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Abstract: On 5th of April 2010 we studied two populations of Salamandra salamandra from a natural and an 
anthropogenic affected habitat. The study was made on the same day, analysing the anthropogenic-caused 
differences in the trophic niche. For survival salamanders accommodate to the poor feeding conditions by 
accentuating their feeding intensity and efficiency. The differences that appear between the trophic spectrum of 
these two populations are the result of some external factors, like the availability of the preys, the preys` sensibility 
to environmental changes, their presence determining the composition of the feeding spectrum of salamanders.  
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Introduction 
 
Humans are an important key-factor in ecosystems` 
change, that manifests in effects on earth-systems` dyna-
mics (Alessa & Chapin 2008), and effects directly on 
species, sometimes driving to phenotipic changes in 
contemporary populations (Hendry et al. 2007). In the 
case of a population detecting minor changes by redu-
cing the magnitude of, and exposure and sensitivity to, 
known stresses; focusing on proactive policies that 
shape change; and avoiding or escaping unsustainable 
social–ecological traps (Chapin et al. 2010) we can 
forecast the possible major changes and take steps for 
conservation both of the species and its habitat. 

Changes in ecosystems start on population level, 
human-induced behavioral responses of some wild spe-
cies being recently signalled in the scientific literature 
(e.g. Allendorf & Hard 2009, Timar & Phaneuf 2009). 
Amphibians are considered as indicators of environ-
mental changes because of their raised sensibility for 
unpropitious conditions (Kerby et al. 2010), for this fact 
humans influence their behavior additionally compared 
with other animal groups. In normal conditions the 
behavioral patterns of a species have stereotype trait, 
which can change by the environment’s change (Freake 
& Lindquist 2008). In the case of the fire salamander 
(Salamandra salamandra) this phenomenon was also 
registered (Egea-Serrano et al. 2006, Manenti et al. 2009). 

The aim of our study is to encounter the limit of the 
stereotype trait of the feeding behavior of S. salamandra, 
and the manner in that they respond to environmental 
disturbance, by comparing the feeding behavior of two 

fire salamander populations from a natural and a hu-
man-affected habitat.  

 
 

Material and methods 
 
Our study took place on 5th of April, 2010 on Baia de Arama 
and Tismana from Oltenia region, Romania. At Baia de Arama 
we analysed 68 individuals, and at Tismana 39 individuals of 
Salamandra salamandra. The morphology of the habitats from 
these two localities differs very much. The habitat from Baia de 
Arama is represented by a wide forested region situated on an 
abrupt slope of the mountain. Even if there is a forest road on 
the base of the mountain, this region is less affected by human 
activities, presenting a rich fauna and flora. Near the road there 
is a stream, but the studied samples were captured from higher 
zones. The substratum does not present abundant vegetation, 
being covered with mulch. 

The habitat from Tismana is localised very close to a 
monastery, being situated near the parking lot. Forasmuch this 
is a well visited monastery, the negative anthropogenic effect is 
accentuated, in this zone being strewed waste products. The 
individuals, like in the previous case, were collected from the 
slope of the mountain, the substratum presenting more rocks, 
covered with mulch. The grassy vegetation is absent, being 
present just some raspberry bushes.  

Our study took place on the same day, after the rain, 
comparing the feeding spectrum of two populations of 
Salamandra salamandra from two differently anthropogenic 
affected habitats. The sampling was realised by the stomach-
flushing method, this non-harmful sampling mode being 
recommended and used on amphibians by many authors (Solé 
et al. 2005, Carpaneto et al. 2004, Solé & Pelz 2007). Because of 
the quick digestion of amphibians (Wang et al. 2001) and for 
reducing the negative effects of the study on the population we 
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tried to reduce the period between the capturing and sampling. 
The analysis of the stomach contents was realised using the 
scientific literature.  

For the interpretation of the collected data we calculated 
some statistical parameters: the percentage abundance, the 
frequency of occurrence and the origin of the preys, the feeding 
intensity, diversity (Shanon Wiever index) (Magurran 1988) 
and similarity (Sorensen index) (Chao et al. 2005), the 
differences between the niche overlap of the two populations 
(Mann-Whitney U-test) (Nachar 2008). 

 
 

Results 
 
By our study we tried to show the differences that 
appear between the trophic spectrum of the populations 
from Baia de Arama and Tismana. The number of the 
individuals without stomach content was reduced, this 
parameter being a little higher at Baia de Arama (Table 
1). But the rate of the feeding activity was high in the 
case of both of the populations. We found animal preys, 
vegetal fragments, shed skin and minerals in the 
stomach contents. The frequency of vegetal fragments 
and minerals is raised in the case of the population from 
Tismana, but the frequency of the shed skin is smaller. 
 
 

Table 1. The number of the studied individuals and the 
consumed preys, the amount of the empty stomachs, the 
feeding intensity, diversity (H) and similarity (S). 

 

 Baia de 
Arama Tismana 

Total preys 317 263 
Empty stomachs % 5.88 2.56 
No. of the studied 

individuals 68 39 

Maximum no. of prey 14 15 
Average number of 

prey/individual 4.66 6.74 

H (Shannon Wiever index) 2.25 2.24 
S (Sorensen index) 0.38 0.51 

 
 

We identified 317 animal preys at Baia de Arama 
respectively 263 at Tismana. All of the animal preys 
belong to invertebrates, and were classified in 22 groups 
(Table 2), all of them having terrestrial origin. There are 
some prey taxa identified only in the case of one 
population, their number being reduced. Regarding the 
percentage abundance of the preys, they differ in 
function of the habitat (Table 2). The frequency values of 
the preys raised in parallel manner with their percent-
age abundance value, the first of them being higher yet. 
It is interesting that there are some preys with high 
values only in the case of one of the habitats. This phe-
nomenon appears at Gasteropoda-Limax sp., Isopoda, 

Coleoptera larvae, Heteroptera, these prey taxa being 
predominant at Tismana, but Gasteropoda, Brahicerae 
and Hymenoptera appear only at Baia de Arama with 
high values (Table 2). All of the preys have terrestrial 
origin. 

For estimating the feeding intensity, we calculated 
the average number of preys/individual and the maxi-
mum number of preys (Table 1), between these two pa-
rameters being small differences. These small differen-
ces also appear in the case of the diversity (Shanon Wea-
ver index, H) and similarity (Sorensen index) (Table 1).  

For estimating the differences that appear between 
the niche overlap of the two populations, we applied the 
Mann-Whitney U-test. Its results show that there are no 
significant differences between the trophic spectrum of 
these two populations (p>0.05, p=0.49). 

 
 

Discussion 
 
In Romania there are many other studies upon the 
feeding of Salamandra salamandra (Covaciu-Marcov et al. 
2002, Cicort-Lucaciu et al. 2007, Ferenti et al. 2008, 
Cicort-Lucaciu 2009) but all of them analyses the trophic 
spectrum of only one S. salamandra population. Our 
study is a premiere, when we compare the trophic 
spectrum of two salamander populations. 

For evaluating the conditions from ecosystems 
amphibians are used very often as bioindicators, these 
being sensitive towards environmental changes (Hyne 
et al. 2009). Comparing the feeding spectrum these two 
populations of salamanders we can observe differences 
in some aspects. The low number of the individuals 
without stomach content suggests a balanced feeding 
activity, with favorable conditions. The raised number 
of the empty stomachs in the more natural habitat can 
be caused by the raised number of the captured 
individuals for study. On the other hand this negative 
effect of the human activity can develop in a `positive` 
way, the more dynamic feeding manner can be consi-
dered as an accommodation to the more unpropitious 
environmental conditions. Casual benefit of the human 
activity on the life-trait of some populations was also 
registered at reptiles (Covaciu-Marcov et al. 2006, 
Gherghel et al. 2009) or amphibians (Sas et al. 2010). The 
previously observed phenomenon is also suggested by 
the values observed on the feeding intensity. 

The consumption of vegetal fragments and minerals 
can be considered as accidental, being also registered in 
the scientific literature in the case of other amphibian 
species (e.g. Kovács et al. 2007, Covaciu Marcov et al. 
2010, Sas et al. 2009). All the same, its consumption has 
to be close to an active act, concomitant to a behavioural 
act.  The frequency of  the vegetal fragments is very high  
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Table 2.  The percentage abundance (A%) and the frequency of occurrence (f%)  
of the consumed preys (t-terrestrial, L-larvae). 

 

 Baia de Arama Tismana 
 A%                f% A%                 f% 
Vegetal fragments  57.35  87.17 
Shed skin  20.58  5.12 
Minerals  11.76  15.38 
Oligocheta Lumbricidae 10.09 32.35 9.12 35.89 
Gasteropoda (t.) 7.88 27.94 3.42 15.38 
Gasteropoda-Limax 6.62 22.05 22.05 69.23 
Araneae 28.07 64.70 16.73 71.79 
Opiliones 0.31 1.47 0.38 2.56 
Isopoda (t) 2.20 10.29 4.18 20.51 
Miriapoda Diplopoda 18.29 57.35 20.15 76.92 
Miriapoda Chilopoda 4.73 16.17 5.32 30.76 
Dermaptera 9.46 26.47 7.22 38.46 
Homoptera Cicadillidae 0.31 1.47 0.38 2.56 
Heteroptera (t) - - 0.76 5.12 
Coleoptera- (L.t.) 0.63 1.47 1.90 12.82 
Coleoptera (t) 3.15 13.23 4.18 20.51 
Coleoptera Carabidae 2.20 10.29 0.38 2.56 
Coleoptera Stafilinidae - - 0.38 2.56 
Coleoptera Curculionidae 0.94 4.41 0.38 2.56 
Coleoptera Crysomelidae 0.31 1.47 - - 
Lepidoptera (L.) 1.26 5.88 2.28 12.82 
Lepidoptera - - 0.38 2.56 
Brahicera Muscidae 2.52 10.29 0.38 2.56 
Hymenoptera 0.63 2.94 - - 
Mecoptera 0.31 1.47 - - 

 
 
in both of the populations, these arriving in the stomach 
contents probably with animal preys. The same fact can 
be valid for the mineral fragments too. Thus, in this case 
their raised value at Tismana in parallel with the more 
intensive feeding activity is expectable. On the other 
hand the nature of the substratum at Baia de Arama, 
with few grassy plants and thick cover of litter can 
influence the lower consumption of these salamanders 
with these elements. 

If in the case of vegetal fragments and minerals we 
could ascertain the accidental manner of the consump-
tion, in the case of the shed skin eating we can observe 
an active bias of its consumption. Dermatophagy was 
signalled in the scientific literature being a well 
explained phenomenon on females for epidermal 
recycling (Kupfer et al. 2006), its active consumption 
being a well known phenomenon on reptiles too (Bealor 
& Krekorian 2006). Their higher consumption in the case 
of the bigger population can be a result of the raised 
probability of meeting two individuals. On the other 
hand there is a possibility that salamanders consumed 
their own shed-skin. 

In other studies upon the feeding of salamanders 
was also registered a low consumption of aquatic preys 
(Covaciu-Marcov et al. 2002, Cicort-Lucaciu et al. 2007, 
Ferenti et al. 2008, Cicort-Lucaciu 2009). In our case the 
aquatic preys are absent, because the habitats of these 
salamanders is situated far from the humid areas 
(stream), the possibility of the accidental ingestion of 
aquatic preys being thus impossible. 

At the percentage abundance of the preys we can 
observe higher values of some anthropophil preys at 
Tismana like Limax. In parallel with this we can observe 
the presence with lower percentage abundance of other 
anthropophil groups, like Heteroptera. Groups that are 
typical for afforested areas appear in both of the habi-
tats. The importance of the forest on surrounding habi-
tats of salamanders is extremely important because it re-
presents the major habitat of adults (Ficetola et al. 2009).  

The results of the Mann-Whitney U-test and the 
small differences between the values of the feeding 
diversity shows that the feeding of salamanders is not 
exclusively prey-type dependent. Their food spectrum is 
determined mostly  by the abundance  of the preys from  
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the habitat they occupy, the only one influencing inter-
nal factor on salamanders being their dynamics of feed-
ing activity, which is accentuated by stressing factors. 
External factors that allow the survival of the preys will 
allow the survival of the predator too. Regarding the 
quantity of the feeding the insignificant differences 
show appropriate quality of feeding conditions. 

Even if the quantitative parameters are close, the 
similarity index shows that there are big differences 
between the food of these populations, the raised value 
at Tismana indicating a prey poorness. Thus the food 
consumed by the individuals in this population raises. 
In the case of Baia de Arama the salamanders have more 
possibilities regarding the preys, the similarity thus 
decreases. All the same the small differences between 
the feeding diversity results from the more homogenous 
distribution of the preys at Tismana. The fact that the 
diversity is the same in a habitat with more unpropi-
tious conditions for feeding is compensated on salaman-
ders from Tismana with the raised feeding intensity.  

The four habitat variables that influence the life trait 
of salamanders were recorded, as follows: easy of 
access, isolation, macrobenthos richness and forest cover 
of the surrounding landscape (Manenti et al. 2009). At 
Baia de Arama all of them are given. At Tismana the 
first variable is given by the opened surrounding, the 
second one by the forest that rules beyond of the 
monastery (without anthropogenic disturbance). The 
third one is compensated by the raised feeding intensity, 
as an accommodation for the given conditions. The 
fourth one is assured by the forest. 

As a conclusion the differences that appear between 
the trophic spectrum of these two salamander popula-
tions are the result of some external factors, like the 
availability of the preys, the preys` sensibility to envi-
ronmental changes, their presence determining the com-
position of the feeding spectrum of salamanders. For 
survival salamanders accommodate to worst feeding 
conditions by accentuating their feeding intensity and 
efficiency.  
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