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Anurans are known to exhibit a wide array of colour and
pattern polymorphisms, including “background” colour
and the presence or absence of stripes and spots. Most
studies suggest that these traits are heritable (HOFFMAN &
BLOUIN 2000, O’'NEILL & BEARD 2010), which means that
variations can be shaped and influenced by drift, and pred-
atory and sexual selection (e.g., TAYLOR et al. 2007), in ad-
dition to other factors, such as ontogenetic changes, sexu-
al dimorphism, and physiological plasticity (HOFFMAN &
BLOUIN 2000). In hylid frogs, an array of physiological col-
our changes has been documented (e.g., SCHNEIDER 2009
and references therein). The complex processes that main-
tain colour polymorphisms in nature allow displaying a
large diversity of phenotypes.

Here we focus on the stripeless tree frog Hyla meri-
dionalis BOETTGER, 1874, a widespread anuran distribut-
ed around the western Mediterranean basin, from North
Africa (Tunisia, Algeria and Morocco) to the Iberian Pen-
insula, reaching its northern range boundary in southern
France and northeastern Italy. Several insular populations
also occur on Minorca and the Canary Islands. As indicat-
ed by its English vernacular name, the stripeless tree frog
is very well distinguishable from other Western Palearc-
tic hylids by having short lateral stripes that typically only
reach the forelegs, and are completely absent on the flanks
(ARNOLD & OVENDEN 2002, SCHNEIDER 2009, Fig. 1h).
Here we report on a remarkable exception in several popu-
lations from the Canary Islands where individuals display
unusually prominent stripes.

Our observations were made on the remote islet of
Alegranza (eastern Canary Islands) at a small permanent
freshwater pond (the only suitable breeding site for tree
frogs; 29°23’5.20” N, 13°31'12.30” W). In September of 2010,
we observed about 50 juveniles (ca. 2 cm) with highly poly-
morphic lateral stripes (Figs. 1a-d), ranging from regular
short lines to much more extended flanking stripes, as
found, e.g., in H. arborea. Besides, all individuals exhibited
an unusual brownish background colour that was scattered
with large black dots.

In order to ascertain the identity and origin of this iso-
lated population, we sampled buccal cells from three indi-
viduals (non-invasive swabs; BROQUET et al. 2007), from
which we sequenced two mitochondrial markers: cyto-
chrome b and 16S rDNA sequences, following the method-
ology described in STOCK et al. (2008) and PALUMBI (1996),
respectively. We built a maximum likelihood phylogenetic
tree of cytochrome b sequences (747 bp aligned) from Ale-
granza with a subset of those from the study of ST6ck et
al. (2008), which includes hylids from the entire H. arbo-
rea group. Interpretation of the tree was straightforward
(Figure 2): All three samples from Alegranza unambigu-
ously clustered within the nominal H. meridionalis clade,
along with other sequences from the neighbouring island
of Tenerife and from mainland Morocco. Furthermore,
BLAST analysis (ZHANG et al. 2000) revealed that our 16S
rDNA sequences (543 bp aligned) had the same haplotype
as those from Tenerife (GQ916810; GVozDIK et al. 2010)
and Fuerteventura (EF566953; LEMMON et al. 2007).

Tree frog populations in the Canaries are assumed to
be a result of recent human introduction (PLEGUEZUELOS
2002), which has been confirmed for most islands by phy-
logenetic studies (RECUERO et al. 2007, STOCK et al. 2008).
It is unclear whether the first introduction took place when
humans arrived from North Africa (some 2500 years ago,
Macias 1996), or more recently in connection with the col-
onization by European settlers (NAVARRO 2001). Tree frogs
have rapidly dispersed since, and are now present on all
seven major islands (in addition to Alegranza) of the archi-
pelago (RODRIGUEZ LUENGO 2001). RECUERO et al. (2007)
demonstrated that H. meridionalis sequences from the Ca-
naries clustered with those from N-Morocco and NE-Ibe-
ria but not with geographically proximate mainland frogs
from SW-Morocco (see also STOCK et al. 2008). Our results
are thus consistent with previous work, and the Alegranza
tree frogs are likely to have originated from the same intro-
duction event(s) as those on neighbouring islands.

How could such phenotypic diversity have then aris-
en in the archipelago, especially in such a short period of
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time? We propose several ideas: The brown “background”
colour observed on Alegranza is uncommon, but H. meri-
dionalis has been described as exhibiting different col-
ours and spotted patterns (ARNOLD & OVENDEN 2002,
MURATET 2008, SCHNEIDER 2009). Colour features enable
frogs to blend into their environment (homochromy) in
order to avoid visual detection by predators (HOFFMAN &
BLOUIN 2000). Brown morphs might indeed be favoured
on Alegranza, where the habitat is homogeneously sub-
desertic and composed only of rocks and scrubby vegeta-
tion. In contrast, tree frogs from other Canary Islands of-

ten inhabit banana plantations and gardens, and usually
display pigmentation that matches this environment (uni-
form green, Figs. 1e-g), even though with a few exceptions
(SCHNEIDER 2009 and ref. therein; MAZZEI & PIMPELLINI
2009). Alternatively, stronger genetic drift may be respon-
sible for the unusual colour pattern in this small and isolat-
ed population. Green and brown pigmentations only dif-
fer in their types of chromatophores (HOFEMAN & BLOUIN
2000, SCHNEIDER 2009), and various colour morphs are
expected to frequently arise within populations over short
evolutionary periods.
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Figure 1. Unusual striped phenotypes amongst tree frogs from the Canary Islands of Alegranza (a—d; note the green colour in a small
portion of the back in d), Gran Canaria (e), La Gomera (f) and Lanzarote (g), compared with typical Hyla meridionalis (h). Note some
similarity with tree frogs of the Anti-Atlas form of H. meridionalis (i) and hybrids between Hyla meridionalis and Hyla arborea (j),
which are, however, not closely related to those from the Canaries. Photographs by CHRISTOPHE DUFRESNES (a-d), PAOLO MAZZE1
(f), MiGueL Rouco (g), Dint Cortes (h), FRaANK DEscHANDOL (i), and adapted from WEIMER 2010 (e) and BARBADILLO & LAPENA

2003 (j).
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In hylids, skin pigmentation can also spontaneously
vary for physiological reasons, as adaptation to the en-
vironment and to improve thermoregulatory efficiency
(VENCES et al. 2002). Extreme environmental conditions,
such as those faced by the Alegranza tree frogs (brack-
ish water, intense solar irradiation), may influence the ex-
pression of some morphological characters (I. GOMEz-
MESTRE, pers. comm.). Actual colour changes (e.g., from
green to brown and vice versa) during the course of life
are uncommon, but can occur as ontogenetic changes (e.g.,
in green toads, Bufo viridis subgroup, post-metamorphic
colour patterns maintain their basic shapes, but often in-
crease in size and connectivity; BRAUER 1991). In addition,

100

changes from green to brown seem to be the most frequent
ones (HOFFMAN & BLOUIN 2000), and have been described
for other hylids (e.g., H. regilla, MACKEY 1958). We found
a few individual tree frogs (H. meridionalis) on Alegranza
that were displaying green pigmentation in some portions
of the body (Fig. 1d), possibly as a result of as yet incom-
plete ontogenetic changes.

Why these tree frogs display extended lateral stripes re-
mains an open question. We compiled photographic ev-
idence of similar patterns on at least three other Canary
Islands: Gran Canaria (WEIMER 2010, Fig. 1e; independ-
ently confirmed by the pictures of J. RIVERO SANCHEZ, not
shown), La Gomera (Fig. 1f) and Lanzarote (Fig. 1g). Their
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Figure 2. Phylogeny of tree frogs from Alegranza based on mitochondrial cytochrome b sequences within a subset of the phylogeny as
shown in STOCK et al. (2008). The maximum likelihood phylogram was constructed using PhyML version 3.0.1 (GUINDON & GASCUEL
2003) with bootstrap support values obtained from 1000 resampled datasets (support values are only labelled for major nodes, when

above 50%). Hyla japonica was used as outgroup.
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taxonomic identities have, however, not been confirmed by
molecular markers.

Our and most of these observations involve juveniles
(but see Figure 1f), suggesting that this unexpected pheno-
type could be age-related. Striped juveniles can sometimes
be found in populations from southern France (P. GENIEZ,
pers. obs.). In addition, physiological colour changes might
also cause in part the variation observed. For instance, dor-
sal dots appear to be physiologically changeable in H. sarda
(MS pers. obs.).

The occurrence of stripes in few adults along with typi-
cally coloured individuals (e.g., on La Gomera, Figure 1f),
however, suggests microevolution of skin patterns in the
archipelago (e.g., drift, shifts in predatory and sexual selec-
tion; ROBERTSON & ROBERTSON 2008, GOMEZ et al. 2009).
In Eleutherodactylus coqui, stripe patterns are inherited in
a Mendelian manner by “a single autosomal locus, five-al-
lele model, in which all alleles coding for stripes are co-
dominant and the allele coding for the unstriped morph
is recessive” (O’'NEILL & BEIRD 2010). Assuming a simi-
lar mode of inheritance in H. meridionalis, enhanced drift
through multiple founder effects could have led to a fixa-
tion of recessive (and elsewhere rare) stripe-coding alleles
during the colonisation of the archipelago.

As mtDNA is only maternally transmitted, hybridisa-
tion with another tree frog species could still explain the
unusual phenotype, but seems to be excluded, as no other
hylid has been reported from the Canaries. So far, there
is no evidence that striped mainland forms of tree frogs
(H. meridionalis from the Anti-Atlas, southern Morocco,
Bons AND GENIEZ, 1996, Figure 1i), or even H. meridionalis
x H. arborea hybrids (e.g., from Spain, BARBADILLO & La-
PENA 2003, Fig. 1j) contributed to the peculiar appearance
of Canary tree frogs.

Future research might focus on the origin of these unu-
sual phenotypes, especially in adults, and include a more
precise reconstruction of tree frog introduction to the is-
lands, for instance by using fast-evolving molecular mark-
ers such as microsatellites.
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