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ABSTRACT 
Lanthanotus borneensis, Bornean Earless Monitors, are a species of conservation concern, categorized as Endangered in 
the International Union for Conservation of Nature Red List, and under the list of Totally Protected species in both 
Kalimantan and Sarawak. We applied radiotelemetry to a study of spatial ecology of nine adults of L. borneensis in Central 
Sarawak (four males, five females). Minimum convex polygons (100%) were generated for individuals to assess home 
range sizes. Home range sizes averaged 500.8 ± 300.9 m2, and only a slight overlap of space use was observed between 
sexes. L. borneensis are apparently sedentary for an average of 3 d, with intervening spikes of high movement, highest 
daily movement being 74 m. Our research demonstrates space use requirements of L. borneensis, which can be applied to 
conservation management efforts of this and similar tropical herpetofaunal species in Borneo. 

Animal movement is primarily dictated by need to ac-
quire resources, and the cardinal mechanism of movement 
has long captivated the interest of biologists. Information 
gained from study of movement is invaluable for conserva-
tion and future management (LaPoint et al., 2013). Home 
ranges, being centralized areas where animals carry out ac-
tivities for thermoregulation, reproduction, and foraging, 
are chosen areas where resources may be procured opti-
mally. In ectotherms, sizes of home ranges can vary be-
tween ontogenetic stages and sexes, where body sizes and 
reproductive states may define home range size (Litzgus 
& Mousseau, 2004; Imansyah et al., 2007). Research con-
ducted on movement of small terrestrial vertebrates has 
surged with recent technological advancements; in particu-
lar, tracking relatively small species is feasible now due to 
reduction in sizes of radio transmitters. 

With low encounter rates, Lanthanotus borneensis, 
Bornean Earless Monitors (Lanthanotidae), are a seemingly 
elusive species, observed to be motionless for long periods 
of time, both in captivity and in the wild (B. Harrisson, 
1961; Yaap et al., 2012). The apparent sedentary nature 
of L. borneensis therefore requires a simple tracking reg-
imen. Still, large-bodied squamates of the Varanidae (the 
sister group to the Lanthanotidae) exploit available or mod-
ified resources (Pettit et al., 2021) in areas that require ac-
tive foraging. Varanids are generally diurnal (few being noc-
turnal) and non-sedentary during the day (Pascoe et al., 
2019), whereas L. borneensis is strictly nocturnal and can re-
main sedentary for days. Such differences between the two 
groups suggest the possibility of differences in home range 
sizes and movement, necessitating comparison to ecologi-
cally similar saurians, rather than only those that are phy-
logenetically related. Additionally, male L. borneensis were 
documented to reach a larger mass than females (see 
Mertens, 1964 for other sexually dimorphic features), al-

though sex-specific resource use remains unknown. Evi-
dence of missing limbs has been reported in both sexes, 
with males having more severe traumas than females, pos-
sibly suggesting risks of territoriality in males (Langner, 
2017). Most literature on movement ecology in this species 
refers to captives, with no data available on individuals in 
the wild. Moreover, animals in captivity are expected to 
have different patterns of movement compared to free-
ranging individuals. L. borneensis are also known to swim 
(T. Harrisson & Haile, 1961), but what role swimming loco-
motion plays under natural conditions is unknown. The ob-
jectives of our study include: to describe home range and 
patterns of displacements in the species and compare them 
between the sexes. 

MATERIALS AND METHODS 

Study Sites.—We conducted data collection over a period 
of 151 d (November 2019 to August 2022). We studied two 
populations of L. borneensis, located ca. 85 km apart (Site 
A and B), within the Kapit region of Upper Baleh, north 
of Kapit (ca. 1.95°N, 112.32°E, datum Timbalai 1948) in 
Central Sarawak, Borneo, Malaysia. Access to these sites 
was controlled by the respective landowners, and sharing 
of coordinates is restricted by relevant wildlife protection 
agencies for conservation reasons. Both sites shared similar 
habitat structures as lowland mixed dipterocarp forests and 
secondary forests, with surrounding vegetation dominated 
by tree species of the genera Alseodaphne, Macaranga, 
Glochidion, and Shorea. The elevational range was 115–200 
m asl and sites can be characterized as rocky streams, their 
widths from 1–2 m, with depths varying from a few cm to 
ca. 80 cm. We established transects of ca. 200 m in relatively 
undisturbed portions of these streams. 
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Radiotelemetry.—We carried out active searches for 
lizards between 0900 and 2100 h. We caught lizards by 
hand, recorded date, time, and body measurements (snout-
vent length, SVL: to nearest 0.1 cm) using a string and ruler 
(see Rivas et al., 2008) and body mass (BMI: to nearest 0.1 
g) using a digital scale (My WeighTM 7001DX, Our Weigh 
Ltd.). We gave each lizard an identifying number and fitted 
individuals with radio transmitters. We used temperature-
sensitive radio transmitters to track L. borneensis, which 
conveniently provided data on locations, without disrupting 
natural behavior of the lizards. We attached transmitters 
(BD-2T; 0.85 g; battery life: four weeks; Holohil Systems, 
Ltd., Carp, Ontario, Canada) dorsally, on the mid-pelvic re-
gion (Knapp & Owens, 2005) using fishing materials (Fig. 
1). We kept each harnessed lizard at a base camp overnight 
to observe any abnormal behaviors that may have been in-
duced by the shape or weight of the harness and trans-
mitter. Weight of transmitters was under 5% of BMI for all 
individuals. Animals were released at the initial point of en-
counter, and we began tracking the day after installing the 
harness. We recorded locations and re-location points us-
ing a Handheld Global Positioning System (GarminTM GPS 
Map64sc, Garmin Ltd.) to estimate size of home ranges, as 
well as daily displacement. For cumulative movement, we 
calculated overall distance moved by individuals. We also 
measured distance from previous points along the stream 
using a measuring tape. In cases where direct observations 
were impossible (such as locations within deep rock 
crevices), we used an endoscope (DepstechTM DS450, DEP-
STECH) to observe the individual and confirm its presence 
when possible. 

Data Analyses.—We collected data points of initial cap-
ture location and re-location points and plotted them on di-
agrams of minimum convex polygons (100% MCP) using Ar-
cGIS Pro, version 2.5.0 (ESRI, 2020). Daily displacement was 
calculated as the average distance moved each day during 
the tracking period. Cumulative movement was calculated 
as the total distance moved over the entire tracking period. 
For statistical analyses, we used IBM’s Statistical Package 
for the Social Sciences (SPSS), version 26.0 (SPSS Statis-
tics, 2019) and Jamovi, version 2.6 (Jamovi Project, 2024). 
We calculated differences between males and females using 
Mann-Whitney U tests. Data of home ranges and mass of 
selected varanid species and L. borneensis were collected 
and analyzed for correlation using the Pearson correlation 
test. We report descriptive results as means ±1 standard er-
ror, setting statistical significance at 0.05. 

RESULTS 

We selected a total of nine individuals for analyses (four 
males and five females). Two of the male individuals were 
tracked for longer periods (24–32 d), whereas the others 
were tracked 4–13 d. BMI ranged from 30.0–48.0 g (n = 9, 
39.77 ± 2.28 g, see Table 1). There was no significant differ-
ence in mass between sexes (n = 9, Mann-Whitney U = 0.00, 
P = 0.19). 

Home range sizes averaged 500.83 ± 300.89 m2 (100% 
MCP). The MCP generated for individuals at each of the two 
sites is presented in Figure 2. Average home range size for 
males varied between 11.07–2,853.55 m2 (mean = 970.28 ± 

647.99 m2, n = 4), and between 1.85–182.47 m2 (mean = 
125.28 ± 34.39 m2, n = 5 for females). We observed slight 
overlap in space used between sexes. Overall mean daily 
displacement was 5.66 ± 0.69 m, with the mean for males 
4.83 ± 0.87 m, and 6.32 ± 1.02 m for females. The mean cu-
mulative movement was 70.6 ± 21.5 m, with the mean for 
males 102.0 ± 44.8 m, and 45.6 ± 10.3 m for females. Two 
males had distinctly larger home ranges than other individ-
uals (LB09 = 2,853.55 m2, LB13 = 777.47 m2), and both were 
relatively large, each with masses of 48 g. Comparisons of 
home ranges, displacement and cumulative movement are 
shown in Figure 3. 

We compared means of home ranges between sexes and 
found that there was no significant difference between the 
two (n = 9, Mann-Whitney U = 4, P = 0.19). There were no 
significant differences between sexes in daily displacement 
(n = 9, Mann-Whitney U = 6.0, P = 0.413) or in cumulative 
movement (n = 9, Mann-Whitney U = 6.0, P = 0.413). Further 
descriptions of movement measurements are presented in 
Table 1 and Figure 3. Across species of varanids, and with 
our L. borneensis values included, BMI was positively cor-
related with home range size (Pearson’s correlation coeffi-
cient r = 0.667, df = 17, P = 0.02; Fig. 4). 

DISCUSSION 

Movement of animals is known to depend on availability 
of resources and is significantly influenced by anthro-
pogenic activities (Doherty et al., 2021). Home ranges of 
L. borneensis in our study were smaller than those doc-
umented for other species in the closely related varanid 
group. For example, Varanus bitatawa and V. varius showed 
mean home ranges of 12,400 m2 and 655,000 ± 100,000 
m2, respectively (Law et al., 2016; Pascoe et al., 2019). On 
the other hand, V. salvator, the more immediate neighbor 
within the island, had a large mean home range of 879 km2 

(Guerrero-Sanchez et al., 2022). All home ranges recorded 
for varanids have measurements in the range of hectares, 
whereas L. borneensis of our study showed a maximum 
home range size of less than a hectare (ca. 3,000 m2). The 
disparity in home range size among species may in part be 
due to differences in body size between the two groups cou-
pled with relatively short tracking periods and small sam-
ple size of this study (Fig. 4) and the biology of the species. 
But there have been no spatial studies to permit comparison 
with the smallest extant species of the Varanidae, V. spar-
nus, which is smaller in body size than L. borneensis, with 
an average mass of about 16 g and a mean SVL of 102.0 ± 
8.2 mm (Doughty et al., 2014). Based on the trend in Fig-
ure 4, it is possible that V. sparnus could have comparable 
home range sizes to L. borneensis. Moreover, in the diur-
nal and semi-aquatic Indo-Chinese Water Dragons (Physig-
nathus cocincinus), with a reported range of 42.4–260 mm 
SVL (Nguyen et al., 2018), home ranges reported were 
around 1,800 m2 (Chan et al., 2020), closer to the maximum 
MCP value that we report here for L. borneensis (maximum 
= 2853.55 m2). With varanids, although they are the most 
closely related group, daily movement and longer distances 
are more common when compared to L. borneensis. Ob-
served differences in movement between L. borneensis and 
varanid species may also be due to differences in behavior. 
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FIG. 1. Lanthanotus borneensis equipped with a radio transmitter on a harness. 
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TABLE 1. Data on sex, locality, body measurements, home ranges and displacement shown by Lanthanotus borneensis in 
the drainages of Upper Baleh, Sarawak. Abbreviations: ID, individual identification; D, daily displacement; CD, 
cumulative distance; SVL, snout-vent length; MCP, minimum convex polygon. 

ID Sex Locality D (m) CD (m) SVL (cm) Mass (g) MCP (m2) 

LB05 Male B 4.89 58.7 149.4 43.5 239.01 

LB09 Male B 7.71 218.1 151.6 48 2853.55 

LB12 Male A 2.59 10.36 156 44 11.07 

LB13 Male B 5.02 120.45 145 48 777.47 

LB01 Female A 9.33 37.3 150 40 98.56 

LB02 Female A 6.5 54.48 145 30 182.47 

LB06 Female B 7.72 77.2 169.6 35.01 164.26 

LB10 Female B 2.48 44.65 168.6 39 179.25 

LB11 Female A 2.02 14.14 145 30.4 1.85 

Mean 5.36 70.59 153.36 39.77 500.83 

STD 2.64 64.50 9.64 6.84 911.67 

Furthermore, based on the lengthy amount of time spent 
in refugia (as long as 8 d), L. borneensis are suspected to 
be passive ambush predators that select appropriate mi-
crohabitats for thermoconforming through thigmothermy 
(Leah et al., 2023), a passive form of thermoregulation com-
monly seen in nocturnal lizards (Norval & Mao, 2015; Rock 
& Cree, 2008). 

Movement behavior of L. borneensis is curiously like that 
of the only living representative of the family Shinisauridae, 
the Indo-Chinese species Shinisaurus crocodilurus (sister 
taxon to Lanthanotidae + Varanidae, Dong et al., 2022). 
In S. crocodilurus, movements are even smaller than in L. 
borneensis, ranging from 2–30 m (Xie et al., 2017), with 
long periods of immobility in secure rocky refugia, possibly 
to conserve energy, avoid predators, or both (Huang et al., 
2022). Similarly, L. borneensis may use rocky substrates for 
thermoregulation and predator avoidance, underscoring 
the importance of maintaining rocky substrates along 
streams for semi-aquatic ectotherms (Rocha et al., 2020; 
Unger et al., 2017). Microhabitats of L. borneensis that we 
observed were within aquatic zones and seldom included 
adjacent riparian zones, suggesting that the species is a 
stream obligate. However, during this study, females se-
lected microhabitats farther away from the stream than did 
males, within a roughly 5 m distance (Leah, 2024). In other 
semi-aquatic lizards, such as P. cocincinus (Chan et al., 
2020), females may move away from streams intermittently 
to locate possible sites for oviposition. With regards to 
home ranges of lizards, males generally have larger home 
ranges than do females (Perry & Garland, 2002) and in this 
study, home range size appeared to differ between sexes 
in L. borneensis, although not statistically so. This demon-
strates that home range of L. borneensis cannot be explained 
by mass, except for possibly in males, which seems to sug-
gest a role of behavioral patterns in terms of sexual se-
lection. In lizards, males have been shown to have larger 
home ranges that overlap with home ranges of multiple fe-
males to increase chances of encountering potential mates. 
Home range overlap was observed during this study in one 
pair of male and female, and between females (Fig. 2). Sim-

ilar findings came from a study on spatial ecology of the 
varanid species, V. mertensi by Smith and Griffiths (2009) 
and in other semi-aquatic lizards, including P. cocincinus. 
However, the caveat that our data are represented by small 
sample sizes hinders a more complete understanding of the 
movement in L. borneensis. Females appear to move more 
frequently compared to males within a few days (Fig. 5). 
Males also exhibited larger displacement with longer immo-
bile periods (Leah, 2024). Seemingly random large displace-
ments are suggestive of ‘wandering’ behavior. In varanids, 
Smith and Griffiths (2009) reported absence of site fidelity 
and observed wandering behavior, which is consistent with 
our observations for L. borneensis. However, the tracked in-
dividuals have not been followed for a full year. This can 
be brought forward with further research on the matter as 
wandering may explain the lack of a core home range in 
this species. On the other hand, random large displace-
ments may also coincide with reproductive events. Tropical 
lizards in Borneo can reproduce throughout the year (Inger 
& Greenberg, 1966). Although females in this study pos-
sibly exhibited nesting behavior, we were not able to de-
termine if a reproductive event was occurring. Additionally, 
slight to no overlap in space use between sexes and evidence 
of missing limbs supports Langner’s (2017) assumption that 
L. borneensis are territorial and that strong sexual selection 
may be occurring. In fact, our observations suggest that 
free-ranging L. borneensis are solitary and never encoun-
tered in pairs or social groups (Leah, 2024). However, in 
captive lizards, deformities have been attributed to genetic 
factors, as a result of inbreeding (Olsson et al., 1996). Fe-
males were encountered more often than males in non-ri-
parian areas (Leah, 2024) with four of five individuals (vs. 
four males) encountered in such microhabitats in the course 
of this study. Furthermore, although we observed individu-
als in this study only within the proximity of a stream, an 
observation of accidental capture of L. borneensis in a mist 
net set to capture understory birds (S. T. Pang, pers. obs.) 
promotes the need for further investigation. As a stream 
obligate, exploratory behavior might permit dispersal while 
scouring for resources in different habitats elsewhere when 
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FIG. 2. Minimum convex polygons (100%) of tracked Lanthanotus borneensis from two sites (A and B), in the drainages of 
Upper Baleh, Sarawak. Colored polygons differentiating home ranges between sexes, blue representing males, and pink, 
females. 
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FIG. 3. Boxplots showing distribution of home range sizes (A), daily displacement rates (B) and cumulative distances (C) 
between sexes in Lanthanotus borneensis (males, n = 4 and females, n = 5). 
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Fig. 4. Scatterplot demonstrating relationship between the log10 values of mean body mass (kg) and mean home range size (100% MCP in ha) for selected species from the Varanidae 
and Lanthanotus borneensis (Varanus varius, Pascoe et al., 2019; V. tristis, Thompson et al., 1999; V. mertensi, Smith & Griffiths, 2009; V. indicus, Smith & Griffiths, 2009; V. gouldii, 
Green & King, 1978; V. olivaceus, Auffenberg, 1988; V. griseus, Ibrahim, 2002; V. bittatawa, Law et al., 2016; V. panoptes, Blamires, 2004; V. glauerti, Sweet, 1999; V. glebopalma, Sweet, 
1999; V. salvator, Guerrero-Sanchez et al., 2022; V. bengalensis, Auffenberg et al., 1991). Closed circles indicate 100% MCP, open squares indicate 95% home ranges, open circles indi-
cate reported occupancy areas and closed triangles indicate reported activity ranges. Single asterisks indicate males, and double asterisks indicate females. (Pearson’s correlation coef-
ficient (r = 0.667, P = 0.02)) 

FIG. 5. Scatterplot of displacement in free-ranging 
Lanthanotus borneensis against days of tracking. 

environmental conditions change (e.g., local dry spells, 
causing streams to run dry). Future research on social be-
havior is required to fully understand the effect of sociality 
in L. borneensis natural history. 

Home ranges of L. borneensis were smaller than in pre-
viously studied varanids, which may be the result of differ-
ences in body size, on being a stream obligate, or both. Fur-
thermore, movements in terms of displacement rates and 
cumulative distances traveled did not differ between sexes 
and sizes. Further research should include juveniles and as-
sess the influence of dry or wet periods and the phenology 

of streamflow. Studying social behavior in the species may 
also shed light on the singular encounters of this lizard in 
the wild. Also, a follow-up study should address extra-ri-
parian movement, as a possible attempt to discover sites re-
lated to reproduction. Finally, movement information and 
other habitat data we have presented in this study can be 
useful for species conservation, especially the nature and 
sizes of appropriate areas to target for protection. 
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