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Abstract

The dynamic biogeography of glacial refugia may cause complex patterns of genetic admixture between parap-
atric taxa, which in turn can mislead their systematics, diversity, and distributions. We investigated this issue for
green toads (Bufotes) inhabiting the circum-Aegean region, a biodiversity hotspot of the Eastern Mediterranean.
A previous phylogeographic study based on mitochondrial and microsatellite loci identified the hybrid zone be-
tween the European (viridis) and Anatolian (sitibundus) lineages of B. viridis all over the Balkan Peninsula, but
subsequent range-wide genomic analyses (>1000 SNPs) located this transition in Turkey, a thousand kilometers
eastwards. In order to clarify the diversity and taxonomy of the circum-Aegean populations, we reconciled these
conflicting findings by integrating previous data with pure sitibundus individuals. Our results confirmed that the
viridis/sitibundus hybrid zone extends in Western Anatolia, but that southeastern European populations feature
cytonuclear discordances and a high and structured microsatellite diversity. This remarkable situation may stem
from a massive geographic displacement of the hybrid zone during the last glacial fluctuations, an underappreci-
ated yet seemingly common feature among the herpetofauna of the region. Our study thus contributes to the rising
view that mitochondrial DNA can be a poor predictor of current phylogeographic structure, hence the need for ge-
nomic data, especially for narrowly distributed taxa. Finally, the analyses unambiguously support the distinction of
a micro-endemic clade of green toads unique to some Cyclades islands, for which we provide a formal taxonomic
description.
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INTRODUCTION

The complex patterns of genetic diversity and struc-
ture often documented in glacial refugia are hallmarks
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of the dynamic history of species during the Quaternary,
which alternated range contractions and extensions that
set up recurrent secondary contacts between diverging
lineages (Avise 2000; Hewitt 2011). Phylogeographers
are starting to appreciate the most extreme consequences
of these processes, such as ghost mitochondrial linages
(Dufresnes et al. 2020), complete mitochondrial replace-
ment (Zieliński et al. 2013), mitochondrial capture dur-
ing expansions (Berthier et al. 2006), and hybrid zone
movements (Wielstra 2019) that may cause extensive
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Green toad diversity in the Aegean region

introgression inside species ranges. As a result, cyto-
nuclear discordances can dramatically skew species
delimitation based on mitochondrial DNA (mtDNA)
barcoding, as predominantly applied for closely related
cryptic taxa (Hinojosa et al. 2019). Hence, properly re-
constructing the biogeographic history of refugial popu-
lations can require significant sampling and genotyping
efforts in organisms that experienced multiple range shifts
and opportunities for gene flow.

Palearctic green toads from the genus Bufotes are evo-
lutionary witnesses of dynamic biogeography. This group
diversified in more than 10 diploid lineages of 2–16 My of
divergence, widely distributed in Europe, North-Africa,
the Middle East, and Central Asia (Dufresnes et al.
2019b), and for which we hereby follow the latest taxo-
nomic recommendations (Speybroeck et al. 2020). While
extensively described using mitochondrial DNA (Stöck
et al. 2006), the Bufotes radiation exhibits high rates of
cyto-nuclear discordances (Dufresnes et al. 2019b). In
the Western Palearctic, the mtDNA of the Middle East-
ern taxon Bufotes viridis sitibundus appears particularly
successful: it was entirely fixed in the Cyprian endemic
B. cypriensis, and it spread within most of the range of
the European B. v. viridis (Dufresnes et al. 2019b).

In this context, green toads from the circum-Aegean
region—which encompasses the Balkan and Anatolian
coasts of the Aegean Sea, and its hundreds of islands—
make a valuable model to appreciate the processes caus-
ing discordances between molecular markers in space and
time. This Mediterranean area lies at the crossroads of 3
tectonic plates and is marked by intense geological ac-
tivity since the Miocene (Udias 1985). As in many ter-
restrial organisms (e.g. Wielstra et al. 2017a; Dufresnes
et al. 2019a), distinct green toad lineages are found be-
tween the Balkan (B. v. viridis) and Anatolian Peninsu-
las (B. v. sitibundus), where they independently survived
the Quaternary glaciations, came into secondary contact,
and readily hybridized (Stöck et al. 2006; Dufresnes et al.
2018, 2019b). Yet, previous research reconstructed dis-
tinct phylogeographic scenarios. In a fine-scale regional
study, Dufresnes et al. (2018) applied mtDNA barcod-
ing to delimit the ranges of B. v. viridis and B. v. siti-
bundus and located their contact zone in Greece. Based
on a microsatellite dataset, the authors further concluded
that the gene pools of B. v. viridis and B. v. sitibundus had
merged all over the Balkan Peninsula, and reported a third
clade restricted to the Cyclades island of Naxos (diver-
gent at both mitochondrial and nuclear markers). How-
ever, the distribution of B. v. viridis and B. v. sitibundus
mitotypes does not reflect the respective ranges of these
taxa: based on high throughput sequencing (RADseq) and

genome size data, a subsequent study demonstrated that
the Balkan populations consist only of B. v. viridis and
that the present hybrid zone with B. v. sitibundus extended
across Western Anatolia instead (Dufresnes et al. 2019b).
The discrepancies between the mitochondrial and nuclear
distributions, and between the nuclear datasets, suggest
a complex historical phylogeography that remains to be
elucidated.

In order to comprehensively infer the phylogeographic
history and genetic diversity of circum-Aegean green
toads, we integrated previous mitochondrial, microsatel-
lite, and RADseq datasets with complementary genotypes
from pure B. v. sitibundus populations (which were lack-
ing from the original studies). In particular, we aimed
at clarifying the nuclear versus mitochondrial distribu-
tions of lineages, which in turn provided insights on
how the dynamic biogeography of Mediterranean refu-
gia can shape discordant signals of genetic diversity.
Our analyses further enabled to test for the nuclear
differentiation of the clade recently discovered in the
Central Aegean islands, and thus assess its taxonomic
validity.

MATERIALS AND METHODS

Genetic analysis

We complemented the microsatellite dataset of
Dufresnes et al. (2018) by the genotypes of 6 Bufotes v.
sitibundus toads sampled hundreds of kilometers from the
admixture zone (included in the study of Dufresnes et al.
2019b), namely in 2 localities close to Taşköprü, Turkey
(41.48°N, 34.21°E and 41.63°N, 34.40°E). The same
laboratory procedures were followed, genotyping was per-
formed on the same instrument (an ABI3130 genetic ana-
lyzer) and alleles were scored in Genemapper 4.0 with the
same bins and marker panels as in Dufresnes et al. (2018),
and similarly checked for null alleles. The total dataset
thus comprised 8 microsatellite markers (Bcalμ10, C203,
C218, D210, D106, C205, C223, D105) genotyped in 641
individuals from 112 localities.

To visualize the genetic variance in the dataset, we first
performed a principal component analysis (PCA) on in-
dividual genotypes with the R package adegenet (Jom-
bart 2008). These genotypes were then assigned to clus-
ters by the admixture model of STRUCTURE (Pritchard
et al. 2000), exploring solutions from K = 1 to 11, and
MCMC chains of 100 000 iterations after a burnin of
10 000. At least 10 replicates were run for each K to
assess the convergence of the results and compute like-
lihood scores, with STRUCTURE HARVESTER (Earl &
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C. Dufresnes et al.

Figure 1 (a) Principal component analysis (PCA) of the microsatellite genotypes published by Dufresnes et al. (2018), complemented
by the new B. v. sitibundus genotypes from Taşköprü. (b) Geographic origins of samples. Symbols differentiate continental populations
(circles) from insular populations (coastal islands: squares; offshore islands: triangles). Colors differentiate the main geographic areas.
(c) Close up on the Central Cyclades, where the labeled islands are those where green toads occur, according to Valakos et al. (2008).
The orange star shows the type locality of the new Naxos taxon B. v. dionysi ssp. nov., hereby depicted. Photo credit: IS.

vonHoldt 2012). Finally, observed heterozygosity (Ho, for
n ≥ 5 individuals per locality) and allelic richness (AR,
for n ≥ 10 alleles per locality) were calculated with the R
package PopGenReport (Adamack & Gruber 2014).

For mitochondrial distributions, we rely on the data
from Dufresnes et al. 2019b, which combines hundreds
of populations throughout Eurasia from >20 studies.

RESULTS

The first dimensions of the PCA distinguished 3 gene
pools (Fig. 1): (i) Bufotes v. viridis, represented by hun-
dreds of samples taken from continental Greece and the
Balkans; the coastal islands of Lefkada, Evia, and Thas-
sos; and the offshore islands of Kythera, Serifos, Crete,
and Lemnos, which all appear genetically similar; (ii)
B. v. sitibundus, represented by our new samples from
Taşköprü, close to the samples from Western Anatolia;
(iii) a third genetic group restricted to the islands of Naxos
and Ikaria. Toads sampled along the Anatolian coast, that
is, on the islands of Lesvos and Chios and the mainland,
form a spectrum between the B. v. viridis to B. v. sitibun-
dus clusters.

Bayesian clustering with STRUCTURE identified mul-
tiple genetic groups (Fig. 2; Appendix I). When few clus-
ters are considered, the first populations to stand out are
from Naxos/Ikaria (orange), Lemnos (white), Crete (dark
green), and Anatolia (blue). A cluster specific to the Eu-
ropean mainlands is only recovered by K = 5 (green).
Further increases of K reveal additional clusters within

the Balkan Peninsula and associated islands (shades of
green), but with no particular geographic pattern and with
most populations assigned to several clusters. In Fig. 2,
we illustrated K = 8, above which the likelihood decreases
(Appendix I). According to the PCA results, 6 out of the
8 genetic clusters of this analysis seem to correspond to
B. v. viridis (colored from white to dark green), with sub-
sets of this diversity that became fixed in isolated pop-
ulations. For instance, alleles that formed the “Lemnos”
cluster (white) are also found throughout the mainland.
Considering the 6 B. v. viridis clusters as one, the B. v.
viridis / sitibundus population ancestries estimated from
the microsatellite data remarkably coincide with the re-
sults obtained by Dufresnes et al. 2019b using RAD-seq
(1432 SNPs; Fig. 2). It confirms that European ranges are
composed of B. v. viridis, while populations from West-
ern Anatolia are admixed with B. v. sitibundus. The high
genetic variation within mainland populations also illus-
trates the diversity of admixing clusters (Appendix II). In
contrast, the Naxos, Ikaria, Lemnos, and Crete popula-
tions, which belong to well-defined STRUCTURE clus-
ters, bear the lowest genetic diversity (Appendix II).

As shown in Fig. 2, the distribution of mitochondrial
lineages in the region drastically differs from the nu-
clear distribution (Dufresnes et al. 2018). The mtDNA
of B. v. viridis is restricted to the southwestern main-
lands (Peloponese, Attica) and islands (Evia, Crete, Ser-
ifos, Lefkada). The mtDNA of the new Aegean taxon
was only detected on Naxos. All the remaining popula-
tions feature B. v. sitibundus mtDNA, including those of

422 © 2020 International Society of Zoological Sciences, Institute of Zoology/
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Green toad diversity in the Aegean region

Figure 2 Nuclear and mitochondrial differentiation in Aegean green toads. (a) Barplots of individual ancestry of microsatellite geno-
types from Dufresnes et al. (2018) and this study (Taşköprü) in 8 groups, 6 of which can be attributed to B. v. viridis; the map shows
average population ancestry to the microsatellite clusters corresponding to B. v. viridis (green, combining ancestry from the 6 identi-
fied clusters), B. v. sitibundus (blue), and B. v. dionysi ssp. nov. (orange), as well as the average ancestry obtained by Dufresnes et al.
2019b using RAD-seq loci (1432 SNPs) (asterisks) for comparison. (b) Time-calibrated mitochondrial phylogeny based on ≈850 bp
of the control region (adapted from Dufresnes et al. 2019b, with permission; grey: taxa outside the study area); the map shows the
distribution of the three mitochondrial clades identified in the study area.

B. v. viridis in the Balkan Peninsula, Thassos, and Lem-
nos, and of the new Aegean taxon in Ikaria.

DISCUSSION

Dynamic biogeography and cyto-nuclear

discordances

Our new analyses and interpretation of the nuclear
diversity dissected among >100 Aegean populations of
green toads provide an updated phylogeographic picture
that is fully consistent with the population genomic anal-
yses of Dufresnes et al. 2019b. Notably, it confirms the
location of the Bufotes v. viridis / sitibundus hybrid zone
in Anatolia (from Marmara to the Lycian coast), almost
a thousand kilometers east of their mitochondrial transi-
tion in the Balkans (Dufresnes et al. 2018). The extensive

cyto-nuclear discordances, lack of B. v. sitibundus refer-
ence samples, and high microsatellite diversity within B.
v. viridis all contributed to mislead previous conclusions,
especially as some of the B. v. viridis clusters were misat-
tributed to B. v. sitibundus (Dufresnes et al. 2018).

The widespread presence of B. v. sitibundus mtDNA
across the vast range of B. v. viridis advocates for a
long history of gene flow. Species distribution modeling
predicted suitable conditions for both taxa in the Aegean
region since the last glacial maximum (Dufresnes et al.
2019b). Hence, the hybrid zone could have been ini-
tially formed in the Balkans and then moved eastward
into Anatolia, for instance, by a recent expansion of B.
v. viridis. The shift was not necessarily continuous in
time: the initial contact in the Balkans may have been
interrupted (e.g. by an episode of range contraction) and
independently reestablished later in Anatolia. Accord-
ing to these scenarios, parts of the high microsatellite

© 2020 International Society of Zoological Sciences, Institute of Zoology/
Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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C. Dufresnes et al.

diversity dissected across the B. v. viridis ranges could
even derive from B. v. sitibundus alleles acquired through
past introgression. Indeed, some genetic clusters as-
signed to B. v. viridis appear genetically close to B. v.
sitibundus, which would be consistent with a shared
ancestry (Appendix I). However, microsatellite loci
have little power to disentangle between ancestral poly-
morphism, homoplasy and admixture, and the present
analyses do not allow to conclude on past nuclear gene
flow.

Dynamic hybrid zone formation involving consecutive
range shifts was hypothesized in several other systems,
where it similarly led to extensive cyto-nuclear discor-
dances (e.g. Wielstra et al. 2017a,b; Arntzen et al. 2017;
Dufresnes et al. 2020). Moving hybrid zones have been
under the spotlight only recently (Wielstra 2019), but may
actually be the rule rather than the exception, especially
within eco-topographically complex refugial areas, where
distinct micro-evolutionary lineages had recurrent oppor-
tunities for gene flow during the climatic fluctuations of
the Quaternary. Our study brings empirical support to this
emerging concept, which appears particularly widespread
among the herpetofauna of the Balkan Peninsula. Lack of
spatial correspondence between nuclear and mitochon-
drial markers is also characteristic of the Balkan-endemic
crested newt Triturus macedonicus (Wielstra & Arntzen
2020), where introgression with a related lineage further
resulted in mitochondrial capture (Wielstra et al. 2017a).
Regional hybrid swarms caused discordances between
the ecologically-distinct Bombina toads (Vöros et al.
2006). In Lissotriton, the Carpathian newt L. montandoni
lost its mtDNA due to historical hybridization with
parapatric, now reproductively isolated species (Zieliński
et al. 2013). As seen here in Bufotes, admixture be-
tween evolutionary lineages potentially promoted the
high genetic variation within populations (Appendix II),
which presumably engineered the rich diversity of glacial
refugia (the “evolutionary melting pot” hypothesis;
Dufresnes et al. 2016; Wielstra & Arntzen 2020). Strong
environmental heterogeneity throughout the Balkan re-
gion, which encompasses areas of climatic stability (e.g.
the Adriatic coast, the Carpathians, southern Greece,
where lineages continuously diverged in micro-refugia)
and instability (e.g. the Pannonian Basin, the northern
Aegean coasts, where lineages recurrently expanded,
admixed, and retracted) may have contributed to the
numerous admixture and discordance episodes found
across multiple species groups. This is also reflected in
the various locations of suture zones between amphibian
lineages originating from the same Balkan and Anatolian
refugia, and which contemporarily established either

around northeastern Greece (e.g. Pelobates, Dufresnes
et al. 2019a; Hyla, Dufresnes et al. 2015) or Western
Anatolia (e.g. Bufotes, this study; Lissotriton, Wielstra
et al. 2017b). The dynamic nature of range margins and
hotspots of intraspecific diversity deserves wider ac-
knowledgement in historical biogeography; especially as
it implies that mitochondrial-based phylogeographic sce-
narios should be interpreted with caution, and ultimately
revisited by genomic analyses.

Micro-endemism in the Aegean Sea

The present phylogeographic reassessment confirmed
the strong nuclear differentiation of Naxos and Ikaria pop-
ulations from either B. v. viridis and B. v. sitibundus. The
Naxos toads are further differentiated by a deep mito-
chondrial divergence, dated to at least 2 million years
(Fig. 2b), which coincides with the beginning of the Pleis-
tocene. This period was marked by sea level subsidence
that could have shortly opened land bridges with the
mainland, contributing to vicariance events in the Cy-
clades (Sfenthourakis & Legakis 2001; Valakos et al.
2008; van der Geer et al. 2014). Post-Messinian connec-
tions were hypothesized between Africa and Sicily at the
same epoch for the African green toad Bufotes boulengeri
(as well as other herpetofauna, Stöck et al. 2016), which
subsequently evolved into the Sicilian endemic B. b. sicu-
lus. Likewise, Naxos green toads thus deserve recogni-
tion as a new Bufotes taxon. Their phylogenetic place-
ment among the B. viridis subgroup yet remains uncertain
and will require clarification by genomic analyses: mito-
chondrial sequences branch as the sister clade of B. v. siti-
bundus with little node support (Dufresnes et al. 2019b;
Fig. 2), while the only available nuclear sequences (intron
5 of α-tropomyosine) show incomplete lineage sorting
(Dufresnes et al. 2018). Given the present data and tax-
onomic arrangements (Speybroeck et al. 2020), it should
anyway be considered as a subspecies of the polytypic
B. viridis.

According to the Bayesian clustering analyses, this
new taxon is also present on the island of Ikaria (Fig. 2),
where populations are nonetheless differentiated from
Naxos and possess B. v. sitibundus mtDNA (Fig. 1). Ikaria
is separated from the Cyclades by the mid-Aegean trench,
and from mainland Anatolia by sea depths of more than
150 m, both of which were still flooded during the last
glaciation (Perissoratis & Conispoliatis 2003; Lykousis
2009). Rafting and/or ancient human introductions from
the Cyclades could thus account for its arrival on Ikaria,
while island hopping from the nearby continent (e.g.
through Samos and Fournoi) would have enabled gene

424 © 2020 International Society of Zoological Sciences, Institute of Zoology/
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Green toad diversity in the Aegean region

flow and mitochondrial replacement (Dufresnes et al.
2018).

Description of Bufotes viridis dionysi ssp. nov.

Dufresnes, Probonas, Strachinis, 2020

ZooBank registration

The present publication is registered in ZooBank:
urn:lsid:zoobank.org:pub:A14F8302-CEE7-4F2B-
B9B9-11C392D538E8.

Identity and diagnosis

A diploid taxon endemic to the Aegean Sea which was
previously confounded with the cosmopolitan B. viridis
(Valakos et al. 2008) and remained unnoticed until the
molecular work of Dufresnes et al. (2018). It evolved
deep mitochondrial sequence divergence (Fig. 2), that is,
on average 6.5% from B. v. sitibundus and 7.9% from B.
v. viridis at a ≈850 bp portion of the control region (data
from Dufresnes et al. 2019b). At the nuclear level, it bears
a private haplotype at the gene α-tropomyosine (≈530 bp
analyzed at intron 5), differing by 4 mutational steps from
the closest sequences, which most likely belong to B. v.
viridis (data from Dufresnes et al. 2018). This taxon also
possesses unique microsatellite profiles reflecting strong
nuclear differentiation from other Aegean green toads
(Figs 1 and 2): The corresponding STRUCTURE cluster
features allele frequency divergences of 0.18–0.29 from
the B. v. viridis clusters (average: 0.21), and 0.16 from
the B. v. sitibundus cluster; in comparison, the divergence
between B. v. viridis and B. v. sitibundus clusters was
only 0.04–0.11 (average: 0.07). No morphological and
call differences from other B. viridis subspecies (where
phenotypes broadly overlap, Dufresnes et al. 2019b)
have been noticed, but a thorough assessment is lacking.
Consistently with Speybroeck et al. (2020), and given the
comparable mitochondrial divergence (Fig. 2), we hereby
consider the new taxon as a subspecies of B. viridis, thus
adding to B. v. viridis, B. v. longipes, B. v. sitibundus, B.
v. perrini, and B. v. balearicus.

Holotype

NHMC80.2.8.1095, adult female collected on April
25, 2020 in a field ≈500 m east of the coastal wet-
land bordering the beach of Mikri Vigla, Limanaki bay,
Naxos, Cyclades, Greece (37.02°N, 25.38°E; orange star
in Fig. 1), and curated at the National History Museum of
Crete (NHMC); depicted in Fig. 3.

a

b c

d e f

Figure 3 Holotype of Bufotes viridis dionysi ssp. nov.,
NHMC80.2.8.1095, collected near Mikri Vigla, Naxos, Cy-
clades, Greece Photo credits: IS. The specimen is depicted live
(a) and post-mortem (b–f), including dorsal (b) and ventral
views (c), as well as close-ups on the head (d), the hindfoot (e),
and the forefoot (f).

Description of the holotype

Medium sized body (snout-vent length: 68.6 mm)
and broad triangular head, wider (24.6 mm) than long
(17.1 mm); blunt, rounded snout with slightly protruding
maxilla; nostrils small and round; canthus rostralis abrupt
but with a rounded ridge; eyes large, interorbital space
flat, slightly wider (5.3 mm) than the internarial distance
(4.2 mm), with no distinguishable ridges on the lateral
sides of the frontoparietal bones; tympanum round and
distinct, with diameter (2.8 mm) lesser than half the eye
diameter (6.7 mm); tympanum annulus is distinct and
thick at the anterior margin; metacarpal tubercles distinct;
inner tubercle slightly smaller than the outer tubercle; 4
fingers, with subarticular tubercles well developed, all
rounded, except for the first which is oval; hind limbs rela-
tively short, tibia slightly shorter (25.7 mm) than the thigh

© 2020 International Society of Zoological Sciences, Institute of Zoology/
Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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C. Dufresnes et al.

Table 1 Summary of the taxonomic diversity of green toads (Bufotes) from the Aegean region, including the putative origin for
island populations; their mitochondrial identities are provided, combining the data from Dufresnes et al. (2018, 2019b)

Region Taxon mtDNA Colonization

Mainlands

Balkan Peninsula
†

B. v. viridis viridis/sitibundus —

Marmara region B. v. viridis sitibundus —

W-Anatolia B. v. viridis / sitibundus sitibundus —

Islands

Corfu B. v. viridis sitibundus Glacial land bridge

Lefkada B. v. viridis viridis/sitibundus Glacial land bridge

Kythera B. v. viridis — Glacial land bridge

Evia B. v. viridis viridis Glacial land bridge

Thassos B. v. viridis sitibundus Glacial land bridge

Serifos B. v. viridis viridis S-Greece

Crete B. v. viridis viridis/sitibundus S-Greece + Anatolia or Cyprus
‡

Lemnos B. v. viridis sitibundus Glacial land bridge

Lesvos B. v. sitibundus sitibundus Glacial land bridge

Chios B. v. viridis / sitibundus sitibundus Glacial land bridge

Kos B. v. viridis / sitibundus sitibundus Glacial land bridge

Rhodos B. v. sitibundus sitibundus Anatolia

Ikaria B. v. dionysi?
§

sitibundus Cyclades + W-Anatolia

Naxos B. v. dionysi dionysi —

†
Except Dalmatia (B. v. longipes). ‡According to the identity of mtDNA haplotypes (Dufresnes et al. 2019b). §Private diversity

clustering with B. v. dionysi but with sitibundus mtDNA.

(29.2 mm); 5 toes moderately long with rounded tips, and
relative length as I < II < V < III < IV; poorly developed
webbing, with webbing formula as: I 2–3 II 2–4 III 3–4
IV 4–3 V; inner metatarsal tubercle well developed (4.7
mm long). Dorsum intensively granulated with warts;
large protruding parotids, twice longer than wide (13.9 ×
6.8 mm); ventral surface smooth, but rougher at the thigh
area. Dorsum colored with big dark green spots–patches
οn a whitish-beige background, with orange wart tips,
eyelids and snout tip; dorsal side of limbs with same
coloration as dorsum, but ventral side of limbs whitish;
ventral surface whitish with dark green spots scattered
across the pectoral and abdominal areas. Measurements
of 22 standard morphological characters are available in
Appendix III, following Waters et al. (2016).

Etymology

No bufonid has been described from the Aegean
region, hence no name is available for this new sub-
species (for the nomina available in the genus Bufotes,

see Dufresnes et al. 2019b). We thus coin a new nomen,
Bufotes viridis dionysi, as a reference to Dionysos, the
protector of Naxos and the Olympian god of wine, fertil-
ity, and festivities in the Greek mythology, which we wish
to all herpetologists worldwide in this strange year 2020.
As vernacular names, we propose Dionysos’s Green Toad
(English), �ρασινόϕρυνος του �ιονύσου (Greek),
and Crapaud Vert de Dionysos (French).

Distribution

Endemic to the Aegean Sea, so far confirmed on the
island of Naxos. It may occur elsewhere in the Cyclades,
notably on Siros, Tinos, Andros, Amorgos, and Ios, which
have been recurrently connected to Naxos during the
Pleistocene (as part of the Cycladic Plateau) and where
green toads have been reported (Valakos et al. 2008) but
not yet barcoded (Fig. 1). Populations clustering with B. v.
dionysi are also found on Ikaria, with traces of hybridiza-
tion with B. v. sitibundus.

426 © 2020 International Society of Zoological Sciences, Institute of Zoology/
Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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Green toad diversity in the Aegean region

CONCLUSIONS

We clarified the evolutionary history of the three green
toad taxa distributed around the Aegean mainlands and
islands. Their taxonomic nature and origins are summa-
rized in Table 1. Unidentified populations have been re-
ported on several additional islands (Valakos et al. 2008;
Fig. 1), which should motivate future molecular studies
to complement our appreciation of the rich biodiversity
of the Aegean region. The discordant patterns of diversity
that we disentangled among these taxa emphasize the dy-
namic biogeography of Quaternary refugia, especially in
the Balkan Peninsula, and that mitochondrial DNA may
be a poor predictor of contemporary population struc-
ture. This calls for caution when interpreting scenarios
of micro-endemism and secondary contacts from mtDNA
and/or limited sets of nuclear markers, hence the need
for next-generation (genomic) phylogeography to prop-
erly test and refine biogeographical hypotheses, and ac-
counting for the fluctuations of species ranges under short
evolutionary timescales.
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