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Abstract

The feeding habits of two carnivorous opportunists, red fox (Vulpes vulpes) and stone marten
(Martes foina), have been compared in two Mediterranean mountain habitats (mesic and xeric), lo-
cated in the Sierra Nevada National Park (SE Spain), between April 1997 and March 1998. The ana-
lysis of scats revealed a very important interspecific trophic niche overlap in the mesic habitat. In
the xeric habitat the differences were significant and the overlap moderate. Seasonal variations ex-
isted in the degree of overlap, which reached its highest level in winter in the mesic habitat and in
spring in the xeric habitat. The results indicated that the availability of food in each habitat was
important in determining the divergence of the diets. Thus, in the mesic habitat, competition could
be possible, although it was not important enough to cause a habitat segregation. Martens seemed
to be more adaptive than foxes, probably due to their smaller size and arboreal life, allowing them
to exploit fruit which is not as profitable for the fox. Foxes based their diet on small mammals, car-
rion and cultivated fruit in both habitats. Rabbits were also seasonally important in the xeric habi-
tat. The trophic niche breadth of foxes was higher in the mesic habitat. The inter-habitat compari-
son showed significant differences in the diet of martens. In the xeric habitat, martens centred
their diet on small mammals and fruit of Juniperus phoenicea, Morus ulmifolius and Amelanchier
ovalis, while in the mesic habitat their diet was very similar to that of foxes. The trophic niche
breadth was higher in the xeric habitat than in the mesic. The habitat conditions particulary influ-
enced the overlap of the diets and these variations were fundamentally caused by the different
availability of small fruit.
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Introduction

Interaction between species is important tion (DELIBES 1983; HESTEINSsON and MAc-
within carnivorous mammal communities DONALD 1992; WHITE et al. 1994). In
because competitive phenomena generally comparison with the rest of Europe the
appear which may determine the qualita- Iberian peninsula has a great richness of
tive and quantitative community composi- carnivorous mammals, with a total of six-
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teen species that appear frequently in sym-
patric situations. However, there are only a
few studies on co-existence between sympa-
tric species (AYMERICH 1982; PALOMARES
1996; GI1L-SANCHEZ 1998). The Sierra Neva-
da is a high mountain range in the Mediter-
ranean region where two generalist carni-
vorous co-exist, the red fox Vulpes vulpes
and the stone marten Martes foina.

The aim of this study was to investigate the
diet of red foxes and stone martens in two
Mediterranean mountain habitats and to
evaluate the degree of differences and over-
lap in the diet.

Material and methods

Two different habitats, “mesic” and “xeric”, were
studied in the Sierra Nevada National Park, an
area with the highest diversity of botanical end-
emism on the Iberian Peninsula (MoriLLo and
GO6MmEZ-Campo 2000). Both areas are fluvial val-
leys separated by sixteen kilometres and belong
to the Guadalquivir river basin.

The sampling region “mesic habitat” is located in
the valley of the Genil river, a semi-humid supra-
mediterranean habitat with acid soils, where the
dominant trees are: Quercus pyrenaica, Sorbus
aria, S. torminalis, Castanea sativa, Cotoneaster
granatensis, Quercus rotundifolia, and Pistacea ter-
ebinthus. The climate is characterized by an aver-
age annual temperature of 11 °C and average an-
nual precipitations of 800 mm (ANDALUCIA 1992).
This area possesses remains of humid forests that
dominated the Iberian Peninsula during glacial
periods. Our study area was situated between
1200 and 1400 m asl (37° 08’ N and 3° 23" E).

The area is well conserved although the impact of
cattle grazing is evident. Currently game activities
are forbidden.

The sampling region “xeric habitat” is located in
the valley of the Dilar river (at 1000-1400 m asl;
N41° 03’ and E4° 53’), a xeric supramediterranean
habitat with calcareous soil. The dominant vege-
tation is woodland with Pinus pinaster, Pinus ha-
lepensis, Pinus silvestris nevadensis, Juniperus
phoenicea, and Amelanchier ovalis. The average
annual temperature is 14°C and the average an-
nual precipitation is 600 mm (ANDALUCA 1992).
This area suffered a fire some years ago affecting
its repopulated forests of P. pinaster.

The diet of foxes and martens was studied
through scat analysis (PutmMan 1984). A certain
track was selected in each habitat and scats were
collected monthly between April 1997 and March
1998, by two or three people. The tracks were pre-
viously cleared of scats in March 1997. The scats
were always collected in the first week of every
month, the aim being to obtain a signficant sam-
ple from the previous month. In total 856 scats
were obtained: 178 in the mesic habitat and 678
in the xeric habitat (Tab. 1).

The analysis of the scats was carried out following
the standard method of drying, washing and sift-
ing (GIL-SANcHEZ 1996, 1998; ReynNoLDs and
AEFBISCHER 1991). The data are presented as fre-
quency of occurrence (%F = number of scats con-
taining a particular item/total scats x 100) and per-
centage of volume (%V = estimated volume of
each item/total estimated volume x 100) (KauHA-
LA et al. 1998). For further analysis the 78 food
items found are grouped into 14 categones
(Tab. 2). The seasonal variation of the diet of both
species was studied during the following periods:
spring (March, April, May); summer (June, July,
August); autumn (September, October, Novem-
ber); winter (December, January, February).

Table 1. Number of scats, trophic niche breadth and overlap, in different seasons and total, of stone marten (MF)
and red fox (VV), in two Mediterranean mountain habitats in the southeastern Iberian Peninsula.

Spring Summer Autumn Winter Total
ME W MF W MF W  MF W MF W
Mesic habitat
N of scats 28 12 25 17 21 17 30 28 104 74
Levin’s Indes B 4.58 2.56 6.11 3.60 5.51 3.90 2.23 2.37 5.02 3.80
Pianka’s Index 0.72 0.62 0.63 0.99 0.92
Xeric habitat
N of scats 75 40 156 45 139 16 176 31 546 132
Levin’s Index B 4.52 3.45 2.63 8.27 3.77 4.08 2.97 3.79 6.03 5.76
Pianka’s Index 0.54 0.42 0.25 0.49 0.47
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Table 2. Diet of stone marten and red fox in two Mediterranean mountain habitats (“xeric” and “mesic”) in the
southeastern Iberian Peninsula. %F-percentage of occurrence; %V-percentage of volume in scats.

Martes foina Vulpes vulpes
xeric mesic xeric mesic
%F %V %F %V %F %V %F %V

Small mammals 28.8 23.6 46.1 37.7 27.3 23.7 52.7 39.8
Arvicola sapidus 4.6 4.2 13.5 13.2 2.3 2.2 5.4 2.8
Microtus duodecimcostatus 0.6 0.5 1.0 0.3 1.5 1.4 6.8 5.8
Apodemus sylvaticus 8.4 7.7 3.9 3.6 5.3 4.6 13.5 12.4
Eliomys quercinus - - 1.0 0.5 - - - -
Mus spretus 3.5 2.9 - - 5.3 3.7 0.2 4.5
Rattus rattus 0.4 0.3 2.9 2.9 2.3 2.1 - -
Crocidura russula 0.7 0.7 2.9 1.5 0.8 0.6 - -
Suncus etruscus - - 1.9 1.3 - - - -
Talpa occidentalis - - 1.0 0.9 - - - -
Small mammals non identif.  10.6 7.2 18.3 13.4 12.1 9.0 17.6 14.3
Lagomorphes 3.3 3.2 1.9 1.9 24.2 21.8 - -
Lepus granatensis - - 1.9 1.9 0.8 0.8 - -
Oryctolagus cunniculus 3.3 3.2 - - 23.5 21.1 - -
Carrion 3.3 1.9 25.0 15.0 28.8 23.4 32.4 26.9
Capra aegagrus f. hircus 0.2 0.0 8.7 8.2 9.9 8.4 13.5 12.2
Capra pyrenaica 0.6 0.5 1.9 1.9 7.6 1.4 14.9 12.5
Ovis ammon f. aries - - 1.9 1.9 - - 2.7 1.5
Sus scrofa 0.4 0.0 - - 2.3 1.6 - -
Sus scrofa f. domestica - - - - - - 1.4 0.7
Carrion non identif. 2.2 1.4 2.9 2.9 9.1 6.1 - -
Birds 3.3 1.3 1.0 4.0 6.1 3.2 4.1 2.1
Alectoris rufa 0.4 0.3 - - 3.0 1.9 1.4 0.1
Columba sp. 0.4 0.4 - - - - - -
Otus scops 0.2 0.2 - - - - - -
Turdus merula - - 1.0 1.0 - - - -
Turdus sp. 0.2 0.0 - - - - - -
Pyrrhocorax phyrrocorax - - - - - - 1.4 1.4
Birds non identif. 2.0 0.5 1.0 0.0 3.0 1.3 1.4 0.7
Reptils 0.0 0.9 3.9 0.6 4.6 1.0 1.4 0.1
Elaphe scalaris 0.4 0.0 1.0 0.0 - - 1.4 0.1
Malpolon monspessulanus - - 1.0 0.0 0.8 0.2 - -
Natrix maura 0.2 0.0 - - - - - -
Timon lepida 1.1 0.7 - - - - - -
Psamodrummus algirus 0.2 0.2 2.9 0.5 3.8 0.8 - -
Reptiles non identif. 0.2 0.00 - - - - - -
Arthropods 16.7 4.3 25.0 8.5 28.0 3.4 32.4 8.7
Coccinella sp. - - - - 0.8 0.0 - -
Hiulus sp. - - 10 0.0 - - - -
Melolonta melolonta 0.8 0.4 4.8 2.8 4.6 0.9 4.1 1.6
Rizotropus sp. 1.3 1.0 - - - - - -
Blatta sp. - - 1.0 0.0 - - - -
Carabidae spp. - - - - 0.8 0.0 2.7 1.1
Cerambicidae sp. - - - - - - 1.4 0.5
Scarabidae spp. 0.4 0.0 2.9 0.0 2.3 0.1 1.4 0.5
Coleptera non identif. 3.9 1.0 3.9 0.0 3.8 0.1 6.8 1.0
Apis melifera 0.2 0.1 - - - - - -
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Table 2. Continued.

Martes foina Vulpes vulpes
xeric mesic xeric mesic
%F %V %F %V %F %V %F %V
Xilocopa sp. 0.2 0.2 - - - - - -
Polistes sp. 0.2 0.1 - - - - - -
Mantis religiosa 0.2 0.0 - - - - - -
Hymenoptera non identif. 0.4 0.0 1.0 0.0 - - 1.4 0.0
Ortoptera non identif. 7.5 1.5 9.6 1.7 9.1 2.1 13.5 4.1
Anacridium sp. 0.4 0.2 - - - - - -
Buthus occitanus 0.4 0.1 - - 3.8 0.2 - -
Scalopendra sp. 0.6 0.3 1.0 1.0 3.0 0.1 1.4 0.0
Arthropod non identif. 0.18 0.05 - - - - - -
Juniper
Juniperus phoenicea 28.0 26.3 - - 0.8 0.0 - -
Serviceberry
Amelanchier ovalis 18.7 16.7 - - 6.1 2.9 - -
Blackberries
Rubus sp. 6.4 5.0 19.2 11.4 3.0 1.2 9.5 2.9
Fig
Ficus carica 8.6 5.5 7.7 4.4 8.3 2.3 - -
Wild tree fruit 0.4 0.2 2.9 2.0 6.1 3.4 4.1 0.9
Celtis australis 0.2 0.2 - - - - - -
Prunus sylvestris 0.2 0.0 1.9 1.1 6.1 3.4 4.1 0.9
Sorbus aria - - 1.0 1.0 - - - -
Wild bush fruit 3.9 3.3 9.6 6.6 1.5 0.5 4.1 1.0
Crataegus monogyna 0.4 0.4 1.9 0.1 - - - -
Juniperus oxycedrus 1.8 1.4 - - 0.7 0.2 - -
Rosa sp. 0.9 0.9 1.0 1.0 - - 1.4 0.7
Rubia peregrina 0.7 0.5 - - - - - -
Fruit non identif. 0.2 0.1 2.9 1.7 - - - -
Seeds non identif. - - 4.8 3.8 0.8 0.3 2.7 0.3
Cultivated fruit 6.4 4.1 10.6 8.2 15.2 9.2 24.3 15.1
Malus domestica 2.2 1.6 3.9 3.0 3.0 0.5 12.2 4.2
Pyrus communis 0.6 0.5 - - 1.5 1.5 - -
Vitis vinifera 1.3 0.3 - - 2.3 0.8 - -
Cultivated plum 0.4 0.2 - - 4.6 0.9 9.5 8.2
Cultivated cherry 2.0 1.5 6.7 5.1 6.1 4.8 2.7 2.7
Cultivated medlar - - - - 0.8 0.8 - -
Others 5.5 37 135 29  10.6 4.0 9.5 2.5
Martes foina 0.6 0.4 - - 3.0 1.7 2.7 2.4
Mustela nivalis 0.2 0.4 - - - - - -
Egg 1.1 0.0 8.7 0.2 3.0 0.1 6.8 0.1
Honey 0.2 0.2 - - - - - -
Grass - - 1.0 0.3 1.5 0.9 - -
Plants non identif. 2.0 1.8 1.9 1.7 0.8 0.6 - -
Rubish 0.6 0.4 - - 2.3 0.7 - -
Others non identif. 0.7 0.6 1.0 0.7 - - - -
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Diets were compared by %2 tests on contingency
tables (FEDRIANI et al. 1999). The trophic niche
breadth was calculated using the Levins’ Index B
(Levins 1968) and the trophic niche overlap using
Pianka’s Index (P1aNkaA 1973), based on the %V
of the prey categories (KAUHALA et al. 1998).

Results

For the mesic habitat, the diet of both spe-
cies was very similar (3% =22.14; d.f. = 13;
p>0.05) and a high overall trophic niche
overlap was observed (Tab.1, 2). There
were some seasonal variations but both spe-
cies based their diets on small mammals,
carrion, arthropods, cultivated fruit and ber-
ries (Fig. 1). In the xeric habitat the diet was
statistically different (x*=80.92; d.f.=12;
p < 0.001) between the two species and the
overlap was annually moderate, and season-
ally moderate to low (Tab. 1, 2). The marten
based its diet mainly on small mammals,
J. phoenicea and Amelanchier ovalis, but
there was also a strong seasonal importance
of A. ovalis in summer and J. phoenicea in
winter. The fox based its diet on carrion,
small mammals and lagomorphs (mainly
rabbits). Seasonal variations are shown in
figure 2.

Discussion

In the Sierra Nevada mammals (mainly
small mammals and carrion) and fruit were
the main food sources of both species in
both habitats. The differences in the con-
sumption of fruit in our study areas seems
to be more related to availability than to
other factors (but see HERRERA 1989), as in-
dicated by seasonal variations and differ-
ences between the habitats. When compar-
ing the extent of the frugivory of these
species both within Sierra Nevada habitats
or between other regions in southern Spain
a very marked variation is evident in the
consumption of certain fruits (AMOREs 1975,
1980; HERrRErRA 1989; FEDRIANI 1996; GIL-
SANCHEZ 1996). This could possibly indicate
that consumption is related to differences in
the local availability of fruit plants.
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In the mesic habitat the diet of both species
was very similar, with a maximum overlap
during winter. This was probably due to the
extreme winter conditions when snow and
frequent frost would diminish the availabil-
ity of resources. This tendency to overlap in
times of shortage of resources has been ob-
served in other carnivores communities
(SErAFINI and Lovari 1993; SiporovicH et
al. 2000). However, this is not in accordance
with the competition theory, which suggests
that the convergence of the diets among
sympatric species should be higher when
the resources are abundant (SCHOENER 1982;
FEDRIANT et al. 1999). RosENZWEIG (1966)
concluded that the coexistence of sympatric
carnivores of different sizes is possible be-
cause differing corporal sizes allows for diet
segregation. This agrees with our results in
the xeric habitat. According to Pranka
(1988), as a mechanism implied in coexis-
tence, segregation of trophic niches should
exist in order to diminish the competition
for exploitation. In addition PoLris et al.
(1989) argued that the species segregate
their niches as a mechanism to avoid an in-
traguild predation. However, our results in
the mesic habitat, as well as those of SERAFI-
NI and Lovart (1993) for the same species
and studies of other carnivores, have found
a high diet overlap among sympatric species
with different morphology and ecology
(CiampaLINT and Lovart 1985; REiG and
JEDRZEJEWSKI 1988; GIL-SANCHEZ 1998;
KauHALA et al. 1998; FEDRIANI et al. 1999;
Frarjorp 2000; SiporovicH et al. 2000).
Nevertheless, on some occasions a direct
competition was indicated (DELIBES 1983;
HERSTEINSSON and MACDONALD 1992; WITHE
et al. 1994; LINDSTROM et al. 1995).

In most of the case studies different mech-
anisms to avoid competition when a trophic
niche overlap existed were discussed: the
space use-temporal segregation (SERAFINI
and Lovart 1993; FEDRIaNI et al. 1999); the
micro- and macrohabitat segregation (SERA-
FINI and Lovart 1993; GIL-SANCHEZ 1998;
FrarsorD 2000); and also mechanisms dor-
mant during winter (KAuHALA et al. 1998).
In the mesic habitat during spring, summer
and autumn (when the availability of re-
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sources was higher), the marten exploited
small arboreal berries. Their more arboreal
habits and smaller size could help the mus-
telid to climb bushes. This has been sug-
gested as a possible adaptation of space seg-
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regation in order to avoid competition
between the fox and the marten and also
for other carnivores in areas of diet overlap
(ROSENZWEIG 1966; SERAFINI and Lovarl
1993; GI1L-SANCHEZ 1998).
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Mammals [JCarrion []Other Vertebrates Arthropods [ Fruits []Others

Fig. 1. a) Percentage of stimate volume (%V) in the scats of stone marten (Martes foina) for different prey cate-
gories and seasons in a mesic mountain habitat; b) percentage of stimate volume (%V) in the scats of red fox
(Vulpes vulpes) for different prey categories and seasons in a mesic mountain habitat.
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Fig. 2. a) Percentage of stimate volume (%V) in the scats of stone marten (Martes foina) for different prey cate-
gories and seasons in a xeric mountain habitat; b) percentage of stimate volume (%V) in the scats of red fox
(Vulpes vulpes) for different prey categories and seasons in a xeric mountain habitat.
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During this study, marten remains were de-
tected in the fox scats on six occasions
(two in the mesic and four in the xeric habi-
tat). All were found in spring or summer
and could be cases of asymmetric intraguild
predation (PALOMARES and CARro 1999). The
fox can be an important limiting factor for
small mustelid populations (MULDER 1990),
and this also seems to occur with the pine
marten (LINDSTROM et al. 1995).

Regarding the trophic niche overlap and the
possible competition between the fox and
the marten we can conclude that: (1) the ha-
bitat conditions notably influenced the diet
overlap; (2) these variations could be caused
by the seasonal availability of small fruit
(mainly berries), more profitable for the

marten than for the fox; (3) the competition
between both species could be possible
although it would not be a decisive factor in
the distribution of these two species.
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Zusammenfassung

Ernihrungsgewohnheiten und Uberlappungen bei Rotfuchs (Vulpes vulpes) und Steinmarder
(Martes foina) in zwei mediterranen Gebirgslebensraumen

Die Nahrungsgewohnheiten von Rotfuchs und Steinmarder, zwei opportunistische Carnivoren,
sind in zwei mediterranen Gebirgslebensraumen (mesisch und xerisch) in einer Studie verglichen
worden, die von April 1997 bis Madrz 1998 im Sierra-Nevada-Nationalpark (im SO von Spanien)
ausgefiihrt wurde. Die Analyse von Exkrementen hat eine sehr hohe interspezifische Nahrungs-
{iberlappung fiir den mesischen Lebensraum ergeben. Im xerischen Lebensraum waren die Unter-
schiede groRer und die Uberlappung schwicher. Jahreszeitlich bedingte Variationen existierten
im Grad der Uberlappung und erreichten im Winter ihr héchstes Niveau im mesischen Lebensraum
und im Friihling im xerischen Lebensraum. Die Ergebnisse zeigten, daR die Verfiigbarkeit von
Nahrung in jedem Lebensraum eine wichtige GroRe in der Entstehung der Divergenz in der jewei-
ligen Nahrungszusammensetzung war, so dafd im mesischen Lebensraum Konkurrenz méglich aber
nicht wichtig genug war, um eine Lebensraumtrennung zu verursachen. Der Marder schien die an-
passungsfahigere Spezies zu sein, wahrscheinlich wegen seiner geringeren GroRe und der Ge-
wohnheit, in Bdumen zu klettern, die es ihm erlaubt, Friichte zu nutzen, die fiir den Fuchs nicht
sehr profitabel wéren. Die Nahrung des Fuchses setzte sich in beiden Lebensrdaumen aus kleinen
Saugetieren, Aas und Friichten zusammen (Kaninchen waren auch im xerischen Lebensraum jah-
reszeitlich bedingt). Die Breite der Nahrungsnische des Fuchses war im mesischen Lebensraum
héher. Der Vergleich zwischen den Lebensrdaumen wies groRe Unterschiede in der Nahrung des
Marders auf. Im xerischen Lebensraum bestand die Nahrung des Marders aus kleinen Sdugetieren
und Friichten von Juniperus phoenicea, Morus ulmifolius und Amelanchier ovalis, wahrend sie im
mesischen Lebensraum der des Fuchses sehr dhnlich war. Die Breite der Nahrungsnische war im
xerischen Lebensraum hoher als im mesischen. Die Lebensraumbedingungen beeinfluRten die
Nahrungsiiberschneidung auffallend, wobei die Unterschiede vor allem aus der unterschiedlichen
Verfiigharkeit kleiner Friichte resultierte.
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