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The marsh frog (Pelophylax ridibundus s.l.) is the number one amphibian invader in Western Europe. In Switzerland, 
marsh frogs were introduced in the 1950–1960s and progressively colonized most of the northern parts of the country. 
We investigated this invasion using molecular tools. We mapped the cryptic presence of three monophyletic mito-
chondrial lineages (P. ridibundus, Pelophylax kurtmuelleri, and Pelophylax cf. bedriagae from southeastern Europe) 
consistent with registered importations by a local frog-leg industry. High nuclear diversity supports that invasive 
frogs probably originated from genetically rich import batches, and patterns of population differentiation confirm 
that multiple independent introduction sites were involved. Moreover, several lines of evidence suggest occasional 
hybridization with local hybridogenetic water frogs. This invasion emphasizes the issues of frequent amphibian 
releases and translocations at the international and regional scale for commercial and recreational purposes, and 
stresses the need for more adequate legislation, control, and information for the general public. Given the parallel 
invasion by exotic pool frogs (i.e. the Italian Pelophylax bergeri has replaced the local Pelophylax lessonae), the situ-
ation of water frogs in Switzerland is critical. The water frog complex provides an alarming symbol of the anthropo-
genic mark left on wildlife diversity and distributions.

ADDITIONAL KEYWORDS: alien species – biological invasions – conservation – hybridogenesis – introduction –  
water frogs.

INTRODUCTION

The management of biological invasions can benefit 
from genetic surveys to characterize the nature, sources, 
and dynamics of invaders in space and time. Molecular 
tools are also necessary to understand whether native 
closely related taxa are threatened by hybridization 

with invasive ones. This is particularly true for amphibi-
ans, where closely related species are often morphologic-
ally similar and thus impossible to monitor by biometric 
means (e.g. Dufresnes et al., 2015, 2016).

Marsh frogs from the Pelophylax ridibundus species 
complex [i.e. Pelophylax ridibundus sensu lato (s.l.)] are 
the most problematic amphibians in Western Europe 
(Holsbeek & Jooris, 2010; Holsbeek et al., 2008). This 
complex involves at least seven species, including P. 
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ridibundus sensu stricto (s.s.), Pelophylax kurtmuel-
leri, Pelophylax cerigensis, Pelophylax cf. bedriagae, 
Pelophylax cypriensis, Pelophylax cretensis, and 
Pelophylax epeiroticus. Marsh frogs were introduced in 
the mid-20th century from Eastern Europe by the frog-
leg industry and have since invaded most of France, 
Belgium, the Netherlands, Germany, and Switzerland, 
as well as parts of Britain. These large frogs are caus-
ing various ecological damage, such as competition with 
and predation on smaller amphibians (Roth et al., 2016). 
Moreover, they can threaten the indigenous Pelophylax 
L-E hybridogenetic system, P. lessonae (LL)/P. esculentus  
(R’L), by quickly replacing the native P. lessonae (L) and 
P. ridibundus s.s. (R’) genomes through hybridization 
(Supporting Information, Fig. S1). In this system, the 
hybridogenetic hybrid P. esculentus (R’L) eliminates its 
L genome before meiosis and contribute gametes only 
with its R’ genome (Vorburger & Reyer, 2003). Given 
that it is transmitted clonally, the R’ genome has accu-
mulated deleterious mutations, and R’R’ offspring from  
P. esculentus × P. esculentus crosses are not viable 
(Vorburger et al., 2009). However, crosses with intro-
duced marsh frogs (RR), yield marsh frog offspring 
with viable R’R combinations (Leuenberger et al., 2014; 
Supporting Information, Fig. S1). Although the inva-
sions are often attributed to the nominal species P. 
ridibundus s.s., genetic studies unravelled the cryptic 
presence of other taxa, namely the Balkan (P. kurtmuel-
leri) and Levant water frogs (P. cf. bedriagae) (Holsbeek 
et al., 2010; Dubey et al., 2014; Dufresnes et al., 2017a), 
sometimes leading to complex patterns of water frog 
assemblages and distributions, and potentially inducing 
new hybridogenetic systems (Dufresnes et al., 2017a).

In Switzerland, the historical progression of 
marsh frogs has been relatively well documented 
(Grossenbacher, 1988 and references therein; Meyer 
et al., 2009; Fig. 1). The first reference specimens 
were collected in 1950 in western Switzerland around 
the Lemanic basin. Animals probably escaped from 
the import companies located in the area (e.g. Aigle, 
Vallorbe). In the following years, several popula-
tions were discovered around Lake Geneva and Lake 
Neuchâtel. The first records of marsh frogs in the 
eastern parts of the country were reported a dec-
ade later (1967 in the canton of Zurich, ZH), and 
more isolated stations were subsequently identified 
in additional cantons (Basel, BL; Graubunden, GR; 
St-Gallen, SG). All of these probably stemmed from 
releases of imported animals. As a symbolic anecdote, 
large populations established near Basel and Zurich 
international airports, where confiscated batches of 
imported frogs were even released directly on several 
occasions. In the 1980s and 1990s, they progressively 
replaced the native P. esculentus and P. lessonae s.l. 
in western Switzerland and rapidly propagated east-
wards. Populations from eastern Switzerland remained 

isolated for decades, but observations have increased 
in recent years. Marsh frogs now occupy most of the 
Swiss Plateau and adjacent valleys up to ~1000m a.s.l.

In a recent survey, Dubey et al. (2014) identi-
fied three mitochondrial lineages of invasive marsh 
frogs in western Switzerland, namely P. ridibundus,  
P. kurtmuelleri, and P. cf. bedriagae, based on a few popu-
lations. The water frog issue in Switzerland becomes even 
more complex given that the other hybridogenetic part-
ners, the pool frogs (P. lessonae s.l.), are also represented 
by several hybridizing taxa (P. lessonae s.s. and P. bergeri; 
Dubey et al., 2014; Dufresnes et al., 2017b), thus poten-
tially leading to multiple cross-species combinations of 
marsh frogs, pool frogs, and their hybridogenetic hybrids. 
As we recently did for pool frogs (Dufresnes et al., 2017b), 
characterization of the distribution and structure of inva-
sive marsh frog lineages and understanding how they 
interact with the local gene pool (in this case the native 
R’ hemiclonal genome of autochthonous P. esculentus) are 
necessary to clarify this confusing situation.

In this study, we investigated Swiss marsh 
(P. ridibundus s.l.) and edible (P. esculentus) frogs in 
a dense population genetic framework. Combining 
mitochondrial and nuclear markers on contemporary 
and historical samples, we aimed at: (1) mapping the 
occurrence of the different lineages reported; (2) infer-
ring how the introduction events shaped the genetic 
diversity and structure of populations; and (3) assess-
ing whether the native marsh frog hemiclones of  
P. esculentus have been replaced during the invasion.

MATERIAL AND METHODS

DNA sAmpliNg

Tissue samples were obtained from 371 adult marsh (P. 
ridibundus s.l.) or edible frogs (P. esculentus) captured 
from natural populations throughout Switzerland and 
the neighbouring French Alsace and Jura (N = 347, 
buccal swabs and toe clips), as well as from historical 
museum specimens from the MZL (Musée cantonal de 
Zoologie, Lausanne, 1961–1967; N = 15, ethanol pre-
served) and the MHNG (Muséum d'Histoire Naturelle 
de la ville de Genève, Geneva, 1978–2002; N = 9, etha-
nol preserved). DNA was extracted using the Qiagen 
Biosprint robotic workstation or the Qiagen blood and 
tissue extraction kit. Identification as marsh/edible frogs 
was done morphologically by the shape of the meta-
tarsal tubercle (Nöllert & Nöllert, 2003) and could be 
verified by diagnostic microsatellite loci in many of the 
samples (N = 239; see section below, ‘Microsatellite geno-
typing and population genetic analyses’). Only animals 
informative for this study were included, i.e. those car-
rying marsh frog mitochondrial DNA and/or confirmed 
as marsh or edible frogs. Sampling details are provided 
in the Supporting Information (Table S1 and Fig. S2).
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mitochoNDriAl sequeNciNg AND phylogeNetic 
ANAlyses

We barcoded the mitotypes of 351 individuals using a 
short fragment of cytochrome-b (113 bp), allowing us 
to distinguish between all Western Palearctic line-
ages (methods: Dufresnes et al., 2017b). In addition, 
we sequenced a larger fragment of cyt-b (974 bp) in a 
subset of 64 samples for phylogenetic analyses (meth-
ods: Dufresnes et al., 2017b), representative of the dif-
ferent taxa identified and the geographical range.

We combined our sequences with the reference data-
sets of Dufresnes et al. (2017a), including one with full 
sequence coverage (974 bp) for phylogenetic discrim-
ination of taxa, and one with lower sequence coverage 
(515 bp) but more reference sequences from eastern 
species to infer the phylogeographic origins of our 
samples (mostly based on Lymberakis et al., 2007). We 
performed maximum likelihood phylogenetic analyses 

of haplotypes with PhyML (Guidon & Gascuel, 2003), 
using GTR+G+I models of sequence evolution (inferred 
with jModelTest; Darriba et al., 2012) and assessing 
bootstrap support with 1000 replicates.

microsAtellite geNotypiNg AND populAtioN 
geNetic ANAlyses

We genotyped eight polymorphic microsatellite 
markers with R/R’ and L alleles diagnostic of the 
marsh (P. ridibundus s.l.) and pool frog (P. lessonae 
s.l.) genomes, respectively (Rica5, Rica1b5, Rica1b6, 
Re1Caga10, ReGa1a23, Rrid013A, Rrid059A, and 
Rica18) (Dufresnes et al., 2017b and references 
therein). This allowed us to ascertain identification 
of our marsh and edible frog samples, the latter fea-
turing R’L or RL hybrid genotypes. Loci were ampli-
fied in multiplex PCRs for 237 samples, diluted, and 
run on an ABI3130 genetic analyser, as described by  

Figure 1. Records of marsh frogs in Switzerland. Red dots show presence data over 5 km × 5 km quadrats. The first verified 
records date back to 1950. Note that monitoring effort was higher in the recent (1990s–2010s) compared with the earlier 
decades (1960s–1980s). Letters refer to the cantons mentioned in the main text. Source: © Info fauna, Swisstopo (2017).
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Dufresnes et al. (2017b). A total of 45 and 192 marsh 
and edible frogs were identified, respectively. The R or 
R’ haplotypes of edible frogs were phased directly from 
the data, which is straightforward because of the spe-
cies diagnosticity of alleles in Switzerland (for a similar 
approach, see Leuenberger et al., 2014) and the avail-
ability of pure RR (marsh frog data from this study) 
and LL genotypes (pool frog data from Dufresnes et al., 
2017b) for comparison.

We explored the genetic structure of marsh frog 
genotypes (diploid RR or RR’ P. ridibundus s.l. 
individuals and haploid R or R’ hemiclones from  
P. esculentus) by principal component analyses (PCA; 
ade4 and adegenet packages in R). Moreover, we com-
puted population-based statistics of population differ-
entiation (pairwise Fst) and genetic diversity (expected 
heterozygosity, He; allelic richness, Ar) in FSTAT 
(Goudet, 1995), grouping nearby localities into regions 
(Table 1; only when N ≥ 4). We tested the association 
between genetic differentiation and geographical dis-
tance by Mantel tests, with 10 000 permutations.

RESULTS AND DISCUSSION

Our genetic survey clarifies the ongoing invasion of 
marsh frogs in Switzerland and adjacent areas. We 
show that import batches involved a mixture of dis-
tinct lineages that are likely to have expanded through 
multiple human-driven stepping-stone introduction 
events, resulting in the present population structure 
and high genetic diversity. Moreover, we found evi-
dence of hybridization with local water frogs. These two 
aspects are discussed in turn, with emphasis on the 
conservation issues posed by the marsh frog invasions 
in Western Europe, and particularly in Switzerland.

AlieN liNeAges AND geNetic NAture of mArsh 
frog iNvADers

We mapped the occurrence of three foreign mitochon-
drial lineages of marsh frog throughout Switzerland 
(Fig. 2), extending the previous results of Dubey et 
al. (2014): the European marsh frog (P. ridibundus 
s.s., seven cyt-b haplotypes), the Balkan water frog  
(P. kurtmuelleri, five haplotypes), and the Levant 
water frog (P. cf. bedriagae, western lineage, four hap-
lotypes). Whereas multiple haplotypes suggest many 
introduction events, these particular lineages point 
to a single geographical region: southeastern Europe, 
and more specifically, Thrace/Greek Macedonia, where 
all three co-occur and harbour a similar genetic di-
versity (Lymberakis et al., 2007; Fig. 2). Accordingly, 
the largest company for commercial frog importation 
in Switzerland, based in Vallorbe (close to our loca-
tion 14), informed us that their supplies originate 
from Thrace in European Turkey, and that escapes 
were common with the equipment used a few decades 
ago (Fivaz SA, personal communication). Historical 
specimens from the 1970s–2000s confirmed the early 
presence of at least P. kurtmuelleri and P. ridibundus 
s.s. mitochondrial DNA. The introduced populations 
thus appear to be a mixture of all three lineages, al-
though largely dominated by P. ridibundus s.s. (Fig. 2). 
Interestingly, except for the widespread RID02, none 
of our Swiss haplotypes is shared with another simi-
larly surveyed invasive range in France (Dufresnes et 
al., 2017a; Fig. 2). The nuclear signatures of our Swiss 
samples are also different (Supporting Information, 
Fig. S3). Our results thus emphasize that marsh frogs 
in Western Europe progressed through repeated, in-
dependent releases, rather than by natural dispersal 
from a few initial sites. In Switzerland, historical 
reports (Grossenbacher, 1988 and references therein) 

Table 1. Nuclear diversity estimates in Swiss marsh frogs and R’/R haplotypes phased from Pelophylax esculentus

Region Locality N He Ar

R’/R haplotypes from 
Pelophylax esculentus

Jura (France) 2 4 0.21 1.15
Lemanic Basin 3–11 24 0.23 1.23
Lake Neuchatel 15–20 94 0.11 1.11
Bern Pre-Alps 22–23 4 0.17 1.14
Central Switzerland 25–32 38 0.12 1.12
St-Gallen 33 7 0.18 1.14
Graubünden 36–38 19 0.09 1.09

Pelophylax ridibundus s.l. Geneva 1 17 0.59 1.59
Lemanic Basin 7–12 4 0.58 1.64
Lake Neuchatel 16–18 16 0.47 1.47
Central Switzerland 28 4 0.57 1.58
Graubünden 35 5 0.52 1.52

Ar, allelic richness, scaled to one diploid individual and thus varying from one to two; He, expected heterozygosity; N, sample size.
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also support this scenario, as do the complex geograph-
ical patterns of expansion, originally composed of sev-
eral unconnected sites throughout the country (Fig. 1).

In parallel, we found evidence for high nuclear di-
versity (Table 1) and subtle structure among our 
marsh frog populations. The PCAs (Fig. 3; Supporting 
Information, Fig. S4) grouped individuals from the 
Lemanic Basin/Lake Neuchâtel (localities 7–18), 

from the east (locality 35) and from Geneva/Central 
Switzerland (localities 1 and 28). Pairwise Fst also 
supported this pattern (Supporting Information, 
Table S2), with marsh frogs from eastern Switzerland 
being the most differentiated (average Fst = 0.22), 
but with no clear isolation by distance (P = 0.08). 
Individuals from across the canton of Geneva (pooled 
together as locality 1) did not show signs of nuclear 

Figure 2. A, mitochondrial phylogeny of Western Palearctic marsh frogs. B, distribution of taxa introduced in Switzerland. 
The tree includes haplotypes analysed by Dufresnes et al. (2017a); taxa and haplotypes present in Switzerland are shown in 
colours and in bold, respectively. Bootstrap support is provided for major nodes. For each taxon identified in Switzerland, we 
provide details of the corresponding clade, including the phylogeographical data from Lymberakis et al. (2007), based on more 
sequences but lower sequence overlap (see Materials and methods). AL, Albania; CH, Switzerland; CY, Cyprus; FR, France; 
GR, Greece; JO, Jordan; PL, Poland; SY, Syria. On the map, the pie charts show the relative frequencies of each taxon, with 
pie size proportional to sample size. Locality codes correspond to Supporting Information, Table S1 and Figure S1.
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or mitochondrial structure. Expected heterozygosity 
and allelic richness were relatively high in all areas  
(He = 0.47–0.59; Ar = 1.52–1.64, scaled to one individ-
ual; Table 1). Genetic homogeneity and low diversity 
are usually expected in the case of biological invasions, 
owing to founder effects and the strong drift associ-
ated with demographic expansions. In contrast, here 
the fine-scale structure and strong diversity among 
and within populations confirm that invasive frogs 
are likely to have originated from genetically rich 
import batches and expanded from multiple introduc-
tion sites. However, except near Geneva (locality 1), 
the widespread P. ridibundus s.s. shows uniform mito-
chondrial diversity, with a single haplotype (RID02) 
fixed across the country (Supporting Information, 
Table S1). This haplotype was probably the most com-
mon among released P. ridibundus s.s. individuals 
and soon became fixed in most populations. The Swiss 
situation is reminiscent of the marsh frog invasion in 
the UK, characterized by pronounced genetic struc-
ture and diversity levels comparable to their original 
ranges, despite rapid population expansions (Zeisset 
et al., 2003). As in the UK, urban-centred dispersal 
by humans is thus likely to have promoted the marsh 
frog invasion within Switzerland.

The lack of reference genotypes from native 
P. ridibundus s.s., P. kurtmuelleri, and P. cf. bedriagae 
precludes any conclusions regarding the exact genetic 

nature of the marsh frogs present in Switzerland. We 
could not assign our genotypes to the well-defined 
P. kurtmuelleri and P. ridibundus s.s. clusters invasive 
in southern France (Dufresnes et al., 2017a; Supporting 
information, Fig. S3); individuals of different origins 
are likely to be involved. All three species frequently 
hybridize in their native parapatric ranges, resulting 
in long-lasting cytonuclear discordance (e.g. Kolenda 
et al., 2017). They probably do so in introduced ranges, 
as previously suggested, e.g. P. ridibundus s.s. ×  
P. kurtmuelleri (Dufresnes et al., 2017a) and P. ridibun-
dus s.s. × P. cf. bedriagae (Holsbeek et al., 2010). Here, 
the sympatric occurrence of all three mitochondrial 
lineages, together with the strong individual genetic 
variation, probably stems from pre- and/or post-intro-
duction admixture. Geographical patterns of nuclear 
differentiation, which do not mirror the distribution 
of mitochondrial lineages, also argue in favour of a 
hybrid swarm between these gene pools. If not lim-
ited to neutral loci, the resulting high diversity might 
actively contribute to the success of marsh frogs in 
Switzerland, by increasing their potential for local 
adaptation (e.g. Kolbe et al., 2004).

Altogether, these findings emphasize the clear role 
of human societies in this invasion, as a consequence 
of both importation practices and human-driven trans-
locations across the country. Weak legislative and 
executive actions on international commercial trade 

Figure 3. Principal component analysis (PCA) of individual genotypes from marsh frogs (triangles) and the marsh frog 
hemiclones of edible frogs (circles). The two first axes explain 7.6 and 4.3% of the total variance, respectively. Western 
(localities 1–24) and eastern Switzerland (localities 25–38) are shown in warm (orange/red) and cold (dark/light green) col-
ours, respectively. The map shows their approximate locations. Historical samples are shown in dashed symbols (locality 1, 
1978–2002; other localities, 1960s; see Supporting Information, Table S1 for details).
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favoured the introductions of genetically diverse alien 
water frogs for decades (e.g. Holsbeek et al., 2008). 
At the regional level, frequent uncontrolled releases, 
usually for ornamental purposes, are a major driver 
(Dufresnes et al., 2017a). Although the persons respon-
sible are often wildlife enthusiasts (‘it would be nice 
to have wild animals in our garden’ or ‘better release 
it than kill it’), their lack of knowledge has promoted 
the introductions of many amphibian and reptile alien 
taxa, particularly in Switzerland (Dufresnes et al., 
2015, 2016, 2017b; Dubey et al., 2017). Despite being 
non-native, marsh frogs were historically considered 
as an enrichment of the Swiss herpetofauna (Escher, 
1972).

geNetic iNterActioNs with ‘NAtive’ wAter frogs

Are invasive marsh frogs (RR) genetically replacing the 
native R’ genome of P. esculentus? This taxon is most 
probably native to Switzerland, with records as old as 
the 19th century (Thierry Bohnenstengel, personal 
communication). In a local study, Leuenberger et al. 
(2014) found few R’R and RL individuals stemming 
from crosses between P. esculentus (R’L) × P. ridibun-
dus s.l. (RR) and P. lessonae s.l. (LL) × P. ridibundus s.l. 
(RR), respectively (Supporting Information, Fig. S1). 
They concluded that preferences for different micro-
habitats limited hybridization and that all three spe-
cies could coexist in the long term.

Here, two lines of evidence confirm that P. ridibun-
dus s.l. occasionally hybridizes with other sympat-
ric water frogs, especially in western Switzerland, 
and probably since the early presence of invaders. As 
emphasized by Leuenberger et al. (2014), they may 
hybridize with both edible frogs (yielding new R’R 
marsh frogs) and pool frogs (yielding new RL edible 
frogs). First, some P. esculentus harboured P. ridibun-
dus s.l. mitotypes, possibly obtained via ♀ P. ridibun-
dus s.l. × ♂ P. lessonae s.l. F1 crosses (framed RLrid 
in Supporting Information, Fig. S1B). This, however, 
remains limited to few individuals (seven out of 101 
P. esculentus coexisting with marsh frogs; Fig. 2). 
Reciprocally, one marsh frog individual carried mito-
chondrial DNA from a pool frog, potentially born from 
a ♀ P. esculentus × ♂ P. ridibundus s.l. cross (framed 
R’Rles or RRles in Supporting Information, Fig. S1B, C).

Second, part of the observed nuclear structure and 
diversity of invasive marsh frogs might result from 
hybridization with local P. esculentus (R’L). Marsh 
frogs from the Vaud canton (localities 7–18) have 
intermediate PCA scores between most P. esculentus  
hemiclones (supposedly R’) and the other marsh frogs 
(supposedly RR; Fig. 3), and could thus represent R’R 
individuals (R’Rles and R’Rrid in Supporting Information, 
Fig. S1C). The R and R’ genomes may admix through 

recombination in these individuals, and subsequent 
backcrossing by invasive RR marsh frogs will ultimately 
dilute the R’ gene pool. Reciprocally, few P. esculentus pos-
sess hemiclones that cluster with invasive marsh frogs 
(supposedly RR; Fig. 3), and may thus represent new 
RL P. esculentus (e.g. localities 3, 9, and 16–18; RLles and 
RLrid in Supporting Information, Fig. S1B). Importantly, 
if these RL individuals were to breed together, they 
should yield viable RR offspring (as the R genome is 
free of deleterious mutations), thus boosting the inva-
sion of the R genome (RRles and RRrid in Supporting 
Information, Fig. S1B). From this interpretation of the 
data, the two kinds of hypothetical genotypes (RL and 
R’R) were already present among historical specimens 
collected in the 1960s, i.e. during the very first years of 
the invasions (localities 5, 7, and 11–12). Despite poten-
tial differences in microhabitats, all three taxa may thus 
coexist and hybridize in some populations, as they some-
times do in natural ranges (e.g. Herczeg et al., 2017).

Although such interactions may occur in the west, 
marsh frogs from eastern Switzerland remained dif-
ferentiated from the hemiclones of P. esculentus (Fig. 3; 
localities 28–35). Accordingly, in western Switzerland, 
pairwise Fst between marsh frogs and marsh frog 
hemiclones phased from P. esculentus are much 
weaker (average Fst = 0.31) than in the eastern ranges 
(average Fst = 0.62; Supporting Information, Table S2). 
We did not find cytonuclear discordance in the latter 
either. The more recent spread of marsh frogs in east-
ern Switzerland may not yet have allowed opportuni-
ties for frequent hybridization with other water frogs.

Finally, we found little geographical structure 
among these P. ridibundus s.l. hemiclones across 
Switzerland. Weak east–west differentiation (Fig. 3; 
Supporting Information, Fig. S5) was not significantly 
explained by isolation by distance (P = 0.11). Most of 
the genetic variance stands from outlier haplotypes 
potentially acquired from the exotic marsh frogs 
(Supporting Information, Fig. S5). Yet, the pairwise 
Fst between populations remains strong overall (up to 
0.88; Supporting Information, Table S2), which is not 
surprising given the low effective size of non-recom-
bining clonal genomes.

The native R’ genome of autochthonous edible frogs 
is one of the last authentic entities among Swiss water 
frogs. The pool frog P. lessonae has been replaced by 
the Italian P. bergeri throughout most of the country 
(Dufresnes et al., 2017b) and adjacent regions (includ-
ing French Alsace, locality 24; S.D., C.B., and V.A., un-
published data). As a result of these multiple invasions, 
the situation for water frogs in Switzerland is thus ex-
tremely delicate. Conservation measures should pri-
oritize the protection of the remaining wetlands where 
invaders have not yet been reported, by maintaining 
and/or restoring habitat quality and preventing alien 
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introductions. The latter might benefit from rais-
ing public awareness regarding the problem caused 
by translocations, even at the regional level. Given 
that marsh frogs are preferentially a lowland spe-
cies, populations from the Alpine and Jura mountain 
ranges might represent the last strongholds of native 
Pelophylax diversity in the country.
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Figure S1. Potential genotypes obtained by first generation hybridogenetic crosses between invasive marsh frogs 
(RR) with local pool (LL) and edible frogs (R’L), as well as their backcrosses.
Figure S2: Sampled localities.
Figure S3. Principal component analysis on marsh frog genotypes from Switzerland and southern France, where 
the taxonomy was assessed.
Figure S4. Principal component analysis on P. ridibundus s.l. microsatellite genotypes in Switzerland.
Figure S5. Principal component analysis on marsh frog haplotypes (R’/R) phased from P. esculentus in Switzerland 
and adjacent regions.
Table S1. Information on the water frog individuals included in this study.
Table S2. Pairwise Fst among sample sets of marsh frogs (P. ridibundus s.l.) and R’/R germlines phased from 
P. esculentus.
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