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A B S T R A C T   

Crocodile attacks on humans and subsequent retaliations are a pressing issue for saltwater crocodile conserva-
tion. As human-crocodile conflict is complex, integrating social and ecological information better explains the 
drivers and patterns of these interactions. Our study aims to incorporate ecological factors associated with the 
intensity of crocodile attacks together with social factors of mass media reports to identify high-risk areas of 
human-crocodile conflict in Indonesia. We compiled reports of crocodile attacks in the 2010–2019 period from 
media reports, field surveys, and local informants. The presence of attack was estimated by evaluating the in-
fluence of habitat, climate, human, and reporting effort. As tone of media coverage can reflect and shape reader’s 
tolerance about a certain issue, we assessed the headline’s tone from each media article that reported crocodile 
attacks from 2017 to 2019. A total of 665 crocodile attacks were recorded and mainly distributed in western and 
central Indonesia. The estimated number of crocodile attacks was higher in areas with lower forest biomass and 
human density, and wider cellular network coverage. Negative media coverages were frequently reported in 
western Indonesia. By combining social information of negative media reporting and the ecological information 
of crocodile attacks hotspots, we identified 170,500 km2 priority risk areas in the western part of Indonesia, a 
notable 65.8 % reduction in area size compared to the attack hotspots. We highlight the application of socio- 
ecological information in risk prioritization to address the rising trends of negative human-wildlife interactions.   

1. Introduction 

Human-wildlife conflict has become a global conservation concern 
when wildlife presents actual or perceived threats to humans that 
negatively impacts people and/or wildlife (IUCN, 2020). As conflicts are 
complex interactions between human and wildlife, it is increasingly 
evident that integrating social and ecological information is critical to 
better explain the causes and dynamics of these interactions, and pri-
oritize areas for intervention (Gálvez et al., 2018; Struebig et al., 2018). 

Yet, integration between these two disciplines is limited (Milner-Gul-
land, 2012). 

Crocodilians are one of the major taxonomic groups that cause 
substantial threats to human livelihood (Fukuda et al., 2014; Webb 
et al., 2010). Although a major cause of human injuries or deaths 
(CrocBITE, 2020), human-crocodile conflict on a global scale has 
received relatively little attention (Torres et al., 2018). Out of 24 
Crocodilian species, the saltwater crocodile (Crocodylus porosus) is 
responsible for the most reported attacks on humans, along with the Nile 
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crocodile (Crocodylus niloticus) (CrocBITE, 2020; Sideleau and Britton, 
2013). The saltwater crocodile is the largest living crocodilian, poten-
tially reaching up to 6–7 m in length (Webb et al., 2010). Despite its 
name, saltwater crocodiles are distributed in a wide variety of saline and 
freshwater habitats that often overlap with areas of human activity 
(Brien et al., 2017; Webb et al., 2010). 

Attacks on humans are a pressing issue for saltwater crocodile con-
servation (Amarasinghe et al., 2015; CrocBITE, 2020). The incidents 
foster increased fear and reduced tolerance towards crocodiles in com-
munities living alongside them, often leading to retaliation and the 
removal of crocodiles which has led to the decline of crocodile pop-
ulations in some areas (Amarasinghe et al., 2015; Das and Jana, 2018). 
This is a growing concern as there has been an increasing number of 
attacks in Southeast Asian countries with high human densities, spe-
cifically Indonesia and Malaysia (CrocBITE, 2020). Pressure on salt-
water crocodiles (i.e. human population growth and habitat loss) is 
extensive in this region, as crocodiles are extinct throughout almost all 
of mainland Southeast Asia (Cambodia, Thailand, and Vietnam) (Croc-
BITE, 2020; Webb et al., 2010). 

Understanding the patterns and drivers of saltwater crocodile attacks 
is important to develop effective mitigation strategies. However, in-
cidents of human-crocodile conflict in the Indo-Malayan region are 
poorly studied with no peer-reviewed publications between 1990 and 
2020, compared to Australia (11 publications) or South Asia (7) (Pooley, 
2020). Crocodile attacks have been reported to be associated with 
habitat loss, human activities, and climatic factors, although the influ-
ence of these drivers may be location-specific (Webb et al., 2010; 
Amarasinghe et al., 2015). Habitat conversion (e.g. loss of riparian forest 
and mangrove covers) can reduce the prey availability and crocodile 
nest quality, thus pushing them to find alternative prey and explore new 
areas (Saragih et al., 2020; Amarasinghe et al., 2015). The loss of habitat 
often occurs in parallel with the establishment of human settlements, 
which intensify human activities in and around water bodies inhabited 
by crocodiles. Climatic factors such as daily temperature and precipi-
tation may also influence attacks i.e. through the combination of the 
increased time spend by humans in the water during warmer weather 
and the effect of warmer temperature on crocodile physiology e.g. faster 
digestive rates (Powell et al., 2020). 

Incorporating ecological information with the social dimension of 
human-wildlife conflict can be a powerful tool to identify priority areas 
of intervention (Gálvez et al., 2018; Struebig et al., 2018). Tolerance 
towards wildlife is a social concept that has been widely applied in 
studies of human-wildlife relations (Kansky et al., 2016). Tolerance is a 
passive acceptance of wildlife populations, while intolerance occurs 
when wildlife becomes unacceptable, leading to actions that harm or 
eliminate the target populations (Bruskotter and Wilson, 2014; Kansky 
et al., 2016). Tolerance concepts can be based on attitudinal aspects (e.g. 
negative attitudes) or behavioural aspects (e.g. retaliatory killing) 
(Bruskotter and Wilson, 2014). However, assessing tolerance across a 
large landscape is challenging. The examination of mass media reporting 
can address the issue as it plays key roles in both reflecting and shaping 
the views and attitudes of the readers (Boissonneault et al., 2005; 
Hughes et al., 2020; Sabatier and Huveneers, 2018). 

This study aims to incorporate ecological data associated with salt-
water crocodile attacks together with the social aspect of media 
reporting to identify high-risk areas of human-crocodile conflict in 
Indonesia and propose subsequent mitigation methods. Firstly, we 
characterize the spatiotemporal patterns of crocodile attacks which 
consider the nature and distribution of attacks, as well as the temporal 
trends based on the extensive 10 years of crocodile attack data. Sec-
ondly, we evaluate the influences of habitat, climate, human density, 
and reporting effort as drivers of crocodile attacks to predict the attack 
hotspots. Third, we map negative media reporting towards crocodiles 
based on content analysis of media reporting of crocodile attacks. 
Finally, we combined crocodile attack hotspots with the negative 
reporting map to identify priority areas for future mitigation strategies. 

We anticipate that this study will provide a much-needed spatially 
explicit, landscape-scale, socio-ecological framework of human- 
crocodile interactions for future management. 

2. Materials & methods 

2.1. Study area 

This study focused on the current distribution range of saltwater 
crocodiles across Indonesia, spanning an area of approximately 2.5 
million km2 (See Indonesia environmental profile in Supplementary 
Note 1). Saltwater crocodile distribution was determined using a com-
bination of recent and historical attack records, itinerant/capture re-
cords, communication with local authorities, and the available literature 
(Supplementary Note 2). Currently, saltwater crocodiles are widely 
distributed throughout the islands of Sumatra, Kalimantan, Sulawesi, 
the eastern Lesser Sunda Islands, the Moluccas, and Papua with 
exemption in most of Java and western Lesser Sunda Islands (e.g. Bali 
and Nusa Tenggara Barat provinces) (Supplementary Fig. 1). The 
country’s administration is divided into 34 provinces where crocodile 
attacks were reported in 29 provinces. 

2.2. Data collection 

2.2.1. Saltwater crocodile attacks 
We compiled reports of saltwater crocodile attacks in Indonesia over 

the 10 years between January 2010 and December 2019 by compiling 
information from online mass media, crocodile specialists, regional 
wildlife authorities, and in-the-field data collection. Online mass media 
reports were used to collect the majority of attack information using 
keywords such as “buaya, diterkam (crocodile, attack)”, “buaya, warga 
(crocodile, human)”, “buaya, digigit (crocodile, bite)”, and “buaya, 
dimangsa (crocodile, prey)”. Sometimes these phrases were combined 
with location name abbreviations to narrow down the searches using 
keywords such as “buaya, diterkam (crocodile, attack)”, “Kalimantan 
Tengah (name of province)”. Regional wildlife authorities, primarily 
consisting of Balai Konservasi Sumber Daya Alam (BKSDA/Natural Re-
sources Conservation Center), were contacted for information in various 
provinces, particularly in areas experiencing increased levels of conflict 
in the past five years (e.g. Nusa Tenggara Timur, Maluku, and Kali-
mantan Tengah). To complement and verify the abovementioned data, 
field data collection was conducted in Nusa Tenggara Timur province in 
the central part of Indonesia in 2015 and 2017 through village surveys 
(detail of methodology in Sideleau et al. (2021)). 

We recorded encounters that resulted in non-fatal and fatal attacks 
(causing the death of people). We excluded reports of any encounters 
that did not result in human injury or death, attacks by captive croco-
diles, and unconfirmed attacks such as victims went missing without 
witnesses or evidence. Then we verified each attack to ensure the species 
involved and to avoid multiple reporting of the same incident. In many 
cases, incidents were verified by contacting local authorities, although 
in some cases official confirmation was not possible and our best judg-
ment was used. We determined the crocodile species responsible using a 
combination of traits including known distribution, behavior and when 
possible, confirmation via witness or captured/killed crocodiles (Sup-
plementary Note 2). 

Other details collected for each incident included the time (month, 
year), location (coordinates and provinces), outcome of attack (fatal or 
non-fatal), gender of the victim, and victim’s activity during the attack. 
All reports were uploaded to CrocBITE Worldwide Crocodilian Attack 
Database (http://www.crocodile-attack.info/) and made available to 
the public. The CrocBITE database was established in 2013 and has since 
provided open access data of Crocodilian attacks that has been used for 
conservation management and studies of human-crocodile interactions 
across the globe (i.e. see González-Desales et al., 2021; Pooley et al., 
2021; Sideleau et al., 2021). 
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2.2.2. Media reporting 
To assess current media reporting, we compiled 225 online mass 

media reports of crocodile attacks covering 2017–2019 period using 
Google News search tool with specific keywords in Bahasa: “buaya 
(crocodile)”, “serangan (attack)”, “manusia (human)”, and “konflik 
(conflict)”. We focused on Bahasa Indonesia reporting only, the national 
language of the country, and limited the search period to a single year 
starting from 2017. We collected every article available about crocodile 
attacks, including multiple reporting of the same incidents. The data 
collection ended when there were no relevant articles after three pages 
of search results. 

We assessed the tone of article headline as a proxy of media attitudes 
towards crocodile attacks, assuming it can reflect and shape readers 
attitudes (Dayer et al., 2017). We used the headline because it is the part 
of the article that people read first and shown in the article link. We 
categorized headline tone as negative, neutral, or positive based on 
criteria provided by Dayer et al. (2017). A negative tone was assigned 
when the headline blame crocodiles or use negative terms such as 
“conflict”, “scary”, “dangerous”, or “attack” e.g. “WARNING! Crocodile 
terror is not finished” (read Wahid and Azhari (2016) for list of terms). A 
neutral tone was assigned when the headline does not indicate any 
evaluation of whether the events were either negative or positive terms 
e.g. “Crocodiles were seen in the river after the incidents”. A positive 
tone was assigned when the headline promotes the conservation of 
crocodiles e.g. “The importance of living together with crocodiles”. 

2.2.3. Spatial covariate preparation 
We generated 50 × 50 km sample grid (N = 993 cells) across the 

crocodile distribution range (Supplementary Fig. 1). The grid cell size 
was determined based on the average maximum distance from the 
centroid of 12 satellite-tracked saltwater crocodiles (Campbell et al., 
2013). 

To evaluate predictors of crocodile attack, we used eight spatial 
covariates that represent habitat: 1) water body (rivers, lake, and 
coastline) density (total length in km; BIG, 2019), 2) 2010 aboveground 
forest biomass, and 3) difference between 2010 and 2018 aboveground 
forest biomass (ton/ha; Santoro and Cartus, 2021); climate: 4) 2010 
precipitations and 5) difference between 2010 and 2019 precipitation 
(mm3/km2; Funk et al., 2014); human activity: 6) 2010 human popu-
lation density and 7) difference between 2010 and 2019 human popu-
lation density (people/km2; Bright et al., 2011 and Rose et al., 2020); 
and crocodile attack reporting effort: 8) cellular network coverage (km2, 
OpenCelliD, 2020). The preparation steps of the spatial covariates and 
collinearity test result can be seen in Supplementary Note 3 and Sup-
plementary Fig. 2. 

2.3. Statistical analysis 

We performed statistical analysis using R statistical software version 
4.0.2. (R Core Team, 2020). First, we summarized the number of attacks, 
attack outcome (fatal/non-fatal), and victim demographic profiles. We 
ran general linear models (lm function) to identify the temporal trends of 
crocodile attacks and any effects of human density at a nationwide scale. 
The average numbers of monthly attacks were analyzed using one-way 
ANOVA to evaluate the seasonality of attacks. The total number of at-
tacks by victim’s gender and activity were analyzed using Pearson’s Chi- 
squared test (chisq.test function) with null hypothesis of there is no dif-
ference in crocodile attack frequency across victim’s gender and 
activity. 

We then performed a negative binomial hurdle model (pscl package 
in R; Zeileis et al., 2008) to evaluate the significant predictors of croc-
odile attack occurrence (0–1) and intensity within sample grid cells. This 
class of model accommodates both binary and count data within a single 
framework that accounts for zero inflation and overdispersion (Zeileis 
et al., 2008). The zero hurdle part of the model analyzed the grid cells 
with no recorded crocodile attack (zero count data) to assess the 

influence of covariates on the probability of attack to occur in each cell. 
The count part of the model assessed grid cells with attack occurrence 
(above zero count data) to identify the influence of covariates on the 
number of attacks estimated to occur in each cell. 

We built a global model that incorporates all eight covariates on 
count data (attack intensity) and five covariates (excluding differences 
of 2010 and 2019 biomass, human density, and precipitation covariates) 
on zero data (attack occurrence). We first removed each of the non- 
significant covariates in the zero hurdle model until the model perfor-
mance did not improve (based on AIC value) and then applied the same 
approach to the count model. We then model-averaged top models with 
delta AIC <2. The prediction of the probability of crocodile attack (zero 
count data) and number of attack for the ten-year period (count data) in 
every sample grid cell was produced by back-transforming the regres-
sion coefficient output of the best model. 

We created index of negative media reporting (0–1) using the 
assessment result of media headline tone. The index was produced by 
dividing the number of articles with negative headline tones in each 
province by the maximum number of negative articles across provinces. 
For example, if Kalimantan Tengah province had 24 negative articles 
and Riau province had the highest number of negative articles with 37, 
then the index of negative reporting for Kalimantan Tengah is 24/37 =
0.65. The index value of every province was transferred to each of the 
sample grid cell within the provincial boundary. We included only 
negative tones on crocodile attacks as they have stronger influence on 
reader attitude and tolerance (Jacobson et al., 2012; Kansky et al., 
2016). 

2.3.1. Human-crocodile interaction risk areas 
We identified priority areas for human-crocodile conflict mitigation 

using a framework that combines the measure of crocodile attack hot-
spot (the number of attacks from Hurdle model) and the measure of 
media reporting (index of negative media reporting). The sample grid 
cells were partitioned into three priority scales: high (≥ 1 attack and 
above upper quartile (top 25 %) negative index), medium (≥ 1 attack 
and below upper quartile negative index; or otherwise), and low (< 1 
attack and below upper quartile negative index). 

3. Results 

3.1. Patterns of crocodile attacks 

Between 2010 and 2019 (10 years), we recorded 665 attacks on 
humans by saltwater crocodiles across the Indonesian archipelago, of 
which 47 % were fatal and 53 % were non-fatal. Crocodile attacks were 
mainly reported in the western and central parts of Indonesia. Three 
provinces with the highest attacks were Nusa Tenggara Timur (104 at-
tacks), Kalimantan Timur (83), and Bangka-Belitung (67) (Supplemen-
tary Fig. 1; see Supplementary Table 1 for the full list of provinces). 

We detected a significant positive trend (F1,8 = 323.5, p < 0.001) in 
the total number of attacks since 2010 with an average increase of seven 
attacks per year (Fig. 1A). Additionally, we also detected a significant 
positive correlation (F1,8 = 71.83, p < 0.001) between the number of 
attacks and human density showing a higher number of attacks in areas 
with increasing human densities. The total number of monthly attacks 
varied from as low as four incidents (May) to 116 incidents (March) 
(Fig. 1B). Similarly, the average number of attacks per month varied 
significantly among months (F11,108 = 6.774, p < 0.0001) with the most 
incidents occurred in March and the least incidents happened in May. 
Number of attacks in wet season (November–April; 408 attacks) were 
higher than in dry season (May–October; 239). A total of 18 attacks were 
reported without information on the month of incidents. 

Higher number of incidents involved crocodile attacks on male vic-
tims (558 incidents, 84 %), compared to female (87, 13 %) (χ2 = 775.6, 
df = 2, p < 0.0001). Twenty attacks (3 %) did not report the victims’ 
gender. Victim ages ranged from 4 to 90 years with an average of 37 
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years. All the attacks occurred when victims were on the edge or in the 
water. We detected a significant difference between the total number of 
crocodile attacks for six categories of activities of victims during attack 
(χ2 = 452.71, df = 5, p < 0.0001). Three main human activities asso-
ciated with crocodile attacks were fishing (292, 44 %), followed by self- 
cleaning (145, 22 %), and working (110, 17 %) (Supplementary 
Table 2). 

3.2. Spatial drivers of crocodile attacks 

The presence of crocodile attacks was strongly explained by a com-
bination of factors including habitat, climate, and reporting effort 
(Table 1; see Supplementary Table 3 for model performance evaluation). 
The probability of attack occurrence (0–1) was higher in areas with 
substantial water body (represented by water length) with less forest 
(represented by aboveground biomass) along the edge. Crocodile attacks 
were also more likely to occur in drier areas with lower rainfall. Areas 
that were well covered by cellular networks were more likely to report 
crocodile attacks. 

The intensity of crocodile attacks was significantly influenced by 
habitat characteristics, human activities, and reporting efforts. The 

number of crocodile attacks was estimated to be higher in areas with 
lower forest biomass and human density near water bodies with wider 
cellular coverage. Crocodile attack hotspots were distributed in the 
western and central parts of Indonesia: the eastern part of Sumatra and 
Kalimantan, Sulawesi, and Nusa Tenggara Timur islands (Fig. 2A). 

3.3. Negative media reporting towards crocodile attacks 

We compiled 225 media reports of crocodile attacks across 21 
provinces published between 2017 and 2019. A total of 164 article 
headlines had negative tones (73 %) and 61 used neutral tones (27 %). 
No positive headline tones were reported for this study. Intensive 
negative media coverages were identified in the western part of 
Indonesia, on the island of Sumatra and Kalimantan. Riau province had 
the highest index of negative media reporting (1; 37 negative headlines) 
followed by Kalimantan Timur (0.65; 24 headlines) and Bangka Belitung 
(0.57; 21 headlines) (Fig. 2B; see Supplementary Table 4 for the full list 
of provinces). 

Fig. 1. (A) The total number of attacks by saltwater crocodile (Crocodylus porosus) in each year has been increasing significantly since 2010 (F1,8 = 323.5, p < 0.001). 
(B) The temporal distribution of the total of saltwater crocodile attacks on humans in each month across the 2010–2019 period (Blue-coloured bars indicate wet 
season). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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3.4. Human-crocodile interaction risk areas 

By combining crocodile attack hotspots with negative media 
reporting estimates, we identified 68 grids (6.8 %; 170,500 km2) in 
Sumatra and Kalimantan islands in west Indonesia as high priority areas 
for future intervention (Fig. 2C and Fig. 3). Six provinces were within 
these high priority areas were Aceh, Riau, Jambi, Bangka-Belitung, 
Sumatera Selatan, and Kalimantan Timur. Medium priority grids (309 
grids; 31.1 %; 772,500 km2) were distributed mostly in the Sumatra, 
central and eastern Kalimantan, and in the central part of Indonesia 
including Sulawesi and Lesser Sunda Islands. About 62 % of our study 
area (1,540,000 km2), mostly in the eastern part of Indonesia, was 
identified as a low priority due to the lack of attack and negative media 
coverage. 

4. Discussion 

Human-crocodile conflict is a pervasive threat to human livelihoods 
and saltwater crocodile conservation. This study demonstrates the 
importance of applying a socio-ecological model framework to identify 
human and saltwater crocodile high-risk interaction areas, where con-
servation efforts can be prioritized. We utilized the publicly available 
media reporting to document crocodile attacks and negative media 
reporting towards crocodiles, complemented by on-site information of 
the attacks. Through standard ecological information on crocodile at-
tacks, we found attack hotspots were distributed in four regions in 
western and central Indonesia encompassing a vast area of 497,500 km2. 
By incorporating the social information on media tolerance in our 
model, we identified priority risk areas in the eastern part of Sumatra 
and Kalimantan with an area of 170,500 km2, a notable 65.7 % reduc-
tion in area size compared to the attack hotspots. 

4.1. Drivers of crocodile attack 

As an archipelagic country, there is a high dependence of local 
Indonesian communities on water bodies for economic activities such as 
fishing, and daily activities such as self-cleaning and cooking. We 
identified crocodile attacks were more likely to occur in drier regions of 
Indonesia, notably in Nusa Tenggara Timur province in the central part 
of Indonesia. This may be due to the higher dependence of the local 
communities on limited water sources within the habitat of the croco-
diles. Nevertheless, we also noted the extensive reporting efforts may 

influence this pattern as we recorded most attacks distributed across 
wetter areas in western Indonesia. Moreover, we found a seasonality of 
attacks where more attacks were reported in the wet season during the 
breeding period, as adult crocodiles demonstrate long distant movement 
to major reproduction sites and female crocodiles start nesting and 
become more territorial (Fukuda et al., 2019, 2014). 

Saltwater crocodile attacks were reported across Indonesia. Using 
the countrywide-scale analysis, we showed that the increase in attacks 
was associated with human population growth. However, spatial anal-
ysis on a finer scale (50 × 50 km grid) found that crocodile attacks were 
spatially more numerous in areas with lower human density. The latter 
characteristic was supported by studies that have reported a lower 
abundance of saltwater crocodiles in human habitations due to fewer 
viable habitats, hunting, and pressure to eliminate or translocate croc-
odiles seen near settlements (Fukuda et al., 2014; Pooley et al., 2021; 
Ramdani et al., 2021). We considered that crocodile attacks may not be 
influenced directly by the human density but because of the increased 
human activities. This assumption is in congruence with our findings as 
attacks were higher in localities with lower forest biomass indicating 
habitat loss or degradation which may reduce prey and nest availability 
for crocodiles (Saragih et al., 2020; Amarasinghe et al., 2015). This 
contrasting result highlights the importance of analysis of human- 
wildlife conflict at multiple spatial scales: local-scale with 50 × 50 km 
grid cells and national scale. 

In this study, we included cellular network coverage to represent a 
reporting effort variable that is rarely considered in studies of human- 
crocodile conflict (Brien et al., 2017; González-Desales et al., 2021; 
Powell et al., 2020). It is relevant because most crocodile attack records 
were from secondary data such as media reporting and local corre-
spondents which relies on cell phone communications for information 
exchange. As expected, crocodile attacks were found to be more frequent 
in areas with substantial network coverage. This finding may explain the 
interesting case of the eastern Indonesia region, especially in Papua is-
land where few attacks were reported while it is believed to be a 
stronghold of saltwater crocodile populations (Webb et al., 2010). 
However, it must be noted that the lower human density combined with 
low forest conversion rates (Allan et al., 2019; Gaveau et al., 2022) may 
have contributed to these fewer attacks in Papua. 

4.2. Media reporting to indicate tolerance 

Crocodile attacks can result in retaliation against crocodiles espe-
cially when people have lower tolerance towards the animal. We 
extended the application of utilizing media reporting to estimate nega-
tive media coverage on a countrywide scale. We focused on attitudinal 
tolerance, assuming a negative headline tone can represent and shape a 
negative public attitude and thus a lower tolerance towards crocodile 
(Boissonneault et al., 2005; Jacobson et al., 2012; Kansky et al., 2016). 
While the abovementioned assumption need to be tested which is 
beyond our study scope, we used media reporting because of the chal-
lenges (e.g. limited resources and funding) in assessing tolerance across 
the country using a conventional method such as social surveys (Bois-
sonneault et al., 2005; Jacobson et al., 2012). The use of media reporting 
in human-wildlife conflict studies has been justified as mass media has 
substantial role in reporting wildlife attacks (Athreya et al., 2015) and 
they can influence public tolerance and actions towards wildlife man-
agement and conservation (McCagh et al., 2015; Sabatier and Huve-
neers, 2018). 

We showed that media reporting on crocodile attacks predominantly 
used negative headline tones, which may have been influenced by the 
species involved and the type of interactions. This is expected as news 
agencies often use sensational headlines, mostly depicting wildlife in a 
poor light to attract the attention of the readers. Attention to saltwater 
crocodile conservation, or crocodilians in general, is relatively lower 
than charismatic species like large mammals (Torres et al., 2018). Thus, 
awareness of saltwater crocodile ecology and conservation is limited and 

Table 1 
Hurdle model describing the drivers of saltwater crocodile (Crocodylus porosus) 
attacks based on model averaging of top models with ΔAIC <2. The zero hurdle 
part represents a binary response (zero attack versus presence of attack per grid 
cell ≥ 1) and the count part represents number of crocodile attacks per grid cell 
(data above zero). Model-averaged coefficients (β) and standard error (SE) 
represent the strength and direction of influence. All statistically significant 
variables (p < 0.05) are highlighted in asterisk (*).  

Zero hurdle model coefficients β SE z value p 

Intercept*  − 1.51  0.09  − 16.28  <0.001 
Water body length*  0.49  0.09  5.50  <0.001 
Mean aboveground forest biomass 2010*  − 0.32  0.09  − 3.43  <0.001 
Mean rainfall 2010*  − 0.66  0.11  − 6.03  <0.001 
Proportion of area covered by cellular 

network*  
0.38  0.08  4.61  <0.001  

Count model coefficients 
Intercept  − 0.58  0.69  − 0.83  0.405 
Mean aboveground forest biomass 2010*  − 0.50  0.14  − 3.57  <0.001 
Mean human density 2010*  − 0.36  0.18  − 2.00  <0.045 
Difference of mean human density 2010 

and 2018  
0.06  0.12  0.51  0.61 

Proportion of area covered by cellular 
network*  

0.40  0.13  3.00  0.003  
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Fig. 2. (A) The estimated number of saltwater crocodile (Crocodylus porosus) attacks based on the output of the best hurdle model. Areas that were likely to 
experience repeated attacks (> 1) were represented in red grid cells. (B) The distribution of index of negative media reporting based on the number of negative 
headline tones. Provinces with higher negative coverages were indicated in red grid cells. (C) High-risk areas of negative human-saltwater crocodile interactions. Six 
priority provinces were highlighted: Aceh (AC), Riau (RI), Jambi (JA), Sumatera Selatan (SS), BB (Bangka Belitung), and Kalimantan Timur (KI). (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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people have a substantial fear of crocodiles as they associate crocodiles 
with predators of humans (Cavalier et al., 2022; Jacobs, 2009). This 
emotion is exacerbated by incidents of crocodile attacks on humans, 
which often receive a great deal of attention from the media. The 
frequent negative media reporting of crocodile attacks coupled with a 
lack of awareness and intense fear of crocodiles may have contributed to 
shaping the lower public tolerance towards crocodiles, as reported in 
other species (Bombieri et al., 2018; Hughes et al., 2020). 

4.3. Priority risk areas: the new capital city of Indonesia 

Human-crocodile conflict in high-risk areas encompassed five prov-
inces in eastern Sumatra and one province in eastern Kalimantan. 
Among the six provinces identified as high-risk areas, five of them 
(excluding Jambi) were within the top ten provinces with the highest 
reported crocodile attacks. These areas are likely to experience both 
repeated crocodile attacks on humans and potential retaliation indicated 
by negative media reporting. The higher risk of conflict can be explained 
by the region’s topography, human activities, and economic develop-
ment. The remaining crocodile habitats in high-risk areas are dominated 
by lowland, wetland, and mangrove forests which have experienced 
substantial loss over time due to conversion into oil palm plantations 
and aquaculture farms (Gaveau et al., 2022). These identified risk areas 
are also among the most impacted regions by anthropogenic pressures as 
these regions experience rapid human population growth and economic 
development, mostly due to transmigration from Java Island over the 
last century (Allan et al., 2019; BPS, 2021). 

It is worth noting while some areas in Central Indonesia (Sulawesi 
Island and Nusa Tenggara Timur Province) were categorized as croco-
dile attack hotspots, the negative media reportings were much lower. 
While the way local news companies operate (i.e. focus on other issues 
outside crocodile attacks) has influence, local beliefs may play a role. 
For example, in parts of Central Sulawesi (Personal observation) and 

East Nusa Tenggara Provinces (Paulus and Azmanajaya, 2020; Sideleau 
et al., 2021), there are local communities who believe crocodiles are 
their family relatives. These communities protect the crocodiles and 
would not blame the animals if there is an attack as they believe that 
incident happened because of mischief done by the victims or distur-
bance to crocodiles and their habitat. Similar beliefs are found towards 
other species e.g. Sumatran tiger (Struebig et al., 2018) and Komodo 
dragons (Sunkar et al., 2020) which shape local tolerance to these 
species. 

We highlight Kalimantan Timur, the province that will host the new 
capital city, as our highest-ranking risk area. The capital zone, estimated 
at 2566.64 km2 is within 27,500 km2 of the high-risk area we identified 
in the province, having experienced 84 cases of saltwater crocodile at-
tacks in the ten years. Upon the establishment of the new capital, it is 
expected to harbour 1.5 million people by 2024 and additional 0.46 
million people by 2043 (Muhtar et al., 2021). The subsequent rapid 
infrastructure development and human settlement expansions will put 
pressure on the wildlife and remaining forest habitat (1083.64 km2) in 
the capital zone (Mutaqin et al., 2021), potentially elevating the future 
risk of human-crocodile conflict. The strong association between the 
expansion of human settlements and the increase in crocodile attacks 
has been clearly shown in the past, followed by the extirpation of local 
crocodile populations (Amarasinghe et al., 2015; CrocBITE, 2020). 

It is worth noting that the level of human-crocodile conflict in the 
new Indonesian capital will likely be determined by a combination of 
factors, including the level of poverty present, access to safe sources of 
freshwater/plumbing, the level of subsistence fishing activity, and the 
abundance of natural prey items. Considering the magnitude of human- 
crocodile conflict in the future capital of Indonesia that has been 
revealed by this study, mitigation measures and strategies should have 
been considered by the authorities. As the Government of the Republic 
of Indonesia aims to establish the most sustainable capital city in the 
world (i.e. >75 % area will be dedicated to green space; Mutaqin et al., 

Fig. 3. Prioritization of sample grids based on attack counts and negative media reporting information partitioned into three priority scales: high (≥ 1 estimated 
attack and above upper quartile negative media reporting index), medium (≥ 1 attack and below upper quartile negative index; or otherwise), and low (< 1 estimated 
attack and below upper quartile negative index). 
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2021), we hope the implementation will minimize the risk of future 
conflict between humans and crocodiles. 

4.4. Study limitations and way forward 

We acknowledge a number of limitations of our study and the 
methodological framework that we used, and suggest that addressing 
these limitations would be relevant to broader human-wildlife conflict 
studies in the future. First is the issue of underreporting conflict in-
cidents from remote areas and/or overreporting from areas with inten-
sive surveys. While we used cellular network coverage as a covariate due 
to a potential reporting bias associated with remoteness of locations, an 
analytical approach like occupancy modeling that explicitly accounts for 
imperfect detection and the influence of data collection efforts, can serve 
to accommodate such reporting biases in human-wildlife conflict studies 
(Athreya et al., 2015; Goswami et al., 2015). 

Second is the potential bias in the way media report conflicts to 
reflect underlying public attitudes. This bias can be addressed by an 
approach that accounts for false negative (not reporting positive atti-
tudes when the public has a positive attitude) or false positive errors 
developed by Vasudev and Goswami (2020). Third, we did not directly 
evaluate the association between negative media reporting and public 
tolerance which need to be tested in future studies (Sabatier and 
Huveneers, 2018). Finally, although the large-scale quantitative analysis 
in this study captures the pattern of human-crocodile conflict and de-
termines significant drivers of these interactions, a deeper qualitative 
research especially at smaller scales is needed to better understand un-
derlying mechanisms and tailor mitigation strategy accordingly to the 
local context. 

In broader context, our study findings can be extended to improve 
human-wildlife conflict management. We recommend focused mitiga-
tion intervention in the identified high-risk areas where frequent wild-
life attack incidents and negative reportings overlap. In these areas, we 
suggest stakeholders to develop local and case specific strategies to 
reduce the number of attacks, for example through habitat enrichment 
and restoration, physical barrier or buffer zone establishment, sign-
boards installation, and/or translocation of problematic animals 
following established guidelines (e.g. IUCN/SSC, 2013). We also 
strongly encourage collaboration with mass media to increase public 
tolerance by publishing objective and comprehensive reports on human- 
wildlife conflict (Ardiantiono et al., 2022). The reporting could explain 
the ecology and conservation of focus species, drivers and detailed 
chronology of attacks, and mitigation approaches to be taken. 

The incorporation of social dimensions with ecological data in 
managing and mitigating human-wildlife conflicts will result in more 
effective and practical solutions to promote coexistence. Our study 
provides a socio-ecological framework that utilizes publicly available 
data to identify priority areas for future conservation interventions. We 
encourage conservation scientists and practitioners to adopt, verify, and 
expand our framework in studies of human-animal interaction to better 
understand the dynamics involved and effectively allocate resources to 
promote coexistence. 
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