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Abstract. Gunawan, Sulistijorini, Chikmawati T, Sobir. 2021. Predicting suitable areas for Baccaurea angulata in Kalimantan, 
Indonesia Using MaxEnt Modelling. Biodiversitas 22: 2646-2653. Baccaurea angulata Merr. or ‘Belimbing Dayak’ is an underutilized 
fruit indigenous in Kalimantan. This species potentially used as edible fruit and medicinal plant. Unfortunately,  the forest conversion to 

oil palm and rubber plantations causes decreasing the habitat of B. angulata.  However, little is known about the occurrences and 
suitable habitat of B. angulata in Kalimantan. This investigation is might be the first study report on predicting the distribution of B. 
angulata in Kalimantan using MaxEnt (Maximum Entropy). The results show that four variables namely solar radiation in October, 
altitude,  precipitation of warmest quarter, and gloslope are significant factors determining B.angulata’s suitable habitat. The location of 
suitable habitat for  B. angulata is accordant with the real present distribution. The extent of potentially suitable area was significantly 
larger than the present occurrence of B. angulata in Kalimantan. The highest suitable areas identified in this study covered West 
Kalimantan and South Kalimantan. They included parts of SB (Sambas), LD (Landak), SG (Sanggau), SK (Sekadau) and BK 
(Bengkayang) of West Kalimantan Provinces, and TL (Tanah Laut), BN (Banjar) of South Kalimantan Provinces. The MaxEnt model 

performed better than random method with an Area Under Curve (AUC) value of 0.937 and it was statistically significant. It indicated 
that MaxEnt model was highly accurate and informative for habitat suitability of B. angulata. The predicted model of suitable areas can 
be used for management, monitoring, cultivation and future conservation of B. angulata. 
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INTRODUCTION 

Baccaurea angulata, known as 'belimbing merah' or 

'belimbing dayak', is a member of the Phyllanthaceae family. 

Biogeographically, it is known to be distributed in Borneo 

(Haegens 2000) and Natuna (Gunawan et al. 2018). it is a 

small tree about 5-15 m tall, with cauliflorous flower and fruit, 
and produces red fruits with a star-like shape. The pericarp 

and aryl of the fruit are edible with a sweet to acidic flavor. 

The wood is used for light construction, including tables 

and chairs (Lim 2012). In addition, several local people in 

West Kalimantan, Central Kalimantan, East Kalimantan 

use this fruit as cooking spice, fresh fruit, and sweets.  

Nonetheless, B. angulata has not been cultivated with 

most of them are found naturally growing in wild habitat of 

the forest, therefore the plant is not popularly known by the 

public. The plant is considered to have less economic 

value, compared to Rambai (B. motleyana), and other 
relatives. The fruit of B. angulata has the potential to be 

developed as a food source and for medicinal purposes. 

Phytochemical analyses of the fruit peel of B. angulata 

show the presence of protein, carbohydrates, fiber, 

minerals, vitamin C (Voon and Kueh 1999), vitamins A, E, 

and anthocyanin compounds (Norazlanshah et al. 2015; 

Ahmed et al. 2014). A report by Mikail et al. (2014; 2015) 

stated B. angulata juice is able to prevent atherosclerosis, 

inhibit lipid peroxidase activity, and induce antioxidant 

enzyme activity. This also has the potential to be a source 

of natural ingredients for cancer treatment (Adam and 

Rasad 2015), antioxidant source (Ibrahim et al. 2013), as 

well as antimicrobial activity (Momand et al. 2014). 

Viewed from ecological perspective, B. angulata plant has 
important values as food for some species of birds, gnats, 

monkeys, and orangutans (Haegens 2000).  

While B. angulata has great potential uses, its 

population in Kalimantan is declining due to habitat loss 

caused by increased conversion of forests into oil palm and 

rubber plantations, as well as community settlement, and 

road construction. According to Yang et al. (2013) habitat 

degradation, fragmentation, over-exploitation, as well as an 

increasing human population, are some important factors 

responsible for species loss around the world. In the 

Indonesian context, species extinction is mostly caused by 
excessive exploration, intrinsic biological factors (such as 

restricted ranges and small population sizes), and logging 

activities (Budiharta et al. 2011) 

Despite the threats to its population continues, 

information regarding its distribution and location suitable 

as the habitat of B. angulata has never been available, 

making it difficult for sustainable utilization and 

conservation of this species. This information is useful as 

the baseline information to record the populations, habitat 
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diversity and further purposes. Xu et al. (2018) stated that 

habitat suitability modeling can help to determine the 

potential location for conservation and cultivation of a 

species with particular interest. The modeling is also useful 

in understanding the environmental factors affecting B. 

angulata species distribution, thus, helping to improve 

conservation and cultivation efforts. 

Nowadays, there are increasing number of tools in 

habitat suitability modeling, including MaxEnt (Maximum 

Entropy)(Phillips 2004), BIOCLIM (Busby 1991), 
DOMAIN (Carpenter et al. 1993), generalized additive 

model (GAM) (Yee and Mitchell 2002), GLM (Lehman et 

al. 2002), and BIOMAPPER (Hirzel et al. 2002). Each tool 

is unique with particular advantages and disadvantages. 

Marcer et al. (2013) stated that MaxEnt can be considered 

one of the best and extensively used habitat suitability 

modeling tools among others. Several advantages of 

MaxEnt include the requirement of only presence data of 

species, the ability to run with a small amount of data, the 

high accuracy of prediction results, the high 

reproducibility, as well as the ability to predict the most 
discriminant environmental factors (Fois et al. 2018). 

This study aims to predict suitable habitats of B. 

angulata in Kalimantan using MaxEnt. We expect the 

results of this study to provide information regarding the 

potential distribution of B. angulata in Kalimantan, identify 

the currently suitable areas for conservation and 

cultivation, and identify environmental factors with a high 

correlation to this distribution. To our knowledge, our 

study is the first to investigate the habitat suitability areas 

of B. angulata using a modeling tool to support its 

conservation and cultivation. 

MATERIALS AND METHODS 

Species occurrences data  

In this study, explorations or field surveys were carried 

out in 3 provinces of Kalimantan, Indonesia, namely West 

Kalimantan (Sanggau, Entikong, Ngabang, Nangapinoh, 

Sompak, Sarumbi, Kembayan, Sambas, and Sintang), East 

Kalimantan (Botanical Garden of Unmul Samarinda), and 

Central Kalimantan (Pangkalan Bun and Muara Teweh). 

The location selection in the field was based on 

information from Herbarium Bogoriense (BO), Herbarium 

Wanariset (WAN), and local people knowledgeable on the 

existence of B. angulata plant. The appearance of the plant 
to identify the species is presented in Figure 1. 

Geographical coordinates of the occurrence of the plants 

in the field were recorded using the Garmin Etrex 30 type 

Global Position System (GPS). The data were transferred 

into Microsoft Excel and saved in CSV format to be used 

for habitat suitability modeling with MaxEnt. In total, 114 

coordinate points were obtained from the exploration/ 

survey and a distribution map was made (Figure 2). 
 

Environmental variables 

This research used 23 environmental variables consisting 

of 19 bioclimatic variables, soil type, slope, altitude, and 

solar radiation (12 months) (Tabel 1). Bioclimatic variable 

and solar radiation were downloaded from the global 

climate database WordClim (www.worldclim.org, the new 

version 2.0), for the recent period. In addition, the altitude 

data was also downloaded from the WordClim website, 

based on the digital elevation model. This database has been 

used extensively in habitat suitability modeling (Khanum et 

al. 2013) and is widely used in the Asian region (Rana et al. 

2017). Slope was downloaded from www.fao.org. Soil 

types of Kalimantan were collected freely from indonesia-

geospasial.com. Those data were not ready for use, then the 
data were processed and combined using ArcGis version 

10.3. All downloaded data in this study has a resolution of 

30 acr second grid (1 km) (Ficks and Hijmans 2017). 

Worthington et al. (2016) suggested selecting and using 

environmental factors with a major influence, in order to 

obtain an accurate and informative habitat suitability model. 

Based on the Jackknife analysis evaluating the contribution 

of each environmental variable to the resulting model, 16 

environmental variables were not used due to the lack of 

contribution to the model making (percent contribution = 

0). Wei et al. 2018 also suggested not to use environmental 
variables with a small average contribution (<6%) or 

permutation importance (<6%). The contribution percentage 

and permutation are two important factors for understanding 

and measuring the environmental variable’s contribution as 

well as importance to the model. Therefore, the environmental 

variables used in B. angulata habitat suitability map model 

for the current period were srad_10 (solar radiation in 

October), altitude, gloslope, bio_15 (precipitation seasonality), 

and bio_18 (precipitation of warmest quarter). 
 

 
Figure 1.  The appearance of Baccaurea angulata: A. Habitus; B. 
Flower; C. Fruit; D. Transversal section of fruit. 



 BIODIVERSITAS 22 (5): 2646-2653, May 2021 

 

2648 

 
 
Figure 2. Current distibutions of B. angulata in Kalimantan, 
including West Kalimantan, Central Kalimantan, South 
Kalimantan, and East Kalimantan, obtained from field survey. 
 
 
Tabel 1. Twenty-three candidate environmental variables for use 

in MaxEnt models. 
 

Code Parameter 

Altitude* Altitude above sea level 
GloSlope* - 
Soil type - 
Srad* Solar radiation (12 month) 

Bio 1 Mean annual temperature 
Bio 2 Mean diurnal range  
Bio3 Isothermality 
Bio 4 Temperatur seasonality 
Bio 5 Maximum temperature of warmest month 
Bio 6 Minimum temperature of coldest month 
Bio 7 Temperature annual range 
Bio 8 Mean temperature of wettest quarter 

Bio 9 Mean temperature of driest quarter 
Bio 10 Mean temperature of warmest quarter 
Bio 11 Mean temperature of coldest quarter 
Bio 12 Annual precipitation 
Bio 13 Precipitation of wettest month 
Bio 14 Precipitation of driest month 
Bio 15* Precipitation seasonality 
Bio 16 Precipitation of wettest quarter 

Bio 17 Precipitation of driest quarter 
Bio 18* Precipitation of warmest quarter 
Bio 19 Precipitation of coldest quarter 

Note: *) Asterisks indicated variables selected for use in MaxEnt 
models 

Modeling species distribution  

This study used MaxEnt version 3.4.1 (Phillips et al. 

2017) to create predicted suitability maps of B. angulata on 

the default setting. The software was freely obtained from 

https://biodiversityinformatics.amnh.org/ open_source/ 

maxent/. Meanwhile, the contribution and importance of 

each environmental variable on the habitat suitability 

model of B. angulata were performed with a jackknife test 

(Promnikorn et al. 2019), and the receiving operating curve 

(AUC) area was applied to evaluate the performance 
model. According to Zhu et al. (2017), AUC values range 

from 0 (lowest suitability) to 1 (maximum suitability), and 

a value below 0.5 indicates the resulting model is not 

better, compared to random and uninformative data, while 

a value of 1.0 shows the resulting model is very good and 

informative (Swets, 1988). Subsequently, the analysis 

results from MaxEnt models predicting B. angulata 

suitability (0-1 range) were imported into Diva Gis 

software version 7.5 for display and further analysis 

(Hijmans et al. 2012). Based on IPCC (2007) and Wei et al. 

(2020) habitat suitability levels on the model map 
generated from MaxEnt can be grouped into 4 classes, 

namely least suitable (0.0-0.2), low suitability (0.2-0.4), 

medium suitability (0.4-0.6), and high suitability (0.6-1). 

RESULTS AND DISCUSSION 

Model performances 

In this study, the habitat suitability model map 

produced by MaxEnt was analyzed using threshold-

independent ROC analysis. Philips et al. (2006) stated the 

value of the Area Under Curve (AUC) represents the 

model's performance, based on the response curve to each 

predictor variable contributing to the habitat. The model 
habitat suitability with highest AUC value indicated that 

the model has the best performer. An AUC value below 

0.50 indicates the resulting prediction model is not good 

(Swets 1988), while a value of 1 shows the model has high 

accuracy. The resulting AUC value for the prediction 

model B. angulata is 0.937 (Figure 3), and based on Swets 

(1988) this value can be categorized as excellent and 

accurate, suggesting that the selected environmental 

variable for the current distribution of B. angulata very 

well. The result prediction model for B. angulata has a very 

high correlation with the actual occurrence location in its 

natural habitat. 
The environmental variable with the highest mean 

contributions were srad_10 (solar radiation in October, 

48.9%), altitude (17.5%), bio_18 (precipitation of warmest 

quarter, 13.6%), gloslope (10%), bio_15 (precipitation 

seasonality, 9.9%) which accounted for 99.9% to the model 

prediction. Among them, srad_10 (solar radiation in 

October) was the topmost important predictor which 

contributed 48.9%. Considering the importance of 

permutation, bio_18 (precipitation of warmest quarter, 

30%), srad_10 (solar radiation in October, 27.8%), altitude 

(22.9%), bio_15 (precipitation seasonality, 14.7%). 
According to the Jackknife test, srad_10 (solar radiation in 

October), altitude, gloslope, and bio_18 (precipitation of 
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warmest quarter) are the main environmental variables 

(Figure 4). However, the environmental variable with the 

highest gain value is srad_10 (solar radiation in October). 

This implies srad_10 (solar radiation in October) plays an 

important role in the formation of predictive models for B. 

angulata habitat suitability, and consequently, has a major 

influence on the plant’s distribution.  

In addition, environmental variables are very important 

factors in plant cultivation and conservation management 

with a role in plant growth and development. Sun et al. 
(2013) showed biophysical factors such as topography 

(slope, aspect, altitude, and soil), climate, and soil (soil 

physical, chemical, and biological properties) are important 

factors influencing the plant’s growth. Meanwhile, Zhang 

et al. (2018) stated climatic factors are very important in 

affecting plant regeneration, growth, and spread. A study 

by Asanok et al. (2020) reported habitat suitability 

modeling indeed helps to improve understanding of the 

relationship between plants and respective habitats through 

incorporating the current location, microclimate, 

topographical, and edaphic factor data. 

 
 
 

 

 
 
Figure 3. The results of the AUC curves in developing B. angulata habitat suitability model. 
 
 
 

 
 
Figure 4. The results of the jackknife test of variable’s contributions. 
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Variable’s response to suitability  

Environmental variables are closely related to the 

possible plant distribution in a location. Figure 5 shows the 

relationship between environmental variables and the 

possible distribution of B. angulata in the response curve 

generated by MaxEnt. This curve illustrates the quantitative 

relationship between environmental variables and the 

logistic probability of presence (also known as habitat 

suitability), and these depend on the understanding of the 

species’ ecological niche (Yi et al. 2016). Furthermore, this 
provides highly significant information required to 

determine the environmental variables plants need to grow 

optimally (Esfanjani et al. 2018). Therefore, environmental 

factors affecting plants must be considered in conservation 

development plans and management. 

According to Thery (2001), solar radiation is a very 

significant environmental variable influencing species 

regeneration. The optimal solar radiation required by B. 

angulata is 15.000-16.000, as indicated by the response 

curves srad_10. The observations at the research location 

indicated B. angulata grew a lot in open locations. Based 
on the survey, B. angulata plants began to flower in 

August-October, and this is in line with the previous 

research by Haegens (2000), stating the plant begins to 

flower in August-September. Thus, solar radiation has an 

important role in the distribution of locations with suitable 

habitats for B. angulata. Rezazadeh et al. (2018) reported 

short length of radiation is a factor controlling the 

induction and initiation of flowering in several plant 

species, while Nurtjahjaningsih et al. (2012) explained 

flowering is affected by external factors in the form of 

sufficient sunlight and nutrients. Another environmental 

variable influencing the habitat suitability model of B. 

angulata, is altitude. According to the response curve, the 

suitable altitude range is 50-500 m a.s.l, and observations 

during the survey also show these plants are found at 

locations with an altitude of 50-500 m a.s.l. This statement 

is in line with Haegens (2000) report, stating B. angulata 

grows at an altitude of 0-800 m a.s.l in a natural habitat and 

is found in primary and secondary forests. Based on the 

response curve, the higher the altitude of a place, the lower 
the suitability of its habitat. Previous studies by Berli et al. 

(2013) and Dogra et al. (2013) showed altitude greatly 

affects plant growth, structure, function, and metabolism. 

Furthermore, Grytnes et al. (2002) and Cai et al. (2012) 

reported optimum altitude range affects biomass 

production, enzymatic activity, as well as photosynthesis, 

while Adhikari et al. (2018) explained this causes altitude 

to affect the plant distribution. The response curve for 

gloslope showed the highest probability of B. angulata 

presence at the slope greater than 10o. Moreover, bio_18 

(precipitation of warmest quarter) was variable related to 
rainfall, and the optimum range was 300-700 mm. 

 

Predicted current potential distribution  

The prediction model map for B. angulata habitat 

suitability was created using the MaxEnt program, based 

on the data present. Figure 6 shows the result of field 

surveys and current environmental factors. Meanwhile, the 

map of the habitat suitability prediction model produced by 

MaxEnt has a suitability value of 0 to 1. 
 

 

 
Figure 5. Response curves of four key climatic variables used in the ecological niche model B. angulata. Srad_10 (solar radiation in 
October); altitude; bio_18 (precipitation of warmest quarter); gloslope 
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Figure 6. Map for potential current distribution suitability of B. angulata in Kalimantan according to occurence records. West 
Kalimantan: SB (Sambas), BK (Bengkayang), LD (Landak), SG (Sanggau), SK (Sekadau), ST (Sintang), KH (Kapuas Hulu), ML 
(Melawi), KR (Kubu Raya), KU (Kayong Utara), KP (Ketapang). Central Kalimantan: SM (Sukamara), LM (Lamandau), WB 
(Kotawaringin Barat), SR (Seruyan), WT (Kotawaringin Timur), KT (Katingan), PP (Pulang Pisau), PR (Palangka Raya), GM (Gunung 
Mas), KS (Kapuas), MR (Murung Raya), BU (Barito Utara), BT (Barito Timur), BS (Barito Selatan). South Kalimantan: TL (Tanah 
Laut), TB (Tanah Bumbu), BN (Banjar), HS (Hulu Sungai Selatan), KR (Kota Baru), HT (Hulu Sungai Tengah), BL (Balangan), TO 
(Tabalong). East Kalimantan: PS (Paser), PU (Paser Utara), KB (Kutai Barat), KK (Kutai Kartanegara), MU (Mahakam Ulu), KM 
(Kutai Timur), BR (Berau). North Kalimantan: MN (Malinau), NN (Nunukan), BN (Bulungan) 

 
 
 

The locations with high habitat suitability in West 

Kalimantan were discovered to be SB (Sambas), LD 

(Landak), SG (Sanggau), BK (Bengkayang), and SK 

(Sekadau) regencies, while the locations with medium 
habitat suitability in West Kalimantan were KH (Kapuas 

Hulu) and ST (Sintang). The lowly suitable habitat  were 

found a part of KH (Kapuas Hulu), ML (Melawai), and KP 

(Ketapang). Meanwhile, the locations with high habitat 

suitability in South Kalimantan were found to be TL 

(Tanah Laut), and BN (Banjar), medium habitat suitability 

found in TB (Tanah Bumbu), KR (Kota Baru), HS (Hulu 

Sungai Selatan), HT (Hulu Sungai Tengah), BL (Balangan) 

and TO (Tabalong). In addition to having high suitability, 

some areas in West Kalimantan also have low suitability 

locations, which also occurs in South Kalimantan. 

However, other Kalimantan regions (East Kalimantan, 
Central Kalimantan, and North Kalimantan) have low and 

least levels of habitat suitability. Based on map potential 

suitability habitat for cultivation was significantly larger 

than occurence of B. angulata in Kalimantan. Previous 

studies on the distribution of B. angulata have shown the 

distribution is most prominent in West Kalimantan. This is 

consistent with the habitat suitability model map created 

using MaxEnt. The environmental factors with a major 

contribution to B. angulata’s habitat suitability model map 

is solar radiation in October, followed by altitude. Based on 
field observations, West Kalimantan has higher solar 

radiation, compared to the other locations, and this is 

related to the region’s position on the equator. 

The MaxEnt analysis shows locations with high habitat 

suitability are dominant in West Kalimantan. This is 

consistent with the conditions at the time of field survey, 

recording the presence of numerous B. angulata plants in 

West Kalimantan. However, the plant was also found in 

areas with low habitat suitability, but in small numbers. 

The presence of this plant in low suitability locations 

indicates possible high adaptability to changing 

environmental factors or a wide ecological range. This is 
probably developed at the location and is believed to imply 

a high level of genetic diversity in the plant.  

This study is the first to create a map of the habitat 

suitability model for B. angulata in Kalimantan using 

MaxEnt. Species distribution modeling (SDM) provides 

highly significant information for cultivation as well as 
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conservation management, and shows the relationship 

between species as well as habitat by combining data on 

presence, microclimate, topography, and edaphic factors 

(Asanok et al. 2020). Furthermore, SDM also provides 

information on environmental factors with the most 

influence on species distribution. Therefore, the B. 

angulata habitat suitability distribution map is able to help 

researchers and conservators determine the plant’s 

conservation or cultivation location. Thus, locations with a 

high level of suitability are maintained or prioritized, rather 
than converted into plantations or housing, making 

conservation and cultivation possible. 
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