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ABSTRACT

Humancrocodile conflicts (HCC) are problems affecting crocodile conservation. Scientific publications on crocodile attack lcakeesia
are few with low validation whichinder optimal conflict mitigation efforts. The estuarine river of Kutai NatidPalk is a natural habitat for
saltwater crocodiles and mostly nearby dense settlements. This study aims to map the distribution of saltwater croquatdesiaincbnfli¢s in the
Kutai National Park area. To predict the distribution of saltwater cdiles, we used Maximum Entropy MAXENT with its environmental predictors
i.e. slope, altitude, distance from shore, distance from river, temperature, and habitat types yedngest, freshwater swamp, and shrubs).
MAXENT prediction showed that elevatiaras the most influential variable with AUC (Average Under Curve) value of 0.952. Settlements with
activities occurring within one kilometer from the river and those adjatertoastal areas proved to be the highest in human conflicts with
crocodiles
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INTRODUCTION There are only a few scientific publications that
discuss crocodile attack cases in Indonesia. Information
Humanwildlife conflict is one of the threats to the zpout cocodile attaks is often published in mass media
decreasing population of some species of wildlife. which can be accessed through electronic media,
Competition between humans and wildlife for sharednewspapers, and direct information from communities
limited resources in an area has broulgisses both to  around the crocodile habitat. However, there is a limited
the wildlife and humans (Dickma2010). Negative npyumber of scientific papers that discuss the nemf
interaction such as in the case of tipjgman conflicts cases of humancrocodile conflicts in general in
can occur due to competition for resources (Nugraha anghdonesia, including the types of attacks and their causes.
Sugard;ito2009). Limited access to information regarding crocodile attacks
Reptiles often cause death in humwifdlife s the main problem of difficulties for conflict mitigation.
conflicts. According to reports from the WHO (World A global crocodile atick daabasewas launched in 2013
Health Organization), in Southeast Asia, South Asia, andyhich contained data on crocodile attacks in various
SubSaharan Africa countries, there are 421 thousan@ountries (CrocBITE2013). Based on information from
shakebites cases per year which often result in injury anghe database, Indonesia ranked first for crocodile attacks
death (Subroto and Lismayar017). Besides @kes  with 1028 cases since 1845 (CrockBITEO13).
and komodos, crocodiles are also recorded as a type Qfrdiantiono et al. (2015 divide crocodile attack cases
reptile that often negatively interacts with humanspased on the data from CrocBITE website into two

(Longkumeret al.2017). This negative interaction often periods: period | (1848890) and period Il (2002014).
occurs in conservation areas adjacent to settlements, su¢h period 11, crocodile attack cases were increasing in

as in the case of hum&omodoconflicts that happened gouthern  Sumatra, Kalimantan, and  Sulawesi.

in Komodo National Park, especially in Komodo Village Kalimantan has themost cases of crocodile attacks in
and Rinca Village (Ramadha2018). Indonesia by 21 cases (CrocBIPH13).

The problem that affects crocodile conservation is Kutai National Park with an area of 198,629 ha was
humancrocodile conflict. The most common causes of established in 1995 based on the Decree of the Minister
crocodile attacks are the decsednthe natural habitat of of Forestry No. 325/Kpt/1995. This area has
crocodiles, the decrease in crocodile prey populationsmangrovesrivers, and emiary ecosystems as the main
and high human activities in the crocodile home rangenabitat for the saltwater crocodileSrocodylus porosys
(Webb et al. 2010). In addition, crocodiles are which is adjacent to the locals' settlement in Bontang
opportunistic predators, so humans are not excluded frongity. A populated city with crocodile habitats is more
becoming oe ofthealternative prey for crocodiles when likely to create conflicts. This researchma atmapping

their natural prey is reducing or even depleted in theifthe risk points for humanorocodile conflicts in the
habitat (Caldicotet al.2005).
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settlements around Kutai National Park and it is expectedesults of the direct observation, thesearchers then
that this research can be used as a reference in plannitigaced it based on thefarmation on crocodile sightings.
conflict mitigation and crocodile conservation in Kutai The historical location of the crocodile sightings by the
National Park community was then marked with a point using a GPS.
Direct observation was also carried out around the waters
in Bontang, Sagatta, and Sangka to get the current
crocodile sighting points. Crocodile sighting was also
This research was conducted on Marohpril 2019 carried out through direct observation during the day

and the data were collected from settlements around’hen the crocodiles were sunbathing. The observation
Kutai National Park (East Kalimantan Province), Was carried out using boats on the Sangatta Rivetewhi
particularly around Bontang City including Sangkima N Sangkima ad Bontang City, the olesvations were
Subdistrict and Sangatta SubdistrictEaét Kutai ~done on foot along the riverbanks.

Regemy). Below is a map of the location of research _Data of potgntial .conflict were collected through
data collectior(Figure 1) semistructured interviews with respondents. This

The instruments used in this research includedM&thod was to provide opportunities for the locals to
Maximum Entropy Modeling (MAXENT) version share their experiences andexpress their opinions
3.4.1k, ArcGis 10.5, cameras, GPS (Global Positioning(Pramusant2001). The respondents were selected using
System), and MS. Ext The materialsused in this PUrposive sampling method according to the criteria and
researctincluded coordinate data of crocodile attacks on"€S€arch —objectives or with certain considerations
humans and crocodile discoveries, Kutai National ParkSugiyono 2010). The criteria were crocodile finders
basemap, Digital Elevation Model (DEM), Indonesia crocodile attack victims, relatives, ad family of

geospatial map (Rupa Bumi Indonesia/RBI), and Landsafrocodile attack —victims. The —questions for the
8 imagery respondents were the information about the location of

The existence focrocodiles was obtaéd through the encounter or attack, the form of attack, the time of the
direct observation, with the first step by searching forattack, the part that was attacked, dieévities befordhe
information on the whereabouts of crocodiles from the@ttack, the locadn of treatment, and the possibility of
community around the crocodile habitat. Based on thetrocodile attacks

RESEARCH METHOD

DESCRIPTION

Points of Interview Result
o Points of Crocodile Encounter
Boundary of Kutai National Park Area

0 175 35 7 10,5 14
- — — O M1

Figure 1Map of research area on crocodile distribution and risks of hwom@oodile conflicts in settlements around
Kutai National Park
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Mapping The Distributionof Saltwater Crocodile

Data processing was performed using MAXENT reclassification of predictive modetin of saltwater
application. The predictive modeling of crocodile crocodile distribution, then it was overlaid with the
distribution in order is presented in Figure 2, then thedistribution of community activities which were
results of data processing are analyzed d@sezly. classified into 3 classes of high, moderate, and low

The results of predictive modelingof the activity. High activity is an activity with a distance of
distribution of saltwater crocodiles were then used as theess than 1 km from the crodile habitat which is given
material to obsrve areas in settlements around Kutaia score of 1, moderate activity is an activity with a
National Park that had the potential for huntaaocodile  distance of 22 km which is given a score of 2, and low
conflicts through an overlay analysis. Overlay analysisactivity with a distance of-3 kmis given a score 03.
was conducted using @hresults of prediote modeling  The risk of conflict occurs if human activities are carried
of crocodile distribution, with historical pointd human out near the crocodile habitat. The risk of human
crocodile conflicts and maps of human activities. crocodile conflicts is classified into 3 classes, which are

The humarcrocodile conflict risk mapping was high risk, moderate risk, and low risk. An area is said to
made based on a reclassification of predictive modelinge a high risk if the ommunity activities are carried out
of saltwater crocodile distribubn, which was the within a distance of lesthan 1 km from the crocodile
prediction of high presence with a scorelofprediction  habitat which is predicted to be high. Moderate risk is an
of moderate presence with a score of 2, and prediction ofrea with community activities carried ou2lkm from
low presence with a score of 3. The classification wasthe crocodile habitat which ipredicted to be higlor
done wusing the natural breaks method or cleamoderate, while the low risk is2 km from the crocodile
breakpoints method. Based on the results of habitat which is predicted to be high to low (Table 1).
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Figure 2Flowchart mapping of crocodile distribution and risk of hursemcodile conflicts
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Tablel Classfication of level of risk for humaierocodile conflicts

Encounterates with crocodiles

Activity distance (Km)

1 2 3
High (1) 1 2 3
Moderate (2) 2 4 6
Low (3) 3 6 9

Description: 1= high risk, 2= moderate risk,>2 = low rik

RESULT AND DISCUSSION

1. Prediction of Crocodile Distribution Using

The graph of asrage omission and predicted area
(Figure 5) shows high accuracy, as the bias value is quit
low. It can be seen from ¢hblue and green lines around
the black line which are biased predictions

Maxent Application

a. Crocodile distribution 12

There were 70 points found based on the results o **
interview and direct observation of crocodiles found in ®
Bontang, Sangatta, and $ima. The majority of piats o1
were found in Sangatta area. Crocodiles were found inges
their main habitats, such as in mangroves, seas, lake :::
saltwater, ditches, rivers and ponds. The river is thef,

[ | Fraction of background predicted ®

Omission on fraining samples ®
Omission on test samples ®
Predicted omission ®

habitat where crocodiles are mostly found (Figure 3)

0 0 0
1%—_2% 1% 5y,
’ 9% = mangrove
0 m seas
Pl lakes
m saltwater
m ditches
rivers
pond

79%

Figure 3Percentage of crocodiles in several habitats
b. Model accuracy test

Based on the mean value of the sensitivdtyd
specificity graphs (Figure 4), the AUC (Area Under

Curve) value is 0.952 with a standard deviation of 0.013.

The AUC value shows a good tds of the modeling
evaluation

Training data (AUC = 0.066) ®
Test data (AUC = 0.967) ®
Random Prediction (AUC = 0.5) ®

Sensitivity (1 - Omission Rats)
2 o 'e o &

=]

=)

=

00 01 02 03 04 05 06 07 08 08 10
1- Specificity (Fractional Predicted Area)

Figure 4 AUC values on sensitivity and specificity
curves

03

6 1‘0 2‘0 36 CAIU |r5l0m i‘om 7‘0 B‘U 9‘0 160

Figure 5 lllustration of omission and protected area
curves

Based on the results of AUC test (Figure 6), the
environmenthvariables which give the mostfluence
on performance in assessing the predictive modeling are
elevation, distance to shore, and slope. It is because the
elevation variable is classifieds continuous and has a
wide range and range of data. The distaffoen river
variable is the mdsimportant variable as indicated by
the green line on the curve as the AUC value decreases if
the distance from river variable is removed
The magnitude of the influence of environmental
variables on the model is also shown by the table of
percent contribtion and permutation importance (Table
2). The elevation variable is the most influentialialle
with a contribution value of 55.5%. Thenodel is
influenced by variables of river distance, distance from
shore, temperature, mangrove forest, swamp, skape,
shrubs.

c. Response curves of environmental variables

The crocodiles are predicted to live at an altitude
less than 50 mete@nd the Bpe from G5 meters. It is
because crocodiles are mostly found in downstream
areas, shores, and flat topography in aarewhere
crocodiles are predicted to be high. Norear response
curves are responses from environmental variables that
are notinfluenced by other variables. The following is an
illustration of the elevation response curve and slope
response curve (Figar7)
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Mapping The Distributionof Saltwater Crocodile

(description: (elevasikutai3=elevation,
o mangrovekutai2=mangrove forest, pantaikutai=distance
slevasikutaid 4 Withoutvariable ® .
winonyvaiabie . from  shore, rawakutai= freshwater swamp forest,
o MEngrore | wihallvariatles - semalkutai=shrubs, slopekutai2=slope,
5 pantaluta 1 suhukutai=temerature, sungaikutai2= distance from
m .
0 river)
S comat en Based on the response curves, the crocodiles in the
E | k_l R mangrove forest and the freshwater swamp are predicted
i to be high. The higheeVel of dominance of mangrove
w

suhukutai forest and freshwater swamp, the higher the prediction of

sungaikutai2 crocodiles. Shrubs are predicted ®dxqual in both areas
with and without shrubs. The comparison of the three
050 055 060 085 070 075 080 085 090 035 predictions for the presence of crocodiles is preseinted
e Figure 8.

Figure 6 The influence of environmental variables
obtaired from AUC values

Table2 Comparison of contribution value of each environmental variable

Variable Percent contribution (%) Permutation importation (%)

Elevation 55.5 71.1

Distance from river 31.5 11.2

Distance from shore 8.6 15.3

Temperature 2.6 0.6

Mangrove 1.2 0.4

Swamp 04 0.8

Slope 0.3 0.4

Shrubs 0 0

Response of Crocodylus_peorosus_0 to elevasikutai3

Response of Crocodylus_porosus_0 to slopekutai2
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Figure 7(a) Elevation response curve (b) Slope response curve
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Figure 8(a) Mangrove response curve (befwater swamp response curve (c) Shrubs response curve
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Figure 9(a) Distance from river response curve (b) Distance from shore response curve

Based on the response curve of distance from thavhich is classified as lowland makes the temperature in

river and distance &m the shore, it is known that

the crocodile habitat warmer. The cditboded nature of

crocodiles are predicted to be fewer if the distance irocodiles makes the try to maintain their body

getting farther from rivers and shores.
commonly present less than 1 km from the rivers an

Crocodiles temperature by sunbathing or seeking shade if their body

demperatures too high(Jaysor2002)

shores. The illustration of response curves of the distancg prediction of crocodile distribution
from the river and the distance from the coast is

presented in Figure. 9

Based on the temperaturespense curve, it shows
that the predicted value for theegence of crocodiles is
at a temperature of 2B3° C (Figure 10). The
temperature is also influenced mpographic conditions
which are classified as lowlands. Crocodiles need
temperature that iBot enough for sunbathing since they
need to increase tldody temperature to metabolize

of Crocodylus_porosus_0 to

0.9

a2
o

logistic output

a
=

0.1

0.0

18 20 26
suhukutai

14 16 e] 28

Figure 10Temperature response curve

The prediction of crocodile palation distribution
from MAXENT processing shows that elevation from
sea level is the mostfluential environnental variable. It

is in line with the results of other studies stating that a

good habitat for saltwater crocodiles is characterized by
wide edge of water bodies and lush vegetation for nestin
and spawning such as downstream rivengngroves,
and shoelines (Somaweerat al.2011), all of which are
on the lowlands ranging from-000 masl. Moreover, in
tropical areas, elevation affects themfeerature in

The prediction of saltwater crocodile distribution
shows that each location of data -collest has
crocodiles' presence points. The more an area
approaching the red color or scored one lmn map, the
higher the predicted value for the crocodile's presence at
aI[ha'[ point. The following is a map of prediction of
saltwater crocodile population digtution in settlements

around Kutai National Park (Figure 11).

!

Figure 11 Prediction map of saltwatercrocodile
population distribution

crocodile habitat, the higher elevation of an area, the

lower the temperature in thatrea. Crocodile hatait
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2. Mapping The Risk of Human-Crocodile

Conflicts
Crocodile attacks

Based on the resultS interviews aboutcrocodile
attacks on humans, 24 cases were reported. The impa
of the attack was bite wounds and death. As many as 1
cases of crocodile attacks were recorded that resulted i
fatalities or by 50%. Mostrocodile attacks on humans
occured in rivers (Figee 12). Based on the observation,
community activities in the river and around the river
include fishing, bathing, fish farming, and using it as a
transportation route. Most cases of crocodile attacks
occurred during 201% 2017 as manys 6 cases (Table

a.

® sea
v estuary

S river

Figure 12 Percentage of crocodile attacks in several
places

Currently, the presence of crocodiles around
community settlements is consideredsettling and
dangerous. Bontang Citis the area with the highest
awareness of crocodiles compared to Sangatta an

Mapping The Distributionof Saltwater Crocodile

B wild

evacuated

Number of crocodile

(=)}
I =
(=)}

Bontang Sangatta Sangkima

Figure 13Comparison of wild crocodiles and evacuated
crocodiles in each study location

(Source: data from Kutai Nationa Park and field
observation)

Human activities in crocodil habitats trigger
conflict between them. Conflict may occur Here is a
direct contact between humans and crocodiles which
brings negative impacts on crocodiles or humans and
even both of them. Thimcreasing human activities and
closer settlement to ¢hcrocodile habitat is one of the
causes of direct contact betwelerumans and crocodiles.
Another reason that causes crocodiles to approach
community settlements is people's habits that often throw
household organic waste, fishery waste, and livestock
wase into the rivers. According to Plazand
Lambertucci(2017), rivers that are used as landfills can
change patterns of movement, migration, home range,
and individual behavior of different species, thereby
increasingvarious types of conflict with humans. Blake
(2002) sttes that crocodiles have a very good sense of
gmel with the two nostrils at the end of the muzzle that

Sangkima. It can be seen from the comparison ofmake it easier for them to smell while swimming. These
evacuated crocodiles and wild crocodiles (Figure 13).activities can trigger the crocodiles tome to the

The datawere obtained from the datd Kutai National
Park and direct obseation

community settlements

Table3. Crocodile encounteniBontang, Sagatta, and Sangkima and the attacks

Bontang Sangatta Sangkima
Total respondent 17 24 17
Total crocodile 19 21 6
encounter spots
Total victim 3 8 13
Last attack report 2015 2017 2015

Common location River, estuary, and sea River and estary

of attack
Attacked Injured to the waist, legs, 3 people werénjured and 5
condition buttocks, neck and back. No  people died

death reported

Fishing, fid farming, taveling,
raising livestock, playing golf,
sea water therapy

Human activities
during the attacks

Fishing, crossing rivers,
ablution, bathing, selling fish,
repairingpipes, traveling.

River and estuary

6 people were injured and °
people died

Bathing, gardening,
crossing river, washing
motorbikes, fishing.
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b. Mapping of the risk of human-crocodile conflicts National Park also moves the crocodiles to captivity in

Based on the classification using the natural break&ast Kalimantan, including the Teitip Crocodile
method, a map of saltwater crocodile encounters i€captivity in Balikpapan and Makroman in Samarinda. In
obtained in Figure 14. Each class has a different range giddition, Kuta National Park has formed a special team
values: the first class with a range of 0.000000001 O rescue wildlife, called the Wildlife Rescue Unit
0.129217864low encounter r@s), the second class with (WRU). WRU focuses on saving wildlife including
a range of 0.129217864 0.410456742 (moderate crocodiles. Tis is in accordare with the Renja KSDAE
encounter rates), and the third class with a range of2017) regarding National Priority activities in the
0.410456742 0.969133973 (high encounter ratesheT Natlonal_ Priority Program for the ngelopment of Rural
class differences are distinguished by the resolution oAreas in the form of collaborative management of
each pixel. If afigure is approaching number one, it conservation forests with communities around -non
indicates that the location has the most likely presence ofonservéion forest areas. _
crocodiles. The map of encounter rates was then overlaig ~ Evacuation is carried out when there is a report
with the map of communitactivities. The overlaying from the community. Usually, thevacuation process is
results of the two maps fourgbme areas with high assisted by the community. In Bontang area, it is also

level of conflict potential, which were Sangatta, assisted by the fire department. The rgpare method is
Sangkima, and Bontang applied to catch # crocodiles. Apdr from direct

The classification results of humarnocodile  €vacuation by WRU, some crocodiles in the settlement

conflict potential indicate that high potential is obtained a'¢ handed ovedirectly by the community. Crocodiles

in settlements with activities less than one kilometerthat are caught by the community are usually injured and
away from riversand beacte The further the distance €ven dead. It happens because they do not pay attention
from rivers and beaches, the potential for conflict ist0 the crocodile’s safy during the catching process.
getting moderate and gradually lowering. In addition, PEOple use poison as bait or beat the crocodii@glthe
activities carried out in areas with a high chance ofcapture. The evacuation process needs to be improved to
encountering crocodiles, such as mawgs and reduce the potential for conflict. Another effort made by
freshwaer swampshave a high potential for human Kutai National Park is the fanmirization of wildife

crocodile conflicts (Figure 15). conflicts against community. . _ .
c. Efforts of Kutai National Park on human- The effectiveness of crocodile evacuation carried

crocodile conflicts out by WRU is still unknown. The absence of tagging for
T _ _ the crocodiles that were captured and released again
~ Kutai National Park, assisted by the community, hasmade the crocodiles that were evacuated unable to be
tried to overcome the risk of humanocodile corficts  tracel to their whereabouts after evacuation. The
by evacuatig the crocodiles found in their settlements. gglection for release location of evacuatadcodiles
Crocodiles that are caught are moveu drocodile  must be considered carefully. According to Walsh and
habitats far from settlements. One of the crocodile\whitehead (1993), conflicted crocodiles should be
release locations is Telaga Bening lake in the Kutaieyacuated to captivity and should not be returnedlitth

National Park. Telaga Bening lake i©asen as the hapitats since C. porosus, especially males, have a
release location because it is far from settlements and hagndency to return to their ltiteries

become a natural habitat fealtwater crocodiles. Apart
from being released into their natural habitat, Kutai

Classification Statistics
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Figure 14Map classification resultsf saltwater crocodile encounter rates using natural breaks method
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Figure 15Risk map of humaigrocodile conflicts in settlementscamd Kutai National Park, Kalimantan



