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ABSTRACT: Chemical signals are widely
used in inter and intraspecific communication in
many animals. The importance of scent marks in
communication has led to a variety of strategies
in animals to increase the detectability and persis-
tence of their scent marks.

We studied the scent marking of foxes in rela-
tion to the role of plants as scent posts in a sub-
urban Mediterranean forest in Madrid. Twice
a month, from October 2005 to April 2006, we
prospected 16 fixed 50 x 50 m plots, randomly
distributed along the study area. We registered all
fox faeces and their association to different plants,
as well as the potential availability of the different
plant species in our study area. Our results indi-
cate that faeces were associated with plants mainly
in the clearings, foxes preferred wooden species to
grasses as scent posts and holm oak shrubs and
rockroses to other wooden species. These data
suggest that red foxes select certain plants as sub-
strates for their faeces and pose the possibility that
they are guided by searching images when looking
for scent posts.
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Many organisms generate stable struc-
tures that reduce the cognitive complexity of
their environment (Chandrasekharan and

Stewart 2004). By means of these structures
or labels animals can make the environment
much more predictable, reducing in this way
their uncertainty. The nature of these labels
closely depends on the sensorial abilities of
the animals. In mammals, mainly nocturnal
or crepuscular animals, chemical marks often
play an essential role (Kleiman 1966, Ralls
1971,Johnson 1973) as environmental labels.

Scent marks in mammals can perform
many functions (Kleiman 1966, Eisen-
berg and Kleiman 1972, Henry 1976,
Brown and Macdonald 1985, Halpin
1986, Wirant and McGuire 2003, Kava-
liers et al. 2005), being the territorial defence
one of the most commonly accepted (Gos-
ling 1982). Due to the great importance of
the marks in the transmission of information,
animals should increase the probability that
other animals detect them, what implies both
to enhance the conspicuousness of the marks
and guarantee its durability. In this sense,
compared to urine and glandular secretions,
faeces constitute composite marks since they
add a visual component to the chemical one,
increasing in this way the probability of its
detection (Alberts 1992).

Animals can improve even more the de-
tectability of the marks by choosing both
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the most suitable location and the best sub-
strate for them. Conspicuous substrates such
as stones, sticks, soil elevations, faeces and
other animal remains, anthropogenic ele-
ments and plants could be suitable as signal
posts (Goszczynski 1990, Moncluas and
Miguel 2003a, b; Monclus et al. 2008).

There is some evidence in mammals
about differential selection of plants as sub-
strates for marking (Burst and Pelton
1983, Schaller et al. 1985, Clevenger
and Purroy 1991, Barja 1996, Barja and
Miguel 2000). Selection of plants for mark-
ing could depend in some cases on the avail-
ability of plant species, as seems to be the case
of rubbing by black bear (Ursus americanus
Pallas) in Great Smoking Mountains National
Park (Burst and Pelton 1983) and urine
marking by Barbarian lions (Panthera leo leo
L.) and Siberian tigers (Panthera tigris altaica
Temminck) in Madrid Zoo (Barja 1996).
Other factors could also be important. So,
Schaller etal. (1985) proposed that selection
of conifers for anogenital marking by giant
panda (Ailuropoda melanoleuca David) could
be due to its rough bark, where scent would
adhere better, while both white-tailed deer
(Odocoileus virginianus Hall) and Alaskan
moose (Alces alces L.) select aromatic species
of trees for rubbing (Kile and Marchinton
1977, Bowyer et al.1994, respectively). In-
deed, Barja and Miguel (2000) found that
Iberian wolves (Canis lupus signatus Cabrera)
in Madrid Zoo urinated mainly in the trees
with a thicker trunk.

All these findings suggest that plants
could be suitable signal posts, at least for

marking with urine and glandular secretions.
However, preferent association of faeces with
certain plants is scarcely described. Barja
et al. (2001) observed that red foxes (Vulpes
vulpes L.) in Galizia (North Spain) marked
with faeces wooden plants in a greater ex-
tent than herbaceous ones, possibly due to
the perennial character and greater height of
wooden plants, that could make them more
attractive and effective as signal posts.

In the present study we want to explore
the association of faeces and plants in the case
of red fox, a species that do a sustained effort
in marking its home range (Macdonald
1979, 1980). We will deal with the possible
selection of plants as scent posts by red foxes
and its connection with the spatial distribu-
tion of the marks. We expect: 1) selection of
plants will be higher in the clearings, since
accessibility is higher for clearings than for
roads; 2) foxes will select those plants more
conspicuous, independently of its availability

The study was carried out in a Medi-
terranean forest in Madrid, Central Spain
(300 ha, 700 m a.s.l.), close to important hu-
man population nuclei. The forest mass is
constituted mainly by holm oaks (Quercus ilex
ballota (Desf.) Samp.) with interspersed pine
plantations (Pinus pinea L. and Pinus pinaster
Aiton). The scrub is typically Mediterranean
and constituted by rockrose (Cistus ladanifer
L.), Halimium umbellatum L. (Spach), thyme
(Thymus zygis L.), tall wormwood (Artemisia
campestris L.) and French lavender (Lavan-
dula stoechas pedunculata (Miller) Samp.).

We used 16 fixed 50 x 50 m plots, ran-
domly distributed along the study area. Twice

Table 1. Mean availability (measured as a percentage) of roads, clearings, wooden and herbaceous spe-
cies in the plots, and number of scats associated to them.

Scats localization

Location Mean availability
N %

Roads 6.8+9.9 42 18.8
Clearings 41.5+£24.7 182 81.3
Wooden species 51.7422.3 33 14.7
Herbaceous species 0.7+1.2 10 4.5
Holm oak 40.2+22.4 20 8.9
Rockrose 9.7+12.5 10 4.5
Halimium 1.7+4 3 1.3
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Fig. 1. Proportion of fox faeces associated to the different species of wooden plants. Different letters
indicate significant differences between groups. See text for statistics.

a month, from October 2005 to April 2006,
we prospected the plots searching for fox fae-
ces. For every faecal sample we recorded:

« its association/no association to plants
(we considered association occurred
when a faeces was deposited close to a
plant (0.5 m) or on it.

« its location in a clearing or in a track (we
considered as roads every path, inde-
pendently of its width, and as clearings,
the clears in the wood and the intersec-
tions).

« the kind of plant: wooden/herbaceous

« the species, in the case of wooden plants

Within each plot we measured as a per-
centage the availability of a) roads and clear-
ings, b) wooden and herbaceous species (mea-
sured at 1 m above ground level) and ¢) main
wooden species (Quercus ilex, Cistus ladanifer
and Halimium umbellatum). We considered
that this measure could represent a better
approximation to the perception of the envi-
ronment by foxes than the number of individ-
ual plants. The proportion of faeces in roads
and clearings and associated to plants (Table 1)
was corrected according to the observed avail-
ability. With the values obtained, we calculated
the expected frequencies of occurrence of the
associations, considering a regular distribution
of the fox faeces in the plot.

Our data did not follow a normal distri-
bution and independence of the data was not
guaranteed (faeces could belong to the same
fox or foxes), thus we used non-parametric

analysis for dependent samples (Wilcoxon
test). All analyses were performed in SPSS 15
(SPSS Inc., Chicago, I1., USA).

From 224 faeces we found, 28% were
associated to plants. 87% of the faeces asso-
ciated to plants were deposited in clearings,
whereas 13% were in roads. The differences
were significant (Z = 3.058; P <0.01).

Foxes significantly preferred wooden
plants (75%) to herbaceous ones (Z = 2577;
P =0.01). Concerning wooden plants, 52% of
faeces were associated to holm oaks, 39% to
rockroses and 9% to Halimium umbellatum
(Fig. 1). Holm oaks were not significantly
preferred to rockroses (Z = 6.888; P = 0.49),
although both holm oak and rockroses were
preferred to Halimium (Z =2.347; P =0.02;
Z =1.985; P <0.05; respectively).

The transmission of information by
means of chemical communication is cru-
cial for many animals, playing a decisive role
in the biological success of the individuals
(Dawley 1984, Gabor and Jaeger 1995).
For this reason, marks should be deposited
in those places where could be easily detected
by other individuals (Gorman and Trow-
bridge 1989). Since more than 28% of faeces
were placed close to or onto plants it could be
inferred that marking of plants provides some
advantage to foxes.

The association of faeces to plants was
significantly higher in clearings than in roads.
Plants are conspicuous and provide a per-
manent support for marks. As we expected,
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association of faeces to plants was higher in
clearings (more accessible) than in roads,
what would favour the detection of faeces.

Our results also show that certain types
and species of plants were preferred as sig-
nal posts. Wooden plants were more pro-
fusely marked than herbaceous ones, which
agree with the results obtained by Barja et
al. (2001) in Galizia. Amongst the wooden
plants, holm oaks shrubs and rockroses were
the species more frequently marked, being
Halimium specimens less marked than ex-
pected. Since Halimium is less abundant in the
area than holm oaks and rockroses, probably
the foxes in the area do not have a searching
image for Halimium as consolidated as for the
other species. Although as a Halimium umbe-
llatum could represent a discontinuity in the
environment that might attract foxes, it seems
that holm oaks and rockroses constitute more
powerful stimuli, either visual or chemical.
Both rockroses and Halimium umbellatum ex-
ude laudanum, a fragrant, sticky gum used in
perfumery as a fixative (Polunin 1991), but
the very pervasive odour of rockroses (clearly
detectable for humans) probably represents a
stronger attractor. More functional and, cer-
tainly, less parsimonious explanations con-
cerning differential selection of wooden spe-
cies would require experimental procedures.
Furthermore, social explanations cannot be
discarded. Association of faeces with plants
could be simply the result of fox responses to
faeces left by other foxes but would not ex-
plain original associations.

Our data provide further information
about fox marking behaviour as well as of the
way that foxes perceive their environment
and are attracted to conspicuous stimuli, what
could be used in field research. Similar stu-
dies could allow, for instance, gain knowledge
about the best placements for scent stations
and automatic cameras in those carnivore
species where these techniques constitute an
already consolidated method of study.
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