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ABSTRACT

Background and Objectives: The Asian elephant (Elephas maximus) is classified as an umbrella species that
plays a critical role in forest ecosystem conservation. Thung Salaeng Luang National Park (1,262.40 km?),
located within the Phu Miang—Phu Thong Forest Complex, represents a key habitat for wild elephants. However,
habitat fragmentation resulting from the expansion of human settlements and agricultural areas has compelled
elephants to increasingly utilize agricultural lands as pseudo-habitats, elevating the risk of human-elephant
conflict. This study aimed to analyze environmental factors influencing seasonal habitat selection and estimate
home range size of wild elephants in Thung Salaeng Luang National Park, with the goal of informing wildlife
management and conflict mitigation strategies.

Methodology: A total of 650 wild elephant occurrence records — comprising direct sightings, dung deposits,
footprints, and rubbing marks — were collected from qualitative SMART patrol data between 2018 and 2024.
Records were partitioned into dry season (November—April) and wet season (May—October) datasets. Maximum
Entropy (MaxEnt) modeling was applied using 11 environmental variables across three categories: physical,
biological, and threat factors, on a 100x100 m grid. Data were randomly split into 75% training and 25% testing
sets, with five replications, and model performance was evaluated using the Area Under the Curve (AUC).
Results: Both seasonal models demonstrated good predictive performance (dry season AUC = 0.764; wet
season AUC = 0.858). During the dry season, the most influential factors were distance to evergreen forest
(46.10%) and distance to grassland (12.70%), with elephants exhibiting a broad distribution across the park and
a home range of 456.92 km?2. During the wet season, distance to dry evergreen forest (21.70%) and distance to
salt licks (21.00%) were the primary determinants, with elephants showing a more clustered distribution in the

central and southern areas and a reduced home range of 173.03 km? The difference of 283.89 km? between
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seasons reflects marked behavioral plasticity in response to seasonal resource availability. Elephants showed
stronger avoidance of human settlements, agricultural areas, roads, and other threat indicators during the dry
season. However, during the late wet season when crops reached maturity, some elephant groups moved toward
agricultural lands in the northern and western zones where communities reside and cultivate within the park,
increasing the likelihood of human-elephant encounters.

Conclusion: Seasonal variation in wild elephant habitat selection was clearly evident, with biological factors
as primary determinants and anthropogenic factors influencing avoidance or approach behavior depending on
the season. These findings provide a scientific basis for targeted management interventions, including the
establishment of buffer zones, systematic monitoring of high-risk conflict areas, and seasonal management of
food and water resources within the park, to effectively mitigate human-elephant conflict and promote balanced

conservation of wild elephants and their habitats.
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Figure 1 Location and boundaries of Thung Salaeng Luang National Park and surrounding human settlements and

agricultural areas.
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Table 1 Count of Wild Elephants presence points in the study area for data analysis and validation.

Training Testing
Species Season Presence (100 %)
Presence (75 %) Presence (25 %)
Dry 421 315 106
Elephants
Wet 229 172 57
Sum 650 487 163

Table 2 Environmental variables used to generate the MaxEnt model for Wild elephants in Thung Salaeng Luang

National Park.

Name Description Unit Sources
Biological factors
Range/grassland Distance to range/grassland area km
Tswec.ldd.go.th (Land
Deciduous forest Deciduous forest area km?
Development Department)
Evergreen forest Evergreen forest area km?
Stream Distance to water bodies km. Gistdaportal.gistda.or.th
Salt lick Distance to salt lick km. Data from the smart patrol system
Threat factors
Roads Distance to Roads km. Download.geofabrik.de/asia.
html (Planet OpenStreetMap)

Village&Agriculture  Distance to village and km. Tswec.ldd.go.th (Land

agriculture area Development Department)
Threat Distance to threats such as poaching evidence, km. Data from the smart patrol

illegal logging, hunter's camps and evidence of

human encroachment
Ranger station Distance to ranger station km. Data from the smart patrol system
Physical factors
Elevation Altitude above sea level (DEM) m. Portal.opentopography.org/
Slope Degree of rise/run % (NASA Shuttle Radar Topography

Mission, 2013)

o 9 = Y
3.2 7998A1UF¥ 10 1N Useneovuane

Development Department, 2025) SRR RNTRTRY

Uszianmislflse Teminauvesgneruuana ponilu 3 nqu Ao 1) anah 2) Thedaly Idun

YU a9I1 A9 (National Park Office, 2023; Land Yudess Tunganssa way 3) Thlindaly
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2.1) wssudoyatideuindonliog
Tugtuuy s Asc fifvunaganin 100 x100
wias uhfunnsudeya (Niranrat, 2015.)

22) 1ivtoyayan15UI1ng Ve
Fratheendu 2 dau Taeldlusunsy R ¥1ns

1A10819 (Random sampling) Uszneumediu

)

)

1 1 YoyamsUsng (Presence) $oaz 75 A1MTU

U

I a 4
Tdiludoyadns e Training data taz a3 19wy
~ [ I [l ~
NAMUUILIUYDINITNTEIY uazaIUN 2
doyanisisinguaz 1ds1ng (Presence and
absence) 9819823000z 25 Fvsuldnaasy
ATNYNADIVOIUDUTIADI (Testing) YDILHUN
(Liu et al., 2005; Trisurat et al., 2014)
o I
2.3) Mmuazduuumsuaainalu
.. d' 1 d‘ 9 A 9
11U Logistic YMENA1DU 9 1¥ASUAY Default
v9411/511n53 MaxEnt software version 3.1.0 1A
a 4 o g’/ . . 4
ANTIZHToYATIUIN 5 AT (Replication) 1HDAA
ANUAAIANADUVDINANITIN1aD (Trisurat ef al.,
Ay ¥ Y} ' ' <
2014) Han 1asznevdreaIn NIz Yo
M31/31ng) (Probability of presence) UA1IEHIN 0-
1 MUNUIMV0TT8LIAdauaeN1TNIZI8VD
[ d . . 1 [ A' A
ada11 (Contribution) AL AIAITUUNEDD O
HUVI1809 U5ZIUUIINAT Area under curve
(AUC) M1na1 AUC 91103 1 naaaduudiaes
nANNU RN eg (Phillips & Dudik, 2008)
a 4

2.4) HAN15A512H 10 TUsUnT Y
MaxEnt ldfA19adani31/51ng (Logistic threshold)
° Voo A 1 Aq Y £y
U 11 A1 AAADN 6 A1 NINANVYNABIFY

Maximum Training Sensitivity Plus Specificity



NsansdetinaInethlfidesIneg 10(1): 53-76 (2569)

(MTRSPS), Equal Training Sensitivity and
Specificity (ETRSAS), Maximum Test Sensitivity
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Table 3 MaxEnt Logistic Cut-off Thresholds for Classifying Habitat Suitability of Wild Elephants Thung Salaeng

Luang National Park (Dry and Wet Seasons)

Species Season ~ MTRSPS ETRSAS MTESPS ETESAS PTP MTP
0.3247 0.4377 0.3247 0.4209 0.3121 0.1817

0.5535 0.4521 0.5535 0.4663 0.3305 0.0454

Wild Elephants Dry 0.3999 0.4402 0.3999 0.4537 0.3059 0.0913
0.4419 0.4375 0.4419 0.4465 0.3114 0.0897

0.4298 0.4266 0.4298 0.392 0.2932 0.0593

Average  0.4300 0.4388 0.4300 0.4359 0.3106 0.0935

0.3428 0.3378 0.2445 0.3141 0.1910 0.0154

0.3253 0.3071 0.3184 0.2754 0.1758 0.0108

Wild Elephants Wet 0.2810 0.3146 0.1998 0.2389 0.1682 0.0159
0.3535 0.3244 0.4038 0.4034 0.202 0.0129

0.2591 0.3038 0.2947 0.3241 0.1709 0.0394

Average  0.3123 0.3175 0.2922 0.3112 0.1816 0.0189
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Jackknife of regularized training gain for Elephas Jackknife of regularized training gain for Elephas
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Figure 2 The jackknife test for evaluating the relative importance of environmental variables for Wild Elephants in

Thung Salaeng Luang National Park, dry season (2A), and wet season (2B)

Remarks: dis to agri = distance to Village & Agriculture area; dis to_deciduous_forest = distance to deciduous forest;

dis_to_evergreen_forest = distance to evergreen forest; dis_to_pong = distance to salt lick; dis_to_range = distance to ranger

station; dis_to stream = distance to stream; dis to threat = distance to threat area; dis to track = distance to roads;

dis_to_wgs84 2 = distance to village and agricultural area; elevation = elevation; slope = slope.
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Table 4 Percentage contribution of environmental factors to Wild Elephants’ habitat suitability in Thung Salaeng Luang

National Park.

Wild Elephants Mean Max  Min
Environment factors Dry Wet
Percent Permutation Percent Permutation
contribution importance contribution importance
Evergreen forest 46.1 33.7 21.7 24.7 33.9 46.1 21.7
Salt lick 6 6.9 21 18.2 13.5 21 6
Range 12.7 17.6 4.9 6.3 8.8 12.7 4.9
Roads 1.2 1.9 16.2 18.3 8.7 16.2 1.2
Village & Agriculture 4.5 11.1 12.1 14.8 8.3 12.1 4.5
Elevation 10.4 10.6 4 6.3 7.2 10.4 4
Threat 2.6 2 11.1 7.6 6.85 11.1 2.6
Slope 6.4 5.8 33 1.4 4.85 6.4 33
Deciduous forest 24 43 53 2.2 3.85 53 24
Ranger station 5.5 4.8 0.1 0.1 2.8 5.5 0.1
Stream 2.1 1.3 0.1 0.2 1.1 2.1 0.1
Sum 100 100 100 100
AUC 0.764+ 0.029 0.858+0.017

Note: Mean, Max, and Min values were calculated from the percentage contribution of each environmental factor across both

dry and wet seasons. Mean represents the average percentage contribution across the two seasons, while Max and Min indicate

the highest and lowest percentage contribution recorded among the two seasonal models, respectively.
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Figure 3. Area Under the Curve (AUC) of Wild elephants during the dry season (3A) and wet season (3B); importance
of environmental factors affecting Wild elephants distribution during the dry season (c—f), including (c) response curve
of distance to evergreen forest, (d) response curve of distance to range or grassland, (e) response curve of elevation,
and (f) response curve of slope; and importance of environmental factors affecting Wild elephants distribution during
the wet season (g—j), including (g) response curve of distance to evergreen forest, (h) response curve of distance to salt
lick, (i) response curve of distance to road, and (j) response curve of distance to village and agricultural area.
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Figure 4 Seasonal Distribution and habitat suitability of Wild Elephants in Thung Salaeng Luang National Park;

A) dry season, and B) wet season, respectively.
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Table 5 The area of seasonal habitat suitability model for wild elephants in Thung Salaeng Luang National Park.

Dry season Wet season Area of Suitability

Level of Suitability Area Proportion Area Proportion

(km’) (%) (km’) (%)
Very well-suited 1.43 0.11 9.97 0.79 Suitable: 456.92 km’ (Dry)
Well suited 106.20 8.46 46.91 3.74 173.03 km’ (Wet)
Moderately suited 349.29 27.83 116.15 9.25 Unsuitable: 798.26 km’ (Dry)
Poorly suited 371.08 29.56 246.90 19.67 1,082.15 km’ (Wet)
Unsuited 427.18 34.03 835.25 66.54
Total 1,255.18 100 1,255.18 100
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