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Abstract. Habitat loss is the leading cause of reptile decline and therefore, habitat studies are crucial to implement
conservation actions. We investigated the microhabitat use of the Manapany day gecko (Phelsuma inexpectata), a critically
endangered species endemic to Reunion Island (Western Indian Ocean). Anthropogenic disturbances led to a severe
fragmentation of the gecko population, and habitat requirements of this species are poorly known, impeding effective
restoration work. We (i) investigated intra-annual variations in microhabitat use, (ii) investigated movement rate to better
understand habitat use, and (iii) characterised egg-laying sites. We surveyed two gecko populations in remnant natural habitat
annually during five years (2015-2019) and monthly in one of the populations during 18 consecutive months. A total of 2621
gecko detections were recorded and 25 egg-laying sites were characterised. Geckos used mainly native plant species, with
a high preference for screw pine thickets. We observed seasonal variations in microhabitat preferences and movement rates.
Geckos perched higher and thermoregulated motionless in the canopy during winter. In summer, geckos perched lower, spent
less time thermoregulating and exhibited saxicolous behaviour, particularly in females. Egg-laying sites were mainly found
in rock cavities surrounded by native plants and facing southwards. Our findings confirm the importance of native coastal
vegetation for the conservation of this species. Seasonal shifts of microhabitat use indicate that P. inexpectata (i) need habitats
with thermal heterogeneity to adapt to seasonal changes in their thermal environment, and (ii) adapt their microhabitat use
according to their reproductive phenology, especially for egg-laying in rock cavities.

Keywords: activity, conservation, egg-laying site, Gekkonidae, habitat restoration, Phelsuma inexpectata, temporal variation,
Western Indian Ocean.

Introduction species to satisfy their requirements. Moreover,

Habitat loss and degradation are considered habitat studies help to identify threats, to under-

to be the leading causes of reptile decline
(Gardner, Barlow and Peres, 2007; Bohm et and to guide conservation efforts (Manly et al.,
al., 2013). Reptiles are particularly threatened  2004).

by habitat disturbances due to their low dis- Species-habitat associations are not necessar-
persal ability, specialisation in narrow ecolog-
ical niches, and thermoregulatory constraints
(Kearney, Shine and Porter, 2009; Bohm et al.,
2013; Baguette, Stevens and Clobert, 2014). To abiotic environmental characteristics, activities
address this threat, habitat studies are crucial performed (e.g., mating, egg-laying, foraging),

to identify key habitat characteristics used by = and age of individuals (Nemes et al., 2006;
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Lunghi, Manenti and Ficetola, 2015; Rako-
tozafy, 2019). Small ectotherms, like geckos,
are particularly likely to adjust their micro-
habitat use through time because they are
highly dependent on optimal thermal condi-
tions for the maintenance of their body temper-
atures (Bartholomew, 1982; Vitt and Caldwell,
2013). For instance, geckos track optimal ther-
mal environments throughout the day (Hagey
et al., 2016) and stay near retreat sites dur-
ing cold weather (Bauer, 2013). Furthermore,
they use specific egg-laying sites for incubation
(Somaweera, 2009; Roesch, Hansen and Cole,
2021), which may explain changes in microhab-
itat use during reproductive season. Thus, it is
essential to introduce temporal variation in stud-
ies on microhabitat use of gecko species and
to characterise both breeding and non-breeding
habitats to gain a comprehensive view of their
ecological niche. In addition, putting into per-
spective the substrate used and the type of activ-
ity performed allow for a better understand-
ing of microhabitat use and ecological require-
ments of the species through time (Hagey et al.,
2016; Rakotozafy, 2019). Together, knowledge
on breeding habitat and temporal variations of
both habitat use and activities help to imple-
ment relevant conservation actions for arboreal
geckos (e.g., identify plant species to keep or
eliminate, identify alternative plant species to
restore suitable habitat conditions, create artifi-
cial egg-laying sites).

The genus Phelsuma comprises about fifty
species of mainly arboreal geckos found on
tropical islands in the Western Indian Ocean
(Rocha, Carretero and Harris, 2010). Some
species are more generalistic and are able to
exploit a wide range of habitats (Glaw and
Vences, 2007; Roberts and Daly, 2014; Sanchez
and Probst, 2017; Humphrey and Ward, 2018),
while others are more specialised and asso-
ciated with native plant species (Glaw and
Vences, 2007; Noble et al., 2011; Bungard et
al., 2014). Studies investigating the temporal
variation in microhabitat use of Phelsuma day
geckos suggest daily cycles (Hagey et al., 2016;
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Rakotozafy, 2019), however, annual temporal
dynamics remained unstudied. Also, descrip-
tion of eggs-laying sites in Phelsuma species
are poorly documented (but see Roesch, Hansen
and Cole, 2021), whereas these breeding habi-
tats are a strong limiting factor for population
survival of most arboreal geckos (Ineich, 2010).

We studied the microhabitat use of the
Manapany day gecko (Phelsuma inexpectata
Mertens, 1966; hereafter referred to as MDG), a
critically endangered arboreal species endemic
to Reunion Island (Sanchez, 2021). Due to
habitat disturbances (urbanization, agriculture,
and invasive species), the population is today
fragmented into fifty small sub-populations
(Sanchez and Caceres, 2019) and is declining
rapidly (Choeur, 2021). Previous studies have
shown that populations are mainly associated
with remnant native coastal vegetation (Bour,
Probst and Ribes, 1995; Sanchez and Probst,
2011). However, there are no studies examin-
ing microhabitat use and intra-annual changes
in microhabitat use. In order to provide man-
agement guidance for the conservation of the
MDG, especially for the restoration of their
habitat, we jointly characterised (i) variation in
microhabitat use over the year, (ii) movement
rate (individuals in motion or not, defined here
to quantify movement activity of geckos; Stone
and Baird, 2002) over the year to better under-
stand variations in microhabitat use, and (iii)
egg-laying sites.

Materials and methods
Study area and study species

This study was carried out on the coastal cliffs of southern
Reunion Island (21°06'S, 55°36’E; Western Indian Ocean)
(fig. 1). The climate is tropical with a hot and humid season
from November to April (austral summer; mean monthly
temperature: 26°C, mean monthly precipitation: 146 mm),
and a dry and cooler season from May to October (austral
winter; mean monthly temperature: 22°C, mean monthly
precipitation: 96 mm) (Météo France, 2021). We studied
microhabitat use of the MDG in the two largest known
populations in remnant natural habitat; named “population
A” (0.84 Ha; approximately 60 adults in 2018, estimated
from capture-mark-recapture studies) and “population B”
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Figure 1. (a) Location of the study area, egg-laying sites, and populations A and B of Phelsuma inexpectata monitored
between 2015 and 2019. (b) Habitat picture (taken by Debordes Laurent) of the study area (more pictures are available in the

supplementary fig. S1).

(0.24 Ha, approximately 50 adults in 2018) (Choeur, 2021).
For both populations, sex-ratio of adults is skewed and in
favour of males (around 3:1) (Choeur, 2021). Both popu-
lations are distributed along a thin strip of coastal vege-
tation (<100 m) between sugarcane plantations and rocky
cliffs (fig. 1). The vegetation consists of small patches of
native plant species (screw pine thickets Pandanus utilis,
and mixed thickets of Scaevola taccada and Psiadia retusa)
surrounded by invasive plant species (Casuarina equiseti-
folia trees, thickets of Schinus terebinthifolius, Flacourtia
indica and Furcraea foetida, the latter is only present in
population A) (supplementary fig. S1). The soil is mainly
covered by rocky outcrops and screw pine leaf litter. Due to
the steep slope (approximately 40°) and orientation towards
the south (193° N), both populations receive more sunlight
in summer (on average 8 h/day) than in winter (on average

5 h/day) (Choeur et al., 2022a). Furthermore, this topog-
raphy also results in south-facing locations receiving more
direct sunlight in our study area and allowed detection of
geckos in the whole canopy. Besides habitat degradation,
the study area is also invaded by invasive mammal preda-
tors of reptiles, such as Rattus rattus, Suncus murinus, Mus
musculus, and Felis catus, which further threaten the persis-
tence of the MDG populations (Norbury et al., 2014; Palmas
et al., 2017; Quiterie et al., 2019; Choeur et al., 2022b).
The MDG is a middle-sized gecko that can reach a total
length of up to 13 cm (supplementary figure S2) and is
insectivorous, nectarivore and frugivorous (Sanchez, Probst
and Deso, 2009). It exhibits a seasonal reproductive pattern,
lasting from the end of the austral winter to the end of the
austral summer. Females use communal egg-laying sites and
exhibit egg-laying site fidelity (Choeur et al., 2022a). Eggs
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are glued on the substrate, where after hatching calcareous
layers of the eggshells (known as ‘egg scars’) remain, which
are detectable for many years (Roesch, Hansen and Cole,
2021; Choeur et al., 2022a). Age stage (juvenile or adult)
and sex of adults can be determined visually according to a
suite of morpho-anatomical features including body shape,
body length, colour, and hemipenal bulges (supplementary
fig. S2) (Sanchez, Probst and Deso, 2009). Adult MDG have
individual head and dorsal markings (pattern of red spots on
green background), which is highly polymorphic and can be
used for individual identification (supplementary fig. S2).

Data collection

We defined microhabitat use as the substrate where the
gecko was located upon detection, i.e., perch type, perch
height, and sun exposure (Noble et al., 2011; Buckland et
al., 2014; Delaney and Warner, 2016; Hagey et al., 2016;
Augros et al., 2018). We collected data on microhabitat use
and movement rate during capture-mark-recapture surveys
(Choeur, 2021), following a robust design sampling method
with each primary session comprising of three secondary
sessions (Pollock, 1982; Lebreton et al., 1992). In brief, we
divided the entire distribution of the populations A and B
into 20 x 20 m grid cells (21 grid cells for population A
and 6 for population B) (fig. 1). Over a 5-year period (2015-
2019), we surveyed populations A and B annually between
September and October. During each sampling occasion,
one observer visually searched for geckos in each grid cell
for 20 minutes. To maximise the probability of detection,
geckos were searched for when weather conditions were
favourable for their activity (absence of rain) and during
activity periods (from 08:00 am to 05:00 pm). For each
detection, we took several close-up photos of the gecko's
unique colour pattern using a digital camera (Lumix DMC-
FZ72, telephoto lens x60) to identify the gecko, and we
recorded the sex and substrate used (e.g., plant species, dead
wood, rock or ground). We only considered adult geckos
in our study because there were not enough observations
of juveniles to accurately characterise their habitats. Using
the same protocol, we surveyed population B monthly from
May 2018 to October 2019 (18 months). For this popula-
tion, we also visually recorded perch height with an esti-
mated accuracy of £0.5 m, whether the gecko was moving
(yes/no), and whether it had at least one part of its body in
the sun (yes/no). For each survey in each grid cell, we re-
corded the percentage of sunshine over the 20 minutes of
survey effort.

From February 2018 to August 2020, we searched for
egg-laying sites inside leaf axes, tree cavities and rock cav-
ities using a torch, for three hours per month in population
B (see Choeur et al., 2022a). We defined an egg-laying
site as a substrate with eggs and/or egg scars. We cate-
gorised egg-laying sites as active (with incubating eggs) or
inactive (formerly used, with eggs hatched, egg scars or
old eggs presumably dead covered with mould and brown
spots). For active and inactive egg-laying sites, we record-
ed height above ground and the type of substrate (rock or
plant; cavity or not; plant species and part of the plant).
If eggs were in a cavity, we recorded entrance width and
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height, cavity depth, and entrance aspect (orientation of
egg-laying site entrance from 0° to 359°). For active egg-
laying sites, we also recorded the orientation of eggs inside
the cavity (side/overhang/bottom), and the cover of native
and non-native plants in a 1 x 1 m grid cell surrounding
the egg-laying site (defined as the vertical projection of all
foliage into the horizontal surface). For active egg-laying
sites on plants, we recorded species, plant height with a
laser rangefinder (model Stanley TLM165, to the nearest
10 cm), and diameter at breast height (DBH). Percentages
of plant cover was visually estimated with 10% accuracy.
Metric measurements (except of plant height) were record-
ed using a measuring tape (to the nearest 1 mm). The aspects
of the entrances were recorded using a digital compass (to
the nearest 1°).

Data analysis

To characterise microhabitat use, we calculated the per-
centage of detections per substrate type during annual and
monthly surveys for both populations. We performed multi-
variate analyses to investigate the variation in microhabitat
use and movement rate over the year and between sexes dur-
ing monthly surveys for population B. We used three distinct
Generalized Linear Mixed Models (GLMMs) with a logit-
binomial link distribution to test the effect of sex, period
(month), and the interaction between sex and period on (i)
the probability of geckos being in motion or not, (ii) the
probability of geckos being in the sun or not (only sampling
occasions carried out in sunny weather were considered for
this analysis, representing 51% of total surveys), and (iii)
the probability of geckos perching on rock or not. We also
performed a Linear Mixed Model (LMM) to test the effect
of sex, period (month), and the interaction between sex and
period on perch height. To account for variation among indi-
viduals in our analyses, we identified photographed geckos
based on their unique colour patterns. We included gecko
ID as a random effect in our models (acting on the intercept
of the regressions). We used the same approach for all mod-
els to test the respective effect of each explanatory variable
in our study area using the R-package Ime4 (Bates et al.,
2015). First, for each variable, we calculated the difference
of deviance between the full model and a model not includ-
ing the target variable. Then, we built a complete model with
all variables ordered from the variable that increased the
deviance the most to the variable that increased the deviance
the least when removed from the complete model. We used
a stepwise backward elimination procedure of the least sig-
nificant terms (P > 0.05) to determine the best minimal
adequate model containing only significant terms (Burn-
ham and Anderson, 2002; Crawley, 2007). We evaluated
the ability of each best minimal adequate GLMM to pre-
dict modelled occurrence by estimating the area under the
receiver operating characteristic (ROC) curve (Fielding and
Bell, 1997) using the R-package pROC (Robin et al., 2021).

We used Rao’s Spacing Test (R package circular;
Agostinelli and Lund, 2017) to analyse the uniformity of
egg-laying site aspect distribution (Roesch, Hansen and
Cole, 2021). Throughout the text, descriptive results are
given as means =+ standard deviations (SD). All statistical
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analyses were performed using R Version 3.6.0 (R Core
Team, 2019) and with o value = 0.05 as the significance
threshold.

Results

Microhabitat use, movement rate, and
intra-annual variations

Total survey effort for population A (annual sur-
veys) and population B (annual and monthly
surveys) were 105 hours and 126 hours, respec-
tively. We recorded 811 gecko detections in
population A (243 females, 548 males, and 20
undetermined) and 1810 in population B (562
females, 1204 males, and 44 undetermined) of
which 95.82% resulted in a matched photo-
identification. In total during the five years of
surveys, 289 adult geckos were photo-identified
(population A: 59 females, 94 males, and 5
undetermined; population B: 63 females, 65
males, and 3 undetermined).

Based on the annual data, geckos were
mainly observed on screw pine (P. utilis) in both
populations (56.84% of detections for popula-
tion A and 87.80% for population B) (fig. 2). In
population A, 36.25% of detections were made
on F. foetida and only occasionally on other sub-
strates. In population B, 8.99% of detections
were made on rock and only occasionally on
other substrates (fig. 2).

During the 18 month-survey in population B
(108 hours of survey effort), geckos used screw
pine as a substrate throughout the year, whereas
they used rocky substrates only between Au-
gust and February (figs 3 and 4b). Females used
rocky substrates significantly more often than
males (P < 0.05) and rocky substrates were
used significantly more in September (P <
0.05), October (P < 0.001), and December
(P < 0.01) compared to August (defined as
the reference month in this model) (figs 3, 4b,
and supplementary table S1). The average perch
height was 266.20 £ 171.58 cm (min.-max. =
0-1100 cm) and was significantly lower from
August to April (P < 0.001 for all months
except April where P < 0.01) compared to
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Figure 2. Percentage of Phelsuma inexpectata adult detec-
tions per substrate in population A and B during annual sur-
veys between September and October on the coastal cliffs of
southern Reunion Island (Western Indian Ocean) between
2015 and 2019. The text in italic indicates live plant sub-
strates. PU: Pandanus utilis, FF: Furcraea foetida, RO:
rock, DW: dead wood, ST: Schinus terebinthifolius, SA:
Scaevola taccada, LG: Litsea glutinosa, GR: ground, and
PR: Psiadia retusa. The numbers represent the number of
gecko detections.

June (the reference month for this model and
those presented below) (fig. 4a and supplemen-
tary table S2). We detected 56.97% of geckos
with at least one body part in the sun and
27.51% of geckos in movement. On sunny days,
geckos were significantly more often found in
the sun in July (P < 0.05) and significantly less
from December to March (P < 0.05 for De-
cember and February, and P < 0.001 for Jan-
uary and March) compared to June (fig. 4a and
supplementary table S3). Geckos were observed
in motion significantly more in August (P <
0.05) and October to February (P < 0.01 for
October, P < 0.001 from November to Febru-
ary) and significantly less in April (P < 0.05)
compared to June (fig. 4a and supplementary
table S4). Throughout the year, percentages of
geckos detected in the sun, in motion and their
perch height were not significantly different
between sexes. The area under the ROC curve
for all three GLMM models were > 0.75, indi-
cating a strong predictive capacity of the model
(Fielding and Bell, 1997).
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Figure 3. Percentage of Phelsuma inexpectata adult detections per substrate in population B during monthly surveys on
the coastal cliffs of southern Reunion Island (Western Indian Ocean) between May 2018 and October 2019. The numbers

represent the number of detections.
Egg-laying sites

Between February 2018 to August 2020 (cov-
ering 2.5 egg-laying seasons), we recorded 10
inactive and 15 active egg-laying sites contain-
ing a total of 67 eggs in population B. Egg-
laying sites were mainly found in rock cavities
(92%, N = 23) and to a lesser extent on screw
pine leaves (4%, N 1) and in screw pine
trunk cavities (4%, N = 1) (see illustrations in
Choeur et al., 2022a). Females glued their eggs
to the side (58.57%) and overhang (41.43%) of
the cavities. Mean height from the ground to the
egg-laying sites was 133.25 + 107.48 cm (min.-
max. = 4.10-584.40 cm). For egg-laying sites
in cavities (rock or trunk of P. utilis, N = 24),
aspects of entrances were not uniformly dis-
tributed (Rao’s Spacing Test: U = 195, P <
0.001) and predominantly oriented towards the
south (87.50% of egg-laying sites were oriented
between 130° and 240°) (fig. 5). Mean entrance
height and width of egg-laying sites in cavi-
ties were 2.78 + 2.75 cm (min.-max. = 0.50-
10.90 cm) and 3.10 & 3.08 cm (min.-max.
0.60-11.00 cm), respectively, with a mean cav-
ity depth of 5.57 £+ 3.65 cm (min.-max.

1.50-18.10 cm). Shapes of entrances of cav-
ities were not round but generally ellipsoidal
with either small height or width (supplemen-
tary table S5). For active egg-laying sites on
screw pine (N = 2), mean DBH and tree height
were 20.37 £ 2.25 cm (min.-max. = 18.78-
21.96 cm) and 490.00 £ 268.70 cm (min.-
max. = 300.00-680.00 cm), respectively. Plant
cover surrounding active egg-laying sites (mean
cover = 68.00 & 37.36%) was dominated by
native plant species (64.67 &= 36.42%) and only
occasionally by non-native plant species (3.33
+ 12.91%).

Discussion

The detailed description of egg-laying sites and
temporal variations in microhabitat use and
movement rates allowed us to gain an overview
of MDG?’s ecological niche in a remnant nat-
ural habitat, and to better understand the eco-
logical roles of microhabitats used through the
prism of the physiological needs of day geckos.
Our original results are essential for the habitat
restoration of this critically endangered species
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Figure 4. (a) Percentage of Phelsuma inexpectata adult detections in the sun (orange line), in movement (blue line) and perch
height (red line with light red area representing standard errors), and (b) percentage of adult detections on a rocky substrate
across the year in population B on the coastal cliffs of southern Reunion Island (Western Indian Ocean) monitored between

May 2018 and October 2019. F = female and M = male.

and can also serve as a basis for further studies
of other arboreal geckos.

Microhabitat use

Our study is the first to investigate the micro-
habitat use by the MDG. Our extensive sam-
pling effort allowed us to describe microhab-
itat use of a large fraction of both studied
populations. Based on estimates from previ-
ous capture-mark-recapture analysis (Choeur,

2021), we have detected each year 85.72 =+
3.51% of adults in population A and 89.97 £
9.29% of adults in population B (100% over the
18 month-survey). We found a strong associa-
tion with native screw pine thickets, the use of
non-native F. foetida, and to a lesser extent the
use of rocky substrates. The disproportionate
use of screw pine was already reported for the
MDG (Bour, Probst and Ribes, 1995; Sanchez
and Probst, 2011), for other Phelsuma species
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laying sites entrances (for egg-laying sites in cavities, N =
24) in population B on the coastal cliffs of southern Reunion
Island (Western Indian Ocean) recorded between February
2018 and August 2020. Points represent individual egg-
laying sites and the arrow indicates the topographical ori-
entation of the study area. The colour gradient indicates the
number of eggs laid for sites used over one breeding season
or indicates the mean number of eggs laid for sites used over
two breeding seasons. Egg-laying sites with 0 eggs (blue
colour, N = 10) correspond to inactive sites and egg-laying
sites with one or more eggs (purple to red colour, N = 14)
correspond to active sites.

(Raxworthy and Nussbaum, 1993; Wanger et
al., 2009; Noble et al., 2011; Bungard et al.,
2014; Augros et al., 2018), and for many other
tropical reptiles in Indian and Pacific Oceans
(Lehtinen, 2002; Flecks et al., 2012). The non-
native Agavaceae F. foetida is known to be
used by several Phelsuma species (Sanchez and
Probst, 2014; Sanchez and Caceres, 2019) and
other tropical geckos (Sanchez et al., 2019). The
use of rocky substrates has also been reported
for Phelsuma species (Osadnik, 1984; Nuss-
baum et al., 2000; Roesch, Hansen and Cole,
2021), including the MDG (Deso and Probst,
2007). Our study focus was on adults and peri-
ods when the species is active (absence of rain
and during the day) in a remnant natural habi-
tat. To complete our work, further studies are
needed to describe microhabitat use throughout
their range (e.g., in semi-urban and urban areas),
during inactive periods (e.g., at night), and for
the juvenile stage.

A. Choeur et al.

Microhabitat use by the MDG can be explai-
ned by its thermal ecology, reproductive biol-
ogy, and foraging behaviour. Microhabitat se-
lection of diurnal arboreal lizards depends on
several factors including the availability of
shelters, basking sites, food, water, egg-laying
sites, and optimal thermal conditions (Reagan,
1986; Ramirez-Bautista and Benabib, 2001;
Cole, 2005; Furrer et al., 2006; Hansen et al.,
2007; Buckland et al., 2014; Bungard et al.,
2014). Screw pine and Agavaceae species are
particularly attractive as they provide several
resources: basking sites with high thermal het-
erogeneity (especially the complex network of
branches and leaves of P. utilis; supplementary
fig. S1) (Lehtinen, 2002), food resources (such
as fruits, floral nectar, and insects attracted by
fruits, flowers, and water retained in leaf axes),
and egg-laying sites (Gardner, 1984; Lehtinen,
2002; Furrer et al., 2006; Choeur et al., 2022a).
Rocky substrates accumulate heat from the sun
and geckos gain heat from contact with this
substrate (thigmothermy). Rocky substrates and
screw pine trunks often provide cavities. Cav-
ity availability is known to be an important
habitat component for Phelsuma species (Buck-
land et al.,, 2014; Bungard et al., 2014) and
other tropical arboreal geckos (Salvidio and
Oneto, 2008; Ineich, 2010) because they are
used as egg-laying sites, thermal shelters, and
shelters from predators and weather (Crawford
and Thorpe, 1979; Cole, 2005; Furrer et al.,
2006). Apart from F. foetida, the MDG almost
never used non-native plant species, although
some are very abundant in the habitat (S. tere-
binthifolius and F. indica). These invasive plant
species are unsuitable for geckos as they do
not provide attractive basking sites (Fitzgerald,
Shine and Lemckert, 2003; Pringle, Webb and
Shine, 2003), trunk cavities (Bungard et al.,
2014), and food resources (Valentine, Roberts
and Schwarzkopf, 2007; Baider and Florens,
2011).
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Intra-annual variations of microhabitat use
and movement rate

MDG changed their microhabitat use and activ-
ity pattern throughout the year. In summer,
geckos showed higher rates of movement, were
less exposed to the sun and used rocky sub-
strates more often, particularly in females.
Towards the end of the summer, individuals pro-
gressively moved to higher perches. In winter,
geckos were more often observed motionless on
sun-exposed perches in the canopy. Towards the
end of winter, individuals progressively moved
to lower perches. Our study shows the great
complexity of the microhabitat used by the
MDG and the importance of microhabitat het-
erogeneity to meet the geckos’ requirements.
Hagey et al. (2016) and Rakotozafy (2019)
showed daily variation in microhabitat use of
Phelsuma species, suggesting that thermal ecol-
ogy can explain temporal patterns of microhab-
itat use. MDG have a small body size, which
leads to high rate of heat loss or gain (Pough et
al., 2003). For small ectotherms, the control of
thermal interaction is very important to main-
tain the body temperature within the required
range for vital physiological and behavioural
processes (Vitt and Caldwell, 2013). Seasonal
variations in thermal conditions (temperature
and solar radiation) require MDG to adapt their
microhabitat use to thermoregulate efficiently.
Similarly, thermal conditions influence gecko
activity rates because ectotherms must adapt
their behaviours according to their body tem-
perature (Vitt and Caldwell, 2013). Cooler tem-
peratures and shorter periods of sunlight dur-
ing winter constrain the MDG to thermoregulate
for longer periods. During winter, geckos used
perches high up in the canopy because they are
the first to receive sunlight in the morning and
ultimately received more sunlight throughout
the day. Also, geckos which are in thermoreg-
ulation in the canopy have numerous shelters
available to escape predators or to shelter dur-
ing poor thermal conditions (especially spaces
in the leaf axes of P. utilis). During summer
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months, geckos have less need for thermoregu-
lation and can be more active on perches below
the canopy. Geckos may also use rocky sub-
strates during these months to regulate their
body temperature by thigmothermy while being
in the shade to avoid overheating and desicca-
tion.

The use of lower perches in summer is also
linked to access to egg-laying sites, most of
which are found in rock cavities. Geckos, par-
ticularly females, used rocky substrates only
during the reproductive season (from August
to February) and especially in September, Oc-
tober and December, during the main egg-
laying period (Choeur et al., 2022a). Females
used rocky substrates for reproductive purposes:
searching for egg-laying sites, oviposition, eat-
ing shells of hatched eggs to replace their cal-
cium stock, and cleaning the site for the next
oviposition (Gardner, 1984; Osadnik, 1984;
Caceres, Jasmin and Sanchez, 2010; Bauer,
2013). Males also used rocky substrates during
the same season, probably to mate with females.
Indeed, during the breeding period, we regularly
observed males and females together near egg-
laying sites, with males harassing females for
mating.

In addition to thermoregulation and reproduc-
tion, food resources and predator presence influ-
ence microhabitat use and activity patterns of
geckos (Bauer, 2013; Hagey et al., 2016). Sea-
sonal changes in food availability (fruits, flow-
ers, insects) are likely an important factor and
requires further research. Indeed, MDG often
forage within the stilt roots of screw pines when
food resources (especially arthropods) are abun-
dant, during humid austral summer, as it has
also been observed for Phelsuma borbonica (M.
Roesch personal observation).

Egg-laying sites

Egg-laying sites of MDG were mainly located
in rock cavities and to a lesser extent on
screw pines. Egg-laying sites were surrounded
by native plant species and predominantly
facing southwards. Inside of rock cavities,
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females glued the eggs on the side and over-
hang. Knowing the abundance of adult females
in population B (capture-mark-recapture esti-
mates: Nygig = 19; Nag9 = 10), their repro-
ductive effort (around 3 eggs per year) (Choeur,
2021) and the number of eggs detected (N =
67; 77% of theoretical eggs laid), we consider
that our sampling integrated the majority of
the available egg-laying sites during the studied
period. The remaining eggs are likely located in
screw pines leaf axes, which are more difficult
to detect.

Egg-laying site selection is an important
component of fitness, particularly in animals
without post-laying parental care, such as most
geckos (Howard, 1978; Resetarits and Wilbur,
1989; Resetarits, 1996). Our results support pre-
vious studies indicating that Phelsuma species
use rock and screw pine as egg-laying sites
(Vinson and Vinson, 1969; Sanchez and Probst,
2017; Roesch, Hansen and Cole, 2021). Rock
cavities provide stable environmental condi-
tions and optimal temperatures due to the high
thermal capacity of rock, which is important
for egg incubation (Pough et al., 2003; Pike,
Webb and Shine, 2010; Vitt and Caldwell,
2013). Furthermore, rock cavities protect eggs
from intense weather events such as cyclones
(Cole, 2005; Roesch, Hansen and Cole, 2021).
Additionally, egg-laying sites in cavities with
very small entrances can help avoid detection
and predation by non-native mammal and bird
predators. A camera-trap monitoring by one of
the authors showed that black rats do not detect
eggs inside small rock cavities in our study area
(Choeur, 2021). Due to the study area’s topog-
raphy, cavities facing towards the south received
more direct sunlight, which could explain why
egg-laying sites were mainly oriented in this
direction. Previous studies on Phelsuma guen-
theri and P. borbonica have shown prefer-
ences for cavity orientation towards optimal sun
exposure (Sanchez and Vingadachetty, 2016;
Roesch, Hansen and Cole, 2021), which could
increase hatching success (Cole et al., 2013;
Roesch, Hansen and Cole, 2021). The choice of
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gluing eggs on the side and overhang in the cav-
ities probably allows the protection of the eggs
from flooding during heavy rain, which could
occur if eggs were glued to the bottom of the
cavity.

Because egg incubation depends on envi-
ronmental conditions, such as temperature and
humidity, nest site environment and cavity
aspect influence incubation time, embryo sur-
vival and, consequently, hatching success
(Packard, 1991; Elphick and Shine, 1999;
Qualls and Andrews, 1999; Pough et al., 2003;
Vitt and Caldwell, 2013). Based on our findings,
the selection of egg-laying sites by the MDG
could be a sum of adaptive strategies to increase
hatching success and avoid egg predation. Pre-
dation pressure as selection force may also have
led to the persistence of cavities that are inac-
cessible to predators. However, depending on
the diversity of available habitat, the observed
microhabitat use by the MDG for reproduction
may be a default choice rather than a true prefer-
ence. Further studies (e.g., comparison of habi-
tat used and unused) are needed to confirm egg-
laying habitat preferences for the MDG.

Conservation implications

Our findings show the importance of native
coastal vegetation for the MDG, especially
screw pines thickets. Other native coastal plants
(like palm species, e.g., Latania spp., absent
from our study area) with similar characteris-
tics (network of large leaves providing shelter
and food) are probably also ideal host plants for
the MDG. Invasive plant species are taking the
place of native vegetation, leading to fragmen-
tations of gecko populations and contributing to
the decline of this threatened species. For exam-
ple, the studied populations are separated by
only 70 meters of invasive shrubs (S. terebinthi-
folius and F. indica thickets) that constitute a
barrier to dispersal. Native coastal vegetation is
one of the most endangered habitats of Reunion
Island (Strasberg et al., 2005; Fenouillas et al.,
2021). The protection and restoration of this
vegetation should be regarded as a priority for
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the MDG, but also for seabird colonies and for
the suit of endemic plants which are restricted
to this type of habitat (Choeur, 2021).

Our study is the first to provide a detailed
description of the egg-laying sites of the MDG
(aspect, substrate, height, depth, and width).
Our results will be very useful to guide restora-
tion work and to enrich habitats with artifi-
cial egg-laying sites that could help geckos
to colonise restored habitats (Sanchez, 2012).
Indeed, the availability of egg-laying sites is
considered a main limiting factor for gecko
populations because it is a major constrain on
population growth (Castilla and Swallow, 1995;
Salvidio and Oneto, 2008; Ineich, 2010; Augros
et al., 2017; Roesch, Hansen and Cole, 2021).

Our results show that temporal variations of
microhabitat use and movement rate are impor-
tant aspects of the MDG ecological niche. We
suggest that future studies on microhabitat use
of arboreal tropical geckos need to take into
account seasonal patterns. Seasonal shifts of
microhabitat use by MDG suggest that thermal
conditions are an important component of the
ecological niche of Phelsuma species. Based on
our results and those of other studies (Hagey et
al., 2016; Rakotozafy, 2019), habitat restoration
of native day geckos should focus on structural
habitat components with high thermal hetero-
geneity.
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