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Abstract. The giant day gecko Phelsuma grandis, endemic to Madagascar, was introduced to Reunion
Island (Indian Ocean) in the mid-1990s. No studies have been conducted so far to define its precise
distribution and habitat. To fill the knowledge gap about this invasive species, we compiled available
data and performed field work during 2007-2014. We detected 13 distinct populations of P. grandis,
occurring mainly in the northern part of Reunion Island and on the west coast. This gecko inhabits
human disturbed areas (gardens, urban parks, bamboos, orchards, coconuts, and banana plantation)
and secondary habitats (shrubby savanna, and secondary dry woodlands, secondary dry and wet
thickets). Its distribution strongly suggests that saltatory dispersal (through deliberate and/or
accidental transport) and natural colonization are the mechanisms of spreading through Reunion
Island. All our data in combination with both P. grandis ecology and native environmental range
suggested that this gecko may colonize native forest, and constitutes a potential important threat to
the native biodiversity of Reunion Island (arthropods and lizards).

Key words. Phelsuma grandis, Reunion Island, distribution, invasive species,
conservation.

Introduction

Day geckos of the genus Phelsuma are distributed in the western Indian Ocean
(Austin et al. 2004). This group is monophyletic and contained at least 52 species
(Rocha et al. 2009; 2010; Uetz 2013). Phelsuma species are colorful, attractive lizards
and represent one of the most popular Gekkonidae group for herpetoculturists. The
international trade has induced many introductions in several countries of the world
(Lever 2003; Mozzi et al. 2005; Cheke & Hume 2008; Cole 2009; Kraus 2009; Krysko
et al. 2011; Meshaka 2011). The giant day gecko Phelsuma grandis Gray, 1870 is the
perfect illustration of this phenomenon. Native to the north of Madagascar, this species
has been reported to be a successful invader in different environments. Additionally,
available literature indicates that P. grandis constitutes an important threat to native
fauna and lizards in particular (Allison 2002; Krysko et al. 2003; Cole 2009; Sanchez &
Gandar 2010a; Sanchez & Probst 2012; Dervin et al. 2013; Buckland et al. 2014).

On Reunion Island, the first invasive population of P. grandis was reported in
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the mid-1990s (Probst 1997a). The tropical climate and a broad range of habitat have
probably facilitated its establishment. Due to the potential negative impact on endemic
threatened geckos (i.e. P. inexpectata Mertens, 1966 and P. borbonica Mertens 1966,
respectively considered as Critically Endangered and Endangered (IUCN France &
MNHN 2010)), since 2012 French law prohibits introduction and trading of all Phelsuma
species in Reunion Island. The administrative destruction of P. grandis, P. laticauda
(Boettger, 1880) and P. madagascariensis Gray, 1831 is also allowed. However, the
ecology and distribution of P. grandis are poorly known on Reunion Island: only few
data are published and no precise distribution map is currently available. The aim of
this study is to fill the knowledge gap about habitats and distribution of P. grandis on
Reunion Island.

Materials and methods
Study area

Together with Mauritius and Rodrigues, Reunion Island belongs to the
Mascarene archipelago (Indian Ocean). Located 800 km east of Madagascar, it is an
oceanic volcanic island. Dramatic topographical changes have generated numerous
and diverse ecosystems, from the lowland xeric forest (western part, leeward side)
to the lowland rain forest (eastern coast, windward side), through tropical mountain
cloud forest. In contrast to Mauritius and Rodrigues where less than 1 % of the original
vegetation still remains (Strahm 1996), original habitats are still well preserved on
approximately 30 % of the surface of Reunion Island. The native vegetation is found at
higher elevations (> 1000 m) and scarcely in lowland natural habitats (Strasberg et al.
2005).

Study species

Phelsuma grandis is an arboreal and diurnal gecko. In its native range, it
inhabits secondary habitats (various plantations and orchards, palms or buildings),
primary rainforest and deciduous dry forest (Glaw & Vences 2007; DéCruze et al.
2009). The dorsal colour patterns consist of red spots on a brightly green background.
Males have a larger size, a larger head and are more colourful than females (maximum
total length 300 mm) (Wanger et al. 2009a; 2009b) (Fig. 1). Immatures (total length 65-
70 mm) are also different from adults by exhibiting a dorsal pattern with more colour
spots. Like other Phelsuma species, this species is territorial (Demeter 1976; Krysko et
al. 2003). The diet consists of arthropods, snails, others geckos, plant resources such
as floral nectar, fruits and seeds (Demeter 1976; Tytle 1992; Probst 1999; Dervin et
al. 2013; Minnaar et al. 2013). On Reunion Island, P. grandis shows an opportunistic
foraging behaviour by consuming a wide range of prey (Dervin et al. 2013).

Data collection and field sampling

Todetermine species distribution, precise geographic data (i.e., referring locality
and/or GPS coordinates) were first compiled from literature (Girard 1997; Probst 19973;
1997b; 1999; Deso 2001; Probst et al. 2002; Sanchez & Probst 2012). Dubos (2013)
described a new introduced population in Manapany-les-Bains, but this population was
14



Fig. 1. The giant day gecko Phelsuma grandis on Reunion Island. A: male; B: female;
C: immature.

eradicated in 2010 (Sanchez & Gandar 2010a; 2010b). As a consequence, these obsolete
data from Dubos (2013) were excluded from our compiled dataset.

From 1996 to 2006, opportunistic observations were performed and were also
included in our data. During 2007-2014, we recorded all data from local environmental
services (naturalists, local NGO, etc.), and field oriented researches were performed,
focusing nearby known sites of species distribution and on sites with doubtful
observations. We surveyed suitable micro-habitats (eg. palm species, Pandanus thicket)
during daytime for at least 20 minutes (list of surveys in Appendix I). Geckos were
detected on visual cues using binoculars (10x42). For each observation, we collected
different information: date, site, coordinates (UTM40S-WGS84 system), elevation,
hour, sex and age, activity (e.g., insolation, movement, and alimentation), micro-habitat
(plant or artificial structure), plant species used and natural habitat (according to Dupont
et al. 2000). Our observations were divided in two age classes based on estimated
total length of the gecko (TL<10 cm for immature; TL >10 cm for adult). Gender
was distinguished using external sexual characters (hemipenal bulges and anofemoral
pores for male, developed endolymphatic chalks sacs for female). In the field, we also
collected data from testimonies of local person, notably information about the origin
and the introduction date of this species.

Data analysis
Data are classified into two categories: (1) site where a breeding population
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is established (with breeding clue and/or with several individual from different sex),
name fipopulationo and (2) site where the establishment of a breeding population is not
confirmed (only one gecko and no breeding clue), name fistationo. Two sites separated
from at least 1 km were considered as two distinct populations. Geographical data were
mapped on a metric square grid (1 km]) using QUANTUM-GIS (Q-GIS 2013).

Results

Actotal of 170 records of P. grandis were gathered, 1 from literature, 7 collected
opportunistically before 2007, 138 from field study performed between 2007 and 2014,
and 24 from environmental services. From 2007 to 2014, we carried out 74 hours of
surveys during which we counted 193 geckos, wherein 30 males, 26 females, 87 unsexed
adults, and 50 immatures.

The distribution map of P. grandis on Reunion Island is shown in Figure 2.
We identified 13 populations of this gecko, mainly occurring in the north and in the
west coast (Table 1). Populations are distributed between 0 m and 600 m a.s.l. The
largest population is localized in the north (Population nA11, fiNiagarad, Table 1) and
corresponds to the first known introduction point on the island (Probst 1997a). Besides,
12 stations are identified, 9 in the north and 3 in the south. One station is in Saint-
Joseph district, within the distribution area of the endemic Manapany-day-gecko (P.

inexpectata).

Sainte-

Saint-Benoit

Tampon

Saint-Joseph

Fig. 2. Distribution map of Phelsuma grandis on Reunion Island. Black numbers refers
to the population described in Table 1. Green square: breeding population;
Yellow square: station; Black line: district limits.
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Fig. 3. Habitats occupied b Phelsuma grandls in Reunion Island: A: bamboos; B:
coconuts; C: shrubland savanna; D: secondary dry thickets.
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Phelsuma grandis inhabits different types of habitats on Reunion Island (Fig. 3):
human perturbed areas as gardens, urban parks, bamboos, orchards, coconuts, and banana
plantation, as well as secondary and disturbed habitats, as shrubland savanna (dominated
by Pithecellobium dulce and Albizia lebbeck), secondary dry thickets (dominated by
Leucaena leucocephala, Litsea glutinosa and A. lebbeck or dominated by Schinus
terebinthifolius and Furcraea foetida), secondary dry woodlands (dominated by P.
dulce) and secondary wet thickets (dominated by Syzygium jambos). Most populations
are located in urban areas (mainly in gardens), but two populations (Lataniers, nA7
and Niagara, nA11, Fig. 2, Table 1) are both urban areas and disturbed natural habitats
(shrubland savanna, secondary thickets and woodlands).

Phelsuma grandis were observed on plant species and artificial structures
(mainly on concrete wall and posts). Bamboos (Dendrocalamus giganteus), Pandanus
sp., coconuts (Cocos nucifera), and others palm species (Dypsis lutescens, Phoenix
sp., Ravenala madagascariensis, Roystonea sp., Veitchia merrillii and non-identified
palm species) were the most frequently recorded plant species, followed by fruit
trees (Carica papaya, Litchi chinensis, Mangifera sp.) and various other taxa (e.g.,
A. lebbeck, Calophyllum inophyllum, Casuarina equisetifolia, Coccoloba uvifera,
Dracaena sp., Eucalyptus sp., Furcaea. foetida, Heliconia sp., Hiptage benghalensis,
Leucaena leucocephala, Litsea glutinosa, Musa sp., Pithocellobium dulce, Saccharum
officinarum, Senna sp., Schinus terebinthifolius, Syzygium cumini, Terminalia catappa
and non-identified plants species).

Discussion

Phelsuma grandis on Reunion Island was first recorded in 1994 (Probst 1997a),
but the number of introduction events from Madagascar, or from reptile nurseries, is
unknown. In this study, 13 breeding populations are identified, mainly distributed in the
northern and western part of the island. The broad pattern of distribution and the number
of populations suggest that multiple and independent introductions from Madagascar
or from existing populations on Reunion Island are probably common. Moreover, P.
grandis can be transported accidentally over vast distances. fiVehicular-raftingd could
be an important diffusion agent for geckos (Gill et al. 2001; Norval et al. 2012), and
presumably for P. grandis in particular (Deso 2001). Additionally, dissemination (eggs
and geckos) can also occur by transporting plants and materials (pers. obs. J.-M.P. &
M.S.). The number of stations without observed breeding (n=12) could be explained by
these saltatory dispersal processes.

Phelsuma grandis inhabits only disturbed habitat, outside of native forest. It
has a wide range of habitats, but it mainly occurs in human-disturbed habitats. Two
populations, initially restricted to urban area (e.g., Lataniers, nA7 and Niagara, nAl1;
Probst 1997a; Probst et al. 2002), are now distributed in disturbed natural habitats
(shrubland savanna, secondary thickets and woodlands), suggesting range expansion
through natural colonization. The presence of viable populations in these kinds of habitats
in combination, with the native environmental ranges of P. grandis in Madagascar
(i.e., primary rainforest and deciduous dry forest) point out that this invasive gecko
could colonize native forests of Reunion Island. Given the P. grandis diet, and that the
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proportion of endemic species of arthropods and terrestrial snails increases related to
the level of preservation of the habitats (Quilici et al. 2002; Ledoux 2004; Griffith &
Florens 2006; Ledoux 2007; Atti® et al. 2008; Martir® & Rochat 2008), this invasive
species may have an important negative impact on these fauna groups.

As observed in its native range (Van Heygen 2004; DiCruze et al. 2009) and
other invaded countries (Florida, Bartlett & Bartlett 1999; Krysko & Hooper 2006;
2007; Mauritius, Cole 2009), P. grandis frequently uses bamboos, coconuts, fruit trees
and others palm species. These habitats are similar to those where the native geckos
(P. inexpectata and P. borbonica) have been reported (Sanchez et al. 2009; Sanchez
2012). Except for the station discovered within the distribution area of the endemic P.
inexpectata (despite several field searches, occurrence of a breeding population is not
proven), the distribution of P. grandis does not overlap with the distribution of native
day geckos. In case of sympatry with native geckos, given the similarity in ecological
preferences, behaviour, diet, and larger size, the invasive species may increase the
inter-specific competition for space and food resources (plant and animal). Also, direct
predation (observed on several geckos included Phelsuma sp.; Cole 2009; Buckland et
al. 2014) might lead to the sharp decline of native geckos. On Mauritius, Buckland et
al. (2014) have shown that native Phelsuma sp. suffer from the presence of P. grandis
(strong decrease in abundance and local extinction), but causes leading to the decline
are not clearly identified.

By providing a precise picture of the distribution of P. grandis on Reunion
Island, this study is a critical step in the Regional Management Plan (Sanchez 2013)
defined (1) to control the expansion of P. grandis through the island and (2) to avoid
settlement of this invasive species in natural areas where it could directly threaten
the native fauna, notably day gecko species. In order to complete these objectives,
several actions (e.g., communication toward general public and conservation workers,
and population control) are in progress or will be conducted during the coming years.
The former natural colonization and saltatory dispersal suggest that the spread of P.
grandis will continue on Reunion Island: this species will probably established viable
populations in native forests and in the range of native day geckos. Given its potential
negative impacts, it is crucial to take dispersal process into consideration (saltatory
dispersal and natural colonization) for the management of this invasive species.
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