
Hungarian Natural History Museum, Budapest

Acta Zoologica Academiae Scientiarum Hungaricae 65(1), pp. 45–62, 2019
DOI: 10.17109/AZH.65.1.45.2019

THE STONE MARTEN AND THE RED FOX CONSUMED 
PREDOMINANTLY FRUITS ALL YEAR ROUND: A CASE STUDY

Zsófia Lanszki1, Jenő J. Purger1, Renáta Bocz1, Dávid Szép1 and József Lanszki2

1Department of Ecology, University of Pécs, H-7624 Pécs, Ifjúság útja 6, Hungary 
E-mails: lanszkizsofi@gmail.com, https://orcid.org/0000-0003-3116-4633 

purger@gamma.ttk.pte.hu, https://orcid.org/0000-0002-3302-6544 
renata.bocz@gmail.com, https://orcid.org/0000-0002-6917-6739;  
szeep.david@gmail.com, https://orcid.org/0000-0001-9749-9159 

2Carnivore Ecology Research Group, Kaposvár University, H-7400 Kaposvár, Guba S. u. 40, 
Hungary; E-mail: lanszkij@gmail.com; https://orcid.org/0000-0002-2067-6601

The feeding of the stone marten (Martes foina) and the red fox (Vulpes vulpes) being flexible, 
easily adapt to anthropogenic food sources, utilising them effectively. Both carnivores feed 
on plants, thus the question arises how their food composition changes during the seasons 
when there is high availability of fruits in their habitat. The diet composition of the two 
species was investigated for one year in a 14-hectare vineyard surrounded by orchards, 
based on scat analysis (n = 288 and 110, respectively). The proportion of plant matter in the 
feeding of both species was strikingly high, although differing seasonally, especially fruits, 
mostly sour cherries, cherries, grapes and figs being present. Martens consumed plants in 
greater amounts (89% vs 76%) than foxes. Both carnivores consumed more invertebrates in 
spring, and more small mammals in winter, whereas frugivory was more substantial in the 
summer and autumn periods. Trophic niche was quite narrow in both species, with con-
siderable degree of overlap. The revealed feeding patterns are quite novel, that of the stone 
marten being unique even at a European level; the prolonged high degree of frugivory 
indicates the perfect adaptability of the two native carnivore species.
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INTRODUCTION

The strengthening of the populations of animals adaptable to the trans-
formed anthropogenic environment, including those of carnivorous mammal 
species, is seen throughout Europe (Contesse et al. 2004, Herr et al. 2009, Tóth 
et al. 2009, Soe et al. 2017). These include the stone marten (Martes foina; here-
after: marten) and the red fox (Vulpes vulpes; hereafter: fox). Both are common 
carnivore species widespread throughout much of Europe (Macdonald 1977, 
Delibes 1978, Zhou et al. 2011, Soe et al. 2017). Besides factors such as few com-
petitors, availability of shelters, and low efficiency population control (Herr 
et al. 2009), the fact that their populations are in a favourable status is due to 
the abundant availability and easy access to natural and anthropogenic food 
sources (Rasmussen & Madsen 1985, Tester 1986, Lucherini & Crema 1993, 
Soe et al. 2017). Their feeding is also flexible (Genovesi et al. 1996, Kidawa & 
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Kowalczyk 2011, Díaz-Ruiz et al. 2013), allowing them to adapt rapidly to 
anthropogenic food sources, and effectively utilise them.

Both species being solitary hunters on the ground, the marten also hunts 
with great agility in the canopy layer. Their diet composition is relatively well 
known, having been studied in various kinds of regions in Europe. Being op-
portunistic carnivores (MacDonald 1977), their diet composition is highly 
varied, depending on area and seasonal food availability. The diet of martens 
can simultaneously include several types of food with relatively high propor-
tions (Tester 1986, Tóth 1998, Lanszki 2003, Zhou et al. 2011, Papakosta et al. 
2014). The importance of various food types in the feeding of foxes can change 
with geographic latitude too (Lloyd 1980, Kidawa & Kowalczyk 2011, Díaz-
Ruiz et al. 2013, Soe et al. 2017). The interspecific trophic relations of the two 
carnivore species are better known from Mediterranean areas (e.g. Serafini 
& Lovari 1993, Padial et al. 2002, Santos et al. 2007), but are less studied in 
temperate climate zones (Goszczynski 1986, Lanszki et al. 1999, Posłuszny et 
al. 2007, Petrov et al. 2016). Only few studies have looked at the seasonal pat-
terns and changes of feeding in these two native carnivores, at the same time 
and within the same area.

Our hypothesis is that sharing the same habitat, both martens and foxes 
feeding in an opportunistic manner, search for their food containing easily 
accessible fruits and common animals in the area. According to our predic-
tion, their dietary patterns will be similar to each other, and thus differ greatly 
from dietary patterns recorded during diet analyses performed in natural ar-
eas or human-dominated environments.

Through the analysis of stone marten and red fox faecal samples collect-
ed through a period of one year, our aim has been to determine a) the seasonal 
diet composition together with its energetic background, b) the trophic niche 
breadth, and c) the trophic niche overlap between the two carnivore species.

MATERIAL AND METHODS

The study area is located outside the city of Pécs, in the 14-hectare vineyard (N 46.07°, 
E 18.17°) of the Research Institute for Viticulture and Winemaking, University of Pécs. 
Lying on the southern slopes of western Mecsek Mountains, the study area is part of the 
Pannonian biogeographical region of SW Hungary, located at altitudes between 180–240 m 
a.s.l. Wine-growing has been practised in the area since the 1750s. The climate is continen-
tal, with considerable Mediterranean influence. In the study period the monthly average 
temperature is 12.6 °C (3.2 °C in winter months), the total amount of precipitation is 651 
mm, the number of sunny hours is 2254 (data from the Pécs Observatory of the Hungarian 
Meteorological Service). The vineyard is bordered from the north by dry forests (Fraxino-
Quercetum), with manna ash (Fraxinus ornus) and downy oak (Quercus pubescens) being the 
primary tree species. In the south there is a main road, whereas on the eastern and west-
ern sides cultivated and abandoned orchards are found, with wine cellars and residential 
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buildings. The presence of martens and foxes had been indicated by camera trap photos. 
During the study period badger (Meles meles), weasel (Mustela nivalis), domestic cat (Felis 
silvestris catus), wild boar (Sus scrofa), European brown hare (Lepus europaeus) and roe deer 
(Capreolus capreolus) were also present in the area occasionally.

The diet composition and feeding habits of stone marten and red fox were investi-
gated by analysing scat samples collected every two weeks from the beginning of July 2015 
to the end of June 2016. Samples were collected along a total of 4.28 km long standard route 
on the top of the stone walls separating vineyard plots, and along the road network run-
ning through the vineyard, and were distinguished based on odour, size and shape char-
acteristics (Macdonald 1980). Due to the regular human presence in the area associated 
with viticulture, the presence of the forest-preferring pine marten (Martes martes) in the 
area is considered to be only occasional even despite the proximity of forests, as suggested 
by experience from radio telemetry studies (Zalewski 1997, Czernik et al. 2016), meaning 
that the majority of the collected samples possibly originated from stone martens. No other 
canid species (e.g. golden jackal Canis aureus) than the red fox were directly observed or 
their presence inferred to from indirect signs (footprints, calls, scats), and people working 
in the vineyards did not observe canid species other than foxes either.

We analysed stone marten and red fox scat samples (n = 288 and 110, respectively) 
by means of a standard procedure (Jędrzejewska & Jędrzejewski 1998). Scats were soaked 
in water, then washed through a sieve (0.5 mm mesh) and finally dried. All food remains 
were separated, all feather, bone, dentition, and hair remains were identified using micro-
scope keys from März (1972), Teerink (1991), Brown et al. (1993), and our own vertebrate, 
invertebrate and plant reference collections.

The diet composition of the carnivores was expressed in two ways: percentage rela-
tive frequency of occurrence (O – number of occurrences of a certain food type divided by 
the total number of food occurrences of all food types and then multiplied by 100), and 
percentage of biomass consumed (B). To estimate the fresh mass of food ingested (Reyn-
olds & Aebischer 1991), all dry food remains were weighed separately (measured at 0.01 
g accuracy) and the food remain mass data were multiplied by an appropriate conversion 
factor (i.e. coefficient of digestibility), as summarized from literature data by Jędrzejewska 
and Jędrzejewski (1998) for red fox and martens.

The following ten food categories were used in the calculations related to the com-
parative analysis of the faecal sample composition and the trophic niche for predator spe-
cies: 1 – small mammals (rodents and insectivores), 2 – European brown hare, 3 – wild car-
nivores, 4 – wild ungulates (carrion), 5 – wild birds (including eggs), 6 – domestic animals, 
7 – reptiles and amphibians together, 8 – invertebrates, 9 – plants (fruits, seeds and other 
plant matter) and 10 – inorganic materials (non-food items).

General log-linear analysis (STATISTICA 10.0) was used on frequency of occurrence 
data to test for intraspecific differences of the two carnivore species for four seasons, and 
for interspecific differences. The unit of analysis was scat samples of carnivores, and the 
response variable was the presence or absence of the food item considered. The model was 
fitted using carnivore species and season as independent variables. Owing to the large 
number of comparisons (ten food categories), we adjusted the level of significance to 0.005 
with a Bonferroni correction (P = 0.05/10). Nine food categories (because there is no con-
version factor for inorganic materials) were considered based on the estimated percentage 
of biomass consumed (arcsin transformed B values). Analysis of covariance (ANCOVA, 
Bonferroni post-hoc test) was applied to explore interspecific and intraspecific differences 
in B values, with carnivore taxa as fixed factor and season as covariate.
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To determine interspecific differences and to test whether the unusual high pro-
portions of plant consumption and low small mammal consumption can be profitable, a 
simple energy content calculation was applied for both carnivores. Estimation based on 
seasonal percentage of biomass consumed (Fig. 1) and metabolizable energy values, which 
is 614.4 kJ/100 g for small mammals (common vole Microtus arvalis; annual average value; 
Górecki 1965), 785.14 kJ/100 g for European brown hare (Myrcha 1968), 825.0 kJ/100 g for 
birds (European tree sparrow Passer montanus; Myrcha & Pinowski 1970), 905.5 kJ/100 g for 
other vertebrates (roe deer carcass; Weiner 1973), 806.4 kJ/100 g for insects (beetles, Poly-
cleis spp., Sternocera spp., imago; Bukkens 1997), and 271.5 kJ/100 g (in the case of marten) 
or 255.7 kJ/100 g (in the case of fox) for plants (grape, cherry and maize, ratios, marten: 
60:30:10%, fox: 50:40:10%; https://ndb.nal.usda.gov/ndb).
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Fig. 1. Seasonal diet composition changes of stone martens (Martes foina) and red foxes (Vulpes 
vulpes) in a vineyard (Pécs, Hungary). Scat samples (n = 288 and 110, respectively) collected 
between July 2015 and June 2016, Su – summer, Au – autumn, Wi – winter, Sp – spring, O – 

percentage relative frequency of occurrence, B – percentage of biomass consumed
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Trophic niche breadth was calculated in accordance with standardized Levins index 
(BA, rating from 0 to 1) according to Hurlbert, and trophic niche overlap using the Ren-
konen index (Krebs 1989). The estimated energy values (kJ/100 g) and standardised trophic 
niche breadth values (both calculated seasonally) were compared with paired samples t-
test (normal data distributions). A minimum probability level of P < 0.05 was accepted in 
all statistical tests, except log-linear analysis.

RESULTS

In the vineyard in all seasons plants were the primary foods of the mar-
ten (annual mean, O: 62.2%, B: 88.8%, Appendix 1, Fig. 1) as well as of the 
fox (annual mean, O: 53.2%, B: 76.0%, Appendix 2, Fig. 1). The second and 
third most important food types, depending on season and the calculation 
method, were birds, brown hare or invertebrates. Among plants, both species 
consumed mainly seasonally available fruits (cherry or sour cherry Prunus 
sp., grape Vitis vinifera, fig Ficus carica). The main bird prey species were pas-
serines, while the consumed invertebrates were mainly beetles. The consump-
tion of other food types was negligible.

Based on frequency data (log-linear analysis), the difference between the 
feeding of the two carnivore species was not significant in any of the food 
types (Table 1). Among food types, significant seasonal differences were re-
vealed only in the consumption of invertebrates, plants and inorganic ma-
terial (Table 1). Both the foxes and the martens fed most frequently on in-
vertebrates in spring, and least often in winter, and consumed plants most 
frequently in winter and least often in spring (Fig. 1). The consumption of 

500

E
ne

rg
y 

  (K
J

/1
00

 g
)

Stone marten

600

Su WiAu Sp Su WiAu Sp

Plants

Invertebrates

Other vertebrates

Birds

Lagomorphs

Small mammals

400

300

200

100

0

Red fox

Fig. 2. Energetic values of stone marten (Martes foina) and red fox (Vulpes vulpes) diets in a 
vineyard (Pécs, Hungary). For abbreviations see Fig. 1 and details for calculations can be 

find in Material and methods



Acta Zool. Acad. Sci. Hung. 65, 2019

50 LANSZKI, ZS., PURGER, J. J., BOCZ, R., SZÉP, D. & LANSZKI, J.

Table 1. Results of log-linear models for the frequencies of occurrence of food types in 
the scats of stone martens (Martes foina) and red foxes (Vulpes vulpes) during four seasons 
(2015–2016) in a vineyard (Pécs, Hungary), for the effect of species, seasons, and their 
interaction. P values (with Bonferroni corrections, P < 0.005) in boldface are significant.

Item Effect df χ2 P
Small mammals Species 1   0.0 0.983
 Season 3   1.3 0.728
 Interaction 3  11.6 0.009
Brown hare Species 1   4.9 0.027
 Season 3   2.4 0.500
 Interaction 3  12.0 0.007
Carnivores Species 1   2.0 0.156
 Season 3   1.5 0.683
 Interaction 3  11.4 0.010
Ungulates Species 1   1.2 0.277
 Season 3   0.4 0.949
 Interaction 3  11.5 0.009
Birds Species 1   0.0 0.926
 Season 3  10.3 0.016
 Interaction 3  11.6 0.009
Domestic animals Species 1   0.8 0.375
 Season 3   1.7 0.644
 Interaction 3  11.3 0.010
Reptiles and amphibians Species 1   3.0 0.085

Season 3   2.8 0.420
 Interaction 3  11.5 0.009
Invertebrates Species 1   2.1 0.146
 Season 3 126.8 <0.0001
 Interaction 3   9.6 0.023
Plants Species 1   3.7 0.055
 Season 3  41.3 <0.0001
 Interaction 3   9.0 0.029
Inorganic materials Species 1   1.3 0.256

Season 3  40.3 <0.0001
 Interaction 3  10.5 0.015
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inorganic materials (debris) was more frequent in spring and less frequent in 
summer (Appendix 3).

Based on calculated biomass composition data (ANCOVA), it was possi-
ble to indicate significant difference between the feeding of the two carnivore 
species only in the consumption of plant matter: martens ate higher propor-
tions of plants than foxes (F1,5 = 11.86, P = 0.018). Among seasons, significant 
difference was found only in the feeding on small mammals and plants. Both 
carnivores took higher proportions of small mammals in winter and smaller 
proportions in summer and autumn (F1,5 = 7.33, P = 0.042), whereas plant mat-
ter was eaten in higher proportions in summer and autumn and relatively less 
in spring (F1,5 = 20.28, P = 0.006). Regarding the other food types, no significant 
difference was revealed either between the two species (F1,5 = 0.38–2.27, P = 
0.192–0.564) or between the seasons (F1,5 = 0.01–5.04, P = 0.075–0.940).

Estimated mean (±SE) energy values calculated from diets (Fig. 2) did not 
differ significantly between the studied carnivores (marten: 342.3±25.8 kJ/100 
g, fox: 420.3±48.5 kJ/100 g, paired samples t-test, t3 = 2.55, P = 0.084).

Mean (±SE) standardised trophic niche breadth (BA) did not differ sig-
nificantly between the species either based on frequency data (O, marten: 
0.19±0.03, fox: 0.21±0.01, paired samples t-test, t3 = 0.67, P = 0.552), or in the 
evaluation of calculated biomass composition data (B, marten: 0.05±0.02, fox: 
0.16±0.08, t3 = 1.97, P = 0.144). Trophic niche overlap values were high in all 
seasons, using both kinds of calculation (O: 88.0±1.9%, B: 79.0±7.5%). Marten 
and fox diets contained 16 and 11 different vertebrate taxa, 7–7 invertebrate 
taxa, 12 and 11 plant taxa, respectively.

DISCUSSION

Both martens and foxes followed their opportunistic feeding strategies, 
utilising throughout the year food types that were readily available in the 
vineyard and its immediate surroundings, which supports our hypothesis. In 
this case study we detected seasonal influence on the diet composition of the 
two species only partially, depending on the calculation method, in the case 
of plants, small mammals, invertebrates and inorganic matter. Significant dif-
ference between the two carnivores was found only in the consumption of one 
of the food types i.e. plants (mostly fruits): martens consumed plant matters 
in higher proportions than foxes, which support our prediction that dietary 
patterns will be similar.

Fruits are abundantly available for the predators in the study area in 
summer and autumn, and the neighbouring abandoned orchards allow ac-
cess to fallen fruits or unharvested grapes even during wintertime. Fleshy 
fruits with high levels of carbohydrate, minerals and vitamins but low pro-
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tein contents (Pandolfi et al. 1996, Jordano 2000) are consumed in winter, as 
confirmed by numerous other studies too (e.g. Rasmussen & Madsen 1985, 
Tester 1986, Tóth 1998, Bermejo & Guitian 2000, Lanszki 2003, Bakaloudis 
et al. 2012, Georgiev 2013, Czernik et al. 2016, Petrov et al. 2016). Winter was 
mild at the time of the investigations, thus the fruits having remained in the 
area stayed available for quite long. The high rate of frugivory throughout 
the year indicates (even without telemetry investigations) that the predator 
species obtained their food in a relatively small area, mostly in the neighbour-
hood of the vineyard.

Depending on food availability, habitat type and sex, the home range 
of martens can range between 0.01 and 0.4 km2 (Herrmann 1994, Seiler et al. 
1994, Posillico et al. 1995), while that of foxes can measure anything between 
0.04 to 30 km2 (Voigt & Macdonald 1984, Doncaster et al. 1990, Baker & 
Harris 2004). Without population estimation and identification of individu-
als (e.g. Zalewski 1999), it is impossible to find out how specific are the di-
etary patterns. A sample size from our systematic collecting was similar to 
the average of sample collected during one year from larger areas (Lanszki 
2012), in the case of both studied species. Understanding of feeding ecology 
of these species can also be extended by study of diet of some individuals. We 
could not exclude the possibility that the studied carnivores collected their 
food in further areas, though the items detected in their food occurred in the 
studied area and the near vicinity. Based on the known extent of their home 
range, food composition and availability, it is likely that martens and foxes 
consumed the majority of their food in the studied area and its immediate 
surroundings.

Based on findings from germination experiments with seeds from scats 
(Herrera 1989, Matías et al. 2010) it is assumed that carnivores play a role 
in dispersing fruit seeds in the neighbouring areas, and through that, in ex-
panding their own food supply, which can be beneficial for other species too 
(Debussche & Isenmann 1989, Herrera 1989, Schaumann & Heinken 2002, 
Matías et al. 2010). They did not eat the fruits of invasive species, and ac-
cordingly, did not contribute to their dispersal. A telemetric tracking would 
provide useful insights into their seed distribution and habitat use.

The role of plant matter as food in the diet of martens and foxes in the 
study area was unusually important, as compared to studies in other Eu-
ropean areas (reviewing works: Lloyd 1980, Zhou et al. 2011, Lanszki 2012, 
Díaz-Ruiz et al. 2013, Papakosta et al. 2014, Soe et al. 2017). The high degree 
of feeding on plant matter by martens was proved in Mediterranean forest in 
Portugal (B: 61.9%, Santos et al. 2007) and in big cities in Bulgaria (O: 83.3%, 
Georgiev 2013). Probably the digestive system of the stone marten requires 
large quantities of plant fibres (Pandolfi et al. 1996, Tóth 1998). In the case 
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of foxes, high level of plants in diet was shown in a forest mixed with alpine 
pastures in Switzerland (O: 38,8%, Ferrari & Weber 1995), and in agricultural 
areas with interspersed Mediterranean forests (O: 35.0%, Cavallini & Volpi 
1996). In our study area, the percentage of plant matter in the diet of both 
carnivore species was much higher than in any of the former investigations, 
which supported our prediction.

Invertebrates had a seasonally varying but major importance in the feed-
ing of martens and foxes in the study area, whereas the proportion of small 
mammals and domestic animals in their diet was smaller than in other Eu-
ropean habitats. In foxes, the importance of feeding on wild ungulates had 
much smaller importance than what has been found by other European in-
vestigations (Lloyd 1980, Lanszki et al. 2007, Zhou et al. 2011, Díaz-Ruiz et 
al. 2013, Papakosta et al. 2014, Soe et al. 2017). The seasonality in feeding on 
invertebrates can be explained with the decreased activity of prey species in 
the cold season. Their more frequent utilisation as food was found in Mediter-
ranean areas such as Portugal (O, martens: 85.5%, foxes: 32.8%, Santos et al. 
2007) and Spain (foxes, B: 21.7%, Fernández & Azua 2005). Preying on small 
mammals was found to increase somewhat in spring when the availability of 
plants as main food type started to decrease, which is an interesting finding 
with a view to the fact that small mammal abundance is typically the highest 
in late summer and in autumn (Horváth & Wagner 2003). Such low rates of 
small mammals in the diet of both carnivore species as the ones revealed by 
our study had been reported in Portugal, in Mediterranean areas (Santos et 
al. 2007). Domestic animals (pig and poultry) were very rare in our collected 
samples, although the consumption ratio of these are normally higher, irre-
spective of habitat type (e.g. Sidorovich 1997, Panek 2013). The consump-
tion ratio of the rest of prey types (e.g. brown hare, wild carnivores, wild 
ungulates, wild birds, domestic animals, reptiles and amphibians) is similar 
to what is average in a European comparison (Lloyd 1980, Zhou et al. 2011, 
Díaz-Ruiz et al. 2013, Papakosta et al. 2014, Soe et al. 2017). Some of this per-
centage is made up by cases of predation on species such as brown hare and 
small birds in all seasons, while another fraction signifies scavenging, e.g. in 
the very few cases of roe deer evidence. In some cases both predation and 
scavenging are equally possible, e.g. in the case of mustelids and pheasants. 
Contrary to our prediction, the consumption of the fast-moving lizards was 
found to be rare, despite the frequent occurrence of lizards in the area (Purger 
et al. 2017). Studies in areas further to the south indicated a more frequent 
(3.7-13.0%) consumption of reptiles (mostly lizards) by martens (e.g. Delibes 
1978, Romanowski & Lesinski 1991, Lucherini & Crema 1993, Bakaloudis 
et al. 2012). The consumption of inorganic material, possibly from domestic 
waste, became more frequent in winter and spring when most of the natural 
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food sources have limited availability (e.g. Rasmussen & Madsen 1985, Tester 
1986, Doncaster et al. 1990, Ferrari & Weber 1995, Lanszki 2003, Bakaloudis 
et al. 2012, Papakosta et al. 2014).

Due to the dominance of low-energy plant food, the energy content of 
the diet of marten and fox in our case study was lower than that of the average 
diet composition (marten: 560.5 kJ/100 g, fox: 623.2 kJ/100 g) in the southwest-
ern part of Hungary (Lanszki 2012). Closest to these averages were the calcu-
lated energy content values of food consumed during spring in the vineyard 
in the study area. Spring is the time of cubbing and early parental care period 
(Lloyd 1980), therefore the highest protein requirement occurs at this time. 
Although the energy content of summer and autumn foods was relatively 
low, however, due to high abundance of fleshy fruits (e.g. Bakaloudis et al. 
2012, Petrov et al. 2016), predators could satisfy their energy needs. Dietary 
patterns for both species showed greater similarity to the Mediterranean area 
of Europe and deviated from the dietary patterns found in temperate areas 
(Lloyd 1980, Zhou et al. 2011, Lanszki 2012, Díaz-Ruiz et al. 2013, Papakosta 
et al. 2014, Soe et al. 2017).

While both the martens and the foxes consumed from a variety of food 
types, their trophic niche was relatively narrow throughout the year due to 
frugivory, and also showed a high degree of trophic niche overlap. Despite 
this, individuals belonging to both species were continuously found to be pre-
sent in the same area. Our results from the analysis of the feeding of sympatric 
martens and foxes supported findings from earlier studies (70-90% overlap; 
Goszczynski 1986, Serafini & Lovari 1993, Lanszki et al. 1999, Baltrunaité 
2002, Padial et al. 2002, Posłuszny et al. 2007; except Santos et al. 2007), with 
the reservation that the food types with primary importance were different 
in the various study areas. Carnivores can co-exist under a considerable de-
gree of overlap in their diet (e.g. Jedrzejewska & Jedrzejewski 1998, Remon-
ti et al. 2012, Petrov et al. 2016), provided that food is abundantly available 
(Krebs 1989), the resources are partitioned in time, by partial spatial separa-
tion (Petrov et al. 2016), by the difference in hunting strategies (Rosenzweig 
1966, Dayan & Simberloff 1994), or one of the species has a more variable 
diet (Gittleman 1989). As signified by the dietary patterns, plant matter in 
the orchards around the studied vineyard area continued to have virtually 
unlimited availability even in winter.

In conclusion, it is established that the recorded feeding patterns of mar-
tens and foxes, namely the prolonged high degree of frugivory in a vineyard, 
are new findings on a European scale, and suggest that these predator species 
are capable of surviving on high proportions of fruit in their diet throughout 
the year. Their co-existence despite a high level of trophic niche overlap be-
tween them is another evidence for their excellent adaptability.
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Appendix 1. Seasonal and annual relative frequency of occurrence and biomass percent-
age of food items in scats of stone martens (Martes foina) in a vineyard (Pécs, Hungary). 
Scat samples collected between July 2015 and June 2016, O – percentage relative fre-
quency of occurrence, B – percentage of consumed biomass, + – biomass under 0.05%, 

BA – standardized trophic niche breadth value.

Food items
Summer Autumn Winter Spring Annual
O B O B O B O B O B

Microtus sp. 0.7 0.2 2.5 0.8   1.0 0.3 0.9 0.3
Myodes glareolus 0.7 0.2       0.2 +
Apodemus sp. 2.1 + 1.9 + 3.4 1.4 2.0 0.2 2.5 0.6
Rattus norvegicus 0.7 +   0.4 0.6 2.0 1.1 0.6 0.4
Lepus europaeus 2.8 2.8 1.9 3.3 2.6 5.1 1.0 1.2 2.2 3.7
Mustelidae, indet.     0.4 1.2   0.2 0.5
Capreolus capreolus 0.7 0.1       0.2 +
Domestic pig       1.0 2.4 0.2 0.2
Poultry     1.3 0.1 1.0 0.2 0.6 +
Fringillidae     0.4 0.3   0.2 0.1
Passeridae 0.7 +       0.2 +
Turdidae 0.7 + 1.9 0.3     0.6 0.1
Passeriformes spp. 1.4 1.7 3.1 0.3 5.5 0.9 9.1 10.8 4.5 1.8
Phasianus colchicus   0.6 0.2     0.2 0.1
Aves, medium-sized 0.7 +       0.2 +
Aves, indet. 1.4 0.3 2.5 0.4 6.4 3.6 3.0 0.2 3.7 1.6
Aves, egg   0.6 +     0.2 +
Sauria 0.7 + 0.6 +     0.3 +
Oryctes nasicornis 0.7 0.3       0.2 0.1
Lucanus cervus 2.8 0.4     2.0 0.3 0.9 0.1
Cetoniinae 0.7 0.1 1.9 +   4.0 1.5 1.2 0.2
Melolonthidae       3.0 2.2 0.5 0.2
Carabidae 2.8 0.1   0.4 + 6.1 0.7 1.7 0.1
Coleoptera 20.7 2.3 3.7 + 3.0 + 15.2 5.4 9.0 1.1
Orthoptera 1.4 + 2.5 + 0.4 + 1.0 + 1.2 +
Vespidae   1.9 +     0.5 +
Insecta 2.1 + 9.9 0.1 0.9 + 5.1 0.2 4.1 +
Insecta, larvae   0.6 + 2.1 +   0.9 +
Vitis vinifera 12.4 10.9 36.4 73.1 41.3 75.1 4.0 6.0 27.8 52.0
Rubus sp. 2.1 5.0     1.0 + 0.6 1.3
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Appendix 2. Seasonal and annual relative frequency of occurrence and biomass percent-
age of food items in scats of red foxes (Vulpes vulpes) in a vineyard (Pécs, Hungary). For 

abbreviations see Appendix 1.

Food items
Summer Autumn Winter Spring Annual
O B O B O B O B O B

Microtus sp.     1.0 0.4 3.4 13.5 1.1 1.7
Apodemus sp. 1.2 0.3 3.6 + 3.1 2.4 1.7 0.9 2.3 1.0
Lepus europaeus 2.5 3.2 7.1 24.9 7.2 28.1 1.7 12.3 4.5 13.7
Mustelidae, indet.       1.7 3.8 0.4 0.4
Capreolus capreolus     1.0 0.4   0.4 0.1
Poultry 1.2 +   2.1 0.5   1.1 0.2
Fringillidae   3.6 0.3 2.1 0.9   1.1 0.3
Passeridae     3.1 1.0   1.1 0.3
Passeriformes spp. 1.2 2.2 3.6 0.1 4.1 0.2 3.4 5.9 3.0 1.9
Aves, indet.   7.1 1.9 4.1 0.6 1.7 0.3 2.6 0.4
Aves, egg     1.0 +   0.4 +
Sauria     1.0 +   0.4 +
Anura 2.5 0.1       0.8 0.1
Lucanus cervus 4.9 0.1     3.4 0.5 2.3 0.1

Appendix 1 (continued)

Food items
Summer Autumn Winter Spring Annual
O B O B O B O B O B

Prunus avium 1.4 6.2     14.1 58.5 2.5 6.8
Prunus cerasus 20.0 54.4       4.5 13.9
Prunus domestica 2.8 3.9 0.6 0.6 0.4 1.1   0.9 1.6
Cornus mas 0.7 0.9 0.6 1.4     0.3 0.6
Malus/Pyrus sp. 0.7 0.4 2.5 4.3 0.4 0.1   0.9 1.3
Ficus carica 3.4 2.0 6.8 4.4     2.5 1.7
Fleshy fruits, indet. 1.4 0.4 1.2 0.9 0.9 0.3 2.0 4.3 1.2 0.8
Seeds 8.3 6.6 9.3 6.6 12.3 4.1 12.1 0.7 10.6 5.1
Poaceae 2.1 0.2   1.7 0.3 1.0 0.2 1.2 0.2
Plant debris 0.7 0.6 6.8 3.3 15.7 5.7 9.1 3.6 9.0 3.6
Number of scats analysed 56  70  118  44  288  
Number of items 145  162  235  99  641  
BA 0.20 0.03 0.17 0.02 0.12 0.05 0.28 0.11 0.19 0.05
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Appendix 2 (continued)

Food items
Summer Autumn Winter Spring Annual
O B O B O B O B O B

Cetoniinae 11.1 0.3     15.3 11.4 6.8 1.5
Melolonthidae 1.2 +     10.2 5.3 2.6 0.6
Carabidae 4.9 0.2   1.0 0.1 5.1 0.9 3.0 0.2
Coleoptera 21.0 2.4   2.1 + 3.4 1.2 7.9 1.3
Gryllotalpa gryllotalpa 1.2 0.1       0.4 0.1
Orthoptera   3.6 +   1.7 + 0.8 +
Insecta   14.3 + 2.1 + 5.1 + 3.4 +
Gastropoda 1.2 +       0.4 +
Vitis vinifera 3.7 3.3 42.9 67.1 40.2 61.6   20.4 26.1
Rubus sp. 1.2 2.5     3.4 + 1.1 1.2
Prunus sp. 21.0 60.0     6.8 17.1 7.9 31.5
Prunus domestica 1.2 0.3       0.4 0.1
Ficus carica 2.5 1.9 3.6 0.5 1.0 0.1   1.5 1.0
Fleshy fruits, indet. 3.7 11.2 7.1 5.0 3.1 + 5.1 0.1 4.2 6.0
Triticum aestivum     1.0 +   0.4 +
Zea mays 2.5 10.5     3.4 20.7 1.5 7.6
Seeds, indet. 4.9 +   4.1 0.1 11.9 0.2 5.7 0.1
Poaceae 1.2 +   1.0 0.1 5.1 1.8 1.9 0.2
Plant debris 3.7 1.3 3.6 0.3 14.4 3.3 6.8 4.0 8.3 2.1
Number of scats analysed 29  12  44  25  110  
Number of items 81  28  97  59  265  
BA 0.20 0.03 0.23 0.10 0.17 0.14 0.23 0.38 0.21 0.16
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Appendix 3. Inorganic materials in the scats of stone martens (Martes foina) and red foxes 
(Vulpes vulpes) in a vineyard (Pécs, Hungary). Number of cases, SM – stone marten, RF 

– red fox. 

Non-food items
Summer Autumn Winter Spring

SM RF SM RF SM RF SM RF
Aluminium foil   1 2     
Pieces of nylon 2  2  3 3 1 1
Rubber   1  1    
Polystyrene     2    
Fabric        1
String    1 1 1   
Pebbles      4  9
Wood shavings 1    14 3 11 6


