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Abstract  

Concerns in crocodiles sustainability have long been overlooked, due to humans fear of its ferocity and 

unresolved human-crocodile conflicts. The siamese crocodile (Crocodylus siamensis) and false gharial 

(Tomistoma schlegelii) are considered threatened by the IUCN red list because of their limited range and 

declining populations. In this study we developed habitat suitability model for both species and overlaid 

with anthropogenic factors to mitigate conflict between crocodiles and human in Mesangat-Suwi 

Wetland, East Kalimantan, Indonesia. We collected species presence from 2018–2023, measured 

environmental variables, interviewed 100 respondents, and mapped all information with Maximum 

Enthropy program (MaxEnt). Results showed that different factors influenced the habitat distribution for 

each species. Specifically, distance from swamps was affected the most for both crocodiles. Our model 

found that the potential habitat was much smaller than the non-potential ones due to humans’ intrusion. 

Much of the Mesangat-Suwi area was covered in high-conflict zones between humans and crocodiles, 

endangering both species even more. Hence, serious actions were urgently needed to resolve the conflict, 

either by prevention and mitigation actions, to ensure human-crocodile coexistence in East Kalimantan. 

Keywords: coexistence, false gharial, human-crocodile conflict, mitigation, siamese crocodile

1. Introduction 

Although crocodiles have long been known to be one of the most dangerous animals to 
humans, there is no justification for hunting them freely. They are regarded as important 
species with ecological roles in protecting the variety and productivity of wetland habitats 
[1,2]. On the IUCN red list of threatened species, C. siamensis is listed as endangered [3], 
whereas T. schlegelii is listed as critically endangered [4] due to its limited distribution and 
population reduction. This leads to their inclusion in CITES Appendix I [5] and protection 
under Indonesian law, The Mesangat-Suwi Wetland, which has been identified as an 
important ecosystem area by the East Kutai Regent's Decision No. 660/K.391 in 2023, is home 
to several species, including both species. This area consists of rivers, swamps, swamp 
forests, and lakes, which are vital for the survival of humans, animals, and plants. Conflicts 
are also likely to arise because these areas are close to community settlements where 
agriculture and fishing are the main sources of income. 

Conflict between humans and wildlife can lead to changes in the resource niche and prey 
partitioning [6,7]. Wildlife relies heavily on specific ecological niches for survival and 
reproduction, and crocodiles, being freshwater habitat dependent, are no exception. 
Unfortunately, crocodiles are among the wildlife species that frequently negatively interact 
with humans worldwide [8]. However, global attention towards human-crocodile conflicts is 
relatively scarce [9], and declines in natural crocodile habitats, depletion of prey populations, 
and increased human activities around crocodile habitats have led to human attack incidents 
[10]. Crocodile attacks on humans and hunting of crocodiles represent the most common 
human-crocodile conflicts [11,12]. Such negative interactions are among the biggest 
challenges in crocodile conservation, as their presence only leads to conflicts with local 
communities. Long-term crocodile conservation necessitates intact habitat availability, 
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effective protection practices, and societal tolerance towards crocodile populations in their 
vicinity [10]. 

Coexistence between humans and wildlife is vital globally, but it is difficult to achieve when 
wildlife only negatively impacts human lives, and local people do not reciprocate. Such 
actions can lead to a passive acceptance of the existence of wildlife populations, with the risk 
of actions that harm or even exterminate these populations [13,14]. However, evaluating 
tolerance levels across a large area is a complex challenge. 

The purpose of this research is to determine potential habitat of both C. siamensis and T. 
schlegelii in Mesangat-Suwi and  identify areas with high probability of human activities to 
mitigate crocodile-human conflict. The outcome of this study is to provide recommendations 
for policymakers in managing the habitat of C. siamensis and T. schlegelii and the community 
to achieve harmonious coexistence with wildlife, especially Siamese crocodiles and false 
gharials. Policies pertaining to wildlife-human conflict, in particular crocodile mitigation 
planning and conservation initiatives in East Kalimantan, are anticipated to benefit from this 
study as well. 

2. Materials and Methods 

2.1. Study Area 

The study area is situated within the boundaries of East Kalimantan province, Indonesia, with 
fieldwork focusing on the important ecosystem area of the Mesangat-Suwi wetland. The area 
is classified as an Other Use Area (in bahasa Indonesia is considered as Area Penggunaan Lain 
or APL), a landscape categorized as non-forest or protection area. The area of the Mesangat-
Suwi wetland is 14,165.50 ha, divided into two parts, namely, the Mesangat wetland, which 
are 7,377.49 ha and Suwi wetland of 6,788.01 ha (Figure 1). 

 

Figure 1. The map delineating the study area depicts the location of the Mesangat-Suwi wetlands, 

Kutai Timur, East Kalimantan. 
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2.2. Data Collection 

The potential habitat of crocodile was modelled using the distribution data of siamese 
crocodiles (Crocodylus siamensis), false gharials (Tomistoma schlegelii), and predicted 
environmental variables that might affect the distribution of both species. The distribution 
of both species in this study was obtained from both primary (direct encounters during field 
research in July–September 2023) and secondary sources, which were acquired from 
monitoring by the Ulin Foundation and the Yasiwa-Ulin Consortium. We only considered data 
from 2018 to 2023 owing to its unavailability prior to 2018. In total, we obtained 130 and 43 
presence points for C. siamensis and T. schlegelii, respectively, in East Kalimantan. 

Environmental data was collected from the Ministry of Environment and Forestry's land cover 
data for 2021, which comprised of distances to thicket swamps, distance to swamps, distance 
to shrubs, distance to primary swamp forests, distance to secondary swamp forests, distance 
to plantations, and distance to settlements. The classification of shrubs is divided into two 
categories, both of which have low vegetation but differ from their previous land conditions. 
Shrubs were previously dryland forests, whereas thicket swamps were previously swamp 
forest [15]. Additionally, water presence data were sourced from the Global Surface Water 
dataset downloaded from global-surface-water.appspot.com. Distance from rivers data were 
extracted from the Indonesian Soil Research Institute's database downloaded from 
https://tanahair.indonesia.go.id/. Land surface temperature data were obtained from Terra-
Modis 1B, and elevation data were processed using the Digital Elevation Model downloaded 
from https://portal.opentopography.org/. The collected environmental data were then 
converted into GeoTIFF raster format. 

Data on potential conflicts were collected through semi-structured interviews with 100 
respondents representing the study area, taken during field research from July to September 
2023. Respondents were drawn from communities active in and around Mesangat-Suwi 
wetlands who could identify C. siamensis and T. schlegelii. Respondents were selected using 
the snowball technique to obtain additional respondents based on suggestions from key 
respondents [16]. Key respondents included the head of the local village and leaders of the 
fishermen's group. We also interviewed respondents who had conducted activities at the 
research site and were willing to be interviewed. The questions were divided into two 
categories: general questions for the surrounding local community and specific questions for 
fishermen. The questions asked of respondents included information on the location of 
encounters, frequency of encounters, information regarding the victim, time of attack, form 
of attack, activities before the attack, and losses after the attack. Meanwhile, additional 
questions for fishermen included fishing location, type of fishing gear, amount of fishing gear, 
bait used, depth of bait, length of gear set, information on crocodile entanglement, type of 
entangling gear, post entanglement impact, and frequency of entanglement were divided 
into three categories: rarely (1 per month), occasionally (2 per months), and frequently (>3 
per months). In addition, secondary data on C. siamensis and T. schlegelii attacks were 
obtained from CrocAttack, the world's crocodile attack database (http://www.crocodile-
attack.info/), which produced only one case of C. siamensis attack on humans on the website. 

2.3. Data Analysis 

The data analysis process in this research can be seen in the following flowchart (Figure 2). 

 

Figure 2. Workflow for the research methodology.  
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The first step in using data for habitat potential modelling is preprocessing. The spatial 
resolution of each variable was standardized by resampling before they were integrated as 
processing variables in the model. Not all data points of siamese crocodiles and false gharials 
presences were used as we conducted data selection procedures to ensure that each 
presence points have accurate coordinates and eliminating duplicate encounter data. Thus, 
from a total of 130 presence points, the data for C. siamensis were reduced to 85 points, 
while the T. schlegelii presence points decreased from 43 to 30. 

Potential habitat modelling was conducted using the Maximum Entropy (MaxEnt) algorithm, 
which identifies the spatial distribution of a species based on presence data and 
environmental variables influencing its presence [17]. A multicollinearity analysis of all 
environmental variables was conducted to assess the correlation between the environmental 
variables used. If multicollinearity arises, it can negatively affect the model's outcomes [18]. 
If the Variance Inflation Factor (VIF) exceeds ten (>10), one of the variables must be removed 
or reduced [19]. 

The habitat potential model was validated by examining the Area Under the Curve (AUC) 
value from the Receiver Operating Characteristic (ROC) curve, which provides overall 
accuracy information unaffected by the threshold values. Additionally, AUC is a standard 
method for identifying the model distribution prediction accuracy [20]. Based on [20], the 
obtained AUC test values are categorized into three categories: a value of 0.9 indicates 
excellent accuracy; values between 0.800 and 0.900 indicate good accuracy; and values 
below 0.800 indicate fair accuracy. The results were analyzed using jackknife analysis, which 
provided a more detailed explanation of the obtained results. 

The siamese crocodile and false gharial habitat potential classes were divided into four 
categories: no potential (0–0.2), low potential (0.2–0.4), moderate (0.4–0.6), and high (0.6–
1.0) [21]. Furthermore, mapping of crocodile-human conflict risks was conducted by 
performing overlay analysis and weighting between human activity points around the 
research location and the siamese crocodile and false gharial habitat potential maps. The 
human activity map is a combination of community activity points and conflict points, which 
then underwent buffer analysis with the rule t1 km distance weights 3, 2 km distance weights 
2, and 3 km distance weights 1. Weighting was also applied to the habitat potential map, with 
high potential (weight 3), moderate potential (weight 2), and low potential (weight 1). From 
each weight, the distance weight from community activities + habitat potential weight was 
calculated and classified into three categories and scores: high risk (5–6), moderate (3–4), 
and low (1–2). 

3. Results 

3.1. Variable Selection instead of Multicollinearity Analysis 

The VIF test revealed that only the distance to the thicket swamp resulted in VIF values above 
10. This indicates the presence of multicollinearity based on the VIF test findings. Variables 
with multicollinearity may have estimated parameter variances that are higher than 
necessary, which would reduce the accuracy of the estimation values [18,22]. As a result, the 
Maxent program processed habitat potential model data using only 10 variables (Table 1). 

Table 1. Multicollinearity test result 

No Environmental variables VIF 

1 Distance from thicket swamp 15.83* 
2 Distance from swamp 1.07 
3 Distance from shrubs  2.01 
4 Distance from primary swamp forest 1.28 
5 Distance from secondary swamp forest 5.30 
6 Distance from plantation 6.75 
7 Distance from settlement 2.77 
8 Presence of water 1.27 
9 Distance from river 1.68 
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No Environmental variables VIF 
10 Land surface temperature 1.30 
11 Elevation  3.24 

*Notes: Asterisk in the table indicates the highest correlation between variables 

3.2. Model Validation 

The assessment findings for the models in this study revealed no significant variations in 
accuracy values among the created models. Model performance evaluation is a critical stage 
that should be performed technically [23]. Model performance is a measure of how 
effectively a model can describe the ecological circumstances of a species. The habitat 
potential model for siamese crocodiles in East Kalimantan had an AUC value of 0.991, and 
the false gharial model had an AUC value of 0.996, both with a standard deviation of 0.003 
(Figure 3A and Figure 3B). When the standard deviation is reduced significantly, the model 
evaluation is considered ideal [24]. This indicated that the prospective models in this 
investigation performed remarkably well. 

  

A B 

Figure 3. The mean value of AUC (Area Under Curve) (A) siamese crocodile (B) false gharial. 

3.3. Contribution of Environmental Variable 

The determination of important variables for the siamese crocodile and false gharial habitat 
potential model can be identified using percent contribution [25]. This was done to observe 
the estimated contribution of environmental variables to the model results, where the higher 
the percent contribution value, the greater the contribution of that variable to the habitat 
potential model. Overall, the environmental variables consider a set of environmental 
variables covering various aspects of habitat characteristics for both species. The 
environmental variables with the highest contribution percentage to the siamese crocodile 
habitat potential model were the distance from the swamp (45.6%), distance from secondary 
swamp forest (26.4%), distance from plantations (9.9%), and distance from shrubs (9.3%) 
(Table 2). 

Table 2. Effect of environment variables on the habitat potential of siamese crocodile 

Environmental variables Contribution percentage (%) 

Distance from swamp 45.6 

Distance from secondary swamp forest 26.4 

Distance from plantation 9.9 

Distance from shrubs 9.3 
Distance from primary swamp forest 3.4 

Elevation 3.2 
Distance from river 0.9 

Distance from settlement  0.7 
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Environmental variables Contribution percentage (%) 
Presence of water 0.5 

Land surface temperature 0.0 

 

The important environmental variables for the false gharial habitat potential were distance 
from the swamp (50%), distance from the secondary forest (32.6%), distance from shrubs 
(7%), and distance from rivers (5.9%) (Table 3). This indicates that these variables are 
important for building the model. If not used, they will affect the accuracy of the model of 
potential T. schlegelii habitat in the East Kalimantan province. 

Table 3. Effect of environment variables on habitat potential of false gharial 

Environmental variables Contribution percentage (%) 

Distance from swamp 50.0 

Distance from secondary swamp forest 32.6 

Distance from shrubs 7.0  

Distance from river 5.9 
Distance from primary swamp forest 3.5 

Distance from settlement 0.7 
Distance from plantation 0.2 
Presence of water 0.1 

Land surface temperature 0.1 

Elevation 0.0 

3.4. Potential Habitat of Siamese Crocodile and False Gharial 

The results of the habitat potential analysis for siamese crocodiles and false gharials in East 
Kalimantan were divided into potential and non-potential areas. The potential classes for 
siamese crocodiles show that the suitable habitat area is 1,075,832.69 ha (9%) out of 
12,576,319.59 ha, divided into three classes: low with an area of 447,867.91 ha (4%), 
moderate with an area of 255,108.32 ha (2%), and high with an area of 372,856.47 ha (3%) 
(Figure 4A). Meanwhile, the potential habitat for false gharials indicates that the suitable 
habitat area is 880,712.82 ha (7%). In the low class, it covers an area of 401,428.47 ha (3%), 
moderate with 227,551.30 ha (2%), and high with 251,733.06 ha (2%) (Figure 4B). 

  

Figure 4. The map of habitat potential (A) siamese crocodile (B) false gharial. 
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3.5. Crocodile-Human Interaction Risk Areas 

Areas with high or moderate levels of potential crocodile habitat as well as habitat for human 
activities pose an important challenge in managing potential human-crocodile conflict. Local 
community activities in the Mesangat-Suwi wetland and surrounding areas include fishing, 
farming, and cattle farming. These activities are in accordance with the geographical 
conditions of the research location, which is a wetland ecosystem classified as an area with 
other uses (APL) that is commonly utilized for agricultural and settlement purposes. This 
study provides evidence of crocodile attacks in humans. There were 54 cases or crocodile-
human conflict points involving siamese and false gharials in the Mesangat-Suwi wetlands. 
These were categorized into four types: crocodiles entangled in traditional fishing gear, 
crocodile attacks on humans, crocodile predation on livestock, and crocodiles found in 
settlements and plantations. 

Observational findings indicate that the frequency of conflicts involving C. siamensis and 
humans is higher compared to T. schlegelii. This finding is based on 44 cases of C. siamensis 
entangled in traditional fishing rods or rawai and fishing nets or ringgi by the Dayak and Kutai 
communities (Figure 5). Through interviews with 71 fishers, it was found that 44 of them had 
experienced siamese crocodile entanglement incidents while they were fishing. The 
frequency of crocodile entanglement incidents was calculated based on the number of 
responses from the respondents. It was found that 34% of them said that the occurrence of 
such incidents was often or occasionally, while 32% stated that such incidents rarely occurred 
(Figure 6). 

 
Figure 5. Crocodiles entangled in rawai, a traditional fishing gear (November 30th, 2022 in Mesangat 

wetland). 

 
Figure 6. Frequency of C. siamensis entangled in traditional fishing gear. 
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The number of occurrences was also related to the depth of the bait, type of bait, and 
installation location of the fishing gear used. Bait on fishing gear such as longlines or longlines 
is usually placed at a depth of 10–20 cm, often using live fish bait that is believed to attract 
siamese crocodiles as prey. In addition, the location of fishing gear is believed to influence 
the level of conflict. These fishing gears are usually placed in the middle of open swamps, 
close to floating vegetation, which is a favorite haunt for C. siamensis [26,27]. Although nets 
and ringgi are not used as much as longlines, they also contribute to entanglement. They are 
5–6 cm wide and small enough to cause the entanglement of hatchlings and death. This gear 
is set lengthwise and follows the water current, which will only damage the fishing gear if it 
entangles juvenile crocodiles. 

Field monitoring revealed that T. schlegelii tended to be found at the edge of swamps close 
to tree roots. This finding is also reinforced by the analysis of ESRI imagery satellite image 
data, which show the distribution of T. schlegelii at the edge of swamps. This is related to the 
breeding habitat tendency of T. schlegelii [28,29], which generally builds nests in swamp 
forests, whereas C. siamensis tends to roam among the grasses [30,31]. 

The overlap of habitat potential and community activities resulted in areas of potential 
conflict (Figure 7). The classification of potential crocodile-human conflicts between C. 
siamensis and T. schlegelii showed that most of the Mesangat-Suwi wetland area was 
included in the high conflict potential area. This situation has resulted in an increasing 
number of conflicts involving fishers, although there are few records of direct attacks on 
humans. Attacks on humans by crocodiles was present for both C. siamensis (2 incidents) and 
T. schlegelii (2 incidents). Both were non-mortal and only caused bite wounds, consistent 
with the findings of the CrocAttack site survey conducted in June 2023, which found one case 
of C. siamensis attack on a human in the Mesangat wetlands. 

 

Figure 7. Risk map of conflict (A) siamese crocodile (B) false gharial. 

The surrounding residential areas also have high potential for conflict, especially settlements 
located on the banks of the Kelinjau and Telen Rivers. Interviews with local communities 
revealed confirmed cases of C. siamensis and T. schlegelii entering settlements during floods. 

Furthermore, potential conflicts between crocodiles and humans were also identified in 
plantation areas. Based on the analysis of the potential habitats of these two crocodile 
species, most of their habitats are adjacent to oil palm plantations. This situation also 
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increases the potential for conflict in plantation areas due to the association of crocodile 
habitat with plantations. Interviews with local communities revealed confirmed cases of C. 
siamensis and T. schlegelii entering settlements during floods. Several findings of crocodiles 
entangled in fishing gear and isolated crocodiles were also found in the irrigation area of oil 
palm plantations. The presence of isolated siamese crocodiles indicates a threat to habitat 
and potential conflict with humans. As opportunistic predators, crocodiles do not rule out 
the possibility for humans to become alternative prey when their natural prey declines or is 
depleted [32]. This finding is supported by two cases of siamese crocodile attacks on 
livestock. 

 

Figure 8. Siamese crocodile isolated in oil palm plantation (August 15th, 2023 in oil palm plantation, 

Muara Bengkal Hulu). 

4. Discussion 

4.1. Ecological Specialization and Potential Habitat 

The habitat models developed in this study underscore the ecological specialization of 
Crocodylus siamensis and Tomistoma schlegelii, both of which exhibit a strong dependence 
on wetland ecosystems. Specifically, swamps emerged habitats, significantly contributing to 
the habitat potential models in East Kalimantan. Swamps are the primary habitat for C. 
siamensis and T. schlegelii, as they provide abundant food sources, such as invertebrates, 
vertebrates, and fish, which are the main food sources [26]. The probability of finding C. 
siamensis and T. schlegelii is high when they are in the swamp and decreases at subsequent 
distances. This finding is supported by observations in the research area showing that C. 
siamensis hatchlings are often found on the edge of open expanses, under invasive floating 
vegetation such as Salvinia molesta and Leersia hexandra, which grow densely on the water 
the water surface. This finding is consistent with previous research regarding C. siamensis 
findings in swamp areas near floating vegetation [26,27,33]. 

C. siamensis hatchlings were also found in swamp forest types, specifically among plants 
named locally as bakung (Hanguana malayana), selingsing (Hypolytrum nemorum), and 
predang (Scleria sumatrensis) [34]. Meanwhile, T. schlegelii are commonly found amidst 



Media Konservasi RESEARCH ARTICLE 

 This journal article is © Media Konservasi 2025 Media Konservasi,  2025, 1 | 163  

dense vegetation submerged in water, such as Lophopetalum javanicum and Planchonia 
valida trees. These findings align with previous research in 2010 [28], which found that T. 
schlegelii are frequently located among tree stands. Tree vegetation is preferred by fish for 
breeding [26], while its leaves and dry branches are used for nesting, which is necessary for 
stabilizing egg temperature and accelerating the hatching process [35]. 

However, the alarming reality presented in this study indicates that potential habitat areas 
are smaller than non-potential areas. This may illustrate that the threat to the existence of 
these species remains relatively high. This study showed that potential areas for the 
conservation of siamese crocodiles and false gharials are scattered in wetland areas, 
including peat swamp forests, swamps, mangroves, rivers, and coastal areas. These findings 
are in line with previous studies that have shown that siamese and false gharials inhabit 
lowlands up to 730 meters in elevation [26]. C. siamensis were found in swamps, wetlands, 
and slow-moving small rivers [26,27,31,33,36]. Meanwhile, T. schlegelii is also often found in 
peat swamp forests and large rivers [26,35,37–40]. Although there are few records regarding 
the distribution of these two species in East Kalimantan, [30] mentioned that C. siamensis 
was found in the Bongan area, West Kutai, and [41] also stated that T. schlegelii was found in 
the Mahakam River. Both areas were included in the potential habitats identified in this 
study. 

The magnitude of the threat to the existence of the population comes not only from habitat 
unsuitability, but also from the large amount of conversion of the area. One of the threats to 
the survival of freshwater crocodiles is habitat loss, especially through the expansion of 
primary forests [42] and the draining of peat swamp forests for plantation purposes, 
especially oil palm plantations [29,38,43]. As a result of potential habitat modeling, the area 
of high potential area included in oil palm plantation areas is 61,489.54 ha for C. siamensis 
and 50,704.46 ha for T. schlegelii. However, this is thought to be influenced by the location 
of the data collection, which is in an area adjacent to palm oil plantations. Such disturbances 
disrupt animal distribution [44] and lead to residual fragmentation, which in turn can trigger 
the local extinction of species [45–49]. Limitations in home range and declining nest quality 
lead crocodiles to seek alternative prey [50,51], which in turn can trigger conflicts with 
communities. 

 
Figure 9. Overlaid map of conservation areas with administrative boundaries in East Kalimantan. 
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A conservation area is a landscape with administrative boundaries designated for specific 
conservation purposes. The designation of conservation areas in East Kalimantan is regulated 
in the Decree of the Minister of Environment and Forestry Number SK.6628/MENLHK-
PKTL/KUH/PLA.2/10/2021 concerning the Map of Forest Area Stipulation Progress in East 
Kalimantan Province, with a total area of 435,313.06 ha. Of this area, only 39,959.10 ha or 
about 9% is potential habitat for C. siamensis, while potential habitat for T. schlegelii covers 
20,027.19 ha or about 5% of the total conservation area in East Kalimantan. These 
conservation areas are spread across several areas, including parts of the Kutai National Park, 
Muara Kaman Sedulang Nature Reserve, Teluk Adang Nature Reserve, Teluk Apar Nature 
Reserve, and Bukit Soeharto Grand Forest Park (Figure 9). However, more potential habitats 
are located outside of conservation areas; therefore, the government needs to consider 
protecting important ecosystems, especially for C. siamensis and T. schlegelii outside of 
conservation areas. 

The existence of several potential habitats outside conservation areas underscores the 
importance of prioritizing and monitoring the remaining forest areas, given the potential risk 
of land change in East Kalimantan. Prioritization of conservation areas aims to determine the 
form of crocodile management within these conservation areas in the future. East 
Kalimantan is an important ecosystem area of the Mesangat-Suwi Wetland located outside 
the conservation area. This area was established with the aim of maintaining ecological 
functions and protecting the biodiversity within it, the habitat for several protected species, 
including siamese crocodile (Crocodylus siamensis), false gharial (Tomistoma schlegelii), 
proboscis monkey (Nasalis larvatus), lesser adjutant (Leptoptilos javanicus), flat-headed cat 
(Prionailurus planiceps), and belida fish (Chitala sp.). In the long term, the conservation of C. 
siamensis and T. schlegelii requires the implementation of measures in accordance with the 
protection system to monitor threats to both species, especially in the Mesangat-Suwi 
wetland area, which is a top priority project. After being recognized as an important 
ecosystem area, the Yasiwa-YU Consortium collaborated with local government 
organizations, as well as oil palm plantation parties to manage and protect animal habitats 
and populations through the Mesangat-Suwi wetland important ecosystem area 
management forum. 

4.2. Human-Crocodile Conflicts: Drivers and Patterns 

The study documented 54 cases of human-crocodile conflict in the Mesangat-Suwi wetland, 
highlighting the pervasive impact of anthropogenic pressures. Fishing practices, particularly 
the use of longlines, were identified as the primary cause of crocodile entanglement, 
resulting in wounds and injuries that impact survival, reproduction, and even mortality of the 
species [52]. This phenomenon is also linked to the nesting season of C. siamensis, which 
occurs during the rainy season [53], along with seasonal fluctuations in water levels, known 
as the flood season. During the rainy season, water discharge from the main river flows into 
the Mesangat-Suwi wetland, causing water levels to rise by up to 500 cm [54]. These changes 
affect human activities within the area, increasing the potential for human-crocodile conflict. 
This observation is consistent with findings from other regions, where human-wildlife 
conflicts are often driven by overlapping resource use [55]. 

The density of community activities is the main trigger for conflict [10,51]. This situation has 
resulted in an increasing number of conflicts involving fishers, although there are few records 
of direct attacks on humans. The absence of reports of T. schlegelii entanglement in fishing 
gear is thought to be due to its shyness and tendency to habitat away from human activity 
[28,43,56]. However, this does not guarantee that T. schlegelii will not come into conflict with 
humans, as evidenced by the record of crocodile attacks on humans, most of which have 
occurred in western Indonesia [57]. 

Although C. siamensis is known as a shy crocodile [58] and T. schlegelii is traditionally 
considered harmless to humans [56]. Human presence might trigger behavioral change in this 
species [59–62], thus making it more aggressive. These behavioral changes are influenced by 
anthopogenic factors [57], such as illegal fishing practices. Findings also confirm that 
fishermen using electrofishing devices have caused the death of crocodile hatchlings. This is 
believed to increase crocodiles’ aggression levels towards humans. Although crocodiles 
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typically prefer fish as prey, over time, humans have also begun exploiting fish populations, 
resulting in a decrease in food availability for crocodiles. This shortage of food sources may 
stimulate high levels of aggression in crocodiles [11]. Habitat loss, fragmentation and 
degradation due to deforestation, urbanization and agricultural expansion are also major 
threats to wildlife and lead to conflicts between crocodiles and humans [63–66]. 

4.3. Mitigation of Crocodile-Human Conflict 

Spatial modeling is not a definitive attempt to predict the presence or absence of animals in 
a habitat, but rather an attempt to identify areas that need to be prioritized for management 
[67]. The Mesangat-Suwi wetland is one of the few C. siamensis and T. schlegelii habitats in 
the world, and there is no record of these two crocodiles in other parts of East Kalimantan. 
Resource competition, both direct and indirect, is a major cause of conflict. As conflicts are 
complex interactions, the integration of social and ecological information is essential to 
elucidate the causes and dynamics of crocodile-human interactions in order to prioritize 
areas of intervention [68,69]. Addressing conflicts between C. siamensis and T. schlegelii and 
humans and reducing conflict levels requires an integrated and holistic set of actions.  

The public safety program for crocodile-human conflict consists of two main programs, 
namely the education component for safety awareness and evacuation of crocodiles in 
conflict [70]. Ulin Foundation has been actively counseling and educating local communities 
on the importance of maintaining a balanced ecosystem and sustainable ways of doing 
activities in crocodile habitats. This approach can involve direct outreach, socialization 
through local mass media, as well as educational programs in local schools. Raising public 
awareness regarding the presence of crocodiles can also be implemented through 
interpretation boards. While interpretation boards have been implemented, most are 
located only within the company's oil palm plantation area. Therefore, implementation by 
the village government is required to make these boards accessible to the entire community. 

Conflict mitigation strategies include prevention and management. Modifying fishing gear or 
changing gear types to reduce the risk of contact is the primary strategy known to reduce the 
risk of crocodile entanglement [71]. The most promising solution is to develop alternative 
fishing gear to replace current fishing methods, such as using artificial bait instead of live fish 
bait and adding floats to fishing lines to maintain the bait above the water surface, thereby 
reducing the likelihood of crocodile entanglement. Using a net size (ringgi) with a larger hole 
size (7–9 cm), as well as replacing fishing rods (rawai) with other methods such as bubu or 
traps that do not use live bait. 

Training and distribution of hook release equipment to fishermen is also crucial so that they 
can respond quickly to handling and minimize injury to animals. In addition, the 
establishment of specialized animal rescue teams and the implementation of reporting 
procedures are important for handling conflicts with communities. Evacuations are 
conducted when there are reports of crocodiles around settlements or plantations as well as 
when crocodiles are caught in fishing gear. Evacuation of C. siamensis was carried out by the 
Ulin Foundation team together with the Natural Resources Conservation Center (BKSDA) in 
March 2021 in Mesangat sub-district. A total of 8 individuals were recorded in this area, but 
only 5 individuals were successfully evacuated and then released in the Mesangat river. A 
camera trap installed at the same location in August 2023 successfully observed one 
individual. 
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Figure 10. Siamese crocodile monitoring (August 10, 2023 in community pond, Mesangat sub-

district). 

Translocation should be carefully considered with a minimum release distance of ≥110 km 
[72,73] to avoid the possibility of crocodiles returning to conflict areas. However, this is a 
measure of last resort as it is considered ineffective [51] and may increase the risk of 
crocodile mortality [73]. Therefore, careful monitoring and management are required. The 
application of technology, such as GPS tracking, can help identify the location of crocodiles 
that have been involved in previous conflicts and analyze their movement patterns. This will 
help reduce the potential for future conflicts to recur. 

It is also important to strengthen crocodile habitat conservation efforts by developing a land 
use plan for each buffer village. Land use planning aims to map the function of the area in 
more depth. It is expected that each village with potential crocodile habitat can utilize the 
map of potential habitat in their land use planning. Areas with habitat potential can be 
identified as protected areas, but still allow for sustainable use. We also recommend the 
provision of alternative land-based livelihoods that are expected to minimize the density of 
community activities.  

An integrated set of mitigation measures is expected to reduce human-crocodile conflict and 
protect the crocodile population in East Kalimantan from harmful threats. This mitigation not 
only considers potential habitat outcomes, but also involves active participation from various 
stakeholders to achieve sustainable conservation goals. 

5. Conclusions 

Anthropogenic activities had driven crocodile populations into a decline. In this study, the 
habitat potential of C. siamensis was affected by the distance from swamps, secondary 
swamp forests, plantations, and shrubs. Meanwhile, for T. schlegelii, it was influenced by the 
distance from swamps, secondary forests, shrubs, and rivers. Our mapping revealed that 
potential habitats for both species only covered 9% (C. siamensis) and 7% (T. schlegelii) of 
East Kalimantan. Moreover, the presence of human activities in areas with higher crocodile 
probability, particularly in freshwater swamp and riverine ecosystems, escalated the risk of 
human-crocodile conflict. Settlements and plantations surrounding the Mesangat-Suwi 
wetland were identified as high-risk areas for human-crocodile conflict. Activities that 
triggered adverse interactions included intensive fishing and electrofishing in fishing. The 
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Yasiwa-YU consortium, in collaboration with the local government and oil palm plantations, 
has undertaken management and protection efforts through the Mesangat-Suwi swamp 
critical ecosystem area management forum. 
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