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Abstract

The population of whale sharks (Rhincodon typus Smith, 1828), the world's largest endangered extant fish species,
has declined in the last three decades. Their appearance in the Botubarani Waters has attracted much attention.
This study aimed to determine the whale shark's appearance, their habitat constellation pattern during 2019-2022,
and its oceanographic conditions. The Photographic Identification (Photo-ID) method is used to observe and
determine whale shark individual's number and pattern of presence. Oceanographic data includes chlorophyll-a
concentration using Ocean Color Image data and sea surface temperature (SST) using OSTIA image data processed
with Interactive Data Language (IDL) software. The research showed there are 38 individuals with an estimated
total length of 2.3-7.3 meters. All whale sharks appearing in Botubarani include juvenile male individuals with a
composition of 53% new (N=20) and 47% (N=18) old individuals seen again with a rare seasonal and sporadic
presence pattern mainly in the Eastern season (June). The average SST value ranged from 28.36-30.29°C while
chlorophyll-a ranged from 0.174-0.698 mg.m=3. Although the present findings show that the whale shark's
appearance in Botubarani waters was not significantly influenced by SST and chlorophyli-a, it might be affected by
other oceanography factors such as Sea Surface Height Distribution (SSHD) and depth (bathymetry). As the
Botubarani aggregation site is the only whale shark emergence area with easy access throughout the year and is
rapidly developing into a new ecotourism industry in Indonesia, the information on whale shark appearance
provides useful support for their sustainable protection and conservation in the future.
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et al., 2022), Bentar Beach Waters, Probolinggo
(Kapinangasih et al., 2022), Labuhan Jambu Waters
in Saleh Bay, Sumbawa, West Nusa Tenggara and
Botubarani Waters, Gorontalo (Djunaidi et al., 2020).

Introduction

Whale sharks (Rhincodon typus) are among
the largest filter-feeding fish in the world (Rowat and
Brooks, 2012). They often congregate near coastal

waters seasonally (Guzman et al., 2022). The habit of Over the last three decades, whale shark

whale sharks congregating seasonally in certain
locations is known as constellations (Dove and
Pierce, 2021). This constellation of behavior has
made whale sharks the subject of a highly profitable
ecotourism  industry  worldwide (Rowat and
Engelhardt, 2007). In several countries with regular
seasonal constellation patterns, whale shark
ecotourism areas have developed and attracted
many tourists, such as in Oslob, Philippines (Craven,
2012), Isla Holbox, Mexico (Ziegler et al., 2012) and
Ningaloo Reef, Australia (Mau, 2008). In Indonesia,
several locations have been developed into whale
shark tourism destinations such as Kwatisore Waters,
Cendrawasih Bay National Park, Papua (Maruanaya

populations have decreased by more than 50%
worldwide (Pierce and Norman, 2016; Anna and
Saputra, 2017; Guzman et al., 2021; Farid et al.,
2021). Biological characteristics of slow growth, late
sexual maturation, and low fecundity make whale
sharks very vulnerable to extinction (Dove and Pierce,
2021). Therefore, since 2002, the international
organization CITES (Convention on International
Trade in Endangered Species) has included Whale
Sharks in the Appendix Il list. In 2016, the IUCN
(International Union for Conservation of Nature)
organization also updated the protection status of
whale sharks from the vulnerable category to
endangered due to continuous population decline
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(Pierce and Norman, 2016). Then, in 2021, another
assessment was carried out on the conservation
status of whale sharks, putting them in a largely
depleted category based on the IUCN Green List
assessment (Pierce et al., 2021). Additionally,
Indonesian whale sharks are also fully protected by
Decree 18/KEPMEN-KP/2013 of the Maritime Affairs
and Fisheries Minister (Sadili et al., 2015).

Coastal waters at Botubarani are part of
Tomini Bay's whale shark constellation. Because
whale sharks are present almost every day of the
year, makes them ideal for regular observations:
(Rahman et al.,, 2017; Handoko et al., 2017). In
general, the seasonal constellation of whale sharks is
influenced by oceanographic processes such as sea
surface temperature, coastal currents, and increased
productivity of the surrounding environment,
particularly the abundance of phytoplankton (Heyman
etal., 2001; Fox et al., 2013). In the Kwatisore waters
of Cendrawasih Bay National Park, the seasonal
constellation of whale sharks follows a fluctuating
trend of increasing chlorophyll-a values and sea
surface temperature (Enita et al., 2017; Manuhutu et
al., 2021). Similarly, research carried out by
Sakuntala et al. (2016) on the emergence of whale
sharks based on environmental factors in
Probolinggo waters demonstrated that surface
temperature and chlorophyll-a influence the pattern
of whale sharks appearance. According to Rahman et
al. (2017), in Botubarani Gorontalo the emergence of
whale sharks may be influenced by food availability,
with copepods and fish larvae being abundant in the
area where whale sharks appear.

Observing oceanographic factors is important
to determine the relationship between habitat
characteristics and the frequency of whale shark
presence in constellation habitats (Sequeira et al.,
2014). Therefore, this research aims to determine the
whale shark constellation pattern of Botubarani
waters of Gorontalo Coastal Park and to observe
oceanographic factors, specifically the chlorophyll-a
and sea surface temperature, using remote sensing.
This work used the whale sharks' appearance data
series obtained using the Photo-ID technique from
2019 to 2022 to provide an overview of the
constellation patterns of whale sharks in Botubarani
waters. This information is necessary to protect and
conserve this endangered species in the future.

Materials And Methods

The research location is in Botubarani village,
on the north coast of Tomini Bay, Kabilabone District,
Bone Bolango Regency (Figure 1). The topographic
characteristics of Botubarani Beach are steep drop-
offs. The location for recording the appearance of
whale sharks is in an interaction zone of 0.82
hectares, approximately 20 meters from the beach.

Whale shark observations were conducted daily,
corresponding with the times whale sharks appeared
in the Botubarani interaction zone. The location
where the whale shark appears in Botubarani is also
within the limited-use zone of the Gorontalo Bay
Coastal Park Conservation Area (Ministerial Decree
Number 127 of 2023) and the Wallacea bio ecoregion
of Gorontalo (Adisubroto and Pardede, 2021).

The constellation pattern of whale sharks was
determined using photo-ID and whale shark data
were analyzed using 13S (Interactive Individual
Identification System) software developed by Pierce
(2007). The position for taking Photo-ID on the whale
shark's body is on the left and right sides near the
pectoral fins. The horizontal composition of the photo
includes a white spot pattern between the 5th gill and
the tip of the inner pectoral fin. Vertically, photos were
taken from the base of the pectoral fin to the end of
the whale shark's dorsal line. The collected field
identification photo files were standardized in naming
and size using Photoscape software for cropping and
color-editing before being identified with I3S
software. The results of 13S data processing
confirmed the presence of each individual during the
research period to determine the constellation
pattern of the Botubarani whale shark.

The sea surface temperature (SST) and
chlorophyll-a data in this study were obtained through
satellite imagery. The source of SST data was from
Operational Sea Surface Temperature and Sea Ice
Analysis (OSTIA) downloaded from https://ghrsst-
pp.metoffice.gov.uk/ostia-website/index.html, and
chlorophyll-a data were obtained from The Ocean
Color Climate Change (OC CCI) satellite image
downloaded from https://oceancolor.gsfc.nasa.gov/.
The data cover a period of four years from January 1st,
2019 to December 31st, 2022. Chlorophyll-a and SST
image data were processed using Interactive Data
Language (IDL) software version 8.5 according to
Purwanti et al. (2017).

Individual whale shark presence data per day
were tabulated into monthly and annual presence data
to see the pattern of the presence of the whale shark
population in Botubarani. Individual attendance
pattern data were used to create graphs of total
annual and monthly attendance and profiles of each
individual's attendance pattern based on the results
of ID photo analysis using the Interactive Individual
Identification System (I3S). The description of the
whale shark constellation pattern follows Thomson et
al. (2017), wherein the presence of whale sharks at
the observation location was grouped into 3
categories per observation period (Table 1). The
relationship between SST and whale shark
appearance and chlorophyll-a and whale shark
appearance was analyzed using Pearson correlation
with SPSS
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Table 1. Categories of whale shark presence patterns based on Thomson et al. (2017)

Category Number of days Presence Patterns
Single-sighting Sporadic
Infrequent Seasonal
Frequent Stay
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Figure 1. Research Location Map

Results and Discussion

The identification results using I3S (Interactive
Individual ldentification System) software carried out
by the Marine and Coastal Resource Management
Agency yielded 33 ID Photos of whale sharks
documented in Botubarani waters from 2016-2018.
However, during the research period (2019-2020), a
total of 38 documented ID photos of whale sharks
were obtained (Table 2) with a composition of 53%
(N=20) including new individuals that appeared at the
research location, while the remaining 47% (N =18)
including old individuals who had been recorded in
previous years (2016-2018).

The results of recording the number of whale
shark individuals appearing each month in
Botubarani waters for 4 years (2019-2022) are
presented in Figure 2. The graph shows variations in
the increase in the number of different individuals
between months each year. An upward trend in the

number of individuals begins from January to June
and begins to decline from July to December. This
pattern occurs almost the same every year, except in
2020, when the highest increase in the number of
individuals occurred in March. The highest peak
appearance occurred in 2021 (18 individuals),
namely in May and June. In the peak emergence
period in 2021, whale sharks can be found every day
for 2 consecutive months, and it has been recorded
those 12 sharks were found per day (data collection
date 16 June 2021).

A total of 38 whale shark individuals were
identified over 4 years with an average attendance of
5.6 individuals.month? (range=1-18). The results of
the estimated body length measurements of 38
individual whale sharks identified from January 2019
to December 2022 ranged from 2.5-7.3 meters, with
an average size ranging between 4.47 and 4.73
meters. These findings indicated that all individual
whale sharks identified in Botubarani waters are
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included in the Juvenile category, and the gender
observations showed that all Whale Sharks appearing
in Botubarani waters are male (Figure 3.), shown by
their unclassified claspers.

Based on the presence frequency categories
per year in Table 3, whale sharks in Botubarani are
dominated by individuals with seasonal visit patterns
with a frequency of presence in the rare category (7-
17 individuals). Meanwhile, 1-3 individuals have a

single visit pattern or only appear once a year. 2-7
individuals are often seen and tend to stay around.
The average annual individual attendance ranges
from 18.16 to 82.91 days per year, with the highest
peak attendance occurring in 2021 (995 days,
n=25). The annual constellation pattern further
suggests that the Botubarani whale shark is
dominated by old individuals that have been recorded
in previous years, with an average return of sightings
ranging between 54-84% each year.

Table 2. Total photo ID data collection for Botubarani whale sharks from 2016 to 2022

Year Month Day Code ID Total ID
Appearance

2016* April, May, September, October and 65 GT 001-GT 017 17
November

2017* April and May 25 GT 018-GT 020 3

2018* May, June, July, August 123 GT 021-GT 033 13

2019 January-December 365 GT 034-GT 037 4

2020 January-December 366 GT 038-GT 043 6

2021 January-December 365 GT 044-GT 047 4

2022 January-December 365 GT 048-GT 0453 6
Total 53

Note: * Secondary data from Marine and Coastal Resource Management Agency, Makassar, Year 2016-2018.

Table 3. Frequency of sporadic, seasonal, and persistent presence patterns of Botubarani whale sharks during the study period

Category (day) Presence Patterns 2019 2020 2021 2022
Single-sighting (1) Sporadic 2 3 1 0
Infrequent (30) Seasonal 12 17 17 7
frequent (60) Stay 2 3 7 5
Number of individuals 16 23 25 12
New Individual 4 6 4 6
Old individual 12 17 21 6
% Ind Looks Back 75% 74% 84% 50%
Total Attendance.Year1 (days) 218 383 995 401
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Figure 2. Number of whale shark individuals per month in Botubarani Waters during 2019-2022
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Figure 3. Male Juvenile whale shark in Botubarani Waters, Gorontalo

In general, the Botubarani whale shark
constellation pattern tends to show the same trend of
appearance every year. The emergence begins at the
end of the western season (February) and slowly
increases into the first transition season (March-
May). The highest peak attendance occurred during
the eastern season in June, except in 2020 when it
occurred in March and October. Entering the
beginning of the second transition season, the whale
sharks that appear in Botubarani begin to decline
until they enter the western season. The occurrence
data also shows that during the study period (Figure
4), the trend in the presence of Botubarani whale
sharks began from March to June with the highest
peak season presence in June. The highest peak
attendance occurred in 2021, namely 18 individuals
appearing alternately for 159 days.

Chlorophyll-a concentrations at Botubarani
waters during the study period ranged from 0.174-
0.698 mg.m-3. The results of Operational Sea Surface
Temperature and Sea Ice Analysis (OSTIA) image data
processing from January 2019-December 2022
showed that the average value of chlorophyll-a
concentration varied every year. In 2019, chlorophyll-
a concentrations ranged from 0.184-0.364 mg.m-3. In
the following year (2020) the chlorophyll-a value
increased, although not significantly, with a
concentration between 0.174-0.382 mg.m-3. The
highest chlorophyll-a concentration occurred in 2021
(0.182-0.698 mg.m-3) and decreased in 2022
(0.183-0.535 mg.m-3). Based on the average value of
chlorophyll-a concentration per month during the 4
years research period, the highest chlorophyll-a
concentration value occurred in September 2021
(Figure 5B) with an average value of 0.698 mg.m-3
which is included in the initial period of transition
season Il. Meanwhile, the lowest average value of
chlorophyll-a was obtained in April 2021 with a value
of 0.17 mg.m-3which was included in the mid-season
period of transition I.

The chlorophyll-a concentration value in the
surrounding Botubarani waters has different monthly
variability. A graph of the variability of chlorophyll-a
values per month during the research period in
Botubarani waters and its surroundings is presented
in Figure 6. The data processing results show that the
trend of chlorophyll-a concentration values each
month shows the same pattern yearly; entering the
western season (December to January), chlorophyll-a
conditions increased until February. However, it
declined until the middle of the first transition season
(April). The chlorophyll concentration value in April
during the study period consistently decreased
(0.174-0.191 mg.m-3) every year compared to the
chlorophyll-a concentration in other months. The
concentration of chlorophyll-a increases at the
beginning of the east monsoon and continues until
the end of the 27 rainy season (September-
November).

During the research period, the highest
chlorophyll-a concentration occurred in September
2021 and indicated a sharp increase compared to
other months. The upwelling phenomenon that
occurs often in Tomini Bay may have caused this
phenomenon. According to Burhanuddin et al.
(2004), in the waters of Tomini Bay, indications of
upwelling areas often occur around Tomini Bay, the
Togean lIslands, and south of Gorontalo. This is also
following the results of an upwelling study in Tomini
Bay conducted by Amri et al. (2005), where the
upwelling phenomenon occurs in the east season
(July-August), which is marked by a sharp increase in
chlorophyll-a concentrations between 0.8 -1.25
mg.m-3. According to Amri et al., (2005), this
upwelling phenomenon occurs due to the movement
of the northern lower water mass at a depth of 150 m
which forces the Maluku Sea water mass at the
mouth of Tomini Bay (the location where the
Botubarani whale shark appears) to collide with the
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shelf area, thus triggering an increase in the water
mass from the inside to the surface.

The results of Operational Sea Surface
Temperature and Sea Ice Analysis (OSTIA) image data
processing during the period January 2019-
December 2022 showed that the average sea
surface temperature in Botubarani and the
surrounding waters ranged from 28.36-30.29°C. The
highest average sea surface temperature value was
obtained in November 2021 with a value of 30.29°C,
included in the transition season period 2 to the west
monsoon. The lowest average sea surface
temperature value was obtained in August with a
value of 28.36°C which is included in the period from
the end of the east season to the transition season II.

The monthly SST data processing results
during the research period also show that the
distribution of sea surface temperature values in
Botubarani waters and surrounding waters have
different variability values each month. Inter-month
sea surface temperature variability values during the
study period are presented in Figure 7. The trend in
SST variability values shows an increase in sea
surface temperature during the transition season |
(March, April, May) to the beginning of the East

Transition season Il

Eastern season

Transition season |

western season

season (June). The decrease in SST occurs in the
middle of the East season (July and August) and
begins to increase during the second transition
season (September, October, and November).

Based on the average value of sea surface
temperature (28.36-30.29°C) obtained during the
research period, the condition of Botubarani waters
and the surrounding waters are warm waters (Tita et
al., 2020). Tropical waters with SST values above 28
0OC are categorized as warm waters (Vinayachandran
and Shetye, 1991) which geographically are ideal
locations for the main distribution of whale sharks
globally (McKinney et al. (2012). According to Toha et
al. (2018), The SST range for whale sharks in
Kwatisore waters ranges from 29.5-31.8°C with an
optimum range of 30.3-31.3 °C. SST variability at the
research location also shows increased sea surface
temperature during transition season I. A decrease in
SST occurs in the middle of the East monsoon and
begins to increase during the transition season Il.
Observations of Tita et al. (2020) at the same location
suggest that this pattern is not much different from
the research results. The SST in Tomini Bay increased
during transition seasons | and Il while decreasing in
the West and East seasons, a similar pattern
observed by Tita et al. (2020).

| I

200

400 600 800

No. of Whale Shark Appearance

=2019
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Figure 4. Seasonal constellations of Gorontalo whale shark juveniles
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Figure 6. Average monthly chlorophyll-a concentration values during 2019-2022
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Figure 7. Average monthly SST values during 2019-2022

A total of 58 Botubarani whale sharks have
been identified using photo ID techniques over the
past 8 years. When compared with the number of
individuals in other places, such as research by
McKinney et al. (2017) in the Gulf of Mexico
(n=1,361), or the results of research by Tania et al.
(2016) in Cenderawasih Bay, Papua (n=131), the
population of Gorontalo whale sharks is relatively
small, so it still requires individual-based data
collection in the long term. Photographic
identification  (photo-ID) techniques are the
appropriate method for studying long-term population
structure in Botubarani. This method is also the most
widely used globally to evaluate population structure,
residency patterns, population size, residence
patterns, habitat use, movement patterns, philopatry
assessment, and other population dynamics
(Andrzejaczek et al., 2016; Araujo et al., 2022).

The presence of whale sharks in the
Botubarani whale shark interaction zone is
dominated by new individuals with an average of 5
new individuals appearing yearly. The rest are old
individuals with seasonal site fidelity patterns in
Botubarani waters. Various research results using the
same method also show this return pattern, for
example, the research results on Ningaloo Reef,
Australia, where 35% of individuals were again
observed at that location (Holmberg et al., 2009). In
the Philippines, 53% of the whale shark population in
Donsol returns to the same location in at least 2
seasons (McCoy et al., 2018), although in a separate
place, namely on Panon Island, Philippines, Araujo et
al. (2016) noted that only 32% of individuals
returned. Increasing the presence of new individuals
and the return of old individuals with different
presence times every year confirms the importance of
this area as an important habitat in the cycle and
development of this endangered species.

The absence of female individuals and adult
whale sharks in Botubarani is also important to
highlight. This condition shows that Botubarani
waters are an important habitat for developing male
juvenile whale sharks (Valsecchi et al., 2021) or as a
secondary nursery area (Allen et al., 2021) for male
juveniles in Tomini Bay. The results of research on the
emergence of whale shark habitats so far show that
the habitats of adult and female whale sharks
generally tend to be in offshore waters (Dove and
Pierce, 2021) and are mostly epipelagic, meaning
they spend most of their time at depths between (O-
200 meters) such as tagged adult whales in Mexican
waters (Ramirez-Macias et al., 2017). Meanwhile,
juvenile whale sharks tend to be found congregating
in shallow waters near the coast (Dove and Pierce,
2021). In Indonesia, the whale shark is also found in
Cenderawasih Bay, Papua (Manuhutu et al., 2021),
Talisayan waters, Kalimantan (Himawan et al., 2017),
and Probolinggo waters (Syah et al., 2018;
Kapinangasih et al., 2022). Large adult whale sharks
are rarely found on the coasts because of their diving
abilities and adaptations that allow them to obtain
more prey in deep waters (Dove and Pierce, 2021).

The Botubarani whale shark constellation
pattern is dominated by whale sharks, and they visit
every year with a seasonal pattern. These results are
in line with the pattern of whale shark presence in
Oslob which shows variations in seasonal and
sporadic visitation patterns. There were 208 whale
sharks monitored for three years, of which only nine
regularly appeared for a long period, while the others
appeared seasonally, sporadically, or only once
(Thomson et al., 2017). In Botubarani, of the 38
individuals that appeared during the study period,
only 3 consistently returned every year and tended to
stay in the whale shark tourism interaction zone.
Whale shark ID GT 32 is the one that appears most
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often in the Botubarani whale shark interaction zone.
This return may be caused by injury to his eye, which
alters how the eye moves and affects their behavior
(Yasir et al., 2024, in press) and influences the
number of whale sharks appearing. Whale sharks
display different patterns of presence in aggregation
areas globally. The appearance of whale sharks is
dynamic because of their natural nature as a highly
migratory species so their presence patterns are
different each season (Parra Venegas et al., 2011).

The peak appearance of whale sharks in
Botubarani occurs during the first transition season,
especially in June. This result is different from the
season for whale sharks appearing at Bentar Beach,
Probolinggo, where whale sharks are often found in
December - March (Syah et al., 2018). However, in
other locations, the research results by Rowat (2007)

show the same results, where whale sharks gather in
South Africa, Mozambique, and Kenya, especially in
summer and last until autumn (April-June). Whale
sharks migrate during their peak emergence season,
influencing the peak emergence season. Whale shark
migration patterns are generally driven by foraging
and reproductive opportunities (Rohner et al., 2015).
By instinct, whale sharks move from one place to
another to look for food and continue their life cycle
(Kapinangasih et al., 2022). This is related to the
natural nature of whale sharks as a species with a
high migration rate (highly migratory) over distances
of thousands of kilometers (Rowat and Gore, 2007)
to areas with high productivity, such as research
results on whale sharks in the Gulf of Mexico (Motta
et al., 2010) and in the Philippines (McCoy et al.,
2018).
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Figure 8. The relation between the monthly average of whale shark appearance and chlorophyll-a concentration during 2019-2022
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Globally, the distribution and abundance of
whale sharks are influenced by oceanographic
processes such as sea surface temperature and
increased  productivity of the  surrounding
environment, especially the abundance of
phytoplankton (Heyman et al., 2001; Fox et al., 2013;
Sakuntala et al.,, 2016). In remote sensing,
chlorophyll-variables are observed as a proxy for
phytoplankton models because phytoplankton
abundance is often linked to chlorophyll-to explain
the emergence and movement of marine animals,
including planktivorous Elasmobranchii such as
whale sharks (Rohner et al., 2013). Observations of
chlorophyll-a concentrations in Botubarani waters
and the surrounding sea are slightly different from the
results of previous research conducted by Amri et al.,
(2005) in 2003-2004 in Tomini Bay, where the
chlorophyll-a content values ranged between 0.32-
1.25 mg.m-3. Compared with the results of research
at other whale shark emergence locations such as in
Probolinggo (Sakuntala et al., 2016) and Panama,
Eastern Pacific Ocean (Guzman et al., 2022), the
chlorophyll-a concentration value in Botubarani is not
much different from research results in these two
locations. The result of Pearson analysis showed that
there is a negative, very low correlation between the
yearly average of whale shark appearance and yearly
average chlorophyll-a concentration (r=0,029) (Figure
8), while there is a positive, low correlation between
yearly average whale shark appearance and yearly
average SST (r=0,279) (Figure 9). These findings are
contrary to the study of Manuhutu et al. (2021) which
used the Generalized Additive Model (GAM) analysis
of the presence of whale sharks in the waters of
Cenderawasih Bay National Park, Papua, Indonesia,
the oceanographic parameters that have the most
influence are Sea Surface Temperature (SST) and
Chlorophyll-a and indicated that there are several
other oceanographic factors influenced the whale
shark's appearance in Botubarani waters, such as
Sea Surface Height Distribution (SSHD) and depth
(Bathymetry). Since the oceanographic conditions in
Indonesia are diverse and complex, further study is
important to draw a firm conclusion.

The Gorontalo whale shark aggregation site is
the only whale shark emergence area on Sulawesi
Island with easy access throughout the year. Only a
few locations where whale sharks appear with a very
close range, access, and distance from the beach
(only 20 m), such as in the Botubarani whale shark
interaction zone. This ease of access and
accommodation has rapidly developed Botubarani
into a new ecotourism industry in Indonesia. However,
it is important to remember that unregulated
ecotourism  could  threaten the long-term
sustainability of whale sharks (Allen et al., 2021;
Harvey-Carroll et al., 2021). Therefore, it is critical to
understand the population characteristics and

seasonal constellation patterns of whale sharks and
the importance of their occurrence habitats. There is
a need for special attention to be given to the whale
sharks living in Botubarani, both through better
management of tourism attractions and through
action plans to protect and preserve them.

Conclusion

The population of whale sharks that appear in
Botubarani waters are male juvenile whale sharks.
Botubarani Gorontalo whale shark constellations are
dominated by whale sharks with a seasonal
infrequent presence pattern, with the highest peak
presence occurring in the east season, especially in
June. The pattern of whale shark presence in the
Botubarani Gorontalo fishery tends to follow the
fluctuating trend of Sea Surface Temperature
variables. Meanwhile, the chlorophyll-a variable has
no significant effect on the presence of whale sharks
in Gorontalo.

Acknowledgment

The author would like to thank the Maritime
and Fisheries Training Center, Ministry of Maritime
Affairs and Fisheries, Indonesia for providing a
scholarship for First Author to study at Diponegoro
University. We would also like to express our gratitude
to the Marine and Coastal Resource Management
Agency (BPSPL) Makassar staff and all Gorontalo
Whale Shark Monitoring Team members who
participated in data collection during the fieldwork.

References

Adisubroto, U. & Pardede, T.S. 2021. Whale Shark in
The Development of Geopark and Sustainable
Tourism in Gorontalo, Indonesia. J. Perencana-
an Pembangunan, 5(3): 363-371. https://doi.
org/10.36574/jpp.v5i3.232.

Anna, Z. & Saputra, D.S. 2017. Economic valuation of
whale shark tourism in Cenderawasih Bay
National Park, Papua, Indonesia. Biodiversitas,
18(3): 1026-1034. https://doi.org/10.13057
/biodiv/ d180321

Allen, L. H., Stewart, B.D., McClean, C.J., Hancock, J.
& Rees, R. 2021. Anthropogenic Injury and Site
Fidelity in Maldivian Whale Sharks (Rhincodon
typus). Aquat. Conserv.: Mar. Freshw., 31(6):
1429-1442. https://doi.org/10.1002/aqc.3524

Amri, K., Suwarso & Herlisman. 2005. Dugaan
Upwelling Berdasarkan Analisis Komparatif Citra
Sebaran Suhu Permukaan Laut dan Klorofil-a Di
Teluk Tomini. J. Litbang Perikanan Indonesia,

250

Seasonal Constellation of Juvenile Whale Sharks (M. Yasir et al.)


https://doi.org/10.1002/aqc.3524

ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2024 Vol 29(2):241-253

11(6): 57-71. http://doi.org/10.15578/jppi.11.
6.2005.57-71.

Andrzejaczek, S., Meeuwig, J., Rowat, D., Pierce, S.,
Davies, T., Fisher, R. & Meekan, M. 2016. The
ecological connectivity of whale shark
aggregations in the Indian Ocean: a photo-
identification approach. R. Soc. Open Sci., 3(11):
160455. https://doi.org/10.1098/rs0s.1604 55.

Araujo, G., Agustines, A., Bach, S.S., Cochran, J.E.M.,
Parra-Galva, E., Parra-Venegas, R., Diamant, S.,
Dove, A., Fox, S., Graham, R.T, Green, S.M.,
Green, J.R., Hardenstine, R.S., Hearn, A.,
Himawan, M.R., Hobbs, R., Holmberg, J.,
Shameel, I., Jaidah, M.Y., Labaja, J., Leblond, S.,
Legaspi, C.G., Maguino, R., Magson, K.,
Marcoux, S.T., Marcoux, T.M., Marley, S.A,
Matalobos, M., Mendoza, A., Miranda, J.A.,
Norman, B.M, Perry, C.T., Pierce, S.J., Ponzo, A,
Prebble, C.E.M., Ramirez-Macias, D., Reers, R.,
Reeve-Arnold, K.E., Reynolds, S.D., Robynson,
D.P., Rohner, C.A,, Rowat, D., Snow, S., Vazquez-
Haikin, A. & Watt, AM. 2022. Improving
Sightings-Derived Residency Estimation for
Whale Shark Aggregations: A Novel Metric
Applied to A Global Data Set. Front. Mar. Sci., 9:
p.775691. https://doi.org/10.3389/fmars.20
22.775691.

Araujo, G., Snow, S., So, C.L., Labaja, J., Murray, R.,
Colucci, A. & Ponzo, A. 2016. Population
Structure, Residency Patterns and Movements
of Whale Sharks in Southern Leyte, Philippines:
Results from Dedicated Photo-ID and Citizen
Science. Aquat. Conserv. Mar. Freshw. Ecosys.,
27:237-252. https://doi.org/10.1002/aqc.2636.

Burhanuddin, S., Sulisto, B., Supangat, A., Nasution,
.M., Rayemo, T. & Kepel, C.R. 2004. Profil
sumber daya kelautan Teluk Tomini. Badan
Riset Kelautan dan Perikanan. Departemen
Kelautan dan Perikanan. Jakarta.

Craven, S. 2012. Whale shark of Oslob. A Report on
the Status of the Whale Shark Watching Tourist
Industry in Tan-awan, Oslob, Cebu.48 pp.

de La Parra Venegas, R., Hueter, R., Cano, J.G,
Tyminski, J., Remolina, J.G., Maslanka, M.,
Ormos, A., Weigt, L., Carlson, B. & Dove A. 2011.
An Unprecedented Aggregation of Whale
Sharks, Rhincodon typus, in Mexican Coastal
Waters of the Caribbean Sea. PLoS ONE 6(4):
e€18994. https://doi.org/10.1371/journal.pone.
0018994

Djunaidi, A., Jompam J., Nadiarti, N., Bahar, A,
Tilahunga, S.D., Lilienfeld, D. & Hani, M.S. 2020.

Analysis of Two Whale Shark Watching
Destinations in Indonesia: Status and
Ecotourism Potential. Biodiversitas, 21(9):
4511-4523.

Dove, A.D.M & Pierce, S.J. 2021. Whale Sharks
Biology, Ecology, and Conservation. CRC Press.
334. https://doi.org/10.1201/b22502

Enita, S.Y., Kunarso & Wirasatriya, A. 2017.
Identifikasi Faktor Oseanografi Terhadap
Kemunculan Hiu Paus (Rhincodon typus) di
Perairan Kwatisore, Kabupaten Nabire, Papua.
J. Oseanografi, 6(4): 564-572.

Farid, M.F., Hariyadi, S., Kamal, M.M. & Susanto, H.A.
2021. Evidence of residential area of whale
sharks in Saleh Bay, West Nusa Tenggara. IOP
Conf. Ser. Earth Environ. Sci., 744(1): p.012018
https://doi.org/10.1088/1755-1315/744/1/0
12018

Fox, S., Foisy, I, De La Parra Venegas, R., Galvan
Pastoriza, B.E., Graham, R.T., Hoffmayer, E.R.,
Holmberg, J. & Pierce S.J. 2013. Population
Structure and Residency of Whale Sharks
Rhincodon typus at Utila, Bay Islands, Honduras.
Fish. Soc. British Isles J. Fish Biol., 83(3): 574-

587. https://doi.org/10.1111/jfb.12195.

Guzman, H.M., Beaver, C.E. & Diaz-Ferguson, E.
2021. Novel Insights into the Genetic Population
Connectivity of Transient Whale Sharks
(Rhincodon typus) in Pacific Panama Provide
Crucial Data for Conservation Efforts. Front. Mar.
Sci.,8: p.744109. https://doi.org/10.3389/fm
ars.2021.744109

Guzman, M.H., Collatos, M.C. & Gomez G.C. 2022.
Behavior, and Habitat Use of Whale Sharks
(Rhincodon typus) in the Tropical Eastern Pacific
Ocean. Front. Mar.,, Sci. 9: p.793248.
Https://doi.org/10.3389/fmars.2022.793248.

Handoko, K., Himawan, R.M., Tania, C, Syarifuddin,
U., Jakasukmana, M., Maduppa, H. & Subhan, B.
2016. Hiu Paus di Pantai Botubarani, Gorontalo.
BPSPL Makassar. 118 Hal.

Harvey-Carroll, J., Stewart, J.D. & Carroll, D. 2021. The
Impact of Injury on Apparent Survival of Whale
Sharks (Rhincodon typus) in South Ari Atoll
Marine Protected Area, Maldives. Sci. Rep. 11:
p.937. https://doi.org/10.1038/s41598-020-
79101-8.

Heyman, W.D., Graham, R.T., Kjerfve, B. & Johannes,
R.E. 2001. Whale Sharks Rhincodon Typus

Seasonal Constellation of Juvenile Whale Sharks (M. Yasir et al.)

251


https://doi.org/10.1098/rsos.1604%2055
https://doi.org/
https://doi.org/10.1371/journal
https://doi.org/10.1201/b22502
https://www.frontiersin.org/people/u/830803
https://www.frontiersin.org/people/u/1157454
https://www.frontiersin.org/people/u/1462395
https://doi.org/10.3389/fm%20ars.2021.744109
https://doi.org/10.3389/fm%20ars.2021.744109
https://doi.org/10.1038/s41598-020-79101-8
https://doi.org/10.1038/s41598-020-79101-8

ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2024 Vol 29(2):241-253

Aggregate to Feed on Fish Spawn in Belize. Mar.
Ecol. Prog. Ser., 215: 275-282. https://
doi.org/10.3354/meps215275.

Himawan, M.R., Tania, C., Fadela, S.N. & Bramandito,
A. 2017. Final report: Whale Shark Indonesia
Project. Whale Shark Indonesia Project. Bogor
Agricultural University, WWF-Indonesia. 30 pp.

Holmberg, J., Norman, B. & Arzoumanian, Z. 2009.
Estimating Population Size, Structure, and
Residency Time for Whale Sharks Rhincodon
typus Through Collaborative Photo-
Identification. Endanger Spec. Res., 7: 39-53.
https://doi.org/10.3354/esr00186

Kapinangasih, P., Wijayanti, D.P. & Sabdono, A. 2022.
Tingkah Laku dan Kemunculan Hiu Paus
(Rhincodon typus, Smith 1828) di Pantai Bentar
Probolinggo. J. Mar. Res. 11: 49-60
https://doi.org/10.14710/jmr.v11i1.31727.

Maruanaya, Y., Retraubun, W.S.A., Tuhumury, S.F. &
Abraham, J. 2022. Feeding Habits and
Frequency of Appearance of Whale Sharks
(Rhincodon typus) in the Kwatisore Waters in the
Sea Tenure of Akudiomi Village Located Within
Cenderawasih Bay National Park. J. Iimu dan
Teknologi Kelautan, 14(1): 109-129.
https://doi.org/10.29244/jitkt.v14i1.39648.

Manuhutu, J.F., Wiadnya, D.G.R., Sambah, A.B.,
Herawati, E.Y. 2021. The presence of whale
sharks based on oceanographic variations in
Cenderawasih Bay National Park, Papua,
Indonesia. Biodiversitas 22(11): 4948-4955
https://doi.org/10.13057/biodiv/d221129

Mau, R. 2008. Managing for Conservation and
Recreation: The Ningaloo Whale Shark
Experience. J. Ecotourism. 7(2-3): 213-225,
https://doi.org/10.1080/14724040802140550.

McCoy, E., Burce, R., David, D., Aca, E.Q., J. Hardy.,
Labaja, J., Snow, S.J., Ponzo, A. & Araujo, G.
2018. Long-Term Photo-ldentification Reveals
the Population Dynamics and Strong Site Fidelity
of Adult Whale Sharks to the Coastal Waters of
Donsol, Philippines. Front. Mar. Sci., 5: p.271.
https://doi.org/10.3389/fmars.2018.00271

McKinney, J.A., Hoffmayer, E.R., Holmberg, J. &
Graham. 2017. Long-term Assessment of Whale
Shark Population Demography and Connectivity
Using Photo Identification in the Western
Atlantic Ocean. PLoS One, 12(8): p.e0180495.
https://doi.org/10.1371/journal.pone.0180495.

Motta, P.J., Maslanka, M., Heuter, R.E., Davis, R.L., de
la Parra, R., Mulvany, S.L., Habegger, M.L., M.L.

Strother, M.L., Mara, K.R., Gardiner, J.M.,
Tymniski, J.P. & Zeige, L.D.R. 2010. Feeding
anatomy, filter-feeding rate, and diet of whale
shark Rhincodon typus during surface ram filter
feeding off The Yucatan Peninsula, Mexico.
Zoology, 113(4): 199-212. https://doi.org/10.
1016/j.z00l.2009.12 .001

Pierce, S.J. & Norman, B. 2016. Rhincodon typus. The
IUCN Red List of Threatened Species 2016.
https://doi.org/10.2305/IUCN.UK.2016-1.RLT
S.T19488A2365291.en.

Purwanti, |., Prasetyo, Y. & Wijaya, A.P. 2017. Analisis
Pola Persebaran Klorofil-A, Suhu Permukaan
Laut, Dan Arah Angin Untuk Identifikasi
Kawasan Upwelling Secara Temporal Tahun
2003-2016 (Studi Kasus: Laut Halmahera). J.
Geodesi Undip, 6(4): 506-516.

Rahman, A., Haryadi, J., Sentosa, A.A. & Mujiyanto.
2017. HKajian Awal Kemunculan Hiu Paus
(Rhyncodon typus, Smith 1828) di Teluk Tomini
Dihubungkan dengan Faktor Fisik dan Biologi
Perairan. J. Akuatika Indonesia, 2(2): 128-136.

Ramirez-Macias, D., Meekan, M., de la Parra-
Venegas, R., Remolina-Suarez, F., Trigo-
Mendoza, M. & Vazquez-Juarez, R. 2012.
Patterns in Composition, Abundance and
Scarring of Whale Sharks Rhincodon typus near
Holbox Island, Mexico. J. Fish Biol., 80(5): 1401 -
1416. https://doi.org/10.1111/j.1095-8649.
2012.03258.x.

Rohner, C.A., Pierce, S.J., Marshall, A.D., Weeks, S.J.,
Bennett, M.B. & Richardson, A.J. 2013. Trends
in Sightings and Environmental Influences on a
Coastal Aggregation of Manta Rays and Whale
Sharks. Mar. Ecol. Prog. Ser., 482: 153-168.

Rohner, C.A., Richardson, A.J., Jaine, F.R.A., Bennett,
M.B., Weeks, S.J., Cliff, G., Robinson, D.P.,
Reeve-Arnold, K.E. & Pierce, S.J. 2018. Satellite
Tagging Highlights the Importance of Productive
Mozambican Coastal Waters to the Ecology and
Conservation of Whale Sharks. PeerJ, 6: e4161.
https://doi.org/10.7717/peerj.4161.

Rowat, D. & Gore, M. 2007. Regional Scale Horizontal
and Local Scale Vertical Movements of Whale
Sharks in the Indian Ocean Off Seychelles. Fish.
Res., 84: 32-40. https://doi.org/10.1016/].
fishres.2006.11.009

Rowat, D & Engelhardt, U. 2007. Seychelles: A case
study of community involvement in the
development of whale shark ecotourism and
its socio-economic impact. Fish. Res., 84(1):
109-113.

252

Seasonal Constellation of Juvenile Whale Sharks (M. Yasir et al.)


file:///D:/BIMBINGAN%20MIK/Yasir%20sakita/JKT/%20J.%20Ilmu%20dan%20Teknologi%20Kelautan
file:///D:/BIMBINGAN%20MIK/Yasir%20sakita/JKT/%20J.%20Ilmu%20dan%20Teknologi%20Kelautan
https://doi.org/10.29244/jitkt.v14i1.39648
https://doi.org/10.%2010
https://doi.org/10.%2010
https://doi.org/10.2305/IUCN.UK.2016-1.RL

ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2024 Vol 29(2):241-253

Rowat, D. 2007. Occurrence of whale shark
(Rhincodon typus) in the Indian Ocean: A case
for regional conservation. Fish. Res. 84: 96-101.

Rowat, D. & Brooks, K. S. 2012. A Review of the
Biology, Fisheries and Conservation of the Whale
Shark Rhincodon typus. J. Fish Biol., 80: 1019-
1056. https://doi.org/10.1111/j.1095-8649.2
012.03252.x.

Sadili, D., Dharmadi, Fahmi, Sarmintohadi, Ramli, 1.,
Tania, C., Noor, B.A., Prabowo, Rasdiana, H.,
Miasto, Y., Puspitasari, R., Terry, N., Monintja, M.
& Annisa, S. 2015. Pedoman umum monitoring
Hiu Paus di Indonesia. Ditjen Kelautan, Pesisir
dan Pulau-Pulau Kecil. Kementerian Kelautan
dan Perikanan.

Sakuntala, A.P., Oktiyas, M.L. & Andik, |. 2016. Kajian
Kemunculan (Agresi) Hiu Paus (Rhincodon
typus) berdasarkan Faktor Lingkungan (SPL,
Klorofil-a dan Arus Permukaan) di Perairan
Kabupaten Probolinggo, Jawa Timur. Laporan
Penelitian. Fakultas Perikanan dan Ilimu
Kelautan, Universitas Brawijaya. Malang.15 hal.

Sequeira, A., Mellin, C., Fordham, D.A., Meeka, M.G.
& Bradshaw, C.J.A. 2014. Predicting current and
future global distributions of whale sharks. Glob.
Chang. Biol., 20: 778-789. https://doi.org/10.
1111/8cb.12343.

Syah, A.F., Musrifah & Cahyono, H. 2018. Permodelan
daerah potensial kemunculan hiu paus
(Rhincodon typus) menggunakan data
penginderaan jauh di perairan Probilinggo, Jawa
Timur. J. Penelitian Perikanan Indonesia, 24(3):
209-216. https://doi.org/10.15578/ jppi.24.3.
201 8.209-216

Tania, C., Blaesbjerg, M., Himawan, M.R., Noor, B.A.,
Suruan, S.S., Pranata, B. & Stewart, B.S. 2016.
Characteristics of whale sharks (Rhincodon
typus) in Teluk Cenderawasih National Park,
Indonesia. QSCIENCE Proceedings. Hamad bin
Khalifa University Press. https://doi.org/10.
5339/qproc.2016.iwsc4.62.

Thomson, J. A., Araujo, G., Labaja, J., McCoy, E.,
Murray, R. & Ponzo, A. 2017. Feeding the world’s
largest fish: highly variable whale shark
residency patterns at a provisioning site in the
Philippines. R. Soc. Open Sci., 4: p.170394.
https://doi.org/10.1098/RS0S.170394

Tita, A.D.C., Wirasatriya, A., Sugianto, D.N., Lilik, M.,
Handoyo, G., Hariyadi, Helmi, M. & Praditya, A.
2020. Persistence of high sea surface
temperature (>30°C) in Tomini Gulf. IOP Conf.
Ser.: Earth Environ. Sci., 530(1): p.012038.
https://doi.org/10.1088/1755-1315/530/1/
012038

Toha, A.H.A., Ambariyanto, Anwar, A., Setiawan, J.B. &
Bawole, R. 2018. Hiu Paus Teluk Cenderawasih:
Riset dan Monitoring. Balai Besar Taman
Nasional Teluk Cenderawasih, Manokwari. 284 p.

Valsecchi, S., Lanfredi, C., Azzellino, A., Savini, A.,
Bracchi, V.A., Marchese, F., Hancock, J., Rees, R.
& Pérez C.C. 2021. Analysis of the temporal and
spatial variability of whale shark (Rhincodon
typus) aggregation in the South Ari Marine
Protected Area, Maldives, Indian Ocean. The
European  Zool. J., 88(1): 684-697,
https://doi.org/10.1080/24750263.2021.192
2523

Vinayachandran P.N. & Shetye, S.R. 1991. The warm
pool in the Indian Ocean. Proceedings of the
Indian Academy of Sciences - Earth and
Planetary Sciences, 100: 165-175.

Yasir, M., Hartati, R., Indrayanti, E. & Amar, F. 2024.
Characteristics of external injuries of whale
sharks (Rhincodon typus) in Botubarani waters,
Gorontalo, Indonesia. In press.

Ziegler, J., Dearden, P. & Rollins, R. 2012. But Are
Tourist Satisfied? Importance Performance
Analysis of the Whale Shark Tourism Industry on
Isla Holbox, Mexico. Tour. Manag., 33(3):692-
701.

Seasonal Constellation of Juvenile Whale Sharks (M. Yasir et al.)

253


https://doi.org/10
https://doi.org/10.15578/
https://doi.org/10.%205339/qproc.2016.iwsc4.62
https://doi.org/10.%205339/qproc.2016.iwsc4.62

