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Abstract. Habitat loss and fragmentation are threatening amphibians by increasing population isolation. However, artificial
waterbodies created for livestock may contrast this phenomenon by providing surrogate habitats for amphibians. Here, we performed
a genetic study on an amphibian species, Lissotriton vulgaris meridionalis, in a rural area in central Italy where natural wetlands
are disappearing and drinking troughs for cattle watering are widespread. Specifically, we tested a panel of microsatellite markers
to identify a suitable tool for addressing conservation genetic issues of this species that is undergoing severe local decline. Twelve
of the 20 tested loci produced reliable amplifications and were polymorphic. Three distinct units with a low level of gene flow were
distinguished and the population genetic structuring overlapped with geographic distribution. Such loci will be useful to assess the
genetic diversity of the species across multiscale levels for its management and conservation.
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Introduction
In the past decades, amphibians have been undergoing
a major global decline because of pollution, pathogens,
exotic species, UV radiation, habitat destruction and climatic changes (Alford and Richards 1999). Habitat loss
and fragmentation, consequent to agricultural intensification, have posed serious threats to many species by
increasing population isolation (Beebee 2005). Definitely,
intrinsic amphibian features such as metapopulation structure (Alford and Richards 1999), low dispersal abilities
and strong site fidelity (Squire and Newman 2002) make
them particularly vulnerable by limiting interpopulation
exchanges and structuring populations in distinct genetic
units despite geographic proximity (Jehle and Arntzen
2002). The study of amphibian population dynamics and
connectivity, and the identification of demes vulnerable
to genetic threats are therefore a priority from a conservation perspective, especially at a small geographic scale
(Semlitsch 2000; Jehle and Arntzen 2002). In this context,
microsatellite markers represent suitable genetic tools to

identify populations with reduced genetic diversity, infer
population structure, estimate effective population size,
determine levels of migration and gene flow among populations, and investigate the effects of barriers and other
landscape features on populations (Jehle and Arntzen
2002, Beebee 2005).
The smooth newt, Lissotriton vulgaris (Linnaeus 1758) is
abundant and widely distributed in Europe (Razzetti and
Bernini 2006), and is an ideal candidate for investigating
regional population connectivity since it (i) has limited dispersal capabilities, (ii) exhibits high breeding site fidelity,
and (iii) is a highly deme-structured species (Griffiths 1996;
Roth and Jehle 2016). The smooth newt is not protected by
Habitat Directive, although local populations seem to be
undergoing severe declines, especially in Italy (ssp. meridionalis), following habitat destruction and fragmentation
(Razzetti and Bernini 2006).
The aim of the present study was to test a panel of 20
microsatellite markers (previously developed and tested for
cross-species amplification in other Lissotriton species and
subspecies) on the Italian smooth newt, L. v. meridionalis
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Figure 1. Satellite map of the study area with localities for the
three sampled L. v. meridionalis populations inhabiting drinking
trough FB, Bandita; FP, Pianoro; FT, TorCimina.

(Boulenger 1882), to identify a suitable tool for addressing
conservation genetic issues of this potentially threatened
species. Specifically, we aimed to evaluate the usefulness
of this panel in assessing population structure and genetic
variability at a local spatial scale.

Materials and methods
Field work was carried out during 2015 in a Special Protection Area (SPA, IT6030005) in Latium region (central
Italy), where natural wetlands are disappearing and being
no longer available for amphibian reproduction. However,
drinking troughs constructed for free-ranging cattle watering are particularly widespread in the study area and may
indirectly provide surrogate breeding habitats for amphibians. We collected tissue samples by tail clipping from 57
adult Italian smooth newts from three demes inhabiting
drinking troughs 10–15 km far from each other (FB, Bandita; FP, Pianoro; FT, TorCimina. Distances (km): FP–FT
= 11.7; FB–FP = 10.1; FT–FB = 15.7; figure 1). Tail-clips
were stored in 95% ethanol until analysis.
Twenty published microsatellite loci were selected and
tested (table 1). The forward primers were labelled with a
fluorescent dye (Applied Biosystems, Foster City, USA).
Newt tail-tips were digested using a proteinase K solution (56◦ C, overnight). Total genomic DNA was extracted
using DNeasy blood and tissue kit (Qiagen, Hilden, Germany). Simplex PCRs were performed to test each of the
20 primer pairs. Among these, 12 produced reliable amplification with polymorphic results, whereas the remaining
primers were discarded because of no amplification, low
signal, or many aspecific signals (table 1). To optimize time
and cost of our analyses, we ran three multiplex PCRs
(M1, M2, M3; table 1) using Qiagen Multiplex PCR kit
in 8 μL mix solution composed of 3.50 μL HotStarTaqMaster mix, 0.70 μL Qsol, 1 μL DNA and 0.20 μL each
primer (10 μM) were brought to volume with H2 O. Amplification conditions for all loci were carried out, setting an

initial denaturing at 95◦ C for 15 min, 40 cycles of denaturing at 94◦ C for 30 s, annealing temperature of 55◦ C
for 1.30 min and 72◦ C extension for 1 min, and a final
10 min extension at 72◦ C. Two replicates for each sample
at each locus were performed. PCR products were electrophoresed with internal size standard (GeneScan 1200
LIZ, Life Technologies, Carlsbad, USA) in an ABI3130XL
sequencer and allele sizes were scored using the software
GeneMapperv.4.0 (Life Technologies).
We checked newt genotypes for the presence of null
alleles (Micro-Checker, Oosterhout et al. 2004), Hardy–
Weinberg equilibrium within populations (Genepop ver.
4.2, Rousset 2008), and estimated average number of alleles
per locus, allele frequencies, expected and observed heterozygosities, genetic distances and eligibility tests through
principal coordinate analysis (PCoA) (Genalex ver. 6.5,
Peakall and Smouse 2006, 2012). Then, we inferred population genetic structure and distinguished the clusters
of populations by means of Bayesian procedures (Structure ver. 2.3.4, Pritchard et al. 2000). For evaluation of
optimum number of populations (K ), a simulation was
coordinated using parameters K (1–3) with a random start
for each K value and five independent runs (200,000 iteration following a burn-in period of 20,000), and assuming
K value, which takes into account the shape of the log
likelihood curve (Evanno et al. 2005).

Results and discussion
Twelve of 20 tested microsatellite loci produced reliable amplifications. All loci were polymorphic except
LVG-388 in FB and FP populations, and LVG-210 and
Lm_013 in FT population. A similar low-level of successful cross-species amplification was documented in other
Lissotriton species (Johanet et al. 2009; Nadachowska
et al. 2010). This was not surprising since close related
amphibian taxa (i.e., congeneric species and subspecies)
often showed a cross-species amplification success rate
lower than expected (Primmer and Merilä 2002). This
is probably due to the intrinsic characteristics of urodelan genome (i.e., large-sized and complex) resulting in an
amplification success that decreases significantly with its
increasing size (Garner 2002). Further, microsatellites are
usually found in noncoding regions with high substitution rates positively correlated with genetic divergence time
(Primmer and Merilä 2002). Thus, the detected low crossamplification success may also be explained by the fact that
Triturus genus is no longer considered monophyletic and
Triturus species diverged long time ago (i.e., more than 60
Mya; Steinfartz et al. 2007).
The number of alleles per locus ranged from two (LVG388) to 18 (Lm_488 and Lm_749) and the expected
heterozygosity from 0.046 (LVG-388) to 0.810 (Lm_521)
(table 1). After Bonferroni correction, the observed and
expected heterozygosities did not differ significantly
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For each locus shown: fluorescent dye used; microsatellite sequence; size range; Na , allele number; Ho , observed heterozygosity; He , expected heterozygosity; multiplex PCRs
performed.
*L. montandoni, Nadachowska et al. (2010).
#L. vulgaris graecus, Sotiropoulos et al. (2009).
+L. helveticus and L. vulgaris, Johanet et al. (2009).
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Table 1. Twenty published microsatellite loci, selected and tested on collected newt samples.

An improved microsatellite panel to assess genetic variability

17
20
20
57
FB
FP
FT
Total

N, sample size; %P, percentage of polymorphic loci; Na , allele number; Pa , private alleles; He , expected heterozygosity; Ho , observed heterozygosity; HWE, Hardy–Weinberg
equilibrium; in brackets, standard error values.

0.002
0.154
0.192
0.003
0.581 (0.084)
0.556 (0.084)
0.472 (0.102)
0.536 (0.051)
0.600 (0.073)
0.549 (0.076)
0.465 (0.089)
0.538 (0.046)
2.000 (0.685)
1.333 (0.355)
1.167 (0.458)
–
5.667 (0.899)
4.333 (0.595)
4.417 (0.763)
4.806 (0.440)

Na
%P
N
Pop

Table 2. Estimates of population genetic diversity at 12 microsatellites.

among the loci. Overall, the average number of alleles
ranged from 4.333 (FP) to 5.667 (FB) and the expected
heterozygosity from 0.465 (FT) to 0.600 (FB) (table 2).
The estimated deviations from HWE were not significant
for all loci. The three populations exhibited good levels of
genetic variability for total values of average allele number
(4.806), expected heterozygosity (0.538) and percentage of
polymorphic loci (88.89%) (table 2). The detected genetic
diversity suggests that the study populations may face a
low risk of extinction by readily adapting to changing environmental conditions (Reed and Frankham 2003).
Both PCoA and Bayesian analyses distinguished three
distinct units, differentiated and isolated from each other
with a low level of gene flow (figure 2, a&b). Such population genetic structuring overlapped with geographic distribution with a highest differentiation among the farther
demes. As established from K distribution, the graphical
method detected the highest value of K at K = 3 indicating optimum number of clusters (figure 2b), with a first
split between FB–FP and FT (K = 2, figure 2b). Clustering
of the populations was performed on the basis of genetic
similarity among the groups irrespective of geographical
locations of sampling. Differentiation between FB and FP
(FST = 0.081) was low compared to what was estimated for
FT. Indeed, FT was more geographically and genetically

Pa

Figure 2. (a) PCoA of 57 smooth newt samples. (b) Bayesian
clustering results regarding three smooth newt populations
inhabiting drinking trough (FB, Bandita; FP, Pianoro; FT,
TorCimina); (K = 1–3, pop-info = 0).
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83.33
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He
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isolated from the others by showing the highest pairwise
FST values (0.129 with FB and 0.132 with FP). Amphibian
populations often exhibit a high degree of spatial structure, particularly when interpopulation distances exceed
several kilometres (Shaffer et al. 2000). In this case, the
population differentiation positively correlated with the
distance among breeding sites. However, the observed pattern could likely to be influenced also by landscape features
(i.e., barriers and corridors) that facilitate/impede newt
dispersal.
The set of markers, developed for other Lissotriton
species–subspecies and optimized in the present study, represented a reliable tool for population genetic analyses in
the ssp. L. v. meridionalis. Such loci had a good resolution even at a fairly fine-scale and will help to asses Italian
smooth newt genetic diversity and understand its genetic
structure across multiscale levels, from metapopulations
to full geographical range. These markers will be helpful
in planning strategies for effective management and conservation of the species.
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