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Abstract 

Photo-identification is a non-invasive and accurate tool that is commonly used to 

identify individuals within a given population. This method can assist in collecting 

fundamental information such as population size, dynamics and migration patterns. 

My study examined the applicability of this technique for biological studies of whale 

sharks (Rhincodon typus). Three independent photographic databases of whale 

sharks at Ningaloo Reef, Western Australia recorded between 1992-1996, 2002 and 

2004 were analysed to determine if photo-identification techniques could be applied 

to these animals. Ratings of photographic quality and various methods to identify 

spot patterns and distinctive characteristics on each whale shark were compared and 

are discussed. A combination of spot and stripe patterns above behind the last gill 

slit and forward of the dorsal fin and distinctive scars and marks on the dorsal, 

caudal and pectoral fins were found to be useful for identifying individual whale 

sharks. These patterns appeared to be unique to individuals and distinctive markings 

could be recognized on some sharks for more than a decade. From 528 

photographs, 276 individuals were identified. Of these, 69% were male, 14% were 

female and 17% were of indeterminate gender. This sex ratio did not vary among 

years or among months within the 2004 season of sampling. Photographed sharks 

ranged in size from 3-11m total length (TL). The size distribution of sharks was 

bimodal with a large peak at 5m and a smaller peak at 7-8m TL. A total of61 

individuals (2 2%) were resighted during the study. Of these, 3 5 were resighted at 

different times during the same year (sometimes on multiple occasions) up to 4 

months after they were initially photographed and 2 5 were resighted in different 

years. The interval between resightings in different years was typically 1-3 yrs, 

however one individual was resighted after a period of 10 y rs and 2 were resighted 

after a period of 12 yrs. 

I. Thesis Format 

This thesis is structured as follows. It begins with two brief literature reviews, the 

first of which describes the use of photo-identification techniques to examine the 

ecology of marine mega fauna. The second summarises the biology and ecology of 

the study animal, the whale shark, Rhincodon typus. These reviews are followed by a 

description of the study site and the aims of the thesis. The next section outlines the 

methods, followed by results. The discussion examines outcomes of the study in the 
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context of previous work and evaluates the usefulness of the photo-identification 

technique as a means to describe the ecology and biology of whale sharks. 

II. Photo-identification of animals in marine environments 

2 

In order to study wild animals in their natural environment, scientists have had to 

find ways of identifying individuals within a population (Wursig and Jefferson 

1990). Photo-identification is widely accepted as a useful tool to attain this goal 

(Neumann et al. 2002). The technique involves photographing a distinctive part of an 

animal that allows it to be individually recognized when observed again at a later 

date. 

Prior to the development of this method, artificial tags were inserted or attached by 

researchers and used to individually identify animals (Agler 1992). This typically 

required the restraint or capture of the study animal for tagging and raises the 

possibility that the trauma of the tagging process may subsequently bias behavioural 

data, as well as interactions the animal may have with observers after tagging 

(Markowitz et al. 2003). Photo-identification generally does not need the study 

animal to be captured, resulting in little or no disruption to it and eliminating this 

potential problem (Wursig and Jefferson 1990). 

For this reason, photo-identification has become an important and useful tool for 

researchers, particularly where study animals are large or difficult to capture. In 

marine environments, photo-identification is particularly useful for studies of mega 

fauna, such as cetaceans (Neumann et al. 2002). It is logistically difficult to restrain 

or capture these large animals and in many cases there are ethical or legal restrictions 

that forbid such treatment (Kehtamavaz et al. 2003). Consequently, many long-term 

studies that require individual identification of cetaceans have adopted photo

identification as a preferred method (Wursig and Jefferson 1990). 

Individual cetaceans have been accurately identified through characteristics 

including unique pigmentation patterns, dorsal fin shape, and the presence of 

identifying marks such as nicks and scars (Agler 1992), as well as ridging on the 

underside of the flukes in the case of humpback whales (Megaptera novaengliae) 

(Calambokidis and Barlow 2004). Using these traits, photo-identification has 



generated information on important demographic variables such as age at sexual 

maturity, life span and mortality rates. Additionally, data concerning growth rates 

can also be collected with photo-identification through the use of photogrammetry. 

This involves n1easuring the animal with either stereophotography or photographing 

objects such as divers at a known height and a known distance from the animal 

(Wursig and Jefferson 1990). Photo-identification has also proven very useful in 

examining interactions between individuals in a group at different temporal and 

spatial scales (Markowitz et al. 2003). 

Photo-identification studies of cetaceans have been conducted from airplanes, boats 

and the shore. The shore-based method is relatively inexpensive and does not disturb 

the study animal, although there is some difficulty associated with this method in 

relation to animals that travel offshore or in remote coastal areas. The alternative 

methods of aerial or boat observations can overcome these difficulties, although both 

introduce a larger degree of behavioural disturbance to the study animal and are 

considerably more expensive. However, they can offer closer and more accurate 

views ofthe animal (Wursig and Jefferson 1990). 

The popularity of the photo-identification technique in cetacean studies has produced 

large databases containing 1000's of photographs. In order to deal with these data 

sets, computerised image comparison programs have been developed. These 

programs are now available commercially and on the Internet ( eg Whale Net, 

Kehtarnavaz et al. 2003). This automated method assists in speeding up comparison 

of photographs when many different research groups are working with the same 

animals (Wursig and Jefferson 1990). 

Examples of photo-identification studies in marine environments 

Wursig and Jefferson ( 1990) reviewed the use of photo-identification studies of 

cetaceans. Since the publication of this work, use of the technique has continued to 

grow. Below, I review some recent examples. 

Cerchio ( 1998) employed photo-identification techniques to estimate humpback 

whale (Megaptera novaengliae) abundance in waters surrounding the Hawaiian 

island of Kauai. This location had been identified as one of three breeding areas 
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important to this species where commercial whaling in the 20th century had severely 

depleted populations. Until the 1980's, assessments made by various mark-recapture 

studies of abundance resulted in questionably low estimates of population size. 

Cerchio' s ( 1998) study used photo-identification to validate these population 

estimates. 

Pigmentation on the underside of the whale's fluke was used as the principal 

identifying characteristic and photographs were taken of flukes from a boat from 

1989- 1993. Cerchio (1998) compared images within and among years to estimate 

population size from resightings. Photographic quality was rated on focus, grain size 

of image, lighting, and horizontal and vertical angles of the flukes and percentage of 

fluke visible. This technique allowed elimination of images with a poor rating, to 

ensure reliability of identifications. 

Cerchio (1998) concluded that sampling a migratory species in just one area of its 

range was not completely sufficient to accurately estimate abundance, due to 

variables such as immigration and emigration events. He speculated that the 

humpback whale population in the Hawaiian Islands was recovering, and suggested 

that further research was required to identify the extent and rate of the recovery. 

Neuman et al. (2002) utilized photo-identification to develop a catalogue of 

recognisable short-beaked common dolphins (Delphinus delphis) in north-east New 

Zealand. They aimed to determine the dolphins' home range, site fidelity and 

longevity. The dolphins' behavioural ecology was also assessed to quantify 

movements, patterns of residency and group composition. 

Observations were made from an inflatable boat in three areas from 1998-2001. 

Fin coloration, dorsal fin scars and genetic defects such as the loss of the typical 

hourglass pattern along the flanks or an alteration of an eye patch colour from ochre

coloured to grey were used to identify individuals. Only images showing one or more 

distinct characters were included in the study (Neuman et al. 2002). 

Neuman et al. (2002) concluded that colour patterns of dorsal fins were stable over 

long periods of time and were a useful way to accurately identify individuals. Based 



on these distinctive traits, they were able to show that common dolphins did not 

restrict their movements to the study area and that abundance increased during the 

autumn months in one site, while simultaneously decreasing in another. The study 

suggested that these common dolphins have nomadic lifestyles and travel in annual 

cycles between East Cape and Coromandel Peninsula. 

Calambokidis and Barlow (2004) estimated the abundance of blue (Balaenoptera 

musculus), and humpback whales based on photo-identification and line-transect 

methods. Comparisons of the two methods were used to validate results and to 

estimate biases associated with each technique. 

Calambokidis and Barlow's (2004) study was conducted from 1991- 1997 along the 

west coast of the United States and Mexico. Photographs of pigmentation patterns on 

both the right and left sides of flukes were used to identify blue whales, while 

pigmentation and scarring on the ventral surface of the flukes and the ridging pattern 

along the trailing edge of the flukes were used to identify humpback whales. 

Photographs were rated for quality and examined for matches both within and 

between years. A second independent observer verified all matches. 

Calambokidis and Barlow (2004) concluded that photo-identification was the most 

successful method to estimate population size of humpback whales, which had a 

large sample size and a clumped distribution near the shore. While the line-transect 

method proved more successful and had less bias for population estimates when 

dealing with the smaller sample size and broader offshore distribution of the blue 

whale population. These researchers demonstrated that photo-identification provided 

an overall estimate of the entire population, whether or not the complete population 

was present in the study area at any given time. They concluded that whale 

populations were increasing in the waters off the west coast of the United States and 

Mexico, but were still below pre-whaling levels. 

Markowitz et al. (2004) used photo-identification to estimate population sizes, 

distribution, and behaviour and group dynamics of dusky dolphin (Lagenorhynchus 

obscurus) populations in New Zealand. This study aimed to determine if marine 
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farms growing green-lipped mussels in the area \Vere affecting the dolphin's foraging 

habitats. 

These researchers used features on the dorsal fin including, shape, shading of the fin 

and the upper body; scapes, scratches, wound marks and pigment patterns to identify 

individuals. Photographs were taken over 5 yrs and only images of individuals 

possessing distinctively marked dorsal fins were catalogued and compared to each 

other using a computer and image analysis system. All likely matches produced by 

the computer were confirmed by eye. 

Markowitz et al. (2003) found that dusky dolphins rarely foraged in areas within 

existing farms, but the overlap between dolphin habitat and proposed marine farms 

was high. These researchers were able to recognise over 1000 individuals utilizing 

the area during the winter months and found that 44 of the already existing farms 

were having an impact on the distribution and habitat use of dolphins. They 

concluded that there was serious potential for expansion of future farms to have 

large-scale negative impacts on the dolphin's survival and reproduction due to loss of 

habitat (Markowitz et al. 2004). 

Limitations to photo-identification techniques 

Photo-identification techniques are based on several assumptions. Most importantly, 

it is assumed that no animals lose their unique marks and that marks do not change 

over time. This is analogous to the assumption in artificial or invasive tagging studies 

that there is no loss of tags from marked individuals (Stevick et al. 2001). 

Realistically, it is very difficult to verify that natural markings do not change on 

animals. Studies of bottlenose dolphins (Tursiops truncates) show that even large 

open wounds heal within a matter of months, but scars left behind seem to last for 

very long periods of time, possibly even life (Wursig and Jefferson 1990). However, 

it is far more difficult to verify that natural patterns of pigmentation on animals do 

not change as the animal grows or ages. For this reason, most studies attempt to use 

combinations of scars, marks and pigmentation to individually identify animals 

(Agler 1992). 



In an ideal situation, some anitnals would be tagged with artificial tags after photo

identification in order to verify that natural markings or scars did not change over 

time (Agler 1992). As mentioned above, for some types of mega fauna such as 

cetaceans, it may not be possible to insert artificial tags for legal or ethical reasons. 

An alternative approach may be to con1bine genetic studies and photo-identification. 

In this case a small piece of tissue is collected and used to provide a genetic 

fingerprint of an individual that can be used to verify the consistency of natural 

marks and scars (Fowler 2000). Stevick et al. (2001) used this approach to identify 

errors associated with using natural markings of humpback whales. Pigmentation 

patterns and scars on the ventral side along with contours in the trailing edge of the 

tail flukes were photographed and skin biopsy samples were taken for verification 

from 1992 - 1993 throughout the North Atlantic. 

Comparison of genetic and natural markings showed that pigmentation patterns were 

a reliable means to identify individuals. The most significant error involved the 

difficulty associated with linking photographs to genetic samples. Use of genetic 

techniques to confirm individual identifications is likely to increase in the future as 

recent advances tnean that the sample collection for genetics may be done non

invasively, using miniscule portions of skin sloughed from the animal or tissue 

present in faeces (Palsboll et al. 1997). 

If the prerequisite that markings on anitnals do not change with titne is met, then a 

principle source of error for the photo-identification technique can involve 

photograph quality. Errors may be introduced when animals are photographed at 

inconsistent angles or only a portion of the identification area is photographed. Re

identifying an animal with a partial photograph can be difficult and poor quality 

photographs of less distinctive individuals may only aggravate the problem (Friday et 

al. 2000). Quality of photographs, and thus accuracy of identification, often depends 

on factors such as observation conditions while taking the photograph and experience 

of the photographer. A poor outcome resulting from one of these variables can 

dramatically diminish quality, rendering a photograph useless (Friday et al. 2000). 

As aspects of photographic quality such as contrast, brightness and focus decrease, 

the rate of error for correctly identifying individuals increases (Stevick et al. 2001). 
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In the case of whales and dolphins, photographs of the flukes are usually taken 

during or after a sequence of breaths. This allows the photographer to take a picture 

while the desired body part is out of the water and enhances the image by achieving 

an optimal angle (Katona et al. 1979). Unfortunately, some photographic projects in 

different parts of the world record different parts of the body for identification. This 

severely complicates future attempts to share data (Fowler 2000). 

8 

Another problem associated with the photo-identification technique is the possibility 

of the lack of pattern variability in species that generally lack other distinguishing 

marks such as scars. Where the identifying pattern lacks complexity, there is a higher 

probability that a pattern or one very similar will be repeated within the same 

population, increasing the chance of false resights or misidentifications of individuals 

(Algar 1992). In this case alternative techniques of identification, such as biolemetry, 

satellite tags, genetic markers and acoustic tags should be combined with photo

identification to increase the reliability of the technique (Fowler 2000). When allied 

techniques are used in conjunction with photo-identification, it is essential that 

photographic records be clearly linked with the outputs of other methods (Stevick et 

al. 2001). 

Once good photographs are obtained, experience in photograph interpretation 

becomes an important element of these studies. Algar ( 1992) found that experienced 

observers correctly re-identified individual fin whales (Balaenoptera physalus) more 

consistently than observers with little or no experience. Furthermore, observers that 

had studied and identified fin whales previously were more accurate than those 

observers with experience identifying other cetaceans (Algar 1992). 

Summary 

Photo-identification is a technique in which distinctive markings on an animal are 

photographed in order to identify individuals. In marine environments, it is a 

common technique for research where the study subjects are mega fauna such as 

whales or dolphins. 

There are some limitations associated with this technique notably that one must 

assume that an animal's marks will not change or be lost over time. Coupling 



alternative techniques to identify individuals such as satellite tags, genetic markers 

and acoustic tags with photo-identification can validate these assumptions. Other 

important errors associated with photo-identification include photographic quality 

and ability of the researcher to identify individuals. Both of these problems can be 

reduced or overcome with training. 

III. Study species 

Taxonomy 

Cartilaginous fishes including sharks, skates and rays all belong to the class 

chondrichthyes. They share the characteristics of a cartilaginous skeleton, 5 - 7 gill 

slits and skin covered with dermal denticles or teeth. Of the 7 families within this 

order, the whale shark, (Rhincodon typus) is the sole member of the family 

Rhincodontidea. It is also a member of the order Orectolobiformes, which includes 

the nurse sharks (Ginglymostomatidea), leopard sharks (Stegostomatidea), and 

wobbegongs ( Orectolobidea ). These sharks are related by a number of features such 

as skeletal anatomy, tooth and dermal denticle morphology, fin placement and barbel 

morphology (Colman 1997). 

Description 

The whale shark is the world's largest fish (Coln1an 1997), and can reach lengths of 

up to 20 metres. Whale sharks have distinctive body markings of pale spots and 

stripes against a dark blue background on their dorsal surface (Fowler 2000). It is 

hypothesized that these markings are used for camouflage and coordination of 

schooling behaviour through visual identification (Wilson and Martin 2003 ). 

Whale sharks are one of three species of sharks that filter feed. All depend on large 

amounts of planktonic and nektonic prey to sustain them, but occasionally eat larger 

prey such as tuna, mackerel and squid. Whale sharks do not rely on forward motion 

to filter their prey like the basking shark ( Cetorhinus maxim us) and mega mouth 

(Megachasma pelagios). Rather, they use a suction method that enables them to take 

in large quantities of water at higher velocities. With this unique method of feeding 

they can capture larger, more active nektonic prey than other filter feeding sharks 

(Colman 1997). 
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Biology and ecology of whale sharks 

Whale sharks have a k-selected life history, which means they grow to a large size, 

have a slow growth rate and late maturity. These characteristics limit recruitment and 

make them very susceptible to overfishing and exploitation. This life history also 

hinders the recovery rate of the animal if it is overexploited (Colman 1997). 

There is little information available concerning the life history of whale sharks. 

Conservative estimates predict that the shark reaches sexual maturity from 20-30 yrs 

of age. Detailed reproductive data such as intervals between births and gestation 

periods are not known. Previously, there had been debates concerning the actual 

mode of reproduction and if whale sharks were oviparous (egg cases expelled form 

the female's body and hatching on the sea floor), or ovoviviparous (egg cases 

hatching in utero). This debate was settled in 1995 when a pregnant female was 

harpooned in a Taiwanese fishery and was found to contain 300 hatched embryos of 

various sizes (Joung et al. 1996). The whale shark may undergo a strategy similar to 

its cousin the nurse shark ( Ginglymostoma cirratum) where pregnancy lasts for less 

than a year and birth is followed by a long resting period of up to two years before 

the next pregnancy (CITES 2002). 

The only accurate data available concerning the growth rates of whale sharks are 

limited to samples collected from a few dead animals stranded on beaches (Colman 

1997), and surviving young of the harpooned female referred to above that were 

raised in a Japanese aquarium. This data suggests that whale sharks reaching 

approximately 20 metres in length could possibly be over 100 years old (CITES 

2002). Much more research is needed to generate accurate growth curves (Colman 

1997). 

Distribution 

Whale sharks have a widespread distribution throughout tropical and warm 

temperate seas and are found in both oceanic and coastal environments ( Gunn and 

Stevens 1999). They are found in a band around the equator between approximately 

30° North and 35° South. The sharks appear to migrate singly, but have been seen in 

feeding groups of up to 100 animals (Colman 1997). They congregate predictably in 

areas such as Ningaloo Reef, Western Australia (Fig. 1) from March-June, when 



food sources such as zooplankton are abundant. Based on the limited data available, 

whale sharks appear to travel great distances. Several sharks have been tagged with 

satellite transmitters during the past few years and are reported to have traveled 

distances from 2,000 - 13,000km. Eckert et al. (2002) reported a study where 6 

whale sharks were n1onitored from 7 to 128 days using satellite telemetry. Their 

study described two sharks traveling up to 8025 km through multiple political 

jurisdictions in the South China Sea. 
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Figure 1 Map of Ningaloo Reef, Western Australia 
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Exploitation 

Traditionally, whale sharks were hunted in small numbers throughout South-east 

Asia for local utilization and to collect liver oil for waterproofing wooden boats. 

Fisheries in China and the Philippines used small spear like harpoons to capture 

whale sharks, usually while they were feeding or basking at the surface. 

During the past two decades there has been a growing market for the flesh of whale 

sharks in Taiwan where it is known as "tofu shark" due to the gelatinous nature of 

the meat. Catches in the Taiwanese fishery began to decline during the 1980's, which 

dramatically increased the value of whale shark products. There has also been a 

growing demand for fins of whale sharks in China, where they are used for shark fin 

soup. In 1999 one whale shark fm was reported to be for sale in Beijing, China at 

$16,000USD and a set of three whale shark fins (dorsal and two pectoral fins) was 

documented for sale at $72,000USD (CITES 2002). 

Demand for flesh and fins stimulated increased fishing effort in areas throughout 

South-East Asia, and during the 1990's, new whale shark fisheries appeared in places 

such as India where none had existed before. Although the demand for whale shark 

products has continued to increase, driving the fisheries, fewer and fewer whale 

sharks are now landed each year. The Philippine fishery was reported to have 

removed some 450- 799 sharks from 1990 to 1997 averaging 56 - 100 sharks per 

year. After a slight peak in catch per boat effort and then a dramatic decline, catches 

plummeted from 10 to 3.8 sharks per boat per year in 1998. Recently, the Indian, 

Maldives and Philippine governments closed whale shark fisheries and legally 

protected the species in their waters. Illegal fishing may still occur and there is little 

regulation of international trade of the species. 

Ecotourism 

Aggregations of whale sharks in coastal areas provide opportunities for tourists to 

swim with and observe these animals in their natural environment (Davis 1998). 

This has led to the development of ecotourism industries in a number of countries. 

The longest-established whale shark ecotourism industry is located at Ningaloo Reef, 

Western Australia (CITES 2002) and has been developing since 1993 (Davis 1998). 
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Other countries actively promoting whale shark ecotourism include the Philippines 

Mexico and the Seychelles. The latter has implemented whale shark ecotourism since 

1996. Most countries adhere to strict regulations that control the number of vessels 

and snorkelers, the contact time and approach distance in order to limit any 

disturbance to the sharks. In most cases a light plane will direct tourist boats to where 

the whale sharks are located (CITES 2002). 

Ecotourism is worth millions of dollars per annum to local economies and it has 

significant potential to expand (Davis and Banks 1997). This activity also promotes 

community development through economic benefits and increased opportunities for 

the whole area. Because of the whale shark's highly migratory nature, little is known 

about how over fishing in one part of the world will effect populations in other areas. 

Parts of the world that do not have a known whale shark fishery and are likely to 

receive financial benefits from whale shark ecotourism industries have seen dramatic 

declines in whale shark abundance. For example, aerial surveys conducted by the 

Shark Research Institute in South Africa from 1993 - 1998 report a dramatic decline 

in the numbers of whale sharks sighted per hour from 94 in 1993 to 1.62 in 1997/98. 

Dive boat operators in Thailand report sightings declining from 45 - 60 per year to 

just two in 1999 (CITES 2002). 

Conservation Status 

Whale sharks were listed on Appendix II of the Bonn Convention for the 

Conservation of Migratory Species of Wild Animals in 1999 as having an 

unfavourable conservation status. The species is classified as Vulnerable by the 

International Union for Conservation of Nature and Natural Resources (IUCN), 

based on information collected concerning declining catches and abundance in all 

areas of the world that they are found. The life history traits of this species are likely 

to make any recovery from exploitation very slow and there is great potential for new 

and continued fisheries to perpetuate a decline in population numbers. For this 

reason, the Bonn Convention on Migratory Species recognised that whale sharks 

would greatly benefit from the implementation of international cooperative 

agreements in order to conserve and manage the species. In 2002 the whale shark 

was added to the CITES Appendix II, which regulates trade and monitors it through a 

licensing system to ensure that wild populations can be sustained. 



On a national level, many countries including Australia, Belize, Honduras, India, 

Maldives, Mexico, Philippines, South America, Taiwan and the United States have 

set up marine reserves, banned whale shark fisheries and implemented laws 

protecting these animals. Taiwan has agreed to assigning common commodity codes 

to the whale shark products they sell in order to monitor international trade. The 

United Nations Convention on the Law of the Sea recognized that, as with all highly 

migratory fish stocks, co-ordinated management and assessment of the world's whale 

shark populations is necessary, although no such initiatives are known to be 

underway. A few countries including Australia, Belize, Honduras, the Philippines, 

Mexico, South Africa and the United States are in the process of conducting various 

tagging projects in an effort to determine population sizes and the extent of the whale 

shark's migrations. No definitive estimates of worldwide abundance of whale sharks 

have been made, although anecdotal and fishery catch statistics suggest that 

populations are declining (CITES 2002). 

IV. Study Site 

Ningaloo Reef is located on the coast of Western Australia and is the world's longest 

fringing reef (21 ° 40'S to 23 °34'S). It stretches along the west coast of the Cape 

Range Peninsula and is incorporated into the Ningaloo Marine Park (Fig. 1 ); 

encompassing more than 4572 km. Regional surface temperatures in the area range 

from 26- 31° in the summer and 19-24° in the winter. During the time ofthe year 

that whale sharks are in the area, (March-June) Ningaloo Reef is strongly influenced 

by the Leeuwin current, which transports warm water and tropical species south 

along the coast (Wilson et al. 2001). A study conducted by Wilson et al. (2001) 

concluded that whale shark abundance in Ningaloo Reef was weakly correlated with 

sea level and surface temperatures, both of which are correlated with the strength of 

the Leeuwin Current and the Southern Oscillation Index. This suggests a correlation 

between the abundance of aggregating whale sharks and fluctuations in the physical 

and biological oceanography of the region. Wilson et al. (2001) observed higher 

numbers of whale sharks in the area during La Nina years than in El Nino years. 

From March to June, whale sharks are found close to the reef front within a few 

kilometers of shore (Gunn and Stevens 1999). It is not understood why the whale 

sharks travel to Ningaloo Reef at the same time each year. Some theories include 
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aggregations for breeding, or the northward migration to warmer tropical waters. 

Their appearance is also thought to be associated with the annual mass spawning of 

coral in the area (Taylor 1996). 

V. Aims 

Although the status of whale shark populations is unknown, there are good reasons tc 

suspect that the exploitation of these animals for the trade in fins and meat poses a 

major threat to the survival of this species. For this reason, detailed information 

about the growth, mortality, reproduction and survivorship of whale sharks is 

urgently required in order to determine sustainable levels of exploitation of the 

species. Photo-identification techniques provide a non-intrusive and non-destructive 

means to gather this type of information. 

At Ningaloo Reef, whale sharks aggregate predictably each year from March to June 

on the reef front. Different observers have taken photographs of individual sharks 

participating in the aggregation for the last 12 yrs. These photographs now form a 

library that could be used for photo-identification of individuals. The aims of this 

project are to : 

1. Determine if individual whale sharks can be identified using characteristic 

scars and marking patterns on their dorsal surface 

2. Examine techniques for comparison of marking patterns among photographs 

3. Define the best procedure for taking photographs and outline a standardized 

method for photo-identification 

4. Use photo-identification techniques to determine if the same individuals 

return to Ningaloo Reef, and if so, whether these methods can be used to 

derive information about the growth, mortality and migration patterns of 

whale sharks. 

It is intended that this project will be the genesis of a global photographic catalogue 

of whale sharks, which will allow for a better understanding of migration patterns 

and ecology of these animals. 



VI. Methods 

Photographic databases 

Three databases of photographs were available for this study. Dr Geoff Taylor 

compiled the largest of these. Photographs in his collection were taken during 2-

week field trips to Ningaloo Reef during April-May in 1992 - 1996 and 2002. Alison 

Richards compiled a second database during 2004. Ms Richards was employed as a 

dive master on a whale shark ecotourisn1 boat and took photographs of every 

individual encountered by the boat during the 2004 season (March-July) . In late 

April and early May 2004 Dr Mark Meekan recorded a third database during a 2-

week tagging trip at Ningaloo. A summary of the number of photographs and the 

years when they were taken is shown in Table 1. 

Table 1 Number of photographs available in each database from each year of sampling 

Databases 1992 1993 1994 1995 1996 2002 2004 

Dr. Taylor 88 34 134 25 57 16 

Allison Richards 130 

Tagging trip 37 

Dr Taylor and Allison Richards used an underwater camera to photograph sharks 

while snorkeling with the animal. Still images of sharks were captured from digital 

videotape for the tagging trip database. In some cases, total length and dorsal fin 

height of sharks were also recorded using a measuring tape. For animals 

photographed by Alison Richards, length was estimated based on the known sizes of 

snorkelers swimming alongside the animal. Estimates of total length (TL) were 

available for 70 sharks in the database, while estimates of dorsal fin height had been 

recorded for 79 sharks. In order to convert measurements of dorsal fin height to TL, a 

regression relationship was calculated between these variables. During 1992 no 

dorsal fin heights were measured and only a few TL were recorded, consequently 

size data for this year was excluded from further analysis. 

Whenever possible, observers recorded the gender of the animal. Males can be easily 

distinguished by the presence of claspers on the anal fins. Claspers may be difficult 
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to discern in relatively small sharks (<4m TL) and these animals were recorded as 

indeterminate gender. In some cases sharks dived or swam away before gender could 

be determined. These individuals were also included in the indeterminate category. 

Identifying marks 

Whale sharks have characteristic patterns of white spots and stripes on a dark blue 

background on their dorsal surface. Examination of photographs of the dorsal surface 

showed that patterns in spots and stripes ranged from complex (and thus distinctive) 

whirls and shapes, to relatively simple lines (and thus less distinctive). In order to 

compare patterns among sharks I decided to focus on patterns in an area of the dorsal 

surface directly behind the last gill slit forward of the dorsal fin. This area was 

chosen as it could be easily and consistently defined for inter-animal comparisons 

and most importantly, because it appeared in a great number of photographs. 

Many sharks also had scars on their body surface or fins. These were often 

distinctive and appeared to be formed either by boat strike (rows of parallel scars 

along the dorsal surface, as might be expected from impact with the screw of a large 

vessel) or by bites (circular portions removed from fins). Where photographs 

included views of these markings, they were also used for identification of 

individuals. 

Photographic quality 

I used the protocol of Friday et al. (2000) to evaluate the quality of photographs in 

each of the 3 databases. Assessments were based on 4 specific variables (Clarity, 

Angle, Distinctiveness and Partial) and one general variable (Overall Quality). Each 

was defined as follows: 

1) Clarity. How clearly I could see the individual spots and stripes behind the last gill 

slit and forward of the dorsal fin. 

2) Angle. How well I could see the flanking region behind the last gill slit and 

forward of the dorsal fin. 

3) Distinctiveness. Whether I could see a scar, bite or some unique pattern in spot 

and line markings clearly in the photograph. 



4) Partial. This denoted ifboth the left and the right sides of the shark were 

photographed or if just one side was photographed. 

5) Overall Quality was determined by the combination of the above with the addition 

of darkness or graininess of the photograph. 

Examples of each of these variables are shown in Fig. 2. I did not include contrast as 

a variable, as there are numerous computer programs that can be used to easily alter 

contrast in digital photographs. Photographic clarity, angle, quality and 

distinctiveness were rated from 1-5, with 1 being excellent and 5 poor. Partial was 

not given a rating as either both sides or only one side was photographed. 
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Figure 2 Examples of clarity, angle and overall quality of photographs of whale sharks at Ningaloo Reef W A. The upper panels show photographs rated 

as 1 (poor), the middle panels photographs rated as 3 (average) and the lower panels photographs rated as 5 (excellent). 

CLARITY ANGLE QUALITY 



Comparison of photographs 

Initially, all photographs were divided into smaller groups for analysis and 

comparison using a decision tree (Fig. 3). This aided analysis by reducing the 

number of comparisons of photographs. Photographs were initially split into those 

where distinguishing marks such as scars or injuries were evident and those without 

these marks. Examples of distinguishing marks are shown in Figure 4. These 2 

groups were then further divided by gender into males, females and unknown sex. 

Within these groups comparisons were then made on the basis of distinguishing scars 

(where present) and spot and stripe patterns on the dorsal surface behind the last gill 

slit (Fig. 5). 
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Figure 3 Decision Tree showing how photographs were split into small groupings for analysis and comparison. The first split of the tree separated 

photographs of those sharks that had distinctive scars from all others. These photographs were then split on the basis of gender. Photographs within the 

final groups were compared on the basis of spot and stripe patterns on the dorsal surface behind the last gill slit and forward of the dorsal fin. 
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Figure 4 Distinguishing scars on fins of whale sharks at Ningaloo Reef, W A. Photographs by Dr 

Geoff Tavlor. 
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Figure 5 Distinguishing whirls and patterns of spots and stripes on the dorsal surface behind the 

last gill slit of whale sharks at Ningaloo Reef, WA. Photographs by Dr Geoff Taylor and Allison 

Richard~. 



Pattern recognition and comparison 

Several different techniques were trialed to compare spot and stripe patterns on the 

dorsal surface among sharks. These involved defining a standardized area for 

comparison and then quantifying spot and stripe patterns within this area. 

To define a standard area, photographs were printed on paper and a line was drawn 

along the last gill slit from the top dermal ridge down to the pectoral fin. Another line 

was drawn from the bottom of the last gill along the pectoral fin to its tip. A third line 

was then drawn from the tip of the pectoral fin up to the top dermal ridge and the 

first and third lines connected along the top dermal ridge. Next, each line was 

divided in half and then joined to form a grid containing four boxes (Fig. 6). All of 

the white spots in each of these boxes were then counted. When a dot intersected a 

border, the rule used for counting algal cells was applied, where only cells touching 

the top and left of each box were counted for that box (Gillard 1978). 

It was hoped that quantification of spots within a standard area in this manner would 

speed the comparison of photographs. As spot patterns were reduced to a numerical 

figure, it was thought that a computer could then automatically process these 

compansons. 

To validate this technique, the method was trialled on photographs of the same 

animal taken at different times. It was found that even small variations in the angle of 

the photograph had a major impact on the number of spots falling within each square. 

In order to compensate for this problem, a consistent 90° angle from the tip of the 

pectoral fin to the top dermal ridge was drawn in an attempt to adjust for varying 

perspectives in the photograph (Fig. 6). Again, small variations in the angle of the 

photograph rendered results too variable for rigorous analysis. A third attempt to 

compensate for photograph angle was made by drawing a line from the tip of the 

pectoral fin to the base of the dorsal fin and then connecting the first and third lines 

along the top dermal ridge (Fig. 6). This placed four markers on the animal, but yet 

again outcomes of analysis of photographs of the same shark proved too variable to 

be used. Ultimately, it was decided that spot and stripe patterns would be compared 

by eye. While this method could not be easily quantified and thus precluded the use 
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of any automated comparison, it had far greater reliability in identifying the same 

individual irrespective of the angle of the photograph. 

Prior to analysis by eye, hard copies of photographs were printed using an HP 

Laser Jet 2200 series PS printer. Only photographs that showed the designated 

flanking region (the dorsal area behind last gill slit to the dorsal fin), and were of 

good overall quality (mostly over a rating of 3) were analysed. Photographs were 

cropped using Microsoft Office Picture Manager and then processed using Microsoft 

Power Point. They were then changed from colour to greyscale and the brightness 

and contrast was adjusted for optimal viewing and comparison (Fig. 7). 

Images were grouped in a binder according to the orientation of the photograph (left 

side view, right side view) and further organized by gender. The photographs were 

systematically checked against each other within each database and across databases 

using the spot and stripe patterns nearest the last gill slit as a reference point and any 

scars on other parts of the body. A second observer (Dr. Mark Meekan) verified any 

potential matches among photographs. Whenever possible both the right and left side 

views of the shark were used to identify individuals 

26 



Figure 6 Standardised areas for comparison of spot and stripe patterns on photographs of whale 

sharks taken at Ningaloo Reef, WA. The upper photograph was taken in 1992 and the lower 

photograph is of the same animal taken in 1996. Note the variation in the inclusion or exclusion 

of spots along boundaries depending on the perspective of the image. Photographs by Dr Geoff 

Taylor. 

27 



28 

Figure 7 Photographs of the same whale shark taken in 1995 (upper panel) and 1996 (lower 

panel) at Ningaloo Reef W A. Photos have been cropped to show area behind last gill slit forward 

of the dorsal fin and grey-scaled for analysis and comparison. Photographs by Dr Geoff Taylor • 
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VII. Results 

Photograph quality 

The standard of images varied among databases (Fig. 8, Table 2). The clarity of 

photographs from the 2004 tagging trip database was significantly lower than that of 

the databases generated by both Dr Taylor and Allison Richards. Furthermore, both 

Taylor and Richard's databases had better image angles than the tagging database. 

There were fewer distinctive spot and stripe patterns on sharks photographed in the 

tagging database than in the other databases. Problems of poor focus and refraction 

of light on the dorsal surface on the animal often made it difficult to discern spot and 

line patterns and resulted in the rejection of many photographs for identification. In 

total, poor clarity and/or incorrect angle and composition led to the rejection of 30°/o 

(163) of photographs prior to analysis. Differences in overall quality were reflected 

in the rejection rates of photographs from each of the databases. A total of 80% (289) 

photographs were analysed from Dr Taylor's database, while 50% (67) were 

analysed from Allison Richards' database and only 32o/o (12) from the tagging trip 

database. 

Photo-identification using distinctive markings and scars 

Individual sharks could be recognised using distinctive stripe and spot patterns on the 

dorsal surface. Scars on the body or fins of the shark aided individual identification. 

A total of 52 individuals (20%) displayed some type of distinctive scar that was 

consistent with either a boat strike or a bite from another animal. Of these, 25 (9%) 

showed evidence of a boat strike and 28 ( 10%) of sharks displayed scars from bite 

marks. The numbers of males and females with scars attributable to boat strikes or 

bites were similar (x
2 

= 6.93, df = 6, p > 0.05) and that there was also no difference in 

the proportion of animals with scars among years of sampling (x2 
= 3.98, df = 6, p> 

0.05). 

Using a combination of scars and stripe and spot patterns, 2 sharks that were 

photographed in 1992 were recognised in photographs taken in 2004 (Figs 9 and 1 0). 

Spot and stripe patterns therefore appear to remain unchanged for a decade or more 

in these animals. 
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Population structure 

Once repeated photographs of the same individuals were removed, the databases 

revealed that a total of276 whale sharks were photographed in 7 years of 

observations. On average, 69% of the whale sharks in the databases were male, 14% 

were female and 17% were of indeterminate sex. There were no significant 

differences in the relative numbers of males, females and animals of indeterminate 

gender photographed in each year of the study (x2 = 9.54, df= 6, p > 0.05, Fig. 11). 

The library of photographs collected by Allison Richards in 2004 allowed trends of 

gender composition to be examined among months within a season (Fig. 12). The 

majority of sharks were photographed from April to June and although there were 

significantly greater numbers of females in May (x2 = 39.09, df = 2, p<0.05), male 

sharks predominated in all months. 

There was a strong linear relationship between TL and dorsal fin height (Fig. 13). 

This allowed the regression equation to be used to convert dorsal fin heights to TL 

for those animals where dorsal fin height but not TL had been recorded. 

Whale sharks photographed at Ningaloo Reef ranged from 3-11m TL. The largest 

animal was a female. The size distribution was bimodal with the largest peak in 

numbers occurring at 5m TL and a smaller second peak in abundance at 7 -8m TL 

(Fig. 14 ). Male whale sharks averaged 7 .5m, while females averaged 7m TL. There 

were no significant differences in the size distributions of males and females among 

years (x2 = 0.03, df= 6, p > 0.05, Fig. 15) or from April to June during the 2004 

season (x2 = 39.09, df = 2, p<0.05), (March and July excluded from analysis due to 

low sample sizes). 

Resightings of individually identified sharks 

A total of 61 whale sharks (22%) were resighted on successive occasions from 1992-

1996, 2002 and 2004 (Appendix 1). Overall, 13% of the resighted sharks were 

female and 72% were males. Some 35 sharks were resighted at different times during 

the same year as they were initially photographed (sometimes more than once), while 

26 individuals were resighted in different years. Resightings within the same year 

and among different years were not correlated with sampling effort (Table 3). Within 
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the same year, 20 sharks were photographed at least twice, 10 sharks were 

photographed on 3 separate occasions while 5 sharks were photographed from 4-7 

times. The interval between resightings within the same season declined rapidly with 

time (Fig. 16A) so that 25 sharks were resighted within 1 week of being initially 

photographed, while only 7 sharks were resighted within a month and 5 sharks 

resighted within 2 months of their initial observation. 

Intervals between resights of the same sharks in different years averaged one year 

and ranged from 1 to as much as 11 years (Fig. 16B). The most sharks resighted in 

different years were first photographed in 1992 (Table 3). 
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Table 2 Summary of results of Chi square analyses of attributes of photographs of whale sharks 

at Ningaloo Reef W A among databases compiled by Dr Taylor, Allison Richards and a tagging 

study. The analyses compared frequency distributions of ratings of clarity, angle, quality and 

distinctiveness (see methods for definitions) among databases. 

Clarity Angle Quality Distinctiveness 

Chi Sq. 49.65 21.29 37.30 49.00 

DF 8 8 8 8 

P value <0.001 0.006 <0.001 <0.001 

Table 3 Summary of sampling effort and resightings of whale sharks at Ningaloo Reef WA. The 

table shows the number of days that were sampled each year (Sampling effort), the total 

number of individual whale sharks identified from photographs in each year (Total sharks), the 

number of resights of sharks in the same year as initially photographed (Resights in the same 

year) and the number of resightings of sharks first photographed in each year in subsequent 

years (Resights in different years). 

1992 1993 1994 1995 1996 2002 2004 

Sampling effort 41 16 18 12 15 15 107 

Total sharks 38 20 65 27 27 13 86 

Resights in the same 

year 2 2 9 0 13 1 8 

Resights in different 16 4 5 1 0 0 0 

years 



Figure 8 Frequency distribution of quality variables of photographs of whale sharks at Ningaloo 

Reef WA. A. Dr. Taylor' s database (1992-1996 & 2002); B. Allison Richard' s database (2004); 

C. Tagging trip database (2004). Photographs were given ratings from 1-5, where 1 =excellent 

and S=poor. n shows the number of photographs in each database. 
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Figure 9 Photograph of whale shark taken at Ningaloo Reef W A in 1992 by Dr Geoff Taylor 

(upper panel) and the same shark photographed by Allison Richards in 2004 (lower panel). 
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Figure 10 Photograph of a whale shark taken at Ningaloo Reef W A in 1992 by Dr Geoff Taylor 

(upper panel) and the same shark photographed by Allison Richards in 2004 (lower panel). 
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Figure 11 Gender of whale sharks photographed at Ningaloo Reef, W A by year of sampling. 

Values calculated from pooled databases. Solid bars - male, hollow bars - female, stippled bars 

-indeterminate gender. Numbers above bars show total number of individual sharks on which 

percentages were calculated for each year. 
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Figure 12 Gender of whale sharks photographed each month from March-July 2004. Solid bars 

-male, hollow bars- females, stippled bars- indeterminate gender. Numbers above bars show 

sample sizes each month. 
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Figure 13 Plot of dorsal fin height vs. total length of whale sharks at Ningaloo Reef, W A. Linear 

regression line shown on plot. n=59 
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Figure 14 Size-frequency distributions of whale sharks (A) Harvested in India 1990-1998. 

Redrawn from Pravin (2000). (B) Photographed at Ningaloo Reef WA from 1992- 1996, 2002 

and 2004. 
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Figure 15 Size frequency distributions of male and female whale sharks photographed at 

Ningaloo Reef, W A. Numbers above bars show sample sizes. 
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Figure 16 Frequency distributions of resightings of whale sharks identified from pooled 

photographic databases at Ningaloo Reef W A. A. Intervals between resights of the whale sharks 

within the same year. B. Resights identified between years. 
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VIII. Discussion 

My study demonstrates that photo-identification can be used to individually 

recognise whale sharks at Ningaloo Reef, W A. Sharks were identified using spot and 

stripe patterns on the dorsal surface behind the last gill slit and in front of the dorsal 

fin. Many individuals also bore distinctive scars on the fins and/or dorsal surface that 

aided in reliable identification and could be used to confirm recognition based on 

spot and stripe markings. Patterns in spot and stripe markings appeared to be unique 

to each individual, as none were found that were repeated on 2 different whale 

sharks. 

A central requirement of the photo-identification technique is that distinctive 

markings and scars do not change over time. I found good evidence to support this 

assumption, as 2 sharks were identified using spot and stripe patterns on their dorsal 

surface from photographs taken at intervals of more than a decade. This implies that 

these patterns remain unchanged for significant periods of time. However, this may 

not be true for all individuals, since both of these resighted sharks were sub-adults of 

approximately 7 .5m TL when photographed in 2004. It seems more likely that spot 

and stripe patterns might change as very small (younger) sharks grow to larger sizes. 

This occurs in related species such as leopard sharks (Stegostoma fasciatum ); where 

juvenile patterns of stripes alter into spots and lines as the animals grow to become 

adults (Daley et al. 2002). For this species, individual identification requires the use 

of a combination of the patterns on the dorsal surface and distinctive scars (personal 

comm., Chris Dudgeon, 2004). In contrast, whale shark embryos have spot and stripe 

patterns remarkably similar in appearance to those of adults (see Garrick 1964, Joung 

et al. 1996). Furthermore, nearly all whale sharks sighted at Ningaloo Reef were over 

4 m TL, thus patterns on dorsal surfaces may have already undergone any major 

alterations that occur with growth. 

The dorsal surface forward of the dorsal fin and behind the last gill slit was chosen as 

the area where spot and stripe patterns were compared for identification. The reasons 

for the selection of this area were firstly, that it appeared in many photographs and 

secondly, it could be reliably located despite variation in the angle of photograph and 

position of the photographer relative to the shark. Initially, I attempted to automate 

the process of photograph comparison by using a variety of protocols to count the 



number of spots within the defined region of the dorsal surface of the shark. When 

trialled on different photographs of the same individual, none of these produced a 

consistent result. Even small variations in the angle of the photograph and the 

distance of the photographer from the animal altered the number of spots within the 

selected area, rendering comparisons meaningless. Consequently, it was decided to 

compare photographs by eye. While this avoided the problems created by the need to 

precisely define the boundaries of a region where patterns were compared, 

examination of each photograph was extremely time consuming. Images were 

separated into smaller groups by gender and photograph orientation (left or right 

view) to speed this process. 

The need to compare images by eye slowed analysis and may hamper the synthesis 

of larger databases of photographic images. Libraries of images of whale sharks 

taken from localities worldwide already exist and are accessible on the Internet 

(http://www.shepherdproject.org/overview.jsp). For these to be of use to researchers 

comparisons need to be automated, as few will have time to search and compare 

1000's of photographs by eye. Automated image analysis techniques are in common 

use in photo-identification studies of cetaceans (Wursig and Jefferson 1990). 

Cetaceans may be more amenable to the use of automated approaches due to the 

relatively simplistic types of distinguishing characteristics used for identification, 

such as the shape of trailing edges or patterns of pigmentation on dorsal or caudal 

fins (Wursig and Jefferson 1990). These may be easier to quantify than the very 

complex patterns of interlaced lines and whorls formed by the spot and stripe 

patterns on the dorsal surface of whale sharks. 

Image quality was one of the principal factors influencing the speed of analysis and 

comparison of photographs. The use of underwater photography of whale sharks 

added a degree of complexity and difficulty not present in other photo-identification 

studies of marine mega fauna, which usually take photographs from the vantage 

points of planes, boats or from the shore (Wursig and Jefferson 1990). Refraction of 

light on the dorsal surface of the animal (eg. Fig. 7, lower panel) was a major 

problem in many photographs, as it made it difficult to discern spot and line patterns. 

Furthermore, snorkelling with camera gear in rough or choppy seas and attempting to 

photograph an animal that swims at 2 knots means that selection of the correct angle 
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and view of the shark may often be more of a matter of luck than good judgement. 

Problems with the quality of photographs were largely due to poor clarity and/or 

incorrect angle and composition and led to the rejection of30% (163) of photographs 

prior to analysis. As noted by other studies (Friday et al 2000), there was a clear 

relationship between experience of the observer and quality of photographs. I found 

that 80°/o of the photographs taken by an observer with 20 yrs experience in 

underwater photography could be analysed, while only 50% of photographs taken by 

an observer with a few months of experience were of sufficient quality for analysis. 

Equipment also influenced quality as images captured from digital videotape were 

generally much grainier and of poorer quality than those taken by still cameras. This 

led to the rejection of 68°/o of images collected by underwater video camera. These 

results emphasise the importance of attention to camera technique and training of 

observers if photo-identification is to be used effectively for research on whale 

sharks. 

Despite these problems, my project was able to successfully identify 276 whale 

sharks at Ningaloo Reef. Approximately 66% of these were male, a pattern that was 

consistent both within and among years. Taylor (1994) previously suggested that 

males dominated the population of whale sharks at Ningaloo, although the evidence 

for this was largely anecdotal. Information on the composition of populations at other 

aggregation site is very limited (Colman 1997), so it is difficult to determine if the 

pattern seen at Ningaloo Reef is typical of the species. However, sexual segregation 

or biased sex ratios of populations are a general characteristic of elasmobranches 

(Springer 1967, Klimley 1987). These are also known to occur in other large 

planktivorous sharks such as basking sharks (Cetorhinus maximus), where animals 

occur in groups of similar size and sex (Wilson 2004). Segregation or biased sex 

ratios in shark populations are thought to result from intraspecific competition for 

food or mates, or through reproductive strategies associated with mating behaviour 

or via differing seasonal habitat or resource requirements (Sims et al. 2001 ). Biased 

sex ratios may also indicate differential mortality rates of males and females, 

(Heithaus 2001) or different migration patterns in males and females (Pratt 1979). At 

Ningaloo, sex ratios did not appear to be size-based, as the average lengths of males 

and females were very similar (7.0 and 7.4 m TL for males and females, 

respectively). At present we lack basic information on the biology, reproductive 



ecology and movement patterns of whale sharks to differentiate among hypotheses as 

to the underlying causes of biased sex ratios of whale sharks at Ningaloo Reef. 

There was a strong relationship between dorsal fin height and total length of whale 

sharks at Ningaloo Reef. This relationship was extremely useful, as it allowed me to 

generate TL for animals where only dorsal fin height had been measured. As animals 

could not be constrained, it was preferable to measure dorsal fin height rather than 

TL of whale sharks in the field. Fin height could be estimated with relative ease and 

accuracy, compared with estimates of TL obtained by swimming measuring tapes 

alongside an animal travelling at 2 knots that was often some distance below the 

surface. In the future, stereo cameras may provide a better approach for in situ 

measurements of whale sharks. These systems can accurately measure large animals 

( eg. tunas, Harvey et al. 2003) and at the same time could provide photographs for 

identification studies. 

Whale sharks photographed at Ningaloo Reef ranged from 3-11m TL. These size 

ranges appear typical of other aggregation sites. For example, in India whale sharks 

captured in the coastal fishery from 1990-1998 ranged between 3 and 12 m TL (Fig. 

14, Pravin 2000). At both India and Ningaloo, size distributions were bimodal with 

the largest peak in numbers occurring at 5m TL. In India, there was a smaller second 

peak in abundance at 9m TL, while at Ningaloo there was a second peak in 

abundance at 7-8m TL (Fig. 14). In my study there was some suggestion that females 

tended to be larger than males in some years, this could not be confirmed as 

relatively few females (44) were measured and photographed. The largest animal 

recorded by my study was female and was estimated to be 11m TL. Despite its size, 

this is a relatively small individual compared to the records of a whale shark landed 

in Taiwan in 1987 that weighed 34t and measured 20m (Chen et al. 1997). Given that 

size at maturity of whale sharks is thought to be around 8-9m TL (Colman 1997), my 

study implies that most of the sharks participating in the aggregation at Ningaloo 

Reef are sexually immature, as previously suggested by Taylor (1994). 

Individual identification of sharks using distinctive scars and spot and line patterns 

demonstrated that some individuals remain at Ningaloo Reef for several months and 

return in successive years. A total of 61 individuals were resighted in the 
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photographic databases. Of these, 35 were resighted during the same year when they 

were initially photographed. Overall, 13 o/o of the resighted sharks were female and 

72% were males, proportions that were roughly equivalent to the sex ratios of the 

population. Resightings within the same year showed that some sharks could remain 

in the same area of the reef for up to 4 months. However, the majority ofresightings 

in the same year were separated by only a few days or weeks. 

A total of 26 individuals were resighted in different years. Of these, 3 sharks were 

photographed in multiple years. The interval between resightings was typically 1-3 

years, however one individual was resighted after a period of 1 0 years and 2 were 

resighted after a period of 12 years. Resightings declined through time, with sharks 

first photographed in 1992 providing the most resights, while those photographed in 

recent years having the fewest resights. This probably reflects the fact that there have 

been more opportunities to re-sample sharks first photographed in 1992 than those 

photographed in the later years of the study. In most years sample sizes were small 

and numbers of days of sampling were relatively few. There was no correlation 

between the number ofresights and sampling effort both within and between years. 

Recognition of individuals using photo-identification and the return of sharks to 

Ningaloo Reef in successive years offers the opportunity to use this technique to 

investigate, for the first time, patterns in population size, growth and mortality of 

whale sharks. Of the 276 individuals that were photographed, 9% were sighted in 

more than one year. This proportion is similar to resightings in studies of large 

marine mammals such as humpback whales (Cerchio 1998) and in many mark

recapture studies of fish populations (Queensland SUNT AG database, ANSA 2004) 

and is sufficient to calculate many demographic parameters for a population. 

Demographic analysis will constitute the next phase of this project. 

Photo-identification will, however, be of less value for identifying migration patterns 

of whale sharks. Most studies that use photo-identification for this purpose, sample 

animal throughout their entire range or habitat (Neuman et al2002, Calambokidis 

and Barlow 2004, Markowitz et al 2004). Migration patterns are described by 

recognising identified animals at different places within the range of the population. 

In the case of whale sharks, the range of the population that aggregates at Ningaloo 



Reef is unknown. Recent tagging studies have tracked animals northeast along the 

shelfbreak to Timor in Indonesia and to Christmas Island, 1,500km to the north in 

only a few months ( Meekan et al. unpublished data), suggesting that the home range 

of the population that visits Ningaloo Reef could be very large. Furthermore, there 

are relatively few sites in the Indian Ocean where photographic databases of whale 

sharks are compiled (eg. Seychelles, Maldive Islands). Comparison of photographs 

with these localities will show the amount of exchange in populations occurring at 

this spatial scale, but will not reveal the migration routes taken by sharks to arrive at 

these localities. This information is of vital importance, since although these 

pathways may result in sharks that visit Ningaloo Reef entering waters where they 

are subject to human predation. Such information can only be investigated using 

satellite-tagging pro grams. 

The photo-identification technique revealed some unexpected information about 

potential threats to whale sharks. Of the 276 sharks photographed, 25 (9%) showed 

evidence of boat strike. Collisions with surface vessels thus appear to be a relatively 

frequent occurrence, although it is difficult to know how often these are fatal. In 

some cases animals had very significant scarring on their dorsal surfaces that 

suggested contact with the propeller of a very large vessel. There have been reports 

of prawn trawlers in Exmouth Gulf at the northern-most point ofNingaloo Reef 

striking and seriously injuring whale sharks (Dr Geoff Taylor pers. comm.). 

Historical records also suggest that whale sharks are vulnerable to boat strike, as 

there are reports from early last century of sharks often being impaled across the 

bows of steamships and killed (Gudger 1937). The habit of sharks to vertically 

migrate to the surface in the early evening and of lolling on the surface during the 

night (Meekan et al. unpublished data) may contribute to their susceptibility to boat 

strikes. My study shows that photo-identification libraries may aid in determining 

the extent of the threat that boat strikes pose to whale shark populations. 

Conclusions and recommended procedure for photo-identification studies of 

whale sharks 

Photo-identification provides a reliable means to individually identify whale sharks 

at Ningaloo Reef. Spot and stripe patterns on the dorsal surface and distinctive scars 

can be used for identification, as they may remain unchanged for more than a decade 
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Comparison of databases of photographs collected from 1992-1996, 2002 and 2004 

show that many sharks (9%) return to Ningaloo on successive years, which will 

allow demographic parameters such as growth rate and population size to be 

calculated for whale sharks. In order for growth rates to be estimated, some measure 

of size and sex of the animal should be recorded when it is photographed. My study 

shows that dorsal fin height, a variable that is easier to directly measure than TL, has 

a strong relationship with TL and could be used as a proxy for length estimates. 

In order to avoid the rejection of photographs and to maximise the chances of 

recognition of individuals, care must be taken with the position and angle of the 

photograph. I found that the area behind the last gill slit and forward of the dorsal fin 

of the whale shark was the best for identification of individuals using spot and stripe 

patterns. This region is relatively broad and as the side of the animal is 

photographed, there is less chance that reflections and dappled light will hinder the 

resolution of spot and stripe patterns. The identification process is speeded and given 

greater certainty if this region is photographed on both sides of the shark. Any 

distinguishing marks or scars on the fins or body of the shark should also be 

photographed to aid identification. 

Conservation of whale sharks and the tourist industries they support urgently requires 

information on the growth, survivorship and abundance of these animals. My study 

shows that photo-identification offers a practical, non-destructive means to obtain 

this data, but in order for the potential of this technique to be completely realised, 

standard techniques as outlined in this thesis need to be applied to the collection of 

photographic databases. If this is done, the regular encounters with whale sharks 

offered to divers by the ecotourism industry in many localities worldwide could 

provide a simple means to generate many photographs for analysis. This would offer 

those people who enjoy encountering these spectacular animals in their natural 

environment, and those who base their livelihoods on the popularity of this 

experience, the opportunity to directly contribute to the conservation and 

understanding of the ecology of whale sharks. 
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Appendix 1: Resight data: First sighting column demotes the first time that animal was 
observed; resight column indicates the subsequent sightings of the same animal. Each number 
represents one whale shark seen several times. n=61 

# 1St Sight DATE Resight Date -
1 1992 02-Apr 1992 03-Apr 
1 1994 14-Apr 
1 1994 14-Apr 
2 1992 13-Apr 1992 13-Apr 
2 1992 14-Apr 
2 1993 01-Apr 
2 1993 01-Apr 
3 1992 15-Apr 1993 02-Apr 
3 1993 02-Apr 
4 1992 18-Apr 1994 13-Apr 
4 1994 14-Apr 
5 1992 12-Apr 1994 03-Apr 
5 1994 05-Apr 
5 1994 29-Mar 
5 2004 06-May 
6 2004 29-Apr 2004 13-Jun 
6 2004 20-Jun 
7 2004 30-Mar 2004 09-May 
7 2004 13-May 
7 2004 19-Jun 
7 2004 01-Jul 
7 2004 04-Jul 
7 2004 1 0-Jul 
8 1993 31-Mar 1994 15-Apr 
8 1994 16-Apr 
9 1993 31-Mar 1995 12-Apr 
10 1993 03-Apr 1994 06-Apr 
10 1994 06-Apr 
10 1994 15-Apr 
11 1994 14-Apr 1995 13-Apr 
12 1994 15-Apr 1994 17-Apr 
13 1992 13-Apr 1995 12-Apr 
13 1996 01-Apr 
13 1996 07-Apr 
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# 1St Sight DATE Resight Date 
14 1996 02-Apr 1996 09-Apr 
14 1996 10-Apr 
14 1996 12-Apr 
15 1996 03-Apr 1996 05-Apr 
15 1996 06-Apr 
15 1996 06-Apr 
16 1994 02-Apr 1994 06-Apr 
16 1994 09-Apr 
16 1994 12-Apr 
16 1995 06-Apr 
16 1995 06-Apr 
17 1994 06-Apr 1995 06-Apr 
18 1994 13-Apr 1995 09-Apr 
19 1996 05-Apr 1996 05-Apr 
19 1996 06-Apr 
20 1992 12-Apr 1992 12-Apr 
21 1992 23-Apr 2004 17-May 
22 2004 14-Apr 2004 17-Apr 
23 2004 16-Apr 2004 24-Jun 
24 1992 12-Apr 1992 13-Apr 
24 1992 13-Apr 
24 1993 15-Apr 
25 1993 02-Apr 1993 31-Mar 
25 1994 03-Apr 
25 1994 03-Apr 
26 1994 05-Apr 1994 06-Apr 
26 1994 06-Apr 
26 1994 08-Apr 
27 1992 14-Apr 1994 15-Apr 
27 1996 09-Apr 
28 1995 06-Apr 1996 12-Apr 
29 2004 19-Apr 2004 28-Apr 
30 2004 12-May 2004 14-Jul 
31 1992 05-Apr 1992 12-Apr 
31 1994 06-Apr 
31 1994 08-Apr 
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# 1St Sight DATE Resight Date 
32 1994 31-Mar 1994 17-Apr 
33 2004 03-Jun 2004 25-Jun 
34 2004 02-Jun 2004 23-Jun 
35 1992 12-Apr 1994 31-Mar 
35 1994 31-Mar 
35 1994 12-Apr 
35 1994 13-Apr 
36 1992 12-Apr 1994 09-Apr 
36 1994 16-Apr 
37 1992 12-Apr 1993 16-Apr 
38 1992 13-Apr 1992 14-Apr 
38 1993 15-Apr 
39 1992 13-Apr 1993 03-Apr 
39 1993 08-Apr 
40 1992 14-Apr 1993 07-Apr 
41 1992 18-Apr 1992 19-Apr 
42 1993 02-Apr 1993 03-Apr 
43 1993 03-Apr 1993 08-Apr 
44 1994 29-Mar 1994 04-Apr 
44 1994 07-Apr 
45 1994 29-Mar 1994 02-Apr 
45 1994 04-Apr 
46 1994 29-Mar 1994 15-Apr 
46 1994 16-Apr 
47 1994 06-Apr 1994 07-Apr 
48 1994 09-Apr 1994 16-Apr 
49 1994 13-Apr 1994 15-Apr 
50 1994 14-Apr 1996 06-Apr 
51 1996 31-Mar 1996 03-Apr 
51 1996 12-Apr 
52 1996 31-Mar 1996 04-Apr 
52 1996 05-Apr 
52 1996 07-Apr 
53 1996 01-Apr 1996 02-Apr 
53 1996 04-Apr 
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# 1St Sight DATE Resight Date 
54 1996 01-Apr 1996 03-Apr 
55 1996 02-Apr 1996 05-Apr 
56 1996 02-Apr 1996 05-Apr 
57 1996 03-Apr 1996 06-Apr 
57 1996 09-Apr 
58 1996 03-Apr 1996 05-Apr 
59 1996 03-Apr 1996 05-Apr 
59 1996 07-Apr 
60 1996 06-Apr 1996 07-Apr 
60 1996 08-Apr 
61 2002 30-Apr 2002 02-May 
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