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The presence of whale sharks Rhincodon typus were recorded around Shib Habil, a small, coastal reef
off the Red Sea coast of Saudi Arabia, from 2010 to 2015. A total of 267 suitable photographs resulting
in the identification of 136 individuals, were documented from 305 encounters. Sharks were divided
evenly between the sexes with no evidence of temporal or spatial segregation. All individuals were
immature based on size estimates and, for males, juvenile clasper morphology. Scars were reported
for 57% of R. typus with 15% showing evidence of propeller trauma. Estimates of population size
and patterns of residency were calculated by modelling the lagged identification rate. Multiple models
were run simultaneously and compared using the Akaike information criterion. An open population
model was found to best represent the data and estimates a daily abundance between 15 and 34 R. typus
during the aggregation season, with local residence times ranging from 4 to 44 days. Residence times
away from Shib Habil range from 15 to 156 days with a permanent emigration–death rate between
0·07 and 0·58 individuals year−1 . These results are broadly similar to those from other aggregations of
R. typus, although the observed sexual parity and integration found at this site is unique for the species
and needs further study.
© 2016 The Fisheries Society of the British Isles
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INTRODUCTION
The whale shark Rhincodon typus Smith 1828 is a widely distributed pelagic planktivore, readily identifiable by both its huge size and its unique colour pattern of stripes
and spots that covers its dorsal surface (Compagno et al., 2005). It is a docile and relatively slow-moving species, making individuals easy to approach in the water. Despite
these characteristics, little is known about this iconic, but enigmatic fish. Data on its
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sensory biology (Yopak & Frank, 2009; Dove, 2015), social behaviour (Martin, 2007;
Yopak & Frank, 2009) and basin-scale ecology (Sequeira et al., 2013) is limited and
many aspects of R. typus life history, such as gestation duration or breeding season,
remain unknown.
This dearth of knowledge is an obstacle to conservation efforts. Rhincodon typus is
listed as vulnerable by the IUCN because of its high value in international trade, presumed K-selected life history, migratory nature and low regional abundances which
make it susceptible to exploitation and unlikely to recover from sustained targeted harvesting (Norman, 2005). This assessment is supported by the rapid declines in catch per
unit effort observed in most targeted fisheries, many of which have collapsed and closed
(Rao, 1986, 1992; Chen et al., 2002; Pine et al., 2007; Quiros, 2008; Riley et al., 2009).
Despite these closures, poaching (Riley et al., 2009), by-catch and a newly opened
fishery in China (Li et al., 2012) continue to threaten R. typus populations.
While conservation efforts need to be guided by appropriate data, attempts to better understand the ecology of R. typus have historically been hindered by its pelagic
habitat. The global population is dispersed across all tropical and warm temperate seas
(Rowat & Brooks, 2012). This diffuse distribution limited early research to studies of
chance encounters and beached specimens (Gudger, 1940) and from its discovery in
1828 until 1985 there were only 320 records of R. typus encounters (Wolfson, 1986).
More recently, the discovery of coastal areas in which R. typus gather seasonally has
allowed for more systematic study of the species (Taylor, 1989). There are around
a dozen known aggregation sites scattered across the globe (Taylor, 1996; Eckert &
Stewart, 2001; Heyman et al., 2001; Rowat et al., 2007; Quiros, 2008; Brooks et al.,
2010; Riley et al., 2010; Ramírez-Macías et al., 2012b; Robinson et al., 2013; Rohner
et al., 2013; Cagua et al., 2015), including one in the Red Sea where R. typus gather
off the coast of Saudi Arabia around a small coastal reef known locally as Shib Habil
(Berumen et al., 2014).
The ecology of the Red Sea is poorly studied in general (Berumen et al., 2013). This
is particularly true of elasmobranchs (Spaet et al., 2012; Braun et al., 2014) and R.
typus is no exception. The discovery of an aggregation site in the Saudi Red Sea has provided the first opportunity for long-term study of R. typus in this basin and has already
produced one of the largest satellite-tagging studies on this species (Berumen et al.,
2014). The objective of the present study was to use photo-identification to describe
the population structure of the seasonal aggregation at Shib Habil. The colour pattern of
this species has proven to be an effective marker because the arrangement of spots and
stripes is both unique to the individual and stable over long periods of time (Meekan
et al., 2006). The ability to identify and re-identify individuals makes it possible to
estimate both the size and structure of the R. typus population aggregating around Shib
Habil. Doing so allows for comparison with other aggregations and also provides a
baseline for assessing future fluctuations in the Shib Habil subpopulation.

MATERIALS AND METHODS
Shib Habil is a coastal reef located 2·5 km from the Saudi Red Sea coast and 3·5 km from Al
Lith, the nearest port. Though considered one reef, it is composed of two separate sections. The
larger of these sections runs 5·1 km north-west to south-east from 20∘ 7·652′ N; 40∘ 12·508′
E–20∘ 5·328′ N; 40∘ 14·100′ E. The smaller section runs 2 km west to east from 20∘ 7·243′ N;
40∘ 13·194′ E–20∘ 7·185′ N; 40∘ 14·287′ E. When taken together, these two sections form a
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Fig. 1. The Red Sea with detailed map of the Al Lith coast showing the Shib Habil reef where juvenile Rhincodon
typus aggregate.

distinctive hook-shaped reef (Fig. 1). Rhincodon typus are often sighted surface feeding in close
proximity to this reef during the boreal spring months of March, April and May (Berumen et al.,
2014).
During this period, boat-based visual surveys were conducted in conjunction with other
research and in cooperation with local ecotourism operations. Search patterns consisted of
simple laps around Shib Habil. Survey time varied depending on the needs of other research
projects and the recreational activities of tour boats. Upon sighting a R. typus, snorkelers
entered the water to collect identification (ID) photographs. Photographs targeted the unique
spot pattern directly behind the fifth gill slit (Arzoumanian et al., 2005) and images of both the
left and right sides were obtained when possible. GPS co-ordinates were recorded at the point
of snorkeler deployment and this was used as a proxy for sighting location. Total length (LT )
was visually estimated to the nearest 0·5 m and sex was determined by the presence or absence
of claspers between the pelvic fins. Any prominent scars or other signs of trauma were noted
and categorized using the criteria described by Speed et al. (2008). Maturity was judged based
on size estimates and in males, whether the claspers extended past the medial, free margin of
the pelvic fins (Acuña-Marrero et al., 2014; Rohner et al., 2015).
Usable ID photographs were separated into left and right side categories and analysed using
the interactive individual identification system (I3S; Van Tienhoven et al., 2007). This software
works by demarcating a target region between three constant points within each photograph.
Studies of R. typus have typically used photographs containing the top and bottom of the fifth
gill slit and the posterior free margin of the pectoral fin. Natural markings within the target
region are mapped and their relative positions are used as a fingerprint that can be compared
with similar spot-maps from other photographs. All potential matches were reviewed by at least
two researchers. In some cases, usable photographs were obtained for only one side or the other.
It is possible that such R. typus could be counted twice if at a future time a photograph of only the
opposite side was taken. To prevent this occurrence, only individuals with a right side photograph
were included for the purposes of population analysis. All encounter photographs have been
added to the Wildbook for Whale Sharks international database (www.whaleshark.org).
The capture history generated from the ID photographs was used to calculate the lagged identification rate (LIR), the probability of re-identifying an individual after a given time lag from
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Fig. 2. Discovery curve calculated as the number of individuals identified per Rhincodon typus encounter. In a
closed population, this curve would be expected to reach an asymptote as a greater percentage of the total
population is encountered and identified and resightings become more common than new identifications.
The linear pattern found here suggests an open population.

the first encounter (Whitehead, 2001). Eight models with varying degrees of assumed population closure were fitted to the LIR and compared using either the Akaike information criterion
(AIC) or its quasi-variant (QAIC) depending on the presence of over-dispersion in the data
(Whitehead, 2007). The most parsimonious model was then bootstrapped 100 times and used to
calculate population parameters with 95% c.i. (Whitehead, 2007). Calculation of the LIR, model
fitting and model comparison were all done using the whole-study function of the SOCPROG
2.5 software (http://myweb.dal.ca/hwhitehe/social.htm/; Whitehead, 2009).
LIR modelling uses the resighting record to describe the spatial and temporal distribution of
survey effort (Whitehead, 2001). This allows for robust parameter estimates even when sampling
effort is neither symmetrically nor randomly distributed through space and time (Whitehead,
2001). This is ideal for seasonal and site-specific phenomena as well as cases where it is logistically impractical to survey a species’ entire range or maintain survey effort throughout the
year (Whitehead, 2001). It also allows for the analysis of opportunistically collected data where
effort is difficult to quantify directly (Whitehead, 2001). Due to these characteristics, the use
of LIR techniques to estimate abundance (Fox et al., 2013; Araujo et al., 2014) and patterns
of residency (Ramírez-Macías et al., 2012a; Fox et al., 2013; Araujo et al., 2014) at R. typus
aggregations has become increasingly common.

RESULTS
From 2010 to 2015, 305 encounters with R. typus were recorded of which 267
produced usable ID photographs. After filtering out R. typus known only from left-side
photographs (14 encounters, 13 individual sharks), 253 encounters with 136 unique
individual R. typus remained. Of the 136 identified sharks, 54 were eventually resighted
in the area and 24 were sighted in multiple aggregation seasons including one individual
that was resighted at least once in each of the 6 years of the study. The 253 encounters
included 136 initial sightings, 84 resightings within a season and 33 interseasonal
resightings. The maximum number of sightings for any shark was 10 while the average
was 1·8. The longest interval between first and final sightings was 1863 days. The
record of encounters was used to plot a discovery curve (Fig. 2). This curve remained
linear as new individuals continued to be encountered at roughly the same rate
throughout the study period.
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Fig. 3. Mean lagged identification rate ( , ±s.e.) and the curve of the best fit model (
) for Rhincodon typus.
The low resighting probability over longer time lags suggests that most R. typus are transient visitors to
Shib Habil, though the non-zero asymptote reached by the curve indicates some degree of site fidelity in at
least a few individuals.

Based on the time lags between resightings, the LIR was calculated and plotted
(Fig. 3). The probability of recapture declined rapidly following initial identification
and eventually approached a non-zero asymptote, indicating some degree of site fidelity
in at least a few individuals. Models A to H (Table I) were fitted to the LIR and, as there
was no sign of over-dispersion in the data, compared using the AIC. Model H, an open
population model that accounts for emigration, immigration and mortality, had the lowest AIC and was plotted against the LIR (also shown in Fig. 3). This model fits the data
well (𝜒 2 = 17·8, d.f. = 24, P > 0·5) and estimated an average daily R. typus abundance
of 21·30 (95% c.i. 15·31–33·69). It also predicted mean residence times of 11·71 (95%
c.i. 4·76–43·16) days within the area, 37·64 (95% c.i. 15·40–156·08) days out of the
area and a mortality rate of 0·31 (95% c.i. 0·07–0·58) individuals year−1 .
The observed sharks demonstrated sexual parity with 51 males, 57 females and 28
sharks of undetermined sex. The slight female majority was statistically insignificant
(𝜒 2 = 0·33, d.f. = 1, P > 0·05) and this pattern held for most of the aggregation seasons
individually. Only 2013 showed a significant bias toward female majority (𝜒 2 = 6·23,
d.f. = 1, P < 0·01) (Fig. 4). In addition to the lack of disparity, there was also no
evidence of sexual segregation. Rhincodon typus of both sexes were most frequently
sighted at the north-west corner of Shib Habil and mixed-sex groups of sharks were
occasionally seen swimming together (Fig. 5); while mating was never observed, these
R. typus exhibited behaviours, including follow-swimming and parallel-swimming,
that could be interpreted as social.
Estimations of LT were made for 116 individuals (46 males, 54 females and 16 undetermined). The overall average LT was 4·25 m with little interannual variation or size
differentiation between the sexes; the mean LT estimate was 4·28 m for males and
4·21 m for females. The maximum LT estimate was 7 m, though only two individuals,
one male and one female, were thought to be this large.
Scarring was reported in 57% of identified R. typus. Minor nicks on fins and
superficial abrasions accounted for 73% of reported scars. Evidence of more severe
trauma was found in 15% of R. typus and these included lacerations (10% of all scars),
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Table I. Description and comparative Akaike information criterion (AIC) values for the eight
population models fitted to the lagged identification rate of Rhincodon typus. The models are
listed in order from most to least assumed population closure
Model

Assumption

ΔAIC

A
B
C
D
E

Closed (a1 −1 = N)
Closed (a1 = N)
Emigration and mortality (a1 = emigration rate; a2 −1 = N)
Emigration and mortality (a1 = N; a2 = mean residence time)
Emigration + re-immigration [a1 = emigration rate; a2
(a2 + a3 )−1 = proportion of population in study area at any time]
Emigration + re-immigration (a1 = N; a2 = mean time in study
area; a3 = mean time out of study area)
Emigration + re-immigration + mortality
Emigration + re-immigration + mortality (a1 = N; a2 = mean time
in study area; a3 = mean time out of study area; a4 = mortality)

170·25
170·25
34·72
34·72
22·65

F
G
H

22·65
18·80
0·00

N, population size within the study area at a given time.

amputations (8%), blunt trauma (5%) or other (4%). The other category consisted
entirely of R. typus with bent, folded or scrolled first dorsal fins. All severe injuries
could reasonably be attributed to collisions with small vessels, as no bite scarring or
other evidence of natural predation was observed.

DISCUSSION
This study demonstrates that Shib Habil hosts an open population of R. typus with
significant immigration, emigration and mortality, which is consistent with the findings
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Fig. 4. Each year’s Rhincodon typus sightings 2010–2015 ( , male; , female; , undetermined sex). With the
exception of 2013 when a significant difference from parity (*) was recorded, the even sexual distributions
shown is in strong contrast to the highly disparate populations found in other R. typus aggregation areas.
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Fig. 5. (a) Locations of individual Rhincodon typus encountered 2010–2015 around the the Shib Habil reef where
sex was determined ( , male; , female). There is a high degree of overlap between sightings, indicating a
lack of sexual segregation. (b) , locations where both males and females were encountered simultaneously.

from all previous population studies of R. typus aggregations (Ningaloo Reef, Western Australia: Meekan et al., 2006; Djibouti and the Seychelles: Rowat et al., 2009;
Holbox: Ramírez-Macías et al., 2012b; Honduras: Fox et al., 2013; the Galapagos:
Acuña-Marrero et al., 2014; the Philippines: Araujo et al., 2014). In addition, the general trends described by the LIR are also in line with earlier work from Honduras (Fox
et al., 2013), the Gulf of California (Ramírez-Macías et al., 2012a) and the Philippines
(Araujo et al., 2014). Here, as in previous studies, the LIR dropped rapidly after initial
capture before approaching a non-zero asymptote. These results suggest that R. typus
are transient visitors to these aggregation sites with only a few resident or seasonally
returning individuals.
When examining recapture probabilities and parameter estimates at a finer scale,
the differences among global aggregation sites become more apparent. For instance,
daily abundances were significantly greater at Shib Habil than at the seasonal aggregation in Honduras (Fox et al., 2013) and this is probably due to differences in the
distribution of sightings throughout the year. In Honduras, the highest levels of R.
typus activity are recorded around April, but there is some moderate activity during
other times of the year (Fox et al., 2013). Data from these less active periods may
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have biased daily abundance estimates downward in comparison with Shib Habil,
where all data were gathered during the peak aggregation season. In another example,
lower daily abundances and shorter periods of in-site residency were found for the
Galapagos Islands (Acuña-Marrero et al., 2014). In this case, the Galapagos appears
to be a migratory hub as opposed to an aggregation site, with R. typus staying in
the area for only a day or two before moving on and being replaced by new arrivals
(Acuña-Marrero et al., 2014). This high turnover led to lower daily abundances and
lower residency values when compared with feeding aggregations like Shib Habil
where R. typus spend weeks or months presumably taking advantage of seasonal
food sources.
In addition to natural variation among sites, human activities can also alter residency patterns in R. typus. Avoidance and defensive behaviours have been recorded
in response to snorkelers and it is possible that chronic harassment could negatively
affect residency times (Quiros, 2007). Conversely, activities like food provisioning
may encourage R. typus to remain longer (Araujo et al., 2014). In the Philippines, provisioned R. typus spend, on average, twice as much time within the aggregation as
non-provisioned animals and quadruple the amount of time that R. typus spend at Shib
Habil. In addition, non-provisioned animals (both at Shib Habil and in the Philippines)
spend more time away from aggregation sites and are more likely to leave those sites
permanently (Araujo et al., 2014).
Population modelling is a powerful tool, but it has limitations that should be noted.
Most population studies of R. typus are based solely on sighting records. Recent work
in Tanzania, however, suggests that such records may not always provide a suitable
proxy for presence or absence (Cagua et al., 2015). While the overall seasonal pattern
of aggregation at Shib Habil is supported by both the present sighting data and previous
satellite telemetry (Berumen et al., 2014), it is still possible that short-term shifts to
deeper habitat could affect R. typus visibility and negatively bias recapture probabilities
within a season (Cagua et al., 2015). This is an important caveat and one that applies
to almost all sighting-based work on this species.
With regard to the population demographics of R. typus at Shib Habil, the sexual
parity and integration shown for this site is not known to exist at any other aggregation. The majority of the R. typus aggregations studied to date are dominated by males
(Belize: Graham & Roberts, 2007; Ningaloo Reef: Norman & Stevens, 2007; The Maldives: Riley et al., 2010; Holbox: Ramírez-Macías et al., 2012b; The Philipines: Araujo
et al., 2014). Even Djibouti, the closest site to Shib Habil, reports a R. typus population that is 85% male (Rowat et al., 2011). This discrepancy is especially interesting
given that satellite tagging has demonstrated R. typus from Shib Habil moving past Djibouti en route to the Indian Ocean (Berumen et al., 2014). Globally, the only other site
to consistently record even sexual distributions is the Gulf of California, but R. typus
do appear to segregate by sex (Ketchum et al., 2013). Sightings in deep-water regions
near the open ocean consist almost exclusively of large, apparently-gravid females,
while juvenile males dominate the interior, coastal regions of the Gulf of California
(Ketchum et al., 2013). The segregation is strong enough that some researchers separate the Gulf of California into two distinct, sexually disparate aggregations (Rowat
& Brooks, 2012). The causes and mechanisms of sexual disparity–segregation in R.
typus are unknown, as are the reasons for the apparent absence of these behaviours at
Shib Habil.
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The presence of both sexes in large numbers around Shib Habil might suggest a
breeding aggregation, but other factors make this unlikely. All the LT estimates in
this study were below the length of maturity for R. typus (8–10 m) (Acuña-Marrero
et al., 2014; Rohner et al., 2015). Based on these estimates, as well as the juvenile
clasper morphology observed in all males, the R. typus observed at Shib Habil were
all judged to be immature, which is similar to the demography at most other R. typus
aggregations (Rowat & Brooks, 2012). Only the Galapagos and the southern Gulf of
California attract mostly mature individuals and the extreme female dominance at these
sites also make them unlikely breeding grounds (Ketchum et al., 2013; Acuña-Marrero
et al., 2014). Courtship and coupling have never been recorded for this species, leading researchers to believe that mating occurs offshore (Hueter et al., 2013). Even in the
absence of breeding, the possible social behaviours observed between R. typus at Shib
Habil may warrant further study as the social biology of this species is poorly described
(Martin, 2007).
The prevalence of scarring found on R. typus aggregating around Shib Habil is similar to reports from other aggregations in the Indian Ocean (Speed et al., 2008). Trauma
from small craft also supports the suggestion that larger vessels may be a source of
cryptic mortality (Stevens, 2007). The lack of predation scarring is unusual, but not
entirely surprising. The two known predators of R. typus, the great white shark Carcharadon carcharias (L. 1758) (Fitzpatrick et al., 2006) and the orca or killer whale
Orcinus orca (O’Sullivan, 2000), are either uncommon or absent within the Red Sea.
The few records of C. carcharias are now believed to be misidentifications (Golani
& Bogorodsky, 2010) and while O. orca have been sighted, the rarity of such records
indicates that this species is an infrequent visitor to the Red Sea (Leatherwood, 1986;
Gladstone & Fisher, 2000).
Shib Habil remains the only known R. typus aggregation within the Red Sea and
the only aggregation in the western Indian Ocean to attract large numbers of juvenile
females. Recent satellite tagging has shown a high degree of fidelity in Shib Habil R.
typus to the southern-central Red Sea, but has also demonstrated connectivity to the
Indian Ocean (Berumen et al., 2014). Given these movement patterns, the Red Sea
and specifically Shib Habil, may be an important stageing ground for juvenile R. typus
to fuel their growth in the relative absence of predators before moving into the wider
ocean. This site, however, is subject to anthropogenic pressures. The Saudi Arabian
Red Sea is heavily fished (Spaet & Berumen, 2015) and one of the R. typus identified
in the present study was fatally entangled in a gillnet in 2011. In addition to by-catch
mortality, outboard motors from fishing vessels are also a threat to R. typus and other
epipelagic megafauna in this area (Braun et al., 2015). Finally, Shib Habil lies near the
discharge of one of the world’s largest prawn farms and the effects of this nutrient-rich
water on plankton distributions and other aspects of the local ecosystem remain uncertain (Hozumi, 2015). Future work should focus on assessing and possibly mitigating
these potential human influences.
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