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Space use is a fundamental ecological feature because it re-
flects how individuals obtain resources, locate mates, avoid
predators, and respond to environmental constraints (BURT
1943, NATHAN et al. 2008). In lizards, spatial behaviour is
influenced by energetic (e.g., tail loss), morphological (e.g.,
size), social (e.g., territoriality) and reproductive factors
(e.g., breeding season), which regularly shape the structure
of home ranges (TURNER et al. 1969, STONE & BAIRD 2002).
Home range estimates provide a cumulative measure of
space use, usually derived from repeated observations of
individuals over extended periods (BURT 1943, ROSE 1982).
However, such estimates may obscure fine-scale movement
behaviour that reflects behavioural decisions under specific
environmental conditions (LEVIN 1992, CRANE et al. 2021).
Therefore, continuous tracking approaches could provide
valuable insights into short-term spatial behaviour that are
not captured by traditional home range estimates.

Despite extensive research on movement ecology in liz-
ards, geckos (Gekkota) remain remarkably understudied.
A review of lizard home range literature found only six
studies on geckos among 489 sources examined (PERRY &
GARLAND 2002), highlighting a persistent taxonomic bias
in reptile spatial ecology. Similarly, recent syntheses con-
tinue to reveal strong taxonomic biases in reptile move-
ment datasets (CRANE et al. 2021). This lack of informa-
tion is likely caused by gecko-related characteristics — be-
ing generally small bodied, nocturnal and cryptic - lead-
ing to low detection- and recapture rates in conventional
mark-recapture studies (VITT & CALDWELL 2014, CRANE
et al. 2021). Consequently, spatial behaviour in many gecko
species remains poorly understood.

The Paracas Gecko (Phyllodactylus angustidigitus Dix-
ON & HUEY, 1970) is a small (snout-vent length, SVL: 37—

57 mm) nocturnal gecko with terrestrial habits endemic to
Peru (D1xoN & HUEY 1970) and classified as Endangered
(EN) by the IUCN (PEREZ et al. 2016). It inhabits a small
part of the hyper-arid coastal deserts of Ica Department (Pg-
REZ & BALTA 2011). There, harsh environmental conditions
and limited refuges may influence movement behaviour. Yet
no information is currently available regarding its move-
ment ecology. Here we present the first assessment of nightly
movement in this species by tracking individuals through-
out their nocturnal activity. By quantifying the area covered
during a single night, we aimed to characterize short-term
spatial behaviour in a poorly known desert gecko. Given its
small body size, we expected limited nightly displacement.
Fieldwork was conducted at Laguna Grande within the
Paracas National Reserve (14°9’1” S, 76°15°38” W), a hyper-
arid coastal desert in southern Peru. The study site corre-
sponds to open sandy beach habitat where Phyllodactylus
angustidigitus occurs in high abundance (DixoN & HUEY
1970). Sampling was carried out during May 2023, Febru-
ary 2024, and May 2024. This corresponds to the non-re-
productive season (GOLDBERG 2016), when reproductive
constraints and influences on movement are minimized
(MILEs et al. 2000). Surveys were performed between 19:00
and 06:00 h. Two HOBO dataloggers (Onset Computer
Corporation, USA) were placed on the sandy substrate
within the study area as a general characterization of noc-
turnal substrate conditions during tracking sessions. Data-
loggers were programmed to record temperature at 1-min
intervals throughout each sampling period. Sampling was
conducted during two seasonally distinct thermal condi-
tions: cooler conditions during May 2023 and May 2024
(mean nocturnal substrate temperature: 19.2 °C), and
warmer conditions during February 2024 (mean: 24.7 °C).
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Individuals were located by active search and captured
by hand. SVL and tail length (TL) were measured using a
digital caliper (+ 0.1 mm). Body mass was recorded using a
spring balance (£ 0.1 g). The presence of a regenerated tail
was noted. Sex was determined by the presence of hemi-
penal bulges at the base of the tail (DixoN & HUEY 1970).

Each individual was marked with fluorescent powder
(Dayglo) and released at the capture site. Fluorescent track-
ing methods have proven useful for documenting move-
ments of small cryptic lizards under natural conditions
(ROSENO et al. 2024). Observers maintained a distance of
approximately 3 m whenever possible to minimize inter-
ference during tracking. Individuals were then tracked
throughout the night using a UV flashlight (UVBeast) (Sup-
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plementary Video S1). The UV flashlight was used intermit-
tently every 3-5 minutes to verify the position of individu-
als while observers remained stationary whenever possible.
Geographic positions were recorded every 3-5 minutes us-
ing a handheld GPS (Garmin GPSMAP 661i). Tracking con-
tinued until individuals ceased activity and returned to a
refuge. No obvious behavioural alterations, such as repeated
body rubbing or attempts to remove the fluorescent pow-
der, were observed during tracking sessions (Supplementa-
ry Video S2). Individuals occasionally moved close to ob-
servers without apparent interruption of locomotor activity.

Because individuals were relocated at 3-5 minute in-
tervals rather than continuously tracked position-by-po-
sition, cumulative linear distances between successive lo-

76.2671°0

Figure. 1 Representative NMAs of Phyllodactylus angustidigitus at Laguna Grande, Paracas National Reserve, Peru. Each polygon cor-
responds to a different individual. The gray shaded polygon indicates the salt-encrusted zone. Inset shows the study location within

Paracas National Reserve.
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cations were not considered reliable estimates of total dis-
tance travelled. Individuals frequently exhibited irregular
movements between observations, which could underes-
timate actual movement distances. Consequently, move-
ment was quantified as nightly movement area (NMA),
defined as the area covered by an individual during a single
night based on all sequential coordinates obtained during
tracking. Spatial data were processed in QGIS (v3.40.7),
and NMAs were estimated using minimum convex poly-
gons constructed from all recorded GPS positions. Dif-
ferences in NMA between sexes, thermal conditions, and
presence of regenerated tail were evaluated using t-tests.
Relationships between NMA and SVL, TL, or body mass
were assessed using Pearson correlation coefficients (r). All
statistical analyses were performed in RStudio.

A total of 21 individuals (12 females, 9 males) were
successfully tracked throughout their nocturnal activity.
NMA varied widely among individuals, ranging from 31
to 1707.01 m” (mean: 850.86 * 525.10 m?). Tracking began
near the shoreline, with movement trajectories mostly ex-
tending between the shoreline and inland salt-encrusted
zones (Fig. 1, Online Resource 3). Considerable individual
variation was evident, with some individuals moving only
short distances while others covered large areas within a
single night. Similarly, activity duration was highly vari-
able, with some individuals remaining active until nearly
dawn. The hour of retreat to refuges ranged from oo:12 to
05:45 h, indicating a broader nocturnal activity window
than previously reported for the species.

Although most individuals ended their activity within
the salt-encrusted zones, four individuals (two males and
two females) retreated beneath rocks instead, which were
identified as their daytime refuges. No significant differ-
ences in NMA were detected between sex, thermal condi-
tion, or presence of regenerated tail (Table 1). However, a
tendency towards larger movement under warmer condi-
tions was observed (Fig. 2). No correlation was detected
between NMA and SVL, TL, or body mass (Table 1).

Our results show that Phyllodactylus angustidigitus ex-
hibits unexpectedly large NMAs and prolonged activity
hours despite its small body size and the extreme condi-
tions of coastal deserts. Previous studies have reported
positive relationships between body size and home range
extent in lizards (PERRY & GARLAND 2002), and therefore,
relatively limited movement would be expected in a small-
bodied gecko such as P. angustidigitus. Nevertheless, sev-
eral individuals covered remarkably large areas in a single
night. Individuals were most frequently encountered near
the shoreline, where the species has been reported as par-
ticularly abundant (D1xoN & HUEY 1970). Movement tra-
jectories generally followed a pattern extending from the
shoreline towards inland salt-encrusted zones, suggesting
a non-random use of space rather than undirected wan-
dering. Such displacement may be associated with either
foraging or dispersal processes between spatially sepa-
rated habitat features (CLOBERT et al. 2012). However, the
ecological drivers underlying the substantial variation in
NMAs among individuals remain unclear and deserve

Table 1. Statistical analyses of variables associated with NMA.
Summary statistics values represent mean + SD for categorical
variables and Pearson’s r for continuous variables.

Summary statistic p

0.0535

Temperature

Warmer (n = 8) 1129.77 + 424.21
Cooler (n = 13) 679.22 + 520.38
Sex 0.6513

Male (n = 9) 788.87 + 569.21
Female (n = 12) 897.36 + 510.08
Regenerated tail 0.2793
Yes (n =9) 704.38 + 495.35
No (n =12) 960.73 + 540.51
SVL (mm) -0.1129 0.6259
TL (mm) 0.0229 0.9214
Body mass (g) -0.1059 0.6478

further investigation. Even though our metric captures
short-term movement rather than long-term home range,
the sizes of NMAs observed in Phyllodactylus angustidigi-
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Figure. 2 Boxplot showing NMAs of Phyllodactylus angustidigitus
under contrasting thermal conditions within the non-reproduc-
tive season.
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tus are remarkable when contextualized with other desert
geckos. Mean reported home range sizes in desert gecko
species are within similar or even smaller spatial scales de-
spite being estimated over longer time periods: Teratoscin-
cus przewalskii (1345.3 + 384.3 m’, estimated over a five-
year period, SEMENOV & BORKIN 1992) and Ptenopus gar-
rulus garrulus (10.4 £ 1.5 m?, based on individuals observed
for at least 10 days, HIBBITTS et al. 2007). This may suggest
that individuals of P. angustidigitus cover a substantial pro-
portion of their activity space within a single night. Still,
direct comparisons should be interpreted cautiously due
to methodological differences. Nevertheless, the evidence
reinforces the idea that movement extent in this species is
greater than expected for a small-bodied desert gecko.

NMAs were not significantly affected by thermal con-
ditions, but a tendency to larger movement under warm-
er conditions was observed. Temperature is an important
driver of locomotor performance in ectotherms, so some
degree of thermal dependence would be expected (HUuEy
& KINGSLOVER 1989, ANGILLETTA et al. 2002). However,
because body temperatures and fine-scale thermal condi-
tions were not measured, the mechanisms underlying this
pattern remain unclear. Nonetheless, extensive movement
was observed under both nocturnal thermal conditions,
suggesting that Phyllodactylus angustidigitus could be ca-
pable of sustained activity across a relatively broad range of
nocturnal substrate temperatures.

In addition, intraspecific interactions can strongly influ-
ence movement patterns, as territoriality and competition
frequently constrain space use and activity (SCHOENER &
SCHOENER 1977, PERRY & GARLAND 2002). Nevertheless,
the lack of marked sexual dimorphism (DixoN & HUEY
1970) and the absence of published and observed territo-
rial interactions during tracking, suggest that agonistic in-
teractions may be weak or absent. If so, these low levels of
social interactions could further facilitate extensive nightly
movements.

The inland salt-encrusted zone appeared to be consist-
ently used as a refuge area by most tracked individuals.
In structurally simple desert systems, localized structural
features are known to have a disproportionate influence
on reptile spatial ecology and persistence (WEBB & SHINE
2000, MICHAEL et al. 2021). The repeated return of individ-
uals to inland refuges suggests that these areas may repre-
sent an important component of habitat use in Phyllodacty-
lus angustidigitus.

We provide novel insights into the fine-scale movement
behaviour of a poorly known threatened gecko. The use of
continuous tracking allowed us to capture short-term spa-
tial dynamics that are often overlooked in traditional home
range studies. Overall, our results suggest that movement
capacity in small-bodied desert geckos may be underesti-
mated and highlight the need to incorporate fine-scale ap-
proaches when evaluating movement ecology in arid envi-
ronments. For Phyllodactylus angustidigitus, the recurrent
use of shoreline and inland refuge zones suggests that con-
servation planning should consider the spatial connectiv-
ity between complementary habitats. Protecting structur-
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ally simple coastal deserts may therefore require preserv-
ing the microhabitats that sustain both nocturnal activity
and daytime refuge use.
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Supplementary data

The following data are available online:

Supplementary Video S1. Phyllodactylus angustidigitus individual
marked with fluorescent powder and illuminated with UV light
during nocturnal tracking.

Supplementary Video S2. Tracked Phyllodactylus angustidigitus
individual exhibiting no apparent behavioural disturbance dur-
ing observation.

Supplementary Figure S3. Complete nightly movement areas
(NMA) of all tracked individuals of Phyllodactylus angustidigitus.
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