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UNIVERSITY OF SUSSEX

JAN HERR
THESIS SUBMITTED FOR THE DEGREE OF DOCTOR OF PHILOBHY

ECOLOGY AND BEHAVIOUR OF URBAN STONE MARTENSMartes foing

IN LUXEMBOURG

SUMMARY

The stone marterMartes foing is common throughout continental Europe where it
often occurs in urban environments. Conflicts betwkumans and martens arise when
the animals den under the roofs of inhabited bogdior damage car engine
components. The aims of my study were (a) to pe@deneral description of the
ecology and behaviour of urban stone martens anith flormulate management
recommendations based on these data.

| radio tracked 13 stone martens in two towns utlsern Luxembourg. Individuals
were followed at night to provide information aboamhging and territorial behaviour,
and fixes were taken during the day to providenmi@tion about den sites. | also radio
tracked five translocated martens in order to asfesusefulness of translocation as a
management tool.

The socio-spatial organisation of urban martenslveaed on clear intrasexual
territoriality. Territories were generally smallban those previously recorded in rural
areas and activities were almost entirely resuliéteurban habitat. Urban martens were
completely nocturnal and their activity rhythms wadapted to achieve temporal
avoidance of humans and traffic.

Martens denned almost exclusively in buildings. MEnning was in uninhabited
buildings during summer, autumn and spring butehesis a marked shift towards
inhabited buildings in winter. There was also ackeasonal pattern in martens’ use of
roads and cars. This, together with observatiorssent marking of cars, suggests that
car damage is linked to the species’ territoridddeour.

A wild-caught adult urban stone marten that wasdiecated to forested habitat
returned rapidly to urban habitat but died sooarafards. Translocated captive-reared
juveniles remained in rural habitat and survivediémger.

| review possible explanations for my results aodatude that in most respects martens
are typical ‘urban adapters’. | suggest variousmamendations for human-marten
conflict management in light of my findings.
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OKOLOGIE UND VERHALTEN URBANER STEINMARDER

(Martes foina IN LUXEMBURG

ZUSAMMENFASSUNG

SteinmarderNlartes foind sind in Europa weit verbreitet und kommen hautig
urbanen Lebensrdumen vor. Konflikte kdnnen entstelvenn sie ihre
Tagesschlafplatze unter Hausdachern einnehmenfades beschadigen. Die
Zielsetzung meiner Studie war (a) eine allgemeiascBreibung der
Verhaltenstkologie von urbanen Steinmardern voganeaund (b) diese zu nutzen um
Vorschlage fur das Management dieser Art zu machen.

Ich telemetrierte 13 Steinmarder in zwei Kleinsgédim Suden Luxemburgs. Dabei
folgte ich den Tieren nachts um Daten tber ihrenlRauizung und Territorialitéat zu
gewinnen. Tagsuber lokalisierte ich sie um ihreegaghlafplatze bestimmen zu
konnen. Des Weiteren wurden finf umgesiedelte Marslemetriert um so den Nutzen
von Umsiedelungen im Rahmen des Konfliktmanagenmantsewerten.

Die raumliche und soziale Organisation urbanem8tarder basierte auf intrasexueller
Territorialitat. Die Reviere waren allgemein kleirads die aus anderen Studien
bekannten Reviere in l&andlichen Gebieten. Die Atdten der Marder begrenzten sich
fast ausschlief3lich auf urbane Lebensrdume. DieeTwaren nur nachtaktiv und passten
ihre Aktivitdtsmuster so an, dass Menschen und &arigré3tenteils gemieden wurden.

Tagesverstecke wurden fast komplett in Gebaudegerommen. Unbewohnte
Gebaude wurden hauptsachlich im Sommer, HerbsEuitahr genutzt. Im Winter
dagegen bevorzugten sie Tagesschlafplatze in baei@ebauden. Auch die Nutzung
von Stral3en und Autos unterlag jahreszeitlichem@okungen. Zusammen mit
Beobachtungen von Mardern, die gezielt DuftmarkeAatos anbrachten, deutet dies
darauf hin, dass der Revierverteidigung eine wgehRolle bei den von Mardern
verursachten Autoschaden zugeteilt werden muss.

Ein adulter, urbaner Marder, der in ein Waldgebiagesiedelt wurde, kehrte schnell
wieder in ein besiedeltes Gebiet zurlick, starb alegig spater. Ausgesetzte
Handaufzuchten hingegen verweilten in landlichebdressraumen und Uberlebten
langer.

Ich liefere veschiedene Erklarungsanséatze fur mémgebnisse und schlussfolgere,
dass Steinmarder groR3tenteils als typische ,urBarpasser” (‘'urban adapters’)
angesehen werden konnen. Auf der Basis meiner Dadehe ich verschiedene
Vorschlage zum Management von Marder-Mensch Kaedftik
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ECO-ETHOLOGIE DE LA FOUINE Martes foing EN MILIEU

URBAIN AU LUXEMBOURG

RESUME

La fouine Martes foing est tres répandue a travers I'Europe continetalelle
fréquente souvent les milieux urbains. Des condlitse humains et fouines peuvent se
manifester quand les animaux gitent en dessoumidesle batiments habités ou
endommagent des voitures. Les objectifs de moreéitalent (a) de produire une
description générale de I'écologie et du comportarde la fouine en milieu urbain et,
en se basant sur ces données, (b) de formuleedesymandations pour la gestion de
ces conflits.

J'ai suivi 13 fouines par radiotélémétrie dans deetites villes du sud du Grand-Duché
de Luxembourg. Le suivi des fouines se faisaituia @n vue d’étudier leur utilisation

de I'espace et leur comportement territorial. ewlisations diurnes étaient effectuées
afin d’étudier la sélection de leurs gites. J'@sawsuivi cing fouines transférées pour
évaluer l'utilité de cette méthode en tant qu’odélgestion de conflits.

L’organisation spatiale et sociale des fouines indmse basait sur la territorialité
intrasexuelle. En général les territoires étaidums petits que ceux connus des zones
rurales et les activités se limitaient presquetestgement sur les zones urbaines. Les
fouines urbaines étaient complétement nocturnelest adaptaient leur rythme
d’activité de facon a éviter les humains et lei¢redutier.

Les fouines passaient presque toutes les journdateéieur de batiments. En été, en
automne et en printemps elles gitaient de préférdans des batiments non-habités,
tandis qu’en hiver dans des batiments habitésodstatais aussi des variations
saisonnieres dans leur frequentation des ruessetaitires. Ceci indique, ensemble
avec des observations de fouines qui marquaientases de leur urine, que les
dégats aux voitures sont liés au comportementdesai de I'espéce.

Une fouine adulte urbaine qui était transferé@eée en milieu boisé retournait
rapidement vers une zone urbaine mais était metdeapres. Par contre des fouines
jeunes élevées en captivité restaient en milieal aprés avoir été lachées, et
survivaient plus longtemps.

Je passe en revue des explications potentiellesmpesi résultats et peux conclure que
les fouines sont a considérer comme des «adagatguains» (‘urban adapters’)
typiques. J’énumeére par la suite certaines proposittoncernant la gestion des conflits
entre humains et fouines en me basant sur les dert®cette étude.



Chapter 1: General Introduction

1.1. Urbanisation and its effects

1.1.1. Global trends in urbanisation

Urbanisation refers to the transition from a ricedn urban human population,
reflecting a net increase in the proportion oflbpulation residing in areas classified
as urban (United Nations Population Fund 2007). yidae 2008 is projected to be the
first year ever when more than half the world’s glagon will be living in urban
environments. Currently, approximately 70 to 75% 80% of humans are already
living in urbanised areas in Europe and North Aggrrespectively. By 2030, urban
populations worldwide are expected to have growarwgdditional 1.6 billion people,
with most of this growth taking place in smalleties with less than 500000 inhabitants
(United Nations Population Fund 2007).

1.1.2. ‘Urban’ — Definitions

Finding a definition for ‘urban’ is not straightfeard and the meaning often depends on
the context in which the term is used. Generathgja scientists use urban to refer to
areas with high human densities, while ecologiststhe term more widely to refer to
areas under human influence (Mcintgteal. 2000). The United Nations define the
word ‘urban’ as settlements or localities that@essed as urban by national statistical
agencies (United Nations Population Fund 2007). él@x, these definitions vary
widely and are often arbitrary. Thus the US CerBu®au defines urban areas as
having population densities of > 620 inhabitants?ktdS Census Bureau 2002), while
in the UK an urban area is considered to be ares®nt with > 10000 inhabitants
(UK Office for National Statistics 2004). In Luxemmlrg, urban units are defined as
continuous built-up areas with buildings being sefed by less than 200 m and a core
area containing at least 3000 inhabitants or a@eesial density of > 300 inhabitats-Km
(Sohn 2006). Urban areas have also simply beenatkfs areas dominated by built
structures (> 10 buildings-fia(Shochagt al.2006).

Mclintyre et al. (2000) recognised the difficulties of agreeingaosingle definition of
‘urban’ and suggested that a working definitiorudfan environment should be used



instead. Such a definition should include as muaébrination as possible on
demography and physical geography, providing a lv@ack with which to compare
other studies (Mcintyret al.2000). | have included such data in the descmpdiomy

study areas in Chapter 2.

1.1.3. Biotic homogenisation

With the current trend towards urban sprawl oneld/expect repercussions on
biodiversity. A number of papers have recently ti@éh this issue (e.g., McKinney
2002; McKinney 2006; Shochat al.2006; Turneet al.2004). They view urban

growth as a large-scale disturbance that genettaljroys habitat of native species thus
leading to considerable loss in biodiversity. Tined is often paralleled by an increase
in non-native species (due to accidental impontatinimportation of species for
cultivation, pets and other uses) that are abthriee in urban areas. Overall these
changes lead to biotic homogenisation of urbanystess (Clergeaat al. 2006a;
McKinney 2002, 2006), so that cities across théglare often a lot more similar to
each other in terms of animal and plant communihtias to the natural environments

surrounding them (McKinney 2006).

However, these changes are often complex and migyal@ng the rural-urban gradient.
Thus, diversity may peak at intermediate levelarbanisation (e.g., in suburban or
residential areas) due to an increase in structiivatsity in vegetation and buildings
with an associated increase in diversity and aboecelaf resources (Blair 1996;
McKinney 2002). In fact, domestic gardens, typigalssociated with residential areas,
can make up a considerable proportion of urbanngspaces and provide habitats for a
range of plants and animals (Gasadral. 2005). Extreme development, with increasing
proportions of paved and built-up surfaces, shautdvever, decrease these factors
(Blair 1996). Consequently, at a landscape lehel,number of species of breeding
birds and mammals tend to decrease from low to legls of urbanisation (Clergeau
et al.2006b).



1.2.

Urban mammals

1.2.1. Responses to urbanisation

Because urban systems are maintained outside ehetwilibrium, they tend to need a

huge input of resources and management. A conseguéithis is often that temporal

changes in resource (e.g., food, water) availghalie considerably dampened
(McKinney 2006; Shochadt al.2006). Not all organisms, however, can take agagnt
of these conditions (e.g., Crooks 2002). For eXxamyanDruff and Rowse (1986)

showed that urban mammal communities are impowvedistonsisting mostly of

generalists that are able to use a matrix of diffehabitats. Blair (1996) applied a

three-way classification for birds (later extendedther organisms by McKinney 2002,

2006) describing their responses to urbanisatiomHat follows | will limit my

discussion to mammals and will concentrate on vares.

)

ii)

Urban avoidersare very sensitive to human development and arerghy the

first to disappear because they are directly petseg relatively rare or have low
reproductive rates. They generally rely on nattgaburces and include mammals
such as large predators and large herbivores (Gra082; McKinney 2002).
Urban adaptersre typically able to use human-subsidised foods s

cultivated plants or garbage, as well as natusdurces (McKinney 2002). They
usually reach their highest densities in low to srate levels of urbanisation and
are often natives that immigrate into human-creatdutats from surrounding
areas (McKinney 2006). They include mammals withrdoing habits, medium-
sized omnivores and carnivores that consume a vadety of foods (McKinney
2002).

Urban exploitersare highly or even fully dependent on human resesirThey
often live mainly inside buildings and reach tHaghest densities in the urban
core. They are also often non-natives that leaph@n one urban area to another.
Typical representatives among mammals are house (Mics musculusand

brown rats Rattus norvegicygMcKinney 2002, 2006).

1.2.2. Human-wildlife conflict

The biotic homogenisation that results from urbaing; may cause urban human

residents to become increasingly disconnected fratare (Miller 2005; Turneet al.



2004). Thus, the presence of wildlife in urbanwavgban areas can provide a variety of
benefits or positive values. These can range froraremal’s aesthetic or historic value
to scientific and educational benefits that kedgaarresidents in touch with nature.
Furthermore, humans may gain enjoyment from thegmee of wild animals through
recreational activities such as wildlife watchipptography or hunting (Adanes al.
2006; Conover 2002). In Germany, for example, nrasidents of towns with high
raccoon Procyon loto) densities classified them as cute, probably mg#injoyment

out of watching the animals in their backyards (ri@nnet al.2001).

Unfortunately, however, where humans and wildldeexist in close proximity,
conflicts are often unavoidable. These human-wédibnflicts can go in both
directions such that the animals’ activities adeBraffect humans and their property,
or certain human activities may have negative irtpan wildlife (Conover 2002).
Mammals are particularly often involved in theswator perceived conflicts. In the
USA, eight groups of mammals figured among thetéopspecies responsible for most
recorded damage incidents between 1994 and 20€8¢ding (in decreasing order)
raccoons, coyote€@nis latran3, skunks (Mephitidae), beaveCdstor canadens)js
deer (Cervidae), squirrels (Sciuridae), opossubigdelphis virginiang and foxes
(various genera)Adamset al.2006). Many of these can be seen as typical urban
adapters. The conflicts that they cause range fhigemase transmission, through damage

to property, to nuisance behaviour and comprontsedan safety.

Disease

Bradley and Altizer (2007) have reviewed the e8eafturbanisation on wildlife disease
ecology. The environmental changes accompanyingnishtion can potentially affect
the biology of pathogens, vectors and hosts. Ise@and clumped food resources may
result in higher wildlife densities, thus increastontact rates and disease transmission
between infected and susceptible animals. Furthernamthropogenic stressors may
increase the susceptibility of wildlife to variodiseases. Also, urban environments may
favour the survival, reproduction and activity oft@opod vectors that transmit diseases
(Bradley and Altizer 2007).

Research has mostly focused on the ecology of Weldéservoirs that directly carry

zoonoses or otherwise play a vital role in the diele of a disease that can potentially



affect humans. In Europe, the role of urban reeg$oy(ulpes vulpesin spreading the
tapewormEchinococcus multilocularjavhich causes liver disease in humans, is
currently a focus of attention (Brochietr al.2007; Gloor 2002; Heggliat al.2007;
Schweigeret al.2007). Raccoon roundworBaylisascaris procyonisfections have
been found to be common in some North American@@iinan raccoon populations.
This parasite can have fatal consequences whestedyby humans, especially children
(Hohmann and Bartussek 2001; Sorviioal.2002). In North America, raccoons,
striped skunksNlephitis mephitisand red foxes are studied to actively halt threaq
of rabies in urban areas (Gueetaal.2003; Rosattet al.2007), while in Europe urban
red foxes have been studied to gain insights imeo potential role in future rabies
outbreaks and to develop possible managementggatéHegglinet al.2004;
Saunder®t al.1997; Whiteet al. 1995).

Unlike the previous examples, the white-tailed d@afocoileus virginianusis a
mammal that is common in urban areas and playspartant role in the prevalence of
a disease (Lyme disease) without, however, dirdidlysmitting the disease itself.
Rather, deer act as host for the vector (tickgarsible for transmitting the disease.
Hence, high urban deer densities may increaseské¢hat humans will contract Lyme
disease in these areas (Adashal.2006).

Damage to property and other nuisance behaviour

Certain mammals can cause considerable damage&abepproperty. In the USA, most
damage to households in metropolitan areas is ddusenice, followed by squirrels,
raccoons and moles (Talpidae) (Conover 2002). tmesGerman towns where raccoons
occur at high densities, residents report themngitheir fruit trees and ravaging
garden ponds (Hohmarat al.2001; Michleret al.2004). Raccoons may also damage
roof insulation when using attics as den or culvingesites. Similar denning-related
problems have been reported from urban brushtagyros Trichosurus vulpecudan
Australia. Urban white-tailed deer may damage omratal garden plants (Jones and
Witham 1990) and Eurasian badgdvie(es melescan cause damage to fences, lawns,
plants and dustbins. Substantial damage can fesoitthe burrowing activities of
badgers in gardens or beneath buildings (Davis@7R@Gome urban predators (e.g.,

coyotes and red foxes) have been shown to occdlsiatiack or prey on pets including



small dogs Canis lupus familiari} cats Felis catug, rabbits Qryctolagus cuniculys
or guinea pigs@avia porcellu¥ (Harris 1981b; Timnet al.2004).

Other forms of nuisance may relate to noise or axloesulting from the animals’
activities. Skunks may be considered a nuisancealthee strong-smelling musk that
they spray when threatened (Gehrt 2004). Activityaocoons, brushtail possums or
squirrels (e.g.Sciurus carolinens)sin attics or roof voids can cause considerable
disturbance to house owners, and their faeces iamel may result in odours and

staining of ceilings (e.g., Mattheves al.2004).

Human safety

Human safety can be compromised through the presaneild animals in urban
environments. Direct attacks on humans are a contoanany residents living in
proximity to larger predators like coyotes: coyattacks on children or even adults do
occasionally take place in urban areas and in syees they seem to be becoming
more frequent (Timnet al.2004). Cougars, on the other hand, do not genevatiyr in
urban or suburban areas, though Beckmann and BE@@8b) suggest that increasing
deer populations in suburban areas may also akedistribution of cougars and there
have been some attacks on humans close to huntemsatts (Maehr 2004). Although
such cases are very rare, the media attentiohtegtget may increase perceived threat

levels among suburban residents living alongsieeators.

Deer can also pose a direct threat to humansel®A, up to 200 human fatalities and
many more injuries occur per year as a result ef-gar collisions (Adamst al.2006).
Although these statistics are not restricted t@nrareas, they nevertheless underline
the fact that car collisions with wildlife may want serious considerations in urbanised
ecosystems (Nielsegt al.2003). Collisions with larger cervids such as neo@dces

alceg may pose even more serious risks (Garrett anadv@pii999).

1.2.3. Urban carnivores

Large carnivores generally respond negatively ¢togiasing urbanisation and are thus
among the first to disappear. Hence, they candmeset as typical urban avoiders
(Crooks 2002; McKinney 2002). However, there aranegles of black beartJ(sus

americanu} having established in urban areas, even occuatimggher densities than



in natural areas (Beckmann and Berger 2003a, [&.colote is probably the largest
carnivore that commonly occurs in urbanised areas oatural habitat fragments
surrounded by developed areas (e.g., Gibeau 1998]€% and Krausman 2001,
Markovchick-Nichollset al.in press; Quinn 1991; Tigad al.2002). Nevertheless, its
distribution seems to remain mostly confined toftireges of urban development (e.g.,
Randa and Yunger 2006). In southern California,relt@yotes did occur in urban
areas, their home ranges were larger than in natteas, suggesting that developed

areas were in fact less suitable for them (Réegl.2003).

Crooks (2002) showed that medium-sized carnivaresscarnivores or
mesopredators) were generally the most successhighly fragmented and urbanised
landscapes. Domestic cats responded most positvétggmentation (Crooks 2002).
Indeed, cats are typical non-native urban expleiteat are transported by humans
between urban areas (McKinney 2002), where they @ithgr occur as pet (Kays and
DeWan 2004) or feral animals (Haspel and Calho@118chmidtet al.2007). The red
fox is among the most successful of non-domesticedenivores to have established
breeding populations in urban areas. The urbamplf@nomenon was first extensively
studied in the English cities of Bristol (Harris81%) and Oxford (Doncaster and
Macdonald 1991) and subsequently in continentabg@i{Glooret al.2001), as well as
in its non-native ranges in North America (AdkimgleStott 1998) and Australia (Marks
and Bloomfield 2006). Other fox species that haerboccasionally recorded in urban
areas include grayJfocyon cineroargenteysand San Joaquin kit foxeglpes
macrotis mutica(Cypher and Frost 1999; Riley 2006).

The raccoon is a mesocarnivore that rivals thdordn its adaptation to urban
environments both in its native range in North Aicee(e.g., Bozelet al.2007;
Hadidianet al. 1991; Randa and Yunger 2006) and in its introduaede in Germany
(Hohmannret al.2001). Striped skunks have also entered urbars atezessfully
(Rosatte 1991). Among the mustelids there are fidarurepresentatives. Eurasian
badgers occasionally inhabit towns and cities (Bavi2007; Harris 1982) but as of
now, urban badgers seem to be mostly confinedetd@Jt (though see Aaris-Sgrensen
1987; Kanekeet al.2006). Other mustelids such as otténstiia spp.) or mink fustela

vison) have sporadically been recorded in urban enviemmbut no real urban



populations of these species have been studieatéo(fech 2003; Sleeman and Moore
2005).

Most of the above-mentioned species are mesocags\tbat successfully adapt to
urban habitats. However, not all mesopredators gshisxsame response to
urbanisation. One factor that may allow some sgaci@ccur in urban areas could be
the absence of a larger predator (Crooks and 9@98). Thus in southern California
gray foxes occur in urbanised environments wheyetes are absent (Riley 2006) but
are rare where coyotes are common (Markovchick-dlislet al.in press). Diet seems
to be another important factor. Crooks (2002) shibthat some small or medium-sized
carnivores such as North American badgéesx{dea taxug spotted skunksSpilogale
gracilis), long-tailed weaselsV{ustela frenathand bobcatsHelis rufug were very
sensitive to urbanisation. The main difference leetwthese carnivores and comparable
adapters is that urban adapters are resource ¢jsteenahile the avoiders are primarily
carnivorous (Crooks 2002). Thus one key to becormamgrban adapter seems to be an
ability to take advantage of anthropogenic foodshsas garden fruits, garbage or

deliberate supplemental feeding.

The increased availability of food resources inamrhareas has usually been taken for
granted in studies on urban wildlife. However, thbave also been studies that directly
demonstrate the use of anthropogenic foods. De®tenging from garbage and
compost heaps or the presence of scavenged fdbd giet has been documented for
feral cats (Haspel and Calhoon 1991), black bééeskKmann and Berger 2003b),
raccoons (Bozekt al.2007), red foxes (Contesseal.2004; Harris 1981b), gray foxes
(Harrison 1997) and coyotes (Fedriahial. 2001). Deliberate feeding of Eurasian
badgers and red foxes by urban residents has eé&soriecorded (Baket al. 2000;
Davison 2007). However, not all urban carnivoresnsable to take advantage of such
anthropogenic resources to the same degree. Thipgdsskunks hardly ever forage in
or near trash cans, while raccoons that live insdree area use this resource
extensively (Prange and Gehrt 2004). Consequeteiypographic and behavioural
responses to these altered environments may téfteveen different urban adapters
(e.g., Prange and Gehrt 2004). Nevertheless, ceangkensities and socio-spatial
organisation, as well as in movement and activétlggyns, commonly accompany

adaptation to urban systems (see Chapters 3 and 4).



1.3. General ecology of stone martens

1.3.1. Distribution and population trends

One mustelid that has adapted well to urban habnaEurope is the stone marten
(Martes foina Erxleben 1777), sometimes referred to as thectbesarten’. In what
follows | will use the terms ‘stone marten’ and ‘i@’ to refer toM. foina Where |

refer to other marten species this will be spedifie

Stone martens are widespread throughout mainlanapEutheir geographic range
extending from Portugal in the West to southwesRuesia and Turkey in the East.
However, the species is missing from the UK, Irdlaand most of Scandinavia
(Sweden, Norway, Finland). East of the CaspianitSsacurs in discontinuous
populations in, among other countries, AfghanisRakistan, India, Nepal and Bhutan
(IUCN 2007a). A small, introduced population hasieeported to exist in southern
Wisconsin, USA, probably resulting from animals ingvescaped or having been
released from a fur farm sometime between the 1848ghe early 1970s (Long 1995).
Throughout most of its European range (apart framspof the Iberian Peninsula) the
stone marten is sympatric with its close relathe pine martenMartes martes(IUCN
2007a, b).

Due to the stone marten’s wide distribution andégpopulation it is currently listed as
a species of ‘Least Concern’ on the European Red(LICN 2007a). However, high
hunting and trapping pressure depleted stone mpdpualations in the early 1900'’s.
Bag statistics from several countries (includingr@any, Denmark, and Switzerland)
indicate that populations started to recover betvibe 1950s and 1970s (reviewed in
Libois and Waechter 1991; Stubbe 1993). Re-coltinisa@f regions where the animal
had completely disappeared has also been docum@ngedin the Netherlands:
Broekhuizen and Muskens 2004).

1.3.2. Morphology and reproductive cycle

The stone marten’s fur consists of long brown-gleyguard hairs and grey-whitish
down hairs. The appearance of the animal is cheniaet! by a white throat/chest patch
that is usually bilobed, with each lobe extendiogvd onto a front leg. However, there
may be considerable variation in the shape ofghtsh (Stubbe 1993). The animal is
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sexually dimorphic in body weight. Mean body makadults ranges from 1.6 to 1.7 kg
for males and from 1.2 to 1.3 kg for females (Knib@95).

The reproductive cycle of stone martens is chariaete by delayed implantation, as it
is in about a third of all mustelid species (elgrgusoret al.2006; Thomet al.2004).
Early observations on captive animals establishatirhatings took place in summer
(July and August), 8.5 to 9 months before therbtigere born (Schmidt 1943).
However, the mechanism of delayed implantation egagirmed only much later
(Canivencet al.1981). Testis development in males peaks in Jaondy 1976; Madsen
and Rasmussen 1985), just prior to the onset ahtiéng season, which extends from
July to mid August. Litters are born from early Miato mid-April, with average litter
sizes of around 3 young (range: 1-5) (Madsen arsirRasen 1985; Schmidt 1943).
Young martens start consuming solid food at abeu¢is weeks of age but will not
leave the den until they are about 11 weeks add, (ate May to early June: Skirnisson
1986). Dispersal may occur from August onwards. Elav, it is not known if there is a
typical dispersal period (Herrmann 2008)ubbe (1993) and Libois and Waechter
(1991) provide more detailed reviews of the repobise cycle.

1.3.3. General diet

The feeding ecology of the stone marten has beesubject of numerous studies, all of
which agree that this mustelid is a particularlpoqunistic feeder. This conclusion
seems independent of the habitat that the studgadsiare living in. While few authors
have investigated feeding habits in predominanthp@ed environments (e.g., Genovesi
et al. 1996), many have concentrated on rural settings willages surrounded by
pastures, agriculture and wooded areas (e.g., Bagal.2002; Brangi 1995; Lachat
Feller 1993b; Lanszlét al.1999; Lanszki 2003; Lodé 1994; Skirnisson 1986).

The two major food groups consumed by martensrars fand small mammals (Baghli
et al.2002; Brangi 1995; Genovesi al.1996; Lachat Feller 1993b; Lanszki 2003;
Lodé 1994). Where feeding patterns have been agthlyger all seasons, fruits and
berries constitute a major component of the mastenmmer and autumn diet, while
they are less represented during winter and sgBaghli et al.2002; Genovesgt al.
1996; Lanszket al.1999; Lodé 1994). In some areas fruit is also gorexd heavily in
winter (e.g., Lachat Feller 1993b). Overall fratdonsumed heavily whenever it is
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present in the marten’s environment (Genoetsil. 1996; Rddel and Stubbe 2006).
Conversely, mammalian prey makes up a higher ptigpoof the diet in winter and
spring (Baghliet al.2002; Genoveset al. 1996; Lanszket al. 1999; Lodé 1994).

Among mammals, voles and mice are by far the mmsincon prey, followed by
insectivores (Baghket al.2002; Genoveset al.1996; Lachat Feller 1993b; Lanszki
2003; Lodé 1994). Larger mammals, such as roe(@=greolus capreolyswild boar
(Sus scrofpor domestic cats are presumably only consumedwaon (Baghliet al.

2002; Brangi 1995; Genovesi al. 1996; Lanszki 2003; Prigioni and Sommariva 1997).

Birds are eaten throughout the year, althoughfteggiently than mammals and fruits.
Peaks in bird consumption vary between differemlisis (Genovest al. 1996;
Skirnisson 1986). The most commonly encounterecheens in faeces are from
passerines (Baghdit al.2002; Genovest al. 1996; Lanszki 2003), although some
studies have found domestic chickens to be fretyppeahsumed (Lachat Feller 1993b).
Eggs are eaten when they are available but thaswuption is probably under-
represented in faeces because martens tend nmh$aroe the shells (Bagtdt al.

2002; Genoveset al.1996; Lachat Feller 1993b). Interestingly, ampmbiand reptiles
are consumed only very rarely (Brangi 1995; Lanstldl. 1999). Insects are found in
all studies and can make up a considerable prapoafi the entire diet, especially in
summer (Brangi 1995; Genovesial.1996; Lachat Feller 1993b; Lodé 1994). Those
studies that specifically looked for earthworm dhadound earthworms to be an
important constituent of the stone marten’s digid® and Stubbe 2006; Skirnisson
1986).

While martens living in agricultural environmentsnsume mainly wild prey, those

living in villages often rely on species typicallgsociated with human settlements (e.g.,
house mouse, house sparmasser domesticudomesticated animals) (Lanszki 2003).
Furthermore, indigestible substances (mainly pieéeabber) are found more

frequently in scats from individuals living in \alyjes (Lanszki 2003). However, such
items may also be swallowed in forested or rurairenments (Genovest al. 1996;
Lachat Feller 1993b). In Skirnisson’s (1986) studifage martens consumed more
fruit and organic household waste than rural martesnile mammals and birds were

consumed in similar proportions. Fruit was alsortiegor constituent of the diet in a
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locality in the Italian Alps (Prigioni and Sommaaixt997). The diet of martens in
specifically urban environments is considered bglesction 1.4.2.).

1.3.4. Habitat use

The stone marten is very adaptable and can be etered in a variety of different
habitats. In central Europe it is generally regdrdse a synanthropic species. This has
been well documented by studies on various aspétie animal’s ecology in rural
villages in France (Waechter 1975), Germany (Henm2004; Skirnisson 1986) and
Hungary (Lanszki 2003). However, martens can atsabdéish home ranges in mostly
agricultural areas outside of rural villages. Sunghviduals have been studied in
Switzerland (Lachat Feller 1993b), the NetherlafiBteekhuizen 1983) and Germany
(Herrmann 2004).

With most work having been carried out in thesemmments it is sometimes forgotten
that the stone marten may also occur in predomnésrested habitats. Simon and
Lang (2007) radio tracked thregartens in Germany whose home ranges were
completely contained within a large 30-kforested area. However, most work on
stone martens in predominantly forested environmeomes from the Mediterranean
region (e.g., Delibes 1983; Genovesial.1997). In Spain, stone martens seem to occur
mostly in forests, showing a preference for highigtudes, away from human
settlements (Virgos and Casanovas 1998). Wheradtapes are highly fragmented due
to agricultural practices, stone marten presenasssciated with large fragments close
to continuous forest tracts (Virgos and Garcia 2002similarly fragmented landscapes
in Italy, home ranges were mostly centred on waatiscrub vegetation often
associated with watercourses (Rondinini and Boi2@02). Stone martens can also be
found in mountainous terrain such as the Alpsoaigih these studies often focused on
their presence in high altitude villages (F6hremba@87; Lucherini and Crema 1993,

Prigioni and Sommariva 1997).

Stone martens have thus adapted to cope with & @djfferent habitats. However, it
is their ability to settle in urban centres, withiech denser human populations than in
the rural villages described above, that has akibthkem to become abundant in central

Europe (see section 1.4.).
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1.3.5. Socio-spatial organisation

Surprisingly few studies have taken an in-deptlk labthe socio-spatial organisation of
the stone marten. Genovesial. (1996; 1997) provide data on the spatial arranggéme
of a series of directly adjacent or overlapping Baanges from a predominantly
forested habitat. Their data strongly suggesthbate ranges of adult martens of the
same sex hardly overlap while those of males opexidgensively with those of females.
Although based on less extensive datasets, sthglieachat Feller (1993), Skirnisson
(1986) and Herrmann (2004) provide evidence forstirae kind of spatial organisation
in rural and village habitats. Although there isdigect evidence that home ranges are
defended, the fact that there is little or no cyedbetween the ranges of same-sex
individuals suggests a pattern of intrasexualttaiality. In addition, martens do
engage in scent-marking behaviour of various k{@sinwald 1990; Ludwig 1995)
and it seems likely that this functions at leastlpdor purposes of territory defence
(GroRRe-Johannbocke 1995). For present purposesfdahe, | will assume, as other
authors have done, that martens are territorialtla@ichome ranges and territories

amount, in spatial terms, to the same thing.

Where same-sex home range overlaps have been domthibese were either between
an adult and a subadult (e.g., two males: Muskeias. 1989) or between a mother and
her young (Herrmann 2004; Skirnisson 1986). Theterice of social groups or of
overlapping home ranges, as can be seen in foxkebaalgers or raccoons, respectively,
has to date not been documented in stone martearsyather marten species.
However, the possibility of this happening undetaia environmental circumstances

cannot be excluded (Powell 1994).

Stone marten territory sizes can be quite variableging from around 15 ha (Rddel
and Stubbe 2006) to over 800 ha (Genoeesil.1997; Simon and Lang 2007).
Generally, territory size depends on the sex oftlaeten and the habitat that it inhabits.
As males usually overlap with one or more femahes tterritories tend to be larger
than those of females (Herrmann 2004; Lachat F&B6Bb; Skirnisson 1986), although
two Italian studies found no significant differeadsetween sexes (Genovesial.

1997; Rondinini and Boitani 2002). Another trendaisterritories to be generally
largest in forested (Genovestial. 1997; Simon and Lang 2007), intermediate in rural
(Herrmann 2004, Lachat Feller 1993b; Rondinini &edani 2002) and smallest in
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village habitat (Herrmann 2004; Skirnisson 1986)e Rvailability of key resources
such as food and cover are thought to drive thatvan in home range size between
different environments (Genovest al. 1997; Herrmann 2004; Skirnisson 1986).
Further details on the stone marten’s socio-spat@dnisation are presented and

discussed in Chapters 3 and 8.

1.3.6. Activity patterns

The stone marten is typically considered to beuseplar and nocturnal (Broekhuizen
1983; Genovesi 1993; Herrmann 2004; Lachat Fef88Mh; Posillicoet al. 1995;
Skirnisson 1986). In rural areas the start of &adts outside the den seems to be more
tightly linked to the time of sunset than the emtinked to the time of sunrise
(Broekhuizen 1983). Consequently, martens leavie dee earlier and return to their
den later during long winter nights than duringrsélosummer nights. However, during
winter, bouts of activity alternate with restingipes, while in summer martens are
generally active throughout the night (Skirniss@8@). The distances that martens
cover during their active period typically diffeetveen both sexes. Skirnisson (1986)
found males to travel almost twice as far as femptr night and Genovest al. (1997)
reported males to move on average 5.3 km while liesmaoved only 1.5 km. Although
Lachat Feller (1993) found a similar trend, thdeddnce here was not significant

(males: 3.2 km; females: 2.1 km).

There seems to be a trend for village martens fedseactive than forest inhabiting
individuals (Herrmann 2004; Skirnisson 1986). Skison (1986) attributed this lower
activity in the village to a higher and more rel@afood supply. Furthermore, village
martens spend more time inside or close to theirsites. Both Skrinisson (1986) and
Herrmann (2004) found evidence that village martiiay the start of their outside-
the-den activity compared to martens living in latisi undisturbed by humans.

1.4. Stone martens in urban environments

The phenomenon of urban martens is not necessardgent one. Nicht (1969)
documented the presence of stone martens in thefdilagdeburg in Germany as
early as 1967. Furthermore, he referred to accafrgone martens in the cities of

Bern and Berlin in 1949 and 1961, respectively. phenomenon of urban stone
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martens has now been reported from many parts mipguncluding the cities of Brno
(Czech Republic: HoliSova and Obrtel 1982), BaSelitzerland: Tester 1986),
Nijmegen (the Netherlands: Broekhuizetal. 1989), Siena (ltaly: Cavallini 1992),
Budapest (Hungary: Toth Apathy 1998), Nantes (Feahe Lay and Lodé 2004), Liége
(Belgium: Lambinet 2006), Krakow (Poland: Eskrey®j¢ik and Wierzbowska 2007)
and others. On the Iberian Peninsula, howeverestoartens have not been reported in
urban areas yet (Spain: Virgos and Garcia 1998uBak. M. Santos-Reis, personal

communication).

1.4.1. Conflicts

Poultry depredation

Wherever stone martens occur in close proximityumans a range of conflict
situations may arise. In rural villages martens stormes cause depredation of poultry.
They visit hen houses primarily to remove eggsdugh visits may occasionally result
in the killing of a large number of chickens, witlhphowever, eating or removing them.
These attacks are probably caused by panickindcehscthat trigger the marten’s
hunting instinct. They can be prevented by loclehgckens up at night in a marten-
secure shed (Ludwig 1999).

Gardens

There are anecdotal reports about dug-up and gestiftower or vegetable beds, which
are rightly or wrongly attributed to marten actity affected residents (personal
observation). Although it is difficult to say hoviten such events occur and whether
stone martens are always to blame for the dambgeylid be the result of martens

digging for earthworms.

Cats

Some people worry about marten attacks on petatifsugh these fears are probably
unfounded. According to Lachat Feller (1993b), texas and cats mostly ignore each
other. In the present study | observed@&ten-cat encounters, in which on 25
occasions the cat briefly followed or stalked therten, keeping some distance between
them. Twenty-four encounters involved the cat aigsifter the marten, and on 13
occasions the two species ignored each other. @hasartens seemed to be more like

play than aggressive behaviour to the cats. | nelvserved physical contact between
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the two species and only once did a marten appraaecth with a threatening posture,

before running away from it.

Car damage

In central Europe stone martens are well-knowrdéomaging cars by biting through
ignition leads, vacuum hoses and coolant hosdésaoing up noise and heat insulation
mats under car bonnets. The phenomenon was fpsttezl from Switzerland in the late
1970’s (see Kugelschaftet al. 1984/85) but has now spread through most of Clentra
Europe. In 1998 marten-related car damage was &stthto be worth around 20
million € with an estimated 160000 cars being dagdag Germany alone (Langwieder
and Hopfl 2000). Due to the high value that Europsacieties put in their cars,
combined with the (usually unfounded) concern thattens may damage brake hoses
(see Kugelschafteat al. 1984/85; Langwieder and Hopfl 2000), the anima¢sadten
perceived as a nuisance, especially among affeetedwners (personal observation). A

detailed discussion of the reasons for this behavspresented in Chapter 6.

Denning in buildings

Another common and real conflict situation is geted by stone martens that den in
inhabited buildings (Ludwig 1999). Martens are vgopd climbers and usually find
their way into an inhabited house through smalinopgs in the roof. They then den in
an empty roof void or in the attic. Specific coofli that ensue from such close
cohabitation between martens and humans are veilasto the ones described for
pine martens in Scotland (Brown and Birks 2006)wketeer, while this is very rare in
pine martens, it is a very common conflict withregonartens in central Europe.
Hygiene concerns arise from urine and faeces li@pgsited at latrine sites, where
they accumulate and may develop odours or soakighrthe ceiling. Occasionally,
maggots have been reported to drop from the ceiirgpably due to the remains of a
dead marten or a prey animal (personal observafidr@se problems are usually
confined to houses where the martens den in raafespthat are inaccessible to
humans. Martens can also cause more substantigxgethsive damage by tearing
down the roof insulation. However, by far the miosjuent complaints refer to the
noise that the animals make at night when actisegbove bedroom ceilings,
especially in spring when several young may beeefor weeks in the same den.

Although this conflict is commonly acknowledgede iimportance of inhabited houses
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in the marten’s denning behaviour remains thusifikinown (see Chapter 5 for further
discussion).

Disease

Disease is often a focus of attention in urban marsifsee above). As already noted,
stone martens often live in close proximity to hmsiawhen denning in roof spaces or
attics of inhabited buildings. These may also bezoontaminated with faeces or urine,
which could potentially be a concern for diseaaagmission. Mayer (1988) reviewed
the role of stone martens in the epidemiology amases and concluded that they carry
and transmit very few diseases or parasites of itapoe to humans, rabies being
considered the only potential concern. Howeverindua fox rabies epizootic in
Switzerland, the virus was identified in only 2.@¥stone martens, with prevalence in
foxes being as high as 76.6% (Steck and Wande&®)1&chinococcosis, which is
monitored in urban foxes (see section 1.2.2.) noayet been identified in stone
martens (Libois and Waechter 1991; Mayer 1988). retaively little research that has
been carried out on the ecology of stone martenshan areas may indeed be the result
of them being generally considered of low importaircthe epidemiology of zoonoses
(Mayer 1988).

1.4.2. Diet

Data on the stone marten’s diet in urban envirorisnare available from HoliSova and
Obrtel (1982), Lucherini and Crema (1993), T6th #yya1998), Tester (1986),
Eskreys-Wajcik and Wierzbowska (2007) and Lamb{2806). The latter four studies
include data from the highly urbanised cities ofiBpest (N scats = 87), Basel (N =
407), Krakow (N = 400) and Liege (N = 62), respeslly. Samples from Budapest and
Liege were all collected at a single den site andld/thus just represent prey taken in a

single territory.

Overall there seems to be a trend for birds to playore important role in the marten’s
diet in urban than in rural environments. Birds evirte most common type of food item
in Krakow centre and the Italian town of Pragel@ekreys-Wojcik and Wierzbowska
2007; Lucherini and Crema 1993), and the second camsmon item in Basel and
Budapest (Tester 1986; Toth Apathy 1998). In tlufethese studies pigeonSdlumba
livia) were one of the dominant prey items (see alsgid?ii and Sommariva 1997).
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Nevertheless, fruit (ofteRrunusspp. or yew berrie§,axus baccatawas still the most
frequently found type of food in marten scats fritv@ outskirts of Krakow, Basel and
Budapest. In terms of frequency of occurrence, malsmere only found to be in third
place behind birds and fruits in Pragelato, BaedlBudapest. They were ranked
second in Krakow and only fourth in Liege. Intenegly, in Liege insects were a very
common prey of martens, partly due to a high pesva of Lepidoptera larvae in scats
(Lambinet 2006). Between 9 and 17% of scats frobamiareas contained indigestible
items such as rubber, plastic or aluminium foilkieys-Wojcik and Wierzbowska
2007; Lucherini and Crema 1993; Tester 1986; TgtatAy 1998).

These data suggest that there are some differemties diet between rural and urban
areas, specifically relating to the importanceiad$and mammals. Although the
species consumed by urban martens may be typesentatives of anthropogenic
environments (not necessarily found in rural area$jan stone martens nevertheless
largely rely on free-ranging animals and free-grayylants rather than on garbage or

food deliberately put out by humans (e.g., Tes886).

1.4.3. Telemetry studies in human-dominated enviranents

Compared to urban mesocarnivores such as red fraegions or coyotes, very little
telemetry work has been carried out on urban steareens. And where such work has
been done it is usually not widely available in feeentific literature. Thus the current
knowledge of urban stone marten behaviour and ggatomostly derived from a very
limited set of studies, many of which have workeathva rather small number of

martens.

In Germany, Skirnisson (1986) followed one femal@ismall rural village (17 family
homes; 5 farms) and one male in a somewhat laogatity (1000 inhabitants, 15
farms). In the mid 1980s Herrmann (2004) radiokealceight martens that, for at least
part of their tracking period, resided in ruralages (500 - 3000 inhabitants). Only two
of these martens were adults, the rest being siltisazhjuveniles. Both these studies
found differences in the ecology of village andatunartens. These differences mostly
related to smaller home ranges, shorter activitiode and evidence of temporal
avoidance of human activities in village habitag€hapters 3 and 4). In the Italian

Alps, three martens (presumably subadults, accgtdinheir low weights) were
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followed in a small ski resort (3700 inhabitan8jigioni and Sommariva 1997). The
authors reported very small home ranges (aroura) 8h these martens. However,
these estimates were based on the average nightyj rather than on accumulated
areas over several nights. Based on these rekaitestimated a very, and almost

certainly unrealistically, high marten density this town (see Chapter 3).

Most telemetry work on urban stone martens, howeanes from the Netherlands. In
the late 1980s several martens (at least eigh® veetio tagged in the city of Nijmegen
(150000 inhabitants). Home ranges in this city wetfatively small, ranging between
15 and 55 ha for females and between 30 and 80rhmadles (Bissonette and
Broekhuizen 1995). The animals mostly denned omtband in uninsulated sites in
summer but chose well-insulated sites in winten(Bastelen and Verhoog 1992).
Another key finding was that reproductive ratehistenvironment was relatively low
(Lammertsmaet al.1994). Other, more specific findings from this Custudy will be
mentioned throughout the following chapters. lated study, Miskens and
Broekhuizen (2005) tracked four martens (3 femdlevale) in a Dutch village (< 2000
inhabitants), which, however, was located in a dgnsrbanised landscape. They found
female martens to occupy small territories (9 tdhd8)and confirmed the intrasexual
territoriality model that had been described fanst martens in other habitats. This is
also the only study that has looked at the spdisatibution of car damage in relation to

known marten territories (see Chapter 6).

1.5. Stone martens in Luxembourg

Baghliet al. (1998) used a questionnaire survey, distributedrgnmunters and forest
wardens, to gather information on the distributtdmustelids across Luxembourg. Of
hunters who responded to the survey (N = 196; 32.9%8% reported stone martens
to be present in their hunting areas and the asimate considered a nuisance by
50.5% of respondents. Among forest wardens (N =88[%), 97.9% reported stone
martens to occur in their forestry units and 27 d®sidered the animals to be a
nuisance. Baghkt al. (1998) thus showed that the stone marten occtinredghout
Luxembourg and was the most common of all sevemenatustelids (i.e.Martes foina,

Martes martes, Mustela putorius, Mustela ermineastdla nivalis, Meles meles, Lutra
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lutra). Due to a variety of conflicts (see section LYitlwas also the species that was

most often considered a nuisance.

F. Wolff (unpublished data) used camera traps teegua 5 by 5 km grid for
mesocarnivores across Luxembourg. He evaluatedahabitability of focal species
with spatially explicit distribution models, based ecogeographical variables that
quantitatively described landscape compositionsinetture. Habitat suitability for
stone martens was predicted to be high acrossohtts¢ country, with stone martens

being more influenced by landscape structure tlydarmdscape composition (Fig. 1.1).

Until 31% of July 2007 the stone marten was a hunted speclasxembourg, with an
open season between™&f October and 280of February. From®iof August 2007 the
hunting season was closed year-round, followinglecy of closing hunting seasons for
all native carnivores apart from the red fox. Hoem\the stone marten is still classified
as a nuisance species, and can thus be legallyréipped and euthanased at any time of
the year by private persons if they encounter maméated problems on their own
property (Code de I'Environnement, 2002, Vol. B)pThis may, however, be changed
in 2008 or 2009 in the context of a general reviibLuxembourg’s hunting laws.

1.6. Summary

Urbanisation of the human population is an increglgiimportant factor with important
ecological implications. Consequently, the ecolabimpact that the expansion of

urban environments has on relevant animals andspleeds to be understood in order
to be able to effectively conserve dwindling specand manage overabundant,
populations. Based on the responses that orgasisavg in the face of urbanisation,
they can roughly be divided into urban avoiderspaers and exploiters. Among
mammals, urban adapters are often charismaticespsach as raccoons, foxes, badgers
or squirrels that are often welcomed by suburbaurloan residents although in some
cases they may also cause conflict. Studies hamarsthat their ecology and behaviour

in urban areas may be quite different from thanofe natural or rural populations.

In continental Europe the stone marten has adapédido urban environments and now

occurs in many towns and cities across the contiffdms sharing of a common habitat



Fig. 1.1 Habitat suitability for stone martens in Luxemboagpredicted by ecological
niche factor analysis. The model was based on egpgphical variables quantitatively
describing landscape structure and compositionitetaguitability varies between 0

(not suitable) and 100 (highly suitable) (F. Wolffjpublished data). Reproduced with

the permission of F. Wolff.
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between humans and stone martens has led to a nofrdmnflicts, the commonest
being their denning in inhabited houses and themnaling of car engine components.
However, as relatively little is known about thénbeiour and ecology of stone martens
in urban habitats, the structure of such urban jadoms and how best to manage

human-marten conflict are still unclear.

1.7. Aims

1.7.1. General aims

In order to be able to take informed decisions abow to deal with the presence of
stone martens in urban areas, as well as withethdtant conflicts, it is necessary to
have a good understanding of the species’ behaindhis habitat. Hence, the overall
aims of the present study were to provide a thdnaescription of the general
behaviour of urban stone martens and, more spaityfico address the behaviour
patterns that are most likely to result in actugb@rceived conflicts (i.e., denning

behaviour and car use).

1.7.2. Contents of the thesis
Chapter 2 gives a description of the study aredspanvides an outline of the
general methods that were employed in the presedy.s
In Chapter 3, | analyse the spatial arrangementasften home ranges and quantify
the extent to which martens focus their year-roactivity on urban habitat. | use
this information to make predictions on marten dessin this type of habitat.
Chapter 4 addresses the general activity and mavigpa¢terns of urban stone
martens. These are compared to non-urban paranretader to find out how
martens have adjusted their behaviour in respangestaiter human presence and
activity within their home ranges.
Chapter 5 provides a general description of theestoartens’ den selection and den
use in a human-dominated environment. More spadiificl focus on the
importance of human-inhabited buildings in den&@&a, as denning in such
buildings is likely to generate the highest potarftor conflict.
In Chapter 6, | deal with the commonly observednoimeenon of martens damaging
cars. | examine the extent to which martens madeotisars during their nightly

activities and look at seasonal variations in rosg. | use these data to test
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hypotheses dealing with the reasons why martereiass with cars in the first
place. | also examine the spatio-temporal distioudf car damage within the study
towns in order to quantify the frequency with whidrs were damaged.

In Chapter 7, | present case studies that dealthwitliate of one translocated adult
and five captive-reared juvenile stone martenssduss the outcomes of these
relocations in the context of management optioas dhe often resorted to when
dealing with problem martens.

Finally, in Chapter 8 | summarise the main findingshe present study. | also
revisit the stone marten’s socio-spatial organiseto explore explanations for the
patterns observed in Chapter 3. Furthermore | dstiue animal’s urban ecology in
the context of urban adapter and exploiter spexsabey were defined in Chapter 1.
Finally, the challenges in dealing with human-martenflicts are presented and
some management recommendations are made basedwle#ge from the present

and other studies on stone marten behavioural ggolo



23

Chapter 2: General Methods

2.1. Study sites

The study was conducted in the south of Luxemb@igy 2.1), in the towns of
Bettembourg (49° 31' N; 6° 6' E) and Dudelange @®N; 6° 5' E; Fig. 2
Bettembourg is located at an altitude of 279 m laadia human population of about
7500 inhabitants (November 2006) (Commune de Bé&ibemy 2007). The urbanised
part of the town (i.e., area delimited by urbanimpeter; Fig. 2.2) covered roughly 160
ha and thus had an estimated human density of d®800 inhabitants-kih Buildings
(excluding sheds) covered 16.8% of the urban diea.older part of town (the western
part) used to have a number of farm buildings. Haxeat the time of the study there
was only one active farm left. Other farm buildir{tem house, barns, stables etc) had
been converted to family homes, offices, or stofaggities. The eastern part of town
consisted exclusively of residential areas. Thentawas surrounded by agricultural land

in the north, south and west, and orchards andestied area in the east (Fig. 2.2).

Dudelange is located about 2 km south of Bettentholine area between the two
towns was mostly industrial. Dudelange is locateanaaltitude of 286 m and, with a
human population of 1830@habitants, was larger than Bettembourg (Decer2be6)
(Ville de Dudelange 2007). The urbanised area @m/approximately 500 ha and had a
human density of around 3600 inhabitants®Buildings (not including sheds) made
up 16.4% of the urban area. There were some detiwes in the northwestern
(Burange) and northeastern (Boudersberg) partseofawn. However, the majority of
the town was of residential character with a s@athmercial district in the centre.

Dudelange was surrounded by a patchwork of foremteldagricultural areas (Fig. 2.2).

Residential areas in both towns consisted mostfgrofly homes (1-3 storeys, terraced
and/or detached), private gardens and a densenstawrk. There were many pet cats
that spent the nights outside. Pet dogs were raesy outside at night without their
owners and there appeared to be no stray dogssor Batential food resources for
martens included small mammals, birds, insectssaadonally available berries and

fruits like cherriesRrunus avium plums P. domesticg and applesMalus domestica



Fig. 2.1 Location of Luxembourg within Europe.

Courtesy of P. Diederich, Luxembourg.
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Fig. 2.2 Orthophoto showing the two study towns, Bettembaung Dudelange,
located in the south of Luxembourg. The red linkneéates the urban perimeter of both
towns. © Orthophoto (2004): OriginAdministration du Cadastre et de la Topographie

Authorisation for publication of f4January 2008.
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from trees which occurred in private gardens spadtéhroughout both towns. While
compost heaps may have been available in somergarithe bulk of the organic
household waste was disposed of in special whbelge which were emptied weekly.
Other household trash was also disposed of andatetl in wheelie bins and thus was
not directly available to martens. However, induatlscavengeable food items would
have been available throughout both towns. Houseecswgenerally did not deliberately

put out food for stone martens (personal obsematio

Road density in both towns was similar with arodBckm of roads-kr. At both study
sites there was a steady flow of traffic throughttvetday, peaking during morning and
afternoon rush hours on the main roads. Traffic lason peripheral roads and at
night. Dudelange was generally busier with cars@ewple throughout the day than
Bettembourg, but at night traffic and human acyivere similar in both towns. All
roads were artificially lit during nighttime hours.

Two major motorways ran through the study area. Adréh-south motorway directly
bordered the eastern part of Bettembourg and pagsieid 1 km of eastern Dudelange.
The east-west motorway passed between both towosgt 800-400 m north of

Dudelange. Bettembourg was also bisected by a maijoray line (Fig. 2.2).

2.2. Climate

Meteorological summary data for the years 1971-200 available from the Findel
meteorological station (49° 37' 0" N; 6° 12' 0"dijtude: 376 m) (Administration de
I'Aéroport 2007; Pfisteet al. 2005), which was situated about 15 km northeagtef
study sites. Mean monthly rainfall over this penwas lowest in April (56 mm) and
highest in December (85 mm). Mean monthly tempeeattanged from 0.6 °C in
January to 17.5 °C in July (Administration de I'8gort 2007). Since the late 1980s the
number of days with snow on the ground has alwagnlbess than 30 per year (Pfister
et al. 2005).

During the study period (June 2005 - May 2007) rhiyrprecipitation ranged between
a minimum of 17.4 mm (September 2006) and a maxirnthv4.8 mm (August 2006).
Monthly mean temperatures ranged between -1.0&Qu@ly 2006) and 23.5 °C (July
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2006). During the winter of 2005/2006 there wered@gs with snow on the ground;
during the winter of 2006/2007 only five (Administion de I'Aéroport 2007).

2.3. Seasons

| divided the year into four biologically relevasgasons, based on resource abundance
and the marten’s reproductive biology (see refexsme Chapter 1, section 1.3.2.).
Summer (June-August) is the season when juvertdesaccompanying their mother on
her nightly excursions and when mating takes pila@elults. Autumn (September-
November) is a transition period where few chaleengeem to affect martens (i.e.,
generally high food abundance, little territorialiho mating and no pregnancy costs),
whereas winter (December-February) is a periocbtémqtially restricted food
abundance, possible cold stress and female pregn@pang (March-May) is

characterised by the birth of young, lactation hamjhtened territoriality.

2.4. Fieldwork

2.4.1. Trapping

At the time of the study the stone marten was i#ladsn Luxembourg as a nuisance
species that could be legally trapped at any torarévent damage or disturbance
(Code de 'Environnement, 2002, Vol. 1, p.3). Hermeetrapping license had to be
obtained. In order to ensure that the study ordjushed martens that had at least one
part of their home range within a built-up areaxtlusively trapped within the urban
perimeter of the study towns (Fig. 2.2). Through tise of newspaper articles and
information leaflets | located suitable trap sibgsidentifying residents that had recently
observed martens in or around their houses. lestgutiacing traps in Bettembourg in
May 2005, while in Dudelange the first traps welacpd in February 2006. | employed
four different kinds of live-traps. All of theseafprs had been successful in trapping stone

or pine martens in previous research, either getar non-target species.

1) Type 1 traps (N = 10) were foldable wire cage likaps (model 203,
61x15x15 cm, Tomahawk Live Trap Co., Wisconsin, Y82aghli 2003).

i) Type 2 traps (N = 10) were identical in design lauger than trap type 1
(model 206, 81x23x23 cm, Tomahawk Live Trap Co.sdhsin, USA)
(Balharry 1993; Lachat Feller 1993b).
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1)) Type 3 traps (N = 2) were steel meshed box tragetdhan the previous
two types (150x40x30 cm) (Schley 2000).

iv) The Type 4 trap (N = 1) was a wooden box trap (32880 cm) (Simon and
Lang 2007).

All traps had a trigger plate in the middle thasveativated when an animal stepped on
it. | covered all wire cage traps with self-builb@aden trap covers. In September 2005 |
abandoned the use of type 1 and type 3 trapsedsrtmer were too small, especially

for trapping males, and the latter too large fangporting or leaving in private gardens

for several months.

| exclusively set the traps in private gardensigrassages between houses (on the
ground, next to a wall or a hedge), where | haesinicted access to them at all times.
Not more than 10 traps were operated at any gives, § prebaited the traps (for up to
three months) with whole raw eggs (Lachat Fell&319. Other bait, like cat food,
dried fruit or a mixture of oats and raspberry javas tried but later abandoned as it
either resulted in the capture of non-target spgeardailed to attract animals at all. |
initially placed the eggs in the trap entrancehwitte trapping mechanism blocked.
Once martens started removing the eggs, | gradpkbed the bait further into the
traps until the animals completely entered thenmly@ren did | activate the traps. Due
to the small size of type 1 and 2 traps | alwajtsdee door shut and placed the bait
right behind the closed door, forcing the martensampletely enter the trap. In type 3
and 4 traps both doors were left open and thewsstplaced on the trigger plate in the
middle of the trap.

No trapping was carried out on nights with low temgiures (below freezing) or in
March and April when females were pregnant or ctwalde had dependent young.
Exceptions were made when it was known that theendaking the bait was not a
lactating female (e.g., through the use of camaast when the adult female in the
territory had already being collared or when theltai@male in the territory was known
not to have any young). Whenever | had five martepnspped with functioning collars,
| suspended trapping as this was the maximum nuofbedividuals that could be

efficiently tracked by a single person.
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2.4.2. Handling procedures

Traps were checked at dawn between 0500 and 07D@&jbped martens were
processed immediately at the site of capture.uded anaesthesia with isoflurane gas
(Potvinet al.2005). For this purpose the martens were firsisfiexred into a holding
cage (61x37x30 cm), which was then placed intaasparent, plastic box (78x40x40
cm). | placed one tablespoon of isoflurane intoldbe and as soon as the animal was
motionless, it was removed from the cage. | thggcted the marten intramuscularly
with a ketamine hydrochloride (100 mg-fL(Anesketin, Eurovet), medetomidine
hydrochloride (1 mg-mt) (Domitor, Pfizer) and butorphanol tartrate (10-m™)
(Torbugesic, Fort Dodge Animal Health) mix (ratio2ol:2 by volume) at a dose rate
of 0.2 mL-kg" (de Leeuwvet al.2004). The use of the analgesic butorphanol tartwas
later stopped as it was considered to be unnegedsarto the non-invasive nature of
the handling procedure (see Dzinktkal.2002).

Each marten was sexed, weighed (to the nearest hegsured (nose - base of tail;
tail; neck circumference; hind foot length) andédggge classes were defined as
juvenile (< 12 months), subadult (between 12 andhd4ths; living in mother’s
territory) and adult (> 12 months; sole owner ¢é@itory) based on tooth wear
(Habermehl and Roéttcher 1967), reproductive st@tegeloped testes, signs of
lactation) and the subsequent observation of attegtens in a territory. The martens
were then fitted with a radio collar (Biotrack LidK; model TW-3; frequency band:
150 MHz; pulse rate: 50 pulses-m)nRadio tags consisted of a braided nylon collar
with an external antenna to increase signal ramdgjeel urban environment. However,
signal range often suddenly deteriorated to abOuhfter six to ten months, which
may have resulted from the antenna having beenegheW. In order to take advantage
of the entire expected tag lifespan (16 monthstrBak, personal communication),
collars with integrated antennas may be preferfléiture studies. The tag mass of
30 g was below the recommended limit of 3% of amaiis body mass (1.6% and
2.0% for tagged males and females, respectivelgh(ard 2001). As with most
mustelids, the collar had to be secured fairlyttigto prevent the animal from pulling it

over its head or from becoming entangled in fermzasegetation.

As | judged it unsafe for martens to be releasethduwaylight hours because of road

traffic, |1 did not administer a reversal drug nsgtead let the martens recover in a pet
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holding box containing a burlap sac for hiding adlws food and water. The box was
kept at the site of capture, covered by a blankdtsheltered from direct sunlight until
the marten was released the same evening afterl2@0@n it was dark and there was

less traffic.

2.4.3. Trapping success and study animals

A total of 393 trap nights resulted in 15 captuw&&4 individuals, which equates to one
capture per 26.2 trap nights. Seven martens werghta Bettembourg and seven in
Dudelange (Tables 2.1 and 2.2). Domestic cats {I8)=and hedgehog&(inaceus
europaeusN = 12) were the only non-target species that warght in the traps and
they were released without harm. On 16 occasioags t{types 1 and 2) were sprung
without resulting in a capture. Trap visitationrogrtens usually stopped for several
weeks after a trap was sprung once. Three marths broken canine probably
resulting from biting the wire mesh of the trap. $#éns and Broekhuizen (2005)
successfully used a wooden box trap (110x20x15fongtone marten research in the
Netherlands. This type of trap would better addeesshal welfare, trapping reliability
and ease of transport issues, while hygiene akafidisease transmission may be less

of a problem in wire cage traps.

2.4.4. Telemetry

All radio tracking was carried out by myself. I¢keed tagged martens by using a
receiver with an attached foldable antenna (modeBRBR H, TVP Positioning AB,
Sweden) or, when necessary, an additional threeegieyagi antenna (Biotrack Ltd,
UK). I tracked martens continuously throughout theincipal activity period (PAP)
from the time of first emergence from their daytiden until the final retreat into a
daytime den in the morning (Harmes al. 1990; Kenward 2001). | aimed to follow each
marten between six and nine nights per season€aB). During each radio tracking
session | focused on one individual and took atpwsll fix every 15 min (i.e., full
hours, quarter hours and half hours) (Herrmann 2D@dhat Feller 1993b; Skirnisson
1986). At each fix | noted the animal’'s locationat:5000 paper map, whether it was
inside or outside the diurnal den, active or inagtvisible or out of sight, and whether
there was precipitation or not. As the transmitteese not equipped with an activity

sensor, | determined activity on the basis of digtrength fluctuations during a 30 s



Table 2.1 Trapping summary and radio tracking period foisfighe martens included in the study.

Capture

Trap

ID  Sex  Age oo Town? Topo 1 Night®  Last Night”  Status

F1 F Adult  10/06/05 B 3 12/06/05 12/03/06 signal life exceeded / seare &b/07
F2 F Adult  15/06/05 B 16/06/05 14/05/06 signfd Bxceeded 08/06

F3 F Adult  21/07/05 B 1 24/07/05 27/07/05 roadddll 28/07/05

F4 F Adult  05/08/05 B 6/08/05 24/05/06 dead diacshed 09/06

F5 F  Juvenile 06/08/05 B 1 died after exposutiedafiurane 06/08/05
F6 F  Subadult 03/05/06 D 2 04/05/06 06/06/06 dead or collar M06

F7 F Adult  27/06/06 D 4 28/06/06 15/02/07 signfd Bxceeded 04/07

F8 F  Juvenile 31/07/06 D 2 01/08/06 22/08/06 sidpstl/ last contact 25/08/06

F9 F Adult  07/08/06 D 2 20/08/06 09/05/07 alive@sI07

F10 F Adult  18/08/06 D 2 21/08/06 07/05/07 sigiifal éxceeded 05/07

F11 F Adult  13/01/07 D 2 15/01/07 08/05/07 alivé0s107

M1 M Adult  08/09/05 B 3 09/09/05 07/03/06 sign&tlexceeded / seen alive 03/07
M2 M Adult  13/04/06 B 2 14/04/06 14/11/06 road-&dl 04/04/07

M4 M Adult %ﬁgggg * b 2 14/06/06  01/03/07  signal life exceeded 03/07

% B = Bettembourg; D = Dudelange

® Radio tracking night



Table 2.2 Morphometric measurements for 14 stone marteriaded in the study.

D Weight Body length  Tail length  Hindfoot length  Neck circumference

2
@
X

Age

(kg) (cm) (cm) (cm) (cm)
F1 F Adult 1.50 50.0 26.0 8.0 16.0
F2 F Adult 1.60 50.0 25.0 9.0 17.5
F3 F Adult 1.40 48.0 25.0 8.0 15.5
F4 F Adult 1.50 47.0 25.0 9.0 15.0
F5 F Juvenile 1.40 48.0 23.0 8.5 16.5
F6 F Subadult 1.50 52.5 25.0 7.5 16.5
F7 F Adult 1.60 50.0 23.5 8.5 16.0
F8 F Juvenile 1.15 45.0 24.0 8.5 16.0
F9 F Adult 1.50 49.0 25.0 8.0 15.5
F10 F Adult 1.60 49.0 22.0 8.5 15.5
F11 F Adult 1.40 47.0 26.0 8.5 14.0
M1 M Adult 2.00 51.5 25.0 9.0 17.5
M2 M Adult 1.85 52.0 25.0 9.0 16.5
M4 M Adult 2.20 54.0 27.0 9.5 18.5
meanz SD F 147+0.13 487200 245+1.24 8.4+0.45 5.8% 0.90
M 202+0.18 525+1.32 25.7+1.15 9.2+0.29 7.5% 1.00




Table 2.3 Seasonal telemetry summary for 13 stone martatis tracked between June 2005 and May 2007. Essdoa includes data from

only one year.

Tracking nights All fixes (night) Active fixes (right) 2 Fixes (day)

su au wi sp tot su au wi sp tot su au wi sp tot su auwi sp tot
F1 15 8 6 2 31 410 295 249 79 1033 237 129 94 20 480 7683 75 78 312
F2 14 8 6 8 36 414 278 238 273 1203 214 108 79 154 555 7284 72 80 308

F3 4 4 90 90 62 62 6 6
F4 9 8 6 12 35 286 296 240 453 1275 157 147 96 188 588 5780 75 80 292
F6 2 6 8 59 200 259 49 133 182 7 230
F7 8 7 6 21 199 270 251 720 141 123 88 352 6E 64 22 192
F8 5 5 156 156 97 97 15 15
F9 2 7 7 9 25 69 261 298 327 955 45 155 152 2493 5 8 65 66 69 208
F10 2 7 7 9 25 66 275 291 330 962 53 185 177 2894 7 66 67 70 210
F11 7 9 16 305 342 647 160 245 405 80 109
M1 12 6 1 19 453 240 40 733 260 123 28 411 8@ 73 79 289
M2 8 7 9 24 236 289 314 839 202 159 224 585 1 41 165

M4 8 7 7 1 23 235 285 314 45 879 188 175 172 283 5 51 65 66 6 188
total 77 71 58 66 272 2220 2702 2426 2403 9751 1445 1441 1141 1500 5527 461 648 598 617 2324
mean 7.07.9 6.4 6.6 20.9 202 300 270 240 750 131 160 127 150 425 33 66 56 179

SD 4616 05 39 104 130 58 32 143 378 73 45 39 94 199 28 11 28 110
%includes only fixes taken during the principaliety period where the martens were active outsiedaytime den; fixes used for kernel analysis
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period at fix time and inactivity on the basis aftaady signal. During visual

observations | took notes on the martens’ behaviour

Inside the town, signal reflections from buildingade it impossible to use
triangulation to determine a marten’s position. §hproceeded by homing in on the
focal animal (White and Garrot 1990). | initiallp@roached the signal by car fitted with
a car-mounted omnidirectional antenna (model: Q4/BVP Positioning AB,

Sweden). The fix was then taken on foot, usuallywi50 m of the marten.
Disturbance was kept to a minimum as tracking veaged out from the road while
martens spent most of their time in gardens behmdes. Although care was taken not
to disturb the animals, it was unavoidable thatetimmes martens would emerge onto
the road close to the tracker. In that case thagllysturned around, only to re-emerge a
couple of houses away and continue moving in threginal direction. When |
happened to drive past a focal marten who waseatider a row of cars, the animal
would usually just duck down and continue withatgivity after my car had passed.
When the martens left the perimeter of the towatednined their position through

triangulation by taking two cross bearings (Kenw2081).

As martens are nocturnal and show no activity det#lieir den sites during daytime
hours (Herrmann 2004), | did not carry out any cardus tracking during the day.
Instead | located each marten once per day tordaeterits daytime den site (Table 2.3).
When there were doubts whether the signal came ifnside a house or from behind a
house, | contacted the owners and asked permissiget behind the house. However,
when | was sure that a marten was in a specifiséddavoided contacting the owners
as this often sparked attempts to get rid of thmal) which would have interfered with
recording natural den selection patterns. Marteashad presumably chewed off the
antenna of their radio collar were still locatedidg the day, but not tracked at night.

2.5. Data analysis

I manually inputted all telemetry fixes into a Geaghical Information System
(ArcView GIS 3.3, ESRI, Redlands, Ca., USA). Allips were overlaid onto 1/5000
digital topographic maps of the study area (prodBE:-L-TC, Administration du
Cadastre et de la Topographie, Luxembourg) (Figs.24, 2.5). | used the Animal



Fig. 2.3 Telemetry fixes for four female stone martenthietown of Bettembourg.
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Fig. 2.4 Telemetry fixes for two male stone martens intthen of Bettembourg.



Fig. 2.5 Telemetry fixes for one male and six female storagtens in the town of

Dudelange.
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Movement Analysis extension to ArcView for all aysds on space use and movement
patterns of the martens (Hooge and Eichenlaub 2000)

2.5.1. Autocorrelation

Animal location data is said to be autocorrelaté@drmvan animal’s position at tinhe- 1
Is a function of its position at timtgSwihart and Slade 1985b). There has been
considerable debate about the importance of autated data in telemetry studies.
Earlier studies, mostly based on simulated datamenended collecting non-
autocorrelated data (Cresswell and Smith 1992;i8laral. 1990; Swihart and Slade
1985a). The rationale behind this was that autetaied data sets resulted in negatively
biased estimates of home ranges, especially wreztuped by probabilistic methods
(Cresswell and Smith 1992; Swihart and Slade 19&ajhart and Slade (1985b)
introduced a test to determine the appropriate aghmterval (time-to-independence;
TTI). In practice, attempts to reduce autocorrefaincluded the destructive
subsampling of data or the arbitrary use of a iimerval during which an animal was

supposed to be able to cross its entire home r@¢egevard 2001).

Otis and White (1999), however, pointed out a cptwe error in Swihart and Slade’s
(1985a) analyses, namely that they had baseddbkimnates on equal numbers of
locations spaced over unequal time periods. Reahtdry studies, by contrast, usually
have a fixed time frame within which observatioas be collected with a lower or
higher sampling frequency. It has since been shaging real animal data as well as
simulations, that subsampling and longer sampé&rvats reduce the biological
significance of home range and movement estim@tesSpllaet al. 1999; Hansteeat
al. 1997; McNay and Bunnell 1994; Reynolds and Lauri®@0; Roonet al. 1998).
Furthermore, for animals that move in a non-rand@shion and live within well
defined home ranges, successive points will negdulty independent (Roonest al.
1998).

Thus the current consensus is that within a fixadysperiod, the number of
observations should be maximised as long as thelsanmnterval is kept constant and
each moment in time is sampled equally (De Satllal. 1999; Fieberg 2007; McNay
and Bunnell 1994). As the telemetry regime desdrédgove followed these
recommendations | did not subsample the data arsdkipt it directly comparable to
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those for other stone marten studies (e.g., Hemn2@04; Lachat Feller 1993b;
Skirnisson 1986).

2.5.2. Home range estimators

Burt (1943) defined the home range as “...that ai@getsed by the individual in its
normal activities of food gathering, mating, andrmg for the young”. Size, shape and
structure are typically used to characterise hanges (Kenward 2001), and the
parametric minimum convex polygon (MCP) has longrbthe preferred estimator to
this end (Harriet al 1990; Mohr 1947). The MCP is constructed by cating the
outermost locational fixes by straight lines. Aatiag to Harriset al. (1990) the MCP

is the only method that is strictly comparable hestw studies and should thus be
included as a range estimator in any study. Howeseits boundary includes all fixes,
the MCP size is strongly influenced by periphepad$ and includes areas that are
seldom or never visited. There is still considezadébate about the biological relevance
of MCPs. Some authors have found the method tadbgyhinefficient leading to
considerable and unpredictable biases, and haedispkly recommended that MCPs
should not be used at all (Borgatral. 2006). Others have recommended the use of 95%
MCPs in combination with other home range estinsaf@/auterst al. 2007).

One alternative, and more advanced method of degiah animal’'s home range is to
define its utilisation distribution (UD), which dagbes the relative amount of time that
the animal spends in any given place (Seaman awelPt096). Kernel density
estimators are a commonly used nonparametric mdtnastimating UDs (Worton
1989). The method consists of placing a probabdégsity (kernel) over each
locational fix. A rectangular grid is then overlaidto the animal’s location fixes and a
density is estimated for each grid intersectiosgbleon the average density of kernels
that overlap with it. Thus, areas with more fixal produce higher density estimates
(Seaman and Powell 1996). The distance over whithcan affect the density at a
grid intersection is determined by the smoothingapeeter (bandwidtH)). Large

values oth reveal the general shape of the distribution, evirhall values df reveal

the small-scale detail (Seaman and Powell 1996n&s that apply the same
bandwidth across the plane are called fixed kerdalaptive kernels apply a higher

bandwidth to areas with lower concentrations ohfand vice versa (Worton 1989).
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Most of the recent literature has focused and ajoeethe use of fixed kernels for home
range estimation (Borget al.2006; De Sollaet al.1999; Gitzeret al.2006; Seaman
and Powell 1996; Seama al. 1999; Wauter®t al.2007). However, there is currently
considerable disagreement over which method tdaiskoose the appropriate value of
h. Simulation based studies have tended to favastiequare cross-validation (LSCV)
over the reference method (REF) (Gitatral.2006; Seaman and Powell 1996; Seaman
et al.1999). Hemsoret al. (2005) concluded, from a study based on real drdata,

that LSCV tended to fail (i.e., the function wasble to find a local minimum at an
inflection point) when applied to large data sé&tsis was attributed to the presence of
many identical or spatially close location fixe® (j very dense clusters) resulting from
the repeated use of areas or den sites by the Bnivkihile other bandwidth selection
methods have been suggested (Gitesl. 2006; Wautergt al. 2007), Bérgeet al.
(2006) stressed that both LSCV and REF performasifaetorily as long as the entire
sampling regime was standardised (i.e., the nummbeays sampled, constant inter-fix
interval). As most of the observed variation resdiffrom inter-animal variation rather
than the kernel method, they recommended thaeratan maximising the number of
fixes per animal, the number of animals includethenstudy should be maximised
(Borgeret al.2006).

Kernel home ranges are usually represented astgéstgleths within which an animal
can be expected to spend a specified proportias tifne. Ninety five and 50% are
often the standard isopleths used to delineate hange and core areas respectively
(Hooge and Eichenlaub 2000). However, concernstaheueliability of the outer
contours have been expressed (Seashah 1999). Boérgeet al. (2006) recommended

using isopleths between 90 and 50%.

| used 100% MCPs (MCP100) as all other stone matieies have used the same
estimator (e.g., Genovesi al.1997; Herrmann 2004; Lachat Feller 1993b; Skirmsso
1986). Additionally, | calculated 95% MCPs (MCP%@&sed on the recalculated
harmonic mean method (Hooge and Eichenlaub 20@0jarSnly Muskens and
Broekhuizen (2005) have applied kernel estimatitdne marten telemetry data,
although they did not specify the method they ugeédliminary analyses showed the
REF and LSCV methods to produce almost identicallte when applied to the current
data set. As of now, LSCV is the most widely usedthad for choosing bandwidth and
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no general consensus on other methods has bedredeget. Consequently, | used
fixed kernels with LSCV bandwidth selection. Foliog Borgeret al. (2006) |
addressed potential problems with poor performéydeaving standardised my
sampling protocol as follows. An attempt was masample a similar number of
nights per marten, maintain constant inter-fix diores, always sample the entire
principal activity period (PAP) equally and analysene ranges within determined time
spans (i.e., seasons). In order to reduce potgrbalems with LSCV failure due to
identical or spatially close fixes (Hemsenal.2005), | eliminated all fixes from the
data set where a marten was located inside théntgen before and after the PAP,
and all fixes during the PAP where a marten wasidetthe daytime den but was
inactive (Table 2.3). | used 95% (KH95) and 50% B0hisopleths to delineate home
range and core areas respectively. Following Béegat.s (2006) recommendations |
included 90% isopleth values for future referenadout, however, using them for

further analyses.

2.5.3. Den selection

When diurnal locations from a specific marten wavrailable for the same season in
two consecutive years | only included the most detepseason in the analysis in order
to avoid pseudoreplication. Den selection was aealyat four different levels (Table
2.4). The classification was designed to bestceflee anthropogenic nature of the
environment and thus identify the potential for fammarten conflicts related to
denning behaviour. As it was usually impossiblgao direct access to the den inside a
building I limited myself to identifying the typd building that housed the den. Thus |
did not differentiate between, for example, attioef voids, or any kind of

objects/materials stored inside a building.

2.6. Statistical analysis

Averages are presented throughout as mean + SB.det were tested for normality
and homogeneity of variance using the Andersonizadnd Levene’s tests
respectively (Dytham 2003). When the assumptione weet, parametric tests were
used; otherwise, nonparametric equivalents werdamg (Sokal and Rohlf 1995).
The significance level was always set at 0.05 dingsts were two-tailed. All statistical

analyses were carried out in MINITAB/ersion 14 (Minitab Inc. 2004).



Table 2.4 Classification of den sites used by stone mairiesban habitat.

Level 1 Level 2 Level 3 Level 4

Anthropogenic buildings inhabited  family home, dapaant block

business, public building

uninhabitedempty/ruined house
warehouse
garage
shed (wood and stone)
farm building (active and inactive)

other/unknown uninhabited building

unknown  building of unknown inhabitation status

other structures culvert
car
noise protection wall along motorway
pile of steel girders
firewood pile

other/unknown

Natural bramble
hedge row
tree
dense brush

underground animal burrow

Unknown unidentified den
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Chapter 3: Socio-spatial Organisation

3.1. Introduction

The typical spacing pattern observed in mustefidsased on intrasexual territoriality
(Powell 1979). While females defend territoriesiagother females and males against
other males, male and female territories overldapresively (Balharry 1993; Powell
1979). Female territoriality is thought to be dnvwmainly by the need for securing
exclusive access to enough resources (principadg)ffor themselves and their
offspring. Males are mostly concerned with secugrglusive access to females, which
they can achieve by maintaining territories thdirely overlap with those of one or
more females (Sandell 1989). Wherever markdar{esspp.) spacing patterns have
been studied they have typically conformed to plaigern of intrasexual territoriality
(Balharry 1993; Powell 1994).

However, there is ample evidence that the socitiadpaganisation of carnivore
populations can be shaped by the environment tifegbit. In particular, urban habitat
can have various impacts on carnivore spacingpatend social organisation. Urban
red foxes, for example, tend to live in larger abgroups than their rural counterparts
(e.g., Bakeet al.2000; Gloor 2002) and may in some places exhipdtgern of

drifting territoriality (Doncaster and Macdonalda9. Furthermore, compared to rural
sites, urban raccoons have smaller home rangescd at extremely high densities
(Hohmannret al.2001; Michleret al.2004; Pranget al.2004), while urban badgers can
also achieve unusually high densities (Hetlal.in press) and can have smaller social
group territories (Davison 2007). Powell (1994)dxceed that martenMartesspp.)
spacing patterns should change from transient¢tusive territories, to intrasexual
territories, and finally to overlapping home rangé&sg a spectrum from low to very
high prey or resource densities (and, consequenbiyy low to high population
densities). Urban habitats are often consideregdsasirce rich and may support high
population densities. Hence urban stone martenlptpas could be expected to figure
among the overlapping-ranges end of Powell's (1@®&4}inuum.
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Although stone martens are known to commonly liverban habitats, their socio-
spatial organisation has been mostly studied iesfed or rural environments (e.qg.,
Genoveskt al.1997; Herrmann 2004; Lachat Feller 1993b; Skirmsk®36). Where
martens have been radio tracked in human settlentteete were usually so small that a
single territory covered the entire village (Herrma&004; Skirnisson 1986). Thus, little
is known about the dynamics of stone marten spguatigrns in urbanised areas large
enough to potentially accommodate a number oftteres (but see Bissonette and
Broekhuizen 1995; Miskens and Broekhuizen 2005).

The aim of this chapter is to investigate the segatial organisation of stone marten
populations in two urban areas, each large enauglarbour a number of marten home
ranges. Specifically, | determined home range amsssonal home range stability,
extent of mutual home range overlap and the degfragban habitat use. Based on
results from other urban carnivore studies | priedi¢hat urban stone martens might
display more extensive territory overlap, smallemie ranges and higher densities than

have been found in other environments.

3.2. Methods

The study area, telemetry procedures and home estieators were described in

detail in Chapter 2. | determined whether home eaagymptotes were reached for
seasonal home ranges by plotting the accumulateB1AQ area against the number of
radio tracking nights (Balharry 1993), rather tlagainst the number of fixes (Haras

al. 1990), because the data were collected duringigitit continuous tracking sessions
rather than as a series of independent fixes.jestibely defined the point at which an
asymptote was reached as the night after which miripr increases in accumulated
home range area were observed. For the purpose ahtalyses presented here | did not
differentiate between the adult females and thedwaadults (F6 and F8), since young

martens have been shown to use the same randesranothers (Herrmann 2004).

3.2.1. Home range fidelity
| assessed site fidelity by calculating home rastgé distances and overlaps between
successive seasons. Following Whatel. (1996) and Henrgt al. (2005), | calculated

for each seasonal home range the arithmetic mealh adtive fixes (i.e., fixes where a
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marten was outside the daytime den and was nafivexc Home range shift distance
was then expressed as the straight-line distarteeeba the arithmetic means from

consecutive seasons.

In order to determine to what degree an individnatten’s home ranges from
consecutive seasons overlapped, | employed an iofdexerlap (o,) adapted from

Sgrensen’s similarity coefficient (see Dekkerl.2001; Henryet al.2005):

lov=2HRov/ (HR: + HR+1),
whereHR; andHR:.; are the areas of two home ranges from two conisecsgasons.
HRoy represents the area by which both home rangetapped.lo, is dimensionless
and can vary between 0 (no overlap) and 1 (comphsdap). A value of 1 would
indicate that the home range remained identicaléa, shape and location from one
season to the next.

3.2.2. Mutual home range overlap

Mutual home range overlaps were assessed for pestyf marten dyads: i) same-sex
(intrasexual) and ii) opposite-sex (intersexuad)ah ideal situation, all martens would
have been tracked simultaneously over the sameparneds. However, this was not
always possible and some martens were trackechiyual time periods, or only after
their respective neighbours or mates had already tracked. However, evidence from
rural and village martens suggests that inter-indi&l relationships remain essentially
stable across consecutive seasons and years anvaithted home ranges would be
reoccupied without major spatial rearrangementsr(hignn 2004). Therefore, | used
total home ranges (i.e., with data from differezdsons combined) to assess home
range overlaps, even in dyads where both martens nat tracked simultaneously.
However, when calculating seasonal home rangeap®rl only considered marten

dyads where both members were tracked during tine season in the same year.

Home range overlaps were calculated using the saahe® (o,) as was described
above:

lov=2HRoy/ (HRy + HRy),
whereHR; andHR, are the home range areas of both martens makiagdypd HRo,

represents the area of overlap between the two hanges.
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3.2.3. Urban overlap

| defined urban habitat as any area located witienurban perimeter (see Chapter 2,
Fig. 2.2), which was defined as the line followihg properties of buildings at the
periphery of the relevant towns (Gloor 2002). balscluded other habitats that were
located in the periphery and were directly assediatith human activities (e.g.,
allotments, cemeteries), as well as fields or pastthat were completely surrounded by
housing, as lying within the town borders. The mast overlap with urban habitat was
estimated as i) the percentage of the home rarg®terlapped with the urban area and

i) the percentage of active fixes that were lodatéhin the urban perimeter.

3.2.4. Urban marten densities

Urban marten densities were deduced from the meare lmange sizes and the mean
percentage overlap of home ranges with urban Habit@ calculation was based on
two assumptions: i) absence of overlap betweert atuttens of the same sex, and ii)
absence of long-term unoccupied areas within tharuperimeter. The latter
assumption was based on direct observations oemsrbait removal at traps and
reports of den sites and car damage (see Chapteafgas where no martens were
radio tracked in both study towns. | restricted ¢a&culation of densities to adult

martens as | did not have reliable data on theepies of juveniles or subadults.

3.2.5. Statistical analysis

Averages are presented throughout as mean + SB.9et were tested for normality
and homogeneity of variance using the Andersonizadnd Levene’s tests
respectively (Dytham 2003). When the assumptione weet, parametric tests were
used (i.e., univariate GLM, one-way ANOVA, pairetést); otherwise, nonparametric
equivalents were employed (i.e., Kruskal-Wallig,t&gilcoxon signed ranks test)
(Sokal and Rohlf 1995). When testing for seasoifdrdnces in home range size,
individual martens were used as a blocking faciarantrol for inter-individual
variation. The significance level was always s€1.856.
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3.3. Results

3.3.1. Home range and core area size

The choice of home range estimator (see Chaptes®pn significant impact on total
home range area (Table 3.1). MCP100 produced dentlislarger home range values
than MCP95 (Figs. 3.1 and 3.2) (Wilcoxon signecksatest: W = 91.0; N = 13;

p < 0.01) and KH95 (Figs. 3.3, 3.4 and 3.5) (W 088l = 13; p < 0.01). The removal
of the peripheral 5% of active fixes resulted iegrease in area (MCP100 vs. MCP95)
by on average 24.8 £ 14.4% (range: 3.2% - 52.4%\vd¥er, MCP95 and KH95
produced similar home range estimates (W = 37.8;18; p = 0.576) (Table 3.1).

KH50 core areas made up on average 11.3% (rar@fé: -327.9%) of the total KH95
home range (Figs. 3.3, 3.4 and 3.5).

MCP100, MCP95 and KH95 home range estimates wesggalficantly influenced by
sex, with male ranges being larger than femaleasii@ables 3.1 and 3.2), but not by
town. There was no significant interaction betwtese two factors (Table 3.2).

Hence, for all subsequent analyses data from lotly $owns were combined.

Seasonal home range asymptotes were reached @gawdter about5+2,4+1, 3+ 1
and 5 * 2 tracking nights in summer, autumn, wiatet spring, respectively (Fig. 3.6).
Late home range increases as seen for M1 in auturit2 in spring can be attributed

to exceptional forays outside the area usually uSedasymptote was reached for F3 in
summer when this female was killed on the road &b nights; and none for F1 in
winter, whose range further increased on nightsdb@after having been stable
beforehand.

There was no clear effect of season on female hhange size. Mean female home
range size was found to be largest in spring foXI@, MCP95 and KH95 (Tables 3.3
and 3.4). However, a significant effect of seasas anly confirmed for MCP100 and
MCP95, not for KH95 (Table 3.5). Post hoc comparss@ieast significant difference:
LSD) for MCP100 found spring to be significantlffdrent from both summer and
autumn, but not from winter, while winter did noftfer from summer or autumn.
However, LSD failed to pinpoint significant seaslodifferences for MCP95. Using

individual martens as a blocking factor showed thdéed most of the observed



Table 3.1 Total home range and core area estimates (hdB3fetone martens as
determined by different home range estimators.&dtienates are based on all active

fixes that were collected irrespective of season.

Marten MCP100 MCP95 KH95 KH90 KH50
F1 58.3 53.6 51.3 41.9 4.8
F2 22.8 20.9 16.5 9.7 0.6
F3 39.6 27.8 33.2 24.2 4.0
F4 38.3 24.3 26.9 21.2 2.1
F6 17.0 14.1 20.0 17.1 2.8
F7 9.5 4.5 4.0 2.6 0.4
F8 10.5 10.2 13.0 10.6 1.6
F9 39.6 31.7 29.4 20.4 1.0
F10 73.5 53.5 66.0 51.1 12.4
F11 60.9 36.7 41.5 34.2 11.6
M1 135.8 85.3 94.0 73.8 16.1
M2 86.4 63.9 48.2 30.1 1.7
M4 115.6 95.5 79.6 59.2 10.4

mean + SD

females 37.0+x222 27.7+16.7 30.2+18.7 238% 41+44
males 1126 £24.881.6 +16.1 73.9+23.4 544+222 94+7.2




Fig. 3.1 Total 95% MCP home ranges for six stone marterika town of

Bettembourg.

Fig. 3.2 Total 95% MCP home ranges for seven stone manetigeitown of
Dudelange.



Fig. 3.3 Total 95% fixed kernel home ranges and 50 % kezoed areas for four

female stone martens in the town of Bettembourg.

Fig. 3.4 Total 95% fixed kernel home ranges and 50 % Kexoee areas for two male

stone martens in the town of Bettembourg.



Fig. 3.5 Total 95% fixed kernel home ranges and 50% kerae# areas for seven stone

martens in the town of Dudelange.



Table 3.2 Univariate GLM to investigate the effects of sd town on total home

range size for 13 stone martens. Significant peskre given in bold.

Home range goyrce df. gg MS Fvalue pvalue

estimator

MCP100 Sex 1 13189.3 12019.9 19.3k 0.01
Town 1 20.9 0.0 0.00 0.998
Sex *Town 1 43.0 43.0 0.07 0.798
Error 9 5602.3 622.5
Total 12 18855.5

MCP95 Sex 1 6688.6 6701.4 22.78< 0.01
Town 1 1.0 107.7 0.37 0.560
Sex*Town 1 392.7 392.7 1.33 0.278
Error 9 2647.0 294.1
Total 12 97295

KH95 Sex 1 4417.7  4201.9 9.05<0.05
Town 1 0.7 15.8 0.03 0.858
Sex *Town 1 68.9 68.9 0.15 0.709
Error 9 4176.4 464.0

Total 12  8663.8
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Fig. 3.6 Home range asymptotes showing accumulated home &neg (100% MCP) plotted against sequential radaking nights for male

(thick line) and female (thin line) stone martefsst) summer; (au) autumn; (wi) winter; (sp) spring.



Table 3.3 Seasonal home range estimates (ha) for 13 stanems based on the 100% and 95% MCP methods.

Marten Summer Autumn Winter Spring
MCP100 MCP95 MCP100 MCP95 MCP100 MCP95 MCP100 MCP95
F1 54.9 52.8 41.1 33.6 43.6 33.2
F2 21.7 20.5 17.2 14.3 12.9 9.8 18.4 14.2
F3 39.6 27.8
F4 36.3 30.9 25.8 21.7 22.2 16.0 26.9 21.7
F6 16.9 14.7
F7 7.9 4.3 7.3 3.6 4.5 3.9
F8 10.5 10.2
F9 314 29.5 35.2 29.5 31.3 27.4
F10 51.7 43.7 51.6 39.0 62.3 50.1
F11 55.2 33.2 52.3 33.8
M1 120.6 73.6 114.0 74.1
M2 67.9 45.8 73.3 63.1 73.7 52.7
M4 84.8 67.8 95.8 73.5 113.5 80.9
mean + SD
females 285+183 244+172 29.1+16.0 24438 322+195 235+135 34.7+186 27.0+13.6
males 76.3+119 56.8+156 96.6+23.6 70.10+6.113.7+0.3 77.5+4.8 73.7 52.7




Table 3.4 Seasonal home range and core area estimatef®(lia) stone martens based on the 95% and 50% ket methods,

respectively.

Marten Summer Autumn Winter Spring
KH95 KH50 KH95 KH50 KH95 KH50 KH95 KH50
F1 47.9 2.1 51.3 7.9 40.5 2.7
F2 21.1 0.9 18.9 1.7 2.0 0.2 17.1 1.1
F3 33.2 4.0
F4 37.2 4.8 28.5 3.4 20.3 1.3 24.5 3.8
F6 20.3 2.3
F7 3.0 0.4 5.2 0.7 4.6 0.5
F8 13.0 1.6
F9 25.4 11 30.7 15 33.1 55
F10 62.7 9.1 58.2 9.3 66.9 10.1
F11 39.5 8.3 39.1 10.5
M1 83.3 7.6 93.1 6.6
M2 54.5 2.0 60.1 2.6 48.6 2.0
M4 75.6 10.8 83.2 10.4 86.8 12.4
mean + SD
females 259+ 16.6 23+17 320+21.3 40+36 28.0+204 34+38 335+183 55+4.0
males 65.1 £ 14.9 6.4+6.2 755+134 6.9+39 8991445 95+4.1 48.6 2.0




Table 3.5 Univariate GLM to investigate the effects of sgagusing individual
martens as blocking factor) on home range and @ size for ten female stone

martens. Significant p values for season are givdrold.

Home range
_ Source d.f. SS MS F value p value

estimator

MCP100 Season 3 150.50 65.78 5.0% 0.05
Marten (block) 9 6818.74 757.64 58.58 < 0.001
Error 12 155.20 12.93
Total 24 7124.44

MCP95 Season 3 42.00 100.68 6.48 0.01
Marten (block) 9 433553 481.73 30.99 <0.001
Error 12 186.54 15.54
Total 24  4564.07

KH95 Season 3 225.82 70.32 2.78 0.086
Marten (block) 9 7498.34  833.15 32.99 <0.001
Error 12 303.09 25.26
Total 24  8027.25

KH50 Season 3 33.20 4.65 1.93 0.179
Marten (block) 9 217.11 24.12 10.01 <0.001
Error 12 28.92 241
Total 24 279.22
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variation in seasonal home range size could biatied to differences between martens
rather than between seasons (Table 3.5). For théemvales that were radio tracked
over all four seasons (F2 and F4) there seemed #ottend for home range size to
decrease from summer to winter with a subsequentase in spring. This trend was
also partially observed in F1 and F10, who werekied for only three seasons. Other
females (e.qg., F7, F9, F11) showed little variatrohome range size (MCP95 and
KH95; Tables 3.3 and 3.4).

Due to the small sample size | did not use stasigb analyse seasonal home range size
variation in males. M1 used very similar areasutuenn and winter. The large
difference between MCP100, by comparison with MCBA8& KH95, resulted from two
1-2 h long excursions (one in each season) by Mildrorested area southeast of his
normal range. M2’s autumn range was larger thasgrisig and summer ranges, due to
the exploitation of an area with hedges and sanuithe southwest of his normal range.
M4'’s increase of home range from summer to wintas wostly due to a small number

of fixes in the northern part of the range.

Female core areas (KH50) did not differ signifi¢paietween the different seasons
(Table 3.5), although they were on average langespring and smallest in summer
(Table 3.4). As was the case with home ranges rebdeariation in core areas could

mostly be attributed to inter-individual variation.

Due to the large influence of outliers on the MCP&@ea | did not use this estimator in

any subsequent analyses. | focused instead on @98 and KH95 methods.

3.3.2. Home range fidelity

Shift distances

Home range location was generally stable from setsseason. The arithmetic centres
of seasonal home ranges shifted on average by7onty26 m (N = 6) from summer to
autumn, 80 + 50 m (N = 8) from autumn to winter &@dt 27 m (N = 5) from winter to
spring. The home range shift distances for thesetheasonal transitions were found
not to be significantly different from one anotliene-way ANOVA: F = 1.91;

d.f. =2,16; p = 0.181). Only one shift distancesvaaailable for the spring-summer

transition (M2: 13 m). The shortest distance (5wva$ observed for F9 from winter to
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spring and the longest (143 m) for F2 from autumwinter. The martens’ mean
seasonal shift distance made up on average 6 araf 8% greatest diagonal of their
MCP100 and MCP95 home ranges, respectively. Shiteme range centres showed
no consistency in direction within a given seasaraisition (Fig. 3.7). Also, for

martens that were tracked for at least three seaffiom mean seasonal shift distance and
the distance between the arithmetic centre ofiteednd last season was found not to
be significantly different (Paired t-test: t = -9; N = 8; p = 0.456). Thus arithmetic

home range centres did not shift in a net diredosubsequent seasons.

Overlaps

Because of the small sample size for male seasomad range overlaps, | analysed
male and female data together. M2 was the onlyendhat was tracked in spring and
the subsequent summer. Hence, only one overlapastiwas available for the spring-
summer dyadl6,: 0.89 and 0.85 for MCP95 and KH95 home rangesecsly),
which was omitted in the following analyses. Ovkta, was high across all seasons
and sexes. This was reflected by mean seasonas/ednging between 0.72 and 0.86
depending on the type of home range estimator (isdae 3.6). The lowedb, values
(0.15 and 0.21) were recorded for F2. These rabiriten a very small KH95 home
range in winter that was preceded in autumn ardvield in spring by much larger
home ranges (Table 3.4). Thus F2's low KH85s were the result of a home range
contraction and a subsequent expansion ratheratinat shift in location. All other 18
calculated overlaps were above or equal to 0.76rd'were no significant differences
in loy between different season dyads (Kruskal-Wallis td€P95: H = 3.94; d.f. = 2;
p = 0.140; KH95: H = 0.65; d.f. =2; p = 0.722).

The only KH50 core arelg, calculated for the spring-summer period came fikd2n
(0.89) and was ignored in what follows. There wagimvariation in core area overlap
across seasons and individual martéssvalues ranged from a low of 0.04 to a high of
0.89 (Table 3.6). There was no evidence for diffees in overlap between different
season dyads (Kruskal-Wallis test: H = 0.46; d2; £ = 0.796). When compared to
KH95 home range overlaps, core area overlaps werrgdfto be significantly lower
(Paired t-test: t =5.13; N = 19; p < 0.001). Thgsrerally low overlaps between
subsequent seasons were often caused by the lpezflene or two core areas into

several cores that were located in different pafremn overall similar home range. This



Fig. 3.7 Seasonal arithmetic home range centres anddtefttions for martens in
Bettembourg (top) and Dudelange (bottom). Triarggaimmer; circle = autumn; star =

winter; rectangle = spring.



Table 3.6 Seasonal index of overlaly() values for home ranges and core areas.

MCP95 KH95 KH50
su-au au-wi Wwi-sp Su-au au-wi Wwi-Ssp Su-au au-wi Wwi-sp
F1 0.78 0.79 0.86 0.75 0.13 0.26

F2 082 073 082 087 015 021 0.10 0.04 0.33
F4 082 083 084 084 079 080 0.09 049 0.50

F7 081 0.94 0.70 0.84 0.63 0.35

F9 0.88 0.95 0.73 0.89 0.69 0.37
F10 092 0.83 0.87 0.85 0.22 0.51
F11 0.87 0.83 0.53
M1 0.88 0.83 0.17

M2 0.75 0.77 0.65

M4 087 0.85 0.79 0.83 0.89 0.75

mean 081 085 086 080 0.72 0.72 041 037 0.45
SD 0.04 007 005 003 024 030 035 025 0.35
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was most striking for the females F1, F2, F4, abd. Male core areas, especially those
of M2 and M4, seemed to be more stable in bothtimeand numbers (Figs. 3.8, 3.9
and 3.10).

3.3.3. Mutual home range overlap

Analysis of home range overlap depends on the gssoumthat inter-individual
relationships remain stable across consecutiveossasd years (see section 3.2.2.
above). The above results concerning seasonaldssiinces and inter-seasonal home
range (MCP95 and KH95) overlaps were consisterit this assumption. Also,
observations confirmed that some martens (e.gandiM1) had remained in their

home ranges long after their radio tags stoppectifmmng. The assumption that the
vacating of a home range would not result in sigaift changes in neighbouring ranges
was supported by the fact that neither F1 nor Feshtheir home range borders after
the death of their neighbour (F3).

Overlap values within the intersexual dyads rewk#ie presence of two distinctive
groups of dyads, those with extensive overlap (laypping’) and those with essentially
no overlap (‘non-overlapping’) (Table 3.7). Therasaa significant difference between
lov Values from the three types of marten dyads coraid@ ruskal-Wallis test:

MCP95: H =8.02; d.f. = 2; p < 0.05; KH95: H = 8;1f. = 2; p < 0.05), with
‘overlapping’ intersexual pairs having higher oegrkthan intrasexual pairs or
intersexual ‘non-overlapping’ pairs (Table 3.7)faet, intrasexual overlap between
neighbours was either non-existent or very sméle dnly male-male dyad (M1-M2)
yielded a somewhat higher overlap value than theafe dyads. This, however, was an
artefact of the home range estimators. Close exatinmof the fixes within the overlap
area revealed that the area was regularly useddgwlhardly ever by M1 (Fig. 2.4).
Overlap values were very similar in intrasexual artdrsexual ‘non-overlapping’ dyads
(Table 3.7). The slightly higher value for the M1-#fyad showed the same underlying
cause as described for M1-M2. In the case of iateral ‘overlapping’ dyads, M2
overlapped with only one female (F1), their homeges being almost identical, while
M1 overlapped with two females (F2 and F3). Asfdraale home ranges were small
compared to M1's range, the calculatggvalues were much lower than for the M2-F1
dyad (Table 3.7). Nevertheless, F2 and F3's homgeswere essentially entirely
contained within the boundaries of M1's home rafgg. 3.1).



Fig. 3.8 Seasonal 50% fixed kernel core areas for fouaferatone martens in the

town of Bettembourg.

Fig. 3.9 Seasonal 50% fixed kernel core areas for two st@ee martens in the town

of Bettembourg.



Fig. 3.1Q Seasonal 50% fixed kernel core areas for one aralesix female stone

martens in the town of Dudelange.



Table 3.7 Index of overlaplp,) values for intra- and intersexual marten homegean
dyads. Home ranges were based on all active fixtbssgasons not being considered.

Marten 1 Marten 2 MCP95  KH95
Intrasexual
F1 F2 0.01 0.02
F1 F3 0.00 0.03
F2 F3 0.00 0.01
F6® F7 0.00 0.00
F6® F10 0.07 0.10
F8 F9 0.00 0.00
F8 F10 0.00 0.00
F10 F11 0.00 0.03
M1 M2 0.24 0.12
mean: 0.04 0.03
Intersexual
‘overlapping’
M1 F2 0.39 0.30
M1 F3P 0.49 0.48
M2 F1 0.91 0.84
mean: 0.60 0.54
‘non-overlapping’
M1 F1 0.21 0.11
M2 F2 0.02 0.04
M2 FP 0.00 0.02
M4 F9 0.00 0.04
mean: 0.06 0.05

2 not known if F6 was still alive when F7 and F10eviracked
® F3 was dead by the time M1 and M2 were tracked
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Due to the small number of neighbouring or matedena that were tracked during
any one season it was impossible to test for sa@hslifferences in overlap. However,
for those seasonal dyads that were calculated €T&aB), a similar pattern emerged as
for the combined data. Intrasexual overlap was méhior non-existent, irrespective of
the season that was considered. The same watriddrsexual ‘non-overlapping’
dyads. During both autumn and winter, F2’'s homgeanas completely contained
within M1’s home range: the low KH95 wintks, for these two martens resulted from

the tiny female range in relation to the male’s.

3.3.4. Urban overlap

The vast majority of the martens’ activities todage within the urban perimeter of

both towns (Table 3.9). However, only one mart€R®) home range was completely
surrounded by urban habitat (Fig. 3.2): the homegea of all other 12 martens

bordered on at least one side with rural or fockareas outside the urban perimeter line
(Figs. 3.1 and 3.2). Nevertheless, on average83®8% of the area of MCP95 home
ranges and 83.3 + 16.4% of the area of KH95 homgesoverlapped with urban
habitat. An even larger proportion of all activeefs (91.5 + 9.8%) were located in

urban habitat. M4 was the only marten to have rniwaa 50% of its home range
(MCP95) located in rural habitat but the high pndjom of active fixes (87%) within

urban habitat clearly demonstrates the urban ctearatM4’s ranging behaviour.

3.3.5. Urban marten densities

Both assumptions stated in relation to the caleadabf marten densities were fulfilled.
Firstly, home range overlap analyses (see abowsyedhthere to be no or little overlap
between same sex neighbours. Secondly, all arghmwioth towns, even those where
no martens were captured and tracked, appearezldodupied by martens, as was
shown by a combination of reports of marten-relai@wddamage (see Chapter 6),

martens denning in houses, marten sightings afis visprebaited traps.

Based on mean male and female home range sizalsulated adult densities of 4.8
martens-krif (3.6 females, 1.2 males: based on MCP95) and drens-krif (3.3
females, 1.4 males; based on KH95). In reality, én@v, only about 83% of the
observed home range areas were located inside heimatat. Consequently, |

recalculated urban densities based upon mean haimge size that was 83% of the



Table 3.8 Index of overlaplp,) values for intra- and intersexual seasonal mdrtane
range dyaddo, was only calculated when two martens were trackethg the same

season in the same year.

Marten 1 Marten 2 Season MCP95 KH95

Intrasexual

F1 F2 su 0.01 0.04

F1 F2 au 0.00 0.05

F1 F2 wi 0.00 0.00

F1 F3 su 0.00 0.05

F2 F3 su 0.00 0.03

F10 F11 Wi 0.00 0.03

F10 F11 sp 0.00 0.03
mean: 0.00 0.08

Intersexual

‘overlapping’

M1 F2 au 0.32 0.37

M1 F2 wi 0.23 0.04

mean: 0.28 0.20
‘non-overlapping’

M1 F1 au 0.07 0.07
M1 F1 Wi 011 0.12
M2 F2 sp 0.00 0.05
M4 F9 au 0.00 0.05
M4 F9 Wi 0.00 0.08

mean: 0.04 0.07




Table 3.9 Percentages of total home range area and aottatidnal fixes of 13 stone
martens contained within the urban perimeters etthvns of Bettembourg and

Dudelange.

Marten MCP95 KH95 Active fixes
F1 87.3 90.0 96.3
F2 94.4 96.5 98.9
F3 56.6 50.9 66.1
F4 77.4 72.7 90.6
F6 99.7 95.6 97.3
F7 99.5 98.7 99.7
F8 100.0 100.0 100.0
F9 88.1 90.4 95.8
F10 95.2 90.6 94.3
F11 78.8 79.1 91.9
M1 69.3 58.5 77.4
M2 86.0 94.4 94.4
M4 47.1 65.7 86.9

mean+SD 83.0+16.8 83.3+16.4 91.5+9.8
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actual mean home range sizes. This translatedientsities of 5.8 (4.3 females, 1.5
males: based on MCP95) and 5.6 adult marteri$ (d® females, 1.6 males; based on
KH95).

The above range of density estimates would predppulation of between 7.5 and 9.3
adult martens for Bettembourg (1.6 RnFive home ranges were actually mapped in
the eastern part and one in the western part. ibadity there was room for one male
and one or two females in the western part, bripgjve predicted marten population in
Bettembourg to eight or nine adults. The predigtepulation for Dudelange (5.0 Kin
was 23.3 to 29.1 adult martens. Due to the smatiber of martens that were tracked in
relation to the true number of martens in Dudelahgeas impossible to deduce the

actual population size from the monitored martassyas the case in Bettembourg.

3.3.6. Reproduction

Overall, reproduction levels in both study townereed to be rather low. Among the
eight adult females only three reproductive everdse recorded between 2005 and
2007 (Table 3.10). F1 showed signs of lactationrwdiee was caught in June 2005 and
two to three young were later observed in herttayi One of those (F5) was caught
later. In spring 2007, reports of persistent nightbise from several martens indicated
the presence of a maternal den under the roof apartment house in F1's home
range. Although her radio signal had long faded identity was confirmed by directly
observing a collared marten leave the den (the othigr collared marten (M2) in that
area was dead by then). In spring 2007, F10 rerdamthe same den from March to at
least the end of May, when her signal faded. Sémuigntly visited the den at night and
was observed carrying food items into it, and &l was observed at the den on the
morning of 20/05/07.

On three occasions a definite change in denning\betr (same den on consecutive
days) and ranging behaviour (visits to den durivggrincipal activity period (PAP: see
section 2.4.4.)) in March suggested that parturitoght have taken place (Table 3.10).
However, these three females (F1 and F4 in 200@) B@07) had resumed normal
denning behaviour by early April (Chapter 5). Nbestfemales showed signs either of
having lactated when captured or of having repreduehile being tracked (Table
3.10).



Table 3.10 Reproduction in adult female stone martens irtolans of Bettembourg
and Dudelange. Reproduction having preceded captaseassessed based on signs of
lactation at capture and the subsequent observatigoung during the summer.
Reproductive events during radio tracking were sss@ based on denning and nightly

ranging behaviour in spring.

Marten 2005 2006 2007
F1 + 2 +
F2 - -

F3 -

F4 - 2

F7 - 2
F9 - -~
F10 - +

F11 -

#possible parturition with premature death of young
® based on reports of a maternal den in an inhabitéding (see text)
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3.3.7. Non-focal martens

During continuous tracking, 134 observations of-fmeal martens were recorded
(Table 3.11). However, it was generally difficudtjudge the size (and, hence, the age
and sex) of these animals as most observationshviefeglimpses of a marten crossing
a road or moving under a row of cars. A speciaéaeas a tailless marten that was
observed 12 times in F1's territory between 11/6&Ad 10/01/06 (Fig. 3.11). During
the next 10 months this marten was never seen.dgaiing summer 2006, F1 was
seen together with at least two (presumed) juvertea few occasions. In the same
territory one marten was reported, with several thedelay, to have been killed on the
road in July 2005 and F5 died in August 2005. Attéf08/05 no observations of
‘tailed’” martens were made until a much bigger erawas seen in March 2006 and

later caught in April (M2).

An interesting trend in these observations was thlaén tracking females, other
martens were seen regularly, but when tracking sn&ev observations of other
martens were made. Whenever a male and a femagetiaeked in the same territory,

observations of a non-focal marten were usuallyicoed to be of the known mate.

3.4. Discussion
3.4.1. Spacing system

A territory can be conceptually defined as an afeaxclusive use, which, in practice,
may be recognised by a lack of home range ovedapden neighbouring individuals
(Maher and Lott 1995). According to this definititre present study revealed strong
signs of territoriality between martens of the sa®e. This was particularly apparent
for the females, whose ranges in many cases didwestap at all with those of their
female neighbours. This very closely resembledotiteern of distinct adjacent female
territories in the village of Borgharen in the Natlands (Miskens and Broekhuizen
2005). In the present study, clear territorial lsosd which were often located along
roads, became quickly apparent after only a fewtsigf continuous tracking. This was
also confirmed by observations of chases at teialtborders between neighbouring
radio-tagged females (F1-F2; F10-F11). In Bettemgpoowever, the ranges of both
males overlapped with those of either one or twodies. This system was in

accordance with the intrasexual territoriality pattthat has been described for



Table 3.11.Record of visual observations of non-focal martaasle during continuous
radio tracking sessions of focal martens. Non-focaitens were tentatively classed into
martens of 1) unknown size, 2) similar size to fawarten, or 3) definitely bigger
(presumably adult male) or smaller (presumably feroayoung male) in size than

focal marten. If known, the identity of non-focaartens, and other comments, are

given in brackets.

Focal Non-focal
unknown similar bigger
F1 13 12 (tailless) 3
F2 11 2 (F1) 9 (8 x M1)
F3
F4 6
F6 7 1
F7 11 1 (roadkily 6
F8 1 2 (siblings)
F9 7 1 12
F10 5 2 (1xF11)
F11 4 (1 chas®) 2 (1 chasé) 1
smaller
M1 1 1 (CRF0)
M2 1 4 (2 x F1)
M4 1

& presumably a subadult
® petween focal and non-focal marten
¢ probably a captive-reared marten (see Chapter 7)



Fig. 3.11 Visual observations of a tailless marten withiris95% MCP home range

between June 2005 and January 2006 in the towrtémbourg.
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mustelids in general (Powell 1979) and marténar{esspp.) in particular (Balharry
1993; Bissonette and Broekhuizen 1995; Powell 1984ewski and Jdrzejewski
2006). While female dispersion is thought to beegaed by the availability of food,
males adapt their territories to their respectiatas’ borders. Thus by completely
incorporating these ranges into their own, theyntaan exclusive access over their
mates (Sandell 1989). This complete monopolisaiidemales by males was further
highlighted here by the lack of significant overlagtween neighbouring male and

female ranges.

The observations of non-focal martens are difficolinterpret. However, it seemed that
males were a lot more visible than females (see@lgpters 4 and 6). The majority of
observations made while tracking females could tiesy be attributed to the resident
male. In the case of F1, many of these observati@ns due to the presence of young.
The disappearance of the tailless marten in Jarogarygl also be related to a dispersal
event. Overall, there were few indications thatiteries would have been occupied

permanently by more than one pair of adults.

Thus, while urban habitat has led some carnivareglapt their social system by
forming social groups (e.g., red foxes: Bakernl.2000; Gloor 2002; feral cats: Liberg
et al.2000) or aggregating without the formation of gre(e.g., raccoons: Michlet

al. 2004; Pranget al.2004), my data suggest that it has had no sueltesh the social
organisation of female stone martens. This alsmeddo be the case for males, though
in this case my data were limited in terms of sange. Similar spacing patterns as in
the present study have been documented in foréSmbvesi and Boitani 1995;
Genoveskt al.1997), rural/village (Herrmann 2004; Skirnissoi@@Pand town
environments (Muskens and Broekhuizen 2005). Algoai number of martens had
been radio tracked in the Dutch city of NijmegerssBnette and Broekhuizen (1995)
did not present quantitative data on home rangdayveHowever, female-female
territoriality and male-female overlap were recatdethis population, too.
Additionally, they reported extensive overlap betwéhe ranges of an adult and a
subadult male (Muskeret al. 1989).
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3.4.2. Home range size

While the territorial system was similar to whaslmeen described in other studies,
home range sizes (MCP100) were situated in therloavege of those reported
elsewhere for stone martens. The largest home saragetypically be encountered in
forested environments: Genovesial. (1997) found forest-dwelling martens to occupy
home ranges of on average 361 ha (range: 63-800Hk) Simon and Lang (2007)
tracked one male that ranged over 880 ha and tmalés covering 150 and 180 ha
respectively. Martens inhabiting rural environmentSwitzerland occupied much
smaller ranges, averaging 111 ha for males anda46rifemales (Lachat Feller 1993b).
Herrmann (1994) found rural home ranges (36-211dbg significantly larger than
village home ranges (12-61 ha) and Skirnisson (L8&&orted similar results.
According to the latter study, martens that moved villages from surrounding
environments greatly reduced their home range s¥zsr-round territories, however,
were large, at 116 and 276 ha for two females &2dahd 310 ha for two males.

Where urbanisation is more extreme, home rangs siaee been found to be generally
smaller. In the Dutch city of Nijmegen, males hadnle ranges of around 30 to 80 ha
and females of around 15 to 55 ha (Bissonette andiBuizen 1995). In Borgharen, a
town of 750 households, three females occupiedisaraes of 31, 9.9 and 9.5 ha, with
a male covering 81 ha (Muskens and Broekhuizen R00tese values, but also those
from Lachat Feller’'s (1993b) study in rural area®, similar to those found in
Bettembourg and Dudelange (all based on MCP100)edvian the present study,
however, seemed to range over slightly larger asghase females occupied a wider
range of home range sizes. Nevertheless, theressieelne a clear trend for smaller
home ranges moving from forested into rural, andfrural into urbanised
environments. The high observed variation in ferhalee range size (7-12 fold
depending on the estimator used) within a singhton which habitat appeared to be
fairly uniform, supports the idea that females temdhaintain larger territories than
needed to support themselves in productive enviestsn(Herrmann 2004). Most
studies, with a couple of exceptions (Genowtsl. 1997; Rondinini and Boitani 2002),
found male territories to be larger than femalédttaies, which is in line with the

intrasexual territoriality model.
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3.4.3. Home range fidelity and seasonal stability

The above studies have mostly reported that stareemhome ranges are very stable.
However, isolated home range shifts into adjacezasahave been described by several
authors (Genovest al. 1997; Herrmann 2004; Muskeasal. 1989; Skirnisson 1986).
No such shifts were found here, even for those kesrthat directly neighboured the
vacated home range of F3. When compared to honge raitdth, mean seasonal shift
distances were similar to the yearly shifts regbfte stone martens in forested
environments (Genovest al.1997), and lower than seasonal shifts in a pingana
population that was characterised by a high degkepatial stability (Zalewski and

J drzejewski 2006).

According to Herrmann (2004), seasonal home raizgeflsictuations can be
considerable, with males and females occupyingarinbme ranges comprising 40%
and 50% of the summer ranges, respectively. The maderate seasonal fluctuations
that | observed could be the result of higher paoih densities in urban environments
(see below). Due to an increased intruder pressunarten that further reduces an
already small territory in winter, may run a highisk of permanently losing parts of it
to a neighbour. Assuming that small territoriesrame efficiently patrolled than large
ones, seasonal variations in home range area Vbeuhdore easily detected by
neighbours in urban than in other environments. dlightly larger ranges in spring just
reflect an increase in visits to the borders is thbst territorial period of the year
(Chapter 4). The pattern observed here fits weh Biandell’'s (1989) prediction that
exclusive mating ranges should show little seaseation in size. Overall, my urban

populations were characterised by a remarkablyestgiatial structure.

A pattern of territory drift, as was described @imban foxes in Oxford (Doncaster and
Macdonald 1991, 1996), certainly did not exist ip twvo towns. Factors such as social
instability due to high mortality, or unpredictaldecurrence of scavengeable food, that
were hypothesised to induce territory drift (Dorteagand Macdonald 1991), may not
play a major role in the present stone marten @ajmu. In fact, mortality was low with
only one confirmed death during radio tracking. fEn@as also no indication that
martens relied on food provided by house ownerghEtmore, the urban habitat

considered here may simply be too small for digftome range dynamics to develop.
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Such factors may, however, play a role in largeloRean cities where martens are

known to exist (e.g., Tester 1986; Téth Apathy )98& have not been radio tracked.

Core areas were considerably less stable than hemges. This reflects the changing
productivity of food patches within territories kalso, to a lesser degree, the
differential use of certain buildings, across diéfiet seasons. Similar relationships
between food availability and space use have asao blescribed for rural martens
(Rodel and Stubbe 2006). The pattern of withinHi@ny space use described here
supports the notion that urban habitat can indeecbinsidered as patchy. However, the
fact that this instability in core areas was mostbgerved in females may indicate that
it is more vital for females, than for males, towe good food resources in order to

meet the needs of reproduction (Sandell 1989).

3.4.4. Urban adaptation

Another indication of high spatial stability wa®tfact that there were no observed one-
way or cyclical shifts between urban and rural emwnent. This year-round
concentration of activities on urban areas hasla¢sm observed in three females in a
Dutch town (Muskens and Broekhuizen 2005) but @stérwith a study in Siena, Italy,
where martens were thought to enter the city optyadically to take advantage of
good food resources (Cavallini 1992). However,atthor of the latter study did not
radio track martens, relying instead on househajdestionnaires. Siena is a much
more built-up environment than the one consideexd,hwhich may potentially
contribute to a different pattern of use of thipitet. Herrmann (2004) judged
urbanised habitats to be of superior quality talror forested environments, in which
case it could be expected that once a marten lgasrad a territory inside a town there
would be no need for it to move between urban ardyban areas. However, it takes
a number of behavioural adjustments to change &danested or rural setting into an
urban one (Ditchkofét al.2006), so settlement in urban areas could be faddoy

having learned such behaviours at a young age.

Interestingly, urban foxes in Zurich have been shémwbe both spatially and
genetically segregated from their non-urban coyaies, indicating that there is very
little movement between the two types of environt{@ioor 2002; Wandelezt al.

2003). Whether martens raised in a specific hapreadominantly settle in that same
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habitat is unknown. This would need to be confirmgith data on dispersal and genetic
relatedness between urban and surrounding non-ydgauiations.

3.4.5. Densities and reproduction

Little information on marten densities, especi&itym urban areas, exists. Density
estimates of 0.7 to 2 martens-kh.achat Feller 1993b) or 2 adults plus 1.5
juveniles-kn? (Herrmann 2004) have been put forward for rural famested
environments. Herrmann (2004) estimated denshiesral villages to reach 6 adults
plus 12 juveniles-kif. However, he worked in small villages and, becafseartens’
tendency to restrict their activity to urbanisedas, territory size will likely be strongly
affected by the size of the village itself. Hendensity estimates from small villages
may not be readily extrapolated to larger urbaasr8o far, the only estimate for a real
urban environment comes from Nicht (1969), who tase estimate of 8 martens-¥m
on data from intensive kill trapping and snow tiagkin the German city of
Magdeburg. Although I did not investigate reprodeetate directly, observations
suggest that it was low in my study towns. Consetiyethe actual density estimate for
urban areas in Luxembourg (4.7-5.8 adults’kmot including juveniles) could indeed
be close to Nicht's (1969) estimate.

A low reproductive rate in urban habitats, if comfed in other studies, would
contradict Herrmann’s (2004) hypothesis that higfiroduction in urban areas would
provide a constant flow of juvenile dispersers oesible for continually re-occupying
suboptimal ‘sink’ habitats in rural and foresteddacapes. It is, however, in line with
low reproduction rates in radio-tracked femalebliiimegen (Lammertsmat al. 1994).
They found no evidence that the frequent skippiingproduction was related to
trapping, collaring or body condition, insteadiatiting it to high population densities.
In fact, the examination of placental scars inraga of road killed, uncollared martens
in the same city led them to the same conclusiohukembourg, urban stone marten
densities are thus not expected to undergo funtiveeases, since density-dependent
decrease in reproduction in combination with strargtoriality would naturally limit
densities. Prigioni and Sommariva (1997) reportey Wigh estimates from a small
town in the ltalian Alps (52 martens in a 60-hatowe., 86.7 martens-kA). However,

this needs to be treated with caution as it wasdas the radio tracking of only three
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juvenile females predominantly during the winterntins and on nightly ranges rather
than seasonal ranges.

Other urban carnivores with a more flexible so@atgl organisation have the potential
to reach much higher densities than stone marken®s can occur at 9.8 to 11.2
adults-kn? (Gloor 2002) or even 5 social groups:kmith 6.57 adults per group, i.e.,
32.8 adults-krf (Bakeret al.2000). Urban raccoons have reached levels of dg%o
individuals-km?in North America (Rileyet al. 1998) and around 100 raccoonsim
Germany (Hohmanaet al.2001). Urban badgers can reach densities of G@ to
adults-kn, which is higher than in the vast majority of dysapulations (Huclet al.in

press).

3.4.6. Conclusion

| observed a pattern of intrasexual territoriaitynartens from both towns, while
spatial organisation was characterised by a higinesdeof stability and ranging confined
to urban habitat. Although urban habitat has fagduhe formation of social groups in
other carnivores and may thus be expected to deaime to stone martens, this was not
the case here. Hence, the switch from intrasexuatdriality to extensive home range
overlap, predicted by Powell (1994), has to datdoeen described in any stone marten
population. This lends further support to Balhasr{Z993) hypothesis of a
phylogenetically determined intolerance of consjiexin martensilartesspp). A

dense and evenly distributed population of femalesld further favour the
maintenance of exclusive ranges in males (Sané8B)lTaking the evidence as a
whole, the only flexibility observed in the spacisygstem of stone martens seems to be
a moderate adaptation of home range size, withteggichanges in population density,

to the type of habitat that they live in.
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Chapter 4: Activity and Movement Patterns

4.1. Introduction

Activity and movement patterns of animals are iefloed by a variety of factors
ranging from their evolutionary origin to the lo@iotic and biotic environment that
sourrounds them. Goszczynski (1986) demonstratdrthortance of phylogeny in
explaining movement patterns in terrestrial mamamagiredators, showing that for any
given body weight mustelids generally move oveaggedistances than canids and
felids. However, there is also a great deal ofspecific variation in activity patterns,
which may result from intersexual differences basedtrong sexual dimorphism in
body size (e.g., Marcelét al. 2003) or reproductive constraints (Kolbe and Szpuir
2007; Zalewski 2001). In addition, important biogegphical variation between
populations may be explained by climatic conditiand differential availability of food
resources (Kowalczykt al. 2003; Zalewsket al. 2004), while at the population level
meteorological factors (especially temperature) fand availability may influence the
time and energy animals invest in their activi(aghli and Verhagen 2005; Zalewski
2000; Zalewsket al.2004; Zielinskiet al.1983).

Urban habitats often provide an abundance of fowbveater as well as shelters (Adams
et al.2006) and urban mammals can be expected to dugpbehaviour accordingly.
Urban red foxes and Eurasian badgers seem to beahllfil their energetic needs by
foraging during shorter periods and over shortstagiices than rural ones (Doncaster
and Macdonald 1997; Harris 1982). American blackrdare 36% less active in urban
than in wildland areas (Beckmann and Berger 20@lnthermore, territory sizes in
urban areas are typically smaller than in woodedial areas (see Chapter 3), and as
such would also presumably require less effortet@fbectively patrolled. Also, it is
possible that the release from intraguild predaimonrban areas could influence
movement and activity patterns of some mesocares/(€rooks and Soulé 1999; Gehrt
and Prange 2007).
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However, urban animals are also exposed to a yarsfeinthropogenic stresses, which
their rural counterparts are faced with to a madsér degree. Consequently, urban
animals may also be forced to adapt their behavioarway that allows them to avoid
or mitigate these constraints (Ditchkeffal. 2006). Human activities and traffic are
obvious factors that have to be coped with in otdesuccessfully subsist in human-
dominated environments. There are two possible Va@aysnimals to adapt to humans:
by becoming tolerant of human presence or by adgisd human activity through
temporal avoidance (i.e., urban animals becomgeawthen humans are not: Adagts
al. 2006). For example, bobcats and coyotes have dfemmn to reduce their diurnal
activity in developed and urban areas, suggestihgWioural avoidance of humans
(McClenneret al.2001; Rileyet al.2003; Tigast al. 2002). Black bears living in the
urban-wildland interface have shown comparableségtshifts (Beckmann and Berger
2003b). Similarly, urban red foxes show strong exice of temporal adaptation of their
movement patterns to avoid even very low levelatfl traffic (Bakeet al. 2007) and

habitats with higher human presence (Gloor 2002).

Even though stone martens are commonly found iarudseas, very little is known
about their activity and movement patterns wittiis type of habitat. Bissonette and
Broekhuizen (1995) presented limited data on tkeasathat were covered per night by
two females in the city of Nijmegen, while Skirmess(1986) and Herrmann (2004)
described activity and mobility of martens in ruvdlages. By contrast, the latter two
studies, as well as Broekhuizen (1983), LachaeF€11993b), Fohrenbach (1987),
Posillicoet al. (1995) and Genovesit al. (1997), have looked at these aspects of

activity in stone martens inhabiting mountainousal and forested environments.

This chapter investigates the activity and movenpatterns of stone martens in urban
areas. Specifically, | determined the timing of&trend termination of their outside-the-
den activities and the duration of their nightlyiaty period, as well as movement
distances and speeds. | predicted that urban nsamteght shift their activities to later
hours of the night by comparison with rural onesprder to avoid human disturbance.
Furthermore, they were expected to be less actidg@move shorter distances than

has been described in forest dwelling and ruratenar
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4.2. Methods

The study area, telemetry procedures and home estieators were described in
detail in Chapter 2. Ambient temperature was mesgbwith automatic Tinytalk
temperature loggers (Gemini Data Loggers Ltd, Gistér, UK)that were programmed
to take a temperature reading every 4 h. The I@ggere placed at ground level (one
within each study town) and nightly temperaturesenslculated as the mean
temperature from the readings taken at 2000 h, 600@00 h and 0800 h.

4.2.1. Den emergence and return times

Times of emergence from a den and return to a a@a @stimated based on all-night
tracking sessions but also occasionally on shotiservations, especially for
emergence times. Emergence time was defined dsrtbef the first quarter-hourly fix
after the marten had left the den it had spent#yein. Return time was defined as the
time of the first quarter-hourly fix after the mamthad finally retreated into the den that
it would subsequently spend the day in. Emergende@urn times were determined
based on direct observation of the animal exitingrdering the den. Where direct
observation was not possible, emergence and retaes were based on the radio
signal clearly moving away from the den or appraaglit and subsequently staying
there. The martens usually rapidly left the genara& of the den after first emergence.

4.2.2. Principal activity period (PAP) and nightlyactivity (NA)

PAP (h) was only estimated for nights where botlerg@nce and return times were
known. It was defined as the time period betweeargance from a den and return to a
den. Thus, PAP also included bouts of inactivigttimay have interrupted activity
bouts during the night. NA (h) was defined as tttei@ time that an animal was active
during its PAP. It was calculated as the produdhefPAP duration and the proportion
of fixes that were recorded as active during th&PlAused data from 232 tracking
nights for these analyses.

4.2.3. Activity rhythms

Nightly activity rhythms were calculated on the isas all fixes (Kowalczylet al.

2003), i.e., fixes from all collared individualsgled, grouped into 1-h periods (e.g., the
21 h category would include fixes taken at 210211,5 h, 2130 h and 2145 h, etc).
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Fixes were recorded as i) inside the den (all fbefre first emergence and after final
retreat into a den); ii) outside and active (acfixes during PAP); and iii) outside and
inactive (inactive fixes during PAP). | did not fdifentiate between locomotory and
stationary activity (e.g., Lachat Feller 1993b)tigity rhythms were only established

for the hours between 1900 h and 0900 h. Wherc&itrg session started later than
1900 h but before the animal had left the derp@itiential fixes between 1900 h and the
actual start of the tracking were recorded as enthieé den. Equally, all potential fixes
between the end of the tracking period and 090@tewecorded as inside the den. This
was only done for the purpose of this specific gialand these fixes were not included
in Table 2.3. 1 did not attempt to represent agtignd inactivity of martens inside their
daytime dens, as it was not possible to get a septative sample of fixes for the hours

preceding emergence and following return.

4.2.4. Movement patterns

In order to quantify movement patterns | calculdtad different movement
parameters, following Zalewskt al. (2004): i) Nightly movement distance (NMD, in
km): the sum of straight line distances betweerseoutive fixes taken at 15-min
intervals; ii) Movement speed (in knsh NMD divided by NA; iii) Nightly range (NR,
in ha): a 100% minimum convex polygon based othallfixes taken during a marten’s
PAP; iv) Nightly range as a percentage of seadooiale range (NR/SR, in %), using
MCP95 seasonal home ranges (see Table 3.3) faatbelations. | based NR on
MCP100 as that measure best represented an indindiht's movements. MCP95
was used for NR/SR as it better represented hongeraver a longer time interval (see
Chapters 2 and 3). Nights that were only partietignpleted or where too many fixes
were missed were discarded from the analyses. Galy)t251 and 252 nights were
retained for NMD and NR respectively. Speeds wateutated on the basis of 230
nights.

4.2.5. Statistical analysis

In order to avoid problems with pseudoreplicatidreated each animal as a sampling
unit rather than treating each individual nightasndependent sample, as has often
been done for activity and movement pattern analysgy., Kowalczylet al. 2006;
Zalewskiet al.2004). | calculated mean seasonal values (for ¥R NMD, speed,
NR, NR/SR) for each marten and used a univariatergé linear model (GLM) to test
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for seasonal effects. Individual martens were @sed blocking factor to control for
inter-individual variation. Post hoc pairwise compans were performed with a Tukey
test. Due to the small number of males these staignalyses were only carried out
for females. For individual martens, no means wateulated for seasons where they
were tracked for less than four nights (and thusv&8 completely excluded from these

analyses).

However, when analysing emergence and return tiawsjty rhythms, and
correlations between NA and temperature, all datduding nights from F3 and other
martens that were tracked for less than 4 nigh#sspecific season) were included and
treated as independent samples. Chi-square testsawmloyed to test for differences
in the distribution of hourly activity (proportiasf outside/active fixes) between seasons
and sexes. Z-tests were used to test for within-doterences in proportions of active
fixes between sexes. In order to test for diffeemnio emergence and return times all
quarter hour intervals between 1900 h and 0908éf(tllowing morning) were
associated with an integral number running fromd900 h) to 57 (0900 h). Non-
parametric tests were then run on these subshitutders rather than on the actual
times. The significance level was always set &.0.0

4.3. Results
4.3.1. Activity patterns

Den emergence and return times

The martens in both study towns were clearly noaiiemerging from their daytime
dens after sunset and returning to the same a@rdiif dens before sunrise (Fig. 4.1).
On only two occasions did martens (M2 and M4) adtieto their den a few minutes
after official sunrise time in summer. Both emerggeand return times showed
significant seasonal variation (Kruskal-Wallis teshergence: H = 27.24; d.f. = 3;

p < 0.001; return: H=91.28 d.f. = 3; p < 0.00L&lfle 4.1). Overall, the martens left
their den sites earliest in spring, followed by swen, autumn and winter, all seasons
differing significantly from each other (Mann-Wheyn U tests: p < 0.05), apart from
summer and autumn (p = 0.144). Return times weatesain summer, followed by
spring, autumn and winter, with all seasons diffgfirom each other (p < 0.001), apart

from autumn and spring (p = 0.114). Although th&eze no overall significant
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Fig. 4.1 Time (Central European Summer Time = CET + 1fl@mergence (black
triangles, N = 258) from the daytime den and refopen circles, N = 255) to the same
or another daytime den by 13 radio-collared stoaetens at the start and end of their
principal activity period, respectively. The loware shows the time of sunset, the
upper line the time of sunrise. The area betweenwo lines represents night-time

hours.



Table 4.1 Median time (Central European Summer Time) ¢t f@mergence from a
den in the evening and final retreat into a dethémorning for both sexes separate and
combined. N (emergence) = 258; N (return) = 255.

Season Emergence Return

F M F+M F M F+M
su 2245 2215 2245 0445 0515 0500
au 2337 2230 2315 0545 0630 0600
wi 2337 0015 2345 0645 0815 0700

sp 2230 2200 2215 0530 0522 0545
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differences in male and female emergence times (M@&hitney U test: W = 26218,
Nmates= 63, Nemales= 195; p = 0.060), there was a trend for femaldsdve their dens
later than males, apart from winter when males needbinside for longer (Table 4.1).
Throughout the year males returned significantlgri¢éo their den sites than females (W
= 22360, Males= 65, Nemales= 189; p < 0.001), although spring return timesave
similar for both sexes (Table 4.1).

Emergence times were more closely coupled to sumsetmmer and spring than in
autumn and winter (Fig. 4.1; Table 4.2). Althoubh same pattern was true for return
times in relation to sunrise, it was much less pumted. When considering only those
nights where both emergence and return times were/k (N = 243), it was found that
in each season return times were coupled significaloser to sunrise than emergence
times were to sunset (Wilcoxon signed ranks tesi {V = 1546.5; N = 67; p < 0.05;
(au) W =1894.0; N = 62; p < 0.001; (wi) w = 1300N\D=51; p < 0.001; (sp) W =
1503.0; N = 61; p < 0.001). This was most apparewninter. Interestingly, there
seemed to be a threshold at around 2100 h befachwhie martens hardly ever
emerged from their den, even in late autumn andewinhen sunset occurred much
earlier. During the same period there was a thiddetween 0800 h and 0830 h by

which the martens had always returned to their dem$&our before sunrise.

Principal activity period (PAP) and nightly activity (NA)

Even though night length varied from on averageh@@ summer to 15.0 h in winter,
the martens did not adapt their PAP accordinghpoaigh significant inter-individual
differences in PAP were observed (univariate GL&Mméles - season: F = 0.38;

d.f. =3,12; p=0.767; marten: F = 7.87; d.f. £8,p < 0.01). During short summer
nights, PAP was only about 1 h shorter than duttwegest of the year where PAP
remained fairly constant (Table 4.3). PAP was ograge about 1 h longer for males
than for females although in autumn, winter andngpthere was overlap between male

and female PAP values.

When considering NA (i.e., the actual time thatter@s were active during their PAP),
significant seasonal differences became apparem¢ricales (Table 4.4, season:
F=4.33; d.f. =3,12; p < 0.05; marten: F = 1669, = 8,12; p < 0.001). Females were
active for significantly longer in summer than imver (Table 4.5), though this was not



Table 4.2 Mean (£ SD) time lag (h) from (a) sunset to tineetof the first fix after
emergence and (b) from the first fix back insid#ea to sunrise. N (emergence) = 258;
N (return) = 255.

Season Emergence after sunset Return before sunrise
F M F+M F M F+M
su 16+08 0.7x0.314+0.8 1.3+08 04+£041.1x£0.8
au 46+20 38%16 43+19 23x11 15+0820x1.1
wi 59+£21 59+1559+1.9 25+11 16x0823+1.1
sp 24+16 17+1423+1.6 15+11 08+0514=+11




Table 4.3 Mean duration (h) of the principal activity pediPAP) for 12 stone

martens.
Marten su au wi sp
F1(12,7,5,-f 5.6 4.9 5.8
F2(14,8,5,6) 4.5 4.2 4.1 6.0
F4(9,7,6,11) 6.4 6.2 5.9 6.3
F6 (-,-,-,6) 6.3
F7(4,5,5,) 5.6 6.6 7.1
F8(5,-,-,) 5.8
F9(-7,7,8) 7.7 6.7 7.5
F10(-,5,7,9) 7.7 7.6 7.5
F11(-,-5,9) 8.8 7.9
M1 (-,11,6,-) 7.2 6.8
M2 (8,6,-,8) 6.8 7.2 7.8
M4 (8,7,6,-) 6.6 8.2 8.7
mean + SD
females 5.6+0.7 6.2+14 6.6+15 6.9+0.8
males 6.7+0.1 7.5+0.6 7.8+1.3 7.8

& humber of nights considered for the su, au, wigmdeasons, respectively



Table 4.4 Mean nightly activity (NA; h) for 12 stone marten

Marten su au Wi sp
F1(12,7,5 4.3 4.2 3.6
F2(14,8,5,6) 4.0 3.4 3.2 5.0
F4(9,7,6,11) 4.8 4.5 4.1 4.1
F6 (-,-,-,6) 5.7
F7(4,5,5,) 5.3 4.0 3.6
F85,-,-,) 5.4
F9(-,7,7,8) 6.1 57 5.7
F10(-5,7,9) 7.0 6.6 7.0
F11(-,-5,9) 6.0 7.1
M1 (-,11,6,) 5.2 5.2
M2 (8,6,-,8) 6.7 5.9 6.8
M4 (8,7,6,-) 6.1 6.5 6.6
mean + SD
females 4.8 +0.6 49+1.4 47+1.4 58+1.2
males 6.4+04 5.9+0.7 59+11 6.8

# number of nights considered for the su, au, wismdeasons, respectively



Table 4.5 Significant results for post hoc multiple compgans (Tukey test) of

seasonal activity and movement variables in fersiee martens.

Variable Seasons T statistic p value
NA SU-Wi 3.16 <0.05
NDM sp-au 3.54 <0.05
Sp-wi 4.30 <0.01

speed sp-au 3.42 <0.05
sp-wi 3.68 <0.05
NR Sp-wi 2.98 <0.05

NR/SR su-au 3.65 <0.05
Su-wi 4.64 <0.01
Sp-wi 3.70 <0.05
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obvious from the overall seasonal mean activityeal(Table 4.4). This was mostly due
to F10 and F11, who exhibited generally highendtgtin winter than the rest of the
females but for whom summer data were missing. Melwity duration seemed to
remain fairly constant across seasons and malesameaverage about 1 h longer active
than females (Table 4.4). However, there was opdy&tween individual male and
female NA values.

There was no overall correlation between NA andhthygemperature (Pearson
product-moment correlation: r = 0.056; N = 232; §.397). However, when seasons
were considered separately, significant positiveetations were found between nightly
temperature and NA in winter (r = 0.313; N = 4X% 0.05) and spring (r = 0.331;

N = 59; p < 0.05) but not in summer (r = 0.010; M8; p = 0.933) or autumn
(r=0.072; N =63; p = 0.574). For each 1°C deseaa temperature martens reduced
their activity by on average 7 min in winter andriih in spring (Fig. 4.2).

Activity rhythms

Nocturnal activity rhythms for combined sexes shodweiking differences from season
to season (Fig. 4.3). Summer was characterisedrathar abrupt start and end of
activity outside the den with high levels above 60f¥oughout most of the night (2300-
0400 h). In autumn, the onset of activity outside den started a little earlier but
increased more slowly than in summer. A peak of 8@%vity was only reached
relatively late at around 0300 h. Activity subsidgddually thereafter. In winter, the
observed pattern of activity was superficially $anin shape to the one in autumn.
However, there was an overall shift of activity tas the later hours of the night. A
first small peak occurred around midnight at at&fi$, followed by a second and
higher peak four hours later (0400 h) at 72%. gehrly morning hours the remaining
activity outside the den ceased abruptly at 070thihoughout the night the martens
spent a significant proportion of their time eitivegide their daytime den or outside but
being inactive. The spring pattern was overall Einto the summer pattern, with a
more or less bell shaped appearance. By compasigbmwinter there was a shift of
peak activity back to the more central parts ofrtigt, with high levels being
maintained throughout most of the night. At botdsnf the night, activity increased

and decreased less abruptly than in summer. Threnaabdifferences in nocturnal
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activity rhythms in different seasons were alsafibto be statistically different (Table
4.6).

When considering male and female activity pattsemarately (Fig. 4.4), there were
striking similarities in overall appearance betwéemtwo sexes within any one season.
This was especially true for both summer and spigpging: most data came from only
one male, M2) where no statistical differences Wieuvad (Table 4.6). However, male
and female activity differed significantly from dwother in autumn and winter (Table
4.6). Pairwise comparisons of hours revealed thiatresulted mostly from differences
in the early and late hours of the night. Thugutumn, male activity was higher than
female activity from 2200 h to 0000 h and from 0%0@ 0700 h (Z-tests: p < 0.05),
with hours from 0100 h to 0400 showing no differendn winter, female activity was
found to be higher early in the night (2200-230p k; 0.05), while male activity was
higher at the end of the night (0500-0800 h; pG5R.Again, the central parts of the
night were similar for both sexes. Here it was ipafarly striking how rapidly male

activity dropped after 0700 h.

4.3.2. Movement patterns

Nightly movement distance (NMD)

The longest recorded NMDs were observed on twagprights for F10 and F11 with
10.0 and 10.1 km, respectively, and on a summéit ey M2 with 10.1 km. Female
martens moved on average between 1.08 and 8.3&kmght depending on the
season (Table 4.7). Overall, both factors, seasdmaarten, were found to have a
significant effect on female NMD (season: F = 7.@3; = 3,12; p < 0.01; marten:

F =4.80; d.f. =8,12; p < 0.01). NMD was foundo®significantly higher in spring
than in autumn and winter (Table 4.5), while theeontseasons did not differ from each
other. The most pronounced seasonal effects weseradd in F10 and F11, who
drastically increased their mean NMD from wintesping (Table 4.7, Fig. 4.5).
Interestingly, their spring NMDs were higher thary seasonal mean NMD recorded
for individual males (Table 4.7), although only anale was tracked in spring.
However, males had on average higher seasonal NN#Dsfemales, a trend that was
most pronounced in summer. Males moved on avermager distances in spring and

summer than in autumn and winter (Table 4.7).



Table 4.6 Chi-square tests to compare nocturnal patterh®wofly activity rates
(proportion of outside/active fixes) between diffier seasons (sexes combined) and

between sexes within seasons.

Time 2 d.f. pvalue
Interseasonal
su-au 2100-0700 103.195 10 <0.001
SU-wi 2100-0700 200.773 10 <0.001
Su-sp 2100-0700 52.356 10 <0.001
au-wi 2100-0700 42.082 10 <0.001
au-sp 2100-0700 22.516 10 <0.001
Wi-sp 2100-0700 104.125 10 <0.001
Intersexual

su 2200-0500 8.513 7 0.290

au 2100-0700 23.423 10 <0.001

Wi 2100-0800 22.540 11 <0.05

sp 2100-0700 7.426 10 0.685
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PAP.



Table 4.7 Mean nightly movement distance (NMD; km) for 1@ree martens.

Marten su au Wi sp
F1(13,8,6, 3.19 1.84 1.89
F2(14,8,6,8) 2.27 1.24 0.72 2.55
F4(9,8,6,12) 2.48 2.08 1.93 2.19
F6 (-,-,-.6) 3.33
F7(4,7,6,) 1.70 1.33 1.08
F85,-,-,) 1.57
F9(-7,7.8) 2.10 2.57 3.84
F10(-7,7,9) 3.61 3.09 8.33
F11(--7.9) 3.39 7.89
M1 (-,12,6,-) 3.81 3.48
M2 (8,7,-,9) 7.78 3.14 6.54
M4 (8,7,7,-) 7.19 3.55 5.49
mean + SD
females 224+£065 203+£0.85 210x0.99 4.8972
males 748042 350+£0.34 449x142 6.54

& number of nights considered for the su, au, wismdeasons, respectively



b)

Fig. 4.5 Examples of typical movement paths for female Filthe town of Dudelange
in (a) winter (3.1 km) and (b) spring (8.8 km). @pmolygon: MCP95 home range; grey

dot: den site where nights started and ended.



59

Speed

The speeds at which female martens moved variedisantly depending on season
(season: F =6.19; d.f. = 3,12; p < 0.01; marten:F33; d.f. = 8,12; p < 0.05). They
moved faster in spring than in autumn and winte{& 4.5). This was particularly
pronounced in F10 and F11 who, in spring, effetyideubled the speeds at which they
travelled while they were active (Table 4.8). Mads0 generally moved at greater
speeds in spring and summer than in autumn anemilimt summer the two males

moved on average 2.4 times faster than the fenjaidde 4.8).

Nightly range (NR)

The areas that female martens covered each niginigdheir activities were
significantly influenced by season, although a sigant proportion of the observed
variation was also due to inter-individual diffecess (season: F =4.91; d.f. = 3,12;

p < 0.05; marten: F =19.19; d.f. = 8,12; p < 0)0&bring NR was significantly larger
than winter NR (Table 4.5), while other seasonsnditidiffer significantly from each
other. Across all seasons, males covered on avenag® three times larger areas per
night than females did (Table 4.9). The males M2 I8 greatly reduced their NR

from summer to autumn.

The animals covered each night on average betw&8mahd 72.3% of their MCP95
seasonal home ranges (Table 4.9). In females, NRi&Rsignificantly affected by
season and marten (season: F = 10.14; d.f. = 8,42).01; marten: F = 6.35;

d.f. =8,12; p < 0.01). Females used larger prapastof their seasonal range in
summer than in autumn and winter, and in spring tleed larger proportions than in
winter (Table 4.5). Males showed a similar trend amany given season both sexes

used on average very similar proportions of theas®nal home ranges (Table 4.10).

4.4. Discussion
4.4.1. Activity patterns

This study has clearly demonstrated the stone miartistinctly nocturnal lifestyle. All
other studies that have radio tracked this spd@ge come to the same general
conclusion, irrespective of the environment thatahimals lived in (e.g., Broekhuizen
1983; Herrmann 2004; Lachat Feller 1993b; Posikital. 1995; Skirnisson 1986).



Table 4.8 Movement speed (knmih for 12 stone martens.

Marten su au Wi sp
F1(12,7,5- 0.73 0.48 0.46
F2(14,8,4,5) 0.56 0.37 0.26 0.46
F4(9,7,6,11) 0.52 0.41 0.48 0.57
F6 (-,-,-,6) 0.59
F7(4,5,5,) 0.32 0.26 0.29
F8(5,-,-,) 0.29
F9(-,7,7.8) 0.34 0.46 0.53
F10(-,5,7,9) 0.48 0.47 1.18
F11(--5,9) 0.59 1.09
M1 (-,11,6,-) 0.68 0.66
M2 (8,6,-,8) 1.16 0.50 0.98
M4 (8,7,6,-) 1.18 0.55 0.87
mean + SD
females 0.48+0.18 0.39£0.09 043+0.12 0.043%
males 1.17+£0.01 0.58+0.09 0.77+0.15 0.98

& number of nights considered for the su, au, wismdeasons, respectively



Table 4.9 Mean nightly ranges (NR; ha) for 12 stone marexqwessed as 100 %

MCPs.
Marten su au wi sp

F1(13,8,6,- 25.7 184 15.4

F2(14,8,6,8) 11.0 7.6 3.1 10.1
F4(9,8,6,12) 15.5 11.7 10.4 11.6
F6 (-,-,-,6) 11.2
F7(5,7,6,) 3.2 2.6 2.2

F8(5,-,-,) 3.7

F9(-7,7,8) 13.3 16.0 21.2
F10(-,7,7,9) 25.3 22.7 38.2
F11(-,-,7,9) 24.6 24.5
M1 (-,12,6,-) 42.6 38.67

M2 (8,7,-,9) 36.0 27.0 42.3
M4 (8,7,7,-) 53.3 39.7 53.9

mean + SD

females 11.8+9.3 13.2+8.0 135+8.8 19.5%10.
males 446+122 364+83 46.3+10.8 42.3

& number of nights considered for the su, au, wismdeasons, respectively



Table 4.10 Mean nightly range as percentage of the MCP9 (B&epter 3) seasonal

home range (NR/SR) for 12 stone martens.

Marten su au wi sp
F1 48.0 34.4 28.7
F2 52.7 36.4 14.9 48.5
F4 63.6 48.2 42.7 47.9
F6 75.9
F7 72.3 57.1 49.0
F8 35.3
F9 42.0 50.5 67.0
F10 47.3 42.5 71.4
F11 67.1 66.6
M1 50.0 45.3
M2 56.4 42.3 66.2
M4 55.8 41.6 56.5

mean + SD

females 544 + 14.3 442 + 8.2 422+166 629981
males 56.1+0.4 446 + 4.7 509+7.2 66.2




60

Nevertheless, the degree to which stone martetrictakeir activities to nighttime
hours seems to be more pronounced in this stuaywihat has been reported
elsewhere. In a Dutch rural area, emergence anthrgéies were very closely coupled
to sunset and sunrise, respectively, throughouyelae (Broekhuizen 1983: see Fig.
4.6). The same pattern was observed by Skirnisk@86( in a forest-dwelling female
marten. In both of these studies the martens erdexgdier and returned later as the
nights became longer. Furthermore, during summner dfiten emerged before sunset
and retreated into their dens after sunrise (Broidd@m 1983; Skirnisson 1986). The fact
that the urban stone martens never emerged befosetsin summer and delayed the
onset of their activity in autumn and winter uiatifer 2100 h (2000 h CET - winter
time) suggests that these animals strongly avdidedan activities. In fact, road and
pedestrian traffic had considerably slowed by 2408imilarly, the observed return
threshold at around 0800 h (0700 h winter time)yval as the sharp drop from very
high male activity levels to very low levels betwd®/00 h and 0800 h in winter,
coincided with the start of the morning rush hdwwr 0700 h to 0800 h winter time).
Skirnisson (1986) tracked a village-dwelling femhlat always returned to the den
before 0600 h when farming activities started atfdrm where she was denning and
Herrmann (2004) reported a female that delayedtiset of her movements until after
farming activities had ceased after 2000 h. Inqipie, the late emergence times of
martens in my study could be a result of martensieeding to be active so long in
urban areas owing to higher food abundance. How#visrexplanation is unlikely
since, as | point out below, it is only the timiofgactivity onset and cessation that
differs between rural and urban environments, nahsach the total duration of the

activity period.

The activity rhythms of urban martens showed a gaipattern of high activity
throughout the night in summer and spring with galhelower levels in autumn and
winter. This general pattern mirrors the one obseéiiwn rural and village-dwelling
martens (Lachat Feller 1993b; Skirnisson 1986). Jenature seems to be an important
factor regulating the martens’ activity, especialiying the colder seasons. Curtailing
of activity with decreasing temperatures has alEnlobserved elsewhere in stone
martens (Herrmann 2004; Lachat Feller 1993b; Sésiom 1986) and pine martens
(Zalewski 2000). Interestingly, urban martens resigal very similarly to each 1 °C-



Fig. 4.6 From Broekhuizen (1983) — “Fig. 3 — p.617: Tinméslay of start (black dots)
and end (open circles) of nocturnal movements dibreracked beech [stone] martens.
The lower broken curve gives the time of sunset,ubper broken curve gives the time
of sunrise.”

Reproduced with the permission of S. Broekhuizen.
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decrease in temperature as did forest and villaggems (Herrmann 2004; Skirnisson
1986).

The general decrease in activity in autumn andewiwis associated here with a shift
of peak outside-the-den activity towards later gaftthe night. This, however, has not
been seen in rural martens (Genovesi 1993; Herrr2@04; Skirnisson 1986).
Herrmann (2004) observed a similar pattern foagdl martens on weekends in winter
and summer. This suggests that during short nigktsnartens used the entire dark
period for their activities, but within longer nighthey preferentially used the later
hours of the night with the least human disturbariteis activity rhythms, as well as
emergence and return times, of urban stone masteggest that behavioural adaptation
to human activities occurs primarily by temporab@ance rather than tolerance.

In Switzerland, activity duration (male and femedenbined; 5.1 - 6.9 h) was similar to
that of females in the present study, while in Gamgnactivity (6.2 - 8.2 h) was
generally slightly higher than in urban martensrafrom spring (5.6 h) where urban
martens were active longer. However, owing to gecéht methodology, they included
both inside the den as well as outside activitthair estimates. One can hence assume
that, in these studies, the activity, which | defiras NA (i.e., activity occurring
between emergence and return), was actually similaven lower than in the urban
environment considered here. In the Netherlanda| roartens were, however, found to
be active outside the den for on average aroun@é hight irrespective of season and
sex (Broekhuizen 1983), which was similar to urbales and 1 - 2 h longer than urban
females. However, it was not directly clear whethaivity levels referred to by
Broekhuizen (1983) were PAP or NA.

4.4.2. Mobility

Few studies have collected detailed movement dasiane martens, and when these
are available they are often based on very few alsinHowever, Genovesi al.(1997)
reported NMDs for 16 forest and rural martens. Hemmmoved on average 1.45 km and
males 5.32 km in all seasons combined. They founsignificant seasonal changes.
Interestingly these martens had much larger tergqmales: 421 + 231 ha, females:
217 £ 134 ha) than in the present study (see Chaptget urban females moved much
longer distances, especially in spring. Male dis¢gnwere similar in both

environments. Similarly, urban martens of both seaxeved longer distances than rural
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martens with comparable territory sizes did in Sanland (Lachat Feller 1993b). On
the other hand, Skirnisson’s (1986) forest femabexd further (5.9 km for 200 ha) in
autumn and winter and similar distances in sprimgj summer to any of the urban
martens. A village female moved further (3.3 km68r111 ha) in autumn/winter than
most urban females, while a forest male moved amgiistances in spring and summer
(6.9 - 9.5 km for 292 ha) but further in winterg&m) than urban males. Although
some of these data are conflicting, the availabiéemce suggests overall that the urban
martens may have moved generally larger distamcedation to their home range size,

especially in spring and summer, than forest anal martens elsewhere.

The observed seasonal variation in nightly actigitg in the various movement
parameters always revealed the same general patsefiar as spring and summer were
the most active periods. In males the evidenceestgd that their peak mobility
occurred in summer, although spring data were andylable for M2. This is in line

with other studies that have found male mustebidset most active and mobile during
the mating season @rzejewskiet al.2000; Zalewsket al.2004). The crucial period
for females seemed to be spring, when they mowetbtigest distances at the highest
speeds, covering the largest areas and the lgyggstrtions of their seasonal home
ranges. There was a very clear change in behafrimuarwinter to spring, while other
season transitions were less pronounced. Thusg#msonal peak in female mobility did
not occur during the mating season in summer abéas described for pine martens
(Zalewskiet al.2004), but during spring when they usually givelband rear their
young . Incidentally the female (F10) with the heghspring mobility values was also
the only one that actually reared young duringstiuely period (see Chapter 3, Table
3.10). Nonetheless, these high movement valuesnoiglye solely related to the rearing
and provisioning of young, since F11 showed similavement patterns in terms of
NMD, speed and NR/SR. Both females, however, shoxgegl strong territorial
behaviour in that they systematically patrollediearcars and were frequently seen
marking them with urine (see Chapter 6). The faat females covered by far the
largest proportions of their home ranges in botingpand summer also testifies to high
territoriality during this period.
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4.4.3. Conclusion

The martens in both towns showed some clear evedehbehavioural adaptation to
human activity in urban environments. Although tiegd in very close association
with humans they remained wary of them and shifted activity such as to reduce
potential contact rates with humans. This can ke setheir more pronounced
nocturnal lifestyle, their late emergence from densinter when nights were longest,
and their return to their dens before traffic pitkg in the mornings. Furthermore, they
shifted their peak activity to the later partstod hight when human activity was at its

lowest.

Although urban habitat is generally seen as a meseurce rich environment (Adares
al. 2006), and territories here are generally smalleid not observe martens to show
greatly reduced activity and mobility rates as weelicted. On the contrary, there was
some evidence that they may have been on averdggstaas active and mobile as their
forest or rural counterparts. Spring especiallynsstto be a time when females were
highly mobile. This may have been due to the reddyihigh population density in this
environment (see Chapter 3), which would lead fes&d be particularly territorial.
Furthermore, the observations that martens scerk caas (see Chapter 6) suggest that
they may often come into contact with strange nmesteent via cars that are moved
between territories. Seilet al. (1994) showed a male stone marten to increase his
activity around experimentally introduced faecarganarks. Thus, strange scent on
cars may lead to the perception of a much higheunder pressure in urban than in non-
urban systems, ultimately stimulating the obsevigti incidence of territorial

behaviour (see Chapter 6 for further discussion).
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Chapter 5: Den Selection and Patterns of

Use

5.1. Introduction

Stone martens are strictly nocturnal (see Chaptand usually spend the entire day
hidden away inside a den. While they den to a ceestent in vegetation and other
natural features (Genovesi and Boitani 1997; Henm2004; Skirnisson 1986), they
also frequently rely on anthropogenic structurepgeially in rural areas and small
villages (e.g., Herrmann 2004; Lachat Feller 19%3arnisson 1986). This sets them
apart from most other marten species, which ratetyin buildings (but see Birlet al.
2005). Apart from low disturbance and protectioniagt predators, good insulation
seems to be a particularly important factor in mgla structure suitable for denning. In
rural areas, stone martens often find such comditio straw and hay stacks in barns
(Herrmann 2004; Lachat Feller 1993a; Michelat 2001 urban areas where barns are
usually absent, stone martens have a reputatiamsfog attics and roof spaces of
buildings that are at the same time inhabited bydms. Conflicts can then arise due to
persistent noise (especially when young are reaoelurs or staining resulting from
their faeces and urine, or damage done to theingafation (personal observation;
Ludwig 1999). Similar problems have been describedther urban mammals such as
grey squirrels, raccoons and brushtail possumsalseeChapter 7; Adanet al.2004;
O’Donnell and DeNicola 2006; Pietsch 1994). Althbubis aspect of the stone
marten’s denning behaviour is widely known at aecalotal level, few studies have
attempted to quantify the extent to which marteig on such buildings for denning

purposes in urban areas (e.g., Muskens and Braskin@005).

The aims of this study were to quantify the relatimportance of inhabited buildings
and other non-inhabited structures to the stonéemardenning ecology in urban areas.
| predicted a higher reliance on inhabited buildiagd a lower reliance on natural den
sites than in more rural areas. | also studiecepadtof den use to investigate the extent

to which this may influence the potential for marteuman conflict.
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5.2. Methods

The general telemetry procedures for locating marte their dens (section 2.5.3.), as
well as details of sample sizes (Table 2.3) andaiessification (Table 2.4), were

outlined in Chapter 2.

5.2.1. Den selection

For this analysis, all diurnal fixes were pooled amalysed according to season, sex
and den type, irrespective of the marten they oaigid from. | included data from all
individuals, including F3, F6 and F8 that were lecaconsiderably less often than the
other martens (Table 2.3).

5.2.2. Den use patterns

Several studies that have investigated den userpathave employed a den reuse index
based on the ratio between the number of diffedentsites identified and the total
number of locations (e.g., Baghli and Verhagen 206G&lidianet al.1991; Zalewski
1997a). This index is greatly dependent on hownatthe animal was located in its den
and seems to be of limited value when applied tmals that only use a very limited

set of den sites. Hence | did not use this indexrstead used two separate measures to
characterise the pattern of den use by the martens.

i) A monthly den-shift index (DSI) derived from Odnnell and DeNicola (2006):
DSI=S/PS,

whereSis the number of detected day-to-day den shiftsRBthe maximum number

of possible day-to-day shifts if the marten hadtetlidens each time it was located on

consecutive days. The index varies from 1 to Ohdbat a marten that never returned to

the previous day’s den has a DSI of 1 and onertbatr shifted between dens has a DSI

of 0. DSI was calculated for each month separatetya seasonal DSI was calculated

as the mean of the monthly DSIs making up eaclose&SI is not dependent on the

number of different dens that were used duringvargperiod. No DSI was calculated

for those marten-month combinations where less i@adiurnal fixes were available,

so F3 was completely excluded from this analysis.
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i) Biweekly den use (BDU; dens per 15 locatiord)is analysis quantified the number
of different den sites in which a marten was lodatering the first 15 daytime fixes in
each month. Subsequent fixes were discarded frerarthlysis. | only used 15 fixes to
make it comparable with Skirnisson’s (1986) datd @navoid having to resort to
extrapolating the number of den sites from varyinghbers of fixes as this would
artificially inflate the number of dens. | madee&rception for M1 and M2 for which
only 14 diurnal fixes were available for Augustdasxtrapolated their number of dens
to 15 fixes. All other months where not enough dedae available were discarded. F3
was completely excluded from the analysis. A sealsBBU was calculated as the
mean of the monthly BDUs making up each season. Biduot take into account how

often each individual den was used.

Although a marten that has a large BDU will alseéhan increased DSI, there does not
have to be a correlation between these two meadar&sct, a marten that has a BDU

of 2 (i.e., 2 dens per 15 days) could alternatevben these 2 dens each day and have a
DSI of 1 or could use the same den 7 days in atloew, shift to a second den and stay

there for 8 days in a row, resulting in a DSI d¥Q.

5.2.3. Statistical analysis

Statistical analyses for den selection were onlplegred for comparisons of gross den
categories (i.e., inhabited buildings, uninhabhleddings, buildings of unknown
inhabitation status, other structures, naturalamdentified). | used chi-square tests to
check for differences in den selection betweerediffit seasons and different sexes.
DSI and BDU were tested for normality and homoggnaf variances. Depending on
whether these assumptions were met or not, | téstestasonal differences using a
one-way ANOVA or a Kruskal-Wallis test, respectiuelhe significance level was
always set at 0.05.

5.3. Results

5.3.1. Den selection

The vast majority of all identified den sites (9%;/N = 141) and of denning events
(99.5%; N = 2324) were located within the urbarnmpeter of both towns. Fifteen dens
were located outside the animals’ MCP95 home ra(@gsF2, M2, M4, Figs. 5.1 and 5.2).



Fig. 5.1: Location and type of den sites of female (top) arade (bottom) stone martens

in the town of Bettembourg.



Fig. 5.2: Location and type of den sites of male and feralae martens in the town of

Dudelange.
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However, all of these were used only rarely. Thetems denned on 98.5% of their days
in anthropogenic structures and on only 0.6% otdaynatural dens. Although a wide
variety of den types were recorded, buildings wsréar the most frequently used den
sites with 97.1% use, while other anthropogenigcstres were used on only 1.5% of
days (Table 5.1).

Den selection was found to differ significantly wetn different seasons (Chi-square
test: 2= 182.176; d.f. = 15; p < 0.001; Fig. 5.3). Dughe very limited use of den sites
other than buildings | restricted further analyskseasonal differences to the use of
inhabited and uninhabited buildings. Martens uséalbited buildings significantly
more often in winter than in any other season aeg tised them more often in autumn
than in summer. Inhabited buildings were usednmlar proportions in spring as in
summer or autumn (Table 5.2; Fig. 5.3). Uninhabiietidings, on the other hand, were
used significantly less frequently in winter thamther seasons and in autumn than in
summer. Uninhabited buildings were used in sinplaportions in spring as in autumn

or in summer (Table 5.2; Fig. 5.3).

Male and female den selection differed significafitbm each other ¢ = 99.581;

d.f. =5; p <0.001; Fig. 5.4). Males used inhabiteildings less often (Z-test:

Z =-6.56; p <0.001) and uninhabited buildings maften than females did (Z = 7.09;
p < 0.001). Males also used other anthropogenicttres (Z = 3.17; p < 0.01) and
natural den sites (Z = 2.07; p < 0.05) more oftemtfemales did.

The single most commonly used type of den was uthageroof of inhabited family
homes or apartment blocks followed by empty oredihouses and garages (Table 5.1).
Farm buildings (e.g., barns) were used on only ab%wof all days. On only one
occasion did a marten (F1) spend the day insidernlgee compartment of a car (which
was not in use anymore). Furthermore, the martemsrrdenned in trees or in
underground burrows. However, some of the den sitassed as unidentified (0.9%)
may have been natural den sites that, due tolteation behind houses, were

inaccessible for closer inspection at the time.



Table 5.1 Den selection (% fixes in different types of d#te) by 13 stone martens in

the towns of Bettembourg and Dudelange.

Den type su au wi sp tot
family home, apartment block 265 350 496 30.8 .036
business, public building 4.6 4.2 9.2 5.7 5.9
empty/ruined house 241 235 135 272 220
warehouse 3.3 3.5 7.7 0.0 2.1
garage 22.1 103 8.0 209 164
shed (wood and stone) 9.3 9.4 2.7 5.5 6.6
farm building (active and inactive) 2.2 7.9 5.8 4.7 5.4
other/unknown uninhabited building 0.0 0.3 0.3 0.0 0.2
building of unknown inhabitation status 1.1 1.5 2.2 4.9 2.5
total building 93.2 956 99.0 99.7 971
culvert 0.0 0.3 0.0 0.0 0.1
car 0.2 0.0 0.0 0.0 0%
noise protection wall along motorway 0.9 1.5 05 20. 08
pile of steel girders 0.2 0.0 0.0 0.0 .0
firewood pile 0.9 0.0 0.0 0.0 0.2
other/unknown 1.3 0.2 0.2 0.0 0.3
total other anthropogenic structures 3.5 2.0 0.7 P. 14
bramble 0.9 0.0 0.0 0.2 0.2
hedge row 0.0 0.0 0.0 0.0 0.0
tree 0.0 0.0 0.0 0.0 0.0
dense brush 1.3 0.3 0.0 0.0 0.3
underground animal burrow 0.0 0.0 0.0 0.0 0.0
total natural 2.2 0.3 0.0 0.2 0.5
unidentified den 1.3 2.0 0.3 0.0 0.9

4=0.04
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Fig. 5.3 Seasonal den selection of stone martens (sexesiced; N = 13) in urban

environments.



Table 5.2 Z-tests to compare proportions of den use betwid@érent seasons.

Den type Seasons Z statistic p value

Inhabited buildings su-au -2.84 <0.01
Su-wi -9.41 <0.001
Su-sp -1.88 0.060
au-wi -7.04 <0.001
au-sp 1.00 0.317
wi-sp 7.98 <0.001

Uninhabited buildings su-au 2.01 <0.05
Su-wi 7.59 <0.001
Su-sp 0.86 0.387
au-wi 6.06 <0.001
au-sp -1.22 0.221

wi-sp -7.23 <0.001
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Fig. 5.4 Den selection (seasons combined) of male (Nan8)female (N = 10) stone

martens in urban environments.
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5.3.2. Den use patterns

An average of 12.8 den sites were identified faheaf those martens that were located
more than 100 times (N = 10; Table 5.3). The nunatbétentified den sites directly
related to the number of diurnal fixes obtaineddach animal (linear regressiorf:-R
0.85; p <0.001; Fig. 5.5). Based on this regmsequation, martens would be
predicted to use around 20 den sites during a 12m@65 days) period. However, for
each marten only a limited number of den sites (m2&) accounted for over two
thirds (or 66%) of all recorded den use with thestfoequently used den accounting for
between 20.5 and 89.9% of each individual's diufixals (Table 5.3). All of the most
commonly used dens were located in buildings, &dwrhich were classified as
inhabited (family homes and business). Interesgirgiong these favoured sites, the

inhabited ones were all used less frequently tharuhinhabited ones (Table 5.3).

Mean monthly BDU was relatively constant, with neait using on average between 3
and 5 den sites for every 15 diurnal locations.(Bi§; sexes combined). The highest
recorded monthly BDU was 8 dens for F1 in April iglthe lowest was 1 den for the
females F7, F10 and F11 in one or more monthsringpMean seasonal BDU values
overlapped considerably between males and femaédsdd 5.4) so the two sexes were
pooled and analysed together. The number of des #iat the martens used per 15
locations did not differ significantly between @ifent seasons (one-way ANOVA:
F=0.76; d.f. = 3, 32; p = 0.525).

Individual DSIs were highly variable, ranging frdh{F10 and F11 - March) to 1 (M4 -
August). Mean monthly DSI, however, was relativetyistant and high throughout the
year, fluctuating slightly between 0.55 and 0.78l Bnly dropped below 0.50 in

March, which was mostly due to a low female DSy(.7). Three females never (F10;
F11) or only rarely (F7; DSI = 0.13) shifted densidg this month. There was
considerable overlap in seasonal DSI between na@gégemales (Table 5.5), so data
from the two sexes were pooled and analysed togeiltbough mean seasonal DSI
was lower in spring than in the other three seag@h&h were very similar; Table 5.5)
no significant seasonal differences in DSI werentb(Kruskal-Wallis test: H = 1.23;

d.f. =3; p=0.747).



Table 5.3 Den use characteristics for martens that weratédmtcmore than 100 times in their diurnal den sites

Marten Fixes Total dens  Inhabited dens  Single ude Top 66 %°  Top den (%)° Top den (type}
F1 312 22 13 5 4 20.5 inhabited house
F2 308 17 5 7 3 33.1 garage
F4 292 18 6 3 5 20.9 inhabited house
F7 192 13 8 2 3 28.6 inhabited house
F9 208 9 0 2 3 39.9 barn
F10 210 10 1 4 1 66.7 ruined building
Fl11 109 4 0 2 1 89.9 garage
M1 289 15 3 5 2 44.3 garage
M2 165 9 4 3 2 58.2 empty house
M4 188 11 2 4 3 26.6 business

Mean £ SD 227 + 69 12.8+5.3 4240 3.7£16 2.7+13 294225

#number of dens that were used only once
® number of most commonly used dens making up at B&% (two thirds) of all recorded uses
9% use of the most commonly used den

¢ description of the most commonly used den
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Fig. 5.5 Relationship between the number of diurnal figgsand the number of den

sites (y) identified for each marten (N = 13).
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Fig. 5.6 Mean biweekly den use (BDU; dens per 15 locaj)iémsstone martens in the

towns of Bettembourg and Dudelange. Error bars sttandard deviations for BDU of

both sexes combined.



Table 5.4 Mean seasonal biweekly den use (BDU; dens pelayime locations) for

12 stone martens.

Marten su au wi sp
F1 5.3 6.0 4.7 5.7
F2 3.3 5.7 3.3 4.7
F4 6.0 4.7 6.0 4.3
F6 6.0
F7 3.0 4.0 3.3 1.0
F8 4.0
F9 4.7 3.3 3.0
F10 3.7 3.3 1.0
F11 2.5 1.3
M1 2.7 3.7 4.3 3.7
M2 3.4 3.0 5.0
M4 4.7 5.0 4.3
mean + SD
females 43+1.3 48+0.9 38+1.2 34121
males 36+1.0 39+1.0 4.3+0.0 43+1.0

combined 40+1.2 45+1.0 3.9+1.0 3.6+1.9
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Fig. 5.7 Mean monthly den shift index (DSI) for stone nead in the towns of

Bettembourg and Dudelange. Error bars show stardkandtions for DSI of both sexes

combined



Table 5.5 Mean seasonal den shift index (DSI) for 12 stoagtens.

Marten su au Wi sp
F1 0.76 0.83 0.76 0.71
F2 0.43 0.73 0.65 0.73
F4 0.88 0.65 0.62 0.66
F6 0.76
F7 0.57 0.43 0.38 0.13
F8 0.76
F9 0.85 0.71
F10 0.72 0.79 0.00
F11 0.25 0.06
M1 0.45 0.60 0.67 0.68
M2 0.41 0.58 0.70
M4 0.79 0.81 0.81
mean + SD
females 0.68+0.18 0.67x0.15 0.61+£0.22 0.0734
males 055+0.21 0.66+0.13 0.74+£0.10 0.6910.
combined 0.63+0.19 0.67+0.13 0.64+0.20 0.513%
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Mean monthly BDU and mean monthly DSI were fountiegositively correlated
(Pearson product-moment correlatior:0.668; N = 12; p < 0.05). However, this was
mostly due to the month of March where three femaldy used one den. When March
was ignored and only those months were considehedlerthe vast majority of martens
had a BDU of at least 2, BDU and DSI were no lorgerelated (= 0.367; N = 11,

p = 0.267).

5.3.3. Den sharing

Although five of F2’s 17 identified den sites wellso used at one point or another by
M1 only two of these sites were used by both arsmeathultaneously. One of these sites
accounted for 95.3% of all recorded simultaneoes (sl = 43) (a spacious disused
garage) and the other for 4.7%. January and Maerk the only months where M1

and F2 were never located together in the sameTdeme was a rapid increase in
simultaneous den use from May to July (no data \aea#lable for August), when both
martens spent up to 64% of all days together irsétmee den (Fig. 5.8). During the rest
of the year, simultaneous den use fluctuated betwesnd 12%. Overall M1 and F2
shared a den on 25.9% of days (N = 166).

Seven of F1's 22 identified den sites were alsal @dene point or another by M2. In
four of those sites both martens were located hagdgiN = 19) in the following
proportions: 57.9%, 26.3%, 10.5% and 5.3%. M2 ahdhowed a much more balanced
pattern of den sharing throughout the year (Fig). Between April and November
simultaneous den use was recorded on between P1&awf all days. No data were
available from December to March. Overall M2 andshdred a den on 12.4% of days
(N = 153).

While martens with overlapping ranges commonly wenal sites that were also
frequented by a marten of the opposite sex (i.&.ahd F2, M2 and F1, M1 and F3),
martens with adjacent territories never sharedyianeously or sequentially) a den

with a neighbour.
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Fig 5.8 Monthly pattern of simultaneous den use withidexfamale pairs (M1-F2 and
M2-F1) of stone martens with overlapping home ran§multaneous den use is
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available.
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5.4. Discussion

5.4.1. Den selection

Unlike urban raccoons, which regularly move outsidgan areas for daytime denning
(Michler et al.2004), urban stone martens almost exclusively deed within the

urban perimeter of their respective towns. Their slelection was characterised by an
extremely high reliance on buildings (97.1%) anceatiemely low use of natural den
sites. The high use of buildings in itself is natque to urban habitats. In rural
environments, Genovesi and Boitani (1997) foundtemarto use buildings on 64.3% of
all days and Lachat Feller (1993a) on 92.1% of deigsvever, these buildings were
usually not inhabited by humans and the vast ntgjofidenning took place in barns or
other structures that contained straw or hay.rimral village in Germany, 36 of 40 dens
that were used by martens in winter and spring2ahdf 37 that were used in summer
and autumn were associated with straw stores (Hemr@004). In Switzerland, 75.5%
of all denning occurred in straw and hay (LachdlieF4993a) and in France the
presence of martens in rural buildings was strooglyelated with the availability of
these substrates (Michelat 2001). Skirnisson (188&)rted similar results for village-

inhabiting martens.

The present study documents by far the highesbusdabited buildings (41.9%) by
martens recorded to date. In rural villages, Hemm@004) only located two of 40
dens in inhabited buildings (a family home andlzost), although he did not state how
often these sites were used. Lachat Feller (19@®myted that only 0.4% of all denning
events occured in inhabited houses. Skirnissong)1®8cked a male that, after having
shifted his territory from a forested and ruraleam@o an adjacent village, denned on
92% of days in an inhabited house (over a two-meetiod), while another village
female never used inhabited buildings for dennmMigskens and Broekhuizen (2005)
tracked four martens in habitat that probably nobstely resembled that of the present
study, but their animals only spent 3.7% of dayBuildings that were simultaneously
used by humans. Urban raccoons in Germany alsouselg inhabited buildings on
19.6% of days, while buildings as a whole were umed?2.8% of days (Michlest al.
2004). In the US urban raccoons used buildings58n @f days, 90% of which were
inhabited (Hadidiaret al. 1991). Brushtail possums, however, showed morédaichen
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use to that of urban martens, denning in buildiimgsstly inhabited) on at least 87.1%
of days (Statham and Statham 1997).

Thus, stone martens in urban areas seem to refyasiogly on inhabited buildings
when their preferred choice from rural areas (Damscarce or absent. This is in line
with F9's den selection. She was the only marteh wichoice of several farm

buildings in her territory and spent about 50% ef tays in barns without ever being
located in inhabited buildings. Furthermore, thassmal shift from uninhabited
buildings to inhabited buildings in winter stronglyggests that martens exploited the
superior thermal properties (owing to insulatiortenal and artificial heating) of this
type of den site during the coldest months of tharyThis was also reflected in the fact
that the den sites that provided the least thebmagfits (i.e., other anthropogenic
structures and natural dens) were used almost@&xely in summer. In the city of
Nijmegen, martens were also shown to select forsites with high insulative
properties in cold temperatures and vice versa Bastelen and Verhoog 1992).
Similar seasonal shifts to better-insulated desssitere also documented by Skirnisson
(1986) and Lachat Feller (1993a) in rural mart&daechter (1975) experimentally
demonstrated that captive martens, when given eehoreferentially used artificially
heated den boxes in winter, even though the saxesheithout the heating were not

preferred in the previous autumn.

The reason why females tended to use more inhatitédewer uninhabited den sites
than males is not immediately obvious. However Haad-eller (1993a) also observed
females to use more anthropogenic (better insukateldorotected) and fewer natural
(less insulated and protected) den sites than n@ieslarly, pine marten females select
for better sheltered den sites than males (Zale®®8vb). These gender differences
may be related to a female preference for thees it litter-rearing purposes.
However, data concerning this are largely missiige only female to rear young
successfully (F10) while being tracked in my stddy this in an uninhabited ruined
building, where cats were regularly seen movingrid out. F1 reared a litter in an
inhabited apartment house (after her collar hashdly stopped functioning). It is,
however, known from numerous complaints that marfegguently rear young in

inhabited buildings (personal observation).
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5.4.2. Den use patterns

In comparison to pine martens that frequently detndes and thus may use very large
numbers of dens (> 150 per year, Zalewski 199fa)stone marten’s pattern of den use
seems to be rather conservative and is charaadrsa relatively small number of

dens that are regularly revisited. This genertibpadoes not seem to be very
dependent on the habitat that the animals areglivinMost studies have identified on
average no more than 20 den sites for each magtgn Herrmann 2004; Lachat Feller
1993a; Muskens and Broekhuizen 2005). Also, a fewsites usually account for the
bulk of the denning events while the majority ohdeare used only occasionally
(Herrmann 2004; Muskens and Broekhuizen 2005).

Ebersbactet al. (1995) compared the distribution of stone marteth @gine marten dens
across their respective home ranges and concliidédtone marten home ranges were
poorly described by the distribution of den sitethim them. This seems to be
confirmed by the current study. Although dens wather evenly distributed across the
home range for some martens (e.qg., F1, F4, F1€y,were clustered in others with
some areas not getting any denning use (e.g.,J129,W4, M1). However, since few
dens usually accounted for the bulk of all recorded uses, denning as such was
always clustered irrespective of the spatial distion of den sites within the home

range.

The average number of dens that martens visited%®days was relatively low in the
current study. The fact that there was no posttiveelation between BDU and DSI
(when March was excluded) illustrates that martédsiot necessarily shift less when
they used fewer dens. In fact it was generally farenartens to spend several days in a
row in the same den. There are few data to congEmeise patterns and when they
exist they are based on very few animals, makimgparisons difficult. Libois and
Waechter (1991) used Skirnisson’s (1986) data lmutate shift indices. A rural female
showed a period of frequent shifting (0.89) follalN®y a period of higher stability
(0.45). In another female a shift index of 0.51 whserved from September to
February followed by a shift index of 0 until thedeof May, while she was rearing
young. Once the young left the den her shift inhexeased to 0.79. The two martens
showed clear seasonality, which did not corresgorttle general trend in the current

study. However, F10, who successfully reared yoshgwed the same pattern when
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her shift index dropped from 0.95 in February tia ¢he following three months. F1,
F4, and F7 also momentarily stopped shifting betwaens in March but resumed
‘normal’ denning behaviour again within a couplengfeks. It was assumed that these

females may have given birth but failed to reairtlitters (see Chapter 3; Table 3.10).

The generally high DSI observed here could be aptation to or a result of using a
high proportion of human-inhabited den sites. Rigtal stays in an inhabited building
will often prompt the owners to try and disturb #tivemals. Thus, frequent changing of
dens in urban habitats may be the result of spordidturbance. Alternatively, shifting
could be a strategy allowing martens to avoid humsarference. This is further
supported by the fact that the four martens thdtthair favourite den in inhabited
buildings used these dens to a lesser extent bivae tmartens that had their favourite

den in uninhabited buildings.

BDU seemed to be lower and more stable acrosseihueiry urban than in rural martens.
Skirnisson (1986) found that rural martens usetbuf? or 13 den sites per biweekly
period in summer, but often only one in winter apdng. Two explanations can be put
forward for this difference. Firstly, the fact aftrhaving young to care for would have
liberated most females from having to stay withirthiéer in a single den. Secondly, the
high availability of well-insulated den sites irban environments presents the martens
with a choice of several suitable den sites dutiregcold period, while martens living

in a mostly forested environment may be limitedhi@ availability of such dens in

winter.

5.4.3. Den sharing

M1 and F2 showed a clear peak in den sharing lgagirto and during the mating
period in summer. Similarly, Skirnisson (1986) éolled a single pair of martens whose
den sharing peaked in the same period. He alsotddta second peak in early February
and hypothesised this to be related in some walygtamplantation of the blastocyst
during the same period, but no such secondarywaaKkound in the present study.
Frequently sharing a den during the reproductiveodemay be a form of mate-

guarding ensuring the male successful copulatioenthe female is receptive.

Although this pattern may be expected in marterd ald M1 showed no clear peaks

in den sharing during the year. However, the dentkat accounted for most of their
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common use was a large complex of buildings wheras impossible to determine the
exact location of the martens. This may have olesttlre occurrence of den sharing.
Overall, adult male-female den sharing was intetiatecdetween that observed by
Genovesi and Boitani (1997) (43%) and by Miusketrel. (1989) (12%).

The fact that martens with overlapping home rammg@smonly shared dens while
neighbouring martens never did is in accordanch thie intrasexual territoriality that
was observed based on the spatial organisatidnopopulation (Chapter 3). Miskens
et al. (1989) made essentially the same observationsdiegethe sharing of dens in
overlapping and neighbouring territories, althotiggy did observe an adult male

repeatedly sharing a den with a subadult male.

5.4.4. Conclusion

Although inhabited buildings were used more in gtigly than in any other, martens
nevertheless spent the majority of days insidehabited buildings, possibly allowing
them to avoid human disturbance as much as poskibigever, the high use of
inhabited buildings, especially in winter, also derstrated that stone martens have
learned to take full advantage of the well-protdaad insulated den sites that
urbanised areas have to offer. This behaviounjiketreases the potential for marten-
human conflict in comparison to rural villages wdéne animals find and use a number
of alternative dens, especially in barns. As traddl farming practices disappear, and
with them the structures that martens often usieassites, a shift towards more
inhabited houses may be expected in what are nadvillages where, according to

other studies, these problems seem to be lesseinéqu

The martens in this study were also found to mairdaelatively constant den use
pattern (i.e., high den shifting and low biweekfndiuse) across all seasons. This is
probably due to a combination of factors. The leproductive rate in urban areas
(Chapter 3; Lammertsnet al. 1994) frees females from being constrained toglei

den in spring, and a range of better-insulatedsites may give martens a larger choice
of potential den sites in winter compared to raralorested areas. In addition, human

disturbance may be kept to a minimum by frequectignging between different dens.



75

Chapter 6: Stone Martens and Cars

6.1. Introduction

Stone martens are well known for climbing into eagine compartments, where they
can cause damage by tearing up noise insulating nmater car bonnets or by chewing
rubber and plastic parts such as ignition leadslacd hoses, or electrical wiring
(Kugelschafteet al. 1984/85; Langwieder and Hopfl 2000). This behavattern has
been referred to as the ‘car-marten-phenomenongélaechafter 1989). It was first
observed in Switzerland in the late 1970’s (Kugaddteret al. 1984/85) and has since
spread through Germany, Austria (Kugelschadteal. 1997; Langwieder and Hopfl
2000) , the Netherlands (e.g., Miskens and Broekm2005), Luxembourg (this
study) and other regions in central Europe. In 19@8tens caused damage worth an
estimated 20 million € (~£ 14 million) on about D60 cars in Germany alone, with
about 3.8 of 1000 registered cars being affectem@lwieder and Hopfl 2000).

This so-called ‘car-marten phenomenon’ has earmedtone marten a negative
reputation (personal observation) and has spaheddvelopment of a host of different
marten repellents such as sprays or ultrasoundeey{see Kugelschaftet al. 1997).
While car manufacturers and insurance companies fueused on determining which
types of cars or parts are attacked by martensd€lsaafteret al. 1984/85; Langwieder
and Hopfl 2000), wildlife biologists have focusen @éxplaining the observed behaviour
(for a review see Ludwig 1996). The latter studiase mostly involved captive animals
(Kugelschafteet al. 1984/85; Kugelschafter 1989; Kugelschatérl.1989) and have
been supplemented by studies on the temporal atkgistribution of damage
occurrences in small towns (Kugelschageal. 1993; Ludwig 1996; Miskens and
Broekhuizen 2005). So far only one study has uskednetry to look at how free-
ranging martens make use of cars during their higlttivities (Miskens and
Broekhuizen 2005).

Based on these studies, Ludwig (1996) retainec thhr@n hypotheses for explaining

the car-marten-phenomenon:
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) Species-specific exploratory behaviour: Stone martend to explore
unknown objects through biting them.

i) Play behaviour: Young martens scratch and bitectdb@uring play.

i) Aggressive biting: This is primarily attributedterritorial males who are
setting up their territories in spring. When entgrengine compartments,
martens leave behind their scent passively thraeght glands on their feet
(see Skirnisson 1986, p.81) or by actively scenking. At territorial
borders the same cars may be visited alternatetgrpyorial neighbours,
who react to the other male’s scent by aggresstighnto objects carrying
the scent. Cars could also move strange scent betdifferent territories
(Ludwig 1996).

These hypotheses deal with the actual reasonkdditing and scratching itself but do
not necessarily deal with the reasons why the asiassociate with cars in the first
place. Based on observations of food remains,daots and hair inside engine
compartments, Kugelschafter (1989) concluded thgine compartments have become
an important element in the stone marten’s enw@mt. Popular belief is that martens
enter engine compartments to seek out the heatehtly used engines. Observations
on a captive marten that always denned inside awaar though it had a choice of
several other structures, including its normal bdex, suggest that cars may be

attractive for denning or resting purposes (Kude$eret al. 1984/85).

The objective of this chapter was to determine wigytens incorporate cars into their
nightly activities. | described and quantified fhetterns of road and car use of

individually radio-tagged martens in order to tisee hypotheses:

) Thermal benefit: The main reason for associatirt@ wars is due to a
thermal benefit they gain from warm engines. Thedpcts that martens
mostly associate with cars during the coldest seasd rest there for longer
periods.

i) Safe environment: Martens primarily use cars af@anvironment for
hiding, resting or food consumption purposes. N@ickeasonality in road or

car use would be predicted.
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Territoriality: Car visiting behaviour is mostly duo territorial behaviour.
This predicts that martens should most stronglg@ate with cars during
the seasons when they are most territorial (ipging / early summer;
Chapter 4; Herrmann 2004).

In addition | studied the spatio-temporal distribntof car damage in the two study

towns in order to relate observed behaviour diyactlobserved car damage.

6.2. Methods

6.2.1. Road and car use

The general telemetry procedures that were empltwyedllect data were outlined in

Chapter 2. Whenever | received a stationary sifyoat the direction of a car | would

initially wait to make sure that the animal wasadiie. | then carefully walked past the

car or row of cars with the telemetry receivertsue that the animal was really inside

the car. Thereafter the car was not approachea agaas to avoid disturbing the

animal. The animal was said to be ‘resting’ whemihained inside a car engine

compartment for at least two consecutive fixes,(aeleast 15 min).

Three different measures were employed to quarddy use:

)

ii)

Road fixes: ArcView 3.3 was used to draw a 10 nidswin either side of
the centre line of each road that was containekiinvihe urban perimeter of
the two study towns. Active outside-the-den fixadirig within this 10 m
buffer or adjacent car parks were considered tmbé fixes. However, fixes
that fulfilled these criteria but were located desbuildings were discarded.
The extent of road use was defined as the numbeadffixes per radio
tracking night (RoadFix).

Visible fixes: The majority of the time when marsenere visible at fix time
they were located in or close to a road (usualigeswhere between the rows
of houses on either side of a road). Thus the numibésible fixes per radio
tracking night (VisFix) was employed as a secong afaneasuring road
use.

Observations: All direct observations of stone ewstthat were made while

radio tracking were recorded, irrespective of wbkethey occurred at fix



78

time or between fixes. The number of observatia@ramht (VisObs) was
thus employed as a third measure of road use. idddity, | wrote down
notes on the observed behaviour that were thentogawvide a general

description of marten behaviour in roads.

Because the duration of the martens’ activitiesedhbetween seasons (see Chapter 4) it
was possible that seasonal variation in RoadFigkMiand VisObs would simply

reflect overall activity changes. In order to aauior such seasonal activity changes |
calculated for each night i) the percentage oéetlive fixes that were also road fixes
(%RoadFix), ii) the percentage of all active fixkat were also visible fixes (%VisFix)
and iii) the number of visual observations penatiour (VisObs/NA; see Chapter 4

for a definition of NA).

6.2.2. Spatio-temporal distribution of car damage

Information on the distribution of marten-damagadsan the study area was gathered
through a postal survey. The survey was condudatstdd Bettembourg in March 2006
(for damage having occurred in 2005). It was tregreated in Bettembourg and
widened to Dudelange in February 2007 (for damayénly occurred in 2006). The
survey cards were the size of normal postcardsaeme distributed through the regular
mail to all households in Bettembourg (~3100) anDudelange (~8000). The card

asked for the following information:

1) Your car was damaged by a stone marten in 2605(0yes no

2) Approximate date when damage occurred: a)/ _ /2005(06)
by [/ /2005(06)
c)__[/___ 12005(06)

3) Name and address :

4) Phone number:

In order to maximise returns the survey was annedit the local media (newspaper,
radio, TV), all text on the cards was in two langes (French and German) and cards
could be mailed back without a stamp. Althoughdhesey was designed to also get
information about no damage, | assumed that magilpevhose cars were not

damaged were unlikely to return the cards, whilsthpeople whose cars were damaged
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would return them. | also assumed that damage uholoeth study towns to visitor cars
(which would have been missed by the survey) wbeltbalanced out by resident cars

that were actually damaged outside the study towns.

All cars that were parked in roads or drivewaysMeein 0100 and 0300 h were counted
in Bettembourg (2006: 28/03 - 30/03; 2007: 07/G8) Budelange (2007: 28/03 -
25/04). | chose this time of the day because &ft€0 h most visitors would be
expected to have left the town and most residentsive returned home for the night.
The nights on which cars were counted were allidetschool holidays, when many
residents go on holiday.

6.2.3. Car dealership survey

[ initially intended to gather data on the seas@amal spatial distribution of car damage
throughout the country by getting car-dealershipsystematically record marten-
related damage. After an initial postal survey 2@ tar dealerships, 29 dealerships
initially agreed to record the required data. Hoarewhile some seemed to regularly
record damage, others only did so for a while drcated that they had encountered no
damage at all, essentially making the data unrelis further analyses. Hence | have

only used the received reports (N = 176) to deteentine age of damaged vehicles.

6.2.4. Statistical analysis

Data from F3 were not used in the analyses fopthsent chapter owing to inadequate
number of fixes for this animal. Depending on sagize | used either a G-test or a
chi-square test to analyse for seasonal effecte@frequency distribution of car resting
events and car damage reports (Fowteal. 1998). Kruskal-Wallis tests were employed
to test for seasonal variation in the females’ rose as the data did not fit the
assumption of homogeneity of variance, while Manhiviey U tests were used for

post hoc pairwise comparisons. The significancellesas always set at 0.05.

6.3. Results

6.3.1. Resting in cars
Resting events in cars that lasted for at leashib&(i.e., at least two consecutive fixes)

were rare. In 268 nights of radio tracking, invalyil2 martens, only 19 such events
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were recorded (Table 6.1). Three martens (F2, FbnE&ver spent two or more
consecutive fixes in a same vehicle, while the ieamg martens were found to rest in
cars on average (x SD) only once every 12.3 + gi8t% (median visit duration: 1 h,
range: 0.25 - 3.5 h). On six of those car-restiogasions and on five shorter car visits a
note was left on the car asking the owners to tegemnage. From none of them was a
damage report received.

There was no seasonal effect on the temporal frexyuef car resting events, which did
not differ significantly from the seasonal frequgmé radio tracking nights (G-test:

G =1.234; d.f. = 3; p > 0.05). Nor did the lengtlk., number of consecutive fixes) of
these stays in cars differ significantly between different seasons (Kruskal-Wallis:

H = 1.14; d.f. = 3; p = 0.768): the median duratidrcar resting events was 4 fixes in
summer, 4 in autumn, 3 in winter and 2 in sprinige Thean nightly temperatures for
nights where martens rested in cars ranged froonl® t°C, with 58% of the nights
being above 10 °C (Table 6.1).

6.3.2. Road use

Visibility

The number of visible fixes per night (VisFix) difed significantly between different
seasons in females (Table 6.2; Kruskal-Wallis tdst: 17.43; d.f. = 3; p < 0.01).
Similarly, %VisFix differed significantly betweemasons (Table 6.2; H = 16.61; d.f. =
3; p <0.01). In both measures, spring and sumneee wignificantly higher than both
autumn and winter (Mann-Whitney tests: p < 0.09)ilevspring and summer, and
autumn and winter did not differ from one another(0.05). The same trend was
observed in males and there seemed to be a trenable values to be on average

higher than female values (Table 6.2).

The same trend that was seen for VisFix was alsoftr all recorded observations
(VisObs) of focal martens (Table 6.3). Thus the hanof observations per night and
the number of observations per active hour diffeigdificantly between seasons
(VisObs: H =17.98; d.f. = 3; p <0.001; VisObs/NA= 16.11; d.f. = 3; p < 0.01). In
summer and spring, observations were significantlye common than in autumn and
winter (p < 0.01; except VisObs/NA su-au: p > 0,@@)ile summer and spring, and
autumn and winter were not significantly differé&mm one another (p > 0.05). The



Table 6.1 Occurrences of stone martens spending at leastdwsecutive fixes (i.e., at
least 15 minutes) inside the engine compartmeatwahicle parked along the road.

Season Marten Date Fixes? Time Temp® (°C)
su F1 02/08/2005 b3 0245-0315 14
su F1 17/08/2005 7 2330-0100 15
su F1 28/07/2005 4 2430-0115 19
su F4 06/08/2005 6 2315-2430 12
su F8 03/08/2006 3 2330-2400 14
su F9 24/08/2006 4 0245-0330 13
au M1 10/09/2005 2 2400-2415 16
au M2 18/09/2006 2130-2300 15
au M2 06/11/2006 4 0500-0545 2
wi F9 03/12/2006 14 0100-0415 8
wi F9 10/12/2006 3 0545-0615 3
wi F10 19/02/2007 2 0300-0315 d2
wi M4 14/02/2007 4 0115-0200 a3
wi M4 14/02/2007 2 0515-0530 a3
sp F4 26/04/2006 2 0145-0200 11
sp F9 22/04/2007 2 0315-0330 11
sp F11 18/03/2007 2 0330-0345 2
sp F11 10/04/2007 5 2430-0130 8
sp M2 15/04/2006 8 2245-2430 10

a
b
c
d

number of consecutive fixes
exact number unknown, but minimum 2 and maximum 4
average nighttime temperature (2000 h — 0800 h)
minimum temperature, since average was not availab



Table 6.2 Road use expressed as mean number of fixes QYiaRtd mean percentage of active fixes (%VisFixgweha marten was

visible on or close to a road each night.

Marten VisFix %VisFix
Su au wi sp su au wi sp
F1 1.6 1.3 0.5 104 8.5 4.5
F2 1.5 0.3 0.3 1.8 9.1 2.1 2.4 8.5
F4 1.9 0.9 0.7 1.3 10.8 5.0 4.7 8.1
F6 4.0 19.3
F7 1.8 1.0 0.7 9.2 6.0 5.3
F8 2.0 10.6
F9 0.4 0.9 3.6 1.6 3.7 13.3
F10 0.7 0.9 6.4 2.6 3.7 23.9
F11 1.0 10.0 4.7 34.8
M1 1.9 1.7 9.1 8.3
M2 7.9 1.6 6.6 31.0 6.7 26.2
M4 3.6 1.1 0.7 16.0 4.7 2.7
mean + SD
females 18+02 08+04 07+02 45+33 10.0+£0.8 43127 41+10 18.0+10.3
males 58 +30 15+04 12+0.7 6.6 235+106 6822 55+4.0 26.2




Table 6.3 Road use expressed as mean nightly number dfrizarden observations (VisObs) and mean nightly Inemof observations

per hour that martens spent being active each (NgbObs/NA).

Marten VisObs VisObs/NA
Su au wi sp su au wi sp
F1 57 3.6 2.5 15 1.0 0.8
F2 3.9 2.1 1.2 5.5 0.9 0.6 0.4 0.9
F4 5.2 3.4 2.7 4.0 11 0.8 0.6 1.1
F6 8.8 1.6
F7 5.0 3.0 2.0 0.8 0.7 0.5
F8 4.4 0.8
F9 1.3 3.1 8.5 0.3 0.5 1.2
F10 2.9 3.4 20.2 0.5 0.5 2.8
F11 3.1 19.8 0.6 2.8
M1 3.8 3.8 0.7 0.8
M2 17.3 4.3 15.6 2.6 0.7 2.4
M4 12.3 1.6 3.0 2.0 0.2 0.4
mean + SD
females 48+07 27+09 26+08 111+7.1 .0 £10.3 0.6+0.3 06+0.1 1.7+£0.9

males 148+35 3.2%+1.5 3.4+0.6 15.6 2.3+ 0. 06+0.3 0.6+0.3 2.4
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same trend was observed in males, which again seenie more visible than females,
especially in spring and summer (Table 6.3).

Road fixes

The number of road fixes (RoadFix) for females geahsignificantly between different
seasons (Table 6.4; H=15.16; d.f. = 3; p < 0.0hg same was true for %oRoadFix
(Table 6.4; H=17.01; d.f. = 3; p < 0.01). As wtfevious measures, road fixes were
significantly more frequent in spring and summemtim autumn and winter (p < 0.05).
Again, the same trend was seen in males althowgyhvilere on average located more
often in roads than females (Table 6.4).

All road use variables showed marked individualatan. In spring, especially, F10
and F11 spent much more time in roads than didtier females, exhibiting a
frequency of road use very similar to that of thedes (Tables 6.2, 6.3, 6.4).

Behaviour in roads

Often martens would quickly cross the road to eatether set of gardens without
spending much time in the road or showing muchr@stein the cars that were parked
there. This was especially true in autumn and witHewever, a definite change in
behaviour occurred in spring. Typical observatiohmsartens in roads in spring would
consist of the animal running from car to car, ofteossing the road back and forth
between rows of cars on either side of the roadv&6regularly seen moving
systematically between cars on car parks that Weeeted within her home range.
Beneath a car, an animal often lifted up its negeatedly, clearly sniffing the
underside of the car. Martens were also observeéddaatly scent mark parts of cars
(mostly the rear axle) with their urine (Fig. 6.This scent marking behaviour could be
confirmed for martens F9, F10 and F11, as welba&9’s and F10’s respective
untagged mates (all in Dudelange) and for an unknmarten in Bettembourg. While
the other tagged individuals performed similar vétar (especially M2 and M4), the
actual placing of urine scent marks on cars cootdoe definitely confirmed as | only
became aware of this practice during the later gfattie project.

This investigatory and scent marking behaviour fsaguently accompanied by the

animal briefly climbing onto the front or rear axtie tail still being visible. When



Table 6.4 Road use expressed as mean nightly number officesd(RoadFix) and mean nightly percentage obetlive fixes that

were within 10 m of the centre of the road (YoRoaylFi

Marten RoadFix %RoadFix
su au wi sp Su au wi sp
F1 2.9 1.1 0.5 18.5 7.6 5.3
F2 1.4 0.4 0.4 2.0 8.3 3.3 2.4 9.6
F4 1.7 0.8 0.5 1.8 9.8 4.5 3.3 12.9
F6 5.3 24.8
F7 3.2 14 1.2 15.8 7.9 8.8
F8 2.4 13.0
F9 0.6 1.9 5.3 2.7 8.7 19.3
F10 0.9 1.9 7.7 3.1 7.3 28.4
F11 0.9 10.3 4.1 36.2
M1 2.1 2.0 9.7 10.5
M2 8.4 2.7 7.4 32.9 13.3 29.7
M4 3.8 1.4 0.9 16.0 6.0 3.3
mean + SD
females 23+0809+04 1.0+06 54+3.3 131+42 48+23 57+26 21.9+99

males 6.1+3.321+06 1.4+08 7.4 244+119 97+36 69+51 29.7




Fig. 6.1 Fresh urine scent mark (arrow) on the rear ax$gysnsion of the car that was
used for radio tracking. The encircled area waslegty marked by various radio-

collared and non-collared male and female stoneemswr
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climbing down from the axle the marten would oftemain still for a few seconds, its
rear end pushed high against the axle and thiftai above the axle. Some martens
seemed to perform a ‘handstand’ whereby they lriafbved one or both hind legs
onto the axle with the front legs remaining ongheund. These were presumably scent
marking behaviours. On many occasions a martendvauhpletely disappear into an
engine compartment. These visits usually only thsexonds rather than minutes and
were much more common than the longer ‘car restbds described above. It
remained unconfirmed whether the martens also soarked inside engine
compartments. Martens were, however, frequentlgifesl placing urine or faecal
scent marks on the road under cars or close ttyis. This systematic car-patrolling
behaviour was exhibited by most martens (muchdesa the juvenile F8) but was
most commonly observed in M2 (spring, summer), Bl4himer), and F6, F9, F10 and
F11 (all in spring). In August the behaviour becdess frequent and was only seen
occasionally until the following spring. The videequence in Appendix 1 illustrates a

range of these behaviours.

6.3.3. Spatio-temporal distribution of car damage

As expected, return of survey cards reporting moatge was low (Bettembourg
2005/2006: 120/134; Dudelange 2006: 295). In Bditaimg, damage was reported
from 19 cars in 2005 and 24 in 2006. With 1896 caxmted in 2006 and 1924 cars in
2007, this equates to damage being reported fraatdb0 and 1.2% of cars that were
parked outside at night. In Dudelange, 87 damagidents were reported for 4680
counted cars, equating to about 1.9% of road-packesl Even if three times as many
cars were actually damaged as were reported tolleare damaged, only about 3 to 6%
of all cars that were parked outside at night wdwdde been damaged by martens in

any one year.

Individual female MCP95 home ranges encompasseverage (+ SD) 3.8 £ 3.9

(N =4; 2005) and 5.7 £ 3.9 (N = 10; 2006) damagrts, ranging from a minimum of
0 to a maximum of 11 damaged cars. Male MCP95 hamges contained on average

9.5+ 0.7 (N =2; 2005) and 7.0 £ 4.4 (N = 3; 200&nage reports (Fig. 6.2). Although
in some cases damaged cars were located clostut home range borders (e.g., F6,

F10) there was no clear pattern of damage primadburring at borders. Indeed, in

some cases damage only occurred in the interiartefritory (e.g., F11; Fig. 6.2).



b)

Fig. 6.2 Spatial distribution of marten-related car dameggeorts in (a) Bettembourg
and (b) Dudelange.
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Based on population estimates of eight adult marieBettembourg and 23 to 29 in
Dudelange (see Chapter 3), each individual mar@mndvhave been responsible for 2.4
(2005) or 3.0 (2006) damage reports in Bettembpergyear and between 3.0 and 3.8
reports in Dudelange (2006).

A total of 130 damage incidents were reported fbmth towns. For 117 of these the
month or season in which the damage was noticednelaisated. Car damage was not
distributed equally across the four seasons, bmiogt frequent in spring (41) followed
by autumn (31), summer (25) and winter (26)% 8.37; d.f. = 3; p < 0.05).

6.3.4. Age of damaged cars

Damage reports (N = 176) that were received froverse car dealerships from across
the country indicated that almost 30% of marten-aigea cars had been damaged in the
same year as they were bought. Overall, 79% oftbatsvere serviced with marten-

related damage were less than three years oldgRy.

6.4. Discussion

6.4.1. Marten-car associations

Cars for resting and thermal benefit

Despite occasional reports of dead martens beungdfin car engine compartments,
presumably having been killed while sleeping irag tshowed in Chapter 5 that cars
are not used as daytime den sites. On only onesmetéout of 2324 daytime fixes) a
marten was found to den inside a car. Muskens aadkBuizen (2005) also only
recorded this behaviour once in 353 days. Thug) éweugh Kugelschaftest al.
(1984/85) found that a captive marten chose thenermpmpartment of a car over any
other available den site, this certainly does aiect the normal behaviour of free

ranging martens.

Nighttime resting in cars on the other hand waswshim occur, without, however,
being very frequent. The fact that there was ne@eality in this behaviour, that it
seemed to occur just as often on warmer nightsahasolder nights, and that the
animals did not stay in cars longer in winter tiaonther seasons, suggests that the

behaviour was not related to thermal benefits ¢batd be gained from recently-used



% of marten-damaged cars

<1 1 2 3 4 5 6 7 8+
Age (years)

Fig. 6.3 Number of years since the year of manufactuieacs (N = 176) that were
reported by 11 car dealerships to have been serfacestone marten-related damage.
The sample contains the following car makes: 14iAucitroen, 5 Fiat, 3 Ford, 42
Hyundai, 2 Kia, 11 Mercedes, 26 Nissan, 4 Opeleddeot, 15 Seat, 14 Skoda, 36 VW.
Data on the overall age structure of cars that wereiced (for marten-related and any

other problems) by these dealerships were notablail
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cars. This was in line with multiple observatiorfisaxlio-collared martens passing
under the warm car that was used for radio tragkarpout climbing in, despite sub-
zero temperatures. This relatively rare use of faarprolonged resting periods also
confirmed results from the Netherlands and thuswedsinique to the present study
(Muskens and Broekhuizen 2005). Thus neither tipdogation of warm engines nor
the general use of cars as nighttime rest sitea s@de a main driving factor for

inciting martens to associate with cars.

Safe environment

Kugelschafter (1989) and Ludwig (1999) noted thhahe martens have learned to
incorporate cars into their nightly activities, gegting that they use cars as safe
environments for resting, consuming or storing fdedhs, or hiding from disturbances.
In the present study, martens were indeed occdbiaiserved to escape into cars after
having being disturbed by humans or chased by Thtsy have also been found resting
in cars; and there have been occasional repogsayle finding an egg, a bread roll or
a road-killed hedgehode(inaceus europaelisinder the bonnet of their car (personal
observation). However, these observations canroauant for the seasonal increase in
the use of roads that was clearly observed inatlm+collared martens. If martens were
to make a habit of carrying food items to carsrteo to consume them there, they
would be expected to be located on roads with amfiequency all year round. More
likely, hiding in cars occurs because the animedsagtive in the roads in the first place
and cars happen to be the best hiding places dsroa

Territoriality

While male and female martens spent most of tivag tn gardens in autumn and
winter, they shifted a significant proportion oéthactivity onto roads in spring and
summer. The actual increase in road activity wesylito be even higher than was
shown by the measured variables since spring amangu observations would usually
last much longer than brief winter observationssTfear seasonal change in road use
corresponded well with the seasonal changes imigcéind movement levels that have
generally been attributed to heightened territdyiah spring and summer before and
during the reproductive period (Chapter 4; Herrmad@4). This direct link between
increased activity and heightened territorialitg lodten been assumed and could be

confirmed here through frequent observations ofitsg®rking behaviour. Interestingly,
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martens were observed directly marking cars widir thrine. While martens had
previously been suspected to passively or actilealye their scent on cars during their
visits to engine compartments (e.g., Ludwig 198,systematic urine marking of cars
has not previously been described. Urine markingdsed the predominant form of
scent marking in stone martens, with faecal markieigg less common (Grunwald
1990; Ludwig 1995). Interestingly, females markedttires on cars that were at least
15 cm above ground and in doing so had to adopsaipn fundamentally different
from the crouched position that had previously béescribed for females. Instead it

resembled more the males’ upright standing pos{i@niinwald 1990; Ludwig 1995).

In natural environments stone martens would usuedlye their scent marks on
permanent features (as would all other scent mgmkiammals), with the only other
martens to encounter them being the marten’s nmateediate neighbours or the
occasional dispersing or wandering strange maheurban areas, however, where they
scent mark cars, their scent is likely to be madvetiveen neighbouring and also non-
neighbouring territories. This could increase emteurates with strange scent and
thereby artificially simulate increased intrudeegsure. According to the ‘dear enemy’
phenomenon territorial animals usually react mtnengly towards territorial signals
from strangers than from familiar neighbours, aargjers are perceived to pose a
higher threat (Temeles 1994). This effect has midmken studied in songbirds, but
mammals have also more recently been shown to iexiib'dear enemy’ phenomenon
(e.g., Palphramand and White 2007; Rosell and Bj@r2002).

Palphramand and White (2007) showed that Eurasidgdss responded more strongly
to faeces from strangers than to faeces from neigisb with the overall responses
being significantly higher during the breeding seahan during the rest of the year.
This fits well with the observed seasonal changesad use and, ultimately, in
associations between stone martens and cars. Maveme observed to over-mark the
very scent marks that had, on previous nights, Ipdgzed by other martens on the car
that was used for radio tracking (see Fig. 6.1)h@ugh there is debate about the
function of over-marking, Ferkin and Pierce’s (2D0@mpetition hypothesis seems to
fit best for solitary and asocial mammals. Accogdia this hypothesis, a territorial
animal may gain a competitive advantage from enguhat its scent marks remain the

uppermost marks within its territory. From thisallows that residents should monitor
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their territories to ensure that their scent remain top of that of other same sex

conspecifics (Ferkin and Pierce 2007).

Seileret al. (1994) showed that strange scent (faeces) inateagestigatory behaviour
of a free ranging male marten around the areasenhbead previously detected the
scent. Similarly, urban red foxes responded to expntally introduced scent marks by
increasing their presence and scent marking agiivithe general area of these
simulated intrusions (Baket al.2000). This would explain why, in spring and
summer, martens spent more time in roads aroursddagre, based on previous
experience, they could expect to frequently encanfiitruder’ scent. This apparently
leads urban martens to invest more time and ernietgyatrolling their territories,
ultimately accounting for the relatively intensevament and activity levels that were
observed here (see Chapter 4). Previous studiesubpected a link between territorial
behaviour and the car-marten phenomenon have addhaieterritorial males were the
driving force behind it (Kugelschaftet al. 1993; Ludwig 1996). However, | have
shown here that at least some females also engage patrolling and marking

behaviour.

6.4.2. Car damage

Temporal distribution

The car-marten phenomenon had previously beenditdéerritoriality because the
vast majority of damage incidents have been regda®ccur between March and July
(Kugelschafteet al. 1984/85; Kugelschafteat al. 1993; Langwieder and Hopfl 2000).
This is also in line with the present study, whichnd the highest rate of damage in
spring. This peak in reported damage also coinaiddsthe observed increase in road

use in general and car patrolling and marking bielan particular.

GrolRRe-Johannbocke (1995) observed four captive state martens engaging in
‘aggressive biting’ of branches and wooden supgiouictures of their enclosures. This
behaviour was only observed from February onwandlsveas thought to correspond to
the car damage occurring during the same periodl§&dohannbodcke 1995; Ludwig
1996). However, it was not clear whether this banavcould be triggered by strange
scent alone. Anecdotal evidence from the presadiystannot confirm this. The car

used for radio tracking was repeatedly visited mvadked by several martens, male and
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female, throughout the study towns. Also, wheninaise for radio tracking it was
parked at night in a different town where the pnegeof martens had also been
confirmed. Thus, even though this car clearly earthe scent of strange martens it
apparently did not trigger aggressive biting agas never damaged during the two-year
study period. Also, visual observations of marteraking or over-marking outside the

engine compartment did not show any behaviour rbBegraggressive biting.

Other explanations for damage could be the marsgeies-specific exploratory
behaviour (Kugelschaftet al. 1989; Ludwig 1996) or even an affinity for volasl
released from warm rubber or plastic componenengfne parts (Kugelschaftet al.
1984/85; Kugelschafteat al. 1989). Any of these explanations could be acconateatl
by the territorial hypothesis in that it would héfgient for territoriality to establish
increased contact rates between martens and cgpsiimg and summer with subsequent
damage being an indirect consequence of this.clitii@ observation that mostly new
cars seemed to get damaged could indicate that faitters than territoriality may be
involved. However, it would be necessary to hava da the age distribution of cars
serviced by these dealerships as well as cars gharkéhe streets in order to show that
martens specifically target new cars. In older ¢ike the one used for telemetry), dust,
dirt and oily substances may deter martens fromginto the parts that get frequently
damaged in new and clean cars. Interestingly, heweav the town of Borgharen in the
Netherlands, of 21 cars that were damaged, all betgeen three and ten years old
(Muskens and Broekhuizen 2005). This was attribtietie fact that most new cars are

parked inside garages.

Spatial distribution and frequency of damage

As in Muskens and Broekhuizen’s (2005) study, nmartedated car damage was
reported from all mapped male and female terrisortéowever, since male and female
territories overlapped (Chapter 3) damage couldpeatttributed to individual martens
or sexes. However, as described earlier, both sesgde expected to be involved in
the car-marten-phenomenon. In Luxembourg, damageaeyorted from territories
where young were reared (e.g., F1 in 2005, F8 0628nd from territories where
definitely no young were reared (e.g., F2 in 200646in 2006). This lends further
support to Kugelschaftet al’s (1993) observations that car damage cannot be

primarily linked to the play behaviour of juvenilaghich they derived from the
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observation that young martens have not left theemal den at the time of year when

damage reports start increasing.

| also found no indication that damage clusterediad territorial borders where cars
could get alternately visited and marked by neigining martens (Ludwig 1996). This
reflected the distribution of damage in Borghaneitigkens and Broekhuizen 2005) and
was in line with the ‘dear enemy’ phenomenon (T&®dl994). If cars scented with
strange marten odour have a higher probabilityerfidp visited than cars marked with

scent from neighbours, damage would be expecteddar throughout the territories.

In the Netherlands, damage was reported from ar8emaf cars parked outside

(N = 565; Muskens and Broekhuizen 2005), whicHighly more than in the present
study. However, as their survey was less likelgage missed damage, the overall
damage occurrence in the Luxembourg and Dutch sitehs may have been similar.
Older studies have reported higher proportionsacé being damaged (Kugelschafter
al. 1993; Ludwig 1996). This could be mostly due te thct that the design of engine
compartments has changed within the last 10 toe2@sy with many cables or hoses
nowadays being less easily accessible to martengertheless, damage frequency may
vary between different regions (Langwieder and H2p00). This has been attributed
to a learning process that spreads car use behdxon mother to juveniles and
ultimately throughout a marten population (Kugebstér 1989; Ludwig 1996). This
may also explain why in some urban areas in Eagarape the behaviour seems to be
already established (e.g., Krakow, Poland: M. Bk ojcik, personal
communication) whereas in others it has just régestarted to manifest itself (e.qg.,

Budapest, Hungary; M. Téth, personal communication)

6.4.3. Conclusion

Several conclusions regarding the car-marten-phenomcan be drawn from this
study. Although martens do use cars occasionatlpifghttime resting, this does not
seem to be related to the thermal benefits thantcused engines could potentially
provide. Also, the use of cars as safe cover fod fbonsumption or hiding purposes
cannot explain road use. While martens certainlysicars for these purposes they do
so only rarely and it seems unlikely that they vdodeliberately shift their movements

into roads in order to take advantage of carstfese& purposes.
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The seasonality in road use combined with the eeskecar patrolling and scent
marking behaviour, however, suggests that this @memon is strongly associated with
territorial behaviour. Thus, martens have learmed $cent from strange martens is
usually carried by cars. Consequently, in springj suimmer, when defence of a
territory matters most to them, they frequentlytwasid scent mark cars. This is a self-
reinforcing system in that the more cars are begant marked, the higher the
probability of encountering strange scent becoraed,the more time the martens
should invest in patrolling and marking cars. Heregitoriality presents a mechanism
for increasing contact rates between martens arsdrcéhe period of the year when
most car damage occurs. Whether the actual damalyesctly related to territoriality
through aggressive biting in response to strangetsor indirectly through exploratory
biting or biting induced by synthetic volatilesprains unclear (Kugelschaftet al.
1984/85; Ludwig 1996).
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Chapter 7: Fate of Translocated Wild-

caught and Captive-reared Stone Martens

7.1. Introduction

Dealing with problem wildlife in urban areas canabehallenging task. Measures taken
to alleviate human-wildlife conflict often needttike into account population
ecological considerations, animal welfare issuesmiblic attitudes (Conover 2002;
Kirkpatrick and Turner 1997). Possible solutionsga from simple education of the
affected public over exclusion (O'Donnell and Dedac2006), fertility control (Porter
and Underwood 2001), translocation (Craetal. 1998) and lethal control of the

species concerned (Hendersral. 2000).

While affected people often want to get rid of gffending animal, they usually regard
lethal control as cruel and thus prefer to giveahenal a ‘second chance’ by
translocating it to a different location (Conové&02). Mammals such as grey squirrels
(Sciurus carolinens)s brushtail possums and raccoons that commomhusan
structures for denning in urban areas are oftejestdd to live-trapping and subsequent
relocation elsewhere (e.g., Adaetsal.2004; Pietsch 1994; Rosatte and Maclnnes
1989). In some instances the removal of adultB®iopening of den sites due to
persisting noise will reveal the presence of presvesl young (Matthewet al. 2004;
O'Donnell and DeNicola 2006). In such cases widiéhabilitation centres often take
charge of orphaned juveniles, captive-rear therd,ralease them into the wild at an
appropriate age (Mattheves al.2004; Robertson and Harris 1995b).

Conover (2002) identified several important quesicelating to translocations. These
addressed issues such as homing behaviour, suaridalvelfare of animals
translocated to novel habitats, the risk of sintpdysferring the problem to a different
area, and whether translocation actually solvegtbblem it was supposed to. Craven
et al. (1998) also stressed the fact that translocatansed out by untrained private

individuals usually do not give adequate considenaio habitat and other factors.
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While small-scale management relocations of adiléit and juvenile captive-reared
mammals are common practice, little is usually kn@bout the fate of these animals.

In Luxembourg the stone marten causes conflictddmning in buildings (Chapter 5)
and damaging car engine components (Chapter 6)e\Wia stone marten used to be a
hunted species up to 3duly 2007, with an open season betweéhQ8tober and 28
February, hunting has since been closed year-rdtisi however, still classified as a
nuisance species and can thus be legally live-tdymd eliminated all year round by
private persons when causing problems on privaipgsty (Code de I'Environnement,
2002, Vol. 1, p.3). However, this piece of legiglatmay be subject to change in 2008
or 2009 in the context of a general revision oftmglaws (F. Wolff, personal

communication).

People affected by martens and seeking advice d&mouto deal with them often
express the wish for someone to trap the animahfemn or lend them a trap so they can
deal with it themselves. However, they usually dbwant the animal to be harmed and
thus consider translocation to a forested aredtartsolution (personal observation).
Although no official records of such relocationssexhey are undoubtedly taking place.
In other countries (e.g., the Netherlands and Geyét is also not unusual for

martens to be trapped and released elsewhere\atgpersons even though these
practices are illegal without having acquired acggddicense to do so (G. Muskens and

B. Ludwig, personal communications).

Juvenile pre-weaned martens are occasionally fauattics or intentionally removed
from roof voids. These get handed in each yedreabhly wildlife rehabilitation centre
in Luxembourg. Similar facilities, as well as prigdhand-rearing attempts, exist in
other countries (G. Muskens and B. Ludwig, perseoaimunications). Those martens
that do survive get released at a later stage. Mewyeirtually nothing is known about
the post-translocation behaviour and survival dfélweaught and captive-reared stone
martens across the animal’s geographic range @deuHerrmann 2004; Rasmussgn

al. 1986; Skirnisson 1986).

During the course of my study | was informed alibetplanned translocation of an

urban stone marten that was considered to be amagsand about the planned release,
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into the wild, of several orphaned martens thatlheeh reared in captivity. Although
my project was not primarily concerned with trawsiiion, the fact that translocation is
used to deal with marten-human conflict in urbaaarmade it relevant to the broad
aims of the study. | therefore took the opportutdgtyadio collar the animals in question
and monitor their behaviour after release. The afrikis study were to provide a
general description of the survival, movements @&l selection of wild-caught and
captive-reared stone martens after their transtmtéd a novel habitat. A published

paper based on the present chapter can be foukgbendix 2.

7.2. Methods
7.2.1 Study area

The wildlife rehabilitation centre where the masgevere kept prior to their release was
located in Dudelange. The study took place in andrad Bettembourg and Dudelange,
which were described in Chapter 2. The region aldbase two towns was made up of
a patchwork of small rural villages, agriculturaldeforested areas.

The translocated martens were released in theyeslaf Abweiler and Peppange.
Abweiler was located 1.8 km from the urban perimeteéBettembourg. The village had
80 inhabitants (Commune de Bettembourg 2007) anerakfarms with used and
unused barns. Private houses, farms and theirg@apgardens covered an area of 8 ha
including an orchard of 1 ha. North of Abweiler waakarge continuous beedrRagus
sylvaticg forest with a few interspersed spruBécga abie}plantations covering about
700 ha.

Peppange was located 0.8 km from the urban penroét&ettembourg, east of the
motorway. The village had 650 inhabitants (Commaded&oeser 2007), covered an
area of approximately 28 ha, and had several aatidenactive farm buildings, and
about 1.2 ha of orchards. Both villages were setefidr the releases due to their
proximity to the general study area, their lowficafand their rural character potentially

providing the martens with den sites in barns andrafood supply.
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7.2.2. Study animals and captivity
One wild-caught marten and five orphaned juvenhesid-reared at the wildlife

rehabilitation centre, were included in the studgifle 7.1).

Wild-caught marten

This male (designated M3) was live-trapped in aagfe facility in the town of Pétange
where martens were purportedly causing damagerdetoe, and was handed in at the
wildlife rehabilitation centre on 12/05/06. The rear was found to be in good
condition. Based on its developed testes and geattobn the animal was classified as
a relatively young adult male in breeding conditiBrior to its release it was kept for
three nights in an outdoor enclosure of Bwith a wooden den box. The marten was

kept on a diet of cat food, which it readily congtn

On the day of release it was sedated by introduamigoflurane-oxygen mix (4%
isoflurane) via a hose into its den box. Once tlagtem was motionless it was fitted
with a mask receiving the isoflurane mix at a fi@ate of 1 L-mift. | then measured it

and fitted it with a radio collar as described ima@ter 2.

Captive-reared martens

The exact origin and dates of arrival at the ceotithe five juveniles (three females:
CRFO, CRF1, CRF2; two males: CRM1, CRM2) who wergsequently included in the
study was not known. This resulted from the faat the martens were kept in groups
made up of mixed origins. Hence, | limit myselfééo outlining the general protocol
used for rearing orphaned juveniles at the ceifiitie.numbers of juveniles handed in
were 4, 20, 15, and 6 for the years 2004 to 208@Feively. They were mostly
received in late March and early April, weighingween 120 and 150 g.

The martens were initially kept on a liquid dietrafrtol (Intervet International B.V.).
Once they were able to eat solid food, their dia$ Wrst switched to a Fortol/cat food
mix, then to cat food supplemented with dead pgulticks. Two weeks before being
released they were also fed live laboratory miakrarts. At the age of two to three
months, the martens were transferred te?®utdoor enclosures containing two
wooden den boxes. Hollow tree trunks and branclezs wrovided as hiding and

climbing possibilities. They were kept in groupslafee to five individuals. Once they



Table 7.1 Summary data of translocated wild-caught andiceptared (CR) stone

martens.
ID Sex Age Weight (J) Released ToWin  Status
dead
M3 M Adult 1518 15/05/06 A 22/05/06
. 1380 road killed
CRFO F Juvenile  hoop  26/09/05 B 5/11/05
. signal lost
CRM1 M Juvenile 1735 19/09/06 P 20/09/06
. 1794 dead
CRM2 M Juvenile 1635 19/09/06 A 3/02/07
. collar shed
CRF1 F Juvenile 1616 19/09/06 P 27/01/07
. 1425 recaptured,
CRF2 F Juvenile 1450° 19/09/06 collar removed

? Release town: (A) Abweiler; (B) Bettembourg; (Rppange
® Weight at death or recapture
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were in the outdoor enclosures, physical contaiéen staff and martens was strictly
avoided.

On the day of their release the martens were sg¢dateescribed above. In 2005 CRFO
was fitted with a backpack radio tag with an exaéantenna (Biotrack Ltd, UK; model
TW-3; frequency band: 150 MHz; pulse rate: 50 paitsén’) that was glued onto the
fur between the shoulder blades. This type of &djlleen successfully used in Ireland
on American mink and Eurasian otters, remaininghenanimals for around 14 days (L.
O Néill, personal communication). CRFO was addaibnmarked with a subcutaneous
PIT tag. As the juvenile martens were at or clasadult weight prior to their release on
19/09/06 we decided to fit four of them with radimllars as described in Chapter 2.

7.2.3. Release and telemetry

Urban, village and rural habitats are likely todeenpletely saturated with marten
territories in Luxembourg. Habitats that are devafighartens in the long term are
likely to be unsuitable for them. Consequentlyd dot attempt to specifically identify
release sites that were not already occupied byemsr

Wild-caught marten

| released M3 after sunset at 2200 h at the edgdarfje forest close to Abweiler (5.7
km from rehabilitation centre; 15 km east of thiéah site of capture). For the first four
nights, including the release night, | trackeddahemal continuously following the
general telemetry procedures outlined in Chaptéfd@vever, due to M3’s erratic
movements | was not able to take fixes at reguli@rvals but instead took them
opportunistically whenever the animal’'s whereabawgse known or when it was
within visual range. | only abandoned the martethexmorning when it had finally
retreated into a den and stayed there for at Bfastin. | also took one diurnal fix per
day on the animal to confirm that it had remainethie den where it had been last
located in the morning.

Captive-reared martens
On 26/09/05 CRFO was released in Bettembourg i2ta large set of gardens
surrounded by houses and containing multiple higliages and fruit trees. The release
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site was within the territories of F2 and M1 anosé to the recently vacated territory of
F3 (see Chapter 3; Fig. 3.1). Unfortunately, thetemalost its tag the same night and

could not be followed subsequently.

The four juveniles that were relocated on 19/0%/@6ée released in two male-female
pairs. The Peppange release site (for CRM1 and LC&dfiisted of an area with
gardens, old sheds, and several large brushwoes, @il3 km from the rehabilitation
centre. In Abweiler | released the martens (CRM2 @RF2) close to an old barn with
straw piles inside. This site was located 5.6 komfwhere they were reared. In order
not to interfere with the regular tracking of wittartens in Bettembourg and Dudelange
(Chapter 3-6), | limited myself to locating the tap-reared martens during the day in
their den sites. | initially attempted to locatertimon a daily basis. When there was
evidence that they had finally settled in an arealy located them at a rate of two to
three locations per week.

7.2.4. Data analysis

| entered the telemetry data into ArcView 3.3 asctided in Chapter 2. The minimum
nightly distance travelled by M3 was calculatedheessum of straight-line distances
between the opportunistic fixes using the AnimaMelment Analysis extension (Hooge
and Eichenlaub 2000). Nightly distances covereddptive-reared martens were
expressed as the straight-line distances betwaesit#s used on consecutive days. Den
sites were defined according to the level 3 dessdli@ation presented in Chapter 2
(Table 2.4), with the difference that the catedorlgabited building’ also included the

direct surroundings of the house (i.e., garden).

Due to the small number of martens that got rekxtéatid not carry out statistical
analyses but instead limited myself to a descrgpéipproach.

7.3. Results

7.3.1. Wild-caught marten
Night 1 (15/05/06) — M3 was released at 2200 hatedge of a large forest (Fig. 7.1).
Initially he ventured into the forest where he miaeound for about one hour before

radio contact was lost. Two hours after his reledsen contact was re-established, M3



Fig. 7.1 Nightly movement patterns of a wild-caught stomerten (M3) translocated to a forest close to Absve(triangle) release site; (circle)

den site where night ended; (square) death.
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was found right outside Bettembourg, which he exdtext 0100 h. During the rest of the
night M3 wandered about the home ranges of thesiMleand M2 (Figs. 3.1 and 7.1).
He mostly walked along roads, spent little timgamdens and was frequently seen
sniffing the pavement and walls. At 0320 h M3 waard screaming and observed
being chased down a road by M1. After having hidaested for 1 h he left the town
and denned in dense vegetation. Visual observatibht3 gave the impression that his
body was tense and stiff, and his walk less fldlean that of resident martens. He also
seemed to pay less attention to passing cars @igaethis impression persisted

throughout the following nights.

Night 2 (16/05/06) — M3 left its den at 2200 h andved straight back to Bettembourg,
this time entering the western part (Fig. 7.1).gttgped at a complex of old, partly
demolished buildings for about 1 h before movingAin2420 h he was seen being
chased by an unknown marten northeast of F4’s réfige3.1). After that he spent
most of the night in F4’s range. On two occasiomstens (F4 and a larger untagged
marten, presumably a male) were seen sniffingdhd where M3 had passed moments
earlier. Thus they seemed to be aware of his pces@3 left the urban perimeter of
Bettembourg only once heading southward, but afiéran hour returned to the town.
Before sunrise, M3 headed back to the demolishédibgs he had rested in earlier that
night. Before retreating for the day he was obsgeating the remnants of a sandwich

and scavenging from a bowl containing cat food.

Night 3 (17/05/06) — M3 left his den shortly af2#00 h. He spent most of the night in
the territories of M1 and M2 (Fig. 7.1). Once héyamarrowly escaped being hit by a
car thanks to the driver braking sharply. Just keefunrise he moved about extensively
in gardens and seemed to have trouble findingtatdaiden site. At 0500 h he was still
moving around in a set of gardens with M2 beingted close to him. Presumably
being chased away by M2, he finally settled insideengine compartment of a car at
0600 h. M3 escaped from the car when the ownereatrat 0700 h. The marten then
climbed into a car on the opposite side of the rbad changed cars twice more within
the next 30 min after disturbances. At 0730 h heeflrally settled inside a fourth car,
where he stayed until at least 1530 h. After belisturbed again by the owner of that

car he changed to a fifth and last car that day.
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Night 4 (18/05/06) He left the car at 2210 hours, spent some time2rsivange

before leaving Bettembourg and entering Peppand81d4 hours (Fig. 7.1). He
wandered around the whole village for 1 h, therdedéback to Bettembourg where he
spent the rest of the night in the territories df &hd F4. Again he seemed to have
trouble finding a den site but finally settled inb®hind a building that was also

regularly used by F4 for denning.

During the nights 1 to 4, M3 had moved minimum mlghistances of 9.2, 4.8, 5.8 and
7.1 km (based on opportunistic fixes), respectivéhereafter M3 was not tracked at
night anymore. The following day (20/05/06) he cbnbt be located anywhere in the
whole area. On the 21/05/06 he was located irheedwnder a small trail in the fields
next to Peppange. A day later (seven days aftease) M3 was found lying dead on the
trail 5 m from the previous day’s den and 3.1 konfrhis release site (Fig. 7.1). M3’s

den selection is summarised in Table 7.2.

As no obvious cause of death could be establishpdst-mortem was performed by a
wildlife veterinarian (L. Reiners) at the rehalaitibn centre in Dudelange. While the
exact cause of death could not be determined, afaetors could be excluded. M3 had
no concussion or other haematomas (i.e., not hit tgr), did not die of starvation (no
muscle regression, some food in stomach), obvimesade, an excess of parasites, or
rodenticide poisoning. He had no bite marks fronmtemes or other animals, and was not
shot. Death from poison other than rat poison @essive stress and trauma related to
its translocation could not be excluded. Overadl @inimal appeared to have been in

good condition (L. Reiners, personal communication)

7.3.2. Captive-reared martens

CRFO

CRFO0 was found road-killed on the 05/11/05 and mfastified by her PIT tag. She
died just 440 m from where she was released 40 ekyjier, within the narrow overlap
zone between F2’s territory and F3’s former tenyitd-ig. 3.1). She was in very good
condition at the time of her death and had maiethimer weight since the release
(Table 7.1).



Table 7.2 Den selection (% use; Level 3) for one relocatddwaught stone marten

(M3) and four captive-reared martens after thdease.

Den Type M3 CRM1 CRF1 CRM2 CRF2
©) (1) (59) (59) (59)

Inhabited Building 10.2 5.1 72.9

Uninhabited Building 40.0 11.9 28.8

Other Anthropogenic  40.0 42.9 6.8 3.4 3.4

Natural 20.0 57.1 71.2 61.0 23.7

Unknown 1.7

@ sample size (in days)
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While tracking the male M1 (Chapters 3-6), whosegehad overlapped with that of
F3, an untagged marten was observed within F3radorange during the night of the
02/10/05. During the same period a prebaited wmdgBis former range was visited
several times by a marten without resulting in pteee. After CRFQ’s death there were
no further sightings of an untagged marten in F&'mer territory and all visits to the
trap also stopped. Thus it seems likely that CR&@D dccupied the vacant territory

adjacent to her release site.

CRM1

CRM1 denned the first two days in a culvert undsmall road not far from his release
site. After that he spent three days in a foredtffenvironment south of Peppange, then
a couple of days in the surroundings of the villagelellange (Fig. 7.2). On the ninth
day after his release he was denning in dense ategein a dried up pond, 20 m from a
motorway. Thereafter his signal was lost even thaegensive searches were carried
out throughout the region. During the nine-day gethefore his disappearance, seven
diurnal fixes were taken on this male, none of Whiere in direct proximity of
buildings. After having left the culvert where mtially stayed, he exclusively denned
in dense brush.

CRF1

After being released CRF1 denned at the releasdasifour days, although she was
located a few times in the nearby forest/field emwment at night (Fig. 7.2). On the
fifth day she had moved to the village of Hellangeere CRM1 was also active at the
time. On 27/09/06 both martens were denning togetha bramble thicket 1.9 km from
the release site. She stayed in this village fodalys, denning in close proximity to two
inhabited houses on five occasions. On 01/10/0610f##€ crossed the border to France
and was found on the outskirts of a small villageufftgen) 4.6 km from the previous
day’s den site (Fig. 7.3.a). During that movemémat Isad crossed at least one busy
motorway and a large forest. At 0530 h on the 0®88.@he was sighted as close as 1.5
km from the rehabilitation centre but then returaed denned close to Zoufftgen. She
stayed in or around this village for 26 days befmading to the neighbouring village
(Roussy-le-Village, 2.9 km). Here she finally sadtin a patch of about 0.5 ha of
hawthorn Crataegus monogynahickets, denning in a large pile of brushwoog kin

from her release site (Fig. 7.3.a). This patch eaampletely isolated, being surrounded



Fig. 7.2 Travel patterns (lines) and den sites (circles)#o captive-reared stone
martens relocated to the village of Peppange: (gmey CRM1; (black line) CRF1.
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by bare pastures and fields. Every diurnal fix taketween 07/11/06 and 24/01/07
pointed her to this site. She also never seembght@ this patch at night. On 26/01/07
she had crossed the entire village and spent thenddirect proximity to an inhabited
house 1.2 km from the previous den. The next dayhsid shed her collar. The braided
nylon had been completely frayed and the rubbetircpahowed significant scratch

marks.

CRM2

Straight after his release, CRM2 could not be folamgsix days until he was located in
a barn just a few meters from his release site steiged there for six days before
contact was lost again for a week. Due to a badigd telemetry receiver the signal
was only received from close range. Thus it wasknotvn if the animal had moved
large distances or had stayed within the genel@hse area while it was not accounted
for. After the necessary receiver adjustment hahlmeade contact was not lost again.

On the 11/10/06 he was located in a hollow oak {@esrcus robuy that was his most
commonly used den thereafter. Between 14/10/0618/0D/06 he undertook an
excursion that started and ended at this oak . He first ventured 1.7 km, then
another 0.9 km to the east, before heading backwaes 1.1 km, then another 3.9 km
(Figs. 7.3.b and 7.4). Here (2.2 km from the redesite) he denned in dense brush only
15 - 20 m from CRF2, which he had presumably hadamdact with since their release
one month earlier. After this excursion CRM2 stayethe general area of his release
site (Fig. 7.4). He used a variety of different d@ps in dense brush, hollow trees, bird
nests and barns, spread over an area of aboutl®{tm#so occasionally spent the day
in Abweiler close to his release site (Fig. 7.3@).03/02/07, CRM2 was found dead,
curled up in a cardboard box, in a small gardes.rt¢ick was injured by the collar he
was wearing. He had lost about 160 g since hisisel¢Table 7.1).

CRF2

CRF2 denned in a culvert close to her releasdaitisvo days. Contact was then lost
for six days before she was relocated in a foiekt/Environment west of Abweiler
(Fig.7.4). Here she first denned in dense brusbrbdinding a cavity in a willowSalix
sp.) tree that served as den site for about 10 daysh®23/10/06 she was for the first
time located inside or in direct proximity to onfetwo neighbouring houses at the



Fig. 7.4 Travel patterns (lines; arrows show five-day esmn route) and den sites
(circles) for two captive-reared stone martensoatied to the village of Abweiler:
(black line) CRM2; (white line) CRF2.
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forest field interface, 2.0 km from her release ¢kig. 7.3.c). The house was in a bad
state, but was regularly inhabited. Over the Ai&& days she was located 45 times. On
43 occasions she denned in or around this house, sire was found in a willow tree,
and once in dense brush 0.5 km from the house {E3gc). Whenever she was located
at night, she was inside her den or within dirgopmity (< 100 m) of it in a narrow

strip of garden and woodland.

After CRM2 was found dead an attempt was madedaptere CRF2 to examine her
neck and remove the collar. In mid February awap set and prebaited with eggs 50
m from her den. On the 29/03/07 an untagged staréeem (presumably a male based
on its size) was caught and released without psiegsOn the 5/04/07 CRF2 was
finally caught. As her neck was also injured she Waught back to the wildlife
rehabilitation centre. Her neck was stitched up str@lwas kept for observation at the
centre until the 24/04/07 when she was releasex¢tmher capture site. Even though
she was severely injured she had not lost any weighe her release (Table 7.1).
While staying at the wildlife rehabilitation cenitdoecame apparent that she was shy

and aggressive just like any free ranging marten.

Den sites

The captive-reared martens often denned in treaglide, and brushwood piles. Where
den sites were classified as inhabited buildingstiartens most likely found shelter in
proximity to those houses (vegetation or anthropagstructures other than buildings)
rather than directly inside them (Table 7.2). WeetBRF2 denned inside the house
where she had finally settled remained unclearrd s plenty of junk lying around

the house that would also have provided many higdlages.

7.4. Discussion

Any conclusions drawn from these relocations nedaktconsidered with care due to
the small number of individuals involved. Nevertdssd some general comparisons can

be drawn with the outcomes of translocation expenits on other species.
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7.4.1. Wild-caught marten

So far only one study has focused on the fateasistocated stone martens (Rasmussen
et al. 1986). However, the authors did not radio trackahienals but relied instead on
capture-mark-recapture techniques. Of 53 transtolcattartens, 16 were recaptured
within six months. One of those showed clear honb@lgaviour. It was recaptured in
the same trap 10 days after first capture and héeing been moved 30 km away

(Rasmussert al.1986).

Skirnisson (1986) radio tracked a male that waspied and subsequently kept for 136
days in captivity. After being released 8 km frasmdapture site, the animal moved a
little over 4 km before its signal was lost the samght about 3.2 km from its release
site. The fate of this marten remained unknowntriséson (1986) also released an adult
female (W6) 1.2 km from the site where she wagedphe same day. She moved 8
km and finally denned 2.2 km from her release siere she was killed the same day
by a dog. These observations compare with M3's\Wiebaduring the first night after
translocation. None of the martens stayed at tieé@ase sites, but instead engaged in

significant exploratory movements.

M3’s brief stay in the forest and subsequent intenexploration over four nights of the
urban habitat of Bettembourg suggests a tenden@tuon to familiar habitat. This
could either be seen as an attempt to find fanfdiatures or scent within this habitat
that would help it locating its former home rangesimply an avoidance of unfamiliar
rural or forested habitats. This behaviour is corapke to that of translocated urban
raccoons (Hageat al. 1991; Rosatte and Maclnnes 1989). Those releasaafamiliar
(rural) habitat moved much longer distances thasdhelocated to another town.
Furthermore, 60% of raccoons settled within 0.3d{rtowns. These animals were
located about 45% of the time inside residentiaharduring their nightly activities
(Rosatte and Maclnnes 1989). Urban brushtail posdtemslocated to forests also
rapidly disappeared from the release sites ancesulesitly often used houses for
denning (Pietsch 1994).

M3’s and W6’s rapid deaths also fit within the gexi@icture of translocations.
Reduced survival of relocated urban mammals has tegorted for grey squirrels
(41% dead after 1 month: Adaresal.2004), raccoons (50% dead within first 3
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months: Rosatte and Maclnnes 1989), brushtail pos$88% dead within 1 week:
Pietsch 1994) and white-tailed deer (83% dead witini average 185 days: Bryant and
Ishmael 1991; 44% dead within first 3 months: Jares Witham 1990). On the other
hand a social group of six urban badgers relodatedrural forested area via a soft
release fared well thereafter (Brown and Cheesetfifi). Causes of death are
generally attributed to stress, territorial behaviand aggression, unsuitable habitat,
nonestablishment, disease transmission, and digatien leading to competitive
disadvantage and predation (Craetral. 1998). Several of these factors applied to M3.
Its translocation might have been less stressflliti@ken place outside the stone

marten’s most territorial period (i.e., after sprisee Chapters 4 and 6).

7.4.2. Captive-reared martens

Research on captive and wild stone martens hasrstiat certain spatial preferences
and behaviours are handed down from mother to figp Indeed young martens
explore their environment by closely following theiother on her nightly activities as
well as using the same den sites (Herrmann 2004kéveand Kugelschafter 1994).

Juveniles reared in captivity without their pardrdwever, lack these experiences.

Nevertheless, at least four of the five captivergdanartens survived in the wild until
six weeks after their release and three would Isaveived past 20 weeks if it had not
been for CRM2’s neck injury. Herrmann (2004) reézha hand-reared juvenile male
that survived for at least two months when its algmas lost. The survival of these
martens seems to be higher than that reportedafinve-reared and released fox cubs
(Robertson and Harris 1995a) and hatep(s europae$68.2% mortality within 10
days, Angeliciet al.2000). Food acquisition does not seem to be a npagdnlem for
these naive martens. Some faeces recovered from2GRMdllow oak den showed clear
signs of berry seeds (unpublished data) and CRREZhanee been able to scavenge from
the cat food that the owner of the house neighbguner den always left outside for his
pet cats. This may even have helped her to suandemaintain her weight despite her
injured neck. Another factor that could have cdnitted to their survival was the very
mild autumn and winter 2006/2007, with the monthSeptember, October and

January being the warmest on record (Administrati@fiAéroport 2007).
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Whether the post-release movements described baespond to natural dispersal
behaviour is unknown. Few detailed accounts ofatspg juveniles exist. A juvenile
female observed by Herrmann (2004) establishedvahioene range about 6 km from
her previous one after a 24 h dispersal followeddweral smaller excursions in the
following days. Two males followed by Skirnissor®8b) extensively moved outside
the maternal home range for at least five to ailglys before their signal was lost. A
juvenile female that dispersed in the city of Nigea in the Netherlands (Broekhuizen
et al. 1989) left her maternal home range in early Novenainmd moved around
extensively before settling for a month in one aiideen she moved to another area
where she stayed for around three months but dtarteing around again in March
(Broekhuizeret al. 1989). These dispersal events were superficiaitya to the
movements observed for the martens released in. 0@ dispersal was also
characterised by an initial period of movementifeéd by one or two prolonged stays
in restricted areas. However, for two of the cagtigared martens this use of a
restricted area with little activity at night wa®ra extreme than what has been
observed elsewhere for wild martens. This couldi®to a lack of previous experience
of normal ranging behaviour. The extent to whighrnypmay have influenced this is

unknown.

Robertson and Harris (1995b) reported a similaabiglur pattern for captive-reared

fox cubs. This was characterised by an initialternghase lasting on average 17.2 days
followed by a restriction of activities to a smatka, which was used intensively
thereafter. They suggested that rather than sewyébr a vacant home range,
dispersing foxes (wild- and captive-reared) se&ocla very small area to establish a
temporary range and only attempt to establishradgy later (Robertson and Harris

1995b). This may also apply to stone martens.

There seemed to be a tendency for the martensnaimewithin the overall habitat that
they were released into. The animal released iteBdtourg was still in the same
habitat at its death and the village/rural-releamadals neither settled directly in forest
nor in larger urban settlements. Their den selaatias also more similar to that
described for rural martens (Herrmann 2004; LaEleder 1993a; Skirnisson 1986)

than what was observed for urban ones (Chapt&asly experience of structures in
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their enclosure and the environment at their releste may have a lasting impact on

later den and habitat selection as well as potemtizance behaviour.

7.4.3. Conclusion

Numerous studies have shown that the live-trappnjtranslocation of nuisance
wildlife to novel habitats mostly results in theatle of the animals. This does not seem
to be different for stone martens. Thus the intentf giving the animal a fair ‘second
chance’ often results in little more than submgtinto extensive stress and perils.
Furthermore, the animals seem to be likely to retarurban habitat and cause similar
problems, while their vacated territories are plidpaeoccupied or taken over by a
neighbour (Herrmann 2004). The experience gainad i3’s case suggests that
translocation may not be a good solution for deggliith problem martens. Exclusion
from den sites in buildings should be emphasisedi\itig 1999) and live-trapping only
be used as a last resort.

In principle, rehabilitated orphaned martens seetodx able to survive in the short-
term after being released. While they may rapidbperse from their release site,
careful selection of a release environment nevkasseseems to be important. The fact
that they did not have a mother to learn from makenthem less prone to exhibiting
nuisance behaviour (i.e., denning in inhabited kepudamaging cars). This should,
however, not encourage people to remove juvenitens ttics, but instead adults
should be excluded from houses before the young@rein March. Further follow-up
studies on the behaviour of translocated martengdime beneficial but the adverse

effects of placing collars on juveniles need tghen serious consideration.
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Chapter 8: General Discussion

Stone martens are common inhabitants of urban #measghout central Europe, but
their spatial ecology has received relativelyditiittention. The only knowledge that the
general public usually has about these animalsasta the conflicts that arise from
their denning and car use behaviour (personal ghsen). Therefore, the main aims of
my study were (i) to provide a thorough descriptdithe urban stone marten’s
behavioural ecology in order to identify potentiéfferences between urban and non-
urban martens; and (ii) to suggest conflict manag@mecommendations based on this
knowledge.

8.1. Overview of main findings

Chapter 3 showed that the stone martens | hadedajppurban areas essentially spend
the entire year within this habitat. Their presemcewns seems to be independent of
the availability of nearby forested or rural hatstavhich are used very little by
comparison with urban habitat. Chapter 3 also shkiaivat urban stone martens
maintained on average smaller territories than leen reported from forested, and to
a certain degree, rural environments. Howeverrims of their socio-spatial
organisation, this reduction in territory size dhd resulting moderate increase in
population density seem to be the only real adipisto urban habitat. Like their rural-
or forest-dwelling counterparts, urban stone marteaintain a solitary lifestyle (i.e.,
they do not form groups or cooperate) based oase#ual territoriality with little or no

home range overlap between same-sex neighbours.

Chapter 4 showed that martens also adapted to erbaronments through temporal
avoidance of humans and their activities (e.gffitdaincreasing their degree of
nocturnality by comparison with rural martens ahdtsg their activity to parts of the
night when encounters with humans and moving a&r¢eas likely. Somewhat
surprisingly, they did not significantly reduce ith&ctivity levels or movement
distances, even though they lived in relatively itearitories and in a presumably
resource rich environment. In Chapter 6, | hypateskthat this high level of activity
was related to scent marking behaviour. Becauseemmafrequently scent mark non-
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stationary objects (i.e., cars), the perceivedigdr pressure in urban areas may be
higher than in rural environments, leading to ma@nounced territorial behaviour and,

consequently, higher activity and mobility.

The findings from Chapter 5 demonstrate that udiane martens rely to a very high
degree on anthropogenic structures for denninggeeg To my knowledge, martens
have not previously been shown to use buildinggeimeral, and inhabited buildings in
particular, as intensively as in the urbanised taébdescribed here. The fact that the
animals increased their use of structures witrebditiermal properties (i.e., human-
inhabited buildings) during the coldest seasorhefytear illustrates that they have

learned to optimally exploit the available denniegources in urban environments.

| demonstrated in Chapter 6 that martens occadyousd cars as nighttime rest sites all
year round. However, they predominantly come imtiotact with cars during spring and
summer. During this same period the animals diyescient mark cars but engage less in
this behaviour during autumn and winter. The fhet these car-patrolling activities
coincide with the period when most damage is regpiostrongly suggests that the car-
marten-phenomenon is driven by the stone marten'gdrial behaviour. Whether the
biting and scratching of various parts under thenab is a direct aggressive response to
strange scent or simply a by-product of higher acntates between martens and cars

remains to be determined.

Finally, Chapter 7 addresses the usefulness ddltveation as a method of dealing with
problem martens. A translocated radio-collared taghakrten neither stayed in the forest
where it was released nor survived for very loregehafter, suggesting that translocation

Is not the easy and marten-friendly managementtbadlit is often assumed to be.

8.2. Socio-spatial organisation and resource use

It is somewhat surprising that neither this stuty, any of the Dutch studies (e.qg.,
Bissonette and Broekhuizen 1995; Miskens and Broe&h 2005), have found that
stone martens significantly alter their socio-sgdatrganisation in response to urban
habitat. Other urban mesocarnivores, such as resfoaccoons and Eurasian badgers,

or large carnivores such as black bears, may shalerce of much reduced or even
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lack of territoriality (Cresswell and Harris 1988avison 2007), drastically decreased
home ranges (Beckmann and Berger 2003a; Davison) 20@reased social group sizes
(Bakeret al.2000; Gloor 2002), or aggregated spatial distring (Beckmann and
Berger 2003a; Hohmaret al.2001; Pranget al.2004), all of which result in (at least
locally) much higher densities. Thus, the questi@n arises as to why urban stone
martens remain strictly territorial, solitary anccar at only moderately elevated

densities.

Resource (usually food) density and dispersiorgarerally invoked to explain reduced
home range sizes, increased aggregation and gooonation in urban environments. It
is usually assumed that in female carnivores spaeeelates to food availability and in
males to the distribution of females (Sandell 198®us, food may have a direct effect
on female spacing and indirectly influence malecspga Although food in urban areas
may be more abundant, some species such as skayksanbe able to exploit these
resources as efficiently as others (e.g., raccd@ehrt 2004). This may also be the case
for martens. They are rather small and inconspisw@oa do thus not profit from being
fed by householders as red foxes and Eurasian lmdgenmonly do (Bakest al.2000;
Davison 2007). Where pet cats are fed outsidemidmtens’ small body size may to a
certain extent restrict their access to this soafdeod due to interference competition
with cats (this study, Chapter 1). They also ldek dexterity that allows raccoons easy
access to a variety of anthropogenic foods (PrangeGehrt 2004). Consequently,
although martens certainly do not experience ataperof food in urban areas, they
nevertheless may not have access to the same aofagatvengeable anthropogenic
food as do larger mesocarnivores. This seems o loge with results from diet
analyses from urban areas showing that stone nsameke little use of scavenged food
(for refs see section 1.4.2.). Hence, food avditghn urban areas may simply not be
sufficient to make territoriality unprofitable fonartens (see Powell 1994).

Another type of resource that is important for stomartens are daytime and maternal
den sites. Herrmann (2004) postulated that gootitgulen sites were a limiting
resource in forested and rural areas but were amirnal urbanised habitats. He was
also under the impression that denning in buildimgs gradually become more

common since the 1980s when he had collected kas @he results from Chapter 5
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seem to support the view that good quality dersgltenot constitute a limiting resource

in urban areas.

Not only the abundance but also the dispersioesdurces in space and time may
influence the socio-spatial organisation of a papah. According to the resource
dispersion hypothesis (RDH: Macdonald 1983), emritents where resources occur in
patches with high but temporally unpredictable picitvity would favour the formation
of groups. A pair of individuals would need to ntain a minimum sized territory
guaranteeing access to productive patches at aey jme of the year. However, as
patches often produce more food than needed by afgadividuals, additional

animals would be tolerated within the same areacfMaald 1983). Thus, according to
RDH, within-species differences in socio-spatiajarisation are attributable to
differences in the spatio-temporal distributiorfadd. Although RDH is usually only
applied to food resources, other resources suarages or shelter sites may also be
considered within this same framework (Blackweld2)) Johnsowet al (2000) viewed
urban areas as typical RDH-type habitats. Nevestiselas of now there are no accounts
of group forming in urban stone martens. This cqudtentially be explained by there
being a lack of spatial correlation of yields betwagardens within a territory, thus
leading to a lack of clear patchiness or heterogyeimethe urban environment (see
Blackwell 2007). This, however, seems unlikely adasng that seasonal core area use
showed differential use of certain areas withimit@res (Figs. 3.8 and 3.9). This
strongly hints at the presence of distinct patahiéls varying access to food and shelter

during different times of the year.

Another explanation for the lack of plasticity hetsocio-spatial organisation of stone
martens is that intrasexual territoriality may beghglogenetically defined trait that is
under little influence from environmental variableghis explanation was favoured by
Herrmann (2004), who used it to explain why popalatensities in villages seemed to
remain much lower than a resource (food and dei Is#sed carrying capacity in such
an environment would suggest. This also seemsply &pthe current study. In fact,
this ‘hard-wired’ intolerance of same-sex conspesiis a definining characteristic of
marten species in particular (Balharry 1993; Pod@884) and mustelids in general
(group formation in badgers and some otter spagigenerally seen as an exception

among mustelids: Johnsenal. 2000, Powell 1979) . To date only few accounts of
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same-sex home range overlap between adult maiarseSspp.) exist (e.gM.
flavigula: Grassmart al. 2005,M. zibellina Miyoshi and Higashi 2003/. americana
Powell 1994 and references therein). Since nertsmurce abundance nor dispersion
seems to adequately explain the strict adherenaebah stone martens to intrasexual
territoriality, the present study lends supporB#harry’s (1993) and Herrmann’s
(2004) explanation of a phylogenetic inflexibility socio-spatial organisation. An
evolved aggression towards offspring of dispersigg may thus override any cost-
benefit tradeoffs that are used to explain sogialitcarnivores (Johnsaet al.2000).
Future studies investigating relatedness betweetensin towns such as Dudelange
and Bettembourg should be able to provide a modepth picture of social

organisation and mating tactics of urban martens.

8.3. Urban adapters or exploiters?

The criteria for classifying urban animals as adegor exploiters include factors such
as their diet, peak densities, activity patterhgjter use and whether they are native or
invasive in the area (McKinney 2002, 2006). Althbugmay not always be possible or
even desirable to attempt to class organisms istndt categories it may help,

nevertheless, to visualise general patterns.

Urban exploiters are often species that are noten&t an area and have been
introduced deliberately or accidentally by humamarban environments outside their
geographical range. Adapters on the other handsarally natives that have invaded
urban areas from surrounding natural areas. Agwfthere is only one report of a non-
native stone marten population (Long 1995) andkankd foxes, martens have never
been reported from urban areas outside their nggegraphical range. In terms of diet,
adapters can be distinguished from exploiters a tine former make use of both
natural resources (such as cultivated plants errfaeging animals) and anthropogenic
resources (such as garbage or deliberate feeauhdg exploiters are often completely
dependent on anthropogenic resources. Althougbktaadalysis was not performed as
part of the present study, it is apparent fromstuelies on diet reviewed in Chapter 1
(section 1.4.2.) that urban martens clearly fatfé urban adapter criteria with respect to
diet.
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According to McKinney (2006), another distinguidpiieature between adapters and
exploiters is the way they find and use sheltarrlvan areas. In this respect, the stone
marten differs somewhat from other urban mesocaras/in that it seems to be more
dependent on human structures. Urban exploitees dite completely within, or both
within and outside of, buildings (McKinney 2006)lt#ough stone martens spend the
bulk of their nighttime activity outside of buildys (Chapter 4), | showed in Chapter 5
that they almost exclusively rely on buildings é@ytime denning. This is unlike urban
badgers and foxes that usually continue to dig the&n setts or dens (Davison 2007;
Marks and Bloomfield 2006) or urban raccoons tHiggrocontinue to rely on natural
den sites such as trees (Hadidegral. 1991).

Density is another important factor. Both adap#erd exploiters reach higher densities
in urban than in non-urban areas. However, adapterally reach these elevated
densities in areas of intermediate urban developmukite exploiters reach them in the
urban core (McKinney 2006). Stone martens occuatéddgher densities in my study
than in other non-urban studies (Chapter 3). Wienpared to inner-city areas, the
present study sites could be defined as beingtefrimediate development. Although
stone martens are known to occur in intensely a@ges urban cores (e.g., Budapest:
M. Téth, personal communication) nothing is knovimo@t the densities that they
achieve in such habitat. A currently ongoing dred adio tracking study on martens in
the suburbs and urban core of the city of Krakow steed more light on how marten
densities (and socio-spatial organisation) resportevelopment levels higher than the

ones considered here (M. Eskreys-Wojcik, persomanasunication).

In summary, stone martens are best described Esitywban adapters. Although their
pattern of socio-spatial organisation may be infiex(see above), martens seem to be
able to adapt other aspects of their behaviouh sasactivity patterns, den selection
and diet, to the challenges that they face in adnidominated environment. This
flexibility is probably an important contributor the success of martens in urban areas.
Delibes (1983) hypothesised that, in central Eurtipe stone marten was excluded
from forested habitat and pushed into urban argastérspecific competition with the
pine marten. More plausible, however, seems thaethe behavioural flexibility of
stone martens exceeds that of pine martens, antidkihelped them to start exploiting

a previously unexploited niche. The higher densityrbanised areas in central Europe,
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as opposed to the Iberian Peninsula, would hava@ed the move into this type of
habitat and the rapid spread of the requisite heheal adaptations through the stone

marten population.

The stone marten’s ability to restrict its movensewotthe night, especially while
rearing young, sets it apart from the pine martahlaas been hypothesised to be a
reason why the former has been able to adapt semurhbitat (see Broekhuizen and
Muskens 2000; Zalewski 2001). Furthermore, Skionsd 986), Herrmann (2004) and
the present study (Chapter 4) have demonstratedhisadegree of nocturnality can be
further amplified in village and town environmerafipwing the stone marten to better
avoid human activities. It is currently unknownwbat extent such behavioural
adaptations predispose young martens that havengnpvin towns and cities to
preferentially disperse within or between otheramrlareas and settle in this same type
of environment. Future research employing a contlminaf genetic analyses and
telemetry to quantify the degree of mixing betwadvan and surrounding rural

populations would be desirable.

8.4. Conflicts and management

8.4.1. Densities

When considering human-marten conflicts and hodetal with them, it is useful to

first reflect on how current knowledge may inforsiabout potential future
developments of urban marten populations. Humadhbalconflicts often become
aggravated as wildlife population densities inceeasdevelopment that may then be
paralleled by a decrease in tolerance towardsriimads (Conover 2002). The question
thus arises as to what is the potential for furthereases in marten densities in towns
in Luxembourg and elsewhere in Europe. In DudelargkeBettembourg the marten
population was characterised by strict intrasekeraitoriality. There was no suggestion
of group formation and all habitat within the urb@erimeter of the towns was saturated
with marten territories (although some areas mas lieeen temporarily unoccupied
after the death of the occupant). Where no martame tracked, their presence was
confirmed with the help of direct sightings, as el reports of den sites and car
damage (see Fig. 6.2). In the Dutch town of Borghdhe situation was similar

although on a somewhat smaller scale (Muskens anekBuizen 2005). Therefore,
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unless martens considerably reduce their terrgags it seems unlikely that population

densities in these towns would increase much.

Another important consideration in this contexthis reproductive success of females in
an urban environment. Although Herrmann (2004) hiypsised reproduction to be
much higher in urban than in rural or forested sréas has so far not been confirmed
(Chapter 3; Lammertsnet al. 1994). Thus at higher population densities female
martens do not seem to be able to reproduce oyoesg successfully every year. To
summarise, urban population densities of stoneanarare likely to remain relatively

low, owing to the constraints of intersexual temidlity and a low reproductive rate.

8.4.2. Denning-related conflicts

Urban or suburban stone martens quite often clmdert in inhabited buildings
(Chapter 5), which can lead to conflicts rangirgrirnoise disturbance to damaged roof
insulation. The only long-term solution to this pkem is to prevent the animals from
entering the roof space or attic in the first pldoneblocking up any entry holes 6 cm
diameter) that may be found in the roof (see alsdwig 1999). The danger, however,

is that if this is done when a marten is alreadsesidence, the marten may be trapped
inside the den. One-way doors, as are occasionsdlgl in North America to exclude
squirrels from buildings (by letting the animalveahe den but preventing re-entry),

have to date been neither designed nor used fdensar

Due to rapid habituation to potential deterrentshsass strong odours (e.g., mothballs,
toilet blocks), noise (e.g., loud radio) or regulesits to an attic that is used for denning,
these measures may at best have a transient witeout solving the problem
permanently (personal observation; Ludwig 1999)wekler, such short-term effects
may be sufficient for deterring martens from udimg den in the days preceding more
permanent exclusion measures. Several observajgnsd from the current study may

help in guiding such efforts.

Observation 1
Stone martens may visit up to 20 dens over theseooira year with the majority of

denning occurring in uninhabited buildings.
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Recommendation

The often relatively large number of available desisleave the marten with
alternatives in the event that one of them is mad®ailable as a result of exclusion
measures. Since many of these sites, especiabg ttmntaining favoured dens, are
uninhabited (see Chapter 5), the likelihood of etisetransferring the conflict to
another inhabited house is limited. Exclusion ofteras from inhabited houses should

therefore be favoured as a method dealing with idgarelated problems.

Observation 2
Individual den sites are often used intermitteathgl den use may change on a seasonal
basis. Hence, an individual den may be visited legtyuduring one season but never or

rarely during subsequent seasons.

Recommendation

The absence of marten disturbance after a prolopgeadd of conflict does not mean
that the animal has permanently abandoned theRiher than viewing this period as
one where no more action is needed it should heedeas an opportunity to make the
roof permanently inaccessible to martens withoetribk of trapping the animal inside
the den.

Observation 3
While rural martens may leave their den soon afteiset, irrespective of season, this
was found not to be the case in urban areas, vaverage time lags of up to six hours

between sunset and emergence were observed inraanarwinter.

Recommendation

Rural house owners are sometimes advised to wtitbMocking entry holes to a
marten’s den until after sunset to avoid trapphganimal inside the den. This may be
valid in urban areas in summer and late springsumnadvisable in autumn, winter and
early spring. In fact all exclusion measures shdé@greceded by attempts to deter the
animals from using the den site. Exclusion measshes|d generally be avoided
between March and June when young martens mayeasien. Daily rather than
intermittent noise disturbance during this per®a igood indication that a female is

rearing her offspring in the den.
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8.4.3. Car-related conflicts

I have shown in Chapter 6 that stone martens fratyjuassociate with cars in spring
and early summer. While these visits are usualifbmartens may also occasionally
rest for longer periods in cars during their pnoradiactivity period. Nevertheless, based
on damage reports from both of my study towns artiyy fraction of car visits is

likely to result in damage. Assuming that damag®rs from this study and from
Muskens and Broekhuizen’s (2005) study are motess valid representations of the
proportion of cars that get damaged over the confraeyear (between 3 and 6%), a car
that is parked outside would be likely to be dandagaly about once every 16 to 33
years on average. This serves to illustrate theatitk of damage to any one car that is

regularly parked on the road is not very high.

Nevertheless it is worth exploring what optionsr¢ghare to prevent martens from
damaging cars at all. Kugelschaf&tral. (1997) tested a variety of mechanical,
olfactory, auditory and electrical deterrents optee stone martens. They found the
animals to be rather indifferent towards any kihdtoong-smelling or bitter-tasting
substances (including commercially available ardrten sprays). Cables or hoses that
were sheathed with corrugated plastic tubing, h@mnenvere generally safe from marten
attack. Another promising approach was the use(obmmercially available) system
comparable to conventional electric fencing. Eleaé#s that are connected to the car
battery are installed inside the engine compartraadtgive the marten an electric
charge when it touches them, scaring it away. Henedue to health and safety issues,
such systems are illegal in some countries, inaolydiuxembourg. The widely used and
commercially available ultrasound devices thatlsamstalled under the car bonnet

show little effectiveness in deterring martens ¢paal observation; Ludwig 1999).

| have demonstrated in Chapter 6 that stone manmésstionally leave their scent
marks on cars and that marten scent seems to ié@regdorce in promoting marten-car
contact rates. Hence the removal of scent fromstawald lower the attractiveness of a
specific car to a passing marten and thus loweptbbability of damage occurring.
While, theoretically, this may make sense, it slqably hard to implement in reality.
Scent may be left in places inaccessible to huraadsa conventional car wash may not
be effective enough to make scent marks undetectalshartens. After a passage

through a carwash (including washing of the undeersif the car) the scent mark seen
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in Fig 6.1 had indeed been removed (at least dytideom the car that was used for
radio tracking. Nevertheless, the exact same spetaver-marked again during the next
tracking session just three days later. This anet@vidence suggests that a

conventional wash may indeed be unable to totallyave scent marks.

8.4.4. Managing urban marten numbers

Management of human-wildlife conflicts can potelhtiae achieved by removing the
animals that are responsible for causing the dartiage‘the culprits’: Conover 2002).
This can involve either lethal (i.e., hunting, kilhpping or live-trapping with
subsequent euthanasia) or non-lethal (live-trappirtiy subsequent translocation)

control.

Hunting

Hunting can usually only take place outside of harsettlements. However, there is
now strong evidence from the present study (Ch&)tand from a Dutch study
(Muskens and Broekhuizen 2005) that martens (ealpeéemales) encountered in
urbanised habitats are likely to be rarely encaeadtén surrounding rural areas.
Consequently, any hunting aimed at reducing mantenan conflicts in nearby towns
would miss the subset of the population containivegculprits and so would probably
achieve little. Considering the strict territorigldisplayed by urban martens, it seems
unlikely that a year-round hunting ban, as hasnmgdeen implemented in
Luxembourg, would cause a buildup of marten desssiti urban areas due to dispersers
from surrounding rural areas. Furthermore, sinoaestnartens occur at low densities in
rural and forested areas (see Chapter 3 for refes@ra year-round hunting ban is

justified.

Removal trapping

A more direct way of targeting the martens thataateally responsible for causing
conflict would be to directly remove them at thie ©if conflict. These measures are
usually employed in a ‘corrective’ way, which mednat they are used only after
damage has already been recorded (Conover 200R)rdfiping, which was employed
by Nicht (1969) to produce his urban marten derestymates, has nowadays been

banned from many countries, leaving live-trappiadgte only alternative. Regardless of
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how a trapped animal is disposed off (by euthanarsieanslocation), the ultimate
question is whether this would actually solve thigal problem.

Removal trapping is often viewed as the easiestofty affected house or car owners
(personal observation), the rationale being thatntinsance animal will be quickly
trapped and translocated to non-urban habitatGbepter 7) thereby solving the
problem. In reality, however, live trapping of adulartens is a notoriously slow
process, as Chapter 2 and previous studies haverdgrated (e.g., Herrmann 2004;
Lachat Feller 1993b; Muskens and Broekhuizen 288&%nisson 1986). Also, there are
usually at least a male and a female in an arearapding both often proves to be
impossible, as has been experienced by virtudliguahors of the above studies.
Furthermore, even if a territory is vacated, the fhat most urbanised habitat is
saturated with martens means that a vacated omgritill sooner or later be reoccupied
(Herrmann 2004; Skirnisson 1986). The new resideptobably able to locate den sites
used by previous occupants due to the scent lafhdenside the den and on house
walls or trees that were used to access the dercd;lafter removal of a marten, the

blocking of entrances to the den would still beassary to prevent future problems.

The translocation of a marten after it has begupted may also raise a number of
concerns, which have been dealt with in Chapteeé also Appendix 2). They mostly
relate to animal welfare issues associated witlstlessful process of trapping,
transportation to and release in a habitat withctwlthe marten may have no or little
previous experience. Although more data on thedebhaand fate of translocated
martens would be desirable, the existing evidenggests that they may not be able to
rapidly find a territory, may return to urbanisedas and may suffer from decreased
survival. Another problem with removal trappingtstiming. Since trapping attempts
carried out by inexperienced members of the pudicdifficult to control or may be
allowed all year-round (e.g., in Luxembourg), thisra risk that females with
dependent young are removed. In late May and darg juveniles that still rely on
their mother may be caught outside the den andleated (personal observation).

Both scenarios will result in the certain deathhaf young martens.
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8.5. Conclusion

Urban stone martens show a number of charactexigtat are typical of urban adapters.
As such, they would be expected to reach theirdsgtensities at intermediate levels
of urbanisation not unlike the conditions in whtbley have been studied here. The
martens in my study did not colonise the relevantis recently: rather, they have had
time to adapt to the conditions and establish stpbpulations. Nevertheless, they show
no signs of group formation or overlapping homeges which would be necessary for
them to reach densities similar to those reporedther urban adapter species. It may

thus be reasonable to assume that future poputatdhremain at the present densities.

In towns with stable populations, the severitylef various marten-human conflicts,
namely denning in attics and damaging of carsatsmbe expected to remain
relatively constant. Managing these conflicts peoteebe complicated. | have shown in
this study that urban martens are not just a feliwidual animals that occasionally or
temporarily exploit such habitat. Rather, they ¢ibue a permanent subset of the entire
marten population and display a number of behagicastaptations to urban areas.
Hence, although removal trapping of individual reag is often viewed as an easy
option, it is in reality unlikely to provide a lortgrm solution. In cars, the sheathing of
vulnerable cables and hoses with corrugated plagtiog may be a relatively cost-
effective and lasting method of avoiding furthemaae. Denning conflicts should
always be addressed by trying to make buildinggengproof. Due to a number of
welfare concerns, removal trapping should onlyfygiad as a last resort after other
action has proved to be unsuccessful. Furthernadoan on removal trapping for
purposes of conflict management during the litearing season (15 February-15 July)

should be considered in Luxembourg.

8.5.1. Future studies
There are still some questions concerning martenshan areas that remain

unanswered and that could usefully act as a famaufufure study:

) Urban adaptationImprinting to a specific habitat at a young ageym
predispose juveniles to remain within a given redlot disperse to similar

habitat. By focusing radio tracking on juvenilesiay be possible to get a better
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idea of where young urban martens disperse toiaathfsettle. However, due
to the welfare issues highlighted in Chapter & thight only be possible if
expandable collars can be developed for use ongymartens. However, non-
invasive genetic typing techniques, as have bephealto other carnivores
(e.g., Frantz 2004) may constitute an alternatieams of gaining information
about the social structure of martens within toassvell as the extent of

genetic mixing between urban and adjacent non-unfemens.

Socio-spatial organisation in urban corestone martens are known to exist in
urban cores containing little to no green spacevéi@r, nothing is known
about marten home range size, home range overldgnsities in areas with a
high level of urban development. If martens are ablswitch to an increasingly
anthropogenic diet they may be able to reach hegtsities in urban cores.
Otherwise, they may occur at lower densities iraarbores than in my study

sites, as would be expected of a typical urbantedap

Car damagelt seems clear that territorial behaviour anchsoearking are, at
least indirectly, involved in marten-related candge. Whether strange scent
triggers aggressive biting, as has been suggegteddwig (1996), remains
unclear. Behavioural field bioassays have been sgeckessfully to study
responses of free ranging mammals to various tgpesnspecific scent (e.qg.,
beavers: reviewed in Herr 2005). In principle, $samexperiments could be
employed to study martens’ responses to objedseenith or without strange
marten scent. However, in practice the difficulfypcedicting where martens
would be most likely to encounter the experimeimsiallations would be an
important limiting factor. Consequently, such ‘seplayback’ experiments
might only be realistic for captive martens.
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Appendix 1:

List of behaviours seen in the accompanying viduence, illustrating some of the
car patrolling behaviours described in section.8ll sequences show the female
marten F11 displaying typical behaviour for thatdiof the year (April). All sequences
from 00:01:04 onwards were filmed within two hoofsach other.

Time Behaviour

00:00:29 sniffs underside of car

00:00:38 ‘handstand’ - possible scent marking behav
00:00:41 sniffs underside of car

00:00:59 scent marks rear axle; compare to Fig. 6.1

00:01:13 scent marking / urinating / defeacatindeurcar

00:01:41 sniffs underside of car, then climbs dmat axle

00:01:46 climbs down from front axle and briefly9@c) remains still with tail
over axle - possibly scent marking

00:02:34 scent marks road
00:02:54 climbs briefly into car

Video download:

http://www.mnhn.lu/recherche/proj_anthro_fouine.asp
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Appendix 2:

Herr, J., Schley, L. and Roper, T.J. (in pressg ledtranslocated wild-caught and

captive-reared stone martemdaftes foind. European Journal of Wildlife Research
DOI 10.1007/s10344-007-0158-3



