
Changes in dorsal spot pattern in
adult Salamandra salamandra

(LiNNAEuS, 1758)

Mark-recapture techniques for the in -
dividual recognition of animals are com-
monly used in population studies of am -
phibians.  The supposed longer-term con-
stancy of the individual colorpattern repre-
sents the basis for a widely accepted non-
invasive technique for individual recogni-
tion in amphibian species in which the dor-
sal or ventral pattern varies among individ-
uals (DONELLy et al. 1994; CARAfA & Bi -
ONDi 2004; PLăiAşu et al. 2005; BiANCARDi
& DiCERBO 2010; GOLLMANN & GOLLMANN
2011; COuRTOiS et al. 2013; LEEB et al.
2013).  Thus, the conspicuous dorsal pattern
of yellow to orange spots on black back-
ground of fire Salamanders, Salamandra
sa lamandra (LiNNAEuS, 1758), is consid-
ered a suitable identification tool in mark-
recapture studies (e.g., CARAfA & BiONDi
2004; BAR-DAviD et al. 2007; SCHMiDT et al.
2014).  The authors of the present note used
this approach in their research on hiberna-
tion and sexual dimorphism in the colorpat-
tern of fire Salamanders in Slovakia (BALO -
GOvá & uHRiN 2014, 2015).  in the present
study, minor, however unexpected, changes
in the shape of spots of adult S. salamandra
salamandra observed during their ontogeny
are reported. 

Salamanders were repeatedly captured
from November 2011 to March 2014 in an
artificial damp gallery near the village of
Tichá voda (eastern Slovakia; 48°46.2’N,
20°36.3’E; 855 m a. s. l.; 49 individually re -
cognized specimens, 24 males, 15 females,
10 juveniles) and from December 2011 to
April 2014 in Bobačka Cave (eastern
Slovakia; 48°46.9’ N, 20°06.3’E; 811 m a. s.
l.; 106 individually recognized specimens,
47 males, 51 females, 8 juveniles).  Each
individual’s dorsal side was photographed
and coded according to a method based on
unique spot markings (OPATRNý 1983).

from 49 identified individuals in the
gallery near the village of Tichá voda, 37
(75.5 %) were recaptured [number of recap-
tures > 0] and 27 (55.1 %) more than once
[number of recaptures > 1].  in seven sala-
manders (14.3 %), individual changes in

dorsal coloration were recorded, with 301
days (3 March to 28 December, 2012) rep-
resenting the shortest interval leading to the
observed modification.  in Bobačka Cave,
from 106 identified individuals 42 (39.6 %)
were recaptured [number of recaptures > 0],
23 (21.7 %) more than once [number of re -
captures > 1].  in three salamanders (2.8 %),
dorsal pattern changes were detected, with
307 days (9 March, 2012 to 9 January, 2013)
representing the shortest interval leading to
the observed modification.  The gradual
alteration of a complex circular spot (fig. 1,
individual no. viii) was recorded during
two years (639 days).  Generally, two types
of changes were observed: (1) reduction of
the spot area, and (2) spot splitting (fig. 1).

Recognition of individual animals
using photo documentation has great advan-
tages; e. g., it does not involve stress and risk
of infection as do invasive techniques, such
as applying PiT (Passive integrated Trans -
ponder) tags, toe clipping or branding
(PLăiAşu et al. 2005; WAyE 2013).  in the
present study, minor changes in the dorsal
pattern were seen already as early as at the
age of about ten months when compared to
earlier developmental stages. 

The growth velocity of fire Sala -
manders decreases at about the age of two
years and varies between individuals de -
pending on external ecological factors
(BARuš & OLivA 1992).  for instance, in one
salamander, an increase by 19.0 mm in total
length over five years was observed, where-
as another one gained just 3.0 mm over five
years and three months.  The authors as sume
that the velocity of dorsal pattern alteration
is correlated with individual growth velocity.
Thus, future studies should try to find out
whether or not changes in dorsal spots are
more rapid and pronounced in juvenile indi-
viduals than in adults because of the faster
growth rate of the former.  Several observa-
tions raised doubts regarding pattern con-
stancy.  BOGAERTS (2002) reported colorpat-
tern modifications during ontogenesis in S.
salamandra which were however, declared
to be of minor significance in sexually
mature adults and would not impede indi-
vidual identification (THiESMEiER 2004).
BEukEMA (2011) provided evidence on the
ontogenetic development of the dorsal pat-
tern in Salamandra corsica SAvi, 1838,
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recording a significant increase in the num-
ber of spots, which changed from a more
rounded to irregular shape with increasing
snout vent length.  This could have been
caused by the splitting of coherent larger
spots into smaller spots, as was recorded in
the present study.  BEukEMA (2011) further-
more drew attention to long-term studies
and possible identification errors that may
arise from his observation.  WAyE (2013)
observed marked ontogenetic alterations in
the colorpattern of Ambystoma tigrinum
(GREEN, 1825) which may complicate not
only individual identification but also sub-
specific classification of Tiger Salamanders.
furthermore, the reliability of photo docu-
mentation for individual identification was
critically reviewed in some frog species, e. g.,
Litoria genimaculata (HORST, 1883) and Bom -
bina variegata (LiNNAEuS, 1758) (kENyON
et al. 2009; GOLLMANN & GOLLMANN 2011).

in conclusion, the authors suggest that
in long-term studies of Salamandra sala-
mandra photo documentation should be
combined with another method of individ-
ual recognition.  The non-invasive method
proposed for S. salamandra by šukALO et
al. (2013) could be suitable.  in a modified
approach, the unique individual alphanu-
meric code would be formed by the number
of openings on the yellow surface of the
parotid glands only, exclusive of the open-
ings on the potentially unstable yellow areas
along the dorsum and tail.
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Moroccan herpetofauna 
distribution updates including 
a DNA barcoding approach

The herpetofauna of the kingdom of
Morocco is among the richest and most
diverse in the Maghreb and Western Europe.
This fact is clearly related with the consid-
erable topological variation of the region,
with the Rif and Atlas Mountains dividing
the country into climatically different zones.
The first step towards any ecological, con-
servation or modeling approaches concern-
ing this rich diversity is to develop accurate
distribution datasets.  BONS & GENiEZ
(1996) presented a detailed assessment of
the known diversity at that time.  However,
various researchers have since then present-
ed data indicating extension of known
ranges for many species (e.g., GuZMAN et al.
2007; HARRiS et al. 2008, 2010; BARNESTEiN
et al. 2010; BARATA et al. 2011; BEukEMA et
al. 2013; DAMAS-MOREiRA et al. 2014), and
it is clear that current records are still limit-
ed, especially in the eastern region (BARATA
et al. 2011; BEukEMA et al. 2013).  At the
same time, modeling approaches have been
employed, which may help to highlight
regions in need of further prospection (DE
POuS et al. 2010).  in particular, in an exten-
sive review of the distribution and biogeog-
raphy of Moroccan amphibians (BEukEMA
et al. 2013), models indicating regions of
high probability of occurrence were present-
ed for all species along with greatly
improved distribution maps.  New records
for amphibians can therefore both be com-
pared to these models and can be informa-
tive in determining whether distribution
maps are stabilizing for such well-studied
groups.  Additionally, they can also be used
to draw a parallel scenario in groups known
to be much harder to locate, such as fossor-
ial species or snakes.

The accuracy of distribution maps
relies on species being correctly identified.
This is not always simple – many forms of
the Moroccan herpetofauna have recently
been identified as species complexes (e.g.,
RATO et al. 2012), and several of these are
“cryptic” implying that identification is
made using molecular markers.  This
includes forms of the Podarcis vaucheri
(BOuLEN GER, 1905) complex (PiNHO et al.
2007), or lineages within various geckos
including Quedenfeldtia (BARATA et al.
2012), Ptyo dactylus (PERERA & HARRiS
2010) and Ste nodactylus (METALLiNOu et al.
2012).  Other species can be difficult to
identify when only juveniles or tadpoles are
collected.  Addition ally, many groups such
as snakes are often widely sampled as road-
killed animals, and in some cases, identify-
ing remains to the species level is again dif-
ficult.  in these cases the use of a DNA “bar-
coding” approach (HEBERT & GREGORy
2005) can be useful.

in the present study, the authors com-
piled records of two expeditions to Morocco
over a combined five week period in spring
2013 and 2014.  Sampling covered a wide
range of southern and eastern Morocco, and
was done in complement to a recent survey
of northern and central regions (DAMAS-
MOREiRA et al. 2014).  in total, 138 locali-
ties were sampled and 53 species recorded.
GPS coordinates and a detailed list of
species per locality are given in Table 1.
Photos of most animals are available on
request from the authors.  

Distribution data was compared to
published records and interesting new local-
ities discussed in the text that follows.  in
cases where a species diagnosis based on
morphological characters could not be made
with certainty, a DNA barcoding approach
was used.  DNA was extracted using stan-
dard high-salt methods (SAMBROOk et al.
1989).  PCR was used to amplify a region of
the 12S rRNA, using published protocols
(HARRiS et al. 1998).  This gene was chosen
rather than the classic barcoding COi region
since comparative published data for 12S
was already available for most of the pre-
sumed species.  for example, 12S rRNA
sequences are available for most toad
species from Morocco (e.g., HARRiS &
PERERA 2009; DE POuS et al. 2013), so this
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