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Abstract

Since 1985 increasingly more foxes have been recorded from cities in Switzerland. The inquiry of
town officials showed that foxes are observed in 28 out of the 30 largest Swiss cities today and
breeding dens are known in 20 of these cities. Urban foxes are observed more often than one would
expect in larger cities than in smaller towns. In Zirich, the largest city in Switzerland, urban foxes
were very scarce until the early 1980s. According to the hunting statistics, from 1985 onwards, there
was a drastic increase in the urban fox population. In the adjacent rural areas, there was also a clear
but less extreme increase in the fox population from 1984 onwards due to successful vaccination
campaigns against rabies. As an explanation for the presence of foxes in human settlements we sug-
gest two alternative hypotheses, which focus either on the population pressure in the rural areas or
on the behavioural adaptations of urban foxes. The presence of foxes in urban areas influences
behaviour and attitudes of people towards urban wildlife and it has a consequences for the manage-
ment of foxes and the treatment of zoonoses such as rabies and the alveolar echinococcosis.

Key words: Vulpes vulpes, urban habitat, invasion, adaptation

Introduction

Since 1985 fox populations have experi-
enced a drastic increase in Switzerland
(BREITENMOSER et al. 2000). Apart from this
development in rural areas, increasingly
more foxes have been recorded from large
Swiss conurbations and cities such as Zu-
rich and Geneva. Game wardens and wild-
life biologists have observed foxes in urban
areas; people having noticed foxes in their
gardens turned to local officials for infor-
mation; pictures and articles about foxes in
the middle of residential areas have been
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published. Are these records just occasional
observations or do they indicate the coloni-
sation of a new habitat by the red fox?

Red foxes living in urban areas are known
from Great Britain where urban foxes have
been observed in cities such as London
since the 1930s (TeaGLe 1967, BEaMES
1969, 1972; Pace 1981). In the 1970s and
1980s, fox populations in British cities
reached densities of up to five fox family
groups per km? (representing 12 adults on
average), densities which had never been
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observed so far (Harris 1981 a; Hagrris and
RAYNER 1986a). Similar fox population
densities were nowhere recorded in urban
areas outside of Great Britain, either on
the European continent or in other parts of
the distribution areas of the red fox. There-
fore, urban foxes were thought to be a Brit-
ish phenomenon (Harris 1977; Macpo-
NALD and NEwDICK 1982).

In the 1970s and 1980s, the fox population
on the European continent experienced a
heavy rabies epizootic, which reached Swit-
zerland in 1967 (STECK et al. 1980; MULLER
et al. 2000). Fox densities decreased drasti-
cally, and, as seen from the Swiss hunting
record, reached a low in 1984 (BREITENMO-
SER et al. 2000). After the success of oral
vaccination campaigns against rabies,
started in Switzerland in 1978 (WANDELER
et al. 1988), the fox population recovered
again from 1985 onwards (KAPPELER 1991;
BREITENMOSER et al. 2000). At that same
time, foxes were increasingly observed in
human settlements.

Our objectives in this study are to investi-
gate the present situation in large Swiss set-
tlements, to evaluate the recent develop-
ment of the fox population in Zurich, the
largest conurbation of Switzerland, and to
compare it with the trend in surrounding
rural areas.

Material and methods

Study area

Switzerland is a diverse and mountainous country.
24% of its total area of 40000 km?® (excluding
lakes), are above 2000 meters in elevation where
fox population density is low. The remaining
76% of the country forms heterogeneous and
mostly good quality habitat for the red fox.

In Switzerland there are 30 cities with more than
20000 inhabitants, where 19% of the 6.9 million
inhabitants live. The largest conurbation of Swit-
zerland is the area of Zurich with some 1000000
inhabitants. However, only 352200 of them live
in the actual “city”, the political community of
Zurich. The political community of Zurich
(92 km?) — which we refer to when we are talking
about the “city of Zurich” in the following report
— consists of 53% urban area, 24% forest, 17%

agricultural areas and 6% water (FEDERAL OFFICE
oF StatisTics 1998). Forest and agricultural areas
surround the urban area and are referred to as
the rural area of the city in the following. As far
as hunting is concerned, the city of Zurich is orga-
nised as a game sanctuary. The city of Zurich be-
longs to the canton of Zurich, one of the most
densely populated cantons of Switzerland (area
1661 km?, 683 inhabitants per km?).

The present distribution of urban foxes
in Switzerland

During a television series about urban foxes in
spring 1997, the public was called to report fox
sightings in Swiss cities. The sightings were re-
corded personaily by collaborators of the Inte-
grated Fox Project. Only fox sightings within hu-
man settlements were recorded. As the call on
TV was biased towards the German speaking part
of Switzerland, the scanty information from the
French and Italian speaking regions of the coun-
try were excluded from further analyses. The pro-
gram actus (EsTaBrOOK and EsTaBrook 1989) was
used for the statistical test, which performs
randomised contingency tables and gives prob-
abilities for deviations from expected values.

In spring 1999 we carried out a phone inquiry
with people or institutions in charge of wildlife
management in all 30 Swiss cities (communities)
with more than 20000 inhabitants (FEDERAL OF-
FICE OF STATISTICS 1998). The experts were asked
about occurrence and abundance of urban foxes,
evidence of breeding dens in the urban area, the
year of the first urban fox sightings and the cur-
rent trend in the urban fox population. In cities
with official game wardens (18 out of 30), they
were interviewed, in all other cities we questioned
non-professional hunters and the nature conser-
vation officials. In the conurbation of Geneva
(three communities with >20000 inhabitants)
our contacts were wildlife biologists running an
urban fox project; in Zurich we knew the situa-
tion from our own project.

Development of the urban fox population in
the city and the canton of Zurich

There are no direct figures on the red fox popula-
tion available. Therefore its development has to
be shown indirectly through the hunting record
and other recorded causes of death. Longtime fig-
ures for an urban area are available for the city of
Zurich, because it has been a game sanctuary
since 1929. All wildlife management tasks in the
city are exclusively performed by official game
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wardens, therefore the hunting result is recorded
and the locations of dead foxes (shot or found
dead) are known.

For comparison of the data from the canton and
the city of Zurich, we used the HIPD (hunting in-
dicator of population density; BGGEL et al. 1974).
We defined the HIPD as the annual number of
foxes hunted per km? excluding lakes and areas
above 2000 meters. We did not include data on
foxes with other causes of death than hunting be-
cause generally these data have only been avail-
able since 1968.

To compare data from urban and adjacent rural
areas within the city of Zurich, we used a total
number of foxes shot or found dead (available
from 1960 to 1997), and additionally numbers of
the two mortality factors “shot” and “found
dead” (mostly road casualties; for the whole city
available since 1960, for urban and adjacent rural
areas separately available since 1984). To analyse
the development of the fox population in the city
of Zurich we performed simple linear regressions
because the fit of regression of the two mortality
factors on the years 1984 to 1997 did not improve
by exponential or logistic functions.

Results

The present occurrence of urban foxes in
Switzerland

After the call for urban fox sightings on
Swiss Television in spring 1997, 194 sight-
ings from 78 different towns and villages of
the German-speaking part of Switzerland
were reported. 138 sightings came from
towns with more than 10000 inhabitants
(Tab. 1). Of those, more sightings than ex-
pected concerned cities with more than
50000 inhabitants (randomisation test,
p<0.01 ), and less sightings than expected
from towns with 10000 - 20 000 inhabitants
(p <0.05; Tab. 1).

According to our inquiry among institutions
in charge of wildlife management in 8 out
of 9 cities with > 50000 inhabitants, and in
18 of the 19 cities with 20 000 - 50 000 inha-
bitants, foxes were occasionally found or
common (Fig. 1, Tab. 2). Foxes seem not to

Table 1. Reported sightings of foxes in urban areas from the German-speaking part of Switzerland (randomisa-

tion test).
Size of township Accumuiated Numberof  Expected number of fox Significance
number of fox reports  reports according to
inhabitants numbers of inhabitants
> 50000 958746 97 60 higher (p < 0.01)
20000-50 000 335192 10 21 ns
10 000-20 000 897430 31 57 tower (p < 0.05)
Total 2191368 138 138

Tablg 2._ Oqcurrence and trend of urban fox populations in 30 Swiss cities, according to an inquiry among peo-
ple/institutions in charge of wildlife management. The two cities where no urban foxes were observed (Bern, Lu-

gano) are excluded.

Questions Answers Cities with many Cities with few
urban foxes (n=13)  urban foxes (n = 15)

1. Where are the urban (a) whole of the city 13 4
foxes observed? (b) outskirts only 0 11
2. Are there any urban (a) yes 13 7
breeding dens? (b) no 0 8
3. Since when have urban (a) 1985-1999 10 7
foxes been present? (b) < 1985 3 3
(c) not known 0 5
4. How do you judge the (a) increasing 8 5
trend of the (b) stable 2 10
fox population? (c) decreasing 3 0
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Fig. 2. a) Hunting indicator of population density (HIPD) for the city of Zurich (straight line) and the canton of
Zurich (dotted line) from 1960 to 1997. b) Rabies cases in the canton of Zurich from 1960 to 1997.
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be present in two towns only: in Bern, situ-
ated on the Swiss Plateau, and in Lugano,
a city in the southern Alps.

In all 13 towns where foxes were reported
to be common, they were observed
throughout the urban area, (including the
centre), and they were breeding in the ur-
ban area also (Tab. 2). In 4 cities with more
than 50000 inhabitants (Zurich, St. Gallen,
Luzern, Biel), breeding dens are known
even in the very city centre. In most cities
(17 out of 28), urban foxes have been per-
ceived as a recent phenomenon since 1985.
No geographical trend can be recognised
as far as the beginning of settlement in dif-
ferent cities is concerned.

Only in the conurbation of Geneva, with
three cities (communities) with > 20000 in-
habitants (Geneva, Lancy, Vernier; Tab. 2)
the population is said to decrease because
of an outbreak of sarcoptic mange in 1996
(C. FISCHER, pers. comm.).

Development of the urban fox population in
the city of Zurich

The HIPD of the canton of Zurich and the
city of Zurich correlate significantly (Spear-
man, r = (.66, p <0.001; Fig. 2 a), the HIPD
in the canton always being higher than in
the city. Additionally, the HIPD of canton
and city are strongly influenced by rabies
trends between 1967, the year when rabies
reached Switzerland, and 1985, the year
with the last cases of rabies found on foxes
in the canton of Zurich (Fig. 2 a, b).
According to the HIPD, the fox population
in the city of Zurich and in the whole area
of the canton of Zurich seems to have de-
veloped in parallel at least since the begin-
ning of the 1970s. Both HIPDs are higher
after the rabies epizootic than before. The
average of the HIPD from 1993 to 1997
compared to the average of the HIPD from
1960 to 1964 is by 1.7 times higher (2.02 vs.
1.19) in the canton and 13.7 times higher
(126 vs. 0.09) in the city of Zurich, indicat-
ing a stronger population increase in the
city than in the canton. The increase of the
HIPD started in the canton in 1984 and in
the city in 1985, respectively.

However, the development of the fox popu-
lation in the whole city of Zurich (with ur-
ban as well as adjacent rural areas) is not
the same as the development of the popula-
tion within the urban area. The first peak of
the HIPD in 1967 (Fig. 2) only occurred in
the records of foxes from the rural part of
the city (Fig. 3), whereas in the urban part
of the city fox numbers remained low dur-
ing the 1960s and 1970s. The trend to an in-
creasing urban fox population in fact just
started from 1985 onwards.

Before 1985, most of the few foxes of the
urban area were only recorded at the bor-
der of the city, apart from two foxes, one
young fox near the city centre in August
1964 and one young fox in the fairly central
railway station Enge in June 1967.

Rabies cases were recorded in and near the
city of Zurich from 1967 to 1983 (Fig. 3).
The prophylactic culling of foxes was carried
out as intensively as possible from 1965 to
1995. The numbers of foxes found dead and
shot, analysed separately for the whole city
correlate significantly (Spearman, r =0.73,
p < 0.001). According to these numbers, the
population remained low for almost 20 years
after the rabies outbreak, and only in 1985,
two years after the last rabies cases were re-
corded in the area, the fox population started
to increase, both in the urban and in the adja-
cent rural part of the city. From 1985 to 1997
the number of foxes shot or found dead in
the whole city increased by 20 times from 11
to 223. This trend is true for both mortality
factors “shot” and “found dead” and exam-
ined separately for urban and adjacent rural
areas (Tab. 3). Yet the increase in the num-
ber of foxes found dead was stronger in the
urban than in the rural area (difference of
coefficients, tyy = 4.11, p < 0.001).

Discussion

Today, urban foxes are recorded in almost
all cities of Switzerland. The presence of
breeding dens in urban areas up to the city
centres indicates that foxes really live in
the cities and are not just occasional roam-
ers from the vicinity. We ascribe differences
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Table 3. The increase of numbers of recorded dead foxes within the city bordes of Zurich, described by the linear
regression of the two mortality factors “shot” and “found dead” (mostly road casuatties) from 1984 to 1997.

Foxes of urban areas

Mortality factor Coefficient R? p <=
Shot 5.215 0.78 0.001
Found dead 3.310 0.85 0.001
Foxes of adjacent rural areas

Mortality factor Coefficient R? p<=
Shot 4.842 0.46 0.01
found dead 0.831 0.74 0.001

in fox population densities in Swiss cities of
today mainly to the fact that urban foxes
have been a recent phenomenon and the
development is still going on.

Our call for fox sightings on Swiss television
revealed that more foxes are recorded from
larger towns than from smaller ones, a rela-
tion that was also observed by MACDONALD
and NEwpIck (1982) in Great Britain. This
could be because larger towns may have a
higher proportion of suburban habitat,
where the highest fox densities are found
(Harris and RAYNER 1986 b).

Although red foxes generally avoid the di-
rect presence of humans, some foxes have
lived in the neighbourhood of humans set-
tlements for a long time, shown, e.g., by
the naturalist ScHiNz (in INEICHEN 1997),
who noted in 1842, that red foxes had al-
ways lived in the moats surrounding the city
of Zurich. The hunting statistics of the city
of Zurich show that foxes have been pre-
sent in the urban area since the early
1960s, but such observations remained iso-
lated cases.

In 1985 the situation began to change. Due
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to successful oral vaccination campaigns
against rabies, the fox population in Swit-
zerland started to recover (BREITENMOSER
et al. 2000), which is recorded in other Eur-
opean countries, as well (e.g. Vos 1993; Ar-
Tois et al. 1997). It was parallel to this gen-
eral trend, when the urban fox population
in the city of Zurich and in most other Swiss
cities showed a drastic increase.

However, hunting statistics have to be inter-
preted cautiously, because they do not only
correlate with the real fox populations but
are also influenced by other factors such as
the preferences of the hunters (MACDONALD
and Voret 1985; Goszczynski 1989) or out-
breaks of zoonoses (KapPELER and WANDE-
LER 2000). A high hunting pressure most
probably lasted during the whole period of
rabies from 1967 until at least to the end of
the 1980s. Therefore, the low HIPD during
this period presumedly reflects low densities
of fox populations. With the decrease of ra-
bies the motivation to hunt foxes probably
decreased drastically. The HIPD, on the
other hand, was still increasing during the
1990s. We therefore suggest that the real
trend of fox populations is underestimated
by hunting statistics. The fox population in
the canton of Zurich with its high degree of
urbanisation must be even more underesti-
mated by the HIPD, because foxes are
hardly ever shot in most urban areas, where
hunting generally is not permitted.

The game sanctuary of the city of Zurich is
an exception, where a constant hunting re-
gime is maintained by official game wardens.
The significant correlation of the develop-
ment of foxes “shot” and “found dead”
within the city confirms, that the increasing
numbers of dead foxes are not only the re-
sult of an increased shooting effort.

A similar development of urban foxes as in
Switzerland recently took place in other
parts of the distribution area of the red fox
which is shown by reports, €. g., from Oslo,
Norway (CHRISTENSEN 1985), Arhus, Den-
mark (MoLLER NIELSEN 1990), Stuttgart,
Germany (T. Romc, pers. comm.), Toronto,
Canada (ApkiNs and Storr 1998) and Sap-
poro, Japan (K. URAGUCHI, pers. comm.).
The questions arises why the invasion of ur-

ban habitat started and which factors caused
this new development.

According to Harris and Rayner (1986¢),
the colonisation of British towns already
started in the 1930s. During these years
there was a boom of private house con-
struction resulting in large districts of mid-
dle-class suburbs with low-density housing,
and medium-sized gardens. This is the type
of habitat which Harris and RayNEr
(1986b) found to be favoured by foxes.
Once established in these residential sub-
urbs, foxes moved further into the city and
also colonised less favoured habitats. Har-
ris and RAYNER (1986 b) found urban foxes
to be less common in areas consisting of
council-rented housing, in city centres, and
around industrial areas.

The colonisation of Swiss cities by foxes re-
sulted in a similar phenomenon as known
from Great Britain. However, the underly-
ing cause for the rise of the urban fox popu-
lations seems to be different, because the
development of Swiss cities in the past
thirty years was unlike British cities in the
1930s. We propose two hypothetical expla-
nations for the presence of urban foxes:
The population pressure hypothesis (PPH)
and, as an alternative, the urban island hy-
pothesis (UIH).

The population pressure hypothesis PPH
postulates that urban foxes are simply in-
truders from the adjacent rural areas. These
foxes invade in human settlements because
of a high population density in rural areas.
According to the PPH, urban areas would
provide suboptimal habitats for foxes, the
dynamics of an urban fox population would
closely correlate with the trend of the fox
population in the adjacent rural areas, and
the urban fox population would genetically
not be different from the adjacent rural
population (Rousser 1999).

The alternative urban island hypothesis
UIH postulates that urban foxes have
adapted to specific urban conditions such
as high density of human population.
Therefore, urban foxes would be able to
use specific urban resources such as sca-
venged food items or special hiding places
during daytime. The dynamics of such an
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urban fox population would be independent
from the trend in the adjacent rural areas.
The colonisation of urban areas could have
been initiated by the behavioural adapta-
tions of a few foxes that gave them access
to exploit human settlements as a free
niche. As only a few individuals founded
the new urban population, we would expect
it to be genetically isolated from the popu-
lation in the rural surroundings.

The simultaneous emerging of urban foxes
throughout Switzerland along with the in-
creasing fox population indicates that the
high population pressure has at least in-
itiated the immigration of the founder indi-
viduals into the cities. MacpoNaLD and
Newbick (1982) suggested that there was
no strict division between rural and urban
foxes in Oxford, because they had radio-
tracked foxes which regularly commuted
between urban and rural areas. Neverthe-
less, living in the city requires special adap-
tations, and many anecdotal observations
reveal that foxes indeed have adapted to
this exceptional environment. Further re-
search on resource exploitation and genetic
structure of the urban fox population will
allow to compare the two hypotheses.

The presence of foxes in human settlements
raises the question of the impact of human
behaviour and human attitudes on the urban
fox population (BoNTADINA et al. 2000).
Harris (1981b) and DoncasTer et al
(1990) showed, that food directly or indi-
rectly provided by humans can make up a
major part of the diet of urban foxes. People
feel ambivalent about urban foxes, being
either fascinated by this wild carnivore in
their neighbourhood or afraid of it because
of zoonoses (Bontadina et al. 2000).

In fact, foxes in close vicinity to humans
and pets could indicate new zoonotic risks
(Horer et al. 2000). The red fox is the main
vector of rabies in Europe. Up to now ur-
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ban areas were considered to be barriers to
the spread of rabies (Steck et al. 1980),
therefore the increase of urban fox popula-
tions calls for additional strategies in case
of a new outbreak of rabies (MACDONALD
and Voict 1985; HarRris et al. 1988).
Furthermore, the zoonosis alveolar echino-
coccosis (AE), caused by the small fox ta-
peworm Echinococcus multilocularis, could
become more important through the in-
crease of urban fox populations. In Switzer-
land, the incidence rate of human AE has
not significantly changed over the past
36 years, suggesting a stable epidemiologi-
cal situation (Eckert and DepLAZES 1999),
but regarding the long incubation period of
AE of 5-15 years, it would be advisable to
study this zoonosis further, especially in ur-
ban areas. Results of such studies could
have an important impact on the manage-
ment of urban fox populations.
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Die Entstehung urbaner Fuchspopulationen in der Schweiz

Seit Mitte der 1980er Jahre werden zunehmend Fiichse inmitten von Schweizer Stddten bgobach‘tet.
Die Befragung der zustindigen Behorden ergab, daR heute in 28 der 30 groBten Schweizer Stédte
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Fiichse registriert werden. In 20 dieser Stidte sind Fuchsbaue mit Jungenaufzucht im Sied-
lungsraum bekannt. Dabei werden Stadtfiichse iberproportional haufger in groReren Stidten als
in kleineren Ortschaften beobachtet. In Ziirich, der gréRten Schweizer Stadt, waren gemiR der
Jagdstatistik bis zu Beginn der 1980er Jahre Stadtfiichse sehr selten. Erst ab 1985 begann die
stadtische Fuchspopulation markant anzusteigen. Auch die umliegenden lindlichen Gebiete ver-
zeichnen ab 1984 eine deutliche, allerdings weniger starke Zunahme der Fuchsbestinde, die u.a.
mit der erfolgreichen Tollwutbekampfung zusammenhingt. Als Erkldrung der Prisenz von Fiichsen
im Siedlungsraum, einem bisher vor allem aus GroRbritannien bekannten Phinomen, schlagen wir
zwei alternative Hypothesen vor, welche einerseits den Populationsdruck in lindlichen Gebieten,
andererseits stadtspezifsche Verhattensanpassungen der Fiichse ins Zentrum stellen. Fuchspopula-
tionen im Siedlungsraum beeinflussen das Verhalten und die Einstellung der Bevdlkerung gegen-
tiber Wildtieren und haben Konsequenzen fiir das Fuchsmanagement und den Umgang mit Zoono-

sen, wie Tollwut und alveolire Echinokokkose.

References

Apkins, C. A Storr, P (1998): Home ranges,
movements and habitat associations of red
foxes Vulpes vulpes in suburban Toronto, On-
tario, Canada. J. Zool. (London) 244, 335-346.

ArtO1S, M.; LanGrats, M.,; Supro, Ch. (1997): Si-
mulation of rabies control within an increas-
ing fox population. Ecol. Mod. 97, 23-34.

Brames, 1. R. (1969): Mammals in the London
area, 1967. Lond. Nat. 48, 40-47.

Beames, 1. (1972): The spread of the fox in the
London area. Ecologist 2, 25-26.

BogcEL, K. A.; Arata, A.; Moegle, H.; Knorpp, F
(1974): Recovery of reduced fox populations
in rabies control. Zbl. Vet. Med. B 21, 401-
412.

BontaDiNa, E; Contesse, P; GLoor, S. (2001):
Beeinflult die personliche Betroffenheit die
Einstellung  gegeniiber  Stadtfiichsen? -
Aspekte zur Akzeptanz eines Wildtieres im
Siedlungsgebiet. Forest Snow and Landscape
Research (in press).

BREITENMOSER, U.; MULLER, U.; KAPPELER, A.; ZA-
Nong, R. G. (2000): Die Endphase der Tollwut
in der Schweiz. Schweiz. Arch. Tierheilk. 147,
447-453.

CHRISTENSEN, H. (1985): Urban fox population in
Oslo. Rev. Ecol. (Terre Vie) 40, 185-186.

Doncaster, C. P; DickMaN, C. R.; MACDONALD,
D. W. (1990): Feeding ecology of red foxes
(Vulpes vulpes) in the city of Oxford, Eng-
land. J. Mammalogy 71, 188-194.

EckerT, J; DePLAZES, P. (1999): Alveolar echino-
coccosis in humans: The current situation in
central Europe and the need for countermeas-
ures. Parasitol. Today 15, 315-319.

EstaBrook, C. B; EstaBrook, G. F. (1989): Actus:
a solution to the problem of small samples in

the analysis of two-way contingency tables.
Hist. Meth. 82, 5-8.

FEDERAL OFFICE FOR STATISTICS (1998): Statistik
der Schweizer Stidte. In: Stat. Jahrbuch des
Schweizerischen Stidteverbandes. Bern: Bun-
desamt fiir Statistik.

Goszczynski, 1. (1989): Population dynamics of
the red fox in central Poland. Acta Theriol.
34, 141-154.

Hagrnis, S. ( 1977): Distribution, habitat utilization
and age structure of a suburban fox (Vulpes
vulpes) population. Mammal Rev. 7, 25-39.

Harris, S. (1981 a): An estimation of number of
foxes (Vulpes vulpes) in the city of Bristol,
and some possible factors affecting their dis-
tribution. J. Appl. Ecol. 18, 455-465.

Harris, S. (1981b): The food of suburban foxes
(Vulpes vulpes), with special reference to
London. Mammal Rev. 11, 151-168.

Haress, S.; RAYNER, J. M. V. (1986a): Urban fox
(Vulpes vulpes) population estimates and ha-
bitat requirements in several British cities. J.
Animal Ecol. 55, 575-591.

Harris, S.; RAYNER, J. M. V. (1986 b): Models for
predicting urban fox (Vulpes vulpes) numbers
in British cities and their application for ra-
bies control. J. Animal Ecol. 55, 593-603.

Harrss, S.; RayNEr, J M. V. (11986¢): A discrimi-
nant analysis of the current distribution of ui-
ban foxes (Vulpes vulpes) in Britain. J. Animal
Ecol. 55, 605-611.

Hagreis, S;; SMrtH, G. C.; TREWHELLA, W. J. (1988):
Rabies in urban foxes (Vulpes vulpes), devel-
oping a control strategy. State Vet. J. 42, 149—
161.

Horer, S.; GLOOR, S.; MiULLER, U.,; MaTtHIs, A
HeGGLIN, D.; DEPLAZES, P (2000): Urban cy-



164 SANDRA GLOOR et al.

cle of Echinococcus multilocularis in the city
of Zurich, Switzerland. Parasitology 120, 135~
142.

INEICHEN, S. (1997): Die wilden Tiere in der Stadt.
Zur Naturgeschichte der Stadt. Frauenfeld:
Im Waldgut.

KappELER, A. (1991): Die orale Immunisierung
von Fiichsen gegen Tollwut in der Schweiz.
Diss. thesis, University of Bern, Switzerland.

KAPPELER, A.; WANDELER, A. I. (2000): Entwick-
lung der Strategien zur Feldanwendung der
oralen Immunisierung von Fiichsen gegen
Tollwut. Schweiz. Arch. Tierheilk. 147, 439-
446,

MacpoNALD, D. W.; NEwbick, M. (1982): The dis-
tribution and ecology of foxes, Vulpes vulpes
in urban areas. In: Urban Ecology. Ed. by
R. BornkaMm, J. A. Lee, and M. R. SEEWARD.
Oxford: Blackwell Scientific Publi. Pp. 123~
13s.

MacpoNaLD, D. W,; Voicr, D. R. (1985): The bio-
logical basis of rabies models. In: Population
Dynamics of Rabies in Wildlife. Ed. by P. J.
Bacon. London: Academic Press. Pp. 71-103.

MovLLER NIELSEN, S. (1990): The food of rural and
suburban woodland foxes Vulpes vulpes in
Denmark. Natura Jutlandica 23, 25-32.

MULLER, U.; KAPPELER, A.; ZANONI, R. G.; BREI-
TENMOSER, U. (2000): Der Verlauf der Tollwut
in der Schweiz — Landschaft prigt die Aus-
breitung einer Wildtierepidemie. Schweiz.
Arch. Tierheilk. 142, 431-438.

PaGe, R.J. C. (1981): Dispersal and popuiation
density of the fox (Vuipes vulpes) in an area
of London. J. Zool. (London) 194, 485-491.

Rousser, F (1999): Genetic differentiation within
and between two habitats. Genetics 151, 397-
407.

STECK, F.; WANDELER, A.; NYDEGGER, B.; MaNIG-
LEY, C.; WeIss, M. (1980): Die Tollwut in der
Schweiz 1967-1978. Schweiz. Arch. Tierheilk.
122, 605-636.

TEAGLE, W. G. (1967): The fox in the London sub-
urbs. Lond. Nat. 46, 44-68.

Vos, A. (1993): Aspekte der Dynamik einer
Fuchspopulation nach dem Verschwinden der
Tollwut. Diss. thesis, University of Munich,
Germany.

WANDELER, A.I; Carr, S.; KAPPELER; A.; Hau-
SER, R. (1988): Oral immunization of wildlife
against rabies: concept and first field experi-
ments. Rev. infect. Diseases 10, 649-653,

Authors’ addresses:

SaNDrA GLOOR, F. BoNTADINA, D. HEGGLIN, Ur-
ban Ecology and Wildlife Research, Wuhrstrasse
12, CH-8003 Zurich (sandra.gloor@gmx.ch);
P. DepLazES, Institute of Parasitology, University
of Ziirich, Winterthurerstrasse 266a, CH-3057
Ziirich; U. BREITENMOSER, Swiss Rabies Centre,
Institute of Veterinary Virology, University of
Bern, Langgassstrasse 122, CH-3012 Bern.

Mamm. biol. 66 (2001) 165-173
© Urban & Fischer Verlag
http:/iwww.urbanfischer.de/journals/mammbiol

Original investigation

Mammalian Biology

Zeitschrift fir Séugetierkune

Feeding selectivity and food preference of
Ctenomys talarum (tuco-tuco)

By JUANA C. DEL VALLE, MARIA I. LOHFELT, VIVIANA M. COMPARATORE, MARTA S. CIp, and CRISTINA BuscH

Departamento de Biologia, Universidad Nacional de Mar del Plata, Mar del Plata Argentina

Receipt of Ms. 02. 06. 1999
Acceptance of Ms. 17. 10. 2000

Abstract

We tested feeding selectivity and food preference of Ctenomys talarum (tuco-tuco). To test feeding
selectivity, above ground and below ground plant biomass from the field was determined and
botanical composition of the diet was estimated in stomach contents using microhistological tech-
niques. Feeding preferences were studied carrying out laboratory cafeteria experiments. Ctenomys
talarum behave as generalist and opportunistic herbivores consuming the greater part of species
present in the grassland. The above ground portion was preferred over the subterranean one.
Grasses constituted 94% of the above ground vegetative fraction consumed and were generally se-
lected. Preference trials also showed that C. talarum prefer above ground parts of grasses to other

choices.

Key words: Ctenomys talarum diet, feeding selectivity, food preference

Introduction

Rodents of the genus Crenomys (tuco-tu-
cos) are subterranean herbivores whose
populations are distributed in a discontinu-
ous pattern throughout Argentina, Para-
guay, Bolivia, Uruguay, Perii, Chile, and
southern Brazil (Woops 1984). Most herbi-
vores inhabit a biotope in which the food
plants are more or less continuously distrib-
uted in space and time, and whose accessi-
bility is restricted by the structural and che-
mical properties of the vegetation (ILLIUS
and Gorpon 1993). They select food items
according to their preference, and availabil-
ity in the field. Preference is the predilec-
tion of a consumer for a particular class of
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food, and it is the result of how well the
consumer “likes” this food relative to other
ones, when all are equally available (Nor-
BURY 1992). Diet selection in herbivores
may be explained by models where the rate
of intake is maximized with nutrient con-
straints, toxins are avoided or their intake
is minimized (STEPHENS and KRrEBs 1986).
A foraging herbivore maximizes its nutrient
intake when greater nutrient intake con-
verts directly into greater survival and re-
production (nutrient maximization; BELOV-
SKy and Scamirz 1994).

Food resources have been implicated as im-
portant to both burrow location and burrow



