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Abstract

Interference competition can force inferior competitors to change their distribution patterns.
It is, however, possible that the dominant competitor poses a higher threat during certain
times of the year, for example during reproduction. In such cases, the inferior competitor is
expected to change its distribution accordingly. We used a molecular species identification
method on faeces to investigate how the spatial overlap between arctic and red foxes
changes between seasons. The results show that arctic and red foxes are sympatric during
winter, but allopatric in summer as arctic foxes retreat to higher altitudes further from the
tree-line during the breeding season.
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Introduction

 

Interference competition among predators leads to niche
segregation when individuals change their use of habitat
or activity patterns to avoid competition (Palomares & Caro
1999). For inferior species, the potential cost of competition
may change over time, for example between seasons. The
degree of niche overlap should then vary accordingly.

Arctic foxes (

 

Alopex lagopus

 

) and red foxes (

 

Vulpes vulpes

 

)
both inhabit the mountain tundra in Sweden. They have
similar diets and probably share the same fundamental
food niche (Frafjord 2000; Elmhagen 

 

et al

 

. 2002). They are
therefore likely to have similar habitat preferences. However,
as red foxes are larger than arctic foxes they are dominant
in direct interactions, for example at dens and carcasses,
and they are also predators on arctic fox cubs (e.g. Rudzinski

 

et al

 

. 1982; Frafjord 

 

et al

 

. 1989; Tannerfeldt 

 

et al

 

. 2002). For
arctic foxes, the cost of interactions with red foxes should
be higher in summer than in winter, when they are not
only outcompeted for food resources and dens, but also
risk loosing their reproductive investment.

Arctic foxes breed in dens at higher altitudes and further
from the tree-line than red foxes (Linnell 

 

et al

 

. 1999; Dalerum

 

et al

 

. 2002). Assuming that the potential cost for arctic foxes
changes between seasons and that red foxes, being the
dominant competitor, always inhabit the optimal (preferred)

habitat, we expect a higher degree of spatial overlap in
winter than during the breeding season in summer. In this
study, we test this hypothesis through an analysis of the
spatial distribution of red fox and arctic fox faeces, using a
molecular approach for species identification.

 

Materials and methods

 

Fox faecal samples were collected from four mountain areas
throughout northern Sweden in 2000–2002 (Fig. 1). The
samples were collected on dens which were surveyed
systematically on foot during summer and using snow-
mobiles in winter. The altitude and distance to the tree-
line was noted for each sample. To control for latitudinal
differences among our sampling locations, we used a relative
measure of altitude by calculating the altitude above the
tree-line for each sample.

Species identification followed the protocol described
previously in Dalén 

 

et al

 

. (2004). In brief, extracted DNA
was amplified for 35 cycles in a three-primer polymerase
chain reaction (PCR) with one general and two species-specific
primers. Resulting PCR-products were either 100 base pairs
(bp; red fox) or 332 bp (arctic fox), depending on which
of the species-specific primers that annealed to the DNA
template. DNA in faecal remains can be degraded and it
is therefore important to be careful about contamination
(Wayne 

 

et al

 

. 1999). All extractions therefore took place in
an isolated laboratory dedicated for DNA extractions, and
each extraction was followed by at least one negative control.
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All negative controls were empty during this study. Each
sample also works as a negative control for cross-species
contamination, as this would result in both 100 bp and
332 bp products. This was not observed in any sample.

Of 190 successfully analysed samples, 119 were used for
the statistical analyses. Seventy-one samples were excluded,
as they were either collected at the same den within the
same month in winter or at the same den during the breed-
ing season. The shortest distance between two samples col-
lected during the same period was 1.9 km.

We used a 

 

χ

 

2

 

-test to investigate if there was a seasonal
difference in frequency between arctic and red fox faeces.
A two-factor analysis of variance and a subsequent Tukey
HSD 

 

post-hoc

 

 test (StatSoft Inc. 1999) were used to investi-
gate the effect of season and species on the relative altitude
and distance from the tree-line (the latter was transformed
with square root to obtain homogenous variances).

 

Results

 

Of the 119 samples analysed, 67 were from red fox and 52
were from arctic fox. There was no difference in frequency
of the species over the seasons as red foxes constituted 56%
of the samples in winter and 59% in summer (

 

χ

 

2

 

 = 0.08,

 

P

 

 = 0.77). There was a significant interaction over seasons

both for relative altitude and distance from the tree-line
(Table 1). In winter, both species occurred at the same
relative altitude and distance from the tree-line. In summer,
red foxes remained at the same altitude and distance from
the tree-line as in winter, whereas arctic foxes had instead
moved both further from the tree-line and higher up in the
mountains (Table 2, Fig. 2).

 

Discussion

 

Arctic and red fox reproduction in northern Sweden is
food-limited in most years, as it depends on the availability
of cyclic rodents (e.g. Angelstam 

 

et al

 

. 1985; Angerbjörn

 

et al

 

. 1995). Both species should consequently prefer the
most productive habitats during the breeding season. In
mountain tundra areas, productivity and prey availability
is generally higher at low altitudes close to the tree-line
than at high altitudes (e.g. Svensson 

 

et al

 

. 1984; Oksanen

 

et al

 

. 1999). Our results show that both species use these
areas in winter, but only the dominant red fox breeds there.

Red foxes occasionally kill adult arctic foxes at carcasses
(Frafjord 

 

et al

 

. 1989), but systematic observations indicate
that an arctic fox usually waits at a distance from the car-
cass until there are no red foxes around and, in the case of
a hostile interaction, it runs faster and escapes unharmed
(Haglund & Nilsson 1977). In summer, however, arctic
foxes avoid breeding in red fox territories and when they

Fig. 1 Map of Scandinavia showing the sampled areas and
sample sizes (within circles).

Table 1 Significance values for the two-factor analysis of variance
on relative altitude and distance from the tree-line. Degrees of
freedom (d.f.) for the error term in both analyses was 115. The
interactions between species and season were significant in both
cases
 

 

Effect d.f. F P

Altitude Species 1 34.4 < 0.001
Season 1 1.95  0.17
Interaction 1 12.0 < 0.001

Distance Species 1 13.0 < 0.001
Season 1 11.9 < 0.001
Interaction 1 7.05 < 0.001

Table 2 Results from Tukey HSD post-hoc test. P-values on
relative altitude (above diagonal) and distance from tree-line
(below diagonal); red (n = 67) and arctic fox (n = 52) are abbreviated
as RF and AF, respectively
 

 

RF winter RF summer AF winter AF summer

RF winter — 0.39 0.07 0.0002
RF summer 0.92 — 0.006 0.0001
AF winter 0.77 0.91 — 0.01
AF summer 0.0002 0.003 0.0008 —
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fail to do so, they risk red fox predation on their cubs
(Tannerfeldt 

 

et al

 

. 2002). Thus, for an arctic fox it may be worth
risking interactions with red foxes in winter, for example to
gain access to food, while the potential cost during repro-
duction forces it to retreat to relatively barren areas where
red foxes are less abundant. A similar relationship may exist
between red foxes and the larger and dominant coyote

 

Canis latrans

 

 in North America. Voigt & Earle (1983) found
an almost complete spatial segregation during summer,
but a high spatial overlap in autumn as juveniles migrated
through coyote territories. However, the juveniles did not
establish there and segregation increased again in winter
and spring.

The Swedish arctic fox population decreased dramat-
ically in the early 1900s due to excessive hunting (Lönnberg
1927). It was protected in 1928, but never recovered. It has
been suggested that interspecific competition from red
foxes limits the distribution of arctic foxes (Hersteinsson &
Macdonald 1992) and that increased competition from an

expanding red fox population have contributed to the
nonrecovery in Fennoscandia (Hersteinsson 

 

et al

 

. 1989). A
retreat of breeding arctic foxes to higher altitudes in the
20th century supports this hypothesis, but it has been
pointed out that both species were trapped in the same
areas for several years in the early 1900s, which could indi-
cate coexistence (Linnell 

 

et al

 

. 1999). However, trapping
should have been carried out mainly in winter and we
have shown that niche segregation increases during breed-
ing. This critical period is therefore likely to determine
whether or not the realized niche of the arctic fox in Fenno-
scandian mountain tundra areas is diminishing due to red
fox expansion. At present, the arctic fox is very close to
extinction and it is possible that high altitude areas are of
too low quality to sustain sufficient reproduction to keep
the population viable (Elmhagen 2003).

It has previously been proposed that species identifica-
tion of faecal samples can be valuable for conservation
biologists (Kohn & Wayne 1997), and several methods have
been developed for this purpose (e.g. Hansen & Jacobsen
1999; Farrell 

 

et al

 

. 2000; Palomares 

 

et al

 

. 2002). This study
demonstrates how such methods can be put into use, both
as a tool in conservation and to investigate ecological inter-
actions among species.
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