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Uvod

Clovékem iniciovana pfeména volné krajiny na urbanni prostiedi, tzv. urbanizace, je jeden z
nejvyznamnéj$ich krajinotvornych ¢initeld soucasnosti (Pickett 2001, Piorr et al. 2011).
Gradace rychlosti rozvoje tohoto trendu je patrna z populacnich predikci, které ukazuji, ze
jiz v roce 2009 prekrocil pomér svétové populace zijici ve méstech hranici 50 % a prekonani
hranice 60 % se oéekava v roce 2030 (WUP 2009). V Ceské republice dosahuje soucasna
mira urbanizace 73,5 % a do roku 2040 se ocekava narast k 80 % (WUP 2009). Tato
preména krajiny na obytna, komercni a pramyslové vyuzivana Gzemi vyznamné ovliviiuje
strukturu a funkci ekosystému (Niemeld 1999) a vede bezpodminecné k fragmentaci,

degradaci a ztraté¢ pivodnich habitatti nejen na regionalni, ale i globalni urovni (Vitousek et

al. 1997, Pickett et al. 2001, Crooks 2002).

V soucasnosti se proto do popiedi dostdva obor méstské ekologie, ktery zabyva se
distribuci, pocetnosti a vzajemnymi vztahy druhti méstskych oblasti a biogeochemickou
rovnovahou méstskych ekosystémt (Pickett et al. 2001). M¢estsky ekosystém se
vyznacuje predevsim vysokou populacni hustotou obyvatel ¢i vysokym podilem zemského
povrchu zakrytého infrastrukturou a zastavbou (Mclntyre 2000, Pickett et al. 2001, Shochat
et al. 2006). Pojem méstskd oblast zahrnuje nejen méstské jadro, ale 1 pifiméstské oblasti,
periferie, vesnice propojené dopravnimi koridory a okolni vesnické oblasti pfimo ovlivnéné
energetikou a produkci mésta (Pickett et al. 2001). Z divodu funkéniho propojeni dokaze
teprve komplexni pojeti popsat plny rozsah, dopady a limity urbaniza¢nich zmén. Vliv
urbanizace na ekosystém za hranicemi zastavéného Uizemi mésta je navic znacné posilen
expanzi ptiméstskych obytnych zon do pfilehlych zemé&dé€lskych oblasti (Makse et al. 1995,
Gordon & Richardson 1997). Puvodni kompaktni jednotky mést se vlivem tohoto
expanzivniho fenoménu tzv. ,urban sprawl®, méni v rozlehla uskupeni fraktalniho
charakteru, diky ¢emuZz vétsi mérou funkéné hranici s ekosystémy okolni krajiny (Kasanko
et al. 2006) a ovliviiuje je vSemi aspekty urbannimu prostiedi, mezi néz patii predev§im
pozménéné svételné, povrchové, hlukové, hydrologické a klimatické podminky (Collins et

al. 2000, Kasanko et al. 2006).

Urbanizace jako jedna z hlavnich pfi¢in fragmentace a néasledné ztraty ptivodniho

habitatu



vede k poklesu biodiverzity jak na lokalni, tak globalni tirovni (Vitousek et al. 1997,
Crooks 2002, McKinney 2002, Riley et al. 2003, Faaborg et al. 2003, Angold et al. 2006,
Czech 2005). Zbytkové piirozené a polopfirozené habitaty v méstské oblasti jsou obvykle
urcitou mérou degradovany vlivem znecisténi, dopravy a dalSich lidskych aktivit (McKinney

2008).

Smérem k centru mésta klesa plocha dochovanych ptivodnich habitatii a naopak roste
mira fragmentace habitatu (Medley et al. 1995, Blair 1999, McKinney 2002) a lidské
aktivity (Niemeld 1999, McKinney 2002), diky ¢emuz po gradientu urbanizace klesa
vyuzitelnost urbanniho prostiedi pro jednotlivé druhy bioty (McKinney 2002). Smérem
K centru mésta proto obvykle dochazi k poklesu diverzity jednotlivych taxonomickych

skupin (Blair 1996, Blair 1999, Germaine & Wakeling 2001, McKinney 2002).

Rychly rozvoj urbanizace a velky prostorovy zabér urbanniho prostiedi vSak
Vv soucasné dob¢ nuti biotu k adaptaci na urbanni podminky a osidleni mésta (Luniak 2004).
Ackoliv urbanizace ni¢i ptivodni habitaty, vytvari ve stejny okamzik skalu novych volnych
ekologickych nik (Luniak 2004), ¢imz se méstska oblast stdvd v porovnani s ptilehlymi
intenzivné zemédélsky vyuzivanymi plochami prostfedim s pomérné Sirokou nabidkou
habitati (Rebele 1994, Cadenasso et al. 2007, Pautasso 2007), které jsou piihodné pro
rozliéné skupiny bioty (Carrier and Beebee 2003, McFrederick and LeBuhnn 2006, Meller
2009, Bateman and Fleming 2012, Mpller et al. 2012). Schopnost druhu vyuzit urbanni
prostiedi zavisi na zZivotni strategii, citlivosti k disturbancim a mezidruhovych interakcich
jednotlivych taxonti (Dickman & Doncaster 1987, Dickman & Doncaster 1989), kdy
nezbytnym ptedpokladem pro Usp&Snou kolonizaci méstského prostredi, je ekologicka,
demograficka a behavioralni plasticita druhu a obzvlasté Siroka tolerance v ramci potravniho
a habitatového spektra (Luniak 2004). Uspé$na adaptace zvifat na specifika méstského
prostfedi, tzv. synurbanizace (Andrezejewski et al. 1978, Luniak 2004), je z taxonu
obratlovcll nejcastéji popsana pro ptaci a sav¢i skupiny (Fleischer et al. 2003, Meller 2008,
Herr et al. 2009), ale je znama 1 pro obojzivelniky (Parris 2006) a plazy (Germaine &
Wakeling 2001). Proces urbanni adaptace casto vede k mnohym zméndm ekologickych,
behavioralnich a morfologickych parametr u urbannich populaci v porovnani s populacemi

stejného druhu ve volné krajin¢ (Luniak 2004).

Posun aktivity méstskych populaci v priibéhu dne smérem k soumracné az no¢ni lze
chépat jako snahu vyhnout se zvySené lidské aktivité (Ditchkoff et al. 2006). Umélé svétlo
2
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ovliviiuje orientaci ZzivocCichii zpisobem jak matoucim (Ogden 1996, Hill 1990), tak
odpudivym (Beier 1995) ¢i jako atraktant (Wiese et al. 2001). Omezené vnimani faze mésice
muZze znemoznit zivoCichim fidit se pfirozenym lunarnim cyklem (Gehrt 2010). Kumulace

kofisti kolem svételného zdroje ma pak vliv na preda¢ni vztahy (Svensson & Rydell 1998).

ZvySena hladina hluku mize vést u méstskych populaci ptactva ke zméné hlasové
frekvence (Slabbekoorn & Peet 2003) ¢i k omezeni vokalni komunikace (Estes & Mannan

2003).

Obzvlasté v zimnim obdobi tvofi pro nékteré urbanni ptaci a sav¢i druhy vyznamnou
slozku potravy antropogenni zdroje, coz spolu s nezamrzlymi zdroji vody a pfiznivym
mikroklimatem podporuje omezené migracni chovani (Able & Belthoff 1998, Luniak 2004).
Jedinci urbannich populaci mivaji snizenou ut€kovou vzdalenost vici ¢loveku, ¢i dokonce

¢lovéka aktivné vyhledavaji za Gicelem zisku potravy (Luniak 2004).

Absence migrace, bohaté potravni zdroje a mirné klima ovlivituji pozitivné délku
zivota. Niz8i vyskyt pfirozenych predatortt v méstském prostiedi (Etter et al. 2002) vSak
byva kompenzovan vlivem domestikovanych predatorti a celkovy urbanni predacni tlak tak
muze byt vyssi nez v okolni krajiné (Lepczyk et al., 2003, Baker et al. 2008, Koenig et al.
2002). Mezi nejcastéjsi pti¢iny mortality v mestskych oblastech patii srazky s motorovymi
vozidly (Forman & Alexander 1998, Etter et al. 2002), draty vysokého napéti ¢i prosklenymi
panely (Luniak 2004). Mortalita vzrastd i diky vySSimu vyskytu endo- i ektoparaziti ve
meéstech (Bradley & Altizer 2006) a cetnym epidemiim ¢lovékem pozménénych patogenti

(Estes & Mannan 2003).

Diisledkem rozvoje adaptaci pro urbanni kolonizaci je rychlda mikroevoluce
mestskych populaci ve smyslu specifické formy selekce na zakladé typu disturbanci
v méstském prostiedi (Stockwell et al. 2003) a genetické izolace (Slabbekoorn & Peet 2003).

Otazka genetické identity méstskych populaci vSak neni stale dostate¢né objasnéna.

V porovnani s ostatnimi taxony jsou Selmy obecné povazovany za taxon obtizné
reagujici na zménéné vn&j$i podminky, a to diky svym vysokym prostorovym narokiim,
potravni specializaci, reproduk¢ni strategii a pronasledovani ¢lovékem (Woodroffe 2000,
Gittleman et al. 2001, Matthiae & Stearns 1981). Piesto nékteré dostate¢né flexibilni druhy
mesocarnivort jsou schopné se adaptovat na urbanni prostfedi a vyuzit jeho specifik ve svijj

prospéch (McKinney 2002, Fuller et al. 2010, Bateman and Fleming 2012). Mezi témito
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druhy pfevazuji malé nebo stiedné velké Selmy, které jsou potravnimi generalisty (Sorace &
Gustin 2009, lossa et al. 2010), tolerantni k fragmentaci habitatu i lidskym aktivitam
(Crooks 2002, Bateman and Fleming 2012) a schopné lovit samostatné mimo smecku (Iossa
et al. 2010). Pro taxon Selem piedstavuje nejpodstatnéjsi vyhodu meéstského prostredi
kontinudlni nabidka potravy, a to pfevazné z antropogennich zdroji (tj. odpadky, uroda,
zamérné krmeni), ale i v podobé pocetnych méstskych populaci synantropnich hlodavet
(Doncaster et al. 1990, Saunders et al. 1993, Contesse et al. 2004, Kaneko et al. 2006). Spolu
S priznivymi mikroklimatickymi a hydrologickymi podminkami, nabidkou vhodnych tkryta
(Prange et al 2003, Kaneko et al. 2006, O'Donnell and DeNicola 2006) a snizenym
pronasledovanim ¢lovékem tvofi podnéty pro prizptisobeni ekologickych charakteristik
meéstskych populaci, jako je velikost domovského okrsku, populaéni hustota ¢i rozlozeni

denni aktivity (Bateman and Flemming 2012, Davison et al. 2009).

Osidlovani méstského prostiedi tak specifickym taxonem, jako jsou Selmy, s Sebou
nese rozporuplné otdzky v tématice dalSiho vyvoje procesu kolonizace, ochrany,
managementu ¢i omezeni urbannich populaci Selem a pro jejichZ roziesSeni je nutno dal§iho
zkoumani. Pfilozena studie je komplexnim zhodnocenim trendd ve vybranych populacnich

parametrech méstskych Selem.
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Abstract

With rapid development and spread of urbanized land, there is an increasing interest in
studying species responses to urban conditions. Carnivores are commonly considered to be
sensitive to urbanization; however, there is massive evidence that several mesocarnivores
successfully inhabited urban conditions, and human-modified habitats have been recently
recognized as an important refuge for several species. Despite increasing number of studies
about urban carnivore ecology, no comprehensive cross-species comparisons have been
made to assess the effects of urbanization on carnivore spatial ecology and population
density. Such a review could provide interesting insight into how some carnivore species
respond to urban conditions. In this paper, we examine changes of population density and
home range size of eight mesocarnivore species within natural-urban gradient by reviewing
412 articles across their distribution range. In general, we demonstrated that home range size
of the carnivore species decreased (significantly in 6 species out of 8 species examined) and
population density increased (significantly in 3 species out of 6 species examined) along the
natural-urban environmental gradient. This density dependent pattern of variation in home
range size was consistent across all species studied. In addition, we reviewed main ideas
attempting to explain the observed spatial pattern in carnivore distribution. Our results
emphasize the remarkable ability of some carnivores to adapt to novel environment through
their behavioural flexibility and life-history modifications. We also outlined further possible
research routes that could be useful when addressing this recent phenomenon, namely
comparative approaches and detailed studies of biotic and abiotic conditions along natural-

urban gradient.
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Introduction

The anthropogenic conversion of natural/semi-natural habitats into urbanized land (human-
made environments) is a major cause of land-use changes worldwide (Pickett 2001, Piorr et
al. 2011) and seriously affects ecosystem structure and function (Niemeld 1999). Expansion
of urban habitats to rural landscape is expected to grow during the 21% century, with
prediction of increase from current 49 % to 70% of world's human population inhabiting the
urban environment by 2050 (United Nations 2004, UN-Habitat 2006, Thomas 2008). The
urbanization has critical implications for biodiversity conservation, causing substantial loss,
modification and fragmentation of natural habitats, which was identified as a major threat to
local and global biodiversity (Vitousek et al. 1997, Crooks 2002, McKinney 2002, Riley et
al. 2002, Faaborg et al. 2003, Angold et al. 2006, Czech 2005).

Habitat structure and resource availability for wildlife species change substantially
across the urban-natural gradient (McDonnell & Pickett 1990, Blair 1996, McDonnell et al.
1997). When going from the natural or rural areas across suburbia with low-density housing
to densely inhabited city centres, the gradient comprises high variation of abiotic factors,
such as specific light, noise, hydrologic and climatic conditions (Collins et al. 2000, Kasanko
et al. 2006), human intervention/activity/disturbances (Niemeld 1999, McKinney 2002)
and/or intensity of habitat loss and fragmentation of natural habitats (Blair 1999, Medley et
al. 1995, McKinney 2002). Moreover, the residual natural/seminatural habitats suffer from
degradation because of pollution, traffic and other human activities (McKinney 2008), which
affect species diversity, structure and ecology. Unlike intensively used agricultural
ecosystems, the urban areas could offer higher array of ecological niches, abundant human-
related food resources and/or high diversity of natural or novel anthropogenic habitats
(Rebele 1994, Cadenasso et al. 2007, Pautasso 2007). Hence, as urbanization rapidly
spreads, there is increasing evidence of multiple animal adaptations to specific urban
conditions (Andrezejewski et al. 1978, Luniak 2004). As a result, the urban environment has
been recently recognized as an important habitat for variety of wildlife taxa (Carrier &
Beebee 2003, McFrederick & LeBuhnn 2006, Mgller 2009, Bateman & Fleming 2012,
Moller et al. 2012).

Carnivores represent top mammalian predators commonly considered as sensitive to
habitat loss and fragmentation because of their large spatial requirements, low reproduction
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rate, diet specialization, or human persecution (Woodroffe 2000, Gittleman et al. 2001).
These ecological characteristics makes them particularly vulnerable to human activities
associated with urbanization causing their population declines or even local extinctions
(Noss et al. 1996, Woodroffe & Ginsberg 1998, Crooks 2002, Crooks et al. 2011).
Carnivores’ response to urbanization could, however, significantly vary in the ability to live
in human-modified habitats, depending on species-specific ecological or behavioural
plasticity and life history (McKinney 2002, Fuller et al. 2010, Bateman & Fleming 2012).
Successful colonization of urban environments has been recorded especially for
mesocarnivores which exhibit high habitat and dietary flexibility and tolerance to human
activity (Crooks 2002, Bateman & Fleming 2012) and these features seem to be crucial for
carnivores to inhabit urban environments (sensu McKinney 2002, Fuller et al. 2010, lossa et
al. 2010).

Habitat composition and structure change importantly along the urban-natural
gradient, thus affecting several ecological and demographical characteristics of carnivores at
both intraspecific and interspecific level. For example, carnivores are able to exploit
increased availability of food and shelter in urban areas by reducing their territoriality, which
could reflect in higher population density and smaller home range sizes (lossa et al. 2010,
Bateman & Fleming 2012). Despite increasing numbers of studies focusing on various parts
of urban carnivore ecology (lossa et al. 2010, Bateman & Fleming 2012), no comprehensive
cross-species comparison has been made to assess the effect of urbanization on carnivore
spatial ecology. To fill this gap in knowledge, we reviewed literature data on home range
size and population density of eight mesocarnivore species to explore the major patterns of
variations in these parameters along the urban-natural gradient. Focussing on carnivores
from Europe, North America and Australia, we show that their responses are uniform, which
may have important implications for understanding of changes in carnivore ecology in all

continents.
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Material and Methods

Literature search

To compare changes in selected ecological parameters within urban-natural gradient we
selected eight carnivore species which inhabit urban or suburban areas within their
distribution range. In particular, we compiled data on home range size and population
density patterns of red fox Vulpes vulpes, gray fox Urocyon cinereoargenteus, coyote Canis
latrans, bobcat Lynx rufus, raccoon Procyon lotor, stripped skunk Mephitis mephitis,
Eurasian badger Meles meles and stone marten Martes foina (see Appendix 1). The primary
search for references was carried out on Web of Science™ and Google Scholar™ using the
following keywords: urban, suburban, city, rural, natural, home range, population density,
(meso)carnivore, and names of carnivore species. We also used reference lists in
publications already retrieved as an important information source for seeking out papers
published earlier. In total, we collected 412 articles reporting data on home range size,
population density and habitat type. We obtained 421 raw data on at least two of these
variables for eight carnivores. Among these, there was a subset of 55 data rows with
complete information on all 3 variables and 71 data rows with information on both home

range size and population density (Table 1).
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Table 1: The numbers of studies used for analysis of home range size and population density
in eight carnivore species with respect to their habitats.

Both home range

Species Home-range studies  Density studies and density studies
Red fox 85 39 7

Gray fox 18 7 8

Coyote 46 18 3

Bobcat 70 17 15

Raccoon 38 30 10

Stripped skunk 11 9 1

Eurasian badger 29 52 23

Stone marten 11 7 3

Urbanization gradient

To compare carnivore responses to urbanization we used three broad definitions of
environmental habitat groups: urban, suburban and natural (see also McDonnell et al. 1997).
Definition of selected habitats in the ecological literature and individual studies about
carnivores significantly vary in each study and usually reflect national and cultural
differences or even authors’ subjective opinion in perceiving of each above-mentioned
category (Mclntyre et al. 2000). Moreover, we used these broad categories to stress the fact
that many studies lack consistent terminology or do not contain any data on habitat
composition (natural or artificial land-use) and human population density of the study areas

(see also Chamberlain et al. 2008).

In general, human population density, traffic volume and percentage of built-up land
increase whereas the proportions of natural habitats decrease in urban-natural gradient
(Medley et al. 1995, McKinney 2002). Urban habitats consist mainly of land covered by
buildings or impervious surfaces and contain the highest human population density.

Suburban habitats are human-dominated areas on the periphery of urban areas forming
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transitional zone between urban and natural environment, which are characterized by low or
moderate-density development and human population density. Finally natural (rural) habitats
are sparsely inhabited by humans and are mainly dominated by rural areas surrounded by an
agricultural matrix. Urban and suburban environment, however, may considerably differ in
land use and structure (e.g. proportion of green space, residential/industrial/commercial
areas) from study to study. Similarly there are differences between non-urban
habitats/landscapes due to geographical and regional variations in agricultural intensity and
land-use composition. The category “natural habitats” used in our comparison thus contain
broad spectrum of agricultural or forest dominated landscapes, which are, however,

perceived as closest to carnivores” original habitat.

Analysis of data

We analysed habitat-related variation in home range sizes by fitting ANOVA model using
the categorical variable habitat with three levels as explained above: natural, suburban and
urban. We used a function aov implemented in statistical program R (R Core Team 2012).
Home range size was log-transformed prior to analysis to remove heterogeneity in data. The
Fligner—Killeen (median) test of homogeneity of variances did not reject the null that the
variances in each of the levels are same for any of the species. The same analytical approach
was applied when testing habitat-related variation in population densities. However, lack of
population density data over more habitat types prevented us from performing the analysis in
the grey fox and bobcat. Because the relationship between home range size and population
density was obviously nonlinear, we decided to choose the simplest approach based upon a
log-log linear regression model which is the linearized form of a power function. This
approach was justified by the analysis of residuals. We did not obtain enough data for fitting
the model in the coyote, stripped skunk and stone marten. Finally, we lumped together data
from all carnivores to estimate the common regression line. Because the structure of data
violated the assumption of data independence (data from the same species tend to be
correlated), we fitted generalized linear mixed model as implemented in function Imer in R
(Bates et al. 2012). Identity of species was used as the random effect on both intercept and
slope to cope with non-independence of data within a species. We neglected the remaining
non-independence of data stemming from phylogenetic relationships assuming that it is
effectively small to be important. Both population density and home range size were log-

transformed prior to analysis.
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Results

Home range size in all investigated carnivores decreased along the natural-urban gradient
(Figure 1). This decrease associated with habitat change was significant in 6 species (red
fox: Fpg, = 24.18, p < 0.001; coyote: Fy29 = 5.38, p = 0.010; bobcat: F,49 = 6.72, p = 0.003;
raccoon: F, 35 = 4.83, p = 0.014; stripped skunk: F1g = 7.92, p = 0.023; Eurasian badger: F; 5
= 6.96, p = 0.014) whereas responses of grey fox and stone marten was not so pronounced
(grey fox: Fi16 = 0.039, p = 0.84; stone marten: F;9 = 1.99, p = 0.19). On the contrary,
population densities increased with the degree of urbanization in 3 of the 6 species examined
(Figure 2) for which we had enough data for analysis (red fox: F,3; = 13.11, p < 0.001,
coyote: Fp13 = 4.40, p = 0.035; raccoon: F,,3 = 12.01, p < 0.001). In badger and stone
marten, the pattern was consistent with other species, but not significant (Eurasian badger:
F1s0 = 0.51, p = 0.48; stone marten: F; 5 = 3.22, p = 0.13). The opposite pattern observed in
the skunk was not supported by statistical analysis (stripped skunk: F; g = 0.005, p = 0.95).
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Figure 1. Mean home range sizes (km?) of red fox (a), grey fox (b), coyote (c), bobcat (d),
raccoon (e), stripped skunk (f), Eurasian badger (g), and stone marten (h) with respect to
natural (n), suburban (s) and urban (u) habitats. The precision of estimates is indicated by 1

standard error.
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Figure 2. Mean population densities (ind.km™) of red fox (a), coyote (b), , stripped skunk
(c), raccoon (d), Eurasian badger (e), and stone marten (f) with respect to natural (n),
suburban (s) and urban (u) habitats. The precision of estimates is indicated by 1 standard

error.

For 5 out of 8 carnivores, we assembled enough literature data to allow us to directly
examine the effect of population density on home range size (Figure 3). In all of them, we
observed the consistent negative pattern for population density—home range size relationship
with statistical evidence for 4 of them (red fox: slope = —0.496, 95% CI —0.966 to —0.025;
bobcat: slope = —0.823, 95% CI —1.134 to —0.511; raccoon: slope = -0.923, 95% CI -1.323
to —0.524; Eurasian badger: slope = -0.593, 95% CI —0.749 to —0.436). Regression slope in
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the grey fox did not differ from zero (slope = —0.409, 95% CI —-1.387 to 0.568). When the
data points from all carnivores were put together, a significant regression line was obtained
(Figure 4) with a common slope of —0.642 (SE 0.0750, t = 8.56).
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Figure 3. Relationships between home range size (km?) and population density (ind.km™) as
modelled in red fox (a), grey fox (b), bobcat (c), raccoon (d), and Eurasian badger (e) by
fitting log-log linear regression model. Data are plotted on log scales. Different symbols

indicate different habitat types.
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Discussion

Although we used data on home range size and population density from several carnivore
species from a wide geographical range and broad environmental groups (urban, suburban,
natural landscapes), the results of our analysis showed strong and consistent patterns across
all species. In particular, we demonstrated that population density of the same carnivore
species increased and home range size decreased along the natural-urban environmental
gradient. Thus, although urbanization is one of the major causes of habitat loss and
fragmentation for several animal species (Vitousek et al. 1997, Crook 2002, McKinney
2002, Riley et al. 2002, Faaborg et al. 2003, Angold et al. 2006) and previous studies
considering large carnivores showed them to be particularly vulnerable to these aspects
(Noss et al. 1996, Gittleman et al. 2001, Crooks 2002), our results indicates that several
mesocarnivore species can successfully adapt to urban conditions through their behavioural
flexibility and life-history modifications (see also Ditchkoff et al. 2006, lossa et al. 2010,
Bateman & Fleming 2012).

In accordance with previous studies (lossa et al. 2010, Bateman & Fleming 2012),
the results of our study showed increased population density (significantly in 3 species out of
6 species examined) of carnivores inhabiting urban environment. However, our conclusions
are based on stronger evidence because of more comprehensive dataset. Bateman & Fleming
(2012) pointed out that coyotes, red foxes, stripped skunks, stone martens, Eurasian badgers
and raccoons reach higher densities in urban compared to rural landscapes. In particular,
carnivores inhabiting urban habitats may attain extremely high population densities as
documented for several species, such as the red fox (37 individuals/km?, Baker et al. 2001),
raccoon (333 individuals/lkm?, Smith & Engeman 2002), Eurasian badger (33 adults/km?,
Huck et al. 2008) or stripped skunk (36 individuals/km?, Rosatte et al. 2010). These densities
exceed several times those observed in natural or semi-natural habitats. Similarly, despite
considerable variation of home range size across studies, our comparison showed a general
pattern of smaller home ranges in urban dwelling carnivore species (significantly in 6 out of
8 species examined). In contrast with our results, lossa et al. (2010) showed species-specific
differences in home-range size: some carnivores have smaller, similar or even larger home
range in urban areas compared to natural habitats. However, other single-species reviews

documented smaller home ranges in urban habitats for carnivores, namely for red fox (e.g.
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Trewhella et al. 1988, Adkins & Stott 1998), Eurasian badger (Kowalczyk et al. 2006),
bobcat (Riley et al. 2010) or raccoon (Hadidian et al. 2010). Although estimates of home
range size and population density can be affected by various factors specific to the study
area, including duration of study, model and method used, demographic structure of the
population studied, resource distribution or proportion of suitable habitats at different scales
(Cervinka et al. 2013), there are some general features common to urban environment that
have similar effect on carnivore populations. Last but not least, the similar patterns of home
range and population density changes in urban environment have been previously reported
for birds (Rutz 2006, Meller et al. 2012).

Our results also demonstrate a negative relationship between population density and
home range size in urban carnivores, confirming a pattern previously reported for red fox
(Trewhella et al. 1988), island fox (Sanchez 2012), Eurasian badger (Kauhala & Holmala
2011) and brown bear (Dahle et al. 2006). High population densities of urban
mesocarnivores in connection with increased inter- and intraspecific competition or
predation in overlapping home ranges may affect many behavioural and ecological
characteristics, such as social organization (Baker et al. 2000, Gloor 2002, Herr et al. 2009),
territorial behaviour (Davison et al. 2008), behavioural interactions (Krauze-Gryz et al.
2012, Harrison et al. 2011, Berger & Gese 2007), foraging strategies (diet partitioning)
(Krauze-Gryz et al. 2012), or daily activity patterns (Harrison 1997, Quinn 1997, Saunders et
al 1997, Tigas et al. 2002, Riley et al. 2003). Moreover, studies in urban carnivores show
that habitat utilization within home ranges is largely associated with limited amount of
natural vegetation within urban matrix. This may further enhance competition and finally
lead to competitive exclusions (see Lavin et al. 2003, Prange & Gehrt 2004) or segregated
spatial distribution/utilization (Connor & Simberloff 1975, Gosselink et al. 2003). For
instance, Crooks & Soulé (1999) found negative relationship between visitation rate of
coyote and other mesocarnivore species in urban habitat fragments (see also Gosselink et al.
2003). Coyotes have been identified as important source of mortality and changes in spatial
distribution in smaller subordinate mesocarnivore species (Farias et al. 2005, Cypher &
Spencer 1998). On the other hand, other studies indicate a high degree of co-occurrence of
smaller mesocarnivore species with the dominant member of carnivore guild, e.g. coyote

interactions with striped skunks and raccoons (Gehrt & Prange 2007, Prange & Gehrt 2007,
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Crooks et al. 2010) indicating that this subject in urban ecosystems surely deserves further
detailed research.

In general, resource availability, lack of natural enemies and the physical
environmental conditions are most likely to be three crucial aspects influencing a species’
ability to occupy urban environment (Shea & Chesson 2002). Urban carnivores may thrive
from a variety of specific characteristics of urban and suburban environment, such as human-
related food resources (Doncaster et al. 1990, Contesse et al. 2004, Prange et al. 2004, Herr
et al. 2010), non-seasonal water sources (Kaye et al. 2006), convenient microclimatic
conditions all year round (Berry 2008), artificial structures as supplemental denning sites and
shelters (Hadidian et al. 1991, Prange et al. 2003, Kaneko et al. 2006, Herr et al. 2009), or
high habitat heterogeneity (Lucherini & Lovari 1996, Niemala 1999, Pautasso 2007,
Cadenasso et al. 2007 ). Furthermore, urban mesocarnivores may benefit from reduced
competition and predation from larger carnivores (Crooks & Soulé 1999, Gehrt 2007,
Gosselink et al. 2007) as well as absence (or reduced) of human persecution (Gompper 2002,
Gehrt 2007).

High availability of anthropogenic and synanthropic food resources has often been
identified as crucial factor in explaining the intraspecific variation of home range size and
population densities between urban and natural dwelling populations (Smith & Engeman
2002, Prange et al. 2004, Bozek et al. 2007). Spatial dispersion and diversity of
anthropogenic food resources result in carnivore accumulation around these concentrated
food resources (Prange et al. 2004, Rodewald & Shustack 2008, Wehtje & Gompper 2011)
which lead to increased population density (Fedriani et al. 2001). High availability of
anthropogenic food resources is also generally considered as important determinant of co-
occurrence, home range size and spatial overlap with neighbours through reduced territorial
behaviour and aggression on interspecific or intraspecific level (Cresswell & Harris 1988,
Mirmovitch 1995, Fedriani et al. 2001, Smith & Engeman 2002, Adams et al. 2006, Davison
et al. 2008). Temporal and spatial food distribution in urban environment is strongly
influenced by human activity, resulting in high and predictable resource availability, as
exemplified by food waste (Lewis et al. 1993, Contesse et al. 2004), crops (Contesse et al.
2004) and the food provided through deliberate feeding (Roper 2010). Although urban
mesopredators are known to exploit anthropogenic food efficiently, its proportion in the

carnivores” diet may significantly differ at the level of species and population. For example,
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the percentage of anthropogenic food resources can account for up to 60% in urban red fox
diet (Doncaster et al. 1990, Saunders et al. 1993), 18% in striped skunk diet (Hamilton
1936), 17% in stone marten (Eskreys-Wojcik & Wierzbowska 2007), 2-35% in coyote
(Gehrt 2007) and 14-43% in raccoon (lossa et al. 2010). Likewise, synanthropic rodents,
lagomorphs and birds often occur in high densities in cities and sometimes form the most
important diet component of several urban carnivores (Contesse et al. 2004, Kaneko et al.
2006, Morey et al. 2007, lossa et al. 2010). Moreover, urban green areas, such as parks,
gardens, orchards, ruderal vegetation or gardening practices, provide a seasonal source of
fruits and seeds that can also comprise a large part of mesocarnivores” diet (Harris 1984,

Quinn 1997, Lanszki 2003, Contesse et al. 2004).

Although urbanization is often considered as resulting in degraded and fragmented
habitats (McKinney 2002, Fahrig 2003, Cadenasso et al. 2007, McDonald et al. 2008), some
previous studies documented that suburban areas may offer even higher heterogeneity and
diversity of high-quality habitats in comparison to surrounding homogeneous and intensively
used agricultural or afforested landscapes (Blair 1996, Niemela 1999, Pautasso 2007). High
spatial heterogeneity of anthropogenic and natural habitats can have a favourable effect on
wildlife by providing more ecological niches as a result of diverse resource availability
(Oehler & Litvaitis 1996, Tews et al. 2004). Moreover, the high habitat heterogeneity and
close proximity between food patches and resting sites may result in smaller home range
sizes of carnivores (Lucherini & Lovari 1996). Except natural habitats within urban matrix,
the urban environment also offers high availability of structurally diverse anthropogenic
niches which could be used for shelter and resting. Despite remnants of natural vegetation
has been identified as crucial for carnivores” shelter requirements (Baker & Harris 2007,
Gehrt 2010), the anthropogenic structures/objects may serve as important shelters and dens
for other species (Prange et al 2003, Kaneko et al. 2006, O'Donnell & DeNicola 2006). For
example, urban stone martens almost exclusively use buildings (97.1%) in contrast to natural
densites for resting (Herr et al. 2010). Importance of artificial structures for denning was also
demonstrated for other urban carnivores, such as raccoon (Hadidian et al. 2010) or stripped
skunk (Rosatte et al. 2010).

Interaction of favourable abiotic conditions, increased food resources and lower
predation rates may importantly affect several ecological and life history characteristics of

urban carnivores. Higher ambient temperatures, less snow during winter periods and non-

26


http://www.sciencedirect.com/science/article/pii/S0006320705003654#bib2#bib2

seasonal water sources make urban microclimatic conditions more convenient compared to
the natural ones (Pickett et al. 2001, Berry 2008). For example, milder urban microclimate in
combination with anthropogenic food resources may result in reduced migration of urban
carnivores during winter period (Rossatte et al. 2010), prolonged breeding season or higher
fecundity rates (Beckmann & Lackey 2008). In comparison with populations living in non-
urban habitats, the urban carnivores have generally better physical condition (Cypher 2010,
Rosatte et al. 2010), higher survival (sensu in Bateman & Fleming 2012, but also see Riley
et al. 1999, Gehrt 2007) and reproduction success (Gosselink et al. 2007, Beckmann &
Lackey 2008). On the other hand, urban carnivores are exposed to high mortality including
road mortality, intoxication and infectious diseases well-spreading within dense urban
populations (Bateman & Fleming 2012 and references therein), and thus urban environment

may represent “ecological trap” for some species (see Beckmann & Lackey 2008).

In conclusion, our data and subsequent discussion reviewing available evidence not
only provide new information on the density-dependent pattern of variation in
mesocarnivore home range size, but also show their ecological and behavioural adaptations
in highly anthropogenic landscape. Despite increasing bulk of evidence on processes in
urban habitats, there are still research areas which did not receive due attention. For instance,
we lack comparative approaches applied within natural-urban gradient to examine factors
affecting species-specific responses to urbanization. In particular, studies focusing on urban
ecology of carnivores from different geographical regions, influence of human activity,
historical and current land use intensity (e.g. habitat fragmentation, agricultural
intensification) or areas with contrasting habitat characteristics at different spatial scales
might provide valuable insights into the coexistence of carnivores and humans in a rapidly

urbanizing world.
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Appendix 1: Home range sizes and population densities of eight studied

mesocarnivores along the gradient from natural to urbanized habitats
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natural
natural
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natural
natural
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natural
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natural
natural
natural
urban
natural
urban
natural
urban
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1265
450
450

2620
370

4115
385

3356,5

1650

1540

2870

1375
304
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NA
NA
NA
NA

4685

1900

2730
520

1125

1061

8450

1250
NA

2145

5130
NA
NA

3100
NA
NA

1640
900

Density

(ind/km?)
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NA
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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NA
NA
NA
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0,068
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Lynx rufus
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1900
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329,7
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373
278
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295,6
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1291
705
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695
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NA
NA
NA
NA
NA
3,17
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1,25
0,05
NA
NA
0,085
NA
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NA
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NA
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NA
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1,4
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Meles meles
Meles meles
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137,5
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32,75
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NA
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natural
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760
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206
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17,5
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0,5
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0,16
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0,5
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383
412
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35
627
446
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NA
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410
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595,5
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30,35
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NA
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275
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765
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51
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444,75
87,5
45,35
NA
285
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61
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12,3

4,9
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NA
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0,36
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0,06
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0,51
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0,3
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229,5
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175,67
131,5
199,1
340
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134
34,9
72,85
51
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127
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78,2
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NA
NA
NA
NA
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329,5
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43,45
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23,5
NA
NA
NA
23,5
21
NA
NA
NA
NA
NA
NA
NA
NA
66
34
68,5
100
NA
NA
NA
NA
NA
NA
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13
91
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12,1
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natural
natural
urban
suburban
natural
natural
natural
natural
natural
natural
natural
natural
natural
natural
natural
suburban
urban
urban
natural
natural
urban

398,33
289,67
400
137,25
132,03
960
961
624,75
NA
218
390
9885
234
900
86

45
900
NA
NA
NA
NA
NA
NA
NA
NA
NA
197,75
44,6
27,6
55
NA
473
133

NA
NA
NA
NA
NA
NA
0,15
NA
59
NA
NA
NA
NA
NA
NA
NA
NA
0,59
1,77
0,99
0,79
2,23
1,88
1,39
0,82
0,21
NA
NA
NA
NA
9,5
NA
NA
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