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Abstract. Underground sites play a significant role in the life cycle of the fire salamander (Salamandra 
salamandra). Despite the known importance of such roosts during winter, there is still a lack of information on 
salamander biology inside such roosts. We studied the wintering of Salamandra salamandra from November 
2011 to April 2012 in an artificial gallery near the village of Ticha Voda (eastern Slovakia) in a population 
composed predominantely by males. Their weight was higher at the end of December, though we did not 
record any significant weight change in females. On the other hand, mobility was significant in females, while 
the majority of males were immobile. We also observed a high frequency of changes in the position of 
wintering salamanders. Most individuals preferred a free position in the roost or a half-hidden position 
within crevices in the gallery walls. 
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Introduction 
 
Most amphibian species are defined as occasional 
trogloxenes ie. they visit underground environ-
ments in some period for various reasons (White 
& Culver 2012). There are at least eleven species 
and subspecies of proteid and plethodontid sala-
manders that are obligate cavernicoles, showing 
troglomorphism (Romero 2009). However, only 
one troglobiotic species, Proteus anguinus (Protei-
dae), occurs in the western Palaearctic region (Sket 
1997).  

Furthermore, frogs, toads, newts, and sala-
mander also inhabit caves and other underground 
roosts, but they do not have any troglomorphic 
characteristics. For example, a previous study 
(Bressi & Dolce 1999) recorded 17 amphibian spe-
cies in caves and different underground hollows 
in the Venezia Giulia region of Italy. The authors 
recorded a higher number of Bufo bufo, Rana tem-
poraria, and Salamandra salamandra. They consid-
ered these species to be trogloxenous, and these 
data confirmed patterns recorded earlier in mines 
in Vosgienne region of France (Baumgart 1981). In 
addition, a number of amphibian taxa (e.g., 
Chioglossa lusitanica, Hydromantes strinatii, Rana 
dalmatina, R. iberica, R. latastei, Speleomantes spp., 
Triturus spp.,) have been recorded in hypogean 
environments (Uhrin & Lešinský 1997, Bressi & 
Dolce 1999, Lanza et al. 2006, Sequeira et al. 2001, 
Ficetola et al. 2013, Rosa & Penado 2013). 

The occurrence of fire salamanders (Salaman-
dra salamandra) in underground environments 
seems to be rather common. Their presence in 
such underground spaces during active periods 
could be connected to the temperature and humid-
ity conditions in the roost, especially during dry 
summers, and also with feeding activity, because 
appropriate prey are often present at the entrances 
of such underground shelters. Their occurrence is 
often related to the winter season. Furthermore, 
vertical underground spaces in particular can act 
as traps. Alternatively, amphibians can be driven 
into an underground habitat, sometimes very 
deeply, by floods (e.g., Baumgart 1981, Uhrin & 
Lešinský 1997, Bressi & Dolce 1999, Ianc et al. 
2012). Adults and metamorphs of fire salamanders 
are often found in subterranean environments 
during their latency period (October – March), and 
have high fidelity to these wintering grounds, 
which are often located in the same region as their 
summer habitats (Böhme et al. 2003, Manenti et al. 
2009). 

Wintering roosts of fire salamanders can be 
natural (caves, pseudokarst cavities) or artificial 
(galleries), they provide suitable conditions for the 
wintering of S. salamandra due to their stable tem-
perature and humidity. Despite the fact that the 
phenomenon of salamanders wintering under-
ground has long been known (Feldmann 1967, 
Kabisch 1971, Baumgart 1981), little of their bio-
logical and ecological consequences has been stud-
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ied. However, some previous studies have shown 
the importance of hypogean roosts for species re-
production (e. g. Gimenez-Lopez & Guarner Deu 
1982, Uhrin & Lešinský 1997, Razzetti et al. 2001, 
Manenti et al. 2009, 2011, Manenti & Ficetola 
2013). 

Thus, the wintering of fire salamanders is still 
poorly understood, and even basic knowledge is 
lacking. The aim of the present study was to ac-
quire data on the mobility and type of micro-
roosts used by wintering salamanders inside a 
spacious underground roost. We addressed two 
questions: (1) what is the structure of the winter-
ing population in terms of sex and age, including 
weight changes, and (2) do fire salamanders ex-
hibit mobility and change their positions inside 
the gallery during wintering?  

 
 

Material and methods 
 
Study site 
The wintering of fire salamanders was observed from 
November 2011 – April 2012 in an artificial damp gallery 
near the village of Tichá Voda (eastern Slovakia; Volovské 
vrchy Mts.; N 48º 46.214’, E 20º 36.346’; 855 m a. s. l.). The 
gallery has a main corridor 113 m in length, with a height 
× width of approximately 2.0×1.3 m. It is formed from 
two lateral corridors (the first 8 m, the second 30 m long) 
that the salamanders also occupied. The entrance is easily 
accessible (1.7×1.4 m), with the first water pool located 5 
m from the entrance. There are small pools, with a water 
column of only a few centimetres located deeper in the 
monitored gallery. The surrounding area consists mainly 
of fir-beech forest. The mean temperature (measured by 
dataloggers, DS1921G Thermochron iButton) inside the 
gallery was 6.0 ºC (min.–max. = 5.2–6.4 ºC). The tempera-
ture was more or less stable at the deeper level of the cor-
ridor, though it showed more fluctuation closer to the en-
trance. 
 
Species data 
Wintering salamanders were individually identified us-
ing animal biometrics (Kühl & Burghardt 2013) and ap-
plying a modified marking method based on unique 
markings on the dorsum (Opatrný 1983). All individuals 
were photographed and further identified in the labora-
tory. The fire salamanders were weighed using a spring 
scale (Pesola; 100 g). Sex determination was based on the 
external morphology of the cloacae and the presence of a 
receptaculum seminis in females (Francis 1934, Opatrný 
1983). The location of each individual inside the roost was 
defined as the distance from the entrance as measured us-
ing a tape (Fiberglass). We recorded changes in individ-
ual’s mobility and position from December to early 
March, because this period was not affected by the spring 
dispersal. We considered as mobile individual salaman-
ders that moved more than 5 m within the gallery. The 

position of the wintering individuals was characterised 
using predefined categories: freely, half-hidden/stone, 
half-hidden/crevice, half-hidden/crevice high above 
ground, hidden/stone and hidden/wood. 
 
Statistical analyses 
Sex-related differences in weight and mobility were ex-
amined using the Mann-Whitney test. Linear regression 
was applied to find the relationship between time (length 
of wintering) and the mean weight of individuals. Differ-
ences between male and female position were evaluated 
using the Chi-square test. The Shapiro-Wilk normality 
test was used to evaluate the normal distribution of data. 
All tests were conducted using the free version of Graph-
Pad Prism 5 software. 

 
 

Results 
 
Population structure inside the roost. 
We recorded 40 wintering individuals (31 adults 
and 9 juveniles) in the roost. Among adults, males 
(19 individuals) predominated in the monitored 
site compared to females (12 individuals). The 
weight of males was higher at the end of Decem-
ber (min.–max. = 24.0–37.0 g), but we did not re-
cord any significant weight changes in females. 
Wintering females (min.–max. = 17.0–60.0 g, mean 
= 35.70 g) were significantly heavier than males 
(min.–max. = 15.0–37.0, mean = 24.66 g, Mann 
Whitney, U = 681.0, P < 0.0001), but no significant 
differences in weight changes between the sexes 
were observed (Fig. 1). Furthermore, there was no 
relationship between time and the mean weight of 
males (R2 = 0.002051, P = 0.9079) and females (R2 = 
0.1906, P = 0.2795). The mean weight of the juve-
niles was 13.0 g.  

The most common microhabitat of wintering 
salamanders was crevices in the walls, but a free 
position in the gallery was also common (Table 1). 
Individuals were even able to occupy crevices at a 
height of 120 to 160 cm above the gallery floor. 
Males preferred crevices (71.4%) and females a 
free position inside the gallery corridor (59.4%; 
Tab. 1).  We also found a significant difference for 
microhabitat use between the sexes (χ2= 25.36, P < 
0.01). 

The most preferred location was 23–33 m deep 
from the gallery entrance. Salamanders were 
roosted especially in crevices. The deepest inside 
wintering individual, 108 m distant from the en-
trance, was a female that spent one and a half 
months in this location. It then moved closer to the 
entrance in early March. 
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Table 1. Microhabitats used by salamanders (Salamandra salamandra) during wintering in an artificial  
underground roost expressed as a percentage of individuals wintering in a particular position type. 

 

Position type males % females % Σ 
freely 10 23.8 19 59.4 29 
half-hidden / stone 0 0 2 6.3 2 
half-hidden / crevice 14 33.3 4 12.5 18 
half-hidden / crevice highly above ground 16 38.1 1 3.1 17 
hidden / stone 1 2.4 5 15.6 6 
hidden / wood 1 2.4 1 3.1 2 
Total 42 100.0 32 100.0 74 

 
 

 

 
 

Figure 1.  Changes in the weight of salamanders (Sala-
mandra salamandra) during wintering in an artificial un-
derground roost. Left – males, right – females; w – 
weight [g]. 

 
 

Mobility. 
Most of the salamanders had significant mobility 
with a high frequency of position changes. We ob-
served substantial movement inside the gallery in 
11 cases (65%) out of 17 individuals. The majority 
of males (5 of the 8 individuals) were immobile 
(mean – 21.38 m; SD – 29.23), while all females 
were significantly mobile (mean – 60.80 m; SD – 
32.62), especially during early March (Fig. 2). We 
found a weak difference (Mann Whitney, U = 
6.000, P = 0.0451) in mobility between sexes dur-
ing winter (December – March). Despite the slight 
mobility in males, they did change their position 
inside the gallery and some of them did so repeat-
edly. For example, of the 17 wintering individuals 
(recorded more than 3 times), 14 changed their po-
sition and 10 did so repeatedly. Spring dispersal 
began in late March, when the salamanders  

 
 

Figure 2. Mobility of individual salamanders (Salamandra 
salamandra) wintering in an artificial roost expressed as 
mean distance in males (21.38 m) and females (60.80). m 
– males, f – females; d – distance [m]. 

 
 
gradually moved toward the entrance. On April 
12, the last individual was present in the wintering 
site. 

 
 

Discussion 
 
Fidelity to a wintering site for salamanders seems 
to be stronger in males than in females (Schulte et 
al. 2007), with males showing a return rate almost 
twice as high as females. Therefore, we assume 
that the observed dominance of males in our study 
roost could also be related to their fidelity level to 
this wintering site. A similar predominance of 
males was also recoded in other wintering roosts 
in eastern Slovakia (MB & MU unpub. data). It is 
possible that females prefer wintering in their 
original shelters, which they also inhabit during 
the active period.  

A weight increase was recorded in males 
when temperatures in the external environment 
dropped below zero. We assume that this was 
caused by the increased aggregation of insects in 
the roost. As a result, males seem to have a higher 
possibility of obtaining food during this period. In 
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other species it has been found that they stop eat-
ing in winter (Kuzmin 1992). However, other stud-
ies (e.g., Whitaker et al. 1986) observed the food 
intake in clouded salamanders (Aneides ferreus), 
even in the winter; food composition also varied 
by season. Information about winter feeding in the 
fire salamander is still lacking in the literature. 
Thus, further studies are required to understand 
this issue in more detail. We assume that the 
weight of females was probably affected by their 
high activity and larvae lying during wintering. 
We found larvae in several pools inside the gal-
lery. Furthermore, we directly observed the laying 
into water in the most preferred zone, i.e. 23–33 m 
inside the monitored gallery. 

We assume that the microhabitat use was af-
fected by individual activity during wintering. 
Previous studies (Ianc et al. 2012) recorded fire 
salamanders approximately 120 m from the cave 
entrance (Stanul Foncii pit Cave, Romania) and 
even two kilometres from the entrance (Ciur Po-
nor Cave). Furthermore, larvae of the fire sala-
mander were found 150 m from the entrance in 
Sainte-Marie-aux-Mines (Haut-Rhin; Baumgart 
1981). Our longest distance from the roost en-
trance was probably not accidental, because we 
found more salamanders in these parts of the gal-
lery. Some of them even used the lateral corridor, 
which is 83 m distant from the entrance, and one 
female was seen at a depth of 24 m inside this cor-
ridor. 

Generally, the observed movements of winter-
ing individuals were noticeable. Females were es-
pecially highly mobile from mid February to early 
March, when some of them moved more than 60 
m in 20 days. This could have been the result of 
searching for a suitable humid place to lay larvae 
either/or to forage. On the other hand, males 
showed low mobility, though the frequency of 
changes in their position was very high, which 
could also be due to foraging.  

Our observations show differences between 
sexes in the movements of salamanders wintering 
inside an extensive roost. Movement did not occur 
only due to increasing temperature and subse-
quent spring dispersal but was also recorded di-
rectly during the winter. Mobility and extensive 
shelters seem to be important especially for win-
tering females, as they have higher chance of suc-
cessfully finding a suitable place to lay larvae. 
Thus, they do not have to expend energy migrat-
ing to the nearest streams after wintering. In addi-
tion, lying inside the shelter have also other ad-

vantages, such as a permanent hydroperiod, a 
constant temperature (development can also occur 
during winter,) and the absence of predators (Ma-
nenti 2009). Foraging could also be another cause 
of mobility in wintering salamanders.  
 
 
 
Acknowledgements. We are grateful to G. Knižacká, S. 
Potkányová, P. Orendáš, N. Kokošová, K. Varcholová, E. 
Miková, M. Rendoš, Ľ. Kováč and J. Ducár for their help 
in locating wintering sites and in collecting data.  
 
 
 
References 
 
Baumgart, G. (1981): Observations sur l’hibernation de quelques 

amphibiens dans les anciennes mines vosgiennes: salamandre 
tachetée (Salamandra salamandra Linné, 1758), grenouille rousse 
(Rana temporaria Linné, 1758) et crapaud commun (Bufo bufo 
Linné, 1758). Aquarama 58(2): 42-45, 72; 59(3): 46–48, 72. 

Böhme, W., Thiesmeier, B., Grossenbacher, K. (eds.) (2003): 
Salamandra salamandra (Linnaeus, 1758) – Feuersalamander. 
Handbuch der Reptilien und Amphibien Europas, Bd.4/2B: 
Schwanzlurche (Urodela) IIB; Salamandridae III: Triturus 2, 
Salamandra: Band 4/IIB: 969-1028. 

Bressi, N., Dolce, S. (1999): Osservazioni di anfibi e rettili in grotta. 
Rivista di Idrobiologia 38(1/2/3): 475-481. 

Ficetola, G., Pennati, R., Manenti, R. (2013): Spatial segregation 
among age classes in cave salamanders: habitat selection or 
social interactions? Population Ecology 55(1): 217-226.  

Feldmann, R. (1967): Nachweis der Ortstrene des 
Feuersalamanders, Salamandra salamandra terrestris Lacépède, 
1788, gegenüber seinem Winterquartier. Zoologischer Anzeiger 
178: 42-48.  

Francis, E.T.B. (1934): The anatomy of the salamander. Clarendon 
Press, Oxford. 

Gimenez-Lopez, S., Guarner Deu, N. (1982): Distribución hipogea 
de Salamandra salamandra Laurenti (Amphibia, Salamandridae) 
en San Lorenc del Munt y Serra de l’Obac (Terrasa, Provincia de 
Barcelona, Espaňa). Publicaciones del Centro Pirenaico de 
Biologia Experimental 13: 43-45. 

Ianc, R., Cicort-Lucaciu, A.S., Ilies, D., Kovács, E. (2012): Note on 
the presence of Salamandra salamandra (Amphibia) in caves from 
Padurea Craiului Mountains, Romania. North-Western Journal 
of Zoology 8(1): 202-204. 

Kabisch, K. (1971): Ein Winterquartier des Feuersalamanders 
Salamandra salamandra terrestris, bei Wernigerode. Hercynia N.F. 
8: 344-346.  

Kuzmin, S.L. (1992): Feeding ecology of the Caucasian salamander 
(Mertensiella caucasica), with comments on life history. Asiatic 
Herpetological Research 4: 123-131. 

Kühl, H.S., Burghardt, T. (2013): Animal biometrics: quantifying 
and detecting phenotypic appearance. Trends in ecology & 
evolution 28(7): 432-441.  

Lanza, B., Pastorelli, C., Laghi, P., Cimmaruta, R. (2006): A review 
of systematics, taxonomy, genetics, biogeography and natural 
history of the genus Speleomantes Dubois, 1984 (Amphibia 
Caudata Plethodontidae). Atti del Museo Civico di Storia 
Naturale di Trieste 52(Suppl.): 5-135. 

Manenti, R., Ficetola, G.F. (2013): Salamanders breeding in 
subterranean habitats: local adaptations or behavioural 
plasticity? Journal of Zoology 289(3): 182-188.  

Manenti, R., Ficetola, G.F., Bianchi, B., De Bernardi, F. (2009): 
Habitat features and distribution of Salamandra salamandra in 
underground springs. Acta Herpetologica 4(2): 143-151. 



M. Balogová & M. Uhrin 
 

132

Manenti, R., Ficetola, G.F., Marieni, A., De Bernardi, F. (2011): 
Caves as breeding sites for Salamandra salamandra: habitat 
selection, larval development and conservation issues. North-
Western Journal of Zoology 7(2): 304-309. 

Opatrný, E. (1983): Individuelle Identifikation vom 
Feuersalamander, Salamandra salamandra (Linnaeus, 1758), nach 
den Hautpigmentzeichnungen. Acta Universitatis Palackianae 
Olomucensis, Facultas Rerum Naturalium, Biologica 78(23): 107-
111. 

Razzetti, E., Bonini, L., Barbieri, F. (2001): Riproduzione in grotta di 
Salamandra salamandra e Salamandrina terdigitata negli Appennini 
settentrionali. Pianura 13: 181-184. 

Romero, A. (2009): Cave Biology: life in Darkness. Cambridge 
University Press, New York. 

Rosa, G.M., Penado, A. (2013): Rana iberica (Boulenger, 1879) goes 
underground: subterranean habitat usage and new insights on 
natural history. Subterranean Biology 11: 15-29.  

Schulte, U., Küsters, D., Steinfartz, S. (2007): A PIT tag based 
analysis of annual movement patterns of adult fire salamanders 
(Salamandra salamandra) in a Middle European habitat. 
Amphibia-Reptilia 28: 531-536. 

Sequeira, F., Gonçalves, H., Faria, M., Meneses, V., Arntzen, J. 
(2001): Habitat-structural and meteorological parameters 

influencing the activity and local distribution of the golden-
striped salamander, Chioglossa lusitanica. Herpetological journal 
11(3): 85-90.  

Sket, B. (1997): Distribution of Proteus (Amphibia: Urodela: 
Proteidae) and its possible explanation. Journal of Biogeography 
24(3): 263-280.  

Uhrin, M., Lesinsky, G. (1997): Mechanism of occurrence of 
amphibians in an underground spaces in Slovakia: preliminary 
data evaluation. Proceedings of the 12th International Congress 
of Speleology, La Chaux de fonds Switzerland 3: 325-327. 

 Whitaker, J.O., Maser, C., Storm, R.M., Beatty, J.J. (1986): Food 
habits of clouded salamanders (Aneides ferreus) in Curry County, 
Oregon (Amphibia: Caudata: Plethodontidae). Great Basin 
Naturalist 46: 228-240. 

White, W. B., Culver, D. C. (eds) (2012): Encyclopedia of caves, 2nd 
ed. Academic Press, New York. 

 
 

 
 
 
 
 
 




