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Abstract One of the most frequently translocated 
species outside their native range in Europe are water 
frogs of the genus Pelophylax. Recently, water frogs 
belonging to the same genus have also been recorded 
on the island of Gozo in Malta. To trace their ori-
gin, we genetically examined 17 individuals from 
three Gozitan localities where water frogs have been 
recorded recently. We analysed one mitochondrial 
(NADH dehydrogenase 2,  ND2) and one nuclear 
(serum albumin intron 1, SAI-1) fragment to identify 
the geographic origin of the frogs and a set of micros-
atellite markers to determine their population-genetic 
structure and the predicted number of source popula-
tions. Based on the ND2 and SAI-1 markers, the water 

frogs on the island of Gozo originate from southern 
Anatolia, Turkey. According to sequence variation 
in ND2, they were assigned to a caralitanus mtDNA 
clade, which is endemic to southern Anatolia and 
taxonomically represents either an evolutionary line-
age within P. cf. bedriagae or a separate species P. 
caralitanus. All Gozo water frogs had only one hap-
lotype in the ND2 and one allele in the SAI-1 frag-
ment, indicating a recent and single introduction 
event. These results are supported by microsatellite 
analysis, which revealed low genetic variability and 
the absence of any population-genetic structure, sug-
gesting that Gozo water frogs originate from only one 
source population.

Keywords Invasive species · Endemic amphibians · 
Pelophylax cf. bedriagae · Central Mediterranean · 
Anatolia

Introduction

Biological invasions represent a significant threat to 
autochthonous fauna. Invasive species cause numer-
ous detrimental effects, including the transmission 
of new pathogens, hybridisation and introgression 
that might compromise the genetic integrity of native 
populations, ecological interactions like a higher 
risk of predation or competition leading to popula-
tion decline or  even the possibility of extinction of 
native fauna (reviewed by Ricciardi 2013). The rate 
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of reported and documented invasions has grown in 
recent decades (Hulme 2009). Potentially invasive 
species are often transported out of their native range 
for pet trade, culinary purposes, scientific research or 
just accidentally along transport avenues (Keller and 
Lodge 2007; Keller et al. 2011; Howeth et al. 2015; 
Lockwood et  al. 2019). The majority of these intro-
ductions are unintended and involve species that are 
widely distributed and common in their native range 
(Keller et al. 2011). However, human-mediated intro-
ductions can also involve species that are endemic, 
have a small native range, and are therefore more vul-
nerable and endangered. In these cases, introduced 
populations can be considered as an additional demo-
graphic and genetic resource to declining populations 
of the same species within their native range (e.g., 
Vamberger et  al. 2011). On the other hand, popula-
tions of these rare species having limited distributions 
can hold an invasive potential in an introduced envi-
ronment. These cases are well-documented in lizards 
(Pupins et  al. 2023), snakes (Montes et  al. 2022) or 
amphibians (Holsbeek et  al. 2008; Domeneghe-
tti et  al. 2013). In this paper, we bring evidence for 
the geographical origin of non-native water frogs in 
Malta, which, in their native range, represent a unique 
evolutionary lineage with limited distribution.

One of the most frequently translocated taxa in 
Europe are water frogs of the genus Pelophylax. Cur-
rently, 13 sexual species and three asexual taxa of 
hybrid origin are recognized in the Western Palearc-
tic (Plötner 2005; Frost 2023). They form three well-
supported phylogenetic clades distributed in the west-
ern Mediterranean (perezi/saharicus clade), most 
of Europe, eastern Mediterranean and central Asia 
(bedriagae/ridibundus clade), and from western to 
eastern Europe, the western Balkans and the Apen-
nine Peninsula (lessonae/shqipericus clade) (Lym-
berakis et  al. 2007; Akin et  al. 2010a). The highest 
genetic diversity in Pelophylax water frogs is asso-
ciated with the Mediterranean region, where several 
species and genetically diverged lineages (including 
disputable taxa) are found (Akin et  al. 2010a; Plöt-
ner et al. 2010). In terms of ecology, water frogs are 
strongly bonded to water. They prefer various water 
bodies from slowly-flowing rivers to marshes. They 
are well-known as voracious predators, feeding on 
a large variety of invertebrate and vertebrate prey, 
including other amphibians and congenerics (e.g., 
Balint et al. 2010; Paunović et al. 2010; Özcan et al. 

2021; Pille et al. 2021). They also show a significant 
invasive potential, with numerous species introduc-
tions reported from Belgium (Holsbeek et  al. 2008, 
2010), Britain (García-Paris 1997; Zeisset and Bee-
bee 2003), France (Pagano et  al. 2003; Dufresnes 
et  al. 2017a; Doniol-Valcroze et  al. 2021), Italy 
(Domeneghetti et  al. 2013; Bellati et  al. 2019; Bis-
conti et al. 2019; Bruni et al. 2020), Portugal (García-
Paris 1997), Spain (García-Paris 1997) and Switzer-
land (Dubey et al. 2014; Dufresnes et al. 2018). Apart 
from a direct impact on native fauna, non-native water 
frogs might cause genetic pollution of autochthonous 
populations via interspecific hybridization and intro-
gression eroding the genetic integrity of local popu-
lations and disrupting reproductive modes of hybri-
dogenetic (asexual) complexes (Holsbeek and Jooris 
2010; Quilodrán et al. 2015; Dufresnes et al. 2017b).

In Malta, the only indigenous amphibian spe-
cies is the painted frog, Discoglossus pictus. In 
April 2000 water frog calls were recorded at 
the locality Ta´Sarraflu on the island of Gozo 
(36°2′11.86"N, 14°11′56.74"E) for the first time 
(Sciberras  and  Schembri  2006a). However, recently, 
this Ta´ Sarraflu population seems to be in rapid 
decline or might have gone extinct (A. Sciberras, J. 
Sciberras; pers. obs.). Subsequently, the species was 
recorded from another two localities in Gozo (Sciber-
ras and Schembri 2006a, b). Moreover, the presence 
of eggs, tadpoles and froglets at all three introduc-
tion sites indicate their successful reproduction. Spe-
cies identification based on the overall morphology 
and on bioacoustics assigned water frogs from Gozo 
to Pelophylax bedriagae (Sciberras  and  Schem-
bri  2006a), which is native to the eastern Mediter-
ranean (Plötner 2005; Akin et al. 2010a). Pelophylax 
bedriagae is a genetically highly variable species that 
involves several diverged evolutionary lineages with 
unresolved and debated taxonomy. Some authors 
(e.g., Akin et  al. 2010a; Plötner et  al. 2010) assign 
evolutionary lineages from Anatolia to the taxon 
named P. cf. bedriagae. The names P. bedriagae or P. 
bedriagae sensu stricto are then used for populations 
living in the Levant and Egypt. Some evolutionary 
lineages originally assigned to P. cf. bedriagae have 
been recently raised to species level, e.g., Pelophylax 
cyprienis (Plötner et al. 2012), P. caralitanus (Arikan 
1988) and P. cerigensis (Beerli et al. 1994).

Several possible modes of water frog intro-
duction to the Maltese Islands were proposed by 
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Sciberras  and  Schembri  (2006a), although the geo-
graphic origin, taxonomic identification of the species 
based on molecular markers, and the genetic struc-
ture of introduced populations were not established 
at the time. Therefore, the aims of this study were (a) 
to identify introduced water frogs recorded from the 
island of Gozo using genetic markers, to reveal (b) 
their geographic origin and (c) the mode of introduc-
tion (the number of introduction events and source 
populations).

Material and methods

Sampling and localities

In the summer and autumn 2022, we collected 17 
samples of Pelophylax spp. from three localities 
on the island of Gozo, Maltese archipelago, in the 
central Mediterranean (Fig.  1, Table  1). Mgarr 
ix-Xini is a deeply-incised, tightly meandering 
gorge located along the south-western coast of the 
island (36°1′13.77"N, 14°16′15.75"E). Although 
it does not feature a permanent watercourse, its 
steep flanking rocky walls do provide substantial 
shade and shelter from direct solar exposure, such 

that vestigial bodies of freshwater and mud per-
sist throughout most of the year along the valley 
floor. Ghajn il-Papri is a sizeable freshwater pond 
excavated in clay in the 1990s as a water reservoir, 
along the southern coast of Gozo (36°1′21.85"N, 
14°17′16.49"E). The contiguous area is dominated 
by the Giant Reed, Arundo donax L., and the Afri-
can tamarisk, Tamarix africana Poir., whilst the 
water itself is dominated by the southern reed-
mace, Typha domingensis Pers. The pond is also a 
haunt for the painted frog. Ramla valley runs from 
the village of Nadur to the sand dune remnants at 
Ramla l-Hamra, along the north coast of Gozo 
(36°3′41.85"N, 14°17′1.64"E). During the rainy 
season, the watercourse within the valley reaches 
the sea by meandering through the contiguous 
supralittoral dune remnants and sandy beach. The 
watercourse is dominated by growths of the Giant 
Reed and is strongly eutrophic, especially dur-
ing the dry season, as a result of the intense agri-
cultural activity supported within the same valley. 
These localities are isolated from each other and 
are not connected by any water source. The straight 
geographic distances between the sites are 1.5  km 
(Mgarr ix-Xini—Ghajn il-Papri), 4.4 km (Ghajn il-
Papri—Ramla valley) and 4.7 km (Mgarr ix-Xini—
Ramla valley).

Fig. 1  A map of sampled 
localities in the Gozo 
Island. 1—Mgarr ix-Xini, 
2—Ghajn il-Papri and 3—
Ramla valley
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For genetic analyses, a  toe clip was collected 
from each individual. Tissue samples were pre-
served in 96% ethanol and stored at −25 °C.

Lab work and sequence alignment

Genomic DNA was extracted from toe clips using 
NucleoSpin® Tissue kit (Macherey–Nagel, Düren, 
Germany) following the manufacturer’s protocol.

One mitochondrial (NADH dehydrogenase 2, 
ND2) and one nuclear (serum albumin intron 1, SAI-
1) marker were used to find out the origin of water 
frogs in Gozo. These markers were chosen because 
their sequences are the most represented in the Gen-
Bank and are therefore accessible for comparison 
and cover presumed geographical origin of Maltese 
individuals.

Complete ND2 gene, 1,038  bp, was amplified 
using a combination of primers ND2-L1 and ND2-H2 
(Plötner et al. 2008). PCR was carried out in a total 
volume of 10 µl with 5 µl of VWR Red Taq 2 × mix 
(VWR, Radnor, PA, USA), 0.2  µl of each primer 
(10 µM), 3.6 µl of  ddH2O, and 1 µl of DNA. The fol-
lowing PCR program was used: initial denaturation 
for 2 min at 94 °C, followed by 35 cycles consisting 
of denaturation for 30 s at 94 °C, primer annealing for 
20 s at 63 °C and elongation for 1 min at 72 °C, with 

a final elongation step for 10 min at 72 °C (modified 
from Plötner et al. 2008).

For amplification of the SAI-1 fragment, the prim-
ers sai_Intron_1_F and sai_Intron_1_R were used 
according to Tecker et  al. (2017). PCR was carried 
out in a total volume of 10 µl with 5 µl of VWR Red 
Taq 2 × mix, 0.3  µl of each primer (10  µM), 3.4  µl 
of  ddH2O, and 1  µl of DNA. PCR program was as 
follows: 3  min of initial denaturation at 96  °C, fol-
lowed by 35 cycles of denaturation for 60 s at 94 °C, 
primer annealing for 60 s at 50 °C, and elongation for 
2 min at 72 °C, with a final elongation for 5 min at 
72 °C.

Purification of PCR products was performed 
using the EPPiC Fast (A&A Biotechnology, Gda-
nsk, Poland) following the manufacturer’s protocol. 
Amplicons were sequenced commercially in Mac-
rogen Europe (Amsterdam, Netherlands) with the 
same primers as for PCR. Newly obtained sequences 
were combined with those deposited in GenBank 
(Tables  S1, S2). Sequences were manually aligned, 
checked and translated to detect stop codons using 
Geneious Prime 2020.2.4 (Biomatters, Auckland, 
New Zealand). The newly generated sequences were 
deposited in GenBank under accession numbers 
OR786315 and OR786316.

Three different datasets of sequences were ana-
lysed. First, a ND2 dataset of Maltese individuals and 

Table 1  A list of sampled 
Pelophylax individuals in 
three localities in the Gozo 
Island

Locality numbers corre-
spond with those given in 
Fig. 1
*Age was estimated 
based on the snout-
vent length (SVL) with 
juveniles < 50 mm, 
50 mm < subadults  
< 100 mm, and 
adults > 100 mm

ID Sex Age* Locality ID Locality 
number

Longitude Latitude

MIK3957 Male Subadult Mgarr ix-Xini 1 36.0206 14.2708
MIK3958 Male Subadult Mgarr ix-Xini 1 36.0206 14.2708
MIK3959 Male Subadult Mgarr ix-Xini 1 36.0206 14.2708
MIK3960 Male Subadult Mgarr ix-Xini 1 36.0206 14.2708
MIK3961 Female Juvenile Mgarr ix-Xini 1 36.0206 14.2708
MIK3962 Male Subadult Mgarr ix-Xini 1 36.0206 14.2708
MIK3963 Male Subadult Ghajn il-Papri 2 36.0222 14.2863
MIK3964 Male Subadult Ghajn il-Papri 2 36.0222 14.2863
MIK3965 Male Adult Ghajn il-Papri 2 36.0222 14.2863
MIK3966 Female Subadult Ghajn il-Papri 2 36.0222 14.2863
MIK3967 Female Adult Ghajn il-Papri 2 36.0222 14.2863
MIK3968 Male Subadult Ghajn il-Papri 2 36.0222 14.2863
MIK3969 Male Adult Ramla valley 3 36.0578 14.2842
MIK3970 Male Subadult Ramla valley 3 36.0578 14.2842
MIK3971 Female Adult Ramla valley 3 36.0578 14.2842
MIK3972 Male Adult Ramla valley 3 36.0578 14.2842
MIK3973 Female Adult Ramla valley 3 36.0578 14.2842
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western Palaearctic water frog species (P. perezi, P. 
saharicus, P. lessonae, P. bergeri, P. shqipericus, P. 
epeiroticus, P. cretensis, P. cerigensis, P. caralita-
nus, P. cf. bedriagae, P. bedriagae, P. kurtmuelleri, 
P. ridibundus) was used to confirm species identifica-
tion of water frogs from Gozo. An eastern Palearctic 
species P. plancyi were used as an outgroup. Next, a 
ND2 dataset comprising only Maltese individuals and 
GenBank sequences of P. bedriagae, P. cf. bedriagae, 
P. caralitanus and P. cerigensis was used to infer the 
geographic origin of the Gozo frogs. Finally, a simi-
lar dataset was prepared also for SAI-1 sequences. 
However, we did not use SAI-1 marker to reconstruct 
phylogenetic relationships in the whole genus since 
the species-specific variation in the intron resulted 
in conflicting topologies (see Dubey and Dufresnes 
2017; Vucić et al. 2018).

Phylogenetic analyses

Phylogenetic relationships were then inferred using 
maximum-likelihood (ML) and Bayesian interfer-
ence (BI) by RAxML v. 8.1.12 (Stamatakis 2014) 
and MrBayes v. 3.2 (Ronquist et  al. 2012), respec-
tively. For both analyses, all parameters were a priori 
set free to simulate a general time reversible (GTR) 
evolutionary model and not reduce the robustness of 
the heuristic search. This allowed respective algo-
rithms to select the optimal model for DNA evolution 
over the initial search period. For coding regions (i.e., 
ND2) the sequence data were treated as partitioned, 
computing the optimal substitution model individu-
ally for each position within a codon. The best ML 
tree with the highest likelihood was selected from 
100 generated trees. The clade support in the ML was 
assessed by 1,000 bootstrap pseudoreplicates. The BI 
analysis was set as follows: two separate runs with 
four chains in each run, 10 million generations sam-
pled every 100 generations. The convergence of both 
runs was confirmed by the average standard deviation 
of split frequencies and potential scale reduction fac-
tor diagnostics (P < 0.01). The first 30% of trees were 
discarded as the burn-in after inspection for stationar-
ity of log-likelihood scores of sampled trees in Tracer 
v. 1.7 (Rambaut et  al. 2018). A consensus tree was 
constructed from the post-burn-in samples.

Analyses of microsatellites

Altogether, 20 microsatellite loci were tested to 
infer the population-genetic structure of Gozo 
water frogs. Selected loci, originally designed 
for P. ridibundus, P. lessonae and P. perezi, were 
amplified in three multiplex PCRs. Multiplex 1: 
RlCA5, RlCA18 (Garner et  al. 2000); Rrid059A, 
Rrid082A (Hotz et al. 2001); Res22 (Zeisset et al. 
2000) and Re1Caga10, Re2Caga3, CA1b6 (Ari-
oli 2007). Multiplex 2: RlCA2a34, Rrid064A, 
ReGA1a23, RlCA1a27, Rrid135A (Christiansen 
and Reyer 2009); Rrid013A (Hotz et  al. 2001) 
and Pper3.22, Pper4.7 (Sánchez-Montes et  al. 
2016). Multiplex 3: RlCA1b5 (Garner et al. 2000); 
Ga1a19 (Arioli 2007); Res17 (Zeisset et  al. 2000) 
and Rrid169A (Christiansen and Reyer 2009).

PCR reactions were performed in a total volume 
of 10 µl and consist of 5 µl of Qiagen Microsatel-
lite PCR Master mix (Qiagen, Hilden, Germany), 
0.1 µl of each primer (10 µM), 3 µl of  ddH2O and 
1  µl of DNA. PCR program was modified from 
Christiansen and Reyer (2009): 5  min of initial 
denaturation at 95  °C followed by 30 cycles of 
denaturation for 30 s at 95 °C, 58 °C for 90 s and 
72 °C for 1 min, with a final extension at 60 °C for 
30  min. Microsatellite fragments were run on an 
automated ABI genetic analyser.

The Bayesian clustering implemented in the pro-
gram Structure 2.3.4 (Pritchard et  al. 2000) was 
used to infer the genetic structure of water frog 
populations. The analysis was based on runs of  106 
iterations, following a burn-in period of  105 itera-
tions. An admixture and allele-frequencies corre-
lated models were used. The expected number of 
inferred clusters (K) varied from one to five; for 
each K five independent runs were carried out to 
test the accuracy of the results.

A number of different alleles, observed  (HO) 
and expected  (HE) heterozygosity and the genetic 
differentiation among populations using  FST statis-
tics were calculated in GenAlEx 6.5 (Peakall and 
Smouse 2006, 2012). The presence of null alleles 
in microsatellite data was estimated using the pro-
gram Micro-Checker 2.2.3 (van Oosterhout et  al. 
2004).
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Results

Phylogenetic analyses

Phylogenetic relationships in the western Palearctic 
water frogs reconstructed based on 216 sequences of 
mitochondrial ND2 gene (alignment length 1,038 bp, 
lnL = − 7099.546 for ML) confirmed species affilia-
tion of Maltese individuals to a clade comprising P. 
cf. bedriagae, P. caralitanus and P. cerigensis with 
a branch support 96/1 (bootstrap support value from 
ML/posterior probability from BI; Fig. 2). These taxa 
were used in subsequent phylogenetic analyses based 
on both ND2 and SAI-1 to identify the geographic ori-
gin of water frogs introduced to Gozo.

By combining newly produced Maltese sequences 
and available GenBank data of P. bedriagae, P. 
cf. bedriagae, P. caralitanus and P. cerigensis, we 
obtained a dataset of 114 ND2 sequences (align-
ment length 1,038  bp). Both ML and BI trees had 
identical topologies regarding the major clades with 
lnL = − 3788.296. Maltese individuals formed a 
clade with GenBank sequences from southern Ana-
tolia and the Island of Ikaria (Fig. 3, Fig. S1) with a 
branch support 88/1. The clade represents sequences 
of P. caralitanus sensu Akin et al. (2010a) and Plöt-
ner et al. (2010). All individuals from the Gozo Island 
possessed a single ND2 haplotype.

In the SAI-1 dataset, we analysed 85 sequences 
(alignment length 1,055  bp). Major clades had 
identical topologies in both ML and BI trees with 
lnL = − 1766.168. In concordance with mtDNA, 
water frogs from Gozo were assigned to a clade 
with sequences from southern Anatolia and Cyprus 
(Fig.  4,  Fig. S2) with a branch support 60/0.85. 
Unlike the mtDNA, the SAI-1 clade comprising 
sequences from Malta and sequences of P. caralita-
nus from southern Anatolia was paraphyletic to other 
Anatolian sequences assigned to P. caralitanus. In the 
SAI-1 fragment, all Gozo water frogs possessed a sin-
gle allele.

Population-genetic structure

Of the 20 microsatellite loci tested, eight did not 
amplify or produced difficult-to-interpret allelic 
patterns (RlCA5, Rrid059A, Res22, Rrid064A, 
ReGA1a23, RlCA1a27, Rrid135A, Re1Caga10). 
Of the remaining 12 loci, five were monomorphic 

(RlCA18, Rrid013A, Rrid169A, RlCA1b5, Res17) 
and seven were polymorphic (Rrid082A, CA1b6, 
Re2Caga3, Pper3.22, Pper4.7, RlCA2a34, Ga1a19). 
Null alleles were not detected in any of these poly-
morphic loci.

To investigate the population-genetic structure 
of water frogs from Gozo, we performed Bayesian 
clustering implemented in Structure, calculated  FST 
statistics, compared allele frequencies and observed 
 (HO) and expected  (HE) heterozygosity. Posterior 
probabilities (log likelihood, Ln) for K from one to 
five were virtually identical (ranging from − 167.1 
to − 168.8). When K = 2, 3, 4, and 5 were assumed, 
the proportion of the individual assigned to each 
cluster was always symmetrical (Fig. S3). This sym-
metrical proportion shows the absence of a real 
population structure, suggesting that the Gozo water 
frogs originate from the same source population. 
 FST statistics between the Gozo populations were 
zero (Table  S3), corresponding to the absence of 
population-genetic structure estimated in Structure.

The values of genetic variability were relatively 
low. The mean number of different alleles in 12 
amplified microsatellite loci ranged from 1.667 to 
1.750,  HO from 0.317 to 0.347, and  HE from 0.252 to 
0.282 (Table 2).

Discussion

The geographic origin of Maltese water frogs

In this study, we analysed the genetic variability of 
mitochondrial gene ND2 and a nuclear intron SAI-1 
in 17 individuals of introduced water frogs sampled 
from three populations on the island of Gozo in the 
Maltese archipelago  (Fig.  5). By comparing with 
additional ND2 and SAI-1 sequences from Gen-
Bank, we elucidated the geographic origin of these 
non-native frogs and their taxonomic position. Using 
microsatellite markers, we determined their popula-
tion-genetic structure and thus revealed the number of 
source populations.

Our phylogenetic analyses assigned water frogs 
recorded from Gozo to the same cluster as samples 
from southern Anatolia, Cyprus and the Aegean 
Greek Island of Ikaria. However, the ND2 sequence 
from Ikaria represents a different haplotype than the 
Maltese samples, and therefore we hypothesize that 
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Ikaria can be ruled out as a source population for 
the introduction of water frogs to Gozo. In the SAI-
1 marker, Gozitan water frogs shared the same allele 
with individuals from both Cyprus and southern Ana-
tolia. Therefore, both regions may be a likely source 
of introduction. However, the occurrence of Anato-
lian water frogs in Cyprus strongly suggests that these 
frogs were introduced to Cyprus unintentionally and 
recently by humans, and thus are not native (Plötner 
et  al. 2015). Considering this hypothesis, we can-
not, therefore, decide whether Pelophylax frogs were 
introduced to Gozo directly from southern Anatolia 
or via Cyprus.

The occurrence of water frogs on the island of 
Gozo appears to be the result of a recent and sin-
gle introduction. This hypothesis is supported by 
the zero genetic variability of the sampled individu-
als at ND2 and SAI-1, and low genetic variability in 

microsatellites. Specifically, all the samples from the 
three Gozo sites had one haplotype in ND2 and one 
allele at SAI-1, suggesting that the introduced frogs 
may have originated from a small group of a few indi-
viduals, from one or several geographically intercon-
nected sites, and may have been introduced to Gozo 
only once and recently. This hypothesis is further sup-
ported by results from the analysis of microsatellites, 
which revealed the absence of any population-genetic 
structure and any genetic differentiation within the 
Gozo sites. If the introduction from the East had 
involved many individuals, from several localities and 
over repeated occasions, we would expect a higher 
genetic variability of Maltese frogs for all the genetic 
markers and also a significant differentiation amongst 
the populations (Allendorf and Lundquist 2003).

According to published data, water frogs were 
introduced to Ta´Saraflu on the island of Gozo 

Fig. 2  Maximum likelihood (ML) tree and phylogenetic rela-
tionships of the Pelophylax species. A sequence of P. plancyi 
was included as an outgroup (not shown). A position of Mal-
tese samples is indicated. The Bayesian interference (BI) tree 

showed the same topology of the major clades as the ML tree. 
Numbers above the branches indicate bootstrap values (ML) 
and the posterior probabilities values (BI)
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probably in the early 1990´s and they were first 
recorded in April 2000 (Sciberras  and  Schem-
bri  2006a, b). In addition, matting calls were also 
recorded in hotel resorts on the island of Malta 
(Sciberras and Schembri 2006a) and at several other 
localities in both Gozo and Malta. However, the sta-
tus of these populations remains questionable as they 
were located in private properties with limited access 
to the sites (A. Sciberras, J. Sciberras; pers. obs.). The 
exact mode of their introduction, as well as the indi-
vidual abundance within the same populations and 
their survival strategies remained unclear at the time. 
However, several possible hypotheses were proposed, 
including the introduction by local farmers or through 
deliberate releases from purchases made at Maltese 
street markets (Sciberras and Schembri 2006a).

No official importation data for Pelophylax spe-
cies to the Maltese islands could be retrieved from 
archives held by Maltese national environmental 
authorities. However, there are anecdotal reports from 
local farmers based within at the Ta’ Sarraflu area in 
Gozo suggesting a deliberate introduction of tadpoles 
of the species imported from Turkey. This ‘deliberate 
release’ hypothesis is further supported by the fact 
that the three locations inhabited by introduced water 
frogs are not hydrodynamically connected to each 
other, with one of them consisting of a man-made 
reservoir, with water frogs, being aquatic amphibians, 
not being able, unlike the native painted frogs, to dis-
perse across arid areas without human intervention. 
If confirmed, this deliberate introduction is similar 
to the one observed for a number of non-indigenous 
crustaceans (e.g., Procambarus clarkii) within fresh-
water sites around the Maltese Islands (Deidun et al. 
2018).

Which species of water frogs live in Malta?

Water frogs of the genus Pelophylax represent mor-
phologically a uniform group and their precise spe-
cies identification often relies on an analysis of bio-
acoustics (mating calls of males) and of molecular 
markers (Plötner et al. 2005). Bioacoustics are com-
monly used also for the description of new species 
(Schneider et  al. 1984, 1993; Schneider and Sinsch 
1992) or even for hybrid identification (Schneider 
et al. 1984). However, using solely bioacoustic traits 
might not be powerful enough to reconstruct spe-
cies evolutionary histories or to distinguish between 
genetically diverged but closely related species (e.g., 
P. lessonae and P. shqipericus in Sinsch and Schnei-
der 1996). On the other hand, molecular markers can 
easily distinguish among various water frog species 
or can resolve phylogenetic relationships amongst 
them (e.g., Lymberakis et al. 2007; Akin et al. 2010a).

Based on our results, Maltese individuals were 
assigned to the mitochondrial clade comprising P. cf. 
bedriagae, supporting their eastern Mediterranean 
origin proposed on the basis of bioacoustics by Prof. 
U. Sinsch (Sciberras and Schembri 2006a). Pelophy-
lax cf. bedriagae comprises several diverged evolu-
tionary lineages. Some of these lineages were recently 
described as separate species, e.g., P. cypriensis, P. 
cerigensis or P. caralitanus (Akin et al. 2010a; Plöt-
ner et  al. 2010, 2015), but their taxonomic status is 
still doubtful and contested. In mtDNA phylogeny, 
Maltese samples could be unequivocally assigned to 
the clade P. caralitanus (or P. cf. caralitanus sensu 
Akin et al. 2010a and Plötner et al. 2010) (see Fig. 3). 
Pelophylax caralitanus was originally described as a 
subspecies of P. ridibundus (Arikan 1988) and is dis-
tributed predominantly in Göller Yöresi (Lake Dis-
trict) in Anatolia, Turkey. Apart from differences in 
morphometry (Jdeidi et  al. 2001), allozymes (Beerli 
1994), bioacoustics (Schneider and Sinsch 1999) and 
mtDNA (Akin et  al. 2010a,b), the main trait distin-
guishing P. caralitanus from other water frog taxa liv-
ing in Anatolia is the presence of prominent orange-
coloured mottling of the ventral side of the body 
(Arikan 1988). Maltese water frogs, however, do not 
show any sign of this mottling pattern (Fig. 6). A dis-
crepancy between the colour variation of the belly 
and the caralitanus-specific mtDNA haplotypes was 
also observed in Anatolian populations by Akin et al. 
(2010b).

Table 2  Genetic variability in 12 microsatellite loci in water 
frog populations from the Gozo Island

N number of analysed individuals, NA mean number of differ-
ent alleles, HO observed heterozygosity, HE unbiased expected 
heterozygosity

Population N NA HO HE

Mgarr ix-
Xini

6 1.750 ± 0.218 0.319 ± 0.097 0.282 ± 0.080

Ghajn il-
Papri

6 1.667 ± 0.188 0.347 ± 0.099 0.277 ± 0.076

Ramla 
valley

5 1.667 ± 0.188 0.317 ± 0.097 0.252 ± 0.072
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In the case of SAI-1, the position of Maltese sam-
ples in a phylogenetic tree did not correspond to 
mtDNA. Although Maltese SAI-1 sequences formed 
a clade with populations from southern Anatolia and 
Cyprus, they were phylogenetically different from 
individuals probably representing P. caralitanus 

(Fig.  4, Plötner et  al. 2015). The observed discrep-
ancy between ND2 and SAI-1 phylogenies might 
be attributed to rapid radiation in a group of east-
ern Mediterranean water frogs that makes a resolu-
tion of phylogenetic relationships based on SAI-1 
sequences difficult (Plötner et  al. 2009). It could be 

Fig. 3   Phylogenetic relationships (A) and geographic origin 
(B) of newly obtained ND2 sequences from the Gozo Island 
and those already published in GenBank. Maximum likeli-
hood (ML) tree and Bayesian interference (BI) trees showed 
the same topology of the major clades. Numbers above the 
branches indicate bootstrap values (ML) and the posterior 

probabilities values (BI). The  Maltese archipelago is high-
lighted by an arrow. The presumed geographic origin indicated 
by the yellow area was created by connecting border localities 
of the same clade. An inserted map shows the distribution of 
other clades in Central Asia

Fig. 4  Phylogenetic relationships (A) and geographic origin 
(B) of newly obtained SAI-1 sequences from the Gozo Island 
and those already published in GenBank. Maximum likeli-
hood (ML) tree and Bayesian interference (BI) trees showed 
the same topology of the major clades. Numbers above the 

branches indicate bootstrap value (ML) and posterior prob-
abilities values (BI). The  Maltese archipelago is highlighted 
by an  arrow. The presumed geographic origin indicated by 
the yellow area was created by connecting border localities of 
the same clade
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also assumed that the discrepancy between mtDNA 
and nuDNA phylogeny (as well as between mtDNA 
and morphology as pointed out above) might be the 
result of shared interspecific polymorphism caused 
by hybridization or an incomplete lineage sorting 
(Toews and Brelsford 2012).

Thus, the unresolved phylogenetic relation-
ships of Anatolian water frog populations (or P. 
cf. bedriagae in general) and the questionable 
taxonomic status of various evolutionary lineages 
in Anatolia make the definitive taxonomic iden-
tification of introduced water frogs in Gozo diffi-
cult. Based on mtDNA (ND2) and nuDNA (SAI-1) 
markers, as well as on bioacoustics (Sciberras and 
Schembri 2006a,b), it is clear that the water frogs in 
Gozo belong to P. cf. bedriagae group. Considering 
only the variation in the mitochondrial gene ND2, 
these frogs are included in the caralitanus cluster, 
regardless of whether we consider this clade as a 
separate species P. caralitanus or just an evolution-
ary lineage within P. cf. bedriagae.

Anatolian endemic as an invasive species

There are numerous reports of the introduction of 
water frogs of the genus Pelophylax in Europe (see 
e.g., Holsbeek and Jooris 2010; Bellati et al. 2019). 
These species exhibit, in fact, a potential to act as 
invasive species in regions where they have been 

introduced (Kumschick et  al. 2017). Several detri-
mental effects on autochthonous (batracho)fauna 
were described, including a direct predatory pres-
sure (Pille et  al. 2021), the transfer of parasites, a 
competition for food sources and habitats (Schmel-
ler et  al. 2007; Quilodrán et  al. 2015) or hybridi-
zation with local Pelophylax species leading to 
introgression and disruption of unique reproduc-
tive modes associated with asexual (hybridoge-
netic) reproduction (Vorburger and Reyer 2003; 
Holsbeek and Jooris 2010; Quilodrán et  al. 2015; 
Dufresnes and Dubey 2017). However, most of 
these cases included species with vast native distri-
butions (Holsbeek et al. 2010), while introductions 
of endemic species having restricted distributions to 
new regions are scarce. A rare example of such a 
type of introduction is represented by the introduc-
tion of P. shqipericus (endemic to southern Monte-
negro and an Adriatic part of Albania) to Umbria, 
Italy, with the ecological impacts of such an intro-
duction on native fauna being as yet unknown 
(Domeneghetti et al. 2013).

Introduced populations of endemic and rare spe-
cies might be viewed as a back-up for declining 
populations in their original range (e.g., Vamberger 
et  al. 2011). In Malta, however, water frogs have 
a detrimental ecological impact on local (batra-
cho)fauna as was already documented by Sciber-
ras and Schembri (2006a), who reported a predatory 

Fig. 5  Sampled localities in the Gozo Island, Malta. A Mgarr ix-Xini, B Ghajn il-Papri, C Ramla valley. Photos by A. Sciberras
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behaviour of these frogs upon Discoglossus pic-
tus, the only amphibian species native to Malta, or 
upon endemic shrew subspecies, Crocidura sicula 
calypso. Described feeding ecology and evidence 
of successful reproduction underline the invasive 
potential of the whole Pelophylax genus and should 
be a starting point for effective species management 
to reduce further range expansion of introduced 
water frogs across the Maltese islands.

Aquatic ecosystems have a highly restricted dis-
tribution on the Maltese Islands, a semi-arid archi-
pelago, with this dearth being compounded further by 
anthropogenic impacts, including an over-extraction 
of fluvial deposits for agricultural purposes, trampling 
and vehicular access and contamination of the same 

deposits through pesticides, herbicides and other pol-
lutants. Consequently, any heightened competition for 
space and trophic resources from allochthonous spe-
cies is an added stressor which is expected to further 
impinge on the native aquatic ecosystems.
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