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Abstract. The feeding behavior and trophic niche overlap between Stone Marten (Martes foina 

Erxleben, 1777) and Red Fox (Vulpes vulpes Linnaeus, 1758) in two regions of Bulgaria with 

different human influence were determined. A total of 1,440 fecal samples were collected from 

agricultural area in the Upper Thracian Plain and from near-natural habitat in Central Stara 

Planina Mts. In agricultural area, both predators preferred fruits in all seasons, while rodents 

dominated in winter diets in the mountain area. Our results showed that the Stone Marten and 

the Red Fox had high trophic niche overlap in both habitats. 
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Introduction 
Excluding the first mechanism for overco-

ming competition between species - habitat separa-
tion, they are forced to either change their diets or 
feeding time (Schoener, 1974). Feeding behavior is 
one of the most important research topics in the 
ecology of mammalian predators, having in mind 
that food utilization is considered to influence 
their population dynamics, social organization 
and inter-species relationships (Lodè, 1993; Padial 
et al., 2002; Balestrieri et al., 2011; Verdade et al., 
2011), even the displacement of a species from its 
habitat (Remonti et al., 2012). Trophic resources, 
habitat characteristics and season were assumed 
the most important ecological niche dimensions in 
resource partitioning between species (Pianka, 
1969; Prigioni et al., 2008). Thus coexisting species 
could reduce potential competition by utilizing 
different diets or changing daily activity patterns 
(Carvalho & Gomes, 2004; Hayward & Slotow, 
2009; Karanth et al., 2017; Tsunoda et al., 2018, 
2020). The more diverse diet based on the 

available food in the habitat is exploited, the better 
survival rate for carnivores is ensured (Wierz-
bowska & Skalski, 2010). 

The Red Fox (Vulpes vulpes) and the Stone 
Marten (Martes foina) are among the most wide-
spread medium-sized generalist carnivores (Pri-
gioni et al., 2008; Bakaloudis et al., 2012; Main et 
al., 2020). They have different body size and social 
organization (Verdade et al., 2011; Zhou et al., 
2008, 2010), but often they have sympatric 
distribution, with habitat and trophic spectrum 
overlap (Petrov et al., 2016; Lanszki et al., 2019). 
This suggests possible competition between the 
two species. Unfortunately, there aren't enough 
comparative studies, dealing with this issue. The 
researchers are mainly focused on one of the two 
species – the Stone Marten (Kyurkchiev, 2005, 
2008; Georgiev & Raichev, 2009; Bakaloudis et al., 
2012, 2015; Georgiev, 2013; Hisano et al., 2013; 
Peeva et al., 2018) or the Red Fox (Seebeck, 1978; 
Rosa et al., 1991) and rarely involve both 
sympatric predators (Vasileva et al., 2005; Prigioni 
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et al., 2008; Kirkova et al., 2011; Petrov et al., 2016). 
Rodents, insects and fruits were reported as the 
most preferable food for the two predators, while 
birds, small mammals or recourse to carrion were 
document-ted at lower rates. 

Only few studies focused on the seasonal 
comparison of the diet of the Red Fox and the 
Stone Marten in different habitats (Prigioni et al., 
2008; Papakosta et al., 2010; Petrov et al., 2015). In 
Bulgaria both species are widespread and co-exist 
in various habitats (Popov & Sedefchev, 2003). 
The present study aims to determine how their 
diet differ between agricultural region and moun-
tainous region, among seasons, and if there is a 
trophic niche overlap. 

Our hypothesis is that the Stone Marten and 
the Red Fox, utilizing anthropogenically modified 
habitats (agricultural regions), will show the abi-
lity to exploit food-types uniquely available around 
villages: fruit from orchards, grape and debris, 
contrasting with the diet recorded for these gene-
ralist carnivores in natural mountainous regions. 

 
Materials and Methods 
Study area 
Two different habitats in Bulgaria were stu-

died - agricultural and mountainous (Fig. 1). The 
agricultural regions were located at an altitude bet-

ween 306-580 m a.s.l. and around different villa-
ges in the Upper Thracian Plain - Liaskovo, Malka 
Vereia, Parvenets and Hrabrino (Penin, 2007). 

The mountainous habitat was located in the 
central part of Stara Planina Mts. as a part of 
southern slopes of “Central Balkan” National 
park. The limited road network in the beech forest 
between 800 and 1200 m a.s.l. served as a samp-
ling transect. The conservation status of this 
territory implies a weak human presence. Only 
tourism, logging and hunting activities are carried 
out in it, which characterizes the region as “near-
natural” habitat. 

 
Sample processing 
A total of 1440 fecal samples were collected - 

360 per species from the two regions between 
September 1st 2021 and Аugust 31st 2022. Each 
month 30 scats from the Red Fox and 30 from the 
Stone Marten were collected and placed in plastic 
bags.  

After that each sample was placed in 70% 
ethyl alcohol for 24 hours, then washed through a 
sieve (0.5-mm mesh) and get to air-dry condition. 
After processing, the macro components were 
separated to determine the species composition of 
each sample by reference collection (Seebeck, 
1978; Jedrzejewska & Jedrzejewski, 1998). 

 

 

Fig. 1. Sampling areas in Bulgaria. 
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Statistical analysis 
We defined 9 main food types in our analysis: 

fruits, domestic mammals, wild mammals, 
rodents, wild birds, domestic birds, amphibians 
and reptiles, insects and others (waste, grass, etc.).  
Determination of components was done to the 
lowest possible taxon. We calculated the relative 
frequency of occurrence (RFO %) of all food com-
ponents and food groups by dividing the number 
of occurrences of a certain food component by the 
sum of occurrences of all food components. Tro-
phic niche breadth (B) was calculated in accor-
dance with Levins (1968):  

𝑩 = 𝟏/𝒑𝒊
𝟐, 

where pi is the relative frequency of occurrence of 
the ith food component; and standardized across 
food types: 

𝑩𝑨 = (𝑩 − 𝟏)/(𝒏 − 𝟏), 

ranging from 0 to 1, n is the total number of the 
resource taxa (Krebs, 1989).  
The trophic niche overlap was calculated  
following  Pianka (1973):  

𝑶𝒋𝒌 = ∑𝒑𝒊𝒋𝒑𝒊𝒌/√∑𝒑𝒊𝒋
𝟐 ∑𝒑𝒊𝒌

𝟐 , 

where Ojk is the percentage overlap between 
species j and species k; pij and pik are the propor-
tions of resource i in the diets of species j and 
species k. 

The statistical package PAST v.4.0 was used 
for the statistical processing of the data (Ham-
mer et al., 2001). A Shapiro-Wilk test was used 
for testing the normal distribution (Shapiro & 
Wilk, 1965). When comparing the trophic 
spectrum of the two species in the same region, 
the nonparametric Mann-Whitney U-test for 
independent pairs was applied, since the data 
lacked normal distribution (Fowler et al., 1998). 
Differences with p<0.05 [α=5%] were conside-
red statistically significant. 

 

Results  
Diet content 
We identified 539 dietary items in 360 Stone 

Marten’s fecal samples from the agricultural areas 
of Central Bulgaria for the studied year (Table 1). 
The most common food components were fruits, 
followed by insects and rodents.  

The identified food items in the Red Fox diet 
in the same region were 572 (Table 1). The predo-
minance of fruit was again considerable, while 

rodents and insects were with almost equal con-
sumption. We assume the orchards' availability in 
agricultural areas supply medium-sized carnivores 
with effortless food. During the cold months, fruits 
can also be obtained from the dumping grounds 
near the villages.  

Stone Marten used mainly rosehips (Rosa canina 
L., 1753), grapes (Vitis sp. L., 1759) and medlar 
(Mespilus sp. L., 1753) among the fruits in the 
autumn-winter period. Rosehips were also the 
most consumed fruit from the Red Fox in autumn-
winter, but a significant part of its summer diet 
consisted of the mulberry (Morus sp. L., 1753). 

Common wood mouse (Sylvaemus sylvaticus / 
flavicollis Linnaeus, 1758), house mouse (Mus 
musculus / macedonicus Linnaeus, 1758) and Com-
mon vole (Microtus arvalis / mystacinus Pallas, 1778) 
were the rodents with highest occurrence in the 
Stone Marten’s diet through the whole year. 
Rodents were more common in winter’s diet when 
other used groups such as fruits and insects were 
with low availability. The same species of rodents 
presented in the Red Fox's diet throughout the 
year, but there was also a high rate of occurrence 
of edible dormouse (Glis glis Linnaeus, 1766). 

Both carnivores consumed Coleoptera and 
Orthoptera insects during the spring-summer 
period. Remnants of Coleoptera were also found 
in the samples in February, which could be ex-
plained by the early warming in the beginning of 
2022. 

Similar results were found for the moun-
tainous region. Fruits were again the most used 
food throughout the year for both species, follo-
wed by rodents and insects (Table 2). As expected, 
the appearance of fruits and rodents typical for 
mountainous regions was noticed. Medlar (15.72%), 
cherry (Prunus avium/cerasus Linnaeus, 1755; 11.59%) 
and blackberry (Rubus sp. Linnaeus, 1753; 7.07%) 
were the most consumed fruits in mountains by 
the Stone Marten through the year. The Red Fox 
used medlar (11.95%), rosehips (8.05%) and black-
berry (5.75%). The most common rodents in the 
food of both species were wood mouse, common 
vole and the typical for forest mountain habitats 
bank vole (Myodes glareolus Schreber, 1780). 

Coleoptera was again the most used insect 
order by both species. The beetles among other 
insects were consumed probably due to their 
abundance and the wide range of habitats they 
can be found (Mollov, 2008).
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Table 1. Number of cases (n) and relative frequency of occurrence of food items in the faeces (180 
for each period) of Martes foina and Vulpes vulpes in the agricultural regions of Central Bulgaria. 

 

Dietary items 

Autumn-
Winter  

Autumn-
Winter  

Spring-
Summer  

Spring-
Summer  

Total for 
the year  

Total for 
the year  

M. foina V. vulpes M. foina V. vulpes M. foina V. vulpes 

n RFO% n RFO% n RFO% n RFO% n RFO% n RFO% 

Fruits 153 49.84 112 37.97 95 40.95 104 37.55 248 46.01 216 37.76 

Vitis sp. 40 13.03 25 8.47 3 1.29 3 1.08 43 7.98 28 4.90 

Mespilus sp. 32 10.42 13 4.41 12 5.17 16 5.78 44 8.16 29 5.07 

Pyrus sp. 1 0.32 2 0.68 0 0 0 0.00 1 0.18 2 0.35 

Prunus domestica 3 0.98 12 4.07 5 2.15 12 4.33 8 1.48 24 4.20 

Prunus avium 1 0.32 1 0.34 1 0.43 1 0.36 2 0.37 2 0.35 

Ficus carica 2 0.65 6 2.03 1 0.43 0 0.00 3 0.56 6 1.05 

Rosa canina 40 13.03 34 11.53 17 7.33 6 2.17 57 10.57 40 6.99 

Morus sp. 0 0.00 0 0.00 39 16.81 47 16.97 39 7.23 47 8.22 

Malus domestica 0 0.00 0 0.00 9 3.88 7 2.53 9 1.67 7 1.22 

Rubus sp. 4 1.30 0 0.00 0 0.00 2 0.72 4 0.74 2 0.35 

Crataegus monogyna 2 0.65 2 0.68 0 0.00 0 0.00 2 0.37 2 0.35 

Unidentified fruits 28 9.12 17 5.76 8 3.45 10 3.61 36 6.68 27 4.72 

Domestic mammals 6 1.95 16 5.42 0 0.00 2 0.72 6 1.11 18 3.15 

Capra domesticus 6 1.95 7 2.37 0 0.00 1 0.36 6 1.11 8 1.40 
Oryctolagus cuniculus 0 0.00 4 1.36 0 0.00 0 0.00 0 0.00 4 0.70 

Felis silvestris catus 0 0.00 1 0.34 0 0.00 0 0.00 0 0.00 1 0.17 

Ovis aries 0 0.00 4 1.36 0 0.00 1 0.36 0 0.00 5 0.87 

Wild mammals 6 1.95 36 12.20 6 2.59 13 4.69 12 2.23 49 8.57 

Lepus europaeus 1 0.32 5 1.69 2 0.86 2 0.72 3 0.56 7 1.22 

Sus scrofa 4 1.30 20 6.78 0 0.00 0 0.00 4 0.74 20 3.50 

Capreolus capreolus 1 0.32 11 3.73 4 1.72 11 3.97 5 0.93 22 3.85 

Rodents 48 15.63 58 19.66 14 6.03 54 19.49 62 11.50 112 19.58 

Sylvaemus 
sylvaticus/flavicollis 

7 2.28 12 4.07 5 2.15 7 2.53 12 2.22 19 3.32 

Mus musculus/macedonicus 26 8.47 25 8.47 5 2.15 34 12.27 31 5.75 59 10.31 

Arvicolinae 11 3.58 9 3.0 1 0.43 7 2.53 12 2.23 16 2.80 

Glis glis 4 1.30 12 4.07 3 1.29 5 1.81 7 1.30 17 2.97 

Rattus norvegicus 0 0.00 0 0.00 0 0.00 1 0.36 0 0.00 1 0.17 

Wild birds 21 6.84 3 1.02 16 6.90 14 5.05 37 6.86 17 2.97 

Passeriformes 18 5.86 0 0.00 16 6.90 14 5.05 34 6.31 14 2.45 

Unidentified birds 3 0.98 3 1.02 0 0.00 0 0.00 3 0.56 3 0.52 

Domestic birds 0 0.00 0 0.00 4 1.72 3 1.08 4 0.74 3 0.52 

Gallus gallus domesticus 0 0.00 0 0.00 4 1.72 3 1.08 4 0.74 3 0.52 

Amphibians and 
reptiles 

0 0.00 0 0.00 2 0.86 5 1.81 2 0.37 5 0.87 

Serpentes undet. 0 0.00 0 0.00 2 0.86 2 0.72 2 0.37 2 0.35 

Lacertilia - undet. 0 0.00 0 0.00 0 0.00 3 1.08 0 0.00 3 0.52 

Insects 56 18.24 38 12.88 89 38.36 71 25.63 145 26.90 109 19.06 

Coleoptera 36 11.73 28 9.49 85 36.64 68 24.55 121 22.45 96 16.78 

Orthoptera, Caelifera 1 0.32 0 0.00 0 0.00 2 0.72 1 0.18 2 0.35 

Unidentified insects 19 6.19 10 3.39 4 1.72 1 0.36 23 4.27 11 1.92 

Other 17 5.54 32 10.85 6 2.59 11 3.97 23 4.27 43 7.52 

Waste (Plastic remains) 3 0.98 13 4.41 1 0.43 3 1.08 4 0.74 16 2.8 

Pebbles, grass 13 4.23 19 6.44 5 2.15 7 2.53 18 3.34 26 4.55 

Egg shell 0 0.00 0 0.00 0 0.00 1 0.36 0 0.00 1 0.17 

Others 1 0.32 0 0.00 0 0.00 0 0.00 1 0.18 0 0.00 

Total 307 100 298 100 232 100 277 100 539 100 572 100 
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Table 2. Number of cases (n) and relative frequency of occurrence of food items in the faeces (180 
for each period) of Martes foina and Vulpes vulpes in the mountainous regions of Central Bulgaria. 

 

Dietary items 

Autumn-
Winter  

Autumn-
Winter  

Spring-
Summer  

Spring-
Summer  

Total for the 
year  

Total for 
the year  

M. foina V. vulpes M. foina V. vulpes M. foina V. vulpes 

n RFO% n RFO% n RFO% n RFO% n RFO% n RFO% 

Fruits 130 50.39 85 35.86 119 47.41 63 31.82 249 48.92 148 34.02 

Mespilus sp. 67 25.97 38 16.03 13 5.18 14 7.07 80 15.72 52 11.95 

Prunus sp. 0 0.00 0 0.00 59 23.51 10 5.05 59 11.59 10 2.30 

Rosa sp. 15 5.81 24 10.13 14 5.58 11 5.56 29 5.70 35 8.05 

Morus sp. 0 0.00 0 0.00 21 8.37 11 5.56 21 4.13 11 2.53 

Rubus sp. 0 0.00 1 0.42 0 0.00 0 0.00 0 0.00 1 0.23 

Rubus sp. 24 9.30 14 5.91 12 4.78 11 5.56 36 7.07 25 5.75 

Prunus spinosa 21 8.14 0 0.00 0 0.00 0 0.00 21 4.13 0 0.00 

Prunus domestica 0 0.00 4 1.69 0 0.00 1 0.51 0 0.00 5 1.15 

Prunus cerasifera 0 0.00 0 0.00 0 0.00 4 2.02 0 0.00 4 0.92 

Ficus carica 1 0.39 1 0.42 0 0.00 0 0.00 1 0.20 1 0.23 

Fagus sylvatica 0 0.00 2 0.84 0 0.00 1 0.51 0 0.00 3 0.69 

Cornus mas 0 0.00 1 0.42 0 0.00 0 0.00 0 0.00 1 0.23 

Unidentified fruits 2 0.78 0 0.00 0 0.00 0 0.00 2 0.39 0 0.00 

Domestic mammals 0 0.00 0 0.00 2 0.80 5 2.53 2 0.39 5 1.15 

Capra domesticus 0 0.00 0 0.00 2 0.80 5 2.53 2 0.39 5 1.15 

Wild mammals 1 0.39 18 7.59 11 4.38 5 2.53 12 2.36 23 5.29 

Lepus europaeus 1 0.39 0 0.00 6 2.39 0 0.00 7 1.38 0 0.00 

Capreolus capreolus 0 0.00 11 4.64 5 1.99 4 2.02 5 0.98 15 3.45 

Sus scrofa 0 0.00 6 2.53 0 0.00 1 0.51 0 0.00 7 1.61 

Canis aureus 0 0.00 1 0.42 0 0.00 0 0.00 0 0.00 1 0.23 

Rodents 69 26.74 93 39.24 59 23.51 46 23.23 128 25.15 139 31.95 

Sylvaemus 
sylvaticus/flavicollis 

13 5.04 29 12.24 13 5.18 12 6.06 26 5.11 41 9.43 

Microtus 
arvalis/mystacinus 

0 0.00 51 21.52 0 0.00 26 13.13 0 0.00 77 17.70 

Myodes glareolus 15 5.81 8 3.38 6 2.39 5 2.53 21 4.13 13 2.99 

Arvicolinae 38 14.73 0 0.00 38 15.14 0 0.00 76 14.93 0 0.00 

Glis glis 3 1.16 5 2.11 2 0.80 3 1.52 5 0.98 8 1.84 

Wild birds 12 4.65 13 5.49 8 3.19 12 6.06 20 3.93 25 5.75 

Passeriformes 12 4.65 13 5.49 8 3.19 12 6.06 20 3.93 25 5.75 

Domestic birds 0 0.00 0 0.00 1 0.40 1 0.51 1 0.20 1 0.23 

Gallus gallus  
domesticus 

0 0.00 0 0.00 1 0.40 1 0.51 1 0.20 1 0.23 

Amphibians and 
reptiles 

1 0.39 0 0.00 0 0.00 0 0.00 1 0.20 0 0.00 

Salamandra salamandra 1 0.39 0 0.00 0 0.00 0 0.00 1 0.20 0 0.00 

Insects 43 16.67 24 10.13 51 20.32 64 32.32 94 18.47 88 20.23 

Coleoptera 42 16.28 24 10.13 51 20.32 62 31.31 93 18.27 86 19.77 

Orthoptera, Caelifera 1 0.39 0 0.00 0 0.00 2 1.01 1 0.20 2 0.46 

Other 2 0.78 4 1.69 0 0.00 2 1.01 2 0.39 6 1.38 

Pebbles, grass 2 0.78 1 0.42 0 0.00 0 0.00 2 0.39 1 0.23 

Waste (Plastic remains) 0 0.00 3 1.27 0 0.00 1 0.51 0 0.00 4 0.92 

Egg shell 0 0.00 0 0.00 0 0.00 1 0.51 0 0.00 1 0.23 

Total 258 100 237 100 251 100 198 100 509 100 435 100 
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Trophic niche breadth and Niche overlap 
The trophic niche overlap between the Stone 

Marten and the Red Fox was high in both habitats, 
especially in agro-region (0.802; Table 3). We did 
not detect any significant differences in the diets 
of the two species in the agricultural region 
(Mann-Whitney U-test, U=503, z=0.054, p=0.96), 
as well as in the mountainous region (Mann-

Whitney U-test, U=233, z=0.851, p=0.39), which is 
a result of the high niche overlap. Considerable 
dietary overlap indicates a high rate of competi-
tion, but is not definite proof of its existence (Papa-
kosta et al., 2010). 

Both species had wider trophic niche breath 
in agricultural region than in the mountainous 
region.  

 
Table 3. Trophic niche breadth and Trophic niches overlap of the Red Fox (Vulpes vulpes) and the 

Stone Marten (Martes foina) in agricultural and mountainous region. 
 

Region 

Trophic niche breadth Trophic 
niches 

overlap 
yearly 

M. foina 
autumn-
winter 

M. foina 
spring-
summer 

V. vulpes 
autumn-
winter 

V. vulpes 
spring-
summer 

M. foina 
yearly 

V. vulpes 
yearly 

Agricultural region 0.36  0.30  0.84 0.37 0.29 0.41 0.80 

Mountainous region 0.30  0.35  0.46 0.40 0.24 0.40 0.65 

 

 
Discussion 
In Bulgaria, only one study on the diet of the 

Stone Marten in the Upper Thracian Plain shows 
such a high use of fruits throughout the year 
(Georgiev, 2013). The majority of studies on the 
trophic spectrum of the two species in Bulgaria 
show that they use mostly rodents and only in 
their absence or low numbers they attack other 
animals or feed on carrion (Vasileva et al., 2005; 
Raichev & Georgiev, 2008; Kyurkchiev, 2008; 
Georgiev & Raichev, 2009; Kirkova et al., 2011; 
Hisano et al., 2013; Petrov et al., 2016). These 
authors consider insects and fruits as secondary 
food resources more frequently consumed in the 
spring to autumn period. 

According to Pandolfi et al. (1996) even in the 
winter, fruits are important food resource for the 
Stone Marten and the Red Fox in the Mediterra-
nean areas. It’s a subject of future studies to deter-
mine whether the higher temperatures in winter 
in recent years lead to high presence of fruits in the 
food spectrum of both predators in Bulgaria. 

Wild birds, wild mammals, domestic birds, 
amphibians and reptiles, waste, etc. were conside-
red an additional food with significantly lower 
percentage in the samples of both species in both 
regions yearly. The wild and domestic mammals 
(mostly ungulates) found in the samples were 
considered as a sequence of scavenging. The pre-
sence of domestic birds, such as hens is extremely 
low. We support the opinion of Serafini & Lovari 

(1993), Coonan et al. (2000) and Jordano et al. (2007), 
that the so-called "harm" on poorly protected 
farms is far less than their benefit for the regula-
tion of rodent populations (and endozoohory). 

The agro-region offers a greater diversity of 
food items than mountains (Serafini & Lovari, 
1993; Martin, 1994). The trophic niches of both 
carnivores were broader in the autumn-winter 
period, than in the spring-summer, more 
pronounced for the Red Fox’s diet, which was 
previously found in other studies (Storch et al., 
1990; Sidorovich et al., 2000; Padial et al., 2002; 
Papakosta et al., 2010). Overall, our results are 
consistent with others (Storch et al., 1990; Serafini 
& Lovari, 1993; Martin, 1994; Sidorovich et al., 
2000; Padial et al., 2002, Papakosta et al., 2010). 

 
Conclusions 
Our study revealed Vulpes vulpes and Martes 

foina as opportunistic omnivores that resort to the 
most effortless and available food resources in the 
local environment. Despite the influence of local 
agricultural activities, the main food groups for 
both predators do not change. Only the species 
composition of consumed fruits and rodents 
switches. Their bad reputation as pests on poultry 
is not proven.  

The possibility of competition between the 
two species in the studied regions is high. 
Therefore, we suggest that further studies need to 
be carried out in this particular area. 



Alexander Petrov et al. 

27 
 

References 
Ansorge, H. (1989). Nahrungsokologische Aspekte 

bei Baummarder, Iltis und Hermelin. Popu-
lationsokologie marderartiger Siugetiere. 
Wissenschaft Beitrage Universitdt Halle, 
(P39), 494-504.  

Atanasov, N. (1958). Lisitsata v Bulgaria. [The Red 
Fox in Bulgaria]. Bulgarian Academy of 
Sciences, Sofia, 322 p. (In Bulgarian). 

Bakaloudis, D. E., Vlachos, C. G., Papakosta, M. A., 
Bontzorlos, V. A., & Chatzinikos, E. N. (2012). 
Diet composition and feeding strategies of 
the Stone Marten (Martes foina) in a Typical 
Mediterranean Ecosystem. The Scientific 
World Journal, 2012, Article ID 163920, doi: 
10.1100/2012/163920   

Bakaloudis, D., Bontzorlos, V., Vlachos, C., 
Papakosta, M.,  Chatzinikos, E., Braziotis, S., 
& Kontsiotis, V. (2015). Factors affecting the 
diet of the Red Fox (Vulpes vulpes) in a hetero-
geneous Mediterranean landscape. Turkish 
Journal of Zoology, 39(6), 1151-1159. doi: 
10.3906/zoo-1411-22 

Balestrieri, A., Remonti, L., & Prigioni, C. (2011). 
Assessing carnivore diet by fecal samples and 
stomach contents: a case study with Alpine 
Red Foxes. Central European Journal of Biology, 
6(2), 283-292. doi: 10.2478/s11535-010-0106-1  

Balestrieri, A., Remonti, L., Capra, R. B., Canova, 
L., & Prigioni, C. (2013). Food habits of the 
Stone Marten (Martes foina) (Mammalia: 
Carnivora) in plain areas of Northern Italy 
prior to pine marten (M. martes) spreading. 
Italian Journal of Zoology, 80(1), 60–68. doi: 
10.1080/11250003.2012.730067  

Baltrūnaitė, L. (2002). Diet сomposition of the Red 
Fox (Vulpes vulpes L.), pine marten (Martes 
martes L.) and raccoon dog (Nyctereutes 
procyonoides Gray) in сlay рlain landscape, 
Lithuania. Acta Zoologica Lituanica, 12(4), 362–
368. doi: 10.1080/13921657.2002.1051252 

Carvalho, J. C., & Gomes, P. (2004). Feeding re-
source partitioning among four sympatric 
carnivores in the Peneda-Geres National Park 
(Portugal). Journal of Zoology, 263, 275‒283, 
doi: 10.1017/S0952836904005266  

 Cavallini, P., & Lovari, S. (1991). Environmental 
factors influencing the use of habitat in the 
Red Fox, Vulpes vulpes. Journal of Zoology, 223(2), 
323–339, doi: 10.1111/j.1469-7998.1991.tb04768.x  

Coonan, T. J., Schwemm, C. A., Roemer, G. W., & 
Austin, G. (2000). Population decline of island 
foxes (Urocyon littoralis) on San Miguel Island. 
In Proceedings of the Fifth Channel Islands 
Symposium. Camarillo (CA): US Department 
of the Interior, Minerals Management Service 
(pp. 289–297). 

Fowler, J., Cohen, L., & Jarvis, P. (1998). Practical 
Statistics for Field Biology. John Wiley & Sons, 
259 p. 

Georgiev, D. (2013). Diet of the Stone Marten 
(Martes foina Erxl.) in two large cites of the 
upper Thracian lowland, south Bulgaria. 
ZooNotes, 42, 1-4. 

Georgiev, D., & Raichev, E. (2009). A record of 
Horned viper Vipera ammodytes (L.) in the diet 
of the Stone Marten Martes foina (Erxl.) (Mam-
malia: Mustelidae) in Bulgaria. ZooNotes, 5, 1-2. 

Gotelli, N., & Entsminger, G. (2001). EcoSim: Null 
Models Software for Ecology, Version 7.0. 
Computer software. Acquired Intelligence 
Inc. & Kesey-Bear. Available at: 
http://homepages.together.net/~gentsmin/  

Hammer, Ø., Harper, D., & Ryan, P. (2001). PAST: 
Paleontological statistics software: Package 
for education and data analysis. Palaeontologia 
Electronica, 4(1), 9. 

Hayward, M.W., & Slotow, R. (2009). Temporal 
partitioning of activity in large African 
carnivores: tests of multiple hypothesis. South 
African Journal of Wildlife Research, 39, 109-125. 

Hisano, M., Raichev, E., Tsunoda, H., Masuda, R., 
& Kaneko, Y. (2013). Winter diet of the Stone 
Marten (Martes foina) in central Bulgaria. 
Mammal Study, 38, 293-298, doi: 
10.3106/041.038.0405  

Jedrzejewska, B., & Jedrzejewski, W. (1998). 
Predation in vertebrate communities – The 
Bialowieza Primeval Forest as a case study 
(Ecological Studies, 135). Springer-Verlag, 
Berlin, 462 p. 

Jordano, P., Garcia, C., Godoy, J. A., & Garcia-
Castano, J. L. (2007). Differential contribution 
of frugivores to complex seed dispersal 
patterns. Proceedings of the National Academy of 
Sciences, 104, 3278–3282. 

Karanth, K. U., Srivathsa, A., Vasudev, D., Puri, M., 
Parameshwaran, R., & Kumar, N.S. (2017). 
Spatio-temporal interactions facilitate large 
carnivore sympatry across a resource gradient. 

https://doi.org/10.1100/2012/163920
https://doi.org/10.3906/zoo-1411-22
https://doi.org/10.2478/s11535-010-0106-1
https://doi.org/10.1080/11250003.2012.730067
https://doi.org/10.1080/13921657.2002.10512525
https://doi.org/10.1017/S0952836904005266
https://doi.org/10.1111/j.1469-7998.1991.tb04768.x
http://homepages.together.net/~gentsmin/ecosim.htm
https://doi.org/10.3106/041.038.0405


What's for dinner? Diet and trophic niche overlap in two sympatric carnivores in agricultural and near-
natural habitats in Bulgaria 

28 
 

Proceedings of the Royal Society, B, 284 (1848), 
20161860, doi: 10.1098/rspb.2016.1860 

Kingsoft. (2020). WPS Spreadsheets. Retrieved 
from https://wps.com  

Kirkova, Z., Raychev, E., & Georgieva, D. (2011). 
Studies on feeding habits and parasitological 
status of Red Fox, golden jackal, wild cat and 
Stone Marten in Sredna Gora, Bulgaria. 
Journal of Life Sciences, 5, 264-270. 

Krebs, C. J. (1989). Ecological methodology. New 
York, Harper Collins, 704 p. 

Kyurkchiev, S. (2008). Godishen hranitelen spektar 
na chervenata lisitsa (Vulpes vulpes L.) v 
Tzentralni Rhodopi. [Annual food spectrum 
of the Red Fox (Vulpes vulpes L.) in Central 
Rhodopi]. Proceedings of the Jubilee scientific 
conference on Ecology, Plovdiv, pp. 200-207. 
(In Bulgarian). 

Lanszki, Z., Purger, J. J., Bocz, R., Szép, D., & 
Lanszki, J. (2019). The Stone Marten and the 
Red Fox consumed predominantly fruits all 
year round. Acta Zoologica Academiae Scien-
tiarum Hungaricae, 65(1), 45–62, doi: 
10.17109/AZH.65.1.45.2019 

Levins, R. (1968). Evolution in changing 
environments. Princeton: Princeton University 
Press, 132 p. 

Lodè, T. (1993). Diet composition and habitat use 
of sympatric polecat and American mink in 
western France. Acta Theriologica, 38, 161-166.  

Martin, S. (1994). Feeding ecology of American 
martens and fishers. In Buskirk, S.W., 
Harestad, A.S., Raphael, M.G., & Powell, R.A. 
(Eds), Martens, sables, and fishers: Biology and 
conservation. Cornell University Press, Ithaca, 
New York, USA, (pp. 297-315). 

Main, M. T., Davis, R. A., Blake, D., Mills, H., & 
Doherty, T. S. (2020). Human impact over-
rides bioclimatic drivers of Red Fox home 
range size globally. Diversity and Distribu-
tions, 26(9), 1083-1092, doi: 10.1111/ddi.13115  

Mollov, I. (2008). Sex based differences in the 
trophic niche of Pelophylax ridibundus (Pallas, 
1771) (Amphibia: Anura) from Bulgaria. Acta 
zoologica bulgarica, 60(3), 277-284.  

Padial, J., Ávila, M., & Gil-Sánchez, J. (2002). 
Feeding habits and overlap among Red Fox 
(Vulpes vulpes) and Stone Marten (Martes 
foina) in two Mediterranean mountain ha-
bitats. Mammalian Biology, 67, 137-146. 

Pandolfi, M., Demarinis, A. M., & Petrov I. (1996). 
Fruit as a winter feeding resource in the diet 
of Stone Marten (Martes foina) in east-central 
Italy. Zeitschrift fur Säugetierkunde, 61, 215–220. 

Papakosta, M., Bakaloudis, D., & Kitikidou, K. 
(2010). Dietary overlap among seasons and 
habitats of Red Fox and Stone Marten in 
Central Greece. European Journal of Scientific 
Research, 45(1), 122-127 

Peeva, S., Mikov, A., & Georgiev D. (2018). On the 
arthropods in the Stone Marten’s (Martes foina) 
diet in Central Bulgaria. ZooNotes, 121, 1-3.  

Penin, R. (2007). Natural geography of Bulgaria. 
Bullvest 2000, Sofia, 280 p. (In Bulgarian) 

Petar, P., Popova, E., & Zlatanova, D. (2015). Sum-
mer food niche comparison between the Red 
Fox and genus Martes in mountain habitats. 
Annuaire de l’Université de Sofia “St. Kliment 
Ohridski” Faculte de Biologie, 100, 291-303. 

Petrov, P., Popova, E., & Zlatanova, D. (2016). 
Niche partitioning among the Red Fox Vulpes 
vulpes (L.), Stone Marten Martes foina 
(Erxleben) and Pine marten Martes martes (L.) 
in Two Mountains in Bulgaria. Acta zoologica 
bulgarica, 68(3), 375-390. 

Pianka, E. (1969). Sympatry of desert lizards 
(Ctenotus) in western Australia. Ecology, 50, 
1012-1030, doi: 10.2307/1936893  

Pianka, E. (1973). The structure of lizard 
communities. Annual Review of Ecology and 
Systematics, 4, 53-74. 

Popov, V., & Sedefchev, A. (2003). Bosainitzite v 
Balgaria [Mammals in Bulgaria]. Vitosha 
Publishing House, Sofia. 290 p. (In 
Bulgarian). 

Prigioni, C., Balestrieri, A., Remonti, L., & Cavada, 
L. (2008). Differential use of food and habitat 
by sympatric carnivores in the eastern Italian 
Alps. Italian Journal of Zoology, 75(2), 173-184, 
doi: 10.1080/11250000701885521  

Raichev, E., & Georgiev, D. (2008). Hranata na 
lisitsata (Vulpes vulpes L.) prez esenno-zimnia 
sezon v raiona na Sarnena Sredna gora [The 
food of the fox (Vulpes vulpes L.) during the 
autumn-winter season in the region of Sar-
nena Sredna Gora]. Proceedings of the Jubilee 
scientific conference on Ecology, Plovdiv, pp. 
208-215. (In Bulgarian). 

Remonti, L., Balestrieri, A., Ruiz-González, A., 
Gómez-Moliner, B. J., Capelli, E., & Prigioni, 
C. (2012). Intraguild dietary overlap and its 

https://doi.org/10.1098/rspb.2016.1860
https://wps.com/
https://doi.org/10.17109/AZH.65.1.45.2019
https://doi.org/10.1111/ddi.13115
https://doi.org/10.2307/1936893
https://doi.org/10.1080/11250000701885521


Alexander Petrov et al. 

29 
 

possible relationship to the coexistence of 
mesocarnivores in intensive agricultural 
habitats. Population Ecology, 54(4), 521–532. 
doi: 10.1007/s10144-012-0326-5  

Rosa, P., Brangi, A., & Gola, L. (1991). Food of the 
fox (Vulpes vulpes) in a mountain area of 
Northern Apennines. Hystrix, 3, 91-94. 

Schoener, T. (1974). Resource partitioning in eco-
logical communities. Science, 185(4145), 27–
39, doi: 10.1126/science.185.4145.27 

Seebeck, J. (1978). Diet of the fox Vulpes vulpes in a 
western Victorian forest. Austral Ecology, 3(1), 
105–108. doi: 10.1111/j.1442-9993.1978.tb00856.x  

Serafini, P., & Lovari, S. (1993). Food habits and 
trophic niche overlap of the Red Fox and the 
Stone Marten in a Mediterranean rural area. 
Acta Theriologica, 38(3), 233-244.  

Shapiro, S., & Wilk, M. (1965). An analysis of va-
riance test for normality (complete samples). 
Biometrika, 52(3–4), 591–611, doi: 
10.1093/biomet/52.3-4.591. 

Sidorovich, V., Polozov, G., Lauzhel, O., & Krasko, 
A. (2000). Dietary overlap among generalist 
carnivores in relation to the impact of the in-
troduced raccoon dog Nyctereutes procyonoides 
on native predators in northern Belarus. 
Zeitschrift Fuer Saeugetierkunde, 65, 271-285. 

Storch, I., Lindstrom, J., & De Jounge, J. (1990). 
Diet and habitat selection of the pine marten 
in relation to competition with the Red Fox. 
Acta Theriologica, 35, 311-320. 

Tsunoda, H., Ito, K., Peeva, S., Raichev, E., & 
Kaneko, Y. (2018). Spatial and temporal 
separation between the golden jackal and 
three sympatric carnivores in a human-
modified landscape in central Bulgaria. 
Zoology and Ecology, 28(3), 172-179. 

Tsunoda, H., Newman, C., Peeva, S., Raichev, E., 
Buesching, C. D., Kaneko, Y. (2020). Spatio-
temporal partitioning facilitates 
mesocarnivore sympatry in the Stara Planina 
Mountains, Bulgaria. Zoology, 141. 125801. 

Vasileva, S., Zlatanova, D., & Racheva, V. (2005). 
The food of the Red Fox (Vulpes vulpes L) and 
the marten (Martes foina, Erxl) in the spring-
summer period in Osogovo mountain. Pro-
ceedings of the Balkan scientific conference of 
biology, Plovdiv (Bulgaria), pp. 481-488. 

Verdade, L. M., Rosalino, L. M., Gheler-Costa, C., 
Pedroso, N. M., & Lyra-Jorge, M. C. (2011). 

Adaptation of mesocarnivores (Mammalia: 
Carnivora) to agricultural landscapes of Me-
diterranean Europe and southeastern Brazil: 
a trophic perspective. In: Rosalino, L. M., & 
Gheler-Costa, C. (Eds.), Middle-Sized Carni-
vores in Agricultural Landscapes, Nova Science 
Publishers, New York, USA, pp. 1-38. 

Wierzbowska, I., & Skalski, T. (2010). Fox and 
martens – are they really opportunistic feeders? 
A case of beetles and other arthropods occur-
rence in carnivores’ diet. Baltic Journal of 
Coleopterology, 10(2), 129-139. 

Zhou, Y., Zhang, J., Slade, E., Zhang, L., Palo-
mares, F., Chen, J., & Zhang, S. (2008). Dietary 
shifts in relation to fruit availability among 
masked palm civets (Paguma larvata) in 
Central China. Journal of Mammalogy, 89(2), 
435–447, doi: 10.1644/07-mamm-a-048r1.1  

Zhou, Y.-B., Newman, C., Xu, W.-T., Buesching, C. 
D., Zalewski, A., Kaneko, Y., Macdonald, D. 
W., & Xie, Z.-Q. (2010). Biogeographical varia-
tion in the diet of Holarctic martens (genus 
Martes, Mammalia: Carnivora: Mustelidae): 
adaptive foraging in generalists. Journal of 
Biogeography, 38(1), 137–147,    
doi: 10.1111/j.1365-2699.2010.02396.x 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Received: 09.02.2024 
Accepted: 29.02.2024

 

https://doi.org/10.1007/s10144-012-0326-5
https://doi.org/10.1126/science.185.4145.27
https://doi.org/10.1111/j.1442-9993.1978.tb00856.x
https://doi.org/10.2307/2333709
https://doi.org/10.1644/07-MAMM-A-048R1.1
https://doi.org/10.1111/j.1365-2699.2010.02396.x

