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Zusammenfassung

Zusammenfassung

In verschiedenen Europdischen L&ndern sind wahrend den letzten Jahren die
Populationen des Rotfuchses (Vulpes vulpes) stark angewachsen. Besonders
ausgepragt war diese Entwicklung in stadtischen Gebieten, wo heute Fiichse oft in
néchster Umgebung zu Mensch und Haustier leben. Die silvatische Tollwut ist in
Europa nicht ausgerottet und der kleine Fuchsbandwurm Echinococcus
multilocularis — ein Helminth, der eine schwere Lebererkrankung des Menschen,
die Alveolédre Echinokokkose, verursacht — ist in europdischen Fuchspopulationen
weit verbreitet. Es stellt sich daher die Frage, wieweit diese Entwicklung mit einer
Zunahme zoonotischer Risiken verbunden sein konnte.

Das Ziel dieser Dissertation war (a) die Urbanisierung der Rotflichse darzustellen,
(b) die Bedeutung des naturlichen und anthropogenen Futterangebot fir Stadtfiichse
zu kléren, (c) die Prévalenz von E. multilocularis in den urbanen End- und
Zwischenwirten zu bestimmen, (d) Faktoren zu eruieren, die die Dynamik des
urbanen Zyklus von E. multilocularis beeinflussen, und (e) zu evaluieren, ob durch
eine Intervention mit Entwurmungs—Koéder fur Fuchse der Infektionsdruck von
E. multilocularis im stadtischen Lebensraum gesenkt werden kann.

Die Befragung der zustandigen Behdrden ergab, dass im Jahr 1999 in 28 der 30
grossten Schweizer Stadte Fuchse registriert wurden. In 20 dieser Stadte waren
Fuchsbaue mit Jungenaufzucht im Siedlungsraum bekannt. Im Verlauf der oralen
Immunisierungskampagnen gegen die Tollwut, begannen in der Stadt Zirich die
stddtische Fuchspopulation ab 1985 markant anzusteigen. Dieser Anstieg war
ausgepragter in den urbanen Gebieten als in den umliegenden landlichen Gebieten.
Magenanalysen von 402 Stadtfuchsen zeigten, dass mehr als die Halfte eines
durchschnittlichen Mageninhaltes anthropogene Nahrung war. Der Anteil
anthropogener Nahrung war hoher in Mdgen vom Stadtzentrum als in Magen des
peripheren Stadtgebietes, wo entsprechend eine gegenlaufige Tendenz zu mehr
natlrlicher Nahrung, wie Nager, andere Wildtiere und Wildfriichte, beobachtet
wurde. Das in der Stadt Zirich erhobene anthropogene Nahrungsangebot wiirde
ausreichen, um eine wesentlich hohere Anzahl von Fiichsen zu ernéhren, als aktuell
vorhanden ist, und erklart moglicherweise den kontinuierlichen Anstieg der urbanen
Fuchspopulationen.

Um die Prévalenz von E. multilocularis in Stadtftichsen zu bestimmen, wurden die
Dunndarme von 388 Flichsen aus der Stadt Zirich auf Helminthen untersucht. Die
Pravalenz von E. multilocularis bei Flchsen, welche wahrend des Winters
gesammelt wurden, wies eine signifikante Zunahme von 47% in stadtischen
Gebieten zu 67% in den angrenzenden periurbanen Gebieten auf. Ebenso wurde mit
einem Koproantigen Sandwich-ELISA in Fuchslosungen aus der periurbanen Zone
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Zusammenfassung

haufiger E. multilocularis nachgewiesen als in Fuchslosungen aus der urbanen
Zone. Im Winter gesammelte Fuchslosungen waren zudem h&ufiger Koproantigen—
positiv als Losungen aus anderen Saisons. Die Pravalenz im Zwischenwirt
Clethrionomys glareolus betrug 2.4% und 9.1% bei Arvicola terrestris, bei der
3.5% der Tiere auch Protoscoleces hatten. Infizierte A. terrestris konnten in 9 von
10 Fanggebieten entlang des Stadtrandgebietes nachgewiesen werden, was auf
einen hohen Infektionsdruck in dieser Zone hinweist.

Die Kdderaufnahme von Fichsen wurde mit Hilfe von Fotofallen in der Stadt
Ziurich Uberpruft. 48% der verschwundenen Koder wurden durch Flichse
aufgenommen. Die Ubrigen Koder konsumierten Igel (Erinaceus europeus),
Schnecken, Hunde und Nager. Hauskatzen, Steinmarder (Martes foina) und Dachse
(Meles meles) haben keine Koder angenommen. Die hdchste Kdderaufnahmerate
durch Fuchse wurde wéhrend des Sommers, bei Komposthaufen, fiir Praziquantel-
haltige Koder und an Platzen mit hoher Fuchsaktivitat festgestelit.

In der Stadt Ziirich wurden in sechs 1-km? Flachen und in einer 6-km® Flache
monatlich 50 Praziquantel-haltige Kéder pro km? ausgebracht. Der Anteil
Koproantigen—positiver Fuchslosungen anderte sich in den sechs Kontrollflachen
nicht, wahrend er in den bekoderten 1-km? Fliachen von 38.6% auf 5.5% und in der
bekdderten 6-km? Flache von 66.7% auf 1.8% abfiel. Im Verlauf des ersten Jahres
der Bekdderung ist die Prévalenz im Zwischenwirt Arvicola terrestris nicht
gesunken. Jedoch wurde in den bekdderten Gebieten ein Kkleineres, relatives
Milzgewicht und eine hohere Prévalenz mit Ektoparasiten festgestellt, was auf eine
verdnderte  Aktivitdt des Immunsystems als Folge eines reduzierten
Infektionsdrucks durch E. multilocularis Eier hinweist. Wé&hrend dem zweiten Jahr
der Bekdderung wurde dann auch beim Zwischenwirt A. terrestris ein bedeutender
Rickgang der E. multilocularis Prdvalenz in den bekdderten Gebieten
nachgewiesen.

Die verschiedenen Arbeiten haben gezeigt, dass die Urbanisierung von Fiichsen ein
generelles Phdnomen vieler Stadte ist, wo ein reiches anthropogenes Futterangebot
hohe Fuchspopulationen erndhren kann. In der Folge expandiert E. multilocularis
zunehmend in stédtische Gebiete. Die hochste Pravalenz konnte in urbanen Flichsen
des Stadtrandgebietes gefunden werden, wo geeignete Habitate flr Zwischenwirte
mit hohen Fuchsdichten (berschneiden. Da diese Flachen intensiv fir
Freizeitaktivitdten genutzt werden, sollten mdgliche Massnahmen zur Reduktion
des Infektionsdruckes wvon E. multilocularis in erster Linie auf diese
Stadtrandgebiete fokussieren. Die kontrollierte Bekdderungs—Studie zeigte, dass der
urbane Infektionsdruck durch E. multilocularis deutlich gesenkt werden kann. Fir
eine Entscheidung zu einer Intervention mussen jedoch verschiedene politische,
okologische und 6konomische Aspekte berticksichtigt werden.
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Summary

Summary

In several European countries a distinct increase of red fox (Vulpes vulpes)
populations has been observed in recent years, particularly in urban areas. As a
result, foxes live today in close vicinity to humans and their pets in many cities on
the European Continent. As silvatic rabies is not yet extinct in Europe, and the small
fox tapeworm Echinococcus multilocularis — a helminth that causes Alveolar
Echinococcosis (AE), a severe human liver disease — is widespread in European fox
populations, there is a serious concern about possibly emerging zoonotic risks
caused by the current fox population dynamics.

The aims of this dissertation were (a) to characterise the urbanisation of red foxes,
(b) to assess the importance of anthropogenic food supply for urban fox
populations, (c) to determine E. multilocularis prevalence in final and intermediate
hosts, (d) to investigate factors affecting the dynamic of an urban cycle of
E. multilocularis and (e) to evaluate an intervention strategy based on the delivery
of anthelmintica-containing fox baits in order to reduce the infection pressure with
E. multilocularis eggs in urban areas.

Inquiry by town officials in 1999 showed that foxes are observed in 28 out of the 30
largest Swiss cities and breeding dens are known in 20 of these cities. In the course
of oral rabies vaccination campaigns, the hunting statistics of Zurich city indicate
from 1985 onwards a dramatic increase in the fox population, which was more
pronounced in the urban areas than in the adjacent rural areas. A stomach analysis
of 402 urban foxes revealed that more than half of an average stomach content was
anthropogenic food. The proportion was higher in stomachs from the city centre
compared with stomachs from the periurban area. Accordingly, an opposite
tendency was observed for natural food, such as rodents, other wild animals and
wild fruits. The anthropogenic urban food supply was found to be sufficient to feed
a much higher number of foxes than currently present in the city of Zurich, which
could explain the ongoing increase of urban fox population densities.

To estimate the prevalence of E. multilocularis in urban foxes of Zurich, 388 foxes
were examined for intestinal infections with helminths. The prevalence in foxes
sampled in winter increased from 47% in the urban to 67% in the adjacent periurban
area. The proportion of fox faeces positive for E. multilocularis coproantigens was
also distinctly higher in the periurban area than in the urban area. Furthermore,
samples collected in the urban border zone had more coproantigen-positive results
during winter than during the rest of the year. Prevalence of E. multilocularis in
intermediate hosts was 2.4% for Clethrionomys glareolus and 9.1 % for Arvicola
terrestris, which harboured in 3.5% protoscoleces. E. multilocularis-infected
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A. terrestris were found in 9 of 10 trapping sites in the border zone of the city,
indicating a high infection pressure in the urban periphery.

Bait uptake of urban foxes was evaluated using camera traps in Zurich city. 48% of
the baits accepted were taken by foxes, but baits were also consumed by hedgehogs
(Erinaceus europeus), snails, dogs and rodents. Domestic cats, stone martens
(Martes foina) and badgers (Meles meles) never accepted the baits. Highest bait
uptake frequency by foxes was during summer, at compost heaps, for baits
containing the anthelmintic agent Praziquantel and at places where a high general
fox activity was detected.

An anthelmintic intervention was tested by the monthly distribution of 50
praziquantel-containing baits per km® in six 1-km? bait areas and one 6-km? bait
area. There was a distinct effect of baiting and the proportion of E. multilocularis
coproantigen-positive fox faecal samples decreased significantly in the 1-km? bait
areas from 38.6% to 5.5%, and in the 6-km? bait area from 66.7% to 1.8%.
E. multilocularis prevalence in the intermediate host Arvicola terrestris did not
decrease during the first year of baiting. However, a lower relative spleen mass and
an increased prevalence of mites in A. terrestris of baited areas indicated changes in
its immunological activity due to a reduced exposition to E. multilocularis eggs.
Thereafter, a pronounced decrease of E. multilocularis prevalence was detected in
baited areas during the second year of baiting.

The different investigations have shown that the urbanisation of foxes is a general
phenomenon in many European cities, where rich anthropogenic food resources can
sustain high fox population densities. As a consequence, E. multilocularis is
expanding its range to urban areas and E. multilocularis egg contamination can be
found in the middle of densely populated areas. The highest prevalence in foxes is
found in the urban periphery, where suitable intermediate host habitats intersect
with high fox population densities. Since these areas are intensively used by the
public for recreational activities interventions into the E. multilocularis cycle should
focus on these urban border areas. The controlled baiting study demonstrated that a
reduction of urban E. multilocularis infection pressure by the distribution of
anthelmintica-containing fox baits is feasible. The decision for an intervention
remains, however, a political, ecological and economical issue.
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Glossar

Alopex

alveolare Echinokokkose (AE)

Anthelmintika
anthropogen
Arvicola terrestris

Arvicolidae
Bioindikator

Canide

Cestode

Clethrionomys glareolus
Cricetidae

Echinococcus multilocularis
endemisch

Epizootie

Fotofallen
Ikterus

Inappetenz
Inzidenz
Koproantigentest

Losung

Gattung aus der Familie der Hundeartigen, z.B.
Polarfuchs

Durch die Larve (Metacestode) des kleinen
Fuchsbandwurm (Echinococcus multilocularis)
verursachte Erkrankung

Entwurmungsmittel

durch menschliche Einwirkungen verursacht
Ostschermaus, Nager aus der Familie der
Arvicolidae

Familie der WiihImause

Tier- oder Pflanzenarten, die bestimmte
Eigenschaften oder VVeranderungen der Umwelt
anzeigen (Zeigerart), z. B. Eutrophierung oder
Gifteinwirkungen

Familie der Hundeartigen

Bandwirmer, Klasse parasitischer Wirmer
Rotelmaus, Nager aus der Familie der Arvicolidae
Familie der Hamster

der kleine Fuchsbandwurm

nur in einem bestimmten Gebiet natdirlich
vorkommend

Tierseuchen bei Verbreitung ber grossere Gebiete
automatisch auslésender Fotoapparat
Gelbfarbung der Haut, der Schleimh&ute, des Harns
u. a. Korperfliissigkeiten durch Ubertreten von
Gallenfarbstoff ins Blut und ins Gewebe
Appetitlosigkeit

Anzahl neuer Erkrankungsfalle einer bestimmten
Krankheit in einem definierten Zeitraum
Immundiagnostisches Verfahren fiir den Nachweis
von Parasiteninfektionen im Stuhl

Kot
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Metacestode

Zweites Larvenstadium verschiedener
Bandwirmer, das sich im Zwischenwirt ausbildet.
Beim kleinen Fuchsbandwurm besteht der
Metacestode aus kleinen, flissigkeitsgefullten
Blasen, in denen sich neue Kopfanlagen
(Protoscoleces) bilden kdnnen

polychlorierte Biphenyle (PCB) chlorierte Kohlenwasserstoffe aus dem Grundstoff

Pradation
Pravalenz

Praziquantel

Protoscoleces

Resektion

Sandwich-ELISA

silvatische Tollwut

Taeniiden

Vulpes vulpes
Wurmbdrde
Zoonose

Biphenyl (z. B. DDT oder Lindan)

rduberische Erndhrungsweise

Der Anteil von Individuen in einer Population die
eine bestimmte Krankheit haben

Ein gegen viele Cestoden wirksames
Anthelmintika (Entwurmungsmittel)
Kopfanlagen, die sich Metacestoden des
Zwischenwirts ausbilden und sich im Endwirt zu
adulten Bandwurmern entwickeln kénnen
chirurgisches Herausschneiden von Teilen eines
kranken Organs bzw. Korperteils

ELISA, Abk. fur enzyme linked immunosorbent
assay. Der Sandwich-ELISA misst die Menge von
Antigenen zwischen zwei Schichten von
Antikorpern. Nachweisverfahren, dass sich
besonders bei niedrigen Antigenkonzentrationen
oder bei starker Verunreinigung durch andere
Proteine eignet

Uber Fuchs und andere Wildkarnivoren
ubertragene Tollwut (im Unterschied zur urbanen
Tollwut und Fledermaustollwut)

Familie der Bandwirmer (z. B. Echinococcus sp.,
Taenia sp.)

Rotfuchs

Anzahl Wirmer pro Tier

auf den Menschen Ubertragbare Tierkrankheit
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Einleitung

Echinococcus multilocularis: Erreger der Alveolaren Echinokokkose

Die alveoldre Echinokokkose (AE) ist eine bedeutende Zoonose, der nordlichen
Breiten, die friher meist letal verlief (Ammann und Eckert 1996). Heute ist bei
frihzeitiger Diagnose eine vollstandige Heilung moglich, haufig erfordert die
Erkrankung jedoch eine lebenslange Therapie, die die Lebensqualitdt der
Betroffenen bedeutend einschrénkt.

Der Erreger der AE ist der kleine Fuchsbandwurm (Echinococcus multilocularis),
ein 3-4 mm grosser Cestode aus der Familie der Taeniiden, dessen Adultstadium im
Dinndarm von Karnivoren, hauptsachlich der beiden Caniden—Gattungen Alopex
und Vulpes, lebt. Mit den Uber Kot ausgeschiedenen Endgliedern des Parasiten
gelangen infektiose Eier in die Umwelt. Nach der Aufnahme der Eier durch einen
Zwischenwirt, hauptsachlich Nager der Familien Arvicolidae und Cricetidae, kann
sich der Parasit in dessen Leber zum Metacestoden entwickeln, in dem sich neue
infektiose Kopfanlagen (Protoscoleces) bilden. Durch die Pradation von Karnivoren
schliesst sich der Lebenszyklus und der Parasit gelangt in einen neuen Endwirt
(Eckert et al. 2001). Neben Wildkarnivoren kdnnen sich auch mausende Hunde und
Hauskatzen infizieren und so zu Ausscheidern von E. multilocularis Eiern werden
(s. Abbildung 1).

Bei Aufnahme von infektiésen Fuchsbandwurm-Eiern kann E. multilocularis auch
Im Menschen Metacestoden ausbilden und so AE verursachen (s. Abbildung 1). Das
Wachstum des Parasitengewebes verlauft beim Menschen ausgesprochen langsam,
so dass zumeist erst nach 5-15 Jahren erste Symptome wie diffuse
Oberbauchschmerzen, Inappetenz, Mudigkeit oder Ikterus auftreten (Ammann und
Eckert 1996). Wie bei den Zwischenwirten setzt sich der Parasit im Menschen
meistens in der Leber fest. Bei ausbleibender Behandlung waéchst das
Metacestodengewebe kontinuierlich weiter, und die Leberfunktionen werden nach
und nach eingeschrankt. Ist eine vollstdndige Resektion des Metacestoden nicht
moglich, verhindert oft nur die dauernde Einnahme von Medikamenten
(Benzimidazolderivate) das weitere Fortschreiten der Krankheit (Ammann und
Eckert 1995).

Die jahrliche Inzidenz ist meist gering und variiert in Zentraleuropa und Japan
zwischen 0.02 und 1.4 neuen Erkrankungen pro 100°000 Personen (Eckert und
Deplazes 1999). Bei sehr hohem Infektionsdruck kann die Pravalenz aber dennoch
stark ansteigen. So wurde bei einer ruralen Gemeinschaft der chinesischen Provinz
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|

Hund und
Katze ................................................................................................................... _

x

Rotfuchs
Endwirt
Mausleber mit _ Kot_mit
infektiosen Kopfanlagen infektiosen
(Protoskolizes) Eiern
\ 4
Mensch =>
Nager Alveolare
Zwischenwirt Echinokokkose

A @

Abbildung 1: Schematische Darstellung des Zyklus von Echinococcus multilocularis (Beschreibung siehe
Text).

Gansu, wo Hunde in einem synanthropen Zyklus als Haupttbertrager agieren, bei
4% von 3'331 untersuchten Personen AE diagnostiziert (Craig et al. 2000).

Urbanisierung des Rotfuchses als zoonotisches Risiko?

Der Rotfuchs (Vulpes vulpes) ist in Mitteleuropa der wichtigste Ubertrager der
silvatischen Tollwut und des kleinen Fuchsbandwurmes. In hochendemischen
Gebieten konnten fur E. multilocularis Prévalenzen von bis zu 75% festgestellt
werden und es gibt Hinweise, dass die Befallsraten beim Fuchs zunehmen (Romig
et al. 1999a; Romig et al. 1999b). Die Tollwut verursachte in den 70er und 80er
Jahren einen starken Rlckgang der mitteleuropéischen Fuchspopulationen (Chautan
et al. 2000). Mit oralen Immunisierungskampagnen wurde die Tollwut erfolgreich
bekdmpft und die Schweiz ist seit 1999 tollwutfrei (Zanoni et al. 2000). In der Folge
sind die Fuchsbestande vielerorts wieder stark angewachsen (Breitenmoser et al.
2000; Chautan et al. 2000) und sind heute z. T. hoher als vor der Tollwut—Epizootie
(Breitenmoser und Miller, in prep.). Parallel zu dieser Entwicklung dringen Fiichse
heute vermehrt in den urbanen Lebensraum vor (Gloor 2002), dhnlich wie dies auf
den britischen Inseln bereits vor rund sechzig Jahren beobachtet wurde (Teagle
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1967). Viel starker als in Grossbritannien, wo E. multilocularis und die silvatische
Tollwut nicht vorkommen, stellt sich in Kontinental-Europa bei der Urbanisierung
dieser Art die Frage nach den zoonotischen Risiken, die mit dieser Entwicklung
verbunden sein kdnnen. Wahrend friher urbane Gebiete noch Barrieren fir die
Ausbreitung der Tollwut darstellten (Steck et al. 1980), kodnnten heute hohe
Fuchsbestdnde inmitten dicht besiedelter Gebiete bei einer erneuten Tollwut—
Epizootie ein zusatzliches Infektionsrisiko fiir den Menschen darstellen. Und die
Kontamination urbaner Gebiete mit E. multilocularis Eiern, die mit den Losungen
infizierter Flchse abgesetzt werden, kdnnte zu einer Zunahme der AE fihren.

Inhaltstibersicht

Die Tatsache, dass mitten im Siedlungsraum, Fichse leben und ihre Jungen
aufziehen stosst in der Offentlichkeit auf grosses Interesse. Der Fuchs gilt als schlau
und gewitzt und wird oft als sympathisches und faszinierendes Tier
wahrgenommen. Gleichzeitig ist der Rotfuchs aber auch als Hauptiibertréager der
Tollwut und des Fuchsbandwurm bekannt, was Verunsicherungen und Angste
auslost. Der starke Anstieg der Fuchspopulationen und das Vordringen in die Stadte
gab deshalbo Anlass zu einem interdisziplindren  Forschungs- und
Kommunikationsprojekt — dem Integrierten Fuchsprojekt (IFP). In diesem Projekt
setzen sich seit 1996 Wissenschaftlerinnen und Wissenschafter aus den Bereichen
Wildbiologie, Veterindrmedizin und Sozialforschung mit verschiedenen Fragen
dieser Entwicklung auseinander.

Die vorliegende Dissertation wurde ihm Rahmen des IFP initiiert, mit dem Ziel die
Urbanisierung des Zyklus von E. multilocularis zu untersuchen, Faktoren zu
eruieren, die diesen Zyklus mitbestimmen wund daraus eine mogliche
Interventionsstrategie abzuleiten und zu evaluieren. Die Arbeit setzt sich aus
Manuskripten zusammen, die in verschieden Fachzeitschriften bereits publiziert
oder eingereicht worden sind, oder zur Einreichung vorbereitet sind. In einem ersten
Teil wurde untersucht, ob das Vordringen des Rotfuchses in den urbanen
Lebensraum eine allgemeingtiltige Entwicklung ist, oder ob sich dieser Prozess nur
auf einzelne Stadte beschrankt (Manuskript A). In der zweiten Arbeit wurde die
Rolle der naturlichen und anthropogenen Nahrungsressourcen fir die Urbanisierung
des Flchse untersucht (Manuskript B). Eine parasitologische Untersuchung von
Stadtflichsen gibt Aufschluss Uber die E. multilocularis Befallshaufigkeiten und
Befallsintensitdten in Stadtflichsen und in einer urbanen Population des
Zwischenwirts Arvicola terrestris (Manuskript C). Um die Kontamination des
urbanen Gebietes durch Losungen von mit E. multilocularis infizierten Flichsen zu
erfassen, wurde ein Koproantigen—Sandwich-ELISA evaluiert. Zudem wurden
Faktoren, die den Zyklus von E. multilocularis beeinflussen, untersucht und die
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Bedeutung verschiedener Zwischenwirtsarten abgeklart (Manuskript D). In einer
Ubersichtsarbeit werden, unter Einbezug der Resultate der Manuskripte A-D,
verschiedene Aspekte des urbanen Zyklus von E. multilocularis dargelegt und im
Hinblick auf eine mdgliche Intervention diskutiert (Manuskript E). Wieweit
kénnen Flchsen im urbanen Raum Koder und somit Wirkstoffe (Tollwutimpfstoff,
Entwurmungsmittel) verabreicht werden? Diese Frage wurde mit Hilfe von
Fotofallen geklart (Manuskript F). In einer experimentellen Feldstudie wurde dann
uberprift, wieweit die Auslage von Koddern, die das Anthelmintika Praziquantel
enthalten, den Infektionsdruck von E. multilocularis im urbanen Raum reduzieren
kann (Manuskript G). Parallel wurden bei dieser Feldstudie auch immunologische
Effekte der Bekdderung auf den Zwischenwirt Arvicola terrestris untersucht
(Manuskript H).

Im Rahmen der interdisziplindren Zusammenarbeit des IFP war ich auch an
Publikationen beteiligt, die ber das eigentliche Thema meiner Dissertation
hinausgehen. Dazu gehoren zwei toxikologische Arbeiten, in denen Stadtfiichse als
Bioindikatoren auf Schwermetalle und polychlorierte Biphenyle untersucht wurden
(Anhang | und II) und zwei Arbeiten in denen anhand einer
Informationskampagne zu Stadtflichsen (INFOX) verschiedene Aspekte der
Kommunikation zu Fichsen im Siedlungsraum dargestellt werden (Anhang 11
und 1V).

Mein Beitrag zu den verschiedenen Manuskripten war unterschiedlich. Tabelle 1
gibt einen Uberblick, welche Arbeiten ich fiir die verschiedenen Manuskripte
geleistet habe und wieweit die verschieden Manuskripte bereits verdffentlicht sind.

Tabelle 1: Beitrag zu den verschiedenen Arbeiten und Publikations—Status der Manuskripte.

Manuskript: Anhang:

A B C D E F G H | v
Forschungsdesign / Konzept * * * x ok mx % * ¥
Feldarbeiten, Datenerhebung * £k ow % P
Laboranalysen / Sektionen - * * * * * * *
Datenaufbereitung * * R * %
Auswertungen * * * * W w
Manuskript schreiben * * * * * * kK * % % * "
Publikations-Status pub. acc. pub. pub. pub. sub. sub. prep. pub. prep. pub.

geleistete Arbeiten: ** Hauptarbeit, * Mitarbeit, - keine Arbeiten notwendig
Publikations-Status: pub. = publiziert, acc. = akzeptiert, sub. = eingereicht, prep. = zur Einreichung vorbereitet
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Die Entstehung urbaner Fuchspopulationen in der Schweiz

(Zusammenfassung Manuskript A)

Seit Mitte der 1980er-Jahren werden zunehmend Flichse inmitten von Schweizer
Stédten beobachtet. Die Befragung der zustdndigen Behotrden ergab, dass heute in
28 der 30 grossten Schweizer Stadte Flchse registriert werden. In 20 dieser Stadte
sind Fuchsbaue mit Jungenaufzucht im Siedlungsraum bekannt. Dabei werden
Stadtflichse (berproportional hdufiger in grosseren Stadten als in kleineren
Ortschaften beobachtet. In Zirich, der grossten Schweizer Stadt, waren geméss der
Jagdstatistik bis zu Beginn der 1980er Jahre Stadtflichse sehr selten. Erst ab 1985
begann die stadtische Fuchspopulation markant anzusteigen. Auch die umliegenden
landlichen Gebiete verzeichnen ab 1984 eine deutliche, allerdings weniger starke
Zunahme der Fuchsbesténde, die u.a. mit der erfolgreichen Tollwutbekdmpfung
zusammenhangt. Als Erklarung der Prasenz von Fichsen im Siedlungsraum, einem
bisher vor allem aus Grossbritannien bekannten Phanomen, schlagen wir zwei
alternative Hypothesen vor, welche einerseits den Populationsdruck in landlichen
Gebieten, andererseits stadtspezifische Verhaltensanpassungen der Fichse ins
Zentrum stellen. Fuchspopulationen im Siedlungsraum beeinflussen das Verhalten
und die Einstellung der Bevolkerung gegentber Wildtieren und haben
Konsequenzen fur das Fuchsmanagement und den Umgang mit Zoonosen, wie
Tollwut und alveolare Echinokokkose.

Die Nahrung von Rotfiichsen (Vulpes vulpes) und das Angebot anthropogener
Nahrungsressourcen in der Stadt Zurich, Schweiz

(Zusammenfassung Manuskript B)

In der Stadt Zirich wurde die Erndhrung von Stadtflichsen und das Angebot
anthropogener Nahrung untersucht. Magenanalysen von 402 Fiichsen, die zwischen
Januar 1996 und Mérz 1998 erlegt oder tot aufgefunden wurden, zeigten eine grosse
Vielfalt der Nahrungskomponenten urbaner Flichse, wobei sich ein Grossteil aus
Fleisch- und Knochenresten, anderen Abféallen und kultivierten Frichten und
Feldfrichten zusammensetzte. Mehr als die Halfte eines durchschnittlichen
Mageninhaltes war anthropogen. Der Anteil anthropogener Nahrung war hoher in
Mégen vom Stadtzentrum — vor allem dank einem erhdhten Anteil von Fleisch- und
Knochenresten — gegenuber dem Inhalt aus Mégen des peripheren Stadtgebietes. Es
wurden saisonale Schwankungen der Nahrungskomponenten Invertebraten, Vogel
und kultivierte Friichte sowie Feldfriichte gefunden, die alle hdufiger im Sommer
aufgenommen wurden.

Geméss einer schriftliche Umfrage unter den Einwohnerinnen eines Stadtquartiers
bestand fur Fuchse bei 85% der Haushalte Zugang zu anthropogenen
Nahrungsquellen. Dieses Nahrungsangebot setzte sich zu drei Vierteln aus

Seite 14



Einleitung

fressbarem Abfall und Kompost zusammen und wurde durch Friichte und Beeren,
sowie in geringerem Ausmass durch Futter fir Haustiere, Vogel und weitere
Wildtiere ergénzt. Das anthropogene Nahrungsangebot in Schrebergérten bestand
hauptséchlich aus Beeren, aber auch aus Friichten, Kompost und Vogelfutter.
Mittels Transekten bestimmten wir zusétzlich das anthropogene Nahrungsangebot
des Offentlichen Raums. Das anthropogene Nahrungsangebot von Haushalten,
Schrebergédrten und offentlichem Raum zusammen konnte viel mehr Filichse
ernahren, als gegenwadrtig im Untersuchungsgebiet vorhanden sind. Dieses
Uberangebot an Nahrungsressourcen erklart moglicherweise, warum die
Populationsdichten von Fuchsen im Siedlungsraum gegenwartig weiter ansteigen.

Hohe Pravalenz von Echinococcus multilocularis bei urbanen Rotflichsen (Vulpes
vulpes) und Schermausen (Arvicola terrestris) in der Stadt Zurich, Schweiz

(Zusammenfassung Manuskript C)

Waéhrend 26 Monaten, von Januar 1996 bis Februar 1998, wurden 388 Fuchse aus
der Stadt Zirich von Wildhitern abgeliefert und auf Dunndarminfektionen mit
Echinococcus multilocularis und anderen Helminthen untersucht. Die Prévalenz
von E. multilocularis bei im Winter angefallenen Fiichsen wies eine signifikante
Zunahme von 47% in stadtischen Gebieten zu 67% in angrenzenden landlichen
Gebieten auf, wahrend die Prévalenz von anderen Helminthen fur beide Gebiete
gleich gross war. Saisonale Unterschiede der Prévalenz von E. multilocularis
wurden bei urbanen, subadulten Riden gefunden, welche signifikant seltener im
Sommer als im Winter infiziert waren. Die Verteilung der Biomasse von
E. multilocularis, erfasst in Anzahl Wurmindividuen pro Fuchs, wurde bei 133
infizierten Flchsen untersucht, welche zuféllig aus den im Winter gesammelten
Fuchsen ausgewahlt wurden. Zehn Filchse (8%) waren mit mehr als 10’000
Individuen infiziert und enthielten 72% der gesamten erfassten E. multilocularis—
Biomasse. Die Wurmbiirden waren signifikant h6her bei subadulten als bei adulten
Fuchsen. Bezuglich Alter und Geschlecht konnten diesbeztiglich keine signifikante
Unterschiede gefunden werden. Aufgrund morphologischer Merkmale und mit PCR
wurden E. multilocularis—Metacestoden bei Schermdusen (Arvicola terrestris)
identifiziert, welche in einem Stadtpark von Zirich gefangen wurden. Die Prévalenz
bei den 60 Schermdusen aus dem Jahr 1997 betrug 20% und 9% bei den 75
Schermdusen von 1998. Protoscoleces wurden in zwei A. terrestris gefunden.
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Raumliche und zeitliche Aspekte der urbanen Ubertragung von Echinococcus
multilocularis

(Zusammenfassung Manuskript D)

In einer friheren Studie wurde eine hohe Prdvalenz von Echinococcus
multilocularis in Rotfichsen aus der Stadt Zirich nachgewiesen. Um die
Ubertragung des Parasiten im urbanen Lebensraum zu charakterisieren, wurde ein
Koproantigen—ELISA fiir den E. multilocularis Nachweis in Fuchslosungen, die im
Feld gesammelt wurden, evaluiert. Zudem wurden verschiedene Nagerarten auf
E. multilocularis Metacestoden untersucht. Ein Vergleich der Parasitenspektren von
Proben, die im Feld als Fuchs- bzw. als Hundelosungen angesprochen wurden,
zeigte, dass die Beurteilung dusserlicher Merkmale eine verlassliche Identifikation
von Fuchslosungen im Feld ermdglicht. Von 604 Fuchslosungen waren 156
Koproantigen—positiv (25.8%). VVon der urbanen zur periurbanen Zone hin wurde
ein signifikanter Anstieg des Anteils positiver Proben nachgewiesen. Im Winter
waren die in der Stadtrandzone gesammelte Losungen signifikant hé&ufiger
Koproantigen—positiv. Die Prdvalenz in Clethrionomys glareolus betrug 2.4%.
Arvicola terrestris war in 9.1% der Fallen infiziert und 3.5% der Tiere hatten
Protoscoleces. Infizierte A. terrestris konnten in 9 von 10 Fanggebieten entlang des
Stadtrandgebietes nachgewiesen werden. Dies weist auf einen hohen
Infektionsdruck in diesen Zonen hin, der moglicherweise auch fiir den Menschen
und dessen Hunde und Katzen ein erhohtes Infektionsrisiko darstellt. Massnahmen
zur Reduktion des Infektionsdruckes sollten deshalb besonders auf diese
Stadtrandzonen fokussieren.

Urbane Ubertragung von Echinococcus multilocularis

(Zusammenfassung Manuskript E)

In verschiedenen Europdischen Landern wurde in den vergangenen 15 Jahren einen
deutliche Zunahme der Populationen des Rotfuchses (Vulpes vulpes) verzeichnet,
die in stédtischen Gebieten besonders ausgepragt war. Die Anzahl geschossener
oder tot aufgefundener Flichse in der Stadt Zurich nahm zwischen 1985 und 1997
um das 20-fache zu. Diese Tatsachen waren Anlass fir ein interdisziplindres
Projekt, in welchem 0Okologische und parasitologische Aspekte der
Fuchspopulationen in urbanen Gebieten untersucht wurden.

Okologische Resultate zeigen, dass in stadtischen Gebieten die Populationsdichten
hoch und die Aktivitatsgebiete der Fuichse klein sind. Die Pravalenz des Kleinen
Fuchsbandwurmes Echinococcus multilocularis nahm ab von 67% in den
Naherholungsgebieten unmittelbar am Rand des Siedlungsraums auf 47% im Gebiet
innerhalb der Stadtgrenzen.
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Um die Kontamination der stadtischen Gebiete durch Eier von E. multilocularis zu
schatzen, wurden Kotproben von Fiichsen gesammelt und mit einem Koproantigen—
ELISA untersucht. Die rdumliche Verteilung der Koproantigen—positiven
Kotproben stimmte mit der Prévalenz, welche bei sezierten Flchsen gefunden
wurde, Uberein. Bei Nagetieren, welche in den an den Siedlungsraum angrenzenden
landlichen Gebieten gefangen wurden, wurden E. multilocularis-Metacestoden
mittels morphologischen Untersuchungen, EmG11-antigen ELISA und PCR
festgestellt. Die Prévalenz bei 781 Schermdusen Arvicola terrestris war 9.2%. Bei
24 A terrestris (3.1%) wurden vollstdndig entwickelten Protoscoleces
nachgewiesen. Somit konnte ein urbaner Parasitenzyklus von E. multilocularis
nachgewiesen werden. Dies bedeutet ein potentielles Risiko nicht nur flr die
stadtische Bevolkerung sondern auch fir Heimtiere wie Hunde und Katzen. Auf-
grund dieser neuen epidemiologischen  Situation und der damit
zusammenhangenden wachsenden 6ffentlichen Sensibilisierung betreffend dieser
Zoonose empfiehlt sich eine Evaluation lokaler Interventionen in den Lebenszyklus
von E. multilocularis.

Kdoderauslage fur Stadtfuichse: Eine Foto-Fallen-Studie

(Zusammenfassung Manuskript F)

In den letzten Jahren sind die anwachsenden Rotfuchs—Populationen (Vulpes
vulpes) Zentral- und Westeuropas mehr und mehr in den stadtischen Lebensraum
vorgedrungen. In vielen Stédten leben heute Flchse in n&chster Umgebung zu
Mensch und Haustier. Die silvatische Tollwut ist in Europa nicht ausgerottet und
der kleine Fuchsbandwurm Echinococcus multilocularis — ein Helminth, der eine
schwere Lebererkrankung des Menschen, die Alveoldre Echinokokkose,
verursachen kann — ist in europdischen Fuchspopulationen weit verbreitet. Daher
besteht ein wachsendes Bedurfnis nach effektiven Bekdderungsstrategien fir
Fuchse im Siedlungsraum. In der Stadt Zurich wurde die Kéderaufnahme mit Hilfe
von Fotofallen Uberprift. Kéder mit und ohne das Anthelmintika Praziquantel
wurden auf verschiedene Arten (exponiert, bedeckt, eingegraben), an verschiedenen
Orten (Fuchsbaue, Komposthaufen, Fuchspésse) und zu verschiedenen Saisons
(FriGhsommer, Sommer, Winter) ausgelegt. Wéhrend 756 Fotofallen—Né&chten
verschwanden 91 der 252 (36%) Uberwachten Kdder innerhalb von jeweils 3 Tagen.
Gegenuber dem Kontrollversuch ohne Fotofallen war die totale Verschwinderate
der Koder mit Fotofallen kleiner. 48% der verschwundenen Kéder wurden durch
Fuchse aufgenommen. Die anderen Arten, die Kéder genommen haben, waren Igel
(Erinaceus europeus, 17 Kdder), Schnecken (9), Hunde (8) und Nager (4). In 9
Féallen war eine ldentifikation der Art, die den Koder aufgenommen hat, nicht
moglich. Hauskatzen, Steinmarder (Martes foina) und Dachse (Meles meles) haben
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keine Koder angenommen. Eine logistische Regression erbrachte signifikante
Unterschiede in der Koderaufnahme von Flchsen abhdngig von Ort, Saison,
Kodertyp und wvon der generellen Aktivitdt von Fichsen. Die hochste
Kdderaufnahmerate durch Fuchse wurde wahrend des Sommers, Dei
Komposthaufen, fir Praziquantel-haltige Koder und an Platzen mit hoher
Fuchsaktivitat festgestellt. Um maoglichst artspezifisch fur Flchse zu bekddern,
sollten Koder leicht eingegraben werden. Eine kurze Gewdhnungsperiode (6 Tage)
an die Kdder erhoht die Koderaufnahmerate nicht, aber der Zusatz von Praziquantel
kann die Konkurrenz um Kdoder durch andere Arten verringern. Eine Zugabe von
Praziquantel zu Tollwutkdder wirde daher die Effizienz einer oralen
Immunisierungskampagne gegen Tollwut nicht verringern.

Kleinraumige Auslage Anthelmintika—haltiger Koder fur Rotflichse verringert die
Kontamination des stadtischen Lebensraum mit Eiern von Echinococcus
multilocularis

(Zusammenfassung Manuskript G)

Aufgrund der kleinrdumig heterogenen Verteilung von geeigneten Zwischenwirts—
Habitaten und der geringen rédumlichen Dynamik von Flichsen im stédtischen
Lebensraum scheint eine Reduktion des Infektionsdruckes durch Echinococcus
multilocularis Eier in eng umgrenzten, urbanen Risikoflachen moglich zu sein. In
der Stadt Zurich wurden von April 2000 bis Oktober 2001 monatlich in sechs 1-
km? Flachen und in einer 6-km? Fliche 50 Praziquantel-haltige Koder pro km?
ausgebracht. Der Anteil Koproantigen—positiver Fuchslosungen &nderte sich in den
sechs Kontrollflachen nicht, wahrend er in den bekoderten 1-km? Flichen von
38.6% auf 5.5% und in der bekdderten 6-km? Fléche von 66.7% auf 1.8% abfiel.
Die Prévalenz im Zwischenwirt Arvicola terrestris sank ebenfalls signifikant in den
bekoderten Fl&chen, aber nicht in den Kontrollflachen. Diese kontrollierte
Bekdderungs—Studie zeigt, dass eine starke Reduktion der Kontamination mit
E. multilocularis Eiern in urbanen hoch endemischen Gebieten mdglich ist.

Ein experimenteller Feldversuch zu Parasitismus und Immunabwehr bei
Wiihlmausen

(Zusammenfassung Manuskript H)

Der Fuchsbandwurm Echinococcus multilocularis wird vom Rotfuchs als Endwirt
auf verschiedene Nagerarten (bertragen. In finf Flachen von je einem
Quadratkilometer wurden Kdder flr Flchse ausgebracht, die ein sehr wirksames
Medikament gegen Cestoden (Praziquantel) enthielten. Der haufigste Zwischenwirt,
die Wihlmaus Arvicola terrestris, wurde in funf bekodderten und finf nicht
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bekoderten Gebieten gefangen. Die Bekdderung der Fiichse reduzierte den Anteil
E. multilocularis positiver Fuchslosungen in den bekdderten Gebieten, aber die
Pravalenz in den Wuhlméusen unterschied sich im Verlaufe des ersten Jahrs der
Bekdderung nicht zwischen bekoderten und nicht bekdderten Gebieten. Allerdings
hatten die WuhImduse aus bekdderten Gebieten signifikant kleinere Milzgewichte
und waren signifikant h&ufiger mit Ektoparasiten befallen, was auf eine
unterschiedlich  Aktivitdt der Immunabwehr hinweist. Der experimentelle
Feldversuch weist darauf hin, dass die Kontamination mit E. multilocularis Eiern,
und moglicherweise anderen Bandwirmer, das Immunsystem des Zwischenwirts
A. terrestris im Freiland beeinflussen kann.
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Schlussfolgerung

Der Kkleine Fuchsbandwurm Echinococcus multilocularis hat sich mit dem
Vordringen des Rotfuchses in urbane Gebiete einen neuen Lebensraum erschlossen
und ist heute mitten in dichtbesiedeltem Raum anzutreffen. Moglicherweise geht
von dieser Entwicklung ein fir den Menschen allgemein erhéhtes Risiko aus, an
Alveolérer Echinokokkose zu erkranken. Es hat sich gezeigt, dass Stadtftichse, dank
einem sehr hohen Angebot von anthropogenem Futter, hohe Dichten erreichen und
ihren Nahrungsbedarf entsprechend in relativ kleinen Streifgebieten abdecken
konnen. Die daraus resultierende geringe raumliche Dynamik urbaner
Fuchspopulationen kann erkléren, dass die Pravalenz von E. multilocularis tber
kurze Distanzen deutlich variiert. Im Grenzgebiet zwischen ruralem und urbanem
Lebensraum Uberschneiden sich hohe Dichten von Flchsen und gute Habitate fur
Wihiméuse. Die Resultate dieser Studie weisen darauf hin, dass deshalb der Zyklus
von E. multilocularis in diesem Grenzraum zu einem hohen Infektionsdruck flhrt.
Da gerade diese Stadtrandzone von einer breiten Offentlichkeit intensiv fir
Freizeitaktivitaten genutzt werden, und die Dichte an Hauskatzen und Hunden, die
sich an infizierten Mausen anstecken konnen, hoch ist, sollten
Interventionsstrategien zur Senkung des Infektionsdruckes vor allem auf diese
Stadtrandgebiete fokussieren. Wie sich erwiesen hat, ist es im urbanen Raum
maoglich, gezielt auf raumlich eng definierten Flachen den Infektionsdruck deutlich
zu senken. Falls mit der Urbanisierung der Stadtfichse tatsachlich eine Zunahme
der Alveolare Echinokokkose einher geht, kdnnte die Auslage von Praziquantel-
Koder fur Fchse ein Instrument zur Risikominimierung sein. Die Anwendung einer
solchen Massnahme ist ein politischer Entscheid, bei dem verschiedene Faktoren,
wie Kosten—-Nutzen Verhaltnis, 06ffentliches Sicherheitsbedlrfnis, alternative
Strategien und mogliche 6kologische Auswirkungen, zu bertcksichtigen sind.
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Conclusions

Due to the colonisation of urban areas by red foxes, the small fox tapeworm
Echinococcus multilocularis gained a new habitat, and therefore nowadays occurs
in the middle of densely populated areas. As a possible consequence this
development has caused an increased infection risk for human Alveolar
Echinococcosis. It has been shown that due to a high anthropogenic food supply
urban foxes can achieve high population densities and correspondingly can cover
their nutritional requirements within small home ranges. The resulting low spatial
dynamics of urban fox populations is supposed to be the reason for the occurrence
of pronounced E. multilocularis prevalence changes within small distances. In the
borderland between rural and urban habitat high fox population densities intersect
with suitable habitats for voles. The results of this study point out that the cycle of
E. multilocularis leads to a high infection pressure in the urban periphery. At the
same time, this area is intensively used by a broad public for recreational and other
activities, and densities of domestic cats and dogs, which can acquire the parasite by
preying on infected voles, are high. Therefore, possible intervention strategies to
lower the infection pressure should focus primarily on this urban periphery. It was
demonstrated that a pronounced reduction of the infection pressure in small defined
urban areas is feasible. If in fact, the urbanisation of foxes goes parallel with a
significant increase of Alveolar Echinococcosis, anthelmintic baiting of foxes is a
possible tool to minimise the infection risk. Nevertheless, the application of such an
intervention is a political decision, which has to consider different factors, as cost-
benefit analyses, security need of the public, alternative strategies and possible
ecological consequences.
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Abstract

Since 1985 more and 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 Zurich, 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 of the urban fox population. In the adjacent rural areas, there also
was a clear but less extreme increase of the fox population from 1984 onwards due
to successful vaccination campaigns against rabies. As an explanation for the pre-
sence of foxes in human settlements we suggest 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 beha-
viour and attitudes of people towards urban wildlife and it has consequences for the
fox management and the treatment of zoonoses such as rabies and the alveolar
echinococcosis.
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Introduction

Since 1985 fox populations have experienced a drastic increase in Switzerland
(Breitenmoser et al. 2000). Apart from this development in rural areas, more and
more foxes have been recorded from large Swiss conurbations and cities such as
Zurich or Geneva. Game wardens and wildlife biologists observed foxes in urban
areas, people having noticed foxes in their gardens turned to local officials for in-
formation, pictures and articles about foxes in the middle of residential areas were
published. Are these records just occasional observations or do they indicate the
colonisation 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 like London since the 1930s (Teagle 1967; Beames
1969, 1972; Page 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 observed so far (Harris 1981a, Harris and
Rayner 1986a). Similar fox population densities were nowhere recorded in urban
areas outside of Great Britain, neither on the European continent nor in other parts
of the distribution area of the red fox. Therefore, urban foxes were thought to be a
British phenomenon (Harris 1977; Macdonald and Newdick 1982).

In the 1970s and 1980s, the fox population on the European continent experienced a
heavy rabies epizootic, which reached Switzerland in 1967 (Steck et al. 1980;
Miiller et al. 2000). Fox densities decreased drastically, and, as seen from the Swiss
hunting bag, reached a low in 1984 (Breitenmoser 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 investigate the present situation in large Swiss
settlements, to evaluate the recent development 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 40 000
km? (excluding lakes), are above 2 000 meters where fox population density is low.
The remaining 76% of the country form a heterogeneous and mostly good quality
habitat for the red fox.
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In Switzerland there are 30 cities with more than 20 000 inhabitants, where 19% of
the 6.9 million inhabitants live. The largest conurbation of Switzerland is the area of
Zurich with some 1 000 000 inhabitants. However, only 352 200 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 pages — consists of 53% urban area, 24% forest, 17% agricultural areas
and 6% water (Federal Office of Statistics 1998). Forest and agricultural areas sur-
round the urban area and are referred to as the rural area of the city in the following
pages.

As far as hunting is concerned, the city of Zurich is organised as a game sanctuary.
The city of Zurich belongs to the canton of Zurich, one of the most densely popula-
ted 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 recorded personally by col-
laborators of the Integrated Fox Project. Only fox sightings within human settle-
ments were recorded. As the call on TV was biased towards the German speaking
part of Switzerland, the few information from the French and Italian speaking re-
gions of the country were excluded from further analyses.

The program actus (Estabrook and Estabrook 1989) was used for the statistical test,
which performs randomised contingency tables and gives probabilities for devia-
tions 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 20 000
inhabitants (Federal Office of Statistics 1998). The experts were asked about occur-
rence and abundance of urban foxes, evidence of breeding dens in the urban area,
the year of the first urban fox sightings and the current trend in the urban fox popu-
lation. 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 conservation
officials. In the conurbation of Geneva (three communities with >20 000 inhabi-
tants) our contacts were wildlife biologists running an urban fox project, in Zurich
we knew the situation 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 population available. Therefore its deve-
lopment has to be shown indirectly through the hunting bag and other recorded cau-
ses of death. Long-time figures 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
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Tab. 1. Reported sightings of foxes in urban areas from the German speaking part of Switzerland
(randomisation test).

Size of township Accumulated  Number Expected number of fox  Significance

number of of fox reports according to

inhabitants reports  numbers of inhabitants
>50'000 958'746 97 60 higher (p<0.01)
20'000 - 50'000 335192 10 21 ns
10'000 - 20'000 897'430 31 57 lower (p<0.05)
Total 2'191'368 138 138

the city are exclusively performed by official game wardens, therefore the hunting
bag is recorded and the locations of dead foxes (shot or found dead) are known.

For the comparison of the data from the canton and the city of Zurich, we used the
HIPD (hunting indicator of population density; Bogel et al. 1974). We defined the
HIPD as the annual number of foxes hunted per km? excluding lakes and areas
above 2 000 meters. We did not include data on foxes with other death causes than
hunting because generally these data have only been available 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 po-
pulation 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
sightings from 78 different towns and villages of the German speaking part of
Switzerland were reported. 138 sightings came from towns with more than 10 000
inhabitants (Tab. 1). Of those, more sightings than expected concerned cities with
more than 50 000 inhabitants (randomisation test, p<0.01), and less sightings than
expected towns with 10 000 — 5 0000 inhabitants (p<0.05; Tab. 1).
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Fig. 1: Distribution of urban foxes in 30 cities with more than 20000 inhabitants according to local wildlife
management experts. Circles of adjacent cities are shifted to avoid overlapping.

According to our inquiry among institutions in charge of wildlife management in 8
out of 9 cities with >50 000 inhabitants, and in 18 of the 19 cities with 20 000 — 50
000 inhabitants, foxes were occasionally found or common (Fig. 1, Tab. 2). Foxes
seem not to be present in two towns only: in Bern, situated 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, too (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 perceived as a recent phenomenon since
1985. No geographical trend can be recognised as far es the beginning of settlement
in different cities is concerned.

Only in the conurbation of Geneva, with three cities (communities) with >20 000
inhabitants (Geneva, Lancy, Vernier; Tab. 2) the population is said to decrease be-
cause of an outbreak of sarcoptic mange in 1996 (C. Fischer, pers. comm.).
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Tab. 2: Occurrence and trend of urban fox populations in 30 Swiss cities, according to an inquiry among
peoplefinstitutions in charge of wildlife management. The two cities where no urban foxes were
observed (Bern, Lugano) are excluded.

Questions Answers Cities with many Cities with few
urban foxes (n=13)  urban foxes (n=15)
Where are the urban whole of the city 13 4
foxes observed? outskirts only 0 11
Are there any urban yes 13 7
breeding dens? no 0 8
Since when have urban ~ 1985-1999 10 7
foxes been present? <1985 3 3
not known 0 S
How do you judge the increasing 8 5
trend of the urban fox stable 2 10
population? decreasing 3 0

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
(Spearman, r=0.66, p<0.001; Fig. 2a), 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. 2a, 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 developed in parallel at least since the
beginning of the 1970s. Both HIPDs are higher after the rabies epizootic than be-
fore. 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 (1.26 vs. 0.09) in the city of Zurich, indicating a stronger popula-
tion 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 population in the whole city of Zurich (with
urban as well as adjacent rural areas) is not the same as the development of the po-
pulation 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 during the 1960s and 1970s.
The trend to an increasing urban fox population in fact just started from 1985 on-
wards.
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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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Fig. 3: Fox mortality (animals shot or found dead) in urban and rural areas in the city of Zurich from 1960 to
1997. Of the years 1973 — 1976 and 1982 — 1983 there are only total numbers of dead city foxes available
(light grey bars). No precise locations of death are available of 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.
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Tab. 3: The increase of numbers of recorded dead foxes within the city border 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

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

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 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 num-
bers, the population remained low for almost 20 years after the rabies outbreak, and
only in 1985, two years after the last rabies cases were recorded in the area, the fox
population started to increase, both in the urban and in the adjacent 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 examined separately for urban and adjacent rural areas
(Tab. 3). Yet the increase in the number 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 roamers from the vicinity. We ascribe differen-
ces in population densities in Swiss cities of today mainly to the fact that urban
foxes have been a recent phenomenon and the development still goes on.

Our call for fox sightings on Swiss television revealed that more foxes are recorded
from larger towns than from smaller ones, a relation that was also observed by
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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 den-
sities are found (Harris and Rayner 1986b).

Although red foxes generally avoid the direct presence of humans, some foxes have
lived in the neighbourhood of people’s settlements 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 present in the urban area since the early
1960s, but such observations remained isolated cases.

In 1985 the situation began to change. Due to successful oral vaccination campaigns
against rabies, the fox population in Switzerland started to recover (Breitenmoser et
al. 2000), which is recorded in other European countries, as well (e.g. Vos 1993;
Artois et al. 1997). It was parallel to this general trend, when the urban fox popula-
tion in the city of Zurich and in most other Swiss cities showed a drastic increase
according to hunting statistics.

However, hunting statistics have to be interpreted 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; Goszczynski
1989) or outbreaks of zoonoses (Kappeler and Wandeler 2000). A high hunting
pressure most probably lasted during the whole period of rabies from 1967 till at
least to the end of the 1980s. Therefore the low HIPD during this period presumably
reflects low densities of fox populations. With the decrease of rabies 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 popula-
tions is underestimated by hunting statistics. The fox population in the canton of
Zurich with its high degree of urbanisation must be even more underestimated 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
regime is maintained by official game wardens. The significant correlation of the
development of foxes “shot” and “found dead” within the city confirms, that the
increasing numbers of dead foxes are not only the result 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, Denmark (Moller Nielsen 1990), Stutt-
gart, Germany (T. Romig, pers. comm.), Toronto, Canada (Adkins and Stott 1998)
and Sapporo, Japan (K. Uraguchi, pers. comm.). The questions raise why the inva-
sion of urban habitat started and which factors caused this new development.
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According to Harris and Rayner (1986¢), the colonisation of British towns already
started in the 1930s. In these years there was a boom of private house construction
resulting in large districts of middle—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 suburbs, foxes
moved further into the city and also colonised less favoured habitats. Harris and
Rayner (1986b) found urban foxes to be less common in areas consisting of coun-
cil-rented housing, in city centres, and around industrial areas.

The colonisation of Swiss cities through foxes results in a similar phenomenon as it
is known from Great Britain. However, the underlying cause for the rise of the ur-
ban fox populations 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 hy-
pothetical explanations for the presence of urban foxes: The population pressure
hypothesis (PPH) and, as an alternative, the urban island hypothesis (UIH).

The population pressure hypothesis PPH postulates that urban foxes are simply in-
truders from the adjacent rural areas. These foxes are 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 popula-
tion would closely correlate with the trend of the fox population in the adjacent ru-
ral 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 adap-
ted to specific urban conditions such as high density of human population. There-
fore, urban foxes would be able to use specific urban resources such as scavenged
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 adaptations
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 population in the rural surroundings.

The simultaneous emerging of urban foxes throughout Switzerland along with the
increasing fox population indicates that the high population pressure has at least
initiated the immigration of the founder individuals 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. Nevertheless, living in the city requires special
adaptations, and many anecdotal observations reveal that foxes indeed have adapted
to this exceptional environment. Further research on resource exploitation and ge-
netic structure of the urban fox population will allow to compare the two hypothe-
ses.
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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 car-
nivore 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
urban areas were considered barriers to the spread of rabies (Steck et al. 1980),
therefore the increase of urban fox populations calls for additional strategies in case
of a new outbreak of rabies (Macdonald and Voigt 1985, Harris et al. 1988).
Furthermore, the zoonosis alveolar echinococcosis (AE), caused by the small fox
tapeworm Echinococcus multilocularis, could become more important through the
increase of urban fox populations. In Switzerland, the incidence rate of human AE
has not significantly changed over the past 36 years, suggesting a stable epidemio-
logical situation (Eckert and Deplazes 1999), but regarding the long incubation pe-
riod of AE of 5-15 years, it would be advisable to study this zoonosis further, espe-
cially in urban areas. Results of such studies could have an important impact on the
management of urban fox populations.
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Abstract

The diet of urban foxes and the availability of anthropogenic food were studied in
the city of Zurich, Switzerland. A stomach analysis of 402 foxes, which were shot
or found dead between January 1996 and March 1998, showed a broad variety in
the diet of urban foxes, with a dominance of scavenged meat, other scavenge and
cultivated fruit and crops. More than half of an average stomach content was
anthropogenic. The proportion of anthropogenic food was increased in stomachs
from the city centre —mainly due to the increasing proportion of scavenged meat—
compared with stomachs from the periurban area. Significant seasonal variations in
the diet were found for invertebrates, birds and for cultivated fruit and crops, which
were all most frequently consumed in summer.

A written survey among the inhabitants of three municipal districts showed that
85% of the households provided anthropogenic food which was accessible to foxes.
This food supply consisted of three quarters of rubbish and compost, completed by
fruit and berries and, to a lesser extent, food provisions for pets, birds, and other
wild animals. In contrast, the anthropogenic food supply of allotment gardens
mainly consisted of berries, completed by fruit, compost and birdseed. The
anthropogenic food supply in public areas was determined by transects. The overall
food supply of households, allotment gardens and public areas would be sufficient
to feed a much higher number of foxes than currently present. This overabundance
of food resources could explain the continual increase of urban population densities.
A possible further exploitation of anthropogenic food sources is discussed
considering its specific characteristics and the necessary behavioural adaptations.
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Introduction

In the early 1980s, foxes were observed to have started breeding in Swiss cities and
conurbations (GLOOR et al. 2001). Since then, the urban fox populations have
increased continuously, corresponding to the general increase of fox abundance in
Switzerland (BREITENMOSER et al. 2000) as well as in many other European
countries (CHAUTAN et al. 2000). The severe rabies epizootic that spread
throughout central Europe reached Switzerland in 1967 and caused a drastic
decrease of Swiss fox populations, but due to successful oral vaccination
campaigns, they started to recover from 1984 onwards. The current fox population
densities are higher than before the outbreak of rabies (BREITENMOSER et al.
2000). This development seems to be connected with the exploitation of new
habitats. Indeed, all 30 Swiss cities with more than 20000 inhabitants are colonised
by foxes (GLOOR et al. 2001; GLOOR, unpubl. data). The current fox population
of the city of Zurich, the largest Swiss conurbation, has reached densities of more
than 10 adult foxes per km? (GLOOR 2002), which is more than any studied rural
fox population in Switzerland.

Foxes breeding in urban habitats are recorded in many European and North
American cities (e.g. HARRIS and RAYNER 1986; SCHOEFFEL and SCHEIN
1991; ADKINS and STOTT 1998). Considering the small home range sizes and the
high population density of urban fox populations, human settlements generally seem
to provide suitable habitats for foxes (HARRIS 1981b;
MACDONALD and NEWDICK 1982). Since rural foxes are known to be shy and
avoid human encounters whenever possible the colonisation of the free urban niches
required behavioural ontogenetic adaptations. It therefore presumably needed a
certain population pressure in the rural surroundings to initiate this development
(GLOOR et al. 2001).

Food is considered to influence the fox population size (LLOYD 1980;
LINDSTROM 1989) as well as their social organisation (MACDONALD 1983). In
urban habitats its quality and abundance are strongly influenced by humans
(BAKER et al. 2000). Scavenge was the main component of the diet of urban foxes
in London (GB; HARRIS 1981a), Oxford (GB; DONCASTER et al. 1990), and
Bristol (GB; SAUNDERS et al. 1993; BAKER et al. 2000). We therefore assume
that a surplus supply of anthropogenic food is responsible for the high and still in-
creasing fox population density in the city of Zurich. In order to test this hypothesis,
the objectives of our study were (1) to analyse the composition of the diet of foxes
inhabiting the city of Zurich with special reference to anthropogenic food, (2) to
evaluate the availability of anthropogenic food supplied by households, in allotment
gardens and public areas and (3) to estimate the potential population density
supported by anthropogenic food.
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Materials and method

Study areas

The study was conducted in Zurich, including its suburbs inhabited by about one
million people. We defined two study areas in this project.

Study area A was used for the stomach analysis and consisted of the political
community of Zurich. It covers 92 km?, has a human population of 360000 and is
made up of 53% built—over area, 24% forest, 17% agricultural area and 6% water
(STAT. DEPARTMENT OF THE CITY OF ZURICH 1998). We divided this area
into an urban zone, a border zone and a periurban zone. The urban zone refers to the
built-over area, whereas the periurban zone consists of the surrounding forests and
agricultural areas, the 500 m wide border zone separating one from the other.

Study area B was selected to study the availability of anthropogenic food. It is situ-
ated in the western part of study area A covering 6.8 km?. It consists of the urban
and border zones of 4 neighbouring municipal districts, which are known to have a
high fox population (GLOOR 2002). Private properties cover 61% of the area, pub-
lic areas 38% and allotment gardens 1%. 73% of the buildings are residential, 31%
of them being detached houses. The population density is 9700 inhabitants/km?.

Stomach analysis

Between January 1996 and March 1998, 402 foxes were collected by the 3 official
game wardens of the city forest service and stored at —20°C. Age determination of
foxes was done by measuring the relative width of the pulp cavity of a lower canine
tooth by X-rays (KAPPELER 1991). Foxes were designated as juveniles when they
were younger than 12 months, with the assumption that the cubs were born on April
1st (WANDELER 1976). We assigned the foxes to three seasons: spring (March-
June), summer (July—October) and winter (November—February).

After removal and dissection of a stomach, its content was analysed as described by
CAPT and STALDER (1988) and ROPER and LUPS (1994). We defined 12 food
categories, which we divided according to their origin into 5 natural, 5
anthropogenic and 2 intermediate food classes (Tab. 1). According to our definition,
intermediate food has both natural and anthropogenic characteristics. Cultivated
fruit and crops are on one hand part of the traditional fox diet in rural areas and on
the other hand grown by humans, and the origin of an indefinable item could be
natural as well as anthropogenic.

For each fox the relative proportion of each category of the total stomach content
was estimated according to its volume with an accuracy of 5%. If a food category
was found in traces only, its relative proportion was noted as 1%. Soil materials,
grass and fox hairs were not taken into consideration. Many of the foxes shot by
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game wardens were baited with meat. Therefore, meat was considered only if the
fox died in an accident or for unknown reasons.

Birds and mammals were identified according to DAY (1966),
NIETHAMMER and KRAPP (1982) and TEERINK (1991). For hair identification
we (a) prepared prints of the medulla on transparent nail varnish that had been
spread as a thin layer on a microscope slide, and (b) cut 10 um cross-sections using
a microtome.

To prevent underestimation of the presence of earthworms, we filtered the rinsing
water in a sieve with mesh size 0.25 mm and transferred the filtrate portionwise in
petridishes. Chaetae were counted under a binocular, x50 magnification. According
to WROOT (1985) and REYNOLDS and AEBISCHER (1991), one chaeta of
Lumbricus terrestris corresponds to an average of 1.9 mg fresh weight, which
allowed estimating the proportion of earthworms on the total stomach content.

Anthropogenic food supply

To estimate the availability of anthropogenic food in private properties, we
distributed questionnaires to 3000 randomly selected households in study area B in
March 1999. Questions regarded the weekly volume of rubbish and the people’s
habits of composting, feeding pets, birds and other wild animals and growing fruit
and berries. Vegetables were not considered, as their energetic value and their
presence in fox stomachs was negligible. In apartment buildings the questionnaire
was given to one randomly selected household, which we supposed to be repre-
sentative for all the other households of the building.

Berries grown in gardens were considered to be freely accessible to foxes, whereas
fruit was considered to be accessible to foxes as windfall only. The calculation of
the annual energy content based on the growers information about the number of
plants, species, size, percentage of fruit picked, removing of windfall and energy
content tables of FEUCHT (1982) and ELMADFA et al. (1987).

Concerning food offered to pets, birds and other animals, people had to specify the
type, quantity and location of the food and if the food was left unattended and thus
reachable for foxes. For birdseed we assumed that an average of 10% of the total
amount of birdseed was accessible to foxes, even when located higher than 60 cm,
as it would fall off bird tables and food nets.

Households either put their bin liners in solid skips, which are not accessible to
foxes, or on the street border, where they get collected by municipal services once a
week. The percentage of bin liners put out immediately before collection and
therefore not accessible to foxes was estimated based on a sample of 470 bin liners.
In order to estimate the average energy content of rubbish and compost we analysed
samples of compost that were collected by 17 households during 7 days, and 18 bin
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liners, randomly collected in February 1999. Edible components were weighed and
their energy content calculated according to ELMADFA et al. (1987) and CASE et
al. (1995). Considering all these evaluations, we estimated the energy content in
megajoules per year (MJ/y) of the anthropogenic food supply from each household,
which was accessible to foxes on the concerned private property. According to the
statistics of the authorities responsible for garbage collection there are no obvious
seasonal differences.

In addition, we handed out questionnaires to 500 randomly selected leaseholders of
allotment gardens in study area B, since allotment gardens were the second most
selected habitat category as revealed by a radio—tracking study in this area (GLOOR
2002). The questions were generally the same as with the households.

In order to evaluate the anthropogenic food supply in public areas, we randomly
analysed streets, parks, cemeteries and play grounds using the transect method on
13 days from January to March 1999, collecting all the edible anthropogenic food.
The searched area measured 67.5 ha and was representative for study area B, with
respect to the proportions of these four habitat types. Contents of dustbins were
considered if their upper edge was below 60 cm. Food items, which could be taken
from bin liners without damaging them, were collected too.

To find out if foxes used bin liners as food source, we checked on 6 days of
February and March 1999 a total of 1381 bin liners for animal damages. These bin
liners had been accessible to foxes for at least one night.

Statistical analysis

Evaluating the proportional feeding on the 12 food categories, we had to consider
the unit-sum constraint (AEBISCHER et al. 1993). The compositional analysis is a
method testing seasonal and habitat effects on the intake of a food category, taking
into account the utilisation of other food categories. We therefore transformed pro-
portional values to log-ratios and substituted zero by 0.01% (AEBISCHER et al.
1993). Then we computed a multivariate analysis of variances ANOVA and
Tamhane post—hoc tests.

To estimate the food supply of a whole apartment building, we multiplied the
energy supply of rubbish and compost of the interviewed household with the num-
ber of flats. However, the energy supply of fruit and berries was kept as there was
one garden per building only. The supply of animal food of the whole apartment
building was calculated as follows: energy supply of the interviewed household +
(Nhousenolas—L) *proportion(households in apartment buildings feeding
animals)*median(energy supply of animal feeding households in apartment build-

ings).
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To find out whether there were correlations between household size, the number of
households in a building and the energy supply of households and buildings, we
computed a multivariate analysis of variances ANOVA, followed by Scheffé post—
hoc tests. Therefore, we defined 3 classes of household size (1-2, 3-4, 5 and more
persons), 3 classes of building size (1-2, 3-8 and 9 and more households) and ex-
cluded extreme values, which were defined to be higher than 3.5 times the inter-
quartile range above the median. In order to estimate the maximum number of foxes
that could feed on anthropogenic food, we used median supplies distinguishing
between detached/semi—detached houses and apartment buildings, because this was
the most adequate obtainable land use information. According to SAUNDERS et al.
(1993), we assumed a daily energy expenditure of 2.4 MJ per adult fox. 95%
confidential intervals were calculated according to STAHEL (1995). All statistical
tests were performed using SPSS 10.0 (NORUSIS 1986).
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Table 1. Qualitative and quantitative analysis of 212 stomach contents of urban foxes from the city of

Zurich, Switzerland.

Food categories Frequency  Mean Mean Number of ~ Number of
of proportion volume stomachs  stomachs
occurrence  of total when containing mainly
(%) stomach present the containing
content (ml+SE)  concerned the
(%+SE) category concerned
exclusively  category
Natural food
(1) Rodents 25.9 11 (£1.8) 20.5(+3.8) 7 16
(2) Birds 23.6 48 (+1.1) 8.6 (+2.3) 0 10
(3) Other vertebrates 5.7 2.1(+0.8) 17.1(+9.8) 1 3
(4) Invertebrates 31.6 4.4 (+1) 7.1(x2) 3 3
(5) Wild fruit 22.6 52 (+1.2) 4.4 (+0.6) 3 7
Total 68.9 275 (£2.4) 16.6 (£2.1) 18 37
Anthropogenic food
(6) Scavenged meat 47.6 21.1(£2.2) 24.3(+4.3) 9 30
(7) Other scavenge 60.8 222 (+2.1) 17.8(£2.7) 6 39
(8) Pets and domestic stock 10.4 45 (£1.3) 29.8 (+23.8) 4 S
(9) Petfood 6.1 2.2 (£0.7) 36.3 (£10.8) 0 5
(10) Birdseed 9.4 3.7(£1) 8.4(£1.8) 3 3
Total 835  53.6(+27) 34.2(+4.7) 39 78
Intermediate food
(11) Cultivated fruit and crops 49.1 18.2 (¥2) 25.1(£3.4) 4 35
(12) Indefinable items 4.2 0.7(x04) 47(x2 0 1
Total 50.9 18.9 (+2) 24.5(£3.3) 4 31
Results

Stomach contents analysis

All in all, 190 (47%) of the 402 analysed stomachs were empty. Therefore, our
analysis refers to a sample size of 212 stomachs with food content. The zonal and
seasonal origin of the foxes as well as their age, sex and cause of death are pre-
sented in table 2. In spring, foxes were shot with special permission in the urban
area only. This is why only 14% of the stomachs were collected in spring and origi-
nated of relatively fewer shot foxes.

The average proportions of the 12 food categories and their frequencies of occur-
rence showed a strong positive correlation (Spearman rang, rs=0.93, p<0.005). In
contrast, the mean proportion of a present component did not correlate with the
other two parameters (Tab. 1).

Scavenged meat, other scavenge and cultivated fruit and crops were the staple diet,
accounting for 61.5% of the mean stomach content (Fig. 1). Furthermore, these
three categories were by far the most frequent main components, as 58% of all
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Fig. 1. Frequency of occurrence (%) and mean proportion of the total stomach content of 12 food
categories. (1) rodents, (2) birds, (3) other wild vertebrates, (4) invertebrates, (5) wild fruit, (6) scavenged
meat, (7) other scavenge, (8) pets and domestic stock, (9) petfood, (10) birdseed, (11) cultivated fruit and
crops and (12) indefinable. Both variables refer to the 212 food containing fox stomachs collected in the
city of Zurich, Switzerland. R2=0.872.

stomachs mainly or exclusively contained one of these three categories (Tab. 1).
Ranking the number of stomachs in which the food category in question was the

only component, scavenged meat, other scavenge and rodents were dominant
(Tab. 1).

The following details facilitate comparisons with other studies:

Rodents: we identified 12 northern water voles (Arvicola terrestris), 10 common
voles (Microtus arvalis), six bank voles (Clethrionomys glareolus), six yellow-
necked mice (Apodemus flavicollis), five Apodemus spec., four house mice (Mus
domesticus), three squirrels (Sciurus vulgaris), two wood mice (Apodemus
sylvaticus), two field voles (Microtus agrestis) and one common rat (Rattus
norvegicus). The genus of five rodents could not be determined.

Birds: 40 remains originated from Passeriformes, seven from Columbiformes and
one from Falconiformes. Two feathers could not be assigned.

Other wild vertebrates: we found four small pieces of snakeskin, hair of two roe
deer (Capreolus capreolus), skin and flesh of one hedgehog (Erinaceus europaeus),
one blindworm (Anguis fragilis) and one unidentified fish.
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Invertebrates: 17.5% of the stomachs contained imagines and larvae of insects. Only
larvae of Noctuidae and Syrphidae had been eaten in bigger amounts. Earthworms
were found in 20.9% of the stomachs, but they formed a mean proportion of only
2.6%.

Wild fruit: we identified yew (15x, Taxus baccata), hazelnut (13x, Corylus
avellana), walnut (1x, Juglans regia) and rose hip (1x, Rosa spec.). 15 fragments
could not be identified to species level.

Scavenged meat: this category including all kinds of cooked or processed meat and
bones as well as butcher waste (signs of processing: cut parts, no fur, etc.), was
found in 47% of all stomachs.

Other scavenge: 32.2% of the stomachs contained vegetable kitchen waste, 28.9%
contained wrappers and other indigestible items and 27% contained remains of
processed food like bread, pasta or cheese.

Pets and domestic stock: we identified remains of 12 hens (Gallus gallus), five cats
(Felis catus), four rabbits (Oryctolagus cuniculus), two dogs (Canis lupus f.
familiaris) and a cattle (Bos primigenius f. taurus). There are no wild populations of
rabbits in the area. The flesh of rabbits and hens could originate from animals killed
by the fox itself. Since predation on the other pet species is unlikely this flesh
originated presumably from the remains of carcasses.

Petfood: commercial tinned or dried food for cats or dogs identified by its
consistence and its smell had a low relative proportion, but its mean proportion
when present was the highest of all food categories (Tab. 1).

Birdseed: typical mixtures of cereals or grains as sold in shops for bird feeding was
found in stomachs from January, February and March only.

Cultivated fruit and crops included cultivated fruit, berries, vegetables and cereals,
which a fox could have found on a field, in an orchard or garden, according to the
season and the local cultivation attitudes. Remains not fulfilling these conditions,
remains cooked or showing traces of cutting were allocated to other scavenge. Fruit
occurred in 38.4% of the stomachs. The most frequently identified fruit species
were apples (Pyrus malus), plums and cherries (Prunus spec.). Vegetables were
found in 4.2% of the stomachs, namely carrots (Daucus carota), potatoes (Solanum
tuberosum), sugar beets (Beta vulgaris) and beans (Phaseolus spec.) with a mean
proportion of 1.2%. Cereals like wheat (Triticum spec.) and corn (Zea mays)
occurred in 13.7% of the stomachs.
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Fig. 2. Zonal (a) and seasonal variation (b) of the mean proportions of anthropogenic (triangles), natural
(circles) and intermediate (squares) food in 212 fox stomachs from the city of Zurich, Switzerland.
N(urban)=74, N(border)=86, N(periurban)=50. N(spring)=29, N(summer)=70, N(winter)=112.
Anthropogenic food categories were: scavenged meat, other scavenge, pets and domestic stock,
petfood and birdseed. Natural food categories were: rodents, birds, other vertebrates, invertebrates and
wild fruit. Intermediate food categories were: cultivated fruit and crops and indefinable items. Differences
are significant (for details see text).

Summarising, more than half of a mean stomach content was anthropogenic (Tab.
1). Furthermore, anthropogenic food was the only one with zonal variation (F=11.7,
df=2, p<0.001), found in significantly higher mean proportions in urban than in
periurban stomachs (Tamhane post-hoc test, p<0.001; Fig. 2a). A significant
seasonal variation was observed for intermediate food (F=10.5, df=2, p<0.001),
whose proportions were significantly higher in summer than in spring and winter
(Tamhane, p<0.003 resp. p<0.001; Fig. 2b).
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Fig. 3. Zonal variation of mean proportions (%) of scavenged meat in fox stomachs from the city of
Zurich, Switzerland. N(urban)=74, N(border)=86, N(periurban)=50. Differences are significant (for details
see text).

Tests of all 12 food categories showed that the zonal variation of anthropogenic
food was caused by scavenged meat, which was consumed in significantly highest
proportions in the urban zone (F=71.3, df=2, p<0.001; Tamhane p<0.002 resp
p<0.014; Fig. 3). Seasonal differences of the proportion of intermediate food were
determined by cultivated fruit and crops, which contributed 30% of the summer
diet, and significantly less of spring or winter diet (F=55.8, df=2, p<0.001;
Tamhane p<0.004 resp p<0.001; Fig. 4a).

Further seasonal differences were found for invertebrates (F=33.8 df=2, p<0.001)
and birds (F=12, df=2, p<0.018). Proportions of invertebrates significantly
decreased from summer to winter (Tamhane, p<0.001; Fig. 4b), corresponding to
the proportions of birds (Tamhane, p<0.008; Fig. 4c).
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Fig. 4. Seasonal variation of mean proportions of a) cultivated fruit and crops, b) invertebrates and ¢) birds
in fox stomachs from the city of Zurich, Switzerland. N(spring)=29, N(summer)=69, N(winter)=112.
Differences are significant (for details see text).
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Table 3. Average annual energy supply of anthropogenic food deriving from households, allotment gardens
and public areas, which is accessible to foxes in the city of Zurich, Switzerland.

Food categories Households Allotment gardens  Public areas
(MJly*household+SE) (MJ/y*garden+SE) (MJ/y*ha+SE)
N=554 N=147 N=13

Rubbish 145.4 (£8.6) - 79.1 (+20.2)

Compost 35.9 (£2.9) 11.9 (£2.6) -

Berries 23.4 (+1.5) 67.6 (£3.4)

Windfall 18.3 (£2.1) 14.1 (£2.6)

Birdseed 6.7 (£0.9) 11.0 (£2.8) 8.9 (+4.5)

Petfood 1.5(x0.5) 0.7(£0.4)

Food for wild animals 1.8 (+0.4) 0.4 (+0.4)

Mean 234.1 (£11.2) 106.8 (+5.7) 87.9 (+20.7)

Availability of anthropogenic food

Households

Of 3000 distributed questionnaires, 573 were returned, 19 were not complete and
554 were considered in our evaluation. Anthropogenic food was provided by 468
households (84.5%). The average annual food supply from a household consisted of
77% of digestible particles in bin liners and on compost heaps (Tab. 3). A further
18% consisted of windfall and berries. The proportion of food put out for birds,
other wild animals and pets was 4%.

Bin liners were put on the street border by 248 households (44.8%). The average
volume of a rubbish sack was about 35 1. The energy content of included edible
items was 0.224+0.08 MJ per litre of rubbish. 78% of 470 bin liners were accessible
to foxes during at least one night. In our sample of 1381 exposed bin liners, 1.3%
had been damaged by foxes or other scavenging animals.

361 households (65.2%) habitually took compostable kitchen waste to a compost
heap. Excluding the solidly covered ones as well as the compost heaps situated in
public areas, this food source was available in 155 gardens only (28%). The daily
average energy content of composted organic kitchen waste was 0.16+0.04 MJ per
person.

Berries were cultivated in 291 private gardens (52.5%), most frequently redcurrants
(Ribes rubrum), raspberries (Rubus idaeus) and blackberries (Ribes nigrum).

Seite 50



Manuskript B (Mammalian Biology):
The diet of urban foxes (Vulpes vulpes) and the availability of anthropogenic food in the city of Zurich, Switzerland

Table 4. Statistical comparison of the annual anthropogenic food supply of residential buildings, depending on
the number of households, which is accessible to foxes in the city of Zurich, Switzerland.

Food categories 1-2 households 3-8 households 9 and more F p
N=277 N=186 households, N=91
(MJly£SE) (MJly£SE) (MJly£SE)
Rubbish 196.2 (£15.3) 666 (£74.7) 788.3 (£156) 24.9 <0.001
Compost 59.4 (£5.7) 107.2 (£17.3)  71.4(£27.9) 3.7 <0.025
Berries 35.7 (+2.3) 13.3 (£2.2) 10.7 (£3) 31.8 <0.001
Windfall 32.9 (+4.7) 25 (£7.2) 4.9 (£3.7) 41 <0.017
Bird seed 8.1(+1.3) 21.4 (+10.9) 18.2 (£1.6) 14 ns.
Petfood 5.5 (£3.9) 8.1(£1.1) 17.2 (x1.3) 22 ns.
Food for wild animals 4.8 (+1.4) 13.3 (£3.9) 22.8 (£1.7) 9.5 <0.001
Total supply per house 342.4 (+18.9) 854.3 (+78.6)  933.5 (+156.4) 22.5 <0.001

n.s.=not significant

Windfall was available on 175 private properties (31.6%). The most common fruit
species were apples (Pyrus malus) and plums (Prunus spec.). A majority of house-
holders estimated the proportion of windfall on the total yield to be less than 25%.
Birds were fed in the garden or on the balcony of 242 households (43.7%). Almost
all householders restricted feeding birds to winter. Other wild animals were fed by
37 households (6.7%), 29 in the garden and eight elsewhere. The most regularly fed
animals were hedgehogs (Erinaceus europaeus). Three householders (0.5%) fed
foxes. Cats and dogs were fed outside by 46 households (8.3%).

The supply from households of the urban and the border zone did not significantly
differ (df=1, F=0.09, p>0.92). However, the number of households per building had
a significant influence on the food supply from the interviewed household (df=3,
F=6.45, p<0.001), as well as on the summarised supply from the whole building
(df=2, F=22.5, p<0.001; Tab. 4). The significantly reduced supply from buildings
with one or two households (Scheffé post-hoc test, p<0.001) correlated with their
reduced amount of rubbish (Scheffé, p<0.001). On the other hand, these buildings
offered significantly more berries than buildings with three or more households
(Scheffé, p<0.001) and more windfall than buildings with nine or more households
(Scheffé, p<0.017; Tab. 4). Food for wild animals was provided by significantly
more buildings with three or more households (Scheffé, p<0.04 resp. p<0.001; Tab.
4).
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Allotment gardens

The returned questionnaires concerned 147 plots from 12 different allotment garden
areas. Anthropogenic food was available in each plot. Bin liners were collected in
skips and therefore not accessible to foxes at all. The mean anthropogenic food
supply of allotment gardens was about half of the supply from a household (Tab. 3),
and consisted of 63% berries, 13% fruit, 11% compost and 10% birdseed. Food for
pets and wild animals was available occasionally only.

All gardeners, except one, cultivated berries. The most common species were the
same as in the backgardens. Fruit trees were cultivated by 97 gardeners (66%),
among them 10.2% who collected windfall daily and therefore did not supply any
fruit, and 73% whose proportion of windfall was less than 25% of the total yield.
The most popular fruit species were plums and cherries (Prunus spec.), apples
(Pyrus malus) and apricots (Prunus armeniaca). There was a compost heap in
almost all allotment gardens, but only 64 (43.5%) of them were accessible to foxes.
34% of the gardeners brought less than 25% of their kitchen waste, 27% between 25
and 75% and 41% more than 75%. Birds were fed in 70 gardens (47.6%). Due to
better accessibility, the average annual supply of birdseeds in allotment gardens
exceeded the supply from households by 61%. Birdseed was available in winter
only. Petfood was accessible to foxes in two gardens. Two gardeners put out food
for foxes. One of them fed regularly, with an annual supply of 53.3 MJ. The other
person occasionally fed foxes with unspecified quantities.

Public areas

The anthropogenic food supply in public areas consisted of 90% food waste such as
bread, apples, remains of fast food and pasta and 10% birdseed. As most of the
findings were found on rather concealed places, where there was no daily cleaning,
we assumed an average age of three days for these particles. This leads to an
average annual food supply in public areas of 87.9+20.7 MJ/ha (Tab. 3).
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Table 5. Mean anthropogenic food supply of households, allotment gardens and public areas, and the
projection on study area B. This area is situated in the western part of the city of Zurich, Switzerland, and
covers 6.8 km2The total includes rubbish in bin liners from households, whereas the conservative
estimation excludes it.

Mean Study area B
Energy ~ Number of Number IMJy  Number
supply  supplied of of
(MJly) foxes unities supplied
foxes
Households including bin liners
detached houses 272 0.31 1690 46*105 524.7
buildings >1 household 306 0.35 3641 11.1*105 1271.9
excluding bin liners
detached houses 87.5 0.09 1690 15*10°> 168.8
buildings >1 household 9.1 0.01 3641 0.3*10> 37.8
Allotment gardens 86.6 0.10 833 0.7¥105 823
Public areas 81.2 0.09 254 0.2*105 235
Total 16.7*¥10> 1902.4
Total, conservatively estimated 2.7*105 3124

Total anthropogenic food supply in study area B

We estimated that the total annual anthropogenic food supply from all households
in study area B could cover the potential demand of 1797+942 foxes, and 207+149
foxes respectively, when neglecting bin liners (Tab. 5).

Accordingly, the total annual food supply of all 833 allotment gardens in study area
B could cover the potential demand of 82+13 foxes, and 24+7 foxes in the 254 ha of
public areas (Tab. 5). Combining these projections, the annual anthropogenic food
supply in study area B corresponded to the potential demand of 1902+942 adult
foxes or 141-418 foxes/km?. A conservative approach which excluded bin liners
leads to a maximum of 312+149 foxes or 24-68 foxes/km®.

Discussion

Anthropogenic food resources play an important part in the diet of foxes living in
the city of Zurich. Scavenged meat and other scavenge were by far the most fre-
quent food categories consumed in biggest proportions. This generally corresponds
to the diet of urban foxes in Britain (HARRIS 1981a; DONCASTER et al. 1990;
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SAUNDERS et al. 1993). In contrast to the results of LUCHERINI and CREMA
(1994) and FERRARI and WEBER (1995) for mountainous habitats, we did not
find an increase of foraging on scavenge in winter, but considerable proportions of
scavenge throughout the year. Besides scavenge, cultivated fruit was widely
provided in our area. Correspondingly, cultivated fruit and crops were the third
staple component in the foxes’ diet. According to the seasonal variation in
abundance (DONCASTER et al. 1990; FERRARI and WEBER 1995), its
exploitation by foxes was characterised by a high seasonality.

The large proportion of consumed anthropogenic food corresponds with its abun-
dance and reflects the specific characteristics of anthropogenic food resources in
human settlements, such as low seasonality, high predictability and a favourable
cost—benefit ratio. Anthropogenic food, especially rubbish, is abundant throughout
the year, and its ease of acquisition is constant, in contrast to many natural food
categories, especially living prey (TSUKADA and NONAKA 1996). Due to the
lack of limiting seasonal shortage, it should be completely exploitable.

Our results indicate that regular visits of places with anthropgenic food resources as
compost heaps, fruit trees or feeding places are an efficient behaviour and can
reduce time and energy that a fox has to exert in searching for food, as suggested by
LOVARI et al. (1996) for vineyards. This allows a restriction of feeding activity to
less disturbed times of day what might facilitates the colonisation of a habitat with
high rates of disturbances, as it is the case for urban areas (Gloor 2002). Since foxes
are an intensely prosecuted species the capability of avoiding humans has been a
strong selective factor. For the exploitation of urban habitats, developing a certain
tolerance towards disturbances would be advantageous. People offering food in
their gardens for foxes frequently try to get in contact with the animals. Therefore
feeding places can contribute to the tolerance of foxes towards humans and enhance
behavioural, ontogenetic adaptation of young foxes to disturbances in urban areas.
So far, we have not observed that foxes exploit bin liners regularly or even
systematically yet, concurring to BAKER et al. (2000). As an explanation for the
foxes restraint towards bin liners lying along the pavements, where human
disturbances are frequent, we suggest that the availability of less exposed food was
so extensive that the behavioural adaptation, which is likely to be necessary for the
exploitation of this probably most ‘unnatural’ food source, has not been a selective
factor yet. This corresponds to TSUKADA and NONAKA (1996), who found that
the feeding of foxes on food provisions of tourists did not depend on the availability
of such anthropogenic food, but was negatively correlated with the availability of
natural food.

In Zurich, many inhabitants are concerned about the high prevalence of the small
tapeworm Echinococcus multilocularis in the fox population and the high contami-
nation of public areas with its eggs (HOFER et al. 2000; STIEGER et al. 2003),
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because this parasite can cause human alveolar echinococcosis
(ECKERT and DEPLAZES 1999). The awareness of this health risk has probably
influenced the people’s attitudes towards foxes (BONTADINA 2001). These
concerns as well as the success of the official information campaign INFOX could
explain, why in Zurich the total average amount of food deliberately supplied to
foxes was nine times lower than in Bristol (BAKER et al. 2000). Corresponding to
ADKINS and STOTT (1998), we expect that with increasing annoyance about
damaged bin liners, new infrastructures for the waste disposal would reduce the
accessibility of rubbish. Therefore, the estimation of maximum population density
including the current availability of rubbish in bin liners is probably hypothetical.
Natural food still contributed 20% of the foxes diet even in the urban zone, and has
therefore to be considered, too. The seasonal variation of invertebrates and birds
probably correlated with their abundance, according to Doncaster et al. (1990) and
TSUKADA (1997). The presence of areas of rural character, such as cemeteries and
parks, has surely simplified the exploitation of city centres, as these rural-like
habitats are generally preferred by urban foxes (GLOOR 2002).

Our finding of urban habitats being highly productive considering food resources is
supported by many authors (e.g., DONCASTER et al. 1990; SAUNDERS et al.
1993). The abundant availability of food explains the high population density as
well as the facts that urban home ranges are much smaller than rural home ranges,
and that Zurich’s fox families often consisted of more than two adults (GLOOR
2002). According to VON SCHANTZ (1984) and MACDONALD (1983), the
breeding pair may share their territory with subordinate adults when food is abun-
dant.

We suppose that the potential of anthropogenic food resources exceeds the needs of
the current fox population by far, so that the adaptation to the use of secondary food
resources has not been worthwhile yet.

Our most conservative estimation of a possible fox population density (26 adult
foxes/km?) is still far from being reached, as GLOOR (2002) estimated the current
density in the area to be 11.5 adult foxes/km?. However, we have to consider the
competition of other animals exploiting anthropogenic food sources in urban habi-
tats, such as cats (CALHOON and HASPEL 1989), stonemartens (TESTER 1986)
and badgers (HARRIS 1984). On the other hand, we neglected the potential of
natural food resources in our estimates. We expect a further increase of the urban
fox population density, especially if further ontogenetic adaptations, learned im-
provements in handling efficiencies and increased tolerance allow an even more
intensive exploitation.

Regarding the availability of anthropogenic food, we suggest that other resources
like secure day—time rest sites and breeding places or social intolerance are more
likely to have limiting effects on the density of urban fox populations. Concerning
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the management of fox populations in cities, only drastic changes in the availability
of anthropogenic food resources can have regulative effects.
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Summary

Over a period of 26 months from January 1996 to February 1998, 388 foxes were
sampled from the city of Zurich, Switzerland, and examined for intestinal infections
with Echinococcus multilocularis and other helminths. The prevalence of
E. multilocularis in foxes sampled during winter increased significantly from 47%
in the urban to 67% in the adjacent recreational area, whereas prevalence rates of
other helminths were similar in both areas. Seasonal differences in the prevalence of
E. multilocularis were only found in urban subadult male foxes which were signifi-
cantly less frequently infected in summer than in winter. The distribution of the
Echinococcus biomass, as expressed by worm numbers per fox was investigated in
133 infected foxes randomly sampled in winter. Ten of these foxes (8%) were in-
fected with more than 10,000 specimens and carried 72% of the total biomass of
E. multilocularis (398'653 worms). Prevalences did not differ significantly in these
foxes in regard to age and sex but worm burdens were significantly higher in suba-
dult foxes as compared with adult foxes. In voles (Arvicola terrestris) trapped in a
city park of Zurich, E. multilocularis-metacestodes were identified by morphologi-
cal examination and by PCR. The prevalence was 20% among 60 rodents in 1997
and 9% among 75 rodents in 1998. Protoscolices occurred in two of the cases from
1997. The possible risk for human infection is discussed with respect to the esta-
blished urban E. multilocularis cycle.
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Introduction

Human alveolar echinococcosis (AE), caused by larval stages of Echinococcus
multilocularis, is one of the most lethal helminthic zoonoses (Amman & Eckert,
1995). In Europe, the natural cycle of E. multilocularis predominantly involves red
foxes (Vulpes vulpes) as definitive hosts and several rodents species as intermediate
hosts. Domestic dogs and cats have also been identified as definitive hosts, but their
significance for zoonotic transmission needs further elucidation (Eckert & Depla-
zes, 1999).

In recent years, E. multilocularis prevalences in foxes of up to 60% have been re-
ported from Central Europe, and this tapeworm was also reported from areas where
it had not been described previously (Lucius & Bilger, 1995; Eckert & Deplazes,
1999). Furthermore, increasing fox densities were registered in several European
countries (Chautan, Pontier & Artois, 1999) with this population increase being
most noticeable in suburban and urban areas.

Although urban and suburban foxes had been a well known phenomenon in the UK
since the 1940s (Macdonald & Newdick, 1982; Harris, 1977), it is only in approxi-
mately the last 15 years that high fox densities have been reported from cities also
on the continent e.g. from Berlin (Schoffel et al., 1991) and from Arhus and Copen-
hagen (Mgaller Nielsen, 1990; Willingham et al., 1996). In Switzerland, a consi-
derable increase of the fox population was observed over the past ten years (Brei-
tenmoser et al., 1995), and foxes are now commonly seen in urban areas with cubs
being bred in public parks and private gardens. The fox population in the city of
Zirich is estimated to consist of 300-400 adult animals (Gloor, unpubl. data).

The most important intermediate host species of E. multilocularis in Europe are
Microtus arvalis and Arvicola terrestris. Few data are available about parasite pre-
valences in rodents, but in general they are low (<1%-6%) as compared to those in
foxes from the same area (20-60%). However, studies in France and Switzerland
indicated that high-endemic areas of rodent E. multilocularis infections do exist fo-
cally where prevalences of up to 39% were observed (Eckert et al., 2000a).

The epidemiological situation of alveolar echinococcosis in humans in Switzerland
was stable over the last 36 years (Eckert & Deplazes, 1999). However, the invasion
of urban areas by foxes raised new questions concerning the potential public health
risks caused by them with regard to zoonotic parasitic infections. The city of Zurich
is surrounded by an endemic area where E. multilocularis was detected in 40% of
foxes (Ewald et al., 1992). In order to investigate the potential contamination of
public areas with E. multilocularis eggs and to assess whether an urban cycle of the
parasite occurs, a survey of the intestinal helminths in foxes and metacestodes of
E. multilocularis in voles was conducted in the city of Zurich.

Seite 63



Manuskript C (Parasitology):

High prevalence of Echinococcus multilocularis in urban red foxes (Vulpes vulpes) and voles (Arvicola terrestris) in the city of Zurich, Switzerland

254 N
5 C o] §
0/1 | 208 91T 711 /0/2

P &J

N

[ &M
H

=
S
=
H>
D

w

(@)

B

=

© N

r
S A
~ L&
1/1 2/3 w
248h Nk
4 /11 1
AN
o S~
1A T8
0 > 1%
km ?
242

676 688

Fig. 1. Distribution of the 388 foxes investigated in the municipality of Zurich. Foxes originating from a grid
of 4 km? were taken together (no. of foxes infected with E. multilocularis / no. of examined).White: rural
area; light grey: urban area; dark grey : lake and rivers; black line: border of municipality; asterisk:
Irchelpark (sampling site of Arvicola terrestris).

Materials and methods

Study area

The city of Zurich (92 km?, 360 000 inhabitants) was divided into an urban and an
adjacent rural area consisting mainly of wood, parks, farm land and allotment gar-
dens. By our definition, the urban area extends 250 m from the built-up area into the
rural zone (Fig. 1).

Foxes

Sampling. A total of 388 red foxes (Vulpes vulpes) were collected by 3 game war-
dens of the city forest service between January 1996 and February 1998. In 297
cases (76:5%) the foxes were shot in the course of the official local population con-
trol programme. Deaths of another 91 foxes (23:5%) resulted from road or rail traf-
fic accidents or from unknown causes. Carcasses were wrapped up in plastic bags
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and stored at —20°C until necropsy. In winter (November to February) 123 foxes
were sampled in the urban area and 129 foxes in the rural area. In the close season
(spring, March 1% until June 15™) shooting of foxes was performed with special
allowance in the urban area only. Therefore, 39 foxes (19 shot and 20 killed in acci-
dents) were sampled in spring, all originating from the urban area. In summer (July
to October) 93 urban and 4 rural foxes were collected.

Parasitological examination. Necropsy and examination of the intestines was car-
ried out following strict safety precautions as described by Deplazes & Eckert
(1996) and Eckert et al. (2000b) (e.g. separated laboratory, protective clothes, deep-
freezing of intestines at —80°C for at least 4 days). Two techniques were performed.
The intestinal scraping technique (IST) was done as described by Deplazes &
Eckert (1996) using 15 deep mucosal scrapings which were taken from equally
distributed sites of the small intestine. The intestinal sedimentation and counting
technique (SCT) was performed as described by Rausch, Fay & Williamson (1990)
with modifications. Briefly, the small intestine was incised longitudinally and cut
into 5 pieces of approximately the same length. These pieces were transferred to a
glass bottle containing 1 litre of 0.9% NaCl-solution. After shaking the bottle vigo-
rously for a few seconds, the pieces of intestine were removed and the superficial
mucosal layer stripped by means of pressure between thumb and forefinger to dis-
lodge any attached helminths. After a sedimentation time of 15 min the supernatant
was decanted and the bottle refilled with physiological saline solution. This proce-
dure was repeated 2—6 times until the supernatant was clear. The sediment fraction
was examined in small portions of about 5-10 ml in square Petri dishes (9 x 9 cm,
Falcon®, Lincoln Park, NJ, USA) in transmission light under a stereomicroscope at
a magnification of 120x. The whole sediment was checked if up to 100 worms were
found; if higher numbers were present the total worm burden was calculated from
the count of 1 subsample.

The SCT was performed with 310 intestines, of which 170 had previously been ex-
amined with the IST. Seventy-eight intestines were examined with the IST only.

Identification of helminths. E. multilocularis was identified based on typical mor-
phological characteristics (Thompson, 1995). In cases where only juvenile stages
were present, in particular scolices, E. multilocularis was confirmed by PCR (Bre-
tagne et al., 1993). The identification of Taenia spp. was based on length and shape
of rostellar hooks (Verster, 1969). Specimens lacking hooks but with typical Taenia
proglottids bearing taeniid eggs were recorded as Taenia sp.

Age determination of foxes. In line with the study of Wandeler (1976), cubs were
assumed to be born on 1 April. Age determination of foxes collected after 1 July
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was done by measuring the relative width of the pulpar cavity of a lower canine
tooth by X-rays (Kappeler, 1985), allowing to discriminate adults (older than 12
months) from subadults. In addition the age of 93 adult foxes randomly collected in
winter was determined by counting annual incremental lines in tooth cementum
(Grue & Jensen, 1979).

Rodents

From October to December 1997 and from July to October 1998, 60 and 75, re-
spectively, Arvicola terrestris were trapped with tong traps in an urban public park
(,,Irchelpark®) in the city of Zurich (Fig. 1). At necropsy, the liver in particular was
examined for lesions. Metacestodes of E. multilocularis were identified directly on
squashed metacestode material using the immunofluorescent labelled monoclonal
antibody G 11 (Deplazes & Gottstein, 1991) and by histological identification of
typical structures in HE-and PAS-stain. Specimens giving doubtful results were
confirmed by PCR (Bretagne et al., 1993) after proteinase K digestion of the cut-up
material. Species determination of metacestodes of other cestodes was evaluated by
gross morphology and by comparing hook morphology and length.

Statistics

Calculation of 95% confidence intervals (Cl) was performed as described by Lorenz
(1988). Prevalence differences were compared by the y2 test and differences in in-
fection intensity were compared by the Mann-Whitney U-test. Differences were
considered significant at P < 0-05.
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Table 1. Small intestinal helminths discovered in 388 foxes collected from January 1996 to February 1998 in
the city of Zurich (rural and urban area).

No. of

infected foxes P (%) Cl (%)
Echinococcus multilocularis 172 44.3 39:3-494
Taenia spp.* 64 16-7 13.0-20-7
Mesocestoides sp.** 17 4.4 2:7-7-1
Dipylidium sp.** 2 0-5 0-1-21
Uncinaria stenocephala 259 66-8 61-8-71-4
Toxocara canis 184 47-4 42:4 -52.5
Alaria sp.** 8 2:1 1.0-4.2
* Taenia crassiceps: 7-6%; T. polyacantha: 0-5%; Taenia sp.: 8:4%.

b No further species differentiation performed.
P, Prevalence; Cl, Upper and lower 95% confidence interval.

Results

Helminths recovered

A total of 344 of the 388 foxes examined (88:7%) carried intestinal helminths (Ta-
ble 1). The highest prevalence (66-8%) was recorded for Uncinaria stenocephala
followed by Toxocara canis (47-4%) and E. multilocularis (44-3%). In 64 foxes
(16-5%) infections with Taenia spp. were recorded but in approximately half of the
cases the species could not be determined due to inappropriate conservation of the
worms. T. crassiceps and T. polyacantha were found in 7:6% and 0-5% of the foxes,
respectively.

E. multilocularis infections

Comparison of 2 parasitological methods. In 170 cases small intestines were in-
vestigated with both the intestinal scraping technique (IST) and the intestinal sedi-
mentation and counting technique (SCT). E. multilocularis infections were detected
in 87 cases (51-2%) with the SCT and in 68 cases (40:0%) with the IST. The sensi-
tivity of the IST was 78% as compared with the results obtained with the SCT.
None of the foxes diagnosed negative by the SCT turned out positive with the IST.
In 12 of the 19 cases detected with the SCT only, less than 10 and in 5 cases 10-100
worms per fox were recovered. In 2 remaining cases, infections with juvenile
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Table 2. Seasonal differences in the prevalences of Echinococcus multilocularis in urban and rural foxes
collected from January 1996 to February 1998 in the city of Zurich.

(Statistical comparisons were done (a) between age and sex groups, (b) between rural and urban foxes in
winter (c) between urban foxes in winter and summer. Statistically significant differences are indicated with a
letter.)

Season Foxes Urban foxes Rural foxes
No. investigated / No. investigated /
No. infected* No. infected*
Winter adult females 39/16 (41%) 34 /21 (62%)
(Nov.—Feb.) subadult** females 22 1 8 (36%) 20/ 14 (70%)
adult males 29/ 13 (45%) 33719 (58%)
subadult males 39 /24 (62%)d 36 /28 (78%)
Total 129/ 61 (47.3%)2 123 /82 (66.7%)P
Summer adult females 2215 (23%) 1/1(na)
(July—Oct.)  subadult females 31/5 (16%) 1/1(na)
adult males 1214 (33%) 1/1(n.a.)
subadult males 2815 (18%)e 1/0(n.a)
Total 93/19 (20.4%)c 4/3(n.a.)

* Chi-squared test: 2 P < 0-01; 2P < 0-0001; 9¢ P < 0-001.
** |ess than 12 months of age.
n.a.=not applicable

E. multilocularis stages were detected and confirmed by PCR (worm numbers of
432 and 11 640, respectively).

Prevalences in urban and rural foxes. Sampled foxes were not distributed homoge-
neously within the study area (Fig. 1). Statistical comparison of rural and urban fo-
xes could be performed with animals originating from winter (November to
February) only. The E. multilocularis prevalences in urban foxes (47-3%) and rural
(66-7%) were significantly different as assessed by the 2 test (P < 0-01) (Table 2).
On the other hand, the prevalences of infections with the other helminths investiga-
ted did not differ significantly among these 2 fox populations (P > 0-1, %2 test; data
not shown).

Relation to fox sex and age. Within both areas investigated no significant differen-
ces in the prevalences of E. multilocularis were found related to sex or to the age
groups ,,subadult” and ,,adult* (Table 2). Furthermore, no significant differences in
the E. multilocularis prevalences were found between subadult and 93 adult foxes
whose age was determined more precisely. Hence, the prevalence was 63% in 117
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Table 3. Biomass of Echinococcus multilocularis (E. m.) expressed as percentage of the total worm
numbers (398,653 worms) in 133 infected foxes collected in the city of Zurich in winter (November to
February) in relation to sex and age.

No. of E.m. Median no. (%) Worm Mann-
infected  biomass of Worm number  Whitney U-
foxes (%) E.m. number range Test*
specimens  per fox
Female adult foxes 36 10% 60 1050 1-19,344
n.s.
Female subadult foxes 20 22% 1195 4334 1-27,030
Total female foxes 56 32% 56 2223 1-27,030
Male adult foxes 29 5% 120 730 1-5,720
n.s.
Male subadult foxes 48 63% 162.5 5271 1-56,970
Total male foxes 77 68% 150 3561 1-56,970
Total adult foxes 65 15% 63 907 1-19,344
P<0.05
Total subadult foxes 68 85% 147 4995 1-56,970
Total foxes 133 100% 108 2997 1-56,970

* Significance of differences in the worm numbers

n.s. not significant

subadult foxes, 58% in 62 foxes aged 12-35 months, and 48% in 31 animals aged
36-70 months (P > 0-1, y2 test; data not shown).

Annual and seasonal differences. Prevalences in rural and urban foxes sampled du-
ring 2 subsequent winters showed no significant differences within both habitats (P
> 0-1, 2 test; data not shown). Seasonal variations in the prevalence of
E. multilocularis were investigated in the urban area only. Urban foxes collected in
winter were significantly more frequently infected (47-3%) than those from summer
(20-4%) (P < 0-0001; y? test) (Table 2). Interestingly, this significant difference was
found in subadult male foxes only (P < 0:001; 2 test). Statistical analyses of 19
cubs (5% infected with E. multilocularis) and 20 adult foxes (30% infected with
E. multilocularis) collected in spring revealed no significant differences considering
age and sex (P > 0:05; 2 test; data not shown). This small group of animals was not
used for further comparative analyses.

Distribution of the E. multilocularis biomass. The total Echinococcus biomass in 57
urban and 76 rural infected foxes randomly sampled during 2 winters was 398 653
E. multilocularis specimens. No significant difference in the worm burden was
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Fig. 2. Distribution of Echinococcus multilocularis biomass in 133 infected foxes (total
worm burden 398,653) sampled in the city of Zurich (rural and urban area) in winter
(November to February).

found between these urban foxes, carrying 42%, and rural foxes, carrying 58% of
the total biomass, respectively (P > 0-1, Mann-Whitney U-test). Therefore, further
quantitative evaluations of the worm burden in foxes of both areas were not inde-
pendently analysed. Figure 2 shows the distribution of the biomass of
E. multilocularis in the foxes investigated. In 92 (69%) of the foxes infections with
less than 1000 E. multilocularis worms were found representing 3% of the total
biomass. Infections with more than 1000 worms occurred in 41 foxes (31%)
carrying 97% of the total biomass. As few as 10 foxes (8%) which were infected
with more than 10 000 specimens harboured 72% of the total biomass of
E. multilocularis. The two heaviest infections (56 970 and 45 020 worms; 26% of
the biomass) were detected in 2 subadult male foxes collected in February in the
urban area. The worm burden revealed no significant differences related to sex but
subadult infected foxes carried significantly higher worm burdens than adults
(Table 3). Furthermore, the median number of E. multilocularis worms was more
than twice as high in subadult as compared with adult foxes.

Prevalence of metacestode infections in Arvicola terrestris

Metacestodes of E. multilocularis were found in 19 (14%) of 135 A. terrestris
trapped in the Irchelpark in the city of Zurich (Fig. 1). The prevalence was 20% in

Seite 70



Manuskript C (Parasitology):
High prevalence of Echinococcus multilocularis in urban red foxes (Vulpes vulpes) and voles (Arvicola terrestris) in the city of Zurich, Switzerland

60 animals examined in 1997 and 9% in 75 animals examined in 1998. Protoscole-
ces occurred in 2 A. terrestris from 1997 only. In 27 animals (20%) an infection
with the metacestodes of T. taeniaeformis (Strobilocercus fasciolaris) was found.
Metacestodes of T. crassiceps were detected on 2 occasions in subcutaneous cysts
and once in the pleural cavity.

Discussion

The prevalence of 67% in foxes from recreational areas in the city of Zurich is
comparable to the prevalences found in a previous study from adjacent rural areas
(Ewald et al., 1992). Also, a high percentage of the urban dwelling foxes in the city
of Zurich was infected with E. multilocularis (prevalence 47%). This decline in the
E. multilocularis prevalences from the recreational to the urban area is significant
and may be caused by a lower predation on rodents by urban foxes. Indeed, stomach
content analyses of 229 foxes investigated in this study revealed a lower number of
rodent items in the stomachs of urban foxes as compared with those from rural areas
(Gloor, unpublished data).

The prevalence of Taenia spp., however, which also are dependant on rodents as
intermediate hosts did not differ significantly between these 2 fox populations most
probably reflecting the higher biotic potential of Taeniid-species as compared with
Echinococcus.

Schelling et al. (1991) found significantly higher prevalences of E. multilocularis in
foxes (age not determined) collected in winter than in those collected in summer.
This overall difference could also be observed in our study in urban foxes but closer
examination revealed that only young urban male foxes contributed to this fact. This
might be explained by the findings of Tackmann and colleagues (1998) that the diet
of young foxes contains a lower proportion of rodents in June and July when they
become less dependent on adults.

The influence of the foxes’ age on the prevalence of E. multilocularis, however, is
not yet fully understood. Juvenile foxes were found to be significantly more fre-
quently infected than adults (Ewald, 1993; Vos & Schneider, 1994) whereas in
other studies no significant age dependent differences were detected (for references
see Tackmann et al., 1998). Interestingly, young foxes were significantly more fre-
quently infected with E. multilocularis than adults under high-endemic conditions,
whereas under low-endemic conditions adult foxes tended to be more frequently
infected (Tackmann et al., 1998).

However, in our study which was conducted in a high-endemic area, the prevalence
rates of subadult and adult foxes collected in winter did not differ significantly as
determined with the highly sensitive intestinal sedimentation and counting
technique which even allows detection with very low worm numbers. On the other
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hand, subadult foxes carried significantly higher worm burdens than adult foxes.
This might be an indication for the acquisition of a partial immunity after repeated
infections as had been shown in dogs experimentally infected with E. granulosus
(Gemmell, Lawson & Roberts, 1986). erlauben

The high variation in the worm burdens of the individual foxes indicates that the
parameter “prevalence” might not be the most adequate one to characterize the epi-
demiological situation of E. multilocularis. A few highly infected foxes carrying
thousands of fertile E. multilocularis worms can be responsible for most of the egg
contamination in a distinct area. A similar distribution of parasites has been ob-
served in dingoes infected with E. granulosus in south-eastern Australia (Jenkins &
Morris, 1991). Furthermore, subadult male foxes which carried the major part of the
E. multilocularis biomass in our study could have a special role for spreading the
parasite in the environment because they usually migrate further away than the age-
matched females (Storm, 1976).

The spectrum of the rodent fauna in the study area is not yet investigated. When
analysing the stomachs of the foxes, the water vole Arvicola terrestris was the most
frequently found potential intermediate host besides others that also were present
(Microtus arvalis, Clethrionomys glareolus and Mus domesticus; Gloor, un-
published data). According to many authors (reviewed by Weber & Aubrey, 1993)
predation of foxes on A. terrestris occurs, but is generally considered to be light.
However, Weber & Aubrey (1993) found, that A. terrestris, when highly abundant,
was the most frequent prey of foxes in a rural area of western Switzerland. Further-
more, in an endemic alveolar echinococcosis area in France, A. terrestris was the
most abundant and the only infected rodent species (Laforge et al., 1992).

Low prevalences below 1% were found in geographically extensive studies (Eckert
et al., 2000a) but E. multilocularis infections are not randomly distributed in
A. terrestris populations in endemic areas. High-endemic foci were described with
prevalences in A. terrestris up to 39% (Pétavy & Deblock, 1983; Gottstein et al.,
1996). Furthermore, seasonal differences were observed in France where the highest
prevalence of 17.6% was found in January (74 animals examined), while no
infections were found in October (167 animals examined) (Pétavy & Deblock,
1983). Contrary to the previously mentioned study we found high prevalences in
late summer and autumn when the vole density was high with the prevalence rates
being highest in October 1997 (one third of the 30 animals examined infected).
Therefore, we suspect that even higher prevalences could be higher in the park
investigated at an earlier time of the year with more animals harbouring
metacestodes that contain protoscolices.

The discovery of E. multilocularis infections in urban foxes and A. terrestris origi-
nating from a high-endemic focus in a public park provides evidence for the exi-
stence of a parasite cycle within the urban area. Furthermore, a synanthropic cycle

Seite 72



Manuskript C (Parasitology):

High prevalence of Echinococcus multilocularis in urban red foxes (Vulpes vulpes) and voles (Arvicola terrestris) in the city of Zurich, Switzerland

including rodent-catching domestic carnivores, as described in a village in France
(Pétavy, Deblock & Walbaum, 1991), seems to be possible in the area investigated.
We detected urban A. terrestris that were infected with metacestodes of T. taeniae-
formis, a cestode that is common in domestic cats, but was not found in our study in
foxes. This indicates that an infection cycle between domestic cats and wild rodents
indeed does exist. Although experimental studies with cats had shown that deve-
lopment of E. multilocularis was retarded and lower worm burden were found as
compared to dogs which were highly susceptible (Thompson & Eckert, 1983), cat
ownership was identified as a risk factor for alveolar echinococcosis (AE) in a re-
cently published retrospective case-control study of patients in Austria (Kreidl et
al., 1998). Low prevalences of E. multilocularis of 0-3% and 0-4%, respectively,
were found in Switzerland (Deplazes et al., 1999) when investigating 660 randomly
selected dogs and 263 cats, but higher prevalences of up to 12% have been reported
in farm dogs with free access to rodents (Gottstein et al., 1997). Considering the
high number of domestic dogs and cats in Central Europe the urbanisation of the
E. multilocularis cycle could increase the infection risk for domestic carnivores and
consequently also for humans.

E. multilocularis-infected foxes in urban areas pose novel epidemiological and in-
fectiological questions. Recreational areas (e.g. public parks and outdoor swimming
pool areas) within or adjacent to the city are frequently and intensively used by city-
dwellers. However, it is not proven that an increased infection pressure results in a
higher number of AE cases in humans. At present we have no evidence of an in-
crease in the incidence of human AE in the study area. A major difficulty to unravel
such epidemiological relations is the long incubation period (5-15 years) of AE
(Amman & Eckert, 1995).
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Abstract

High prevalences of Echinococcus multilocularis have been reported from foxes of
the city of Zurich, Switzerland. In order to characterise transmission in urban areas,
a coproantigen ELISA was evaluated for diagnosing the infection in fox faecal
samples collected in the environment. In addition, trapped rodents were investigated
for the presence of metacestodes. Faecal samples could reliably be classified as
being of fox origin by assessing physical properties as shown by the different
parasite spectra of putative fox and dog faecal specimens. From the total of 604
tested putative fox faecal samples 156 (25.8%) were positive in the ELISA with a
distinct increase in the proportion of positive samples from the urban to the
periurban zone. Furthermore, samples collected in the border zone had significantly
more coproantigen-positive results during winter. Prevalence of E. multilocularis in
rodents was 9.1 % (81/889) for Arvicola terrestris (with 3.5% of the animals
harbouring between 14 and 244400 protoscoleces) and 2.4% (2/83) for
Clethrionomys glareolus. E. multilocularis-infected A. terrestris were found in 9 of
10 trapping sites in the border zone. The high infection pressure in the periphery of
urban areas might pose a risk for infection with E. multilocularis for both domestic
carnivores as well as for urban inhabitants. Interventions into the cycle aiming at
reducing the infection pressure should therefore focus on these areas.
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Introduction

Alveolar echinococcocosis (AE) in humans is caused by the metacestode stage of
the fox tapeworm, Echinococcus multilocularis, which grows in a tumour-like
manner, predominantly in the liver. This helminthic zoonosis of the northern
hemisphere is mostly a lethal infection if left untreated (Amman & Eckert, 1996).

In central Europe the sylvatic cycle of E. multilocularis is perpetuated by red foxes
(Vulpes vulpes) as definitive hosts and voles (particularly Arvicolidae) as
intermediate hosts (Eckert et al., 2001a). In endemic areas, prevalences of
E. multilocularis in fox populations may reach over 60 % (Eckert & Deplazes,
1999; Romig et al., 1999; Eckert et al., 2001a). Although foxes harbour the main
parasite burden, domestic dogs and cats can be infected with intestinal stages but
prevalences are generally low (Deplazes et al., 1999; Eckert & Deplazes, 1999).
Relatively little is known about prevalences of E. multilocularis in Arvicolidae, the
most suitable intermediate hosts, but they are low (1-6 %) compared with those of
foxes (Houin et al., 1982; Pétavy & Deblock, 1983; Bonnin et al., 1986; Eckert et
al., 2001a). However, high prevalences (10-39 %) have been found focally
indicating the presence of so—called “hot spots” in rural (Gottstein et al., 2001) but
also in urban environments (Hofer et al., 2000).

In spite of high prevalences of E. multilocularis in foxes in Europe, the annual
incidence rates of human infections (0.02-1.4/100000 inhabitants) are low (Eckert
& Deplazes, 1999; Romig et al., 1999). The significance of different ways of
infection and infection risks still is unclear. It was suggested that there is a higher
infection risk in rural areas, and a considerable part of patients with AE in Austria
(50 %; Auer & Aspock, 1991) and France (34 %; Vuitton et al., 1990) reported
farming activities. In Switzerland, the incidence rates of human AE did not change
greatly between 1956-1992 despite considerable fluctuations in the fox populations
due to the occurrence of rabies and its control (Eckert & Deplazes, 1999). Whether
domestic dogs and cats play a role in the transmission of E. multilocularis in central
Europe needs further clarification (Deplazes & Eckert, 2001; Pétavy et al., 2000).
Gottstein et al. (2001) recently reported that the prevalence of human AE in a Swiss
rural area with extraordinary high prevalences, not only in foxes and voles but also
in dogs and cats, was not higher than in the average national population.

Since the early 1990s a marked increase of fox densities was reported from several
European countries (Artois, 1997). Coincidentally, suburban and urban areas were
invaded by fox populations (Gloor et al., 2001) a phenomenon well known in Great
Britain since the 1930s (Harris & Rayner, 1986). In Switzerland, fox breeding dens
were reported in 20 of the 30 largest cities (Gloor et al., 2001). The urban fox
population in the city of Zurich is currently estimated to consist of approximately
500 animals with densities of up to 10 adult foxes/km? (Deplazes et al., 2002). Only

Seite 81



Manuskript D (Parasitology):
Spatial and temporal aspects of urban transmission of Echinococcus multilocularis

2 kilometers

0 1
A
¥ g q
Fay 3

AN

4z
{0%)

S4B >
[10.4%)

247
4.3%)

15104 __
(14.4%) ey {11.4%)

N

A

457
(B.0%)

533
(18.2%)

13113
(11.59%)

10487
(10.3%)

Fig. 1. Spatial distribution of trapped Arvicola terrestris and sampled fox faeces in the city of Zurich,
Switzerland. (A) Polygons of trapping sites with more than 30 trapped A. terrestris, number of infected and
number of trapped animals per trapping site (prevalence of Echinococcus multilocularis in parentheses);
(B) 156 coproantigen positive fox faeces (black triangles) and 448 coproantigen negative fox faeces (white
triangles). Black: lakes and rivers; light grey: urban zone (34 km2); white: border zone (36 km?); dark grey:
periurban zone (17 km2).

recently we have described the existence of an urban cycle of E. multilocularis in
the city of Zurich (Hofer et al., 2000). In that study the prevalence of
E. multilocularis was found to be 44.3 % in urban foxes and up to 66.7 % in foxes
from the outskirts of the city. Hence, the increasing fox densities in urban
dwellings, and the high prevalence of E. multilocularis in foxes, raise the question
whether a much larger human population may be exposed to a higher infection risk.
The main issue of this study was to characterise spatial and temporal aspects of
urban transmission of E. multilocularis by investigating fox faecal samples
collected in the environment and different rodent species at necropsy.

Materials and methods

Study area

The survey was conducted in the municipality of Zurich, Switzerland, referred to in
this study as “the city of Zurich” with a population of 390 000. The study area (87
km?) was divided into an urban, a border and a periurban zone comprising 34, 36,
and 17 km?, respectively (Fig. 1). The urban zone is mainly a residential one with
little green space. The periurban zone consists of forests, fields, pastures and
meadows, which are intensively used for recreational activities. The border zone,
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which divides the urban and the periurban zone and which was defined as extending
250 m from the border of the built—up area into the residential area of the city and
into the periurban surrounding, includes mostly residential areas, allotments,
cemeteries, sports fields and public places.

Sampling and identification of fox faecal samples

Between December 1998 and October 2000, a total of 604 putative fox faecal
samples were collected from the urban zone (203 specimens), the border zone (344
specimens) and the periurban zone (57 specimens).

The year was divided into 3 periods: spring (March — June, to coincide with fox
birth and lactation; 146 faeces); summer/autumn (July — October, to coincide with
growth and independence of cubs; 201 faeces); winter (November — February, to
coincide with the dispersal period and mating; 257 faeces).

For safety precautions, all samples were stored at -80°C for at least 5 days before
being further examined (Deplazes et al., 1999). The samples were identified as
being of fox origin by examining their size, shape, smell and the presence of food
remnants such as hair, fruit and feathers. Parameters like relative age, intensity of
typical fox smell and homogeneity of faeces were partially recorded in the field
with 4 graduations for each parameter. Relative age was judged by shape, humidity
(considering weather conditions) and signs of decomposition.

Because of a large dog population in the city, this classification strategy was
evaluated by comparing the parasite spectra of 3 groups of faecal samples from a
public park. Faecal samples were judged as being of dog (n=25) or fox (n=40)
origin by the criteria mentioned above. Another 31 faecal samples were obtained
from deposit boxes into which dog owners dispose their animals’ faeces collected in
plastic bags. Parasitological examination was performed with a combined
sedimentation/flotation technique with zinc chloride solution (density 1.4) and
microscopical identification of the helminth eggs.

Sampling of rodents

From August 1999 to November 2000, a total of 1155 rodents were caught. Tong
traps were used to catch 889 Arvicola terrestris and 27 Microtus sp., whereas 83
Clethrionomys glareolus, 154 Apodemus sp. and 2 Microtus sp. were trapped with
live traps (Longworth traps, Penlon Ltd., Oxon, GB). Other accidentally trapped
animals, e.g. shrews, moles and rats, were excluded from the study. Animals in live
traps were anaesthetised with Metofane® (Pitman Moore, Mundelein, IL, USA) and
subsequently killed by neck dislocation.

Most animals were trapped in the border and in the periurban zone. In order to
estimate prevalences of E. multilocularis in different areas we regularly (1-3
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months intervals) trapped A.terrestris at 10 trapping sites resulting in catching
between 33 and 113 individuals per site throughout the investigation period.
Rodents were stored at —20°C if immediate dissection was not possible.

Age determination of rodents

The rodents were classified as being adults or subadults/juveniles based on body
weight, body length (as measured from the tip of the nose to the first vertebra of the
tail) and development of sexual organs. From 521 female A. terrestris, 163 showed
signs of reproduction (placental scars, lactating mamma or different stages of
gravidity). The body weight of all these females exceeded, with one exception, 60 ¢
(62.2 — 135 g; mean 89 g; median 88 g) and their body length ranged between 122
mm and 165 mm. Therefore, A. terrestris with body weights above 60 g and body
length above 120 mm were classified as adults.

Diagnosis of E. multilocularis in faecal samples collected in the environment

Detection of E. multilocularis coproantigens with a validated sandwich—-ELISA
(EM-ELISA) was performed exactly as described by Deplazes et al. (1999). Results
were expressed as corrected Agpsnm (value of specific reaction minus value of
control reaction). Samples with high absorbencies in both specific and control
reactions were repeated after being diluted 1:2 with a negative control. Samples
with persisting high values in both reactions were excluded from the study.

A cluster analysis (SYSTAT®, SPSS Science, Chicago, IL, USA) was carried out
with the 604 samples identified as being of fox origin to determine an intrinsic cut-—
off value (Greiner et al., 1994). After performing the cluster analysis 6 times (2—, 3—
, 4—, 5—, 6—, 7—cluster separation) 27 clusters were obtained which were arbitrarily
classified as ‘high—* or ‘low-responders’. Calculation of the mean value plus 3
standard deviations of all clusters classified as ‘low-responders’ yielded a cut—off
value (Asosnm) OF 0.21, which was slightly higher than that previously determined
with fox intestinal contents (Asosnm 0.15; Deplazes et al., 1999).

Results from ELISAs were further evaluated by isolating taeniid eggs from 40
randomly selected faecal samples of foxes followed by E. multilocularis—specific
PCR as described previously (Mathis, Deplazes & Eckert, 1996)

Detection of metacestodes in rodents

All dissected rodents were carefully examined macroscopically for lesions in livers
and other organs. Morphological identification of metacestodes of Taenia sp.
included analyses of hook number and morphology. E. multilocularis metacestode
tissue was identified either morphologically or by detection of E. multilocularis
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DNA using a modified PCR (Dinkel et al., 1998) with a single primer pair (EM-
H15 [5’-CCATATTACAACAATATTCCTATC-3’]; EM-H17 [5’-GTGAGTGA-
TTCTTGTTAGGGGAAG-3’)).

Lesions exceeding 2 mm in diameter were investigated microscopically.
E. multilocularis metacestodes containing protoscoleces were cut into small pieces,
squashed, washed with PBS through a sieve (1 mm mesh size) and the number of
protoscoleces in the whole flow—through fraction was counted with an inverted
microscope if few protoscoleces (< 100) were present or their total number was
calculated from the counting of 3 subsamples of 100 pl.

Statistics

Differences in the proportion of coproantigen-positive faeces and in prevalences of
E. multilocularis in rodents were compared by y? tests. If the minimum entry in the
table of expectation was less than 5, P—values were calculated with the program
Actus (Estabrook & Estabrook, 1989) which performs randomised contingency
tables and gives probabilities for deviations from expected values. P-values less
than 0.05 were considered significant if consistent with Bonferoni corrections.
Confidence intervals (95%; CI) were calculated with GraphPad StatMate™
(GraphPad Software Inc., San Diego, CA, USA).

The degree of overdispersion of the protoscoleces burden in rodents was calculated
using the maximum likelihood estimate of k, the parameter of the negative
distribution which tends towards O as parasite aggregation increases (Wilson &-
Grenfell, 1997).

Seite 85



Manuskript D (Parasitology):
Spatial and temporal aspects of urban transmission of Echinococcus multilocularis

Table 1. Helminthic infections determined by detection of Echinococcus multilocularis—specific
coproantigens by ELISA and by microscopical identification of eggs in faecal samples collected in the field
and classified as fox faeces (A), dog faeces (B) or dog faeces from deposit boxes (C) in a public park in
Zurich, Switzerland

Sample type E.multilocularis  Taeniid Capillaria Toxocara Trichuris

(n) coproantigen * eggs * eggs * eggs eggs

A (40) 18 (45 %) 16 (40%) 22(55%)  8(20 %) 3(7.5%)
B (25) 0 0 0 1 (4 %) 1 (4 %)
C(31) 0 0 1 (3.2 %) 1(3.2%) 0

*Significant differences between (A) and (B, C): P < 0.001 (Actus randomisation test).

Table 2. Detection of Echinococcus multilocularis coproantigens in 381 faecal samples collected in the field
and classified as fox faeces in relation to increasing graduations of relative age (estimated by morphology
and humidity), intensity of fox smell and homogeneity as judged in the field

Increasing graduation

+ - +++ ++++
Parameters No. of samples (% E. multilocularis coproantigen positive)
Relative age? 21 (28.6 %) 113 (33.6 %) 222 (33.3 %) 25 (32.0 %)
Smell intensity? 131 (32.8 %) 113 (33.6 %) 107 (33.6 %) 30 (30.0 %)
Homogeneity® 39 (35.9 %) 135 (39.3 %) 171 (28.6 %) 36 (27.8 %)

DEstimated age: + less than 2 days; ++++: older than 1 week.

2+ No typical fox smell; ++++ intense fox smell.

3 + Most components macroscopically identifiable (fruit remnants, feathers, hair, etc.); ++++ homogenous
faeces without identifiable components.

Results

Identification of faecal samples collected in the environment

The sampling strategy for faecal samples from the environment was tested by
examining the parasite spectra of 2 groups considered to be of fox or dog origin and
of dog samples derived from deposit boxes (Table 1). Parasitological examination
revealed the presence of helminth eggs in 27 of the 40 (67.5 %) environmental
faecal samples, which were presumed to be fox faeces, in 2 of the 25 samples
judged as dog faeces and in 2 of the 31 dog samples from deposit boxes. The 40
presumed fox faeces contained significantly more often taeniid and Capillaria eggs,
and in 45% of the samples coproantigens of E. multilocularis were detected by EM-
ELISA (Table 1). Neither taeniid eggs nor specific coproantigens of
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Fig. 2. Results of the Echinococcus multilocularis coproantigen ELISA (Deplazes et al., 1999),
microscopical identification of Taeniid eggs and the E. multilocularis—specific PCR (Mathis et al., 1996)
from 40 field samples classified as fox faeces in the city of Zurich, Switzerland. Open circles: PCR
negative; filled circles: PCR positive. The cut—off value (Asgsnm) for the ELISA was determined by a cluster
analysis (Greiner et al., 1994) with 604 field faecal samples.

E. multilocularis could be detected in the 56 putative dog faeces (collected in the
environment and from deposit boxes). No significant differences in the distribution
of helminth eggs were found between these 2 groups of dog faeces.

Evaluation of the E. multilocularis coproantigen ELISA (EM-ELISA) with faecal

samples collected in the environment

Comparison of E. multilocularis coproantigen detection, taeniid egg isolation and
E. multilocularis—specific PCR with 40 randomly selected samples identified as fox
faeces are shown in Fig. 2. Taeniid eggs were isolated from 21 (53 %) of the faecal
samples of which 17 (43 %) were positive in the E. multilocularis—specific PCR.
The sensitivity of the EM-ELISA for patent E. multilocularis infections, as
determined by PCR, was 88 %. All 19 samples free of taeniid eggs were negative by
PCR, but 4 of these samples were positive in the coproantigen ELISA.

With the aim to determine antigen stability, coproantigen results of 381
environmental faecal samples of putative fox origin were related to parameters
recorded in the field such as relative age, intensity of fox smell and homogeneity.
No significant differences in the distribution of coproantigen positive samples were
found related to the graduations of these parameters (Table 2).
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Fig. 3. Spatial and seasonal differences in the incidence of Echinococcus multilocularis coproantigens
(Deplazes et al., 1999) in 604 field samples classified as fox faeces collected from December 1998 to
October 2000 in 3 zones of the city of Zurich, Switzerland (% coproantigen positive samples and 95 %
Cl). Significant spatial (¥) and seasonal (winter: November - February, spring: March - June;
summer/autumn: July — October) (**) differences are marked with asterisks (P values after Bonferoni
corrections: P < 0.05, y? test).

Coproantigens in fox faecal samples collected in the environment

Spatial and seasonal differences. Of the 604 tested fox faecal samples 156 (25.8 %)
were positive in the EM-ELISA. The proportion of coproantigen—positive faeces
was higher in the border and periurban zone than in the urban zone. These spatial
differences were highly significant for faeces sampled during winter and spring
(Fig. 3). Samples from the border zone collected during the winter months
(November to February) had significantly more coproantigen—positive results
(45.2%) than samples of other seasons (21.9-23.7%). The same tendency was
observed for the periurban zone. Coproantigen—positive faeces of the urban zone
were mainly found in the periphery of this zone whereas in more central parts
nearly no coproantigen—positve faeces could be found (Fig. 1B).

E. multilocularis and Taenia spp. in rodents

At necropsy, liver lesions were observed in 277 of 889 dissected A. terrestris and in
3 C. glareolus, 1 Microtus sp. and 1 Apodemus sp. (Table 3). Prevalence of
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Table 3. Macroscopically visible liver lesions and detection of Taenia taeniaeformis and Echinococcus
multilocularis metacestodes in 1155 rodents (Arvicola terrestris, Clethrionomys glareolus, Microtus sp. and
Apodemus sp.) trapped in the city of Zurich, Switzerland

(Unidentifiable lesions were examined with an E. multilocularis-specific PCR.)

No. liver T. taeniaeformis E. multilocularis lesions” investigated

Rodent species lesions  strobilocerci protoscoleces by EM-PCR

(No. investigated) positive negative
A. terrestris (889) 277" 108 (12.1%) 26 (2.9 %) 55(6.2%) 106

C. glareolus (83) 3 0 1(1.2%) 112% 1
Microtus sp. (29) 1 0 0 0 1
Apodemus sp. (154) 1 0 0 0 1

* Morphologically unidentifiable lesions tested with EM—-PCR modified according to Dinkel et al. (1998).
** 18 animals with 2 types of lesions.

E. multilocularis (protoscoleces and/or PCR positive) was 9.1% (81/889) for
A. terrestris. The prevalence in 83 trapped C. glareolus was significantly lower
(2.4%; P<0.05, 5 test) than in A. terrestris. Liver lesions of Apodemus sp. (1/154)
and Microtus sp. (1/29) were negative in the E. multilocularis—specific PCR.
Metacestodes of E. multilocularis containing protoscoleces were found in 26
A. terrestris with numbers ranging between 14 and 244400 resulting in a total
biomass of 926239 protoscoleces (Fig. 4). The maximum likelihood estimate of k =
0.28 indicates that the protoscoleces burden in A. terrestris is heavily overdispersed.
Protoscoleces numbers below 1000 were found in 8 (31%) A. terrestris which
harboured 0.2% (1779 protoscoleces) of the total biomass. Three animals (12%),
with metacestodes containing more than 100 000 protoscoleces (120 000; 240 000;
244 400), carried 69 % of the total biomass. In 83 C. glareolus investigated, 1
animal harboured E. multilocularis metacestode tissue containing 108000
protoscoleces, whereas the small lesion in the second animal was identified by PCR
only. All 27 lesions with protoscoleces showed clear positive PCR results.

Prevalence of Taenia spp.

The prevalence of T. crassiceps and T. taeniaeformis in A. terrestris was 2.0%
(18/889) and 12.1% (108/889), respectively (Table 3). Metacestodes of T.
taeniaeformis were found in liver tissue only, whereas T. crassiceps metacestodes
were detected in pleural and peritoneal cavities and subcutaneous cysts. More than 1
metacestode species was found in 15 A.terrestris of which 8 carried
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Table 4. Seasonal differences in the prevalence of Taenia taeniaeformis, T. crassiceps and Echinococcus
multilocularis in 734 adult Arvicola terrestris trapped between August 1999 and November 2000

No.of  T.taeniae- T. crassi- E. multilocularis positive
Period* animals  formis positive ceps positive total with
protoscoleces
Winter 146 20.3 % 3.4 % 12.3% 3.4 %
Spring 141 14.2 % 4.3 % 9.9% 35%
Summer/autumn 447 12.3% 1.6 % 10.5% 3.6%

Winter: November - February; spring: March - June; summer/autumn: July - October

E. multilocularis and T. taeniaeformis metacestodes and 1 animal carried
metacestodes of all 3 species.

Prevalence of E. multilocularis in A. terrestris in relation to sex and age.

In 734 adult A. terrestris, significantly higher prevalences of E. multilocularis
(10.7%; CI [95%]: 8.6—13.2) and T. taeniaeformis (14%; CI [95%]: 11.6-16.7) were
detected as compared to 155 subadults/juveniles (1.3% and 3.2%, respectively; y?
test: P<0.001 and P<0.0001). Differences in the prevalence of both cestodes related
to sex were neither found in adult nor in subadult/juvenile A. terrestris (y’—test:
P>0-05).

Prevalence of E. multilocularis in A. terrestris, spatial and seasonal differences.

E. multilocularis—infected A. terrestris were detected in 9 of 10 trapping sites with
prevalences ranging from 4.3% up to 20.9% (Fig. 1). The Actus randomisation test
revealed significant differences in the prevalence of E. multilocularis between the
trapping sites (P=0.019). Animals harbouring T. taeniaeformis metacestodes were
caught in all 10 areas (data not shown). The prevalence of E. multilocularis in 734
adult A. terrestris did not vary between the different seasons (Table 4). The same
was observed for animals with protoscoleces. Prevalence of fully developed T.
taeniaeformis strobilocerci was higher from November to February than in other
months. However, due to Bonferoni corrections, this difference was not significant
(P>0.05).
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Fig. 4. Numbers of Echinococcus multilocularis protoscoleces (total number: 926 239) in 26 infected Arvicole
terrestris trapped in the city of Zurich, Switzerland.

Discussion

The existence of an urban cycle of E. multilocularis in the city of Zurich has
recently been described with a significantly lower prevalence of the parasite in
foxes from urban areas as compared to those from the surrounding zone (Hofer et
al., 2000). In the present study we observed a similar geographic distribution of the
infection pressure as was obvious from the investigation of 604 faecal samples
collected in the environment. Different factors may contribute to this difference of
the parasite distribution. Preliminary results of radiotracking of foxes in our study
area document small homerange sizes between 30 ha and 42 ha (Deplazes et al.,
2002), which are in the range of those observed in urban areas in England (Harris &
Rayner, 1986). Therefore, foxes living within the built-up area in a certain distance
to the border zone do not roam these latter habitats, where good conditions for the
development of vole populations exist. This assumption is supported by the fact that
coproantigen—positive faeces from the urban zone were found mainly in the
periphery of this area.

Significant seasonal differences in the detection of E. multilocularis in faecal
samples were only found in the border zone of the city, where the percentage of
positive faecal samples was higher during winter months. Correspondingly, foxes
from the same study area had also higher prevalences in winter (Hofer et al., 2000).
In contrast to this study, Morishima et al. (1999) did not find significant seasonal
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differences in the percentage of E. multilocularis coproantigen positive faeces. As
red foxes are known to be opportunistic feeders, predation on rodents may differ
seasonally. In suburban foxes in London (Great Britain), stomachs revealed higher
percentages of mammals in autumn and winter (Harris, 1981).

Investigations on potential intermediate hosts of E. multilocularis are important to
localise the cycle because voles are known to have small home ranges (Saucy &
Schneiter, 1997). Therefore, infected voles represent a biological marker for the
contamination of the ground in a distinct area. A. terrestris was the rodent species
with the highest prevalence of E. multilocularis in our study. The only other
infected species was C. glareolus with a significantly lower prevalence. Apodemus
spp. have not yet been shown to be suitable intermediate hosts for E. multilocularis
in central Europe (Rausch, 1995). This is confirmed by our results, as none of the
154 Apodemus sp., which were mostly trapped near sites with high prevalences of
E. multilocularis in A. terrestris, were infected with the parasite. Microtus spp. are
significantly involved in the transmission of E. multilocularis in Europe (Bonnin et
al., 1986; Delattre, Giraudoux & Quere, 1990; Gottstein et al., 2001). In our study
area, however, none of our trapping sites revealed a high activity of Microtus
species suggesting that Microtus sp. might not be as common as A. terrestris in the
city of Zurich. However, the sample size (N=29) for this species was too small for
definitive conclusions concerning the involvement of this species in the local cycle.
The high prevalence of A. terrestris suggests a major role in the perpetuation of the
E. multilocularis cycle in the area investigated, which is supported by gut analysis
of urban foxes (Gloor, unpublished data) revealing A. terrestris as the most frequent
rodent in fox stomachs from Zurich. Furthermore, 47 fox faecal samples were
discovered directly on vole ground systems of A. terrestris where signs of predation
activities of carnivores were observed. Hence, the marking behaviour of red foxes
seems to play an important role in the transmission of E. multilocularis.

The prevalences of E. multilocularis in A. terrestris varied significantly between the
different trapping sites but were generally high (up to 20.9%) compared to other
studies (Eckert et al., 2001a). E. multilocularis infected A. terrestris were found in 9
of 10 trapping sites in the border zone, which was highly contaminated with
E. multilocularis coproantigen—positive faecal samples. We therefore assume that
the transmission of E. multilocularis is not concentrated in so—called "hot-spots"
but occurs in extended areas along the border of the built-up area of the city.

In this area, free-ranging dogs and cats are common which could acquire infections
with E. multilocularis. The presence of T. taeniaeformis in A. terrestris populations
in all trapping areas along the border zone, and the fact that T. taeniaeformis was
not found in foxes in this area (Hofer et al., 2000), indicates a considerable
predation pressure of domestic cats on A. terrestris.
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There is only scarce information about seasonal variation in prevalence of
E. multilocularis in intermediate hosts. In our study, no differences in adult rodents
were observed which is in agreement with findings from France (Massif Central,
Auvergne) for A. terrestris (Pétavy & Deblock, 1983).

Protoscoleces were found in 32% of the E. multilocularis infected A. terrestris
resulting in an overall prevalence of 3.5%, which is within the range described in
earlier surveys (0.2-8.3%; Gottstein et al., 1996; Hofer et al., 2000; Pétavy &
Deblock, 1983). Again, no seasonal differences of prevalences of fertile cysts were
observed (Table 4). To the best of our knowledge, no studies have so far been
published on the numbers of protoscoleces of E. multilocularis in wild rodents. In
the present study, there was a huge overdispersion of protoscoleces with a range
from few (14) up to 244,400 per rodent host (Figure 4). From the 26 Arvicola, 69%
harboured more than 1000 protoscoleces per animal.

Until recently, monitoring of the infection pressure of E. multilocularis in endemic
areas was performed by parasite identification in definitive hosts at necropsy.
However, data collection was strongly influenced by hunting regulations (e.g. close
seasons, protected areas) and especially difficult in periurban and urban settings. As
faecal samples of foxes can easily be collected in the environment, the identification
of the presence of E. multilocularis in such samples by parasite—specific
coproantigen detection (Craig, Rogan & Allan, 1996; Morishima et al., 1999;
Eckert et al. 2001b) or copro-DNA (Mathis & Deplazes, 2002) opened up a new
strategy for the direct assessment of the environmental contamination in a defined
area.

Nevertheless, the strategy for collecting specifically fox faecal samples had to be
scrutinised, as fox faeces may be confused, particularly with dog faeces, which are
very frequent in urban areas. Our results clearly confirm that differentiation of dog
and fox faeces can reliably be achieved.

The EM-ELISA used in this study was originally validated with intestinal contents
of foxes (Deplazes et al., 1999). A cluster analysis (Greiner et al., 1994) of our fox
environmental samples yielded an intrinsic cut—off value (Assnm) slightly higher
than in the former study. This might be due to different environmental influences on
these faeces. The evaluation of this proceeding by isolating taeniid eggs followed by
PCR identification (Mathis et al., 1996) in 40 of these samples resulted in a
sensitivity of 88.2% for patent infections, which is comparable to the sensitivity of
83.6% determined with intestinal contents of 55 infected foxes (Deplazes et al.,
1999). In 4 of 40 samples free of taeniid eggs DNA amplification by PCR was
negative, but the EM-ELISA was positive due to either cross-reactions or the
presence of prepatent infections that cannot be detected with our PCR strategy
(Mathis et al., 1996). False negative results of the EM—ELISA can be explained
with the high proportion of foxes infected with low worm burdens in the study area
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(Hofer et al., 2000). Neither the relative age of samples nor the intake of different
food affected the detection of E. multilocularis coproantigens. This is consistent
with observations made with the same coproantigen test with environmental faecal
samples from rural endemic areas in France (Raoul et al., 2001). Stability of
helminth coproantigens has been documented in 2 studies: T. hydatigena antigens
were stable for at least 5 days at room temperature (Deplazes et al., 1990), and the
detection of E. granulosus coproantigens was not influenced by exposing the faeces
during six days and nights to sun-exposed places in the Australian Capital Territory
(Jenkins et al., 2000).

Little is known about the correlation of the infection pressure of E. multilocularis
on the incidence of human AE. Gottstein et al. (2001) found an increased
seroprevalence in blood donors living in an E. multilocularis “hot spot’ area over a
period of ten years without increase in clinical cases. There are no indications of a
higher incidence of alveolar echinococcosis in urban dwellers in Switzerland
(Renner—Schneiter et al., 2000), but the recent invasion of foxes in urban habitats
(Gloor et al., 2001), and the considerable contamination of this area with
E. multilocularis-infected fox faeces, could change the situation. Urban inhabitants
use the border zone of the built-up area intensively for recreational activities, and
this zone may therefore represent an area of increased risk for acquiring AE.
Furthermore, the many free-roaming domestic cats and dogs in this area might prey
on infected voles and hence could represent a potential source of infection for
humans (Eckert & Deplazes, 1999). Based on the incubation time of 5-10 years in
humans, changes in the epidemiology of AE would only be noticed in a long-term
surveillance which could be achieved in the framework of a reporting system.

The cycle of E. multilocularis in urban settings seems to be determined by the small
home ranges of foxes and the distribution of suitable intermediate hosts. Therefore,
local interaction in the cycle reducing the infection pressure in defined areas (e.g.
public parks, swimming pool areas, private gardens) should be feasible. Field
studies in Zurich on the control of the E. multilocularis infection in urban areas, by
distributing praziquantel-containing baits manually, are currently being carried out.
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Abstract

In several European countries a distinct increase of the red fox (Vulpes vulpes) po-
pulation was observed in recent years, particularly in urban areas. The number of
foxes shot or found dead in the city of Zurich increased 20 times between 1985 and
1997. Therefore, an interdisciplinary project was initiated to study ecological and
parasitological aspects of the urban fox population.

Preliminary ecological results show that the population density of foxes in the urban
area is high and the animals have small home ranges. Within the city border, the
prevalence of Echinococcus multilocularis in foxes increased significantly from the
urban (47%) to the adjacent recreational area (67%).

To estimate the contamination of city areas with eggs of E. multilocularis, faecal
samples of foxes were collected and investigated by a coproantigen ELISA. The
spatial distribution of coproantigen positive samples was in accordance with the
different prevalences found in necropsied foxes. In rodents trapped in recreational
areas of the city, E. multilocularis metacestodes were identified by morphological
examination, by EmG11-antigen detection with ELISA and by PCR. The preva-
lence in 781 Arvicola terrestris was 9.2% with fully developed protoscolices (14-
240,000) occurring in 24 A. terrestris. Thus, an urban parasite cycle is established
and a potential infection risk exists not only for urban residents but also for dome-
stic dogs and cats. This new epidemiological situation and the emerging public
awareness concerning zoonoses justify the evaluation of local intervention in the
cycle of E. multilocularis.
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1. Introduction

Echinococcus multilocularis is typically perpetuated in a wild-life (= silvatic) cycle
including foxes (genera Vulpes and Alopex) as definitive hosts and different rodent
species, mainly Arvicolidae, as intermediate hosts [1]. In some endemic areas, other
species of wild carnivores, such as coyote, wolf, and raccoon dog, are involved as
definitive hosts. In addition, a synanthropic cycle exists in some rural communities
with domestic dogs as definitive hosts, which acquire the infection from wild ro-
dents [2, 3, 4].

In the central European endemic area, red foxes (Vulpes vulpes) are likely to be re-
sponsible for most of the environmental contamination with E. multilocularis eggs.
This was concluded from a study in which the prevalences of E. multilocularis in
foxes, dogs and cats were related to the estimated population sizes of these defini-
tive hosts [1]. Recent studies have shown that E. multilocularis has a wider geo-
graphic range than previously anticipated but prevalences of E. multilocularis in red
foxes differ widely within and between endemic areas from about 1% to over 60%
[5, 6, 7, 8]. Furthermore, there are reports on increasing E. multilocularis prevalen-
ces in some regions [7].

From retrospective studies, there is no direct correlation between fox population
densities and human alveolar echinococcosis (AE). In Switzerland, the country-
wide average annual incidences of human AE did not vary (0.10-0.18) during 36
years (1956-1992) suggesting a stable epidemiological situation despite high varia-
tions of the fox densities during this time [1]. In Europe, there is now evidence for
growing populations of red foxes in some areas, for an increasing invasion of cities
by foxes in the last 15 years [chapter 2] and also for the establishment of the para-
site cycle in urban areas [9]. However, a retrospective analysis (1975-1999) compa-
ring cases of AE in humans living in urban and rural communities in Switzerland
revealed no significant changes in the incidence rates [E.C. Renner-Schneiter and
R.W. Ammann, personal communication]. Whether these data reflect a continuing
stable and low infection risk in urban areas or whether the increased infection pres-
sure in highly populated areas will lead to a delayed increase in the incidence of AE
cases in the future, remains to be seen. In certain regions, e.g. China, ecological
changes have been reported to have influenced the epidemiological situation of AE
in the past [3, 4].

In this review, we focus on the E. multilocularis transmission in urban settings in
respect of the changing fox ecology in such highly populated areas.
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2. Ecological changes in urban areas: the urban fox phenomenon

2.1. Historical overview

Red foxes living in urban areas are known from Great Britain since the inter-war
period in the 1930s [10]. In these years there was a boom of private house construc-
tion because of cheap land prices, resulting in large districts of middle-class suburbs
with low-density housing and medium-sized gardens. This is the type of habitat
which was found to be favoured by foxes [11]. Once established in these residential
suburbs, foxes moved further into the city and also colonised less preferred habitats.
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, in some cases
more than 30 adult foxes per km2), densities which had never been observed so far
[12]. As these observations were unique world-wide, urban foxes were initially
thought to be an isolated British phenomenon [13, 14].

On the European continent fox populations experienced in the 1970s and 1980s a
heavy rabies epizootic, a zoonosis not present on the British Isles. Subsequently, fox
populations decreased drastically on the continent. Rabies hit Switzerland in 1967
[15] and fox densities reached a low in 1984, as can be seen from the Swiss hunting
bag [16]. However, fox populations recovered again from 1985 onwards (e.g. [17])
because of successful oral vaccination campaigns against rabies, which started in
Switzerland in 1978 [18] and which were extended into the whole European
epizootic area in the following years (e.g. [19]).

Apart from this development in rural areas, more and more foxes have been recor-
ded from large Swiss conurbations and cities such as Zirich or Geneva. An inquiry
of town officials and persons responsible for wildlife management revealed that
foxes are present in 28 of the 30 largest Swiss cities [20]. Similar observations were
recorded from other parts of the distribution area of the red fox, e.g. from Oslo,
Norway [21], Arhus, Denmark [22], Stuttgart, Germany [7], Toronto, Canada [23]
and Sapporo, Japan [24].

The presence of urban fox populations raises the question of the impact of human
behaviour and attitudes towards these wild animals [25]. Food provided by humans
represents a major part of the diet of urban foxes in Great Britain [26, 27]. Additio-
nally, the presence of foxes in close neighbourhood of people influence the mana-
gement of fox populations and prevention strategies of zoonoses (e.g. rabies and
alveolar echinococcosis).
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2.2. Ecological aspects of an increasing red fox population in the city of Zurich: pre-

liminary results

The largest conurbation of Switzerland is the area of Zirich with some 1,000,000
inhabitants. However, only 360,000 of this population live in the political commu-
nity of Zdrich, which we refer to when we use the term “the city of Zurich”. The
city (92km?) consists of 53% urban area, 24% forest, 17% agricultural areas and 6%
water surface [28]. Forest and agricultural areas surround the urban area and are
referred to as the recreational area of the city in the following pages (Fig. 4). Corre-
spondingly we distinguish between foxes found in urban area (urban foxes) and fo-
xes found in adjacent recreational area (rural foxes).

As far as hunting is concerned, the city of Zlrich is a game sanctuary. Official game
wardens have maintained a constant hunting regime and a reporting system since
1926. Urban foxes have been present in the city of Zirich since the 1960s, but at
low numbers until the mid 1980s (Fig. 1). From then onwards the number of foxes
shot or found dead in the whole city increased drastically, i.e. 20 times between
1985 and 1997, notably in the urban area [20].

250

Il urban foxes =
[] rural foxes

[ ] foxes of the whole city

[ ] foxes with unknown place of death
150+ — foxes found dead in the whole city

200+

100+

50+

0 D_WE-E_
60 65 70 75 80 85 90 95 97
year

numbers of dead foxes in the city of Zurich

Fig. 1: Fox mortality (foxes shot or found dead) in urban and adjacent recrational areas in the city of Ziirich
(Switzerland) from 1960 to 1997. From the years 1973 — 1976 and 1982 - 1983 only total numbers of dead
city foxes are available (white bars). The years with rabies cases within 5 km of the city centre are marked
with small black bars (modified after [20]).

In order to study the spatial and habitat use of the urban fox population of Zirich,
20 adult foxes (12 females and 8 males) were observed by radiotracking [S. Gloor,
unpublished data]. The study was carried out in a residential area of the city of
about 11 km? between December 1996 and June 1999. The homeranges of the
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radiotracked foxes were analysed in three periods of the year (March to June; July
to October; November to February). The home ranges of the vixens and of the resi-
dent male foxes were relatively small (Fig. 2) and comparable with those observed
in British cities with high fox densities (e.g [29, 30]). According to preliminary
home range analyses, the home ranges of vixens were 30.6 ha = 15.9, and the home
ranges of resident male foxes were 42.0 ha = 23.9 (100% MCP). However, three
male foxes had significantly larger home ranges of 144.1 ha + 39.2 and did not
seem to be resident in an own area. Overlapping home ranges of foxes of the same
sex and observations of more than two adult foxes at breeding dens indicate the
establishment of family groups. This is in agreement with preliminary results of
reproductive data from dead foxes collected in the city of Zurich which revealed
that not all of the adult vixens do reproduce.

In the area of the radiotracked resident foxes (6.7 km?) 23 dens with cubs were
known in 1999. Assuming two adult foxes per breeding den, the fox density in the
area would be 6.9 adult foxes/km? or 10.3 adult foxes/km? with three adult foxes per
den.

0

400 0 400 800 Meters
— ;

[ parks, meadows, allotment gardens
C_lurban area
B woodland

Fig. 2: Homeranges of three female foxes (F1, F2, F3) and one male
fox (M1) from July to October 1998, in urban and adjacent recreational
areas in the city of Zirich (Switzerland).
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3. Epidemiology of E. multilocularis in urban settings

3.1. Infection pressure in urban areas

In recent years, the occurrence of E. multilocularis in urban foxes has been reported
from several European cities, e.g. Copenhagen, Geneva, Munich, Stuttgart, Zrich
[7, 9, 31] and from Sapporo (Japan) [24]. However, there is no detailed data availa-
ble about the transmission ecology of E. multilocularis in the urban environment. A
preliminary study on the epidemiological role of red foxes in the urban area of Sap-
poro was based on the detection of parasite coproantigen in faecal samples collected
around active fox dens most of them being located in the urban fringe [24]. Thirty-
three of the 155 samples (21%) which tested positive originated from the surroun-
dings of 11 dens including one from the urban area. In this study, E. multilocularis
was not detected in a small number of 23 rodents at necropsy. The authors pointed
out that the life-cycle of E. multilocularis may not easily be maintained in the cen-
tral urban area, whereas the outskirts of Sapporo offer a good habitat for the most
suitable intermediate host Clethrionomys spp. [24].

3.2. Urban cycle of E. multilocularis in the city of Zirich (Switzerland)

Over a period of 26 months (1996-1998), 388 foxes from the city of Zlrich were
examined for intestinal infections with E. multilocularis and other helminths [9].
Seasonal differences in the prevalence of E. multilocularis were only found in urban
subadult male foxes which were significantly less frequently infected in summer
than in winter. The prevalence of E. multilocularis in 252 foxes sampled during
winter increased significantly from 47% in the urban to 67% in the adjacent recrea-
tional area whereas a decrease of the Mesocestoides prevalence was observed (Ta-
ble 1). The prevalence rates of other helminths were similar in both areas.

The distribution of the Echinococcus biomass, as expressed by worm numbers per
fox, was overdispersed in 133 infected foxes randomly sampled in winter (Fig. 3)
[9]. Therefore, a few highly infected foxes (carrying thousands of fertile worms)
can be responsible for most of the environmental egg contamination. For example,
7.5% of the fox population (10/133) harboured more than 72% of the total worm
number with a maximum individual worm burden of about 57,000. Prevalences did
not differ significantly in these foxes in regard to age and sex, but worm burdens
were significantly higher in subadult foxes as compared with adult foxes (Fig. 3). A
total of 82.7% of the worm burden was detected in 68 subadult foxes, and 65 adult
foxes harboured the remaining 17.3%. In the same study [9], metacestodes of
E. multilocularis were found in 14% (19/135) of water voles (Arvicola terrestris) in
a city park. This investigation provided evidence for the existence of an urban wild-
life cycle of E. multilocularis in the city of Zirich. Therefore, a new project was
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initiated in 1998 focusing on the assessment of the infection pressure with
E. multilocularis eggs in urban environments by investigating faecal samples of
foxes collected in the field and by further studies of rodents.

Table 1. Small intestinal helminths discovered in 252 foxes collected from January 1996 to February 1998
during winter (November to February) in the city of Zirich (Switzerland) [9]. Numbers, prevalences and
confidence intervals are shown separately for foxes originating from the urban area (urban foxes) and from
the adjacent recreational area (rural foxes).

129 urban foxes 123 rural foxes
N P (%) Cl(%) N P (%) Cl(%) x>
test*

Echinococcus 61 47.3 38.5-56.1 82 66.7 58.1-75.2 0.002
multilocularis
Taenia spp. 25 194 12.4-26.4 28 22.8 152-304 ns.
Mesocestoides sp. 13 10.1 48-154 3 2.4 0.0-52 0.018
Dipylidium sp. 1 0.8 0.0-23 0 0.0 0.0-0.0 n.s.
Uncinaria stenocephala 92 71.3 63.3-79.4 89 724 64.3-80.5 n.s.
Toxocara canis 56 43.4 34.7-52.2 59 48.0 38.9-57.0 ns.
Alaria sp. 2 1.6 0.0-3.7 6 4.9 1.0-838 n.s.

* Significance (two-tailed) of differences in prevalence of urban foxes and foxes from the adjacent
recreational area (rural foxes).

Faecal samples were identified as of fox or dog origin by using the criteria, sample
size, shape and smell. Since domestic dogs are numerous in urban areas, our
sampling strategy was evaluated by comparing the parasite spectrum and the com-
position of the sample content of three types of samples, namely field samples
identified as fox or dog faeces and samples taken from deposit boxes into which
dog owners are advised to dispose their animals’ faeces collected in plastic bags.
Samples identified as fox field faeces contained significant more helminth eggs
(68%) than dog field faeces (3%). Results from dog samples from the deposit boxes
were comparable to those of the field samples judged as dog faeces. In fox samples
fruit remnants and feathers were found frequently but not in samples of putative dog
origin [C. Stieger and P. Deplazes, unpublished data].

The diagnostic strategy for the detection of E. multilocularis in the collected
samples was performed as described by Mathis and Deplazes [32]. A coproantigen
ELISA (EM-ELISA) [33] was used as a screening test and the results were confir-
med by PCR [34] using 22 coproantigen positive and 18 negative samples [C.
Stieger and P. Deplazes, unpublished data]. The sensitivity of the ELISA for patent
infections, as determined by egg isolation and PCR, was 89% and comparable with
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the sensitivity (84%) of the same test determined with samples obtained from killed
animals [33]. These data confirm other results of E. multilocularis coproantigen
studies applied in the field [35, 36].

2 100000
§ .0.... e subadult foxes
= A ° A adult foxes
3 U
2 10000 S
i A
§ 1'000 Lﬂ_w&.
re5) ! 4
Q (_J
g A o
c VYN
S 100 aa ) o0e,
Angee,,,
A e0gegq
10 & %o,
VYN %0000,
MAAM (]
A °
MA o
1 T T T T T T m T
0 10 20 30 40 50 60 70 80
foxes investigated

Fig. 3: Distribution of the E. multilocularis biomass in 65 adult foxes and 68 subadult foxes sampled in the city
of Zurich (Switzerland) in winter (November- February).

The analyses of 647 fox faecal specimens collected within the city revealed copro-
antigen-positive samples in 10% up to 60% in different areas. The spatial distribu-
tion of coproantigen positive samples (Fig. 4, A and B) was in accordance with the
different prevalences found in necropsied foxes [9] and gave evidence for a high
contamination with E. multilocularis in the recreational area. Furthermore, it is
worth to note that 47 faecal samples were found directly on vole ground systems of
A. terrestris where signs of predation activities of carnivores were observed. Meta-
cestodes of E. multilocularis were identified morphologically, by PCR [32] and by
an ELISA specific for E.multilocularis antigen [37]. In 72 (9.2%) of 781
A. terrestris trapped in the recreational area mainly at the city border
E. multilocularis were detected (Fig. 4, C and D). Protoscolices (14-240,000) were
seen in 24 animals. However, other important intermediate hosts, such as Microtus
and Clethrionomys species need to be investigated to assess their role in this urban
cycle.
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Fig. 4 (A-D): Distribution of coproantigen negative and positive faeces (A and B), and of Arvicola terrestris
negative and positive for Echinococcus multilocularis (C and D) in the city of Ziirich (Switzerland). Dark grey:
rivers and lakes; bright grey: densely populated area; white: recreational area; black line: border of the city.

4. E. multilocularis infection in urban domestic carnivores

Our data show that an urban wild-life cycle of E. multilocularis in Zlrich does exist
and hence, a potential infection risk not only for urban residents, but also for do-
mestic dogs and cats which may acquire the infection by preying on metacestode-
infected rodents. In certain epidemiological situations in Alaska and China high
prevalences of E. multilocularis have been found in domestic dogs (1-12%) which
apparently were mainly responsible for the transmission of the infection to humans
[3, 4]. In other endemic areas, e.g. Europe, USA, Japan, the epidemiological signifi-
cance of domestic carnivores is uncertain. In France and Germany, studies perfor-
med on dogs and cats at necropsy revealed local E. multilocularis prevalences of
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0.5% to 5.6% [38, 39]. Such necropsy studies have the disadvantage that the ani-
mals mostly represent a selected population and only low numbers of animals can
be examined. Nowadays, modern techniques allow surveys of larger populations of
living animals. Low E. multilocularis prevalences of 0.3% and 0.4%, respectively,
were found in Switzerland in 660 randomly selected living domestic dogs and in
263 cats by detection of specific coproantigen and confirmation of positive results
by PCR [33]. Higher infection rates of 7% in 86 dogs and of 3% in 33 cats were
discovered in a rural area of western Switzerland with a high prevalence of
E. multilocularis in fox and rodent populations [40].

The high prevalence of Taenia taeniaeformis (11.4%) in the Arvicola terrestris po-
pulation in the city of Zirich, and the fact that T. taeniaeformis was not found in
foxes in this area [9] indicate that domestic cats also could acquire E. multilocularis
infections. However, the zoonotic significance of E. multilocularis infections in cats
is probably low due to a retarded development and strongly reduced egg production
of the worms [41].

Irrespective of the relative significance of dogs and cats for contaminating the envi-
ronment with E. multilocularis eggs it should be stressed that all dogs and cats in
endemic areas with access to rodents should be regarded as potential sources of hu-
man infection [42].

5. Future control of AE in urban areas

In view of the stable epidemiological situation of human AE in Switzerland [see
introduction] there doesn’t seem to be an urgent requirement for control measures
against E. multilocularis. Nevertheless, the high prevalence of E. multilocularis in a
growing urban fox population and the emerging public awareness concerning urban
zoonosis might force officials to implement control strategies in the future. There-
fore, active and thoroughly planned information campaigns about the presence of
this zoonosis and its associated potential risks should be carried out [43] paralleled
by further research on possible control strategies.

A reduction of the abundance of intermediate hosts is very difficult and ecologically
questionable. The impact of fox culling is controversially discussed and is
dependent on different parameters (e.g. [44]). A study on an urban fox population in
London showed that hunting mainly affects the population structure and that a
reduction in fox numbers can hardly be achieved with conventional control methods
[13]. Culling could even have a counterproductive effect on zoonosis prevention
[45], because recolonization of areas and spatial perturbation caused by culling
could facilitate disease transmission.

A control strategy by repeated treatment of rural foxes with baits containing 50 mg
praziquantel (20 baits per km2 distributed by aircraft) over large areas in Germany
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has shown that the prevalence of the parasite can be significantly reduced in the fox
population. [7, 8]. However, the long-term effects and the cost-effectiveness remain
to be determined. Fox baiting in urban areas has so far not been critically studied,
not even for rabies control.

In a preliminary investigation we documented the uptake of baits in urban areas by
means of camera traps. These results revealed that domestic cats and foxes were
most frequently photographed at baiting places but neither cats nor the few obser-
ved stone martens and badgers did eat the baits [D. Hegglin, unpublished data].
Most of the 144 baits delivered in summer 1999 were taken up within three days by
foxes (39 baits), followed by hedgehogs (14 baits) and domestic dogs (2 baits).

The cycle of E. multilocularis in urban settings seems to be determined by the small
home ranges of foxes and the distribution of suitable intermediate hosts. Therefore,
local interaction in the cycle reducing the infection pressure in defined areas (e.g.
public parks, swimming pool areas, private gardens) should be feasible. Field stu-
dies in Zirich on the control of the E. multilocularis infection in urban areas by
distributing praziquantel-containing baits manually are currently being carried out.
Similarly, a baiting campaign is planned in Sapporo (Japan) [Y. Oku, personal
communication].
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Abstract

In recent years the increasing red fox population (Vulpes vulpes) of central and
western Europe began invading urban habitats. As a result foxes live today in close
vicinity to humans and their pets in many cities. As rabies is not yet extinct in
Europe, and the small fox tapeworm Echinococcus multilocularis - a helminth that
causes Alveolar Echinococcosis (AE), a severe human liver disease — is widespread
in European fox populations, there is an increasing demand for effective fox baiting
strategies in urban areas. In this study, bait uptake was evaluated using camera traps
in Zurich, Switzerland. Baits with and without the anthelmintic Praziquantel were
placed in several ways (exposed, covered and buried), at different locations (at dens,
compost heaps and fox tracks) and in different seasons (early summer, summer,
winter). In 756 trap nights, 91 of 252 surveyed baits (36%) disappeared within 3
days. Although the presence of camera traps significantly lowered the overall bait
disappearance rate compared to the control sample without camera traps, most of
the baits were consumed by foxes (44 baits). The other bait consuming species were
hedgehogs (Erinaceus europeus, 17 baits), snails (9), dogs (8) and rodents (4). In 9
cases, identification of the bait consuming species was not possible. Domestic cats,
stone martens (Martes foina) and badgers (Meles meles) never accepted the baits.
Logistic regression revealed significant differences in bait uptake of foxes by
location type, season, bait type and general activity of foxes at the different sites.
Highest bait uptake by foxes was during summer, at compost heaps, for baits
containing the anthelmintic agent Praziquantel and at places where a high general
fox activity was detected. To achieve high fox specificity, baits in urban areas
should be slightly buried. A short prebaiting period does not increase the uptake of
baits, but the addition of the anthelmintic agent Praziquantel can minimise the
competition with other species. Hence a combination of a rabies vaccine and
Praziquantel in baits would not lower the efficiency of an oral vaccination
campaign.
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Introduction

On the European Continent, a heavy rabies epizootic caused an extreme decline of
fox population densities in the 1960s and 1970s (Breitenmoser et al. 2000). Due to
an oral vaccination campaign, using commercial vaccine baits with an attenuated
virus (Virbac SAG2), fox populations in Switzerland recovered after 1984 and
rabies came to an end in 1996 (Wandeler et al. 1988, Breitenmoser et al. 2000).
Today, the population density of red fox, the only vector species of terrestrial rabies
in Switzerland, is even higher than in different European countries before the rabies
epizootic (Breitenmoser et al. 2000, Chautan et al. 2000). Apart from these
population trends in rural areas, in the past 15 years foxes have started to colonize
many European cities (Christensen 1985, Moller 1990, Gloor et al. 2001).
Nowadays, the situation is similar to that in Great Britain (Gloor 2002), where
urban foxes have been well known for over sixty years (Teagle 1967, Beames 1972,
Harris 1977, Macdonald and Newdick 1982), and urban fox populations reach
higher densities than in most rural areas (Harris 1981, Harris and Rainer 1986). It
was speculated that the high number of foxes in cities and villages, in close contact
with domestic pets and humans, could increase the risk of zoonoses, such as rabies
and Alveolar Echinococcosis (AE) — a severe human liver disease caused by the
small fox tapeworm Echinococcus multilocularis (Bacon and Macdonald 1981,
Harris et al. 1991, Eckert and Deplazes 1999).

In Zurich, 47% of the urban foxes are infected with E. multilocularis (Hofer et al.
2000). Urban areas, intensively used by the public, such as public parks, allotment
gardens or private gardens, are contaminated with fox feces containing
E. multilocularis eggs, which are the source of infections for AE (Stieger et al.
2002). Studies in rural areas have already shown that the prevalence of this parasite
in foxes, the main definitive host, can be reduced by distributing baits containing
the anthelmintic Praziquantel (Schelling 1997, Tackmann and Conraths 2000).
Because of the increasing urban fox populations and the existence of the parasite
cycle within urban areas questions are raised about possible countermeasures
against this parasite in densely populated areas (Deplazes et al. 2002).

Up to now, urban areas were considered as barriers in rabies control strategies on
European Continent (Steck et al. 1980), but the invasion of urban areas by foxes
changed this situation dramatically and new strategies have to be developed for the
case of a possible new rabies outbreak (Harris et al. 1988, Saunders et al. 1997,
Baker et al. 2001). In Great Britain, poisoned baits were planned to be delivered in
urban areas in the event of a rabies outbreak (Harris et al. 1991). However, the
effectiveness of this strategy has been questioned (Bacon and Macdonald 1980) and
after the experience of the successful oral vaccination campaigns during the last
rabies epizootic on the European Continent (Miiller et al. 2000), the distribution of
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baits containing poison in urban areas would hardly find acceptance by the public.
In our study we therefore focused on control strategies based on oral vaccination
campaigns.

An effective baiting strategy is characterized by high bait acceptance of the target-
species and low bait acceptance of non—target species (Guthery 1984). In urban area
different factors can complicate the successful uptake of baits. Dogs, cats and
different wild mammals (e. g. stone martens, raccoons) can reach very high
population densities in cities and may strongly compete for distributed baits
(Hadidian 1989, Andelt 1996). Different food supply for foxes can alter the relative
attractiveness of baits and reduce bait acceptance in urban habitats (Wandeler
2000). However, the high population densities with more than 10 adult foxes per
km? (Gloor 2002) demand a very effective baiting strategy to reduce the rabies
susceptible population below the threshold density (Anderson 1986, Smith and
Harris 1991, White et al. 1995). At the same time an urban baiting strategy should
guarantee a low risk for contact by humans and domestic animals with the vaccine,
especially if baits contain live attenuated rabies vaccine (Rosatte 92, Wandeler
2000).

The aim of this study was to provide basic data for an effective strategy to reach
foxes with baits in urban areas. We evaluated the significance of other urban
species, which can compete for baits, and identified factors affecting bait uptake by
foxes and species specificity of bait delivery.

Methods

Study Area

The study was carried out in the city of Zurich, the largest urban area of Switzerland
with some 1,000,000 inhabitants total and 352,000 inhabitants in the actual
Community of Zurich. As far as hunting is concerned, Zurich is organized as a
game sanctuary and covers an area of 92 km? consisting of 53% urban area, 24%
forest, 17% agricultural area and 6% water (Statistical department of the city of
Zurich 2000). The experiments were carried out in the urban area of the Zurich.

Urban Wildlife

Foxes have reached a high population density in the urban area with more than 10
adults per km? (Gloor 2002). They are mainly organized in family groups with three
or more adults. Home ranges are generally small (100% MCP mean seasonal home
range size: females 28.8 £ 22.7 ha, males 30.8 = 11.0 ha) and have strong
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Table 1. Estimated number of animals (No. estimated), number of animals found dead per year (No. dead)
and number of animals shot per year (No. shot) in the community of Zurich (92 km?), Switzerland.

species No. estimated No. dead No. shot
red fox 600 * 127 ° 100 °
domestic cat 20,000 ° n.i. n.i.
domestic dog 6,500 ¢ n.i. n.i.
hedgehog 2,000 — 5,000 °© n.i. n.i.
stone marten n.i. 11 ° 17 °
badger 140 ° 9P 0P
roe deer (Capreolus capreolus) 300 " 64 P 72 °
carrion crow (Corvus corone) n.i. n.i. 287 °

n.i.: no information available

agstimation according to Gloor et al. (Gloor 2002)

bGame sanctuary report of the city of Zurich 99/00

cEstimation according to information from a Swiss pet food producer (EFFEMS, personal communication)
dDog tax of Zurich (data 2000)

eReport of department for public areas of the city of Zurich (green department of the city of Zurich 1992)

overlapping with the home ranges of other members of a family group (Gloor
2002).

Different species of domestic and wild animals that potentially compete for the baits
also occur in high numbers in the city (Table 1). Population densities of hedgehogs,
domestic cats and dogs by far exceed the population density of foxes. According to
the information of the local animal welfare organization (S. Gloor, Zircher
Tierschutz, personal communication) only a few stray cats and stray dogs live in
Zurich. People usually walk their dogs on a leash.

Baits

The commercially available baits weighed 13.5 g (Impfstoffwerk Dessau Tornau
GmbH, Germany) and their matrix consisted of Altrofox 91, which is the same
matrix as in the widely used rabies vaccine bait Rabifox® (Impfstoffwerk Dessau
Tornau GmbH, Germany). Half of the baits contained 50 mg of the anthelmintic
Praziquantel (Droncit® Bayer AG, Germany).
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Fig. 1. Arrangement of camera trap, trigger device and bait (bold: type of picture) in Zurich, Switzerland,
1999-2000.

Camera Traps and Different Types of Pictures

The camera traps were built by the mechanical institute of the Theodor Kocher
Institute (University of Bern). They were composed of a compact camera (BRAUN
Trend DX AF 3 and AF-C, 35mm, auto—focus), two passive—infrared movement
sensors, an electronic control and a solid waterproof plastic box. The camera trap
recorded date and time of each exposure (data back). A BASIC-Stamp (Parallax,
Inc., California, USA) allowed the coding of complex control programs (PBASIC
interpreter).
Each bait was placed at a distance of about three meters from the camera trap. Baits
were linked with a short (10 cm), loosely fixed plastic band with the camera trigger
device. A small piece of reflector foil was attached to the plastic band which
reflected in the case of the photo flash. We were therefore able to assess the bait
presence on each picture (Fig. 1). The program for the camera traps allowed for
pictures of the following types:

1. Bait shot. The off-take of a bait closed an electric circuit and triggered the
camera trap three times with an intermission of eight seconds. To ensure the
identification of the bait consumer, three additional pictures were taken if the
movement sensors were activated. The first picture that allowed the
identification of the bait consumer was defined as the bait shot (Fig. 1). The
other pictures were excluded from analyses.

2. Movement shot. The activation of both movement sensors triggered the camera
trap. The resulting pictures are defined as movement shots. After one
movement shot, the camera was blocked for 15 minutes from taking further
movement shots (but not bait shots). The number of movement shots was
limited to eight pictures per 24 hours to save footage (Fig. 1).

Seite 120



Manuskript F (submitted):
Baiting red foxes in urban area: a camera trap study

3. Opportunity shot. For every picture it was considered whether a photographed
animal had access to the bait. Accordingly all movement shots that were taken
before the bait was removed and all bait shots were additionally classified as
opportunity shots.

We defined bait acceptance as the number of removed baits divided by the number

of opportunity shots expressed in percentages.

Experimental Design

We selected 24 different sites in the urban area (private gardens, allotments,
industrial areas, cemeteries), where we installed two camera traps at a distance of 10
to 20 m from each other. A bait containing Praziquantel was placed in front of one
camera and a bait without this agent in front of the other to assess the influence of
Praziquantel on the attractiveness of the baits. Since prebaiting can improve bait
acceptance of some species (e. g. Tietjen 1982, Sughihara 1995), after three days
new baits were placed to all baiting sites. This procedure was repeated twice and
after nine days the traps were removed. Every time a bait was replaced, the method
of placement was changed (exposed, covered or buried). The order was balanced
according to selected location type (fox den, compost heap, fox track). Both baits at
one site (with/without Praziquantel) were always placed in the same manner.

We selected six fox dens with cubs for a first experiment. This experiment was
conducted during the early summer of 1999 (from June 6, 1999 to July 30, 1999).
For the main experiment we selected another six fox dens with cubs and
additionally, six compost heaps and six fox tracks. The selection of these camera
trapping sites was based on the results of a telemetry study on urban foxes carried
out in the same area (Gloor 2002). We selected the trap sites in a way that members
of one family group did not have access to different sites of one location type. Baits
were delivered to these 18 camera trap sites in summer 1999 (July 20 to August 27,
1999) and in winter 2000 (January 25 to March 3, 2000).

Control

The camera traps were previously tested in a different project during 1997 (August
26, 1997 to September 18 1997). In this study we set the camera traps in the same
area, but without the use of bait. With this data, we tested whether the number of
activity shots is mainly a result of an attractive effect of the baits or whether it gives
a general impression of the presence of different species around the baiting place.
We compared the data from 1997 (20 camera trap sites, 167 trap nights) with the
data from summer 1999 (18 camera trap sites, 324 trap nights).

We also tested the effect of the camera traps on the disappearance rate of the
delivered baits. In the summer of 2000 we therefore delivered baits in exactly the
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same way at the same places as in summer 1999, but without the use of a camera
trap and trigger device.

Statistical Analyses

Statistical analyses were performed with SPSS-PC Version 10.0. A stepwise
forward logistic regression was used to control for the influence of the following
variables on bait uptake by foxes (dependent variable “uptake by fox”: [1] bait not
taken by fox, [2] bait taken by fox): “location” ([1] fox den, [2] compost heap, [3]
fox track); “season” ([1] early summer, [2] summer, [3] winter); “method of
placing” ([1] exposed, [2] covered with surrounding material [3] slightly buried in
the soil); “type of bait” ([1] with Praziquantel, [2] without Praziquantel); “bait
number” ([1] first bait at one location, [2] second bait, [3] third bait); “fox activity”
(mean number of movement shots of foxes during three days).

We compared differences in bait acceptance and bait uptake among different
species by 2 tests. If the minimum entry in the table of expectation was less than 5,
P—values were calculated with the program Actus (Estabrook and Estabrook 1989)
that performs randomized contingency tables and gives probabilities for deviations
from expected values. Further univariate statistical analyses were performed with
Mann-Whitney U-test and Kruskal-Wallis test. All P values were Bonferroni
corrected (Rice 1989).

Results

Control

Comparison of baited versus non-baited sites revealed that the baits had no
particular attracting effect on foxes. The mean number of activity shots per trapping
night was 0.54 +0.11 SE in 1997 and 0.48 +0.12 SE in 1999. Additionally for
dogs, badgers and martens we recorded no significant difference between camera
traps with and without baits. Hedgehogs were photographed 0.038 + 0.019 SE times
per night when baits were absent and 0.238 + 0.010 SE times per night when baits
were present. Due to Bonferroni correction this difference was not significant. The
only species significantly attracted by the presence of baits were domestic cats.
Without baits 0.25 + 0.08 SE pictures and with baits 0.90 + 0.16 SE pictures per
night were recorded (Mann-Whitney U—test: Z = -3.62, P < 0.01).

We also compared the disappearance of 108 baits with camera traps (summer 1999)
and 108 baits without camera traps (summer 2000) within three days. Overall we
found a significant lower disappearance rate for baits with camera traps (46%) than
for baits without camera traps (75%; y* = 18.6, P < 0.001).
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For experiment and control we looked at the influence of the variables “location”,
“method of placing”, “type of bait” and “bait number” on the disappearance rate
with a stepwise forward logistic regression. In both analyses “method of placing”
was the only variable that had a significant effect on bait disappearance and entered
the model (experiment: y*=17.9, P < 0.001, n = 36; control: y*=10.8, P <0.01,
n=236). In both the experiment and the control, exposed and covered baits
disappeared more often than the buried baits (experiment: 63.9% of exposed baits,
58.3% of covered baits and 16.7% of buried baits; control: 88.9% of exposed baits,
80.6% of covered baits and 55.6% of buried baits). Nevertheless, the camera traps
did not lower the bait disappearance in general, but according to the selected
location type: In the experiment more baits disappeared at compost heaps (61.1%)
than at fox dens (38.9%) and fox tracks (38.9%), whereas in the control it was just
the reverse with comparable disappearance rate for compost heaps (63.9%) but
more disappeared baits at fox dens (83.3%) and fox tracks (77.8%).
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Table 2. Number of activity shots, opportunity shots, removed baits (number of bait shots and number of
removed baits with evidence for a certain species); percentage of removed baits and derived bait
acceptance in Zurich, Switzerland, 1999-2000.

activity — opportunity removed baits® bait

shots shots bait shots evidence total % total acceptance
fox 373 258 44 0 44  48.4% 17.1%
domestic cat 525 431 0 0 0 0.0% 0.0%
domesticdog 71 46 8 0 8 8.8% 17.4%
hedgehog 79 46 14 3° 17 18.7% 37.0%
stone marten 32 27 0 0 0 0.0% 0.0%
badger 18 12 0 0 0 0.0% 0.0%
carrion crow 1 1 0 0 0 0.0% 0.0%
other birds 277 277 0 0 0 0.0% 0.0%
snail n.r. n.r. n.r. 9° 9 9.9% n.r.
rodent n.r. n.r. n.r. 4¢ 4  4.4% n.r.
not identified  n.r. n.r. 2 7 9 9.9% n.r.
Total 1376 1098 68 22 91 100.0% n.r.

n.r.: not recorded

a22 baits disappeared although the trigger was not removed. Species were identified according to activity
shots and traces.

bseveral opportunity shots of hedgehogs with contact to the bait

ca lot of snail mucus and no indication of other species

dseveral opportunity shots with rodents just near the bait

Bait Acceptance

We observed 252 baits with camera traps each for three days and nights and
collected 1376 pictures. The main activity at the baiting sites was by cats, foxes and
various birds (Table 2). In total, 91 baits (36.1 %) disappeared within three days.
About half of the baits were removed by foxes (Table 2). The other baits were
consumed by hedgehogs, dogs, mice and snails. We were not able to identify the
species in three times due to technical problems. 22 baits disappeared although the
trigger was not removed from the trigger device. This is only possible if the bait is
treated cautiously and eaten piece by piece without being removed. Viewing the
activity shot and looking at evidence at the baiting site indicated that most of these
baits were consumed by snails, mice and hedgehogs (Table 2).

The 278 pictures of birds included a carrion crow (1 x Corvus corone), domestic
chickens (17 x Gallus gallus), blackbirds (267 x Turdus merula) and various other
songbirds (n = 9). There was no picture showing a bird manipulating the bait and it
seems that the presence of birds was not associated with the presence of bait. In
contrast, cats apparently were interested in the baits and often sniffed at them, as did
stone martens and badgers. In 11 out of 27 pictures of martens and in 4 out of 12 of
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Table 3. Results of the stepwise forward logistic regression with “uptake by fox” as dependent and
“location”, “season”, “type of bait”, “fox activity”, “method of placing” and “bait number” as independent
variables. “method of placing” and “bait number” did not enter the model. In italic the values for the dummy
variables.

variabel label B S.E. Wald df P Exp(B)
"location” 9.93 2 0.007

location (1) den -0.62 0.80 0.61 1 0437 054
location (2) compost 1.32 059 5.03 1 0.025 3.76
"season” summer 1.25 057 481 1 0.028 3.49
"type of bait” -1.09 053 4.23 1 0.040 0.34
"fox activity” 0.38 0.10 14.16 1 0.000 1.46
constant -3.52 0.67 27.30 1 0.000 0.03

badgers, the animals were oriented to the bait, and the distance between snout and
bait was estimated to be less than 50 cm. Nevertheless, these species never took the
bait (Table 2). On the other hand bait acceptance (number of removed
baits / number of opportunity shots) by dogs was the same as by foxes (17.4% and
17.1%; %2=0.003, P >0.1) and bait acceptance by hedgehogs was significantly
higher than the bait acceptance by foxes (37.0% and 17.1%; y* = 4.53, P < 0.05).
For foxes, bait acceptance was highest at the fox dens tested during early summer
(28.4%, 67 opportunity shots), and significantly less at fox dens tested in summer
and winter (5.6%, 54 opportunity shots; y = 10.45, P < 0.002). A comparison of the
bait acceptance of foxes at fox dens, compost heaps and fox tracks revealed no
significant differences between summer and winter data (P <0.05, Actus
randomization test). Therefore we compared the pooled summer and winter data to
investigate differences in bait acceptance at different location types. Foxes accepted
the bait significantly more often at compost heaps (21.3%, 75 opportunity shots)
than at fox dens (5.6%, 54 opportunity shots) and fox tracks (9.7%, 62 opportunity
shots; = 7.81, P < 0.05).

Factors Affecting Bait Uptake by Foxes

Factors possibly affecting bait uptake by foxes were tested by means of a stepwise
forward logistic regression. To compute the model we counted baits consumed by
species other than fox as baits not taken by fox. Since the observed acceptance at
fox dens in early summer was not the same as for fox dens observed in summer and
winter, we analyzed this data separately.

Only one variable entered the logistic regression model for the fox dens tested in
early summer (model y? 10.4, P = 0.001): the number of fox activity shots (Reoef
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Table 4. Number of baits distributed (No. bait), number of baits consumed by foxes (No. fox) and mean fox

activity (activ. x) at the different location types during early summer (es), summer (su) and winter (wi) in
Zurich, Switzerland, 1999-2000. Baits with Praziquantel and without Praziquantel are shown separately.

location (season) without Praziquantel with Praziguantel total

No. bait No.fox activ. x No.bait No.fox activ. x No.bait No.fox activ. x

fox den (es) 18 11 4.00 18 8 4.47 36 19 4.24
fox den (su) 18 0 117 18 2 0.56 36 2 0.86
compost heap (su) 18 6 2.44 18 7 1.78 36 13 211
fox track (su) 18 1 0.50 18 4 2.22 36 5 1.36
total summer 54 7 1.37 54 13 152 108 20 1.44
fox den (wi) 18 0 011 18 1 117 36 1 0.64
compost heap (wi) 18 0 0.33 18 3 0.78 36 3 0.56
fox track (wi) 18 1 1.28 18 0 0.39 36 1 0.83
total winter 54 1 0.57 54 4 0.78 108 5 0.68

0.41, £0.17 SE, Wald =5.7, P =0.017, Exp(B) = 1.51). At baiting sites with more
activity shots, the chance that bait was taken by a fox increased. The variables “bait
number”, “type of bait” and “method of placing” had no significant influence on
bait uptake by foxes.

For the main experiment we additionally tested the variables “location” and
“season”. The final model (Table 3) included the four predictors “location”,
“season“, “type of bait” and “fox activity” (model %= 42.5, P < 0.001) and had
predictive values of 24.0% for the events “bait removed by fox* and 96.9% for the
events “bait not removed by fox“ (overall predictive value 88.7%). The variables
“method of placing” and “bait number” did not enter the model. Overall most baits
were consumed at fox dens in early summer and at compost heaps (Table 4). In
general foxes took many fewer baits in winter. If there were generally a large
number of foxes at a baiting site (activity shots) more baits were taken by foxes. In
the main experiment, more Praziquantel-containing baits were taken by foxes than
baits without this agent (Table 4). On the other hand all 4 baits consumed by mice
and all 6 baits disappearing without the trigger device being activated (indicating a
small animal consumed the bait piece by piece without removing it) did not contain
Praziquantel.
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Fig. 2. Number of exposed, covered and buried baits that disappeared by different species in Zurich,
Switzerland, 1999-2000. Number of delivered baits: n (openly exposed) = 84, n (covered) = 84, n (buried)
=84.

Baits tended to be more accepted by foxes if they were offered exposed or covered,
but not buried. This difference was not significant. Burying baits prevented to some
extent the uptake of baits by other species (Fig. 2): 23 exposed (27.4%) and 19
covered baits (22.6%), but only 5 buried baits (6.0%) were taken by animals other
than foxes (% = 13.8, P = 0.001). Furthermore, buried baits never melted as was the
case for six exposed and two covered baits that were placed at sites with little
shadow during early summer and summer.

Baits not Removed

Of the 252 baits monitored with camera traps, 162 baits (64.3%) did not disappear
within three days. Many of the remaining baits showed a reduction in mass. In this
cases snails and, to a much lower extent, other invertebrates (e. g. ants, isopods)
were found directly on the baits and / or mucus of snails and signs of rodent teeth
were visible on them indicating that the loss of mass can mainly be attributed to
snails and rodents.

In early summer and summer significantly fewer baits were still present after three
days (69 of 144 baits, 47.9%,) than in winter (93 of 108 baits, 86.1%, Xz =39.21,
P <0.001). Furthermore, the mean mass reduction of the remaining baits was
significantly more pronounced in this period (early summer and summer:
20.1% + 3.6% SE mass reduction, n=69 vs. winter: 2.1% +0.7% SE mass
reduction n = 93; Mann-Whitney U—test: Z = -3.28, P < 0.001).
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The method of bait placement significantly influenced the extent of mass reduction.
Burying the baits, especially in summer, when the mean mass loss was higher,
prevented bait consumption by small animals (mean loss of bait mass:
6.4% + 3.1% SE, n=35) compared to covered baits (mean loss of bait mass:
25.0% + 7.1% SE, n=19) and exposed baits that experienced a huge loss of bait
mass (mean loss of bait mass: 46.0% + 8.9% SE, n =15; Kruskal-Wallis test:
v*=19.62, P <0.001). In summer the amount of snail mucus around exposed and
covered baits was often very high, indicating intense foraging activity whereas in
winter there was generally only a small amount of snail mucus around the
remaining baits.

Discussion

Evaluation of Method

Field evaluations of bait uptake have usually been done by checking individually
marked baits for disappearance, or by searching for a biomarker that was added to
the baits in target and non-target animals (Linhart et. al., 1997). Checking baiting
sites is an efficient evaluation method and, under specific conditions, it can give
valuable information about species specificity (e. g. Guthery 84). In urban areas
with a high amount of sealed ground and a high general activity of many animal
species, this method can, however, give only vague information about possible and
real bait consumers. A biomarker can ideally give a direct measure of the portion of
animals reached in a target population (e.g. Kappeler 92, Olson 2000). But in
practice, this method is very labor intensive because it depends on a large study area
to minimize border effects and requires a large sample size of target and non-target
animals. In contrast, the evaluation of bait uptake using camera traps is a non-
invasive control method that yields detailed data regarding bait competition
between different species under different conditions.

The comparison of camera trap sites with and without baits revealed that the activity
of foxes around baiting sites is not significantly affected by the presence of bait.
Therefore we can conclude that the number of activity shots is a valid measurement
for the general activity of foxes at different baiting sites. Nevertheless, in contrast to
Grtler et al. (1982), our control experiment without camera traps provides evidence
that the installation of camera traps lowered the bait disappearance rate (46% with
camera traps, 75% without camera traps). This difference could also be explained
by simple annual variations, but an ongoing study on the effect of distributing
Praziquantel-containing baits gives evidence that bait disappearance is generally
higher if baits are not monitored with a camera trap. Presumably the installation of
the traps and/or the slight fixation of the bait to the trigger device increased the
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wariness of potential bait consumers. We assume that this is especially true at fox
dens and fox tracks where human activity is typically much less common, and
therefore foxes are more cautious than at compost heaps, and therefore show lower
bait acceptance. Accordingly we recommend placing camera traps and trigger
devices several days before the baits are placed in future studies. Nevertheless,
results such as the influence of the method of placing baits, are consistent with the
simple monitoring of bait disappearance and indicate that camera traps provide a
valid and powerful tool to evaluate baiting techniques, helping to improve existing
baiting strategies.

Bait Uptake by Different Species

In rural areas of Italy, Belgium, Luxembourg and Germany the disappearance rate
of similar types of baits was considerably lower than in our control experiment
(baits without camera traps) and ranged between 18% and 42% (Linhart et al.
1997). Our study revealed that about half of the removed baits in an urban area were
actually taken by foxes. The most important competitors for baits in urban habitats
were dogs and, surprisingly, rodents, snails and hedgehogs, which can reach
considerably higher population densities in urban compared to rural areas
(Bontadina et al. 1993, Zingg 1994).

In Brooklyn, New York, Calhoon and Haspel (1989) recorded densities of free—
ranging domestic cats of up to 4.9 individuals per ha, exceeding the highest
registered population densities for urban foxes (Harris and Rayner 1986, Baker et
al. 2000). The large number of activity shots of domestic cats (38% of all activity
shots) indicates the abundance of free ranging cats in Zurich. Nevertheless, they
never removed the baits. This points to the importance of selecting bait types that
are not attractive to possible bait competitors.

The anthelmintic Praziquantel is a very bitter substance. Hence — according to the
experience of veterinarians — the application of this agent is difficult for some
species (e.g. domestic cats). The fact that Praziquantel-containing baits were more
often consumed by foxes could at least partly be caused by the avoidance of these
baits by other species. Consequently, the application of Praziquantel to urban foxes
is feasible and it would be worthwhile investigating the effect of this antihelmintic
on an urban cycle of E. multilocularis.

We assume that the lower disappearance rate at baiting sites with camera traps is
mainly caused by reduced bait acceptance by foxes. According to hunters
experience, game species like foxes, badgers and stone martens, can be very
cautious and often do not accept baits if there was too much manipulation at a
baiting site, unlike dogs, cats and hedgehogs. Based on the interest in the baits that
martens and badgers exhibited in some photographs, we cannot rule out that these
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species may also accept baits occasionally. Nevertheless, Kappeler (1992) found a
considerably lower proportion of badgers and stone martens positive for tetracyclin
compared to foxes in areas where vaccine containing chicken heads have been
distributed. Furthermore, these two species were photographed for fewer times than
foxes (Table 2), and it is unlikely that they could be strong bait competitors due to
their low relative population densities (Table 1).

Even if there is a lack of controlled rabies management experiments (Schubert
1998) there is overwhelming evidence that rabies vaccination is a very effective
strategy to stop a rabies epizootic (e. g. Muller 2000). There is a general consensus
that the density of foxes susceptible to the disease has to be lowered under a specific
threshold value to stop the transmission of rabies (Anderson 1986). It was estimated
that from 94% up to 98% (Anderson 1986) or around 75% (Smith and Harris 1991)
of an urban fox population should be reached with baits. In reality these modeled
values can hardly be achieved. In the urban area of Bristol (UK) baits with a blood
marker were delivered to simulate a poisoning campaign. The study revealed that
the baits reached an insufficient amount of 17-35% of the urban fox population
(Trewhella et al. 1991). In Switzerland, culling did not have a significant effect on
the rabies epizootic in the rural areas during the 1970s, when culling even during
close season and the gassing of fox dens was carried out extensively (Zanoni et al.
2000).

In contrast to culling, the vaccination of foxes has the advantage that living, but
immune foxes can act as barriers to the movement of infected individuals (Bacon
and Macdonald 1980). Therefore lower numbers of foxes may have to be reached to
prevent effectively the spread of rabies. However, a strategy of rabies control in
urban areas is dependent on very effective baiting methods, which additionally
could be combined with other measures to restrict urban fox population densities.

Management implications

Our results indicate urban foxes readily accepted the delivered baits and that most

bait consumption was by this species. However, hedgehogs, dogs, snails and

rodents were important competitors for baits in this study. For an efficient and

selective baiting strategy for urban foxes the following recommendations are given:

1. Baits should be slightly buried in order to achieve a high species specificity and
to prevent hedgehogs, rodents and snails from feeding on them.

2. Baiting places should be selected where domestic dogs have no or restricted
access.

3. Selecting particular location types and baiting periods (e. g. fox dens during
early summer) can increase the uptake rate of baits.
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4. Baiting sites should be chosen not only at attractive places for foxes but
especially where foxes show a high activity.

5. A short prebaiting period does not increase the uptake of baits by foxes
(compare variable “bait number”).

6. Praziquantel does not reduce the uptake of baits by foxes. As other bait
consumers seem to prefer baits without Praziquantel, this agent can even
improve uptake. Hence a combination of a rabies vaccine and Praziquantel in
one bait should not lower the efficiency of an oral vaccination campaign against
rabies.

As many baits will not be consumed by foxes, it might be advisable for safety
reasons to mark vaccine containing baits in urban areas and to recollect them, if
they have not disappeared within several days. However, an anthelmintic treatment
would not have to fulfil the same safety requirements as an oral vaccination
campaign, because in contrast to rabies vaccine, the anthelmintic Praziquantel
represents no risk for urban wildlife or urban inhabitants (Sweet 1987).
Correspondingly the species specificity is of reduced importance and there is no
need to bury Praziquantel-containing baits.
Regarding the high population densities of urban foxes and the inherent problems
with the resulting demand to reach an extremely high proportion of the population
with the rabies vaccine, rabies control in urban areas must also focus on other
measures to lower the risk of a rabies epizootic. Reducing resources for foxes such
as food supply or sheltered dens for reproduction could play an important rule in
such a strategy to keep the population density at a limited level.
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Abstract

In recent years a rise of urban fox populations has been observed in many countries
of the northern hemisphere. As a result Echinococcus multilocularis has invaded the
urban environment. Because of a possible increased risk for alveolar echinococcosis
there is a need to evaluate intervention strategies. In Zurich city, Switzerland, 50
praziquantel-containing baits per km? were distributed monthly in six 1-km? bait
areas and one 6-km? bait area between April 2000 and October 2001. The
proportion of E. multilocularis coproantigenpositive fox feces collected in six
control areas remained unchanged, but decreased significantly in the 1-km? bait
areas from 38.6% to 5.5%, and in the 6-km’ bait area from 66.7% to 1.8%. E.
multilocularis prevalence in the intermediate host Arvicola terrestris also decreased
significantly in baited areas. This controlled baiting study shows that a pronounced
reduction of E. multilocularis egg contamination in urban high endemic areas is
feasible.
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Introduction

The zoonotic tapeworm Echinococcus multilocularis is typically perpetuated in a
wild-life cycle including foxes (genera Vulpes and Alopex) as definitive hosts and
various rodent species as intermediate hosts (1). Accidentally, eggs are also ingested
by humans and the invasion mainly of the liver by the metacestode can cause
alveolar echinococcosis (AE), a severe and even fatal disease if left untreated (2, 3).
Studies on the epidemiology of AE are scarce. Risk factors for AE may be
associated with occupational and behavioral factors. However, hunters, trappers and
people working with fur were not at increased risk for AE in South Dakota, USA
(4). Older data from central Europe have indicated that persons working in
agriculture were at increased risk of infection (5). Contamination of the rural
environment with E. multilocularis connected with farmers activities was indirectly
demonstrated by high prevalences of AE in sows kept indoors but fed with grass
(6). Areas with high water vole densities (Arvicola terrestris) yielded a 10-fold
higher risk for human AE compared to areas with low densities of this important
intermediate host (7). In a high endemic rural area up to 39% of A. terrestris and up
to 7% of dogs with free access to rodents were infected with E. multilocularis (8),
and it was shown that people who have kept dogs around dwellings were at higher
risk from AE, on St. Lawrence Island, Alaska (9).

Red foxes (Vulpes vulpes) are likely to be the most important final host in many
regions (10). In the past two decades foxes have started to colonize cities in many
countries around the world (11-13) and evidence for the establishment of the
parasite cycle in urban areas is increasing (12, 14, 15). In the city of Zurich,
Switzerland, 47% of the urban fox population were found to be infected with
E. multilocularis (16).

It has been proposed that the high number of infected foxes in cities and villages, in
close contact with domestic pets and humans, could increase the risk of AE (15).
Whether the actual incidence rate of AE does reflect a continuing stable and low
infection risk or whether the increased infection pressure in highly populated areas
will lead to a delayed increase in the incidence of AE cases in the future is unclear,
since the disease has a long incubation period of 5-15 years (3). However, there is
evidence that ecological changes resulted in a very high AE prevalence of 4.0% in a
high endemic area of China (17). The high prevalence of E. multilocularis in
densely populated areas and the spread of foxes living in close vicinity to humans
strongly suggest it would be prudent to evaluate possible intervention strategies.
There are only few field studies focussing on anthelmintic treatment of definitive
hosts. Rausch et al. (9) demonstrated in a village of a hyperendemic area (St.
Lawrence lIsland, Alaska) that continuous treatment of dogs with praziquantel
reduces infection pressure of E. multilocularis resulting in lower prevalence in
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locally trapped voles. In extended rural areas of Germany and Japan the distribution
of praziquantel baits in the field was successful in lowering the prevalence of
E. multilocularis in foxes (18-20). But these results can not be transferred to the
condition of agglomerations and urban areas, where up to present no attempt has
been made to evaluate an intervention strategy for foxes.

The urban cycle of E. multilocularis was studied intensively in the city of Zdrich,
Switzerland (15, 16, 21). Fox stomach analyses revealed that Arvicola terrestris was
the most frequently consumed intermediate host (22), and an extraordinary high
prevalence of E. multilocularis (mean 9.1%, maximum 20.9%) could be found in
this vole species living predominantly along the city border (21). Accordingly, the
prevalence in foxes was significantly higher in the urban periphery then in more
central areas (16), and the infection risk for AE might therefore be concentrated
mainly in delimited areas in the urban periphery (15). Since urban inhabitants
frequently use exactly these zones of highest contamination for recreational
activities and their domestic cats and dogs have access to infected voles, the urban
periphery may represent a risk for AE.

In this controlled experimental field study we investigated the effect of anthelmintic
baiting in defined, high endemic urban area and tested 1) if a significant reduction
of E. multilocularis egg contamination and, 2) as an expected consequence, a lower
prevalence in urban intermediate hosts can be achieved.

Methods

Study area

The study was conducted in the political community of Zurich and its near
surroundings. Zurich covers 92 km? and has a human population of 360,000. It
consists of 53% built-over area, 24% forest, 17% agricultural area and 6% water
(23). We divided this area into an urban, a border and a periurban zone. The urban
zone is mainly residential with little green space. The periurban zone consists of
forests, fields, pastures and meadows. The border zone, which divides the urban and
the periurban zone, was defined as extending 250 m from the border of the built-up
area into the residential area of the city and 250 m into the periurban surroundings.
It includes mostly residential areas, allotments, cemeteries, sports fields, public
places and pastures. The border zone and the periurban zone are intensively used by
the public for recreational activities.

As far as hunting is concerned, the city of Zurich is organized as a game sanctuary
and, compared to the high population density of more than 10 adult foxes per km?
(24) , the hunting bag (foxes shot by game wardens) was relatively low during the
course of this study (1.0 shot foxes per km? and year).
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Figure 1. Study area of the controlled anthelmintic baiting experiment in the conurbation of the city of
Zurich. 50 Praziquantel-containing baits per km2 were delivered monthly in six 1-km? bait areas and one 6-
km2 bait area, that alternated along the urban fringe with six control areas. The border of the community of
Zurich is drawn with a black line.

Baits

Commercial baits were used in the study (Impfstoffwerk Dessau Tornau GmbH,
Germany). Each weighed 13.5 g and the matrix consisted of Altrofox 91. This is the
same matrix as in the widely used rabies vaccine bait Rabifox® (Impfstoffwerk
Dessau Tornau GmbH, Germany). The baits contained 50 mg of the anthelmintic
praziquantel (Droncit® Bayer AG, Germany) a highly efficient drug against adult
cestodes.

Experimental design

Along the urban periphery we selected 6 bait and 6 control areas of 1-km?” each and
an additional bait area of 6-km?. Bait and control areas were separated by at least
600 m in order to minimize the chance of individual foxes using two areas (Figure
1). All areas included a similar amount of built-up area, open area (public parks,
cemeteries, allotment gardens, meadows etc.) and woodland in a pattern typical for
the urban fringe (Figure 1). In baited areas, 50 praziquantel containing baits per km?
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were distributed monthly (intervals of 25 to 35 days) during 19 months between
April 2000 and October 2001. Baits were distributed manually at places that were
judged to be frequented by foxes (e.g. fox tracks, fox dens, compost heaps) but not
by dogs. To avoid olfactory contamination baits were always handled with rubber
gloves. Baits were covered with surrounding material to protect from sun at exposed
sites.

Sampling and analyses of fox feces

Fox feces were collected at least once per month in bait and control areas and their
immediate vicinity during the following periods: winter 99/00 (November 1999 to
February 2000), spring 00 (April to June 2000), summer/autumn 00 (July to
October 2000), winter 00/01 (November 2000 to February 2001) and
summer/autumn 01 (July to October 2001). Several criteria such as size, shape,
homogeneity and smell of the droppings were used to distinguish fox feces from
other feces (21). For each of the 1,537 collected fecal samples we recorded the
exact position to an accuracy of 20 m.

E. multilocularis coproantigen detection was performed by a sandwich-ELISA
(EM-ELISA) (25), which was recently validated for field fecal samples in eastern
France (26) and in our study area (21). Coproantigen-positive feces, collected in
bait and control areas during 2001 were further evaluated to check whether infected
foxes in bait areas have predominantly fresh, prepatent infections and do not excrete
E. multilocularis eggs. Therefore, we isolated taeniid eggs out of the fecal samples
followed by E. multilocularis specific PCR as described previously (27).

Sampling and analyses of A. terrestris

In Zurich city we found the highest prevalence in the intermediate host A. terrestris
(21). Therefore, we focused on this species to evaluate the effect of bait distribution
on intermediate host populations. A. terrestris were trapped with unbaited tong traps
(Hauptner Instrumente GmbH, Dietlikon, CH) and Topcat traps (TOPCAT GmbH,
Wintersingen, CH). Traps were set in intervals of one to two months in each bait
and control area from April to November 2000 and from July to October 2001.
Additionally, in the 6-km? bait area, traps were regularly set from July 1999 to
February 2000. All 1,229 dissected rodents were carefully examined
macroscopically for lesions in their livers and other organs. Lesions > 2 mm in
diameter were investigated for E. multilocularis metacestode tissue either
morphologically or by DNA detection using modified PCR (28).
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Statistical analysis

Statistical analyses were performed with SPSS-PC Version 10.0. Stepwise
backward logistic regression was used to test the effect of baiting on the proportion
of coproantigen-positive feces and on the prevalence in A. terrestris. The influence
of baiting was represented by the interaction between the two factors “area type”
(baited versus non-baited areas) and “period” (temporal progress of the experiment).
The two variables “area type” and “period” were added as blocking variables to the
initial model. In addition, the two variables “season” (spring: March to June,
summer/autumn: July to October, winter: November to February) and “urban area”
(urban zone, border zone and periurban zone) were included in the initial model
since these factors were known to affect prevalence of E. multilocularis (16).
Deviations from expected frequencies were tested by x” tests. P-values are given
two-tailed if not otherwise stated. If the minimum entry in the table of expectation
was less than 5, P-values were calculated with the program Actus that performs
randomized contingency tables and gives probabilities for deviations from expected
values (29). Critical significance levels were Bonferroni corrected according to Rice
taking into account multiple tests on the same data (30). We calculated exact
binomial 95% confidence intervals for means of binomial variables according to
Clopper and Pearson (31).
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Figure 2. Proportions of E. multilocularis coproantigen-positive fox feces and 95% exact binomial
confidence intervals in the six 1-km? bait areas, baited monthly with 50 praziquantel-containing baits per
km2, and the six unbaited control areas during the experiment.

Results

Baiting effect on environmental contamination

To evaluate the effect of the experimental baiting we analyzed 682 fox feces
collected in the six 1-km? bait areas and 523 feces from the six control areas. The
stepwise logistic regression revealed a significant final model (model y? = 139.4, df
11, p <0.001) with a highly significant influence of anthelmintic baiting, expressed
by the interaction between the two factors “area type” and “period” on the
proportion of coproantigen-positive feces (Wald Statistics 20.5, df 4, p <0.001). The
proportion of coproantigen-positive feces in bait areas decreased from 38.6% (95%-
Cl: 26.0%-52.4%) during winter 1999 to 5.5% (95%-CIl: 3.1%-8.9%) in
summer/autumn 2001. In the control areas the initial proportion of coproantigen-
positive feces was 47.1% (95%-ClI: 35.1%-59.4%) in winter 1999 and decreased to
25.4% (95%-CI: 15.3%-37.9%) in the initial phase of baiting (spring 2000), but
thereafter remained stable during the baiting experiment (Figure 2). The two
blocking factors “period” (Wald Statistics = 60.9, df 4, p <0.001) (Figure 2) and
“urban area”(Wald Statistics = 6.0, df 2, p =0.05) also entered the final model. In
the urban zone only 1 of 33 feces was coproantigen-positive (mean: 3.0%; 95%-ClI:
0.0%-15.8%), whereas within the border zone and in the periurban zone the
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Figure 3. Proportions of E. multilocularis coproantigen-positive fox feces and 95% exact binomial confidence
intervals sampled in different distances to the border of the 1-km? bait areas, baited monthly with 50
praziquantel-containing baits per km?, before baiting started (November 1999 to March 2000) and after baiting
has started for three months (July 2000 to October 2001).

proportion of coproantigen-positive feces was significantly higher with similar
percentages of 19.1% (95%-Cl: 16.3%-22.0%) and 18.5% (95%-ClI: 14.8%-22.6%).
A strong decrease in the proportion of coproantigen-positive feces was also
recorded in the 332 fecal samples collected in the 6-km? bait area. Before baiting
started in winter 99/00 the proportion of coproantigen-positive feces was
significantly higher than in the 1-km? bait areas (mean: 66.7%; 95%-Cl: 46.0%-
83.5%; ” test: p <0.05). It decreased significantly to 9.2% (95%-Cl: 3.8%-18.1%)
during summer/autumn 2000, and to 1.8% (95%-Cl: 0.0%-6.5%) during
summer/autumn 2001 (Actus randomization test, p <0.001). This final proportion of
coproantigen-positive feces did not differ significantly from the final proportion of
positive feces found in the 1-km? bait areas.

The spatial persistence of the baiting effect was investigated by comparing the
prevalence depending on distance to the baiting area. In both the bait area center
(more than 250 m inside the bait area) and in the bait area periphery (250 m inside
to the border of the bait area) the effect of baiting was very pronounced (Figure 3).
For feces collected at a distance of 0 to 500 m to the next bait area the effect of
baiting was less clear and in a distance of 500 or more meters no significant effect
could be registered any more.
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Figure 4. Prevalences of E. multilocularis in A. terrestris and 95% exact binomial confidence intervals in
the six 1-km?2 bait areas, baited monthly with 50 Praziquantel-containing baits per km2, and the six
unbaited control areas during the experiment.

A total of 16 coproantigen-positive feces from bait areas and 55 coproantigen-
positive feces from control areas, all sampled between July 2001 and October 2001,
were investigated for the presence of E. multilocularis eggs. PCR analyses revealed
significantly less feces positive for E. multilocularis eggs (mean: 25.0%; 95%-ClI:
7.3%-52.4%) in bait areas than in control areas (mean: 52.7%; 95%-Cl: 38.8%-
66.3%; y° test (one-tailed): P < 0.05).

Effect on prevalence in intermediate hosts

Of 1,014 Arvicola terrestris, 509 individuals originated from 1-km? bait areas and
505 from control areas. The stepwise backward logistic regression revealed a
significant final model (model y2 = 8.4, df 3, p <0.05) with a significant influence
of anthelmintic baiting, expressed by the interaction between the two factors “area
type” and “period”, on the prevalence of E. multilocularis in A. terrestris (Wald
Statistics 3.7, df 1, p (1-tailed) <0.05). During the first year of baiting the
prevalence in control and baited areas was similar (Figure 4), but during autumn
2001 the prevalence in baited areas was significantly lower (mean: 2.1%; 95%-ClI:
0.6%-5.2%) than in control areas (mean: 7.3%; 95%-Cl: 4.4%-11.2%).
Independently from their interaction effect, the two blocking variables “period” and
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“area type” also entered the final model, but not the variables “urban area” and
“season”.

The results for the 1-km? bait areas could be confirmed in the 6-km? bait area. The
prevalence of E. multilocularis in 215 A. terrestris was highest from July 1999 to
February 2000 before baits were delivered (mean: 21.6%; 95%-CI: 11.3%-35.3%)
and decreased significantly afterwards (y°=4.54, df 2, p (1-tailed) =0.05). The
prevalence was lower from April to November 2000 (mean: 14.3%; 95%-ClI: 6.4%-
26.2%) and lowest from July to October 2001 (mean: 9.3%; 95%-CI: 4.5%-16.4%).

Discussion

Baiting strategy and bait density

The high bait density of 50 baits per km? combined with a manual bait distribution
at sites attractive for foxes was highly effective. In oral rabies vaccination
campaigns up to 20 baits were usually delivered per km? (32). Also, in the
anthelmintic bait studies of Germany bait densities from 15 to 20 baits per km? were
successfully used (18, 19). In contrast to rural habitats in urban ones fox densities
can easily exceed ten adult foxes per km? (22, 24). Furthermore in summer many
subadult foxes are present. A previous camera trap study conducted in Zurich
showed that around half of the baits which disappeared were taken by foxes but the
others were consumed by hedgehogs, dogs, rodents and snails (Hegglin et al.,
submitted). Therefore, bait densities exceeding 20 baits per km? seems to be
appropriate to reach most foxes in urban habitats. In addition, the manual
distribution of baits at selected sites attractive for foxes can improve bait uptake of
foxes (Hegglin et al., submitted).

Effect of small scale anthelmintic baiting

Our results show clearly that the E. multilocularis egg contamination in urban areas
can be reduced to a very low level by the manual distribution of anthelmintic baits
in monthly intervals. This is even possible within defined urban patches of only 1-
km? situated in a high endemic area. Although the initial rate of coproantigen-
positive feces was high (38.6%), this rate decreased to 5.4% already during the first
year of baiting. Additionally, the coproantigen-positive feces in baited areas
significantly less frequently contained E. multilocularis eggs. In contrast to our
results, a large scale praziquantel baiting campaign in a rural area of South
Germany covering 566 km? showed a strong effect in the 156 km? core area, but in
the 6 to 10 km wide border area the effect was much less pronounced (18). It was
suggested that immigration of young, infected foxes may have caused this border
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effect. In Hokkaido, Japan, an anthelmintic baiting study was carried out in a
smaller, rural area of 90 km?, which resulted in a drastic reduction of environmental
contamination comparable to our study (20). The main difference of the German
study to the Japanese and our studies may be explained by the different baiting
strategies. In Germany around half part of the baits were randomly delivered by
aircraft and intervals between two baiting actions varied between two and four
months. In our study all baits were delivered manually around attractive fox places
at monthly intervals. A model for E. multilocularis control revealed that baiting
intervals of four to six weeks would be most efficient (33).

The strong local effect in this study shows that in the urban situation the population
dynamics of E. multilocularis is mainly determined by factors of very restricted
spatial extension. Knowledge about spatial dynamic of fox populations is crucial to
understand the dispersion capacity of E. multilocularis. In urban settings rich food
resources can sustain high fox population densities (34) which go along with small
home ranges and low dispersing distances (35, 36). In addition, urban fox
populations are generally organized in family groups, where predominantly young
vixens remain in the parental home range and help rear pups (36, 37).
Consequently, offspring frequently inherit parental territory and does not have to
disperse. Furthermore, a low urban immigration rate, which has been substantiated
by genetic microsatellite analyses for the Zurich urban fox population (38), and a
low hunting pressure (see methods) contribute to the moderate spatial dynamics of
the urban fox population, which we assume to be a precondition for the
effectiveness of the small-scale anthelmintic treatment.

Reduction of infection pressure

During the first year of baiting, when the proportion of E. multilocularis-
coproantigen positive feces had already decreased significantly, no difference in the
prevalences in A. terrestris between bait and control areas was detected. The
significantly lower prevalence of A. terrestris trapped in bait areas during the
second year of baiting demonstrates that lower E. multilocularis egg contamination
resulted in a lower infection pressure for intermediate hosts. Nevertheless, at the
end of the baiting study, E. multilocularis egg-containing feces and infected
intermediate host could still be detected in the 1-km? and the 6-km? bait areas. This
shows that the life cycle of the parasite in the baited areas was not completely
interrupted. It is evident that dispersing and transient foxes can always contaminate
baited areas, even in much larger areas. Furthermore, eggs of this cestode are very
stable under suitable environmental conditions (39), infected intermediate hosts can
stay infectious over several months (40) and baited foxes can reinfect just after
treatment by consuming an infected intermediate host. In addition, the intervention
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studies in Germany (18, 19) demonstrated that E. multilocularis has the potential to
recover from a population breakdown within less than two years (Romig, pers.
comm., and Tackmann, pers. comm). Therefore, a baiting strategy focussing on
extinction of the parasite in large areas might fail and permanent intervention to
lower E. multilocularis egg contamination in defined, risk areas might be more
realistic and cost efficient.

Conclusions

We demonstrated the feasibility of small scale anthelmintic baiting of foxes to
reduce E. multilocularis egg contamination in urban areas intensively used by the
public for recreational activities such as gardening or outdoor sports. In addition,
the lower rate of infected voles also reduces the risk of domestic carnivores
becoming infected by preying on voles, and consequently the risk of egg
transmission by pet animals. Therefore we recommend that public health policy
should focus on such defined, high endemic areas to reduce a potential risk for AE.
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Summary

The fox tapeworm Echinococcus multilocularis is typically perpetuated in a cycle
with red foxes as definitive hosts and various rodent species as intermediate hosts.
In this study, foxes were baited with a highly efficient drug against cestodes
(praziquantel) in five blocks of one square kilometer. VVoles, Arvicola terrestris, the
most abundant intermediate host species, were trapped in the five baited blocks and
in five non-baited control blocks. Baiting the foxes reduced the prevalence of E.
multilocularis in fox faecal samples in the baited blocks, but voles trapped in the
two blocks did not differ in their infection rates. However, voles from the baited
blocks had significantly smaller spleen masses and were significantly more
frequently infested with mites than those from the control blocks, reflecting
different immunological activities. Our study has demonstrated that environmental
contamination with E. multilocularis eggs, and perhaps those of other tapeworms,
influences the immune system of the intermediate host species A. terrestris in the
wild.
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Introduction

Human Alveolar Echinococcosis, one of the most lethal helminth zoonoses, is caused by
infection with Echinococcus multilocularis (Amman & Eckert 1995). Red foxes (Vulpes
vulpes) are the main definitive host of the tapeworm E. multilocularis and source of human
infections. Since red fox populations have increased recently in several European countries
(Christensen 1985; Mgller-Nielsen 1990; Breitenmoser et al. 2000), their growing
populations, especially in urban areas, may increase health risks for urban citizens.

In Europe, E. multilocularis is typically perpetuated in a cycle including foxes and various
rodent species as intermediate hosts (Eckert & Deplazes 1999). Adult tapeworms in foxes
produce eggs for one to four months and these eggs reach the environment in fox faeces
(Nonaka et al. 1996). When ingested by an intermediate host, the oncosphere hatches in
the gut. It penetrates the intestinal mucosa, enters venous or lymphatic vessels and then
develops predominantly in the liver, with subsequent metastasis formation in other sites
(see Schantz & Gottstein 1986). In the intermediate host, protoscoleces production takes
place within 20-35 days, and infective protoscoleces can be found 40-60 days after
infection (Eckert 1998). A definitive host must ingest metacestodes which contain infective
protoscoleces to complete the cycle.

The mammalian spleen is an important component of the immune system; it helps the body
to resist parasites (Kopp 1990) and induces immune responses by B— and T-lymphocytes
(Steininger & Barth 1999). An increase in spleen mass occurs in response to infections and
passive immunisations (John 1995; Skarstein et al. 2001). The spleen also plays an
important role in cell-mediated immunity as a storage organ for mature cytotoxic T-cells
(Kopp 1990). In early E. multilocularis infection, the suppression of larval growth is
critical for the final outcome (Gottstein 1992), and infected laboratory rodents show
marked activation of cell-mediated immunity (e.g. Ali-Khan 1978b; Fotiadis et al. 1999).
During metacestode proliferation and protoscoleces maturation, immuno-suppression
occurs (Kizaki et al. 1991; Emery et al. 1996). During parasite growth, there is a decline in
peritoneal lymphocyte, monocyte and eosinophil cell numbers and an increase in spleen
mass (Ali-Khan 1974; Ali-Khan 1978a; Devouge & Ali-Khan 1983).

The most important intermediate hosts of E. multilocularis in Europe are Microtus arvalis
and Arvicola terrestris (Eckert 1999). Although foxes prefer small microtine rodents as
prey, they switch diet when A. terrestris are highly abundant (Weber & Aubry 1993).
Recent analyses of urban foxes in Zurich found that A. terrestris was the most frequent
potential intermediate host (Contesse et al. 1999). Little is known about parasite
prevalences in intermediate hosts, although compared to prevalences in foxes (20-60%),
they appear to be low (1-6%) (Eckert 1999). However, a study in Zurich found prevalences
of up to 20% in A. terrestris and in urban foxes during winter, rates as high as 47 % in the
urban and 67 % in adjacent recreational areas (Hofer et al. 2000).

The prevalence of E. multilocularis in wild foxes can be reduced by monthly distribution
of baits containing praziquantel (Droncit® Bayer AG, Germany), a highly efficient drug
against adult cestodes (Schelling & Frank 1997, Tackman et al. 2001). However, little
attention has been paid to the role of the intermediate hosts in transmission dynamics,
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Fig. 1. Study site: city of Zurich and adjacent area

although several studies have indicated its importance (Giradoux et al. 1997; Eckert 1999).
For example, even if final hosts are free of infection, the parasite may survive within an
area within the intermediate hosts, especially as the eggs of E. multilocularis may survive
for several months (Veit et al. 1995), and infected intermediate hosts carry metacestodes
for an unknown period.

Studies on the natural life cycle of the parasite E. multilocularis and its transmission
dynamics are rare. We baited foxes with praziquantel in five blocks of one square
kilometre and compared voles from these blocks with voles from five non-baited control
blocks. Dependent on baiting successfully reducing parasite prevalence in foxes, two
different environmental treatments were created in which the voles were exposed to
different infection risks with E. multilocularis, and possibly other tapeworms. We
investigated immunological activity by measuring spleen mass. We also measured the
prevalences of ectoparasitic mites. Thus enabling us to examine relationships between
infections with different parasites.

Materials and Methods

Study site

The city of Zirich is surrounded by forests and agricultural land. There is a high
density of 11.2 foxes per km2 and the urban transmission cycle of the parasite E.
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multilocularis occurs predominantly in areas adjacent to the city of Zirich
(Deplazes et al. 2002; Gloor 2002; Stieger et al. 2002). We therefore selected five
sites near Zurich and marked out within each of these sites two blocks of one square
kilometre. One was an experimental block, where baits containing praziquantel
were distributed monthly, and the other was a control block. There was at least 750
meters between an experimental block and a control block, to minimise the chance
of individual foxes using two study blocks. The blocks all shared similar portions of
urban area (1/3) and agricultural landscape and woodland (2/3) in a pattern typical
for the area (Fig. 1).

Anthelmintic treatment of foxes

Preliminary experiments had confirmed good acceptance of baits (Hegglin,
unpublished). From April 2000, pellets were distributed monthly in the baited
blocks at doses of 50 baits per square kilometre. They were distributed where they
were likely to be found by foxes, for example near a compost, on a path frequently
used by foxes, on a vole tumulus or close to dens.

Faecal samples were collected at least monthly in all blocks. A method of
identifying fox faeces was established. Several criteria, such as size, shape and
smell of the dung, were used to distinguish fox faeces from dog faeces (Stieger et
al. 2002). Only faecal samples collected within a radius of 750 metres from the
centre of the study blocks were analysed. This maximised the likelihood that only
faeces of territorial foxes living within the blocks were used. E. multilocularis was
detected by screening samples with a coproantigen ELISA (Em-ELISA) (Deplazes
et al 1999).

Arvicola terrestris

The A. terrestris trap sites were located mainly on grassland. In every sampling
block, one or two grassland patches that showed the highest relative densities of
voles were selected (see Giradoux et al. 1995). From May to October 2000, four
trapping sessions were conducted on every trap site at around six—week intervals.
Between 20 to 30 traps were set inside vole galleries per trapping session. We used
unbaited Topcat traps (Topcat GmbH, Wintersingen, Switzerland). A trapping
session was ended if 10 voles were caught. VVoles were collected after death and
stored individually at —20° C. Body weight to the nearest 0.01g and body length to
the nearest 1mm, from the tip of the nose to the first vertebra of the tail, were
recorded. The presence of ectoparasitic mites (Laelaps species) was recorded by
carefully combing the coat against the grain and examining the plastic bag the vole
was stored in. At necropsy, the spleen was removed, cleaned of other tissue and
weighed to the nearest 1mg. In females, the presence and number of embryos and
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placental scars was recorded and it was noted whether they were lactating. The liver
in particular, but also other organs such as lung, kidney, spleen and reproductive
and intestinal tracts, were examined for lesions or irregularities. Metacestodes of E.
multilocularis were identified morphologically and by PCR (Bretagne et al. 1993)
after proteinkinase K digestion of the chopped material. Identification of lesions
caused by other cestodes was based on gross morphology and by comparing hook
morphology and length.

Statistics

Data were analysed using ANCOVA and logistic regression (SPSS 10 PC-Version,
1999). To evaluate the infection rate of foxes in baited and control zones, we pooled
the data of faecal samples collected in the two periods from April to June 2000 and
from July to October 2000. The small number of faecal samples collected in some
months prevented analysis of shorter time intervals. To evaluate parasite prevalence
in voles trapped in the two treatments, we pooled the data from May to June 2000
and from July to October 2000. To reveal effects on a finer time scale, we used two-
month intervals (May and June, July and August, September and October) to carry
out further analyses with the vole data. Spleen mass was log transformed. Body
length was used as a covariate. Since body length influenced spleen mass
significantly, we removed the effects of body length by taking the residuals of a
linear regression of transformed spleen mass on body length.
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Fig. 2. Prevalence (mean percentage of faecal samples infected = SE) of E. multilocularis (total n=273) in
baited and control zones collected on the outskirts of Zurich from April to October 2000.

Table 1: Analysis of covariance of log(spleen mass) (overall adjusted R?=0.160)

Source of variation Type Il Sum of Squares df Mean Square  F  Significance
BODY LENGTH (covariate) 0.35 1 0.35 1150  0.001
AREA 0.98 4 0.25 8.07  <0.001
BAIT 0.24 1 0.24 8.02 0.005
TIME PERIOD 0.08 2 0.04 1.33 0.265
MITE <0.001 1 <0.001 0.01 0.926
SEX <0.001 1 <0.001 0.15 0.703
INFECTION 0.08 1 0.08 2.65 0.105
BAIT*TIME PERIOD 0.51 2 0.25 831  <0.001
Error 9.98 328 0.03

Results

Prevalence of E. multilocularis in fox faecal samples

Logistic regression with the factors (BAIT, treatment of the foxes), (AREA, five
different areas) and two time periods (SEASON, April to June and July to October)
was used to investigate whether baiting the foxes reduced the portion of
coproantigen-positive faeces. The portion decreased during the year and was lower
in baited zones (AREA, Wald xz = 6.2, 4 df, P = 0.186, BAIT, Wald xz = 4.5, 1 df,
P = 0.035, SEASON, Wald ¥* = 7.9, 1 df, P = 0.005, SEASON BY BAIT, Wald »*
= 3.0, 1 df, P =0.084) (Fig.2).

Arvicola terrestris

Of 534 voles, 213 were male and 321 female. Of the females, 95 (29.6%) showed
signs of reproduction. Male voles are either larger than, or the same size as, females
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Fig. 3. Mean relative spleen mass + SE of voles at three different time periods (n=342).

(Heske & Ostfield 1990). The sexually active females caught all weighed more than
60 grams, and their body lengths exceeded 120 mm. Animals below both these
thresholds (71, 13.1%) were considered juvenile and omitted from the analysis. Of
469 adult voles, we detected liver lesions in 157 (33.5%) and E. multilocularis
infections in 41 (8.7%). In 17 of the infected animals, we found 14 to 244400
protoscoleces; this means that only 3.6% of the adult voles were actually infective
when captured. Most of the lesions not caused by E. multilocularis were from
metacestodes of Taenia taeniaeformis (Strobilocercus fascioloaris) (60, 12.8%).
Only five (1.06%) animals were infected with both E. multilocularis and T.
taeniaeformis. Metacestodes of T. crassiceps were detected in four (0.8%) voles,
and of these two (0.4%) were simultaneously infected with T. taeniaeformis. Two
T. crassiceps metacestodes were in subcutaneous cysts, once in the pleural cavity
and once in the pericardium. Two lesions (0.4%) were caused by unidentified
Taenia. In 50 (10.6%) voles, the cause of the lesion could not be determined.

We found infected voles in all but one of the ten blocks. Prevalence varied from 3.3
to 16.2 % per block. A binary logistic regression with the main factors (BAIT),
(AREA), vole sex (SEX), the dichotomous variable (MITE), whether a vole was
infected with mites, the three two-month periods (TIME PERIOD) and, as
covariates, body length and transformed spleen mass, revealed no significant
effects on E. multilocularis prevalence in voles (all P > 0.05; overall prevalence
8.74 + 1.31%).

ANCOVA was used to investigate the influence of the factors treatment of the foxes
(BAIT), vole sex (SEX), the dichotomous variables (INFECTION) and (MITE) and
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the three two-month periods (TIME PERIOD) on spleen mass. Body length was
entered as a covariate. The analysis also included (AREA), to remove the variance
in spleen size due to variation amongst the areas. All four-way and three-way
interactions were non-significant, and were therefore removed from the final model,
as were all non-significant two-way interactions. Spleen mass was positively related
to body length (B = 0.176) and varied between areas. Spleen mass decreased with
time in the baited blocks only (Table 1; Fig. 3). Furthermore, infected voles had
slightly, albeit not significantly, heavier spleens than uninfected voles (residual
mass 0.069 + 0.040 versus —0.007 + 0.010), but infection stage had no effect.

Ectoparasitic mites

For the frequency of mite infestation, there were no significant four-way or three-
way interactions. These were therefore removed from the final model, as were all
non-significant two-way interactions. It was affected significantly by the interaction
of BAIT and TIME PERIOD (X2 = 6.09, 1 df, P = 0.048); other effects SEX
(logistic regression, y’= 4.61, 1 df, P = 0.032), BAIT (x* = 5.17, 1 df, P = 0.023),
TIME PERIOD (y* = 40.95, 2 df, P < 0.001), INFECTION (32 = 2.40, 1 df, P =
0.12), AREA (y° = 8.82, 4 df, P = 0.066). In the later two time periods, voles from
baited blocks were more likely to be infested than those from control blocks (May —
June 44.4 + 8.4% versus 41.9 + 7.6%; July — August 40.0 + 9.1% versus 14.8 +
4.58%; September — October 74.2 + 5.42% versus 62.3 + 4.73% respectively).
Males were more likely to be infested than females (58.3 + 4.2 % versus 43.8 + 3.5
% respectively). Infection with E. multilocularis also slightly decreased the
frequency of mite infestation (30.3 + 8.1% versus 49.1 + 2.7% respectively).

Discussion

Baiting the foxes with praziquantel reduced the proportion of fox faecal samples
infected with E. multilocularis collected in baited blocks. Fewer eggs, of this
tapeworm and presumably of other tapeworms, were therefore deposited in baited
blocks than in control blocks. Since the environmental contamination with eggs
decreased throughout the experiment, voles in baited zones presumably had a lower
contact rate with infective eggs. Although there was no reduction in the infection
rate of voles, spleen mass was significantly reduced over time in baited blocks. This
was not the case in non-baited control blocks. The frequency with which voles were
infested by mites was higher in baited blocks.

E. multilocularis infection rates in voles are generally low; in geographically
extensive studies they are usually below 1% (Eckert 1999). We found prevalences
of 3.3 t0 16.2% in all but one study block, indicating that the study was conducted
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in a highly infected endemic area. This confirms the existence of locally highly
endemic foci (Pétavy & Deblock 1983; Gottstein et al. 1996; Hofer et al. 2000).
Since infected voles survive for several months, some of the voles trapped were
probably infected before or shortly after the beginning of baiting. Parasite eggs may
survive for up to eight months in autumn and winter and for up to three months in
summer (Veit et al. 1995). Therefore, even when final hosts are free of infection,
the parasite may survive within a treated area because the voles still come into
contact with infective eggs and thus represent sources of new infections.

The average spleen mass of voles in the baited blocks decreased over time, but this
did not occur in the control blocks. An increase in spleen mass during infection with
E. multilocularis, reflecting increased immune defence, has been reported
previously (e.g. Ali-Khan 1978a; Ali-Khan 1978b; Playford & Kamiya 1992;
Fotiadis et al. 1999). During the early stage of an E. multilocularis infection, where
the final outcome of the disease depends upon a successful immune defence against
the migrating oncosphere, a marked activation of the cell-mediated immunity
against the parasite occurs (Ali-Khan 1978b; Playford & Kamiya 1992; Fotiadis et
al. 1999). E. multilocularis growth appears to be controlled by the host T-cell, and,
at least in the early phase of the disease, T-lymphocytes probably play the most
important role in the immune response to the parasite (Baron & Tanner 1976;
Kamiya et al. 1980; Playford & Kamiya 1992). The spleen plays an important role
in cell-mediated immunity as the storage organ of mature cytotoxic T-cells (Kopp
1990). In contrast to voles in baited blocks, where the risk of infection decreased
over the season, voles in control blocks exposed to high levels of contamination
with eggs would have had to maintain a high level of cell-mediated immunity to
combat infection, resulting in elevated spleen mass.

We found different frequencies of voles infested with mites in the two treatments.
Fewer voles were infested with mites in control blocks, and voles infected with E.
multilocularis also tended to have fewer mites. Since cell-mediated immunity and
T-cells play an important role in the immune defence against mites (OBrien et al.
1996), this supports the hypothesis that exposure to one parasite (E. multilocularis)
can lead to an activated, general cell-mediated immunity, and consequently to an
increased immune response to another parasite (mites). Elevated cell-mediated
immunity and the resulting production of T-cells following infections with E.
multilocularis (Ali-Khan 1978b; Playford & Kamiya 1992; Fotiadis et al. 1999)
may thus simultaneously increase immune defence against several challenges.
Furthermore, more males harboured mites than females. Gender differences in
natural parasitic infections are frequently observed in vertebrates (reviewed by Zuk
& McKean 1996). These differences are usually attributed to ecological (i.e.
different exposure to the parasites) or physiological (i.e. hormonal) differences
between the sexes (Zuk & McKean 1996; Travi et al. 2002).
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We have demonstrated that environmental contamination with eggs of E.
multilocularis, and possibly other tapeworms, influences the immune system in the
intermediate host Arvicola terrestris. We have also shown that monthly distribution
of bait pellets containing praziquantel can reduce the prevalence of E. multilocularis
in foxes, even when carried out in blocks of one square kilometre. Further studies of
the infection pressure with E. multilocularis in faecal samples and further trapping
sessions are required to understand the longer term consequences of baiting in both
the final and the intermediate host(s).
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Abstract

The red fox (Vulpes vulpes) is a representative of the canid family with wide
distribution in the Northern Hemisphere and Australia. The increasing utilization of
urbanized habitats by red foxes prompted us to test whether this species may be
used to monitor the presence of anthropogenic pollutants in cities or suburbs. For
that purpose, we compared the concentrations of heavy metals (Cd, Pb, Cu, Zn) in
foxes from urban, suburban and rural areas within the municipality of Zurich
(Switzerland). The kidney and liver of suburban and rural foxes contained the
highest Cd concentrations, whereas urban foxes contained the highest Pb levels. In
the kidney of suburban foxes, Cd concentrations increased from a median value of
0.73 mg/kg in juvenile animals to 1.82 mg/kg in adults. Similarly, the liver of
suburban foxes contained increasing Cd levels from a median of 0.21 mg/kg in
juvenile animals to 0.94 mg/kg in adults. An age-dependent storage of Cd was also
found in foxes from the rural surroundings, but no such accumulation occurred in
urban foxes from the city center, where even adult animals contained very low Cd
levels. Conversely, foxes from the urban center were characterized by elevated Pb
concentrations during the first two years of life, but this transient Pb accumulation
was absent in suburban or rural animals. The liver of juvenile foxes contained a
median Pb concentration of 0.99 mg/kg in the city compared to only 0.47 and 0.37
mg/kg in the suburban and rural area, respectively. Thus, we found that animals
from separate environmental compartments contain different patterns of tissue
residues, implying that red foxes may provide a bioindicator species to detect
certain toxic hazards in urbanized habitats.
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Introduction

Life on our planet is threatened by anthropogenic pollutants that accumulate in the
atmosphere, water or soil, but exposure to such pollutants does not always produce
toxic effects in living organisms. On the contrary, a potentially hazardous chemical
becomes toxic only when it reaches an active site in the target species at sufficiently
high concentrations to generate adverse reactions. Before establishing reliable risk
assessment studies it is, therefore, necessary to determine the bioavailability of
potentially toxic chemicals, i.e., the efficiency by which such chemicals are
transported from environmental matrices to biological receptors (Thibodeaux 1979;
Hutton 1982; MacKay 1991; Eaton and Klaassen 1996).

Typically, the bioavailabilty of environmental pollutants is assessed by measuring
chemical residues in tissues or fluids of animals living in appropriate aquatic or
terrestrial habitats. Many different species can be used to estimate the impact of
toxic chemicals on aquatic organisms (Kendall et al., 1996), but the choice of
suitable terrestrial indicators is more problematic. For example, wild animal species
such as chamois, European hare, moose, red deer, reindeer or roe deer have been
proposed for biomonitoring studies (Doganoc and Gacnik 1995; Frgslie et al., 1986;
Kottferova and Korénekova 1998; Markov 1996; Santiago et al., 1998). However,
these species may not serve as representative indicators of pollution outside of their
normal habitats (forests, farmland or other rural areas). In addition, these
herbivorous species often occupy very large territories and, therefore, may not be
helpful in localizing specific sources of toxic hazards. In contrast, red foxes (Vulpes
vulpes) adapt to a variety of environmental conditions and, in urbanized areas,
occupy small territories of 0.5 km? or less (Harris 1977; Harris and Trewhella 1988;
Doncaster and Macdonald 1991). The use of red foxes for biomonitoring purposes
has already been proposed before, but previous reports were limited to the analysis
of foxes living in rural habitats (Brunn et al., 1991; Ansorge et al., 1993; Bukovjan
1997; Corsolini et al., 1999; Gunstheimer et al., 1997).

The present study was motivated by the observation that, in many European
countries, red foxes have invaded suburban and even urban habitats (Harris 1977;
McDonald and Newdick 1982; Christensen 1985; Schoffel et al., 1991; Willingham
et al., 1996), where these animals are exposed, at least in part, to the same
pollutants as the human population. During the last 10 years, a considerable
increase of the overall fox density was also observed in Switzerland (Breitenmoser
et al., 1995). For example, the fox population permanently living in the city of
Zirich is estimated to consist of 300-400 adult animals with cubs being bred in
public parks and in private gardens (Hofer et al., 2000). The aim of this study was
to explore whether red foxes living in cities may be used to monitor the presence of
toxic hazards in their specific urban and suburban environments. For that purpose,
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Fig. 1. Study area. The varying distances between neighbouring buildings were used to divide the
municipality of Zlrich into a rural (distances > 100 m), suburban and urban compartment (distances < 100
m). The suburban area constitutes a transition zone of 500 m between the rural and urban compartments.
White: rural area; light grey: suburban area; dark gray: urban area; blue: lake and rivers.

we compared the tissue concentrations of various heavy metals in foxes from
adjacent urban, suburban and rural areas. Interestingly, we found that urban foxes
accumulate a different mixture of toxic residues compared to the surrounding
suburban and rural populations.

Materials and Methods

Study area

The municipality of Ziirich (92 km?, 360’000 inhabitants) was divided into urban,
suburban and rural areas (Fig. 1). The rural area consists mainly of forests, parks,
farmland and allotment gardens, in which the distance between neighbouring
buildings extends to over 100 m. In the urban area, the distance between buildings
is reduced to less than 100 m. At the transition between these rural and urban
compartments, we delineated a suburban ribbon that has a width of 0.5 km.
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Foxes

A total of 100 red foxes were obtained between January 1997 and February 1998.
The majority of animals (about 75%) were shot in the course of population control
programs organized by the city forest service. The remaining animals were killed
during road or traffic accidents. The carcasses were wrapped in plastic bags and
stored at —20°C until necropsy. Tissues were carefully examined for postmortem
degradation and for the presence of shots or shot injuries and, if present, such
samples were eliminated from further analysis. On the basis of these criteria, a total
of 13 animals were excluded from this study. The age of each animal was
determined by counting annuli in the cementum of one canine tooth of the lower
jaw (Harris 1978; Grue and Jensen 1979; Kappeler 1985; Goodard and Reynolds
1993).

Sample analysis

Metal concentrations were assayed in samples of homogenized tissue that were
digested in the presence of nitric acid using an MDS-210 microwave (ProLab). Cd
and Pb measurements were performed by atomic absorption spectrometry in
combination with a graphite furnace using the 4100ZL spectometer from Perkin-
Elmer. Cu and Zn was determined by flame atomic absorption spectrometry using
the Aanalyst 300 spectometer from Perkin-Elmer. All results are given in mg/kg on
a wet weight basis. Each series of analysis included a blank, a standard calibration
curve, and spiked specimens. The accepted recoveries for spiked samples ranged
from 85% to 115%. The coefficient of variation on replicate samples was < 7%. The
limit of detection for the different metals in tissue samples was 5 pg/kg (Cd), 50
ng/kg (Pb), 5 mg/kg (Cu) and 1 mg/kg (Zn).

Statistics

Heavy metal concentrations in foxes from suburban, urban and rural environmental
compartments were compared using the Mann-Whitney U-test. Differences were
considered significant at P < 0.05.
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Table 1. Summary of heavy metal residues in the tested fox population (N = 87) within the municipality of
Ziirich (all values are given in mg/kg on a wet weight basis).

Cd Pb Cu Zn
Kidney | Liver | Kidney | Liver | Kidney | Liver |Kidney | Liver
Median 0.97 032 |0.37 0.58 |4.8 16.2 |20.2 41.8
Minimum | 0.08 0.03 |0.11 0.13 |25 2.3 9.5 19.5
Maximum | 7.33 259 | 133 2.59 |20.7 157.7 | 58.0 116.6
Mean 1.45 052 |0.57 120 | 6.3 202 |21.2 44.9
S.D.=2 1.43 051 |0.90 3.61 |41 188 |78 16.7

aS.D., standard deviation.

Results

Sample Site, Fox population and Data Collection

The municipal territory of Zirich consists of a central urban area comprising 26
km?. This urban centre is surrounded by a suburban ribbon of 33 km? and several
rural areas, mainly consisting of forests and farmland, located at the city border
(Fig. 1). Kidney and liver tissues were obtained from a total of 87 red foxes
collected between January 1997 and February 1998. Eighteen animals were from
the central urban area, 49 animals were collected in the suburban surroundings and
another 20 foxes were from the rural environments. Upon age determination, these
animals were divided into three groups that included juvenile foxes with an age of
12 months or less (N = 39), young foxes that were between 13 and 24 months old
(N = 24), and adult foxes with an age of more than 2 years (N = 24).

Heavy metal concentrations in the kidney and liver samples were determined by
atomic absorption spectrometry. In Table 1, both arithmetic means and medians are
given to facilitate comparisons with other reports in the literature. From the Cd
concentrations of all animals we calculated median values of 0.97 mg/kg in the
kidneys and 0.32 mg/kg in the liver. The median Pb concentrations in kidney and
liver amounted to 0.37 and 0.58 mg/kg, respectively. Thus, the overall Cd and Pb
concentrations were in a comparably low and non-toxic range as the values reported
by Corsolini et al. (1999), who monitored residues of pollutants in a fox population
from central Italy. On the other hand, we found higher Cd but lower Pb
concentrations compared to the study of Ansorge et al. (1993), who monitored the
residues in the kidney of a fox population from East Germany. Also, we observed
similar Pb and Zn concentrations as in the study of Bukovjan (1997), who analyzed
the heavy metal contamination of foxes in the Czech Republic. On the other hand,
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our analysis yielded considerably higher Cd and Cu concentrations than the study
performed by Bukovjan (1997). Unlike previous reports (Ansorge et al., 1993;
Corsolini et al., 1999), we were unable to detect a statistically significant difference
in the level of heavy metal residues when the fox population of this study was
separated according to sex.

Cd Residues

We observed a nearly 100-fold range of Cd concentrations in the kidney, from 0.08
mg/kg in one of the juvenile animals to over 7 mg/kg in some adult animals (Table
1). Even within the group of foxes that were older than 24 months, Cd
concentrations in the kidney yielded a nearly 30-fold variability with values ranging
from 0.26 mg/kg to 7.33 mg/kg. Thus, the wide variation of Cd levels could be
attributed only in part to the expected differences between juvenile and adult
animals due to continued retention of this metal in soft tissues (Klaassen et al.,
1999). In fact, Figure 2A shows that only red foxes living in suburban and rural
habitats accumulated Cd in an age-dependent manner. For example, the median Cd
concentration of suburban foxes increased from 0.73 mg/kg in the kidney of
juvenile foxes to 1.82 mg/kg in the kidney of adult animals. In contrast, there was
no accumulation of Cd in urban foxes and, in fact, even adult animals living in the
city center contained very low levels of this metal in their kidneys (median value of
0.49 mg/kg). An age-dependent storage of Cd was also found in the corresponding
liver tissue, but again exclusively in the animals obtained from suburban or rural
areas, whereas the liver of urban foxes contained low amounts of this metal (Figure
2B). Thus, we found that foxes from distinct but adjacent environmental
compartments contain significantly different levels of a potentially toxic pollutant,
in this case Cd. Regardless of the mechanism underlying this difference, our finding
supports the notion that urban and suburban/rural foxes constitute separate
populations with little dispersal movement in either direction.
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Fig. 2. Concentrations of Cd (medians) in the kidney (A) and liver (B) of foxes. All values are indicated in
mg/kg on a wet weight basis. The asterisks denote statistically significant differences between adult
animals of different environmental compartments: *, P < 0.05 between the values of urban and suburban
foxes; **, P < 0.05 between the values of urban and rural foxes.

Pb Residues

A diametrically opposite pattern of contamination was observed when we measured
the concentrations of Pb in the same tissue samples. First, we found that juvenile
animals contained higher Pb levels than adult foxes. Second, this transient
accumulation of Pb was detected only in the animals living under urban conditions.
In the liver, there was a 20-fold range of Pb concentrations from 0.13 mg/kg in one
of the suburban foxes to 2.59 mg/kg in one of the urban foxes (Table 1). Further
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analysis of these results revealed that the highest Pb levels were found in the liver of
urban foxes with median concentrations of 0.99 mg/kg in juvenile animals of 12
months or less, and 1.10 mg/kg in young animals aged between 13 and 24 months
(Figure 3). Such a transiently increased Pb concentration is compatible with the
higher bioavailability of this heavy metal in young animals compared to adults
(Goyer 1996). Consistent with subsequent elimination or immobilization into bones,
Pb concentrations in the liver dropped with increasing age and reached a median
value of only 0.58 mg/kg in adult urban foxes. We also observed that both suburban
and rural animals contained significantly lower levels of Pb during the first two
years of life compared to urban foxes. In fact, Pb concentrations in the liver of
juvenile animals were 0.47 mg/kg in the suburbs and 0.36 mg/kg in the rural
environment, and these low Pb contents were maintained in suburban and rural
foxes throughout their life (Figure 3). The analysis of kidney samples yielded a
similar distribution of Pb residues, i.e., highest values in young urban animals and
lowest values in adult suburban foxes, although in this case the differences did not
reach the required degree of statistical significance (data not shown).

Cu and Zn Residues

In contrast to the results obtained by measurement of Cd and Pb concentrations, no
significant difference between fox populations or age groups were found when we
analyzed Cu and Zn levels. The arithmetic means and medians are again
summarized in Table 1. Interestingly, a few single animals showed rather high
levels of Cu or Zn relative to the overall values found in the general population. For
example, a female fox (27 months old) from the suburban area contained Cu at
concentrations of 157.7 mg/kg in the liver and 11.6 mg/kg in the kidney. The
highest Cu concentration in the kidney (20.7 mg/kg) was found in a male urban fox
of 11 months. On the other hand, the highest Zn concentration (116.6 mg/kg) was
found in the liver of a male fox (23 months old) from the suburban area. The kidney
of this animal contained Zn at a concentration of 51.1 mg/kg. Finally, the highest Zn
value in kidney (58.0 mg/kg) was found in another animal (male, 11 months) from
the urban center. These Cu and Zn concentrations reached values that were up to
8.4-fold higher than the arithmetic means or medians of Table 1. Recent ingestion
of contaminated water or food is likely to be responsible for these single cases of
increased Cu and Zn levels.
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Fig. 3. Concentrations of Pb (medians) in the liver of foxes. All values are indicated in mg/kg on a wet
weight basis. The asterisk indicates a statistically significant (P < 0.05) difference between the Pb
concentrations of urban and rural foxes.

Discussion

The outstanding result of this study is that the urban fox population contains lower
Cd but higher Pb tissue levels than the surrounding suburban and rural populations.
A material flux analysis indicates that the major storage site for Cd in Switzerland is
the soil, with over 4’000 t of Cd being located in the matrix of the upper soil layers
(Kaufmann et al., 1997). Thus, the accumulation of Cd in suburban and rural foxes
may reflect the mobilization of this heavy metal from the soil matrix and its
subsequent transfer into mammalian organisms (Goyer 1996; Langgemach et al.,
1995). It seems unlikely that the soil of parks and gardens in the city center is less
contaminated with Cd than the soil of suburban or rural areas. Thus, the lower Cd
concentration in urban foxes may not reflect different levels of environmental
contamination but, because Cd is assimilated mainly through the diet, a different
feeding behaviour between urban and suburban/rural foxes. In fact, the analysis of
stomach contents of the animals of this study indicates that the diet of urban foxes is
dominated by food of anthropogenic origin found in household rubbish (D. Hegglin,
unpublished results). These dietary components were originally intended for human
consumption and, due to appropriate monitoring programs, contain low Cd
concentrations that do not exceed the currently tolerated maximal residue level. In
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contrast, suburban and rural foxes rely on natural food sources including
earthworms, rodents and other small mammals (D. Hegglin, unpublished results).
Invertebrates living in the soil are particularly prone to Cd accumulation (see for
example Hendriks et al., 1995), such that ingestion of these organisms (or ingestion
of small mammals feeding on them) may account for the increased Cd uptake of
suburban and rural foxes.

Pb has been recognized as the most widespread metal pollutant in cities (Goyer
1996). The increased Pb concentration detected in the liver of urban foxes compared
to their suburban or rural counterparts supports the conclusion that urban and
suburban/rural foxes constitute separate populations characterized by a different
composition of tissue residues. Also, the increased Pb level of urban foxes is
reminiscent of the higher Pb exposure of children reported in certain urban
communities. In the affected areas, even low levels of Pb uptake in children have
been associated with neurobehavioral and cognitive deficits (Marecek et al., 1983;
Baghurst et al., 1992; Pocock et al., 1994). Thus, the analysis of urban foxes may
reveal the presence of Pb or certain other toxic hazards, possibly warning us of the
impact of pollution before signs of toxicity appear in the human population. Future
monitoring studies will be devoted to the analysis of other hazardous pollutants
including chlorinated hydrocarbon insecticides, polychlorinated biphenyls or
dioxins.
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Abstract

The increasing appearance of red foxes (Vulpes vulpes) in urban and suburban
habitats provides a potential indicator species to monitor the spread of
anthropogenic pollutants in densely populated human settlements. Here, red foxes
were collected in the municipal territory of Zirich (Switzerland) and the
concentration of persistent organochlorine pollutants was determined in the
perirenal adipose tissue. This pilot study revealed an unexpected pattern of
contamination by polychlorinated biphenyls (PCBs) with significantly higher levels
of the predominant congeners PCB138, PCB153 and PCB180 in juvenile foxes
relative to adult animals. Further data analysis demonstrated that the observed
difference was mainly attributable to an age-dependent reduction of PCB
concentrations in females, while male foxes retained approximately the same PCB
burden throughout their life span. A similar sex-related bias between population
members has been observed before in some cetacean species. Interestingly, the
reduction of organochlorine contents with progressive age is reminiscent of human
studies, where an extensive maternal transfer of xenobiotics to the offspring has
been shown to result in increased exposure levels of infants relative to adults. Thus,
the analysis of urban and suburban foxes may not only serve to estimate the
magnitude of environmental pollution in cities and their surroundings but also
anticipate the possible accumulation of toxic chemicals in highly sensitive human
risk groups. To our knowledge, this is the first example of an urban wildlife species
that faithfully reflects the dynamic distribution of environmental pollutants in the
corresponding human population.
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Introduction

Species diversity and human health are constantly threatened by the production and
release of toxic chemicals into the atmosphere, water or soil. Polychlorinated
biphenyls (PCBs) and chlorinated pesticides belong to a class of ubiquitous
anthropogenic pollutants that are highly lipophilic and refractory to chemical
degradation. Due to these inherent physicochemical properties (lipid solubility and
chemical stability) and the slow rate of biotransformation in all organisms, such
organochlorine pollutants accumulate to toxic levels in both aquatic and terrestrial
food chains (Ecobichon 1996; Hill 1999; Loizeau et al. 2001; Jorgenson 2001).
Chronic exposure to persistent organochlorine chemicals has been associated with
deleterious effects in fish and wildlife, leading to poor fertility, impaired immune
functions and population declines in the contaminated areas (Fry and Toone 1981;
Guillette et al. 1996; Colborn et al. 1993; Tyler et al. 1998). Similarly,
epidemiological studies suggest that various diseases of the reproductive system in
humans, ranging from breast or testicular cancer to a worldwide drop of sperm
number and quality, may be linked to organochlorine pollutants (Krieger et al.
1994; Hunter et al. 1997; Golden et al. 1998). Furthermore, prenatal or perinatal
exposure to persistent organochlorine chemicals has been implicated as a risk factor
for low birth weight, thyroid and immunological defects, and the development of
neurobehavioural deficits in pediatric cohorts (Seegal 1994; Winneke et al. 1998;
Vreugdenbhil et al. 2002; critically reviewed by Kimbrough et al. 2001).

A potentially hazardous chemical becomes toxic only when it reaches an active site
in the target species at sufficiently high concentrations to generate adverse
reactions. Thus, exposure levels in combination with toxicokinetic indices such as
uptake, metabolism and elimination rates are important parameters that determine
the health risk resulting from a particular toxic substance. Before establishing
reliable risk assessment studies it is, therefore, necessary to determine the
bioavailability of potentially toxic chemicals, i.e., the efficiency by which such
chemicals are transported from environmental matrices to relevant biological
receptors (Thibodeaux 1979; Hutton, 1982; MacKay 1991; Eaton and Klaassen
1996). Typically, the bioavailabilty of environmental pollutants is assessed by
measuring chemical residues in tissues and fluids of animals or humans. Many
different species can be used to estimate the impact of toxic chemicals on aquatic
habitats (Kendall et al. 1996; Wells 1999), but the choice of suitable terrestrial
indicators is more problematic. For example, wild animal species such as chamois,
European hare, moose, red deer, reindeer, roe deer, pigeons or wild mink have been
proposed for biomonitoring studies (Doganoc and Gacnik 1995; Frgslie et al. 1986;
Hutton 1982; Kottferova and Korénekova 1998; Markov 1996; Poole et al. 1998;
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Santiago et al. 1998). Unfortunately, with few exceptions these wildlife species are
only represented in their natural habitats, including forests or other rural areas, and
often occupy very large territories, such that they may not be helpful in identifying
local sources of contamination that are directly relevant to the exposure level of
people.

The red fox (Mulpes vulpes) is an opportunistic species that adapts to a multitude of
different environmental conditions (Nowak 1991). In view of their wide
distribution, red foxes have already been used to monitor anthropogenic pollutants
mostly in rural habitats (Brunn et al. 1991; Ansorge et al. 1993; Bukovjan 1997,
Georgii et al. 1994; Corsolini et al. 2000). In many European countries, however,
red foxes have invaded suburban and even urban environments (McDonald and
Newdick 1982; Schoffel et al. 1991; Willingham et al. 1996), where these animals
are exposed, at least in part, to the same pollutants as the local human population. A
considerable increase of the overall fox density is observed in Zurich, the largest
city of Switzerland, where the fox population consists of 6.9-10.3 adult animals per
km?, with cubs being reared in public parks and in private gardens (Hofer et al.
2000; Gloor et al. 2001). Contrary to the typically large territories encountered in
rural habitats, the home range of urban foxes is limited to small areas of 0.5 km? or
less (Harris 1977; Harris and Trewhella 1988; Doncaster and Macdonald 1991). An
important consequence of this reduced mobility is that the composition of residues
in the tissues of urban and suburban foxes may serve as a more appropriate
indicator of environmental pollution, as it reflects the particular contamination of
each individual home range. This view was confirmed by the finding that red foxes
collected from separate sites in the city of Zirich contain distinctly different levels
of heavy metals (Dip et al. 2001). In the present report, the distribution of
organochlorine pollutants in the city of Zirich was examined using, as biological
indicator, the fox population that is permanently living in the urban and suburban
target area.

Materials and Methods

Foxes

Red foxes were collected between January 1999 and February 2000 in the
municipality of Zlrich. The study area consists of an urban and suburban center of
60 km?, surrounded by forests and farmland amounting to 30 km? (Dip et al. 2001).
Most animals (about 75%) were shot by local game wardens, the remaining animals
were killed during road or traffic accidents. The carcasses were wrapped in plastic
bags and stored at —20°C until necropsy. Tissues were carefully examined for
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postmortem degradation and for the presence of shots or shot injuries and, if
present, such samples were eliminated from further analysis. The age of each
animal was determined by counting annuli in the cementum of a canine tooth of the
lower jaw (Harris 1978; Kappeler 1985).

Sample analysis

Organochlorine concentrations were assessed in samples of homogenized kidney fat
as described by Corsolini et al. (2000) with the following modifications. Samples
were extracted in the presence of a mixture of n-hexane and dichloromethane at a
ratio of 4 : 1. The apolar phase was processed through two consecutive Florisil
columns eluted with n-hexane/dichloromethane at ratios of 4 : 1 on the first column
and 9 : 1 on the second column. Analyses were performed with a HRGC 5160 gas
chromatograph (Carlo Erba) equipped with 63Ni electron capture detector. A fused
silica capillary column (60 m x 0.25 mm x 0.25 pum) was employed (MSP-Friedli).
The carrier gas was hydrogen at 2 ml/min with a splitting ratio of 15:1. The
temperatures of the injector and detector were 260°C and 315°C, respectively. The
oven was kept at 100°C, then increased to 160°C at 10°C/min, then to 265°C at
3°C/min and finally set at 295°C (with an increase of 20°C/min). Pure reference
standards (Dr. Ehrenstorfer) were used for recovery determination and
quantification. Each series of analysis included a blank, a standard calibration
curve, and spiked specimens. Recovery of organochlorines with spiked samples
ranged from 80% to 100%. In the case of dieldrin and endrin, recovery was reduced
to about 40%. All results are given in mg/kg on a wet weight basis and represent
arithmetic means + standard error of the mean (S.E.). The coefficient of variation on
replicate probes was < 7%. The limit of detection in tissue samples was 0.005
mg/kg.

Statistics

PCB, dieldrin and dichlorodiphenyltrichloroethane (DDT) concentrations between
different areas, age groups and sexes were compared by the Mann-Whitney U-test
and the Kruskal-Wallis non-parametric analysis of the variance using the Graphpad
Instat version 3.0a software. The Kruskal-Wallis post test for multiple comparisons
according to Dunn was applied to determine P values, and differences were
considered significant at P < 0.05.
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Fig. 1. Study area. The varying distances between neighbouring buildings were used to divide the municipality
of Zirich into a rural (distances > 100 m), suburban and urban compartments (distances < 100 m). The
suburban area constitutes a transition zone of 500 m between the rural and urban compartments. White: rural
area; light gray: suburban area; dark gray: urban area; blue: lake and rivers.

Results

Composition of Sample Population

A sample of perirenal adipose tissue was obtained from a total of 190 red foxes
collected between January 1999 and February 2000. Fifty-nine animals were from
the urban center of the city of Zirich, 120 animals were collected in the suburban
area and only 11 foxes were from the near rural surroundings (Fig. 1). Upon age
determination, these animals were divided into three groups that included juvenile
foxes with an age of 12 months or less (N = 107), young foxes that were between 13
and 24 months old (N = 36), and adult foxes with an age of more than 2 years (N =
47). The study population consisted of 47% females and 53% males.

Organochlorine Residues

A series of persistent organochlorine pollutants were determined by gas
chromatography coupled to electron capture detection. The quantitatively most
important residue fraction consisted of PCBs, a class of ubiquitous environmental
pollutants comprising 209 possible congeners with different chlorine substitution
patterns (Giesy and Kannan 1998). These individual congeners have different
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physicochemical properties that influence their bioavailability, metabolism and half-
life such that, in most biological extracts, PCB138, PCB153 and PCB180 constitute
the dominating components (Safe 1994; Cogliano 1998). These major PCB
congeners were detected in the adipose tissue of all 190 foxes, although at relatively
low levels. PCB 138 was present at concentrations ranging between 0.005 (the limit
of detection) and 0.150 mg/kg. The lowest PCB153 and PCB180 levels were around
0.010 mg/kg. The highest concentrations observed for PCB153 and PCB180 were
0.485 and 0.357 mg/kg, respectively. In contrast to these major congeners 138, 153
and 181, which were detected in all animals, PCB28 was found above the limit of
detection of 0.005 mg/kg only in two foxes. All foxes resulted negative for PCB52,
but PCB101 was found in 17 animals at concentrations of 0.005-0.011 mg/kg.
Similarly, detectable concentrations of organochlorine insecticides were
encountered only in a fraction of the animals. For example, 77% of tissue samples
were positive for dieldrin with concentrations of up to 0.154 mg/kg. Similarly, 36%
of samples resulted positive for DDT with the highest concentration reaching 4.361
mg/kg. Only few animals contained trace levels of endosulfan, hexachlorobenzene
or heptachlor epoxide in their adipose tissue.
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Fig. 2. Mean concentration (+ S.E.) of PCBs and dieldrin in the adipose tissue of foxes. The asterisks
denote statistically significant differences between distinct areas or age groups. (A) Comparison between
different environmental compartments; *, P < 0.05 between the values of urban and rural foxes. (B)
Comparison between different age groups; *, P < 0.05 between the values of juvenile and adult animals;
** P < 0.05 between the values of juvenile and young foxes.

Comparison Between Foxes from Different Habitats

In a previous study with the same fox population (Dip et al., 2001), we found that
animals from different but adjacent environmental compartments contained
distinctly different levels of heavy metals. Here, we observed that one of the PCB
congeners (PCB138) was preferentially accumulated in the foxes of the urban center
(Fig. 2A). The increased value for PCB138 in urban foxes relative to the rural
animals was significant upon analysis by the Mann-Whitney U-test. An apparently
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similar but statistically not significant trend was observed for PCB153. No regional
difference was detected in the level of congener PCB180 and the foxes of all three
environmental compartments also contained, on the average, nearly identical levels
of dieldrin (Fig. 2A) and DDT (not shown). This comparison suggests that the
degree of exposure to persistent organochlorine pollutants is not dramatically
increased in the urban center of the city relative to its suburban or rural
surroundings.

Age-Dependent Distribution of Organochlorine Residues

The entire fox population, including the small rural fraction of only 11 animals
collected at the city border, was further dissected according to age and sex. We
calculated an additive PCB concentration (sum of PCB138, PCB153 and PCB180)
of 0.227 + 0.018 mg/kg (mean value = S.E.) in juvenile foxes aged 12 months or
less. Surprisingly, this total PCB concentration decreased to 0.151 + 0.016 mg/kg in
the adult animals with ages over 24 months. Notably, the absolutely highest PCB
load (sum of PCBs amounting to nearly 1 mg/kg) was detected in a juvenile fox,
while the absolutely lowest sum of PCBs (0.019 mg/kg) was found in an adult fox.
The same general trend of reduced PCB burden with increasing age was observed
with all individual congeners tested (Fig. 2B). In all these cases, the overall
difference between juvenile and adult animals appeared significant upon data
analysis by both the Mann-Whitney U-test and a non-parametric analysis of the
variance (see Materials and Methods for details). No such general decrease could be
detected for organochlorine insecticides, as there was a very similar dieldrin
concentration in all three age groups (Fig. 2B). The content of DDT was not
dissected by age because only few animals resulted positive for this insecticide.
Nevertheless, it is remarkable that the two animals with highest concentrations of
dieldrin (0.154 mg/kg) or DDT (4.361 mg/kg) both belonged to the category of
juvenile foxes with an age of 12 months or less.
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Fig. 3. Concentrations of PCBs (mean + S.E.) in the adipose tissue of foxes of different sex. (A) Congener
PCB153. (B) Sum of the three major congeners (PCB138, PCB153, PCB180). The asterisks indicate
statistically significant (P < 0.05) differences between juvenile and adult foxes.

Sex-Dependent Distribution of PCB residues

When the foxes were separated according to sex, we observed only slightly higher
PCB levels in males than in females. However, a clear difference between the two
sexes became apparent when the concentration in each group of animals was again
plotted as a function of their age. In fact, a statistically significant (Mann-Whithey
U-test and analysis of the variance) reduction of PCB concentration was found in
the adipose tissue of female foxes, where the sum of PCBs decreased from 0.225 +
0.032 mg/kg (mean value + S.E.) in juvenile animals to 0.129 = 0.018 in adults
(Fig. 3A). In contrast, the male foxes maintained approximately the same PCB level
in the fatty tissue through all stages of life (Fig. 3A). The age-dependent decrease of
PCB burden in female animals was significant for all individual PCB congeners
tested, but the difference between juvenile and old animals was particularly strong
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with PCB153 (Fig. 3B). In contrast, the PCB153 content of adult males was not
significantly different from that of juvenile animals (Fig. 3B). The overall higher
PCB concentration in juvenile foxes relative to adults, in combination with the
selective drop of PCB levels in females, indicates that these compounds are
transported from mothers to offspring during pregnancy or lactation. This
elimination mechanism is absent in male foxes.

Discussion

The most unexpected finding of this study is that juvenile foxes aged 12 months or
less display a higher burden of PCBs than adult foxes. PCBs have been largely used
in industry, for example as heat transfer fluids, lubricants, dielectric fluids for
transformers or flame retardants. However, most PCB applications have been
restricted because of their environmental persistence and chronic toxicity and, due
to these regulatory actions, the concentration of PCBs in environmental or
biological matrices have been steadily declining in the last years (Dougherty et al.
2000). Consistent with this general reduction of PCB exposure, we found in our
study conducted with samples obtained in the years 1999-2000 a considerably lower
PCB content than in similar reports from neighboring countries (Germany and Italy)
based on foxes collected during the years 1983-1993 (Brunn et al. 1991; Georgii et
al. 1994; Corsolini et al. 1999; Corsolini et al. 2000).

The age-related drop of PCB levels found in urban foxes contrasts with the only
comparable previous report. In fact, the PCB content increased with age in the study
by Corsolini et al. (1999), who analyzed mainly rural foxes, indicating that the
inverted distribution in our fox population may be characteristic to urban and
suburban areas. A possible explanation for this inverted trend of PCB
concentrations is provided by the finding that only females were able to reduce their
PCB content with progressing age, while the males maintained a constant PCB
burden throughout their life span. A similar sex difference has been observed before
in different cetaceans (see for example Beckmen et al. 1999; Bernt et al. 1999;
Severinsen et al. 2000) and is generally ascribed to the transfer of xenobiotics from
mothers to the next generation through pregnancy and lactation. Indeed, Corsolini et
al. (1999) already postulated that some organochlorine pollutants may be transferred
from female foxes to the foetuses during pregnancy or to the cubs during lactation.
Our present study shows, in this terrestrial indicator species, that such a transfer of
toxic chemicals from females to the next generation may result in substantially
higher levels of the contaminant in young animals relative to adults. Interestingly,
this observation recapitulates similar findings from human studies showing that the
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concentration of polychlorinated xenobiotics in the blood of breast feeding mothers
decreases during the first year after birth. This reduction of polychlorinated
contaminants in the mothers was accompanied by a concurrent increase in the
concentration of the same xenobiotic compounds in the newborn and, at the end of
the first year, the infants’ blood contained more polychlorinated pollutants than the
respective mothers (Abraham et al. 1996; Abraham et al. 1998). Thus, an
exceptional exposure to persistent organochlorine pollutants occurs in people during
a critical stage of postnatal development and a similar pattern is observed in urban
and suburban foxes. This comparison suggests that foxes sharing the same
environment with the human population may be employed to monitor the
distribution of persistent chemicals, particularly when studies on human volunteers
are not practicable and the available information is therefore insufficient for a
comprehensive risk assessment. For example, the analysis of urban and suburban
fox populations may contribute to the identification of newly released critical
chemicals that accumulate in children or other sensitive risk groups.
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Abstract

In Switzerland the dramatic growth of the red fox population is most prominent in
urban areas. This has a number of ecological and epidemiological implications. The
Integrated Fox Project includes scientific research and an information campaign -
named INFOX - to enhance public comprehension about urban foxes. Based on the
public attitudes toward urban foxes we describe objectives and target groups of the
INFOX programme. In a preliminary overview we show methods and materials
used in the first year of the campaign and try to evaluate the effect of the efforts.
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The Integrated Fox Project: Interdisziplinary research on Fox Ecology and

Epidemiology in Switzerland

The red fox (Vulpes vulpes) is the most widespread and abundant predator on earth,
living in almost all habitats of the Northern Hemisphere such as woodlands,
mountains, deserts or even suburban and urban environment. Moreover the red fox
is the main carrier and vector species of the two most important endemic zoonoses
rabies and fox tapeworm. This makes the fox a highly controversial and emotional
species with a great potential public involvement and of fundamental importance as
far as management questions are concerned.

Over the past ten years there has been a four-time increase in the red fox population
in Switzerland. This growth was most prominent in suburban and urban areas. In
1996 we started an integrated research and education project on the dynamics of the
red fox population in Switzerland, involving basic ecological and epidemiological
research, monitoring and surveillance procedures for epizootics, applied
management, and a public information programme called INFOX. Scientists and
specialists of wildlife research, veterinary medicine, social science and public
relation are involved in the project.

Integrated Fox Project

The Integrated Fox Project IFP includes five modules, each working on different
aspects (Fig. 1). The modules are tightly connected by a strategic frame, shared
infrastructure and the exchange of material, data and results.

A

Ewlogy of
urban foxes

/

Monitoring
of fox populations

Public
awareness gudy

INFOX
Publicinformation
@ampain

Fig. 1. Organisation of the project.
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Fig. 2: In Zurich the growth of the urban fox population can be shown by the increase of sightings and
complaints of inhabitants reported by one of the three urban game wardens.

Three major problems: echinococcosis, wildlife management and public
opinion

In Switzerland rabies was a major problem from the late sixties until the early
eighties. In 1978 a vaccination campain of the fox population was started. Since
then it was possible to get rabies under control. Today no wild animal with rabies
has been found for a year.

Alveolar echinococcosis: The fox tapeworm Echinococcus multilocularis is a fox
parasite. Human beings can be infected by the eggs of the tapeworm and fall ill with
alveolar echinococcosis. The risk of infection is extremely small (8 to 10 persons
are affected in Switzerland each year). However the illness is most serious and can
not be cured, although it can be treated by surgery and/or chemotherapy. There is no
high-risk group known although people living in the countryside tend to fall ill on
echinococcosis more often. Despite the dramatic increase of fox populations in the
last two decades, the infection rate has been constant for thirty years. Nevertheless
the increase of foxes in suburban and urban areas could promote the spread of fox
tapeworm in these areas and may increase the risk for human beings in the future.
Fox control and management problems: Foxes are believed to be increasingly
responsible for damages to livestock or pets, or on crops, gardens and buildings by
digging dens. In Zurich and other Swiss cities there has been a long-standing policy
of fox control, usually in response to specific complaints from the local residents.
Despite of the intensive control efforts the fox population is growing. Moreover the
control activities often result in considerable public debate.
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Public opinion problems: There is a wide spectrum of public attitude to the
presence of foxes. Some people treat foxes like pets and feed them, while others are
worried about the presence of an unknown, wild predator in their vicinity. This fear
is often related to zoonoses associated with foxes.

Human attitudes toward urban foxes

We evaluated the spectrum of public attitudes toward urban foxes in a non-
representative way by personal contacts with inhabitants during biological field
studies, by public calls for fox sightings in news papers and on radio and TV and by
the Fox phone, where anybody can phone for information or to report sightings or
complain about foxes. Public attitudes toward urban foxes are half positive (41%),
half negative (38%), the rest neutral requests for information (n=162).

Tab. 1: Main cause of negativ attitudes toward foxes (n = 62).

Fox tapeworm 31%
Disorder in garden 25%
Afraid, div. problems 18%
Concerned about pets 18%
Request of shooting foxes 8%

Objectives of INFOX:

Ways to the coexistence of inhabitants of cities and urban foxes

Foxes are ,,neighbours*, but no pets

A lot of people like foxes maybe because they look so similar to dogs, maybe

because of their beautiful fur or their image of cleverness.

= INFOX wants to inform about this wild animal species by making it possible to
observe it or its traces in town. INFOX tries by information to show people the
difference of wild animals and pets.

Communication of the results of the study

We frequently experience, that people often know more about foxes out of fairytales
and stories than out of their own experience. Therefore we believe that a lot of
conflicts between people and foxes are based on insufficient knowledge about
foxes.
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= By keeping the public informed about the current study on urban foxes, about
methods and preliminary results the INFOX campaign wants to improve and
correct the knowledge of people about foxes.

Possibilities of an adapted management of urban foxes

A lot of people think that it would be possible to control fox population by hunting.

Because foxes can be the source of rabies and echinococcosis some people call for

severe control efforts.

= INFOX wants to inform about rabies and echinococcosis and how we can act to
minimize the risk of being infected. INFOX also informs about the possibilities
and the limits of fox management.

Foxes as a symbol of urban nature

A lot of people are fascinated by the fact of foxes living in cities. More than any

other urban species foxes are identified as a part of real wildlife. Therefore foxes

can be perceived as a symbol of urban nature.

m The INFOX-information about the life of urban foxes wants to give the
possibility to people in town to experience nature in their immediate vicinity.

Target groups

= All inhabitants of urban areas specifically in Zurich
= multipliers (teachers, children, doctors, veterinarian)
m people, who feel afraid of or have problems with foxes (Fox phone).

Information materials and procedures

m  Fox phone: open to the public for questions, sightings etc., ,,communication
centre®.

m leaflet with short information about the current project and fox biology,
addresses and phone numbers for more information

m Information on the Swiss television: the TV program ,,Menschen-Technik-
Wissenschaft* (men - technique - natural science) informs six times about the
Integrated Fox Project in 1997/98. Afterwards a book and a video cassette are
planned.

m Scientific publications and information for doctors and veterinarians.

m Schools survey and drawing competition: to obtain a picture of the relative
abundance of foxes throughout Zurich about 100 schoolclasses were asked to
record all sightings of foxes between May and July 1997. Teachers are asked to
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make urban foxes a subject in school. We offer teaching materials. A drawing
competition takes place for all children in town.

m Foxes in culture: as a co-production of the theatre group M.A.R.I.LA. and the
Integrated Fox Project the peace ,Woman in Fox* by David Garnett is
performed. A exhibition about urban foxes and with the drawings of the
competition is shown.

First evaluation of the effect

In Tab. 2 we present our estimation of the effect of the different communication
channels. This evaluation is based on personal experience made during the INFOX
campaign, not on quantitative data. It is thought to be a background for further
discussions. The criteria on which we evaluated the effect of different media are the
following:

Television. Television makes it possible to reach almost every inhabitant of
Switzerland. The Swiss television programme on urban foxes of Zurich was very
successful and led to top viewing figures. On the other hand the contributions about
foxes were quite short (6 to 14 min.). Therefore the information was rather
superficial. In our experience most people who saw the urban fox programme
remember only some pictures which were very emotional.

Print media. Provides the articles were long enough it was possible to communicate
more complex contents, too. It is possible to adapt the information level and
language chosen to the distinctive readers of each newspaper.

School children. They like and remember mostly emotional contents. Children are
multipliers of information because they talk about their experience at home in their
families, too.

Personal contact. This is the most time consuming way to communicate about urban
foxes and one reaches only few people. Nevertheless it is very often the only way to
solve problems individually. Very often it was possible to find suitable solutions for
the problems of people who are afraid of foxes or of zoonosis connected with or feel
angry about foxes.
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Tab. 2: Our personal evaluation on the effects of different information ,chanals* of the INFOX-campaign.

medium television |print medias |school children/ |cultural |pers.
other multipliers [events |contact

o

Foxes are ,,neighbours®,
but no pets

Communication of the
results of the study

Possibilities of an
adapted management
of urban foxes

Foxes as a symbol of
urban nature

®@ OO0 @
® O 00
® OO0 @
o 000

audience
# of contributions 7 >50 3 3 500
reached persons (total, 4.7 Mio >3.3 Mio 1000 1500 500

only Switzerland)

. strong effect O medium effect O weak effect
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Summary

Fox populations in Switzerland have undergone a drastic increase since the mid-
1980s. Parallel to the growth in rural areas, foxes have emerged in urban areas.
Today, foxes live already in all Swiss cities. In 1995 the Integrated Fox Project IFP,
a research and communication project, was started to study and inform about the
amazing dynamic of this medium-sized carnivore. INFOX, the communication
campaign of the IFP, was simultaneously planned with the scientific research
program. The aim of the campaign was a friendly coexistence of people and foxes.
Therefore the public was currently informed about the preliminary results of the
project and people had the opportunity to give feed backs about their attitudes
towards and problems with foxes. The campaign was continuously adjusted to the
needs of the public. It included several communiqués for the media, a TV series, an
exhibition, a drawing contest about urban foxes for school children, leaflets, a
telephone information line and more. Beside the biological phenomenon, people
were actively informed about negative aspects connected with urban fox
populations like rabies or the fox tape worm Echinococcus multilocularis in order to
enable the public to achieve realistic risk perception and to prevent overreaction or
panic as well as carelessness when dealing with foxes.
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Zusammenfassung

Die Fuchspopulationen der Schweiz haben in den letzten 15 Jahren um das
Vierfache zugenommen. Im Zuge der erfolgreichen Bekdmpfung der Tollwut
mittels oraler Impfung von Fichsen war ab Mitte der 1980er-Jahre ein markanter
Anstieg landlicher Fuchsbestdnde zu verzeichnen. Parallel dazu wurden vermehrt
auch Flchse in Stadten wie Zirich und Genf beobachtet. Die erstaunliche Dynamik
dieses mittelgrossen Raubtiers war 1995 Anlass, das Integrierte Fuchsprojekt IFP
als Forschungs- und Kommunikationsprojekt ins Leben zu rufen.

INFOX, die Informationskampagne des IFP, wurde von Beginn weg zusammen mit
den Forschungsprojekten konzipiert, band die Bevolkerung in das Projekt ein,
informierte laufend Uber neuste Resultate des Projektes, und thematisierte neben
dem biologischen Phanomen auch sensible Bereiche wie die (Ubertragbaren
Krankheiten (Zoonosen). Ubergeordnetes Ziel von INFOX war ein konfliktarmes
Zusammenleben von Menschen und Fiichsen zu ermdéglichen. Mittel von INFOX
waren auf nationaler Ebene eine sechsteilige Serie am Fernsehen, Radiosendungen
und Pressemitteilungen, auf regionaler Ebene in Zirich u.a. die Anlaufstelle
»Fuchstelefon”, ein Zeichnungswettbewerb und Unterrichtsmaterialien zu
Siedlungsfichsen fiir Schilerinnen und Schiler, eine Ausstellung Uber Stadtflichse
sowie Medienmitteilungen. Im Zentrum von INFOX stand die rollende Entwicklung
der Kampagne: Anregungen und Bedrfnisse aus der Bevoélkerung wurden in
verschiedenen Phasen in die Kampagne integriert und diese neu darauf ausgerichtet.
Ein weiterer wichtiger Punkt war die aktive und offensive Information auch Uber
sensible Bereiche. Es gelang, zum Beispiel Giber Zoonosen und speziell das Thema
Fuchsbandwurm frihzeitig zu informieren, Risiken offen anzusprechen und
maogliche Massnahmen aufzuzeigen. Damit wurde zu einer sachlichen Diskussion
beigetragen und konnte einer Uberreaktion in der Bevélkerung, wie das im Ausland
geschehen ist, entgegengewirkt werden. Wir ziehen Schlussfolgerungen und
diskutieren Empfehlungen fir Kampagnen zur Foérderung der Akzeptanz von
Wildtieren.
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Einleitung

Rotflchse erobern die Siedlungsgebiete

Die Bewohnerlnnen der meisten Siedlungsgebiete in der Schweiz sehen sich Ende
der 1990er-Jahre mit einer neuen Situation konfrontiert: In ihrer ndchsten
Nachbarschaft leben Fuchse, welche keineswegs nur nachts in Stadtrandgebieten
nach Nahrung suchen, sondern mitten im Siedlungsraum den Tag verschlafen und
hier auch Junge grossziehen, eigentliche Siedlungsfiichse also. Seit Mitte der
1980er-Jahre haben die Fuchsbestande der Schweiz, u.a. als Folge der erfolgreichen
Bekédmpfung der Tollwut, in landlichen Gebieten stark zugenommen (Breitenmoser
et al. 2000, Breitenmoser et al., in diesem Band). Parallel dazu kam es zu einer
sprunghaften Besiedlung von Ddorfern, Agglomerationen und Stédten durch Flichse
(Gloor et al. 2001).

Diese Entwicklung wurde von der Bevolkerung zu Beginn kaum bemerkt, da
Fuchse ein verstecktes Leben fuihren und die Bestandesdichten anfanglich gering
waren. Obwohl immer mehr Leute Fiichsen in Wohngebieten begegneten, wurden
solche Beobachtungen sowohl von der Bevolkerung als auch von den
Jagdverantwortlichen lange als Ausnahmeereignisse bewertet, denn fir viele
Menschen sind Fichse typische Waldtiere. Ein Fuchs mitten im Siedlungsgebiet
wird deshalb haufig als etwas Unnatiirliches wahrgenommen. Auch Angste im
Zusammenhang mit der Tollwut pragen die Haltung vieler Leute gegentiber dem
Rotfuchs, obwohl diese Tierseuche in ganz Westeuropa erfolgreich bekampft
werden konnte und die Schweiz seit 1999 tollwutfrei ist (Zanoni et al. 1999).

Wildtierforschung und Kommunikation im Integrierten Fuchsprojekt

Die enorme Dynamik der Fuchspopulationen der letzten 15 Jahre und die damit
zusammenhédngenden Fragen und Probleme waren 1995 Anlass, das Integrierte
Fuchsprojekt IFP ins Leben zu rufen. Das Ziel war, in einem interdisziplindren
Forschungsprojekt die verschiedenen Aspekte der zunehmenden Fuchsbestande zu
untersuchen. Von Anfang an war das Kommunikationsmodul INFOX wichtiger
Bestandteil des IFP und wurde eng verknipft mit den wildbiologischen,
parasitologischen und sozialwissenschaftlichen Projektteilen im Siedlungsgebiet.

Ein Grund dafir war, dass Forschungsarbeiten im urbanen Raum, anders als
Arbeiten in abgelegenen Gebieten, stark dem 6ffentlichen Interesse ausgesetzt sind,
um so mehr als das Fuchsprojekt in Zusammenhang mit den Zoonosen Tollwut und
Alveoldre Echinokokkose (Kleiner Fuchsbandwurm) sehr sensible Bereiche
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bearbeitete. Ein weiterer wichtiger Grund war, dass wir die Bevolkerung als eine
unverzichtbare Informationsquelle des Siedlungsraumes ins Projekt einbinden
wollten.

Im vorliegenden Beitrag mochten wir aufzeigen, welche Gedanken und
Motivationen der Kommunikationskampagne INFOX zu Grunde lagen und wie
deren Konzeption und Durchfihrung schrittweise realisiert wurde. Der Abschluss
des ersten Teils der Informationskampagne im Frihling 1999 gibt uns die
Gelegenheit, die angestrebten Ziele, die eingesetzten Mittel und den Erfolg von
INFOX zu diskutieren.

Das Thema ,Kommunikation rund um Wildtiere® bleibt aktuell. Das
Fuchsweibchen mit seinen Welpen im Familiengarten, Wolfe auf Schafweiden, aber
auch Zwergflederméause in einem Rollladenkasten machen deutlich: Wildtiere leben
in unserer nachsten Nachbarschaft und es gilt, Wege fur ein moglichst
konfliktarmes Zusammenleben zu finden.

Indem wir unsere Erfahrungen mit der INFOX-Kampagne diskutieren und mogliche
Konsequenzen fiir solche Projekte formulieren, méchten wir zu einer erfolgreichen
Kommunikationsarbeit im Bereich Menschen und Wildtiere beitragen.
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Monitoring der Fuchspopulationen Okologische Aspekte einer urbanen
und Surveillance von Zoonosen Fuchspopulation in der Stadt Zirich

Schweiz. Tollwutzentrale, Bern Zool. Museum, Univ. Zlrich
Uli Muller, Dr. Urs Breitenmoser Sandra Gloor, Dr. Urs Breitenmoser

Akzeptanzstudie des Stadtfuchses. Zur
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WSL, Birmensdorf
Marcel Hunziker, Urban Caluori

Parasitologische Aspekte einer urbanen
Fuchspopulation in der Stadt Ziirich
Parasitol. Institut, Univ. Zirich

Dr. Peter Deplazes, Sonja Hofer

INFOX
ommunikation rund um Fichse im Siedlungsraum
Arbeitsgemeinschaft Stadtokologie
und Wildtierforschung, Zurich
Waldamt der Stadt Zrich,

Fabio Bontadina, Sandra Gloor, Daniel Hegglin,
Therese Hotz, Christian Stauffer

Abb. 1: Die fiinf Module des Integrierten Fuchsprojektes und die verantwortlichen Institutionen und
Personen.

Entstehung und Ziele von Infox

Das Integrierte Fuchsprojekt IFP und INFOX

1995 erarbeitete die Arbeitsgemeinschaft Stadtokologie und Wildtierforschung
(neu: SWILD) im Auftrag der Fachstelle Naturschutz des Gartenbauamtes der Stadt
Zirich eine erste Bestandesaufnahme zu Fiichsen im Siedlungsraum in Zurich und
anderen européischen Stadten (Hotz et al. 1995). Diese Vorstudie fuhrte zu einer
ersten Kontaktnahme mit den verschiedenen zustidndigen Stellen. Im Anschluss
wurde von Vertreterlnnen der Schweizerischen Tollwutzentrale in Bern, des
Institutes flr Parasitologie der Universitat Zurich, des Waldamtes der Stadt Zurich
(neu: Grin Stadt Zirich) und der Arbeitsgemeinschaft Stadttkologie und
Wildtierforschung (SWILD) das Integrierte Fuchsprojekt IFP ins Leben gerufen.
Wahrend der Planungsphase stiess fir die sozialwissenschaftliche Studie die
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Eidgendssische Forschungsanstalt fur Wald, Schnee und Landschaft WSL zum
Projektteam. Im Rahmen des IFP wurden in finf Modulen verschiedene Aspekte
der zunehmenden Fuchsbestdande bearbeitet (Abb. 1). Je nach Fragestellung waren
die Module eng miteinander verknipft und profitierten gegenseitig von der
gemeinsamen Benutzung der erfassten Daten und der Infrastruktur, von den
Erfahrungen, dem Know-how der unterschiedlichen Wissenschaftsdisziplinen und
dem regelmaéssigen Informationsaustausch.

Das Modul INFOX wurde von der Arbeitsgemeinschaft Stadtokologie und
Wildtierforschung Zirich (SWILD) in Zusammenarbeit mit allen am IFP beteiligten
Personen konzipiert und durchgefihrt.

Eine wichtige Rahmenbedingung fir INFOX in der Stadt Zirich bildete der
Umstand, dass das Gemeindegebiet der Stadt Zirich seit 1929 ein Wildschonrevier
ist. Drei vollamtliche Schonrevieraufseher (Wildhiter) sind seither erméchtigt, auf
dem Stadtgebiet Hegeabschiisse vorzunehmen. Bis zu Beginn des Fuchsprojektes
war es im Wildschonrevier gangige Praxis, bei Reklamationen aus der Bevolkerung
Fuchse in Wohngebieten zu schiessen. Trotz hohen Abschusszahlen nahm die
Fuchspopulation aber standig zu. Im Rahmen des IFP sollte deshalb untersucht
werden, welchen Einfluss Reduktionsmassnahmen auf  stédtische
Fuchspopulationen haben. In der einen Hélfte der Stadt wurde die bisherige
Abschusspraxis beibehalten, wahrend in der anderen Stadthélfte nur noch sehr
zurlickhaltend eingegriffen wurde. Mit dem unterschiedlichen Vorgehen sollten
Erfahrungen gesammelt und der Effekt auf die beiden Teilpopulationen der
Stadtflichse untersucht werden.

Die Ziele von INFOX

Voraussetzung fur INFOX war die Kenntnis, dass Flchse das Siedlungsgebiet als
Lebensraum erobert haben und es im Rahmen der heutigen Jagd- und
Tierschutzgesetzgebung in der Schweiz selbst mit intensivsten jagdlichen Eingriffen
nicht moglich ist, diese Entwicklung riickgéngig zu machen.

Das tibergeordnete Ziel von INFOX war:
Ein konfliktarmes Zusammenleben von Menschen und Fiichsen im Siedlungsraum.

Mit folgende Teilzielen sollte das tibergeordnete Ziel erreicht werden:
m  Wecken des Interesses fir das Wildtier Fuchs im Siedlungsgebiet und positive
Positionierung des Fuchses.
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Abklarung der Bedurfnisse der Bevolkerung.
Eingrenzung konkreter Konfliktbereiche in Zusammenarbeit mit der
Bevolkerung.

m Aktive und transparente Information Uber Gefahren und Risiken im
Zusammenhang mit Zoonosen.

m Entwicklung und Umsetzung von Konzepten flr die Losung der konkreten
Konflikte.

m Einbindung der Bevolkerung in die Forschungsarbeiten.

Durch die laufende Information tber die aktuellen Forschungsergebnisse sollte das
Interesse fur diesen neuen Mitbewohner geweckt werden. Durch sachliche und
aktive Information tber mogliche Gefahren und Risiken im Zusammenhang mit
Zoonosen sollten einerseits Panikreaktionen verhindert und andererseits der
Tendenz zur Verhaustierlichung von Flchsen (Futtern und Z&hmen)
entgegengewirkt werden.

INFOX wurde auf nationaler Ebene mit einem Schwergewicht fir die
deutschsprachige Schweiz und auf regionaler Ebene flr die Stadt Zirich — wo sehr
hohe Fuchsdichten mitten im Siedlungsgebiet verzeichnet und die 6kologischen und
parasitologischen Forschungsarbeiten durchgefuhrt wurden - und deren Umgebung
konzipiert, wobei jeweils unterschiedliche Methoden und Mittel zum Einsatz
kamen.

Realisierung

Mittel und Wege von INFOX und Teilziele der einzelnen Kommunikationsschritte
INFOX wurde als Informations-Drehscheibe geplant, wobei im Mittelpunkt der
kontinuierliche und gegenseitige Austausch von Information, Bedurfnissen und
Problemen ein wichtiges Ziel war. Partnerlnnen von INFOX waren neben den
Wissenschaftlerinnen des Fuchsprojektes die Bevolkerung (z.B. Kinder und ihre
Eltern, Lehrerlnnen, Gartenbesitzerlnnen), fur Wildtiere verantwortliche
Amtsstellen, die Jagerschaft und die Medien.

INFOX wurde von Anfang an in Etappen entwickelt. Die Bevolkerung sollte in die
Kampagne einbezogen und beteiligt werden, was es ihr ermdglichte, ihre Fragen
und Bedurfnisse selber einzubringen. Dies erlaubte eine Eingrenzung von
verschiedenen  Konfliktkreisen, auf die mit den jeweils adéaquaten
Informationsmethoden reagiert werden konnte.
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Integriertes Fuchsprojekt ‘« IFP

Abb. 2: Projektlogo

Um die Wirkung und Verbreitung der Informationen zu verstarken, wurden fur
verschiedene Projektteile die Zielgruppen Kinder und Lehrerinnen ausgewéhlt, die
als MultiplikatorInnen wirken konnten.

Projektlogo und einheitliche Gestaltung aller Informationsauftritte

Der einheitliche Auftritt mit einem Projektlogo (Abb. 2) und professioneller
Gestaltung aller Projektunterlagen durch eine visuelle Gestalterin sollte den Effekt
des Wiedererkennens verstarken und somit die Kampagne als Ganzes und nicht nur
als Einzelereignisse erkennbar machen.

Mittel fur die deutsche Schweiz

m Fuchstelefon fir Fragen rund um Fichse

Das Fuchstelefon war von Anfang an ein wichtiger Pulsnehmer fir INFOX. Es
diente als Anlaufstelle fur alle Fragen und Probleme aus der Bevélkerung rund um
Fuchse. Mitarbeitende des Fuchsprojektes nahmen die Telefone personlich
entgegen, Probleme wurden im direkten Gesprdch gelost oder an weitere
Fachstellen (Wildhuter, Institut fiir Parasitologie der Universitaten Zirich und Bern)
weitergeleitet. Wegen der beschrankten finanziellen Mittel wurde das Fuchstelefon
fur die deutschsprachige Schweiz nur zu bestimmten Zeiten, z.B. nach einer
Medieninformation, gefiihrt. Wahrend der ubrigen Zeit blieb es mehrheitlich auf die
Stadt Zirich beschrankt.

Ziele: Anlaufstelle fiir Fragen und Probleme aus der Bevolkerung, Anlaufstelle fir
dringende Fragen nach Medienberichten, Pulsnehmer fir Bedurfnisse der
Bevolkerung.

Beteiligung: Von Januar 1997 bis August 1999 war das Fuchstelefon national ca. 12
Wochen in Betrieb. Es wurden ca. 130 Anrufe aus der ganzen Schweiz (ohne
Ziirich) beantwortet.
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m 5-teilige Serie von Beitrdgen im Rahmen des Magazins ,,Menschen-Technik-
Wissenschaft* des Schweizer Fernsehens DRS

Wahrend eines Jahres (Feb. 97 bis Jan. ’98) wurden in sechs Beitrdgen der

Sendung MTW in 5 bis 15 Minuten Beitrdgen das Phdnomen Stadtfuchs und das

Integrierte Fuchsprojekt mit seinen funf Modulen vorgestellt und laufend Uber

vorlaufige Resultate berichtet.

Ziele: Positive Positionierung des Fuchses, Aufzeigen des Ph&nomens von

Stadtfuchsen, Information zu Zoonosen, welche vom Fuchs tbertragen werden,

Verhaltensregeln zum Umgang mit Siedlungsfiichsen.

Beteiligung: Die Beitrdge wurden gemass Erhebungen des Schweizer Fernsehens

von je bis zu 600'000 Personen gesehen. Bei drei Beitrdgen wurden vorangehend

Kurzbeitrdge in den Hauptnachrichten der ,, Tagesschau* gesendet.

m 6-teilige Medienkampagne

Teilweise verbunden mit den Fernsehbeitrdgen wurden in sechs Medienaktionen die
folgenden Schwerpunktthemen verbreitet: 1) Ph&nomen Stadtflichse, IFP, 2)
Jungfiichse in der Stadt: Faszination und Probleme, Jungfuchsmarkierungen in der
Stadt Zirich, 3) Fuchsbandwurm bei Zircher Fiichsen: Erste Forschungsresultate,
Praventionsmassnahmen, 4) Ein Monat im Zeichen des Fuchses: Kulturelle
Aspekte, mit Theater, Ausstellung und Matinee, 5) Faszination/Probleme
Stadtflichse: AussergewoOhnliche Bilder von Schlafplatzen von Flichsen in der Stadt,
Fuchse nicht futtern!, 6) Vorstellung des Ratgebers: Lésungen bei Problemen mit
Fichsen.

Ziele: Positive Positionierung des Fuchses, Aufzeigen des Phanomens von
Stadtfiichsen, Information zu Problemen wund Zoonosen, Aufzeigen von
Verhaltensregeln zum Umgang mit Stadtflichsen und von Lésungswegen bei
Problemen.

Beteiligung: Es wurden dutzende Medienleute beraten und viele Interviews
gegeben. Insgesamt sind Uber 130 Zeitungsartikel erschienen (nur von uns erfasste
Artikel, ohne professionelle Medienkontrolle), ca. 10 Radiobeitrdge und 3
Regionalfernsehbeitrage ausgestrahlt worden.

m Ratgeber mit konkreten Lésungsvorschlégen fiir die wichtigsten Probleme mit
Fuchsen im Siedlungsraum.

Der Ratgeber ,,Fiichse im Siedlungsraum - Leben mit einem Wildtier* wurde auf

Grund der Erfahrungen am Fuchstelefon der Stadt Zirich und unzahligen

Gesprachen wahrend der Feldarbeiten und an Veranstaltungen entwickelt. Die

Broschire wendet sich an die Bevolkerung von Siedlungsgebieten und ist so

konzipiert, dass in einem Kernteil die am hdufigsten gestellten Fragen beantwortet
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und/oder konkrete Losungsvorschlage geliefert werden. Der Ratgeber wurde in
Zusammenarbeit mit einer verantwortlichen Behdrde produziert und enthélt einen
lokalen Teil, der einen personlichen Bezug zu den verantwortlichen Personen und
den lokalen Verhéltnissen schafft.

Ziele: Information zu den wichtigsten Fragen zu Fichsen im Siedlungsraum,
Unterstutzung der Jagd- und Wildtierverantwortlichen bei ihrer Informationsarbeit,
konkrete Tipps und Tricks zur Lésung von Problemen mit Stadtfuichsen.
Beteiligung: Die 50-seitige Broschure wurde bisher fur die Stadt Zrich, Stadt und
Kanton Schaffhausen und den Kanton Bern in einer Gesamtauflage von 7'700
Exemplaren produziert. Im Jahr 2001 werden Neuauflagen geplant.

Mittel auf regionaler und lokaler Ebene: Stadt und Kanton Zirich

= Informationsblatt zu Fiichsen in der Stadt Zurich

Das Faltblatt enth&lt Kurzinformationen zu Fuchsen in der Stadt (Biologie,
Zoonosen, Verhaltensempfehlungen) und die wichtigsten Telefonnummern fr
weitere Informationen. Es wurde wéhrend den Feldarbeiten und nach
Beratungsgesprachen an Interessierte abgegeben.

Ziele: Bekraftigung der mundlichen Informationen, Bekanntmachung der
Anlaufstelle Fuchstelefon und weiterer Kontaktadressen.

Beteiligung: Das Informationsblatt wurde in zwei Auflagen zu je 5000 Exemplaren
gedruckt und an Interessierte verteilt.

m Zlrcher Fuchstelefon fir Fragen rund um Fiichse

Das Fuchstelefon fir die Stadt Zdrich war eine wichtige Drehscheibe fir
Informationen rund um Fichse. Neben den Beratungsgesprachen war das
Fuchstelefon das beliebteste Mittel, um Fuchsbeobachtungen und Baustandorte zu
melden. Wahrend der Arbeiten mit Schulen der Stadt Zirich konnte
Unterrichtsmaterial bestellt werden.

Regional wurde das Fuchstelefon in Zusammenarbeit mit dem Waldamt der Stadt
Zirich geflhrt. Informationen zu Fuchsbeobachtungen wurden jedoch vertraulich
behandelt, um zu garantieren, dass Fichse nicht auf Grund von
Beobachtungsmeldungen geschossen wurden, was die Zusammenarbeit mit der
Bevolkerung erschwert hétte.

Die Gespréachspartnerinnen am Fuchstelefon wurden jeweils gefragt, ob sie an
Interviews im Rahmen einer sozialwissenschaftlichen Studie teilnehmen wurden.
Ziele: Anlaufstelle bei Fragen und Problemen, Meldung von Fuchsbeobachtungen,
Materialbestellungen, personliche Beratung, Entlastung der Wildhiter, Auswahl
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von potentiellen Interviewpartnerinnen fur die sozialwissenschaftliche Befragung
des IFP (Hunziker 1998, Caluori 1999).

Beteiligung: VVon Januar 1997 bis August 1999 (32 Monate) wurden 344 Anrufe aus
der Stadt Ziirich entgegengenommen.

= Informationsveranstaltungen und Infoversande fiir Jager im Raum Zrich

Bei Projektbeginn wurden in Zusammenarbeit mit dem Waldamt der Stadt Zirich
und den Zlrcher Wildhitern zwei Informationsveranstaltungen fiir die an Zirich
angrenzenden Jagdreviere durchgefiihrt. Die Veranstaltungen boten die
Gelegenheit, das Projekt vorzustellen und mit der Jagerschaft zu diskutieren.
Gleichzeitig wurden die Jager aufgerufen, die in Zirich markierten Fiichse zu
melden, falls diese in ihrem Jagdrevier gefunden wurden. In zwei Verséanden an die
Jager des Zurcher Jagdschutzvereins wurden im Abstand von je einem Jahr
vorlaufige Resultate des Projektes mitgeteilt und nochmals zur Meldung von
markierten Fiichsen aufgerufen.

Ziele: Kontakte zur Jagerschaft, Diskussion und Kritik des IFP, Rickmeldungen
markierter Fuchse.

Beteiligung: In zwei abendlichen Informationsveranstaltungen konnten alle 14
benachbarten Jagdgesellschaften von Zirich persénlich Gber das Projekt informiert
werden. In zwei Versdnden an die Mitglieder des Zurcher Jagdschutzvereins
wurden je ca. 1000 Informationsblatter verteilt.

m Aufrufe an die Bevolkerung, Fuchsbeobachtungen im Siedlungsraum zu melden
Die Bevolkerung der Stadt Zirich wurde (ber diverse Medien (Tagespresse,
Quiartierpresse, Lokalradios) aufgerufen, Fuchsbeobachtungen zu melden. Im
Hauptuntersuchungsgebiet der wildbiologischen Untersuchungen in  Zlrich
Wiedikon wurden zudem in 23'000 Haushaltungen Flugblatter mit einem
Kurzbeschrieb des Fuchsprojektes und einem Meldeaufruf verteilt. Die Meldungen
erreichten uns per Post oder Uber das Fuchstelefon.

Ziele: Einbezug der Bevolkerung in das Projekt, Bekanntmachen des Stadtfuchs-
Phanomens, Bekanntmachen des IFP, Kenntnis (ber Baustandorte und
Jungenaufzuchtorte auf Privatgrundstticken, Grundlagen fur eine moglichst genaue
Bestandesschatzung in Zirich Wiedikon.

Beteiligung: Auf dem Fuchstelefon gingen nach den Aufrufen im Mai 1997 85
Meldungen ein, (Gber den  Postweg erreichten uns aus dem
Hauptuntersuchungsgebiet Zurich Wiedikon 133 Meldungen.

m Begehungen und Aussprachen mit Familiengarten- und Quartiervereinen
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Die breite Thematisierung der Fuichse im Siedlungsraum fiihrte bei verschiedenen
Bevolkerungsgruppen zu einer grossen Verunsicherung. Viele Gartenbesitzerinnen
und Familien mit Kindern fiihlten sich durch die Anwesenheit der Flichse belastigt
und im Zusammenhang mit den Zoonosen (Kleiner Fuchsbandwurm, Tollwut)
bedroht. In zahlreichen Informationsveranstaltungen bei Familiengarten- und
Quartiervereinen und bei Begehungen v.a. in Schrebergartenarealen wurde das
direkte Gesprdch mit den Betroffenen gesucht und gleichzeitig Informationen
vermittelt. An den Veranstaltungen und den Begehungen waren jeweils Vertreter
des Waldamtes und des Institutes fiir Parasitologie beteiligt. Weitere unzéhlige
Gespréche und Begehungen flhrten die drei Wildhiter der Stadt Zarich durch.
Ziele: Direkte Kommunikation mit besonders betroffenen Bevoélkerungsgruppen,
Entscharfung und Versachlichung der oft sehr emotionalen Situation.

m  Umfrage bei Schulkindern zu Fuchsbeobachtungen

In Grossbritannien wurde eine Methode zur Bestandesschéatzung entwickelt, welche
erfolgreich in vielen britischen Stadten zur Anwendung kam (Harris & Rayner
1986). Wir fuhrten in Zlrich einen Test dieser Methode durch. Hierbei wurden tiber
die Stadtzurcher Schulen Kinder wund Jugendliche aufgerufen, eigene
Fuchsbeobachtungen und solche von Verwandten und Bekannten zu melden. Durch
genaue Fuchszdhlungen in einem Testgebiet in Zirich Wiedikon wurden
anschliessend die Anzahl Flchse pro Anzahl Fuchsbeobachtungen eruiert und auf
die einzelnen Stadtgebiete hochgerechnet. Die Ergebnisse aller Schulkind-
Fuchsbeobachtungen wurden im Rahmen der Fuchsausstellung (Beschreibung
unten) vorgestellt.

Ziele: Bewusstsein fur die Anwesenheit des Wildtieres Fuchs mitten in der Stadt
vermitteln, Motivation fur eine Auseinandersetzung mit dem Thema wecken,
Nutzung des Multiplikatoreffekts durch Einbindung von Verwandten und
Bekannten, Daten fir eine Bestandesschatzung erheben, Beteiligung an
Kulturmonat und anderen Aktionen erhéhen.

Beteiligung: In 51 Schulhdusern beteiligten sich 72 Schulklassen und meldeten 255
Fuchsbeobachtungen.

m  Unterrichtshilfe fir Lehrerlnnen

Eine Unterrichtshilfe Uber Fuchse im Siedlungsgebiet sollte Lehrerinnen
motivieren, das Thema im Unterricht zu behandeln und die Kinder fir Fiichse in
ihrer Nachbarschaft zu sensibilisieren. Damit sollten die Kinder auch motiviert
werden, an den Fuchsbeobachtungen und am Zeichnungswettbewerb teilzunehmen.
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Ziele: Informationsvermittlung, Motivation von Schulkindern, sich mit dem Thema
zu beschaftigen, Beteiligung an den Fuchsbeobachtungen, Beteiligung am
Zeichnungswettbewerb (Beschreibung unten).

Beteiligung: Es wurden 150 Unterrichtshilfen verteilt.

m  Zeichnungswettbewerb ,,Fiichse in der Stadt*

Der Zeichnungswettbewerb, an welchem alle Schulkinder der Stadt Zirich mit
Einzel- oder Klassenarbeiten teilnehmen konnten, sollte einen weiteren, weniger
intellektuellen Zugang zu Thema ermoglichen. Die Kinder sollten motiviert werden,
sich mit Flichsen im Siedlungsraum auseinanderzusetzen und ihre eigenen Ideen
und Vorstellungen auszudriicken. Jedes Bild wurde an einer grossen Ausstellung
gezeigt und jedes Kind erhielt einen Preis.

Ziele: Motivation von Schulkindern, sich mit dem Thema zu beschéftigen, positives
Erlebnis im Zusammenhang mit Stadtflichsen, Beteiligung an den
Fuchsbeobachtungen, Motivation, den Kulturmonat (nachfolgend beschrieben) zu
besuchen.

Beteiligung: Es beteiligten sich 41 Schulklassen mit Einzel- oder Gruppenarbeiten,
insgesamt iber 400 Kinder mit 264 Arbeiten am Wettbewerb.

m Kulturmonat im Zeichen des Fuchses: Ausstellung ,,Lueged nume, de Fuchs gaat
ume ...“, Theater ,Frau in Fuchsin“, Matinee ,Fuchs, du hast die Stadt
gestohlen*

In einer grossen Ausstellung wurden zum einen alle Arbeiten des

Zeichnungswettbewerbes gezeigt, zum andern fiihrte ein vielfaltig gestalteter

Informationsteil durch die Welt der Zlrcher Stadtflichse. Die Kinder wirkten dabei

als Multiplikatorinnen, indem sie die Ausstellung zusammen mit ihren

Schulkolleginnen, Freundinnen und Familien besuchten.

Im Rahmen des Kulturmonates wurde die Theatergruppe Freies Theater

M.A.R.LLA., Baden, fir funf Auffihrungen des Theaters ,,Frau in Fichsin® nach

Zirich eingeladen. Zusammen mit Mitarbeiterlnnen des Fuchsprojektes entwickelte

die Theatergruppe zudem eine Matinee, welche auf spielerische Art Biologisches,

Mythisches und Fabelhaftes zu Fuchsen im Siedlungsgebiet vermittelte. Die

Matinee wurde zweimal in der Fuchsausstellung durchgefunhrt.

Ziele: Sichtbar- und Bewusstmachen der Anwesenheit der Stadtfuichse, Aufzeigen

kultureller Aspekte des Themas (Geschichten, Marchen, Mythen), nachhaltiges

Erlebnis des Stadtfuchs-Phdnomens mit allen Sinnen, Informationsvermittlung.

Beteiligung: Die Ausstellung dauerte drei Wochen und wurde von tber 1000

Personen besucht. Die funf Theaterabende wurden von 260 Personen, die Matinees

von 153 Personen besucht.
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Anhang IV (Forest Snow and Landscape Research):

Tab. 1: Ereignisse rund um Stadtfiichse, das IFP und INFOX in zeitlicher Abfolge

Zeit Ereignisse in der Stadt Zrich und im IFP | Ereignisse von INFOX auf nationaler Ebene | Ereignisse von INFOX auf regionaler/lokaler Ebene
1989 B Im Wildschonrevier der Stadt Zirich wird der Winterbestand der Rotflichse erstmals auf mehr als 200 Individuen geschétzt, die Fuchspopulation Ziirichs nimmt weiter zu.
1994/1995 | m  Vorstudie im Auftrag des Gartenbauamtes der Stadt | @ In der deutschsprachigen Presse erscheinen erste | @ In Stadt und Region Zlrich erscheinen erste Zeitungsartikel
Ziirich, Fachstelle Naturschutz, und anschliessende Zeitungsartikel (z.B. Tages Anzeiger, 5. Sept. 94, Uber Flchse im Siedlungsraum (z.B. Tagblatt der Stadt Z(irich,
Griindung des IFP Sonntags-Blick, 13. Nov. 94) 20. April '94, Ziri Woche, 12. April '94).
Frihling | ™ Start des IFP in finf Module B Konzeption von INFOX
1996 B Gestaltungskonzept und Projektlogo
Oktober | ®m  Start des Nationalfonds-Projektes ,Fiichse im m  Vorbereitung der MTW-Serie, Planung der B Informationsblatt zu Flichsen in der Stadt Zrich
1996 Siedlungsraum* in der Stadt Zirich Medienkampagne B Start der Finanzierungsgesuche fur INFOX bei Stiftungen,
Institutionen, Vereinen, Organisationen, privaten Sponsoren
Dezember | @  Beginn der Feldarbeiten in der Stadt Zirich B Informationsveranstaltungen fiir Jager im Raum Zrich
1996 B 1. Fang eines Altfuchses, Start der Telemetrie
Januar B Startvon INFOX B Erste Medieninformation: Fiichse in B Start des Fuchstelefons
1997 B Intensive Telemetriearbeiten bis Juni 1999 Siedlungsgehieten und das Interdisziplinére B inunregelméssigen Abstanden Veranstaltungen und
Forschungsprojekt Begehungen mit Familiengarten- und Quartiervereinen iber
B 1. Teil der MTW-Serie (iber das IFP den gesamten Zeitraum des IFP
B Reportage auf DRS 2 B diverse Vortrdge
Fruhling | ® 1. Jungfuchsmarkierungen in der Stadt Z(irich B 2. Teil der MTW-Serie zum Thema ,Jungfiichse” | @ Beitrdge in den lokalen Medien
1997 B Medieninformation Jungflichse B Aufruf, Fuchsheobachtungen zu melden in Zirich Wiedikon
Sommer m 3. Teil der MTW-Serie: Monitoring, Erndhrung B Schulumfrage, Unterrichtshilfe, Zeichnungswettbewerb
1997 Stadtfiichse B Informationsversand an die Ziircher Jager
Herbst B Erste Resultate der Fuchsbandwurm- B 4. MTW-Serie: Fuchsbandwurm im Siedlungsraum | @ Medieninformation zu Fuchsbandwurm, Resultate des IFP in
1997 Untersuchungen B Medieninformation zu Fuchsbandwurm, Resultate den Quartierzeitungen, lokale Medien
des IFP
Januar B 5. MTW-Serie: INFOX, Kulturmonat im Zeichen B Kulturmonat im Zeichen des Fuchses:
1998 des Fuchses in Ziirich, Kinder befassen sich mit m  Ausstellung, Theaterabende, Matinees
Stadtfiichsen B Medieninformation rund um den Kulturmonat
Fruhling/ | ® 2. Jungfuchsmarkierungen in der Stadt Ztirich B Informationsblatt an die Zircher Jager mit Aufruf,
Herbst Beobachtungen von markierten Fuichsen zu melden
1998 B Medieninformation: Fiichse nicht fiittern, zahme Fiichse
werden geschossen
Frihling B Ratgeber fiir Stadt und Kt. SH u. Kt. BE, B Ratgeber fiir die Stadt Zirich, Medieninformation
99 Medieninform.
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Diskussion

Fuchse im Siedlungsraum waren bis 1996 kaum ein Thema in der Schweizer
Offentlichkeit und auch in der Stadt Ziirich wurde das Phanomen nicht allgemein
wahrgenommen. Dies ermdglichte es uns, den Zeitplan fir die
Kommunikationskampagne weitgehend selber zu bestimmen und aktiv und ohne
offentlichen Druck schwierige Themen wie die Risiken rund um Zoonosen
aufzugreifen.

Allerdings musste der anfangliche Plan, den nationalen Start von INFOX auf das
zweite Forschungsjahr zu legen, schon bald verworfen werden. Erste Kontakte mit
Medienvertretern machten klar, dass ein grosses Interesse fiir das Thema vorhanden
war und die Medien (insbesondere das Fernsehen) nicht bereit waren, mit
»Primeur“-Beitrdgen uber das Phanomen Stadtfiichse zuzuwarten. Um die Inhalte
und den zeitlichen Ablauf der Medieninformationen von unserer Seite her steuern
zu konnen, mussten wir den Kommunikationsteil gemeinsam mit den
Forschungsarbeiten starten, auch wenn aus konzeptioneller Sicht ein spaterer
Zeitpunkt fur den Beginn sinnvoller gewesen wére.

Als Ubergeordnetes Ziel von INFOX haben wir das konfliktarme Zusammenleben
von Menschen und Fiichsen im Siedlungsraum angefiihrt. Dieses hoch angesetzte
Ziel kann durch zeitlich begrenzte Offentlichkeitsarbeit nicht erreicht werden,
sondern muss in Dauerarbeit angestrebt werden. Trotz aller Bemihungen wird
immer ein Teil der Bevolkerung eine negative Einstellung Wildtieren gegeniber
beibehalten. Wichtig ist es jedoch, die allgemeine Bevolkerung fir eine positive
Haltung zu gewinnen. Offentlichkeitsarbeit Gber Wildtiere darf deshalb nicht in
erster Linie auf problematische Aspekte fokussieren. Da in einer ersten Phase durch
die Offentlichkeitsarbeit mehr Menschen den Konflikt erkennen, ist es wichtig, dass
durch klare Empfehlungen Sicherheit im Umgang mit Wildtieren vermittelt wird.

Die nationale Kampagne, insbesondere die Sendungen im Fernsehen, erreichte eine
grosse Breitenwirkung. Die Einschaltquoten erreichten sehr hohe Werte und
schlagartig waren sehr viele Leute (ber das Vorhandensein von Fichsen im
Siedlungsraum und das laufende Fuchsprojekt informiert. Dies unterstltzte die
Feldarbeiten, die regionalen Aufrufe, Flchse zu melden und die Beteiligung an
anderen Aktionen im Rahmen von INFOX. Allerdings wurde in den Beitrdgen nicht
immer der von INFOX gewinschte Schwerpunkt gesetzt (z.B. zu lange Sequenz
von zahmen Fuchsen, vgl. unten). Am Fuchstelefon und wahrend der Feldarbeiten
erhielten wir zudem den Eindruck, dass tber die Fernsehbeitrdge nur sehr wenige
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Informationen bleibend vermittelt werden konnten und Zuschauerinnen sich vor
allem an einzelne, stark emotionale Bilder erinnerten. So blieben etwa Bilder von
zutraulichen Flchsen, die geflttert wurden, als starker Eindruck haften, wéhrend
der kritische Kommentar zu solchen Bildern oft sehr schnell vergessen wurde.
Differenziertere Informationen konnten eher in den Printmedien vermittelt werden.
Da die Artikel meist im Anschluss an die Fernsehbeitrdge erschienen, wurde hier
eine Synergie erreicht, indem das eine Medium das Interesse weckte und das andere
die Information vertiefte.

Das schwierigste Thema wurde mit der Zoonose des Kleinen Fuchsbandwurms
behandelt. Das sehr kleine, aber doch existente Risiko einer Erkrankung fir den
Menschen (Eckert & Deplazes 1999) und die wegen der langen Inkubationszeit
unklaren Ubertragungswege sind geradezu pradestiniert, diffuse Angste zu wecken.
Im Vordergrund stand fur INFOX die offensive, transparente und sachliche
Information der Bevolkerung und damit das Verhindern einer Uberreaktion auf
Forschungsarbeiten und mogliche Ergebnisse.

Auf regionaler Ebene spielte dabei eine wichtige Rolle, dass zum Zeitpunkt der
Medieninformation Uber den Kleinen Fuchsbandwurm und Uber erste
Forschungsergebnisse die betroffene Bevodlkerung die Anlaufstellen fiir Fragen
bereits kannte (Fuchstelefon, Waldamt, stadtische Wildhtter, Institut fir
Parasitologie) und dass diese Stellen auf die Anfragen vorbereitet waren und eng
miteinander zusammenarbeiteten. In den direkten Gesprachen mit Ratsuchenden
konnten Fragen besprochen, Lésungen von Problemen gesucht und Anregungen
entgegengenommen werden. Je nach Bedarf konnten Ratsuchende auch an eine
weitere Stelle verwiesen werden. Die kompetente Beratung rund um die Krankheit
Alveolédre Echinokokkose schaffte Vertrauen und zeigte den Betroffenen, dass ihre
Angste ernst genommen wurden und die zustdndigen Amter und das Integrierte
Fuchsprojekt sich aktiv um das Thema bemihten. Je nach Situation konnten auch
weitere Schritte eingeleitet werden, wie Begehungen in Schrebergérten, VVortréage an
Jahresversammlungen  von  Familiengartenvereinen,  Veranstaltungen  bei
Quartiervereinen und kostenlose medizinische Abkl&rungen von
Schrebergéartnerinnen.

Neben den Angsten rund um Zoonosen kristallisierten sich im Verlaufe von INFOX
zwei weitere Problemkreise heraus: (1) Schaden, welche Flchse in Gérten
verursachten und (2) Fiichse, die von Anwohnerinnen oder Anwohnern mit Futter
angelockt und gezdhmt wurden.

Zahme und halbzahme Fiichse fiihrten und fiihren immer wieder zu Anrufen von
veréngstigten oder verdrgerten Anwohnern beim Fuchstelefon oder bei den
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Wildhitern. Diese Flichse kennen kaum Scheu vor dem Menschen, sitzen z.B. beim
Barbecue im Garten neben dem Grill oder dringen gar in Wohnungen vor. Fuchse
sind im allgemeinen nicht aggressiv und greifen den Menschen nicht an. Trotzdem
ist ein solch nahes Aufeinandertreffen von Mensch und Fuchs wegen der Gefahr
ubertragbarer Krankheiten auf keinen Fall sinnvoll. Auf die Information, dass
Flchse und andere Wildtiere nicht zu flttern oder gar zu zdhmen sind, wurde
deshalb grossen Wert gelegt. Zudem kann so eine zusatzliche Forderung der Flichse
im Siedlungsgebiet durch ein zusatzliches Nahrungsangebot gebremst werden. Das
Waldamt der Stadt Zlrich und das Integrierte Fuchsprojekt wiesen in einer
gemeinsamen Medieninformation darauf hin, dass zahme und halbzahme Fiichse
geschossen werden und Flichse nicht gefittert werden durfen.

Trotz allen Bemuhungen von Seiten des Projektes und der zustédndigen
Stadtbehdrden und Wildhiter, waren und sind nicht alle Konflikte |6sbar. So
nehmen die Reklamationen aus der Bevolkerung weiter zu, am starksten in jenem
Stadtteil mit der zurtickhaltenden Abschusspraxis. Die Fallwildzahlen (tot
aufgefundene Tiere) zeigen zwar die starksten Zuwachsraten in jenem Stadtteil, in
dem anteilsméssig die meisten Abschiisse von Fuchsen erfolgen. Die
Reklamationen jedoch bewegten sich in diesem Stadtteil in den letzten Jahren etwa
im gleichen Rahmen. Die Abschusse dirften, nach vorldufiger Einschatzung des
IFP, nicht zu einer Stabilisierung oder Reduktion der Fuchspopulation gefihrt
haben, bei der betroffenen Bevoélkerung hinterliessen sie jedoch den Eindruck des
aktiven Handelns durch die zustdndigen Behdrden. Umgekehrt waren verschiedene
Gartenbesitzerlnnen von Schrebergarten und Einfamilienhausgérten in der
Stadthalfte mit zurlickhaltender Hegeabschusspraxis ber die Présenz der Fiichse
sehr verargert und &usserten die Meinung, dass von Seiten der Stadt zu wenig gegen
die Storenfriede unternommen werde. Vereinzelt wurde mit Selbsthilfemassnahmen
gedroht und in einem Fall wurde ein Fuchs in einem Gartenareal vergiftet
aufgefunden. Das Waldamt entschied sich deshalb, in solchen Fallen auch in diesem
Stadtteil vermehrt Hegeabschiisse vorzunehmen, um die Situation zu beruhigen.

Allgemein erhielten wir den Eindruck, dass bei akuten Konflikten oder Angsten der
Bevolkerung der direkte Kontakt von den zustandigen Stellen mit den Betroffenen
der einzige Weg ist, um Losungen zu finden. Oft werden erst im direkten Gesprach
die genauen Probleme und deren Hintergrinde klar und es kénnen gemeinsam
individuelle Lésungswege diskutiert oder Massnahmen ergriffen werden. Wertvolle
Informationen fur diese Gesprache lieferte die soziologische Studie zu den
grundsatzlichen Haltungen der Einwohnerinnen und Einwohner der Stadt Zirich
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gegenlber Stadtflichsen (Caluori 1999), welche im Rahmen des IFP durchgefiihrt
wurde.

Bei der Information von grésseren Gruppierungen ist es wichtig, dass das Gespréach
mit den verschiedenen Interessen- bzw. Bevolkerungskreisen gesondert gesucht
wird (z. B. Gartenbesitzerinnen von Schrebergérten oder lokal Betroffene mit
kontroversen Meinungen), damit die bestehenden Schwierigkeiten gezielt
angegangen werden koénnen. Es wird geschatzt und stiftet Vertrauen, wenn die
Betroffenen bei der Problemlésung einbezogen werden, was allerdings eine
vorangegangene, kompetente Information voraussetzt. Ahnliche Empfehlungen
werden fiir Offentlichkeitsarbeit im Zusammenhang mit grossen Beutetieren wie
Wolf und Bér gegeben (Bath 1989 und 2000, Kellert et al. 1996).

Eine grundsétzlich negative Haltung gegeniber Wildtieren mit Information &ndern
zu konnen, scheint allerdings schwierig zu sein. Immerhin werden dem Fuchs als
ausserlich attraktivem und wenig Angst einflossenden Wildtier grossere
Sympathien entgegengebracht als beispielsweise dem Wolf und negative
Extrempositionen werden seltener eingenommen. Diese Haltung zeigt sich auch in
unseren Mythen. Die positive Beeinflussung einer neutralen oder unentschiedenen
Einstellung ist dagegen eher moglich (Bath 1989 und 2000).

Menschen mit positiver Einstellung Wildtieren gegenuber sind eher bereit,
Kompromisse einzugehen als Menschen mit negativer Haltung und beispielsweise
zu beflrworten, dass Problemfélle, d. h. Schaden stiftende Individuen abgeschossen
werden, wie dies auch das Waldamt Zurich (neu: Griin Stadt Zirich) fir Flichse und
das Bundesamt fir Umwelt, Wald und Landschaft BUWAL beispielsweise fir
Luchse und Wolfe entschieden hat.

Obwohl wir tberzeugt sind, mit INFOX fiir anstehende Probleme mit Fiichsen
einiges beigetragen zu haben, kdnnen wir nicht mit Zahlen belegen, wie effektiv,
breit und nachhaltig die Wirkung von INFOX war und ist. Eine Erfolgskontrolle,
wie sie z. B. von Bath (1996) vorgeschlagen wird und Gber Wolfe im Gange ist
(Bath 2000), wéare Gegenstand eines eigenen Forschungsprojektes.

Folgerungen

Folgerungen aus INFOX flr die weiteren Arbeiten des Integrierten Fuchsprojektes

1. Anlaufstellen fir kompetente Beratung missen vorhanden und bekannt sein.
Vor allem stark betroffene Bevolkerungsgruppen missen die Mdéglichkeit flr
eine Beratung im direkten Gespréach haben. In der Stadt Zurich ist dies mit dem
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Waldamt (neu: Griin Stadt Zdrich), den drei Wildhitern, dem Fuchstelefon und
dem Institut fir Parasitologie an der Universitat Zirich weiter gewahrleistet.

Die Konzeption von weiteren Kommunikationsschritten soll auf Grund der
quantitativen Studie zur Akzeptanz der Fiichse im Siedlungsraum, welche zur
Zeit durchgefihrt wird (Hunziker 1998), vorgenommen werden.

Zahme und halbzahme Flichse, sowie Fichse, welche gefiittert werden, fiihren
zu Konflikten: Medieninformationen zum Abschuss von gezdhmten Fichsen,
Fuchse sollen nicht gefittert werden.

Dank der engen Zusammenarbeit von Forschung und INFOX wurde der
Forschungsbedarf zu folgenden Themen deutlich:

- Der Fuchsbandwurm-Zyklus im urbanen Raum, Risikoabklarungen

- Handlungsszenarien bei Infektionsrisiko Fuchsbandwurm im urbanen Gebiet

- Handlungsszenarien bei Tollwutféallen im urbanen Gebiet

Folgerungen fur die Kommunikationsarbeit im Bereich Mensch und Wildtier

1.

Nur aktive Information ist planbar: Problemkreise sollten aktiv und offensiv
kommuniziert werden. Dabei empfiehlt es sich, die verschiedenen Interessen-
oder Lokalgruppen getrennt zu informieren.

Es empfiehlt sich, ein Wildtier oder ein Ph&nomen zuerst positiv zu
positionieren (in den ersten Medienberichten standen schéne und faszinierende
Bilder und Berichte im Vordergrund), damit die Meinung der allgemeinen
Bevolkerung nicht negativ beeinflusst wird. Erst in einem zweiten Schritt sollen
die problematischen Seiten thematisiert werden.

Kommunikationsarbeit sollte dynamisch entwickelt werden und sich an den
Bedirfnissen und Problemen der betroffenen BevoOlkerung orientieren. Dazu
braucht es Instrumente zur Wahrnehmung der Probleme (z.B. Anlaufstelle wie
Fuchstelefon, Kontaktpersonen wie Wildhiter, Projektmitarbeiterinnen des
Fuchsprojektes).

Fur die Medienarbeit wurde ein Medienverantwortlicher als alleiniger bzw.
erster Ansprechpartner fiir die Medien bestimmt, der alle Informationen und
Interviews koordinierte. Dies garantierte eine einheitliche Informationspolitik
wahrend des gesamten Projektes. Die Medieninformationen umfassten
vorbereitete Texte und Bildmaterial. VVor allem Kkleinere Zeitungen tbernahmen
die Texte oft im Wortlaut. Bei Anfragen von Medienvertreterinnen wurde auf
der Abmachung bestanden, dass Interviewtexte und Inhalte gegengelesen
werden kdnnen (nur fachlich, nicht formal).

Direkte Kontaktnahme und personliche Gesprache bei Konflikten mit
Betroffenen und zustandigen Amtsstellen sind unverzichtbar.
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6. Praxisorientierte und ansprechend gestaltete schriftliche Unterlagen (z.B.
konkreter Ratgeber zu Fragen und Problemen rund um Fichse) bilden eine
wichtige Unterstiitzung bei Beratungen.

7. Forschung macht den Untersuchungsgegenstand zum Thema. Bei
medienattraktiven oder konflikttrachtigen Forschungsthemen ist deshalb aktive
Offentlichkeitsarbeit unumganglich.

8. Forschung im Siedlungsgebiet braucht wegen der erhohten Aufmerksamkeit der
Bevolkerung begleitende Offentlichkeitsarbeit.

INFOX: Geld fur die Flichse?

Professionelle Offentlichkeitsarbeit kann nicht nebenbei erledigt werden. Soll sie
ein Forschungsprojekt begleiten und unterstiitzen, muss sie frihzeitig und
zusammen mit den Forschungsarbeiten geplant und in enger Zusammenarbeit mit
allen Beteiligten durchgefiihrt werden. Offentlichkeitsarbeit ist phasenweise sehr
zeitintensiv, weshalb gentigend freie Arbeitskapazitat vorhanden sein muss, um alle
notigen Schritte zu planen, durchzufuhren und die Beteiligten zu koordinieren. Die
in den Forschungsarbeiten involvierten Wissenschaftlerinnen kommen deshalb nur
begrenzt fiir die Durchfilhrung der Offentlichkeitsarbeit in Frage und der Beizug
von weiteren Kommunikations-Mitarbeitenden ist zu empfehlen. Auch die
projektinterne Kommunikation spielt eine wichtige Rolle. Die Beteiligten mussen
uber die einzelnen Informationsschritte im Detail informiert und mit deren
Aussagen und Form einverstanden sein.

Es liegt auf der Hand, dass fir qualifizierte Kommunikation sowohl intern als auch
extern genligende finanzielle Mittel zur Verfugung stehen mussen. Fur INFOX
wurde deshalb ein eigener, von den Forschungsarbeiten unabhangiger Budget- und
Finanzierungsplan erstellt, wobei an der Finanzierung eine grosse Zahl von Amtern,
offentlicher Institutionen, Tier- und Naturschutzorganisiationen und privater
Stiftungen beteiligt waren. Das Sponsoring tber Firmen oder Privatpersonen erwies
sich sowohl im grdsseren Rahmen als auch im Raum Zirich als sehr aufwéndig und
wenig erfolgreich.

Allgemeine Folgerungen

Nach einer Publikumsbefragung des Sendegefésses ,,Menschen-Technik-
Wissenschaft MTW* des Schweizer Fernsehens (MTWmail 1996) stehen Themen
uber Natur und Tiere bei allen Altersklassen an erster Stelle des Interesses. Die
Voraussetzung, Wildtiere mit ihren sympathischen und problematischen Seiten zum
Thema zu machen, stehen also gut und mit der Beteiligung der Medien kann
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gerechnet werden. Die Erfahrungen mit INFOX haben gezeigt, dass geeignet
aufbereitete  Medieninformationen speziell zusammen mit ansprechendem
Bildmaterial (Fotos, Videosequenzen) bei den Medien meist auf ein grosses Echo
stossen.

Kommunikationsarbeit in Zusammenhang mit Forschungsprojekten wird haufig
vernachléssigt und bei Geld- und Auftraggebern von Forschungsprojekten fehlt
nicht selten die Einsicht, dass neben den Forschungsarbeiten die Kommunikation
fester Bestandteil von Projekten sein sollte. So sind die personellen und finanziellen
Mittel oft nicht vorhanden, Offentlichkeitsarbeit zu planen und gezielt
durchzufiihren. Gerade anwendungsorientierte und interdisziplindre Forschung ist
jedoch auf die Kommunikation mit der Bevolkerung angewiesen. Zudem schafft
frihzeitige, aktive und transparente Kommunikation rund um Forschungsarbeiten
Vertrauen und kann zu einem Zeitpunkt einsetzen, in welchem sachliche
Diskussionen und Lésungen fir Probleme oder Konflikte noch mdglich sind.

Dank

Wir danken allen Mitarbeiterinnen und Mitarbeitern des Integrierten Fuchsprojektes
fur die gute Zusammenarbeit. Insbesondere danken wir den Wildhutern der Stadt
Zirich Hermann Aerne, Stefan Drayer, Erwin Niesch und Bruno Zweifel.

Fur die finanzielle Unterstitzung von INFOX danken wir dem Waldamt der Stadt
Zirich (neu: Grun Stadt Zdrich), dem Zurcher Tierschutz, fur den Beitrag aus dem
Reinerlos der Pro Patria-Marken 1996, der Familien Vontobel-Stiftung, der
Schweizerischen Akademie der Naturwissenschaften SANW, dem WWF Ziirich,
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