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Abstract. Manuhutu JF, Wiadnya DGR, Sambah AB, Herawati EY. 2021. The presence of whale sharks based on oceanographic 

variations in Cenderawasih Bay National Park, Papua, Indonesia. Biodiversitas 22: 4948-4955. Oceanographic factors have an 
important role in the study of estimating the distribution of fish resource habitats. Sea Surface Temperature (SST), Sea Surface 
Chlorophyll (SSC), Current Speed, Sea Surface Height (SSH), and bathymetry are important parameters that have been used in 
estimating the habitat of certain species. Through analyzing these environmental factors, research on the appearance and distribution of 
whale shark habitats in the Cenderawasih Bay National Park in Papua, Indonesia, utilized field observation data and satellite imagery. 
This study applied data on the presence of whale sharks and oceanographic parameter data from satellite recordings during 2019 – 2020. 
Analysis of the relationship and habitat modeling between the monthly presence of whale sharks and environmental parameters was 
carried out through the Generalized Additive Model (GAM) statistical approach and spatial analysis through the Geographic 

Information System approach. In the GAM analysis, data on the presence of whale sharks was used as a response variable. In contrast, 
the predictor variables consisted of SST, SSC, current speed, SSH, and bathymetric data. The results showed that the highest frequency 
of whale shark presence occurred in the transitional monsoon, with an average presence of 31.77 ± 4.00 %. The study also showed that 
all predictors showed a highly significant relationship (P < 0.001) to the number of whale sharks present. SST values range from 30.3 – 
31.3 °C, SSC of 0.39 – 0.86 mg/L, the current speed of 0.46 – 0.65 m/s, SSH showed 0.63 to 1.00 cm, and bathymetry between 40 – 50 
m . In the GAM model, the SST and SSC parameters were the two most important parameters that affect the presence of whale sharks, 
followed by SSHD, depth (bathymetry), and current parameters. 
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INTRODUCTION 

The whale shark (Rhincodon typus, Smith 1828) is an 

endangered species of filter-feeding shark and has a 

worldwide distribution area in both tropical and warm seas 

(Pierce and Norman 2016). A greater presence of 

individuals is found in high seas waters (Clingham et al. 

2016; Ryan et al. 2017; Petatán-Ramírez et al. 2020). In 

contrast, immature males dominate coastal areas and 

congregate seasonally (Donati et al. 2016; Pajuelo et al. 

2018). Based on the research, to date, there are 25 locations 

of whale shark occurrences identified in the world 
(Andrzejaczek et al. 2016; Norman et al. 2017; Copping et 

al. 2018). However, several locations of whale shark 

presence were recorded throughout the year (Norman et al. 

2017), often appearing on the coast seasonally. Some 

individuals showed higher site fidelity (Araujo et al. 2017; 

Norman et al. 2017; Diamant et al. 2018). The appearance 

of the whale shark is well documented and coincides with 

high marine productivity (Rohner et al. 2018) in areas 

characterized by certain oceanographic conditions such as 

upwelling, fronts, and seafloor features (e.g., seamount and 

continental slope). This environmental phenomenon has 

increased food availability (Hacohen-Domené et al. 2015; 

Ryan et al. 2017; Copping et al. 2018).  

In general, the distribution and abundance of the whale 

shark are influenced by several oceanographic processes 

such as upwelling, coastal currents, and fronts, which 

increase the productivity of the surrounding environment 

(Taylor 1996; Eckert and Stewart 2001; Duffy 2002; 

Norman 2002; Ryan et al. 2017). In places where whale 

sharks appear around the world, it is often associated with 

warm water temperatures and other environmental 
parameters that can increase the productivity of the marine 

environment, which supports the creation of localized 

concentrations of food. Several studies on how 

environmental conditions affect the presence of Whale 

Sharks. For example, Robinson et al. (2017) reported that 

the number of whale sharks in pelagic surface waters in the 

western Indian Ocean was shown to be correlated with sea 

surface temperature (SST). Likewise, the study by Rowat et 

al. (2009) reported that coastal waters, sea surface 

temperature, wind speed, chlorophyll-a (Chl-a), and 

bathymetry were significant predictors and correlated with 

whale shark numbers in aerial surveys in Seychelles. 
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Further, large-scale factors influencing oceanographic 

processes, such as the Southern Oscillation Index and wind 

shear at Ningaloo Reef, or monsoon winds in the Maldives 

have been linked to shifts in abundance and distribution of 

planktivorous elasmobranchs (Wilson et al. 2001; Sleeman 

et al. 2010; Anderson et al. 2011). 

Environmental factors play a role in explaining whale 

shark observation trends (Sequeira et al. 2014). Identifying 

and understanding areas used during significant periods of 

their life is critical for future conservation efforts (Hays et 
al. 2016). Biophysical environmental data close to time 

series (in Time Series) around the world can be obtained 

from satellite remote sensing. In recent decades, satellite 

remote sensing has become an ecological instrument for 

environmental monitoring (Chassot et al. 2011) and 

manages sustainable fisheries levels (Klemas et al. 2013). 

Biological and ecological data in Cenderawasih Bay 

National Park is needed to understand the preferred and 

used habitats in the sustainable management of Whale 

Shark. Several bioecological studies on the presence of 

whale sharks have been carried out in recent years, but to 
date, there has been very little research on oceanographic 

variations associated with the presence of whale sharks. 

Thus, the purpose of this study is to analyze variations in 

oceanographic parameters and their relationship to the 

seasonal presence of whale sharks using the Generalized 

Additive Model (GAM) in the Cenderawasih Bay National 

Park area, Papua, Indonesia. 

MATERIALS AND METHODS 

Research location  

The research was conducted in the waters of 

Cenderwasih Bay National Park, Papua, Indonesia. This 
area is a part of Cenderawasih Bay. Cenderwasih Bay 

National Park is located between two provinces, namely 

West Papua and Papua Provinces. Geographically, the 

research location is located at 134°52'15.23''-135°4'4.5'' E, 

and 3°12'15.39''-3°22'11.18'' S (Figure 1). 

Dataset 

This study utilizes satellite imagery data in providing 

water environmental parameters Sea Surface Temperature 

(SST), chlorophyll-a (Chl-a), current and depth. Data 

processing was carried out with the help of SeaWiFS Data 

Analysis System (SeaDAS) 7.3.2 software in the extraction 

process oceanographic parameter values from satellite data, 
R studio software for GAM modeling and statistical 

analysis, and Geographic Information System software for 

the mapping process. 

Whale shark presence data 

Data on the appearance of whale sharks was carried out 

by making direct observations in the field of individual 

whale sharks encountered. In addition, participatory 

mapping activities involving fishers were also carried out 

through recording lookbooks by Bagan fishermen around 

the research location. The data obtained in the form of the 

number of whale shark presence, the time of appearance, 

and the position of the arrival of the whale shark include 

latitude information by using GPS. 

Oceanographic Data 

Sea Surface Temperature Parameters (SST) and 

chlorophyll-a (Chl-a) data were downloaded from the 
Aqua/ MODIS satellite imagery in SMI format from the 

Ocean Color official website (http://oceancolor,gsfc,nasa,gov). 

The downloaded data was in the form of geometrically 

corrected level 3 monthly data with a resolution of 4 km in 

May 2019-april 2020. The Aqua MODIS SST and daily 

chlorophyll-a image data were composited monthly or 

called monthly data merging using SeaDAS 7.2 software. 

The aim is to see the phenomenon of temporal variability 

of chlorophyll-a SST at the study site. The monthly 

composite is the daily average of each month for one year. 

In addition, depth data (Bathymetry) was obtained from 
GEBCO (The General Bathymetric Chart of the Oceans), 

which was downloaded from the website of the British 

Oceanographic Data Centre (www.bodc.ac.uk), the depth 

data obtained had a resolution of 30 arc-seconds or less 

than 1 Kilometer (GEBCO 2003). Types of oceanographic 

and environmental parameters based on spatial resolution 

are shown in Table 1. 

Data analysis 

Generalized Additive Model (GAM) is an alternative 

statistical model if a linear relationship between two 

variables is not found (Guisan et al. 2005; Elith and 
Leathwick 2009). In general, GAM uses a smoothing curve 

to model the relationship between the presence of whale 

sharks (response variable) and oceanographic variables, 

which are called predictor variables (Alfonso et al. 2014). 

Therefore, in general, it can be said that the Generalized 

Additive Model (GAM) is used to determine the nature of 

the relationship between the presence of whale sharks and 

environmental variables. The GAM model was created 

using R software version 3.5.3 using the GAM function 

from the mgcv package (Wood 2006), with the number of 

whale sharks as the response variable and SST, 

chlorophyll-a, current, bathymetry, and SSHD as predictor 
variables. Then, Generalized Additive Model (GAM) in the 

form of Equation (1) is applied. Predictors are considered 

significant to explain the effect of oceanography. If the 

deviation (residual) and Akaike Information Criteria (AIC) 

decreases with each addition of the variable and the final 

probability of the variable is lower than 0.01 (P < 0.01) 

(Guisan and Thuiller 2005; Elith and Leathwick 2009). 
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Figure 1. Research location of Cenderwasih Bay National Park, Papua, Indonesia  
 
 
Table 1. Types of oceanographic and environmental parameters based on spatial resolution. 

 

Biophysical variables Data source Temporal coverage 
Spatial 

resolution (km) 

Sea Surface Temperature (SST) MODIS Level 3 Monthly composition 4 
Chlorophyll-a MODIS level 3 Monthly composition 4 
Current AVISO Monthly seasonal  
Sea Surface Height Distribution (SSHD) AVISO Monthly composition  

Depth The General Bathymetric Chart of the Oceans Monthly composition 0.250 

 

 

Smoothing curve (Figure 6), the x-axis shows the value 

of the explanatory variable and the y-axis indicates a 

smoother contribution to the corresponding value or a more 
significant role. The horizontal line represents the observed 

data point value. The dotted line shows the 95% confidence 

interval for each estimator variable. The horizontal line at 

zero indicates no influence of the parameter. The 

percentage value is higher if the Generalized Additive 

Model (GAM) function developed is above the zero axis, 

which means a strong (positive) influence of a parameter 

and if below the zero axis indicates a weak (negative) 

impact of a parameter on the presence of whale sharks. 

RESULTS AND DISCUSSION 

Whale shark presence frequency 

Based on the analysis of the frequency of the presence 
of whale sharks by season, the presence in the transitional 

monsoon I (March-May) was the highest in each season 

with an average of 31.77 ± 4.00 %, followed by the 

transitional monsoon II with an average presence of 26.95 

± 2.14 %. Meanwhile, the west and east monsoons are the 

lowest averages, respectively 24.47 ± 2.77 % and 16.81 ± 
3.65 %. The frequency of the presence of whale sharks by 

season is shown in Figure 2. 

 

 
Figure 2. The presence frequency of the whale sharks in different 

seasons 
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Whale shark aggregations usually occur seasonally in 

several locations around the world, this is very different at 

Cenderawasih Bay locations, where whale shark 

aggregations are always routine throughout the year 

(Stewart 2012). This shows that whale sharks at 

Cenderawasih Bay locations have site fidelity to the 

location (Cagua et al. 2015; Donati et al. 2016). Although 

some individual whale sharks at this location frequently 

travel out of Cenderawasih Bay. This is supported by 

Stewart (2012), who found that whale sharks frequently 
travel out and back into Cenderawasih Bay using satellite 

tagging. In this study, the highest frequency of whale shark 

presence occurred in the transitional monsoon. This is 

because, in the transitional monsoon, there is a transition 

process of water mass, increasing sea surface temperature. 

This event dramatically affects the high availability of 

chlorophyll-a in the sea (Siswanto et al. 2020). The high 

abundance of phytoplankton (Chlorophyll-a) will attract 

the abundance of zooplankton and small fish (herbivorous). 

Prey availability is a consumer for pelagic fish, including 

whale sharks (Rohner et al. 2017). 

Temporal distribution of Sea Surface Temperature 

(SST) and Chlorophyll-a 

Based on the calculation of the distribution of Sea 

Surface Temperature (SST) and chlorophyll-a temporally 

during the one-year study (time series), it can be seen in 

Figure 3 where the highest average Sea Surface 

Temperature (SST) was in November at 31.54 °C and the 

lowest in July of 30.17 °C. Meanwhile, the distribution of 

chlorophyll-a shows the highest average in March of 0.71 

mg/L and the lowest in November of 0.27 mg/L. 

Based on the results of the Generalized Additive Model 
(GAM) analysis showed that the predictor of Sea Surface 

Temperature (SST) and Chlorophyll-a were the most 

significant primary predictor model for shark abundance 

(Sequeira et al. 2012; Sequeira et al. 2014). This was 

indicated by the Akaike Information Criterion (AIC) value 

was the lowest and Cumulative Deviance Explained (CDE) 

was the highest (Table 2). In this study, the highest average 

Sea Surface Temperature was about 30.3 – 31.2 °C (Figure 

6), where the range of average Sea Surface Temperature 

(SST) is almost the same as the results of research by Ihsan 

et al. (2018) with an average Sea Surface Temperature 

range between 30.5-31.3 °C. This is very suitable for the 
presence of whale sharks. Several studies have shown that 

whale sharks are generally found in the Sea Surface 

Temperature range between 18-32 °C (Eckert and Stewart 

2001; Rowat and Engelhardt 2007; Sleeman et al. 2007; 

Sequeira et al. 2012). Therefore, the relationship between 

whale shark abundance and predictors of Sea Surface 

Temperature has a clear correlation (Wilson et al. 2001; 

Sequeira et al. 2012; Hacohen-Domené et al. 2015). 

Meanwhile, the average chlorophyll-a in this study was 

relatively high, ranging between 0.40-0.80 mg/L, 

presumably due to the upwelling process. According to 
Siswanto et al. (2020), the high chlorophyll-a in the 

northern Papua is due to the upwelling process. The 

concentration of chlorophyll-a in this area attracts larger 

predators, including whale sharks (Sleeman et al. 2007; 

McKinney et al. 2012; Rohner et al. 2013; Cárdenas-

Palomo et al. 2018). 

Distribution of surface currents by season 

The analysis results of the spatial distribution of 

currents are highest in the east monsoon of 0.61 m/s and 

the lowest in the transitional monsoon II (West-East) with a 

current speed of 0.41 m/s. (Figure 4). 

Sea Surface Height Distribution (SSHD) by season and 

bathymetric of the research site 

Observation results of Sea Surface Height Distribution 
(SSHD) by seasons show that the transitional monsoons I 

and II are the highest of 0.41 ± 0.39. In contrast, the West 

and East monsoons have the lowest value, wherein the East 

monsoon of 0.40 ± 0.38 and the West monsoon of 0.39 ± 

0.38 (Figure 5). 

The results of a water bathymetric survey at the 

research site in the Kwatisore waters, Nabire Bay 

Cenderawasih National Park which is described as a whale 

shark habitat. Based on the depth analysis from the 

satellite, it can be seen that the research site has a depth 

ranging from 10 meters to a depth of 60 meters (Figure 6). 
 
 
 

 
 
Figure 3. Temporal distribution of sea surface temperature (SST) 
and chlorophyll-a 

 
 
 

 
 
Figure 4. Current distribution in different seasons 
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Figure 5. Sea surface height distribution in different seasons 
 
 
 
 

 
 
Figure 6. Depth profile (bathymetry) on the research site 
 
 

 

The combination of Generalized Additive Model 

(GAM) equations formed from the five oceanographic 

variables is shown in Table 2. Equation selection was based 

on the lowest Akaike Information Criterion (AIC) value 

and the highest Cumulative Deviance Explained (CDE) 

value. Based on the results of GAM analysis, the 

parameters of Sea Surface Temperature (SST) and 

Chlorophyll-a were the first indicators that significantly 

affected the presence of whale sharks in the study area. The 

Akaike Information Criterion (AIC) value of 427.24 and 
the Cumulative Deviance Explained (CDE) value of 57.30 

%. Furthermore, the Bathymetry and SSH parameters were 

the second indicators with the Akaike Information 

Criterion (AIC) value of 434.07 and the Cumulative 

Deviance Explained (CDE) value of 51.40 %. In 

comparison, the Current model was a model that has very 

little influence on the presence of whale sharks with the 

Akaike Information Criterion (AIC) value of 436.88 and 

the Cumulative Value of Deviance Explained (CDE) of 

51.40 % (Table 2). 

Based on the analysis results, the Generalized Additive 
Model (GAM) was developed to interpret the effect of each 

predictor parameter on the presence of whale sharks 

(Figure 7). Based on the analysis, it can be seen that the 

negative effect of Sea Surface Temperature (SST) on the 

presence of whale sharks was at temperatures of > 31.3 °C 

and the positive effect was in the temperature range 30.3 – 

31.3 °C. The parameter chlorophyll-a has a positive effect 

in the range of 0.39-0.86 mg/L on the presence of whale 

sharks and a negative effect occurs < 0.39 mg/L with a high 

level of confidence. The current parameter has a negative 

effect of < 0.46 m/s and a positive effect was at 0.46 m/s 
and increased to 0.65 m/s. The positive effect for the depth 

parameter was at 40 to 50 m, while the positive effect was 

below 20-40 m. While the SSHD positive effect of 0.63 to 

1 cm. 

 
 

 

Table 2. Combination results of GAM equations based on P-value, AIC and DE 
 

Model Variable p-Value AIC CDE 

 SST SST 0.002188 ** 443.48 32.50% 
 CHL CHL 0.002045 ** 446.09 29.10% 
 V_Current V_Current 0.0001091 *** 440.42 36.30% 
 A_Current A_Current 5.29905 *** 439.79 37.10% 

 Bati_m Bati_m 0.0009828 *** 440.50 36.20% 
 SSH SSH 1.1605 *** 436.32 41.00% 
 SST + CHL SST 0.0006744 *** 427.24 57.30% 

CHL 0.0003900 *** 
  

 V_Current + A_Current V_Current 0.0009061 *** 436.88 48.80% 
A_Current 0.0496499 * 

  
 Bati_m + SSH Bati_m 0.003908 ** 434.07 51.40% 

SSH 0.004042 ** 
  

SST+_CHL + V_Current + A_Current+ Bati_m + SSH SST 0.40708 *** 

386.39 89.20% 

CHL 0.66607 *** 
V_Current 0.76608 *** 
A_Current 0.0002084 *** 
Bati_m 0.2098652 
SSH 0.0019857 ** 

Note: Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Sea Surface Height Distribution (SSHD) and depth 

(Bathymetry) were the second most significant whale shark 

abundance predictor models. In this study, it can be seen 

that the maximum Sea Surface Height Distribution (SSHD) 

was > 0.6 cm, this indicates that sharks are always present 

when there are small waves and clear water conditions. 

When there are big waves, whale sharks usually swim at 

deeper depths (Rowat et al. 2009; Rohner et al. 2013). The 

results of the depth analysis (bathymetry) showed that 

whale sharks always appear at a depth of 10-60 m, this 
depth is an epipelagic zone that whale sharks like (Figure 

7). According to Motta et al. (2010), whale sharks are 

planktonic epipelagic species that spend most of their time 

at depths of up to 100 m and often on the surface of the 

water feeding on plankton. This species is also always 

present in the mesopelagic zone-and even bathypelagic 

when in bathymetrically non-limiting habitats 

(Brunnschweiler et al. 2009; Afonso et al. 2014). 

Among the five predictor parameters used in the model, 

the current is often associated with seasonal occurrence. 

The average wind ranged between 0.41-0.61 m/s. It was 
significant for the abundance of whale sharks, this was 

indicated by the lowest Akaike Information Criterion (AIC) 

value and the highest Cumulative Deviance Explained 

(CDE) (Table 2). In addition, the oceanographic conditions 

at the study site are diverse and complex. They are 

influenced by the Indonesian Throughflow, which 

transports water from the Pacific to the Indian Ocean 

associated with the ENSO event (Vranes and Gordon 

2005). According to Wilson et al. (2001), the Southern 

Oscillation Index (SOI) effectively measures ENSO (El 

Ni˜no/Southern Oscillation), which is an essential factor 

influencing the abundance of whale sharks on Ningaloo 

Reef. Another study, Sleeman et al. (2010) stated that the 

Southern Oscillation Index (SOI) and wind shear variables 

positively affect the abundance of whale sharks, thus more 
sharks are seen when the Southern Oscillation is more 

robust. Based on the research findings of the (Generalized 

Additive Model) GAM analysis of the presence of whale 

sharks in the waters of Cenderwasih Bay National Park, 

Papua, Indonesia, the oceanographic parameters that have 

the most influence are Sea Surface Temperature (SST) and 

Chlorophyll-a. At the same time, the bathymetry and Sea 

Surface Height (SSH) parameters are the second 

oceanographic parameters that affect the presence of whale 

sharks. Meanwhile, current parameters have minimal effect 

on the presence of whale sharks in the waters of 
Cenderwasih Bay National Park, Papua, Indonesia. This 

research is expected to contribute and become a reference 

in managing Satisfied whale sharks in the Cenderawasih 

Bay National Park area. 

 
 

 
 
Figure 7. Variable response to the appearance of whale sharks at the study site 
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