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Abstract. The study was conducted to identify sex and size range composition of whale shark individuals
from sightings and their appearance behavior in Cenderawasih Bay National Park, Indonesia. A total of
74 fishermen lift-nets ‘bagans’ in Sowa, Kwatisore, and Yaur areas from March to June 2013 were visited
to document date, time, location, sex, size range, and number of whale sharks seen each day.
Photographic identification was used as a non-invasive means to describe the population throughout the
study period. Shark sizes were estimated using a diver body as reference length. A total of 134 whale
sharks sightings was recorded within study areas. The highest frequency appearance of whale shark was
within Sowa region with 76 sightings, followed by 51 sightings in Kwatisore region, and 7 sightings in
Yaur region. From 37 whale sharks identified individual observed in Cenderawasih Bay, there were 36
individuals were identified as male and one as female with a size range of 3-7 meter, dominated by
individual with size under 4 meter. From all the observed whale sharks, 44.44% were found not having
any scars on their body, but some were having scars on their fins and mouth. Whale sharks in
Cenderawasih Bay National Park can be seen moving around in water surface near the lift-net as their
feeding behaviour. The fishermen activities might also have an impact on this behaviour, as the
fishermen catching activities might drive whale sharks to move to the surface. The large percentage of
juveniles recorded in this Cenderawasih Bay National Park population suggests that the area serves as an
important habitat for young whale sharks.
Key Words: marine fish, coral triangle, photo identification, animal behavior, whale shark aggregation.

Introduction. Whale shark Rhincodon typus (Smith, 1829) is one of the largest known
fish on earth. Their habitat covers from warm tropical to subtropical waters and
commonly feed on plankton, krill, coral, and fish eggs (Heyman et al 2001). More recent
accounts of feeding have appeared in Clark & Nelson (1997), and in Heyman et al (2001)
who observed whale sharks feeding on snapper spawn in Belize, as well as on jellyfish.
Norman (1999) recorded whale sharks at Ningaloo Reef feeding on coral spawn, and in
the same area Wilson & Newbound (2001) and Jarman & Wilson (2004) documented
predation on the krill Pseudeuphausia latifrons. Duffy (2002) observed whale sharks
feeding on schools of anchovy in New Zealand.
Whale shark can reach up to 20 meter in length and weighing up to 34 ton (Last &
Stevens 1994; Chen et al 2002). The male adults averaging in 7.05-10.26 meter long
while females are usually around 10.6 meter (Compagno 2002). A number of researchers
have studied the growth of whale shark in captivity. For example, Uchida et al (2000)
recorded a mean annual growth rate of 29.5 cm for a 365 cm female, 21.6 cm for a 450
cm male, and 25.5 cm for a 485 cm total Length (TL) male that were kept for between
458 and 1040 days in the Okinawa aquarium. Chang et al (1997) provided growth
information on a whale shark pup held in captivity which grow to TLs of 139 cm in 120
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days. A female grew from 4 m to nearly 8 m over an 8-year period in the Osaka
aquarium, and a male grew from about 4.5 to 5.5 m in 4 years (Kitafuji & Yamamoto
1998).
From previous studies, females were quite frequent with 17 individuals being
sighted in Ningaloo water, Australia, an area which directly facing Indian Ocean (Sequeira
et al 2013). On individual studies based on sex and age, it was still unknown whether
whale sharks mate in pairs or in large groups (Schmidt et al 2010).
Whale shark is a prominent species in Cenderawasih Bay (Stewart 2011; HoegGuldberg et al 2009), and has gone on to become an ecotourism icon due to their
friendly behavior and routine existence (Stewart 2011). In Cenderawasih Bay, whale
shark is known as “Gurano Bintang” and their existence can be a great potential revenue
for marine protected areas and local communities as well as to raise awareness to the
people, improve regional conservation, and promotion as an iconic species for the
Cenderawasih Bay and the coral triangle region in general (Hoeg-Guldberg et al 2009). In
Indonesia, the Ministry of Marine Affairs and Fisheries Decree No.18/Kepmen-KP/2013
has released policy to fully protect the whale shark. Nevertheless the number of whale
shark has been declining globally and is currently listed as vulnerable in the IUCN Red
List (Norman 2005). Since 2011, whale sharks in Cenderawasih Bay National Park (TCNP)
have been growing as a popular attraction for tourists because of the sharks' regular
association with lift net fisheries (bagan) (BBTNTC–WWF 2009). There have been
anecdotal reports of year-round presence of whale sharks near those fishing operations,
though there are few empirical data to determine actual patterns.
The species has been recognized as highly mobile and migratory species (Eckert &
Stewart 2001; Wilson et al 2006), while at the same time the whale sharks have been
collected in some countries for international trade, which resulted in the species to being
highly threatened. Some threats to whale sharks include catching fish in nets, poor
tourism settings, collisions with ships, arrests and illegal whaling, as well as climate
change (Sequeira et al 2013). Whale sharks have also slow growth rate and late maturity
stage (Bradshaw et al 2008; Schmidt et al 2009). In Australia, the main threat to whale
shark is the reduction of food resources and increased tourists in the whale sharks
sightings area, and illegal capture (Environment Australia 2005). However, studies
regarding whale shark in Indonesia has been rarely conducted. Therefore, this study
become important to be conducted. This study aimed to identify individual and their
composition based on sex and size and their movement behaviour in Cenderawasih Bay
National Park.
Materials and Methods
Time and location. Data sampling were conducted for 52 days in April-June 2013 in
Sowa, Kwatisore and Yaur regions in Cenderawasih Bay National Park, within Nabire
District, Papua Province, Indonesia (Figure 1). The study was conducted with daily
monitoring in fishermen’s lift net located within the study area (Table 1).
Table 1
Details on observation, whale shark appearance frequency and number of lift net within
study area visited
Study area
Yaur
Kwatisore
Sowa

Number of day
observation
2
22
28
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frequency (times)
7
51
76
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Number of lift nets
2
23
32

Figure 1. Study location and whale shark distribution encountered in Sowa, Kwatisore,
and Yaur regions (white triangle: female, black triangle: male), in Cenderawasih Bay
National Park, Papua, Indonesia (original drawing).
Individual identification, sightings frequency, and condition of whale sharks.
Individual identification was conducted with Photographic Identification (Photo ID)
method and Interactive Individual Identification System (I3S) software (Pierce 2007).
This method of identification was done by using white spot pattern on the right and left
side of the body that stretches from the gills to the tip of pectoral fin as an indicator to
distinguish every individual (den Hartog & Reijns 2007). The individual determination was
conducted through comparing the photos taken and the ones with I3S software. The
coordinate position of whale shark was recorded when they emerge to the surface using
GPS. The condition of whale sharks individual were recorded through photo and divided
into three separate scars i.e., fin scar, body scar, and mouth scar. If there were no/few
scars then it was categorized as no scars.
Sex and size identification. Sex determination was done through visual observation of
the presence of reproductive organ such as clasper which was located around the anal
area. Male has a pair of elongated claspers on the anal fin, while females do not have one
(Figure 2). The whale shark size determination was done through comparing the body
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size with height (Norman & Stevens 2007). The comparative observation was done by
swimming right beside the whale shark and record the size estimation.

Figure 2. Whale shark sex identification: female (A) and male (B)
(original photos and drawings).
Lift-net fishermen catch. Data sampling was conducted by visiting the lift nets to
record the obervations. Fish catch was obtained by interviewing fishermen while
observation from the lift net was conducted to support the data (one box = 30 kg).
Moreover, additional data from the fishermen were collected when the authors could not
be present at the designated time.
Data analysis. ArcView GIS 3.3 software was used to create distribution map.
Appearances frequency was calculated by recording the number of individuals appeared
in every study area. The scars frequency on the body were also recorded to obtain the
general condition. The relationship between bagan catch and whale shark sightings was
analysed.
Results and Discussion
Sightings frequency, individual identification, and condition of whale sharks. A
total of 134 times whale shark frequency appearance during 52 days of observation in
Cenderawasih Bay was recorded (Table 1). Whale sharks were distributed surrounding
Cenderawasih Bay National Park (Figure 1). The highest frequency was found in Sowa
region (76 times), followed by Kwatisore region (51 times), and Yaur region (7 times). It
was highly possible that the high appearance sighting in Sowa was due to the high
number of lift nets compare to the other two study sites (Kwatisore and Yaur).
A total of 37 different whale shark individuals were identified based on photo
identification. Aggregations of whale sharks with different number of individual have been
routinely reported off Ningaloo Reef in Australia (Taylor 1996; Wilson et al 2001; Wilson
et al 2006), Gladden Spit in Belize (Heyman et al 2001), Yucatan peninsula Mexico
(Motta et al 2010), Baja California in Mexico (Clark & Nelson 1997) India (Pravin 2010),
Taiwan (Joung et al 1996), Thailand (Theberge & Dearden 2006), and the Philippines
(Colman 1997; Taylor & Pearce 1999; Stewart & Wilson 2005).
More than 50% of the whale sharks who appeared in the study site had scars on
their bodies (Figure 3). The scars were spread throughout their body, 20% of the scars
were found on the fins such as dorsal, pectoral or caudal. Around 20% of the scars are
found around their main bodies including gills and the other 15.56% are found near the
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mouth area. Whale sharks who have scars around their body tend to be more frequent
than the ones who have scars on their fins and mouth area. Whale shark could get scars
due to their monstrous size and slow movement, therefore they are vulnerable to
collision with hard elements such as ships or bagan itself. There were also scars caused
by human activity such as spearing and other means of driving them away from the lift
net due to their presence who are thought to distract the fishermen fishing activity. Scars
on fins and mouth are mostly because they often get entangled with the fishermen net.
Several mouth scars are also caused by the whale shark activity of sucking the fishermen
net which is made by rope.

Figure 3. Scars frequency (%) observed on whale shark bodies (n = 37).
Composition of whale shark individual based on sex and body size. The
appearance frequency of whale shark in Sowa, Kwatisore, and Yaur was dominated by
males. From a total of 37 individuals, 36 of them were males and only one was female
(Figure 4). The highest frequency of male appearance in Sowa reached 74 times, in
Kwatisore the male appearance was 51 times, and in Yaur only 7 times. Female
appearance were very seldom with only 2 times throughout the study, and it only
occurred in Sowa. Female individual sighting in Cenderawasih Bay was lower than in the
California Bay and Cortez Sea (7 individuals) (Eckert & Stewart 2001), in Philippines (19
individuals) (Araujo et al 2014), in Ningaloo of Australia (17 individuals) (Sequeira et al
2013), while in Mexico, 19 individual whale sharks were identified, including nine males,
three females, and seven whose sex was not identified (Nelson & Eckert 2007). This
showed that Cenderawasih Bay possesses low population of female whale shark.
The whale shark individual based on size composition was dominated by size
ranged of 3–3.9 m in total length (Figure 5). The highest appearance frequency was from
those who have a length range of 3–3.9 m (31 times) in Sowa, while a length range of 4–
4.9 m have the same number of appearances in Sowa and Kwatisore (11 times). The
largest length range of whale shark found in the study site was in a range of 6–6.9 m (7
times in Sowa and once in Kwatisore). Group of length range of 5–5.9 m was the least
appearance sighting (once in Sowa and two times in Kwatisore). Yaur was the area where
the least frequency of whale shark sighting occurred, for 3–3.9 m individuals only one
time and 4–4.9 meter 7 times. The possible explanation for this might be due to least
observed area.
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Figure 4. Whale shark sightings frequency based on sex (male and female) at each study
sites (Sowa, Kwatisore, and Yaur).

Figure 5. Whale shark sightings frequency based on total length (m) at each study sites
(Sowa, Kwatisore, and Yaur).
Data on size at maturity of whale sharks is limited. The recorded whale shark size during
the study ranges from three to seven meter which is categorized as juveniles and not yet
matured (Compagno 2002). Colman (1997) and Beckley et al (1997) note that the
sparse evidence available suggests that size at maturity in both sexes is in excess of 9 m,
while others are immature. Beckley et al (1997) examined that the largest female of 870
cm in TL is immature. However, the same 859 cm TL male noted as immature in Beckley
et al (1997) was recorded as mature in Wintner (2000), who also recorded a 577 cm TL
female as adolescent. This seems very small for a maturing animal. Norman & Stevens
(2007) provide some data, based on underwater observations in Western Australia, that
length at first maturity of males is about 8 m TL and that 95% of males are mature by
about 9 m TL. These facts suggests that individuals observed in Cenderawasih Bay
National Park were categorised as juveniles or immature.
The relation between whale shark sighting and number of lift net catch. The
number of whale shark surface appearance was tend to follow the fishermen catch
(Figure 6). During the study period, the most whale shark activity was observed in Sowa
(76 times).
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Figure 6. Whale shark sightings frequency based on own observation and fishermen
information towards fishermen lift-net catch in Sowa (A), Kwatisore (B) and Yaur (C).
A high abundance of smaller fishes that were caught in Sowa could attract the high
number of whale shark appearances in the area. The highest appearance was 14
individuals on May 14th 2013. The fishermen catch in this area was relatively fluctuative
with the highest catch being 365 kg on May 9th 2013. The first full moon did not affect
the catch due to cloudy weather while the second full moon yielded low catch steadily
over the course of the season. Whale shark activity in Kwatisore was lower than Sowa,
with as many as 51 appearances during study, with the highest being 7 individuals on
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April 23rd 2013. Most of the data was obtained from the fishermen. The largest catch
from the lift net is 155 kg on May 17th 2013. The first full moon did not affect the catch
due to cloudy weather while the second full moon yielded less catch compare to the first
one. Yaur is the area where there are least whale shark activity found. There are only 7
times of whale shark appearance sightings during the study. The highest appearance of
whale shark occurred on May 21st 2013 with 4 individuals. On the next observation,
which is on June 9th 2013, there are 3 whale sharks encountered. The fishermen catch in
this area is relatively fluctuative with the highest catch being 80 kg on June 9th 2013.
Other study found that whale sharks may target baitfish (sardines, anchovies) to locate
zooplankton, as these fish can be indicators of plankton rich patches (Nelson & Eckert
2007).
It is likely that the catch from the lift net is affected by moon period, where during
the full moon it would yield less catch compare to that during the new moon. Fishermen
use lighting as a mean to attract fish to the surface, therefore during the full moon the
light is evenly spread out, while during new moon the only source of light is the lighting
itself. During the new moon, the number of fish in the net often attracts the whale shark
to come up to the surface, unlike during the full moon period. But that is not always the
case, because there are other factors such as clouds and rain which could block the
sunlight, therefore fishes would attracted to the lighting instead. Whale sharks form
temporary aggregations of mostly sub-adult juvenile males near tropical and subtropical
coastlines (Nelson 2004; Meekan et al 2006; Riley et al 2010; Rowat & Brooks 2012) that
are most likely driven by seasonal blooms in food (Rowat & Brooks 2012; Martin 2007;
Stevens 2007). Tagging and sighting data (Sequeira et al 2013) suggests whale sharks
from aggregation sites within ocean basins are connected on at least regional (100s 1000s km) scales.
From the data obtained from three sites, it is indicated that the fishermen catch
was relatively higher during the new moon period than full moon period, and the catch
seems to have a significant effect on the appearance of the whale shark in the area.
Whale shark appearances are high during the new moon period, although there are some
appearances during the full moon with less frequency. Observation done by Clark &
Nelson (1997) shows that whale shark would change their movement pattern towards
areas with high concentration of plankton, although other factors such as chemical
concentration, bioelectric stimuli and others are yet to be known. The genetic study
result shows that whale sharks are not all part of a single global meta-population as
indicated by both microsatellite and mitochondrial DNA (Vignaud et al 2014).
Conclusions. Whale sharks in Cenderawasih Bay National Park were dominated by males
with a size range of 3–6 m which were still categorized as juveniles. They often emerged
to the surface as a feeding behavior and largely depend on the fishermen catch. The
feeding behavior of whale shark may be altered by these activities. Representation of
only juveniles or immature in this Cenderawasih Bay National Park population suggests
the area serves as important habitat for young whale sharks.
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