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Abstract 

Since 1985 increasingly more foxes have been recorded from cities i n  Switzerland. The inquiry of 
town officials showed that foxes are observed i n  28 out of the 30 largest Swiss cities today and 
breeding dens are known i n  20 of these cities. Urban foxes are observed more often than one would 
expect in  larger cities than i n  smaller towns. I n  Ziirich, the largest city i n  Switzerland, urban foxes 
were very scarce unt i l  the early 1980s. According t o  the hunting statistics, from 1985 onwards, there 
was a drastic increase i n  the urban fox population. I n  the adjacent rural areas, there was also a clear 
but  less extreme increase i n  the fox population from 1984 onwards due t o  successful vaccination 
campaigns against rabies. As an explanation for the presence of foxes i n  human settlements we sug- 
gest two alternative hypotheses, which focus either on the population pressure i n  the rural areas or 
on the behavioural adaptations o f  urban foxes. The presence o f  foxes i n  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. 
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Introduction 

Since 1985 fox populations have experi- 
enced a drastic increase in Switzerland 
(BREITENSIOSER 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 

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 km2 (representing 12 adults on 
average), densities which had never been 
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observed so far (HARRIS 1981 a: HARRIS and 
RAYNER 1986 a). 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; MACDO- 
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 km2 (excluding 
lakes), are above 2 000 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 km2) - 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 opulated cantons of Switzerland (area P 1661 km ,683 inhabitants per km'). 

The present distribution of urban foxes 
i n  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 personally 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 Gom 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   er forms 
randomised contingency tables and gives prob- 
abilities for deviations from ex~ected values. 
In spring 1999 we carried out a phone inquiry 
with people or institutions in charge of uildlife 
management in all 30 Swiss cities (communities) 
with more than 20000 inhabitants (FEDERU 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: B&EL et al. 1974). 
We defined the HIPD as the annual number of 
foxes hunted per km2 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. 

The present occurrence of urban foxes i n  
Switzerland 

After the call for urban fox sightings on 
Swiss Television in spring 1997, 194 sight- 
i n g ~  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 10 000 - 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 i n  urban areas from the German-speaking part of Switzerland (randomisa- 
tion test). 

Size of township Accumulated Number of Expected number of fox Significance 
number of fox reports reports according to  
inhabitants numbers of inhabitants 

> 50 000 958 746 9 7 60 higher (p c 0.01) 
20 000-50 000 335 192 10 2 1 ns 
10 000-20 000 897 430 3 1 57 Lower (p < 0.05) 
Total 
--P 

2 191 368 138 138 -- 

Table 2. Occurrence and trend of urban fox populat ion~ 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. 

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

1 

1. Where are the urban (a) whole of the city 13 
foxes observed? (b) outskirts only 0 

2. Are there any urban (a) Yes 
breeding dens? (b) no 

3. Since when have urban (a) 1985-1999 10 
foxes been present? (b) < 1985 3 

(c) not known 0 

4. How do you judge the (a) increasing 8 
trend of the (b) stable 2 
fox population? (c) decreasing 3 0 
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Fig. 1. Distribution of urban foxes i n  30 cities with more than 20000 inhabitants according to Local wildlife 
management experts. Circles of adjacent cities are shifted to avoid overlapping. 

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 i n  the canton of Zurich from 1960 to  1997. 
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ht  present in two towns only: in Bern, situ- 
attd on tht Swiss Plateau, and in Lugano, 
a city in the southern Alps. 
In all 13 tonns 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 50 000 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. 
Xo 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 i n  
the city of Zurich 

The HIPD of the canton of Zurich and the 
city of Zurich correlate significantly (Spear- 
man. r = 0.66. 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- 
beloped 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, t24 = 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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Fig. 3. Fox mortality (animak shot or found dead) i n  urban and rural areas i n  the city of Zurich from 1960 to 
1997. From the years 1973-1976 and 1982-1983 there are only total numbers of dead city foxes available 
(widely hatched bars). No precise locations of death are available for some recorded foxes from 1984 onwards 
(white bars). The years with rabies cases within 5 km of the city centre (Kappeler 1991) are marked with black 
bars. 

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 casualties) from 1984 to 1997. 

Foxes of urban areas -7 
Mortality factor Coefficient 

5.215 
Found dead 3.310 

Foxes of adjacent rural areas 

MortaBty factor Coefficient 
Shot 4.842 
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 NEWDICK (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 popul~tion 
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 VOIGT 1985; G O S ~ C ~ Y N S K I  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, e.g., from Oslo, 
Norway (CHRISTENSEN 1985), Arhus. Den- 
mark (MOLLER NIELSEN 1990), Stuttgart, 
Germany (T. ROMIG, pers. comm.), Toronto, 
Canada (ADKINS and STOTT 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- 
lation~ 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 (ROUSSET 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 



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. MACDONALD and 
NEWDICK (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 
(HOFER et al. 2000). The red fox is the main 
vector of rabies in Europe. Up to now ur- 

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 VOIGT 1985; HARRIS et al. 1988). 
Furthermore, the zoonosis alveolar echino- 
coccosis (AE), caused by the small fox ta- 
peworm Echinococcus nzultiloci~larcs, 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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Zusammenfassung 

Die Entstehung urbaner Fuchspopulationen i n  der Schweiz 

Seit Mitte der 1980er Jahre werden zunehmend Fiichse inmitten von Schweizer Stadten beobachtet. 
Die Befragung der zustandigen Behorden ergab, daR heute in  28 der 30 grol3ten Schweizer Stadte 
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Fiichse registriert werden. I n  20 dieser Stadte sind Fuchsbaue m i t  Jungenaufzucht i m  Sied- 
lungsraurn bekannt. Dabei werden Stadtfuchse uberproportional haufger i n  groReren Stadten a k  
i n  kleineren Ortschaften beobachtet. I n  Zurich, der groRten Schweizer Stadt, waren gemaR der 
Jagdstatistik bis zu Beginn der 1980er Jahre Stadtfuchse sehr selten. Erst ab 1985 begann die 
stadtische Fuchspopulation rnarkant anzusteigen. Auch die umliegenden landlichen Gebiete ver- 
zeichnen ab 1984 eine deutliche, allerdings weniger starke Zunahme der Fuchsbestande, die u.a. 
m i t  der erfolgreichen Tollwutbekampfung zusammenhangt. A k  Erkl'arung der Pfasenz von Fuchsen 
i m  Siedlungsraum, einem bisher vor allem aus GroRbritannien bekannten Phanomen, schlagen wir 
zwei alternative Hypothesen vor, welche einerseits den Popuiationsdruck i n  landlichen Gebieten, 
andererseits stadtspezifsche Verhaltensanpassungen der Fuchse ins Zentrum stellen. Fuchspopula- 
tionen im  Siedlungsraum beeinflussen das Verhalten und die Einstellung der Bevolkerung gegen- 
uber Wildtieren und haben Konsequenzen fur das Fuchsmanagement und den Umgang mi t  Zoono- 
sen, wie Tollwut und alveolare Echinokokkose. 
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