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Distribution in Phitsanulok Province
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Abstract

Background and Objectives: Urbanization may affect both positively and negatively on presence and
distribution of wildlife. Some wild animals adapt and flourish in urban environments, but some face local
extinction. Consequently, monitoring wildlife population and distribution is essential for evaluating population
trends. The water monitor lizard (Varanus salvator macromaculatus) is a generalist reptile inhabiting a wide
range of environments, such as urban areas, swamps or wetland, though, in Thailand, there is a lack of
academic studies about their ecology in local levels. Previous literature from 2009 showed that the rarity of
water monitor lizard in Northern Thailand could be attributed to mountainous terrains and cold climates. There
was only one occurrence in Phitsanulok Province reported at that time. This study aimed to provide an up-to-
date distribution and habitat suitability analysis of the water monitor lizards in Phitsanulok Province, which have
been facing rapid human settlements expansion causing land-use changes, featuring habitat diversity and
geographic variation. In addition, there is no study about habitat modelling for this species at local population
level. This study could partially fulfill the ecological knowledge of the water monitor in local population level by
including geographical and anthropogenic factors to explain the habitat preferences of the water monitor.

Methodology: The study area covered nine districts in Phitsanulok Province including Mueang Phisanulok,
Phrom Phiram, Bang Rakam, Bang Kratum, Noen Maprang, Wang Thong, Wat Bot, Nakorn Thai, and Chat
Trakan district. The geographical features of the Phitsanulok Province are characterized by a mosaic of alluvial
plains, hilly terrain, agricultural lands, and urban settlements. The surveys of the water monitor occurrences
were conducted by direct observations by vehicles and on foot along the roads. The water monitor lizards were
spotted visually or with binoculars from a distance. Then, their locations were recorded using handheld GPS
units. Each district was repeated at least twice during February 2020 to February 2021. Additionally, secondary
data from residents were incorporated using the coordinates of the nearest point of interest, villages, or sub-
districts. The species distribution modeling was performed in the software Maxent, based on occurrences data
and environmental variables, including land-use types (i.e., agriculture, wetland, forest, water, urban, and
miscellaneous), distance to water resources (m), distance from road (m), sub-district population density in 2020,
and elevation above sea level (m). The model performance was evaluated using the Receiver Operating
Characteristic Curve (ROC) and the Area under the curve (AUC). The contribution of each environmental
variable to the lizard occurrence was assessed using the Jackknife test. Finally, a habitat suitability map was
generated, and the spatial distribution patterns of the expected suitability were analyzed using Moran’s | index.
Main Results: A total of 42 water monitor lizard occurrences were recorded between February 2020 and
February 2021. Eight districts had at least one sighting, except Chat Trakan district, where mountain ranges
predominate. The Maxent species distribution model outputs based on occurrences and 5 environmental

variables yielded an AUC of 0.933, indicating the data can excellently predict the distribution of the water
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monitor lizard. The Jackknife test revealed that land-use and elevation were the most significant environment
variables, accounting for 60.5% and 26.6% of the model’s contribution, respectively. The habitat suitability map
suggested that the water monitor lizards in Phitsanulok Province are primarily aggregated in urban areas
located at low elevations. A Moran’s | index of 0.906 confirms a significant clustering pattern of the occurrences.
The environmental variables that show a positive correlation to the water monitor occurrences are urban area
land-use and human population. Conversely, distance to streams, distance from roads, and elevation had
negative effects on their occurrences.

Conclusions: The study of the water monitor lizards’ distribution and habitats in Phisanulok Province
demonstrates that they are concentrated in urban and lowland areas. Their spatial dispersion patterns tend to
be clumped. These findings concur with the previous studies that the water monitors frequently inhabit human-
influenced environments, such as parks and agricultural lands near water resources. While there are more
sightings in Central and Southern Thailand, their rarity in the north may be attributed to colder climates and
mountainous topography. Urbanization, land-use conversions, and their conservation status as a protected
wildlife species (potentially allowing for managed or commercial breeding) may contribute to population growth
and range expansion, as water monitor lizards are highly adaptable generalists with high tolerance for human
disturbances. This study was limited by a relatively low number of occurrences and incomplete and imbalance
coverage of all habitat types, which may influence the model outputs. Consequently, long-term monitoring is
essential to evaluate population trends and threats to mitigate human-wildlife conflicts. Further research should
incorporate data from biodiversity database platforms, such as iNaturalist and GBIF, to increase the number of
occurrences, as well as expand the geographic scope to regional or national levels to capture a broad range
of habitat variations.

Keywords : Varanus salvator; water monitor lizard; Maxent; species distribution; urban wildlife
*Corresponding author. E-mail: supatchareet@nu.ac.th
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St s UAN N Z AL BT (Evcin et al., 2019) LLmuﬁﬁuﬁ@fg@qﬁﬂiﬁ?uﬂﬁiﬁLm‘ﬁ:ﬁgmmumwﬁmﬁuﬁ’@q
ﬁuﬁ?:udw?{uﬁﬂfgmﬁﬂﬁmmmmmLﬁﬂ (Spatial correlation) Aag Moran’s | Tultlsinsu QGIS 3.28.15 (QGIS

Development Team, 2024)
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Iun dszinnnislddsslomiiam szaen19aanoun s2as9aInNUmnadtl ANILILILLENLIEIINT WAZAYINES

yaanuuileseiusiinzia (Figure 1) WU491A1 AUC T9UEAIANNANNITTRUULAN A8 MN138BLNNTNTEANe

WusiBaueuiuqagaluiui 81 0.933 Tefaduuuanassanisnasunalaadned (Figure 2)

Distance
from roads

Distance to
streams

Water Monitor
occurrences

Elevation

N ©  Occurrences

— streams and tributaries

€ boundaries
trict boundaires

0 20 40km I
-_— L2 Amphoe boundaries

Landuse Distrance to streams {m)  Distance from road {(m)  Human population Elevation (m)

Band 1 (Gray) Band 1 (Gray) Band 1 {(Gray) Band 1 (Gray) Bana 1 (Gray)
B 1 agriculture lnml [ —
5,743 5,000 6,375 2,035
K d .| 1,000 . 1,000 77 I -35
Bl 4 others
5 urban

6 water

Figure 1 Maps showing the environment variables (land-use, distance to streams, distance from roads,

human population, and elevation) and the water monitor sightings in the study
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Figure 2 Receiver operating characters (ROC) curves showing the efficiency of the output model to

distinguish habitat suitability of the presence data (red line) from random background locations

(black diagonal line)

Table 1 Descriptions of the environmental variables used in habitat modeling.

Environmental variables

Data Source

Description

Land-use

Land Development Department

(https://www.ldd.go.th/www/lek_welb/)

Reclassify into 6 classes, including
agricultural lands, forested areas,
wetland, others, urban areas, and water

body

Distance to streams (m)

River, stream, artificial shapefiles

Euclidean distance analysis

Distance from roads (m)

Road shapefile

Euclidean distance analysis

Elevation (m asl)

Digital Elevation Model (DEM)
downloaded from

https://earthexplorer.usgs.gov/

Calculated from Digital Elevation Model

(DEM) map, 30 m resolution raster data

Human population

The National Statistical Office
https://stat.bora.dopa.go.th/new_stat/web

Page/statByYear.php

Interpolation using inverse distance
weighted (IDW) interpolation based on

number of villagers
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Table 2 Contribution of environmental variables that explain the water monitor lizard occurrences in

Phitsanulok Province

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026

Environmental variables

Contribution percentage

Land-use 60.5
Elevation 26.6
Road 7.9
Water 29
Human population 2.1

ANHNTaNTeaiun et Aeduiuininuiugduuunisldusslaninauninign A 60.5%
Taewunanlussioonaniies wazilesuiuauguniiassiutimziaidadoulunisesufanisnuiiuiiie

714 87.1% (Table 2) Insunuiuansunasiagadenunizanteaiisuansliiiuinsiensyandoas lununguau

\WHasilunsugu (Figure 3)

Figure 3 Habitat suitability model of the water monitor lizards in Phitsanulok Province using Maxent software.

The color ramp represents the habitat suitability or probability of presence from 0-none (blue)

to 1-high (red)
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°

P a A o aa e A A Y ' v ' & A '
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Discussion
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Figure 4 Response curves show the tendency of the probability of presence (y-axis) and variation of

corresponding environmental variables (x-axis) of the water monitor lizards in this study
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v ]
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321N U B UBNINTUIULF U n1gsuNIuaINNYmel (Genevier et al., 2025) wAK1UTU V. salvator

macromaculatus N1 iﬁﬂﬂﬂuqﬁmm@ FBemzduaaniaes i lunaiguianudnauiun LLﬂum@qLﬁﬂiuﬁuﬁ@q
¢ dem . P PR T 1 & 4 _
AVALNNNANTIHYDINYBENINLAZH VAU LTU THIUNDY WUNTHUHUN LAaZNUNINERTNTTH (Cook-Price et al.,
2025; Khadiejah et al., 2019; Lauprasert & Thirakhupt, 2001 ; Luna & Rausell-Moreno, 2024 ; Twining et al.,
2017) Twamiles Wednsnszqnda luiundmen 1 a9ua1s1304 (Hawkeswood & Sommung, 2016; Luna &

' v

Rausell-Moreno, 2024) ilasanniiieiiludadniueuislduainuane dgtluuuniswfuiadug;
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&ndsaudaaraimsainuyme (Mahaprom & Kulabtong, 2018; Uyeda, 2009) Tnainudiiilufiunatanduaas
- a o P P ' a . . \ =S X a a o
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U

- o

x a o & o TR 1 y A
wuihinluaguauiessanuiineensnssnrasnyee Ninidunsugu Junasiinazindouuuinndanui
welnaguauiduiasaiu adnelafinnn sduuunisnufiuiisununszqnaa luunaguauenainainnig
aununsgnsauu ldannalasianuiuaialunisdrsaluiuieteanduusazseinnliminiuuaslidnsaungy
d’f dl v o ! d’j v Y 1 dl IS 1 o
wunUszinn Tnaniunisdnsauunu uazunasgNTy wanannil fadasuumatemstilinaatwuniunig
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AMNUUIWNLe9U sz NT a1ani1 M A multicollinearity 1a4maulmniedauanaasls (De Marco & Nobrega,
2018)

lutszimalng fuanatudszainatisanalildifinainnisaniiesasnismiainanisdn usiiudunsie
MNeUNINUL (Road kill) (Duengkae & Chuaynkern, 2009; Kematian et al., 2020) T lunnsAnsiiluuanans
wansliiiudmeduun b ldnunlndouuninndniunnelnanuu Genuueiaduunasaauseuliiudianidu
o o A g vy ] oA e P 8 dey A, A o oo e a A
dndiaemiu viselddnldunssudiaunsaniegendeuazunasinlduniuduwnesiudndaesaaiusiingy o
(Andrews et al., 2015) Tnauualilulszanaiia lulsnalnadlaniaiaduiaznisnszanaiuguesiendnaau
dl é) Yo dl o Ly o a v o & o & 1 %
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-
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Conclusions
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