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Introduction

Global changes (e.g. international trade, climate 
change) have caused shifts in the distribution of 

biodiversity, especially in squamates (Pyšek et al., 2010; 
Moreno-Rueda et al., 2012; Ceia-Hasse et al., 2014; 
Bonino et al., 2015). This process leads or will lead to the 
contraction of many species ranges and the colonisation 
of new geographical areas for some species (Nasrabadi et 
al., 2018; Gómez-Cruz et al., 2021).

Native to North Africa and Iberian Peninsula, the 
Moorish gecko Tarentola mauritanica, currently 
expanding in southern Europe, appears to be particularly 
responsive to globalisation. The colonisation patterns 
of the species are probably a result of a combination of 
anthropogenically mediated-spread and natural dispersal 
(Harris et al., 2004a; 2004b; Perera & Harris, 2008; Rato 
et al., 2010; 2012; Silva-Rocha et al., 2022)thanks in part 
to the resilience of an Iberian core during the Pleistocene 
(Rato et al., 2010). It is also possible that the natural spread 
of the species is facilitated by climate change, since the 
species is present in warmer and more arid regions (Rato 
& Carretero, 2015; Rato et al., 2015).

The discovery of T. mauritanica in new localities is 
often attributed to recent accidental introductions by 
humans, particularly on islands (e.g. Jesus et al., 2008; 
Barreiros et al., 2010; Mačát et al., 2014; Deso et al., 
2020; Rato et al., 2021; Strachinis et al., 2023). The 
species has become established in very distant areas 
from its native range, such as Mexico (Ortiz-Medina et al., 

2019), Argentina (Baldo et al., 2008; Díaz-Fernández et al., 
2019), Uruguay (Baldo et al., 2008), California (Mahrdt, 
1998) and Florida (Rochford & Krysko, 2019). Within the 
Mediterranean basin, the species recently extended its 
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Figure 1. Distribution of the Moorish gecko Tarentola 
mauritanica in mainland France. Orange points correspond 
to species occurrence. Black arrows correspond to the 
direction of its spread in the (1) Garonne, (2) Rhône, 
(3) Durance and (4) Var valleys. The red square shows 
the location of the study site in the Alpes-Maritimes. 
Data OpenObs (INPN–SINP) Leaflet–Map data © 
OpenStreetMap, imagery © CartoDB.
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distribution northward, where several colonisation fronts 
were identified (Fig. 1). One front is located in south-
western France, along a major terrestrial transportation 
route (Garonne valley), already identified as a factor 
of spread in the past for several other Mediterranean 
species (Berroneau, 2014). Another one is located in the 
Rhône valley where T. mauritanica has reached the Isère 
French department (Grossi & Fonters, 2015). A northward 
spread was also recorded in the Durance valley and in the 
Var valley (Alpes-Maritimes) (Renet, J., unpublished data).

Whether T. mauritanica has an impact on native species 
is currently subject to debate from a conservation point of 
view. For example, the decline of the common wall lizard 
Podarcis muralis in urban environments was attributed 
to the Moorish gecko’s arrival, although no scientific 
evidence has been reported yet (Geniez & Cheylan, 
2012). Conversely, Simbula et al. (2019) highlighted that 
co-existence with P. muralis (and other species) does not 
lead to competitive interactions but rather to a strong 
partitioning of ecological niches likely due to extensive 
separation in microhabitat (e.g. vertical surfaces) and 
the period of activity of the two species (i.e. catemeral 
vs. diurnal). Despite their activity being asynchronous, 
both species feed on terrestrial arthropods, which might 
reduce local resources. Additionally, P. muralis may share 
retreat sites for thermoregulation with T. mauritanica, 
which suggests possible competition for micro-habitats.

In the western Mediterranean, T. mauritanica co-
occurs with two other species of nocturnal geckos, the 
Mediterranean gecko Hemidactylus turcicus and the 
European leaf-toed gecko Euleptes europaea. The latter is 
narrowly distributed and mainly occupies islands, which 
makes it a species of high conservation value (Salvidio et 
al., 2010). It is classified as Near Threatened at the global 
level (Temple & Cox, 2009) and in danger of extinction in 
south-eastern France (Marchand et al., 2017).

Several cases of co-occurrence between T. mauritanica 
and E. europaea have been documented throughout the 
natural range of E. europaea, notably on Corsica, Sardinia 
and some satellite islands (e.g. Girraglia, Finnocchiarola, 
etc.), on islands in Tuscany (e.g. Elba, Montecristo, etc.) 
(Delaugerre & Cheylan, 1992; Delaugerre & Guyot, 
1995), in Provence (Ratonneau, Levant Island, Port-Cros, 
Porquerolles) (Delaugerre, 1981; Astruc et al., 2009; 
Deso et al., 2018; Deso et al., 2020) and on several 
mainland localities in the Alpes-Maritimes, Liguria and 
Tuscany (Renet et al., 2008; Salvidio et al, 2010; Radi & 
Zuffi, 2022). Tarentola mauritanica is suspected to have 
caused local extinctions in E. europaea. This is the case 
in the island of Bendor, which is now occupied solely 
by T. mauritanica, although the island was home to a 
E. europaea population, before T. mauritanica arrived 
(Mourgue, 1910; Jahandiez et al., 1933; Ineich et al., 
2019). The presence of T. mauritanica was also suspected 
to cause the extirpation of E. euleptes on the largest 
island of the Galite archipelago (Tunisia), Galita. Indeed, 
the island is largely occupied by T. mauritanica, while 
E. europaea has never been observed despite several 
sampling campaigns (Lanza & Bruzzone, 1959; Abbes et 
al., 2008). This is supported by its presence on smaller 

peripheral islands which are free of T. mauritanica 
(Delaugerre et al., 2011; Corti et al., 2022). A similar 
situation has been observed on the Lérins archipelago 
(Cannes, France) where T. mauritanica largely occupies 
the two largest islands (i.e. Sainte-Marguerite and Saint-
Honorat) while E. europaea is confined to adjacent islets 
(i.e. Saint-Féréol and La Tradelière) (Renet & Martinerie, 
2011; Renet et al., 2013). In spite of this, no monitoring 
protocol has been set to study in detail the consequences 
of the co-existence of these two species.

This study presents an 8-year monitoring of a population 
of E. europaea at a site where it is found in sympatry with 
T. mauritanica, with both species being recorded during 
application of a standard transect protocol. We provide 
evidence for the collapse of E. europaea and the rise 
of T. mauritanica. The aim of this study is to quantify 
population trends for both species, discuss the causes that 
could explain this observation and to provide guidelines 
for further research and management.

  
MATERIALS & Methods

Study site and data collection
The sampling site is located in a group of south-oriented 
limestone ledges in the Alpes-Maritimes, at 610 m 
a.s.l. on the communes of Eze and La Turbie. The site 
corresponds to the thermo-Mediterranean floristic 
stage (Quézel & Médail, 2003), with a shrub layer mainly 
composed of Pistacia lentiscus L., Rhamnus alaternus L., 
Quercus ilex L. and Euphorbia dendroides L. A strategic 
military track was integrated into the site by the end of 
the 19th century, which facilitated access and sampling 
campaigns from one year to the next. The track consists 
of structurally homogeneous rocky walls on one side 
and a partially jointed dry-stone wall about 80 cm high 
on the other side.

We recorded the number of reptiles along four 
geolocated 110 m-long transects, set up on the military 
track at least 100 m apart from each other. These were 
surveyed between 2009 and 2017 for 40 minutes each, 
systematically, by two experienced observers on two 
to three occasions in spring (April to June) and autumn 
(September to October) for a total of 40 sessions. 
We recorded E. europaea and T. mauritanica at night 
when weather conditions were appropriate (i.e. in the 
absence of precipitation and wind, with temperature 
ranging between 12 and 22 °C) using headlamps (500 
lumens). The start times of the surveys varied from 
20:00 h to 21:30 h depending on the season, and did 
not go beyond 00:45 h. We carefully inspected micro-
habitats on both sides of the track. Each observer was 
assigned to only one edge of the runway to avoid double 
counting. Only sexually mature adults were counted. We 
did not count juveniles, because they are more difficult 
to detect due to their smaller size.

Statistical analysis 
Assessing temporal trends
We fitted Poisson Generalised Linear Mixed models 
(GLMMs) to the count data using the lme4 package 
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(Bates et al., 2015) in R v.4.2.0 (R Core Team, 2021) (this 
R package was used for all analyses here). This allowed 
us to test for linear temporal trends in the number of 
observations of the two sympatric species E. europaea 
and T. mauritanica. We built a null model which included 
three adjustment variables: We accounted for differences 
in abundance between species using a ‘species’ fixed 
effect, while the transect number and the sampling 
session were treated as random effects. We built one 
model assuming a common temporal trend among 
both species (i.e. with year as an additive continuous 
effect). We then assessed a model assuming a different 
temporal trend between species using season as a fixed 
effect and an interaction term between species and year. 
We assessed these models using the dredge function 
from the MuMIn package (Barton, 2020) on the basis 
of information theory (second order Akaike Information 
Criterion, AICc ; Burnham & Anderson, 2002). We chose 
the model with the best trade-off between goodness-
of-fit and the number of variables included, i.e. with the 
lowest AICc (Wagenmakers & Farrell, 2004; Bolker, 2008; 
2021). Models within a delta AICc of two of the best 
model were considered to have substantial statistical 
support and given further consideration (Burnham & 
Anderson, 2002). We computed the Marginal R² (Rm²), 
estimating the variance explained by the fixed factors, and 
conditional R² (Rc²), estimating the variance explained 
by both the fixed and random factors (Nakagawa et al., 
2017) using the R package performance (Lüdecke et al., 
2021). 

We performed pairwise post-hoc tests with the 
emmeans function from the emmeans R package (Lenth, 
2021) in order to test the difference in the number of 
observations between the two species through the eight 
sampling years. All graphics were generated using the R 
package ggplot2 (Wickham, 2016). 

Assessing non-linear temporal trends
We tested the robustness of our linear assumptions 
on temporal trends using Generalised Additive Mixed 
Models (GAMMs) with the R package mgcvv. 1.8-42 
(Wood & Scheipl, 2014). GAMMs fit the data with 
optimal degrees of freedom and are appropriate to 
describe non-linear temporal trends or fluctuations. We 
built one model for each species separately, with species 
count as response variable and year with a spline effect 
as predictor. We included transect and sampling session 
as random effects.

Assessing the effect of T. mauritanica on E. europaea
We quantified the effect of T. mauritanica abundance 
on E. europaea. We used GLMM assuming a Poisson 
distribution with E. europaea counts as response variable 
and T. mauritanica counts as predictor (hereafter, m1). 
We inspected for differences in abundance between 
transects and sampling sessions using random effects. 
We took into account the temporal dependence between 
consecutive years in each transect by including a 'year' 
random intercept and slope effect, which we allowed to 
vary among transects with a random intercept term. We 

compared the AICc of the model with that of a null model 
(which includes adjustment variables only; hereafter 
m0) to verify that the inclusion of T. mauritanica counts 
is informative. Finally, we quantified the amount of 
temporal variance specific to each transect explained by 
T. mauritanica abundance. To do so, we computed the 
ratio between the between-year variance of m0 and the 
between-year variance of m1 estimated with the random 
effects.

RESULTS

Between 2009 and 2017 E. europaea observations 
decreased by 78.49% while T. mauritanica observations 
increased by 7329%. Based on AICc scores, we found 
strong statistical support for species-specific temporal 
trends but no effect of season on species observation 
(Rm² = 0.886, Rc² = 0.965; Table 1). Pairwise emmeans 
post-hoc test showed that from 2009 to 2014 E. europaea 
were significantly more abundant than T. mauritanica 
(Table 2, Fig. 2) but that in 2015 and 2017 the opposite 
trend was observed (Table 2, Fig. 2). The GAMMs showed 
that the trends were non-linear (E. europaea: estimated 
degrees of freedom = 2.85; P > 0.0001; T. mauritanica: 
estimated degrees of freedom = 2.74; P > 0.0001; Fig. 
3). The abundance of E. europaea started to decline 
slowly near 2011 and declined linearly between 2012 
and 2017. Tarentola mauritanica showed a rapid linear 
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Table 1. Model ranking for the effect of species and 
year on gecko count (Euleptes europaea and Tarentola 
mauritanica). Marginal (Rm²) and conditional (Rc²). R² 
values are indicating the goodness-of-fit of the models.

Explanatory variable AICc dAICc df Rm² Rc²

Species*Year 1611.2 0.00 18 0.886 0.965
Season+Species*Year 1612.9 1.75 19 0.886 0.965
Species+Year 3182.1 1570.88 11 0.536 0.858
Season+Species+Year 3183.7 1572.53 12 0.536 0.857
Species 3190.1 1578.87 4 0.531 0.856
Season+Species 3191.9 1580.75 5 0.527 0.857
Season 4261.8 2650.63 4 0.026 0.700

Table 2. Summary of the pairwise emmeans post hoc test 
using Euleptes europaea and Tarentola mauritanica as 
contrast

Year Estimate SE df z.ratio p.value

2009 102.286 38.8489 302 12.185 < 0.0001
2010 44.538 12.4907 302 13.537 < 0.0001
2011 8.776 1.0625 302 17.941 < 0.0001
2012 5.129 0.5814 302 14.423 < 0.0001
2013 2.075 0.1921 302 7.888 < 0.0001
2014 1.198 0.1089 302 1.989 0.0476
2015 0.562  0.0515 302 -6.290 < 0.0001
2017 0.296  0.0384 302 -9.379 < 0.0001



37

I s  the Moorish  gecko becoming invas ive?

87

increase between 2009 and 2012 approximately, which 
was less pronounced between 2012 and 2017. We found 
strong statistical support for a negative impact of T. 
mauritanica on the abundance of E. europaea (estimate 
± SE = -0.06 ± 0.005, P < 0.00001; ΔAICc (m0-m1) = 28.5). 
The abundance of T. mauritanica explained 49% of the 
transect-specific inter-annual variance. 

DISCUSSION

We provide evidence of a decline in the abundance of 
E. europaea which is worryingly correlated with a very 
large increase in the number of T. mauritanica observed 
within the same microhabitats. We believe that this 
may be linked to access to refuges. The small size of 
E. europaea allows it to select narrower crevices that 
are difficult for adult T. mauritanica to access. On the 
other hand, these narrow fissures could be accessible 
to immature T. mauritanica. At present, our data do 

not allow us to carry out a detailed analysis of habitat 
selection by these two species.

The cause of the increase in T. mauritanica is currently 
unknown. The species was already considered common in 
south-eastern France at the beginning of the 19th century 
(de Serre, 1822; Caziot, 1922) and no habitat change was 
recorded at the study site before or during the monitoring 
period. In addition, unrestrained urbanisation is likely to 
have facilitated the spread of individuals translocated 
from other areas (e.g. through the transportation of 
construction materials or ornamental plants). This may 
have led to increased interspecific competition, especially 
for access to food resources and refuges in rocky habitats 
(crevices).

Tarentola mauritanica is characterised by a strong 
ecophysiological plasticity (Carretero, 2008; Rato & 
Carretero, 2015), an efficient mode of reproduction 
(i.e. continuous spermatogenesis: Angelini et al., 
1983; Picariello et al., 1989) likely to vary with climate 
change (e.g. possible extension of the ovarian seasonal 
cycle length) (Clarke & Zani, 2012), strong territoriality 
and frequent agonistic behaviours (Lisičić et al., 2012; 
Salvador, 2016). Although both nocturnal and diurnal, 
T. mauritanica is mainly nocturnal (Lisičić et al., 2012), 
and hence potentially overlaps with the activity of E. 
europaea. Overall, these traits suggest a high potential 
of invasiveness. Further research that focuses on 
determination of the climate niche of the species 
may therefore improve our understanding of climate 
change effects and its spread. Notwithstanding the high 
potential invasiveness of T. mauritanica, its impact may 
be mitigated in the case of niche partitioning. 

Evidence of strong spatial segregation between 
T. mauritanica and H. turcicus was previously found 
without proving the existence of a mutual negative 
impact (Lisičić et al., 2012). Competition for spatial 
niches leading to habitat partitioning may occur at our 
study site. Olfactory marking induced by the presence 
of a potential competitor or predator can generate 

Figure 2. Abundance of Euleptes europaea and Tarentola 
mauritanica along four transects throughout eight 
sampling years. Boxes indicate the 25%, 50% (median) 
and 75% quartiles. Lines show minimum and maximum 
values excluding outliers (indicated as dots).

Figure 3. Temporal variation in abundance of Euleptes europaea (left panel) and Tarentola mauritanica (right panel). 
Curves represent fitted values from GAMM, with year as a spline effect. Dotted lines represent 95% confidence intervals.
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physiological stress that leads to different behavioural 
responses (Febrer-Serra et al., 2023). In particular, in 
the presence of a nocturnal co-occurring species (i.e. 
the Black rat), E. europaea tends to remain sheltered in 
crevices (Delaugerre et al., 2019). This may have affected 
our ability to detect the species and led to a large 
underestimation of the number of individuals present. 
Nevertheless, in Cala Violina on the Tuscan coast, E. 
europaea did not show any atypical spatial behaviour 
(e.g. emerge from crevices less frequently) despite the 
presence of T. mauritanica in similar densities (Radi & 
Zuffi, 2022).

The question of high predation pressure also arises, 
but studies on the trophic ecology of T. mauritanica 
indicate that it feeds almost exclusively on arthropods 
(Gil & Perez-Mellado, 1994; Hódar et al., 2006; Martins et 
al., 2022). However, some cases of predation on several 
species of Lacertidae (Salvador, 1978; Franco, 1980; 
Pellitteri-Rosa et al., 2015) have been documented in 
other areas. For example, theDNA of the wall lizard Teira 
dugesii was detected in nearly 27% of T. mauritanica 
samples from Madeira Island (Martins et al., 2022). 
Predation of H. turcicus by T. mauritanica has also 
been observed (Rieppel, 1981; Gonzalès de la Vega, 
1988; Bauer, 1990). Given the large difference in body 
size between T. mauritanica (total length 15 cm) and 
E. europaea (total length 8 cm), predation may occur 
occasionally on juvenile or adult E. europaea, but this 
alone cannot explain the extent of the observed decline. 
Apart from potential predation by T. mauritanica, 
competition for food resources cannot be ruled out, 
given the high similarity in trophic ecology between 
the two species (Oneto et al., 2008; Hódar et al., 2006; 
Martins et al., 2022). 

Finally, the possibility of parasite transmission 
cannot be excluded. Tarentola mauritanica often carry 
intestinal parasites (Helminth) (El-Rghibi et al., 2022),  
hemoparasites (Leishmania tarentolae, haemogregarines 
of the Genera Hepatozoon ssp.) (Rioux et al., 1969; 
Tomé et al., 2016; Parejo-Pulido et al., 2023) and acari 
(geckobians) (Girot, 1968; Bertrand et al., 2012) which 
may impact the physiology, the immunity and the 
behaviour of their hosts (Oppliger et al., 1996; Oppliger 
& Clobert, 1997; Amo et al., 2005). The introduction 
of non-indigenous parasites transmitted to the local 
T. mauritanica population by fortuitous individual 
displacement is also to be considered, along with their 
potential impact on physiology and population dynamics.

Our study does not allow us to certify that the increase 
in the occurrence of T. mauritanica is causally related 
to the decline of E. europaea. Nevertheless, the strong 
correlation between the collapse of the population 
of E. europaea and the increase in the number of T. 
mauritanica raises questions regarding the conservation 
of E. europaea. Tarentola mauritanica was introduced 
very recently on two islands in Provence (Port-Cros, 
Ile du Levant) (Deso et al., 2021) which could provide 
a more rigorous test of a direct negative impact by T. 
mauritanica on E. europaea populations. Most of the 
islands of Provence are home to high-density E. europaea 

populations and benefit from a high level of protection 
(Port-Cros National Park and Calanques National Park). 
We encourage the urgent implementation of biocontrol 
strategy and robust monitoring at our study site and more 
widely at other sites where T. mauritanica co-occurs with 
other gecko species beyond its native range, especially 
on islands. This will avoid the entry of new specimens 
of T. mauritanica and improve the understanding of the 
colonisation dynamics of T. mauritanica and its biotic 
interactions. In the meanwhile, the invasive status of T. 
mauritanica remains an open question.

 
ACKNOWLEDGEMENTS

We sincerely thank Antoine Renet for his participation 
in the nocturnal monitoring of geckos. We also thank 
Eric Durand (Naturalia Environnement) and Andrea Villa 
(Institut Català de Paleontologia Miquel Crusafont) for the 
constructive discussions on this issue. Three reviewers 
helped to improve the quality of this manuscript, and we 
thank them warmly. 

REFERENCES

Abbes, I., Ben Haj, S., Muracciole, M., Oro, D., Bernard, F., Ouni, 
R., Delaugerre, M., Ktari, N., Rouissi, F., ... Martinez, A. 
(2008). Archipel de la Galite, Recueil de notes naturalistes, 
Petites îles de Méditerranée (2006–2007). Rapport d’étude, 
75.

Amo, L., Fargallo, J.A., Martinez-Padilla, J., Millán, J., López, P. 
& Martín, J. (2005). Prevalence and intensity of blood and 
intestinal parasites in a field population of a Mediterranean 
lizard, Lacertalepida. Parasitology Research 96, 413–417. 
https://doi.org/10.1007/s00436-005-1355-1.

Angelini, F., Ciarcia, G., Picariello, O. & D'Alterio, E. (1983). The 
annual spermatogenetic cycle of Tarentola mauritanica 
L. (Reptilia, Gekkonidae). I. The spermatogenetic cycle in 
nature. Amphibia-Reptilia 4, 171–184.

Astruc, G., Couturier, T. & Cheylan, M. (2009). Etude sur les 
populations de Phyllodactyle d’Europe, Euleptes europaea, 
de l’île de Porquerolles. Rapport Parc National de Port-Cros. 
18 pp.

Baldo, D., García, J., Borteiro, C., Brusquetti, F. & Prigioni, C. 
(2008). Reptilia, Gekkonidae, Hemidactylus mabouia, 
Tarentola mauritanica: distribution extension and 
anthropogenic dispersal. Check List 4(4), 434–438. https://
doi.org/10.15560/4.4.434.

Barreiros, J.P., Elias, R.B., Lourenço, J., Dias, E. & Borges, P. 
(2010). First records of Tarentola mauritanica (Linnaeus, 
1758) (Reptilia; Gekkonidae) in the Azores. Life and Marine 
Sciences 27, 73–75.

Barton, K. (2020). MuMIn: Multi-Model Inference. R 
package version 1.43.17. https://CRAN.R-project.org/
package=MuMIn. Accessed on 7 July 2021.

Bates, D., Mächler, M., Bolker, B. & Walker, S. (2015). Fitting 
linear mixed-effects models using lme4. Journal of 
Statistical Software 67(1), 1–48. https://doi.org/10.18637/
jss.v067.i01.

Bauer, A.M. (1990). Gekkonid lizards as prey of vertebrates and 
predators of vertebrates. Herpetological Review 21, 83–87.

88

J .  Renet  et  a l . 

https://doi.org/10.1007/s00436-005-1355-1
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01


39

Berroneau, M. (2014). Atlas des Amphibiens et Reptiles 
d’Aquitaine. Cistude Nature, Le Haillan: France. 256 pp.

Bertrand, M., Pfliegler, W.P. & Sciberras, A. (2012). Does the 
African native host explain the African origin of the parasite? 
The Maltese Geckobia estherae n. sp. parasitic on Tarentola 
mauritanica (Acari: Raphignathoidea: Pterygosomatidae). 
Acarologia 52(4), 353–366.

Bolker, B.M. (2008). Ecological models and data in R. Princeton 
University Press.

Bolker, B. (2021). Getting started with the glmm TMB package: 
10.

Bonino, M.F., Moreno Azocar, D.L., Schulte, J.A. & Cruz, F.B. 
(2015). Climate change and lizards: changing species' 
geographic ranges in Patagonia. Regional Environmental 
Change 15, 1121–1132.

Burnham, K.P. & Anderson, D.R. (2002). Model selection and 
multimodel inference: A practical information-theoretic 
approach (2nd Edition). Springer.

Carretero, M.A. (2008). Preferred temperatures of Tarentola 
mauritanica in spring. Acta Herpetologica 3(1), 57–64.

Caziot, E. (1922). Les Reptiles du département des Alpes-
Maritimes. Comptes Rendus de l'Académie des Sciences 46, 
428–432.

Ceia-Hasse, A., Sinervo, B., Vicente, L. & Pereira, H.M. 
(2014). Integrating ecophysiological models into species 
distribution projections of European reptile range shifts 
in response to climate change. Ecography 37, 679–688. 
https://doi.org/10.1111/j.1600-0587.2013.00600.x.

Clarke, D.N. & Zani, P.A. (2012). Effects of night-time warming 
on temperate ectotherm reproduction: Potential fitness 
benefits of climate change for side-blotched lizards. Journal 
of Experimental Biology 215(7), 1117–1127. https://doi.
org/10.1242/jeb065359.

Corti, C., Haj, S.B., Nouira, S., Ouni, R., Rivière, V., Delaugerre, 
M.J. & Cascio, P.L. (2022). The Herpetofauna of the Tunisian 
islands. Naturalista Siciliano 4(66), 117–124.

Delaugerre, M.J. (1981). Le point sur la répartition géographique 
de Phyllodactylus europaeus Gené. Bulletin de la Société 
Herpétologique de France 18, 14–16.

Delaugerre, M. & Cheylan, M. (1992). Atlas de répartition des 
Batraciens et Reptiles de Corse. P.N.R.C./E.P.H.E. France, 
128 pp.

Delaugerre, M. & Guyot, L. (1995). Contribution à la 
connaissance de l'histoire naturelle des îles Finocchiarola 
(Haute Corse). Travaux scientifiques du Parc naturel 
régional et des réserves naturelles de Corse 53, 51–69.

Delaugerre, M., Ouni, R. & Nouira, S. (2011). Is the European 
leaf-toed gecko Euleptes europaea also an African? Its 
occurrence on the western Mediterranean landbridge islets 
and its extinction rate. Herpetology Notes 4, 127–137.

Delaugerre, M.J., Sacchi, R., Biaggini, M., Cascio, P.L. & Ouni, 
R. (2019). Coping with aliens: How a native gecko manages 
to persist on Mediterranean islands despite the Black rat? 
Acta Herpetologica 14(2), 89–100.

De Serre, M. (1822). Essai pour servir à l’histoire des animaux 
du midi de la France. Gabon.

Deso, G., Gomez, M.C., Priol, P., Capoulade, F. & Duguet, R. 
(2018). Premières mentions de la Tarente de Maurétanie 
Tarentola mauritanica (Linnaeus, 1758) et de la Grenouille 
rieuse Pelophylax ridibundus (Pallas, 1771) sur l'île du 

Levant (îles d'Hyères, Var). Scientific Reports of Port-Cros 
National Park 32, 237–240.

Deso, G., Renet, J., Gomez, M.C., Priol, P., Capoulade, F., 
Geoffroy, D., Duguet, R. & Rato, C. (2020). Documenting the 
introduction of the Moorish gecko Tarentola mauritanica 
(Linnaeus, 1758) (Squamata: Phyllodactylidae) on the 
Levant and Port-Cros Islands (Hyères Archipelago, Var 
department, France). Herpetology Notes 13, 809–812.

Díaz-Fernández, L.E., Paz, V.A. & Valdecantos, M.S. (2019). First 
checked arrival of Tarentola mauritanica (Linnaeus, 1758) in 
Salta, Argentina (Squamata; Phyllodactylidae). Herpetology 
Notes 12, 853–854. 

El-Rghibi, O., Bursey, C.R., Laghzaoui, E.M., Aglagane, A., Kimdil, 
L., Abbad, A. & El Mouden, E.H. (2022). New host and 
locality records of helminths' infection of seven lizards from 
Morocco. Parasitology Research 121, 2537–2546.

Febrer-Serra, M., Lassnig, N., Colomar, V., Picó, G., Tejada, 
S., Sureda, A. & Pinya, S. (2023). Oxidative stress and 
behavioral responses of moorish geckos (Tarentola 
mauritanica) submitted to the presence of an introduced 
potential predator (Hemorrhois hippocrepis). Science of the 
Total Environment 855, 158864.

Franco, A. (1980). Nuevo dato sobre herpetofagia en Tarentola 
mauritanica. Doñana Acta Vertebrata 7, 262.  

Geniez, P. & Cheylan, M. (2012). Les amphibiens et les reptiles 
du Languedoc-Roussillon et régions limitrophes: atlas 
biogéographique. Biotope. Mèze: France.

Gil, M.J. & Perez-Mellado, V. (1994). Seasonal variation in diet 
composition and prey selection in the Mediterranean 
gecko Tarentola mauritanica. Israel Journal of Ecology and 
Evolution 40(1), 61–74.

Girot, B. (1968). Étude du cycle de Geckobia latastei et 
Geckobia loricata, Acariens parasites du Gecko Tarentola 
mauritanica. Vie et Milieu, 63–142.

Gómez-Cruz, A., Santos-Hernández, N.G, Cruz, J.A, Ariano-
Sánchez, D., Ruiz-Castillejos, C., Espinoza-Medinilla, E.E. 
& Fuentes-Vicente, J.A. (2021). Effect of climate change 
on the potential distribution of Heloderma alvarezi 
(Squamata, Helodermatidae). Zookeys 1070, 1–12. https://
doi.org/10.3897/zookeys.1070.69186. 

Gonzalès de la Vega, J.P. (1988).  Anfibios y reptiles de la 
provincia de Huelva. Huelva: Spain. 237 pp.

Grossi, J.L. & Fonters, R. (2015). Les Amphibiens et Reptiles de 
Rhône-Alpes. GHRA & LPO. Lyon: France. 448 pp.

Harris, D.J, Batista, V., Lymberakis, P. & Carretero, M.A. (2004a). 
Complex estimates of evolutionary relationships in 
Tarentola mauritanica (Reptilia: Gekkonidae) derived from 
mitochondrial DNA sequence. Molecular Phylogenetics and 
Evolution 30, 855–859. https://doi.org/10.1016/S1055-
7903(03)00260-4.

Harris, D.J., Batista, V., Carretero, M.A. & Ferrand, N (2004b).
Genetic variation in Tarentola mauritanica (Reptilia: 
Gekkonidae) across the Strait of Gibraltar derived from 
mitochondrial and nuclear DNA sequences. Amphibia-
Reptilia 25, 451–459.

Hódar, J.A., Pleguezuelos, J.M., Villafranca, C. & Fernández-
Cardenete, J.R. (2006). Foraging mode of the Moorish 
gecko Tarentola mauritanica in an arid environment: 
inferences from abiotic setting, prey availability and dietary 
composition. Journal of Arid Environments 65(1), 83–93.

89

I s  the Moorish  gecko becoming invas ive?

https://doi.org/10.1242/jeb065359
https://doi.org/10.1242/jeb065359
https://doi.org/10.1016/S1055-7903(03)00260-4
https://doi.org/10.1016/S1055-7903(03)00260-4


4090

Ineich, I., Doronin, I.V., Cheylan, M. & Campbell, P.D. (2019). 
Additional data on the herpetological collection of Louis 
Amédée Lantz (1886–1953), with emphasis on specimens 
in the Natural History Museum, London. Zootaxa 4638(1), 
95–113.

Jahandiez, E., Lantz, L.A. & Parent, H. (1933). Note sur l’histoire 
naturelle de l’île de Bandol (Var). Annales de la Société 
d’Histoire Naturelle de Toulon 17, 47–52.

Jesus, J., Lemos, R., Goncalves, R. & Brehm, A. (2008). First 
record of Tarentola mauritanica (Linnaeus, 1758) on Porto 
Santo Island. Herpetozoa 20, 175–177. 

Lanza, B. & Bruzzone, L. (1959). Erpetofauna dell’Arcipelago 
della Galita (Tunisia). Annali del Museo civico di storia 
naturale Giacomo Doria 70, 41–55.

Lenth, R.V. (2021). emmeans: Estimated marginal means, aka 
least-squares means. R package version 1.6.3. https://
CRAN.R-project.org/package=emmeans.

Lisicic, D., Drakulic, S., Herrel, A., Dikic, D., Benkovic, V. & Tadic, 
Z. (2012). Effect of competition on habitat utilization in two 
temperate climate gecko species. Ecological Research 27, 
551–560.

Lüdecke, D., Ben-Shachar, M., Patil, I., Waggoner, P. & Makowski, 
D. (2021). Performance: An R package for assessment, 
comparison and testing of statistical models. Journal of 
Open Source Software 6, 3139. https://doi.org/10.21105/
joss.03139.

Mačát, Z., Starcová, Μ., Červenka, J., Jablonski, D. & Šandera, 
M. (2014). A molecular assessment and first record of 
Tarentola mauritanica (Squamata: Phyllodactylidae) on 
Corfu, Greece. Salamandra 50(3), 172–176.

Mahrdt, C.R. (1998). Geographic Distribution of Tarentola 
mauritanica. Herpetological Review 29(1), 52.

Marchand, M.A., Roy, C., Renet, J., Delauge, J., Meyer, D. & 
Hayot, C. (2017). Liste rouge régionale des amphibiens 
et reptiles de Provence-Alpes-Côte d’Azur. Conservatoire 
d’espaces naturels Provence-Alpes-Côte d’Azur. Aix-en-
Provence: France. 14 pp.

Martins, B., Silva-Rocha, I., Mata, V.A., Gonçalves, Y., Rocha, R. 
& Rato, C. (2022). Trophic interactions of an invasive gecko 
in an endemic-rich oceanic island: Insights using DNA 
metabarcoding. Frontiers in Ecology and Evolution 10, 1197.

Moreno-Rueda, G., Pleguezuelos, J.M, Pizarro, M. & Montori, 
A. (2012). Northward shifts of the distributions of Spanish 
reptiles in association with climate change. The Journal of 
the Society for Conservation Biology 26(2), 278–283.

Mourgue, M. (1910). Etude sur le Phyllodactyle d'Europe 
Phyllodactylus europaeus. Bulletin de la Société linnéenne 
de Provence 1, 45–51.

Nakagawa, S., Johnson, P.C.D. & Schielzeth, H. (2017). The 
coefficient of determination R2 and intra-class correlation 
coefficient from generalized linear mixed-effects models 
revisited and expanded. Journal of The Royal Society 
Interface 14, 20170213.

Nasrabadi, R., Rastegar-Pouyani, N., Pouyani, E.R., Kami, 
H.G., Gharzi, A. & Hosseinian Yousefkhani, S. (2018). The 
effects of climate change on the distribution of European 
glass lizard Pseudopus apodus (Pallas, 1775) in Eurasia. 
Ecological Research 33, 199–204. https://doi.org/10.1007/
s11284-017-1530-8.

Oneto, F., Ottonello, D. & Salvidio, S. (2008). Nota sulla biologia 

del Tarantolino Euleptes europaea (Gené, 1839) in Liguria. 
VII° Congresso Nazionale, Societas Herpetologica Italica. 

Oppliger, A., Celerier, M.L. & Clobert, J. (1996). Physiological 
and behaviour changes in common lizards parasitized by 
haemogregarines. Journal of Parasitology 113(5), 433–438.

Oppliger, A. & Clobert, J. (1997). Reduced tail regeneration in 
the common lizard, Lacerta vivipara, parasitized by blood 
parasites. Functional Ecology 11, 652–655.

Ortiz-Medina, J.A., Cabrera-Cen, D.I., Chan-Noh, M.M. & 
Cedeno-Vázquez, J.R. (2019). First record of the Moorish 
Gecko, Tarentola mauritanica (Linnaeus, 1758) (Squamata: 
Phyllodactylidae), in Mexico. Herpetology Notes 12, 971–
974.

Parejo-Pulido, D., Mora-Rubio, C., Marzai, A. & Magallanes, 
S. (2023). Molecular characterization of haemosporidian 
and haemogregarine diversity in southwestern Iberian 
amphibians and reptiles. Parasitology Research 112, 1139–
1149.

Pellitteri-Rosa, D., Liuzzi, C. & Bellati, A. (2015). First report 
of adult Podarcis siculus Rafinesque-Schmaltz, 1810) 
predation by Tarentola mauritanica (Linnaeus, 1758). 
Herpetozoa 28, 89–92.

Perera, A. & Harris, D.J. (2008). Genetic diversity in the gecko 
Tarentola mauritanica within the Iberian Peninsula. 
Amphibia-Reptilia 29, 583–588.

Picariello, O., Ciarcia, G. & Angelini, F. (1989). The annual 
cycle of oviduct in Tarentola m. mauritanica L. (Reptilia, 
Gekkonidae). Amphibia-Reptilia 10(4), 371–386. https://
doi.org/10.1163/156853889X00025.

Pyšek, P., Jarošík, V., Hulme, P.E., Kühn, I., Wild, J., Arianoutsou, 
M., Bacher, S., Chiron, F., Didžiulis, V. & Essl, F. (2010). 
Disentangling the role of environmental and human 
pressures on biological invasions across Europe. 
Proceedings of the National Academy of Sciences 107(27), 
12157–12162.

Quézel, P. & Médail, F. (2003). Ecologie et biogéographie des 
forêts du bassin méditerranéen. Elsevier. 573 pp.

R Core Team (2021). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. https://www.R-project.org/.

Radi, G. & Zuffi, M.A.L. (2022). One site, three species, three 
stories: syntopy of geckoes Euleptes europaea (Gené, 
1839), Hemidactylus turcicus (Linnaeus, 1758), Tarentola 
mauritanica (Linnaeus, 1758) in a coastal area of southern 
Tuscany (central Italy). Acta Herpetologica 17, 187–195.

Rato, C., Carranza, S., Perera, A., Carretero, M.A. & Harris, 
D.J. (2010). Conflicting patterns of nucleotide diversity 
between mtDNA and nDNA in the Moorish gecko, Tarentola 
mauritanica. Molecular Phylogenetics and Evolution 56, 
962–971. 

Rato, C., Carranza, S. & Harris, D.J. (2012). Evolutionary history 
of the genus Tarentola (Gekkota: Phyllodactylidae) from the 
Mediterranean Basin, estimated using multilocus sequence 
data. BMC Ecology and Evolution 12(1), 1–12. https://doi.
org/10.1186/1471-2148-12-14.

Rato, C., Harris, D.J., Perera, A., Carvalho, S.B., Carretero, 
M.A. & Rödder, D. (2015). A combination of divergence 
and conservatism in the niche evolution of Tarentola 
mauritanica (Gekkota: Phyllodactylidae). PLoS ONE 10(5): 
e0127980.

J .  Renet  et  a l . 

https://doi.org/10.21105/joss.03139
https://doi.org/10.21105/joss.03139
https://doi.org/10.1007/s11284-017-1530-8
https://doi.org/10.1007/s11284-017-1530-8
https://doi.org/10.1186/1471-2148-12-14
https://doi.org/10.1186/1471-2148-12-14


4191

Rato, C. & Carretero, M.A. (2015). Ecophysiology tracks 
phylogeny and meets ecological models in an Iberian gecko. 
Physiological and Biochemical Zoology 88, 564–575.

Rato, C., Marques, V., Paracuellos, M., Tortolero, J., Nevado, J. 
C. & Carretero, M.A. (2021). Alborán Island, a small meeting 
point for three invasive lizards, whose geographic origin 
is uncovered by molecular analysis. BioInvasions Records 
10(4), 977–990.

Renet, J., Gerriet, O., Jardin, M. & Magne, D. (2008). Les 
populations de Phyllodactyle d’Europe Euleptes europaea 
Gené, 1839 Reptilia Sauria Gekkonidae dans les Alpes-
Maritimes: premiers éléments sur leur répartition et leur 
écologie. Faune de Provence 24(25), 117–126.

Renet, J. & Martinerie, G. (2011). Compte rendu de prospections 
herpétologiques dans les départements du Var et des 
Alpes-Maritimes – Recherche du Phyllodactyle d’Europe 
Euleptes europaea en milieu continental et insulaire - Iles 
des Embiez, Cap Sicié, Presqu’île de Giens et îles de Lérins-. 
Rapport interne CEN-PACA. France. 31 pp.

Renet, J., Martinerie, G., Kulesza, V. & Ménétrier, F. (2013).
The Leaf-toed gecko Euleptes europaea (Squamata: 
Sphaerodactylidae) discovered on the Lérins Islands (Alpes-
Maritimes, Southeastern France). Herpetology Notes 6, 
571–575.

Rieppel, O. (1981). Tarentola mauritanica (Linnaeus, 1758)–
Mauergecko. Handbuch der Reptilien und Amphibien 
Europas 1, 119–133.

Rioux, J.A., Knoepfler, L.P., Martini, A., Callot, J. & Kremer, 
M. (1969). Présence en France de Leishmania tarentolae 
Wenyon, 1921. Parasite du Gecko Tarentola mauritanica 
(L. 1758). Annales de Parasitologie Humaine et Comparée 
44(1), 115–118.

Rochford, M.R. & Krysko, K.L. (2019). Tarentola mauritanica 
(Linnaeus 1758), Moorish gecko (Moorish wall gecko). In 
Amphibians and reptiles of Florida. Krysko, K.L., Enge, K.M.  
& Moler, P.E. (Eds.). University of Florida Press, Gainesville, 
Florida, USA. 342–343 pp. 

Salvador, A. (1978). Materiales para una “Herpetofauna 
Balearica”. 5. Las salamanquesas y tortugas del archipiélago 
de Cabrera. Doñana Acta Vertebrata 5, 5–17.

Salvador, A. (2016). Salamanquesa común. Tarentola 
mauritanica. In Enciclopedia Virtual de los Vertebrados 
Españoles, Carrascal, L.M. & Salvador, A. (Eds.). Museo 
Nacional de Ciencias Naturales, Madrid: Spain.

Salvidio, S., Lanza, B. & Delaugerre, M. (2010). Euleptes 
europaea (Gené, 1839). In Fauna d’Italia, Reptilia. Corti, 
C., Capula, M., Luiselli, L., Razzetti, E. & Sindaco, R. (Eds.). 
Edizioni Calderini de Il Sole 24 ORE Editoria Specializzata 
S.r.l. Bologna: Italy.

Silva-Rocha, I., Santos, J.M., Rocha, R. & Rato, C. (2022). 
Bioclimatic and local drivers modulating the expansion of 
an introduced temperate reptile in a subtropical island. 
Global Ecology and Conservation 37, e02164.

Simbula, G., Luiselli, L. & Vignoli, L. (2019). Lizards and the city: 
A community study of Lacertidae and Gekkonidae from an 
archaeological park in Rome. Zoologischer Anzeiger 283, 
20–26.

Strachinis, I., Lymberakis, P. & Tzoras, E. (2023). Tarentola 
mauritanica (Squamata: Phyllodactylidae) in Greece: an 
update on the species’ distribution, including new records. 
Ecologia Balkanica 15(1), 8–26. 

Temple, H.J. & Cox, N.A. (2009). European Red List of Reptiles. 
Luxembourg: Office for Official Publications of the European 
Communities.

Tomé, B., Rato, C., Harris, D.J. & Perera, A. (2016). High diversity 
of Hepatozoon spp. in geckos of the genus Tarentola. 
Journal of Parasitology 102(4), 476–480.

Wagenmakers, E.J. & Farrell, S. (2004). AIC model selection 
using Akaike weights. Psychonomic Bulletin and Review 
11(1), 192–196.

Wickham, H. (2016). Ggplot2: Elegant Graphics for Data 
Analysis. Second edition. Springer: NY, USA.

Wood, S. & Scheipl, F. (2014). gamm4: generalized additive 
mixed models using mgcv and lme4. – R package ver. 0.2-3, 
http:// CRAN.R-project.org/package=gamm4.

I s  the Moorish  gecko becoming invas ive?

Please note that the Supplementary Material for this article is available online via the Herpetological Journal 
website:  https://thebhs.org/publications/the-herpetological-journal/volume-34-number-2-april-2024

Accepted: 19 July 2023


