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INTRODUCTION  

The populations of Lowland Anoa (Bubalus depressicornis) and Mountain Anoa (Bubalus 
quarlesi) in Sulawesi have declined by less than 2,500 adults with a population loss rate of up to 
20% in the last 14 -18 years (Burton et al., 2016a; Burton et al., 2016b; Arini et al., 2020) caused by 
poaching (O'Brien & Kinnaird, 1996; Burton et al., 2005), and deforestation (Mustari, 2019; Arini et 
al., 2021), thus making anoa move to specially protected areas (Burton et al., 2005; Steinmetz et 
al., 2014; Mustari, 2019). 

The IUCN categorizes the status of these two anoas as Endangered Species (EN). This 
status indicates a high level of threat and has the potential to become extinct in the future if 
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Sulawesi Island is an island located in the Wallacea area. Most of the fauna on 
the island of Sulawesi is a transitional fauna from Australia and Asia. This study 
aims to model the potential distribution of the species Bubalus depressicornis 
and Bubalus quarlesi using famous models in the present and in the future as a 
result of climate change phenomena throughout the island of Sulawesi and 
beyond their natural habitat. The parameters used are bioclimatic variables and 
in-situ presence data. The method used is Maximum Entropy by comparing the 
GLM, SVM, and RF algorithms. The model is evaluated with reference to the 
values of AUC, COR, TSS, Deviance, and observation data. The RF model is quite 
good in modeling the distribution of B. depressicornis and B. quarlesi species 
with AUC values of 0.92 and 1, COR values of 0.59 and 0.84, TSS values of 0.87 
and 1, and Deviance values of 0.37 and 0.08, respectively, while the results of 
data observations show values of 80% and 84%. B. depressicornis was most 
affected by bio14=0.665, while B. quarlesi was most affected by bio2=0.525, 
which means that this endemic species is suitable to live in a tropical climate 
with a warm and wet climate throughout the year, where the difference in 
temperature at night and during the day is very large. In the future, B. 
depressicornis and B. quarlesi are estimated to be compatible in an area of 
143,281.78 km2 (81%) and 136,892.89 km2 (77%) of the Sulawesi. 
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conservation action is not taken immediately. Anoa is included on CITES Appendix I, namely: one 
type of animal that is strictly prohibited to be hunted or traded in whole or in part. The price of 
anoa meat can reach IDR 22,500/kg (USD $1.57) (Burton et al., 2005). Anoa is classified as a rare and 
protected wild animal based on the Decree of the Minister of Agriculture of the Republic of 
Indonesia No: 421/KPTS/UM/8/1970, Minister of Agriculture Number: 90/KPTS/2/1972, Law Number 
5 of 1990 and Government Regulation Number 7 of 1999. Anoa occupies the top position for five 
criteria, including endemicity, population status, habitat conditions, threats, and species 
management status. 

Species Distribution Modeling (SDM) is the most popular species distribution analysis 
method worldwide for predicting the probability of a species based on environmental, bioclimatic, 
and topographical variables (Byeon et al., 2018; Jung et al., 2019; Yoon & Lee, 2021). This model has 
been identified as one of the best global predictive methods when estimating the similarity of 
climatic conditions to the presence of known species (Phillips et al., 2006). The performance and 
quality of the SDM model will be better when including bioclimatic variables (partly or completely) 
in the prediction modeling (Truong et al. 2017; Ahmed et al., 2020; Ahmadi et al., 2020).  

The SDM analysis using the Bioclimatic variable has been able and proven to be able to 
model estimates of the distribution of living things in the future (Morales-Barbero & Alvarez, 2018; 
Jung et al., 2019). This is supported by more than 75% of research that has adopted SDM related to 
terrestrial ecosystems and always uses part or all of the Bioclimatic variables provided by 
WorldClim (Booth, 2018; Dyderski et al., 2018). Zhang et al. (2023) modeled the global distribution 
potential of Gentiana rhodantha using bioclimatic data in China which found that the degree of 
habitat fragmentation would increase, but the suitable area would decrease and its distribution 
would shift northeastward in the future. Hosni et al. (2022) found a significant correlation between 
SDM and the ecology of the pest Galleria mellonella using only bioclimatic data. Although SDM 
exhibits a wide distribution, there is an economic impact of the pest on Honeybee's population and 
global distribution. Bandara et al. (2022) also found SDM's ability to model the distribution of the 
species Kerivoula malpasi and Kerivoula picta in Sri Lanka using bioclimatic data and found the 
distribution of K. malpasi to be fragmented and likely to be spatially adjacent to K. picta in the 
future. 

Several previous anoa studies focused on areas with relatively narrow areas (e.g., Irawati 
& Arini, 2012; Wardah et al., 2012; Ranuntu & Mallombasang, 2015; Priyono et al., 2020). As a result, 
these studies are limited to research areas, exploration outside natural habitats, and requires time 
and money. This limitation is what this research tries to overcome which makes the study different 
from previous studies. This research is intended to explore the use of climate and environmental 
data as well as the in-situ distribution of species obtained from open and public data sources using 
the SDM for a wider scale. This model is quite effective when used to determine the current 
distribution and possible future potential distributions if it only uses climate data (Elith et al., 2011; 
Booth, 2018; Ahmed et al., 2020; Amiri et al., 2020; Andersen et al., 2022).  

This study aims to: 1) model the potential distribution of Bubalus depressicornis and Bubalus 
quarlesi not only in their natural habitat but also outside their natural habitat. Ex-situ conservation 
will be possible after the discovery of new areas outside the original habitat. 2) comparing several 
famous regression models to get an overview of the distribution of species as well as testing a 
regression model that is suitable for modeling the distribution of endemic species. 3) modeling the 
prediction of species distribution as a result of future climate change phenomena to see how much 
influence climate change has on the distribution of this Anoa species in its natural habitat. 

 
 

METHODS 

Study Area 

This study focuses on the entire area of Sulawesi Island and surrounding islands 

which is located between 01.7°N-05.8°S and 112.7°E-125.3°E. This area is the eleventh largest island 
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in the world with a projected area of 177,518.41 km2 by WGS 1984, located on the east side of 
Kalimantan, west of the Maluku Islands, south of the Lesser Sunda Islands and north of Mindanao 

(Philippines). The study area in this research is presented in the following Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of (a) Modelled area, in (b) Sulawesi, (c) Indonesia. 

Model Selection 

Maximum Entropy (MaxEnt) is the method used in this research (Phillips et al., 2006) which 

has proven successful in predicting the distribution of various fauna species using only species 

presence data (Guo & Liu, 2010; Elith et al., 2011). There are three algorithm models adopted, 

namely: Generalized Linear Model (GLM), Support Vector Machine (SVM), and Random Forest 

(RF). Each algorithm can transform nonlinear data between abnormal distributions and derived 

variables from independent variables (McCullagh & Nelder, 1989; Shabani et al., 2016), redundant 

data reading, errors during modeling, dependence on distributional assumptions (Ravand & 

Baghaei, 2016; Hamidi et al., 2018; Schmidt & Finan, 2018) or with large amounts of data (Howard 

et al., 2014), which can reduce over-fitting when predicting distributions (Ren et al., 2015; Hill et al., 

2017). 

Species Distribution Model 

Data on the presence of species and environmental parameters that reflect the relevance 

of habitat variables will be explored using MaxEnt (Phillips et al., 2006; Elith et al., 2011). MaxEnt 

method runs on RStudio Software (RStudio Team, 2020) by utilizing available packages. The data 

used are 19 WorldClim climate data for an average of 1970-2000 with a resolution of 1 km 

(Worldclim, 2020) and the Climate Model Intercomparison Project version 5 (CMIP5) which is the 

average prediction of climate conditions for 2080-2100 (Taylor, 2009) with an accuracy of up to 0.5 

km and is quite good at simulating geographic and temperature distributions (Kamruzzaman et al., 
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2021). Representative Concentration Pathways (RCP) data on CMIP5 used is 8.5 (high scenario) to 

model the distribution of species in 2092 (Taylor, 2009). 

WorldClim and CMIP5 spatial resolution data are reduced to 2.5 km according to the 

standard factor approach (Wilby et al., 2004). The model is built from worldclim data called "bio" 

which is called from the RStudio software. Data management is done by excluding climate data 

that has a high correlation value (vifcor = 0.7) and then knowing the relative importance of these 

variables. Prediction of future climatic conditions using climatological data models with the same 

variables and with a spatial resolution of up to 2.5 km (Wilby et al., 2004) for the next 70 years 

(Taylor, 2009). 

There were 296 observations for B. depressicornis and 15 observations for B. quarlesi 

recorded in database of The Global Biodiversity Information Facility (GBIF). However, only 15 data 

for B. depressicornis and 4 for B. quarlesi were used after ignoring duplicate data, coordinate errors, 

and data that did not have coordinates. It is assumed that each presence of data represents 1 

species. The MaxEnt model is built on predictors called the “biome”. Replication (cross-validation) 

was applied 100 times. The resulting model is named "m". Distribution modeling is carried out 

based on "biom" and "m" data. The species distribution model has then been processed into 

ArcMap 10.4.1 software by dividing the distribution model class into 2 classes using interval equal 

method to see how far the suitability of climatic conditions for these species is. 

Model Evaluation 

The model of each algorithm was evaluated and compared by looking at the value of 

Receiver Operating Characteristics - Area Under Curve (ROC-AUC) with cross-validation (Shabani 

et al., 2018), Correlation (COR), True Skill Statistics (TSS) (Fourcade et al., 2018) and Deviance 

(Agresti, 2018). The AUC value represents the model validation based on the classification of 

positive and negative values for variables and presence data. A good AUC value if value is above 

0.7 (Shabani et al., 2018).  

The evaluation was also carried out on the distribution model that had been classified using 

the results of observations from Mustari (2019). In addition, predictions of the distribution of B. 

depressicornis (Burton et al., 2016a), and B. quarlesi (Burton et al., 2016) from the IUCN Red List 

were also used. The research flow chart can be seen in Figure 2. 



 

5 

 

Septianto Aldiansyah & Khalid Abdul Wahid  / Geosfera Indonesia 8 (1), 2023, 1-18 

 

 

Figure 2. Research flow chart 

 

RESULTS AND DISCUSSION 

Endemic Species Distribution Model 
This prediction model only displays scatter predictions based on presence data in pixels 

only. In Figures 3a and 4a, the GLM model does not have a low level of sensitivity to the location 
of the presence of low data on all species, this can be seen from the almost even distribution in all 
regions and generalized areas that are not species habitats. In contrast to GLM, the SVM model is 
slightly sensitive to non-habitat areas (low distribution = red) in B. depressicornis (Figure 3b) and B. 
quarlesi (Figure 4b) when viewed from the point of distribution of species presence. 

In Figure 3c, the RF model shows the level of sensitivity to topographic variations and 
selects areas that show the presence of B. depressicornis (points of presence) as the distribution 
area of this species, such as Rawa Aopa Watumohai National Park (RAWNP) (41) conservation area 
in Southeast Sulawesi Province. The RF model also highlights the conservation area of the Bogani 
Nani Wartabone National Park (BNWNP) (5). Areas of distribution of B. quarlesi such as the 
conservation area of the Gandang Dewata National Park (TNGD) (32) in Central Sulawesi are also 
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highlighted (Figure 4c). Both of these areas are B. depressicornis habitats in Sulawesi. In addition, 
this model also highlights the Lore Lindu National Park (TNLL) (25) conservation area. The BNWNP 
(5) was also highlighted, but with a moderate level of distribution. 

 

 
Figure 3. Distribution Model of Bubalus depressicornis:  

(a) GLM Model; (b) SVM model; (c) RF models. 
 

 
Figure 4. Distribution Model of Bubalus quarlesi:  
(a) GLM Model; (b) SVM model; (c) RF models. 

 
Determining the type of climate that is suitable for both species must go through a test of 

relative importance derived from variables. Based on the correlation test on the selection of 
existing variables. Seven variables have the potential to affect the distribution of B. depressicornis, 
namely Bio2: diurnal range, Bio8: temperature of wettest quarter, Bio9: temperature of driest 
quarter, Bio14: precipitation of driest month, Bio15: precipitation seasonality, Bio18: precipitation 
of warmest quarter, and Bio19: precipitation of coldest quarter. Likewise with B. quarlesi, but 
without the bio14 variable. The variables above represent trends in average annual temperature 
and annual rainfall over a period of years; seasonal range of temperature and annual rainfall; and 
the temperature of the coldest and warmest months, and the rainfall of the wet and dry months 
which are extreme environmental factors/limiting the movement of species. Based on the 
correlation, it shows that the distribution of B. depressicornis is influenced by bio14=0.665 and also 
influenced by bio9=0.036 and bio19=0.036. The training correlation shows that the distribution of 
B. quarlesi is most influenced by bio2=0.525 with the least influence by bio15=0.175 and 
bio19=0.1755. The contribution of each parameter is presented in Figure 5. 
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The results of the relative importance of the variables indicate that these two species are 
suitable for living in a tropical climate. The climate is usually warm and wet all year round and the 
rains are heavy and continuous. One day in an equatorial climate can be very similar to the next 
day. However, the gap between the hottest and coldest temperatures in 24 hours is larger than 
the change in the average temperature throughout the year (McKnight, 2000). Anoa has adapted 
perfectly to the geology, physics, climate, and landscape of the island of Sulawesi (Mustari, 2019). 
The typical vegetation that inhabits most of the forests on Sulawesi Island is very suitable for the 
life of anoa (Broto, 2015) and cannot be separated (Mustari, 2019), because it can reduce the 
intensity of sunlight (Aldiansyah, 2022) and maintain a macro-climate that is the habitat of anoa. 

 
 

 

Figure 5. Relative Bioclimatic Variable Importance of Bubalus depressicornis and  
Bubalus quarlesi. 

 
Besides being influenced by the structure and geological conditions in the Pleistocene 

Period (Nugraha & Hall, 2018), the endemicity of this species is influenced by climate, soil, the shape 
of the earth's surface, and factors from other living things (Whitten & Henderson, 2012). The 
endemicity of mammals in Sulawesi requires ideal climate and weather conditions, especially air 
temperature and rainfall so that they can support the survival of species in nature (Whitten & 
Henderson, 2012). A study conducted by Kasim (2002) and Jahidin (2003) explained that anoa will 
faint and even die if left under the scorching sun without any protection.  

Model Accuracy  

Based on data analysis, it shows that the distribution of SVM and RF models is the best, 
although in some cases both models have advantages and disadvantages. In B. depressicornis 
species, SVM and RF showed strong AUC values (Table 1). When referring to the accuracy results, 
SVM is the best, but based on observations from several studies, SVM makes mistakes. For 
example, Buton Island, which is the original habitat of B. depressicornis (Martin et al., 2012; Mustari, 
2019), such as those found in Lambusango Wildlife Sanctuary (WS) and North Buton Nature 
Reserve (NR) (Mustari, 2019). In the SVM model, these two habitats are classified as areas with a 
low distribution of B. depressicornis, even though the area is the original habitat of this species 
(Mahmud, 2009). Although RF is not better than SVM, RF is quite sensitive in classifying the 
distribution of this species when viewed from the appearance of the topographical structure which 
is the habitat requirement of this species (Mustari, 2003; Mustari, 2019; Aldiansyah, 2022). The 
accuracy values of each model based on the AUC, COR, TSS, and Deviance values are presented in 
Table 1.  
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Table 1. Model Accuracy 

Evaluation Species 
Model 

GLM SVM RF 

AUC 
Bubalus depressicornis 0.88 0.89 0.92 

Bubalus quarlesi 0.99 1 1 

COR 
Bubalus depressicornis 0.5 0.86 0.59 

Bubalus quarlesi 0.85 1 0.84 

TSS 
Bubalus depressicornis 0.8 0.83 0.87 

Bubalus quarlesi 0.99 1 1 

Deviance 
Bubalus depressicornis 3.41 0.26 0.37 

Bubalus quarlesi 1.03 0.4 0.08 

 
The distribution of the B. depressicornis species on Sulawesi Island can still develop, given 

the many factors that cause this species to thrive outside its natural habitat. In addition to climatic 
and topographical factors, other factors that can affect the distribution of B. depressicornis species 
are the abundance of feed types, and the availability of habitat components needed by animals, 
such as vegetation types and water availability (Ranuntu & Mallombasang, 2015). evenly 
distributed throughout the anoa's original habitat which can minimize the possibility of 
competition between other mammals for food (Broto, 2015), as well as species breeding activities 
outside their natural habitat (ex-situ) carried out in captive breeding centers or conservation forest 
areas (Mayasari et al., 2018). Therefore, any area that has the above factors has the potential to 
become a distribution area for the B. depressicornis species on the island of Sulawesi. The 
distribution modeling of B. quarlesi using the GLM, SVM and RF models also showed the same 
results as the B. depressicornis species. Some built-up areas in West Sulawesi Province and 
Agricultural/Plantation Areas in South Sulawesi Province were classified as having high B. quarlesi 
distribution. Although it has a difference in the COR and Deviance values of the RF model to the 
SVM model. The RF model gives quite realistic model results when compared to the SVM model. 

Overall, the model used displays very good results, but it can be affected by many factors 
such as an error such as pixel size, number of samples, and area of study. The author suspects that 
there are some limitations in this study, such as the pixel resolution that uses 2.5 km so that it is 
possible to generalize the surrounding pixels if the unit is changed to 1 km or more in detail. The 
distribution of the two species is very minimal and uneven. The author is also limited to three 
species distribution model algorithms. The selection of variables on several factors that influence 
their distribution in nature is not taken into account such as human activities which are a real threat 
to this species (O'Brien & Kinnaird, 1996; Burton et al., 2005; Mustari, 2019; Arini et al., 2020; 
Aldiansyah, 2022). 

Research conducted by Collins & McIntyre (2015) on thirty studies on modeling the 
distribution of species in the world that the GLM model is only used in 43% and 20% of RF. Other 
models that are mostly applied such as Artificial Neural Network (ANN), Boosted Regression Trees 
(BRT), BIOMOD, Classified Tree Analysis (CTA), Flexible Discriminant Analysis (FDA), General 
Additive Model (GAM), Generalized Boosted Model (GBM), Multivariate Adaptive Regression 
Splines (MARS), Mixture Discriminant Analysis (MDA), and Surface Range Envelopes (SRE). 
Different results will be obtained when using different distribution models (Shabani et al., 2016) 
and different results will be obtained if using the same model based on the species and study area 
studied. In future types of research, it is hoped that the model will be tested more diverse and the 
data more evenly distributed across the region. 
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New Distribution Model 

Both of our distribution models are based only on 15 (B. depressicornis) and 4 (B.  quarlesi) 
presence points. The local distribution of the two anoa species is difficult to identify because these 
species occur in forest patches at different elevations or in a sympatric/parapattric manner (Burton 
et al., 2005). Based on the skull and bone records of B. quarlesi and B. depressicornis, as well as 
morphological descriptions, it is only found in the Central Sulawesi region, northern of Buton Island 
(Burton et al., 2005), the northern peninsula, and along the southeast peninsula (Groves, 1969). 
The B. depressicornis species is currently distributed on the northern peninsula of Sulawesi Island, 
as far east as BNWNP, in the central region, throughout the eastern and southeastern parts of the 
island, but this species is no longer found on the southwestern peninsula. (Burton et al., 2005). 

The new distribution modeled by bioclimatic variables as well as in-situ species distribution 
data obtained from GBIF gives promising results. Figures 6a and 6c present a distribution map of 
species grouped with at least 50% probability. This area includes B. depressicornis covering an area 
of 105,417.19 km2 (59%) and B. quarlesi covering an area of 90,139.42 km2 (51%) of the total area of 
Sulawesi (Fern Green color shows the distribution area). About 80% of the areas matched the 
presence of B. depressicornis (Figure 8a), whereas 84% of the areas matched the presence of B. 
quarlesi (Figure 8b). Area match values based on AUC were 0.92 for B. depressicornis and 1 for B. 
quarlesi (Table 1). This value shows strong results. Some conservation areas that were and are still 
natural habitats for B. depressicornis and B. quarlesi are classified correctly and incorrectly based 
on the distribution and important habitats of anoa such as conservation areas, and protected 
forests in Sulawesi, presented in Figure 8. 

Validation 

The distribution models of B. depressicornis (Burton et al., 2016a), and B. quarlesi (Burton 
et al., 2016b) in Figures 6b & 6d, have similar patterns and regions. The B. depressicornis and B. 
quarlesi are estimated to inhabit or fit in at 97,800.7 km2 and 70,967.1 km2, respectively. This area 
is smaller than the estimated area of this study. The predicted distribution model also has corridors, 
B. depressicornis also shows connectivity from the side of the corridor between West Sulawesi and 
South Sulawesi, and B. quarlesi between West Sulawesi and Central Sulawesi which did not exist in 
previous studies (Figures 6a & 6c). As for B. depressicornis which has a corridor that connects from 
South Sulawesi around Bone Bay to Southeast Sulawesi, from the data released by IUCN, this 
corridor is not predicted but can be identified in the new distribution model (Figure 6a & 6b). The 
IUCN in 2016 also recorded that there is a possibility of B. depressicornis experiencing extinction in 
Southeast Sulawesi and this data has similarities with the new distribution model shown in Figure 
7. However, this statement is not entirely true, because in June 2022 two B. depressicornis were 
seen which were identified based on visible physical characteristics, namely the Anoa parent looks 
solid black while the cubs are yellowish brown in the vicinity of the nickel mining area of Konawe 
Regency (Yunus, 2022). 

The new distribution model covers several important distribution areas and habitats 
(Mustari, 2019). Areas confirmed to have B. depressicornis, such as: Mount Tinombala (17), 
Takolekaju Mountains (24), Nantu-Boliyohuto WS (7), RAWNP (41), Tanjung Peropa WS (43), 
Tanjung Amolengo WS (44), Tanjung Batikolo WS (45), North Buton NR (49) (Figure 8a). The areas 
confirmed to have B. quarlesi include: Mayoa-Mampi-Seko (25), Mount Pompangeo (26), 
Faruhumpenai NR (31), Forest in the Toraja Mountains (37), and GDNP (32) (Figure 8b). Other areas 
confirmed to have a mixture of B. depressicornis and B. quarlesi both from DNA fossils and the 
presence of species such as the Panua NR (6), LLNP (11), Kambuno Katena Protected Forest (38), 
Latimojong Mountains (35), Tanjung Polewali WS (42), Mangolo Nature Park (46), Grand Forest 
Park Tanjung Nipa Nipa (47) (Figures 8a & 8b). 
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Figure 6. Anoa Distribution Prediction: (a) A new model of Bubalus depressicornis; (b)Prediction of Bubalus 

depressicornis from IUCN (2016);  

(c) New model Bubalus quarlesi; (d) Prediction of Bubalus quarlesi from IUCN (2016). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Predicted distribution of Bubalus depressicornis and probability of extinction:  
(a) Sulawesi; (b) Southeast Sulawesi. 
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Figure 8. The prediction of the distribution of Anoa overlaps with the results of observations for 

the species identified by Mustari (2019) in Sulawesi:  
(a) Bubalus depressicornis; (b) Bubalus quarlesi. 

Future Species Distribution Scenarios 

Distribution scenarios for B. depressicornis and B. quarlesi are still viable in most areas of 
Sulawesi if viewed from future climatic conditions. It is estimated that B. depressicornis and B. 
quarlesi still fit in an area of 143,281.78 km2 (81%) and 136,892.89 km2 (77%) of Sulawesi's area. 
However, both of these species experienced a reduction in the distribution area. The area, 
including Buton Island and the surrounding islands, is an area that is predicted to be unsuitable as 
a habitat for B. depressicornis from a climatic aspect. Other areas include the Pati-Pati WS (13), 
RAWNP (41), Tanjung Peropa WS (43), Tanjung Amolengo Wildlife Refuge (44), Tanjung Batikolo 
WS (45), Tanjung Polewali WS (42), North Buton NR (49), and Lambusango WS (50) also cannot 
become a habitat for B. depressicornis due to climate change (Figure 9a). The Lambuyan-
Pangimanan WS (14) is not suitable as a habitat for B. quarlesi (Figure 9b). 

According to Leclerc et al. (2020), Sulawesi is potentially very vulnerable to climate change. 
In addition to being a threat to island ecosystems (Leclerc et al., 2018), climate change will have an 
impact on populations in nature (Leclerc et al., 2020). Sulawesi has never been identified by climate 
change for the mammal category (Pacifici et al., 2018) or other taxonomic groups (Foden et al., 
2013). Anoa tends to be picky in habitat and food as a result of their inability to tolerate even small 
climate changes (Leclerc et al., 2020).  If mammals that reproduce quickly are more at risk of 
extinction (González-Suárez et al., 2013), anoa that reproduces slowly will be more vulnerable to 
extinction because they are known to only give birth to 1 child/birth (Mustari, 2019; Mustari, 2020). 
This became serious after this study was conducted. This study can provide an overview of the first 
actions for conservation efforts in their natural habitat.  
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Figure 9. Distribution Prediction of Anoa 2092: (a) Bubalus depressicornis; 
(b) Bubalus quarlesi. 

 

CONCLUSION  

 Three models can visualize the distribution of species based on presence data and 
bioclimatic variables only. The best model based on the comparison of statistical tests and 
observational data shows that the RF model is quite good for modeling species distribution. 
Variables that have a high correlation with climate are bio2, bio8, bio9, bio14, bio15, bio18, and 
bio19. The results of the relative importance show that B. depressicornis and B. quarlesi are only 
suitable for living in a tropical climate with a warm and wet climate throughout the year, where 
the difference in temperature at night and during the day is very large. There is a corridor 
connecting the B. quarlesi area, which is between West Sulawesi and South Sulawesi, and B. 
quarlesi between West Sulawesi and Central Sulawesi. Ex-Situ conservation actions can be carried 
out on these two species because most of Sulawesi's areas have suitable habitats from a climate 
perspective. However, as climate change occurs, some areas that are native habitats are becoming 
more vulnerable. In the future, B. depressicornis is estimated to be compatible in an area of 
143,281.78 km2 or equivalent to 81% of the total area, while B. quarlesi is estimated to be suitable for 
an area of 136,892.89 km2 or equivalent to 77% of total area of Sulawesi. The habitat areas that are 
thought to be unsuitable include the Pati-Pati WS, RAWNP, Tanjung Peropa WS, Tanjung Peropa 
Wildlife Reserve (WR), Tanjung Batikolo WS, Tanjung Polewali WS, Preserve North Buton NR, 
Lambusango WS on B. depressicornis, and Lambuyan-Pangimanan WS on B. quarlesi. 
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