = 

0.0001).  This aggregation had a significant male bias (69% N=248), with the majority 

of males assessed as mature (63%, N=81).  This is the first whale shark aggregation site 

dominated by mature animals.  Length at which 50% of the animals were mature 

(TL50) was 7.29 m with all animals at 9 m being mature based on clasper morphology.  

Movements of individual sharks between the Qatari, Omani and UAE waters were 

confirmed by individual spot pattern recognition.  Satellite tracking of whale sharks 

within the region showed that whale sharks prefer depths in excess of 40 m and rarely 

made dives deeper than 100 m.  Temperature preferences were between 27 °C and 33 

°C.  Sharks were seen to aggregate in the summer and disperse widely throughout the 

region in the winter months outside of the tuna-spawning season.  Genetic analysis of 
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whale sharks from Al Shaheen determined that the whale sharks found in this area were 

genetically similar to the wider Western Indian Ocean populations.  Stable isotope 

analysis showed distinct differentiation in feeding for sharks from Qatar, Tanzania and 

Mozambique.  Anthropogenic threats from the region were found to include boat 

impacts, accidental and direct capture in nets and a target fishery using tail ropes. 

Species-specific protection should be considered within countries hosting regional 

whale shark hotspots and, in addition, whale sharks should be afforded protection 

within Al Shaheen. 
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1.1 Introduction 

1.1.1 The whale shark 

The whale shark Rhincodon typus (Smith, 1828) is distributed circumglobally in 

tropical and subtropical oceans (Compagno 2001). Although the species is the world’s 

largest living shark and thus the largest extant fish, significant gaps in our 

understanding of its behaviour and ecology remain (Rowat & Brooks 2012).  The whale 

shark belongs to the monotypic family Rhincodontidae (Compagno 1973) and the order 

of Orectolobiformes or carpet sharks which includes 42 species from the genera 

Stegostomidae, Ginglymostomatidae and Orectolobidae (Rowat & Brooks 2012).  

Whale sharks are the only pelagic orectoloboid and are classified within the 

Orectolobiformes due to several morphological and anatomical similarities including 

skeletal anatomy, tooth and dermal denticle morphology, fin placement and barbell 

morphology (Compagno 1973). The whale shark is the only pelagic species belonging 

to this order (Rowat & Brooks 2012). 

 

The whale shark has a large fusiform body with three longitudinal ridges on the flanks 

and is characterised by a pattern of spots over the body with a light ventral surface 

(Rowat & Brooks 2012). The patterns are thought to provide two types of camouflage 

with the spots offering disruptive colouration and the ventral surface termed counter-

shading (Wilson & Martin 2003). Whale sharks, along with the basking shark 

Cetorhinus maximus (Gunnerus, 1765) and megamouth shark Megachasma pelagios 

(Taylor, Compagno & Struhsaker, 1983), are filter feeding sharks and are known to feed 

on a variety of nektonic and planktonic organisms (Compagno 2001; Rohner et al. 

2013). Whale sharks have five sets of porous pads on each side of the pharyngeal 

cavity, which they use to filter seawater and extract prey items (Motta et al. 2010). After 

passing over the filtration pads, the seawater then passes over the gills and out through 

the five external gill slits (Rowat & Brooks 2012). 

 

Taylor (1989) took images of whale sharks at Ningaloo Reef, Australia in an attempt to 

use scars as a means of identification and, found that the patterns on the sides of the 

sharks were stable over time.  It was concluded that these patterns could, therefore, be 

used to confirm the identification of individuals. Norman (2004) found that the area 

behind the fifth-gill slit and above the pectoral fin was unique and could be used to 

identify individual whale sharks. Two sharks were identified at Ningaloo over a 12-year 
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period confirming stability for at least this time.  The method of using a whale shark’s 

individuals spot pattern to identify an individual is now widely utilised, and the 

resulting data is used to monitor demographics, movements and, estimate population 

size at locations around the world (Brooks et al. 2011). 

 

The largest reported individual was recorded as 20 m in length with a total mass of 34 

tons from a fishery in Taiwan (Chen et al. 1997).  Furthermore, while of great popular 

interest and value to marine wildlife tourism (Norman 1999; Newman et al. 2002), 

populations have been impacted by small-scale fisheries in Southeast and South Asia 

(Ramachandran & Sankar 1990; Joung et al. 1996; Chen et al. 1997; Trono 1996; 

Hanfee 2001; Alava et al. 2002), as well as by incidental capture in net fisheries.  

Historically, whale sharks have been harvested in areas such as India, Pakistan (Hanfee 

1997), Iran (Fowler 2000), the Maldives (Anderson & Ahmed 1993) and the Philippines 

(Alava et al. 1997).  Whale sharks were traditionally taken in these countries for liver 

oil used to waterproof traditional boats (Rowat & Brooks 2012; Rowat 2010). At its 

height, the Maldives took 30 sharks per year but this fishery was closed in 1995 as 

sharks became hard to locate (Rowat & Brooks 2012). During the 1990’s fishermen in 

Taiwan were landing between 250-270 whale sharks per year. Whale shark meat in 

Taiwan is known as ‘tofu-shark' and the whale sharks were landed for consumption in 

the Taiwanese restaurant trade (Chen et al. 1997). Whale shark catch declined rapidly in 

Taiwan in the early 2000s, and the demand stimulated other whale shark fisheries in 

areas such as the Philippines where up to 799 sharks were taken annually (Alava et al. 

1997). The largest fishery recorded took place in Gujarat, India during the 1990s with 

reports of up to 1000 sharks taken per year (Norman 2002). This fishery ended in 2001 

with the protection afforded to the sharks throughout India, after a significant decline in 

catch (Hanfee 2007). National species-specific conservation measures for whale sharks 

have been implemented in several countries including Australia, Belize, Djibouti, 

Honduras, India, Maldives, Mexico, Philippines, Seychelles, Taiwan, Thailand and the 

U.S.A. (Rowat 2010). 

 

The whale shark has been classified as “Vulnerable” by the International Union for 

Conservation of Nature (IUCN) (Norman 2005). In addition, the whale shark was 

included on Appendix II of the Convention of Migratory Species of Wild Animals 

(CMS) in 1999 and Appendix II of the Convention of Trade in Endangered Animals in 

2002 (CITES, 2002). CITES does require the monitoring of international trade in the 
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animal as a whole or any part of the animal (Rowat & Brooks 2012) however, neither 

CMS nor CITES provide any form of direct conservation or management.  

 

Little was known about whale shark reproduction until 1995 when a 10.6 m pregnant 

female was landed at a fishery in Taiwan (Joung et al. 1996). This shark was found to 

have 304 embryos between two uteri and at several different stages of development 

ranging from the early stage, within their egg case, to the late stage, being free of their 

egg case with a fully absorbed yolk sac. A total of 237 embryos were sexed with 123 

being female and 114 being male suggesting a normal 50:50 sex ratio at birth (Joung et 

al. 1996), 29 of the embryos chosen from each of the various stages of development 

were tested for paternity and it was found that all had the same father suggesting the 

same male sired the entire litter and that a form of sperm storage was utilised (Schmidt 

et al. 2010). The largest neonates within the shark fell within a size range of 58-64 cm 

suggesting that they are released at this size range, however a juvenile whale shark was 

reported from Indian waters of Gujarat with a length of 94 cm and an external yolk sac 

attached suggesting that this shark was not fully developed (Manojkumar 2003). A pup 

of 46 cm was found free-swimming in the Philippines (Aca & Schmidt 2011) with a 

fully absorbed yolk sac and healed vitelline scar, which is indicative of a full-term 

embryo (Duncan & Holland 2006; Hussey et al. 2010). These findings suggest that 

whale shark pups may greatly vary in size at birth (Rowat & Brooks 2012). The Taiwan 

litter was the largest recorded of any shark species, and it was concluded from the 

investigation of this single female that whale sharks are aplacental viviparous (Rowat & 

Brooks 2012). The single paternity, probable storage of sperm and normal sex ratio of 

the Taiwanese litter suggest that whale sharks rarely mate, and that breeding areas with 

large numbers of adults are unlikely (Rowat & Brooks 2012). Reports of Juvenile whale 

sharks less than 1.5m in length are rare but have been reported from around the world. 

Of the 19 juvenile sharks of less than 1.5m in length reported up to 2012, four were 

caught in fishing gear in the North Arabian Sea off India and Pakistan (Rowat & Brooks 

2012) suggesting that female whale sharks may pup in this region. 

  



Chapter 1: General Introduction 

	 5	

1.1.2 Whale sharks in the Arabian region 

Whale sharks have been known to occur in the area since the first reports in literature in 

the 1940s (Blegvad 1944), however their occurrence was always thought to be 

infrequent and until recently the area has been overlooked as a globally important area 

for the whale shark.  There were few regional records of whale sharks in the literature 

from the Arabian Gulf and Gulf of Oman before 2010, with the majority reported in the 

local press.  One of the earliest known reports of an individual encounter in this region 

was from the Strait of Hormuz in 1937 (Blegvad 1944).  No further reports existed until 

1971 when another single specimen was reported in the same location (White & 

Barwani 1971).  The earliest report within the Arabian Gulf was an encounter from Iraqi 

waters (Mahdi 1971).  Brown (1992) reported sightings from the UAE between 1987 

and 1992 totaling six individual encounters, five within the Arabian Gulf and one on the 

Gulf of Oman coast of the UAE.  Bishop & Abdul-Ghaffar (1993) reported three 

individual encounters with whale sharks in Kuwaiti waters in 1992. 

 

1.1.3 Project background and description 

This study began in June 2010 after the lack of research on whale sharks in the region 

was brought to international attention during the 2009 Arabian Seas Whale Shark 

Symposium.  The research included fieldwork for data collection and a regional ID 

database for whale sharks. One of the social aims of the research initiative was to 

involve directly the regional community by asking divers and seafaring individuals to 

report whale shark encounters as part of the Sharkwatch Arabia initiative. The 

Sharkwatch Arabia Initiative was launched in 2010 as a tool to collect information on 

whale shark occurrence and, included a website and whale shark database. Fieldwork 

began in the Al Shaheen area of Qatar in April 2011 after a four-year research 

agreement was signed with the Qatar Ministry of Environment.  In 2012, the Maersk Oil 

Research and Technology Centre (MORTC) began to support the project, and together 

all parties formed the Qatar Whale Shark Research Project (QWSRP). 

 

1.1.4 Sharkwatch Arabia 

Whale shark encounters from around the world are reported at 

http://www.whaleshark.org.  This initiative known as ‘Wild Book for Whale Sharks’ 

was launched in 2004 and through to 2010, had recorded only 49 submissions from 

around the study region, resulting in just 22 uniquely identified sharks in six years. 
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Through preliminary research into regional whale shark occurrence and communication 

with the local dive community, it was clear that encounters were occurring quite 

frequently but were not being submitted to whaleshark.org, the main reason for this was 

the lack of awareness and feedback given after submission.  The Sharkwatch Arabia 

initiative was therefore started in 2010 with the help of the Emirates Diving Association 

(EDA) as a method of remote data collection from around the region via ‘citizen 

science’. 

 

Initially, http://www.sharkwatcharabia.com was launched and also, Facebook and 

Twitter accounts were set up where encounters could be easily reported, and feedback 

on encounters could be given and shared with the community.  Promotional posters and 

leaflets were produced, and local dive centres were approached through the EDA.  The 

posters were distributed through dive centres and dive clubs to encourage individuals to 

report encounters directly.  All encounters submitted to Sharkwatch Arabia were then 

automatically uploaded onto www.whaleshark.org for a global comparison of the shark 

identity unless a request is specifically made not to do so.  Social media has allowed 

easy reporting of sightings and also made it easy to track and record encounters not 

directly reported to Sharkwatch Arabia.  As experiences with whale sharks are highly 

sought after by divers, most dive centres use their guest encounters to promote their 

companies, mainly through their social media pages that make it easy to record such 

encounters and request further information. Feedback to any person submitting the 

encounter was always provided creating a more personal and interactive experience. 

This feedback was also given via social media, mainly Facebook, where inquiries can 

be responded to in a personable and timely manner.  To date, Sharkwatch Arabia has 

over 1500 followers on Facebook where whale shark news from around the world and 

regional updates are frequently posted on its group page. 

 

1.1.5 Discovering the Al Shaheen aggregation site 

Study of the global database at www.whaleshark.org of previous regional whale shark 

encounters revealed images submitted in 2007 by an oil platform worker, named Soren 

Stig, of large aggregations of whale sharks in the Al Shaheen Oilfield.  After 

approaching Mr Soren Stig, further images, dates, times and GPS co-ordinates were 

shared.  The Qatar Ministry of Environment were then approached with the information 

and, soon afterwards, a four-year research project was agreed to investigate the whale 
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shark aggregations, with funding for flights from Dubai, five Wildlife Computers 

MK10 satellite tags per year and full logistical support whilst in Qatar.   

 

Fieldwork began in April 2011; survey work was based on the dates and locations of the 

aggregations seen in the images.  Eleven trips were made to Qatar, but surveys were 

only made on seven occasions due to high winds.  On the first trip on April 23rd, 2011, 

an individual 8 m female was encountered, and satellite tagged, this was the first wild 

whale shark to be tagged in the region.  Three more trips were made in late April, and 

early May but no further sharks were encountered.  On May 14th, a small group of 

around 20 whale sharks were encountered.  Four further satellite tags were deployed, 

and tissue sampling was attempted although no successful extraction was made due to 

the design of the biopsy darts.  Further surveys continued towards the west of Al 

Shaheen as this is where all of the aggregation images originated, and all of the sharks 

had been encountered.  Four further trips were made in May and June, but there were no 

further encounters.  Plankton samples were taken on all field trips at two locations 

within the oilfield and one outside, as it was not known at the time what the whale 

sharks were feeding on. 

 

On July 9th, 2011 the oilfield was approached from an easterly direction, something that 

had not been attempted before, and a group of approximately 100 whale sharks was 

encountered close to the platform known as platform H or location H; this would turn 

out to be the location of the majority of aggregations throughout the study.   
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1.2 Description of study area and habitat 

The study area was originally defined from initial sightings data and focused on the East 

coast of the UAE and Musandam region of Oman. The study area was expanded to 

include the area north of Muscat, Oman, as regular whale shark encounters were 

reported from the Daymaniyat Islands. In 2011, the aggregation site for whale sharks 

was discovered in Al Shaheen, Qatar as part of this study and, realising the importance 

of the area for whale sharks, Al Shaheen became the main focus site of the study. 

 

1.2.1 Arabian Gulf 

The Arabian Gulf is located in a subtropical, hyper-arid region.  It is shallow, and 

bordered by several wealthy states: Iran, Iraq, Kuwait, Saudi Arabia, Bahrain, Qatar, the 

United Arab Emirates (UAE) and Oman. The region is undergoing rapid economic 

growth involving substantial construction along shores and offshore regions, 

underpinned by its massive oil and gas industry, and by wealth derived from financial 

centres (Sheppard et al. 2010).  The Gulf has a maximum depth of little more than 90 m, 

and is less than half that depth over most of its area.  Its photic zone mostly extends to 

only 6–15 m (Sheppard et al. 2010).  High temperatures in summer and dry winds in 

winter create 1–2 m equivalent of evaporation per year which, when added to the 

general lack of precipitation means that salinity of >39 ppt occurs in most Gulf waters 

(Figure 1) (Sheppard et al. 2010).  The Arabian Gulf covers an area of 230,000 km2 and 

lies in the subtropical northwest of the Indian Ocean between latitudes of 24° N and 30° 

N and longitudes of 48° E and 57°E (Jabado & Cecile 2012).  The Gulf is characterised 

by extreme environmental variables and has low water exchange with the Gulf of Oman 

through the Strait of Hormuz and Musandam area of Oman to the northeast.  The only 

freshwater input to the Gulf enters from the North of the Arabian Gulf via the Shatt al 

Arab fed by the Euphrates and Tigris rivers (Jabado & Cecile 2012).  Air temperatures 

in the region can reach 0 °C in the winter and in excess of 50 °C in the summer, 

strongly influenced by the prevailing winds. The Arabian Gulf is a relatively young sea 

being only 3.5 million years old. Water levels have changed throughout its history and 

the current sea level was reached around 6000 years ago. The Arabian Gulf is a 

sedimentary basin dominated by a soft benthic substrate and the surface currents are 

largely wind driven deflected by the Coriolis effect (Jabado & Cecile 2012).  
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Figure 1. Major current flows in the Gulf (from Sheppard et al. 1992) Mechanisms 
causing the density gradient in the Gulf and the flow through the Straits of Hormuz. 
Light arrows are incoming surface water from the Gulf of Oman. Dark arrows are a 
denser, deeper water flow. Light shading in Gulf shows ‘‘wedge” of water of increasing 
density. 
 

1.2.2 Al Shaheen 

The Al Shaheen gas field lies in the Arabian Gulf approximately 145 km north of Doha, 

the Qatari capital (Figure 1).  Project surveys were undertaken in an area covering 

approximately 300 km2 of the gas field, bounded by eight fixed gas platforms named A 

through to H and located in depths from 50 to 70 m.  Al Shaheen is the largest offshore 

oil field in Qatar with a daily production of around 300,000 barrels.  Production is 

handled from nine platform locations while the oil is stored and offloaded from two of 

the largest floating storage and offloading units (FSOs) in the world.  The first 

platforms where commissioned in 1994 and the latest was added in 2007.  Water 

temperatures in Al Shaheen are layered in the summer months, with several distinct 

thermoclines and varied during the whale shark season from 18 degrees at depth to 36 

°C at the surface (S. Bach, pers. comm.). 
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Figure 2.  The locations of all the study sites and other points of interest for whale 
sharks in the region, with the Arabian Peninsula (inset). 
 

1.2.3 The Gulf of Oman 

The Gulf of Oman is part of the northern Arabian Sea with the Strait of Hormuz linking 

the Arabian Sea to the Arabian Gulf.  It is bordered by Oman, UAE, Iran and Pakistan.  

The northern Arabian Sea is one of the most biologically productive ocean regions in 

the world due to the seasonal upwelling (Madhupratap et al. 1996; Tang et al. 2002).  

The Gulf of Oman has a maximum depth of 2500 m, lower water salinity and is not 

subject to the extreme fluctuations in water temperature and high levels of salinity of 

the Arabian Gulf. 

 

1.2.4 Musandam 

The Musandam governorate of northern Oman is dominated by the mountainous 

limestone terrain of the Hajar Mountains and is separated from the rest of the country by 

the United Arab Emirates to the south.  The peninsula has an area of 1800 km2 and a 

population of 31,425 people.  The East of the Musandam is met by the Gulf of Oman 

and is part of the Indian Ocean.  The west of the Musandam is on the Arabian Gulf 

coast and to the north is the Strait of Hormuz, one of the busiest shipping channels in 

the world (Sheppard & Salm 1988).  Iran is located directly north at a distance of 

approximately 40 km from the town of Khasab.  The coastline is made up of steep cliffs 
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plummeting into the sea and forming intricate inlets.  The Musandam is a popular 

tourist destination due to its scenery and remoteness.  Diving is a popular sport in the 

Musandam and day trips are made from Dibba in the south as well as weekend and 

weeklong trips on the purpose built tourist dhows (C. Chellerpermal pers. comm.).  On 

the East coast of the Musandam are Lima Rock and the close-by small fishing town of 

Lima.  The underwater coastal environment is dominated by hard corals in the shallow 

water with a mixture of soft and hard corals down to 30 m (Sheppard & Salm 1988).  

There are many rocky outlets with strong currents that attract large pelagic animals such 

as sunfish, tuna, rays and whale sharks.  The waters of the Musandam are highly 

productive indicated by a green coloration due to large concentrations of phytoplankton.  

Within the waters of the Musandam, tuna spawning is known to occur during the 

summer months.  Fishing is dominated by local artisanal fisheries and no commercial 

fishing is known to take place (R. Jabado pers. comm.). 

 

1.2.5 Fujairah 

Fujairah is one of the seven Emirates that make up the UAE. The Hajar Mountains run 

through the emirate, which is bordered by the Musandam to the north and mainland 

Oman to the south (Beech 2005).  Fujairah is a popular destination with divers living in 

the UAE as it is located only 2 hours drive away from Dubai and Abu Dhabi, and there 

are no border crossings involved.  The coastal marine environment runs along the Gulf 

of Oman and has less environmental fluctuation than the Arabian Gulf. The underwater 

life consists of fringing coral reefs with hard and soft coral.  Fujairah has a few small 

islands off the coast where most of the diving takes place.  Fujairah has a large port, and 

there are many large vessels constantly moving in and out of the area.  Artisanal 

fisheries are active, and there is a fishing port where most of the catch is landed (R. 

Jabado pers. comm.). 

 

1.2.6 Daymaniyat Islands 

The Daymaniyat Island chain is located about 18 km offshore of mainland Oman to the 

north of the capital city of Muscat.  It consists of nine uninhabited islands covering an 

area of 110 km2 and a length of 22 km and is an increasingly popular diving and tourist 

destination (Sheppard & Salm 1988).  The underwater life is very diverse with prolific 

areas of both hard and soft corals, especially in areas >10 m depth (Sheppard & Salm 

1988), attracting a variety of marine life, including whale sharks.  Although the island 
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chain is a designated marine reserve, fishermen take advantage of the large schools of 

fish that aggregate around the islands.  Lost and discarded fishing nets, traps and line 

are frequently seen on dives resulting in mortality of a variety of marine organisms 

including sea turtles (S. Caprodossi pers. comm.).   

 

1.3 Arrangement of chapters, aims, objectives and hypotheses 

The overall goal of this study was to investigate ecological and biological aspects of 

whale sharks within the Arabian Gulf and the Gulf of Oman. The work examines the 

population ecology of whale sharks from Al Shaheen (Chapter 2), satellite tagging and 

movements of whale sharks tagged at Al Shaheen (Chapter 3), population genetics and 

stable isotope analysis of whale sharks from Al Shaheen (Chapter 4) and then expands 

to the surrounding region by examining the occurrence, connectivity, population size, 

threats and associated fauna of whale sharks within the Arabian Gulf and Gulf of Oman 

(Chapter 5). The final chapter (Chapter 6) focuses on the conclusions, recommendations 

and conservation implications of the study. 

 

The aims and objectives of this thesis have evolved over the length of the project. The 

fundamental regional goals and objectives have not varied since the conception of the 

research project in 2010. The discovery of the whale shark aggregation site in Al 

Shaheen was made after this study began. Thus, the formation of study aims and 

objectives were formed as discoveries about the whale sharks were made. 

 

It is expected that the work presented in this thesis will add to and complement the work 

being carried out by other whale shark research projects around the world and add to the 

knowledge of the species as a whole.  This study is the first dedicated whale shark 

research initiative to be undertaken in the region and will create baseline data for future 

studies to be compared.  It is hoped that from the information collected in this research 

that further protection will be afforded for whale sharks that occur in regional waters 

and anthropogenic threats to the whale shark will be reduced. 

 

Data collected through fieldwork and in-water data collection in the Al Shaheen Oil 

Field, Qatar is presented in Chapter 2. The fieldwork was undertaken to understand why 

whale sharks aggregate in large numbers in this area.  The aim of Chapter 2 was to 

investigate biological and ecological aspects and, collect baseline data on the abundance 
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and population demography of whale sharks from Al Shaheen. In-water data on the 

sharks encountered were collected to determine their population demography and 

identify the status of their population.  Zooplankton data were also collected to examine 

the theory that whale sharks primarily aggregate here to feed on fish spawn.  Data from 

this chapter are compared to previously published data from other whale shark 

aggregations around the world.  

 

Aims: 

• To investigate biological and ecological aspects of the whale shark aggregation 

found at Al Shaheen 

• Collect baseline data on the abundance and population demography of whale 

sharks from Al Shaheen. 

Objectives: 

• Establish a regional whale shark identification database. 

• Collect in-water biological information about whale sharks in Al Shaheen 

• Collect and process images and information collected in the field to help build a 

regional identification database. 

Investigated Hypotheses: 

• There is a significant difference in the percentage of male and female sharks that 

are found in Al Shaheen. 

• There is a significant difference in size between male and female sharks found in 

Al Shaheen. 

• Whale sharks aggregate in the Al Shaheen area to feed primarily on fish spawn. 

• There is a significant difference in the overall size of whale sharks in Al 

Shaheen compared to other aggregation sites throughout the world. 

• There is a significant difference in the ratio of male to female whale sharks 

throughout the season. 

 

Chapter 3 is an analysis of the satellite tracking data collected from the tags deployed in 

the Al Shaheen oilfield.  The aim of Chapter 3 was to investigate the regional 

movements and spatial behaviour of whale sharks found in Al Shaheen through a 

satellite tagging initiative. Tag models deployed, their capabilities and limitations will 

be described along with the methodologies used for each tag type.  Analyses of tagging 
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data are performed and the results discussed with a view to investigating whale shark 

behaviour and movements. 

 

Aim 

• To investigate the regional movements and spatial behaviour of whale sharks 

found in Al Shaheen. 

Objective 

• Examine whale shark movements throughout the region and beyond with the use 

of satellite telemetry. 

Hypotheses: 

• The Arabian Gulf supports a resident population of whale sharks. 

• There is a significant difference in habitat preference between male and female 

whale sharks. 

• There is a significant difference in habitat preference between immature and 

mature whale sharks. 

 

Chapter 4 focuses on the results of genetic analysis and stable isotope analysis carried 

out throughout the study.  The aim of Chapter 4 was to investigate the genetic diversity, 

identify the number of haplotypes found and, examine the results of stable isotope 

analysis carried out on whale shark tissue samples collected from Al Shaheen. The 

methodology of tissue sampling and analysis of resulting data are described.  The 

different kinds of analyses used are discussed and, the results are compared to other 

regions and within the Al Shaheen whale shark population. 

 

Aims: 

• To investigate genetic diversity for whale sharks found in Al Shaheen. 

• To identify the number of haplotypes found from samples collected in Al 

Shaheen. 

Objectives: 

• To use the results of microsatellite analysis to investigate genetic diversity of the 

Al Shaheen whale shark population. 

• To use the results of mitochondrial genetic analysis to identify haplotypes found 

within the Al Shaheen population. 
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Hypotheses: 

• There is significant level of genetic diversity within the Qatari whale shark 

population. 

• There is a significant level of genetic differentiation between male and female 

sharks that occur in Qatari waters. 

• There is a significant level of genetic differentiation between mature and 

immature sharks that occur in Qatari waters. 

• The Arabian Gulf supports a resident population of whale sharks. 

 

Chapter 5 includes the results of the Sharkwatch Arabia initiative and related fieldwork 

in Al Shaheen. The aims of Chapter 5 are to gain a comprehensive understanding of the 

occurrence, distribution, threats and movements of whale sharks within the region. 

Whale shark occurrence throughout the area was assessed with encounters collected 

through fieldwork and citizen science and was then used to identify regional whale 

shark hotspots.  Identification of individual sharks through spot pattern analysis were 

used to investigate movements and regional connectivity and to estimate the population 

size of Al Shaheen and the region as a whole. Social media platforms as a research tool 

are discussed.  Analyses of photographic images are made to identify fauna associated 

with the whale sharks from regional hot spots, and injuries and scars are investigated to 

determine current threats. 

 

Aim: 

• Gain a comprehensive understanding of the occurrence, distribution, threats and 

movements of whale sharks within the region 

Objectives: 

• Establish a regional whale shark identification database. 

• Collect and process images and information sent to Sharkwatch Arabia from the 

local diving community to help build a regional identification database. 

• Utilise community based data collection to build up a picture over time of the 

seasonal abundance, occurrence and movements of whale sharks. 

• Investigate anthropogenic impacts such as fisheries, strandings, impact trauma 

and occurrence in ports and marinas throughout the region with a view to 

explaining why such events occur. 
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Investigated Hypotheses: 

• The Musandam has the highest occurrence of whale sharks in the study area 

outside of Al Shaheen.  

• Whale sharks occur in Northern Omani waters in higher numbers between April 

and October. 

• Populations of whale sharks within the Arabian Gulf and Gulf of Oman are 

mixing freely. 

 

The final chapter of the document (Chapter 6) consists of the main conclusions, impacts 

and conservation recommendations to be applied to future research and conservation 

strategies. 

 

It is planned that each chapter will be submitted for journal publication as separate 

papers.  The first publication relating to this project / thesis was published in the journal 

Plos One in March 2013 and was titled ‘Whale Sharks, Rhincodon typus, Aggregate 

around Offshore Platforms in Qatari Waters of the Arabian Gulf to Feed on Fish 

Spawn’ (Robinson et al. 2013).  This paper was written to introduce the whale shark 

aggregation site in Al Shaheen to the scientific community and focused on the 

preliminary research conducted in 2011.  Therefore, this paper relates to each and every 

chapter but forms a basis for chapter two and chapter five that include details of whale 

shark occurrence. 

 

This project has been a collaborative effort between Heriot-Watt University (UK), The 

Qatar Ministry of Environment, Maersk Oil Research and Technology Centre (Qatar), 

the Sharkwatch Arabia Initiative (UAE) with contributions by the University of Chicago 

(US), University of Southampton (UK) and the University of Copenhagen (Denmark).  

The main goals of the project were to identify key aspects of regional whale shark 

ecology and movements, establish a baseline study for the area and identify direct 

threats. 
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2.1 Introduction 

Although the whale shark is the world’s largest extant fish, there are still significant 

gaps in our understanding of its behaviour and ecology (Rowat & Brooks 2012).  

Furthermore, while of great popular interest and value to marine wildlife tourism 

(Norman 1999; Newman et al. 2002; Cagua et al. 2014), populations have been highly 

impacted by fisheries throughout their range (Ramachandran & Sankar 1990; Joung et 

al. 1996; Trono 1996; Chen et al. 1997; Hanfee 2001; Alava et al. 2002).  In response to 

these threats and to the vulnerability of whale sharks, this species was listed on 

Appendix II of the Convention on International Trade of Endangered Species (CITES) 

in 2002. 

 

Whale sharks feed on a variety of planktonic and nektonic organisms (Compagno 2001; 

Rohner et al. 2013) by flexibly employing surface ram feeding, sub-surface filter 

feeding or stationary suction feeding (Nelson & Eckert 2007; Motta et al. 2010).  

Rohner et al. (2015) investigated the diet of whale sharks in Mozambique and South 

Africa utilising both stomach content and fatty acid analysis, and found that mysid and 

sergestid shrimp were consumed and that fatty acid analysis suggested a link to 

demersal zooplankton and detritus.  The results of the fatty acid analysis suggest that 

whale sharks utilise coastal, oceanic and deep-water environments for feeding.  Whale 

sharks have been recorded feeding on fish spawn (Heyman et al. 2001; Duffy 2002), 

including tuna spawn, at several locations around the world.  They are reported as 

feeding on the eggs of the little tunny, Euthynnus alletteratus (Rafinesque, 1810) off the 

Yucatan Peninsula in Mexico (de la Parra Venegas et al. 2011; Compagno 1984; 

Sequeira et al. 2011), blackfin tuna, Thunnus atlanticus (Lesson, 1831) and skipjack 

tuna Katsuwonus pelamis (Linnaeus, 1758) in the U.S.  Gulf of Mexico (Hoffmayer et 

al. 2007) and mackerel tuna, Euthynnus affinis (Cantor, 1849) in Qatari waters of the 

Arabian Gulf (Robinson et al. 2013).   

 

Whale sharks aggregate seasonally in a number of areas, including Western Australia 

(Colman 1997), Belize (Heyman et al. 2001), northern Mexico (Eckert & Stewart 

2001), Philippines (Alava et al. 1997), Djibouti (Rowat et al. 2006), Mozambique 

(Pierce et al. 2010), the Maldives (Anderson & Ahmed 1993; Riley et al. 2010) and 

Seychelles (Rowat 1997; Rowat & Gore 2007), usually in response to a regular or 

seasonally driven planktonic food source (Meekan et al. 2009; de la Parra Venegas et al. 

2011; Rohner et al. 2015).  The largest whale shark aggregation described is known as 
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the ‘Afuera’ and is located offshore of Isla Contoy in Northeast Mexico.  Aerial surveys 

were conducted and 420 individual whale sharks were counted in an area of 18km2 (de 

la Parra Venegas et al. 2011).  These aggregations all occur close to coasts or reefs and 

are usually dominated by juvenile and sub-adult males (Meekan et al. 2006; Graham & 

Roberts 2007; Riley et al. 2010; Brooks et al. 2011; Rowat et al. 2011a; Rohner et al. 

2014).   

 

In most locations, research is based on the mark-recapture of photo-identified sharks.  

Individuals can be distinguished by their distinctive, persistent natural spot patterns 

(Arzoumanian et al. 2005; Marshall & Pierce 2012), and many have returned in 

subsequent years to the same location (Speed et al. 2007; Riley et al. 2010; Brooks et al. 

2011; Rowat et al. 2011a).  Satellite-linked pop-up archival tags and other satellite tags 

have shown that sharks are capable of significant long-distance movements, often 

through a series of political jurisdictions (Eckert & Stewart 2001; Eckert et al. 2002; 

Wilson et al. 2005; Wilson et al. 2007; Graham et al. 2006; Gifford et al. 2007; Hsu et 

al. 2007; Rowat & Gore 2007; Brunnschweiler et al. 2009; Berumen et al. 2014).  

Despite their apparent ability to swim far, almost all photo-identified whale sharks have 

only been re-sighted at the same location as they were initially reported (Brooks et al. 

2011).  Regional satellite tagging and movements of whale sharks will be described in 

Chapter 3 of this thesis. 

 

Off Ningaloo, Western Australia, whale sharks that frequent the area are mainly 

immature males (82%) with a total length (LT) of between 6 m and 8 m (Meekan et al. 

2006).  Belize (Heyman et al. 2001), Northern Mexico (Eckert & Stewart 2001), the 

Maldives (Riley et al. 2010), Mozambique (Rohner et al. 2011), Tanzania (Rohner et al. 

2015), Philippines (Alava et al., 1997), and Seychelles (Brooks et al. 2011) all have a 

similar demography dominated by immature males.  Whale sharks at aggregation sites 

in Djibouti and the Red Sea have a smaller average size of 3.7 m (laser 

photogrammetry) and 4.0 m (visual estimate) respectively (Rowat et al. 2006; Berumen 

et al. 2014) and the Red Sea aggregation is described as having a 50: 50 ratio of juvenile 

male and females (Berumen et al. 2014).  Acuña-Marrero et al. (2014) reports the only 

known female dominated aggregation site around the Galapagos Islands with an average 

length of 11.35 m and the majority of encountered female sharks reported to be in some 

stage of pregnancy.   
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Maturity has mainly been studied in male whale sharks where a visual assessment of 

their claspers can identify mature individuals (Norman & Stevens 2007; Rohner et al. 

2015).  Size at maturity for males varies from ~7 m in the Caribbean and, ~8 m in 

Western Australia (Ramírez-Macías et al. 2012; Norman & Stevens 2007; size 

determined visually) and 9.16 m in Mozambique (Rohner et al. 2011; sizes determined 

by laser photogrammetry).  Maturity in free-swimming female whale sharks cannot be 

assessed unless a pregnancy is visibly indicated by a significantly swollen abdomen.  

The few places in the world where mature females have been observed are all in the 

Pacific and include the east coast of Mexico (Hueter et al. 2013), In Southern Baja 

California, Mexico (Eckert & Stewart 2001), Taiwan (Hsu et al. 2012) and around the 

Galapagos (Hearn et al. 2013; Acuña-Marrero et al. 2014).  Based on those limited data, 

size at maturity for females is likely to be ~9 m. 

 

From 2004 to 2010, seven encounters of whale sharks in Qatari waters were reported to 

the global whale shark database ‘Ecocean’ (www.whaleshark.org) from individuals and 

oil platform workers in the region between 2004 and 2010.  Included in these seven 

reports are platform worker Soren Stig’s August 2007 report of a large whale shark 

aggregation in Al Shaheen and a second report in May 2010 of an encounter with 

approximately 30 whale sharks off the coast of Qatar. 

 

Given that coastal aggregation sites are characterised by size and sexual segregation, 

increased study of offshore sites is a key requirement to further conservation and 

management of the species (Rowat & Brooks 2012).  Currently, little is known about 

the offshore occurrence of whale sharks, although Sequeira et al. (2011) used data from 

oceanic purse-seine fleets to document their pelagic occurrence within the Indian 

Ocean.  The population structure, size distribution and sexual segregation of whale 

sharks at offshore locations remains to be investigated.  Within this chapter, aspects of 

whale shark ecology at Al Shaheen, which is in excess of 80 km from the nearest coast 

are investigated.  Although the site lies in a shallow sea (max.  90 m deep) this is one of 

the few areas where whale sharks are encountered away from the coast. 
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Aims: 

• To investigate biological and ecological aspects of the whale shark aggregation 

found at Al Shaheen 

• Collect baseline data on the abundance and population demography of whale 

sharks from Al Shaheen. 

 

Objectives: 

• Establish a regional whale shark identification database. 

• Collect in-water biological information about whale sharks in Al Shaheen 

• Collect and process images and information collected in the field to help build a 

regional identification database. 

 

Investigated Hypotheses: 

• There is a significant difference in the percentage of male and female sharks that 

are found in Al Shaheen. 

• There is a significant difference in size between male and female sharks found in 

Al Shaheen. 

• Whale sharks aggregate in the Al Shaheen area to feed primarily on fish spawn. 

• There is a significant difference in the overall size of whale sharks in Al 

Shaheen compared to other aggregation sites throughout the world. 

• There is a significant difference in the ratio of male to female whale sharks 

throughout the season. 
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2.2 Methods 

2.2.1 Study area 

2.2.1.1 Al Shaheen 

Project surveys and fieldwork were carried out within the Al Shaheen gas field area, 

bounded by eight fixed gas platforms named A through to H, and four fixed single point 

moorings named SPM 1 through to SPM 4 (Figure 2). 

 

 
Figure 3.  Locations of the eight gas platforms and mooring points within Al Shaheen. 
 

2.2.1.2 Platform based observations 

Platform stationed staff working for Maersk Oil provided reports of opportunistic 

observations of whale sharks.  These sightings, often supported by video and 

photographs, were logged on an annual basis for four years from 2011 to 2014.  The 

platforms are elevated, with 360° views of the surrounding waters.  All workers were 

briefed to report sightings and to record the time of the sighting along with the 

estimated number of individual sharks to their designated sightings collator.  Only 

sharks reported during daylight hours were used in the final figures.  One person 

stationed on each of the eight platforms was asked to collate the sightings on a daily 
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basis from their platform workers and log every time a shark or group of sharks was 

observed.  Only the maximum number of sharks observed per day in one group from 

one platform was used in the analysis to eliminate repeat observations. 

 

2.2.1.3 Boat based observations 

At-sea surveys took place during May to September from 2011 to 2014.  In total, 41 

survey days were carried out, seven in 2011, 16 in 2012 and nine in both 2013 and 

2014.  For safety reasons, no surveys could be conducted when the wind speed 

exceeded 12 knots.  Time in the field ranged from 4 to 6 hours and each survey had a 

specific focus such as satellite tagging, tissue collection, maturity assessment or 

collection of IDs and other demography information. 

 

The surveys were carried out from a 10 m vessel, powered by twin 250hp engines, 

which took an average of two hours to reach the study area, with the start time ranging 

from 5 to 9 am.  During each survey, a set route was followed among the eight fixed gas 

platforms.  Whale sharks were detected from sightings of the first dorsal and or caudal 

fin breaking the surface of the water.   

 

Upon sighting either an individual or aggregation of sharks, a GPS location and time 

were recorded and a team of between four and six researchers entered the water, using 

snorkelling gear and equipped with digital cameras.  Researchers took photographs of 

the flank area on each shark behind the fifth gill slit and above the pectoral fin on the 

left side of the shark for the purposes of individual identification (Arzoumanian et al. 

2005).  From 980 encounters that included photographs suitable for use, 341 unique 

individuals were identified from 485 left side images.  Photographs were also taken of 

any notable scars.  Where possible, the size of each animal was estimated to the nearest 

metre, usually by comparison with the boat or another snorkeler, and the sex of each 

animal was determined by the presence (males) or absence (females) of claspers; in 

total, 249 unique individual sharks had both sex and size recorded.  The maturity status 

of 81 male whale sharks was recorded based on the visual inspection of the length and 

thickness of claspers using the criteria described in Rohner et al., 2014.  After 

completion of in-water observations, whale sharks numbers in the vicinity were 

estimated based on observations both in water and from the boat.  Subsequently, images 

collected in the field were catalogued and then processed using I3S software (Van 
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Tienhoven et al. 2007). The spot pattern for each shark was visually compared to the top 

20 program matches in an attempt to identify the animal. 

 

The length at which 50% of males reach maturity (TL50) was calculated using a 

generalised linear model (GLM), with a binary logit function. 

 

The website www.whaleshark.org was used to provide archived reports of whale shark 

occurrence in the region that occurred prior to the start of this study. 

 

2.2.1.6 Size estimates using laser photogrammetry 

For laser photogrammetry measurements, green lasers (Sea Turtle Scuba Inc) were 

placed 50 cm apart in a custom made steel frame and aligned in parallel.  A camera with 

an underwater housing was placed between the two lasers in the middle of the frame.  

Lasers were calibrated each day before use by measuring the distance between the 

projection of the lasers against a marker at varying distances up to 10 m.  Images were 

taken perpendicular to the sharks and only clear images which displayed the animal in a 

stretched position were used.  Methods employed by (Rohner et al. 2011; Rohner et al. 

2015) were used to estimate total length from a measured body proportion.  To test the 

accuracy of researchers length estimates, laser photogrammetry estimates were 

compared to the researchers’ visual estimates.  Laser sizing was performed throughout 

the 2012 season and 13 sharks had a suitable image for analysis as well as an 

independent researcher’s size estimate. 

 

2.2.1.4 Plankton sampling and analysis 

Before the first large groups of whale sharks were encountered in May and July 2011, 

nothing was known about why whale sharks aggregated in Al Shaheen and what they 

were feeding on.  Plankton collection strategies were devised to compare plankton 

samples within Al Shaheen and outside of Al Shaheen.  Two fixed sampling stations 

were chosen where whale sharks had previously been reported; Station 1 and Station 2 

were located inside Al Shaheen at the 500 m southern boundary of platform C and 

platform A respectively.  Station 3 was a ‘comparison station’ located 20 km directly 

south of platform G and outside of Al Shaheen.  Once the source of food was 

determined as tuna spawn, continued fixed station sampling was considered 

unnecessary and the focus was made on ‘during feeding’ and ‘post feeding’ samples at 
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the same location.  One plankton tow was performed at each station using a 200 µm 

mesh net with a 50 cm mouth diameter and attached flow meter. The net was towed for 

three minutes at a speed of 1 to 2 knots.  Plankton specimens were immediately 

preserved in 4% buffered formalin.  In addition, throughout the rest of the study period, 

surface plankton tows were conducted whenever a group of sharks was encountered 

feeding.  These “during feeding” plankton samples were taken at the most central 

location of the feeding group, and, where possible, the net was towed in the same 

direction as the feeding sharks were swimming.  Whenever possible, a ‘post-feeding’ 

plankton sample was subsequently taken at the same GPS location after the sharks had 

moved away to determine what zooplankton was still present in the area. 

 

The Qatar Ministry of Environment biotechnology laboratory performed the barcoding 

and plankton analysis in this study.  Three replicate sub-samples of 2 ml were 

transferred into petri dishes and the zooplanktonic organisms present identified and 

enumerated to species level under a compound microscope at 100x magnification using 

standard keys (Rose 1933; Newell & Newell 1979; Yamaji 1986; Todd & Laverack 

1991).  The mean of the three counts was used to estimate the numerical abundance of 

each zooplankton species.  The volume of water filtered was calculated from the flow 

meter reading, and the approximate abundance and density of each species determined 

per cubic meter.  The bio-volume of the zooplankton sample was determined using an 

adapted settlement method (Struthers & Rissik 2009); the volume of the original sample 

was increased to 1 litre and the plankton allowed to settle for 24 hours before the 

settlement value (ml/l) was recorded.  A Mann-Whitney U test was used to compare 

samples taken within the study area and outside the study in terms of zooplankton bio-

volume (ml/l) and organisms per m3.  Twenty eggs taken from the May 14th plankton 

sample were photographed under 10x magnification using a Nikon Eclipse TS100 

microscope to determine stage of development. 

 

2.2.1.5 Genetic identification of fish eggs 

Throughout the study period, the “during feeding” plankton sampling methodology was 

modified when high concentrations of fish eggs were found in the sample.  This 

modified method involved immediate completion of a second plankton tow for one 

minute, with this second sample being preserved in ethanol for COI (Cytochrome 

oxidase subunit 1) DNA barcoding to determine the species present. 
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Approximately 25 mg of samples collected were sub-sampled and DNA was extracted 

from each sub-sample (Qiagen kit: www.qiagen.com).  The 650bp barcode region of 

COI was then amplified by Polymerase Chain Reaction (PCR) using a reaction mix (20 

µ׀) containing Ampli Taq Gold 360 master Mix (Applied Biosystems; 

www.appliedbiosystems.com), 2 µL DNA template (concentration of 20 ng/µl) and 1 µ׀ 

of each of two primers: BLCO11490 F (5'-GGT CAA CAA ATC ATA AAG ATA TTG 

G-3') and BHCO2198R (5'-TAA ACT TCA GGG TGA CCA AAA AAT CA-3').  The 

cycling parameters were 35 cycles of 95 oC/1 min, 40 oC/1 min and 72 oC/1 min 30sec, 

with a final extension step at 72 oC for 7 min, followed by cooling to 4 °C (Folmer et 

al., 1994).  PCR products were then visualized on 1.5% agarose gels. 

 

Five µ׀ of these PCR products were then purified using ExoSAp-iT Enzyme (USB; 

www.usbweb.com) according to the manufacturer’s procedure, following which they 

were labelled using a BigDye® Terminator v.3.1 Cycle Sequencing Kit (Applied 

Biosystem).  The Big Dye PCR Products were then purified using a standard ethanol 

precipitation method (following Applied Biosystem standard protocol).  The purified 

product from all samples was then sequenced bi-directionally using an ABI 3130 DNA 

sequencer (Applied Biosystem) and sequence trace files assembled using Sequencing 

Analysis v.5.1.  The resulting sequences were then matched against individual 

specimens in the NCBI search engine (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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2.3 Results 

2.3.1 Platform based observations 

Maersk platform workers frequently reported large numbers of whale sharks around the 

platforms between May and September (Figure 3).  No sharks were reported between 

October and March, even though the number of platform workers remained the same.  

The maximum estimated number observed over a single month was 456, recorded 

during June 2013.  The maximum number of sharks observed by platform workers at 

any one time was estimated to be 100 animals. 

 

 
Figure 4.  Daily numbers of whale sharks reported by Maersk platform workers from 
the Al Shaheen field between 2011 and 2014 
 

The majority of whale sharks reported by platform workers and observed during 

fieldwork were encountered in the west of the Al Shaheen field.  A total of 4351 whale 

sharks were reported by platform workers between 2011 and 2014; 3477 (79.91%) 

sharks were reported from H platform, 566 (13%) from C platform and 183 (4.2%) 

sharks were reported between H and B platform (Figure 4). 
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Figure 5.  The combined numbers of whale sharks reported from both fieldwork and by 
platform workers from platforms B through to I from the Al Shaheen field between 
2011 and 2014 
 

Whale shark sightings made by the platform workers or boat-based surveys in 2011 did 

not appear to be related to moon phase (Figure 5), with sharks observed on an almost 

daily basis throughout the tuna-spawning season of May to September. 
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Figure 6.  Estimated numbers of whale sharks reported during boat based observations 
and by platform workers against moon phase between April and August 2011. 
 

On the first boat based research trip, two individual whale sharks were encountered on 

23rd April 2011, both of which were swimming slowly at the surface with no apparent 

feeding behaviour.  On subsequent dates when sharks were observed, they were present 

in large groups, moving at speed with their mouths wide open, skimming the surface 

layer, actively ram feeding. 

 

During the 2011 season, surface water temperatures varied between 24.5 °C in May and 

29.6 °C in July, and salinity varied between 39.1 ppt in May and 41.03 ppt in October.  

On 9th July 2011 the first large whale shark aggregation was encountered, consisting of 

an estimated 100 whale sharks.  Surface water temperatures were 27.3 °C with a salinity 

of 39.1 ppt (Table 1).  One hundred and four spot patterns were captured, 53 of the left 

side of the shark and 51 of right side.  Twenty-one male and four female sharks were 

sexed.  Size was estimated for nine individuals and ranged between four and eight 

metres in length.  High concentrations of fish eggs were present in the water column.  

These sharks were observed feeding at a plankton bio-volume density of 95 ml/l.  The 

number of organisms (per m3) from fixed sampling within the study area varied 

throughout the sampling period between 766 and 56, 414 (n=18; mean 18844.48 ± 

13248.37).  The “during feeding” samples taken on this date contained 19,484 

organisms (per m3), not notably different from the mean; this sample also contained 
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large quantities of fish eggs.  The “post-feeding” sample contained 52.6% of the bio-

volume (ml/l) and 71.8% of the number of organisms (per m3) than the “during feeding” 

sample taken four hours previously in the same location.  Samples of fish eggs from this 

day were subjected to COI barcoding and sequences compared to the Barcode of Life 

(BOLD) database (www.bold.org).  Two separate sequences generated from 

independent egg samples matched mackerel tuna (E. affinis) with 100.0% similarity. 

 

In 2011, fish eggs were the dominant plankton taxon in the two samples taken “during 

feeding” by whale sharks (14th May and 9th July), accounting for 66.1% and 76.6% of 

the organisms present (Table 1).  In no other samples did fish eggs account for more 

than 10.3%, except in the fixed location sample taken at station 2 on 8th October 2011, 

which was taken during a coincidental surface fish-spawning event.  Samples of fish 

eggs from 8th October were also subjected to COI barcoding and sequences compared to 

the Barcode of Life (BOLD) database (www.bold.org).  Two separate sequences 

generated from independent egg samples matched Indian oil sardine (Sardinella 

longiceps) with 100.0% similarity. Throughout the entire project, fifteen egg samples 

were subjected to COI barcoding, two in 2011, four in 2012, five in 2013 and four in 

2014.  All ‘during feeding’ barcoding results matched E. affinis with 99% similarity.   

 

Bio-volume (ml/l) and number of organisms (per m3) from the comparison station taken 

outside the study area (n = 5) were different from samples taken at fixed sample station 

1 (n = 7) and fixed sample station 2 (n = 5) located within the study area (Bio-volume: 

Mann-Whitney U test, p = 0.05; Organisms per m3: Mann-Whitney U test, p = 0.05).   

 

After the initial year in 2011, surveys continued from May to September between 2012 

and 2014 and plankton sampling focused on the feeding aggregations.  From 2012 to 

2014, whale shark aggregations were encountered on 26 out of 35 field trip days.  

‘During feeding’ (taken whilst the sharks were actively feeding) and ‘post feeding’ 

(taken after the sharks had finished feeding in the vicinity) plankton tows were taken at 

every opportunity (Table 2).  All 2012 and 2014, ‘during feeding’ plankton tows were 

composed of mainly fish eggs containing between 43.89% and 99.09% while ‘post 

feeding’ tows taken at the same location when the sharks had stopped feeding were all 

lower than 2%.  The percentage of eggs found in the ‘during feeding’ plankton samples 

were significantly different from the ‘post feeding’ (n=10) plankton samples (Mann-

Whitney U test; p=0.01;) 
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All 20 eggs photographed from the May 14th sample were identified as in the Morula 

stage of development (Figure 6), signifying fertilisation and recent spawning with no 

clear embryo formed. 

 

 
Figure 7.  10x microscope image, taken at the Qatar Ministry of Environment Biotech 
Laboratory, of an egg of Euthynnus affinis sampled in Al Shaheen in May 2011 at the 
morula stage of development. 
 

Other species of marine megafauna were recorded during field surveys and by the 

platform workers.  This megafauna included spinner dolphins (Stenella longirostris), 

the Indo Pacific bottlenose dolphin (Tursiops aduncus), the hawksbill sea turtle 

(Eretmochelys imbricata), the green sea turtle (Chelonia mydas) and the loggerhead sea 

turtle (Caretta caretta), the Arabian sea snake (Hydrophis lapemoides), the yellow 

bellied sea snake (Pelamis platurus), the blacktip shark (Carcharhinus limbatus), 

schools of scalloped hammerhead sharks (Sphyrna lewini) and other species of 

unidentified requiem sharks. 
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2.3.3 Plankton and barcoding 

Table 1.  Results of the 2011 taxonomic inspection of individual plankton tows showing for each sample the taxa of plankton which 
accounted for the largest, second largest and third largest portion of the plankton in terms of numbers of individuals, and for each taxa and 
for fish eggs, the percentage of the zooplankton by numbers for which they accounted.   

Date 
Sampling 
Location 

Dominant 
Family (%) 

Second most 
Dominant (%) 

Third most 
Dominant (%) 

Fish eggs 
(%) 

7-May-11 Station 1 Radiolaria 68 Copepoda stages 17 Sagita spp. 3 0 
7-May-11 Station 3 Copepoda stages 56 Appendicularia 13 Fish eggs 7 7 
14-May-11 Station 1 Radiolaria 39 Appendicularia 30 Sagita spp. 4 0 
14-May-11 Station 2 Appendicularia 22 Echinodermata larvae 22 Copepoda stages 26 0 
14-May-11 Station 3 Protohabdonella spp. 24 Echinodermata larvae 24 Labidocera spp. 13 0 
14-May-11 During feeding Fish eggs 66 Radiolaria 18 Copepoda stages 3 66 
29-May-11 Station 1 Radiolaria 86 Echinodermata larvae 12 Copepoda stages 1 0 
29-May-11 Station 2 Radiolaria 59 Appendicularia 17 Copepoda stages 4 4 
29-May-11 Station 3 Radiolaria 42 Copepoda stages 28 Bivalve veligers 11 0 
7-Jun-11 Station 1 Radiolaria 79 Appendicularia 8 Cyclopoidae 4 2 
7-Jun-11 Station 2 Radiolaria 58 Appendicularia 17 Fish eggs 10 10 
7-Jun-11 Station 3 Noctiluca 18 Copepoda stages 22 Appendicularia 17 2 
9-Jul-11 Station 1 Copepoda stages 34 Chaetognatha spp. 17 Calanoidae spp. 14 3 
9-Jul-11 During feeding Fish eggs 77 Copepoda stages 10 Calanoidae spp. 3 77 
9-Jul-11 Post feeding Copepoda stages 31 Bivalve veligers 16 Appendicularia 11 3 
8-Oct-11 Station 1 Radiolaria 74 Appendicularia 5 Copepoda stages 3 3 
8-Oct-11 Station 2 Fish eggs 85 Radiolaria 11 Echinodermata Larvae 1 85 
8-Oct-11 Station 3 Bivalve veligers 59 Copepoda stages 14 Calanoidae spp. 5 2 
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Table 2.  Results of plankton sampling and barcoding analyses of samples that were collected throughout the 2011 season. 

Date Sample type Bio-volume 
(ml/l) 

Organisms 
per m³ 

Fish eggs 
(%) 

Number of 
sharks 

Results of 
Barcoding 

07-May-11 Station 1 26 16421  0  
07-May-11 Station 3 18 9976  0  
14-May-11 Station 1 10 766  30  
14-May-11 Station 2 60 4725  0  
14-May-11 During feeding 90 12447 66 30  
14-May-11 Station 3 12 1511  0  
29-May-11 Station 1 40 8803  0  
29-May-11 Station 2 76 32214  0  
29-May-11 Station 3 8 7634  0  
07-Jun-11 Station 1 28 18305  0  
07-Jun-11 Station 2 4 22160  0  
07-Jun-11 Station 3 8 22173  0  
25-Jun-11 Station 1 50 13036  0  
25-Jun-11 Station 2 40 30019  0  
25-Jun-11 Station 3 60 23190  0  
09-Jul-11 During feeding 95 19484 77 100 E. affinis 
09-Jul-11 Post feeding 50 13988 3 0  
08-Oct-11 Station 1 64 56414  0  
08-Oct-11 Station 2 620 16904  0 S. longiceps 
08-Oct-11 Station 3 7.5 24862  0  
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Table 3.  Results of plankton sampling and barcoding analyses of samples that were collected throughout 2012 and 2014 

Date Sample type Bio-volume 
ml/l 

Organisms 
per m³ 

Fish eggs 
(%) 

Number of 
sharks 

Results of 
Barcoding 

27-May-12 During feeding 260 48273 97 100 E. affinis 
27-May-12 Post feeding 25 22191 1 0 - 
28-May-12 During feeding 180 73775 97 25 - 
01-Jun-12 During feeding 370 86048 99 70 E. affinis 
01-Jun-12 Post feeding 22 57799 2 0 - 
12-Jul-12 During feeding 95 32315 65 100 - 
12-Jul-12 Post feeding 30 23041 0 0 - 
20-Sep-12 During feeding 315 28947 78 50 E. affinis 
29-Sep-12 During feeding 330 18842 91 50 E. affinis 
27-May-13 During feeding 158 4351 80 75 E. affinis 
27-May-13 Post feeding 30 2228 55 0 - 
29-Jun-13 During feeding 1020 5305 99 30 E. affinis 
29-Jun-13 Post feeding 20 45076 >1 0 - 
30-Jun-13 During feeding 1030 3954 99 50 - 
30-Jun-13 Post feeding 36 19249 >1 0 - 
01-Jul-13 During feeding 300 4300 78 50 E. affinis 
01-Jul-13 Post feeding 22 9021 1 0 - 
12-Sep-13 During feeding NA NA NA 60 E. affinis 
19-Sep-13 During feeding NA NA NA NA E. affinis 
18-May-14 During feeding 415 939 97 100 - 
18-May-14 Post feeding 50 Rare >1 0 - 
28-May-14 During feeding 650 1401 44 70 - 
28-May-14 Post feeding 40 13 >1 0 - 
27-Jun-14 During feeding NA NA NA 60 E. affinis 
03-Jun-14 During feeding 230 820 84 70 E. affinis 

15-Aug-14 During feeding NA NA NA NA E. affinis 

19-Sep-14 During feeding 30 1159 93 70 E. affinis 
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2.3.3 Demography of whale sharks in Al Shaheen 

The mean size of sharks within aggregations varied from 5.6 m to 7.5 m (Table 4.) and 

the percentage of females encountered within aggregations varied from 17% to 64%.   

 
Table 4.  Breakdown by size and sex for sharks encountered in large aggregations of 
more than 10 sharks and for which both size and sex were recorded. 

 

Number 
of 

Female 

Number 
of 

Male 
Total 

Number 
Female 

(%) 
Male 
(%) 

Mean 
Length 
Female 

(m) 

Mean 
Length 

Male (m) 

Total 
Mean 
(m) 

27-May-12 14 38 52 27 73 7.29 7.42 7.35 
01-Jun-12 10 31 41 24 76 6.30 7.74 7.02 
12-Jul-12 5 18 23 22 78 5.60 6.06 5.83 
13-Jul-12 11 22 33 33 67 6.09 6.45 6.27 
20-Sep-12 7 14 21 33 67 6.86 7.79 7.32 
29-Sep-12 5 16 21 24 76 6.20 7.25 6.73 
16-May-13 9 28 37 24 76 7.22 7.57 7.40 
27-May-13 9 24 33 27 73 5.67 6.79 6.23 
28-May-13 3 7 10 30 70 5.33 5.71 5.52 
29-Jun-13 7 7 14 50 50 6.57 7.57 7.07 
30-Jun-13 5 17 22 23 77 7.00 7.59 7.29 
01-Jul-13 6 9 15 40 60 6.83 6.89 6.86 
02-Jul-13 2 10 12 17 83 6.50 7.80 7.15 
12-Sep-13 5 8 13 38 62 6.20 6.13 6.16 
19-Sep-13 3 11 14 21 79 6.67 5.91 6.29 
19-May-14 5 6 11 45 55 6.40 7.17 6.78 
28-May-14 8 26 34 24 76 6.75 7.42 7.09 
03-Jun-14 7 4 11 64 36 5.14 6.00 5.57 
27-Jun-14 3 15 18 17 83 7.00 8.00 7.50 
15-Aug-14 9 10 19 47 53 5.67 6.40 6.03 
20-Aug-14 12 10 22 55 45 6.25 6.30 6.28 
16-Sep-14 5 7 12 42 58 5.20 7.14 6.17 
Total 150 338 488 33 67 6.31 6.96 6.63 
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There was no significant difference between the mean number of sharks of different size 

groups and the ratio of male and females encountered within aggregations for the 

months of May to September (Chi-square statistic is 10.17; P-Value is 0.601047; The 

result is not significant at p < 0.05) (Table 5). 

 
Table 5.  Chi-square contingency table showing the mean numbers of male and female 
4-7 m (immature) and 8-10 m (mature) sharks encountered within the months of May to 
June from 2012 to 2014. 

 Female (4-7 m) Female (8-10 m) Male (4-7 m) Male (8-10 m) Row 
Totals 

May 5  (7.60)  [0.89] 2 (1.47) [0.19] 9  (9.32)  [0.01] 10  (7.60)  [0.76] 26 
Jun 6  (6.14)  [0.00] 1 (1.19) [0.03] 5  (7.53)  [0.85] 9  (6.14)  [1.33] 21 
July 5  (6.14)  [0.21] 1 (1.19) [0.03] 10  (7.53)  [0.81] 5  (6.14)  [0.21] 21 
Aug 10  (6.43)  [1.98] 1 (1.25) [0.05] 8  (7.89)  [0.00] 3  (6.43)  [1.83] 22 
Sept 5  (4.68)  [0.02] 1 (0.91) [0.01] 6  (5.74)  [0.01] 4  (4.68)  [0.10] 16 
Totals 31 6 38 31 106 
Note: (the expected cell totals) and [the chi-square statistic for each cell]. 
 

2.3.4 Regional seasonality 

Throughout the region, increases and decreases in whale shark occurrence at other 

whale shark hot spots throughout the region followed a similar pattern with increases in 

occurrence during the summer months in Al Shaheen (Figure 7).  Whale sharks were 

encountered all year round outside of Al Shaheen but the majority of encounters were 

reported from April to October.  Additionally, within Al Shaheen, sharks seen outside 

of May to September were usually single individuals, while during these months, sharks 

formed aggregations.   
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Figure 8.  Monthly reported regional whale shark encounters between 2011 and 2014 
(Al Shaheen is shown on the right-hand axis) 
 

In the first data collection season of 2011 at Al Shaheen, 60 individual sharks were 

identified (Figure 8).  In 2012, 178 sharks were identified, 147 of which were new 

resulting in a re-sight rate of 13%.  In 2013, 119 sharks were identified, of which, 49 

sharks had not been seen before giving a re-sight rate of 59%.  Throughout the 2014 

season there were 65 new sharks identified out of a total of 128 giving a re-sight rate of 

49% (Table 6).  Overall re-sight rate from 2011 to 2014 was 29%. 
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Figure 9.  The total numbers of individually identified whale sharks from 2011 through 
to 2014, including the number of sharks first identified in each subsequent year. Blue 
represents sharks first identified in 2011, red represents sharks first identified in 2012, 
green represents sharks first identified in 2013 and purple represents sharks first 
identified in 2014. 
 

Table 6.  Inter-annual re-sight rates for individual sharks first identified in Al Shaheen 
aggregations from 2011 to 2014. 

Year 

Number of  
sharks 

identified 

2011 
re-sight 
rate (%) 

2012 
re-sight 
rate (%) 

2013 
re-sight 
rate (%) 

Total 
re-sight 
rate (%) 

2011 60 NA NA NA NA 
2012 178 13 NA NA 13 
2013 119 21 38 NA 59 
2014 128 15 27 8 49 

 

Whale sharks at Al Shaheen ranged from 4 to 10 m in total length (Figure 9).  The 

estimated mean total length for all sharks was 6.9 m (S.D.  1.24, N=296).  Mean length 

for males (7.25 m, S.D.  1.34, N=171) was significantly larger than for females (6.44 m, 

S.D.  1.09 N=78; t = 4.68, df = 247, P = 0.0001).  The most frequently encountered 

individuals were male and within the 8m size class, the majority of which were mature.  

There were significantly more males (N=171) than females (N=78; X2 = 17.52, P < 

0.05) encountered throughout the study period. 
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Figure 10.  The size classes and sex-size distribution of whale sharks identified from Al 
Shaheen taken from researcher estimates made to the nearest metre  
 

2.3.5 Laser photogrammetry 

The mean total length of the sharks derived with laser photogrammetry was 6.8 ± 1.1 m 

(n = 13; range 5.2-8.2 m).  The mean total length estimates recorded by the researchers 

in the field for the laser-measured sharks was 7.00 ± 1.15 m (n = 13; range 5-9 m).  

There was no significant difference between the mean size of the laser measured sharks 

and the estimated size by researchers (two tailed, unpaired t-test, t = 0.4867, df = 24, 

S.E.  = 0.449, P = 0.6309; individual lengths only differed in excess of 1 m in 1 

individual). 

 

2.3.6 Size at maturity 

Of the subset of sharks assessed for both sex and size, there was a notable overall male 

bias (Figure 10; 69% N=249).  63% of males assessed for maturity (N=81) were 

classified as mature.  Males reached maturity at a length of 7 m to 9 m.  The length at 

which 50% were mature (TL50) was 7.29 m (Figure 11) in total length (Chi2 test: 

DF=79; Res.  Dev = 41.996; p < 0.0001; r2 = 0.62); all sharks were assessed as mature 

at 9 m.  Although only males were used in the maturity estimate, it should be noted that 

two 9 m females with conspicuously distended abdomens were also encountered 

throughout the study, suggesting that they were pregnant (Ramírez-Macías et al., 2012; 

Acuña-Marrero et al., 2014). 
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Figure 11.  The proportions of mature (green) to immature (yellow) male whale sharks 
at different lengths assessed for both size and maturity at Al Shaheen 

 
Figure 12.  A graphical representation of the binomial general linear model showing the 
length at which 50% of male whale sharks in Al Shaheen are mature (TL50) 
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2.4 Discussion 

A recent review of whale shark biology and ecology (Rowat & Brooks 2012) 

highlighted the need to determine whether aggregations of individuals occur at offshore 

sites, as well as in the coastal locations where in recent years they have become well 

studied (Colman 1997; Heyman et al. 2001; Graham & Roberts 2007; Rowat & Gore 

2007; Meekan et al. 2009; de la Parra Venegas et al. 2011).  In particular, the future 

identification of hitherto unknown offshore aggregation locations might help provide a 

rationale for the trans-oceanic foraging of this species.  The observations presented here 

clearly demonstrate that aggregations of these animals can occur at a site as far as 90 

km offshore.   

 

2.4.1 Platform based observations 

The large numbers of whale sharks observed at Al Shaheen by platform workers, and 

comparisons with numbers from other known aggregations (Anderson & Ahmed 1993; 

Alava et al. 1997; Rowat 1997; Colman 1997; Eckert & Stewart 2001; Heyman et al. 

2001; Rowat et al. 2006; Rowat & Gore 2007; Riley et al. 2010; Pierce et al. 2010; 

Berumen et al. 2014; de la Parra Venegas et al. 2011; Rohner et al. 2015) indicate that 

this area is most likely a major aggregation site of international significance for the 

species between the months of May and September.  The seasonal nature of the 

aggregation in Qatar matches the seasonal occurrence of whale shark sightings 

elsewhere around the region, in particular, sites of increased whale shark occurrence in 

the Strait of Hormuz and Gulf of Oman.  McKinney et al. (2012) highlight that the 

association between whale sharks and offshore platforms warrants further investigation.  

Here, it is suggested that the whale sharks aggregating in the Al Shaheen area are 

indirectly associated to the platforms through the presence of spawning tuna.  

Concurrent plankton sampling and barcoding of fish eggs from 2011 to 2014 indicates 

that this aggregation is related to tuna spawning events from E. affinis. 

 

During the study strict standardisation of observer effort for platform workers was not 

possible as a result of the fixed nature of platform-based surveys and the difficulty of 

access for boat-based surveys.  While platform workers observed large numbers of 

whale sharks throughout the season, the ability of platform workers to estimate the 

number of sharks in the area was limited due to the static location of the platforms.  

Vessel access is restricted in the area and, for operational and security reasons, there is a 
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500 m restricted zone around all platforms (S. Bach, pers. comm.).  Thus, as well as 

favouring spawning of tuna, the gas field may be effectively serving as a sanctuary for 

the whale sharks, as they are less prone to disturbance by fishing and civilian boats than 

outside the Al Shaheen area.   

 

Observations from the platform workers about whale shark occurrence suggest that tuna 

are aggregating and spawning under or close to the platforms, which could be acting as 

fish aggregating devices (FADs).  The tendency for tropical tuna to aggregate under 

floating structures is well known, with half of the world’s tuna catch now obtained 

around FADs (Fonteneau et al. 2000; Girard 2004).  No observation of spawning E. 

affinis has been reported within Al Shaheen and, the high-density of fish eggs in the 

water, on an almost daily basis, would suggest a large-scale spawning event, that if 

taking place at the surface would almost certainly have been observed.  Rao (1964) 

suggests that E. affinis can spawn at the surface or at depth within an oceanic 

environment.  The known frequency of spawning together with the absence of any 

observations of spawning within the area suggests that, even though Al Shaheen is not 

considered to be an oceanic environment, large-scale spawning events take place at 

depth where they cannot be seen. 

 

2.4.2 Boat based observations 

Whale shark aggregations were all encountered to the west of Al Shaheen with the 

centre of activity at H platform (Figure 4).  Platform workers reported 79 % of the total 

whale sharks observed from H platform and, aggregations encountered in the field 

during boat surveys were all close to H platform.  Al Shaheen has a sandy nondescript 

bottom throughout the field and the only distinct difference about the area around H 

platform is that it is the shallowest point of the field with a bank of 10 m rising from 60 

m depth to 50 m (S. Bach, pers. comm.).  Aggregations of whale sharks are usually 

encountered around H platform in the early morning and move in the direction of the 

currents as the tuna spawn drifts in the direction of the surface water movement (S. 

Bach, pers. comm.).  It is probable from the observations of whale shark encounters and 

feeding activity that the sea floor in close proximity to Al Shaheen is utilised by E. 

affinis for spawning and that the slightly shallower depth of the immediate area around 

platform H may be a factor in the location of the localised spawning site.   
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The phase of the moon has an effect on some fish spawning events and the subsequent 

occurrence of whale shark aggregations (Graham et al. 2006).  However, in this study, 

observations of whale sharks from the platforms in 2011 occurred throughout the 

month, and over consecutive days, with no clear correlation with the phase of the moon 

(Figure 5).  McKinney et al. (2012) also noted numerous reports of whale shark 

observations from platform workers over consecutive days in the Gulf of Mexico. 

 

2.4.3 Plankton 

Statistical tests carried out on the plankton results from 2011 suggest that the study area 

may have a higher overall productivity than open water outside of the study area.  

Hoffmayer et al. (2007) observed that the offshore platform areas in the Gulf of Mexico 

were acting as offshore reefs, attracting a high biomass of plankton to the area 

immediately around the platforms.  Observations from boat surveys and platform 

workers combined with this studies plankton results suggest that the platforms in the Al 

Shaheen area are also acting as offshore reefs and support an increased biodiversity than 

areas without oil or gas platforms.   

 

Plankton sampling from 2012 to 2014 showed an identical pattern to the initial 2011 

sampling with a high percentage of fish eggs being found in every ‘During Feeding’ 

sample, and a very low percentage of fish eggs found in ‘Post Feeding’ tows taken at 

the same location when the sharks had stopped feeding.  The results of the complete 

plankton and barcoding sampling effort from 2011 to 2014 show that the whale sharks 

in Al Shaheen are aggregating to feed on high-density fish spawn, solely from the 

species E. affinis. 

 

Euthynnus affinis is a medium sized tuna occurring throughout the coastal areas of the 

Indo-Pacific waters (Poisson 2006).  Euthynnus affinis was found to be a non-selective 

generalist feeder foraging on fishes, crustaceans and molluscs (Joshi et al. 2012).  In the 

Indian Ocean, this species is found in South Africa (Smith & Heemstra 1986), along the 

coasts of East Africa, Arabian Peninsula, the Indian sub-continent, and Malaysian 

Peninsula.  It is also found in the Red Sea, Arabian Gulf, and off islands in the Indian 

Ocean, including Madagascar, Comoros Islands, Mauritius, Reunion, Seychelles, 

Lakshadweep, Andaman and Nicobar Islands, Sri Lanka and Maldives (Williams 1963). 
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Wheeler & Ommanney (1953) described the spawning season of E. affinis for the 

Seychelles and showed an extended breeding season during the period of the northwest 

monsoon for a period of 5-7 months and suggested the marked seasonal occurrence was 

indicative of migration or local movements, about which little is known.  Spawning 

grounds for E. affinis can be either coastal or oceanic.  Williams (1956) found that 

sexual maturity was reached between 55 and 60 cm total length in East African E. 

affinis.  Fecundity varied from 0.21 and 0.68 million eggs per batch or from 0.79 to 2.5 

million eggs per season depending on size.   

 

Eggs investigated for developmental stage were all found to be in the early stages of 

development with no notable embryo yet formed.  The small egg sizes of most tropical 

marine fishes, combined with the high temperature of their habitat, usually cause egg 

development time to be extremely short (Pauly & Pullin 1988).  Egg development for E. 

affinis within the Arabian Gulf has yet to be investigated. 

 

Pauly & Pullin (1988) investigated the hatching time of marine fish in relation to 

temperature and egg size.  Species investigated from the family Scombridae included 

the big eye tuna Thunnus obsesus (Lowe, 1839), skipjack tuna Katsuwonus pelamis 

(Linnaeus, 1758) and the Atlantic Spanish mackerel Scomberomorus maculatus 

(Mitchell, 1815).  Egg diameter for E. affinis is estimated to be 0.88 mm (Wheeler & 

Ommanney, 1953), 0.88 mm for big eye tuna (Fritzsche 1978), 1.10 for skipjack tuna 

(Inoue et al. 1974) and 1.0 mm for Spanish mackerel (Fritzsche 1978).  It was found 

that at warm water temperatures from 26.7°C to 29°C the gestation period was between 

0.65 days and 1.10 days.  As surface water temperatures in Al Shaheen reach in excess 

of 34°C it is estimated the hatching time of the eggs, by comparison to similar species, 

would be less than 24 hours from being spawned, and that with the information gleaned 

from the stage of the eggs sampled, it is probable that the tuna in Al Shaheen are bottom 

spawning at first light. 

 

Fisheries records confirm that E. affinis species occurs in Qatari waters.  

Sivasubramaniam & Ibrahim (1983) found that the largest specimens appeared in 

catches off Qatar from April to October, but they failed to record any females with ripe 

ovaries.  Rao (1964) reports that each egg contained an oil globule measuring 0.24 mm 

in diameter (Joshi et al. 2012) so, even though the eggs were most probably spawned at 

depth, the high oil content causes the eggs to float to the surface after spawning and this 
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results in the sharks ram feeding at the surface.  The last reported whale shark in 2011 

by the platform workers was in early September, and no whale sharks were observed 

feeding on high concentrations of Indian oil sardine S.  longiceps eggs that were taken 

from the October 8th 2011 sample.  Sivasubramaniam & Ibrahim (1983) highlight that 

Al Shaheen is within a highly productive area for sardines, and it remains possible that 

the sharks also feed on the eggs of this or other fish species.  The specific temporal 

drivers of tuna spawning and resulting whale shark feeding aggregations, within the 

broader spring-summer season, remain unclear. 

 

Motlagh et al. (2010) investigated population biology of and fishery of E. affinis along 

the Iranian coast of the Arabian Gulf and the Gulf of Oman.  They stated that the within 

the last decade, the total catch of kawakawa had decreased and recommended 

minimising fishing activity within the area and increasing the mesh size for the fishery 

to aid in population recovery.   

 

Fish and crustacean spawning events have also been cited as a factor in the occurrence 

of whale sharks at a number of other sites, including Gladden Spit in Belize, Christmas 

Island in the Indian Ocean and the Yucatan Peninsula in Mexico (Heyman et al. 2001; 

Meekan et al. 2009; de la Parra Venegas et al. 2011).  The Qatar aggregation seems to 

be similar in terms of density and behaviour of sharks to the “Afuera” aggregation 

described from the Yucatan Peninsula of Mexico; there the whale sharks also feed on 

tuna spawn, in this instance from little tunny (E.  alletteratus), which has been linked to 

whale shark occurrence elsewhere (Compagno 1984; de la Parra Venegas et al. 2011; 

Sequeira et al. 2011).  It was noted in Al Shaheen that differences in demography of 

whale sharks occurred throughout the season.  Only at these two aggregation sites are 

large groups of sharks seen on an almost daily basis and only here can demography into 

groups of sharks be investigated.   

 

5.4.4 Demography of whale sharks in Al Shaheen 

From 2011 to 2014, a total of 341 sharks were identified.  Sharks varied in size from 4 

to 10 m in length.  Laser photogrammetry confirmed the accuracy of researcher 

estimates.  The aggregation is significantly male dominated with 8 m males being the 

most common shark encountered.  Sharks in excess of 8 m were infrequently 

encountered, as were sharks below 5 m in length.  The absence of sharks below 4 m in 
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size and above 10 m suggests that Qatar is a staging post for sharks that have reached 

sub-adult stage and before obtaining a larger size and either utilizing different habitat or 

moving to other areas and sources of food. 

 

Size and sex of sharks within aggregations was noted to vary from month to month.  

Although mainly male dominated, some aggregations were majority female.  However, 

this was only seen in aggregations where a small number of sharks were identified, and 

may be the result of sampling bias.  Aggregations where large numbers of sharks were 

identified (in excess of 30 individuals) all had a lower percentage of females (26-33%).  

Monthly differences of size and sex showed no statistical significance even though 

small differences were noticed.  The majority of aggregation sites are coastal and 

consist of mainly juvenile males (Meekan et al. 2006; Graham & Roberts 2007; Riley et 

al. 2010; Brooks et al. 2011; Rohner et al. 2015; Rowat et al. 2011a) with a speculated 

difference in habitat choice and feeding suspected between the sexes (Borrell et al. 

2010).  However, more recently Berumen et al. (2014) described an aggregation site in 

the Red Sea with a 50:50 ratio of male to female sharks.  Qatar has a relatively large 

percentage of females (31%, N=249) within the aggregations comparable to other 

Indian Ocean aggregations, including two females identified as pregnant.  To date 

suspected pregnant females have only been reported from Galapagos, the Gulf of 

California and the Gulf of Mexico (Acuña-Marrero et al. 2014; Ramírez-Macías et al. 

2007; Hueter et al. 2013) and there has been one confirmed pregnant female from 

Taiwan (Joung et al. 1996).  Hueter et al. (2013) proposed that large, mature whale 

sharks inhabit offshore waters in the western Atlantic and other ocean basins and that 

the identification of essential habitat for mature female whale sharks was important for 

the conservation of the species.  It can be confirmed that, although infrequent, pregnant 

whale sharks do utilise Al Shaheen for feeding.  Al Shaheen is currently the only 

location in the Indian Ocean where possibly pregnant mature females have been 

observed and can be accessed for study.  Therefore, further research concentrating on 

mature females is warranted. 

 

Sharks identified from all years were seen in each subsequent year, suggesting a level of 

site fidelity for some individuals to the area (Table 6).  As each year progressed, the 

number of sharks re-sighted from within each year group declined.  The 2013 data 

collection season saw the highest re-sight rate of 59% with the majority of individuals 

being from the 2012 season.  This high re-sight rate may be attributed to the high 
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number of new individuals identified in 2012, which at 178, was the greatest for any 

season.  The overall re-sight rate for Al Shaheen was similar to other aggregation sites 

such as 22% from Utila (Fox et al. 2013), 13% in Holbox (Ramírez-Macías, Meekan, et 

al. 2012), 23% in Djibouti and 28% in Seychelles (Rowat et al. 2011), and 35% seen in 

Western Australia (Holmberg et al. 2009).  Site fidelity in Al Shaheen is indicative of 

residency within the wider region and has direct implications to whale sharks in terms 

of regional threats.  Research in Al Shaheen began relatively recently (2011) compared 

to the other aggregation sites that have up to fourteen years of consecutive re-sight 

information (Holmberg et al. 2009) and this warrants continued investigation. 

 

Female sharks in Al Shaheen have a smaller TL then their male counterparts, although 

large females in excess of 9 m were identified on a number of occasions.  Two female 

sharks were assessed as mature due to their swollen and bulging abdomen indicative of 

pregnancy, and both female sharks were large with a TL >9 m.  The maturity of males 

at Al Shaheen occurs at 7.29 m, with the majority of male sharks assessed as 8 m being 

mature.  Maturity of males at other aggregation sites place maturity in excess of 8 m and 

9 m respectively (Norman & Stevens 2007; Rohner et al. 2011), suggesting that 

different areas within the Indian Ocean have different maturity rates, possibly linked to 

the sharks’ food source.  The majority of coastal locations where sharks aggregate in 

response to a seasonally available high-value food source are dominated by juvenile or 

sub-adult animals (Colman 1997; Heyman et al. 2001; Graham & Roberts 2007; Rowat 

& Gore 2007; Meekan et al. 2009; de la Parra Venegas et al. 2011).  The offshore 

aggregation site at Al Shaheen is not only the furthest offshore aggregation site from the 

coast, but is also the first identified area to be dominated by animals assessed as mature. 
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3.1 Introduction  

Satellite tracking studies have shown that whale sharks are capable of travelling long 

distances, but all varieties of tags and tracking methods have their limitations and 

problems (Rowat & Gore 2007; Berumen et al. 2014; Eckert & Stewart 2001; Hsu et al. 

2007; Hueter et al. 2013; Gifford et al. 2007; Shillinger et al. 2012; Wilson et al. 2005; 

Musyl et al. 2011; Wilson et al. 2007; Brunnschweiler et al. 2009).  Eckert & Stewart 

(2001) reported a distance travelled by a tagged whale shark in excess of 13,000 km in 

37 months; from further investigations into locations transmitted from the tag, it is now 

widely believed that this tag detached from the shark at some point and was drifting 

with the currents.  Modern tags also collect data on temperature and depth, which 

allows an accurate determination of the tag’s pop-up time to the surface.  Whale sharks 

move freely across international boundaries and jurisdictions, and their ability to travel 

long distances has been reported from Asia (Eckert et al. 2002), South Africa and 

Honduras (Gifford et al. 2007), Seychelles (Rowat & Gore 2007) and Taiwan (Hsu et al. 

2007).  Within the broader Arabian region, Berumen et al. (2014) tagged 47 sharks in 

the southern Red Sea, the majority of which remained largely in that area.  However, 

three sharks moved into the northern Red Sea and five moved into the Gulf of Aden and 

moved north towards the southern Oman Coast. 

 

Tagging technology has greatly improved in the last 10 years, with better-designed tags 

that record more variables, record and store larger amounts of data and collects and 

transmits data faster to overhead satellites (Shillinger et al. 2012).  With improvements 

in technology from the side of the manufacturers have come improvements in retention 

times from researchers trialling different attachment and tether methods (Wilson et al. 

2007).  Most tag types are secured to whale sharks with a dermal anchor.  Archival tags 

store all data during deployment and pop off from the shark at a pre-determined time, 

after which they float to the surface and transmit their stored data via satellites.  Their 

location estimates are based on light levels (Wilson et al. 2007; Berumen et al. 2014) 

where daylight length is used to calculate latitude and the mid-point between dawn and 

dusk is used to calculate longitude.  For more accurate locations, near-real time tags are 

used, which send transmissions throughout the deployment period as long as the tag is 

at the surface and a satellite is overhead.  Therefore, near-real time tags have a long 

tether to ensure the tag can transmit its data when the tagged animal is at or near the 

surface, while archival tags have a shorter tether.  Retention time continues to be the 

largest obstacle for researchers to overcome with regards to satellite tagging of whale 
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sharks (Gifford et al. 2007; Hearn et al. 2013).  Tag manufacturers are now utilising 

newer technology in the form of fast locking ARGOS positioning and even more 

accurate fine grade GPS positions . 

 

Satellite tags commonly collect information about the diving behaviour and temperature 

preference of whale sharks.  These data used to be restricted to archival tags, but are 

now available on tags that transmit collected data opportunistically when they are at the 

surface.  Whale sharks are extreme divers, diving into the epipelagic (0-200 m), 

mesopelagic (200-1000 m) and bathypelagic (>1000 m) zones (Rowat & Brooks 2012), 

where the pressure is very high.  Most modern tags therefore have a failsafe to prevent 

the tag from getting crushed.  This crush depth depends on the tether type used, but is 

usually ~1700 m.  The deepest dive recorded to date was 1888 m from a whale shark 

tagged in Holbox, Mexico (Hueter et al. 2013).  Dive behaviour may change with 

location, as some sharks spend the majority of their time at the surface while others stay 

at depth for prolonged periods.  However, individual sharks have also been shown to 

display different diving behaviour in the same location (Gunn et al. 1999).  In Belize, 

whale sharks spent the majority of time at depths of 50 to 250 m, but also made dives to 

the 980 m limit of the tag (Graham et al. 2006).  In the Seychelles, whale sharks dived 

to depths of between 750-1000 m, although 96% of time was spent in waters <100 m in 

depth (Rowat & Gore 2007).  At Ningaloo, whale sharks dived to the tag limit of 980 m 

but spent 40% of time <15 m and 50% <30 m (Wilson et al. 2005).  Whale sharks 

feeding off Holbox, Mexico spent 43% of time at the surface during the day compared 

to 16% of time at the surface at night (Motta et al. 2010).  Whale sharks in the Red Sea 

frequently dived to 500 m with the deepest being 1360 m, but again they spent the 

majority of their time above 50 m.  Temperature is directly linked to depth and whale 

sharks have been recorded at recorded in up to 34 °C (Berumen et al. 2014) and as low 

as 2.2 °C (Wilson et al. 2005). 

 

The whale shark has been described as enigmatic by some researchers (Norman & 

Catlin 2007; Schmidt et al. 2010) as much of its biology and habitat usage remain 

uncertain.  Behaviour can be variable with location and regional studies are necessary to 

investigate how whale sharks behave and whilst in different areas.  The Arabian Gulf 

has previously been overlooked as a significant area for whale shark occurrence.  With a 

recent human population increase, especially within the last decade, more people are 

now using the coastal waters for recreational activities and this has resulted in an 
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increase in whale shark encounters and awareness in the region.  Before this study 

began, no previous research had been carried out on whale sharks within the Arabian 

Gulf and Gulf of Oman and as such there was no information on their regional ecology.   

 

To investigate regional whale shark behaviour and movements various models of 

satellite tags were deployed on whale sharks at Al Shaheen.  The tag models were 

chosen to investigate different aspects of the whale shark’s ecology, including diving 

behaviour, depth preference, temperature range and preference, regional movements 

and to identify areas of importance or hot spots. 

 

Aim 

• To investigate the regional movements and spatial behaviour of whale sharks 

found in Al Shaheen. 

Objective 

• Examine whale shark movements throughout the region and beyond with the use 

of satellite telemetry. 

Hypotheses: 

• The Arabian Gulf supports a resident population of whale sharks. 

• There is a significant difference in habitat preference between male and female 

whale sharks. 

• There is a significant difference in habitat preference between immature and 

mature whale sharks. 
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3.2 Methods 

3.2.1 Tagging whale sharks 

In total 59 satellite tags were deployed from 2011 to 2014 in the Al Shaheen oil field in 

Qatari waters of the Arabian Gulf.  Four different tag models were utilised throughout 

this study, the data collection abilities of each tag type are described later in this 

chapter. Tag models were chosen from their ability to collect different types of 

information, at differing resolution and accuracy. Tagging was carried out whilst 

snorkelling with whale sharks.  At the time of deployment, an identification photograph 

was taken of the left side spot pattern of the shark, the sex, and the estimated sizes of 

the sharks to the nearest metre were also recorded.  Re-sighting of previously tagged 

individuals using their identification images allowed us to track the sharks’ movements 

after tag detachment and also to ascertain their health status.   

 

A Wildlife Computers titanium anchor dart was used to hold the tag in place, with tether 

length depending on the tag model.  The anchor was inserted into the dermal layer on 

the left ventral side of the shark directly below the centre line of the dorsal fin.  All tag 

floats were painted with a copper based, blue colour, antifouling paint. 

 

From 2011 to 2012, a trident 6ft pole spear (Figure 12a) was used to tag the whale 

sharks.  A metal bush (Figure 12b) was designed to attach the Wildlife Computers 

titanium applicator to the pole spear and rubber bungs were set at 10 cm depth to stop 

the applicator penetrating too deep in to the shark (Figure 12c).  The pole spear could 

not penetrate the thick skin of large sharks in excess of 8 m total length (TL) and 

therefore the pole spear was replaced with a Cressi pneumatic spear gun in 2013.   
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Figure 13.  (left to right) 12a) Trident pole spear.  12b) End of pole spear and 
manufactured bush to attach the applicator to the pole spear.  12c) Bush and applicator 
with rubber bungs to set the penetration depth of the anchor.   
 

3.2.1.1 Tethers 

In 2011, all tags were deployed with the factory fitted wire tether (Figure 13 & 14).  

From 2012 onwards tags were deployed with a 550 lb breaking strain dyneema tether 

tied directly to the tag and dermal anchor (Figure 15), knots were sealed with heat and 

super glue.  Tether length was set at 10 cm for Pop Off Archival Tags (PAT; MK10 and 

Minipat).  After trials of various lengths ranging from 80 to 150 cm, towed tags were 

deployed with a set length of 120 cm.   

 

 
Figure 14.  MK10 PAT tags with wire tether (top of photo) and aerial (bottom of photo) 
drying after applying anti-fouling paint to the float (blue). 
 



Chapter 3: Satellite Tracking of whale sharks from Al Shaheen	

	 54	

 
Figure 15.  A finished tag, ready for deployment, with bio-foul paint, wire tether and 
titanium anchor before deployment. 
 

3.2.2 Movement of whale sharks 

Whale sharks were tagged in Al Shaheen from July 2011 to September 2014.  59 

Wildlife Computers satellite tags were used from four different model types: Pop Off 

Archival Tags (PAT) 10 MK10 and 10 PAT Minipats (Table 7), 28 real time SPOT 

(Table 8) and 11 ‘hybrid’ (PAT + real time) MK10F (Table 9). 

 

3.2.2.1 Pop up archival tags: Minipat 

The Minipat is a Pop Up Satellite Archival Tag (PAT) that archives but does not 

transmit data during deployment until a scheduled pop up date is reached or a failsafe is 

triggered (Figure 15).  Once the minipat has detached from the animal it begins to 

transmit collected data via satellite to the ARGOS system.  The small size of the 

minipat and short tether length proved to be a successful combination for good retention 

time.  In total, ten minipats were deployed, five in 2012 and five in 2014.  Two tags 
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failed to report and both of these tags were set for a longer than usual deployment 

duration of 365 days.  All other tags were set for a deployment of 180 days and all 

reported data.  Of the eight tags that reported, only one detached before its intended 

pop-up date, 43 days early. 

 

 
Figure 16.  Five minipat PAT tags ready for deployment with hand tied short dyneema 
tethers, titanium anchors and blue anti-foul paint applied. 
 

Minipats collect light level data for location, and histogram bin data on temperature, 

depth and time series data.  The 2012 models had an 8 GB memory card and time series 

data could only be collected on either depth or temperature due to the small memory 

space.  For this study, depth was given priority.  The 2014 minipat models had a 16 GB 

memory card and collected time series data on both depth and temperature 

simultaneously.  Minipats also transmitted a high amount of data (mean 70%) via 

satellite before the battery ran out of power. 

 

3.2.2.2 PAT tags: MK10 

For the first research season Wildlife Computers MK10 tags (Figure 16) were chosen, 

as they offered the best data collection ability whilst being relatively cost effective in 

comparison to other manufacturers.  Ten MK10 PAT were deployed; seven in 2011, 
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two in 2012 and one in 2014 (Table 7).  MK10s had a larger body than the minipats, 

their retention time was notably less, and their failure rate was also higher.  Three out of 

the ten MK10s failed to report any data, and mean retention time of the seven remaining 

tags was 67 days (range; 10–120 days).  Tags were set for deployment periods of 120–

365 days and just two MK10s made a full 120-day set deployment. 

 

 
Figure 17.  An MK10 tag with metal factory-fitted tether and anti-foul paint applied to 
the float deployed below the first longitudinal ridge near the first dorsal fin on a whale 
shark in Al Shaheen. 
 

3.2.2.3 Satellite tag: SPOT 5 

 
Figure 18.  Towed style SPOT tags being prepared for deployment. 

 



Chapter 3: Satellite Tracking of whale sharks from Al Shaheen	

	 57	

To obtain usable data on small-scale movements of whale sharks, SPOT5 tags were 

used (Figure 17).  SPOT5s do not store data long-term, but instead transmit data 

collected within the previous 24 hours when they reach the surface.  These ARGOS 

locations come with an accuracy estimate (location class Z, A, B, 0, 1, 2, 3), with the 

best (LC 3) representing an accuracy of an estimated 150 m.   
 

Twenty-eight SPOT 5 tags were deployed during the 2013 and 2014 seasons.  Two tags 

were recovered and re-deployed after detachment from the shark.  SPOT5s have no 

method of automatic detachment and only detach when they get snagged on something 

or a part of the tether failed.  Tag retention was lower than with the archival tags, with a 

mean retention time of 69 days varying from 1 to 227 days.  This is because SPOT5s 

require a tether length of 1.2 m and longer tethers have a higher chance of failing or 

becoming entangled in marine objects.  SPOT5 tags also recorded 12-hour histogram 

data for temperature collected within the previous 24 hours.  The tags were programmed 

to collect data in two different bins from 6am to 6pm (day time) and 6pm to 6am (night 

time) and to place percentage time at temperature in 11 different temperature bins: 0 °C-

12 °C, 12 °C-15 °C, 15 °C - 18 °C, 18 °C - 21 °C, 21 °C - 24 °C, 24 °C - 27 °C, 27 °C - 

30 °C, 30 °C - 33 °C, 33 °C - 36 °C, 36 °C - 39 °C and 39 °C+ to compare mean 

temperature experienced during the day and night. 

 

3.2.2.4 Satellite tag: MK10-F 

In 2012, five prototype tags (MK10-F) were used that collected ARGOS locations, light 

level and depth and temperature data and also possessed Fastloc Global Positioning 

(GPS) capabilities.  These tags were chosen for deployment as they provided small-

scale and accurate location information together with temperature and depth and so for 

the first time offered behavioural data with good location estimates.  This tag model 

collected both time-series data and binned histogram data of temperature and depth.  

These tags sent opportunistic transmissions of data throughout the deployment if they 

were at the surface.  The initial design of the tag had a small float which made it 

unsuitable for a towed deployment, as the tags were not buoyant enough to reach the 

surface when attached to a swimming shark.  Floats were added to the tethers to aid 

buoyancy, but this reduced attachment time, probably due to continuous tugging on the 

anchor (Figures 18 & 19).  All tags were set for a 180-day deployment, but two failed to 

report, one had a short deployment of 17 days and the remaining two tags made a full 
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deployment.  Unfortunately, few location data were received from the tags as they failed 

to reach the surface due to the design. 

 

 
Figure 19.  A first generation MK10F tag deployed with a float attached 

 
Figure 20.  A first generation MK10F tag deployed without float 
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In 2013, the MK10Fs were re-designed into a ‘SPOT 5’ style tag, which had greater 

buoyancy and had a longer mean deployment of 87 days (54-129 days).  In 2014 the 

tags were re-designed again by the manufacturer.  Two of the new style tags were 

deployed but the retention time decreased to 49 days for both tags 

 

3.2.3 Analyses 

3.2.3.1 ARGOS location analysis 

Tags fitted with an ARGOS transmitter (SPOT and MK10F) used standard Doppler-

based geo-location to track the position of the shark.  An accuracy estimate is assigned 

and a location class is then given (A, B, 0, 1, 2, 3).  Class A and B had no error 

estimate, whilst classes 0, 1, 2 and 3 have an estimated accuracy of >1500 m, >1000 m, 

>500 m, >150 m, respectively.  To facilitate regular data downloads from the ARGOS 

system, accounts were set up through Seaturtle.org’ s Satellite Tracking and Analysis 

Tool (STAT) and any tags using the ARGOS system were added to the account.  STAT 

automatically collects ARGOS data on a daily basis and stores the data online.  To 

further improve location data, the Douglas filter was applied in Movebank 

(www.movebank.org).  This filter is based on a Maximum Redundant Distance (MRD) 

filter and basically removes unrealistic locations.  ARGOS locations with a B platform 

class or more accurate were included in the analysis and an MRD radius of 100 km was 

set. The MRD radius was chosen as the maximum distance a whale shark would likely 

travel within a day.  We only used one location per day for all further analyses by 

employing the “Best of Day filter” in Movebank.   

 

3.2.3.2 Hot spot analysis 

To investigate regional areas of importance for whale sharks an optimised hot spot 

analysis was performed in ArcGIS 10.2.1.  All ARGOS locations for all seasons were 

grouped together to create an overall picture of whale shark movement and habitat use 

for the region.  The “optimised hotspot analysis tool” was used based on the incident 

data aggregation method. This creates weighted features from incident point data and 

indicates whether the observed spatial clustering of high or low values is more 

pronounced than one would expect in a random distribution of those same values. The 

program creates a map of hot spot areas based on points of occurrence and then 

statistically significant areas of interest (cold spots) outside of that area using the Getis-

Ord Gi* statistic.  
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3.2.3.3 Kernel density analysis 

To determine an area of overall and core habitat usage, the Minimum Bounding 

Geometry (MBG) and, 50% and 95% Volume Contours (PVC) were produced using the 

methodology given in MacLeod (2013).  Seasons were split into summer or tuna 

spawning season (May-Oct; Figure 24) and winter or non-spawning season (Nov-Apr; 

Figure 25) and two separate kernel density analyses were produced for the respective 

seasons. 

 

3.2.3.4 Light level location analysis 

All data were transmitted and collected through the ARGOS system and downloaded 

via their website www.argos-system.cls.fr.  The Wildlife Computers’ DAP 3 processor 

was used to best estimate the location of the sharks equipped with PAT style tags.  The 

DAP 3 processor used a Hidden Markov Model with the forward and backward 

algorithm at a 0.25 degree grid size with light levels, sea surface temperature (SST), and 

any applicable ARGOS, fastloc, and, deployment and pop off locations to estimate 

location and a surrounding confidence area.  Most likely locations were determined 

using a spline interpolation in the supplied Wildlife Computers software.  

 

3.3 Results 

3.3.1 Summary of satellite tag deployments and tag results 

In total 58 satellite tags were deployed on whale sharks in Al Shaheen from April 2011 

to September 2014. Of the 58 sharks tagged, 24 were female and 34 were male. The 

maximum dive depth recorded by a tag was to 344 m that was made by a 7 metre 

female in the Gulf of Oman (Table 7). The maximum temperature recorded by a tag 

during deployment on a whale shark was 36 °C and the minimum temperature was 17.6 

°C. Data collection days for tags with a specified collection and detachment time 

(MK10, MK10F and Minipat) varied between 10 days for tags that detached from the 

shark early to a full deployment of 180 days (Table 7 and Table 9). Deployment 

duration for spot tags are without a defined collection and detachment time varied from 

1 to 227 days with an average of 69 deployed data collection days (Table 8). Distance 

travelled between the point of deployment and detachment ranged from 10 km to 2613 

km (Table 8). 
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Table 7.  Summary of deployment information and data collected from 20 PAT tags deployed on whale sharks in Al Shaheen, Qatar. 

Tag 
ID 

Tag 
Type 

Total 
Length (m) Sex 

Shark 
ID 

Date 
Deployed 

Date 
Detached 

Set for 
(days) 

Data 
Collection 

(days) 
Max Depth 

(m) 

Max 
Temp 
(°C) 

Min 
Temp 
(°C) 

75731 MK10 8 Female qat11-001 23.04.11 02.07.11 180 73 72 32.2 19.2 
75730 MK10 8 Female Unknown 14.05.11 11.09.11 120 120 80 35 19 
75831 MK10 8 Male Unknown 14.05.11 No report 120 No report No report No report No report 
75832 MK10 8 Male Unknown 14.05.11 11.09.11 120 120 72 35.4 19.8 
75855 MK10 6 Female Unknown 14.05.11 No report 120 No report No report No report No report 

104001 MK10 4 Male qat11-027 09.07.11 19.07.11 120 10 64 34 20.8 
108547 MK10 5 Male qat11-026 09.07.11 20.07.11 120 11 64 34 20.4 
110446 MK10 8 Male qat12-018 27.05.12 29.06.12 365 33 80 (16) 33.4 18.2 
110447 MK10 7 Female qat12-063 27.05.12 30.08.12 365 104 80 (16) No report No report 
103238 MK10 9 Male qat14-021 28.05.14 No report 180 No report No report No report No report 
119147 Minipat 6 Female qat12-173 13.07.12 No Report 365 days No Report No Report No Report No Report 
119148 Minipat 6 Female qat12-144 13.07.12 09.01.13 180 days 180 74 No Report No Report 
119149 Minipat 7 Female qat12-039 27.05.12 No Report 365 days No Report No Report No Report No Report 
119150 Minipat 6 Male qat12-165 13.07.12 09.01.13 180 days 180 80 (16) No Report No Report 
119151 Minipat 6 Male qat12-062 13.07.12 09.01.13 180 days 180 136 No Report No Report 
132228 Minipat 7 Female qat13-085 19.09.13 18.03.14 180 days 180 228 35 20.9 
132229 Minipat 5 Male qat13-107 19.09.13 18.03.14 180 days 180 110 35.1 19.9 
132230 Minipat 8 Male qat13-106 19.09.13 05.02.14 180 days 137 104 34 20.4 
132231 Minipat 7 Male qat13-095 19.09.13 18.03.14 180 days 180 88 34 19.5 
132232 Minipat 7 Female qat13-098 19.09.13 18.03.14 180 days 180 344 34.7 17.6 
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Table 8.  Summary of deployment information and data collected from 28 SPOT tag deployments on whale sharks in Al Shaheen, Qatar. 
PTT 
ID 

Tag 
Type 

TL 
(m) Sex 

 Shark 
ID 

Date 
Deployed 

Date 
Detached 

Data  
(days) 

Distance 
(km) 

Mean Dist 
/ day (km) Comments 

129051 SPOT 7 Female qat12-180 29.06.13 22.08.13 54 10 0.19 80cm Tether 
129052 SPOT 8 Male qat13-068 30.06.13 29.11.13 152 264 1.74 90cm Tether 
129053a SPOT 6 Male qat11-090 16.05.13 29.05.13 13 52 4.00 150cm Tether 
129054 SPOT 7 Male qat11-062 01.07.13 02.07.13 1 0 NA 90cm Tether 
129055 SPOT 8 Male qat13-040 01.07.13 16.08.13 47 671 14.28 100cm Tether 
132226 SPOT 7 Male qat13-112 19.09.13 12.12.13 84 244 2.90  
132227 SPOT 5 Male mus12-010 19.09.13 24.01.14 127 919 7.24  
120998 SPOT 8 Male qat13-056 02.07.13 03.11.13 124 845 6.81  
120999 SPOT 9 Male qat13-032 02.07.13 26.07.13 24 32.6 1.36  
128519 SPOT 6 Female qat13-076 02.07.13 11.07.13 9 14 1.56  
128520 SPOT 7 Female qat13-090 12.09.13 07.10.13 25 212 8.48  
121000 SPOT 7 Male qat11-073 19.05.14 28.06.14 40 148 3.70  
132221 SPOT 7 Female qat13-102 19.05.14 01.06.14 12 20 1.67  
132222 SPOT 9 Female qat14-023 28.05.14 04.07.14 37 2613 70.62 Pregnant 
132223 SPOT 8 Male qat12-256 28.05.14 24.07.14 57 174 3.05 Scarface 
132224a SPOT 8 Male qat14-013 28.05.14 26.06.14 29 35 1.21  
132225 SPOT 8 Male qat12-045 27.06.14 09.02.15 227 564 2.48  

129053b SPOT 9 Male qat14-037 27.06.14 29.06.14 2 0 NA 2nd deploy 
138518 SPOT 7 Female qat12-173 27.06.14 09.09.14 74 192 2.59  
138521 SPOT 7 Male qat12-019 27.06.14 25.08.14 59 131 2.22  
138517 SPOT 7 Female qat14-042 15.08.14 09.11.14 86 120 1.40  
138519 SPOT 8 Male qat11-024 15.08.14 13.10.14 59 129 2.19  
138520 SPOT 7 Female qat13-090 15.08.14 12.10.14 58 245 4.22  

132224b SPOT 5 Female qat14-046 15.08.14 20.03.15 217 618 2.85 2nd deploy 
141894 SPOT 6 Male qat14-069 16.09.14 27.02.15 164 1158 7.06  
141895 SPOT 6 Female qat14-056 16.09.14 18.10.14 63 146 2.32  
141896 SPOT 5 Male qat12-062 16.09.14 09.10.14 23 154 6.70  
141897 SPOT 5 Female qat13-109 16.09.14 22.11.14 67 870 12.99  
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Table 9.  Summary of deployment information and data collected from 11 MK10F tags deployed on whale sharks in Al Shaheen, Qatar. 

PTT ID 
Tag 

Type TL (m) Sex 
 Shark 

ID Date Deployed 
Date 

Detached 
Set for 
(days) 

Data 
Collection 

(days) 
Max 

Depth (m) 

Max 
Temp 
(°C) 

Min 
Temp 
(°C) 

Track 
Distance 

(km) 
119152 MK10F 6 Female qat12-169 13.07.12 08.01.13 180 180 116 35.5 19 262 
119153 MK10F 8 Male qat11-019 27.05.12 23.11.12 180 180 88 35 18 376 
119154 MK10F 7 Male qat12-105 01.06.12 17.06.12 180 17 58 18.8 34 78 
119155 MK10F 6 Female qat11-018 01.06.12 01.06.12 180 No data No data No data No data No data 
119156 MK10F 7 Female qat12-078 01.06.12 01.06.12 180 No data No data No data No data No data 
129822 MK10F 8 Male qat12-093 30.06.13 15.09.13 180 67 80 35.8 21.5 314 
129823 MK10F 8 Male qat11-097 30.06.13 04.10.13 180 96 80 36 21.7 177 
138515 MK10F 8 Male qat13-071 27.06.14 03.11.14 180 129 208 (16) 34.5 20 783 
138516 MK10F 6 Male qat14-041 15.08.14 08.10.14 180 54 74 35 21.3 134 
137642 MK10F 8 Female qat12-153 20.08.14 07.10.14 180 48 96 35.7 21 135 
137643 MK10F 7 Male qat14-067 16.09.14 05.11.14 180 50 208 (16) 34.1 21.7 587 
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3.3.2 Movements of whale sharks 

3.3.2.1 ARGOS locations 

The majority of sharks stayed within the Arabian Gulf and Gulf of Oman (Figure 20).  

Only one shark (qat14-023) ventured southwards and left the study area where the tag 

popped off between Somalia and Socotra.  This exceptional and large-scale horizontal 

movement was made by a visibly pregnant 9 m female whale shark, and its location are 

removed from all further analyses. 

 

 
Figure 21.  An overview of all ARGOS locations produced by satellite tags deployed in 
Al Shaheen during 2012 to 2014. Locations are split into years and season, including 
the one pop off point close to Socotra. 
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3.3.2.2 Optimised hot spot analysis 

The hot spot analysis, determined from ARGOS locations, resulted in 383 weighted 

points of which 269 were statistically significant based on a False Discovery Rate 

(FDR) correction for multiple testing and spatial dependence. 

 

Al Shaheen and the closely surrounding area is a highly significant hotspot (Figure 21).  

Other previously unknown cold spots (statistically significant areas of interest) were 

discovered from the analysis with a highly significant cold spot discovered in Saudi 

Arabian waters 126 km North-West of Al Shaheen and 100 km offshore of Al Jubail 

(27.113N 50.679E), which could possibly be a new aggregation site for whale sharks in 

the Arabian Gulf. 

 

 
Figure 22.  Red output features represent statistically significant hot spots where high 
incident counts cluster.  Blue output features represent significant cold spots where low 
incident counts cluster. 
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3.3.2.3 Habitat usage 

There was no difference in habitat usage between years, indicating that sharks 

frequented the same areas each year, aggregating in Al Shaheen and northwest Saudi 

Arabia during the summer months (Figure 22).  By contrast, there were no clear 

aggregation sites in winter.  Whale sharks rarely ventured to shallow areas of the Gulf 

with a depth less than 40 m and only 2 locations were recorded in less than 20 m depth.   

 
Figure 23.  An overview of all ARGOS locations transmitted from satellite tags within 
the Arabian Gulf and Gulf of Oman that were deployed on whale sharks during 2012 to 
2014. The locations are split into years and season and, the map includes Arabian Gulf 
bathymetry. 
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Male and female whale sharks had the same regional distribution, with both sexes, 

aggregating in summer and dispersing in the region throughout winter.  Both sexes 

displayed affinity for the deeper waters of the Arabian Gulf in excess of 40 m (Figure 

23). 

 
Figure 24.  An overview of all the ARGOS locations transmitted throughout the study 
period (excluding the Socotra pop off point) for male and female sharks tagged in Al 
Shaheen.   
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3.3.2.4 Kernel density analysis 

Kernel density analysis reiterated the activity hotspot at Al Shaheen, as was seen for 

ARGOS locations.  A minimum bounding geometry (MBG) for the locations in the 

Arabian Gulf and Gulf of Oman from all ARGOS transmissions was 166,447 km2.  The 

95% Percentage Volume Contour (PVC) includes 95% of locations, likewise, the 50% 

PVC includes 50% of locations.  Core habitat (50% PVC) for the region was Al 

Shaheen and encompassed a small area of 92 km2.  The 95% PVC excludes outlying 

locations and included the same significant locations identified in the hotspot analysis 

as well as including a few other areas which whale sharks were seen to frequent (Figure 

24). 

 

 
Figure 25.  Whale sharks core habitat usage was at Al Shaheen and overall usage 
expands through most of the Arabian Gulf and the Gulf of Oman. 
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Minimum Bounding Geometry and PVC’s for summer were all smaller than when 

summer and winter were combined although some sharks leave the Gulf during 

summer, the majority stay within until the end of the tuna spawning season (Figure 25). 

 

 
Figure 26.  Kernel Density Analysis and Minimum Bounding Geometry (MBG), 
showing the 50% and 95% Percentage Volume Contours (PVC) representing the core 
habitat use and total range respectively for ARGOS locations transmitted during 
summer. 
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As sharks disperse from summer aggregation areas in winter, the MBG and PVC’s 

increase in size as a larger area of habitat is.  All winter core areas are in locations with 

access to areas deeper than 40 m.  Some sharks also move to the Gulf of Oman via the 

Strait of Hormuz in winter (Figure 26). 

 

 
Figure 27.  The results of a Kernel Density Analysis and MBG, showing the 50% and 
95% PVC representing the core habitat use and total range respectively for ARGOS 
locations transmitted during winter. 
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3.3.2.5 Light level locations 

Archival tags provided locations calculated from light level data where daylight length 

is used to calculate latitude and the mid-point between dawn and dusk is used to 

calculate longitude.  These locations have a larger error association with position than 

the previously discussed ARGOS locations from towed tags (Figure 27).  Here, the 

mean error radius is ~50 km.  Overall, locations from archival tags were similar to those 

from towed tags (Figure 12).  The main difference to ARGOS locations was that here 

we found locations further north in the Gulf and into Kuwaiti waters, as well as larger-

scale dispersal into the Gulf of Oman. 

 

 
Figure 28.  An overview of all light level locations transmitted from satellite tags 
deployed on whale sharks in Al Shaheen during 2012 to 2014 with Arabian Gulf 
bathymetry. 
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3.3.3 Depth and temperature analysis 

Depth and temperature data collected by satellite tags were analysed to investigate 

behaviour and habitat preference in relation to season and location. 

 

In excess of 75% of locations were transmitted from waters with a depth from 40 m to 

60 m (Figure 28).  In the summer, 81% of shark locations were transmitted from the 

same depths.  As sharks disperse from feeding areas in the winter months, the water 

depth at which locations were transmitted becomes more dispersed with the 80 m - 90 m 

depth having the greatest percentage of transmitted locations at 24.68%.   

 

  
Figure 29.  The depth of the water column at which the ARGOS locations were 
transmitted for both winter (red) and summer (green). 
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Whale sharks spent the majority of time at a temperature from 27 °C to 30 °C (Figure 

29). Raw data from the tags was provided in percentages. There was a significant 

difference at the 0.05 significance level between the mean overall time spent in the most 

frequented 27 °C – 30 °C temperature bin and the two closest temperature bins of 24 °C 

– 27 °C (Mann-Whitney: U value = 829 (df=49), Z score = 2.899, p = 0.00374) and 30 

°C – 33 °C (Mann-Whitney: U value = 358 (df=49), Z score = 6.15, p = 0). Whale 

sharks spent a greater percentage of time in cooler water at night compared with the 

day. 

 

 
Figure 30.  Composite percentage time-at-temperature histogram for 50 whale sharks 
tagged with temperature capable satellite tags at Al Shaheen from 2011 to 2014.   
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Whale sharks spent the majority of time in the epipelagic zone between 20 m - 100 m 

(Figure 30). There was a significant difference at the 0.05 significance level between the 

mean overall time spent in the most frequented 20 m – 50 m depth bin and the 

combined depth bin of 0 m - 20 m (Mann-Whitney: U value = 187 (df=49), Z score = 

2.0723, p = 0.00384) and the depth bin 50 m – 100 m (Mann-Whitney: U value = 118 

(df=49), Z score = 3.495, p = 0.00046).   Sharks spend a notably larger percentage of 

time in deeper water at night compared with the day. 

 

 
Figure 31.  Composite percentage time-at-depth histogram for 50 whale sharks tagged 
with depth capable satellite tags at Al Shaheen during 2011 and 2014.   
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No distinctive circadian behaviour patterns were noted in the mean hourly depth data 

(Figure 31).  The majority of sharks spent time within the 20 - 30 m depth range with 

shark 138515 (8 m male) staying shallower above 25 m at night.   

 

 
Figure 32.  Mean hourly depth recordings for whale sharks tagged in Al Shaheen 
during 2012 and 2014. 
 

To investigate circadian behaviour in more depth, hourly mean depth data were split 

between the tuna-spawning season (May-Oct) and outside the spawning season (Nov-

Apr).  During the spawning season, sharks spent the majority of time between 20 and 50 

m (Figure 32).  Sharks were shallower at night outside of the spawning season and 

deeper during daylight hours (Figure 33).   
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Figure 33.  Depth data for sharks during the spawning season at hourly intervals 
throughout the day for whale sharks tagged in Al Shaheen during 2012 and 2014. 
 

 
Figure 34.  Depth data for sharks outside the spawning season at hourly intervals 
throughout the day for whale sharks tagged in Al Shaheen during 2012 and 2014. 
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3.3.3.1 Diving behaviour 

A distinct diurnal pattern was seen while the sharks are within Al Shaheen, with the 

sharks spending time in shallower waters between 6am and 1pm and a peak between 

8am-11am.  Sharks at the possible Saudi aggregation site show a similar change in 

daytime behaviour but with a second peak into shallower waters around dusk.  Once the 

sharks are outside of either site, they spend the majority of time between 30 and 50 m 

with no distinctive pattern (Figure 34).   

 

 
Figure 35.  Average actual hourly depths for all time-series capable tags whilst sharks 
were within Al Shaheen, outside of Al Shaheen or within the possible aggregation site 
in Saudi Arabian waters. 
 

A paired-samples t-test was conducted to compare the average depth at four time 

intervals throughout the day (00:00-06:00, 06:00-12:00, 12:00-18:00, 18:00-00:00) of 

all sharks tagged with an MK10F satellite tag whilst located in Al Shaheen and Outside 

of Al Shaheen.  There was a statistically highly significant difference in the mean depth 

of sharks from midnight to 6 am whilst in Al Shaheen (mean=36.91, SD=2.42) and 

whilst outside of Al Shaheen (mean=32.76, SD=3.74); t(35)=5.9346, p<0.0001.  There 

was a statistically highly significant difference in the mean depth of sharks from 6 am to 

noon whilst in Al Shaheen (mean=20.59, SD=7.94) and outside of Al Shaheen 

(mean=41.80, SD=4.35); t(35)=13.7235, p<0.0001.  There was no statistical significant 

difference in the mean depth of sharks from noon to 6 pm whilst in Al Shaheen 

(mean=37.32, SD=4.69) and outside of Al Shaheen (mean=38.14, SD=6.04); 
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t(35)=0.5070, p=0.6154.  There was a statistically highly significant difference in the 

average depth of sharks between 6 pm and midnight whilst in Al Shaheen (mean=37.50, 

SD=1.66) and outside of Al Shaheen (mean=31.61, SD=3.66); t(35)=0.5070, p<0.0001 

 

3.3.4 Individual behaviour and tag performance 

Tags that provided time-series data were used to investigate individual movement and 

behaviour of whale sharks throughout the tags deployment. 

 

3.3.4.1 Satellite tag: Minipat 

Shark qat12-144’s tag made a full 180-day deployment, which ranged between July and 

detachment was in early January.  This 6 m female shark did not appear to leave the 

Arabian Gulf throughout the tag’s deployment, which is supported by the depth data 

with no dive greater than 90 m, which is the deepest water depth found in the Gulf.  The 

depth data also shows that the shark utilised the entire water column on most days 

throughout the deployment.  Tag 119148 was an early model minipat with a memory 

limit of 8 GB, which means that it was unable to collect data on both depth and 

temperature (Appendix A: Figures 78 & 79)  

 

Tag 119150 was deployed on shark qat12-165, a 6 m male and a full deployment was 

made.  Swimming behaviour was similar to qat12-144 and this shark also did not appear 

to leave the Gulf, which is supported by the dive data.  The end of the track shows the 

shark moving north into shallower waters near the coast of Iran (Appendix A: Figures 

80 & 81). 

 

A full deployment was made by tag 119151.  Shark qat12-062 moved towards the Strait 

of Hormuz after the tuna spawning season finished around the beginning of November 

and seemed to stay around the deeper water of the Strait and found towards the Iranian 

coast.  The depth data also supports this movement as dives towards 100 m in depth 

coincide with the light level data.  Depths towards 100 m only occur within the Strait of 

Hormuz carrying on into the Gulf of Oman (Appendix A: Figures 82 & 83). 

 

Tag 132228 made a full 180-day deployment on shark qat13-085, a 7 m female.  This 

shark spent little time within the Arabian Gulf and quickly entered the Gulf of Oman 

about 20 days after being tagged in Al Shaheen.  The rest of the time that tag was spent 
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on the shark was in waters of the Gulf of Oman.  Even though the shark had access to 

deeper water, it rarely made deep dives.  Epipelagic waters of the Gulf of Oman appear 

to start to cool in November and drop to minimum of around 22 °C in February and 

then appear to start to rise again in March (Appendix A: Figures 84 & 85). 

 

Minipat 132229 made a full deployment on shark qat13-085, a 7 m female.  The depth 

and temperature data support the light level location data in the locations given.  The 

shark most probably stayed within the Arabian Gulf until the end of December when it 

passed through the Strait of Hormuz and into the Gulf of Oman.  This is supported by 

the deeper dive, most probably within the Strait and then distinct drop in temperature of 

the water column utilised after the deeper dive.  Again, the shark rarely dived deeper 

than 80 m whilst in the Gulf of Oman, even though deeper water was available 

(Appendix A: Figures 86 & 87). 

 

Tag 132230 made a full deployment on shark qat13-106, an 8 m male.  Light level 

locations alongside depth and temperature data suggest that this shark stayed within the 

Arabian Gulf and utilised the deeper central ridge throughout the deployment period.  

Interestingly, this shark appears to have resided between January and February within 

the deeper waters close to Iran and opposite the UAE coastline, which is highlighted 

within the winter core habitat shown in Figure 26 (Appendix A: Figures 88 & 89). 

 

Minipat 132231 made a full deployment on shark qat13-095, a 7 m male.  Light level 

locations show that the shark stays within the Arabian Gulf, however the depth-temp 

profile in Figure 47 show that the shark dived to more than 100 m which means that it 

must have at least entered the Strait of Hormuz at some point.  From this point onwards 

it is difficult to confirm if the shark moved into the Arabian Gulf or into the Gulf of 

Oman as at that time of year, both water bodies are a similar temperature and the sharks 

deepest dive does not exceed 80 m (Appendix A: Figures 90 & 91).   

 

Minipat 132232 made a full 180-day deployment on shark qat13-098, a 7 m female.  

This shark moved out of the Arabian Gulf quite quickly, through the Strait of Hormuz 

and into the Gulf of Oman for the remainder of the deployment.  This shark made the 

deepest dive of this entire study to a depth of just over 300 m showing that this shark 

did not stick to coastal areas (Appendix A: Figures 92 & 93). 
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3.3.4.2 Satellite tag: MK10F 

MK10F 119152 (1st gen) made a full 180-day deployment on shark qat12-169.  

Unfortunately the tag failed to perform very well and collected no usable light location 

data and only two ARGOS positions, deployment and pop-off point.  This tag was 

deployed without any floatation assistance and it is thought that it rarely surfaced.  No 

time-series temperature data was collected but sporadic time-series depth data was 

transmitted.  The depth data along with the pop-off point would suggest this shark 

stayed within the Arabian Gulf but one dive close to 100 m could have been made in the 

Strait of Hormuz (Appendix A: Figures 94 & 95). 

 

MK10F 119153 (1st gen) made a full 180-day deployment on shark qat11-019, a 8 m 

male.  Unfortunately, like tag 119152 the tag failed to perform very well and collected 

no usable light location data and only two ARGOS positions, deployment and pop-off 

point.  This tag was deployed without any floatation assistance and it is thought that it 

rarely surfaced.  No time-series temperature data was collected but sporadic time-series 

depth data was transmitted.  The depth data along with the pop-off point would suggest 

this shark stayed within the Arabian Gulf with no dive in excess of 90 m.  Temperature 

data indicates mixing of the water column within the Arabian Gulf in mid-October 

(Appendix A: Figure 96 & 97). 

 

MK10F (2nd gen) made a 67-day deployment on 8 m male shark, qat12-093.  The 

ARGOS locations show that the shark did not leave the Arabian Gulf but once it left Al 

Shaheen it stayed within the deeper waters towards the Iranian coast.  Transmission of 

data was poor with large gaps in the time-series data collected.  As the deployment was 

purely through the summer months it can be seen that the hottest months are August and 

September with surface temperatures in excess of 34 °C yet temperatures in excess of 

60 m remained relatively stable throughout the summer months (Appendix A: Figure 98 

& 99). 

 

MK10F 129823 (2nd gen) made a 96-day deployment on 8 m male shark, qat11-097.  

ARGOS locations show that the shark did not leave the Arabian Gulf during the 

deployment.  The time series data shows the surface waters of the Arabian Gulf start to 

cool around the beginning of October with peak temperatures occurring in August and 

September.  Again, water temp was stable throughout the summer months with a 
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temperature around 24 °C.  This shark also moved towards the possible Saudi Arabian 

aggregation site before popping off further North (Appendix A: Figures 100 & 101). 

 

MK10F (3rd gen) 137642 made a 48-day deployment on 8 m female, qat12-153.  This 

shark visited the possible Saudi Arabian aggregation site after leaving Al Shaheen.  The 

time-series data shows peak temperatures reached in August and the surface waters start 

to cool at the beginning of October.  Cooler water below 22 °C was seen throughout the 

summer (Appendix A: Figures 102 & 103). 

 

MK10F (2nd gen) 138515 made a 129-day deployment on 8 m male shark, qat13-071.  

The tag transmitted a poor percentage of the archived data back before stopping 

transmission and didn’t collect any useable light location data.  This tag popped off in 

the Gulf of Oman yet no depth or temperature data was indicative of this journey due to 

poor archival data transmission after detachment (Appendix A: Figures 104 & 105). 

 

MK10F (2nd gen) 138516 made a 54-day deployment on 6 m male shark, qat14-041.  

This shark spent time in al Shaheen and then moved to the possible aggregation area in 

Saudi Arabia where the tag popped off.  Time-series data transmission was poor but 

displayed standard depth and temperature data for the central Arabian Gulf (Appendix 

A: 106 & 107). 

 

MK10F (3rd gen) 137642 made a 48-day deployment on 8 m female, qat12-153.  This 

shark visited the possible Saudi Arabian aggregation site after leaving Al Shaheen.  The 

time-series data shows peak temperatures reached in August and the surface waters start 

to cool at the beginning of October.  Cooler water below 22 °C was seen throughout the 

summer (Appendix A: 108 & 109). 

 

MK10F (3rd gen) 137643 made a 50-day deployment on 7 m male shark, qat14-067.  

The tag transmitted a poor percentage of the archived data back before stopping 

transmission.  The shark didn’t leave the Arabian Gulf during the deployment, however 

it did move from Al Shaheen to the possible Saudi aggregation site.  The shark then 

moved to the deeper waters of the Iranian coast before the tag popped off (Appendix A: 

Figures 110 & 111). 
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3.4 Discussion 

3.4.1 Summary of tag deployments 

Male whale sharks were more frequently encountered in Al Shaheen than females. 

While deploying tags in the field, preference was given to females if they were 

encountered while selecting a shark to tag. In total, 24 out of 58 sharks tagged were 

female and 34 were male (Tables 7 – 9). Sharks rarely made dives in excess of 100m 

and the deepest dive recorded was made to 344 m by a 7m female. The shallow depth of 

the Arabian Gulf restricts deep diving behaviour. Access to waters more than 120 m 

deep are only found in the Gulf of Oman and as only 9 of the tagged shark moved into 

these waters, deep dives were not common. Even with access to deep water, the nine 

tagged sharks that moved into the Gulf of Oman rarely made dives deeper than 100 m. 

Maximum and minimum temperatures recorded by the tags were 36 °C and 17.6 °C 

respectively showing a large temperature tolerance range. Data collection days between 

tag deployment and detachment varied from ten to 180 days for tags with a specified 

detachment period and between one and 227 days for SPOT tags with no defined 

detachment period. Average detachment time for SPOT tags was 69 days. Recovered 

SPOT tags revealed that the tags pull out of the shark by the dermal anchor, probably 

after entanglement with another shark or marine object. Distance travelled between 

deployment and detachment point varied from 10 km to 2613 km. The shark that 

travelled the greatest distance (2613 km) did so in just 37 days and was also the only 

tagged shark to leave the Arabian Gulf and the Gulf of Oman. This shark showed the 

greatest mean distance travelled per day of any shark at a rate of 70 km that shows that 

whale sharks can make large-scale movements of thousands of kilometres within a 

period of at least five weeks. 

 

3.4.2 Movements of whale sharks 

All but one of the 58 sharks fitted with satellite tags stayed within the Arabian Gulf and 

Gulf of Oman.  It is possible that sharks tagged with SPOT tags moved beyond the Gulf 

of Oman but never surfaced and so no location was recorded.  Sharks rarely surface 

once outside of Al Shaheen making their journeys difficult to track using real time tags 

and PAT tags have a large factor of error; none of the sharks tagged with PATS left the 

Gulf of Oman. No difference was noted in habitat usage among tagging years but sharks 

dispersed throughout the region in the winter.  It should also be noted that the sharks 



Chapter 3: Satellite tracking of whale sharks from Al Shaheen	

	 83	

spend more time at depth after the summer/spawning season has finished which may 

indicate a change in food source or foraging strategy during the winter months. 

 

Whale sharks are born at less than 1 m in length and reach a maximum-recorded length 

of 20 m (Rowat & Brooks 2012).  Whale sharks recorded from this study varied from 4 

m to 10 m in length suggesting that this region is utilised only during this stage of their 

maturation and that animals below and above this size range are utilising areas outside 

of this region.  However, whale sharks below 3 m and above 10 m are rarely reported 

from any areas around the world (Rowat & Brooks 2012; Rowat 2010; Rowat et al. 

2007) and so it is possible that both stages inhabit deep water and rarely visit waters 

where they can be encountered. 

 

3.4.2.1 ARGOS locations 

ARGOS locations showed that the sharks rarely moved north past Saudi Arabian waters 

or towards the shallower waters close to the coast of Qatar and the UAE.  Whale sharks 

have been reported from these areas but these sharks have all been juveniles less than 4 

m in length and, the incidents usually occur in the winter months when the waters are 

cooler.  Sharks have also been reported from as far north as Kuwait and were all 

reported as juveniles less than 6 m in length.  It has been seen that tag retention is 

shorter on smaller sharks which could be because the smaller sharks are more 

manoeuvrable and are able to rid themselves of the tags more easily. It is also possible 

that tags are more noticeable to smaller sharks, making it more likely that the sharks 

actively try to remove tags.  In 2012 a 5 m female shark was tagged with a spot tag that 

recorded her immediately diving to the bottom at a depth of 50 m, and the shark 

removed the tag by probably rubbing herself on the bottom. This immediate change in 

behaviour and tag removal shows that the shark was aware of the tags attachment and 

presence. 

 

3.4.2.2 Hot spot analysis 

The results of the hot spot analysis showed that Al Shaheen seems to have the greatest 

number of sharks visiting or spending time in the area.  The hot spot analysis also 

highlighted other areas of interest, most notably a possible new aggregation site 

offshore of Al Jubail in Saudi Arabian waters.  Several sharks tagged in Al Shaheen 

were seen to visit this area, which has similar bathymetry to the Al Shaheen tuna 
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spawning area, which is the shallowest point of Al Shaheen at 50 m depth.  Similar to 

Al Shaheen, the Saudi aggregation site also borders a shallower area.  Another area in 

the Gulf of Oman offshore of the Iranian coastline saw several sharks utilise this area 

and spend time at the surface. 

 

3.4.2.3 Kernel density and habitat usage 

Results of the kernel density analysis identified prime area usage and identified Al 

Shaheen as the core area that whale sharks utilise in the Arabian Gulf.  During the 

spawning season, an area of 66 km2 was identified as core habitat, which centred around 

the known tuna-spawning site located within Al Shaheen.  Minimum Bounding 

Geometry (MBG) and both Percentage Volume Contours (PVC) are reduced in size 

during the summer months as whale sharks aggregated together at several sites.  During 

the winter months the MBG and PVC increased in size as sharks dispersed throughout 

the region and no aggregation areas were noted. 

 

There was no notable difference between the habitat preference for male and female 

whale sharks.  Both sexes were seen to travel into the Strait of Hormuz and into the 

Gulf of Oman and also to utilise the possible Saudi aggregation site.  The only 

exception to this was the pregnant female that travelled to Socotra and was an unusually 

large shark for what is regularly seen. 

 

3.4.2.4 Light level locations 

The collection and processing of light level location data has improved significantly in 

the last few years.  Light location positions are to be used for wide scale movements and 

are not suitable to investigate short-term movements.  Light level positions showed the 

sharks moving further north than the ARGOS location tags, but ultimately the same 

habitat usage pattern emerged with preference to waters in excess of 40 m.  Sharks were 

also shown to move out of the Arabian Gulf and into the Strait of Hormuz and Gulf of 

Oman.  Wildlife Computers have expressed that less weight should be given to the 

‘most likely’ locations shown in Figure 27 but that importance should be given to the 

confidence areas displayed in the individual behaviour section.  Average 95% 

confidence areas varied from 50 to 100 km showing that light level locations should not 

be used for detailed movement analysis. 
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3.4.3 Depth and temperature analysis 

Whale sharks had a distinct habitat preference for deeper waters of the Arabian Gulf 

(>40 m) and they rarely ventured into shallower water, which may be due to 

thermoregulatory needs. Surface water temperatures were regularly measured at feeding 

events in excess of 35 °C and it is proposed that the sharks dive deep to facilitate their 

need to cool down after feeding at the surface for several hours.  Sequeira et al. (2011) 

used 17 years of archived whale shark sightings data from tuna purse-seine fisheries 

fleets around the Indian Ocean in an attempt to predict whale shark occurrence using 

variables including temperature.  They hypothesised that the whale sharks preferred a 

narrow band of temperature with 90% of sightings occurring between 26.5 °C and 30 

°C and hypothesized that whale sharks may avoid higher temperatures as this may 

elevate metabolic rates and subsequently increase food requirements.  In the Arabian 

Gulf, whale sharks frequent waters that are not only in excess of 30°C but that are 

consistently above 35 °C at the height of summer.  In summer, the deeper central ridge 

of the Arabian Gulf forms distinct temperature layers, which vary from 36 °C surface 

waters to 18 °C at the bottom in 60 m depth (S. Bach, pers. comm.).  This temperature 

layering can be clearly seen in all time-series depth and temperature data from this 

study.  The water column in the Gulf starts to mix in mid-October, with temperatures 

ranging in the mid-20’s throughout the water column and thermoregulatory dives 

become less of an issue.  High affinity to deeper water could also be related to food 

availability, such as tuna spawn (Robinson et al. 2013), which occurs at certain 

locations in the Arabian Gulf, most specifically at Al Shaheen.   

 

Transmission location and bathymetry data confirmed that the majority of transmissions 

varied from 40 to 60 m which is the depth of the majority of the central Arabian Gulf 

ridge.  A preference for deeper water that is found in areas along the Iranian coastline is 

seen in the winter months as the sharks disperse (Figure 22).  The transmissions from 

deeper water could also be as sharks disperse through the Strait of Hormuz and into the 

Gulf of Oman where access to waters deeper than 90 m occurs.  Interestingly, once in 

the Gulf of Oman, transmission location suggests that sharks rarely inhabit waters in 

excess of 100 m.  Rowat & Gore (2007) found that sharks frequenting waters of the 

Seychelles spent 96% of their time in waters less than 100 m depth.  Graham et al. 

(2006) described whale sharks as epipelagic inhabiting waters varying from 50 to 250 

m.  Berumen et al. (2014) reported that sharks from the Red Sea frequent waters less 

than 50 m depth.  The whale sharks tagged in Al Shaheen displayed a distinct 
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preference for the relatively deeper waters of the Arabian Gulf.  Although sharks within 

the Arabian Gulf do not have access to waters in excess of 90 m, when sharks left 

Arabian Gulf waters and had access to deeper water, this habitat was not used.  Only 

one shark made a dive in excess of 300 m and dives in excess of 100 m were 

uncommon. 

 

Tagging results showed that the sharks spent more time in waters varying from 27 °C to 

30 °C and time spent in the neighbouring 3 °C temperature bins significantly differed 

from the ‘preferred bin’. Throughout the deployment of all tags, whale sharks 

experienced temperatures varying from 17.6 °C to 36 °C (Figure 29).  Observations in 

the field show the sharks feeding for up to five hours in surface water in excess of 34 

°C.  Sharks displayed similar temperature preferences in the day and night.  Within the 

region, access to waters cooler than 18 °C are not found unless deep in the Gulf of 

Oman.  Whale shark occurrence in the central Arabian Gulf during the summer months 

illustrates that they are able to meet their thermoregulatory needs in the area. It is 

thought that access to the deeper and cooler waters in the summer allow them to cool 

after feeding in the warmer surface waters during the day.  Time spent at depth and time 

spent at temperature are directly linked to each other whilst in the region.  Sharks spent 

a notable amount of time in the daytime in shallower waters, which is probably due to 

their feeding habits linked to tuna spawn while in the Al Shaheen area.  Overall, whale 

sharks spent the majority of their time in waters less than 50 m. 

 

Investigation of the time-series data allows access to time of day intervals.  When 

average depth for all sharks was investigated, the majority of sharks showed little 

change in behaviour throughout the day, spending the majority of time between 20 m 

and 50 m.  When this was split into spawning and non-spawning season, the sharks 

displayed a preference for slightly shallower waters outside of the spawning season, 

which may be indicative of a change in strategy to another unknown food source. 

 

3.4.3.1 Diving behaviour 

The MK10F tags allow investigation of location based dive behaviour as the ARGOS 

locations have a measurable radius of error once filtered.  The separation of dive 

behaviour to a specific location (Figure 34) resulted in identification of a distinct daily 

diving pattern identified within Al Shaheen and gives an insight into the spawning 

pattern of the tuna.  In the field, the sharks are seen to reach the surface early in the 
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morning with peak numbers around 9am and dispersing in the early afternoon around 

noon as the tuna spawn becomes dispersed.  Depth whilst in Al Shaheen suggests that 

the tuna probably spawn at first light.  This spawning must take place at depth as such a 

large spawning event has never been observed in Al Shaheen.  Once the eggs start to 

reach the surface, the sharks actively ram feed on them until it is no longer energetically 

viable to continue which usually occurs after noon.  This same pattern is seen from the 

location dive data whilst in Al Shaheen the sharks feed in the morning until noon and 

then dive to the deeper, cooler waters until the next day’s spawning event.  Outside of 

the tuna spawning season, sharks show no distinct circadian pattern and spend the 

majority of time at depths varying from 30 m to 50 m.  Significant differences in diving 

behaviour were seen within Al Shaheen and outside of Al Shaheen for all time groups 

tested, apart from between noon and 6pm. This difference could be due to the sharks 

diving to cooler, deeper water to thermo-regulate whilst sharks outside of the season 

spent time in shallower waters at night.  Location dive data were analysed for the 

possible Saudi aggregation site to test if a circadian pattern could be determined to 

allow speculation as to why the sharks are aggregating in this area (Figure 34).  A 

similar pattern to Al Shaheen was seen in the late morning, which suggests that this 

could be a second spawning site for tuna.  However, a second peak at dusk was also 

observed which is so far unexplained and needs further research. 

 

3.4.4 Individual whale shark behaviour and tag performance 

Analysis of individual whale shark behaviour gives an insight into environmental 

preferences of the shark and also about changes in the environment around them.  The 

analysis of individual behaviour also showed that each shark behaves differently in its 

movement and diving and, whilst an overview of behaviour can build a general picture, 

individual behaviour should also be considered in behaviour analysis.   

 

Overall, eight minipats and nine MK10Fs provided time series data allowing a 

comparison of tag performance, movements and environmental conditions experienced 

throughout deployment.  Early (2012) minipats 119148-51 had a limited memory space 

and were unable to collect data on temperature and depth.  Although light level data 

have large confidence areas, light level together with depth and temperature data allow 

a more accurate estimation of location and movement.  Within this region the depth 

analysis is key to location estimation as the Arabian Gulf has a maximum depth of 90 m 

whilst in the Strait of Hormuz depth reaches in excess of 120 m.  Maximum depth in the 
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central Gulf of Oman can reach in excess of 1000 m.  It is apparent from the diving 

behaviour of individuals that, even though access to deeper water is available in the 

central Gulf of Oman, sharks rarely visit or utilise this deeper water.  It can also be seen 

from the light level data in the Individual behaviour section how large the confidence 

areas are for locations, which shows how light level on its own should not be interpreted 

for small scale movements. 

 

3.4.4.1 Satellite tag: Minipat 

The greatest disadvantage of using the minipats was the inability to collect ARGOS or 

GPS data and to only collect light level data to estimate location.  Light level has proven 

to have a high degree of uncertainty and so is not useful for small-scale movements of 

animals and only really capable of describing large-scale movements with inaccurate 

locations.  Two tags were set for a 365-day deployment; these were the only two tags to 

fail.  The long duration most likely led to biofouling on the tag causing the tag to 

eventually sink and fail (K. Lay pers. comm). 

 

With the early minipats 119148-51, none of the sharks are thought to have left the 

Arabian Gulf throughout their entire deployment.  It was only in 2013 that the first 

sharks were seen to leave the Arabian Gulf and enter the Gulf of Oman.  The decision 

was taken to deploy the 2013 minipats later in the season to cover more of the winter 

period.  Three out of the five sharks on which minipats were deployed did leave the 

Arabian Gulf with a fourth entering the Strait of Hormuz.  Shark 132232 made the 

deepest dive of any shark in the study at over 300 m that must have been made in the 

central Gulf of Oman and this is supported by the light level locations produced.  Time 

and depth series data also provide an insight into the deeper waters of the Arabian Gulf.  

Distinct temperature layering can be seen on most sharks within the Arabian Gulf in the 

summer months up to mid October when the waters become mixed and the layering is 

lost.  The minipats performed consistently well and transmitted a high percentage of 

their archived data back through the ARGOS system.   

 

3.4.4.2 Satellite tag: MK10F 

MK10s were also more limited on their data archival abilities (than the minipats) being 

capable of collecting only light level and, temperature and depth histogram data.   
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The first generation MK10Fs (119152 & 119153) were unsuitable for a towed 

deployment as their buoyancy was not great enough to lift the tag to the surface when 

deployed on a moving shark, instead it towed behind the shark at depth and so tags 

deployed without extra floats collected little location data but did make a full 

deployment.  Tags where floats were added to the tether to aid flotation did give 

locations but deployment was short.  Even though no location data were collected on the 

non-float MK10Fs, a good amount of depth-temp time series data were collected and a 

large amount successfully transmitted. 

 

The second generation MK10Fs performance varied from tag to tag.  Satellite tag 

129823 was deployed on an 8 m male which stayed within the Arabian Gulf. The tag 

collected depth-temp data throughout the summer months and the change in water 

temperature layering can clearly be seen from this tag’s data report with waters mixing 

towards the beginning of October.  MK10F showed a similar pattern in temp and also 

provided information on the hottest months for surface waters, which appear to be in 

August and September.  MK10F 138515 performed poorly and, even though it was at 

the surface after detachment, failed to transmit much of its archived data.  The third 

generation MK10Fs did not perform well in terms of archived data transmission and 

short deployment durations due to the towed nature of tag deployment. 

 

Individual whale sharks utilising Al Shaheen are either resident or transient.  Some 

sharks spend the whole spawning season at Al Shaheen, rarely moving out of the 

feeding zone, whilst others pass straight through, only spending a few days at Al 

Shaheen.  Only one shark ventured outside of the Gulf of Oman, this shark was a 9 m 

pregnant female tagged with a SPOT tag.  This shark passed through Al Shaheen within 

a couple of days and headed straight out of the Arabian Gulf.  The tag popped off close 

to Socotra after a 37-day journey where not one location signal was made, likely a 

consequence of the shark not spending a significant amount of time at the surface while 

travelling.  At present there has been little research into movement or habitat use of 

pregnant or large female whale sharks.  Further research on large females should be 

undertaken to see if there are similar movements out of the region, as this could have 

conservation implications to the species. 
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4.1 Introduction 

4.1.1 Population genetics 

The field of conservation biology has been revolutionised by the use of microsatellites 

for population genetics studies (Ellegren 2004; DeSalle & Amato 2004).  

Microsatellites are nuclear genetic markers consisting of segments of DNA with simple 

nucleotide repeats.  Microsatellites are inherited from both the mother and the father 

and are fast evolving sequences undergoing mutations that can add or subtract repeats; 

they are common in eukaryotic DNA and easily amplified by Polymerase Chain 

Reaction (PCR) (Dowling 1996; Schmidt et al. 2009).  Alleles at a given microsatellite 

locus are often numerous, and each differ in the number of repeats.  (Queller et al. 1993; 

Dowling 1996; Schmidt et al. 2009).  Microsatellites provide a useful and informative 

tool to assess genetic differentiation and variability (Schmidt et al. 2010).  Using 

microsatellites as genetic markers, genetic diversity within the Qatar whale shark 

population will be determined as well as differentiation between the Qatar sharks and 

other whale shark populations. 

 

Mitochondrial control region DNA (mtDNA) is found within the mitochondria.  It is 

haploid and an indicator of female gene flow as it is inherited from the mother and does 

not undergo recombination (Halliburton 2004).  The mitochondrial control region is 

made up of an area of non-coding DNA within the mitochondrial genome.  DNA 

sequencing of the MtDNA control region can be used to assess relatedness and variation 

within and among populations.  The sequencing of the mtDNA control region allows 

the identification of distinct haplotypes within a population (Halliburton 2004).  In the 

non-coding control region of mtDNA of animals, the rate of nucleotide substitution is 

relatively high compared to coding regions but lower than microsatellites.  Geographic 

information in association with mtDNA can help to determine the genetic structure of 

populations (Hillis et al. 1996).  MtDNA sequences from individual samples collected 

at Al Shaheen will be used to detect new and shared haplotypes compared to those 

previously published from the Atlantic Ocean, Western Indian Ocean, Eastern Indian 

Ocean, Northwest Pacific and the Northeast Pacific. 

 

4.1.2 Genetic studies to understand shark behaviour 

Various genetic studies have been undertaken around the world to understand better 

how global whale shark populations are related.  Migration and breeding are primary 
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factors affecting genotypes within populations (Chesser 1981).  Dispersing individuals, 

reduction of the number of individuals within a population and inbreeding reduce 

genetic variation within a population.  The importance of movement and breeding 

regimes within populations served as a catalyst for the development of genetic fixation 

indices such as Fst, a value for genetic differentiation (Chesser 1981).  Initial studies 

that analysed small numbers of sharks proposed that whale sharks constitute a single 

panmictic population with little or no genetic differentiation between oceans (Castro et 

al. 2007; Schmidt et al. 2009). 

 

Castro et al. (2007) analysed the mitochondrial control region from 70 individual whale 

sharks from six different sites around the world. They found no evidence of 

geographical clustering but identified 51 polymorphic sites in 44 haplotypes.  Castro et 

al. (2007) also found that the most common haplotypes are distributed globally but there 

were statistically significant haplotype frequency differences between sharks from the 

Atlantic and Indo-Pacific Oceans.  Ramírez-Macías et al. (2007) also analysed the 

mitochondrial control region from sharks from the Gulf of California, Mexico and the 

North Pacific Ocean and it was found that there was little inter-region or inter-ocean 

genetic variation between the two populations.  Sex and maturity was also considered 

with the genetic data and it was concluded that females could return to the same area 

where they were born to give birth while males disperse widely. 

 

Schmidt et al. (2009) conducted microsatellite analysis of 68 whale shark samples from 

around the world examining eight polymorphic loci.  It was concluded that there was 

significant gene flow between the Indian, Caribbean Atlantic and Pacific oceans and 

that segregated breeding populations were unlikely.  Schmidt et al. (2010) also 

identified another haplotype from the mitochondrial control region increasing the total 

number of known whale shark haplotypes from 44 to 45. 

 

More recently, however, analysis of greater numbers of animals detected subtle but 

significant differentiation between Atlantic whale shark populations and those sampled 

in other oceans (Vignaud et al. 2014). High genetic structure was described by Vignaud 

et al. (2014) between sharks from the Gulf of Mexico and the Indo-Pacific regions using 

both Microsatellite and Mitochondrial DNA.  This genetic structure suggests that there 

are two populations that rarely mix.  They also noted a decline in genetic diversity at 
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Ningaloo Reef in Australia, which was attributed to anthropogenic threats such as 

fishing and boat strike. 

 

4.1.3 Concordance between genetics and tracking 

Satellite tracking studies have shown that tagged sharks have not yet made a trans-

oceanic journey (Eckert & Stewart 2001; Eckert et al. 2002; Wilson et al. 2005; Wilson 

et al. 2007; Rowat & Gore 2007; Hsu et al. 2007; Hueter et al. 2013; Berumen et al. 

2014) and almost always travel within their own oceanic basin.  Eckert & Stewart 

(2001), reported the longest distance travelled by a tagged whale shark that was in 

excess of 13,000 km in 37 months; this is now widely believed to be a tag that detached 

from the shark at some point and was drifting with the currents (Sequeira et al. 2013; 

Hueter et al. 2013).  Sequeira et al. (2013) used sightings, tracking and distribution data 

to create a model that suggests broad-scale connectivity between ocean basins and one 

single global meta-population and also suggested that travelling time between the three 

major ocean basins can be as little as 2-4 years. Further genetic and tracking data is 

needed to investigate these apparent discrepancies. 

 

4.1.4 Genetic measures of population structure  

Genetic diversity is also considered to be a measure of genetic fitness.  A reduction in 

genetic diversity can have ecological consequences to a population.  Low genetic 

diversity reduces a population’s ability to adapt to a stressful or changing environment, 

or to cope with factors such as disease (Frankham et al. 2002). 

 

Genetic differentiation is the genetic difference between groups or populations.  Values 

for genetic differentiation (Fst) determine the proportion of total heterozygosity that is 

due to allele frequency differences among sub populations; and they can be calculated 

for individual loci or across all loci.  Here, Fst will be compared to the results of other 

regional whale shark studies. 

 

4.1.5 Stable isotope analysis 

As sharks are apex predators within the marine environment, identifying their trophic 

position is of importance in terms of ecosystem community structure and habitat usage 

(Bowman et al. 2000; Link 2002).  Stable Isotope analysis offers a method of 

establishing an organism’s trophic level, a shorter timescale of connectivity as opposed 
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to genetics (months-years) and a laboratory alternative to stomach content analysis, 

which only provides information on recently ingested prey (Rau et al. 1983; Fisk et al. 

2002; Estrada & Rice 2003; Domi et al. 2005; MacNeil et al. 2005; Estrada et al. 2006). 

 

Shark tissues are more enriched with heavy isotopes than their prey items and this is 

more pronounced for Nitrogen than Carbon (Hussey et al. 2010).  An assumption in 

stable isotope analysis is that values at the base of the food chain are reflected in 

animals at a higher trophic level (Cherel & Hobson 2007).  Therefore, the ratios of 

stable isotopes (δ15N & δ13C) present in predator tissues are related to their prey and 

enrich in a predictive way as trophic levels increase (DeNiro & Epstein 1978; DeNiro & 

Epstein 1981; Minagawa & Wada 1984; Peterson & Fry 1987; Cabana & Rasmussen 

1996). 

 

Understanding the trophic position and ecology of apex predators such as sharks 

provides a greater understanding of their role in marine food webs, their movements, 

seasonal distributions, and may aid in their conservation (Estrada & Rice 2003).  Here, 

tissue samples taken from whale sharks in Al Shaheen are compared in terms of their 

δ15N and δ13C values to two other known aggregation sites in the Indian Ocean. 

 

Aims: 

• To investigate genetic diversity for whale sharks found in Al Shaheen. 

• To identify the number of haplotypes found from samples collected in Al 

Shaheen. 

Objectives: 

• To use the results of microsatellite analysis to investigate genetic diversity of the 

Al Shaheen whale shark population. 

• To use the results of mitochondrial genetic analysis to identify haplotypes found 

within the Al Shaheen population. 

Hypotheses: 

• There is significant level of genetic diversity within the Qatari whale shark 

population. 

• There is a significant level of genetic differentiation between male and female 

sharks that occur in Qatari waters. 
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• There is a significant level of genetic differentiation between mature and 

immature sharks that occur in Qatari waters. 

• The Arabian Gulf supports a resident population of whale sharks. 
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4.2 Methods 

4.2.1 Collection of tissue samples 

DNA was extracted from tissue samples that were collected from free-swimming whale 

sharks in the Al Shaheen oil field between 2011 and 2014.  From 2011 to 2012, a trident 

6ft pole spear was used to tag the whale sharks.  A metal bush was designed to attach 

the sample dart to the pole spear and rubber bungs were set at 10 cm depth to stop the 

applicator penetrating too deep into the shark.  The pole spear could not penetrate the 

thick skin of large sharks more than 8 m total length (TL), and so it was replaced with a 

Cressi pneumatic spear gun in 2013.  At the time of tissue sample collection, a spot 

pattern photograph was taken to identify the individual and to avoid repeatedly 

analysing samples from the same animal. The dart design collected a large sample 

(approx. 7cm in length and 1cm in diameter) to be used for both genetic and stable 

isotope analysis (Figure 35). 

 

 
Figure 36.  The tissue dart used to collect whale shark tissue samples in Al Shaheen. 
 

Tissue samples were placed into a pre-labelled plastic tube once collected, and an image 

taken of the corresponding shark spot pattern and the labelled tube.  The samples were 

kept on ice until return to the mainland where they were split for stable isotope analysis 
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and genetic analysis.  Samples for genetic analysis were stored in pure ethanol, and 

samples for stable isotope analysis were kept frozen with no storage fluid used.  A total 

of 112 whale shark samples collected in Al Shaheen during fieldwork between 2011 and 

2014 and 84 were found to be from unique sharks.  Each shark was identified from its 

unique spot pattern at the time of collection and sex, size and maturity were recorded. 

 
4.2.2 Microsatellite genotyping 

For the extraction, genomic DNA was prepared from 50 mg tissue using the DNeasy kit 

(Qiagen) and quantified on a Nanodrop spectrophotometer (Thermo Scientific).  DNAs 

were stored at –80°C, with working aliquots stored at –20°C.  Approximately 40 ng of 

DNA was amplified using fluorescently labelled primers for nine microsatellite loci.  

These included 7 loci (Rtyp1-5 and Rtyp7-8; Schmidt et al. 2009), 1 locus (Rty38; 

Ramírez-Macías et al. 2009) and 1 locus (Rtyp9, previously known as D112; Meekan et 

al. 2008).  Amplification employed 6-Fam labelled forward primers, and reverse 

primers tailed with the sequence GTGTCTT to promote 39 non-templated nucleotide 

addition (PIG-tailing) (Brownstein et al. 1996).  PCR reactions for Rtyp1-5 and Rtyp7-8 

were performed in 10 µl volumes with the following mix: 50 mM KCl, 10 mM Tris-

HCl, 200 µM each dNTP, 50 µM each primer, and 0.1 U AmpliTaq Gold DNA 

polymerase (Applied Biosystems). 

 

PCR reactions for Rty38 and Rtyp9 were performed in 20 µl volumes with the 

following mix: 50 mM KCl, 10 mM Tris-HCl, 1.5 mM MgCl2, 200 µM of each dNTP, 

50 µM of each primer and 0.1 U AmpliTaq Gold DNA polymerase (Applied 

Biosystems).  Magnesium concentrations and amplification profiles were established 

independently for each primer pair (Table 10).  All reactions incorporated the GeneScan 

350 ROX internal size standard (Applied Biosystems Inc.), and were run for 35 cycles 

in a Mastercycler gradient thermal cycler (Eppendorf).  PCR products were resolved on 

an ABI 3730 DNA analyzer, and data analyzed using GeneMapper software (Applied 

Biosystems Inc.).  Alleles showing stutter peaks were called as suggested by Haberl & 

Tautz (1999).  All animals were analysed in duplicate at each locus (i.e.  amplified, 

electrophoresed and independently scored a second time), and in each run animals 

analysed (as in Schmidt et al. 2009) were incorporated as controls. 
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Table 10.  The primer sequences and PCR parameters for the loci used in this study. 

Locus Primers 
Mg 
(mM) Cycle Parameters 

Rtyp1 Rtyp1ForF, 5'-AGGGGAGTGAATCTGTGGAAGTC-3' 2.0 94°C 20”, 62°C 20”, 72°C 20”, 35 cycles 

 
Rtyp1RevT, 5'-GTGTCTTCGCAGCAAACATCGTCTCAGTG-3' 

  Rtyp2 Rtyp2ForF, 5'-TCTTCCACTGTGTTCAAGTGTGTT-3' 2.0 94°C 20”, 58°C 20”, 72°C 20”, 35 cycles 

 
Rtyp2RevT, 5'-GTGTCTTATATTCCATAGCTGCACTGAGGTCC-3' 

  Rtyp3 Rtyp3ForF, 5'-GTTCAAATAGTGACTGGATGGAGAATGC-3' 2.0 94°C 20”, 62°C 20”, 72°C 20”, 35 cycles 

 
Rtyp3RevT, 5'-GTGTCTTGGATGCAACTAACATACACATGTAATATGG-3' 

 Rtyp4 Rtyp4ForF, 5'-TGGCGATGGTCTAACTTACATGAGC-3' 2.5 94°C 20”, 58°C 20”, 72°C 20”, 35 cycles 

 
Rtyp4RevT, 5'-GTGTCTTTCCGGACTTCATCACCCTAACATG-3' 

  Rtyp5 Rtyp5ForF, 5'-TGACTTATGTCATCTGCATTTCAACC-3' 1.5 94°C 20”, 56°C 20”, 72°C 20”, 35 cycles 

 
Rtyp5RevT, 5'-GTGTCTTCCTACCCTGATGCAATTTGTATG-3' 

  Rtyp7 Rtyp7ForF, 5'-TGTACCTGTTGTATAGCATTGGAAGG-3' 1.5 94°C 25”, 58°C 25”, 72°C 25”, 35 cycles 

 
Rtyp7RevT, 5'-GTGTCTTGGGATTTATAAATAGCCACATTGACTG-3' 

  Rtyp8 Rtyp8ForF, 5'-CGATTGGTTAACTAAGTCAGAGTATGG-3' 1.5 94°C 20”, 60°C 20”, 72°C 20”, 35 cycles 

 
Rtyp8RevT, 5'-GTGTCTTCGAAGTCTTTGCCCACTCACTTAAC-3' 

  Rtyp9 Rtyp9ForF, 5’-AGG TCC CTT CTC TCT TGA AAG G-3’ 1.5 94°C 40”, 54°C 40”, 72°C 40”, 35 cycles. 

 
Rtyp9RevT, 5’-GTG TCT TAC AGC AAT TCG CAG TTC TTT TGG-3’ 

  Rtyp38 Rty38ForF, 5’- CGG GTC TAC AGC AGG TGA AT-3’ 1.5 94°C 20”, 57°C 20”, 72°C 20”, 35 cycles 

 
Rty38RevT, 5’-GAC TCC AGA CCC ACA GCA AT-3’ 
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4.2.3 Comparison of genetic diversity to other populations 

The program FSTAT 1.2 was used to compare genetic diversity between samples from 

Qatar and other countries around the world for which microsatellite results were 

available.  Only samples with a minimum reporting loci of 5 out of 9 were used for the 

comparison; all samples were incorporated into an ongoing global Microsatellite project 

(Schmidt et al, unpublished data). 

 

4.2.4 Population differentiation 

The program STRUCTURE 2.3.3 (Pritchard 2010) was used to test for population 

structure across the entire dataset with a minimum reporting loci of 5 (83 individuals) 

using a Bayesian approach.  STRUCTURE was run with assumptions of K=1-4, a burn-

in length of 100,000 and a run of 100,000 Markov Chain Monte Carlo (MCMC) steps.  

All runs were performed several times and results were always consistent. 

 

Genepop 4.0 (Raymond & Rousset 1995) was used to calculate allelic richness (Rs) for 

the entire dataset. 

 

4.2.5 Mitochondrial data analysis 

DNA extraction of the samples was performed using the Qiagen DNeasy® Blood and 

Tissue kit, following the manufacturer’s protocol, except that elution was done in 

ddH2O, which was incubated in the spin-column for 5 minutes at 37 °C before 

centrifugation.  Samples were incubated with the lysis buffer for 3 hours.  PCR 

amplification of the mitochondrial control region was performed using the WSCR1-F 

and WSCR1-R primers designed by Castro et al. (2007).  Reactions were prepared as 

described for the preparation of tissue-based qPCR standards.  Cycling parameters were 

95 °C for 5 minutes, 35 cycles of 94 °C for 2 minutes, 54 °C for 2 minutes, and 72 °C 

for 2 minutes, and a final elongation step of 72 °C for 7 minutes.  PCR amplicons were 

sent to Macrogen Europe and Sanger sequenced using the WSCR1-F and WSCR1-R 

primers, as well as the WSCR2-F and WSCR2-R primers also designed by Castro et al. 

(2007), which bind in between the two former primers.  The four sequences obtained for 

each sample were automatically trimmed and aligned in Geneious v.7.1.7, and then 

manually checked for quality and further trimmed where necessary. 
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Previously published and freely available mitochondrial sequences were sourced from 

GenBank (http://www.ncbi.nlm.nih.gov/genbank) including submissions from Castro et 

al. (2007) and Schmidt et al. (2009).  Sequences were grouped with the digital 

sequences received from Copenhagen University, generated from the Qatar samples 

collected during fieldwork.  A haplotype network was generated based on the 

foundation of Castro et al. (2007) with additional haplotypes added and information 

gleaned from the program NETWORK 4.6 using the reduced Median calculation 

(Bandelt et al. 1999). 

 

4.2.6 Stable isotope analysis 

Samples were kept frozen at -20°C and transported to the University of Southampton, 

UK. They were then placed in a freeze drier at a temperature of -54°C to -57°C for 24 

hours until thoroughly dry. The dried samples were homogenised, weighed with a 

microbalance and put into tin capsules. Samples were sent to the Office of 

Environmental Sustainability (OES), at Plymouth State University for analysis. The 

samples were placed in an EA 1110 elemental analyser linked to a Europa Scientific 

2020 isotope ratio mass spectrometer and combusted on the elemental analyser. The 

resultant gasses were cleaned and separated in a continuous flow of helium before being 

directed to the mass spectrometer. The analyses were scaled and corrected using the 

reference materials USGS40 and USGS41 (glutamic acid from USGS Reston, USA). 

An internal QC material bovine liver standard (NIST 1477a) was used to monitor the 

precision of the instrument. Isotope ratios were expressed per mille (‰) deviations from 

the standards as defined by the equation: 

 

δh X = ((Rsample/Rstandard) – 1*1000 

 

C: N ratios were inspected to check for high lipid content potentially reducing δC13 

values (Post et al. 2007). Samples from each study site had low C: N values: 

Mozambique 2.69± 0.23sd, Qatar 2.93± 0.67sd and Tanzania 3.07± 0.3sd. The low C: N 

values suggested a low lipid content and thus no need for removal (Post et al. 2007). 

Multiple samples were taken from some individual whale sharks. The range of time 

between multiple samples taken was 0 - 217 days (mean = 29.3 days). There was no 

correlation of days between sampling and net change in δC13 or δN15 values, so results 

for individuals were averaged for further statistical analyses. 
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4.3 Results 

4.3.1 Microsatellite analysis 

The program FSTAT was used to calculate concordance with Hardy-Weinberg 

equilibrium (Table 11) and there was no deviation found.   

 
Table 11.  Testing the loci used in this study for concordance with Hardy-Weinberg 
overall using the statistic CapF (Fit). 
Locus He Ho 
Rtyp1 0.027 0.027 
Rtyp2 0.532 0.532 
Rtyp3 0.778 0.777 
Rtyp4 0.919 0.918 
Rtyp5 0.175 0.175 
Rtyp7 0.020 0.020 
Rtyp8 0.675 0.669 
Rtyp38 0.762 0.762 
Rtyp9 0.776 0.776 
All Loci 0.467 0.467 
Note: (Weir & Cockerham 1984) estimation of Fit (CapF).  Test based on 1000 randomisations. 
 

Linkage disequilibrium using the log likelihood ratio statistic (G-test) was also tested 

using the program FSTAT 1.2 (Goudet et al. 1996) and no disequilibrium was found 

(Table 12) suggesting that all loci are likely unlinked, and there is no loss of alleles 

during analysis. 

 

Table 12.  Testing the loci used in this study for linkage disequilibrium with the G-test 
(Goudet et al. 1996). 
Locus Expected Observed 
Rtyp1 0.097 0.095 
Rtyp2 0.019 0.019 
Rtyp3 0.405 0.403 
Rtyp4 0.565 0.444 
Rtyp5 0.045 0.045 
Rtyp7 0.037 0.037 
Rtyp8 0.725 0.670 
Rtyp38 0.286 0.285 
Rtyp9 0.773 0.771 
All Loci 0.030 0.030 
Note: Assumes random mating within samples; dememorization number = 10,000, number of batches = 
1,000, iterations per batch = 10,000. 
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4.3.2 Population differentiation 

The program STRUCTURE uses genetic data to cluster a group of individuals into 

genetically distinct populations.   For each user-specified K, or number of populations, 

the program determines the best fit of the data and assigns each individual to one of the 

populations.   Graphic and numerical output allows interpretation of the best fit over a 

range of theoretical population numbers.   

  

The STRUCTURE program was run on the Qatar Microsatellite data. Within the 

clustering assignments K=1-4, STRUCTURE has forced each individual into 1-4 

inferred groups (Figures 36 – 39).  Within the clustering assignments, each of the 

animals is represented by a thin vertical line that is divided into coloured groups, which 

represent the membership of each individual into that group.   

 

For the Qatar sharks, lack of discernible genetic structure means that individuals are 

assigned randomly and equally into populations to fit the specified K.   This also rules 

out any genetic differentiation between males and females or mature and immature 

animals.  Quantitatively, the best fit of a genetic dataset to a range of theoretical K 

values can be illustrated through the use of the variable LnP(D), in which the smallest 

value usually represents the best fit to K. 

 

 
Figure 37.  Clustering assignment for K=1 for the Qatar microsatellite data provided by 
STRUCTURE analyses. 

 
Figure 38.  Clustering assignment for K=2 for the Qatar microsatellite data provided by 
STRUCTURE analyses. 
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Figure 39.  Clustering assignment for K=3 for the Qatar microsatellite data provided by 
STRUCTURE analyses. 

 
Figure 40.  Clustering assignment for K=4 for the Qatar microsatellite data provided by 
STRUCTURE analyses. 
 

The likelihood values and variance are presented in Table 13.  The best value of Ln 

P(D) (-2133.3) was obtained for K = 1, for microsatellite markers which means that the 

population consists of one group. 

 

Table 13.  The likelihood values Ln P(D) and its variance Var[LnP(D)]  for K from 1 to 
4 for the Qatar microsatellite data. 

K Ln P(D) Var[LnP(D)] 
1 -2133.3 27.0 
2 -2146.3 69.1 
3 -2381.1 574.4 
4 -2435.9 645.6 
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Clustering in the centre of the triangle plot (Figure 40) for each group K=1-4 that 

suggests no differentiation within the population. 

 

 
Figure 41.  A triangle plot provided by STRUCTURE analysis for K=4 for the Qatar 
microsatellite data. 
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4.3.4 Genetic diversity within the population 

Allelic Richness (Rs), a measure of genetic diversity, was calculated for Qatar using 

GENEPOP 4.0 and describes the number of alleles per locus independent of sample 

size.  Qatar values ranged from 2.72 for locus 4 to 17.468 for locus 9 (Table 14). 

 

Table 14.  Regional allelic richness (Rs) comparison is adapted from (Schmidt et al. 
2010), against sharks from Qatar. 

Locus Qatar Indian Caribbean Pacific 
Rtyp1 3.999 3.572 3.0 4.041 
Rtyp2 3.996 3.945 5.0 3.740 
Rtyp3 4.718 3.002 3.667 3.190 
Rtyp4 2.72 2.087 2.0 2.495 
Rtyp5 7.946 5.192 4.0 5.141 
Rtyp7 6.645 5.213 5.470 4.961 
Rtyp8 3 2.181 2.0 2.0 

Overall 4.718 3.599 3.591 3.653 
Rtyp38 4.947 NA NA NA 
Rtyp9 17.468 NA NA NA 

 

4.3.5 Comparison of genetic diversity to other populations 

Loci were well distributed from samples taken at each study site indicating high genetic 
diversity of whale sharks sampled at each location.  Rty 38 was not identified from 
India, which is most probably due to the low sample size (Table 15). 
 
Table 15.  Numbers of alleles identified within samples for each region studied. 

L
Locus AU GA GM IN MA MX MZ PH QT TZ ALL 
Rtyp1 4 4 4 4 4 5 5 4 4 4 6 
Rtyp2 4 5 6 5 6 7 6 3 6 4 10 
Rtyp3 4 4 5 3 4 3 4 3 6 4 6 
Rtyp4 3 2 2 2 2 3 2 3 3 2 4 
Rtyp5 6 6 8 7 7 6 8 4 8 6 12 
Rtyp7 8 7 7 7 6 8 7 5 8 6 8 
Rtyp8 2 2 3 3 2 2 3 2 3 2 5 
Rty38 3 5 5 NA 5 5 5 5 5 4 5 
Rtyp9 11 13 14 2 6 11 21 7 25 8 26 

Note: AU=Australia, GA=Galapagos, GM=Gulf of Mexico, IN=India, MA=Maldives, MX=Mexico, 
MZ=Mozambique, PH=Philippines, QT=Qatar, TZ=Tanzania 
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The term ‘Gene diversity’ is a ratio measure of diversity at each locus within the 

population with the highest possible value being one.  High diversity is seen across all 

loci with the lowest diversity seen at Rtyp4 but diversity at this locus is still seen across 

all populations.  No figures were generated for Rty38 or Rtyp9 for India, which is 

probably due to the low sample size of 6 (Table 16). 

 
Table 16.  The gene diversity per locus used in this study for each population studied. 

Locus AU GA GM IN MA MX MZ PH QT TZ 
Rtyp1 0.698 0.683 0.655 0.619 0.657 0.739 0.613 0.536 0.552 0.655 
Rtyp2 0.754 0.696 0.742 0.75 0.762 0.788 0.687 0.733 0.708 0.682 
Rtyp3 0.538 0.541 0.613 0.339 0.643 0.373 0.501 0.517 0.508 0.632 
Rtyp4 0.383 0.429 0.469 0.446 0.457 0.396 0.379 0.571 0.46 0.418 
Rtyp5 0.837 0.769 0.789 0.869 0.821 0.824 0.812 0.726 0.818 0.818 
Rtyp7 0.848 0.858 0.803 0.795 0.804 0.767 0.82 0.777 0.832 0.845 
Rtyp8 0.481 0.503 0.5 0.571 0.491 0.508 0.487 0.536 0.512 0.464 
Rty38 0.563 0.651 0.778 NA 0.8 0.774 0.674 0.804 0.722 0.732 
Rtyp9 0.9 0.919 0.912 NA 0.875 0.904 0.92 0.917 0.922 0.882 

Note: AU=Australia, GA=Galapagos, GM=Gulf of Mexico, IN=India, MA=Maldives, MX=Mexico, 
MZ=Mozambique, PH=Philippines, QT=Qatar, TZ=Tanzania 
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Fis is a ratio measure of inbreeding and compares the overall genetic diversity of the 

population to each individual animal with the maximum figure being one.  As the 

overall figures are all low for each location, it can be concluded that there is little 

inbreeding at each location sampled (Table 17). 

 
Table 17.  The Fis values for each locus used in this study for each included population. 

Locus AU GA GM IN MA MX MZ PH QT TZ 
Rtyp1 -0.331 0.268 0.194 -0.154 0.188 0.398 0.164 0.3 0.189 -0.111 
Rtyp2 -0.243 0.202 -0.056 -0.167 -0.225 0.048 0.12 0.318 -0.039 -0.2 
Rtyp3 -0.279 -0.07 0.075 -0.105 -0.444 -0.193 0.151 -0.29 -0.002 -0.151 
Rtyp4 -0.043 -0.166 -0.094 -0.4 -0.167 -0.01 -0.079 0.75 -0.137 0.13 
Rtyp5 -0.103 0.042 -0.014 0.178 0.043 -0.153 -0.007 -0.377 0.102 0.111 
Rtyp7 0.292 0.029 -0.043 -0.101 -0.052 -0.043 -0.042 0.034 0.081 0.032 
Rtyp8 -0.6 0.105 -0.048 -0.094 -0.667 0.016 -0.308 0.3 -0.087 0.412 
Rty38 -0.778 0.006 -0.168 NA 0.167 0.012 -0.045 -0.244 0.006 0.255 
Rtyp9 -0.111 -0.02 -0.046 NA 0.314 0.032 0.037 0.065 0.003 0.072 

Overall -0.208 0.051 -0.025 -0.094 -0.053 0.024 0.007 0.073 0.021 0.05 
Note: AU=Australia, GA=Galapagos, GM=Gulf of Mexico, IN=India, MA=Maldives, MX=Mexico, 
MZ=Mozambique, PH=Philippines, QT=Qatar, TZ=Tanzania 
 
Nei’s estimation of heterozygosity compares the average observed and expected 

heterozygosity for all populations at each locus.  There is no notable difference between 

the expected heterozygosity at each locus plus the overall value and, the observed 

heterozygosity suggesting that the level of heterozygosity is normal (Table 18). 

 
Table 18.  Nei's observed and expected estimation of heterozygosity for each locus 
used. 
Locus Ho He 
Rtyp1 0.571 0.642 
Rtyp2 0.749 0.73 
Rtyp3 0.591 0.522 
Rtyp4 0.441 0.439 
Rtyp5 0.819 0.809 
Rtyp7 0.798 0.815 
Rtyp8 0.553 0.504 
Rty38 0.773 0.722 
Rtyp9  0.885 0.91 
Overall 0.687 0.677 
 
  



Chapter 4: Population genetics and stable isotope analysis of whale sharks from Al Shaheen 

	 108	

The sharks from Qatar have significant genetic differentiation against sharks from the 

Atlantic Ocean sites of the Gulf of Mexico and Mexico.  Comparisons against all Indian 

Ocean sites and the Galapagos showed no significant genetic differentiation (Table 19 

& 20). 

 
Table 19.  An estimated pairwise Fst matrix comparing the study sites to each other. 

 
AU GA GM IN MA MX MZ PH QT TZ 

AU 0 0.011 0.0765 0.0128 0.046 0.0518 0.0122 0.0181 0.0159 -0.0004 
GA 

 
0 0.0723 -0.0245 0.0069 0.043 0.0035 0.0179 0.0044 -0.0028 

GM 
  

0 0.058 0.05 0.0135 0.0704 0.0625 0.0626 0.0677 
IN 

   
0 -0.008 0.0187 -0.014 0.0016 -0.0127 0.0016 

MA 
    

0 0.0439 0.0168 0.0045 0.0093 0.0145 
MX 

     
0 0.0476 0.0393 0.0458 0.0478 

MZ 
      

0 -0.0063 0.0018 -0.0057 
PH 

       
0 -0.0082 -0.0117 

QT 
        

0 -0.0021 
TZ 

         
0 

Note: AU=Australia, GA=Galapagos, GM=Gulf of Mexico, IN=India, MA=Maldives, MX=Mexico, 
MZ=Mozambique, PH=Philippines, QT=Qatar, TZ=Tanzania, NS=Not Significant, NA=Not Available 
 
Table 20.  The p-values for the estimated pairwise Fst comparisons. 

 
AU GA GM IN MA MX MZ PH QT TZ 

AU  NS ** NA NS ** NS NS NS NS 
GA 

  ** NA NS ** NS NS NS NS 
GM 

   NA ** NS ** ** ** ** 
IN 

    NA NA NA NA NA NA 
MA 

     NS NS NS NS NS 
MX 

      
** NS ** ** 

MZ 
       NS NS NS 

PH 
        NS NS 

QT 
         NS 

TZ 
          Note: AU=Australia, GA=Galapagos, GM=Gulf of Mexico, IN=India, MA=Maldives, MX=Mexico, 

MZ=Mozambique, PH=Philippines, QT=Qatar, TZ=Tanzania, NS=Not Significant, NA=Not Available, 
**=Significant P<0.01 
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4.3.6 Mitochondrial analysis 

4.3.6.1 Identification of haplotypes found in the Al Shaheen population 

Eight new haplotypes were discovered from the microsatellite analysis of samples 

collected in Al Shaheen (Table 21) and designated H46 thru H53.  These haplotypes 

were most closely related to the Western Indian Ocean haplotypes discovered by Castro 

et al. (2007), not differing by more than three base pairs (Figure 41).  These new 

haplotypes should, therefore, be included as part of the Western Indian Ocean 

haplotypes.  Work regarding haplotype identification in whale sharks is still on-going 

which is why only few haplotypes are currently identified. 
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Table 21.  Overview of haplotypes obtained from whale sharks from different regions 
around the world from previously published genetic studies Castro et al. (2007); 
Schmidt et al. (2009) and Qatar. 

 
Qatar 

(Part of WI) 
Western 

Indian (WI) Atlantic 
Eastern 
Indian 

Northwest 
Pacific 

Northeast 
Pacific Total 

H1 0 1 3 1 0 2 7 
H2 0 0 0 4 1 1 6 
H3 0 1 1 1 0 1 4 
H4 0 0 4 0 0 0 4 
H5 1 4 0 0 0 0 5 
H6 0 0 3 0 0 0 3 
H7 0 2 0 0 0 0 2 
H8 0 0 1 0 1 0 2 
H9 0 0 0 0 2 0 2 
H10 0 0 0 0 0 1 1 
H11 0 0 0 0 0 1 1 
H12 0 0 0 0 0 1 1 
H13 0 0 0 0 0 1 1 
H14 0 0 0 0 1 0 1 
H15 0 0 0 1 0 0 1 
H16 0 0 1 0 0 0 1 
H17 0 0 0 1 0 0 1 
H18 0 0 0 1 0 0 1 
H19 0 0 0 1 0 0 1 
H20 0 0 0 1 0 0 1 
H21 0 0 0 1 0 0 1 
H22 0 1 0 0 0 0 1 
H23 0 0 0 0 1 0 1 
H24 0 0 0 0 1 0 1 
H25 0 0 0 0 1 0 1 
H26 0 0 1 0 0 0 1 
H27 0 0 1 0 0 0 1 
H28 0 0 1 0 0 0 1 
H29 0 0 1 0 0 0 1 
H30 0 0 1 0 0 0 1 
H31 0 0 1 0 0 0 1 
H32 0 0 0 0 1 0 1 
H33 0 0 0 0 1 0 1 
H34 0 0 0 0 1 0 1 
H35 0 0 0 0 1 0 1 
H36 1 1 0 0 0 0 2 
H37 5 1 0 0 0 0 6 
H38 1 1 0 0 0 0 2 
H39 0 1 0 0 0 0 1 
H40 0 1 0 0 0 0 1 
H41 0 1 0 0 0 0 1 
H42 0 1 0 0 0 0 1 
H43 0 1 0 0 0 0 1 
H44 1 1 0 0 0 0 2 
H45 0 0 0 0 0 1 1 
H46 1 0 0 0 0 0 1 
H47 1 0 0 0 0 0 1 
H48 1 0 0 0 0 0 1 
H49 1 0 0 0 0 0 1 
H50 1 0 0 0 0 0 1 
H51 1 0 0 0 0 0 1 
H52 1 0 0 0 0 0 1 
H53 1 0 0 0 0 0 1 
Total 17 18 19 12 12 9 87 
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Figure 42.  Minimum spanning haplotype network based on the work by Castro et al. 
(2007) and with the addition of subsequently discovered haplotypes from Schmidt et al. 
(2010) and the new Qatar haplotypes from this study.  All positions are separated by 
one mutational step and solid black circles represent hypothetical haplotypes. 
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4.3.7 Stable isotope analysis 

Throughout the study 14 samples were analysed from Qatar and compared against the 

results of 37 samples from Mozambique and 44 from Tanzania.  The majority of δ13C 

values for the tissue samples collected in Qatar vary notably from the two other 

comparative regions of Tanzania and Mozambique (Figure 42).  One sample from Qatar 

differed from the other samples collected and was found to be similar in δ13C values to 

the comparative regions.  δ15N values for Qatar were similar to Tanzania and notably 

different from Mozambique (Figure 43).  There is a notable gradient in δ13C values 

between the three study sites, which is less so for δ15N values (Figure 44). 

 

 
Figure 43.  Boxplot to show the δ13C values from shark tissue separated by 
geographical location with one outlying value from one Qatar sample. 
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Figure 44.  Boxplot to show the δ15N values from shark tissue separated by 
geographical location. 
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Figure 45.  A scatterplot to show the δ13C and δ15N values from shark tissue separated 
by geographical location. 
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4.4 Discussion 

4.4.1 Population differentiation 

Genetic differentiation measures similarities between multiple populations or groups 

and the results of the STRUCTURE analyses show clearly that as the groups divided 

equally, the Qatar population is one made up of one genetic group and, this is also 

supported by the likelihood values and cluster analysis.  The majority of sharks in Al 

Shaheen are male, as they are at the majority of aggregation sites throughout the Indian 

Ocean.  Ramírez-Macías et al. (2007) considered sex and maturity while analysing 

genetic data and suggested that males may widely disperse, while females returned to 

the place of their birth.  No genetic differentiation was found within the Qatar 

population.  Therefore, there was no differentiation between males and females or 

mature and immature animals.  Whale shark literature describes the tagging and 

movement of a relatively minute number of whale sharks compared to the estimated 

global population of 27,401-179,794 animals (Schmidt et al. 2009).  The tags also have 

a short retention time of less than one year that is a fraction of the shark’s breeding life.  

Incremental gene flow within populations from individuals traversing large distances 

must be occurring but it is clear that not all sharks make such a journey. 

 

Fst values for the Qatar sharks showed a significant level of differentiation from 

samples from the Gulf of Mexico and Atlantic Mexico.  All other comparisons were 

made to shark populations from sites in the Indian or the Pacific Ocean and diversity 

was not significantly different as expected.  Schmidt et al. (2010) noted an approach in 

statistical significance for Caribbean sharks against Indo-Pacific animals and Vignaud 

et al. (2014) reported a high level of genetic structure between Atlantic-Caribbean and 

Indo-Pacific sharks.  Therefore the results from the Qatari sharks are in line with other 

sample sites from around the Indian Ocean. 

 

4.4.2 Genetic diversity within the population 

Whale sharks have a high level of genetic diversity, which is reported from several 

genetic studies (Castro et al. 2007; Ramírez-Macías et al. 2007; Schmidt et al. 2009; 

Schmidt et al. 2010; Vignaud et al. 2014) and the results of the microsatellite analysis 

for allelic richness from Qatar support this high level of diversity. 
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4.4.3 Comparison of genetic diversity to other populations 

A high level of genetic diversity, normal heterozygosity and low Fis values suggest 

little inbreeding at all sampled locations.  Schmidt et al. (2010) reported significant gene 

flow between Indian Ocean populations and Pacific populations with a reduced level of 

mixing with Atlantic animals.  It was suggested by Schmidt et al. (2010) that  the 

increased Atlantic/Caribbean population differentiation reported by (Castro et al. 2007) 

may indicate the possibility of female site fidelity in the region. 

 

Vignaud et al. (2014) reported a decline in genetic diversity from the Ningaloo Reef 

area in Australia.  Fst values provided in this study can be used for future comparisons 

of genetic diversity and to assess changes within the population. 

 

High rates of gene flow are commonly seen in large, vagile animals such as whale 

sharks that have the capability to move long distances and move freely through 

international waters and, display migratory behaviour (Schmidt et al. 2010).  Bradshaw 

et al. (2007) suggested that low genetic diversity and a lack of structure between 

geographically separated populations, as seen with whale sharks, is due to the 

movement of breeding females between populations therefore increasing regional 

maternal gene flow. 

 

The results of this study coupled with other genetic studies conducted on whale sharks 

suggest that the currently held view of one panmictic population should be updated to 

include two populations of whale sharks, one including the Indo-Pacific, including 

Qatar, and another within the Caribbean-Atlantic. 

 

4.4.4 Mitochondrial analysis 

Tissue samples from Qatar resulted in 17 mitochondrial sequences analysed for 

haplotype identification.  Of the 17 sequences analysed, eight new haplotypes were 

identified that were not previously identified in other genetic whale shark studies.  The 

new haplotypes have been named H46–H53.  The newly identified and remaining 

haplotypes, apart from one, were closely linked to haplotypes previously identified from 

the Western Indian Ocean by Castro et al. (2007) and varied from these known 

haplotypes by between one and three base pairs and no more than three independent 

mutational steps.  Haplotype 49 was closest to Haplotype 28 which, to date, had only 
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been seen in one other shark sampled in the Atlantic.  The results of the mitochondrial 

analysis support the microsatellite results that place the Qatari population within the 

greater Western Indian Ocean and support the theory of movement and mixing within 

the Indian Ocean. 

 

4.4.5 Stable isotope analysis 

Although only 14 samples were analysed for the Qatar samples, the stable isotope 

results show that there is a notable regional difference in δ15N and δ13C.  There are 

currently no ‘isoscape’ or baseline reference of δ15N and δ13C values for the data 

collection sites, however it is notable that values differ with geographical location over 

the time scale of 1-2 years; the estimated tissue turnover rate for shark skin/muscle 

tissue (Logan & Lutcavage 2010). 

 

On a large scale, δ15N levels are affected by many other environmental factors and 

have been shown to change with latitude.  δ13C also changes with latitude; δ13C tends 

to enrich towards the equator/more productive areas (Goericke & Fry 1994).  The 

Arabian Gulf is recognised as an area of high productivity (Sheppard et al. 2010) and 

the extremes of temperature and salinity may explain the differences, as the heavier 

isotopes are taken up more readily at the base of the food chain (Cherel & Hobson 

2007).  Another explanation for the difference in the stable isotope values seen in Qatar 

sharks may be their food source, which in the summer, for the majority of sharks found 

in Qatari waters, is tuna spawn (Robinson et al. 2013).  For the other sample sites, the 

whale sharks food source is made up of zooplankton (Rohner et al. 2013; Rohner et al. 

2015), which is directly related to primary productivity and closer to the base of the 

food chain where stable isotopes are more readily absorbed.  The stable isotope link 

between tuna and their spawn is yet to be established and little is known about the 

movements and feeding habits of the mackerel tuna, E. affinis.  This link needs to be 

established to understand fully the stable isotope trophic changes within the Gulf.  

However, the stable isotope levels represent the assimilated diet over the tissue turnover 

time or 1-2 years (Logan & Lutcavage 2010) and so tuna spawn is unlikely to be their 

only food source as regional spawning only occurs during the summer months 

(Robinson et al. 2013).  What the whale sharks feed on outside of the summer months 

and when they leave Qatari waters is unknown but will almost certainly have an effect 

on the stable isotope results and this warrants more research. 
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The low sample size (14) analysed from the Qatar samples did not allow the use of 

statistical analysis to compare differentiation of stable isotope results from within the 

population or to the other two sample sites.  Stable Isotope analysis of similar size 

whale sharks has shown that females have lower δ13C and δ15N values than males 

suggesting that they have a more pelagic diet (Borrell et al. 2011).  Differences in 

habitat selection between the sexes would, therefore, have definite implications towards 

conservation strategies.  Further analysis of more samples, including tissue from tuna 

and spawn, coupled with extra processing such as fatty acid analysis would allow a 

more thorough understanding and better comparison to the other sample sites. 
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5.1 Introduction 

Whale sharks form feeding aggregations at a number of sites around the world, 

including Western Australia (Colman 1997), Belize (Heyman et al. 2001), Northern 

Mexico (Eckert & Stewart 2001), Philippines (Alava et al. 1997), Djibouti (Rowat et al. 

2006), Mozambique (Pierce et al. 2010), Tanzania (Rohner et al. 2015), the Maldives 

(Anderson & Ahmed 1993; Riley et al. 2010), Seychelles (Rowat 1997; Rowat & Gore 

2007), Red Sea (Berumen et al. 2014) and Qatar (Robinson et al. 2013).  All of these 

aggregation sites, with the exception of Qatar, occur close to reefs or within 15km of the 

mainland coast.  Qatar is different in that the aggregation is 90 km offshore (Robinson 

et al. 2013). 

 

The majority of aggregation sites are dominated by juvenile and sub-adult males 

(Meekan et al. 2006; Graham & Roberts 2007; Riley et al. 2010; Brooks et al. 2011; 

Rowat et al. 2011; Rohner et al. 2015;), with the exception of the Red Sea aggregation, 

which has a 50: 50 ratio of juvenile male and females (Berumen et al. 2014) and the 

Galapagos which sees a majority of large females (Hearn et al. 2013). 

 

Whale sharks occur and aggregate with predictable timing at specific locations around 

the world.  In some areas, these seasonal aggregations have been targeted by fishermen 

(Hanfee 2001), as whale sharks are valued for their large oily livers.  Whale sharks have 

also been taken for their fins, especially the first dorsal fin, which is used as a trophy or 

decoration by shark fin soup restaurants throughout Asia (Chen & Phipps 2002).  Li et 

al. (2012) suggest that some Chinese fisheries are increasingly targeting whale sharks, 

as there is an increase in the consumption of their body parts and an increase in the 

competition for large shark fins.   

 

Whale sharks at their aggregation sites feed at the surface, where they are vulnerable to 

boat strike (Speed et al. 2008).  For example, 13-33% of whale sharks feeding at 

Holbox Island, Mexico had significant injuries attributed to boat strikes (Ramírez-

Macías, Meekan, et al. 2012).   

 

Knowledge about whale shark mortality induced by targeted or accidental fishing is 

crucial for the formation of conservation plans (Lewison et al. 2004; Moore et al. 2013).  

Fishing target species such as tuna often aggregate with large marine species such as the 

whale shark and fishing close to these large animals can result in accidental or 
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incidental capture (Romanov 2002; Dagorn et al. 2013; Hall 1998; Rowat & Brooks 

2012) Tuna Purse Seine fishers actively search for and set nets around or close to whale 

sharks (Dagorn et al. 2013).  Capietto et al. (2014) investigated tuna fisheries in the 

Indian and Atlantic Oceans and highlighted a high rate of incidental whale shark 

capture.  Mortality rates related to such capture are thought to be low but need further 

research.   

 

Robinson et al. (2013) reported a previously undescribed site in Qatari waters in the 

central Gulf where whale sharks aggregate in large numbers to feed on the spawn of E. 

affinis.  Density estimates were up to 100 individual whale sharks within a 1 km area, 

providing the first confirmation that the Arabian Gulf is of global significance to the 

whale shark.   

 

Successful conservation and management of wildlife requires an understanding of a 

population's demographics (Caughley et al. 1996).  When working with wild 

populations, a complete set of demographic parameters is usually unavailable to 

researchers.  The use of computer-generated models can provide researchers with a 

platform to make decisions about the conservation of a population and also provide a 

baseline for future studies (Speed 2006).  No currently known whale shark aggregation 

site has representation from the complete species demographic and as such, computer-

generated modeling is commonly used to gain estimates of population size (Ramírez-

Macías, Meekan, et al. 2012; Ramírez-Macías, Vázquez-Haikin, et al. 2012; Fox et al. 

2013; Araujo et al. 2014). 

 

Early records of whale shark encounter report a variety of animals associated with them 

including parasitic invertebrates and several species of fish, especially tuna (Springer 

1957; Iwasaki 1970; Rao et al. 1986; Silas 1986; Matsunaga et al. 2003; Rowat & 

Brooks 2012).  Whale sharks are often found in the same vicinity as other species that 

are attracted to the same food source and are closely associated with species that use the 

whale shark as a source of food, protection and transport (Rowat & Brooks 2012).  

Whale sharks can move large distances and changing environmental conditions along 

the journey may play a role in the diversity of species that are able to associate with 

whale sharks (Eckert & Stewart 2001; Eckert et al. 2002; Wilson et al. 2005; Wilson et 

al. 2007; Rowat & Gore 2007; Hsu et al. 2007; Hueter et al. 2013; Berumen et al. 2014).  

Various whale shark projects from around the world record associated fauna in an 
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attempt to identify important links between whale sharks and their associated fauna, and 

as a possible broad level indicator of where the shark may have travelled (Rowat et al. 

2006; Ketchum et al. 2012; Fox et al. 2013; Acuña-Marrero et al. 2014). 

 

Within this chapter, the results of the collection of four years of whale shark occurrence 

data and spot pattern analysis from the Arabian Gulf and the Gulf of Oman are reported.  

This work discusses the population demography, seasonality and anthropogenic threats 

to whale sharks that occur in the area in the interest of broadening our knowledge of this 

vulnerable species. 

 

Aim: 

• Gain a comprehensive understanding of the occurrence, distribution, threats and 

movements of whale sharks within the region 

Objectives: 

• Establish a regional whale shark identification database. 

• Collect and process images and information sent to Sharkwatch Arabia from the 

local diving community to help build a regional identification database. 

• Utilise community based data collection to build up a picture over time of the 

seasonal abundance, occurrence, areas of importance and movements of whale 

sharks. 

• Investigate anthropogenic impacts such as fisheries, strandings, impact trauma 

and occurrence in ports and marinas throughout the region with a view to 

explaining why such events occur. 

Investigated Hypotheses: 

• The Musandam has the highest occurrence of whale sharks in the study area 

outside of Al Shaheen.  

• Whale sharks occur in Northern Omani waters in higher numbers between April 

and October. 

• Populations of whale sharks within the Arabian Gulf and Gulf of Oman are 

mixing freely. 
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5.2 Methods 

5.2.1 Study area 

The study area incorporates the Arabian Gulf, the Strait of Hormuz and Gulf of Oman.  

This area is one of the most important waterways in the world, with heavy ship traffic 

related to oil and gas transportation (Reynolds 1993).  The Gulf of Oman borders the 

Arabian Sea in the east and is bordered by Iran in the north and the Musandam region of 

Oman, UAE and mainland Oman in the south.  The Arabian Gulf lies to the north-west 

of the Gulf of Oman and is almost totally enclosed by the coasts of the surrounding 

countries; the two are linked by the Strait of Hormuz.  The Gulf of Oman is up to 2000 

m deep while the Arabian Gulf is shallow throughout, with a maximum depth of 90 m 

(Sheppard et al. 2010).  The Arabian Gulf is exposed to extreme environmental 

conditions, with sea surface temperatures regularly exceeding 35 ˚C and reaching 40 ˚C 

in some parts at the height of summer, and dropping to below 10 ˚C during winter.  A 

lack of precipitation and high evaporation rates result in salinity ranging from 28-60 

ppt.  The marine environmental conditions within the Arabian Gulf are among the most 

extreme on the planet (Wilson et al. 2002).  By contrast, the Gulf of Oman has more 

stable and moderate conditions as the southwest monsoon causes cool-water upwellings 

and so water temperatures rarely exceed 30 ˚C and salinity is normal at around 35 ppt 

with little variation throughout the year (Wilson et al. 2002). 

 

5.2.2 Data collection 

Data presented here were collected through public submission of photographs and 

dedicated field studies.  Using the online forum Sharkwatch Arabia 

(www.sharkwatcharabia.com) seafaring individuals, such as fishers, oil platform 

workers, leisure divers and tour boat operators, were encouraged to submit any 

information on sightings of whale sharks in this region.  Furthermore, daily 

observations from the offshore workers in the Al Shaheen oil field were reported to 

Maersk Oil Research and Technology Centre (MO-RTC) on a monthly basis.  Where 

possible, photographic and video evidence were collected to support encounters and to 

identify individual sharks using their unique spot patterns matched on the automated 

software I3S version 2.0 (Arzoumanian et al. 2005).  Participants were requested to 

provide as much information about each encounter, including date and time, location, 

size, sex and associated fauna.  During fieldwork, photographs were taken of notable 

scars or wounds assessed as debilitating wounds, deformity, scarring or loss of tissue.  
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Photos submitted through the Sharkwatch Arabia initiative were all closely examined 

for signs of such scars.  Scars were categorized into anthropogenic in origin or natural 

predation events such as shark bites that were identified through their distinctive bite 

shaped wound. 

 

Submitted photographic or video evidence were checked for evident information and 

the data then compiled in the Sharkwatch Arabia database.  Any historical encounters 

with supporting digital footage were also collected via this forum.   Encounters were 

also submitted and recorded through the social networking site Facebook on the 

dedicated Sharkwatch Arabia page.  All encounters were subsequently submitted to the 

Ecocean database (www.whaleshark.org) for comparison to other sharks around the 

world.  Furthermore, Ecocean has made available submissions from this region not 

submitted to the Sharkwatch Arabia project for the purposes of this study. 

 

5.2.3 Hot-spot analyses 

To investigate areas of importance for whale sharks within the region, an optimised hot 

spot analysis was performed in ArcGIS 10.2.1.  All whale shark encounters reported 

through the project were grouped together to create an overall picture of whale shark 

movement and habitat use for the region.  The “optimised hotspot analysis tool” was 

then used based on the incident data aggregation method, which creates weighted 

features from incident point data and creates a map of statistically significant hot and 

cold spots using the Getis-Ord Gi* statistic.  The analysis identifies significant hot spot 

areas based on points of occurrence as well as other areas of interest (cold spots) outside 

of the hot spots. 

 

5.2.4 Kernel density analysis 

To determine areas of overall and core habitat usage, the Minimum Bounding Geometry 

(MBG) and, 50% and 95% Volume Contours (PVC) were produced using the 

methodology outlined in MacLeod (2013). 

 

5.2.5 Regional population estimates 

The residence time for individuals within the study area was investigated using the 

“movement” module of SOCPROG 2.4 (Whitehead 2009) to calculate the Lagged 

Identification Rate (LIR) which is the probability that an animal identified from an area 



Chapter 5: Occurrence, Regional Connectivity, Population size, Threats and Associated Fauna 

	 125	

will be re-sighted after a certain lag time (Whitehead et al. 2001).  For this analysis, all 

whale sharks that had been individually identified from within or outside the Gulf from 

both fieldwork and reported encounters were used.  All individuals were linked to a 

location from January 2010 to December 2014.  The lowest value from quasi-Akaike 

information criterion (QAIC) values were used to select the best fitting residence model 

and to account for over dispersion of data (Whitehead 2007). 

 

The LIR was extended to split the study area into two sub-areas, inside and outside the 

Arabian Gulf.  The LIR is then the probability that any individual identified within one 

area will be re-sighted in the other area after a specified time lag (Whitehead et al. 

2001).  The fully mixed model was fitted to the data, assuming that there is a degree of 

movement by individuals between areas.   

 

Using the “movement model” of SOCPROG version 2.4 (Whitehead 2009) and year as 

units, an area external to the two sub areas was added to account for individuals found 

outside the two areas.  Likelihood methods were used to estimate the unknown 

parameter and estimate equilibrium population of each area.  Data were bootstrapped 

for 100 repetitions to calculate confidence intervals (C.I.) and standard errors (S.E.)  
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5.3 Results 

5.3.1 Hot spot analysis 

Al Shaheen had the highest occurrence of whale shark encounters in the region, while 

the Musandam, Fujairah and the Daymaniyat Islands were identified as cold spots 

(important areas) for whale shark encounters in the Gulf of Oman (Figure 45).  Whale 

shark occurrence was recorded outside of these areas as well, but this was not 

significant. 

 

 
Figure 46.  The regional occurrence of whale sharks based on sightings data and hot 

spot analysis. Red output features represent statistically significant hot spots where high 

incident counts cluster.  Blue output features represent significant cold spots 

(statistically significant areas of interest) where low incident counts cluster. 
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Table 22.  The numbers of whale sharks encountered (E) and those individually 
identified (I) by year and location 
 Year 
Location 2010 2011 2012 2013 2014 Total 
 I E I E I E I E I E I E 
Al Shaheen 0 0 58 428 171 1264 153 958 131 2101 513 4751 
Daymaniyats 2 4 3 7 1 14 6 9 9 13 21 47 
Fujairah 1 2 0 1 0 5 1 1 0 0 2 9 
Musandam 9 22 12 27 10 27 7 15 1 4 39 95 
 

Encounters at Al Shaheen started in 2011 and were collected via fieldwork and through 

observations recorded from platform workers.  Al Shaheen had the greatest number of 

sharks identified and observed, followed by the Musandam, Daymaniyats and then 

Fujairah (Table 22).  Outside of Al Shaheen, encounters were reported mainly by scuba 

divers, likely because these other regional hotspots were focused around recreational 

diving sites. 
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There were few sightings from 2004 to 2010, with only 22 identifications throughout 

the Arabian Gulf and Gulf of Oman, made via submissions to the global database at 

www.whaleshark.org.  Since then, a total of 420 individual sharks have been identified 

from the region (Table 23).   

 

Table 23.  Total numbers of identified individuals in the region since records began in 
2004 
Location Number of Individuals Identified 
Al Shaheen 341 
Daymaniyats 27 
Musandam 46 
Fujairah 8 
Total 410 
 

A notable difference in the number of whale sharks encounters and resulting IDs has 

been seen since the launch of Sharkwatch Arabia in 2010 (Figure 46).  A decrease in 

shark encounters was noted in 2013, although the number of IDs remained relatively 

high. 

 

 
Figure 47.  The variation in numbers of whale shark encounters outside of Qatari 
waters within the Arabian Gulf and Gulf of Oman and the number of IDs resulting from 
those encounters. 
 

Whale shark encounters outside of Qatari waters are not frequent with Oman having the 

majority of encounters (Table 24) at 154.  In the Gulf of Oman, the Musandam region is 

host to the majority of whale shark encounters reported from Oman.  In 2012, 
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aggregating sharks were photographed feeding off the coast of Fujairah, UAE.  The 

years 2013 saw a decline in whale shark encounters outside of Qatar, although support 

remained consistent from all divers and operators.  The Daymaniyat islands had a 

number of multiple shark encounters during the summer months, which then boosted 

the encounter numbers, but overall there were fewer reported encounters from around 

the region. 

 

Table 24.  Total numbers of reported whale shark encounters, outside of Qatar, since 
2004 for each country. 

 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 
Bahrain 0 0 0 0 0 0 1 0 0 0 0 1 
Kuwait 0 0 0 0 0 1 0 0 0 0 0 1 
Oman 2 0 0 7 5 20 34 42 41 26 13 164 
Saudi 0 2 0 1 5 0 0 0 0 0 0 8 
UAE 0 2 1 1 1 6 8 3 7 2 1 30 
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In three years, a large number of individuals have been identified in Qatar compared to 

other projects around the world that have been running and collecting IDs for a much 

longer period of time (Table 25).   

 

Qatar is now seventh in the world for the number of whale sharks identified.  If the total 

for Qatar, Oman and the UAE are added together, the region has 7% of the globally 

identified whale sharks.   

 

Table 25. Comparison of estimated results from global whale shark projects for 2014. 

Location 

Year 
Project 
Started 

Number of 
whale sharks 

identified 

Mean 
total length 

(m) 
Male 
(%) 

Mexico 2002 1462 6.92 66 
Australia 2004 1116 5.29 78 
Philippines 2003 667 6.16 68 
Mozambique 2005 662 6.38 71 
Seychelles 2001 542 5.5 85 
Djibouti 2003 420 4.1 84 
Qatar 2011 342 6.95 56 
Maldives 2006 200 6.03 92 
Thailand 2003 118 4.55 69 
Tanzania 2006 127 5.71 84 
Oman 2010 73 4.5 70 
Red Sea 2003 46 4.95 50 
Indonesia 2007 40 3.84 50 
Christmas Island 2003 38 4.94 60 
South Africa 2007 38 6.91 92 
Malaysia 2001 21 5.72 50 
Kenya 2003 15 - 60 
UAE 2010 10 - - 
Source: Ecocean 
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5.3.2 Al Shaheen, Qatar 

Whale sharks in Al Shaheen were reported mainly from the east of the field where 3477 

cumulative reports of sharks were reported between 2011 and 2014 (Figure 47).  This 

was followed by platform C with 566 reported sharks and SPM 3 location with 183 

reported sharks.  Whale sharks were rarely reported from the west of Al Shaheen and 

far south at G platform.  One whale shark was reported within a man-made waterway in 

Doha in 2012 making a total of 4351 sharks reported from Qatari waters between 2011 

and 2014. 

 

 
Figure 48.  Frequency of whale shark encounters reported from different platform 
locations (referred to as B - I) in the Al Shaheen gas field by both fieldwork observers 
and platform workers. 
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5.3.3 Musandam 

A total of 95 whale shark encounters were reported from the Musandam region between 

2011 and 2014.  Whale shark encounters were most frequent at Lima Rock (Figure 48) 

with 64 encounters, followed by Octopus Rock with 19 encounters; this is reflected in 

the area of the 50% PVC or core habitat, which encompasses both Lima and Octopus 

Rock.  Musandam Island in the Strait of Hormuz had 12 encounters.  50% PVC covered 

an area of 47 km2.  95% PVC covered an area of 1049 km2.  MBG covered an area of 

816 km2. 

 

 
Figure 49.  The frequency of whale shark encounters between 2011 and 2014 at 
different sites around the Musandam Peninsula, together with the Minimum Bounding 
Geometry (MBG) and 50% and 95% Percentage Volume Contours (PVC). 
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5.3.4 Daymaniyat Islands 

There were 50 whale shark encounters reported from the Daymaniyat Islands between 

2011 and 2014.  There were 19 whale shark encounters reported from the dive sites 

Junn and Aquarium and nine sharks from Sira (Figure 49). 

 

 
Figure 50.  The frequency of whale shark encounters between 2011 and 2014 at 
different sites around the Daymaniyat Islands in Oman. 
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5.3.5 United Arab Emirates 

Between 2011 and 2014, 43 whale shark encounters were reported from UAE waters.  

The majority of whale sharks were seen in the Emirate of Fujairah on the East Coast of 

the UAE, with ten sharks encountered at the dive site Martini Rock followed by 6 

sharks encountered at Dibba Rock (Figure 50).  In 2012, a feeding aggregation of 

approximately ten sharks was reported by fishermen 35 km off the Fujairah coastline.  

A total of 12 sharks were reported from the West coast of the UAE; all but three sharks 

were reported from marinas and ports.  Two sharks were encountered by members of 

the public in 2013 off Jumeirah Beach and one shark was reported from the Salman Oil 

Field about 100 km offshore of mainland UAE.  Sharks ranged from 4–6 m in length. 

 

 
Figure 51.  The frequency of whale shark encounters between 2011 and 2014 at 
different sites around the United Arab Emirates (UAE). 
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5.3.6 Regional movements 

Thirteen sharks were re-sighted at different locations from those at which they were first 

recorded (Figure 51).  Sharks were identified and re-identified in all regional hotspots, 

with the main movements between Musandam and Al Shaheen.  The longest duration 

between a re-sighting was four years for a shark first seen in Fujairah in 2010 and re-

sighted in Al Shaheen in 2014.  The longest distance travelled was for a shark first 

identified in 2012 in the Daymaniyat Islands that was re-sighted in Al Shaheen in 2014, 

an estimated straight-line journey of 828 km through the Strait of Hormuz. 

 

 
Figure 52.  Movements of thirteen sharks re-sighted at different locations from those at 
which they were first recorded between 2011 and 2014. 
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5.3.7 Re-sightings 

One shark was encountered at the same location exactly one year later (Figure 52) 

suggesting a possible pattern of movement.  Another shark was identified several times 

between Musandam and Daymaniyats over a three-year period (Figure 53) suggesting a 

level of regional affinity for these waters. 

 

One shark was re-sighted first in 2009 and then again in 2012, showing that during this 

four-year period the shark had been utilising or returned to the region.  A new, severe 

injury to the dorsal fin was recorded when the shark was re-sighted (Figure 54). 

 

 
Figure 53.  Spot pattern identification taken from the program i3s for a shark re-sighted 
at the same location exactly one year later. 
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Figure 54.  Spot pattern identification taken from the program i3s for a shark first seen 
in Musandam in 2010 and then again in Daymaniyats one and three years later. 
 

 
Figure 55.  A dorsal fin injury on a shark first seen in Daymaniyats in 2009 and then 
again at Musandam in 2012. 
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5.3.8 Population estimates 

Model H (Table 26) was the best fit to investigate the lagged identification rate (LIR) or 

the probability of re-sighting an individual within the entire study area (Arabian Gulf 

and Gulf of Oman), which reached zero at around 2300 days with a slight increase at 

about a year (Figure 55).  The model result suggests that some sharks leave the area 

after a short period of residency, but some may return to the study area or are permanent 

residents (Whitehead et al. 2001).  The model estimated that there are 120 sharks within 

the entire study area on any given day.  The mean residency time within the study area 

was 17 days and 31 days outside the study area.  The mortality rate and permanent 

emigration rate was 0.0007. 

 

Table 26.  Model parameters and comparison for the LIR of R. typus produced by the 
program SOCPROG 
Model Model description for whole study area ∆QAIC 
A Closed 7509.49 
B a1=N 52.70 
C Emigration/mortality 13.48 
D Closed: emigration+reimmigration 40.01 
E a1=N; a2=Mean residence 13.48 
F Emigration+reimmigration+mortality 6.68 
G a1=N; a2=res time in; a3=res time out  14.16 
H a1=N; a2=res time in; a3=res time out; a4=mortality 0 
   
 Model description for LIR between sub-areas  
I Fully Mixed (a1) 0.0054 
J Fully Mixed (a1=N) 0 
K Migration—Full Interchange (a1=diffusion rate from area 1 to 

area 2; a2=1/N) 
2.0054 

L a1=N; a2=mean residence time in area 1 2 
N=Population  

 

LIR was extended to include two distinct sub-areas, inside the Arabian Gulf and Gulf of 

Oman including the Strait of Hormuz.  The fully mixed model J (a1=N) was the best fit 

to investigate the LIR suggesting that there is a degree of interchange between the 

Arabian Gulf and northern Gulf of Oman over long timescales.  The estimated 

population size of this entire area was 2837 sharks ± 1243.9 S.E.  (95% C. I.  1719.8-

6295.0). 
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Figure 56.  The probability of re-identifying an individual whale shark over time (LIR) 
within the entire study area modeled from fitted model H (mean ± S.D.) (Table 26). 
 

The overall estimated equilibrium population sizes were 513 sharks per year within the 

entire study area, 288 sharks within the Arabian Gulf, 183 in regional study hotspots 

outside the Arabian Gulf and 42 sharks outside the study area entirely.  The sharks’ 

natural mortality rate is 0.16 sharks per year.  Sharks were most likely to be re-sighted 

again within the same area, but there was also a chance of sighting an individual within 

all areas including outside the study area (Table 27).   

 

Table 27.  The probability of a shark originally identified from an area being re-sighted 
within a different area throughout the study duration 

 To Area 
  Arabian Gulf Gulf of Oman Outside 
 Arabian Gulf 0.9093 0.0338 0.0569 

From Area: Gulf of Oman 0.1118 0.8856 0.0025 
 Outside 0.1364 0.2625 0.6011 
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5.3.9 Regional seasonality of sharks 

Whale sharks were encountered mainly in the summer months from April to October at 

all sites within the study area (Figure 56).  Outside of Al Shaheen, whale sharks were 

encountered all year round but the majority of encounters were also reported from April 

to October.  Additionally, sharks seen outside of these months were usually single 

individuals, while sharks formed aggregations during the main season.  The same 

pattern of occurrence was reported from the oil platform workers in Al Shaheen. 

 

 
Figure 57.  Regional whale shark encounters reported to the Sharkwatch Arabia project 
between 2011 and 2014 (Al Shaheen is shown on the right hand Y axis) 
 

5.3.10 Associated fauna 

Seven fish species were associated with whale sharks.  The golden trevally (Appendix 

C: Figure 112) Gnathanodon speciosus (Bleeker, 1851), is commonly found associated 

with whale sharks in other regions (Rowat & Brooks, 2012) but was only recorded once 

throughout the study period, offshore of mainland Qatar.  The pilot fish (Appendix C: 

Figure 113) Naucrates ductor (Rafinesque, 1810) is also a commonly associated fish 

with whale sharks in other areas but was only reported once from a shark that was 

encountered in the Daymaniyat Islands.  The remaining five species of fish associated 

with whale sharks: Cobia (Appendix C: Figure 114) Rachycentron canadum (Linnaeus 

1766), live shark sucker (Appendix C: Figure 115) Echeneis naucrates (Linnaeus 
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1758), Marlin Sucker (Appendix C: Figure 116) Remora osteochir (G.  Cuvier, 1829), 

Common remora (Appendix C: Figure 117) Remora remora (Linnaeus, 1758), white 

suckerfish (Appendix C: Figure 118) Remora albescens (Temminck & Schlegel, 1850) 

were commonly seen, including a previously unreported yellow coloured remora 

(Appendix C: Figure 119) that could possibly be a colour variation or breeding 

colouration of the commonly encountered live shark sucker.  Parasitic copepods were 

not reported from any whale shark within the region 

 

5.3.11 Regional threats to whale sharks 

5.3.11.1 Boat strike 

The most common cause of observed injuries to whale sharks in this region are trauma 

caused by impacts with boat propellers (Figure 57 to 60).  Significant scarring (deep 

cuts and injuries) was observed in 43% of sharks assessed (n = 176). Some boat strikes 

were fatal (Figure 60) and some severely debilitating.  The scars of survivors can 

indicate the respective importance of various types of threats. Although the majority of 

injuries are anthropogenic in origin, there were also two cases of shark bites to the 

dorsal and caudal fin of two different sharks. Whale sharks are negatively buoyant and 

therefore sink after death, therefore the extent of fatal collisions is difficult to quantify.   

 

 
Figure 58.  A whale shark known to researchers as ‘Scarface’ that bears a distinctive 
severe straight scar caused by the damage of a powerful propeller. 
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Figure 59.  Three-metre male whale shark with propeller damage to dorsal and body. 
 

 
Figure 60.  Four-metre female shark known as ‘Lumpy head’ with a severe spinal 
injury and missing dorsal fin. 
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Figure 61.  A small whale shark that was cut in half by the propellers of a boat. 
 

5.3.11.2 Finning 

One shark was noted with its dorsal fin removed, which is almost certainly 

anthropogenic in origin (Figure 61). 

 
Figure 62.  A live whale shark with its dorsal fin removed. 
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5.3.11.3 Intentional capture 

Seven incidents of whale sharks killed by fishers were reported from 2010-2014.  All 

but one of the reports were from Omani waters (Figure 62-66), with the last taking place 

in waters of the UAE (Figure 67)  

 

 
Figure 63.  A rope around the tail of a whale shark in Al Shaheen as a result of a failed 
fishing attempt 
 

Five sharks bearing ropes around their caudal keel were observed in Al Shaheen, 

Musandam and Daymaniyat Islands.   
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Figure 64.  A whale shark brought ashore by a fisherman in Oman. 
 

 
Figure 65.  A juvenile whale shark in the Seeb fish market, Oman. 
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Figure 66.  Intentional take at Lima, Musandam.  The tail of the shark was removed 
while alive to aid in the capture. 
 

 
Figure 67.  Remains of a whale shark in Musandam discarded and weighted. 
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In November 2013, a whale shark was captured and landed alive by a fisherman in 

Fujairah, UAE (Figure 67).  It is illegal in the UAE to fish whale sharks, and so the 

Ministry of Environment stepped in and confiscated the animal. The shark was 

identified as OM-053, a known individual that was first encountered in the Daymaniyats 

in September 2013 (Figure 68).  After discussion with the Ministry of Environment, 

permission was given to extract tissue and vertebra samples from the carcass, which had 

been buried in a local refuse dump (Figure 69). 

 

 
Figure 68.  Whale shark OM-053 first encountered in the Daymaniyats in September 
2013 and fished off the coast of Fujairah in November 2013. 
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Figure 69.  The SPOT ID match for shark OM-053. 
 

 
Figure 70.  Images of tissue sampling OM-053 after it was buried in a local refuse tip. 
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5.3.11.4 Accidental capture 

Four mortalities (Figure 70-72) were reported from Oman between 2010 and 2014 

linked to entanglement in fishing nets, where the carcasses were either buried or 

discarded. 

 

 
Figure 71.  A 10 m female whale shark that drowned in a fishing net in Khasab, 
Musandam. 
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Figure 72.  Whale shark mortality after drowning in a fisherman’s net, Musandam 
Oman. 
 

 
Figure 73.  Whale shark mortality after drowning in a fisherman’s net, Musandam 
Oman. 
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5.3.11.5 Marinas and ports 

Ten incidences of whale sharks observed within regional ports and marinas were 

reported throughout the duration of the study (Figure 73).  Two cases of sharks in 

marinas were reported from Kuwait City, Kuwait, two from Abu Dhabi, UAE and six 

from Dubai, UAE.  All sharks found their way out of the man-made structures on their 

own despite attempts to capture them (Figure 74). 

 

 
Figure 74.  Juvenile whale shark observed in Bateen Marina, Abu Dhabi, UAE. 
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Figure 75.  An attempt to catch a whale shark in Hamriya Port, Dubai. 
 

5.3.11.6 Trade 

Whale shark fins, including the first dorsal and caudal fins, were for sale in the Dubai 

fish market in 2009 (Figure 75).  Since 2010, two whale sharks were reported passing 

through the Dubai Deira Fish Market, which is the regions largest market for the shark 

trade.  One 2.9 m male in 2010 (Figure 76) was caught off the coast of Salalah in 

southern Oman and transported for sale to Dubai, whilst the second larger male was 

accidentally captured by fishing net entanglement off the coast of Ras Al Khaimah in 

2013 (Figure 77).  The shark was transported to the Dubai Fish Market where the only 

purchase offer was 500 UAE Dirhams (US$135), which was refused and the shark 

failed to sell.  It was then removed from the fish market and the fate of the carcass is 

unknown.  A shark in 2013 was landed at a fish-landing site in the Emirate of Fujairah.  

It was identified from photographs taken at the landing as a shark seen in the 

Daymaniyats earlier that year.  As it is illegal to capture whale sharks in UAE waters, 

the UAE Ministry of Environment immediately confiscated the shark from the 

fisherman and the whole intact carcass was disposed of. 
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Figure 76.  Whale shark fins for sale in the Dubai fish market. 
 

 
Figure 77.  A 2.9 m male whale shark from Salalah, Oman in the Dubai fish market. 
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Figure 78.  A 4.9 m whale shark for sale in Dubai at the Deira fish market 
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5.4 Discussion 

5.4.1 Identification of regional hot spots 

Before 2010 whale shark encounters were infrequent and the region was not thought of 

as important for whale shark occurrence.  Whale sharks have been reported from the 

region since the 1940s (Blegvad 1944) and all reports of occurrence have been of 

individuals.  Throughout the project, whale shark encounters within the Arabian Gulf, 

but outside of Qatari waters were not commonly reported.  Information from the 

Arabian Gulf waters of Saudi Arabia and Iran are limited, and it is likely that the 

occurrence of whale sharks along the marine border between these countries does occur, 

but sightings are not reported.  Encounters were also reported from Kuwait City, 

Bahrain, mainland Qatar and the west coast of the UAE, but encounters were infrequent 

in number (Table 24).   

 

Shark encounters were fairly consistent in the Omani hotspots (Figure 45) from 2010 to 

2013, but 2014 saw a decline in encounters in the Musandam region of Oman (Table 

22).  Sharks in the Musandam were mainly encountered by divers and were infrequently 

seen at the surface.  To date, no photographic evidence of whale sharks feeding has 

been seen for sharks frequenting this area, although an aggregation of approximately 50 

sharks was reported by local fishermen feeding amongst a large surface-spawning tuna 

event.  A reduced tuna spawning season was reported by local fishermen from 

Musandam for 2014 (C.  Chellerpermal pers. comm.) season and so, if the sharks are 

frequenting Musandam to feed on tuna spawn, this could be an explanation as to why 

there was a reduction in encounters.  In contrast, 2014 saw an increase in the number of 

encounters at the Daymaniyat Islands but no sharks identified had previously been 

sighted in Musandam (Table 22).  Sharks in the Daymaniyats have been observed 

directly surface feeding in the area by recreational divers but to date no plankton 

analysis opportunities amongst feeding sharks occurred.  Musandam and Daymaniyat 

Islands are frequently dived.  However, most of this diving occurs during the local 

weekend on Fridays and Saturdays.  A large percentage of encounters reported in 

Musandam and Daymaniyat occur on the weekend, which suggests that more sharks 

would be encountered if diving activity increased over weekdays.  Other areas are not 

regular diving sites so reports were limited to coastal sightings by the public. 
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The numbers of sharks observed in Al Shaheen were reported by oil platform workers 

within the Al Shaheen oil field and almost certainly would involve multiple sightings of 

the same sharks over the season (Table 22).  From the observed cumulative sightings, it 

is impossible to extract how many individual sharks occurred in the area. 

 

The increase in successful identification of sharks (Table 22) by seafaring individuals 

from 2004 to 2013 may be attributed to increased diving activity, increase in the amount 

of underwater cameras used, awareness of how to report an encounter and knowledge 

about the correct area of the shark to photograph.  The success of Sharkwatch Arabia is 

undoubtedly due to the ease of ‘advertising’ the initiative to divers and dive centers 

through social media such as Facebook and Twitter.  These sites allow the sharing of 

images and information with great ease.  With over 1000 followers on Facebook alone, 

gathering and sharing information to the local community can be done quickly and 

efficiently.  All local dive centers have a Facebook page where they show potential 

customers what clients have seen on dives to encourage them to come diving.  The 

whale shark is considered the ultimate underwater animal encounter in the region and 

images, if taken, are nearly always posted on Facebook where they are then picked up.  

As social media and networking grow, so does the reach of citizen science initiatives 

such as Sharkwatch Arabia. 

 

Outside of Qatar, the majority of sharks were encountered in Omani waters and were 

reported by divers.  In the UAE, the majority of whale shark encounters were also 

reported by divers but also from sharks found in Marinas and Ports on the Gulf coast.  

Outside of Oman and UAE, whale shark encounters were rarely reported but this could 

be attributed to a lack of awareness of the project outside of these two countries. 

 

Ecocean started recording whale shark encounters from the region in 2004 (Table 23 & 

Figure 46).  In 2010, the Sharkwatch Arabia initiative was launched which saw an 

increase in the number of encounters being reported.  Historical encounters were also 

collected increasing the number of encounters back to 2007.  As part of the awareness 

campaign, Spot ID protocols have been taught which has also resulted in a greater 

knowledge of how to ID and sex a shark; this is reflected in the number of viable IDs 

recorded by the project.   
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Before 2011, seven encounters with whale sharks in Qatari waters were reported to the 

global whale shark database ‘Ecocean’ (www.whaleshark.org) from individuals and oil 

platform workers in the region since 2004.  Since 2011, Qatar has gone from sporadic 

reporting to having the seventh greatest number of whale sharks identified within a 

countries waters (Table 25).  The Qatar project is relatively new, but as fieldwork 

continues and sharks continue to be identified, this number is expected to increase.   

 

The only other known aggregation site that exceeds Qatar in some sharks and density is 

found on the east coast of Mexico and is known as the ‘Afuera’.  This aggregation site 

is also driven by tuna spawn (de la Parra Venegas et al. 2011) suggesting an intrinsic 

link between large whale shark aggregations and tuna spawn. 

 

5.4.2 Al Shaheen 

The majority of encounters now occur in the Al Shaheen area of Qatar where a major 

aggregation site for whale sharks was discovered (Robinson et al. 2013).  Within Al 

Shaheen, there are eight platforms (B-I) that reported whale shark observations.  The 

majority of sharks are observed in the west of the Al Shaheen field with the most 

observations being reported from H platform (Figure 47) that is the shallowest point of 

the oil field and thought to be the area utilised by the spawning tuna.  Whale sharks 

were rarely reported from Qatari waters outside of Al Shaheen with only two 

observations from mainland Qatar suggesting that whale sharks do not frequent the 

shallower coastal waters. 

 

5.4.3 Musandam 

Outside of Al Shaheen, the largest number of whale shark encounters was reported from 

the Musandam region of Oman.  Within the Musandam region, the most encounters 

were recorded from around Lima Rock, particularly from the south side (Figure 48).  

Lima Rock is accessible by speedboat for ‘day-tripper’ divers from the town of Dibba 

and so the number of divers on Lima Rock is higher compared to the less accessible 

sites further north that are only reachable by two or three-day dive trips.  Lima Rock is 

also surrounded by an area of deeper water in comparison to the other dive sites that 

may make this area more attractive to whale sharks.  It is not known if the Musandam is 

used as a staging point for entering or leaving the Gulf.  No confirmed observations of 

feeding sharks have been reported from the area, which suggests the sharks are not 
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utilizing the area to feed or are in shallow water during the day.  Sharks are also not 

reported on multiple occasions within a short period suggesting the sharks are passing 

through.  Any shark entering or leaving the Gulf and utilizing coastal waters to navigate 

would have to pass through the Musandam, and this may be why sharks are encountered 

in this area. 

 

5.4.4 Daymaniyat Islands 

The Daymaniyat Islands is accessible from Muscat and several large hotels and, is a 

popular weekend diving destination for UAE and Omani residents and nationals and 

also, to a lesser extent, for European holidaymakers.  Whale sharks were most 

frequently observed on the dive sites on the outside of the island chain, and feeding has 

been observed suggesting that whale sharks may frequent this area to feed (Figure 49).  

No plankton sampling has been carried out to date to investigate what food source is 

attracting the sharks to the area, and this needs further research. 

 

5.4.5 United Arab Emirates 

The majority of encounters with whale sharks took place at popular coastal dive sites on 

the East Coast of the UAE.  Sharks were not confirmed to be feeding at these sites, or 

the same shark was not seen on multiple days suggesting that the sharks are moving 

through the area and not utilizing it for feeding or any other reason.  One feeding 

aggregation was reported 35 km offshore where the images show the sharks to be 

feeding which suggests the sharks may be feeding offshore and not at coastal sites 

where the majority are encountered (Figure 50). 

 

All but one encounter on the West coast of the UAE were reported from marinas or 

ports along the coastline.  Several dive companies frequently dive the waters of the 

West coast of the UAE but to date, not one whale shark was reportedly encountered on 

a dive suggesting whale sharks are infrequent visitors to the shallow coastal waters of 

the west coast of the UAE.  One shark was reported from a UAE platform worker from 

the Salman Oil Field but since that report, no further whale sharks have been reported 

from platform workers outside of Qatar. 
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5.4.6 Regional movements 

Whale sharks were recorded and re-sighted in all significant regional hot spots 

suggesting the sharks are moving freely throughout the region and entering and leaving 

the Gulf through the Strait of Hormuz (Figure 51).  Sharks have been re-sighted from all 

known hotspots to Al Shaheen, these re-sights, and the number and density of sharks 

recorded in Al Shaheen suggest that this area is the focus of whale shark activity in the 

region.  Seven sharks, the largest number of shared individuals, occurred between 

Musandam and Al Shaheen, the two areas with the greatest number of recorded 

encounters.  The Strait of Hormuz, situated north of the Musandam region of Oman, 

connects the Gulf to the Gulf of Oman and is the only possible entrance and exit to and 

from the Gulf, which could be a possible explanation for the presence of sharks in the 

Musandam region of Oman that are not observed feeding. 

 

5.4.7 Re-sights 

Whale sharks originally identified in every hotspot were re-sighted in Al Shaheen 

suggesting that whale sharks utilise the entire study area during their movements.  

Feeding has only been observed and reported from Daymaniyats, Al Shaheen and 

offshore from the UAE coast has not been observed from the Musandam supporting the 

theory that whale sharks may simply be passing through this region. 

 

One shark was encountered at Octopus Rock in the Musandam and then again exactly a 

year in the same local area (Figure 52).  Although only one shark, this suggests that 

some sharks could have regional movement patterns frequenting and moving between 

certain locations at the same time each year. The slight increase seen in the approximate 

annual lagged identification rate (Table 26) could be indicative of an annual movement 

of sharks. 

 

Sharks were re-sighted in the region one, two, three and four years apart and between 

different hotspots showing a level of affinity to the region (Figure 54).  Photographic 

documentation of re-sights also allows a build up of health information about the 

sharks.  It allows identification of injuries and debilitation within a given time frame 

and also a record of healing and scarring. 
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Utilising the knowledge that the spot pattern of the whale shark is stable over time, 

Taylor (1994) started to identify individuals in Ningaloo Reef, Australia and by 

identifying individuals, found that the sharks displayed an affinity for the local area and 

seasonal philopatry.  Similar affinity to local areas through identification of individuals 

has also been reported from the Seychelles and Belize (Graham & Roberts 2007; Rowat 

et al. 2009).  It should be noted that all of these aggregation sites are visited by sharks 

between 4 and 9 m and sharks above and below this size may differ in their behaviour. 

 

5.4.8 Population and residency estimates 

The residency time of whale sharks was modeled to understand how the sharks utilise 

the region as a whole and then again extended to different areas within the region (Table 

26).  Similar modeling techniques have been used at other whale shark aggregation sites 

around the world, including Honduras (Fox et al. 2013), Mexico (Ramírez-Macías, 

Meekan, et al. 2012), Philippines (Araujo et al. 2014) and Australia (Holmberg et al. 

2009).  This study found a residency time of 17 days, longer than the 11.67 days for 

sharks in Honduras (Fox et al. 2013) and shorter than the 33 days in Ningaloo, 

Australia, although a different technique was used (Holmberg et al. 2009).  Residency 

in all studies utilising the same methodology was fitted to the same emigration, re-

immigration and mortality model that also best approximated the empirical data used in 

this study.  The maximum likelihood technique used here allows for unequal sampling 

effort as a source of bias (Whitehead et al. 2001).  Results from our modelling suggest 

that there is a low probability of re-sight for many sharks and that sharks are moving in 

and out of the study area (Figure 55).  This corroborates findings at other whale shark 

aggregation sites (Fox et al. 2013; Ramírez-Macías, Meekan, et al. 2012; Araujo et al. 

2014; Holmberg et al. 2009). 

 

When LIR was extended for two areas, Arabian Gulf (area one) and Gulf of Oman (area 

two), residency time for the second area in the Gulf of Oman was 97 days, notably 

higher than within the Gulf.  The results of the quantitative movement model show that 

there is a probability that an identified shark would be re-sighted in all other areas, 

including outside of the study area (Table 27).   

 

Through modelling, an estimated overall population size of 2837 sharks in the study 

area was found.  The population estimate of 288 sharks per year at Al Shaheen is a 

yearly baseline number of sharks visiting this aggregation site a.  The second high 
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yearly figure of 183 sharks at the hotspots including, and north of, the Daymaniyat 

Islands in Oman highlight this is an important whale shark area in the region. 

 

5.4.9 Seasonality 

This seasonal nature of the aggregation in Qatar matches the seasonal occurrence of 

whale shark sightings elsewhere around the region, in particular, hotspots in the Strait of 

Hormuz and Gulf of Oman (Figure 56).  The majority of sharks were encountered in the 

warmer summer months between April and October.  Sharks in the Al Shaheen area 

aggregate to feed on tuna spawn produced by E. affinis and sharks have been observed 

feeding for extended periods of time at water temperatures exceeding 33 °C (Robinson 

et al. 2013).  In the Gulf of Oman, hot spot areas centre on sites heavily utilised by 

recreational divers.  These sites such as the Musandam and Daymaniyats are productive 

areas with high coral coverage and high fish numbers and diversity making them 

attractive to divers and, although not reported from the Musandam, a possible food 

source for the sharks in the form of seasonal fish spawn during the summer months.  

Sharks are encountered all year round within the region but sightings outside of the 

summer months are less frequent. No evidence of feeding activity in any area has been 

recorded outside of the summer months.   

 

Sharks were observed by both platform workers and during fieldwork aggregating 

during in Al Shaheen in the summer months between May and October.  Likewise, the 

summer months saw an increase in occurrence in Fujairah, Musandam and Daymaniyat 

Islands.  Whale shark encounters are a rare occurrence outside of the summer months, 

although they do occur. 

 

5.4.10 Associated fauna 

The extreme marine environmental conditions within the Gulf may reduce the number 

of species of associated fauna found on regional whale sharks (Appendix C).  The only 

incident of a pilot fish was recorded from the Daymaniyat Islands in the Gulf of Oman, 

and this has never been observed in the Arabian Gulf.  Likewise, commensal copepods 

that are commonly found around the mouths of whale sharks in other regions (Norman 

2000) have never been noted from any encounter in the region.  It is possible that the 

increased temperature and salinity during the summer make the Arabian Gulf an 
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unsuitable habitat for such fauna but that such fauna may also be an indicator of where 

the shark has travelled. 

 

5.4.11 Regional threats to whale sharks 

Photographic evidence of all injuries and threats were recorded for all areas throughout 

the study period.  The majority of injuries were caused by impact with boats and 

propellers (Figure 57 – 60).  The Strait of Hormuz is one of the busiest shipping lanes in 

the world with heavy traffic of large vessels transporting fossil fuels.  It was apparent 

from the severe degree of trauma recorded in the region that impacts were most 

probably occurring with large commercial vessels.  Three sharks were recorded with 

large shark bites out of the dorsal and caudal fin; these were the only threats that were 

non-anthropogenic in origin.  No fresh wounds were recorded in four years suggesting 

that the impacts were happening outside of the Al Shaheen area.  Although it is thought 

there are no intentional/direct threats to whale sharks in Al Shaheen or Qatari waters, 

once outside of the area, whale sharks face some anthropogenic threats within the 

region.   

 

Around the world, whale sharks have been harvested in countries such as India 

(Manojkumar 2003), Pakistan (Hanfee 1997), Iran (Fowler 2000), the Maldives 

(Anderson & Ahmed 1993), Taiwan (Chen et al. 1997), the Philippines (Alava et al. 

1997). Whale shark populations have also been negatively impacted by small-scale 

fisheries in Southeast and South Asia (Ramachandran & Sankar 1990; Joung et al. 

1996; Chen et al. 1997; Trono 1996; Hanfee 2001; Alava et al. 2002), as well as by 

incidental capture in net fisheries. Whale sharks were traditionally taken in these 

countries for liver oil used to waterproof traditional boats (Rowat & Brooks 2012;  

Rowat 2010).  

 

The live finning of whale sharks has been observed in the Maldives (Riley et al. 2009) 

but this is the first reported case from the Arabian Gulf or the Gulf of Oman (Figure 

61), is almost certainly anthropogenic in origin and highlights the threat of the finning 

industry to whale sharks in this region. 

 

Throughout this study, tail ropes (Figure 62) were recorded wrapped around the caudal 

keel of four sharks, two from Al Shaheen and one from both the Musandam and 

Daymaniyat Islands.  Tail ropes were considered to be most probably from failed direct 
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fishing attempts, but tail ropes have been used to extract whale sharks that have become 

trapped in tuna seine nets.  If the ropes are not removed, it is thought that they will 

eventually be fatal to the shark as it grows, and it cuts through the caudal keel.  Several 

divers from a dive boat in the Musandam region observed a direct fishing attempt 

during the summer of 2010.  Fishermen thought to be from Lima village in the 

Musandam, were photographed trawling a dead whale shark behind their boat (Figure 

65).  The tail had been removed from the shark, most probably to stop it fighting or 

causing any damage, it is not known what happened to the carcass or where it was 

landed but discussions with local fishermen indicate that the fins would be removed and 

the shark liver broken down, and the oil utilised for waterproofing the traditional dhow 

fishing boats.   

 

Whale sharks and their parts have infrequently been observed in the Dubai Fish Market, 

(Figure 75) which is considered to be a regional hub for the shark trade (Jabado et al. 

2015).  Whale sharks have been afforded species-specific protection in UAE waters 

since 2008, but outside of the UAE, there is no protection at a national level for any 

other regional country with the exception of Kuwait.  The direct take of whale sharks in 

the UAE did occur before protection was put in place with one fisherman from the 

village of Sha’am in Ras Al Khaimah reporting that he normally caught six whale 

sharks per year (Brown 1992).  Most notably, protection is absent from Oman where 

relatively large numbers of sharks occur, and threats to whale sharks from direct fishing 

in Oman are considered to be the greatest in the region.  The Dubai fish market is a 

central-hub for regional shark trade (Jabado et al. 2015).  Whale sharks that pass 

through the Dubai fish market seem to have little commercial sale value (Figure 76).  

Their fins are not regionally sought after, demonstrated by a caudal fin for sale in the 

fish market for sale from 2009 to 2013.  All sharks that have passed through the market 

are thought to be the product of accidental capture in drift nets and not intentional catch. 

 

Although no intentional/direct threats to whale sharks exist in Al Shaheen or Qatari 

waters, whale sharks face some anthropogenic threats at other locations in the region.  

Over a third of whale sharks encountered in Al Shaheen have significant scars or 

injuries that are anthropogenic in origin.  Whale sharks can fetch a high price in 

regional fish markets and are sought after for their large dorsal fins which can sell for as 

much as $800 in Hong Kong (S.  Caprodossi pers. comm.).  Other fins are consumed in 

Asia as shark fin soup, and the oil of the liver is used regionally as a form of boat 
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sealant.  No fresh scars or injuries have been observed in Al Shaheen, suggesting that 

these injuries occurred in other areas that the whale sharks visited prior to feeding at Al 

Shaheen. 

 

Whale sharks are of value to marine wildlife tourism (Norman 1999; Newman et al. 

2002). The global value of whale shark tourism was estimated at US$42 million in 2007 

(Graham & Roberts 2007).  Sharks are a popular tourism activity, and the whale shark is 

an iconic tourism species (Smith et al. 2010; Hammerschlag et al. 2011).  Most whale 

shark tourism activity occurs at whale aggregation sites around the world and is 

performed around snorkelling with sharks encountered at the surface.  Whale shark 

encounters are highly sought after by divers in this region, being considered by many as 

the ultimate diving experience.  Dive operators often post sightings of whale sharks via 

social media in what is thought to be an effort to encourage business.  The location 

offshore of the Al Shaheen aggregation, the time of year of the aggregation and 

proximity to the working oil field makes the option of dedicated tourism unlikely due to 

safety reasons.  Scuba diving is a frequent activity within all of the identified regional 

whale shark hotspots outside of Qatar.  Whale shark sightings at these locations are not 

consistent or frequent enough to warrant dedicated whale shark tourism.  Also, within 

the Musandam region of Oman, whale sharks are rarely encountered at the surface, 

which makes finding them from boat based surveys very difficult.  Although not easy to 

calculate, a wild and free-swimming whale shark does have a regional commercial 

value to the tourism industry, which is almost certainly higher than what has been 

observed in the local fish market.  It should, therefore, be common sense to afford these 

large charismatic animals some amount of protection outside of the UAE. 

 

Ten incidences of whale sharks within marinas and ports were reported throughout the 

region within the study period (Figure 73-76).  It is not known if the sharks simply 

follow the coastline and become temporarily trapped within them until they eventually 

find a way out or if they are directly attracted to such areas.  A whale shark in 2002 died 

after becoming trapped in a Marina in Abu Dhabi (Brown 1992) which shows that these 

man made structures could be threats, especially in the summer months as the shark is 

not able to thermo-regulate and control body temperature.  Sharks entering marinas and 

ports during the summer months are exposed to shallow (usually <10 m) and mixed 

warm water in excess of 33 °C with no access to cooler water and therefore no ability to 

thermo-regulate.  Despite these high water temperatures, no stress or mortality of sharks 
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was noted in sharks found within such environments for multiple days.  This exposure 

suggests that whale sharks can survive in such water temperatures for prolonged periods 

of time. 

 

In 2010, a whale shark was repeatedly encountered for two weeks within a sea-fed 

marina over 1km inland from the coast of Dubai.  The shark was observed vertically 

feeding within the marina, which is a feeding strategy utilised during times of high prey 

density.  High levels of zooplankton were noted from the marina waters at the time 

when the shark was spotted.  The zooplankton could be attracted or concentrated within 

areas of such structures by the high levels of artificial night-time lighting.  Two sharks 

were removed or guided out after entering a Marina, one in Kuwait City and one in 

Dubai Marina, UAE, the rest of the sharks found their way out of the man-made 

structures on their own despite one attempt to capture the animal.  While within busy 

ports and marinas, the whale sharks are far more likely to be injured by boats or 

exposed to pollution events than while free swimming. 

 

This study shows international connectivity for whale sharks between Qatar, UAE and 

Oman.  Fishing events and major scars of whale sharks demonstrate the need for 

regional protection plans to be developed.  
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6.1 Chapter Summary and General Conclusions 

6.1.1 Whale sharks in Al Shaheen 

The offshore whale shark aggregation site at Al Shaheen is uniquely dominated by 

mature males. Al Shaheen is also the first location in the Indian Ocean region where 

pregnant females have been recorded in the field.  The results of the fieldwork carried 

out for this thesis demonstrate that Al Shaheen is a major aggregation site of 

international significance for the whale shark.  Re-sight rates from year to year prove a 

level of site fidelity similar to what is seen at other aggregation sites. 

 

While the aggregation of whale shark that occurs at Al Shaheen is thought to be driven 

by the spawning of E. affinis, the link between these phenomena and the offshore 

platforms at Al Shaheen warrants further investigation. It is also highly recommended 

that further investigation be made into the movements, threats and stock assessments of 

E. affinis in the area. 

 

Whale shark aggregations most likely occur close to the platforms because tuna spawn 

in close proximity to them and, the platforms could act as Fish Aggregating Devices 

(FADs). Within the platform areas bathymetry could play a role in the location of 

spawning sites.  The indirect protection and restrictions to vessels enforced throughout 

the area have effectively created an unintentional marine sanctuary.   

 

A detailed picture of whale shark movements and behaviour within the Al Shaheen oil 

field has been established.  This knowledge has been essential to develop a management 

plan for whale sharks at Al Shaheen.  As a direct consequence of the Qatar Whale Shark 

Research Project findings, vessel traffic has now been restricted in areas where the 

whale sharks are aggregating.  High-speed vessels are prohibited from entering certain 

areas, and a maximum speed limit of fifteen knots has been set for all vessels.  At the 

same time, the vessels are instructed to watch out for whale sharks and report all 

sightings (S. Bach pers. comm.) 

 

Furthermore, a seismic survey that is to cover most of Al Shaheen has been placed 

outside of the whale shark aggregation season to avoid any potential negative impacts 

on the whale sharks.  Observations from offshore monitoring and data from satellite 

tagging have proven that whale sharks spend prolonged periods feeding at the surface, 
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and the environmental risk assessment concluded that the risk of collision with vessels 

was too high.  Additional mitigation measures will be put in place, such as visual 

observers on-board the vessel to minimize the risk of impact on marine megafauna 

during the seismic survey (S. Bach pers. comm.). 

 

The results of this study support the hypothesis that whale sharks in Al Shaheen 

aggregate to feed on tuna spawn. From the other investigated hypotheses, it was 

discovered that whale sharks there was a significant difference in the occurrence of 

males and females in Al Shaheen with male sharks representing 69% of the sharks for 

which sex was noted. The male sharks were found to be larger than the females, and the 

overall size of the sharks was found to be greater than all other coastal aggregation sites. 

It was found that there was no significant difference in the ratio of male to female 

sharks throughout the season. 

 

It is highly recommended that fieldwork in Al Shaheen be continued to provide 

information on abundance trends and general population ecology at this unique site. 

Further population assessment of E. affinis is also highly recommended to produce 

baseline data on the species within Al Shaheen, as the presence of the species’ spawning 

aggregation is the direct driver of the whale shark aggregation.   

 

6.1.2 Satellite tracking of whale sharks from Al Shaheen 

Al Shaheen is likely to be the aggregation site where whale sharks experience the 

warmest water temperatures in the world. This has positive implications for other 

aggregation sites in terms of global warming and what upper thermal levels can be 

tolerated as global ocean temperatures increase. Sharks within this area spent most of 

their time in waters of 27 °C to 33 °C.  Sharks within the Arabian Gulf prefer to remain 

in areas where depth exceeds 40 m, and rarely venture into shallower areas in the 

summer months, likely due to the lack of thermal stratification and resulting lack of 

access to cooler waters to enable thermoregulation. Whale sharks rarely made dives 

deeper than 100 m, even when deep waters were easily accessible to them outside the 

Gulf.   

 

A 66 km2 area within the Al Shaheen field was the core habitat for whale sharks tagged 

within the field.  No common aggregation sites were noted during the winter months, 
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when sharks dispersed. Dispersal of sharks, and their lack of presence over the winter 

months, is likely linked to their food supply, specifically the lack of tuna spawning. 

While potential food sources were present, such as Sardinops spawn, these are 

apparently insufficiently attractive to the sharks.   

 

Whale sharks tagged in Al Shaheen moved throughout the Arabian Gulf and Gulf of 

Oman outside of the Al Shaheen tuna-spawning season, with only one large (pregnant) 

female leaving the area entirely.  The size of whale sharks tagged in Al Shaheen 

encompassed those present at the site, ranging from 4-10 m.  The absence of smaller 

juvenile or larger adult sharks suggest that these life stages differ in their habitat 

preferences. When not feeding in Al Shaheen, whale sharks spent little or no time at the 

surface in most locations. However, Al Jubail in Saudi Arabia appears to be another 

significant aggregation site.  Currently, little is known about whale sharks in Saudi 

Arabian waters within the Arabian Gulf. 

 

The results of the satellite tagging research does not support the hypothesis that there is 

a resident population of whale sharks in the Arabian Gulf as frequent movements into 

the Gulf of Oman were recorded. There was also found to be no difference in habitat 

preference for male and female sharks or mature and immature individuals 

 

There is evidently a high degree of connectivity between these two sites, warranting 

further study and hopefully a collaborative research effort between the two countries. 

 

6.1.3 Population genetics and stable isotope analysis of whale sharks from Al 

Shaheen 

Whale sharks have high genetic diversity and low levels of genetic differentiation 

throughout the world.  Atlantic sharks have an elevated amount of differentiation in 

comparison to Indian and Pacific Ocean populations. Stable isotope results show 

distinct differentiation between sharks from Qatar, Tanzania and Mozambique, but the 

low samples size warrants further investigation before significant conclusions can be 

drawn. 

 

Satellite tagging shows restricted movements throughout the region.  However, the 

samples and tags were taken/attached to sharks between 6-10 m in length.  Sharks 
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below 4 m and above 10 m have not been seen in Qatari waters, so it is possible that it 

is these animals that are arriving from/travelling further afield, mixing with a broader 

regional population. 

 

The results of the genetic investigation show that there was no structuring within the 

Qatar whale shark population, therefore, rejecting the hypotheses that there is 

differentiation between males and females or mature and immature animals. Whale 

sharks from Qatar have a similar level of genetic differentiation and are genetically 

similar to sharks sampled in the wider Western Indian Ocean which rejects the 

hypothesis that the Arabian Gulf supports a resident population.  Therefore, it is likely 

that at some stage in their life history, whale sharks from Qatar are.   

 

It can be concluded that whale sharks from Qatar are, at some stage in their life history, 

moving through international waters, mixing with the wider Indian Ocean populations 

and therefore, conservation efforts should not only be put in place on a local and 

regional level but also at an international level. 

 

6.1.4 Regional occurrence, connectivity and threats 

Whale sharks occur throughout the Arabian Gulf and Gulf of Oman and they move 

freely between the two water bodies through the Strait of Hormuz.  Reports of whale 

shark occurrence from Iranian, Kuwaiti, Bahraini and Saudi Arabian waters were 

infrequent, most probably due to the lack of awareness of the project. More research 

into whale shark occurrence in these areas should be conducted, particularly the 

potential for a significant aggregation site in Saudi Arabia. 

 

Throughout the studied region, Al Shaheen was the main hotspot for reported whale 

shark sightings, followed by the Musandam, Daymaniyat Islands and Fujairah.  Outside 

of Al Shaheen, the reason for occurrence of whale sharks could not be confirmed, 

although anecdotal reports indicate that feeding is also taking place elsewhere. An 

increase in successful identification of sharks throughout the region was attributed to 

knowledge of the correct procedures through the website and social media.  Whale 

sharks were re-sighted within the region up to four years apart, indicating some regional 

site fidelity.  There is a clearly defined season for high numbers of sightings that occurs 

during summer from May to September.  Although whale sharks occur throughout the 
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region all year round, in the winter they disperse widely. This seasonal pattern could 

have implications on conservation strategies, as whale sharks are caught here.  Possible 

mitigation measures, such as a ban on direct fishing within the season or a seasonal ban 

on specific fishing strategies, could reduce whale shark mortality in the region. 

 

Regional anthropogenic threats to whale sharks include direct fishing attempts, 

accidental capture in fishing nets, removal of fins and injury caused by impact with 

boats.  Fishermen in Oman intentionally target whale sharks and this is likely to be the 

largest direct threat for the species in the region.  The value of whale sharks in local fish 

markets is low and their commercial value through tourism, although not quantified 

here, is almost certainly higher.  The major challenge remains that the tourism dollar 

often does not directly feed back into the fishing community, and it is likely that capture 

will continue without legislative protection and enforcement.  Other Gulf Cooperation 

Council (GCC) countries have protected the whale shark through species-specific 

legislation and, as the whale shark is an easily identifiable animal, enforcement is easier 

than for other species.  Suggested strategies to halt the take of whale sharks are to 

include fishermen in tourism during the season, raising awareness throughout the 

fishing community about the economic benefits of keeping whale sharks alive and 

education within the fishing community about the status of the species and regional 

threats which they face. 

 

Although whale sharks are seen in marinas and ports throughout the region, especially 

within the built up area of the west coast of the UAE, this is not considered to be a high 

threat as there has been no related mortality.   

 

The results of the investigation into occurrence in the region supported the hypotheses 

that the Musandam region of Oman has the highest whale shark occurrence outside of 

Al Shaheen and that numbers were at their highest between April and October. 

Modelling of the population suggest an open population which supports the hypothesis 

that the sharks within the Arabian Gulf and Gulf of Oman are mixing freely. 

 

The regional conservation status of the whale shark is currently unknown, with this 

study providing the first detailed information on the species. Although there are a small 

number of reported whale shark mortalities each year from Gulf states, it is highly likely 

that more incidents go unreported.  The documented intentional capture and the 
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likelihood of further unreported fishing, together with the reported accidental mortality 

and high level of propeller scarring on live individuals, demonstrate that there are 

human threats to whale sharks in the Gulf. It is suggested that a mandate be set up 

between GCC countries to protect the shared regional population of whale sharks. 
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Appendix A 

Individual behaviour and tag performance 

Minipats 

 
Figure 79. Full deployment time-series depth data for minipat 119148 deployed on 
shark qat12-144 (6 m female). 
 

 
Figure 80. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 119148 deployed on qat12-144 (6 m female) 
including 95 and 50% location confidence areas and depth. 
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Figure 81. Full deployment time-series depth data for minipat 119150 deployed on 
shark qat12-165 (6 m male). 
 

 
Figure 82. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 119150 deployed on qat12-165 (6 m male) including 
95 and 50% location confidence areas and depth. 
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Figure 83. Full deployment time-series depth data for minipat 119151 deployed on 
shark qat12-062 (6 m male). 
 

 
Figure 84. Light level locations throughout deployment of minipat 119151 deployed on 
qat12-062 (6 m male) including 95 and 50% location confidence areas and depth. 
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Figure 85. Full deployment time-series depth-temperature data for minipat 132228 
deployed on shark qat13-085 (7 m female).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 86. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 132228 deployed on qat13-085 (7 m female) 
including 95 and 50% location confidence areas and depth. 
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Figure 87. Full deployment time-series depth-temperature data for minipat 132229 
deployed on shark qat13-107 (5 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 88. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 132229 deployed on qat13-085 (7 m female) 
including 95 and 50% location confidence areas and depth. 
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Figure 89. Full deployment time-series depth-temperature data for minipat 132230 
deployed on shark qat13-106 (8 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 90. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 132230 deployed on qat13-106 (8 m male) including 
95 and 50% location confidence areas and depth. 
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Figure 91. Full deployment time-series depth-temperature data for minipat 132231 
deployed on shark qat13-095 (7 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 92. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 132231 deployed on qat13-095 (7 m male) including 
95 and 50% location confidence areas and depth. 
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Figure 93. Full deployment time-series depth-temperature data for minipat 132232 
deployed on shark qat13-098 (7 m female).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 94. Estimated satellite tag locations produced from light level analysis 
throughout deployment of minipat 132232 deployed on qat13-098 (7 m female) 
including 95 and 50% location confidence areas and depth. 
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Satellite tag: MK10F 

 
Figure 95. Full deployment time-series depth-temperature data for MK10F 119152 
deployed on shark qat12-169 (6 m female).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 96. ARGOS locations throughout deployment of MK10F 119152 deployed on 
qat12-169 (6 m female). 
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Figure 97. Full deployment time-series depth-temperature data for MK10F 119153 
deployed on shark qat11-019 (8 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 98. ARGOS locations throughout deployment of MK10F 119153 deployed on 
qat11-019 (8 m male). 
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Figure 99. Full deployment time-series depth-temperature data for MK10F 129822 
deployed on shark qat12-093 (8 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 100. ARGOS locations throughout deployment of MK10F 129822 deployed on 
qat12-093 (8 m male). 
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Figure 101. Full deployment time-series depth-temperature data for MK10F 129823 
deployed on shark qat12-093 (8 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 102. ARGOS locations throughout deployment of MK10F 129823 deployed on 
qat11-097 (8 m male). 
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Figure 103. Full deployment time-series depth-temperature data for MK10F 137642 
deployed on shark qat12-153 (8 m female).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 104. ARGOS locations throughout deployment of MK10F 137642 deployed on 
qat12-153 (8 m female). 
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Figure 105. Full deployment time-series depth-temperature data for MK10F 138515 
deployed on shark qat13-071 (8 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 106. ARGOS locations throughout deployment of MK10F 138515 deployed on 
qat14-067 (7 m male). 
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Figure 107. Full deployment time-series depth-temperature data for MK10F 138516 
deployed on shark qat14-041 (6 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 108. ARGOS locations throughout deployment of MK10F 138516 deployed on 
qat14-041 (6 m male). 
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Figure 109. Full deployment time-series depth-temperature data for MK10F 137642 
deployed on shark qat12-153 (8 m female).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 110. ARGOS locations throughout deployment of MK10F 137642 deployed on 
qat12-153 (8 m female). 
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Figure 111. Full deployment time-series depth-temperature data for MK10F 137643 
deployed on shark qat14-067 (7 m male).  Grey spots represent temperature data is 
unavailable for depth. 
 

 
Figure 112. ARGOS locations throughout deployment of MK10F 137643 deployed on 
qat14-067 (7 m male). 
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Appendix B 

Sequences for newly discovered haplotypes 

H46 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATACAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTA
ATGATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGTATATACCTATGGAAAGT
ATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAAGGAATGTGGGCTGAATC
ATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAAAGTCTAATATGTTATAG
AAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACA
TAGTATGTATATACCTATGGAAAGTATATTA 
 
H47 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTA
ATAATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGTATATACCTGTGGAAAGT
ATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAAGGAATGTGGGCTGAATC
ATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAAAGTCTAATATGTTATAG
AAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACA
TAGTATGTATATACCTGTGGAAAGTATATTA 
 
H48 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTGAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTA
ATGATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGTATATACCTATGGAAAGT
ATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAAGGAATGTGGGCTGAATC
ATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAAAGTCTAATATGTTATAG
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AAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACA
TAGTATGTATATACCTATGGAAAGTATATTA 
 
H49 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGAAGATCATATAATGTGG
ATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGT
ATATACCTGTGGAAAGTATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAA
GGAATGTGGGCTGAATCATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAA
AGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAA
TTAATGAGTATTAAACATAGTATGTATATACCTGTGGAAAGTATATTA 
 
H50 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTTGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTA
ATGATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGTATATACCTATGGAAAGT
ATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAAGGAATGTGGGTTGAATC
ATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAAAGTCTAATATGTTATAG
AAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACA
TAGTATGTATATACCTATGGAAAGTATATTA 
 
H51 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGAAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGAAGATCATATAATGTGG
ATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGT
ATATACCTATGGAAAGTATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAA
GGAATGTAGGCTGAATCATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAA
AGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAA
TTAATGAGTATTAAACATAGTATGTATATACCTGTGGAAAGTATATTA 
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H52 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGAAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGAAGATCATATAATGTGG
ATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGT
ATATACCTATGGAAAATATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGTATATTAA
GGAATGTAGGCTGAATCATTAATATGTCATACTAATTACGAAAATAATATCTAGTTGAGGAA
AGTCTAATATGTTATAGAAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAA
TTAATGAGTATTAAACATAGTATGTATATACCTGTGGAAAGTATATTA 
 
 
H53 

GTCCTTGTATATTTAGGGGGGAGGGGGGGTTTTTACGGAAAAAATTTTTTTTTATTTTGTCGT
TTTTTTTTTGTGAAGGAGGGGGGTATATATATAATACTTGTATGTCCGACTAAGCAAGAATG
TGCTAAATAATGGTATGTTTTTTACATTCATAAATAATATTTATCTCCTAAGTTGTTGATTAA
TCTTGTATGTATCTCTTCAATTATTGTTGGATTAATCAATACTGTTGTCATTTAATGGTTCCAT
TATTATTATCTCTTTCAGTTATGGTAAACTTGACAATCTATTTCCCACGAATGAGCAGTAGTG
AGGATTATTGACGGCAGATGTCGAGTGGAAAGTTCTAACTTAATATTTATTGTTCCTGGTTTC
AGCCTTCCCGGGGCAGGTGTCGGAGCTTCAAGCCGAAACTAAAAAATCTGGGAGGAAAATA
AATTCTGAGACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGA
TACGATTAAGAACTGTATGTCAATATAAGGGAACTAGAGTAAATTCATGATTGATACGATTA
AGAACCAAATGAATTTAAGCAGTAATCAAATGTCAGTTTAAATCAATTATAGATGATATAGC
AGTAATATTAGTACTTAAATGGATTAATGCAGGTTTTTACAAACCTGCATAATAATTACGAA
AATAATATCTAGTTGAGGAAAGTCTAATATGTTATAGAAATGTGGAAGATCATATAATGTGG
ATTAATCATATAATGTAATAATATAGTGGCAAGTAAATTAATGAGTATTAAACATAGTATGT
ATATACCTGTGGAAAGTATATTAGAGTTGATATAGAAAAGTAAGTCATATGTGGGCTGAATC
ATTAATATGTCATACAATTACGAAAATAATATCTAGTTGAGGAAAGTCTAATATGTTATGGA
AATGTGGAAGATCATATAATGTGGATTAATCATATAATGTAATAATATAGTGGCAAGTAAAT
TAATGAGTATTAAACATAGTATGTATATACCTGTGGAAAGTATATTA 
 
  



Appendices 
	

	 194	

Appendix C 

Associated fauna 

Associated fauna throughout the region is notably less diverse within the Arabian Gulf 

than the Gulf of Oman.  No invertebrate ecto-parasites were noted, which could be due 

to the high salinities and temperatures experienced within the Arabian Gulf and the 

inability of such ecto-parasites to tolerate such environmental extremes. 

 

 
Figure 113. Juvenile Golden Trevally, Gnathanodon speciosus (Bleeker, 1851). 
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Figure 114. The rarely seen pilot fish Naucrates doctor (Rafinesque, 1810), 
Musandam, Oman. 
 

 
Figure 115. Cobia Rachycentron canadum (Linnaeus 1766) Qatar, Arabian Gulf 
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Figure 116. Undescribed ‘golden remora’ and live shark sucker Echeneis naucrates 
(Linnaeus 1758) Qatar, Arabian Gulf. 
 

 
Figure 117. Marlin Sucker Remora osteochir (G.  Cuvier, 1829), Musandam, Oman 
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Figure 118. Common remora Remora remora (Linnaeus, 1758), Musandam, Oman. 
 

 
Figure 119. White suckerfish Remora albescens (Temminck & Schlegel, 1850), Qatar, 
Arabian Gulf. 
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