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Abstract In this paper, we analyse long-term

whale shark Rhincodon typus sightings collected by

ecotourist operators and evaluate the validity of

conclusions drawn from the data for scientific and

conservation purposes. To date information about

the basic ecology and movements of whale sharks is

sparse, and only recently has the species received

global conservation attention. A dive company in

Phuket, Thailand, documented whale shark sightings

in the Andaman Sea for 10 years along 300 km of

coastline. Whale shark sightings, corrected for effort,

dropped by 96% between 1998 and 2001. Combining the

seasons from 1992 to 1998, the number of whale

shark sightings increased significantly from October to

May. The sizes of sharks observed suggest that the

majority were juveniles. We discuss the limitations of

using ecotourist operators as non-specialist volunteers

for data collection but conclude that their use can be

beneficial for long-term, broad geographic studies such

as this.

Keywords Ecotourism, endangered species, marine

conservation, monitoring, Rhincodon typus, volunteers,
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Introduction

The whale shark Rhincodon typus is a long-lived and

highly transitory species that is logistically and finan-

cially difficult to study. Information about the basic

ecology and movements of the species is sparse (Taylor,

1996; Gunn et al., 1999; Eckert & Stewart, 2001; Wilson

et al., 2001; Eckert et al., 2002). Their distribution spans

all tropical and most warm temperate waters but they

are observed seasonally in only in a few regions of the

world.

Concern over global whale shark populations has

increased recently because of the unknown effect of

past, largely unregulated, harvest. Until 2000 the IUCN

categorized the whale shark as Data Deficient but in

2002 the category was changed to Vulnerable because of

a suspected 20% decline and a further projected

reduction of 20% over the next 10 years (IUCN, 2006).

That same year, whale sharks became legally protected

under Appendix II of CITES (CITES, 2003). Whale

sharks are now protected in Australia, Philippines,

USA, Maldives, Malaysia, Honduras and India (Fowler

& Cavanagh, 2001), and have been included in

Appendix II of the Convention for Migratory Species.

Even with the whale sharks’ inclusion on conserva-

tion lists, more information regarding life history and

movements is necessary to understand the impacts of

possible overexploitation. The species is vulnerable to

exploitation because of directed fisheries, its high value

in international trade, its highly migratory nature and its

low abundance (IUCN, 2006). Geographically broad

data on whale shark populations that are collected

systematically and reliably are urgently needed.

Whale sharks have been observed off the west coast

of Thailand by the members of the Phuket scuba diving

industry since 1990. Many companies offer dive excur-

sions that specifically target whale sharks (Bennett,

2002) and in the 1998–1999 season anecdotal observa-

tions by the industry suggested that whale shark

numbers in the region had been declining. However,

Fantasea Divers, a local dive charter company, was the

only company from Phuket that kept detailed records

of whale sharks and other large marine fauna along

300 km of coastline.

Recently, interest has grown within the conservation

community for using such non-specialist volunteers in

data collection (Dartwell & Dulvy, 1996; Greenberg &

Droege, 1999; Foster-Smith & Evans, 2003), especially

those involved with ecotourist activities (Galley &

Clifton, 2004) and operations (Colman, 1997). Non-

specialist volunteers refers to non-scientists who parti-

cipate in research studies, and who vary in age,

experience and training (Dartwell & Dulvy, 1996). In
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this paper, we examine long-term data collected by

volunteer ecotourist operators for trends in whale shark

movements and numbers in the Andaman Sea, and

evaluate the validity of the conclusions drawn from the

data for scientific and conservation purposes.

Study area

Information was collected at scuba diving sites in the

Andaman Sea off the west coast of Thailand between

7 1̊09000 and 9 5̊59000 N. The study area extended

approximately 300 km along most of the Thailand coast

from near the Malaysian border to the southernmost

islands of the Mergui Archipelago, Myanmar (Fig. 1).

The four general geographic regions within the area are

referred to as the North, Mid, Similans and South.

Methods

Fantasea Divers is one of the oldest of over 80 scuba

diving companies operating out of Phuket. It has been in

operation since 1979 and caters to underwater natural-

ists and photographers during the non-monsoon

months between October and May. It is the only dive

company in the region that has kept consistent logbooks

documenting sightings of whale sharks and other

marine fauna by three of its cruise leaders and long-

term employees. Whale Shark Sighting Logbooks were

kept for 10 seasons (October to May) from 1991–1992 to

2000–2001. These logbooks contain the number of whale

sharks seen, the sex, total estimated length, and

descriptions (i.e. scars, markings and notches). An

individual whale shark seen underwater by the staff

more than once in a day at a dive site was recorded only

once.

Effort logbooks document the number of trips per

season and number of dives per trip. Information on

effort, however, was unavailable for four seasons

(1991–1992, 1998–1999, 1999–2000 and 2000–2001). Over

the latter 3 seasons only the number of trips was

available. Therefore, the annual number of dives for

these seasons was estimated from the average number

of dives per trip between 1992–1993 and 1997–1998

(20.7) multiplied by the number of trips. Data regarding

weather and sea conditions during the dives were not

recorded consistently enough for use in this study.
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Fig. 1 The locations and dive sites where whale sharks were recorded between the 1991–1992 and 2000–2001 dive seasons. The rectangle on

the inset shows the location of the main map in Thailand.
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Two indices representing whale sharks per unit effort

(WSE) were created to indicate the relative number of

whale sharks seen per trip and per dive. These indices

were calculated by dividing the number of whale sharks

sighted by the number of trips or dives. The same

calculations were computed for the four geographic

regions. In addition, the average WSE per month

(October to May) over 9 seasons was compiled.

Regression analyses were used to examine the relation-

ships between WSE and month, and WSE per season.

Records of seasonal sightings were examined to dis-

cern and remove repeat sightings of the same whale

shark. Descriptions were available for approximately half

of the observations. The animal was considered a distinct

individual whale shark if it had unmistakably prominent

features on the dorsal fin or the tail (e.g. missing the dorsal

fin or the top of tail lobe), or if the visual description

included identifiable features on all of the right, left and

dorsal views of the animal. Fresh wounds were not

considered as adequate visual descriptions because the

same shark might have been sighted previously before

the wound was present. Size was considered only if the

size difference between two sharks similar in appearance

was greater than 5 m. If there was any ambiguity in the

visual description or uncertainty in identity, the animal

was not counted as a distinct individual.

Results

Between 1992 and 2001 Fantasea Divers recorded 253

whale shark observations over a total of 218 trips and

c. 4,515 dives (Table 1). Numbers of sightings ranged

from 51 during the 1995–1996 season to 0 during 1999–

2000. On average 42 whale sharks sightings were made

per season between 1991–1992 and 1997–1998, dropping

to 1.3 sightings per season between 1998–1999 and

2000–2001.

Ninety-eight observations included visual descrip-

tions, and from these a minimum count of distinct

individuals was generated for each season (Table 1).

Hence, the true number of whale sharks generating the

observations each season lies between the total number

of whale sharks sighted and the minimum count of

distinct individuals.

The WSE per dive for all animals sighted dropped

significantly over 9 seasons (r 5 0.78, P ,0.01). All

seasons combined, the average WSE per dive between

October to May rose significantly (r 5 0.591, P ,0.01),

and there were comparable trends for WSE per trip

(Fig. 2). The average WSE per dive was 0.77 between the

1992–1993 to 1997–1998 seasons, and 0.03 between the

1998–1999 to 2000–2001 seasons, representing a drop of

96%. The highest WSE per dive was 1.02 in 1995–1996

and lowest was 0 in 1999–2000 (Table 1).

Within the four geographic regions, Fantasea Divers

routinely dived at 37 sites, sighting whale sharks at 41%

of these. The highest WSE per dive was recorded in

the Mid Region (0.22) followed by the South (0.21), the

Similans (0.02) and the North (0.01). The dive company

spent the majority of their time in the Mid Region (40%),

followed by the Similans (30%), North (22%) and South

(8%). Sighting effort was only available, however, in the

North and South Regions after the 1995–1996 seasons.

The sex of each whale shark was recorded for only 159

sightings (63%) and consisted of 84 males and 75 females.

For the minimum count of distinct individuals there

were 28 males and 22 females. Total length was estimated

for 99% of all observations. The majority (62%) were

between 4 and 5 m, and only 1.3% .8 m. Fourteen

percent of individuals were 3–4 m, and 21% 6–7 m.
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Table 1 The number of whale shark sightings and sightings including visual descriptions (i.e. scars, markings, notches), the minimum count

of distinct whale sharks (i.e. different individuals), sighting effort, and the whale shark per unit effort indices representing whale shark

sightings per number of trips and dives for each season.

Season

Whale

shark

sightings

No. of sightings

with visual

descriptions

Minimum count

of distinct

individuals

Effort Whale shark per unit effort

No. of trips No. of dives Per trip Per dive (x10)

1991–1992 45 unknown unknown unknown unknown unknown unknown

1992–1993 41 6 6 26 462 1.58 0.89

1993–1994 28 14 10 28 498 1.00 0.56

1994–1995 36 16 7 27 482 1.33 0.75

1995–1996 51 23 8 27 498 1.89 1.02

1996–1997 43 20 10 24 615 1.79 0.70

1997–1998 50 17 9 25 697 2.00 0.72

1998–1999 2 1 1 25 517.80* 0.08 0.04*

1999–2000 0 0 0 20 414.24* 0.00 0.00

2000–2001 2 1 1 16 331.39* 0.13 0.06*

*estimate
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Discussion

Whale shark decline

The data show a dramatic decrease in whale shark

sightings, dropping in relation to effort by 96% from

1991–1992 to 2000–2001. After our study was completed

Fantasea Divers continued to collect sightings, but not

dive effort, and in the 2001–2002 and 2002–2003 seasons,

the total whale shark observations were 10 and 3,

respectively. Although members of the Phuket diving

community, rather than trained scientists, reported such

a decline, these are the only data available. Currently,

we know of no other study that shows trends in whale

shark numbers in a broad geographical area over a long

period of time. This study is an example of monitoring

initiated when the conservation status about the species

was unknown, but was later useful in documenting a

possible change in population status.

Between October and May whale shark sightings

increased significantly. Our results are consistent with

Prater’s (1942) idea that during these months whale

shark movements correspond with increasing plankton

production in the Andaman Sea and intensifying surface

currents that run along Thailand’s west coast and across

the Bay of Bengal (Wyrtki, 1961). Consequently, the

overall decline in whale shark sightings observed in this

study could be due to yearly variability of these surface

currents and of plankton production in the region.

The presence of whale sharks may also be correlated

with global oceanographic events such as El Nı~no and

La Nı~na, which can influence the strength of currents

running along the west coast of Thailand. Wilson et al.

(2001) suggested that whale sharks in the Indian Ocean

travel with the currents associated with El Nı~no in

combination with other oceanographic fluctuations.

During the period of this study strong El Nı~no and

La Nı~na events occurred in 1997–1998 and 1998–1999,

respectively. The highest number of whale sharks in this

study was observed during the El Nı~no season.

Sightings of whale sharks in relation to dive effort made

in the season before the El Nı~no were 15.6% lower and

after (La Nı~na) were 96.3% lower.

The decrease in numbers could also be due to

harvesting. Whale shark fisheries for fins and meat

expanded during the 1990s stimulating an increase in

harvesting effort in India. In 1999 anecdotal reports

indicated that .1,000 whale sharks were killed in only 3

villages off the west coast of India where local villagers

reported declines in total whale shark catch rates of

50–75% (Shark Research Institute, 2004). It is possible

that whale sharks off the east coast of India are the same

individuals that travel through the Andaman Sea and

the Bay of Bengal (Prater, 1942). More information

regarding whale shark travel and migration routes

needs to be gathered, however, before clear conclusions

can be drawn.

Ecotourists diving with sharks can have negative

impacts on certain species but these impacts are largely

the result of intrusive feeding techniques, such as

chumming (Burgess, 1998). Although diving with whale

sharks does not include feeding to attract them, it is

presently unclear whether pressures from tourism

generate short or long-term detrimental impacts on

groups of whale sharks or individuals. Evidence of

impacts is difficult to obtain without knowledge of the

natural variability in whale shark abundance and

distribution (Colman, 1997).

We found no evidence of sexual segregation. As

general information regarding whale shark life history is

lacking, it is not possible to ascertain if sexual segrega-

tion, either geographical or behavioural, typically occurs

(Colman, 1997). At Ningaloo Reef, Australia, however,

Taylor (1996) observed that the majority of whale sharks

were immature males.
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Fig. 2 The monthly average whale shark

sightings per trip from October to May for

nine seasons combined (1991–1992 to

2000–2001).
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The sizes of whale sharks observed in this study

suggest that the majority were juveniles, as only 1.3%

were .8 m, and 62% were estimated at ,5 m. Taylor

(1996) speculated that whale sharks may not reach

sexual maturity until they are .30 years of age and .9 m

in length (Colman, 1997).

Evaluation of non-specialist collected data

The data collected by non-specialist volunteer ecotourist

operators in this study represent the only quantitative

record of whale sharks off the west coast of Thailand.

While the data collection was not pre-designed for

scientific analysis, the data were recorded consistently.

Similar information collected without a link to commer-

cial ecotourism, and taking place over 10 8-month

periods, and encompassing 300 km of coastline would

have been financially and logistically difficult to obtain.

While the use of non-specialist volunteers has obvious

advantages, the data collected has been criticized for

lacking reliability and precision (Dartwell & Dulvy,

1996). Although many researchers have used non-

specialist volunteers in their research, few have actually

validated their effectiveness or compared their data with

data collected by scientists (Newman et al., 2003). Some

studies that made such comparisons reported no

difference between scientists and trained volunteers

when collecting data such as terrestrial wildlife observa-

tions (Newman et al., 2003) or stream samples (Fore

et al., 2001). Other types of data collection, however, can

be sufficiently technical and difficult for volunteers

(Newman et al., 2003). Below we list several limitations

that occurred with our non-specialist volunteer -

collected data and suggest ways they were, or could

be, resolved.

Gaps in the database Dive effort was missing during

certain seasons, requiring the calculation of derived

values (see Methods). In addition, visual descriptions

were given for only half of the observations making it

difficult to determine which observations were repeat

sightings. Consequently, a minimum count of distinctly

identifiable sharks was obtained from the visual

descriptions, allowing inferences to be made regarding

the true number of whale sharks per year (Table 1).

The sample size for sex was limited as only 63% of

individual whale sharks had been recorded as male or

female.

Lack of systematic sampling The dive company spent

less time in the North and South Regions, thus

weakening the ability to draw conclusions about

comparative abundance among different geographic

locations to determine if coastal migration was taking

place.

Subjective data Estimations of length were subjective.

In future, trial tests could be conducted regularly with

large objects of known length (e.g. various boat hulls) to

help evaluate and calibrate the observers’ skill. Also,

recording the approximate distance of the observer from

the animal would have increased the confidence in size

estimation.

Miscounting Although whale sharks themselves are

unmistakable, distinguishing between individuals is

difficult. The company’s logbooks included columns

for documenting visual descriptions to avoid double

counting. However, photographic records of the animals

corresponding to the logbook would have been more

useful for positive identifications.

Conclusions

This study, using data collected by non-specialist

volunteer ecotourist operators, has shown a marked

decline in the number of whale shark sightings per unit

effort and has provided insight into possible travel

patterns and demographics in the Andaman Sea. We

have evaluated the strengths and weaknesses of the data

against a set of general concerns, and conclude that the

data are sufficient for detecting trends. Clearly, there

should be concern over the population status of whale

sharks in the Andaman Sea. Until further studies are

conducted, precautionary measures for whale shark

protection, such as monitoring ecotourism activities,

implementing stronger conservation legislation and

increasing fines for illegal fishing, should be taken within

Thailand’s waters as well as in international waters.
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