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Abstract A total of 23 whale sharks were

identified over a 5 d period in the Arta Bay

region of the Gulf of Tadjora, Djibouti. Most of

the sharks aggregating in this area were small

(<4 m TL) males. Individuals were identified

using photographs of distinctive scars and spot

and stripe patterns on the sides of the animals. Of

these, 65% had scarring that was attributable to

boat or propeller strikes. Most of the whale

sharks we encountered were feeding on dense

accumulations of plankton in shallow water just

off (10–200 m) the shoreline. This food source

may account for the aggregation of sharks in this

area. One 3 m male shark was tagged with an

ARGOS (Splash) satellite tag for 9 d. During this

time the shark traversed to the shoreline on the

opposite side of the Gulf (a distance of 14 km)

and then returned to the Arta Bay area before

retracing his path to the other shore. The shark

spent most of the daylight hours at the surface,

while at night dives were more frequent, deeper

and for longer durations.

Keywords Whale shark � Rhincodon typus �
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Introduction

Whale sharks, Rhincodon typus, are found

throughout the world’s tropical oceans (Compag-

no 2001) with the first scientific description being

made from a specimen from the Indian Ocean

(Smith 1829). Seasonal aggregations of these

animals have been recorded at a number of

coastal localities in the Indian Ocean such as off

north-western Australia (Taylor 1989; Taylor

1996; Colman 1997; Meekan et al. 2006); India

(Silas 1986; Hanfee 2001), the Maldives (Ander-

son and Ahmed 1993) and off Seychelles (Colman

1997; Newman et al. 1997; Rowat 1997). At many

of these places, the predictable timing of these

aggregations has allowed significant ecotourism

industries to develop that support regional econ-

omies (Newman et al. 1997), while in others,
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aggregations have been targeted by fishermen

(Hanfee 2001). In view of the long distance

migrations of this species (Eckert and Stewart

2001; Eckert et al. 2002; Wilson et al. 2006) and

their relative economic importance in some areas,

it is valuable to characterise these aggregations

and the movements of sharks within them.

Coastal aggregations of whale sharks are usu-

ally dominated by immature males of around 5–

7 m in length (Heyman et al. 2001; Meekan et al.

2006). Spatial and/or temporal segregation of

populations by size and gender is typical of sharks

(Springer 1967; Sims et al. 2000), but raises

questions as to the location of the remainder of

the population, and the reasons for these aggre-

gations. Coastal aggregations of small whale

sharks in the Sea of Cortez appear to occur in

response to seasonal aggregations of their plank-

tonic food (Clarke and Nelson 1997), as is the case

with larger members of the species (Wilson et al.

2001). There are, however, very few records of

whale sharks from size at birth (around 58 cm to

64 cm), (Joung et al. 1996) to 3 m (Colman 1997).

New-born whale sharks have occasionally been

found in the guts of blue sharks, Prionace glauca,

and blue marlin, Makaira mazara, suggesting that

very small sharks may be pelagic (Colman 1997).

In 2004, anecdotal reports by a local conserva-

tion organisation suggested that a previously

unknown aggregation site for whale sharks

existed in coastal waters of the Gulf of Tadjoura,

Djibouti, at the northern eastern margin of the

Indian Ocean (Staszewski et al. in press). This

aggregation appeared to be unusual in that it was

composed of relatively small juvenile (3–4 m)

sharks, similar to the aggregation reported in the

Sea of Cortez, and the first reported in the Indian

Ocean. Here, we describe the demography,

behaviour and short-term (daily) movements

and diving patterns of whale sharks in this

aggregation in the Gulf of Tadjoura, Djibouti.

Methods

Study area

The Gulf of Tadjoura, (latitude 11� 40¢N, longi-

tude 43� 00¢E) at the southern entrance to the

Red Sea, is an inlet of the Indian Ocean caused by

the fault line of the northerly end of the East

African Rift Valley that transects Djibouti, Ethi-

opia and Kenya. The area is geologically and

volcanically active as evidenced by the 1978

eruption of the Ardoukoba volcano. The seabed

shelves steeply from the coast of the Gulf

dropping to 100 m depth around 2 km offshore

and to around 450 m depth in the centre of the

Gulf of Tadjoura.

Anecdotal reports suggested that whale sharks

occur during the months of October to February

in the Arta Bay area, (latitude 11� 35¢N, longitude

42� 49¢E) on the southern coast of the western

end of the Gulf of Tadjoura some 33 km from

Djibouti city (Fig. 1).

Demographic study

From the 20th to the 24th of January 2006, whale

sharks along a 3–5 km stretch of coastline cen-

tered on Arta Beach were found by haphazard

surface searches from a small (6 m) boat. The

sharks were found either by sighting their dorsal

or tail fins breaking the surface or by watching for

the swirling, vortex patterns on the water caused

by the sharks’ suction feeding just below the

surface. On sighting a shark, a recorder aboard

the boat would note the time and location and the

shark would be photographed using an underwa-

ter digital camera by a snorkeller. Where possi-

ble, images were recorded of the area behind the

gills and forward of the dorsal fin for both sides of

the shark, as well as of any obvious scarring.

Details of each shark’s size, sex, behaviour and

any other associated fauna were recorded, when

possible, for each encounter. Size estimation was

made by one of three trained researchers, each

with at least 10 years of experience, by compar-

ison of the shark against a nearby object of known

length, such as the boat or snorkeller, or by the

use of a graduated 1.5 m pole spear as a measur-

ing aid. These by-eye estimates of length were

usually within 25 cm of those made by measuring

sharks with a tape measure.

Short-term shark movements were determined

by evaluation of the daily sighting log and digital

photography. Spot and stripe patterns on the

dorsal surface were used to individually identify
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sharks from photographs (Meekan et al. 2006).

Photographs were first separated into individual

encounters, each encounter relating to a single

shark. Obvious matches were then made by eye

based on characteristics such as major scars and

the presence of marker tags or tag remnants. The

remainder were compared using spot and stripe

patterns. The record of sightings based on

identification photographs was analysed to estab-

lish the frequency of sighting and resighting of

individuals.

Long distance movement and diving patterns

were investigated by tagging one shark with a

Splash satellite tag (Wildlife Computers, Seattle).

The tag was attached through base of the dorsal

fin of the shark on a 1 m stainless steel wire trace

of 150 kg breaking strain, by a stainless steel

anchor dart applied in-water by a modified spear-

gun. The tag recorded position via ARGOS

satellites when the shark was at the surface and

depth and temperature at 2 s intervals. Summary

histograms of these depth and temperature data

sets were uploaded to the satellites when the

shark was at the surface.

Histogram data was decoded using the ‘SAT-

PAK2003’ software, provided by the tag manu-

facturer, and the tag’s location was plotted daily

using the ‘STAT’ Satellite Tracking and Analysis

Tool (Coyne and Godley 2005)1. Distances

between locations were calculated by STAT on

high quality ARGOS location codes (1–3) only, to

minimise errors and allow speeds to be accurately

calculated.

Water temperatures were recorded using a

‘Hobo Tid-bit’ temperature logger (Onset Tech-

nologies). Where groups of sharks were found in

a confined area the logger was lowered on a line

to the sea-bed and then raised in 5 m increments

Fig. 1 Study area, Arta
Bay on the Gulf of
Tadjoura, Djibouti, north
east Africa showing
ARGOS satellite track of
a 3 m male whale shark

1 www.seaturtle.org

Environ Biol Fish (2007) 80:465–472 467

123



to record a temperature depth profile. Weather

and in-water visibility were recorded for each

shark encounter.

Results

Nearly all the whale sharks were sighted along a

1.5 km stretch of coastline centred on Arta Beach

and less than 500 m from shore. There appeared

to be no consistent pattern in the distribution of

sharks within this area. A total of 127 encounters

with whale sharks were recorded during

1,044 min (17.4 h) of survey so that over the 5 d

period of the study, an average of 7.3 sharks were

encountered per hour. A total of 23 separate

individuals were identified from photographs of

which 16 were male, two female and for five the

gender was undetermined (Table 1). The smallest

shark was a 2.5 m male and the largest a 6 m

female; the mean size was 4.47 m (SD = 0.84,

n = 19). Size frequency distributions of these

sharks were dominated by very small male sharks

of 4 m or less (Fig. 2). The maximum number of

resightings (based on photo-identification) of the

same individual during our 5 d survey was 10,

although most individuals were resighted on

multiple occasions (mean resightings = 3.6 ± 2.85

SD, n = 23). The highest number of sightings

made in any one session was 27 of a total of 10

identified individuals; the lowest number of

sightings in any session was of three sharks that

were each seen only once.

Of the 23 individual sharks identified during

the 5 d study, 15 (65%) had scarring on fins or

body. In many cases, the shape and size of the

scars suggested that they were due to impacts

with boats, propellers or possibly fishing gear.

Most of the whale sharks we encountered were

actively feeding on dense aggregations of zoo-

plankton that accumulated in shallow water along

the steeply-shelving Arta Beach. Feeding behav-

iour recorded included both ram filter feeding and

vertical feeding at the surface. The zooplankton

on which the sharks were feeding were dense

concentrations of chaetognaths, salps and mantis

shrimp larvae. Temperature profiles at the 20 m

depth contour off the beach where whale sharks

were seen feeding varied from 27�C at the surface

to 25.5�C at 20 m in the morning, while in the

afternoon surface temperature increased to

29.3�C with a minimum of 27.1�C at 20 m.

Movement and diving patterns of a tagged

shark

The 3 m male shark that was tagged with an

ARGOS (Splash) satellite transmitter remained

in the Arta area for the first few days after tagging

then moved 14 km to the northwest coast of the

Bay of Tadjoura (Fig. 1). It journeyed between

these localities until on the 31st of January, 9 d

after deployment, the tag was lost from the shark.

During deployment the maximum swimming

speed of the shark was 2.99 km h–1 with an

overall average of 0.42 km h–1. All speeds greater

than 1 km h–1 were achieved over distances

greater than 2 km, however, not all transits longer

than 2 km were at speeds greater than 1 km h–1.

The mean distance between surface locations

logged by the satellite was 3.9 km (SD = 3.78,

n = 23) with the maximum distance 14.42 km.

The average daily distance covered was 9.01 km

(SD = 5.77, n = 10).

The number and duration of dives below 15 m

by the shark were found to be significantly less

during the day than at night (Wilcoxon matched

pairs test Z = 2.66, P = 0.007, n = 9, Mann–Whit-

ney U test, n = 9 Table 2a) (Fig. 3).

The maximum depth of dives during the night

was also significantly deeper than those made

during the day (Mann–Whitney U test, n = 9

Table 1 Size and sex of
individual sharks
identified

Number Max size
(m)

Min size
(m)

Mean
(m)

Number
scarred

Male 16 5.5 2.5 4.31 12
Female 2 6.0 5.0 5.5 2
Un determined 5 5.0 5.0 5.0 1
Total 23 4.47 15
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Table 2b) with the deepest dive from 175 m to

200 m. Time at depth data confirmed that 85% of

the day (SD = 0.32, n = 8) was spent shallower

than 15 m, while 52% (SD = 0.16, n = 9) of the

night was spent at less than 15 m.

There was a significant difference between day

and night in the time spent at different temper-

atures (Mann–Whitney U test, n = 9 Table 2c),

with 60% of the day (SD = 0.12, n = 9) spent in

water warmer than 29�C, while 87% of the night

(SD = 0.3, n = 10) was spent in water colder than

29�C. The coldest temperature encountered by

sharks during the day was 25–26�C while at night

it was 22–23�C.

Discussion

The whale sharks participating in the aggregation

at Arta Beach were relatively small (60% <4 m

TL), as suggested by the ecotourism operators.

The size of these sharks contrasts to those in

aggregations in Belize (Heyman et al. 2001),

Ningaloo in Western Australia (Meekan et al.

2006) and the Seychelles (Rowat and Gore in

press) where sharks average closer to 6–7 m TL.

One aggregation of small (3–4 m TL) juveniles

has been reported in the north of the Sea of

Cortez (Clarke and Nelson 1997), but our obser-

vations are the first reports of an aggregation of

small whale sharks in the Indian Ocean. Similar to

these other sites, most of the sharks gathering off

the coast of Djibouti appeared to be male and few

females were encountered.

While 23 individual sharks were identified

during the study the total number may have been

larger due to some photographs being unsuitable

for identification, and some sharks eluding pho-

tography. Sharks were concentrated in a very

small area of coastline, so that on some days, it

was possible to see 4–5 sharks just offshore of a

300 m section of beach; on one occasion we

counted 14 sharks within this area. Dense patches

of zooplankton are thought to attract juvenile

whale sharks to aggregate in the Sea of Cortez

(Clark and Nelson 1997) and most of the sharks

we encountered were feeding. Both vertical

feeding and ram-surface feeding behaviours were

observed in dense food patches.

The track of the tagged shark revealed that

Arta Beach was not the only area frequented;

over the 9 d that the tag was deployed on the

shark, it transited 3 times between Arta and the

opposite side of the Gulf suggesting that this

may be another area worthy of investigation to

determine if aggregations also occur on this

northern shore. The relatively restricted area of

movements recorded by this shark are similar to

localised movement patterns from telemetry

studies on whale sharks off Malaysia (Eckert

et al. 2002). In that study, the four sharks
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Fig. 2 Size frequency distributions of individually identi-
fied whale sharks found at Arta Bay on the Gulf of
Tadjoura, Djibouti

Table 2 Mann–Whitney U tests of significance comparing morning to night: (a) duration of dives; (b) depth of dives; (c)
temperatures encountered

(a) Time (s) Z p-level (b) Depth (m) Z p-level (c) Temp (�C) Z p-level

300 –3.09058 0.001998 25 –3.31133 0.000929 28 –2.93939 0.003289
600 –3.13473 0.001720 50 –3.26718 0.001086 29 3.67423 0.000239
900 –2.95812 0.003095 75 –2.91397 0.003569 >29 3.67423 0.000239
1200 –2.91397 0.003569 100 –2.02073 0.043309
1800 –2.78152 0.005411
2400 –2.38416 0.017119
3000 –1.98680 0.046946
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tracked for periods of less than 12 d averaged

12.51 km per 24 h period (max = 18.92 km,

min = 6.91 km), similar to the average distances

recorded by our study.

In other localities, most whale sharks tend to

spend more time in surface waters during the

night than during the day (J.S. Gunn et al.

unpublished; Heyman et al. 2001; Graham et al.

2005; Wilson et al. 2006); in contrast, the whale

shark we tagged displayed the reverse pattern,

spending more time at the surface during the day

than at night. Bearing in mind that our study only

gave a 9 d snapshot of the behaviour of a single

shark, other studies have described similar pat-

terns, notably J.S. Gunn et al. (unpublished) and

Wilson et al. (2006), both of whom tracked whale

sharks off Ningaloo Reef. In this Australian

locality, whale sharks target surface swarms of a

tropical krill, Pseudeuphausia latifrons (Taylor

1994; Wilson and Newbound 2001; Wilson et al.

2001; Wilson et al. 2006).

In the Gulf of Tadjoura, reverse diel vertical

migration (DVM) of plankton might also con-

tribute to this pattern. Studies in the temperate

Irish Sea have shown that the large planktivo-

rous basking shark, Cetorhinus maximus, also

spends more time at the surface during the day

in coastal waters (Sims et al. 2005). This occurs

because calanoid copepods reverse their usual

DVM pattern by ascending into shallow water

during daylight hours to avoid invertebrate

predators, specifically chaetognaths (Conway

and Williams 1986). While chaetognaths have

not been identified as prey for basking sharks,

plankton samples taken from around those

basking sharks that exhibited reverse DVM had

very high concentrations of chaetognaths, as well

as lower levels of calanoid copepods (Sims et al.

2005). In our study site off Arta Beach, chae-

tognaths formed dense swarms in surface waters

and we witnessed whale sharks feeding on these

swarms on many occasions.

Although the sharks were feeding in shallow

water, the tagged shark also performed deep

dives on transits between coasts and to the north

of Arta in an area with steeply sloping bottom

topography. Although the purpose of this diving

is unknown, other studies have recorded whale

sharks regularly descending to depths of over

1 km (Graham et al. 2005; Wilson et al. 2006). It

has been suggested that in deep water, whale

sharks are capable of feeding on epipelagic and

mesopelagic prey such as euphausiids, myctoph-

ids and squids (Wilson et al. 2006) and that

frequent deep dives may allow the sharks to

detect prey concentrations (Josse et al. 1998) or

olfactory trails leading to them (Carey and

Scharold 1990, Gunn et al. 1999). Deep dives

may also be important for thermoregulation

(Carey and Scharold 1990).

The incidence of scarring of the whale sharks

seen in the aggregation is of concern for the

future of the species at this locality. Of the

individuals we identified, 65% had large scars that

could be attributed to boat or propeller strike.

Although the coast of Arta is sparsely populated,

the area is frequented on weekends by many

boat-based sightseers and is also traversed by

high-speed military boats. The susceptibility of

whale sharks to boat strikes has long been

recognised (Gudger 1937) and during this study

one shark was cut by the propeller of a military

vessel. Lack of management of vessel use and

unrestricted access for large numbers of people
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could have detrimental affects on the aggregation

as has been seen in Belize (Carne in press;

Graham in press) and the Philippines (Pine et al.

in press; Quiros in press). The relatively limited

area in which the sharks were found make it both

feasible, and an urgent priority, to implement

some form of management plan to ensure the

long term future of the whale sharks in this

aggregation.
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