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Streszczenie

Postgpujacy rozwoj terenow zurbanizowanych wplywa negatywnie na
srodowisko zycia zwierzat, przyczyniajac si¢ do spadku réznorodnosci biologiczne;.
Niemniej, cze$¢ gatunkow charakteryzujacych si¢ wyjatkowa plastycznoscig
behawioralng i zdolnos$ciami adaptacyjnymi zdotata skolonizowac tereny zurbanizowane
1 efektywnie wykorzysta¢ dostgpne tam zasoby. Przykladem takiego gatunku jest lis
pospolity (Vulpes vulpes), bardzo powszechnie wyst¢pujacy w miastach na catym
swiecie. Mimo dekad badan nad ekologig lisa, powody kolonizacji terenéw miejskich, jej
przebieg i wiele aspektow funkcjonowania populacji pozostaja niejasne. Celem niniejszej
rozprawy doktorskiej byto: 1. sprawdzenie jakie jest rozmieszczenie lisa na terenie
Warszawy 1 przesledzenie jak przebiegata kolonizacja terenéw miejskich przez ten
gatunek, 2. okreslenie wybranych parametrow populacji (t.j., sktad pokarmu, wielkos$¢
grup socjalnych, czas przystepowania do rozrodu oraz wielko$¢ miotu), 3. wskazanie
czynnikow $rodowiskowych, ktore mogly potencjalnie wptywaé na badane parametry.

Do oceny stopnia kolonizacji miasta przez lisy wykorzystano zimowe tropienia
na transektach, obserwacje bezposrednie 1 posrednie lisa oraz zdarzenia z lisami (tj.,
obserwacje, kolizje) na terenie Warszawy, rejestrowane przez Lasy Miejskie - Warszawa.
Ponadto, na podstawie zimowych tropief, oceniono jak zmienial si¢ stopien penetracji
réznych terenow miejskich przez lisy. Wyniki tropien na transektach, zbierane w latach
2016-2021, porownywano z danymi niepublikowanymi z lat 1976-1978 oraz 2004-2012.
Sktad pokarmu lisow oceniano uzywajac réwnolegle trzech metod: rejestracji resztek
pokarmu przy norach, obserwacji pokarmu przynoszonego do nor rejestrowanego za
pomocg foto-putapek i analizy odchodéw. Sprawdzono réwniez czy sktad pokarmu lisow
zalezy od struktury srodowiska wokot nor, ich lokalizacji oraz metody oceny. Do badania
parametréw rozrodu i organizacji socjalnej populacji wykorzystano obserwacje przy
uzyciu foto-putapek, montowanych przy norach. Okreslono czy czynniki takie jak
struktura srodowiska wokoét nor, lokalizacja w obrebie miasta, sktad pokarmu, wielko$¢
grup socjalnych czy stopien antropopresji maja wplyw na parametry rozrodu czy
organizacj¢ socjalng populacji.

Rozprawe doktorska zrealizowano w cyklu czterech publikacji. W pierwszej
publikacji opisano kolonizacj¢ miasta przez lisa. Stwierdzono, ze w pierwszej dekadzie
XXI wieku lis wystgpowat na terenie catej Warszawy 1 wykorzystywal wszystkie rodzaje

dostepnych srodowisk w miescie. W kazdym kolejnym z trzech okresow badawczych

10



gatunek penetrowal obszary potozone coraz blizej centrum miasta, kolonizujac coraz
wigkszy odsetek terenow zielonych wytypowanych do kontroli — od 21% w latach 1976-
1978 do 93% w latach 2016-2021. Tereny kolonizowane byly w kierunku od granic
miasta do $cislego centrum. Jedynie w pierwszym okresie badawczym lis wyraznie
czesciej kolonizowat tereny naturalnej zieleni. Analiza czasowo-przestrzenna obserwacji
lisow na terenie Warszawy wykazala, ze liczba i prawdopodobienstwo wystapienia
obserwacji systematycznie rosty, wskazujac prawdopodobnie na wzrost liczebnosci
populacji na terenie miasta.

Druga publikacja dotyczyta zmian zageszczen populacji lisow na terenie miasta.
W trakcie badan stwierdzono, ze czgsto$¢ rejestracji tropow wzrastata w kazdym z
kolejnych okreséw badawczych, przy czym najwiekszy wzrost (okoto pigtnastokrotny)
stwierdzono pomiedzy okresami 1976-1978 a 2005-2008. W pierwszym okresie
badawczym, tropy rejestrowane byly tylko na terenach naturalnej zieleni, w kolejnych
pojawiaty si¢ juz we wszystkich typach $rodowiska miejskiego. Pomimo wzrostu
czgstosci rejestracji tropow we wszystkich typach srodowiska, najwyzsza intensywno$¢
penetracji terenu przez lisa rejestrowana byta na terenach naturalnej i pdinaturalnej
zieleni.

W trzeciej publikacji zbadano sklad pokarmu lisa na terenie Warszawy.
Niezaleznie od zastosowanej metody oceny, gldownymi zrodtami pokarmu lisow byty
pokarm pochodzenia antropogenicznego oraz ssaki i ptaki. Sktad pokarmu badanych grup
socjalnych byl podobny 1 nie zalezal od lokalizacji ani struktury srodowiska miejskiego.
Czynnikiem najsilniej wptywajacym na wynik oceny sktad pokarmu byla zastosowana
metoda oceny.

W czwartej publikacji opisano wpltyw S$rodowiska miejskiego na rozrdd i
organizacj¢ socjalng lisow w Warszawie i poroOwnano je z populacja pozamiejska z
terenéw centralnej Polski. Miejskie lisy wyprowadzaty s$rednio wigksze mioty, a
narodziny szczenigt nastepowaty o $rednio dwa tygodnie wczesniej niz w przypadku
populacji pozamiejskiej. W miescie stwierdzono rowniez wystepowanie grup socjalnych.
Na wcze$niejszy rozrod lisow w miescie wptyw miaty nizszy stopien antropopresji oraz
mniejszy udziat pokarmu antropogenicznego w diecie. Nie stwierdzono wptywu zadnego
z badanych czynnikéw na wielkos¢ miotu lub grupy socjalne;.

Przeprowadzone badania sugeruja, Ze lis pospolity jest gatunkiem powszechnym
na terenie Warszawy. W ciagu ostatnich 50 lat, populacja tego drapieznika znaczaco

wzrosta 1 skolonizowat on wszystkie typy srodowisk w obrebie miasta. Pomimo rozwoju
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populacji, gatunek ten zdaje si¢ najintensywniej wykorzystywaé tereny naturalnej i
pOhaturalnej =zieleni, co moze sugerowa¢ duze znaczenie tych obszaréw dla
utrzymywania si¢ populacji lisa w Warszawie. Sktad pokarmu lisa na terenie Warszawy
charakteryzowal si¢ wysokim udziatem pokarmu pochodzenia antropogenicznego,
jednak przy duzym udziale naturalnych ofiar. Moze to wigzaé si¢ z duza ré6znorodnoscia
gatunkowg ssakow i ptakéw w miescie oraz szerokim wykorzystaniem przez lisa terenow
zblizonych do naturalnych. Lisy w Warszawie zdaja si¢ korzysta¢ z warunkéw jakie
oferuje $rodowisko miejskie, co moglto objawia¢ si¢ wickszg produktywnoscig w
miejskiej populacji i wezesniejszym rozrodem. Przyczyny tego zjawiska nie sg do konca
jasne, ale mogg wigzac si¢ ze stabilniejszym dostgpem do pokarmu w ciggu roku i
korzystniejszymi warunkami klimatycznymi w §rodowiskach miejskich. Wystepowanie
grup socjalnych liczacych wigcej niz dwa doroste osobniki w grupie, moze rowniez

wskazywaé na korzystne warunki w postaci bogatej bazy pokarmowe;j.

Stowa kluczowe: tropienia na transektach, analiza odchodow, foto-putapki, wielko$¢

miotu, czas rozrodu
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Summary

The ongoing development of urban areas has a negative impact on the habitat of
animals, contributing to the decline in biodiversity. Nevertheless, some species
characterized by exceptional behavioral plasticity and adaptability have managed to
colonize urban areas and effectively use the resources available there. An example of such
a species is the red fox (Vulpes vulpes), which is very common in cities around the world.
Despite decades of research on fox ecology, the reasons for the colonization of urban
areas, its course, and many aspects of the functioning of the population remain unclear.
The aim of this doctoral dissertation was to: 1. check the distribution of the fox in the city
(Warsaw) and to trace the course of the colonization of urban areas by the fox, 2.
determine selected parameters of the population (i.e., food composition, size of social
groups, time of breeding and litter size), 3. indicate environmental factors that could
potentially affect the parameters studied.

The study was conducted in Warsaw. The degree of fox colonization of the city
was assessed using snow tracking, direct and indirect observations of foxes, and fox
incidents in Warsaw, recorded by the Municipal Forests of Warsaw. In addition, based on
snow tracking, the degree of fox penetration of various urban areas was assessed. The
results of snow tracking, collected in 2016-2021, were compared with available
unpublished data from 1976-1978 and 2004-2012. The composition of fox food was
assessed using three methods in parallel: food remains registration at den sites, food
carrying events registration using camera traps, and scat analysis. It was also checked
whether the composition of the fox diet depended on the structure of the environment
around den sites, their location, and the assessment method. Observations using camera
traps mounted at den sites were used to study reproductive parameters and the social
organization of the population. It was determined whether factors such as the structure of
the environment around dens, location within the city, diet composition, size of social
groups, or the degree of anthropopressure affected reproductive parameters or the social
organization of the population.

The doctoral dissertation was completed in a series of four publications. The first
publication described the colonization of the city by the fox. It was found that in the first
decade of the 21st century, the fox occurred throughout Warsaw and used all types of
available environments in the city. In each of the three subsequent research periods, the

species penetrated areas located closer and closer to the city center, colonizing an
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increasing percentage of green areas checked, from 21% in 1976-1978 to 93% in 2016-
2021. The areas were colonized in the direction from the city limits to the strict center.
Only in the first research period did the fox clearly colonize natural green areas more
often. The temporal and spatial analysis of fox observations in Warsaw showed that the
number and probability of observations systematically increased, probably indicating an
increase in the population size in the city.

The second publication concerned changes in the density of the fox population in
the city. During the study, it was found that the frequency of occurrence of snow tracks
increased in each of the subsequent study periods, with the largest increase
(approximately fifteen-fold) noted between the periods 1976-1978 and 2005-2008. In the
first study period, red fox tracks were recorded only in natural green areas; in the
subsequent ones, they appeared in all types of urban environments. Despite the increase
in the frequency of occurrence of tracks in all types of environments, the highest intensity
of fox penetration was recorded in natural and semi-natural green areas.

The third publication examined the composition of the fox diet in Warsaw.
Regardless of the method used for the assessment, the main sources of fox food were food
of anthropogenic origin, and mammals and birds. The composition of the food of the
studied social groups was similar and did not depend on the location or structure of the
urban environment. The factor that had the strongest influence on the composition of food
was the method used to assess it.

The fourth publication describes the influence of the urban environment on the
reproduction and social organization of foxes in Warsaw and compares them with the
non-urban population from central Poland. Urban foxes had on average larger litters, and
the birth of cubs occurred on average two weeks earlier than in the non-urban population.
The social groups (more than two adults) were only noted in the city. The earlier
reproduction in the city was influenced by the lower level of anthropopressure and the
lower share of anthropogenic food in the diet. None of the remaining factors studied
influenced the size of the litter or social group size.

The conducted studies suggest that the red fox is a common species in Warsaw.
Over the last 50 years, the population of this predator has increased significantly, and it
has colonized all types of habitats within the city. Despite the population growth, this
species seems to use natural and semi-natural green areas most intensively, which may
suggest the great importance of these areas for maintaining the fox population in Warsaw.

The composition of the fox diet in Warsaw was characterized by a high share of food of

14



anthropogenic origin, but with a large share of natural prey. This may be related to the
high species diversity of mammals and birds in the city and the wide use by the fox of
areas similar to natural ones. Foxes in Warsaw seem to take advantage of the conditions
offered by the urban environment, which could be manifested by greater productivity in
the urban population and earlier reproduction. The reasons for this phenomenon are not
entirely clear, but may be related to more stable access to food throughout the year and
more favorable climatic conditions in urban environments. The occurrence of social
groups consisting of more than two adult individuals in a group may also indicate

favourable conditions in the form of a rich food base.

Keywords: snow tracking, tracking index, scat analysis, camera traps, litter size, social

groups, time of reproduction
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1. Wprowadzenie

Wedlug danych Wydziatu Ludnos$ciowego Departamentu Gospodarki i Spraw
Socjalnych ONZ, obszary zurbanizowane zamieszkiwane sg przez okolo potowe
swiatowej populacji (ONZ, 2018). Utrzymujacy si¢ wzrostowy trend liczby ludzi
zamieszkujacych miasta przyczynia si¢ do intensywnego rozwoju terenOw
zurbanizowanych, co nie pozostaje bez wptywu na $rodowisko (Seto i in., 2013).
Urbanizacja stanowi jedng z najbardziej nieodwracalnych zmian jakim cztowiek poddaje
biosfere — przyczynia si¢ do utraty wysoko produktywnych terenow rolniczych, napedza
postepujace zmiany klimatu, wptywa na zaburzenia cykli hydro- i biogeochemicznych
oraz sprzyja fragmentacji sSrodowiska (Seto i in., 2011). Wszystkie te czynniki pogltebiaja
obserwowany obecnie kryzys bior6znorodnosci na swiecie (Tilman 1 in., 2001; Krauss i
in., 2010; Bellard i in., 2012; Mantyka-Pringle i in., 2015), a postgpujaca urbanizacja
moze znaczaco zubozy¢ roznorodnos¢ biologiczna w niedalekiej przysztosci (Li i in.,
2022). Ze wzgledu na silng fragmentacj¢ $rodowiska, wysokie zanieczyszczenie
akustyczne, chemiczne oraz $wietlne czy utrudniony dostep do zasobdéw (Delaney 1 in.,
2010; Lowry i in., 2013; Newport i in., 2014; Saaristo i in., 2018; Bertram 1 in., 2022),
miasta nie stanowig atrakcyjnego Srodowiska dla wielu gatunkow ro$lin 1 zwierzat
(McKinney, 2008). Z drugiej strony, miasta mogg rowniez oferowac siedliska, ktore sa
chetnie wykorzystywane przez liczne gatunki(Angold i in., 2006; McKinney, 2008).
Ponadto, czg$¢ gatunkow, glownie oportunistycznych i plastycznych siedliskowo,
dostosowuje si¢ do panujacych w miescie warunkdw, uczac si¢ funkcjonowaé w miejskim
srodowisku 1 efektywnie wykorzystywac rozproszone zasoby (McKinney, 2006; Lowry 1
in., 2013). Jednym z przyktadow takich gatunkow jest lis pospolity Vulpes vulpes, jeden
z najlatwiej adaptujacych si¢ i1 najszerzej rozpowszechnionych ssakéw na $§wiecie
(Lariviere i Pasitschniak-Arts, 1996), zamieszkujacy liczne miasta Europy, Ameryki

Potnocnej, Azji 1 Australii (Soulsbury i in., 2010).
1.1. Kolonizacja miast przez lisy

Lisy na terenie miast pojawiaty si¢ juz co najmniej od polowy XVIII wieku.
Pierwsze znane doniesienia pochodza z Finlandii 1 miaty one charakter obserwacji
pojedynczych osobnikdéw pojawiajacych si¢ na terenach miejskich, prawdopodobnie w
poszukiwaniu pozywienia. Czynnikami przyciagajacym lisy w okolice ludzkich siedzib,

mogly by¢ zalegajace, tatwo dostepne odpadki oraz obecno$¢ zwierzat gospodarskich,
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mogacych stanowi¢ atrakcyjne ofiary dla drapieznikow. Pomimo obserwacji liséw na
terenie finskich miast, nie mozna jednak moéwi¢ o wystepujacych wtedy ,,miejskich”
populacjach (Vuorisalo 1 in., 2014). W potowie XIX wieku, obecnos¢ nor i1 przypadki
rozrodu wsrod liséw notowane byly na nasypach fortéw miejskich Kopenhagi (Pagh,
2008). Z konca XIX wieku pochodzi rowniez pierwsze znane doniesienie na temat
obecnos$ci lisa na warszawskim Powislu (Walecki, 1881). Pierwsze wzminaki w
literaturze naukowej pochodzg z lat 30. XX wieku, kiedy to obecnos¢ lisow stale
bytujacych na obszarze miasta, zaobserwowano na przedmiesciach Londynu (Teagle,
1967). Zjawisko okreslono z poczatku jako ,brytyjski fenomen” i uznano za unikalne
jedynie dla Wielkiej Brytanii. Jednakze, w podobnym czasie, bo juz latach 40. XX wieku
stwierdzono wystepowanie liséw na przedmiesciach Melbourne (Seebeck, 1977), cho¢
doniesienia o miejskich populacjach liséw upowszechnity si¢ dopiero w latach 80. lub
90. XX wieku (Coman i in., 1991). Kolejne badania przeprowadzane w r6znych miastach
Europy wykazywaty stopniowe pojawianie si¢ populacji miejskich lisow — w latach 60.
XX wieku w Danii (Pagh, 2008) 1 Szwecji (Page, 1981), 70. XX wieku we Francji
(Brosset, 1975) 1 Belgii (Beck, 2013) oraz w 80. XX wieku w Szwajcarii, Niemczech
(Gloor 1 in., 2001), Norwegii (Christensen, 1985), a takze prawdopodobnie w Finlandii
(Vuorisalo 1 in., 2014) oraz we Wtoszech (Cignini 1 Riga, 1997). W ostatnich latach lisy
skolonizowaty rowniez miasta w Estonii (Plumer 1 in., 2014). W podobnym czasie, jak w
Europie, rozwodj miejskich populacji lisow przypadt rowniez w Ameryce Pdinocnej
(Adkins 1 Stott, 1998) oraz w Azji (Japonii) (Gloor 1 in., 2001). Obecnie, miejskie lisy
wystepuja w wielu miastach na catym $wiecie (Soulsbury i in., 2010). Na poczatku XXI
wieku, lisy obserwowane byly w prawie wszystkich sposrdéd 30 duzych miast Szwajcarii
(Glooriin., 2001). Podobnie, wedlug Plumera i in. (2014) do roku 2012, lisy obecne byty
w wiekszosci (w 33 na 47) miast Estonii. Ponadto, na poczatku XXI wieku stwierdzono
rowniez, ze w Wielkiej Brytanii, lisy zasiedlity nawet miasta, wcze$niej uwazane za
niezapewniajace odpowiednich warunkoéw do powstania takich populacji (Scott 1 in.,
2014).

W przytoczonych przyktadach kolonizacji miast przez lisy, uwage zwraca dhugi
czas jaki uplynat od pojawienia si¢ pierwszych miejskich populacji do skolonizowania
miast na obszarze catej Europy. Od pojawienia si¢ pierwszych populacji miejskich lisow
na terenie Wielkiej Brytanii do upowszechnienia si¢ zjawiska w latach 60., 70. 1 80. XX
wieku, mineto od 30 do 50 lat. Po drugie, zwraca uwage wyrazny kierunek stopniowego

pojawiania si¢ populacji miejskich lisow, poczawszy od Wielkiej Brytanii, poprzez
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zachodnig i centralng Europe, az do krajow wschodniej Europy. Przyktadowo, w czasie,
gdy rozrastaly si¢ populacje lisow w miastach Szwajcarii, w Warszawie lisy notowane
byly sporadycznie, jedynie na obrzezach miasta (Goszczynski, 1979).

Jako wyjasnienie powodu pojawienia si¢ miejskich populacji lisow, Gloor 1 in.
(2001), zaproponowali dwie hipotezy. Pierwsza, okre§lana jako hipoteza presji
populacyjnej (ang. population pressure hypothesis, PPH), zaktada ze za rozw¢j miejskich
populacji lisow odpowiada przeggszczenie populacji na terenach pozamiejskich. Mtode
zwierzeta z przylegtych do granic miasta terenow wiejskich, nie znajdujac dogodnych
miejsc z odpowiednig iloscig zasobow, zdolnych pokry¢ zapotrzebowanie osobnika na
pokarm lub schronienia, migrowaty do miast. Wedlug tej hipotezy, miasta stanowilyby
wiec tereny suboptymalne, za$ populacja lis6w w miescie bylaby silnie powigzana z
pozamiejska i reagowala w podobny do niej sposob. Ta hipoteza zaktada rowniez brak
jakichkolwiek barier migracyjnych pomig¢dzy miastem a terenami pozamiejskimi.
Potwierdzeniem sluszno$ci zatozen hipotezy presji populacyjnej moze by¢ analiza
trendow europejskiej populacji lisa, ktora od lat 50. az do lat 70. XX wieku dos§wiadczyta
silnego spadku, spowodowanego epizoocja wscieklizny (Delcourt 1 in., 2022). Wraz z
ustgpieniem wscieklizny, spowodowanym gldwnie programem szczepien, nastgpit
gwattowny wzrost zageszczenia lisow w wielu regionach Europy (Vos, 1995; Chautan 1
in., 2000; Panek i1 Bresinski, 2002). Warto podkresli¢, Zze stopniowe pojawianie si¢
miejskich populacji lisow w duzej mierze pokrywalo si¢ z sekwencja zanikania epizoocji
wscieklizny w Europie 1 wzrostem liczebnosci lisow (Delcourt 1 in., 2022).

Dla odmiany tzw. hipoteza miejskiej wyspy (ang. urban island hypothesis, UIH),
zaktada, ze srodowisko miejskie jest trudne do skolonizowania, ze wzgledu na szereg
niesprzyjajacych czynnikow jak rozproszone zasoby, mocno przeksztalcone srodowisko
czy wysokie zageszczenie populacji. Jednakze lis, jako gatunek o wysokich zdolnos$ciach
adaptacyjnych jest w stanie skolonizowa¢ srodowisko miejskie i wykorzysta¢ nietypowe
zasoby (odpadki jako zrédto pokarmu czy antropogeniczne struktury jako miejsca
dziennego odpoczynku lub rozrodu). W ten sposéb kolonizacja, musiataby zacza¢ si¢ od
stopniowej adaptacji behawioralnej osobnikow zasiedlajacych bardziej naturalne tereny
miasta, by po jakims$ czasie rozwijajaca si¢ populacja byta w stanie skolonizowac obszary
bardziej przeksztalcone przez ludzi 1 wykorzysta¢ nowg nisz¢ ekologiczng. Taka
populacja funkcjonowataby niezaleznie od populacji pozamiejskiej, a ponadto mozna by
oczekiwa¢ powstawania stopniowej izolacji genetycznej populacji miejskiej od

pozamiejskiej (Gloor i in., 2001). Hipoteza ta wydaje si¢ mie¢ szersze potwierdzenie w
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badaniach prowadzonych nad miejskimi populacjami lisow. Pojawienie si¢ populacji
miejskich lisow w Wielkiej Brytanii zbiega si¢ z pojawieniem jednorodzinnych domow,
ze stosunkowo duzymi ogrodami, otoczonych terenami péhaturalnymi. Srodowisko to
wydaje si¢ zapewnia¢ zardwno duze ilosci pokarmu, jak i bezpieczne schronienia, ktore
sg czynnikami niezb¢dnymi do istnienia miejskich populacji liséw (Harris i Rayner,
1986a; b; c). W istocie srodowiska miejskie mogg by¢ dla lisow terenami wyjatkowo
atrakcyjnymi, zapewniajac staly dostep do niemal nieograniczonych zasobdow
pokarmowych, ograniczajac skale konkurencji miedzygatunkowej, oferujac dostep do
znacznie wickszej liczby bezpiecznych schronien niz inne $rodowiska czy stanowigc
miejsca wolne od polowan lub drapieznikéw szczytowych (Walter i in., 2018). Wysokie
zageszczenia osiggane przez miejskie populacje lisow zdaja si¢ potwierdza¢ szczeg6lnie
dogodne warunki panujace, przynajmniej w wybranych §rodowiskach w miastach (Baker
iin., 2001). Ponadto, przebieg procesu zasiedlania terendw miasta, na przyktadzie badan
molekularnych na lisach z Zurichu zdaje si¢ dodatkowo potwierdza¢ zalozenia hipotezy
miejskiej wyspy (Wandeler i in., 2003).

Jednoznaczne rozstrzygnigcie stusznosci jednej z dwdéch omawianych hipotez
wydaje si¢ nie by¢ mozliwe. Cho¢, hipoteza miejskiej] wyspy wydaje si¢ znajdowac
szersze potwierdzenie w badaniach miejskich populacji, nie jest pozbawiona wad.
Populacje miejskie nie wydaja si¢ by¢ calkowicie odizolowane i niezalezne od
pozamiejskich populacji zwierzat. Dowodza tego obserwacje lisow, poruszajacych si¢ w
obrgbie arealow osobniczych zlokalizowanych na granicach miasta 1 wykorzystujagcych
zaro6wno tereny miejskie jak 1 pozamiejskie (Macdonald 1 Newdick, 1982; Gloor, 2002),
czy epizoocja $wierzbu, dotykajaca zarowno lisy miejskie i jak i Zyjace poza miastami w
Wielkiej Brytanii, w latach 90. XX wieku (Soulsbury 1 in., 2007). Pomimo, rozwijania
si¢ srodowisk optymalnych dla lisow rownolegle w r6znych miastach Wielkiej Brytanii,
zwierzeta zasiedlaty srodowiska miejskie na przestrzeni 50 lat (Wilkinson 1 Smith, 2001).
Lisy pojawily si¢ poézniej w miastach, w okolicach ktérych zaggszczenie populacji
pozamiejskich bylo nizsze (Harris i Smith, 1987) i najczesciej po ustapieniu chordb lub
ograniczeniu polowan, limitujacych liczebno$¢ populacji (Harris i Rayner, 1986¢).
Dowodzi¢ moze to stuszno$ci przynajmniej czesci zatozen hipotezy presji populacyjne;.

Pomimo mozliwo$ci oszacowania przyblizonego czasu rozwoju miejskich
populacji lisow w wielu krajach Europy, szersze badania nad miejskimi lisami
przeprowadzono tylko w pojedynczych miejscach, jak Bristol, Oxford czy Zurych, w

dodatku na dlugo po kolonizacji miasta przez lisy, co powoduje, ze doktadny przebieg
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procesu kolonizacji pozostaje w duzej mierze niezbadany. Evans i in. (2010) przedstawili
koncepcje przebiegu kolonizacji terenow miejskich, zgodng z zatozeniami hipotezy
miejskiej wyspy, wyrdzniajac trzy etapy kolonizacji miast przez dziko zyjace gatunki
zwierzat. Etap pierwszy, okreslany jako przybycie (ang. arrival) obejmuje pojawienie si¢
pierwszych osobnikdéw na terenie miasta, najczesciej na obrzezach miasta, na terenach
zblizonych do naturalnych siedlisk gatunku. Nast¢pnie rozpoczyna si¢ etap drugi,
polegajacy na stopniowym dostosowywaniu si¢ (ang. adjustment) kolonizujgcych miasto
zwierzat do warunkow panujacych w miastach, obejmujacy wykorzystanie nowych
zrédet pokarmu, nowych schronien (zaréwno do odpoczynku jak i rozrodu), nabycie
umiejetnosci unikania zagrozen itp. Etap ten moze obejmowac zycie kilku pokolen
gatunku. Ostatnim etapem jest stopniowe rozprzestrzenianie si¢ (ang. spread)
rozrastajacej si¢, dostosowanej populacji na obszar catego miasta, w pierwszej kolejnosci,
w obrebie srodowisk optymalnych, nastepnie rowniez mniej sprzyjajacych, objawiajacy
stopniowym lub gwattownym wzrostem zageszczenia.

Nieliczne badania, w ktérych uchwycono wybrane etapy kolonizacji miasta,
wydaja sie potwierdza¢ schemat zaproponowany przez Evansa i in. (2010). Badania nad
lisami w Zurichu, wskazuja, Zze kolonizacja byla jednorazowym wydarzeniem, ktore
rozpoczeto si¢ niezaleznie w co najmniej dwdch czesciach miasta, a kazda z subpopulacji
zostata zalozona przez niewielka liczbe osobnikéw (Wandeler i in., 2003; DeCandia i in.,
2019). Pig¢ do siedmiu pokolen pdzniej nastapit gwaltowny wzrost liczby lisow na terenie
miasta (Wandeler 1 in., 2003). Kolonizujgce miasto lisy prawdopodobnie poruszaty sie¢
stopniowo w kierunku centralnych czg¢$ci miasta. Nie wiadomo jednak jakie typy
miejskiego Srodowiska zasiedlane byly w pierwszej kolejnosci, ani w jaki sposob
zmieniala si¢ wybidrczo$¢ Srodowiskowa rozwijajacej si¢, miejskiej populacji. Sama
dyspersja w obrgbie miasta odbywata si¢ prawdopodobnie wzdtuz wiekszych drég, linii
kolejowych czy ciekdw wodnych, zapewniajagcych dobre korytarze migracyjne i facznosé
pomiedzy réznymi obszarami miasta (Kolb, 1984; Kimmig 1 in., 2020). Obszary z gesta
zabudowa zazwyczaj stanowig barier¢ migracyjng dla lisow, powodujac fragmentacje
miejskiej populacji (Robinson i Marks, 2001; DeCandia i in., 2019; Kimmig i in., 2020).

Same zmiany zaggszczen populacji lisow w okresie calej kolonizacji nie zostaty
nigdy zbadane. W Bristolu, w latach 80. XX wieku notowano wysokie zageszczenie
populacji (ok. 8,5 osobnika/km?) (Harris, 1981a), ktére juz okoto 15 lat pézniej wzrosto
do maksymalnie 37 os./km? (Baker i in., 2001). Pierwsze szacowanie zageszczenia

przeprowadzono jednak w kilkadziesiat lat po pojawieniu si¢ lisow, gdy miasto bylto juz
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catkowicie zasiedlone. Wobec powyzszego nie stwierdzono jak zmieniaty si¢
zaggszczenia, zwlaszcza w poczatkowym okresie kolonizacji, ani tym bardziej jak
zmieniaty si¢ zageszczenia w poszczegdlnych rodzajach srodowisk w miescie, w trakcie

rozprzestrzeniania si¢ populacji.

1.2. Wybiorczos$¢ siedliskowa, struktura socjalna i rozrod miejskich lisow

Tereny miejskie nie stanowig srodowiska homogenicznego, przypominajac raczej
mozaike roznych rodzajow siedlisk, od zblizonych do naturalnych, poprzez potnaturalne
tereny zielone, az po silnie przeksztalcong, gesta zabudowe. Zrdéznicowanie srodowiska
warunkuje r6zng przydatno$¢ terendw miejskich dla drapieznikéw, choé¢ potrafig one
efektywnie wykorzysta¢ rozne typy S$rodowisk, osiggajac czesto bardzo wysokie
zageszczenia populacji (Bateman i Fleming, 2012).

Rekordowe zageszczenie populacji miejskich lisow stwierdzono na terenie
Bristolu, gdzie wyniosto ono 37 (dorostych) osobnikéw/km? (Baker i in., 2001). Cho¢
typowe zaggeszczenia miejskich populacji sg zazwyczaj nizsze i wynoszg od 1,5 do 12
os./km? (Page, 1981; Kolb, 1984; Adkins i Stott, 1998; Marks i Bloomfield, 1999; Gloor,
2002; Soulsbury i in., 2010), s3 one rownoczesnie kilka do kilkunastu razy wyzsze niz na
terenach pozamiejskich, gdzie przecietnie mieszcza si¢ w zakresie od 0,1 do 3 os./km?,
zaro6wno na terenie Polski (Goszczynski, 1999; Panek 1 Bresinski, 2002; Goszczynski 1
in., 2008; Krauze-Gryz i Gryz, 2023) jak i w innych miejscach w Europie (Vos, 1995;
Heydon 1 in., 2000; Webbon 1 in., 2004; Kauhala i in., 2006; Sidorovich i in., 2006;
Keuling i in., 2011).

Mimo, 1z zagegszczenia populacji lisow na terenach zurbanizowanych sg
generalnie wyzsze niz na terenach pozamiejskich, w obrgbie miejskich srodowisk moze
wystepowac do$¢ znaczace zrdéznicowanie obserwowanych zageszczen, co wigze si¢ z
wybidrezoscig siedliskowa lisow (np. Marks 1 Bloomfield, 1999; Baker i in. 2001). Wsrod
wiekszosci badanych populacji miejskich lisoéw, zauwazalna byta wyrazna preferencja w
stosunku do terenéw z luzng zabudowa i1 przydomowymi ogrodami, ogrodkow
dziatkowych, ewentualnie parkoéw i innych terenow zieleni urzadzonej (Kolb, 1985;
Baker 1 in., 2001; Gloor, 2002), gdzie rejestrowano najwyzsze zageszczenia populacji
(Marks 1 Bloomfield, 1999; Baker i in., 2001). W Bristolu, przydomowe ogrody na
przedmiesciach dostarczaly wszystkich niezbgdnych zasobdw, jak pokarm, miejsca
dziennego odpoczynku czy miejsca rozrodu i wychowu miodych, wobec czego to wtasnie

w tym $rodowisku koncentrowala si¢ wigkszos¢ miejskiej populacji (Baker i in., 2000).
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Rowniez nory, cho¢ zazwyczaj o typowym wygladzie i wykopane przez lisy (Marks i
Bloomfield, 2006), najcze¢sciej znajdowaly sie pod budynkami, pod ogrodzeniami lub w
ziemnych watach, (Harris, 1977; Marks i Bloomfield, 2006). Dla odmiany, w Toronto lisy
preferowaty tereny zalewowe 1 skarpy, porosniete naturalng 1 péinaturalng roslinnoscig
(Adkins 1 Stott, 1998), w Illinois obszary lagkowe i niezabudowane tereny miejskie
(Gosselink i in., 2003), zas w Melbourne tereny poros$ni¢te gesta roslinnoscia krzewiasta
(White i in., 2006).

Wysokie zroznicowanie wykorzystywanych srodowisk rodzi pytanie o przyczyny
tego zjawiska. Jednym z mozliwych moze by¢ rozny etap kolonizacji miasta. Miejsca dla
ktérych stwierdzano preferencje do terenéw mniej przeksztatconych antropogenicznie
(Adkins 1 Stott, 1998, Gosselink i in., 2003), to rownocze$nie lokalizacje, w ktorych
rozwdj miejskich populacji nastgpit stosunkowo pozno (Adkins i Stott, 1998). W tych
miastach, $rednie zaggszczenie lisow byto stosunkowo niskie (Adkins i Stott, 1998,
Soulsbury i in., 2010). Jak zauwazyli Newman i in. (2003), lisy w populacjach o niskich
zageszczeniach, preferowaly naturalne tereny zielone, szczeg6lnie jako miejsca. Z drugiej
jednak strony w Szwajcarii, mimo krétkiego czasu od skolonizowania miasta, drapiezniki
wykazywaly preferencje do terenow zabudowanych (Gloor, 2002). Inne mozliwe
wytlumaczenie moze wynika¢ z cech indywidualnych terendw z luzng zabudowa,
charakterystycznych dla konkretnego miasta czy miast w okreslonym regionie. W
dotychczasowych badaniach, lisy wybieraly siedliska, gdzie byly rzadko niepokojone
przez ludzi, najczescie] tereny z ograniczonym dostepem (Harris, 1977; Adkins 1 Stott,
1998; Marks 1 Bloomfield, 2006) 1 chociaz nory lokowane byly takze, w miejscach gdzie
aktywno$¢ ludzi byla wigksza, jak przydomowe ogrody (Baker i in., 2000), byly to
roéwnoczesnie tereny, gdzie poziom akceptacji w stosunku do obecnosci lisow byt wysoki,
a dokarmianie wystepowalo czgsto (Baker i1 in., 2004b). Preferowane tereny
charakteryzowaly si¢ rowniez stabo zaznaczong obecnoscig psoéw (Canis lupus
familiaris), ktora moze by¢ istotnym czynnikiem §miertelnosci wsrod lisow, jak 1 waznym
czynnikiem w doborze miejsc na nory (Harris, 1981a).

Pojawia si¢ pytanie co umozliwia osigganie tak wysokich zageszczen miejskich
populacji? Kluczowe znaczenie majg tu przede wszystkim znacznie ograniczona
przestrzen wykorzystywana przez osobniki oraz plastyczna struktura socjalna populacji.
Wysokie zaggszczenia, zwigzane byly z mocno ograniczonymi rozmiarami arealow
osobniczych, wynoszacymi przecig¢tnie od kilku do kilkudziesigciu hektarow (Doncaster

1 Macdonald, 1991; Adkins 1 Stott, 1998; Gloor, 2002; Marks 1 Bloomfield, 2006).
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Ponadto, lisy na terenach miejskich wykazywaty tendencj¢ do tworzenia grup socjalnych
skladajacych si¢ z dominujacej, rodzicielskiej pary oraz dorostych osobnikéw
podporzadkowanych, bedacych zazwyczaj potomstwem tej pary, z wczesniejszych
sezondw rozrodczych, liczacych w sumie od dwoch do dziesieciu osobnikow dorostych
(Baker i in., 1998; Baker i in., 2000). Podporzadkowane osobniki doroste stanowity
gléwnie mlode samice, jednak w okresie najwyzszych zageszczen, stwierdzano rowniez
dos$¢ czesta obecnos¢ samcow (Baker i in., 2000). Co ciekawe 1 nietypowe, réwniez wsrod
podporzadkowanych osobnikow czeste byly przypadki rozrodu (Baker i in., 1998; Baker
i in., 2004a). Sama $rednia wielko$¢ miotu liséw na terenach miejskich jest stosunkowo
wysoka, zazwyczaj wynoszac 4-5 szczeniagt (Harris 1 Smith, 1987a; Marks i Bloomfield,
1999), cho¢ $rednia wielkos¢ miotu w populacjach miejskich drapieznikow jest raczej
nizsza niz na terenach pozamiejskich (Iossa i in., 2010), a potencjalne efekty populacyjne
wysokiej produktywnos$ci moga by¢ niwelowane przez wysoka $miertelno$¢ wsrdd
szczeniat (Harris 1 Smith, 1987b; Gosselink i in., 2007). Na szybki wzrost zaggszczen w
preferowanych srodowiskach miejskich moze jednak wptywac¢ niski zasieg dyspersji
mtodocianych osobnikow w miastach (Trewhella i in., 1988). Powoduje to, ze mtode,
opuszczajace grupe, zazwyczaj pozostaja w obrebie Srodowisk, gdzie zageszczenie
populacji jest juz wysokie.

Areal osobniczy, z zalozenia musi by¢ wystarczajagco duzy, zeby pokry¢
zapotrzebowanie zwierzecia na zasoby, takie jak woda, pokarm czy schronienia oraz
umozliwi¢ realizacj¢ potrzeb rozrodczych (Burt, 1943), jednakze analiza czynnikow
wptywajacych na wielko$¢ areatu osobniczego, wskazuje ze dostepnos¢ pokarmu ma
znaczenie najwigksze (Gittleman 1 Harvey, 1982). Im mniejsza powierzchnia arealu, tym
skala naktadania si¢ areatéw osobnikdéw z dwdch réznych grup socjalnych jest mniejsza
(Goszczynski, 2002), tym czestsze sa rowniez zachowania agresywne pomie¢dzy
osobnikami z innych grup (White 1 Harris, 1994). W miastach, stopien naktadania si¢
areatow grup socjalnych byl zwykle niewielki w obrgbie $rodowisk z najwyzszymi
zageszczeniami lisow (Doncaster i Macdonald, 1991, White i Harris, 1994), sugerujac
wysoki poziom konkurencji migdzygrupowej. Jednocze$nie, pomimo wysokiej
konkurencji, lisy tolerowaty duzg liczebno$¢ grup socjalnych na matych obszarach,
akceptujac przy tym wzrost liczebnosci grupy o szczenigta i to potencjalnie o wigcej niz
pojedynczy miot. To sugeruje niezwykla produktywno$¢ terendw miejskich,
umozliwiajaca utrzymanie silnie zageszczonej populacji. Biorac pod uwage wplyw

pokarmu na wielko$¢ areatow osobniczych, to wtasnie dostepnos¢ pokarmu uwazana jest
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za dominujacy czynnik, przyczyniajacy si¢ do wysokich zaggszczen lisow w miastach
(Harris, 1981b).

Struktura socjalna populacji liséw moze by¢ zréznicowana, przy czym nie
wiadomo, jakie doktadnie czynniki powoduja formowanie si¢ grup socjalnych u
drapieznikoéw, u ktorych dominuje samotniczy tryb zycia (Macdonald, 1983). Jednym z
mozliwych wyjasnien jest tzw. hipoteza rozproszenia zasobow (ang. resource dispersion
hypothesis, RDH). Zaklada ona, ze odpowiednio bogate zasoby (wigksze niz
zapotrzebowanie ze strony rozmnazajacej si¢ pary wykorzystujacej areat), rozproszone
jednak w czasie i przestrzeni, moga sprzyja¢ taczeniu si¢ zwierzat w grupy, przy
minimalnych kosztach dla kazdego z jej cztonkéw. Chociaz wspotpraca osobnikow nie
jest konieczna do zaistnienia ani funkcjonowania takich grup, socjalizacja jest w takiej
sytuacji promowana i w obrgbie arealu moze funkcjonowac pewna liczba dodatkowych
osobnikow, zalezna od $redniej ilosci dostepnych zasobdw, a nie samej wielko$ci areatu
(Macdonald i Johnson, 2015). Lisie grupy socjalne na terenach miejskich, zamieszkujace
preferowane S$rodowisko w postaci przydomowych ogrodow, oferujacych wysoka
dostepnos$¢ pokarmu, funkcjonowaty zgodnie z zatozeniami tej hipotezy — wraz ze
wzrostem dostepnosci pokarmu, nastepowal wzrost Sredniej wielkos$ci grupy (Baker 1 in.,
2000). Ponadto, lisy zamieszkujace tereny, na ktorych wystepowaty ogrody o wigkszej
sredniej powierzchni, a co za tym idzie oferujace bardziej skupione zasoby, wykazywaty
tendencje do utrzymywania mniejszych arealdow osobniczych, niz w przypadku
osobnikow zamieszkujacych tereny obejmujace mniejsze ogrody, ktore dostarczaly taka
samg 1lo$¢ zasobow, cho¢ bardziej rozproszonych (Tolhurst 1 in., 2020). W zwigzku z
powyzszym, mozna spodziewac si¢ roznic w obrebie $redniej wielko$ci grupy socjalne;,
w zalezno$ci od zamieszkiwanych $rodowisk w obrebie miasta, rdznigcych sig
dostepnos$cia pokarmu i innych zasobow.

Wieksza liczebnos$¢ grupy socjalnej moze oznacza¢ nizsze koszty utrzymania
terytorium, przypadajagce na osobnika (Doncaster 1 Macdonald, 1992). Obecnosé
dodatkowych osobnikéw moze skutkowaé rowniez tatwiejsza opieka nad potomstwem,
dzielong na wigksza liczbg osobnikéw w grupie (Macdonald, 1979). Wobec powyzszego,
wyzsza liczebno$¢ grupy socjalnej, poprzez m. in. czgstsze dostarczanie pokarmu
szczenietom przez doroste lisy, mogtaby przyczyni¢ si¢ do wyzszej liczebnosci miotu
(Macdonald, 1979; Zabel i Taggart, 1989). Badajac jednak miejskie populacje liséw, nie
stwierdzono zalezno$ci pomig¢dzy wielkos$cig miotu a wielkoscig grupy socjalnej, za$

wiekszej liczbie osobnikdw w grupie, towarzyszyl spadek czestosci dostarczania
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pokarmu szczenigtom w przeliczeniu na dorostego osobnika (Baker i in., 1998). Badania
Baker’a i in. (1998) sa jednak jedynymi tego typu i niewykluczone, ze poréwnujac grupy
funkcjonujgce w obrebie réznych srodowisk w miescie, o roznym stopniu rozproszenia
zasobow, zalezno$¢ wielko$ci miotu od wielkosci grupy bytaby bardziej zaznaczona.

Zyjace w miescie lisy ucza si¢ funkcjonowaé w specyficznych warunkach jakie
oferuja tereny miejskie poprzez np. zmiang sposobu wykorzystania przestrzeni
(Doncaster 1 Macdonald, 1991), dopasowujac swoja organizacje socjalng (Baker i in.,
2000) czy aktywnos$¢ dobowa (Harris, 1985), uczac si¢ korzysta¢ z nowych zrodet
pokarmu (Contesse i in., 2004), czy porusza¢ w obrebie miasta (Baker i in., 2007).
Obserwacje miejskich lisow przez dekady wskazujg, ze specyficzne warunki moga
powodowa¢ zmiany w biologii tych drapieznikéw (Stepkovitch 1 in., 2019). Jednakze,
zwierzeta moga wykazywaé réwniez krdotkoterminowe zmiany wynikajace z ich
miejskiego trybu zycia i zmiany te moga wigzac si¢ z biologig rozrodu.

Jak udowodniono wielokrotnie, zwierzg¢ta zamieszkujace tereny miejskie
nierzadko przystepuja do rozrodu wczesniej niz osobniki zasiedlajace tereny
pozamiejskie lub ich czas rozrodu jest wydtuzony (Partecke i in., 2004; Beck i Heinsohn,
2006; Solonen, 2014; Gryz 1 Krauze-Gryz, 2018; Beliniak i in., 2022). Zjawiska tego nie
zaobserwowano dotad u miejskich lisow (Harris 1 Smith, 1987a). Powody wystgpowania
wczesniejszego rozrodu u populacji miejskich nie sa do konfica rozpoznane.
Wystepowanie rozrodu regulowane jest szeregiem czynnikow, wsrod ktorych
najwazniejszymi jest dostepnos¢ pokarmu, warunkujgca gtownie stabilno$¢ energetyczng
dla przystepujacych do rozrodu organizméw oraz fotoperiod, wplywajacy na szlaki
hormonalne, regulujace fizjologiczne uwarunkowania wystepowania rozrodu (Bronson,
2009). W tym ujeciu miasto oferuje stabilny dostgp do pokarmu, jednoczesnie warunki
fotoperiodu moga by¢ zaburzone zanieczyszczeniem $wietlnym (Partecke i in., 2005).
Ponadto, tereny miejskie charakteryzuja si¢ wyzszg temperaturg otoczenia, ze wzgledu
na zjawisko tzw. miejskiej wyspy ciepta, a wyzsze temperatury rowniez moga miec
wplyw na wczesniejszy rozrod (Bronson i Heideman, 1994; Selonen i in., 2016; Beliniak

1in., 2022).
1.3. Pokarm lisow w miastach

Waznym czynnikiem warunkujacym przydatno$¢ terenéw miejskich do
wykorzystania przez lisy, jest wysoka dostepnos¢ pokarmu (Harris, 1981b; Harris i

Rayner, 1986a; Baker 1 in., 2000). Lis nalezy do pokarmowych oportunistow, tatwo
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dostosowujacych si¢ do oferty srodowiskowej (np. Goszczynski, 1986; Jedrzejewski i
Jedrzejewska, 1992; Cavallini i Volpi, 1996; Leckie i in., 1998; Sidorovich i in., 2006;
Hartova-Nentvichova 1 in., 2010; Kidawa i Kowalczyk, 2011). Zdolnos¢ efektywnego
wykorzystania dostepnych zasobow jest prawdopodobnie jednym z czynnikow
odpowiadajacych za szerokie wystepowanie tego gatunku na $wiecie. Cho¢ doktadny
sktad pokarmu zalezy w duzej mierze od warunkéw badanego regionu i $rodowiska,
wyr6ézni¢ mozna pewne wzorce geograficzne (Diaz-Ruiz i in., 2013; Soe 1 in., 2017;
Castafieda i in., 2022). Ogoétem, w pokarmie lisow dominujg mate ssaki 1 bezkregowce.
Udzial ssakow i1 ptakow w pokarmie lisa ro$nie wraz ze wzrostem szerokosci
geograficznej 1 spadkiem $redniej temperatury powietrza. W cieplejszym klimacie, w
pokarmie lisow czgséciej dominuja owoce 1 bezkrggowce, zas§ wraz ze wzrostem stopnia
przeksztatcenia srodowiska przez cztowieka, rosnie udziat ptakow, a spada udziat ssakow
w pokarmie lisa (Castafieda i in., 2022).

Na terenach centralnej Europy, w pokarmie lisow dominujg zazwyczaj mate ssaki,
uzupetniane przez $redniej wielko$ci ssaki (czesto zajacoksztaltne), ptaki oraz padling
duzych zwierzat kopytnych (Goszczynski, 1974; Jedrzejewski 1 Jedrzejewska, 1992;
Lanszki, 2005; Sidorovich 1 in., 2006; Kidawa 1 Kowalczyk, 2011). Udziat w pokarmie
ofiar innych niz mate ssaki, zazwyczaj wzrasta podczas okresowych spadkow
dostepnosci gryzoni (Goszczynski, 1986; Jedrzejewski i Jedrzejewska, 1992; Weber,
1996). Przyktadowo, waznym zrodtem pokarmu dla lisow moze by¢ padlina, zwlaszcza
w sezonie zimowym (Jedrzejewski 1 Jedrzejewska, 1992; Cagnacciiin., 2003; Sidorovich
1 in., 2006) oraz w wybranych $rodowiskach, gdzie jej dostepnos¢, przynajmniej
okresowo, jest wysoka (Boitani i in., 1984; Borkowski, 1994; Cagnacci i in., 2003;
Hartova-Nentvichové 1 in., 2010). Jako zrédlo pokarmu, lisy chetnie wykorzystuja
réwniez zwierz¢ta gospodarskie lub ich padling (Kolb i Hewson, 1979; Kolb i Hewson,
1980; Hewson, 1985; Jankowiak i in., 2008), zdajac si¢ wregcz preferowac to zrodto
pokarmu, gdy tylko jest dostepne (Panek i Budny, 2017).

W poréwnaniu z terenami pozamiejskimi, sktad pokarmu miejskich lisow
zazwyczaj ulegal znaczacej zmianie, objawiajacej si¢ duzo wigkszym udziatem pokarmu
antropogenicznego. Przyktadowo, w Zurichu, koto polowe zawartosci zotadkdéw stanowit
pokarm pochodzenia antropogenicznego (Contesse 1 in., 2004). Wsrdd tego typu pokarmu
lisow, dominowaty przede wszystkim odpadki migsne, pieczywo oraz ziarno i owoce
roslin uprawnych (Harris, 1981b; Doncaster i in., 1990; Saunders i in., 1993; Contesse i

in., 2004). W zwigzku z dokarmianiem lisow przez wtascicieli posesji na terenach z luzng
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zabudowa mieszkalng 1 ogrodkami dziatkowymi (Baker i in., 2000; Baker i in., 2004b;
Contesse 1 in., 2004), drapiezniki réwnie czgsto wykorzystywaly odpadki roslinne
przeznaczone do kompostowania, réwniez owoce (w szczegolnosci jagodowe), a takze
karme dla zwierzat domowych lub pokarm dla ptakoéw (Contesse 1 in., 2004). W pokarmie
liséw stwierdzano takze obecno$¢ zwierzat domowych (Harris, 1981b; Lewis i in., 1993;
Contesse 1 in., 2004). W przeciwienstwie do pokarmu antropogenicznego, udziat innych
zrodet pozywienia w pokarmie lisa na terenie miast byl bardziej zroznicowany. W wielu
lokalizacjach, duzy byt udziat bezkrggowcow (Harris, 1981b; Doncaster i1 in., 1990;
Saunders i in., 1993; White i in., 20006), przy czym w Wielkiej Brytanii szczeg6lnie czesto
stwierdzano duzy udziat dzdzownic (Harris, 1981b; Saunders i in., 1993), niekiedy
wynoszacy okoto jednej czwartej catego konsumowanego pokarmu (Doncaster i in.,
1990). W pokarmie miejskich lisow stwierdza si¢ rdOwniez czeste wystgpowanie ptakow
(Contesse i in., 2004), zwlaszcza z rzgdu wroblowych Passeriformes (Harris, 1981b),
cho¢ w przeliczeniu na biomase nie stanowig one duzej jego czgsci (Contesse i in., 2004).

Szerokie zdolnosci adaptacyjne lisow opieraja si¢ duzej mierze na mozliwosci
wykorzystywania licznych Zrédel pokarmu (Castafieda i1 in., 2022), co pokazuje
wykorzystywanie przez lisy szeroko dostepnego pokarmu antropogenicznego. Pokarm
ten w miastach charakteryzuje si¢ wysoka stabilno$cig, co moze czyni¢ miasta tak
atrakcyjnym $rodowiskiem dla lisow, przyczyniajac si¢ do ich wysokich liczebnos$ci
(Bateman 1 Fleming, 2012). Co wigcej, ilo$¢ pokarmu w $rodowisku miejskim
wielokrotnie przekracza zapotrzebowanie wystepujacych tam populacji lisow (Contesse
1 in., 2004), co moze przynajmniej czeSciowo odpowiada¢ za wzrost ich zaggszczenia
(Baker 1 in., 2000). Z drugiej jednak strony, miasto to $rodowisko niejednorodne,
oferujace zaréwno tereny optymalne dla dzikiej fauny, jak i1 suboptymalne. Jak
zaznaczono wczesniej, lisy wykazuja wyrazne preferencje siedliskowe w obrebie terendw
zurbanizowanych, inne w roznych miastach, czego konsekwencja sg zréznicowane
zageszczenia populacji miejskich (Marks 1 Bloomfield, 1999), a czego przyczyng moze
by¢ zmiana sktadu pokarmu w gradiencie urbanizacji (Castafieda i in., 2020).

Stabilne Zrédla pokarmu jakie oferuje $rodowisko miejskie moga réwniez
przektadac si¢ na konkretne efekty populacyjne, a doktadnie na liczebno$¢ miotu. Pokarm
szczenigt zasadniczo nie rézni si¢ od pokarmu osobnikoéw dorostych (Kolb i Hewson,
1980; Weber, 1996). Jednakze, wielu autoréw stwierdzito w pokarmie szczeniat wiekszy
udziat ofiar, o wigkszych rozmiarach czy masie, jak zajacoksztaltne czy mlode

jeleniowate (Lindstrom, 1994; Panzacchi i in., 2008). Byto to szczegolnie widoczne w
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latach kiedy dostgpnos$¢ gtéwnych ofiar liséw, w postaci drobnych gryzoni spadata
(Weber, 1996). Obserwacje ta ttumaczono na kanwie teorii zerowania optymalnego
(Krebs, 1978), zgodnie z ktorg zwierze ogranicza wydatek energetyczny wlozony w
zdobywanie pokarmu, przy jednoczesnej maksymalizacji zyskow z dostarczonej ofiary.
W latach z obfito$cig gryzoni, takie zjawisko nie byto dostrzegalne ze wzglgdu na wysoka
stabilno$¢ populacji matej ofiary, co pozwalato upolowaé dostateczng liczbe ofiar, przy
stosunkowo nieduzym wktadzie energetycznym w ich poszukiwanie i chwytanie. Taka
stabilnos$¢ 1 przewidywalnos¢ w dostepie do pokarmu moze znajdowac przelozenie na
wigksza liczb¢ potomstwa w miocie. Lindstrom (1988) oraz Goszczynski (1989)
zauwazyli wyrazng, pozytywna zalezno$¢ pomiedzy dostgpnoscia gryzoni w okresie
okotorujowym, a liczebno$cig miotu. W miescie, gdzie dominujagcym zréodtem pokarmu
jest pokarm pochodzenia antropogenicznego, stabilny w czasie i przekraczajacy potrzeby
populacji (Contesse i in., 2004; Baker i in., 2004b), mozna by spodziewac¢ si¢ wigkszej
sredniej liczby szczenigt w miocie w poréwnaniu do populacji pozamiejskich, a takze
zrdéznicowania wielko$ci miotu w zaleznosci od udziatu pokarmu antropogenicznego w

pokarmie poszczegdlnych grup socjalnych.
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2. Cele pracy i hipotezy badawcze

W pracy zdefiniowano dwa gléwne cele. Pierwszym bylo przesledzenie procesu
kolonizacji miasta przez lisy, tj. zmian wystgpowania oraz zaggszczenia populacji tego
gatunku na terenie Warszawy, w ciggu ostatnich 50 lat. W tym celu dane zbierane w latach
2016-2021 zestawiono z niepublikowanymi danymi dotyczacymi wystgpowania i
zageszczenia lisow na terenie Warszawy, zebranymi przez profesora Jacka
Goszczynskiego pod koniec lat siedemdziesigtych ubiegtego wieku (lata 1976-1978) oraz
przez J. Goszczynskiego 1 wspotpracownikow w pierwszej dekadzie XXI wieku (lata
2004-2012). Dzigki temu uzyskano poréwnywalne zestawy danych dla trzech odrebnych
okres6w badawczych. Wyniki umozliwily oceng kierunku i skali zmian w rozmieszczeniu
oraz zageszczeniu lisow w warunkach miejskich. Przyjeto nastepujace zalozenia
(hipotezy) badawcze:

1) Zasigg wystgpowania lisa i czgsto$¢ rejestrowania jego tropdéw w Warszawie
wzrastaty w kazdym z kolejnych okreséw badawczych. W ostatnim z badanych
okresow, lisy wystepowaty na terenie catego miasta 1 skolonizowaty wszystkie
typy srodowiska w obrebie miasta. Wraz z postepem kolonizacji, rosta rowniez
liczba obserwacji lisow na terenie Warszawy.

2) Kolonizacja rozpoczeta si¢ w roznych cze$ciach miasta, od terenow zielonych
polozonych peryferyjnie i przebiegata w kierunku centrum miasta.

3) Zgodnie z zaktadanym schematem kolonizacji miasta przez dziko zyjace gatunki
zwierzat, w pierwszym okresie badawczym lisy skolonizowaly tereny najbardziej
zblizone do naturalnych i zasiedlaty je istotnie czg$ciej niz pozostate typy terenow
zielonych. W kolejnych okresach badawczych lisy skolonizowaty pozostale typy
terenéw zielonych 1 chetniej wybieraly tereny bardziej przeksztalcone
antropogenicznie.

Przedstawione powyzej hipotezy (zatozenia badawcze) zweryfikowano w dwoch
publikacjach:
1) Jackowiak M., Gryz J., Jasinska K., Brach M., Bolibok L., Kowal P., Krauze-
Gryz D. 2021. Colonization of Warsaw by the red fox Vulpes vulpes in the
years 1976-2019. Scientific Reports 11: 13931.

2) Krauze-Gryz D., Jackowiak M., Klich D., Gryz J., Jasinska K. D. 2024.
Following urban predators — long-term snow-tracking data reveal changes in

their abundance and habitat use. Journal of Zoology 323: 213-224.
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Kolejnym celem bylo okreslenie wybranych cech populacji lisow
zamieszkujacych Warszawg, tj. struktury socjalnej populacji, wybranych parametrow
rozrodu oraz sktadu pokarmu, a takze wskazanie czynnikow $rodowiskowych, ktore
mogly potencjalnie wptywa¢ na badane parametry. Ponadto, poréwnano strukture
socjalng oraz parametry rozrodu liséw w Warszawie oraz na terenach pozamiejskich w
centralnej Polsce. W tym celu na terenie catego miasta wyszukiwano nory rozrodcze
liséw, przy ktérych monitorowano wielkos$¢ grup socjalnych, wielko§¢ miotow, oceniono
czas przystepowania do rozrodu oraz szacowano sktad pokarmu. Przyjeto nastepujace
zatozenia (hipotezy) badawcze:

1) Na terenie Warszawy, w pokarmie lisow dominuje pokarm antropogeniczny,
jednak udziat poszczegélnych typow pokarmu jest zalezny od struktury
srodowiska miejskiego — im bardziej przeksztatcone jest srodowisko w obrebie
arealu oraz im blizej centrum miasta jest on potozony, tym wickszy udziat
pokarmu antropogenicznego.

2) Na terenie miasta lisy formujg grupy socjalne, ktorych wielko$¢ jest zalezna od
dostepnosci 1 udzialu pokarmu antropogenicznego oraz stopnia urbanizacji — im
wigkszy udziat pokarmu antropogenicznego oraz stopieh urbanizacji, tym wyzsza
spodziewana wielko$¢ grup socjalnych.

3) Lisy na terenie miasta przystepuja do rozrodu wczesniej niz lisy wystgpujace na
terenach polno-lesnych centralnej Polski oraz wyprowadzaja wigksze mioty.
Wczesniejszy czas rozrodu miejskich lisow jest warunkowany wyzszym udziatem
pokarmu antropogenicznego oraz wyzszym stopniem urbanizacji, podczas gdy
wielko$¢ miotu jest pozytywnie zalezna od wielko$ci grupy socjalnej, czgstosci
dostarczania szczenigtom pokarmu przez cztonkéw grupy socjalnej, udziatu
pokarmu antropogenicznego oraz stopnia urbanizacji.

Zatozenia (hipotezy) ujete w punkcie 1) zweryfikowano w niepublikowanym jeszcze
manuskrypcie:

1) Jackowiak M., Jasinska K. D., Gryz J., Szyc K., Krauze-Gryz D. City snacks
and country hunts — diet of urban red foxes on the basis of three methods of
assessment.

Z kolei zalozenia ujgte w punktach 2)-3) zweryfikowano w publikacji:
1) Jackowiak M., Jasinska K. D., Gryz J., Guzowska E., Szyc K., Krauze-Gryz D.
2025. Is it beneficial to be a city dweller? Impact of urban conditions on the

red fox reproduction. Journal of Zoology 325: 155-165.
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3. Teren badan

Badania prowadzone byly w Warszawie (w obrgbie granic administracyjnych
miasta), zamieszkiwanej przez ponad 1,8 miliona ludzi (ggsto$¢ zaludnienia to okoto
3600 osob/km?). Aktualnie Warszawa zajmuje powierzchnie 517 km?, co czyni ja
najwickszym miastem Polski. Od 1921 powierzchnia miasta wzrosta o prawie 400 km?,
za$ liczba ludnosci o ponad 900 tys. mieszkancow. Warszawa podzielona jest na 18
dzielnic.

Warszawa potozona jest na wysokosci 113 m n.p.m. Roczna suma opadéw wynosi
okoto 500 mm, za$ §rednia temperatura to okoto 7,7°C. W miescie wystepuje zjawisko
miejskiej wyspy ciepta (MWC) tj. wyzszej temperatury powietrza na terenie
zurbanizowanym w stosunku do otaczajacych terendw pozamiejskich, ktorego
intensywno$¢, zalezna od sezonu i pory dnia, wynosi $rednio okoto 2°C (Blazejczyk i in.,
2014). Przez miasto przeplywa Wisla, zaliczana do rzek roztokowych, bedaca jedng z
najwiekszych rzek Europy i najwigksza, ktora zachowata swoj naturalny charakter,
obejmujacy m. in. naturalne spigtrzenia i wylewy w okresach wiosennym i jesiennym.
Wista dzieli miasto na czgéci lewo- 1 prawobrzezng, z ktorych czg$¢ lewobrzezna w
okolicach centrum jest silnie przeksztalcona antropogenicznie, za§ w czesci
prawobrzeznej oraz w czesci lewobrzeznej w poinocnej 1 potudniowej cze$ci miasta
zachowane sg lasy tegowe, porastajace dawniej brzegi rzeki. Wista, na obu brzegach
ograniczona jest watami przeciwpowodziowymi, a tereny mi¢dzy nimi nazywane s3
Miedzywalem Wisty. Obszar ten, wtaczony do sieci Natura 2000, stanowi bardzo wazny
korytarz ekologiczny w obrebie miasta (Romanowski, 2007). Miasto polozone jest na
Nizinie Srodkowomazowieckiej. Lewobrzezna czgs¢ Warszawy potozona jest prawie w
cato$ci na terenie ROwniny Warszawskiej, tereny wzdtuz Wisty 1 wigksza cz¢$¢ miasta na
prawym brzegu Wisty znajduje sic w mezoregionie Doliny Srodkowej Wisty, za$
niewielka czg$¢ najdalej na wschod wysunigtych czeSci miasta lezy na terenie
mezoregionu Rowniny Wolominskiej. Wzdtuz granic ROwniny Warszawskiej ciggnie si¢
wyerodowana przez Wisle skarpa warszawska, stanowigca charakterystyczny element
krajobrazu miasta, wplywajacy na jego struktur¢ i uksztaltowanie przestrzenne
(Kondracki, 2006). Od pétnocy, w czesci lewobrzeznej, z miastem graniczy Kampinoski
Park Narodowy.

Okoto 15% powierzchni miasta stanowig lasy, rozmieszczone gltownie na

obrzezach miasta w cze¢$ci potnocnej, wschodniej i potudniowej, zarzadzane przez Lasy
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Miejskie — Warszawa (LM-W) oraz cze$ciowo przez PGL Lasy Panstwowe
(Nadlesnictwa Celestyndw, Drewnica oraz Jabtonna). Ponadto, do laséw Warszawy
zaliczy¢ mozna lasy tegowe wystepujace w obszarze migdzywala Wisty, a takze czes$¢
terenéw lesnych, objetych ochrong w ramach rezerwatow przyrody. Wsrdd rezerwatow
na terenie miasta znajduje si¢ najwigkszy rezerwat przyrody na terenie wojewodztwa
mazowieckiego — Las Kabacki im. Stefana Starzynskiego. Ponadto, czg$¢ terenow
lesnych wchodzi w sktad Mazowieckiego Parku Krajobrazowego. Poza lasami, na tereny
zielone skltadajg si¢ rowniez tereny wykorzystywane rolniczo (gtownie w czesci
potudniowo-wschodniej), liczne parki 1 skwery (gtéwnie w czgséci centralnej), ogrodki
dziatkowe, cmentarze (w tym wiele obiektow historycznych), tereny ruderalne wzdtuz
toréw kolejowych czy drog ekspresowych, ogrody botaniczne 1 ogrod zoologiczny, a
takze zielen uliczna czy ogrody przydomowe. Zabudowa wielkomiejska ogranicza si¢
gléwnie do centralnie potozonych dzielnic miasta, za§ wicksza czes¢ Warszawy stanowi
luzna zabudowa wraz z towarzyszacg zielenig.

Znaczacy udzial rdéznego rodzaju terendw zielonych w Warszawie jest
prawdopodobng przyczyna wystepowania w miescie bardzo duzej liczby gatunkow
zwierzat. Roznorodno$¢ warszawskiej fauny nalezy przy tym do jednej z lepiej
poznanych w poréwnaniu z innymi miastami europejskimi. Tylko od lat szes¢dziesigtych
XX wieku do 1990 roku ukazalo si¢ okoto 300 prac naukowych opisujacych to
zagadnienie (Luniak, 2006). Najbardziej szczegdbtowo opisano wystepowanie rdznych
gatunkéw bezkregowcow (kompleksowo zinwentaryzowanych w latach 1974-1990 przez
Muzeum 1 Instytut Zoologii PAN) oraz ptakow, opisanych szczegdétowo w dwoch
monografiach (Luniak i in., 1964; 2001). Opisywano réwniez wystepowanie plazow na
terenie Warszawy (Mazgajska, 1998). Wystepowanie ssakow na terenie miasta w XX
wieku podsumowano w publikacji Luniaka i Nowickiego (1990), jednakze sposrdd
roznych grup ssakoéw bardziej szczegdlowym badaniom poddano jedynie nietoperze
Chiroptera (Lesinski i Fuszara, 2001). Wiekszo$¢ badan dotyczacych wystepowania
ssakOw na terenie Warszawy dotyczy wybranych lokalizacji (np. Luniak i in., 2000;
Luniak i in., 2010; Krauze-Gryz i in., 2016; Gryz i Krauze-Gryz, 2022). Pierwsze znane
opracowania na temat ssakow notowanych na terenie Warszawy, pochodzg juz z konca
XIX wieku (Watecki, 1881), jednakze ze wzgledu na prawie catkowite zniszczenie miasta
w okresie Il wojny §wiatowej, prawdopodobnie wszystkie miejskie populacje ssakow
(jezeli takowe istnialy w tym czasie) zostaly rowniez wyniszczone. W zwigzku z

powyzszym, obserwowane obecnie populacje ssakow w Warszawie zaczely ksztattowaé
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si¢ najwczesniej w latach piecdziesigtych XX wieku lub jeszcze pdzniej. Pierwsze
powojenne badania, dotyczace wykorzystywania przez ssaki terenow Warszawy pojawity
si¢ w latach siedemdziesigtych XX wieku (Goszczynski, 1979). W tym okresie pojawity
si¢ rowniez pierwsze prace opisujagce zmiany zachodzace w biologii ssakow
zamieszkujacych Warszawe (Andrzejewski i in., 1978; Babinska-Werka i in., 1979, 1981,
Babinska-Werka, 1981). Obecnie zar6wno wystepowanie ssakoéw w Warszawie jak i
badania nad ich ekologig sg coraz czgstsze (m. in. Gortat i in., 2014; Gryz i in., 2017;
Kostrzewa i Krauze-Gryz, 2020; Lesinski i in., 2021; Beliniak i in., 2021; Krauze-Gryz 1
in, 2021; Jasinska i in., 2021; 2022; Beliniak i in., 2022; Beliniak i Krauze-Gryz, 2024;
Beliniak i in., 2024; Gryz i in., 2024), jednakze badania poswigcone $redniej wielkosci
drapieznikom nie byty do tej pory prowadzone lub byly bardzo nieliczne (np. Jasinska i
Goszczynski, 2011; Jobda 1 Goszezynski, 2011).

Wyniki na temat struktury socjalnej populacji oraz wybranych parametrow
rozrodczych w Warszawie zostaly porownane z wynikami uzyskanymi w centralnej
Polsce na terenie Le$nego Zakladu Doswiadczalnego w Rogowie Szkoty Glownej
Gospodarstwa Wiejskiego w Warszawie, oddalonego od Warszawy o okoto 90 km.
Obszar ten miat powierzchni¢ okoto 9440 hektaréw. Klimat w tym regionie jest zblizony
do panujacego w Warszawie, z okoto roczng sumg opadow na poziomie 600 mm i §rednig
temperaturg okolo 7,8°C. Obszar poréwnawczy stanowil optymalne siedlisko dla lisa, w
postaci mozaiki terenow polnych oraz lasow, z czego lasy stanowily okoto 17%

powierzchni badanego obszaru (Krauze-Gryz 1 Gryz, 2023).
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4. Metody

4.1. Stopien zasiedlenia i przebieg kolonizacji miasta

W celu oszacowania stopnia zasiedlenia Warszawy przez lisa, teren miasta
podzielono na 593 kwadraty o powierzchni 1 km?. Gromadzone od 2005 roku dane
dotyczace obserwacji lisow 1 $ladow ich obecnosci na terenie Warszawy
przyporzadkowano do poszczegolnych kwadratow. Dodatkowo, w latach 2011-2012,
przeszukiwano wszystkie pozostate kwadraty, na podstawie czego podzielono kwadraty
na te zasiedlone przez lisa i niezasiedlone. Dane te dostarczyly informacji na temat
stopnia zasiedlenia miasta przez lisa.

Celem opisu postepow w kolonizacji miasta od lat 70. XX wieku, wytypowano
29 réznego rodzaju obszaréw zieleni miejskiej (o powierzchni od 4 do 139 ha), w tym
sze$¢ cmentarzy, pie¢ terenow lesnych, jedenascie parkdw 1 siedem terenow
nadrzecznych, znajdujacych si¢ w réznych czgsciach miasta i potozonych w réznych
odlegtosciach od jego centrum (za punkt centralny Warszawy przyjeto Patac Kultury i
Nauki). W obrgbie kazdego z tych obszaréw weryfikowano obecnos¢ lisow na podstawie
tropien zimowych. Dane z lat 2016-2019 poréwnano z niepublikowanymi danymi z lat
1976-1978 (zgromadzonymi przez J. Goszczynskiego) oraz z lat 2005-2008
(zgormadzonymi przez J. Goszczynskiego z zespotem).

Dodatkowo, przeanalizowano wystgpowanie zdarzen z udzialem lisow w
Warszawie w czasie 1 przestrzeni. W tym celu, dla lat 1998-2015, pozyskano od Lasow
Miejskich — Warszawa informacje na temat obserwacji i zdarzen z udzialem lisow. Na ich
podstawie okreslono w jaki sposdb w kolejnych latach zmieniata si¢ liczba incydentéw z
udziatem lisow na terenie Warszawy oraz jak liczba ta zmieniata si¢ w cyklu

okotodobowym.
4.2. Zmiany zageszczenia populacji lisa w mieScie

Rownolegle do oceny wystgpowania 1 stopnia kolonizacji Warszawy, prowadzono ocen¢
zageszczenia drapieznikow w miescie. W tym celu wykorzystano metod¢ zimowych
tropien na transektach, prowadzonych od listopada do lutego kazdego sezonu, w latach
2016-2021. Zgromadzone dane poréwnano z niepublikowanymi danymi zbieranymi w
identyczny sposob w trakcie dwoch wezesniejszych okresow badawczych: w latach 1976-
1978 oraz 2005-2008 (patrz podrozdzial 4.1). Tropienia prowadzono od jednego do

czterech dni po opadzie $niegu na liniowych transektach o zmiennej dlugos$ci
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(proporcjonalnej do wielko$ci terenu na ktérym prowadzono tropienie), podzielonych na
100-metrowe odcinki. Metoda polegata na zliczaniu tropéw lisoéw przecinajacych kolejne
odcinki transektu. Dla kazdego odcinka transektu okreslano typ srodowiska, bazujgc na
obserwacjach otoczenia w trakcie prowadzonych tropien. Srodowiska klasyfikowano do
jednego z osmiu typow: ogrodki dziatkowe, tereny zabudowane, cmentarze, lasy, tereny

ruderalne, tereny otwarte, lasy tegowe i tereny nadrzeczne oraz parki.

4.3. Ocena skladu pokarmu

Do oceny sktadu pokarmu warszawskich lisow wykorzystano réwnolegle trzy
metody: analizy odchodow (osobnikéw dorostych jak i szczeniat), zbieranych przy
norach, rejestracji resztek pokarmu przy norach rozrodczych oraz rejestracji pokarmu
przynoszonego do nor przez dorostych cztonkéw grupy socjalnej (Wagnon i Serfass,
2017; Windell i in., 2019). Badanie przeprowadzono w latach 2018-2021 1 w kazdym
przypadku starano si¢ identyfikowac kazdy element pokarmu do jak najnizszego poziomu
taksonomicznego.

Analiz¢ odchodow prowadzono w oparciu o metodyke Goszczynskiego (1974).
Probke namaczano w zlewce z dodatkiem detergentu przez 24 godziny, a nastepnie
przenoszono na sitko o rozmiarze oczek 1 mm 1 przeptukiwano w celu usunigcia
strawionej, bezpostaciowej masy od niestrawionych fragmentéw. Pozostatosci
przenoszono na szalke Petriego 1 suszono w temperaturze 60°C przez 24 godziny.
Nastepnie pozostato$ci byly identyfikowane. w oparciu o publikacje Pucka (1984),
Dziurdzik (1973), Teerink (1991), De Marinis i Agnelli (1993), Yalden (2009) oraz
kolekcje porownawcza Samodzielnego Zakladu Zoologii Lesnej 1 Lowiectwa Szkoty
Gtownej Gospodarstwa Wiejskiego w Warszawie. Rozpoznane pozostatosci dzielono
wedtug typéw pokarmu.

Rejestracje resztek pokarmu prowadzono w trakcie regularnych kontroli przy
norach w okresie od lutego do sierpnia kazdego sezonu badawczego. Kazda ze
znalezionych pozostato$ci byta zbierana i identyfikowana na miejscu lub pdzniej w
laboratorium w oparciu o klucze identyfikacyjne Pucka (1984), Browna i in. (2002) oraz
kolekcje poréwnawczg Samodzielnego Zaktadu Zoologii Lesnej 1 Lowiectwa SGGW w
Warszawie.

Do rejestracji pokarmu przynoszonego przez doroste lisy wykorzystano foto-
putapki montowane przy norach rozrodczych w celu oceny parametréw rozrodu lisow. W

trakcie analizy zdj¢e¢ notowano kazdy przypadek niesienia pokarmu przez zwierzeta
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wchodzace w sktad grupy socjalnej i identyfikowano niesiony przedmiot, mozliwie
najdoktadniej lub przynajmniej do gtownych typéw pokarmu.

Zebrane dane na temat sklad pokarmu liséw wykorzystano do porownania
zgodnos$ci metod oceny sktadu pokarmu oraz zmiennos$ci przestrzennej, warunkowane;j

przez odlegto$¢ nor od centrum miasta oraz struktur¢ srodowiska wokoét nory.

4.4. Badanie organizacji socjalnej populacji oraz wybranych parametrow
rozrodu

W celu okreslenia organizacji socjalnej populacji lisa w Warszawie oraz biologii
rozrodu w poréwnaniu do populacji lisow zyjacych poza terenami miejskimi,
zastosowano obserwacje z wykorzystaniem foto-putapek przy norach oraz obserwacje
bezposrednie.

W pierwszej kolejnosci zweryfikowano obecnos$¢ nor, ktorych lokalizacja byta
znana juz przed rozpoczeciem badania, gtownie znalezionych w trakcie realizacji prac
dyplomowych przez studentow Szkoty Gtownej Gospodarstwa Wiejskiego w Warszawie
lub w trakcie realizacji innych badan nad faung Warszawy. Nastepnie baza znanych nor
byta regularnie uzupetniana o nory zlokalizowane w latach 2018-2021. Wyszukiwanie
nowych nor prowadzone byto co roku, w okresie od lutego do wrzesnia, w pojedynke lub
w matych grupach, na terenie catego miasta. Dodatkowo, informacje o znanych norach
liséw zbierano od pracownikoéw réznych instytucji, w szczegdlnosci Lasow Miejskich —
Warszawa, Zarzadu Zieleni m. st. Warszawy, Ogrodéw Botanicznych i Zoologicznego,
oczyszczalni Sciekow, elektrowni, lotnisk itp., a takze poprzez media spoteczno$ciowe od
mieszkancow Warszawy.

Zlokalizowane nory byly kontrolowane kilka do kilkunastu razy w ciggu roku,
poczawszy od konca lutego. W trakcie pierwszej kontroli sprawdzano czy nora jest
uzytkowana. Przy norach uznanych za uzytkowane w celach rozrodczych montowano
foto-pulapki. Nastepnie nora byla kontrolowana od jednego do trzech razy (uznane za
nieuzytkowane byly w tym samym czasie kontrolowane jednokrotnie), w celu
potwierdzenia uzytkowania przez lisy. Przy stwierdzeniu prawdopodobnego pojawienia
si¢ szczenigt w danej norze, foto-pulapke pozostawiano w danym miejscu, w innym
przypadku byta ona przewieszana w okolice innej nory. Pod koniec marca lub na poczatku
kwietnia przeprowadzono dodatkowa kontrole wszystkich znanych nor. Od kwietnia
liczba kontroli zostata ograniczona do jednej na miesiac, tak aby nie niepokoi¢ dorostych

lisow 1 szczeniat. Foto-putapka byta eksponowana przy norze tak dlugo jak nora byta
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uzytkowana przez grupe rodzinng liséw, nie dtuzej jednak niz do konca sierpnia lub
poczatku wrzesnia.

W przypadku obszaru poréwnawczego w Rogowie, wszystkie nory zostaty
zlokalizowane w latach 2011-2017, gtownie w trakcie regularnego przeszukiwania tych
terenéw w okresie od marca do maja. Uzytkowane nory rozrodcze byty identyfikowane
w oparciu o obecnos$¢ tropéw lisow i/lub pozostatosci ich ofiar. Nastgpnie nory byty
monitorowane przy pomocy foto-putapek w okresie od poczatku marca do potowy lipca.

Na podstawie zebranego materialu zdjeciowego szacowano: czas narodzin
szczeniat, liczbe szczenigt w miocie oraz liczbe osobnikéw dorostych wchodzacych w
sktad grupy rodzinne;.

W celu oszacowania czasu narodzin, oceniono wiek szczenigt na podstawie ich
wygladu, zwracajac szczegdlng uwage na sekwencje pojawiania si¢ rudego zabarwienia
wlosow, pojawianie si¢ czarnego zabarwienia na tapach i uszach, fakture siersci, kolor
oczu, ksztalt i dlugos$¢ pyszczka, ksztalt i ulozenie uszu (Harris, 1978; Goszczynski,
1995). Na podstawie tych cech oceniono wiek szczenigt z doktadno$cig do okoto pot
tygodnia. Na podstawie oszacowanego wieku ustalono przyblizony termin narodzin
szczenigt. Termin narodzin szczenigt pordwnano pomig¢dzy terenami miejskimi oraz
pozamiejskimi.

Wielko$¢ miotu oceniono na podstawie liczby szczeniagt rejestrowanych przy
badanej norze. Za wielko§¢ miotu uznawano maksymalng liczbe szczenigt
zarejestrowanych na dowolnym zdjeciu przy badanej norze. Srednia wielkos¢ miotu
poréwnano pomi¢dzy miastem a terenem pozamiejskim.

Wielkos$¢ grupy socjalnej (wg definicji Dorning 1 Harris’a, 2019a) szacowana bylta
na podstawie liczby dorostych (w petni wyro$nigtych, majacych co najmniej 12 miesigcy)
osobnikow zaobserwowanych przy danej norze, identyfikowanych na podstawie cech
fizjonomicznych (Sarmento 1 in., 2009; Dorning 1 Harris, 2019b). Za wielko$¢ grupy
socjalnej uznawano maksymalng liczb¢ w peini rozpoznanych osobnikow, pomijajac
osobniki ktorych identyfikacje uznano za watpliwg. Liso6w pojawiajacych sie
jednokrotnie i sporadycznie przy badanej norze nie uwzgledniano w wielkos$ci grupy.

Wsrod czynnikow, ktore wzigto pod uwage jako potencjalnie wplywajace na
rozrod miejskich lisow byty struktura srodowiska wokot miejsca rozrodu, sktad pokarmu
lisow, stopien antropopresji (zjawisko miejskiej wyspy ciepla oraz zanieczyszczenie

Swiattem), a takze wielko$¢ grupy socjalne;.
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5. Prezentacja najwazniejszych wynikow w publikacjach wchodzacych w

sklad rozprawy doktorskiej
5.1. Publikacja 1. Kolonizacja miasta przez lisa

Jackowiak M., Gryz J., Jasinska K., Brach M., Bolibok L., Kowal P., Krauze-Gryz D.
2021. Colonization of Warsaw by the red fox Vulpes vulpes in the years 1976-2019.
Scientific Reports 11: 13931.

W pierwszym artykule wykorzystano dane z tropien zimowych prowadzonych w
trzech okresach badawczych (I — lata 1976-1978, II — lata 2004-2012 1 III — lata 2016-
2019) na obszarze 29 terendéw zielonych oraz obserwacje bezposrednie i posrednie lisow
na terenie Warszawy do przesledzenia postepow w kolonizacji miasta w latach 1976-
2019.

Sposrdad 29 terendw zielonych wytypowanych do oceny postgpdéw kolonizacji, w
latach 1976-1978 jedynie 6 obszaréw (21%) znajdujacych si¢ na obrzezach miasta byto
skolonizowanych przez lisa. Liczba ta wzrosta do 18 (62%) w latach 2005-2008 i 27
(93%) w latach 2016-2019. W pierwszym okresie lisy kolonizowaly tereny le$ne oraz
lasy tegowe istotnie czesciej niz pozostate rodzaje terendw zielonych, podczas gdy w
kolejnych okresach badawczych zaden typ terenu zielonego nie byl kolonizowany
wyraznie cze$ciej niz wynikato to z ich dostgpnosci. Ponadto, na podstawie kontroli 593
kwadratéw o powierzchni 1 km?, pokrywajacych caty teren Warszawy, w latach 2011-
2012, stwierdzono ze lis wystepowat na terenie catego miasta. Przeprowadzone badanie
potwierdzito, ze po prawie 50 latach kolonizacji lis wystepowal na terenie catego miasta
1 skolonizowatl wszystkie srodowiska w jego obrebie.

Przeanalizowano czasowy rozktad 608 obserwacji i zdarzen z udzialem liséw na
terenie Warszawy, zebranych w latach 1998-2015. Roczna liczba incydentéw stopniowo
wzrastata, od kilku rocznie w roku 1998 do ponad 80 w roku 2015. Na podstawie
przeanalizowanych danych stwierdzono, ze prawdopodobienstwo obserwacji lisa na
terenie miasta wzrastalo z uptywem lat, bylo najwyzsze w okresie od czerwca do
pazdziernika, w dni powszednie oraz w ciggu dnia i na terenach pokrytych luzng

zabudowa.
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5.2. Publikacja 2. Zmiany zageszczenia populacji lisa na terenie miasta

Krauze-Gryz D., Jackowiak M., Klich D., Gryz J., Jasinska K. D. 2024. Following urban
predators — long-term snow-tracking data reveal changes in their abundance and habitat

use. Journal of Zoology 323: 213-224.

W drugim artykule, skupiono si¢ na przesledzeniu jak zmienialo si¢
wykorzystanie r6znych srodowisk przez lisy na przestrzeni dekad (lata 1976-1978, 2005-
2008 12016-2021), na podstawie tropien na transektach.

Czesto$¢ rejestracji tropow lisow na transektach na terenie miasta zmieniata si¢
podobnie jak stopien zasiedlenia Warszawy przez lisy. W pierwszym okresie badawczym
czestos¢ wystepowania tropow (liczba transektéw o roznej dtugosci, biegnacych przez
jednorodne $rodowisko, w obrebie jednego terenu, sprawdzanych jednego dnia, na
ktorych stwierdzono obecnos$¢ tropow lisa) wynosita jedynie 0.04, po czym wzrosta okoto
15 razy w drugim okresie badawczym, finalnie osiggajac wartos$¢ 0,70 w ostatnim okresie
badawczym. Wzrost czgstosci rejestracji tropow pomiedzy drugim a trzecim okresem
badawczym byt jednak statystycznie nieistotny. Sposrdd analizowanych czynnikow tj.
rodzaj srodowiska, okres badawczy, dtugos¢ transektu oraz odlegtos¢ do centrum miasta
wszystkie okazaty si¢ istotnie ksztattowaé prawdopodobienstwo rejestracji tropow na
transektach.

W pierwszym okresie badawczym tropy lisow rejestrowane byly tylko na terenie
laséw oraz tegdbw na terenie Miedzywala Wisty. W drugim okresie badawczym, tropy
byly obecne w kazdym typie srodowiska, przy czym najczesciej byly rejestrowane w
lasach, t¢gach nadwislanych, ogrodkach dziatkowych oraz parkach. W ostatnim okresie
tropy lisow roéwniez stwierdzane byly we wszystkich §rodowiskach, ale czgsto$é
wystepowania tropéw w srodowiskach takich jak tereny zabudowane czy cmentarze byta
wyzsza, za§ w lasach, legach nadwislanskich czy ogrodkach dziatkowych nieznacznie

nizsza niz w okresie poprzedzajacym.
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5.3. Publikacja 3. Sklad i zmienno$¢ pokarmu liséw w Warszawie

Jackowiak M., Jasinska K. D., Gryz J., Szyc K., Krauze-Gryz D. City snacks and country

hunts — diet of urban red foxes on the basis of three methods of assessment.

W trzeciej publikacji, skupiono si¢ na ocenie sktadu pokarmu lisOw na terenie
Warszawy z wykorzystaniem trzech metod oceny: rejestracji resztek pokarmu przy
norach, rejestracji pokarmu przynoszonego przez lisy do nor na zdjeciach z foto-putapek
1 analizy odchodow. W badaniach opisanych w manuskrypcie, przedstawiono wyniki
oceny sktadu pokarmu kazda z zastosowanych metod i poréwnano zgodno§¢ wynikoéw
pomiedzy zastosowanymi metodami oraz zbadano wplyw wybranych czynnikow
przestrzennych na sktad pokarmu lisow.

Niezaleznie od zastosowanej metody oceny, sktad pokarmu byt réznorodny, a
kazda z metod wskazata te same gléwne Zrodta pokarmu: ssaki (szczegdlnie mate), ptaki,
pokarm pochodzenia antropogenicznego i1 padlina, przy czym analiza odchodow
wykazata, ze czgsto w pokarmie lisa pojawiaty si¢ rowniez bezkrggowce oraz owoce i
nasiona. W zaleznos$ci od zastosowanej metody, zmienny byl udziat poszczegdlnych
typéw pokarmu. Wsrdd resztek rejestrowanych przy norach dominowat pokarm
pochodzenia antropogenicznego (42%), ptaki stanowity 33% rejestrowanych ofiar, ssaki
14%, za$ padlina duzych kopytnych 7%. W przypadku rejestracji na zdjgciach z foto-
putapek pokarmu przynoszonego do nor, najczescie] rejestrowany byl rowniez pokarm
antropogeniczny (38%), przy czym drugim najczgsciej obserwowanym rodzajem
pokarmu byly ssaki (26,5%). Pozostatymi czesto rejestrowanymi rodzajami pokarmu
byty ptaki (24,5%) 1 padlina (8%). W analizie odchodéw stwierdzono najwiekszy udziat
ssakow  (21%), owocow 1 nasion (20%), ptakéw (14%), owadoéw (12,5%),
niezidentyfikowanego  materiatu  pochodzenia  ro$linnego  (12%), pokarmu
antropogenicznego (11%) i padliny (5%).

Metody daty istotnie r6zne wyniki oceny sktadu pokarmu, a zastosowana metoda
miata najwigkszy wplyw na otrzymany wynik. Z kolei analizy wykonane dla pozostatych
dwoch zmiennych — odleglo$ci nory przy ktoérej zbierano dane od centrum miasta 1
udziatu $rodowiska przeksztalconego antropogenicznie w okolicach nory — wykazaty
brak jakiegokolwiek wptywu na sklad pokarmu liséw. Taki wynik sugeruje, ze sktad
pokarmu lisow na terenie Warszawy jest wzglednie homogeniczny, niezaleznie od

miejsca prowadzenia obserwacji i jego uwarunkowan przestrzennych czy obserwowane;j
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grupy socjalnej, a zastosowanie jednej metody oceny moze mocno wplywaé na

otrzymany wynik.
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5.4. Publikacja 4. Wplyw Srodowiska miejskiego na rozrod lisow w Warszawie

Jackowiak M., Jasinska K. D., Gryz J., Guzowska E., Szyc K., Krauze-Gryz D. 2025. Is
it beneficial to be a city dweller? Impact of urban conditions on the red fox reproduction.

Journal of Zoology 325: 155-165.

W artykule czwartym podj¢to si¢ oceny wybranych parametréw rozrodu i
elementow organizacji socjalnej w populacji lisow zamieszkujacych Warszawe oraz
poroéwnano jg z populacjg pozamiejska, zamieszkujaca tereny centralnej Polski. Badanie
dotyczyto oceny $redniej wielko$ci miotu, $redniej wielkosci grupy socjalnej i czasu
rozrodu, a takze czynnikdw mogacych potencjalnie wptywaé na te parametry populacji.
W ramach realizacji tych badan, przeszukano Warszawe pod wzgledem lokalizacji lisich
nor rozrodczych i prowadzono przy nich obserwacje zwierzat z uzyciem foto-putapek.

W trakcie badan, od jesieni 2017 do wiosny 2021, zlokalizowano 254 nory lisow
na terenie Warszawy, sposréd ktorych 19,3% bylo wykorzystywanych jako nory
rozrodcze. Wigkszo$¢ nor na terenie miasta (76%) byla zlokalizowana na terenach
le$nych.

Poréwnujac populacje lisow z terenu Warszawy oraz z centralnej Polski,
stwierdzono, ze mioty lisow miejskich byly wigksze niz w przypadku lisow zyjacych
poza miastem (odpowiednio 3,98 1 3,48 szczenigcia w miocie). Ponadto, lisy w
Warszawie przystepowaty do rozrodu Srednio dwa tygodnie wczesniej, ze szczytem
narodzin przypadajagcym pomiedzy 8 a 12 marca, niz lisy zamieszkujace tereny polno-
lesne.

Srednia wielko$¢ miotu lisow na terenie Warszawy w latach 2018-2021 byta
stabilna przez caly okres badan i nie réznita si¢ istotnie w kolejnych latach. Analiza
czynnikdw mogacych wptywaé na wielko$¢ miotu nie potwierdzita wptywu Zzadnego z
nich na liczbe obserwowanych szczeniat. Wielko$¢ grupy socjalnej rowniez byta stabilna
w kolejnych latach 1 wynosita srednio 2,37 osobnika na grupe. Podobnie jak w przypadku
wielkosci miotu, dla Zzadnego z badanych czynnikdéw nie potwierdzono jego istotnego
wptywu na liczbe dorostych zwierzat wchodzacych w sktad grupy socjalnej. W
przypadku czasu narodzin szczenigt stwierdzono, Ze zaréwno udzial pokarmu
naturalnego jak 1 stopien urbanizacji wptywaty istotnie na date narodzin. Im wyzszy byt

udzial pokarmu naturalnego w diecie szczeniat, tym wczesniejszy byl dzien narodzin,
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natomiast im wyzszy byl stopien urbanizacji, tym po6zniej nastgpowaty narodziny

szczeniat.
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6. Omowienie i dyskusja wynikow

W oparciu o zgromadzone wyniki, mozna stwierdzi¢, ze kolonizacja miasta przez
lisa przebiegata prawdopodobnie zgodnie ze schematem przedstawionym przez Evansa i
in. (2010). Na poczatku kolonizacji, w latach 70. XX wieku, gatunek ten byt nieliczny,
zamieszkujac jedynie srodowiska najbardziej zblizone do naturalnych i1 zlokalizowane
gléwnie na obrzezach miasta. Z czasem, po okresie dostosowawczym lis poszerzyt swoj
zasieg, zasiedlajac rézne Srodowiska i osiggajac coraz wyzsze zageszczenia, stopniowo
kolonizujgc tereny potozone coraz blizej centrum (publikacja 1: Jackowiak 1 in., 2021;
publikacja 2: Krauze-Gryz 1 in., 2024). O wzro$cie tym, poza zageszczeniami, $wiadczyt
roéwniez wzrost incydentow z udzialem drapieznika na terenie miasta (publikacja 1:
Jackowiak i in., 2021), co bywalo juz wykorzystywane jak wskaznik liczebnos$ci
miejskich drapieznikow (Gloor i in., 2001; Plumer i in., 2014; Geiger i in., 2018; Scott i
in., 2018). Rozmieszczenie terenow skolonizowanych przez lisa w pierwszym okresie
badawczym sugeruje, ze kolonizacja musiata zacza¢ si¢ niezaleznie w kilku réznych
czg$ciach miasta, co zgadzatoby si¢ z dotychczasowymi badaniami z innych miast
(Wandeler 1 in., 2003). Ponadto, podobienstwo w przebiegu kolonizacji wida¢ w bardzo
znaczacym wzroS$cie liczebnos$ci populacji w Warszawie pomiedzy pierwszym a drugim
okresem badawczym (publikacja 2: Krauze-Gryz i in., 2024), a gwattownym wzrostem
populacji w Zurychu w ciggu 15 lat od zasiedlenia miasta (Wandeler 1 in., 2003). W
dodatku w tym okresie lisy istotnie czesciej wybieraty tereny naturalnej zieleni niz
wynikatoby to z ich dostgpno$ci. Taki przebieg kolonizacji wpisuje si¢ w zatozenia
hipotezy miejskiej wyspy (Gloor i in., 2001), zaktadajacej wybor siedlisk bardziej
naturalnych w poczatkowej fazie kolonizacji, gwattowne rozprzestrzenienie po nowych
siedliskach po fazie adaptacji 1 finalnie wzros$cie populacji gléwnie w srodowiskach
optymalnych. Kolonizacja Warszawy przez lisa zdaje si¢ potwierdza¢ ten schemat.

Badanie przebiegu kolonizacji Warszawy przez lisa nie rozstrzyga ktora z
zaproponowanych hipotez wyjasniajacych pojawianie si¢ miejskich populacji lisow
(miejskiej wyspy czy presji populacyjnej stanowi lepsze wyjasnienie tego zjawiska.
Pomimo przedstawionych powyzej zgodnosci miedzy przebiegiem kolonizacji Warszawy
a zatozeniami hipotezy miejskiej wyspy, hipoteza presji populacyjnej wydaje si¢ rowniez
dobrze objasnia¢ pojawienie si¢ miejskich populacji tego drapieznika. Wzrost
zageszczenia lisow w Warszawie przypadal na okres gdy wscieklizna zostata w Polsce

zwalczona na skutek zorganizowanej akcji szczepien (Flis 1 Rataj, 2018), a populacja
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krajowa lisow wzrosta (Panek i Bresinski, 2002). Pierwsze populacje miejskich lisow
obserwowane byly w miejscach, gdzie krajowe populacje lisow byta liczne (Mathews i
in., 2018; Stobo-Wilson 1 in., 2022). Pojawianie si¢ populacji miejskich liséw w Europie
bylo skorelowane z ustepowaniem epizoocji wscieklizny (Delcourt i in., 2022), bedace;j
jednym z gtéwnych czynnikdéw $miertelnosci wsrdd europejskich lisow, a najwczesniej
pojawialy si¢ w krajach gdzie w$cieklizna nie wystepowata (Goddard i in., 2012; Hudson
iin., 2017).

Badajac zaggszczenia lisow na terenie Warszawy, stwierdzono ze najwyzsza
intensywno$¢ penetracji terenu wystgpowata na obszarach naturalnej i pdinaturalnej
zieleni (publikacja 2: Krauze-Gryz i in., 2024). Wykorzystanie glownie terenow
naturalnej zieleni czy terenéw potnaturalnych (w tym tereny wtdrnie zadrzewione lub
zakrzewione) stanowito duzg rdznice w porownaniu z innymi miastami, gdzie lisy cz¢sto
wykorzystywatly tereny zieleni urzadzonej i inne przeksztalcone przez czlowieka typy
srodowisk (np. Harris i Rayner, 1986a; Baker i in., 2001; Gloor, 2002). Z drugiej jednak
strony lisy wydaja si¢, kiedy to mozliwe 1 zageszczenie populacji jest niskie, w pierwszej
kolejnosci wybiera¢ tereny bardziej naturalne 1 bardziej zblizone do terenow
wykorzystywanych poza miastem, jak pokazal przyktad Bristolu (Newman 1 in., 2003).
Moze to wskazywac¢ na duzg rol¢ terendw naturalnej zieleni w utrzymaniu populacji
miejskich lisow.

Badanie sktadu pokarmu lisow potwierdzito znaczacy udziat pokarmu
pochodzenia antropogenicznego, przy rownoczesnie wysokim udziale naturalnych ofiar
1 zrodet pokarmu. Rownoczesnie stwierdzono, wbrew poczatkowym zatozeniom, ze
sktadu pokarmu byl podobny, niezaleznie od tego w jakiej czgsci miasta prowadzono
oceng, jaki byt udziat terenéw przeksztalconych antropogenicznie w otoczeniu nory czy
jak daleko nory lisow polozone byly od centrum miasta. Jedynym elementem, ktory
wptywat na wynik oceny sktad pokarmu byta zastosowana metoda jego oceny, przy czym
wszystkie wskazywaly ssaki, ptaki, padling 1 pokarm pochodzenia antropogenicznego
jako gléwne zrodla pokarmu. O ile wysoki udziat pokarmu antropogenicznego nie
stanowi niczego nietypowego w pokarmie miejskich lisow, podobnie jak do$¢ czeste
wystepowanie ptakéw (przy zwykle nieduzym udziale jako zjedzona biomasa), o tyle
wysoki udzial matych ssakow byt dos¢ nietypowy (Harris, 1981b; Doncaster 1 in., 1990;
Saunders iin., 1993; Contesse i in., 2004). Z drugiej strony, ich wysoki udzial w pokarmie
lisow w Warszawie moze by¢ charakterystyczng cecha wynikajaca z wysokiego

wykorzystania terenéw bardziej zblizonych do naturalnych (publikacja 2: Krauze-Gryz 1
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in., 2024). Tereny te stanowig wazng ostoje¢ dla wielu gatunkow ssakow (Gryz i in., 2017;
Lesinski i in., 2021), a szerokie wystepowanie i stosunkowo wysoka dostepnosé tych
gatunkéw moze czyni¢ je idealng ofiarg dla lisa.

Brak obserwowanej zalezno$ci pomigdzy sktadem pokarmu a Srodowiskiem
wykorzystywanym przez lisy, cho¢ réwniez jest niespodziewany (dla przyktadu w
Zurichu, lisy zamieszkujace blizej centrum miasta zjadaty istotnie wigcej pokarmu
antropogenicznego niz lisy na przedmiesciach, patrz Contesse 1 in., 2004), wydaje si¢
prosty do wyjasnienia w kontekscie innych uzyskanych wynikow. Po pierwsze lisy w
Warszawie lokowaty swoje nory rozrodcze przede wszystkim na terenie lasow, terenach
dawnych fortéw, obecnie silnie zakrzewionych i zadrzewionych, penetrowanych przez
ludzi jedynie w minimalnym stopniu oraz w parkach. tacznie, w tych miejscach
znajdowato si¢ ponad 90% zlokalizowanych nor liséw, przy ktorych prowadzono pdzniej
obserwacje za pomoca foto-pulapek. Jako, ze obszary te stanowig jedne z
najwazniejszych ostoi ssakow i ptakow na terenie Warszawy (Andrzejewski i in., 1978;
Luniak, 2001; Goszczynski, 1979; Gryz i in., 2017; Lesinski 1 in., 2021) 1 gwarantuja
wysoka dostepnos¢ naturalnych ofiar, to ich wykorzystanie przez lisy mogto przyczyni¢
si¢ do podobnego sktadu pokarmu pomiedzy réznymi grupami socjalnymi. Co wigcej,
taki wynik moze réwniez wyjasnia¢ dlaczego nie stwierdzono wptywu pokarmu ani
srodowiska na wielko$¢ miotu czy wielko$¢ grupy socjalnej lisow. Zgodnie z wynikami
oceny sktadu pokarmu, obserwowana zmienno$¢ diety pomigdzy grupami socjalnymi
bylaby zbyt niska, zeby moc istotnie przyczyni¢ si¢ do powstania réznic w wielkosci
miotow lub grup socjalnych.

Analizujac czynniki wptywajace na rozrod lisow na terenie miasta, stwierdzono
ze warszawskie lisy przystepuja do rozrodu okoto dwa tygodnie wezesniej niz lisy Zyjace
poza miastem, a na ich rozrdd wptywaja zarowno sktad pokarmu jak i stopief urbanizacji.
Co ciekawe, wigkszy udzial naturalnych komponentoéw pokarmowych wpltywal na
wczesniejszy rozrdd, zas w terenach o wyzszym stopniu urbanizacji, rozréd nastepowat
p6zniej. Wczesniejszy rozrdd miejskich lisow jest pierwsza tego typu obserwacja u tych
drapieznikow, cho¢ samo zjawisko przyspieszonego rozrodu w miastach nie jest
zaskakujace 1 pojawia si¢ czesto u miejskich populacji zwierzat (np. Partecke 1 in., 2004;
Beck 1 Heinsohn, 2006; Solonen, 2014; Gryz i Krauze-Gryz, 2018; Beliniak i in., 2022).
Zgodnie z przewidywaniami, zaréwno sktad pokarmu i stopien zurbanizowania wptywaty
na czas rozrodu lisow, jednak co ciekawe w zupelie odwrotny sposob, niz zatozono.

Stabilna baza pokarmowa jest jednym z czynnikéw istotnie wpltywajacych na
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wystepowanie rozrodu (Bronson i Heideman, 1994). Zgodnie z przewidywaniem, im
wyzszy udziat szeroko dostepnego pokarmu antropogenicznego w pokarmie lisow tym
wczesniej powinien pojawia¢ si¢ rozréd. Podobnie, wyzszy stopien urbanizacji z
wyzszymi $rednimi temperaturami na skutek zjawiska miejskiej wyspy ciepta, a takze
wicksze przeksztalcenie Ssrodowisk a co za tym idzie, rowniez wigksza dostgpnosé
pokarmu antropogenicznego, powinny tez wptywaé na wezesniejszy rozrod. Zaleznosé
w obu przypadkach okazata si¢ jednak odwrotna, co kidci si¢ z wyobrazeniami na temat
korzysci jakie odnosza miejskie lisy z dostepnosci pokarmu antropogenicznego. Pokarm
antropogeniczny moze by¢ jednak zasobem bardzo zmiennym w zakresie dostgpnosci, a
takze zréznicowanym pod wzgledem objetosci. I cho¢ (co zaklada hipoteza
rozproszonych zasobow patrz Macdonald, 1983) jego srednia dostgpno$¢ w ciggu roku
moze by¢ wysoka to w krotszym czasie, jakim jest sezon rozrodczy jego dostepnosé
moze by¢ nieprzewidywalna. Z drugiej strony, potencjalne ofiary lisow jak gryzonie
moga, podobnie jak drapiezniki, korzysta¢ z zasobdw, ktére oferuje miasto (Babinska-
Werka, 1981; Babinska-Werka i Garbarczyk, 1981), co moze przektada¢ si¢ na ich
wysokie liczebnosci 1 szerokie rozpowszechnienie (Babinska-Werka 1 in., 1979; 1981;
Gortat 1 in., 2014). Liczne tereny Warszawy stanowig ostoj¢ dla gatunkow stanowigcych
czeste 1 typowe ofiary lisow, jak np. myszy polna Apodemus agrarius i lesna Apodemus
flavicollis (Babinska-Werka i in., 1979; Gortat i in., 2014; Lesinski i in., 2021). Czyni to
populacje matych ssakéw duzo bardziej przewidywalnym i stabilnym Zrédtem pokarmu,
co jak udowodniono moze wptywac¢ na wybrane parametry rozrodu lisow (Lindstrom,
1988; Goszczynski, 1989). W tej sytuacji, rowniez wplyw stopnia urbanizacji na czas
rozrdd lisOw jest zrozumiaty — skoro tereny naturalne stanowig ostoj¢ dla ofiar lisow,
ktorych dostepnos¢ jest kluczowa dla czasu wystgpienia rozrodu, to im wigkszy stopien
przeksztalcenia srodowiska, tym mniejsza dostgpnos¢ pokarmu naturalnego. Stanowi to
dodatkowe potwierdzenie znaczenia terendw naturalnej 1 polnaturalnej zieleni dla
populacji lisa w Warszawie. Warto jednak podkresli¢, ze czynnikow warunkujacych
réznice w czasie wystgpowania rozrodu pomiedzy populacjami miejskimi a
pozamiejskimi moze by¢ wigcej.

Wbrew oczekiwaniom, zaden z analizowanych czynnikow nie miat wplywu na
wielkos¢ miotu ani wielko$¢ grupy socjalnej lisow w Warszawie. Cho¢, co trafnie
przewidziano, lisy w mies$cie miaty $rednio wigksze mioty niz drapiezniki Zyjace poza
miastem, na liczb¢ obserwowanych szczenigt w miocie nie miaty wptywu ani czynniki

powigzane z organizacja socjalng (wielkos¢ grupy socjalnej, czestotliwos¢ dostarczania
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pokarmu przez osobniki doroste), ani czynniki $rodowiskowe (udziat pokarmu
naturalnego w sktadzie pokarmu, stopien urbanizacji). Dotychczasowe badania
wskazywaly, ze mioty lisow byly generalnie wysokie (Harris i Smith, 1987a), jednak
podobnie jak u innych drapieznikdéw nie byly znaczaco wyzsze niz w przypadku zwierzat
pozamiejskich (Iossa i in., 2010). Wykazana rdéznica w $redniej wielkosci miotu
pomiedzy populacja lisow w Warszawie, a populacjag w Centralnej Polsce jest nowoscia,
chociaz jest z zgodna ze wstepnymi zatozeniami. Jednakze, kluczowej roli upatrywano w
szerokim dostepie do pokarmu antropogenicznego, ktory miat petni¢ w miescie podobnag
role jak gryzonie na terenach pozamiejskich (Lindstrom, 1988; Goszczynski, 1989) oraz
w roli opieki ze strony innych czlonkéw grupy socjalnej poza rodzicami, co nie znalazto
jednak potwierdzenia w zebranych danych. By¢ moze rodzaj dominujacego pokarmu nie
ma znaczenia dla wyzszej Sredniej wielko$ci miotu, a kluczowa jest jego przypuszczalnie
wyzsza dostepnos¢ na terenie miasta. Ogolnie wyzsza dostgpnos¢ pokarmu moglaby
wplywa¢ na wyzszg produktywno$¢ oraz nizsza $miertelno$¢ szczenigt (co byloby
szczegolnie widoczne przy obserwacjach szczenigt przy norze). W tym uktadzie,
dostepno$¢ pokarmu naturalnego bytaby kluczowa dla czasu przystepowania do rozrodu,
a o wielkosci miotu decydowataby po prostu jego s$rednia dostepno$¢ w czasie,
niezaleznie od typu. W badaniu nie szacowano jednak dostepnosci pokarmu, wiec
potwierdzenie tego przypuszczenia nie jest mozliwe.

Brak wptywu wielko$ci grupy socjalnej na wielko§¢ miotu, cho¢ jest niezgodna z
przyjetymi zalozeniami, znajduje potwierdzenie w literaturze (Baker 1 in., 1998). W
zatozeniu, wigksza grupa socjalna powinna warunkowac lepszg opieke nad potomstwem,
w tym sprawniejsze dostarczanie pokarmu, co mogloby przetozy¢ si¢ na nizsza
$miertelnos¢ wsrod szczenigt. Zalezno$¢ taka stwierdzono w populacji lisow
zamieszkujacych jedna z wysp na Morzu Beringa (Zabel 1 Taggart, 1989), ale nie znalazto
to potwierdzenia w populacji miejskiej w Bristolu (Baker 1 in., 1998). W Warszawie,
pomimo ze nie zaobserwowano spadku czgstosci przynoszenia pokarmu w wigkszych
grupach, nie stwierdzono tez zaleznosci pomiedzy liczba osobnikéw dorostych, a
szczenigtami, ani czesto$cig przynoszenia pokarmu a liczba szczeniat (publikacja 4:
Jackowiak 1 in., 2025). Pierwsze mozliwe wyjasnienie moze wigzaé si¢ z odmiennym
doborem pokarmu dla szczeniat niz dla dorostych osobnikéw (Lanszki 1 in., 2023). Mimo,
ze zakres ofiar lisow nie r6zni si¢ zasadniczo pomigdzy zwierzetami w réznym wieku
(np. Kidawa i Kowalczyk, 2011), wykazano, ze w pokarmie szczenigt czg$ciej

wystepowaty wigksze ofiary, niz w pokarmie osobnikéw dorostych (Panzacchi i in.,
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2008). W ten sposob, doroste lisy zwigkszaly efektywno$¢ karmienia szczeniat,
ograniczajac  wysitek wlozony w zdobywanie pokarmu (Lindstrom, 1994).
Niewykluczone wiec, ze brak zaleznos$ci zarowno pomiedzy liczbg osobnikow w grupie,
jak 1 czestotliwoscig przynoszenia pokarmu, a liczbg szczenigt wynika z ograniczenia
czestosci dostarczania pokarmu, kosztem zwigkszenia jego objetosci. Ponadto, w
sytuacji, gdy pokarm jest tatwo dostepny, wktad lisow w zdobywanie pokarmu rowniez
jest mniejszy. W takiej sytuacji moze to zmniejszac¢ zalezno$¢ matki szczenigt od samca,
a takze od pozostalych cztonkéw grupy socjalnej (jak zasugerowali Zabel 1 Taggart,
1989), co moze rowniez prowadzi¢ do braku wplywu wickszej liczby lisow w grupie

socjalnej na liczbg szczeniat.
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7.

1)

2)

3)

4)

S)

Podsumowanie i wnioski

W okoto 50 lat po spodziewanym rozpoczeciu kolonizacji Warszawy, lisy
wystepowaty na terenie calego miasta i wykorzystywaty wszystkie rodzaje
srodowiska miejskiego na terenie miasta. Miasto kolonizowane byto z kilku
kierunkow, od obrzezy i1 $rodowisk bardziej naturalnych do centrum i przez
srodowiska bardziej przeksztalcone antropogenicznie. Jedynie na poczatku
kolonizacji lisy wyraznie czgSciej wybieraty srodowiska bardziej naturalne i
zblizone do wykorzystywanych poza miastem.

Wraz ze wzrostem populacji lisa na terenie Warszawy, rosta liczba rdznego
rodzaju incydentéw z udziatem tego drapieznika, posrednio wskazujac na wzrost
liczebnos$ci gatunku na terenie miasta. Tego rodzaju incydenty mogg wpltyna¢ na
postrzeganie tego drapieznika i wywotywac obawy ze strony mieszkancow miasta
odnos$nie obecnosci lisa w Warszawie.

Najwyzsza czestosc rejestracii tropow lisow stwierdzano we wszystkich okresach
badawczych gléwnie na terenach naturalnej zieleni, co wskazywalo na ich
najszersze wykorzystanie przez drapiezniki. Moze to $wiadczy¢ o duzym
znaczeniu tych terend6w w utrzymywaniu si¢ populacji lisa na terenie Warszawy.

Pokarm lisow na terenie miasta obejmowal w duzej mierze pokarm pochodzenia
antropogenicznego, jednakze udziat naturalnych komponentow takich jak mate
ssaki, ptaki czy padlina duzych ssakow kopytnych stanowil réwniez istotny
element. Tak wysoki udzial naturalnych komponentéw moze wynikaé z
szerokiego wystepowania na terenie miasta wielu gatunkow ssakow 1 ptakow, dla
ktérych tereny zielone Warszawy stanowig 0stojg.

PotozZenie terenéw zamieszkiwanych przez grupe¢ socjalng w obrebie miasta jak i
struktura srodowiska w obrebie tych terenow nie wptywaly w zaden sposob na
sktad pokarmu lisow. Zblizony sktadu pokarmu grup socjalnych lisow moze
wynika¢ z wyboru podobnych miejsc rozrodu — wigkszo$¢ nor przy ktérych
prowadzono oceng¢ sktadu pokarmu potozona byta na terenach laséw, pokrytych
krzewami i1 drzewami dawnych fortéw miejskich lub parkow. Miejsca te stanowia
istotne ostoje roéznych gatunkoéw kregowcdéw w obrebie miasta, co moze
przektadac si¢ z jednej strony na ich wysoki udzial w pokarmie lisow a z drugiej
na wzgledne podobienstwo sktadu pokarmu grup socjalnych z réznych czesci

miasta.
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6)

7)

Lisy zamieszkujace Warszawg charakteryzowalo wczesniejsze przystepowanie do
rozrodu, formowanie grup socjalnych zlozonych z wiekszej liczby dorostych
liséw niz tylko dominujaca para oraz wyzsza $rednia liczba szczenigt w miocie,
niz w przypadku lisow zamieszkujgcych tereny mozaiki polno-lesnej w centralnej
Polsce. Prawdopodobnie, kluczowym czynnikiem odpowiadajagcym za
obserwowane roznice pomigdzy populacjami jest ogodlnie wyzsza dostepnosé
pokarmu (niezaleznie od rodzaju pokarmu) na terenie miasta.

Sposrod badanych czynnikow wptywajacych na czas i przebieg rozrodu, tylko
dwa — wigkszy udzial naturalnego pokarmu i nizszy stopien urbanizacji — byty
powigzane z wczesniejszym rozpoczeciem rozrodu. Wynika to prawdopodobnie
ze znaczacego wykorzystywania przez lisy terenoOw naturalnej i potnaturalnej
zieleni, gdzie gltéwne ofiary stanowity ssaki 1 ptaki, bedace bardziej

przewidywalnym pokarmem niz pokarm antropogeniczny.
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The red fox it one of the mast adaptable carnivores inhabiting cities. The asim of our study was to
describe the process of Warsaw colonization by the red fox. We focused on: (1) the fox distribution in
Warsaw on the basis of presence-absence data (2005-2012) over a grid of 1= 1 km?, (2) the process

of settlement in 29 green areas (study periods 1976-1978, 2004-2012, and 2016-2019) in relation ta
habitat type, and (3) ternporal and spatial patterns of the red fox incidents (1998-2015) reported by
Warsaw citizens. We found out that: (1) the red fox penetrated the whole city (i.e. its presence was
confirmed in all squares of the grid), (2) 21% of the green areas were colonized in 1976-1978 but 93%
in 2016-2019. Forests and riparian habitats were occupied more frequently than parks and cemeteries
in 1976-1978 with no difference in the further years; (3) the probability of the fox incidents increased
over years, was higher in June-October, on working days, and around noon, and with the share of
discontinuows urban fabric in the buffers around incident locations. Nevertheless, the incidents anly
partially reflect population abundance trends and activity patterns of the spedies, so should be treated
cautioushy.

For decades, the use of urban areas by wildlife and urban species population numbers have increased' ™, which
is a result of wildlife adaptation to specific urban conditions (like high human density, large areas of impervious
surfaces and built-up areas)™ . One of species inhabiting urban areas is the red fox { Vidpes vidpes)'!. Thanks
to its plasticity the red fox utilizes a wide range of habitats—from near-natural to built-up areas™", and uses a
variety of ford in different habitats'*"%. As a result, urban populations of the red fox may reach extremely high
densities "%, This in turn may lead to emerging and rapidly spreading epizooties |e.g. sarcoptic mange),
limiting the number of foxes****. The occurrence of the red fox in urban areas, may result in predation on pets
and digging burrows'®** which is annoying and frequently reported by city inhabitanes**",

The first red foxes in urban areas were recorded in the 1930s in the suburbs of Londan'*®. Yet, historical
analyses showed that foxes used urban habitats in the mid-nineteenth century™ or even earlier. The time of
colonization of urban areas by red fox varies by countries: Denmark—the 1960s", Australia—the 1970s", Swit
zerland—the 1980s™. Nowadays, red fox populations have been recorded from maore than one hundred cities
around the world, mostly in Great Britzin and other European coant ries", bt new cities have been colonized™
and some urban populations have continwed to increase in nombers™. The red fox populations expanding in
urban areas are probably related to anti-rabies vaccinations implemented in many countries'™ ™, but not all.
Although the red fox is comman in many cities, breeding in typically urban populations have not been recorded
from everywhere™.

The red fox is mainly nocturnal”'**. Moreover, patterns of daylight encounters of the red fox are variable™
of. ", and the probability of fox sighting are influenced by human activity and their space use in a city™. Therefore,
the increase of the red fox sightings does not necessarily reflect increase in the population abundance, but can be
related to the rising number of the red fox-human canflicts (traffic collisions or intervention of relevant services,
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e.g. trapping, interventional culling ™', Taking all this inte account, direct observations can be used to estimate
abundance of urban populations of red foxes™ %, yet estimation bias needs to be acknowledged . On the other
hand, registry of incidents involving foxes (e.g. traffic collisions), was found to be quite a reliable indicater of
population rise, changes in species distribation™ %' and a possible density estimator.

Preliminary studies on red fox population in Warsaw, conducted in the 1970s, showed a very low popula-
tion density and just incidental (and associated to fosest areas in peripheral city zones) records of breeding
[Goszcryriski |, unpublished|. It is likely that the population has grown since then and has spread throughout
the city area. Therefore, the aim of our study was to describe the process of Warsaw colonization by the red fox
on the basis of current and historical field work and red fox incident reports. The study included three parts.
First, we checked what proportion of the city was colonized by the red fox om the basis of presence-ahsence
data aver a grid of squares. We assumed that red foxes would be present mostly in outer city districts, forests
and continuows felds and meadows, but also within the Vistula river riparian forests, a5 this would serve asan
ecological corridor. Next, we analysed the progress in the settlement of selected urban green areas by red fox
far which historical and present Beld work data were available. We related the process of colonization to habitat
types of thase areas. Additionally, we analysed how the number of red fox incidents changed over a twenty year
period as this would, at least to some extent, reflect population abundance increase. We also checked what were
the temporal and spatial factors shaping the pattern of red fox incidents and related this to both carnivore bial-
agy and ecology but also human activity within the city. This would help to evaluate usefulness of such data to
document population increase of the red fox in urban conditions.

Methods

SII.H"FI' area. The research was conducted in Warsaw (527 137 47% N 21° 00" 427 E), the capstal city of Poland,
the largest (517 km?} and the most populous (1,778,000 inhabitants, 3437 inhabitantskm®) city of the country®.
The city is situated at an altitude of around 113 m above sea level with an annual rainfall of abowt 500 mm and
an average annual temperatare of 7.7 "CE

The Vistula River flows through Warsaw, dividing the city into two parts (Fig. 1). The left bank of the river
is characterized by a high degree of anthropogenic transformation, while along the right bank natural riparian
forests, included in the Natura 2000 network™ " and constituting an impartant ecological corridar, have been
preserved.

Warsaw is divided into 18 districts and characterized by high proportion of green areas (as muech as 63%
au:nrrli.ngln Luniak et al.®). These are: numerous parks, squares, residential and roadside vqﬁelz'linﬂ,n::uuler—
ies, botanical and zoclogical gardens, allotment gardens, home gardens, ald city fortifications, apen areas and
agricultural land (pastures, meadows, orchards). Moreover, natural greenery like riparian forest along the Vistala
and smaller watercourses, nature reserves and forests are important green areas. Most of parks and squares are
located in the city centre (Fig. 1). Forests accoant for abowt 15% of the city area and are located mainly in the
autskirts, and in the eastern and south-eastern part of the city (Fig. 1). It may be assumed that the connectivity
between green areas on each side of the river is relatively maintained, and that the system of protected areas in
Warsaw provides a safeguard to populations of most, especially small mammal species®.

Research methods. The study included three stages: (1) assessment of the fox distribution in Warsaw, (2}
describing the process of settlement in the selected green areas and (3) temparal and spatial patterns of incidents
with red 3

Data collection. Assessmemt of the red fox distribution in Wirsaw:  To assess the occurrence of the red fox
in Warsaw, the city area was divided into grid of 593 squares (Fig. 2) with the resclution 1 1 km, 132 squares
were located at the borders of Warsaw (with part being outside the city not incloded in the study). Each square
was chescloed for thee presence of the red fox. First, all previously collected direct sightings of red fox and known
fox dems dating back to 2005 were assigned to a square. Next, all remaining squares were searched between 2011
and 2012 for signs of fox presence. Most of the data was collected during winter 2011-2012, when long-lasting
soovw cover allowed for efficient (snow tracking) sarvey. Additionally, occupied and non-occupied burrows,
presence of adults or juveniles, or killed animals {mostly victims of collisions), and, in some cases, tracks on the
mud/sand or scats were recorded. When some of the above was found, the square was marked as fox present”
and no further checks were done in this particular square. When no sES were found, we repeated the sarvey or
searched the square more thorowghly.

Process of the settlement of the red fox in the selected green areas.  To estimate the progress in the settlement of
selected green spaces in the city, 29 various green areas (4 to 139 ha) located in different distance from the city
centre were selected. They were attributed to four different habitat types: cemeteries (n= ), forests (n = 3), parks
{n=11} and riparian habitats in the Vistala river valley (n=7). The green areas were easily identifed as separate
units, and they remained relatively stable in terms of boundaries and land wse since the first compared period:
the 1970s. The research was done in three periods: (1) 1976-1978 (Goszcrynski L, unpbl. data), {2) 20042012
and (3} 2016-2019. In the first pericd, in all selected areas snow-tracking on transect roates (ie. line transects)
was done to confirm the species presence. In the next two periods, presence of fox was confirmed either an the
basis of snow tracking on the transect routes or on the basis of presence of dens or breeding recards within the
ﬁmm:.'ﬂwbnh] Ienﬂj}udﬁe]hemm 1139 km {on nmpl?kmhnnrmdpmmin:ﬂ.]ﬁ,
max=235 km), 610 km (2.8 km, min=0.5, max=%1 m], 934 km (5.5 km, min =0.8, max=21.2 km) in the
three periods, respectively.
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Figure 1. Distrsbution of green areas and other habstats in Warsaw. The Palace of Culture and Science, assumed
as the most central point of the city is marked.

Spatial and | pat of incidents involving the red fox. Asﬂw!hirdmreddnwemdm

on red fox presence in the city (1998-2015), ded by the Municipal Wi The data i

any kind of incident involving red fox: sightings (reparted by city inhabs culling or
aninmm.hﬂﬁ:coﬂmmmdnqlhew&obwmmdbmmwhmmdmhfmmddmd«
ddn-aedhothemhabimmncmm bydxe" icipal Forests—W: For each incident, time and
date, or exact b (u! ! ,P@Sl)andmdnmnfdnmmul(ahn.mudut
dead) were recorded.

Statistical and spatial analysis. Process of the settlement of the red fox in the selected green areas.  The x°
test for goodness of fit was Iomhmmhypdhsudmﬁtommdub’xu(y«nm)d
each habitat type, colonised by foxes followed the expected counts, which were p sonal to the total b,
dobyc:tsbdoqmghawhabnadmlnlbecmlbemllhypoﬂmsuhzdbeenﬁluﬁedtbepu:tboc

was performed to determine which counts differed from their th ical The
mrvﬂsfmmukmmmdpmpunmumakuhndmngmahodpmpmdbySm:MGhz‘mxhdu
function MaltinomCl fram package DescToals™.

and [ patterns of incidents i 1 the red fox. To analy | of incidents with
fmmmunlmodekmhultmﬁrnmd:mbed mmdandmrwy:ummn(l”&-mﬁ)
in the number of incidents with the red fox. The second one described the hourly variation in the number of

id We checked the ion that incorporation of nonli effects to the model improved its perfor-
mmbycmnp-nwndmmdekbuhﬁnedwuhpmfmﬂm&mhhvympmﬁmbdodybnw
terms and the second had nonli h y power of both models we used the

mmhmmmhodsdsalbdabmmﬁmidwnhdumlﬁamckvdnhnoosﬁmmdds

£ d better in the case of both models. We tested for concurvity {which is
com‘:rpanﬁw:dlnmntyﬁ:rwnmodds)mhﬁmymmdd(mlmqm&anmmdepaldem
variable) with function concurvity() from library mgev. We also checked for collinearity in each logistic regres-
sion moded for spatial data with the use of function check_collinearity from library performance.

To build the first temporal model each recorded incident with fox was coded for ‘day of year' (ordinal day as
number ranging from 1 to 366) and ‘time of week’ (variable week with only two levels weekday and weekend).
Based on these attribates the number of collisions per day was calculated for each day in the analysed period
{6574 esti ). To for a possible trend in the number of fox incidents in the analysed period the addi-
tional variable time of data collection’ was introduced. This was based on a unique number representing a cal-
endar day in R software environment. The variable was scaled by 1000 to values in 2 range fram 10,227 to 16,800
representing all days in the analysed period. The g ‘addm:modd(GAM)wnhaPasmemrdmnhubm
and log link was used to & ine how the ber of i mumedunnglm ~2015. These
kind of models use splines, that allow for d ination of nonl: aitb d and independ
variables in a more elastic then p i li functions usually i d in g lized
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Figure 2. The grid of squares searched for presence signs to assess red fox distribution in Warsaw in 2005-
2012 The Palace of Calture and Science, assumed as the most central point of the city is marked.

muodels. The ‘number of incidents per day’ was used as a response variable. The ‘day of year’ and described above
variahles: ‘time of data collection’ and ‘time of week” were used as explanatory variables. In the GAM model an
explanatory variable ‘day of year’ was fitted with cyclic penalized cubic regression splines whose ends match
{i.e., number of incidents in day | and day 366 was assumed to be the same; Wood ™). The variable time of data
collection’ was Ftted in 2 madel with ordinary regression splines. For both menticned variables the upper limit
for the efective degrees of freedom of the spline was set at 10 to control the complexity of the ft. The variable
‘time of week' was used as ficed ical variable.

The second temporal model was built to estimate the daily variahility of incidents with foxes. The dependent
variable was calculated as 2 number of incidents per minate of a day, e.g. all cases of fox incidents which happened
between (k00 and 0:01 in the whole period of study (between 1998 and 2015) were pooled and assigned to the
first mirute of 2 day. This gave variable containing 1440 min estimates. The only independent variable used in
this model was the "mn'lnlen&d:gfnuﬁmg from 1 to 1440, As in previous model the explanatory variable was
fitted with cyclic penalized cubic regression splines whose ends match and tl'h:d&chwdqﬁn:uol‘fn:udmné
the q:hu:wuul at 10. Both GAM madels were parametrized using the mgev

all incidents with red foxes, only those for which the exact location u:s]mnwu [iLe the street mum-

berorolh:r details that allowed to locate the place with at least 30 m accuracy were given) were taken for spa-
tial analysis. In order to analyse habitat characteristics for red fox incidents locations, the following data were
imeodved: Urban Atlas (UA) published in 2018 and derived by EU Copernicus Land Muonitoring Service™, which
presented the biophysical characteristic of Earth, the polygon data for the Vistula river and the central point of
‘Warsaw. The UA layer was generalized into seven classes of landcover (contimuous urban fabric, discontineous
urban fabric, industrial areas, parks, agricultural areas, forests, wetlands; see Supplementary Table 51} Around
all fox incident kocations the circle polygons with the radius 100, 250, 500 and 1500 m were generated by batfer
function. Next UA layers were intersected with each buffer independently and the UA classes percentages for
each radius were calculated. The planar distances between fox incident location and aforementioned paint lay-
ers were done by the ArcGlS near function. The same procedure was repeated for the 1000 randomly generated
points within the border of Warsaw. To analyse spatial characteristics of incidents four bogistic regressicn models
were built. The dependent variable was a binary vector of length 1263, taking values equal | for all 263 incidents
with foxes for which precise geographic location was available and 0 for additicnal 1000 kocations, randemly
distributed within the border of Warsaw. The distance to the city centre (i.e. the maost central point of the city,
Fig. 1}, the distance to the Vistula River {an ecological corridor within the city) and the percentage share of
seven habitats that were subject to different level of anthropopression (Supplementary Table 51) in the buffer
zomes {100, 250, 500, 1500 m) were taken as independent variables in each model. In each spatial model the
characteristic of surrounding habitats were calculated based on different radits 100, 250, 500, 1500 m. Varizhles
that were not impartant statistically were removed from fitted models. The comparison of model performance
based on R* could be used to judge which environmental variables and in a given spatial scale were the most
important to predict incidents with foxes.

All statistical calculations were performed in B, All spatial analyses were performed in ArcGIS package
version 10.8.1%.

Schentific Reports |

{roz1] 11:13931 | hitps: fdod org10. 109861558001 52844 . F nature porfioko



m.nature.comlsdenﬂﬁaepoml

1976-1978

Figure 3. Presence of the red fox as confirmed by snow tracking in 29 randomly selected green areas in Warsaw
in the three study periods (data for 1976~ 1978 after Goszczynski |, unpbl.).

Results
Assessment of the red fox distribution in Warsaw.  Signs of red fox presence were found in the whole
city, i.e. the fox presence was confirmed in each of 593 1x | km?® of the grid checked between 2005 and 2012

Process of the settlement of the red fox in the selected green areas. In 1976 to 1978, caly six
(ZIN)deluhedwmummbnmdby‘uuxﬁummudmIS(m)mm ’0I2and27(93%)
in 2016-2019 (Fig. 3). Areas covered by forests and riparian habi ) y Table §2) were occupied in
the first study persod (1976 1978) more frequently (!utfut dness of fit, p= 003]) For the other two periods
mapﬁamdﬂams:ndnsdumudhamsmbund(p 0.638 and p=0.971, respectively) (Fig. 4).

Temporal pattern of incidents involving the red fox. In xh: years |99&-2015 608 incidents involving
foxes were reported; 52% of them concerned alive individuals ( ly fox si ). in 5%
ln;med‘mumlepmkd.lnl?%damsfmumbunddud(munlyduemtnﬁcoolmom).'ﬂummb«
ofrepomdmudamperynrnmaed;nduﬂy&un;makwmuml%mdl999mwu80m20|5The
ber of city d where d also increased gradually from four and two in 1998 and
999, respectively to 16 (out of total lS)mlOlS 'lh:luglunumbero‘mpoﬂd mcxdents per day was three.
Aﬂlhmtmml:pr:dm(mn:olmd:.dzyo‘yur time of data collection) included in the GAM
significantly influenced the probability of reparting a fox incident (Table 1). The higher pmbch:hty was from
June to October, and most of the reports (58.6%, N=314) in this period d fox si apping
pts. In the ini hs, this prob ‘dnywuknu:.andth:mwnyofmndemslwolvrddad
animals (54.3%, N =289). O\wall.lhepmhlbllnydlqonmglhewdﬁax id, in\
study course (Fig. 5), and was significantly affected (p= Om)bymnenfmd.bcngh@aonwhngdzys
than weekends (Fig. 5).
Tunenfd:y(p<0ml)alminﬂ|mw¢dlhgpmb¢bilityo{arrdlux' ident. The incidents were reported
most often between 8 a.m. and 8 p.m. with a dlear peak around noon. The biggest chance of incident repart was
between 10.00 a.m. to 02.00 p.m., and lowest between 08.00 p.m. to 07.00 a.m. (Fig, 6).

Splullpauefmofmdden!slmowingmeredfu We ded a general ive relationship with
the proportion of mnsqmuknrﬂlmmﬂnndsuldwnhmwgdunmewdwﬂmhkwﬂﬂm
tbe§|lﬁusm&ndml®250d500mﬂhﬂe , Fig. 7). Within 1500 m radius buffer there was a negative

with an increasing di lothe\'lstnhkxwrmdtbemycmm and a positive with the share of
dncounnuousurbanﬁbrxﬂaﬂ:ll"g 8). No collinearity was found between the variables.
Discussion

The red fox is one of the mammal species that successfully colonized many cities around the world™”. Its presence
was confirmed in Warsaw more than a few decades ago. Nevertheless, at those times the red fox was assumed
to inhabit mainly fairly | habétats (i.c. fi ) and myammmdmmdywawdexrﬁe
the of Warsaw colonization by the red fox in recent decades. A of the p of city coll
division into three ph (l)amrd[l)ad]umandﬂ)spuad‘ lnl.hupapawefomstdou
Ih:qudo‘lbelpecmm!hecﬂyTb:ndbxamnlmeuhudmsum yet first data on the red
fox in Warsaw dates back to 1890s™. Low p ion d and few sightings in the 1970s [Goszczynski [.,
mpublxdud]maysuwdntpmpersprudnﬁheredfmmenxmdmm\hanwﬁwhndaadu
As we showed on the basis of presence-absence data through the grid of squares, red foxes had already started
to penetrate the whole area of Waraw. In the past decades (Le. in the 1970s), it inhabited mastly green spaces
of more natural character (i.e. forests), while in the XXI century parks and cemeteries were occupsed as often.
The red fox colonizes urban areas b ofits dinary adaptability to settle in new habitats. Animals
mzybeakopushdmh!be:nyuaumhofmupthnonmmmrbanmu“Pmmmmnlxulxmd
ies on cob son of urban habitats by the red fox showed that the process starts usually from a few locations
near the city barders and spreads gradually into its central parts™“!. The red fox movements through the city
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Figure 4. Propartion of green areas occupied by the red fox as confirmed by snow tracking, attributed to
four hahitat types in Warsaw, in suhsequent study periods: (a) 19761978 (Goszcxynski [., unpbl. data), (b)
2004 -2012 and (c) 2006-2019. A full circle indicates actual proportion and an empty circle indicates expected
propartion of colonized areas attributed o a certain habitat type, bars depict lower and upper bound of the
confidence interval.

can be affected by human-made infrastructures™, like railways®, roads™“*, Densely built-up areas are usually
avoided by foxes"**, while specific migration corridars like roadside or railway vegetation™* will facilitate the
process. Indeed, in Warsaw the red fox inhabited at first the largest green areas located mainly in the outer city
districts or located in the Vistula riparian forests, a mataral ecological corridor for mammals*®. At the next stage,
a number of green spaces nccupied by the red fox increased. City habitats are generally readily accessible by foxes
[see Dmg]u and Sadler™), therefore after several decades of the colonization process in Warsaw, only a small
percentage of green areas under study was not used by foxes. They were highly isclated, small urban parks, often
visited by penple, with limited availability of potential den sites. They were also located close to or in the strict
ity centre, areas usually avoided by foxes' 55,

The other part of our research was based on data derived from the Municipal Forests in Warsaw, the admin-
istration unit dealing with and collecting data on incidents with wildlife in Warsaw. This inchided mostly any
incidental ohservational data by city inhabitants or cases of traffic collisions. Such data was already used by other
researchers to study encounters between carnivores and humans or urban population trends' ™% and here
we wanted to evaluate its usefulness in future studies. We showed that the probability of reparting on incident
involving red foxes was dependent on different temporal variables. First, most of the incidents were noticed
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Sl 1 (Bt = L5
Iyt - Liif ik — a1l il
Time of weck SR ] “im [
Diay of pear adf= 121 - 1839 i
Time of data collection adf= .43 - HISED il
Moddd 1 (B, = W%

Ireccept BT iz STET] il
Time of day df= 134 - w71 il

Table 1. Results of generalized additive models explaining probability of the red fox incidents in Warsavw.
‘Model 1" analyzing the effect of time of week (weekdays vs. weekends), day of year {1-366) and time of data
collection (a day in the period 1998-2015), on the probability of an incident with the red fox in Warsaw
and the second one, ‘mode 2’ analyzing the impact of time of day (houwr) an the probability of fox incident.
Estimated number of degrees of freedom, standard error, z or ¢ statistics, p value and explanatory power of
each model (R i) are given.

during a peak of a day (between 10.00 am and 02.00 pen ), which is atypical fox activity (regardless of habitat type)
compared with most ather studies' =77 However, it was shown that the daily activity of urban populations
af the red fox differed. In Great Britain, in a typical urban population, foxes were observed mostly during the
day*, while in Melbourne (Australia), red fox sightings at this time were very rare. This was explained by the ini-
tial stage of population development’!. Therefore, we assume that the probahility nl’repm'l.inﬂ_ incidents with the
red fox in our case was dependent on human rather than red fox activity. The number of incidents involving red
foxes increased beginning fram 07.00 a.m. and clearly declined after 08.00 p.m_, what correspands with highest
number of people staying outdoor™. In Finland, Kauhala et al ™ came to the same conclusion with even dlearer
peaks of observations at a few specific hours during the day. Next, we showed that the number of reported red fox
incidents on weekdays was higher when compared to weekends. This also may be attributed o higher weekday
autdoor activity of city inhabitants and higher traffic volume, thus increased probability of the red fox sighting
ar wehicle collision. Finally, we showed that the peak of the red jox incidents was reported in summer and early
anbumn [ June-October) while h-einﬁ lower im Ihrmu:i.ninﬁ manths (November-April). Similar distribution af
abservations during the year was in Tarke in Finland®, but different in Estonian cities™. Again, we may assume
that in oar case, this can ke explained by both circannual activity of the red fox bat also human outdeor activity.
February to April is the birth time of foxes, with spatial activity (especially of vizens) limited mainly to the area
af breeding dens"*7, which is in line with recorded low number of red fox incidents at that time. However,
Diecember to February is the mating season of red foxes when increased activity of males is observed™, so a higher
number of incidents could be expected. Here, low number of the red fox incidents was probably the result of low
human activity (as connected o unfa hle winter ther conditions) rather than fox activity. Similarly, the
peak of incidents between June and October can be related to high red fox activity (especially increasing range
af juveniles™) buat also higher human outdoor activity in summer and early antumn months.

This relation between the number of the red fox incidents and human outdoor activity is also visible when
spatial patterns are analysed. The mumber of the red fox incidents decreased with the share of forests, meadows,
wetlands {which are natural red fox habitats™) but increased with the share of sparsely built-up areas. It was
also higher close to the city centre and to the Vistula River. Foxes inhabiting residential gardens and bow-density
howsing areas were observed in other cities"* %, yet in Warsaw dens of red foxes are hardly ever recorded in
such surrounding, they are mostly kicated in forests ( Jackowiak M., unphl.). At the same time, in the city centre
and in areas with low-density housing the outdoos activity and presence of peaple is high™, which may favour
moee frequent fox observations. The Vistula River in tarn, goes through the whale of Warsaw (inchuding its city
centre), s:n:inﬂ_ as an ﬂ:nlnﬁia] corridor but also a popular recreational area, so wildlife-buman encounters here
are likely. Similar results were obtained in Turko™ and in Vienna™.

The eagerness to report the Fact of observing a wild animal, depends on observer’s motivation™, and in our
stucy may be explained by people concerned about the presence of carnivorous mammals (in this case the red
fou) in cities. As revealed in a guestionnaire study in Germany, the majority of inhabitants were not afraid of foxes
and were generally pleased with fox presence, yet had their concerns about potential zoanatic diseases™. The red
fo is one of the most important vectors of zoonoses and their presence in cities may affect the spread of epidemic
risks""***_In Poland and in Warsaw, rabies, as the most dangerous fox-transmitted disease, is still present in
fox population™ but also frequent cases of mange occur (Jackowiak M., unpbl ). Due to this red fox encounters
arize usually anxiety in city inhabitants wha, in such situations, may willingly seek help from wildlife services.

Although, human activity influences the number of the red fox observations*”!, fox sightings were nsed
to estimate popalation abundance and how it changed (e.g™***" | In our study, the probability of a red fox
incident rose over time, which paints to a populaticn increase. Yet, it should be kept in mind that during oar
stucly, access to the Internet (thus information on urban wildlife), and mobile phones increased rapidly, which
possibly also boosted the number of the red fox incidents reported.

In our study we showed the process of red fox settlement in Warsaw, the capital city of Poland. At first, the
red fox colonised mainly green areas of more natural character and placed further from the city centre, gradually
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Figure 6. Modelled number of the red fox incidents per minute during the day as based on the reports on the
red fox incidents in the city area (1998-2015), delivered by the Municipal Forests—Warsaw.

(z021)3123931 | hetps:fdot arg/10.1038/541568.021.52844.2 narure portfolo



www_nature .com/scientificreparts/

1w radins (R, = 0,089 AUC = 0L&E4)

Infercept ~BMEMS | hNIa0e | - DOkER 2
Distance o the Vistal siver -0 | ooned |- Setoes | couel
Share of fopesks —D00S | GDOBD] | - 4.5ER0E <0L
Share of agriculiural arex ~0D000d | DB00D] | - 400039 <0L
Share of weilmds ~ D007 | B00DE | - Lelees [
250w radius (R, = 0085 ALC = (L8T8)

Infercept ~0MTER |ROBLIE | - Lewd? D
Distance to the Vistala Rioer —BB0017 | Bb0dES | - SEOSTE | <duEl
Share of fopesks — DO | D000 | - 442650 <08L
Share of agricultural arex ~D0E | B0B0D | - 3E551E <0L
Share of weilamds ~D0Hl | fb0dEl | -LT9LRE [T
500 m radius I:Jl’“_ =i S AL = 08T}

Infercept ~BIEE | NS0 | -LI551E LET
Datance to the Vistala siver ~0B0T | b0ned | -5TeaTa <0L
Share of fopesks T T TR TR <08L
Share of agricultural arex ~ D000 | fB000D | - 3IELER L
SHARE of weilds — P00 | fB0BED | - 171936 T
U500 m e (R g, = 0L0405; ALIC = 064E)

Infercept ~ el | BISe0E | -LTI9ES LT
Datance to the Vistala siver ~B5S | D0BDE | - 506SIR <0L
Distance to the dby conire - 0D00S | DDDMNE | - Lelles LT
Share of docostinuous urhan fabrac | 00000 DO0D | L56LES [T

Table 2. Influence of habitat characteristics on the probability if the red fox incident in Warsaw. Results of
the logestic regression models for 1040, 250, 500 and 1500 buffer radins around location of red fox incident in
‘Warsaw in 1998-2015 has been presented. The explanatory ability of models (R, and AUC) is given.

expanding throughout the city. The red fox requires three factors that are crocial for urban population exist-
ence—access to daytime resting sites, convenient breeding sites and food availability™. Wide distribution of the
red fox in Warsaw proves that these conditions are fulfilled and the abundance of the red fox population will
probably further increase. For decades, red fox was heavily hanted {and poached) as pest (preying on small game
and domestic animals, mostly poaltry) but also for its valuable for'™ so red foxes avoided people (e.g. they had
their dens almost exclusively in forests™). This has changed in the last {approximately) twenty years, i.e. red fox
abundance increased thanks to anti-rabies vaccinations™'. This increase in popualation abundance and, assum-
ingly, lowering fear of human will bead to higher tolerance of red foxes to closer contacts with pecple. With the
red fox settlements in more human-transformed habitats within city boundaries, red fox-human encounters
{and possibly also conflicts) will also increase. This will affect vrp'od.ﬂni.nlng:i:ll risks. Thus, the urban red fox
muonstaring remains essential for the risk assessment and proper population management. Nevertheless, as we
shown in this study, incidental red fox sightings by city inhabitants should be treated with caution. Being highly
influenced by patterns of human outdoor activity and people attitudes towards wildlife | driven also by health
concerns) they only partially reflect real population abundance trends as well as temporal and spatial activity
patterns of this medinm -sized carnivore.
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Figure 8. Probability of the ned fox incident as based an the reports {1998-2015), delivered by the Municipal
Forests—Warsaw, in relation to distance to (a) the Vistala river, {b) the city centre and (c) share of discontimuoues
urhan fabric within 1500 m radius arund loecation of red fox incident. Explanatory variables that were
sipiﬁ.n::.nt:in'rhe In_sjsticug:u.i.nnmn-d.eltsu'flbleli are shown.
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Introduction

Abstract

Urban habitats differ from matuml environments, however some predatory species
have become established in cities across the globe. The aim of our study was o
compare the oocurrence of the red fox and the sione marten in Warssw during
three time pericds (1976-1978, 2005-1008, 2015-2021) and in differem habatats.
Ceeneralized lincar models werne used 1o show Boiors affecting the density indices
of these two species (e, frequency of occurrence of tacks of each speces
recorded during snow tracking on linear ransects). The frequency of ooourrence of
tracks of these two specses oo transects mereased over time and was explamed by
habstat type and distamce from the city centre. The frequency of fox tracks was
higher in more-natural habitats located fr from the city centre. In the first period
(1976—1978}, this species was recorded only m forests and riparian areas. In the
st period (2015-2021), ns tracks were reconded frequently in built-up aress and
cemeteries. From the begmming of the first period, the stone maren was recorded
m a wider mnge of habitats than the fox and # colonized all habsat types in the
subsequent periods, but a statstically significant increase was observed only for
cemeleries. The frequency of ooourrence of sione marten tracks was lower than that
of red fox tracks in most metuml and semmatural habstaks (forests, parks, riparan
areas). Mo relationship between the occurrence of the red fox and the stone marten
was found. We specalate that the growth of the urban red fox numbers was driven
by an mcrease in the nasoml population 2 a result of anti-mbies vaccinations. In
turm, the stone marten, bemng a synanthropic species, was present in the city centre
from the beginning of the study, but # pow cooars in a wider range of habatats.

anly survive in cities but akso ke advaniage of anthropogenic
food sources and'or shelter, achseving higher populabon densi-

Urban habitats differ from natsml emvionments in erms of
food availability, acoustic and lsght pollution, thermal condis
tioms, o different causes and rates of morality (Riteel &
Galla, X020, Shochat et al., J006). Nevertheless, many animal
species adjust to urban conditions (e.g. Alvey, 2006; Francis &
Chadwick, 2M2; Gz & Krge-Grye, 2018; Jackowsk
et al. 20Z1: Jasiriska et al.. 2021: Lesinsk: et al, 20205 Sev-
eral mostly medmumesized and opportunistic predatory species
have become established in cities across the globe. They not

Jewrrad of Zeakgy B 004 H3-704 © N0 2ockegedl Socwty of Landen

ties than are found under metumal condibions (Bateman & Flem-
ing, 20012} Two of the best examples of such urban adapiers
in Eumpean aibes are the red fox (Fujpes vdpes) and the
stone marten | Maorfes foier).

Foxes have inhabiled urhan habitats for at least a few centu-
nes (Vuorisabo et al, 2004), although typecal urban foxes have
been recorded smoe the 1930s in Great Brtain (Teagle, 1967),
and kter on have been found m many cities of Europe (Bms-
set, 1975; Christiensen, 1985; Cignini & Riga, 1997; Page, 1981;

xa
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Pagh, 2008). Some urban fox populasons are stable m mumbers,
but mare often they gradually increase (Wilkinson &
Smuth, 2000}, and in recent years, they have abo oolonmmed
urban areas ikt were previously considered unsuitable for foxes
(Scott et al., 2004). The uban history of stone martens is not 5o
well described. Stone martens probably staried to colonize Euno-
pean cities in the 1950s (Bissonette & Brockhuizen, 1995), but
some cities might have been colonized even earlier (Dudus
et al, 2014} Itz presence has been documented in a number of
wrban areas (Cavalling, 1992; Herr, H008; Micht, 1969; Pelikan
et al, 1983; Toth et al, 2009), although urthan martens seem to
be scarce or absent in some regions of Europe (Virgos & Casa-
novas, 1998; Virgos & Carcia, 2002).

Despite the wide occurrence of urban camivores, the reasons
for their codomizaion of urban areas are poorly understood and
the process is not fully descrbed (Soulsbury et al, 2010).
Dpportunistic predators may be encouraged v penetrate human
settlements for the easily accessible and plentiful fiod sources
(Hams & Baymer, 1986, Voorsalo et al., 2014). Coties can also
provide attractive restng amd demming site habitsts and infa-
structure (Hams & Rayner, |986; Hemr et al, 2010; Marks &
Bloomficld, 20d6). Taking as an example the foxes colonmzing
the aty of Zirch, Gloor et al. (2001} proposed two possible
explanations for the colonization of urban areas. The first one,
the population pressure hypothesis (PPH), assumes overcrowd-
ing in the non-urban population that drives migratng indinvad-
wals t© mbabit suboptimal babitats. In comtrast, the urban
ishand bypothesis (UIH) postalates that despite some anfavour-
able Bctors of urban habitats (ke a wide spectrum of muoatal-
ity Bclors, see B & Fk g, 2002), predators can
adapt 1o these condstions thanks to thesr behavioural plastcity
apd effective use of anthropegenic resources. In accordance
with UIH, Evans et al. {2010} proposed a2 model of city colo-
mization by wildlife that consisis of three stages. In the first
stage (amival), a few indrviduals mbahit the most-nataral habi-
tats m suburbs Then, in the second stage (adjustment), mdi-
viduaks from this new, small and fragmemted populaton adapt
to urban conditions and learn how to use urban resources. Sub-
sequently, in the last stxge (spread), the population grows m
numbers and rapidly spreads across other urban habitats.

The extremely good availability of respurces in cities can bead
to significant changes in predators” behaviour. One of the most
important features of urban camivoenes is their higher popualation
densities. Densities of urban red fox populstions typically vary
from 1.5 to 12 ind.km® {Adkins & Stott, 1998; Gloor, 200;
Harris, 1981; Kok, 1984; Marks & Bloomfeld, 1999), while m
noo-urban areas this mrely exceeds three ind.km® (Heydon
et al, 2000; Kauhala et al, 2006 Kewlmg et al, 2001
Krmuze-Oryz & Cryz, 2023; Panck & Bresinski, 2002; Sxdoro-
vich et al., 2006; Webbon et al, 2004). Similarly, urban stone
marten population densities are roughly a few individuals per
square kilometre (Herr et al., 2009; Nicht, 1969), which is a few
times higher than in other environments (Balestrien et al., 2021;
Herrmann, 2004; Lachat Feller, 1992} Such high densities of
fox populations are possible due to the decreased size of bome
ranges (Adkins & Stott, 1998; Doncaster & Macdomald, 1591;
Kobryn et al., 2023) in combmation with varable social group
size and composition (Baker et al, 1998, 2000 lossa
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ef al, 209} amd anm adjustable mating system  [Baker
et al., D00d; lossa ef al., 200%). In the case of urban martens, the
reasons are more elusive (they do not form soc:l groups and
their mating system remains stable), although their home ranges
in cities temd to be smaller than those in rural areas (Herr, 2008)
and they overlap more in rich habitats (Powell, 1994). Urban
foxes wse highly homan-modified habitts ke low- and
medivmedensity bousing, allotment gardens or industral land
{Gloor, 2002; Harris, 1981; Hamris & Bayner, 1986 Kolb, 1985),
semiratural greenery (Adkins & Siote, 1998; Gloor, 2002; Gos-
selmk et al, 2003; Kobryn et al., 2023; Kolb, 1985) and natural
vegetstion arsas (Adkins & Stott, 1998, Kobryn et al, 2023;
White et al, Z006). The sione martem seoms o wse
human-modified habitats and stmactures even more mbensively
than the fox (Dudus et al., 2004; Goseczymhski et al., 2007; Her
et al,, 2010; Weresmrruk & Falewski, 2005), thus showing that
it is better adapted 1o urban conditions (Dudug et al., 2014).

Bath predators have been present m Warsaw since at least
the end of the nmeteenth cenbary, when foxes were noted only
occasiomally, but marens were found acmoss the whole city
area (Walecks, 1EEIL As Wamaw was almost completely
destroyed during the Second Workd War, urban fauna probably
alsn disapy | and recol d the city in the following
decades. Consequently, the recolonizaton of Warsaw by both
these predatory species (martem and fox) and the development
af these populatons probably ocourred at a smilar time. After
the war, the city was rebuslt; now, its area has mcreased by
aver | square kilometres, the number of city dwellers has
increased by about 1.5 million, and more and mare of the city
area is bemg developed at the expense of green arems
(Sudnik-Wijcikowska & Galera, 2001} In the 1970s, foxes
occurred only in forests and rverside npanan forest on the
outskirts of Warsaw. At the same time, except for forests m
the bmumdary zome, martens additionally inhabsied cemetenes
and parks, even in central city districts (Goszczyhski, 1979).
As we presenied in our recent study, m the follvwing decades
foxes inhabited the whole city area and gmdually colonized
various green areas from the city boumdanes i the centre
(Jackowsak et al., 2021). Similady, marens have also spread
inte city bsbitats, although they cc ly prefer ¢ 1
{Jobda & Cosrceynski, 20111

The amm of our shady was o imvestgate the colonization of
wrban areas by two sympatnc predator species that are widely
distributed m Ewrope the red fox and the stone maren. We
compared density imdices {1.e.. the occurmence rte as based on
snaow tracking) of both predators in three persods: 19761978,
2005-2008 and 20015-2021. We assumed that i contrast to the
first persod, when the ocourrence of both species m Warsaw
was numencally and {especmlly in the case of the red fox)
spatially limited (Goszcryisks, 1979), the densities of both
species would increase in the next two pericds in line with the
Evans et al.s (20010} model of city colonization by wildlife.
An important Bcior enabling popualation growth could be the
development of buil-up areas and increased avalability of
food waste (Contesse et al., 2004). We alse investigated how
the occurmence of these two predators varied between vanous
habatats. We can expect that the highest occumence e in the
first period would be ohserved in areas of natural vegetation,
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i accordance with the aty colomzabon model (Evans
et al, 2010), and in the next periods it should rapdly increase
across the whole city and in all habitat types as a result of
predatar adaptation to altered condstions (Gloor et al., 2001),
In the third period, we can expect a predator density increase
only in human-modified habstats as these p bly offer the
rchest M Lt s d that the stone marten
population increase will be less raped than in the case of fox
as it will be hindered by the abundant population of the Iatter.
Foxes are known to negatively impact ugh mter-
specific killmg or dictary competition (Lindstrom et al.. 1995;
Palomares & Caro, 1999; Storch et al, 1990). Thus, the stone
marten = expected to use habi upied by red fox less fre-
quently due to the nsk of mimgumld predation (Ducdus
et al, 2014; Hemandez-Puentes et al., 2022; Palomares &
Caro, 1999); mstead, it will probably use more diverse habi-
tats, including densely builtup areas (Dudus et al, 2014),
where busldings provade good shelter (Herr et al., 2010).

. .

Materials and methods

Study area

The stody was conducted in Warmaw (S2°1347" N
21°00'42" E), Poland’s capital and most populous city
(1 862 000 inhabs 3599 inhabi %) (Statistical Office
n Warsaw, 2023). Since the carly 1970s, the area of Warsaw
has expanded from 430 to 517 kmi® (Sudnik-Wéjcikowska &
Galera, 2011). The Vistala River divides the city mto two parts,
The western bank of the river is beavily anthropogenically trans-
formed, while the castern bank s mostly covered with preserved

nparian forests, which i an imp logical corri-
dor (Goszczynski, 1979; Romanowski, 2007).

The study area is ch d by a high prop (63%) of
green areas (Lumiak et al, 1997) Forests, including nature
reserves, constitute abowt 15% of the arca and are Jocated
mamly on the cutskirts of the city m its northem, castern,
south-castern and southem parts and on the castern side of the
Vistula River. Open areas account for a large share of outlying
distn specially in the northern and hern parts of the city.
Other green arcas (parks, sg and botanical and zoological
gardens) are located mostly in the central part of the city. Okl

cty  fortificats gar in  low and
dium-density housing areas and industrial and ruderal areas
are mainly located in peripheral di All gardens and

cemeterses are evenly distnbuted within the city. The remaining
areas of Warsaw consist of compact urban develoy m inner
districts, while more dispersed housmg is evenly distributed
throughout the city and covers sts kargest pant.

Data collection and analysis

Density estimation

Snow tracking. which = widely employed in assessment of the
presence and density of camivores (e.g., Goszczynsk:, 1989;

Kauhala et al, 2006; Kojola o al, 2014; Knuze-Gryz &
Gryz, 2023) (Fig. 1), was used to assess the density of red fox

Jowrndd of Zoclogy 323 2024 113-724 © 2024 Zockoges Socuty of London.
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and stone marten from November to February in three periods:
L in 1976-1978 (two winter scasons, J. Goszczyfiski, unpbl.),
I1. 2005-2008 (three winter scasons) and I1L 2015-2021 (sx
winter seasons).

In many rural areas, stone marten co-exists with the sympat-
nc pine matten (Martes martes) and ther footprints may be
sometimes mistaken (Sidorovach, 1999). Nevertheless, the pine
marten & lly avoxds h Joma i landscapes (Wer-
eszezuk & Zalewski, 2015). As shown by Goszczynsk: (1979)
and our own experience, pame maren is rare in Warsaw and
occurs only in the biggest forest pk on the ki
Dunng our ve apping  feld workk m
2018-2021, we collected over 600 000 photos from whole city
arca, with thousands of observed urban camivores, but only m
a few cases, pine marten was registered (M. Jackowsak, unpbl.)
Thus, we that the obtained i reflect the
occurrence of stone marten mather than pine maren

Snow tracking was conducted 1-4 days after snowfall on
lincar transects of different lengths, divided into 100 m sec-
tions (total transect length was proportional to tracking area
size), sparsely distnibuted in the tracking area. The number of
fox/marten trails crossmg cach 100 m of transect was counted
and then the track mdex was calculated (N tracks/100 m/24 h)
(Goszczynski, 1979 Kauhala et al, 2006; KrauzeGryz &
Gryz, 2023). The ber of trals d was divided by the
number of days that had passed since the last snowfall m order
to adyust the number 10 24 h after snowfall. On the basis of

* Pkl

* Pwriod 1

’//‘;'ﬁ','”/// >

23 W07 of cormon wwe.

%

L ”,

FAgure 1 Datributcn of transects (a dot shows the central pont of a
gven transect) in Warsaw on which snow tracking was conducted n
the thrae research pemods. The mimum corwex polygon (MCP}
shows the area that was covered with snow tracking in al the three
research periods: | 19761978 ). Gosaczyviski, unpublshed), |I.
2005-2008 and |IL. 2015-2021.
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Abundancs trends of tao mesooarnivoees in Warsaw

thes track index, an absolute density was calculated (Table 51).
The total trapsect lemgth in the three penods was 11265 km
and vaned according to the season (Table 1). For each 100 m
of ansect, the sumounding habstat type was registered. Dae o
the wery high heterogeneity of urban habatats, we decxded to
categonize habstals on the basis of feld observation mther than
map chamclerstics. The habitat types were allotment gardens,
buslt-up areas, cemetenies, forests, open areas, parks, riparan
forests amd naderal areas (Table 1)

In each season, the total transect lemgth and transect lemgth
withm given habitats depended on the duration of snow cover
and the pumber of days when trackimg was possible. However,
the tracking was performed only when snow and weather con-
ditions allowed the detection and identification of tracks. In
view of ths, for some habstats the total tansect lengths vamed
in different periedds. Maoreover, on the basis of our experience,

Table 1 Habitat categories in which density of the red fox and the stone

shudy pariod

D. Erauze-Gryz of al

we staried to perform snow tracking from areas where human
activity 15 typically the highest (like buil-up areas or parks), to
avoed the sk of obscuring trcks. In most seasons, four pec-
ple simulnesusly conducted the survey in a5 many locators
as possible in various parts of the city. All feld workers were
similarly skilled and expenenced m detecting and comectly
identifying tracks. To ensure that dat was comparable, withm
each period we performed snow tracking m the same areas as
in the subsequent seasons. Nevertheless, data for the first and
the secomd periods covered only part of the city, while m the
third period smow tracking was done m most of the ciby.

Statistical analyses

The statistical analysis was based on anmmals’ tracks (presence—
ahsence data) of a given species during a certsin tacking

marten was assessed, with descrption and sampling effort in each

Hakbitat categary Description

Soudy poriod

1976-1978 2005-2008 182021
Tatal ransect length [lom); min-max trarsect lengeh fom);
rumber of tracking episcoes”

Allotment gardens  Small pliots of land with small buldings §i.e., sheds,

wssioend accommodationd grouped togethar; wsed

fiar non-commescial gardening and food plant
cultivation, mostly managed by the Polish
Allotment Federation

Bushi-up arcas
areas cower most of the area; nondinear areas of
vngetation and bare sod are ran; discominuous

urban fabric (a larger fraction of non-sealed andior
vogetaiod areas is nduded, i.e., ganens, plamed

areas)

Crficial bunial sites, ind. hisioncal ones

Al forest aress locabed within the city bonders,
induding forest reserves and privaie forests,
except for riparian forests af the Vistula rieer

Rigarian foresis at the Vistula anca betessen flood
banks and other forests, located along
WabSoourses and FRSERDIrs in the city

Arsas dewad of buildings and not covered with

Cematanes
Forests.

Ripariar

Open ancas®

derse forest or shrub cover, covered with grass or

herbaceous plants, with warying degrees of

anthvopogenic ransiomation and use; often used

fiar agricultura
Parks Urban parks and squares. Also parks surrounding
historical buildings

Ausderal arcas™ Poad, ralroad sites, old oby fortfications and

industrial areas Iiver port areas, consiruction sites,

indusirial plant areas, sewage reatment plants,
heat and power plant areas)
Total

Continuous urban fabric (buildngs, roads and seaked

12.6; 0.6-1.8; 13 122,010 33 2% 0.1-1.4; 2%
1.6 1-1.5 2 480 a1-2.0; 118 AL 065 141
18.7; 06-2.3; 12 508023354 B27, 0038 &2

662, 0.5-5.7; 26 20385017 2812, 01-14.4; 137

20.3;,0.1-3.0;14 T4, 022312 148; 01-2.3; 16

T44; 0062 48

T2.0; 0.2-4.0; 26 | 01-20; 72 ERT; Q-2 ar
- ;a1 309; 0.7-54; 25
1515 01-5.7.93  213.4; 0.1-5.0; 378 T2 01-14.4; 542

Diada from 1976 d0 1978 after J. Goszoryriski, unpublshed

"4 tracking opisode reforred to fracking on a fransect, in one location, in a defined habitat type and on @ cortain day [see Statistical arabysis).
*For statistical anakysis, open and nuoeral aneas were not included in models as they warne not represenied in all pencds. Yat, these data were

used to calculaie absclute dersites (Table 51).
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O Erauze-Gryz af al.

episade. A tracking episode referred o tracking on 2 trnsect, m
one |ocation, m a defined habitat type and on a cerain day.
Thus, tracking episodes varied in length (Table 1), Comparisans
of the frequency of occumence of tacks of a given species (iLe.,
propartion of trackmg episodes with the confirmed presence of
red fox'stone marten) between the three penoeds were done only
for the area in which snow trackmg was performed in all three
shady pemods (e, 19761978 (1. Gnsn'_!.'mk:l unphl.],
2005-2008, 2015-2021). For this reason, we adjusted an MCP
{mmimum conmvex poalygon) in Quantam GIS (version 3.4.5.) o
cover all study sxes in all three periods (Fig. 1). For all statsti-
cal amalyss, only habitats in which tmcking was performed m
all the persuds were selected, therefore open and ruderal areas
were nat incladed m the models (Table 1) For the comparson
between the three perinds, we applied a generalored linear birary
model where the presence of tracks was explaimed by study
penicd (PERIOLY), by habitat types in which smow tracking was
performed (HABITAT) and by tramsect (ie., the tmcking epi-
sode) bength (LENGTH). We performed a pairwise comparson
with Bonferroni adjustment for comparison between periods.
The analyses were performed separately for red fox and stone
marten.

We alse analysed factors influencing tmck occurrence fire-
guency in given perinds separiely for the two species. In ths
amalysis we used all data collected in the three periods (but
only m the habitats m which tracking was performed o all
three perinds, Table 1). Fimally, we built two genemabized lnear
models with negative bmomidal distribution and the logit link
fimction. In both modeks, the response variable was the pres-
ence of tracks of a given species. The explanalory vanables
for both species were distance to the city centre (distance
between the cemtre of the tamsect and the central poant of War-
smw, L., The Palace of Culture and Science — DISTAMNCE]),
attributed habitat type (HABITAT), transect length (LENGTH),
shady persod (PERNMD) and two mbemctions: HABITAT*
PERIOD and DISTANCE*PERIOD. We ako added the pres-
ence of red fox tracks (FOX) o the stone marien mck fre-
guency model as an explanatory  variable. Both modeks
underwent a similar selection procedure based on Akaike infor-
maticn crterion  (AIC) (Bumbham & Anderson, 2002). We
explored all possible comba 1z of the expl ¥
and compared them to the null model. We finally ranked the
models accomfing 1o the AIC wvalues and used the highest
ranked model, which was the ooe wrth the lowest AIC values
(Table 3Z).

Results

The track ocourrence frequency of the fwoe species increased
over tme, but a significant difference was observed between
periods 1 and I and between periods [ and 111, For the red
fox, the fequency of tack oocurrence {Le., the proportion of
tracking episodes with confirmed fox presence) started from
0.04 m the fist penod, meressed almoest 15 times in the sec-
ond period amd again mcreased in the third period o 0.70. The
increase between the second and the thind shady period was
much smaller than between the first two pericds and was sta-
tistically msignificamt (Fig. 2). The frequency of track

Jeurvel ol Zeakgy 328 (004 213-324 © 2004 Zockegeeal Doty ol Lamden.

Abundance rends of two mesocamsores in Warsaw

- — b
I
1
i

Pariod | Pariod Il Pariod lii

& =2 B 2 5 8 8
& -

Frequency of track oocuranoe

Figure 2 Frequency of track ocosmence (e, the proportion of
iransects with confimmed presence of predadors) of the red fox and
the stone marten in the three research periods (L 1976-1978
(Gosmcoyisia, 1979, 1. 2008-2008 and Il. 2018-2021], assessed
with the aid of snow tracking Inumber of tracking episodes was,
respectivaly, 86, 240 and 282 in cach poriod). Statistically similar
mean values wens mared with the same lotter in the mirscise
comparnsons (bebasen penods for a gven species) with Bonferrond
adjustments. Only data for the aneas in which densiy estmations
ware performed in the theee study pericds (Fig. 1) were considered
ini the anafysis.

occurrence of stone marien in the first perod was higher than
that of the fox (0.12) and showed almost a fivefold morease
between the first and the second pened (0.56 in the secomd
perind). Im the last pemod, the tack fregquemcy was agam
lowver, but the difference from the second penod was statisti-
cally insignificant (Fig. 2).

Frequency of track ocourrence of red fox was explained by
all the varables and interactions included in the full model
(Table 52). Track occcumence was depemdent on habitt type
(HABITAT), pericd of the study (PERIODY, but also transect
length (LEMGTH) and distance to the centre of the Warsaw
City (IMSTANCE). For both covanates (LENGTH and DIS-
TANCE}, the frequency of track occurrence increased along
with the mcrease of the transect length or distance 1o city cens
tre (Table 53). The distance to city centre {DISTANCE) was,
however, dependent on the period of the study (PERIODN) as
was shown i the inlemcton effect. The beta value of the
coefficient for Period 11 was statstically higher than m Period
ML, ie., the last period; also, the relationship between the fre-
quency of fox tracks and the distance from the centre (DMS-
TAMCE) was weaker (Table 53).

Oocupation of habitats by the red fox changed over tme,
ie., between the study perinds (Fig. 3L In the first period, this
species was necorded only in forests and in ripaman aress. No
tracks were found in more humoan-dominated habitais (Le.,
parks, cemeterses, allotment gardens or built-up areas). In the
second period, the presence of the red fox was confirmed m
all the shudsed habitats. Fox tracks were found again mainly m
forests amd mparian aress (where tracks were recorded most
frequently), but ako in all other studied habitats: allotment gar-
dens, buil-up areas, cemeteries and parks. In the last perind
(PERIOD 1), the frequency of tmck ooourrence was generally
similar to that in the second period (Fig. 3). However, the

217

TR B EH

i T D o ) o e, e 1 s, 1 1 ) e

VO ey g G S,




Abundance rends of bwo mesocarnivoees in 'Warsaw D. Erauze-Gryz of al
1.
B
c
% 0,60
% D60 Pariod |
2 W Fariod I
o 040 W Pencd It
oy
g
g 020
[
.00
allolmen bult-up cemeateries forests parks riparian
gardans areas areas

Figurs 3 Habitat use by the red foo in Warsaw (marginal means in the generalized inear moded in the three research periods: | 1976-1978
PGoszoayisk, 15790, 1. 2005-2008 and |Il. 2015-2021. Frequency of track ocoumence {ie., proportion of trarsects with the confirmed presence
of predatars) based on snow tracking on transects (the total transect lengihs wene respectively 1515, 1897 and B8589 km in sach pariod;

number of tracking episodes was respectvely 92, 298 and 469 in each period}

most distinct effect was the increase m track ocoumence fre-
guency between periods [ amd Il in two habit types:
buslt-up areas amd cemeteries (Fig. 3, Table 53}

The track occumence frequency of sbtone marten presented
generally similar patterns to that of the red fox. The model
with all vanables and mieractions except for the presence of
foe (FOX) was mnked highest (Table 521 A smilar to model
for red fox effect of PERIOD and HABITAT, but also [HM3-
TANCE and LENGTH was chserved Alsmn, the dsance to
the city centre amd the track length positively infloenced the
frequency of tack ooourrence, but the main effect of [H3-
TANCE was staistically ot signtficant (Table 54). The das-
tance o city centre [DISTANCE) was also dependent on the
shady pericd (PERIODNL as was shown in the miemaction
effect. The beta value of the coeffcient in Period [ was, how-
ever, shatistically lower than m Period [, ie, in the last
peniod the relstionship between the frequency of marten tracks
apd the distance from the centre ([MSTANCE) was stronger
{Table 54). Red fox presence did not influence stooe marten
presence.

Dooupation of habitats by the stome marten changed owver
time, ie., between the three shady periods (Fig. 4). In the first
peniod, this species was reconded in four of six habitat types:
cemeterses, forests, parks and riparian. In secomd and third
peniods, the stone marien was recorded i all habatat fypes, but
a statstically significamt increase in the frequency of tack
ocourrence was  observed  only  for  cemeteries (Fag. 4,
Table 54). In geneml, the frequency of track occurrence of
stome masten was lower than that of red fox m most nabasal
and seminatural habstats (forests, parks, ripanan) (Fig. 4).

Discussion

In the last 50 yeurs, red fox and stone manen colenized the
whole Warsrw area, inhabiting all uwban habitats. We bhave
shown that, in accordance with previous studies (Goscoym

Fal )

ski, 1979; Jackowiak et al., 2021) and our expectations, in the
first study period these predators mostly ocourred im areas of
natarzl greenery amd ther density was very kow. This seems o
canfirm the assumptions of the urban 1sland hypothesis (LTH]),
namely that predators that are actively colomizing a city solely
inkiabat their natural babitat at first (Gloor et al., 2001} Then,
after some adaptabon time, the populaton should rapadly
increase amd other city aress (particularly human-modified
ones] are colomored (Evans et al, 2010; Gloor et al, 20010;
Wandeler et al, 2003). Indeed, in the two subsequent study
pericds, the demsity of both predators increased and  they
appeared in almost all city habitats. On the other hamd., our
dala seems o support the populstion pressure hypothesis PPEH
{Gloor et al., 2001). The mcrease in the demsity of the red fox
which we reconded in the second study pericd (ie. the begin-
ning of the 21st cenhary) coincided with rabses epizootic eradi-
cation due to anb-mbies vaccinabon across the whole country
(Flis & Rakxj, 2018). This has caused the fox populstion to
increase in Polamd in recent decades lf‘m:zyﬁd:i et al,, J008;
Giryr & Krure-(rye, 2017; Panck & Bresinski, 2002). Morne-
aver, the development of urban fox populations in contmental
Europe ook place mostly between the 1960s and the 1980s,
which comelstes well with the disappeamnce of rahies (Del-
ocourt et al., 2022). The first urban fox populstions occurred m
mbies-free  countnes  (Goddard et al., 230012; Hudson
et al, 2017}, with generally large fox populations (Mathews
et al., 2015; Swho-Wikon ot al., 2022). Even in Cireat Bratain,
where urban fox populations were first ohserved, they primar-
ily colonized wrban areas in regions where rural populabons
were bigger and they did not appear in many cities and towns
undil the 1980s (Wilkinson & Smith, 20001). Also, urban foxes
are not oally sepamted from naml ones as wrban populations
can be regularly supplemented by extras-urban migrants (Hames
& Trewhella, 198%; Wandeler et al., 2003). The degree of city
inhabstation by these two predators was different m the first
pericd. Despite its bow population density, the stone marten
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Abundance rends of two mesocamsores in Warsaw
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Figurs & Habitat use by the stone marten in Warssw |marginal moans in the gensralized near modell o the thees ressarch periods: |
19761978 |Goszoryrski, 19791, (1. 20082008 and (I 30152021, Frequency of track ooowrrence (e, the proporion of trarsects with the
confirmasd presence of predaiors) bassd on snow tracking on transects (the iotal fransect lengths were, respectively, 1519, 189.7 and &55.9 km
in mach panod; number of tracking episodes were, respactiely, 53, 298 and 4659 in sach pencd)

appeared m a wider city area and m a higher number of hahi-
tats than the red fox. It = possible that both species” coloniza-
tion of Warsaw staried at different times. Stone marten coukd
have colooized wrbanm areas  earlier than  fox  (Duodes
et al., 2014). This species is better adapted o buman-modsfied
areas (Dudui e al., 2004} amd uses buman-modified arcas
more often and more willingly (Weresecouk & Falewski, 2015).
The space wse of urban stone martens sugpests a connection
between mber- and extra-urban populations (Herr et al., 200%).

The high frequency of occumence of red fox racks m natu-
ral habstats in Warsaw points to their avoidance of people and
expluins thewr relatively low density across the whole cnty. In
conkrast, m one of the first shodses of urban foxes carmed m
Bristol, UK, fox densities were much higher than in naharal
areas and foxes had already been recorded in builtsup ancas
{Harmmis, 1981). Possbly, in our case we recorded the moment
when foxes staried 1o spread across the city, while m the UK
the population was already well developed Nevertheless, m
the UK almost 20 years later the species demsity was over four
times greater {Baker et al., 2000), which suggests that the War-
smw population may alse develop further. Such a colonization
process of a city that starts from natural (forest) hehitats bos
nit been described in other shudses.

In the bst pemod, the frequency of fox ack ooourrence
remained highest i forests.  Although foxes avoid densely
buslt-up areas (Dudus et al., 2004 Kmmdg et al., 20200, the
typical urban fox habditat preference includes sparsely buailt-up
areas, parklands, allotments, imduostrial bnd, or milway areas
({e.g. Baker et al., 2000; Gloor, 2002; Kolb, 1985). (dher habi-
tals were rarely penetrabed by fomes, for which there could be
two main reasons. First, red foxes may camy rabies (m the last
I years, there were 140 confirmed rabees cases in Warsaw amd
m fs closest vicimity (Mamovian  Voavodeshsp  Vieterimary
Imspeciomte, 2022}). Due to fear of mbies, foxes that get close
to humans are drven away mther than offered food. Second,
access o allotment or lential gard m W may be
limied due o high levels of human activity m such arems,

Jeurvad ol Deakgy 328 (004 213-324 © 004 Zockegeeal Doty ol Landen.

numerous dogs and the small size of these gamdens. In Wmock
aw, in south-western Poland, foxes mostly temd 1o inhabit areas
where human  populaben density  is lowest  (Duodus
et al., 2014}, whach indicates avoidance of bumans. Ako small
garders  partitioned by numerous fences affect foxes™ home
range size and its ubilation (Tolhurst et al., 20200

In the 1970s, the sione marien mbabied only forests, parks
and cemeteries, but in the second penod it colonized all babitat
types. The frequency of cccurmence of maren tacks was
clearly highest m cemeteries. This species was already found
in all Warsaw cemeteries, which were checked for the presence
aof the sione marten im 20072008 (Jasinska & Gosscrm
ski, 1)L Cemeteries may be chamcierized by very high
abundance of small rodents (Babinska-Werka et al, 1979 an
important food source for martens (Postusmy et al, 2007) In
the thind penod, the stome marten seemed o use available hab-
ilats im a similar proportion 25 in the second period. s occur-
mrence was still highest in cemeteries, yet differences betaeen
the intensity of wse of vamows habstais were smaller. Interest-
ingly. during the thind perod, human-modified areas (allotment
garders, buili-up areas, cemeteries) were much intensively used
by sione marten than more-natural ooes. Allotment gardens
may offer hideouts as human presence there is lmmited to the
daytime and warm months. At the same me, the numerous
fruit plants m these gandens are mmportant for maress m
summer-autumn and may serve as a plentiful food souarce (Post
uszmy et al., 2007). Built-up areas, which offer a kot of poen-
tial shelters and are frequently used by martens m wban areas
{Hermr et al, 2000}, were also used, yet less frequenily than the
two aforementsoned  habilats. Stone marens are treated as
pests, thus they are heavily persecuted and driven away from
buildings using vanous measures. This may pedentially reduce
the availability of buildings 1o martens and inhibit further pop-
ulation growth.

Interestingly, both species showed different habitat wse m
Waraw. The red foxes” tmcks were much easier o necord m
more nahural habitats and at a greater distance from the city
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centre, while the sione marien population density was higher
in human-modified babitats and they were more often found m
areas closer o the city centre. Similar results were obtamed m
another Polish city, Wrockoaw, where red foxes were recorded
closer to the city borders than expected, while martems were
foumd o live closer to the city centre amd in moch more
anthropogenic babitats than foxes [DudLi et al, 2014). Foxes”
avosdance of central city arexs is also known from other ates
{Hamis & Raymer, 19%56; Robinson & Marks, 3001; Tsukada
et al, 200} amd was also observed in Warsaw during our
recent study (Jackowiak et al, 20211 Moreover, the stone mar-
ten seems o be better adapted 1o urban living as it uses urban
resources more  effectively, especmlly anthropogenic  shelters
(Bateman & Fleming, 2012, Dudué et al, 2004; Her
et al, 2D}

The potential competition between both these predator spe-
cies is mt without significance. Although our research did not
find a statisbcally sigmificant effect of foxes on the oocurrence
of marten tracks, this may be the result of the influence of the
perivd effect (change of the frequency of track cocumence with
time) and other more important variables in the model (eg.,
distance to city cenire). These two species” avoxlance of each
other bhas  been reported by a  previows  study
(Hemandez-Puentes et al., 20I2). Usually, dwe to intraguild
predation, the red fox negatively affects mariens (Lindstrom
et al, 1995; Storch et al, 19900 and stome martens’ avoidance
of foxes has been observed (Hernandez-Puentes et al., 202Z).
Alzo in the city of Wroclkew, the risk of miraguild predation
significantly affected the stome marten™s habitat  selection
(Dudus et al., 2014}

Conclusion

In this study we have documented a lomg-term process of
development of urban populations of two medivmesized carmi-
vores: red fox and stone marten. The drving factors bhehind
the population growth of these two species seemed o be dif-
ferent. The wrban population of the red fox mcreased more
dymamically: this species first colonized Warsaw’s natural habi-
tats and gradually inhabited those that are more ansfommed
by human activity, but # is stll most sbundant m less
bumap-affected habitats. The main factor responsible for the
population growth was possibly an increase of the national red
fox populaton thanks W anti-mbies vaccmations. The stome
marten was present in the city centre from the very begmning
of the study and ns population increased much less dymammi-
cally. It is difficult to predict the development of these two
populations in the fiture. They may adjust 1o changing condi-
tions thanks o their behavioural plasticsty, thus spreading fur-
ther across the city and increasimg m density. On the other
hand, the human-driven processes that are changing the city
(like decrmasing availabilsty of green areas due o property
development, demalibon or extensive modermisation of buaild-
ings) but also the negative attstudes of Warsaw cilmens (fear of
rabies amd property damage) may be oo challengmg for the
shadied predators. Monstoring of urban predstor populabors =
cratical o prevemt buman-wildlife conflict and 1o prevent epora-
otics and the spread of @aonotic dismses.
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Table 53. Effects of habitat type (HABITAT)., period of the
stady (FERIOD), distance 1o the central pomt in Warsaw, Le.
The Palace of Cubure and Science (DISTANCE), transect
length (LEMGTH) and mieractions: HABITAT*PERIOD amd
DISTANCE*PERIOD on the red fox track presence general-
mred limear binary model; *reference category.

Table 54. Effects of habitat type (HABITAT)., period of the
shady (FERIID), distance to the central pomt in Warsaw, Le.

D. Krauze-Gryz af al

The Palace of Culture and Sciemce (DMSTANCE)., tmansect
length (LEMGTH) and interactions: HABITAT*PERIOD and
DISTANCE*PERIOD on the stone marten track presence gens
erlized lmear binary model; *redundant category. Vanable
FOX was excluded from the model durmg model selection
procedure.
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An absolute predator density assessment

W bazed the statistical anzly=i= on track fraquency and not an track density to minimize
the error that occurs when czloulating the density of predators based on the presented
assumptions. However, in this Sopplementary material 1, we provide an sssezzment of both
predators density in each period in the whole city and i specified habitats.

Methods

An absolute density of the two carnivores in Warsaw were caloulated by wsing FRP
(Fommuegon-MMalbyshev-Perslachin) formula (Stephens ot al., 2006), which was proved to be
uzafial and ralizhle method of animal density estimation, resistant to specific movement pattern
(Eesping & Pelletier, 2014). The formula based on wacking index and has a form:

D (M ind /100 ha) = 1.57 = (M trackslon/24 hrs) DD,

whera D) stands for demsity, 1.57 is 2 constant value and DMD indicstes the daily movement
distance 1.57, in original &2, is an average length of animal rack within 2 square of side =1,
in assurnption that each square side is crossing once. The DMD values were 138 km for foxes
and £.8 km 3z calculated for central Poland by Goszemymsld (1939).

Fesults

The density of both predator species varied between the smudy periods, as well az
betwesn habitats in ezch study period. The lowest density of red fox and stone marten was noted
in period I, when it was about 0.1 (=0.1) ind Jmm” for both spacies. Red fox density increased
1o 0.6 (=0.5) ind.don’ during pericd IT snd to 0.0 (£0.4) ind_tom® during period IIL In the same
time, marten density increased to 0.6 {=0.9) ind %om” in period IT and decreased to 0.3 (20.4)
ind m” in pariod II1.

The rad fox density increazed in pericd II in each habitat, with the highest vahies in
allotment gardens, forests and riparian areas (1.2-1.4 ind %m®) and the lowest in built-up aress
and parks (0.1-0.4 ind Jan®). In period ITI, they remained stable in most of habitats, but they
noticeably decreased in allotment zardens (to 0.5 ind.Jom®) and increased in moderal areas (to
1.3 ind lan’). Stone marten density rernained stable or increased i all habitats, with the most
rapid growth in allotnent gardens and cemeteries (to 1.2 and 2.5 ind.lon’ respectivaly). hiaren
densities m period III were stable in comparizon with period I1, bat they decreased in allotment
gardens and cemeteries (Table 51).

Tahle 51. The rad fox and the stone marten density in various habitats in three study periods in
Warsaw.

periad I period IT period ITT
nabitat (1876-1978) (2003-2008) (2013-2021)
stame stane stane
red fox martan red fox martan red fox martan
allotment gardans - - 121 12 05 0.8

built-up arsas - - ol 0.2 0.4 03




cemetaries - 0.1 0.5 15 0.4 12

forests 0.2 02 14 02 12 02
Opan Areas - - - - 10 0.1
parks - 0.2 0.4 02 0.5 0.3
riparizn 0.2 0.1 14 02 1.5 0.4
muderals - - 0.3 04 1.3 02
ovarzll 0.1 0.1 0.4 0.4 0z 03
(=50} (=01} =01} (=03} (=09} (=01} [=0.4)
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Supplementary material 2

Table 32. Fanking of the models (the five highest ranked and null model) explzining presence of
tracks of the red fox and the stone marten i three study periods (4450 - AIC differences, o, - Akaike
weights, Rank - rank of the models based on AIC values; bolded text in the row indicates chosen
model.

MODEL 4AIC | ey | Renk
Red fox

HABITAT + FERIOD + DISTNCE + LENGTH + HABITAT*FERIOD + DISTNCEFERIOD | g0 | 069 | 1

HABITAT + PERIOD + DISTNCE = LENGTH + HABITAT=PERICD 16 o3| 2
HABITAT + PERIOD + DISTHCE = LENGTH 154 | oo | 3
HABITAT + PERIOD + DISTNCE = LENGTH + DISTNCE*BERIOD 163 | ooo | s
HABITAT + PERIOD + LENGTH + HABITAT*BERIOD 270 | ooo | s
Null model 4433 | 0.00 23

Stone marten

HABITAT + FERIOD + DISTNCE + LENGTH + HABITAT*FERIOD + DISTNCE*FERIOD | g0 | 089 | 1

HAEITAT +PEFIOD + LENGTH = HABITAT*PERIOD 56 0.03 2
HAEITAT + PEFIOD + DISTHCE = LENGTH + DISTHCE*PERIOD 71 0.03 3
HAEITAT + PEFIOD + DISTHCE = LENGTH + HABITAT*FERIOD 76 0.02 4
HABITAT +PEFIOD + LENGTH 10.0 0.01 3

Null modal 197.5 | 000 | 23




Supplementary material 3

Table 83. Effects of habitat type (HABITAT), period of the study (PERIOD), distance to the
cenfral point in Warsaw, 1.e. The Palace of Culture and Science (DISTANCE), transect length
(LENGTH) and mnteractions: HABITAT*PERIOD and DISTANCE*PERIOD on the red fox
track presence generalized linear binary model; * reference category.

Chi#

Source B SE P
Intercept -0612 0743 06% 0410
HABITAT (allotment gardens) -1.874 0782 122 0269
HABITAT (built-up arsas) -1.555 04692 3035 0023
HABITAT (cemeteries) -1.181 0734 245 0117
HABITAT (forests) -0.098 0758 002 0897
HABITAT (parks) -0.504 0 0715 030 0481
HABITAT (riperian) 0*

PERIOD () -3717 0 1482 646 0011
PERICD (II} 1214 1311 086 033
PERIOD (IIT) 0*

DISTANCE 0133 Q043 8352 0002
LENGTH 1435 0184 6086 <0001
HABITAT (allotment gardens) * PERIOD (T) -20909 215102 000 0999
HABITAT (allotment gardens) * PERIOD (II) -1514 1402 117 0280
HABITAT (allotment gardens) * PERIOD (III) 0*

HABITAT (built-up arsas) * PERIOD (I) -19.524 497941 000 1.000
HABITAT (built-up areas) * PERIOD (II) -4111 1387 903 0.003
HABITAT (built-up arsas) ¥ PERIOD (IIT) 0*

HABITAT (cemeteries) * PERIOD (I) -20.424 220839 000 0999
HABITAT (cemeteries) * PERIOD (IT) -3.687 1376 7108 (.00
HABITAT (cemeteries) * PERIOD (IIT) 0*

HABITAT (forests) ¥ PERIOD (I) -0.22 1167 004 0230
HABITAT (forests) ¥ PERIOD (1T} 17493 166137 000 0999
HABITAT (forests) * PERIOD (IIT) 0*

HABITAT (parks) * PERIOD (I) -21.192 120834 000 0999
HABITAT (parks) * PERIOD (IT) -2.654 1324 408 0043
HABITAT (parks) * PERIOD (IIT) 0*

HABITAT (riperian) * PERIOD {ail periods) 0*

DISTANCE * FERIOD (I) 0002 0135 038 0331
DISTANCE * PERIOD (II) 0213 0094 317 0023
DISTANCE * PERIOD (IIT) 0*
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Table 34. Effects of habitat type (HABITAT), period of the study (PEEIOD), distance to the
central point in Warsaw, 1.e. The Palace of Culture and Science (DISTANCE), transect length
(LENGTH) and interactions: HABITAT*PERIOD and DIST ANCE*PERIOD on the stone
marten track presence generalized linear binary model; * redundant category. Variable FOX
was excluded from the model durmg model selaction procedurs.

Source B SE  Chi? r
Intercept 2071 06030 1779 <0001
HABITAT {allotment gardens) 1.842 0684 726 0007
HABITAT (built-up areas) 0.839 0558 226 0135
HABITAT (cemeteries) 2003 0.637 9050 0.002
HABITAT (forests) 0.261 0575 021 0630
HABITAT (parks) 0.561 0578 054 0332
HABITAT (riparian) [

FERIOD (T} -0,785 0 1209 040 0327
FERIOD (II) 1.922 0861 493 0.026
FERIOD (IIT) [

DISTANCE 0.049 0037 178 0182
LENGTH 0.894 0114 6197 <0001
HABITAT {allotment gardens) * PERIOD (T) -23728 218016 000 0999
HABITAT {allotment gardens) * PERIOD (II) -1.18% 0938 145 0229
HABITAT {allotment gardens) * PERIOD (III) [

HABITAT (built-up areas) * PERIOD (I} -22.134 514824 000 1.000
HABITAT (built-up areas) * PERIOD (II) -1.035 0845 150 0220
HABITAT (built-up areas) * FERIOD (III) [

HABITAT (cemeteries) * FERIOD (I) -2282 0 1135 380 0048
HABITAT {cemeteries) * PERIOD (II) 0.199 0865 0045 0236
HABITAT (cemeteries) * PERIOD (III) [

HABITAT (forests) * PERIOD (I} -1.5337 1042 2323 0133
HABITAT (forests) * PERIOD (I} 0.629 1044 036 0347
HABITAT (forests) * FERIOD (IIT) [

HABITAT (parks) * PERIOD (I} 0577 1083 028 0594
HABITAT (parks) * FERIOD (I} -1.556 0881 043 0511
HABITAT (parks) * FERIOD (IIT) [

HABITAT (riparian) * PERIOD (@i periods) [

DISTANCE * PERIOD (T) 0.089 0135 043 0309
DISTANCE * PERIOD (II) -0216 0088 1016 0.001
DISTANCE * PERIOD (IIT) *
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Abstract

The red fox (Fulpes vulpes) is an opportunistic mesopredator, common in urban areas across
the globe. Urban foxes utilize diversified food sources, with a particular preference for
anthropogenic foed, yet the impact of urban habitat structure on fox diet 1s vnknown. The aim
of this study was to 1. assess the fox diet in Warsaw by comparing three methods of assessment:
scat analysis, registration of prey remains at den sites and registration of food carried by foxes
by camera traps. and 2. to evaluate impact of habitat characteristics (habitat structure, distance
to city centre) on fox food composition. To investigate the differencesin the share of the foed
types in the fox diet between methods and habitat charactenistics, canonical correspondence
analysis (CCA) was used. Fox diet differed depending on the method used, although
anthropogenic food, mammals, and birds were identified to be the most important food sources
in each method. Mammals were the most important type of foodin scat analysis, birds in camera
trapping. while anthropogenic food was the most popular 1n the registration of food remains at
den sites. The fox diet was supplemented by carrion and, revealed mostly in scat analysis,
invertebrates, and seeds or fiuits. The method was the only factor that significantly shaped the
fox diet in Warsaw and was responsible for about 25% of the observed variance. Scat analysis
was the best method to detect the small volume food (s3mall mammals, invertebrates, fruits),
while the other two methods were better for the detection of birds, anthropogenic food, or bigger
mammals. However, camera traps allow for better detection of small mammals than food
remains registration at dens. None of the habitat characteristics impacted the diet of urban red
foxes, which indicates high homogeneity of fox foed composition in the city. It can probably
be explained by the high availability of mammals and birds in each part of the city and similar

habatat surroundings of monitored den sites.

Eevwords: Tulpes vulpes, diet composition, scat analysis. feacal analysis, camera traps, food

carrying behaviour
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Introduction

The red fox Fulpes vulpes is the most widespread mesopredator in the wotld, inhabiting
mumerous habitats, from subtropical to circumpolar zone (Lariviére & Pasitschniak-Arts, 1998).
One of the crucial factors cavsing such wide distribution is fox opportunistic foraging. enabling
1t to utilize highly varable food sources (Diaz-Buiz et al., 2013; Soe et al., 2017; Castafieda et
al., 2022). In general. the red fox diet depends mostly on habitat offer. ie.. diversified food
availability and prey fluctuations (e.g., Goszezyaski, 1986; Cavallim & Volpi, 1996; Leclkie et
al., 1998; Jedrzejewski & Jedrzejewska. 1992; Sidorovich et al., 2006; Hartova-Nentvichova et
al., 2010; Kidawa & Kowalczyk, 2011), but it is also seasonally variable (Sce et al., 2017), or
changes with the predator’s age (Lindstrdm, 1994; Panzacchi et al, 2008; Kidawa &
Kowalezyk, 2011; Lanszld et al., 2023). It shows a great variation on a global scale in relation
to geographical location, climate conditions, or human impact in accordance with the fox
generalist foraging pattern (Castafieda et al,, 2022), although some feeding specialization
among individuals can also occur (Kidawa & Kowalczyk, 2011; Scholz et al., 2020).

According to many studies, the fox diet was dominated by small mammals (especially
rodents), supplemented by medinm-sized mammals (mostly lagomorphs), birds, and carrion of
ungulates (Goszezyiski, 1974; Jedrzejewskd & Jedrzejewska, 1992; Lanszlki, 2005; Sidorovich
et al., 2006; Kidawa & Kowalczyk, 2011). A share of other prey than small mammals typically
inecreases with decreasing rodent availability (Goszezyfiski, 1986; Jedrzejewski &
Jedrzejewska, 1992; Weber, 1996), although. in some areas, lagomorphs and birds can be a
staple prey (Kelb & Hewson, 1979; Diaz-Eniz et al.. 2013). Carrion can also play an important
role in the fox diet, especially during the cold seasons (Jedrzejewski & Jedrzejewska, 1992;
Cagnacci etal.. 2003; Sidorovich et al., 2006). Also, locally important components of fox diet
can be fruits or invertebrates (Papageorgiv et al., 1988; Cavallim & Lovari, 1991; Serafim &

Lovari, 1993; Padial et al., 2002; Bakaloudis et al., 2015), domestic mammals or birds (Kelb &
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Hewsen, 1979; Jankowiak et al., 2008), and anthropogenic food (Panek & Budnoy, 2017;
Feshamwala et al., 2018).

Among the wide range of habitats, urban areas tend to be one of the most recently
colenized but willingly utilized by red foxes. Development of whan foxes populations started
in the 1930s in British (Teagle, 1967) and Australian cities (Marks & Bloomfield, 1999), and
till teday. foxes have colonized numerous cities in Furope (Cignini & Riga, 1997 Gleor etal.,
2001; Plumer et al., 2014; Jackowiak et al., 2021). Asia (Tsukada et al., 2000; Uraguchi et al..
2009} or North America (Adkins & Stott, 1998; Lewis et al.. 1999). Stable food sources are the
most important factors that allow foxes to colonize cities and reach very high population
numbers (Harris, 1981). Well-developed populations of wrban foxes relied mostly on
anthropogenic food with the particular importance of scavenged meat and bread (Harris, 1981;
Doncaster et al., 1990; Saunders et al., 1993; Contesse et al., 2004), but this food source did not
always play a major role (White et al., 2006). Access to scavenged food was pointed to as a key
factor in the wsefulness of wrban habitats for foxes (Harris & Ravyner. 1986). Alse, food
supplemented by humans was also significant (Baker et al.. 2004; Contesse et al.. 2004). The
share of mammals and birds was highly diversified in different locations (Harris, 1981;
Doneaster et al., 1990; Savnders et al., 1993; Contesse et al.. 2004; White et al.. 2006). Other
food types (1.e., invertebrates, earthworms, fruit) are generally less important. However, their
occurrence in the urban fox diet was variable and they often played a considerable role (Harris,
1981; Doncaster et al., 1990; Saunders et al., 1993; Contesse et al., 2004; White et al., 2006).

Although nrban foxes utilize mostly anthropogenic food, their diet varies across the
cities (Harris, 1981; Doncaster et al., 1990; Contesse et al., 2004; White et al.. 2006). Urban
habitats are not homogeneous but consist of a number of different areas. from natural to strongly
human-medified (Bateman & Fleming, 2012). As a food generalist, the red fox will respond to

this highly variable habitat offer (Diaz-Buiz et al. 2013; Sce et al. 2017; Castafieda et al_,
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2020). Therefore, food composition of foxes inhabiting different areas of the same city should
also be diversified.

The red fox diet assessmentsin wrban and non-wrban areas were mostly based on fecal
or stomach content analysis (e, g. Goszezynski, 1986; Jedrzejewski & Jedrzejewska, 1992;
Contesse et al.. 2004; Sidorovich et al., 2006 White et al., 2006). These methoeds allow for the
estimation of the frequency of food type occurrence and counting its biomass content in a
carmvore diet (Goszezynski, 1974; Ferreras & Fernandez-de-Simon, 2019). Compared with
prey remains collection near den sites, they allow the detection of several elusive food types,
like frumits, invertebrates, or small vertebrate species (Goszezynski, 1995). On the other hand,
they are time-consuming, stomach analysis 15 invasive; also, a big sample 1s typically needed
as many stemachs can be empty (Harris, 1981; Contesse et al., 2004). In turn, sample collection
for scat analystis can be difficult inurban areas due to pessible confusion with scats of domestic
carmivores. Moreover, stomach content analysis tends to uwnderestimate the share of small
mammals and fiuits in the diet, as in the case of scat analysis and large mammal share
(Castafiedaet al., 2022). Registration of prey carried by red foxes (related to food provision for
cubs) by camera traps to assess diet composition can be a fast. simple, suitable for wide use and
nen-invasive method of assessment (e.g., Wagnoen & Serfass, 2017; Windell et al., 2019).

The aim of this study was to compare three methods of the red fox diet assessment —
scat analysis, registration of food remains at den sites, and food carried by foxes registration in
camera trapping. We suspected that diet assessment based on tvpe of food carried by red foxes
recorded by camera traps can give a more accurate estimation between food types which can
be over- or underestimated in other methods. It can ensure similar insight into the red fox diet
composition like the other two methods, but can also give better recognition of small -sized prey
than registration of food remains at den sites. This method can also be particularly useful in

urban habitats, where highly digestible food like anthropogenic origin meat or bread 1s probably
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a significant part of the fox diet, and it is hard to detect in scat analysis. Foxes in Warsaw
willingly use a variety of habitats, from natural greenery like forests to built-up areas (Krauze-
Gryzetal., 2024; Jackowiak et al., 2025), so we assumed that their foraging patterns could also
reflect habitat heterogeneity. Thus, we wanted to check if the food composition of the urban
red foxes in Warsaw will change with habitat compesition around the den site or its distance
from the city centre. We expected that red foxes inhabiting more natural green areas in owter
city districts wounld mostly use natural food (i.e., small vertebrates). In contrast, those who
inhabit mere transformed areas would readily use anthropogenic food. We also expected that
the share of more natural food in the fox diet would increase with an increasing distance to the

city centre.
Marterials & Methods
Study area

The research was performed in Warsaw (527 137477 N 21° 00" 42" E), Poland's capital
city, which is the largest (517 km”) and the most populous (1,862,000 inhabitants, 3,599
inhabitants/km?) city in the country (Zegar et al.. 2023). Warsaw is sitvated at an altitude of
arcund 113 m above sea level, with an annual rainfall of about 500 mm and an average annuoal
temperature of 7.7 °C.

The Vistula River flows through the city from south to north. In the city centre, the left
bank of the river is highly human-modified, while along the right bank riparian forests
included in the Nature 2000 netwerk and censtifuting an important ecological corridor, have
been preserved.

Warsaw 1s divided into 18 districts and dominated by built-up areas, with densely built
areas limited only to the city centre and inner districts. Most of the city is covered by sparsely

built-up areas associated with residential and roadside vegetation, allotment gardens, home
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gardens. bigger green spaces like parks. squares (mostly in internal districts), and cemeteries.
botanical and zoological gardens. old city fortifications, open areas or agricultural land
(pastures, meadows, orchards). Moreover, natural greenery like riparian forests along the
Vistula and smaller watercourses. nature reserves, and forests are important green areas. Forests
account for about 15% of the city area and are located mainly in peripheral districts near the
city borders (Fig. 1). A high proportion of diversified green areas and their dispersion within
the city make Warsaw easily penetrable for many mammal and bird species. City green areas
can also be important refuges for numerous animal species (e.g.. Gryz et al., 2017; Lesinski et

al.. 2021; Jasinska et al.. 2021; Gryz & Krauze-Gryz. 2022; Zawadzki et al.. 2022).
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Fig. 1. Distribution of red fox den sites in Warsaw, where diet assessment was conducted in the
years 2018-2021. The Palace of Culture and Science was assumed as the most central point of

the city.
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Urban foxes of Warsaw

The uwrban fox population in Warsaw was probably established in the 1970s
(Goszezynski, 1979). Foxes started to spread across the city in the first decade of the 21st
century (Jackowiak etal., 2021), and since then their density has increased in each wrban habitat
type (Kravze-Gryzet al., 2024). Foxes in Warsaw mostly use more natural habitats, like forests
(including riparian), for rearing cubs (Jackowiak et al., 2025) and reach the highest density there
(Kranze-Grvz et al., 2024). Warsaw foxes also live in social groups of up to five adult
individuals, produce bigger litters, and start to breed earlier than their rural counterparts

(Jackowialk et al., 2023).

Material collection and preparation

The study was conducted in the whole area of Warsaw in 2018-2021. Three methods
were used in parallel for diet assessment of wrban foxes: 1. scat analysis, 2. records of food

remains at den sites, and 3. registration of food carried by foxes by camera trapping at den sites.

Seats collection and analysis

Scats were collected near natal den sites, which were located in Warsaw during research
about fox social organization and reproduction (see Jackowiak et al., 2025) and were analysed
based on the methodology of Goszezyiiski (1974). In a laboratory, scats were separately placed
in beakers soaked in a solution of water and detergent for 24 hours and washed with water over
a 1.0-mm sieve to separate any undigested remains from digested amorphous matter. The
remnants were placed on Petri dishes and dried at §0°C for 24 hours, and after that, the remmnants
were identified. The number of individuals of each species was recognized on the basis of the
presence of certain body parts. If only hair without any bones were present in the scat, we

assumed it was single individual.
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Mammal species/genera were identified based on teeth and skull bones (Pucek, 1984)
ot by hair microscopic morphology and cross sections (Dzivrdzik, 1973; De Marinis & Agnelli
1993; Teerink, 2003). Other food remains (mammal bones other than skulls, bird, reptile, or
amphibian remains, plant seeds) were determined with the nse of Yalden's (2009) guride and
comparative collection of the Department of Forest Zoology and Wildlife Management of

Warsaw University of Life Sciences.
Food remains registration af den sifes

Food remains were collected at den sites from Febmary to August during regular
contrels of monitored and occupied den sites (once or twice per menth, on average, 10 to 15
controls per den site during the season). All found food remains were collected and 1dentified:
mammals based on Pucek's (1984) identification key and birds based on Brown et al. (2002)
identification puide. All recorded food remains were removed from the den site to exclude

double-counting.
Camera trapping at den sites

To register the food carried by foxes, several types of camera traps have been used —
mainly Beconyx™ Hyperfire™ PC800, PC850, PCO00, and a few PC90. Moreover. a few
Browning® Spec Ops Advantage and Dark Ops Apex devices were also used. Camera traps
tock three photos in a series, with no interval between series. Camera traps were mounted near
the entrance of breeding dens (Jackowiak et al.. 2025). They were usually placed on trees up to
50 centimeters above the ground. Data were collected since March, when foxes started to renew
dens for breeding,. and ended in July or August. when juvenile dispersionbegan and dens were
abandened. At the time, camera traps were regularly inspected to change batteries and memory

cards or to correct their placement. alternatively to be moved to another den site if the den was
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recognized as non-occupied. Camera trap photos were collected from 30 den sites in total. Foed

1tems brought to the den were recorded and 1dentified.

Data analysis

Diet composition assessment

Only food items that could be detected by at least two of the used methods were
considered. For this reason, earthwerms, which can locally be an important component of fox
diet (Doncaster et al., 1990; Reynolds & Aebischer, 1991), were excluded from analysis. Any
prey items were identified to the lowest possible taxonomic level (families for vertebrates, or
to order for invertebrates). Other remains were grouped as anthropogenic food. eggs. or
fruit/vegetables. Big-sized mammals (1.e., adult ungulates and dogs), unlikely to be hunted by
foxes, were classified as carrion. Prey items that were impossible to identify were grouped as
‘nnidentifiable’. Detailed food composition was included in Appendix 1.

In order to perform comparisens between metheds, division of food types was limited
to the main categories: mammals, birds, amphibians, fish, carnon, mmvertebrates, seeds and
fruits, unspecified plant material, eggs. anthropogenic, and unidentifiable. Additionally,
mammals were gronped according to their size into “big’ (hare size or bigger, with the exception
of adult ungulates or dogs, which were classified as carrion), ‘medium’ (rat size), or “small’
(mouse size or smaller). Similarly, birds were alse grouped as “big’, ‘medium’, and “small’
which respectively corresponded to pigeon size (wood pigeon Celumba palumbus or bigger).
thrush size, or spatrow size (or smaller). Anthrepogenic food was divided into subcategories
‘bread’, “meat’, and “other anthropogenic’. The percentage share of each food type among all
registered food items was counted for each method. In scat analysis, the frequency of food type

occwrence in collected scats was also estimated.

Den sites” spatial characteristics
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Den sites were classified according to their distance from the city centre (assumed as
the Palace of Culture and Science) to three distance classes: = 5 km (classI). 5 to < 10 km (class
II) and > 10 km (class IIT). Moreover, circular buffer zones with a radius of 500 meters around
den sites were established. Within the buffer zone, habitats were classified into one of the eight
generalized Urban Atlas land cover classes (continuous urban fabric, discentinuons urban
fabric, industrial areas. semi-natural green areas, parks, forests, others, water). Habitats were
then grouped as ‘natural habitat’ (semi-natural green areas. forests, cothers) offering more
natural habitat for foxes, and ‘human-modified habitat” (contmuons/discontinuous nrban fabric,
industrial areas, parks) containing strongly anthropogenic habitat types of the wrban area. Based
on ‘human-modified habitat” share in buffer zones, they were divided into three groups.
containing respectively <25%, 26-30%. and =30% of human-medified habitat. All spatial

analyses were performed using the QGIS package (v. 3.10).

Statistical analysis

To compare the results of the diet assessment between methods, the chi-square
contingency test was used. As the number of observations for each method was different, the
mumber of observations among food categories was calculated per 100 observations and
compared. Comparison was performed for the main categories with mammals, birds, and
anthrepogenic food divided into subcategories. Due to multiple comparisons, the Bonferroni
correction was used. The results of diet assessment, as the frequency of occurrence of various
food types, were then compared between distance classes and groups with variable human-
modified habitat share. Statistical tests were performed using PAST software v. 4.05 (Hammer
et al.. 2001).

To investigate the differences in the share of the food types between the three methods
of the red fox diet assezsment. in relation to three distance clazses and three claszes of share of

human-modified habitat around den sites, canonical correspondence analysis (CCA) was used.
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The food items were all pooled into five main food categories: small mammals, other mammals
(including biz, mediuvm, and uvnspecified size mammals and ungulate carrion), birds.
anthrepogenic, and others (other vertebrates, invertebrates, fruits, ete ). The share of main food
categories was calculated for each den site, separately for each method of assessment, and for
each vear. The share of main food categories was vsed as a response variable. Three separate
CCAs were made for explanatory variables: method of assessment, distance classes, and groups
with a variable share of human-modified habitat in the circular buffer zone around the den site.
The year of data collection and den site were included in the analysis as covariates. To test the
statistical significance of differences in diet composition between methods, distance classes,
and human-modified habitat share. a Monte Carlo test (with 499 permutations) was vsed. CCA

was performed by using Canoco 5 software (ter Braak & Smilauver, 2012).
Results
Diet comparison

Owerall, 312 food items in 142 seat samples, 391 food remains at den sites, and 750 food
items carried by foxes were recorded.

The most frequent food in scats was mammals (39% of scat samples, N=142) and seeds
or fruits (32%). Other frequent food (anthropogenic food, birds, invertebrates, or nnspecified
plant material) ccewrred in 20% to 29% of scat samples. Carrion was present in about 10% of
scats, while the rest of the foed types occurred with a frequency lower than 5%.

The fox diet differed significanily between methods (3y'=170.36, df=36, P<0.0001).
Nevertheless, all three methods identified anthropogenic food, birds, and mammals as the main
food sources for foxes in Warsaw, but their share was diversified among the metheds. In turn
invertebrates and seeds or fruits were frequently recorded enly in scats compared to other

methods (Table 1).
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In scat analysis, mammals were the most important food source (20%, N=312), while
in other two methods its importance was lower, being the second food source for foxes in
camera trapping (22%, N=750) and third 1n food remains at den sites (14%, N=391). However,
different mammalian species were identified with different methods. e g, small mammals
(mostly rodents of genus Apodamus. Microtus, bank vole Myodes glareolus and European mole
Talpa europaea) were mostly recorded in scats and among prey recorded with camera traps
(approx. 15% of prey items), while they accounted for only 3% of food remains found at den
sites (Table 1).

Birds, especially pigeons Columbidae, corvids Corvidae and pheasants Phasianus
colehicus were more often recorded by camera traps or among prey remains at dens (33% and
20%, respectively) but less frequently in scats (13%). Similarly anthropogenic food was mostly
recorded at den sites (42% of food items) while rarely found in scats (11%) (Table 1).

All the methods recorded carrion of ungulates with similar frequency (5 to 7%). Scat
analysis indicated a much higher share of invertebrates and seeds or fruits (14% and 19%) than
food remains registration at den sites (both below 0.5%) or camera trapping (0.1% and 1.6%)

(Table 1).

Table 1. Percentage share of food items in the red fox diet, assessed by using three different

methods, in diet of urban foxes from Warsaw i 2018-2021

method of assessment

food remains food carrying
food type
registration at den registration by scat analysis
sites camera traps
mammals 143 217 19.9

small 31 145 154
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medium 23 44 1.0
big 6.1 23 35
unspecified 28 0.5 -
birds 332 20.1 131
small 08 43 38
medinm 38 35 35
big 256 10.3 51
unspecified 31 21 0.6
amphibians 0.3 - -
fishes 1.5 09 03
invertebrates 03 01 13.8
carrion 6.9 6.4 48
seeds and fruits 03 16 19.2
unspecified plant
- - 11.5
material
eggs 1.0 - 1.6
anthropogenic 419 312 10.6
bread 54 83 -
meat 133 5.6 48
other 233 173 58
unidentifiable - 179 31
Total n of food items 301 TS0 312

Variance in red fox dier
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The CCA revealed that method of assessment significantly explained 25.09% of
observed variation in fox diet composition (F=14.9, P=0.002) (Fig. 2). Invertebrates or seeds
and fruits (included in the category “other’) were recorded when using scat analysis. Small
mammals were noted more frequent in scat analvsis and during camera trapping than during
registration of food remains at den sites. Other two factors, distance from the city centre and
human medified habitat share around den site were non-significant (F=1.0, P=0.300 and F=1 4,

P=0.070 respectively).

g ‘ food remains
registration
scal analysis
A
BlrRDS OTK!ERS
iy F.
ANTHROPOGENIC
i AL |
OTHER MAMMALS
ASMALL MAMMALS
(=} A
- camera trapping
0.6 1.0

Fig. 2. Biplot from canonical correspondence analysis showing influence of method of diet
assessment (food remains registration. food camying repistration by camera traps and scat

analysis) on assessed diet composition of red foxes.

Discussion
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Worldwide fox distribution and its habitat plasticity results in a high diversity in
selection of potential foed sources. Probably each study on fox foraging reveals a highly
variable diet composition of this mesocarnivore (e. g. Jedrzejewska & Jedrzejewska, 1992;
Cavallini & Volpi. 1996; Contesse et al., 2004; Kidawa & Kowlaczyk 2011; Sidorovich etal.,
2015). In owr study, reported foraging patterns showed a number of similarities to the fox diet
estimated in other locations and habitats. Regardless of the methed of assessment, dozens of
different prey and food types were detected in the fox diet in Warsaw, although they differed
in frequency of occurrence and their contribution to biomass consumed by foxes. Foxes from
Warsaw relied mostly on mammals, birds. and anthrepogenic food. similarly to other urban and
nen-urban habitats. As assumed, the three methods showed various diet composition, yet with
similar groups being important. Nevertheless, some of the food categories were more likely to
be recorded with some of the methods (e.g.. seeds or fruits and invertebrates in scat analysis or
some anthrepogenic food in cameratrapping). Neither habitat compositicnaround the fox den
ner distance to the city centre affected diet compesition, which shows that the red fox diet was
rather homogeneous across the city area.

High share of mammals in the fox diet is in line with other studies (e.g.. Goszezynski
1974; Geszezynski, 1986; Jedrzejewski & Jedrzejewska, 1992; Lanszid, 2003; Sidorovich et
al., 2006; Sidorovich et al., 2015). Also, birds can be locally important food sources for non-
wrban foxes (Kolb & Hewson, 1979; Goszezynski, 1986; Cavallini & Volpi, 1996) or subwban
ones (Castafieda et al., 2020), but often they are only a small part of consumed biomass, despite
their quite frequent cceurrence (Jedrzejewskd & Jedrzejewska, 1992; Kidawa & Kowalezyk,
2011). In wrban habitats, the share of birds seems to be diversified, ranging from a few percent
(Doncaster et al., 1990; Contesse et al., 2004) to several dozen percent (Harris, 1981). Other
important food sources for wrban foxes in Warsaw were alsocarrion. fish, and (revealed mostly

in scat analysis) fruits or seeds, and invertebrates Fish occwrrence in the fox diet was limited,
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but their presence is interesting because it 15 unknown whether they come from hunting or were
taken as carrion, although fox fishing behaviour was reported (Tobajas & Diaz-Ruiz, 2022).
Carrion of big mammals can be very important in mountainous ( Borkowslki, 1994; Cagnacci et
al., 2003) or forest habitats (Jedrzejewski & Jedrzejewska, 1992) or when it becomes more
available (Helldin & Damielsson, 2007). and can be more commen in cubs' diet (Lindstrdm.
1994; Kidawa & Kowalczyk, 2011). In Warsaw, 1ts share was close to that reported from other
parts of Central Poland (Goszezynski, 1986).

The high share of anthropogenic food in fox diet was expected, as its high utilization is
typical for vrban foxes (Harris, 1981; Doncaster et al., 1990; Contesse et al., 2004). Although
1t was slightly lower than i other studies (e.g., Contesse et al., 2004), it still constituted a
significant part of the Warsaw fox diet. Moreover, those were often meat remains, as revealed
also in other studies (Harris, 1981; Contesse et al., 2004). This type of food could be attractive
to generalist predators, which willingly choose anthropogenic food when available (Panek: &
Buday, 2017).

The share of anthropogenic food varied among methods of assessment. Anthropogenic
food 1s variable and can be classified differently (cf Harris, 1981; Contesse etal., 2004; Kidawa
& EKowalczyk, 2011; Panek & Budny, 2017). Remnants of anthropogenic foed, like foils,
packages, or cans, can be very persistent, so they are easily recorded during food remains
registration. However, estimation of real volume and input of such food can be problematic.
Camera trapping allows a better assessment of the amount and content of anthropogenic food
items delivered. In turn_ in scats, anthropogenic food will eften go undetected, especially highly
digestible food types like bread or meat. All of those can lead to under- or overestimation of
anthropogenic food input in the fox diet. In Warsaw, the scale of providing food for foxes by

city dwellers is supposed to be rather low when compared to, e g., Great Britain (Baker et al.,
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but their presence 1s interesting becanse it 15 unknown whether they come from hunting or were
taken as carrion, althongh fox fishing behaviour was reported (Tobajas & Diaz-Ruiz, 2022).
Carnon of big mammals can be very important in mountainons ( Borkowslki, 1994; Cagnacei et
al., 2003) or forest habitats (Jedrzejewski & Jedrzejewska, 1992) or when it becomes more
available (Helldin & Damielsson, 2007, and can be more commen in cubs' diet (Lindstrdm.
1994; Kidawa & Kowalczyk, 2011). In Warsaw, 1ts share was close to that reported from other
parts of Central Poland (Goszezyniski, 1986).

The high share of anthropogenic food in fox diet was expected, as its high utilization is
typical for vrban foxes (Harris, 1981; Doncaster et al., 1990; Contesse et al., 2004). Although
1t was slightly lower than i other studies (e.g., Contesse et al., 2004), it still constituted a
significant part of the Warsaw fox diet. Moreover, those were often meat remains, as revealed
also in other studies (Harris, 1981; Contesse et al., 2004). This type of food could be attractive
to generalist predators, which willingly choose anthropogenic food when available (Panek &
Buday, 2017).

The share of anthropogemic food varied among methods of assessment. Anthropogenic
food is variable and can be classified differently (ef Harris, 1981; Contesse etal., 2004; Kidawa
& EKowalczyk, 2011; Panek & Budny, 2017). Remnants of anthropogenic food, like foils,
packages, or cans, can be very persistent, so they are easily recorded during food remains
registration. However, estimation of real volume and input of such food can be problematic.
Camera trapping allows a better assessment of the amount and content of anthropogemic food
items delivered. In turn_ in scats, anthropogenic food will often go undetected, especially highly
digestible food types like bread or meat. All of those can lead to under- or overestimation of
anthropogenic food input in the fox diet. In Warsaw, the scale of providing food for foxes by

city dwellers is supposed to be rather low when compared to, e g.. Great Britain (Baker et al.,
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2004), althongh it can be expected that foxes can benefit from the food provided for feral cats
Felis catus, as in Zurich (Contesse et al., 2004).

In general high share of mammals revealed by each of the methods applied was
untypical for urban red foxes (Hamris, 1981; Doncaster et al., 1990; Saunders et al., 1993;
Contesse et al., 2004). However, Warsaw foxes are most often recorded in more natural habitats
(KErauze-Gryzet al., 2024), which can also make the fox diet more “natural’. Howewver, the share
of some mammalian prey was diversified among methods. For example, in scat analysis and
camera trapping. a high cccuorrence of small mammals, mostly rodents from the dpeodemus
genus, was observed. In extra-urban areas foxes prefer rodents from the Microfus genus
(Goszezynski, 1974; Goszezyiski, 1986; Jedrzejewski & Jedrzejewska, 1992; Lanszki 2003;
Sidorovich et al., 2006; Sidorovich et al, 2013), but in conditions of theiwr lower availability,
the share of other rodents and medinm-size mammals in the diet increased { Goszezynski, 1986).
The high frequency of Apodemus speciesreflects very high densities of the two mouse species
in Warsaw. The city was first colonized by the field striped mouse Apodemus agrarius
(Andrzejewski et al., 1978), which in recent decades was cutcompeted by yellow-necked mice
in many green areas of Warsaw (Lesinski et al., 2021). Their numbers and wide occurrence can
make them a perfect prey for the red fox.

We found no impact of distance to the city centre or the share of human-modified habitat
in buffer zones around den sites on the diet composition of red foxes. Foxes' diet seemed to be
hemogeneous across the city, independent of the location of den sites and the spatial
characteristics of areas around den sites. On the contrary, foxes in Zurich showed vanation in
diet composition dependent on part of the city — they tended to eat more anthropogenic food in
areas closer to the city centre and more natural food inthe suburbs (Contesse et al., 2004). Lack
of variation in food composition among Warsaw foxes can be a result of the location of den

zites —over 90% of fox dens in Warsaw were located in more natural habitats like urban forests,



382

383

384

385

386

387

388

389

350

351

352

353

354

355

356

357

398

359

400

401

402

403

404

405

406

parks, or muderal areas with shrub cover (Jackowiak et al., 2025). These areas of natural or
cultivated greenery are inhabited by numerons species of birds (Luniak. 2001) or mammals
(Andrzejewskiet al.. 1978; Goszezyiski, 1979; Gryzetal., 2017; Lesifiskietal . 2021). Similar
habitat surroundings of den sites acress the city, with probably comparable availability of
natural and anthropogenic food sources, may result in a lack of differences in the foed
composition of foxes from different parts of the city.

The results of the comparison of the methods were, in general, compatible with our
predictions. The results from food remains registration and scat analysis differed the most, with
the biggest variation in food types of small size, mostly fruits and invertebrates, or food types.
which were hard to detect in scat analysis, like some anthropogenic food. The frequency of
small-sized food occurrence was underestimated in food remains registration in comparison
with scats analysis, although food remains sometimes allowed for easier identification of some
prey than other methods. For example, birds were easier to identify on the basis of food remains
at den sites than from scats, thanks to the presence of undamaged feathers . Moreover, bird share
tends to be underestimated in scat analysis-based methods (Reynolds & Aebischer, 1991).
which can probably also be observedin our study, where bird share was the lowest in the results
of scat analysis. On the other hand, scat analysis gave a better opportunity to estimate the input
of small mammals in fox diet, but their share in scats tends to be overestimated (Castafieda et
al., 2022). In contrast, camera trapping was a much more versatilemethod, allowing for better
detection of small mammals and birds than the other two methods. as well as better recognition
of anthropogenic food input in fox diet. One of the best examples of camera trapping usefulness
is the estimation of bread in fox diet. a very often food component in fox diet (Harris, 1981;
Saunders et al, 1993; Contesse et al., 2004). Registration of bread delivered by foxes reveals
the real importance of this foed type and may allow an estimate of the velume of consumed

bread (Fig. 5). Moreover, camera traps may help to assess biomass of other food components
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(including prey items) giving more reliable values than those based on food occurrence
frequency (Reynolds & Aebischer, 1991; Klare et al., 2011). Camera trapping can also be a
noteworthy alternative to scat analysis, as correction factors used during eaten biomass
calculation can cause potential problems for the estimation of carnivores' diet (Reynolds &

Aebischer. 1991; Soe et al.. 2017). while during camera trapping we are able to assess the exact

size of food items.

Fig. 3. Camera traps can give a good insight into fox feeding habits, presenting a high
accordance with prey remains collection at den sites. As an example, a photo of a peacock (Pavo
cristatus) remains (A) found in one of Warsaw’s parks. and a camera trap photo of a fox
bringing the rest of the peacock corps to the den (B). Moreover. camera traps can allow for a
better assessment of the actual volume of consumed food. As an example, bread foil found at

the den site (C). and a fox with the same foil. revealing the real package content (D).
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On the other hand. a disadvantage of camera trapping for diet assessment is
nnderestimation of small size food share, like invertebrates or frmits, which potentially can
appear frequently in fox diet (e_g.. Macdonald, 1980; Harris, 1981; Doncaster etal., 1990; Diaz-
Ruiz et al., 2013; Castafieda et al., 2020). Ignoring these food sources can lead to significant
bias (Reynolds & Aebischer, 1991), however, despite their frequent appearance, they constitute
only a small part of fox diet (Kolb & Hewson, 1979; Contesse et al., 2004; Hartova-
Nentvichovid et al, 2010) and their input among consumed biomass is typically low (e.g..
Contesse et al.. 2004). Yet. the inability to detect seasonal and year-to-vear changes in thew
share in the fox diet can be a significant disadvantage. The other problem is a high share of
omidentified food items and/or misidentification of some food in low-quality photos
(particularly at night), including the wrong classification of some prey as food. A good example
15 the European mole Talpa europaea. which was frequently noted in camera trapping. while
psually its role as a food for foxes is limited (Kelb & Hewson, 1979; Goszezynski, 1986;
Jedrzejewski & Jedrzejewska, 1992; Leckie et al., 1998; Kidawa & Kowalczyk, 2011). It was
suspected that numerous remains of moles at den sites were provided by adult foxes or caught
by cubs for playing (Goszezynski, 1995).

Our study confirmed generalist foraging of foxes in Warsaw, although their food
selection differed from most of the described whban foxes' diet by a high content of natural prey
like mammals and birds. It may indicate that easily accessible anthropogenic food sources
cannot be the only reason for foxes inhabiting urban areas, and the fox diet can be dependent
on specified city conditions. We also found no differences between the diet of foxes from
varions lecations in the city — similar habitat characteristics in which den sites were located
may be thereason for foxes' homogeneous diet across the city. The factor generating significant
differences in the composition of the fox diet was the way of its determination. which revealed

the advantages and disadvantages of each of the methods nsed. Scat analysis allows for the
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effective determination and recognition of a number of food types, especially very important
for foxes, small mammals, but also fruts and mnvertebrates, which were hard to detect by other
methods. On the other hand, scat analysis can overestimate the input of such food types in the
fox diet and 15 insensitive to detecting highly digestible food. Food remains registration can
give an opportunity to better identify and estimate some food types, like birds or anthropogenic
food, but 15 completely not useful in detecting small-sized food items. Camera trapping can
allow for a better detection of small prev among fox food than in food remains registration, and
simultanecusly can give a better recognition of big mammals, birds. or anthrepogenic food
input in fox diet than scat analysis. Yet still. a significant disadvantage of camera trapping 1s an
underestimation of the share of such food as invertebrates or fruits, what can be a significant
lLimitation of this method. Camera trapping can also provide a big sample size in quite a short
time, but it does not always lead to appropriate classification of some prey as food, and a
considerable part of food items can remain unrecognized. The last problem can be at least
partially solved by using devices with high-gquality photos. faster trigger speed, or a dual-flash
system (PIR. with white flash) to take polychromatic photos at night (Rovero et al., 2013),

making this method promising to use in diet assessment.
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Table Al.l. Diet of urban foxes in Warsaw. on the basis of frequency of food types occwmence,
revealed in scat analysis method.

food type N of occurrence % of ocourrence
MAMMATS 62 209
rodents 43 14.5
Apodemus flavicollis or sylvaticus 19 6.4
Arvicola amphibius 1 03
Microtus sp. 12 4.1
Myodes glareolus 4 14
Cmdatra zibethicus 3 1.0
Rarfus sp. 1 03
unidentified 3 1.0
other 19 6.4
Erinaceus roumanicis 3 1.0
Lepus europasus 5 1.7
Neomys sp. 1 03
Sorex sp. 2 0.7
Talpa ewropaea 7 24
umdentified 1 0.3
BIFDS 41 139
Coccothraustes coccothraustes 1 03
Turdus merula 1 0.3
unidentified Columbidae 4 14
umdentified Corvidas 2 0.7
unidentified Fringillidae 1 03
umidentified 32 10.8
FISHES 1 0.3
unidentified 1 03
INVERTEBRATES 43 143
msects 37 125
Carabus auronitens 2 0.7
Carabus sp. 2 0.7
Gryllotalpa gryllotalpa 2 0.7
Melolontha melolontha 1 0.3
unidentified Coleoptera 17 5.7
unidentified 13 44
myTnapods 1 0.3
unidentified 1 0.3
gastropods 5 1.7
Cepaea sp. h] T
CARRION 15 31
Cenis familioris 3 1.0
Capreolus capreolus 8 27
Suz serofa 4 14
SEEDS AND FRUITS 60 203
fruits 32 128
apple 5 1.7
bird chermry 2 0.7
chemry 8 27
chokeberry 2 0.7
grapes 2 0.7
pear 3 1.7
raspberry 1 03
other 13 4.4




seads n 74
com 2 0.7
oat 3 1.0
sunflower 2 0.7
wheat 4 14
other 11 37
UNSPECIFIED PLANT MATERIAL 36 122
EGGS 5 1.7
unidentified 5 1.7
ANTHROPOGENIC i3 11.1
foils and packages 14 47
meat 15 51
other 4 1.4
N of occurrence in total 29
unidentifiable food items 16

Table Al.2. Diet of urban foxes in Warsaw, on the basis of frequency of food types occurrence,
revealed m food remaims registration method. All food items have been identified

food tpe N of ocourrence % of occurrence

MAMMALS 56 14.3
rodents 10 1.6

Apodemus agrarius 1 0.3
Apodemus flavicollis 1 0.3
Rattus sp. 3 0.8
Ondathra zibethicus 1 03
Sciurus vulgaris 2 0.5
umdentified 2 0.5
other 35 8.0

Canis familiaris 1 0.3
Erinaceus roumanicis 1] 1.5
Felis catus 12 31
Lepus europasus 4 1.0
Sus serofa 4 1.0
Talpa europasa 8 2.0
unidentified 11 28
BIFDS 130 332
Anatidae 10 1.6

Aix galericulata 4 1.0
Anas platyrinmchos 4 1.0
Anas sp. . domestica 1 0.3
Cygnus olor 1 0.3
Columbidae H 11.3

Columba Iivia £ wrbana 1 03
Columba Iivia £ domestica 1 03
Columba palumbus 4 1.0
Strepropelia decaocto 2 0.5
umdentified 36 912
Corvidae 1 54

Corvus cormix 3 0.8
Corvus fiugilegus 3 0.8




Garrulus glmdarius
Pica pica
unidentified
Turdidae
Turdus meruln
Turdus philomelos
Phasianidae
Gallus gallus domesticus
Pavo cristatus
Phasianus colchicus
other
Buteo buteo
Chroicocephalus ridibundus
Coccothraustes coccothraustes
Currica cwrruca
Dendrocapos major
Parus major
Scolopax rusticola
Strix aluco
umdentified
AMPHIBIANS
Bufo bufe
FISHES
Cyprinus carpio
unidentified
INVERTERBATES
insects
Carabus auronitens
CARRION
Camis familiaris
Capreolus capreolus
Felis catus
Sus scrofa
FRUITS
apples
EGGS
Phasianidae
Turdidae
ANTHROPOGENIC
bread
bread foils and packages
fat products packages
fruits and vegetables packages
meat
meat and fish packages
milk products packages
other foils and packages
other anthropogenic
snacks and candies packages

i - L N Ml R R PR - R )

(]
=1

En—-\.Jl_,n

— o e e e

1.5
0.8

1.6
13
03
51
26
0.5

-
£

6.6
0.3

0.5
0.3
0.5
0.3
03
0.8
i3
0.5
0.5

13
0.3
0.3
0.3
0.3
6.9
13
1.8
03
EX:]
0.3
0.3
1.0
0.8
0.3
419




N of occurrence in total 301

Table Al.3. Diet of urban foxes m Warsaw. on the basis of frequency of food types occurmence,
revealed in food camying registration by camera traps method.

food brpe N of occurrence % of occurrence
MANMMALS 163 26.5
rodents 81 13.1
Apademus sp. 13 2
Rattus sp. 9 1.5
Microtus sp. 1 0.2
Arvicola amphibius 3 0.5
Omdathra zibethicus 1 0.2
Sciurus vulgaris 9 1.5
unidentified 45 73
other 82 131
Capreolus capreolus 4 0.6
Erinacens roumanicus 4 0.6
Felis cafus 4 0.6
Lepus europaeus 4 0.5
Sarex sp. 2 03
Talpa europasa Ex 35
umidentified 30 49
BIEDS 151 245
Columbidae 30 4.9
Columba Iivia £ wrbana 1 02
Strepropelin decaocto 1 0.2
unidentified 28 43
Corvidae 10 1.6
Corvis cormix 4 0.6
Corvus fiugilegus 2 0.3
Corvis monedula 2 03
unidentified 2 03
Phasianidae 9 L5
Gallus gallus domesticus 4 0.6
Pavo cristatus 1 0.2
Phasiamis colchicus 2 03
unidentified 2 03
other 102 16.6
Anas platyripnechos 3 0.5
Fringilla coelsbs 1 0.2
Scolopax rusticola 1 0.2
Strix aluco 1 0.2
Turdus merula 2 03
unidentified Fringillidae 1 0.2
unidentified Passeridae 1 02
unidentified Picidae 1 0.2
umidentified a1 14.8
FISHES 7 1.1
unidentified 7 1.1
INVERTERBATES 1 02
gastropods 1 0.2
umidentified 1 02
CARRION 48 78




Capreolus capreolus g 1.0
Sus scrofa 7 1.1
birds 1 0.2
unidentified k) 33
FUNGI 2 03
Calvatia gigantea 1 0.2
unidentified 1 0.2
FRUITS 10 1.6
apples 4 1.0
other 4 0.6
ANTHROPOGENIC 234 38.0
bread 62 10.1
foils and packages 90 14.6
meat 42 6.8
unidentified 40 0.5

N of occurrence in total 616

unidentifiable food items 134
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Abstract

Varivus species mbahbit cities around the world, amd oumerous changes m their
biology can be observed. Amaong them, changes in the time of reproduction or pro-
ductivity are offien recorded m urban populstions. Firstly, we compared selected
reproductive feahares (e, Iter size and time of breedmg) of two red fox (Fulpes
vilpes) populatsons, one living m the city of Warsow and the other inhabiting a
forest-field mosxic in Central Polamd. Secondly, we investigated fox reproductive
amkd social behaviour in an extensive camera tap study in Warsaw (2015-2021).
By means of generalmed hinear mixed effects models, we identified whach factors
(fox social group size, share of natural food, and kevel of urbamizabion, crested by
using principal components amalysis for habstat and landscape varables) affected
the reproducton and'or socml group size of wrban foxes. We found that urban
foxes started breeding abowt 2 weeks earlser than their rural counterparts and pro-
duced bigger litters [3.98 vs. 3.48 cubs). Opposite to ruml foxes where only pairs
of adult foxes were reported, in the urban popalation, social groups were ohserved
with a mean number of 2.7 individuals. Interestingly, nome of the shadsed factors
affected group size or [ter sixe in wban foxes, while breeding ime was mfvenced
by the level of urbanization and share of mtuml food Earier reproduction in urban
areas is farly frequently observed and may be atimbuted 1o altered environmental
conditions in urban habatats, while higher productivity = probably a comsequence
of higher fod avaslabalsty.

in cities, they can form social groups (of up o 10 md., Caval-

Intreduction limi, 19%94), where the matng pair s accompanied by masnky
The red fox Felpes vulper is one of the most widespread related, but sometmmes unrelated subordinate females and males
mesacarnavores  in the workd (Lanviere & Pasitschnaak- {lossa et al, 200% Macdonald, 1979). Due to the effective uti-

Ans, 1996) and a widespread mammal inhabitng numerous
cities m Europe, Austmlia, and North America [Soulshury
et al, 2011, Foxes bemefit from an increased availability of
food m urban habitts (Contesse et al., 2004), which resulis m
smaller home mnges and higher population density (Baker
et al, 1998, 000, 2001; lossa et al, 2009). Such changes
impact the ecology and bebaviour of urban foxes (eg. Adkins
& Seort, 1998; Baker et al., 2007; Doncaster & Macdon-
akd, 1991; Kobryn et al., 2023; Stepkovitch et al, 2019; Tol-
burst et al., 2020).

A high abupdance of foxes in wban ares is possible, ia.,
due to thewr flexible social amd mating system  (Baker
et al., 2000}, Baker, Funk, Bruford, et al., 200d; Cavallini, 1996;
lossa et al, 2009). Typically, red foxes Irve just m pairs. Shll,
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lization of food sowurces, extensive social groups in cies bene-
fit from easily accessible and temporanly siable anthropogenic
food (Contesse et al, 2004 Albough surplus resources may
support ke  inchsion  of  juveniles  inte social | groups
(Limdstriim, 1989), the reasons for groups formmg by
non-cooperating camivores are unknown.

Increased population demsity can negatreely impact mean it
ter size (Cosczynski et al., 2008; Marlow et al., 2016; Pagh
et al, 2015} amd mnuomber of vixens rearing cubs
{Limdstrivm, 198%). In turn, when groups were bigger amd pop-
ulation density higher, foxes were more likely 1o rear multiple
litters per group (Baker, Funk, Bruford, et al, 2004; Macdon-
ald, 197%)L It is debatable if higher productivity can lead to a
faster morease in fox numbers in urban habitats (ia., becuse
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of higher cubs and juveniles mortality, eg. Baker et al., 2007,
altbough moralsty can be counterbalanced by productivity
increase, see Harns & Smith, 1987 Yel, as a consequence of
socmlity, alloparental care can be a significant advantage of
living in a bigger group (Baker et al., 1998; Macdonald, 1979,
1980). As a result, it can be expected that a bigger group sire
and the presence of “helpers’ (Macdomald, 1979) can promote
bigger lifter size through increased survival of cubs

Predictable and stable food sources can emable higher pro-
ductivity of fox populabons (e.g. Dnncz_!,'t'uhi. 1980 Kaolb &
Hewson, 1980; Kmeuze-Cnyz & Cryz, 2023). In ates, anthro-
pogenic food is stable and definitely exceeds the needs of the
existing population (Baker, Funk, Hams, et al., 2004; Conlesse
et al., 200k}, =0 its mmpact on litler size can play a similar role
as  the ovailability of mdents m  nonsurben habstats
{Lindstrim, 1985).

Increased yearsround food resources in urban conditions may
ako result m changes o the onset and duraton of a breeding
season [Lowry et al., 2003} For urban mammak or birds, the
timmg of reproduction may be different from ther naral coun-
terparts {Lowry et al., 2013), zking place earlier or for a more
exterded  pericd  (Beck & Heinsohn, 2006; Belmok
et al, 202F; Gryz & Kruze-Gryz, 2008; Partecke et al., 2004;
Solonen, 2014). Seasonal reproduction of vertehmie species B
mamby regulated by photopenod (B 09}, and a possi-
ble explanatson for changes in breeding time can be light pol-
Iution in wrban areas (Partecke et al, 2005). Alm, milder
winler conditions dee W am wban heat slnd effect
(Blreyoryk et al.. 2014) may enable animals to breed eardier
{Behniak et al., 2022; Selonen et al, 2016). So far, dafferences
i time of reproduction between naral and wrban populations
binve not been observed for red foxes (Harris & Smath, 1987).

Urban areas are not bomogenous but resemble a patchwork
of various habitsts, with diversified bevels of key resources or
other factors, and thus, different usefulness 1© be inhabited by
urban camivores (Bateman & Fleming, 2012} Varving access
to anthropogenic food may affect population density (Marks &
Bloomfield, 199%), consequently affecting breeding pammeters.
Alzo, thermal and artificial light condstsons will vary across the
city and in the gradient of anthropogenic pressure (Blazejeryk
et al., 2004; Schirmer et al., 20190

Although Warsaw has been colonized by foxes for a few
decades (Cosecrynski, 1979; Jackowiak et al, 2021) and pred-
ators have spread in every urban habstat, their ocourrence
remains the highest in areas of nataral greenery (Jackowk
et al, 2021; Kmure-Giryz et al., 2024). Such habit selectivity
15 untypecal for most urban foxes, whe wsmlly favour residen-
tial areas or cultivated preemery (eg. Gloor, 2002; Kobryn
et al, 2023; Kolb, 1985; Newman et al., 2003}

Our first aim was v compare selecied breeding parameters
(kitter =ize and tming of reproduction) of foxes from Warsoy
with a typscal ruml population inhabiting fiekd and forest
mosaxe  (Goszoryriski et al, 2008  Kragrelinyz &
Girye, 2023). Secondly, we searched for factors that affected
liter size, time of reproducton, and group sme of Warsw
foxes. As urban space 1= highly diversified, we expected that
habstat composstion {and access o maturml vs. anthropogenic
foody would be an important factor affecting  breeding
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parameters. We aimed to test how  whamizabon  level
{expressed as hahbitst type combined with artificmal lght indens
sity and wrban heat sland indices) and share of natuml food
in a diet affected lifler amd growup size and tme of reproduc-
tion of urban foxes. We supposed that light pollubon can be
cmacial in cueing reprsduction season. We assumed that litter
size could alko depend on socml group size as the btter
potentially affects the frequency of food delivery for cubs
{1.e. food camrying events).

Materials and methods
Study area

Urban area

The research wus conducted in Warsmy  (SFFI34T N
21°F42" E), the bargest (517 km') and the most populous
{1 B62 000 inhabitants, 3599 inhabitamtskm®) city of Polamd
{Zegar, Cacko & Stepier, 2023).

The Vistula River flows through Warsaw, dividing the city
inte two parts. The left bank of the river s chamctermed by a
high degree of amthropogenic transformation, while natural
niparian forests bave been preserved along the right bank.

Most of the city is covered by built-up areas, associated
with small, cultivated greenery, while natural greenery like for-
ests and nature reserves account for up o 20% of the city anea
and are located mamly on the owskins. Includmg all fypes of
green areas, their share in the city surface can be estimated at
even 63% (Lunmiak et al., 1997}

Rurzal area

The research was conducted in Central Poland, in the area of
the Experimental Forest Station of Warsew University of Life
Sciences, in the vicinity of the village of Rogow (51°48'5%° N
19°52'48" E), about 90 km from Warsaw. This stady area cove
ered 9441 ha of field and forest mosaic habitst. The forests
accounted for approx. | 7% of the area.

Den location and breeding performance

Urban area

First, we collected all possible data on den sites known up to
2017, mainly inchided in master theses of siudents from War-
saw  University of Life Sciemces (Strzelecki, 2016;
Zamogda, I013), but also gathered from employees of the
Municipal Forests of Warsaw, the Warsaw Creenery Manage-
ment, representatives of the Polish Allotment Federatson m
Warsaw amd mamagers of selected ohjects like airports, zoologi-
cal garden, some sport Bcilites, heat and power plants, sewage
treatment plants and more extensive industrial facilities. Also,
Warsaw citteens were surveyed dimectly amd v socm:l media
{mamly on natare-conmected groups). The presence of all indi-
cated den sies was venfied durnng feldwork.
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In parallel, between 2007 and 2021, we conducied feldwork
throughout the year (mbensified in late wmter and early spring).
We searched for den sites in selected aty areas individually or
mn groups of three o six people. Den search was camed out m
areas like forests, riversides, open spaces, parks, and built-up
areas, where access was possible. In the areas where access
was smewhat restncied (e.g. allotment gardens, some built-up
or mdustrial areas and milway areas), we pomanly based on
reparts from citizers/employees, which we verified m the field.
Additionally, railway areas were checked while travelling by
trzin through Warsaw. Each found denm site got il code amd
was peolocated using a GPS device - Garmin GPSMAPE
61sc (with posiboning precision 43 m).

All known den sites were checked each year and intensovely
monsiored (from the end of February/beginning of March to
AugustSeplember) and during four research seasens (between
I0IE and 2021). Each den site was instmlly checked in late
February'early March for sgrs of den remewing by foxes. All
known dens were also rechecked at the begirmmg of Apnl in case
they started to be used later during the breeding persod. Mext, m
March, dens with signs of fox utilizstson were checked two o
three times, while not-utilized dens were checked only once.

Den sites in which lnter occumence was expected, were
momitored with camen traps (Reconyx™ Hyperfiee™ PCEDO,
PC900, PCESD, Reconyx Inc., Holmen, W1 USA. Browning®
Spec Ops Advantage, Dark Ops Apex, Prometheus Group, Bir-
mmgham, AL, USA)L About 30 dem sites were monstomed
simulianeously. Eaxch device was programmed in tral cam
mode with a photo-taking functson in series of three and with
me mberval between photo senes. Each camem trap was
mounted in March on a tree at 20-50 am beight and adjusted
to get the best view of a den. If po significant fox activity was
observed by the time of the mext den check, the camem ap
was removed and placed at the other den site. Since the sec-
ond half of Apnl, the number of visits a1 each den site was
limsted 1o one per moath so0 as not o disturb fox residents.

Rural areas

We searched for natal dens in Rogow between 2011 and 2017
(Krauze-iryz & Cryz, 2023). At first, we checked all sites
known from previous studies (Goseoryrski et al, 2008; Goszc-
rynskl & Skocryriska, 1996; Goszoryrisks & Wojtowicz, 2001;
Juszko, 20405). We ako mberviewed local bunters, fonesters,
farmers, and scientists. Each spring (March-Apnl), all forest
complexes, mid-field woodlots, parks, and cemeteries were
checked to locate all dens in the study arem. All polemtsl
reproductive sites found were recorded om a GPS recerver
(Garmin 62sch The preliminary identificabon of na@l dems
was bamed on the presence of animal tracks‘prey remains.
Mext, to check if the shelters were inhabited and used for
breeding, we monitored them from eardy March o mad-July
with 28 Recomyx camera traps (Recomyx™ Hyperfire™ PCSO,
PCENO, PCESD, PO, Reconyx Inc). If no cabs  were
recorded in 2 den with clear signs of anmal presence, neigh-
bouring dens were alse checked in case juveniles were carmed
by a female (Goszeryriski et al, 20080 If the number of cubs
was clearly estmated, we moved the camern tmaps v new
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lecalities to observe as many dens as possible. Each den was
observed with camera tmps for at least a month |Krze-Gryz
& Cryz, H23).

Data collection and analysis

Fox reproduction and social organization

The time of the cubs’ hirth was estimated based on ther age
assessment m collecied camerae-trap photos. The age of fox
cubs was assessed based on their morphology and fur colom-
tion and specified sequence of therr changes, with an acouracy
of about 4-7 days (Goszczyrski, 1995; Harris, 1978). Consad-
enng the estimated ape of cubs and assuming that they first
slep outside the den at about 4 weeks afier barth (Soulsbury
et al., 2008), we estimabed the probable time of birth (assgned
tw S«day penods, starting from the 54th day of the year).
The mumber of collected recomds when it was possible to
assess the birth time was 2B in the urban area and 13 m the
maral area.

Lifter sive was assessed based on the number of cubs that
appeared in the camen-trap photos (litter size al emergence).
However, if any of the cubs bore identificatson marks enabling
its clear identsfication and were not seem m a photo with the
highest cubs number, they were added 1o the obtained maxi-
mum number of cubs. Moreover, reports from urban citizens
and vur direct observatiors of fox litters during den site momi-
tormg (14 cases m total} were collected to assess litker size. In
the maral area, apart from camerm tmpping. we also conducted
direct observations of reproducton sites wsing thermovision
cameras  (Bullard TacSight) or IR noclovision  binoculars
(Vukon NVEB Pro 2,5x 42) o assess Inter sire (Kruze-Giryz
& Gryz, 2023). The number of Isters for which we obtained
their size was 56 in the wrban area (Table 51) and 130 in the
maral area (Keuze-Cryz & CGirye, 2023)

The assessment of social growp size in urban areas (acoord-
ing o the defintion of Deming & Hams, 2019%) was cone
ducted by counting fully grown (over 12 months old) resident
foxes that appeared in photos. To sdentify individmls appear-
ing m phoos, we ussd the methodology presented by Sar-
menio et al. (200%) and Doming and Hamis (2019b), based on
using specific morphological featares of mdividuals. Among
the most important were body size and condition, fur colom-
tion and comdstion,, tail shape, head shape and coloraton (with
partscular reference o muzzle and ears), shape and length of
black ‘socks" on legs amd presence of injures and scars {espe-
cially as a result of mange sympioms). Due to the fact, that a
small pumber of our camera traps took colour phitos 2t night,
and this would have sgnificantly increased the possibility of
individual recognition {Doming & Harms, 200%h), for each
social group, the manmal number of fully dentified adult indi-
viduaks was used ax a group size. To venfy the method, two
authors (M) and EQG) independently analysed dats from seven
camera traps {each from a different den sie) and assessed
social group soee; the same number of recognized individuaks
was obtaimed by both authors. As shown in Krme-(iryz amd
Gryz (2023), the group sz in our mml arem size never
exceeded two fully grown foxes.
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For each monitored denm sibe with confirmed litter presence
i an wurban area, we also used camem taps o register
food-camrying bebaviour and estimate the camymg mate (Wag-
mon & Serfass, 2017 Windel et al., 2019). Food carrying

K. Jackowiak ef al

and the urban heat ishand effect). Based on the Kaiser-Meyer-
Olkin test, we removed the share of buildings from PCA, as it
gained a lower than 0.5 value (Kaser, 1974). A scree test and
parallel analysis (Fig. 51} wene used to determme the number

events were nied (fom the date of camera tmp & Ik B
the end of July), and carying items were recognized and cdas-
sified as ‘matgral” (like mammals, birds, o camion) or
“monenatural” (amy food of anthrepogense ongm). If a food ttem
was umrecognizable, it was classified ax ‘unsdentifiable’. Carry-
ing mtes were counted by demerging the nomber of
food-carying events per the number of days of camera-trap
exposition (i.c., camer-trap days). Additionally, for each moni-
tored natal den site, the share of each food group in the whaole
number of registered food ilems was coumted.

Spatial analysis

Den sites Jocations im Warsaw [urban areas) were classohed
mia one of the habitat types (based on the chamcter of the
direct surmounding of a given den): built-up areas, cemeteries,
forests, indusirial areas, old city fortificabons, open  areas,
parks, milway areas and riversides, others. For each den site,
its distance to the city cemtre (o the Palace of Cubume and Sci-
ence) wus assessed.

An average wrban fox bhome range is usmlly between 50 to
100 ba (Soulsbury et al, 20000 thus, we adopled a mdms of
500 m around each natal den (refermng to approx. 75 ha circular
bhome range), m which habitat strocture was shadsed. In each
buffer zome, habitats were clssified ime ooe of the generalmed
Corine Land Cover classes and grouped inlo three subgroups
labelled ‘buildings’, “semi-naharal greem areas’, amd “foresis”.
Buiklmgs (continsous and descontinoows urban fabrc), assu-
mimgly, provided maostly anthropogenic food. Semi-natural green
areas {semi-raturl green areas, parks, allotment gardens, indus-
trial areas) and forests (forests, according 1o Corine Land Cover)
were assumed to provide more nataral food spurces. For each
den, the share of each habitst subgroup was calculated. All spatzal
analyses were performed using the QGIS package (v. 3100 For
each natal den sie, the level of artificial light was assigned on the
baszs of data from the websile lightpollubeanmap.indo, and the
urban beat island effect (LUH-mdex ) was assessed on the bass of
Blaejeryk et al. (2014},

Statistical analysis

Differences in the mean birth time between urban and maml
areas were analysed usimg Student’s sest. In tam, liter size
and social group size dats did not follow a pommal distribution
(Sharpio-Wilk  best, W =095, F=0013 F =04,
P = 0.001; respectively), so the Mann—Whitney test was used.
For the time of birth, the middle day of each assigned S5-day
peniod was aken (ic., 56th for the 54-58Bth day of the year
period and smmilardy for the consecative periods).

To obtain a measure of urbanization from each den location
m Warsaw, we wed a principal component analysis (PCA)
with varimax rottion (Motton & Alschal, 200%) of habitat
and other landscape variables (share of forests and seme-natamal
green areas, distance to the city centre, level of artificial lzght
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af comy o extract (Moron & Alischul, 20019).

To investigate factors mfluencing date of hirth, social group,
and litter swe for foxes who lved in Warsiw, generalmeed lin-
ear mixed-effect models (GLMMs) with Poisson distribution
were fitted. First, we analysed Pearson’s comelation between
two pairs of vamables not used in PCA: group size and carry-
ing me (r=>0.22 = L8, d.£ = 27, P = 0.250) and natural
and nan-nataral type of food (F = —0.76, r = —5.10, d.f. = 19,
P 000l (Figs 32 and 53). As correlation was confirmed
between the natuml and mon-nataral types of food, we used
anly natral type m built models. For the day of birth and
groap size, we filed models usng natumal food and bahbitat
(PCA) as explanatory varables. To avoid overitting the model
for litter size, we buslt two models—one wsing natoral food
and habitst (PCA) as explanatory vanables and the second one
using animal-related variables (size of socml group and carry-
ing mie) as explamatory varasbles. For each model, we used
den code (each den has ms own code, which did mot change
overall years of research) as a rndom effect.

All amalyses were performed using B {(v4.3.0, B Core Team,
2023} We used the ‘psych’ package (Revelle, 2024) o con-
duct PCA and the ‘Imed” package (Bates et al., 2015) to carry
out GLMMs.

Results

Principal component analysis of habitat and
landscape variables

PCA of our habitat and landscape measures revealed one com-
ponent and explamed 20% of the variance (Table 1) This
component was charactertred by fem badings related 1o lower
leveks of forest cover and higher levels of urbanoeation-related
factors (iLe., share of semi-naharal green areas, artifical light,
and urban heat island effect]. It was bbelled “Urbanization”.

Den sites utilization and distribution in the
urban area

From October 2017 do the end of 2021, 254 red fox den sites
were found o Warsaw, of which 193% were used as natal

Table 1 Principal component analysis of habitat and  bndscape
warnabes

Sarimax-rotated

Hem component PCI}
Distance to the ciy cendre -0e2
Share of farests in 800 m buffer -0.50
Share of semeratural green areas in o
500 m budtfer
Level of aruficial light 0.5
Urban heat island effect DE3
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dens. The majorty of dems (76%) were located in forests
i Table SI).

Comparison of urban and rural fox
reproduction

Foxes living in Warsaw produced slightly bigger litters (mean
+ st being 3.98 & 0.21, ¥ = 56, min = 1, max = 7} than their
marzl conspecifics (148 &£ 0.08, & = 130, min = |, max = &)
(Mapn—Whimey U test, 7= 198 F = 0048} They also
started to breed approxmmately 2 weeks earlier (Le., the mean
day of birth £sg being 76.4 £ 2.0, ¥ = 28) than rural foxes
(913 %+ 1.9, N=13) (rtest for egual means, = 52K,
P 0.001 )5 Most cub barths m Warsaw ocoamed between the
Ird and I2nd of March, with the peak between the Eth amd
12th of March (Fig. 1)

Variation in breeding parameters and social
group size in urban fox population

Litter size

We analysed 56 records of the Istter size of red foxes living m
Warsaw i the years 2015-2021. The mean lifter size of urban
foxes did not differ between those 4 years (Kruskal-Walles test,
H =653 df =3, P = 0089 Thus, we have nof used the
vear 25 a variable in preparing a model. To ft a GLMM, we
used only 44 observations, for which we had all the requested
data. Amang all factors affectmg litter size, none of them was
significant {Table 2).

Date of birth

To investigate Bciors affectmg the date of birth of red foxes m
Warsaw, we analysed 1 observations. Both factors {naharal
food and level of urbanszation) potentmlly affectng the dale of
birth of urban foxes were sgmificant in our analysis (Table 1).

(O T A -

Mumber ol cases

ulldl

T A
Gf’ﬁﬁa 'BE-\\ 'ﬁ‘bf

Figure 1 Distribution of estmated parturition time of red fooes in the
urban ansa {light greyd and rural area (dark grey) im 2008-2021.
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Table 2 Model outpan for the model investigating factors influencing
lithar siza of the red fox in the wban area

Factors Estimate = Z wakse Pualue

Animal-related vanables

Intarcapt 1.2830 D228 BA2E = .00

Group s@w 0. 0855 [ py- 1.089 a2vE

Carrying rate ~0.0ndE 00547 ~0us8 0866
Habitat and food wanables

Intarcapt 1.B465 03188 532 = .00

Hatwral food —. e OEs13 -1.198 azn

Urbanzatian 0. 055 0L1588 0413 o680

The higher the share of natural food m foxes” diet the earlier
day of hirth (Fig. 2}, but the higher the level of urbamization
the later day of red foxes” barth (Fig. 2.

Size of social groups

We amalysed 41 reconds of social group size of red foxes live
ing in Warsaw in the years Z018-2021. The mean size of a
social group (with Se) was 2,37 4 017 individuals, and it ran-
ged berween | and 5 im each of the four amalysed years. The
number of foxes m a group dxd not change between years
(Kruskal-Wallis test, i = 562, df =3, F=0.132). Among
all the factors potentially affecting the sme of socml groups,
none of them were significant {Table 4).

Im this extensive study of red fox reproductive behaviour amd
social organzation, we confimmed that the bwo magor breeding
parameters of the red fox, e, time of barth and the litter size,
tended 1o daffer between urban amd rural foxes. Moreover, as
expected, some intra-specific variatbon in wrban foxes was
found, Le., urbanization kevel or natural food share affected the
time of barth. Mean liver size and social group size in the
Warsaw fox population were stable dunng the whole research
pericd, and none of the analysed factors influenced these
parameters.

We found that Warsaw foxes staried to breed about I weeks
carlier than rnoral foxes in cemtral Poland. Typscally, the peak
af red fox barths m Poland ooours from the end of March to
the beginning of Aprl (Gosmcrynisks, 1995; Jedreejewska &
Jpdrrepewski, 1998). Although partriben m European foxes
can appear between February and May (Cavallii & Sane
timi, 15995}, the achul birth peak comelates with an increasing
latstude (e.g. Fairley, 1970; Wahon & Matisson, 2021; Zapata

Table 3 Model outpan for the model investigating factors influencing
the date of birth of red foxes in the urban area

Factors Estimain = value P value
imercept 45238 [ika -t 5. 584 =0.001
Matural food ~0.4577 DLTTSE -2.5281 0.0
Urbanization 00956 KR bk 2.28% 003z
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Figura 2 The influence of a share of natural food on the day of birth
of the red fox in the whan area Warsead.
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Figura 3 The influence of a kwel of urbanization on the day of binh
of the red fox in the whan area Warsead.

Table 4 Model output for the model investigating factars influencing
the size of socal groups

Factors Estimate = 7 value Pwalua
Irimrcegt [(E=CFE] D420 FIFI] 0024
Matural jood ODO41E DEZTH 0.0850 0960
Urbanization -D.0&8% 0200 —0.341 0733

et al., 1997}, In some other shadsed urban fox latsors, the

M. Jackowiak ot al

stable food sources m urban areax, including matumal prey, lim-
iling winter food shorages can lead 1o earlier reproduction.
Alsp, habatat alieration level (ie., urbanization level) cam be
important. The timing of reproduction in mammals 5 masnky
driven by changes in photopericd and its effector hommone
secretion—melsonin {Bronson, 2009, Goldman, 199%; MNiemi-
nen et al, 2004). Indeed, hight exposure could casse some
hirds o lay eges earlier (Dominond et al., 2013; Kempenaers
et al, 2000} Ancther imporiant factor responsible for repro-
duction regulaton & femperature. Ambient temperature, m
combmation with food availshility, mpacts emergy balance m
animals, and corcamnual changes in energy balance can case
seasomality in reproduction (Bronson, 200%). Urban habstats are
characterized by incressed mean ambient temperature, knoan
25 an urban beat island (UHI) phenomenon (Heisler & Br-
=el, 2010y Contrary to our expectations, the level of urbaniz-
tion seemed o affect reproduction tme positively, Le. foxes
that mbahited maore aliered urban habstats starbed to breed later.
Yet, it can be concordant with the significance of natural prey
in timing fox reproduction. As Warsaw areas of matural greens
ery are refugees for numeross modents and bird species
{Lesmiski et al, 2007, 2021}, polenotal prey for foxes, ot =
understandable that lower access to such areas limsis prey
availshility and delays fox reproduction. Mevertheless, ths
result must be treated cautivusly as the number of den sites
located im more wrbamized areas was rather low. Also, the
impact of other conditions on uwrban mammal reproduction., ke
populaton age structure, milder climate, or physsological
changes in urban populatsons, cannot be exclhaded.

The Istter smre of urban foxes was ako slightly larger than
the ane recorded for rural foxes: the value was mther typical
for thes species (eg. Baker et al, Z006; Cavallim & San-
timi, 1996; (oszczynski of al., 2008; Kauhala, 1996), but lower
than usually ohserved in other coties (Hamris & Smith, 1987;
Marks & Bloomticld, 1959; Soulsbury et al., 2007). Fox litters
are usually between three to five cubs (e.g. Baker et al., 2006;
Cavallini & Saptini, 19%; Faxley, 1970; Goszczyhski
et al, 2008; Kmbala, 1996; Krus-Onz & Grye 20213;
Wos, 1994; Weber ot al, 1999; Zapak et al., 1%97L Typically
no differences in mean liter size between wban and rural
predators were recorded. o even urban litters tended io be

time of birth was compatible with the average time of barths
observed in the region (Hams & Smith, 19871 Also, no daffer-
ences in the timing of reproduction were found between other
species of urban and rural predators (lossa et al., 2000} Only
in the case of wrban mcooons an extended breeding season
(Hadsdian et al., 2010y was suspecied. However, suach early
reproduction was observed for several urthan bird or mammal
specwes (Beck & Heansobn, 2006; Belimok et al., 2022; Grye
& Kraure-Gryz, 2018, Partecke et al, 2004; Sclonen, 2014),
but the ressons of such phenomenon are unclear (Parecke
et al., H04).

As we showed in the case of Warsaw foxes, among faciors
that can possibly influence reproduction timing in red foxes
are matural food supply and wrbanizabion level. The impact of
food availabality is compatible with other studies (Cavallim &
Samtimi, 1995, Kolb & Hewson, 19800 We can expect that

ller than in pon-urban areas (lossa et al, 20000 Oaly m
the case of wiban rmaccoons polentally bigger litters were
recorded (Prange et al., 2003). Essemtml to obian actual litter
size value is the method of its estimation. Counting placental
scars 15 thought © be more acoumte (Hams, 1979
Lindstrom, 1981, 1594a), while direct and imdirect ohservations
{for example, through camera traps) can underestimate litter
size, as abowt 15% of cubs im a htler die before first emer-
gence of a den (Hams & Baker, 2001). However, the method
of hiter size assessment should not affect cur conclusons, as
we compared mural and urban foxes’ poductivity by usmg the
same method. On the other hamd. litter poolng is guite com-
mon amang foxes (Baker et al, 1998; Baker. Funk. Bruford,
et al, 2004} We did mot chserve such a phenomenca m our
wrban foxes, yet it cannot be exchided that, in some cases, the
number of juveniles regisiered could come from a mubiple
{pussibly double) litter.
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Contrary o ruml red foxes in Poland, whene only a par of
adubts was always chserved (Krauze-linyz & Gryz, Z2023), War-
smw fomes formed bigger social groups of even five individ-
wals. Although the average group sme was quitke  small
compared to socml groups ohserved m other cises (Baker
et al., 20N, their presence is povel for Poland. It is mot fully
chear why foxes form social groups. Omne of the possible expla-
matons is the mesource dispersson hypothesss (RDH), which
states that if resources are dispersed m space or time bat nch
enough o cover the needs of more mdividuals than just bome
range mesident pair, amimals can join mio groups, shanng the
same space with minimal costs for each individual (Macdon-
ald, 1983). In such a shetion, the number of individuals shar-
ing the same space depends on the avemge amount of
resources ard not the home range sime (Macdonald, 1983). Yet,
as wrban habatats daffer in access to resources and, corse-
quently, fox populaton density, sociality can also be observed
a5 a respanse o urban area structare and share of different
habatats, offering vamows resource availability. Hewever, we
found no evidence that distance from the centre or share of
anthropogenic habitst influenced secial group size. If resources
are dspersed and limibed, high competiive pressure fom
neighbouring residents may drive forming bigeer termtories,
favouring social group formation (Doncaster & Macdon-
ald, 1992). In areas other than highly human-moedified habatats
{providing mastly anthropogenic feod), food can be much lim-
tled and diversified m composibon, size, and energy valoe,
promoting  bigger home mnges o emsure access o resounoes
apd causing intensified competibon between foxes. This, m
tum, woukl kead to the forming of bigger social groups for
more effective temitory defence. However, termional defence
was ohserved to be performed only by the dominant pair
(Whate & Hamis, 199), which suggests another explanation
for social group maintenance. In other urban camivores, coy-
otes (Coris fatraes) social system did not differ from that of
the rumal populaton, although groups could be potemmlly bhig-
ger in cities [Arwood, 2006) (coyotes abko concentrate their
activity mostly m natural habitat areas: see Gehrt et al., 2009).
Sumilarly, kit foxes | Felpes mocronis) tended to maintain bigger
social groups m ourban areas than in nural ones (Cypher, 2010),
while generally solitary living amd territorial mecoons {(Procyes
{ptor) seem o show much social plasticsty in cities, where
concentrated  food  souwrces  are  accessible  (Smsh &
Engeman, 20d2).

Social group size did mot impact cub numbers per group m
Warsaw despite our initial expectaons. Alloparental care of
cubs was suspecied i be mmportant in shapmg higher lier
size, and ‘helpers” impact would resubt in an mcreased amount
of food delivered to cubs (Macdonakd, 1979). In Zabel & Tag-
gart’s study (198%), alloparental care increased cubs’ survival
significantly. In our study, where mean Istter size was counbed
mostly by chservations of cubs instead of placental scar
counts, subordmates” input in cubs” higher survival should be
particularty visible. However, we dxd ot find any relationship
between adult and cub numbers, so we did not find any depen-
dence between cub numbers and food camrying rate. The ok
of such relstionships is m accordanmce with an urban fox study
from Bristol, where higher group size did not resubt in maore
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frequent food delivery (opposite, it resalted in a lower number
of provisioning trips) (Baker et al., 1998). In the case of food
carying mbe, it is probable that groupmates can react by
increasing the volume of mansported food mther than s
amount  (Lindstrien,  19%94bh) or providing  cubs  with
high-emergy food rather than easily accessible but net optimal
prey {Lanseki et al, 2023} It can explam the lack of depen-
dence between the mumber of food provision mps and the
number of cubs, but it does not explain why the number of
adults did not affect the number of observed cubs.

We did mot find a significant relaton between natural food
supply and mean litter size. A positive mfluence of food avail-
ahility on the litter size was documented for foxes (Goszc-
zyiski, 19589 Kolb & Hewson, [1920; Lmdstrom, [1928).
Supplemented food can mnfluence fox individual development
(Limdstriim, 1983), and the good body condition of mammalsan
camivaores can impact their breeding success (Boerje & Ste-
phenson, 1992). Comseguently, it is possible that anoually sta-
ble food sources cam potentially lead to higher nutrition,
especially during winter, and result in better condstions during
mating and gestalion smson. Lindstrien (1988} suggested that
vixens can, b some extent, predsct future mdent sapplies.
Urban food sources (including natural prey) cam be more
unpredsctable, as they are variable in time amd space (in accor-
dance with RDH assumptsons, Macdonald, 1953), which may
be why they dxd mot lead to higher productivity in the fox
populaton.

Differences in reproduction behaviour or social organeation
were abserved between urban and rural populstions of several
camivare species, with a tendency o higher reproductive suc-
oess, better survivorship, and more frequent aggregation behiayv-
iour in wrban camivores (Bateman & Flemmg, 200120 Our
comparsen of urban and naral fox populations revealed signifi-
cant differences im both populations’ reproduction tme  and
productivity. The shift m the reproducton time of urban cami-
vore populabons may be driven by numerous faciors, including
food availability, light pollution, urban heat isband effect, and’
ar habstat usahalsty, or a2 combinaton of these Bolors. Contrary
t what was expecied, higher wrhanmation levels delayed
breeding in wrban foxes. In tum, the availabalsty of natural
foed tamed o to be crucial for them o stant to breed early.
We did not confirm amy of the studied Boiors o affect the
number of cubs in a lster. This may be duwe o very high habi-
tat heterogeneity and various habitat vanables muencing each
ather and being variable in time and space. We thus conclude
that an extemsive stdy comducted over a mural-urban gradient
is necessary o understand better what makes mral and urban
foxes different.
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Tablke 51. Registersd reproduction cases of red fox in War-
saw in 2018-2021 with assessed litter size, socml group size,
cubs birth date, food camying mte, share of natural food
among camied food items and share of forests withm 500-m
mdius buffer zone around den sie. Food carmymg mbe = an
averzge number of items brought by adulis per camera trap-
day. Only reproduction cases with known Istter size and'or
social group smre were mohuded m table. nia, no data.

Table 51 Lt of locabed red fox den sites in Warsaw m
2017-2021, classsied t© habitat type, with distance io the city
ocentre and wtilization during research penod. Utilization stahes
was as follow: natal — dems with at least one liter ohserved
duning research perod; temporanly oocupied — dens regulardy
mremewed by foxes during research period; non-occupsed — dens
with no visthle signs of fox presence duning research period.

Figure 51. Parallel Analyss Scree Plot for the PCA of habi-
tat and lamdscape variables (n = 46).

Figure 52. Comelation between fox socml group soe and
foed carrymg rate.

Figure 83 Correlabon between nataral amd anthropogenic
type of food, estimated on the basss of food carrying behaviour
registmabon.
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Table Sl.‘ Registered reproduction cases of red fox in Warsaw in 2018-2021 with assessed litter size. social group size, cubs birth date, food

carrying rate, share of natural food among carried food items and share of forests within 500-meter radius buffer zone around den site. Food
carrying rate is an average number of items brought by adults per camera trap-day. Only reproduction cases with known litter size and/or social

group size were included in table. n/a — no data

share of forests

L . . i i g hare of natural .
city district den site vear litter size social group birth date food carrying  share of natura within 500-meter
size (days of the year) rate food 5
radius buffer zone
Bislolgka  BK-HD-OGN 2018 1 1 13'?%:;;j°3' 0.02 0.00 076
Bielany BLIMOIN 2018 4 3 28-?3;_(;13-]04- 0.04 0.00 1.00
Mokotéw ~ MERKOIN 2018 4 3 05.08.-07.03. 0.03 0.00 0.00
(64-68)

Mokotéw unknown 2018 4 nfa nfa n'a n'a n/a
Rembertow unknown 2018 4 nfa na n'a nfa n/a
Srédmiescie SD-LK-05/N 2018 4 1 08'?;9':;%03' n'a nfa 0.00

. 08.03.-12.03. , .
Targdwek TG-LB-04/N 2018 1 1 (69-73) n'a nfa 0.90
B
Ursynéw URLK-O7/N 2018 4 1 23'5’524'75;?2' 037 076 049
. N 03.03.-07.03. ’ .
Wawer WW-LS-12/N 2018 3 2 (64-68) n'a nfa 1.00
Wilanéw unknown 2018 Jor4d nfa nfa n'a nfa n/a
o1 ) , 28.02.-02.03. ;
Wola WL-CZ-01/N 2018 na 2 (59-63) n/a n‘a 0.00

Bialolka ~ BE-HD-08N 2019 3 3 13.03-17.03. 0.76 0.37 0.58

(74-78)
Bialoleka unknown 2019 3 nfa na n'a nfa nfa
Mokotéw ME-RK-0UN 2019 2 2 nfa nfa nfa 0.00
PrasaPohudnic  PD-0G-0MN 2019 5 2 3 'Fs?i:;gjm' 0.05 0.00 0.48
Srédmicscie  SDLE-0SN 2019 3 3 03'€;:g;j°3' 1.09 0.84 0.00
2 —
Tagéwek  TGLBOTN 2019 6 2 02.04.-06 04 0.33 0.50 044
(94-98)
Ursynow unknown 2019 2 nfa na nfa n'a n/a
Ursynéw unknown 2019 4 na na n/a nfa n/a
Ursynéw URLK-02N 2019 7 5 23-;’;—:;%”— 029 0.63 1.00
Ursynow URLIK-03N 2019 3 2 03'(";4':2;;’3' 0.14 0.58 091
. e N 18.03.-22.03. ) s
Ursyndéw UR-LK-04/N 2019 3 2 (79-83) n/a nfa 0.57
Ursynow UR-LK-15/N 2019 Jor4 3 13'?2;.1’,%03' n/a nfa 0.64
. 08.03.-12.03. )
Ursynow UR-LK-24/N 2018 3 1 (69-73) nia n'a 1.00
Ursynow UR-LK-26/N 2019 2 na na n/a n'a 075
Ursynow UR-LN-04/N 2018 Jor4 2 13?%:.1] ;joa' nia n'a 046
Ursynéw URIN-GSN 2019 7 3 OS'E?Q':%OS' 0.02 0.00 0.63
. 5 08.03.-12.03. ;
Wawer WW-LS-11/N 2019 4 2 (69-73) n/a nfa 1.00
Wawer WW-LS-15'N 2019 2 1 nfa n/a n'a 0.70
Wawer WW-LS-16N 201% 3 2 nfa n/a n'a 1.00




Wesola WS-HP-0I/N 2019 4 na n/a n'a nfa 1.00
Wesola WS-HP-03/N 2019 3 na n/a n'a nfa 1.00
Wesola unknown 2019 dor5s na n/a n'a n'a na
5
Bialolgka ~ BEK-HD-08N 2020 6 2 23'?931'73;03' 034 013 058
Biclany BLLBI3N 2020 4 4 28.02-02.03. 029 0.49 0.93
(59-63)
Mokotéw MEK-RE-0I/N 2020 2 na n/a n'a na 0.00
Praga Poludnie unknown 2020 7 na n/a n/a n/a n/a
Rembertow  RMRE-1ON 2020 4 2 03.03-07.03. 021 027 0.99
(64-68)
Srodmieécie SD-LK-05/N 2020 2 2 n/a n/a nfa 0.00
3
Targéwek TG-LB-04N 2020 6 4 18—5’735;78;03' 042 044 0.90
Ussynow ~ UR-LK-O3N 2020 2 2 R 172 0.50 091
Ursynéw UR-LK-07/N 2020 5 2 2'8'(0529':2;03' 4.20 0.48 0.49
o e N 08.03-12.03.
Ursynow UR-LK-16/N 2020 6 2 (69-73) 250 0.10 1.00
5
Ussynow ~ UR-LK-I®N 2020 3 3 18'(0739'73%03' 072 045 1.00
Ussynow ~ URLN-OAN 2020 2 2 18.03-22.03. 038 048 0.46
3 (79-83)
Ursynow unknown 2020 7 na n/a n/a n/a n/a
Wawer unknown 2020 4 n'a nfa n/a n/a nfa
Wilanéw ~ WNRMOYN 2020 6 1 13.05-17.03. 040 0.00 0.50
(74-78)
Praga Poludnie PD-OG-02/N 2021 n'a 3 na 048 0.48 0.48
7
Targéwek TGLB-0WN 2021 5 2 23'?54'78%03' 040 044 0.44
3
Ussynow  URLE-17N 2021 6 3 R 038 033 100
Ursynéw URLE35SN 2021 5 5 08%9':%03' 620 0.32 0.80
- e R 08.03.-12.03.
Ursynow UR-LE-47N 2021 3 2 (69-73) 135 0.69 0.87
. c 08.03.-12.03.
Ursynow UR-LE-49/N 2021 5 5 (65.73) 0.11 nfa 048
Wawer unknown 2021 4 na na n'a nfa n'a
Wesola unknown 2021 5 nfa nfa n/a nfa n'a




Table-A3.1. List-of located red fox-den-sites-in- Warsaw in-2017-2021  -classified to-habitat type, with-
distance to-the-city-centre-and utilization-during rezearch-period. Utilization-status was-as-follow: natal —
dens-with-at-least-one litter-chserved-during research-period; temporarily-occupied —dens regularly renswed-
by-foxes-during research-period; non-occupied —dens with-no-vizible-signs-of fox presence-during rezearch-
period]

diztance-to-

dent districts habitats ity centres utilization-stamis-
BE-HD-01LM= Eiztolekas forest-areas 11.89= non-occupieds=
BE-HD-02/Td= EBizlolekas forest-areas 1Z.18= temporarily-ocoupieds
EBE-HD-03/1= Eistolekan forast-areas 12.18= natals
BE-HD-041d= EBizlolekas forest-areas 12.20= non-occupieds:
BE-HD-05Td= EBizlolekas forest-areas 12.21= temporarily-ocoupieds
EBE-HD-080= Eistolekan forast-areas 1237 nataks
BE-HD-071d= EBizlolekas forest-areas 12.539 non-occupieds:
EE-HD-030= Eislolekan forast-areas 13.73= natals
BE-HD-02/1d= EBizlolekas forest-areas 13.755 temporarily-ocoupieds
BE-HD-101d= EBizlolekas forest-areas 12.33= non-occupieds:
BE-HD-11M= Eiztolekan forest-areas 14.18= non-occupieds=
BE-HD-121d= EBizlolekas forest-areas 12.03= temporarily-ocoupieds
BE-HD-13M= Biztolekas forast-areas 13.79= temparariby-oconpisds
BE-HD-14Td= EBizlolekas forest-areas 13,992 non-occupieds:
BE-ME-011d= EBizlolekas riversides 2.36= temporarily-ocoupieds
BE-FW-01L M= Eistolekan others 1048 natals
BE-FW-01H= Eistolekan others 10.54= temparariby-ocoupieds
BL-LE-0LM= Bielany= forest-areas 683 =
EL-LE-D21= Bielany= forest-areas T.352 non-occupieds:
BL-LE-03.M= Bielany= forest-areas 2.230 non-occupieds=
EL-LE-D4/15= Bielany= forest-areas B.36= non-occupieds:
EL-LE-D51= Bielany= forest-areas B.302 temporarily-ocoupieds
BL-LB-D&M= Bielanys forest-areas T.318 nataks
EL-LE-0715= Bielany= riversides B. 462 =
BL-LE-D&Mo Bielanys forest-areas T.205 non-occupieds
EL-LE-D8/15= Bielany= forest-areas Tal= non-occupieds:
EL-LE-10/15= Bielany= forest-areas T.06= temporarily-ocoupieds
EL-LE-11.1= Bielany= forest-areas T.235= temporarily-ocoupieds
EL-LE-121= Bielany= forest-areas T.0l= non-occupieds:
BL-LE-13M= Bielany= forest-areas G692 nataks
EL-LE-1413= Bielany= forest-areas T.08= temporarily-ocoupieds
BL-LE-153HM= Bielany= forest-areas T.235 tempararily-oconpieds
EL-LE-16T5= Bielany= forest-areas T non-occupieds:
EL-LM-0119= Bielany= forest-areas 11564 natalks
BL-LM-02M= Bielanys forest-areas 11 50 non-oocupieds=
EL-LM-03,19= Bielany= forest-areas 11.70= non-occupieds:
BL-LM-04M= Bielanys forest-areas 11.47= non-occupieds
EL-LM-0510= Bielany= forest-areas 11.80= non-occupieds:
EL-LM-06T3= Bielany= forest-areas 11.48= non-occupieds:

EL-LM-0713= Bielany= forest-areas 11.48= non-occupieds:
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EL-LM-08M=
EL-LM-09/M=
BL-LM-10/N=
EL-PM-01/H=
BL-PM-02H=
BL-PM-03/H=
BL-PM-04/H=
BL-PM-05H=
EM-FE-01N=
EM-FE-02M=
EM-FE-03/M=
EM-FC-01H=
EM-FC-02M=
EM-FC-03/M=
EM-FC-04/M=
EM-LE-01MN=
BM-LE-020=
EM-LE-03/M=
BM-LE-04M=
EM-LE-05/M=
BM-LE-06/M=
BM-LE-07=
EM-LE-08/M=
EM-LE-09/M=
EM-LE-10/M=
BM-LE-11/M=
BM-LE-12M=
ME-FA-0LN=
ME-FA-02N=
ME-FA-03/Nx
ME-FA-04Nx
ME-FA-D5 M=
ME-FA-06Mx
ME-FC-01/M=
ME-FC-02/M=
ME-FC-03/M=
ME-FC-04Mx
ME-EP-01N=
ME-PE-01LN=
ME-PRI-01M=
ME-RE-01M=
ME-RE-02M=
ME-SL-01H=
ME-SL-02H=
OC-TE-01H=
OC-TE-021=
BD-0G-01/H=
PD-0G-02H=

Bielany=
Bielanys
Bielany=
Bielany=
Bielanyt
Bielanyt
Bielanyt
Bielanyt
Eemowos
Beamnowot
Beamnowot
EemowoH
Beamnowot
Eamowod
Beamnowot
Beamnowot
EBemowos
Beamnowot
Eamowod
Beamnowot
Beamnowot
Eamowod
Beamnowot
Beamnowot
Beamnowot
Beamnowot
Eamowod
Malkatdor=
Malkatiws
Malkatiws
Malkatiws
hlokotaw
Malkatiws
Malkatiws
Malkatiws
Malkatiws
Makatow
Malkatiws
Malkatiws
Malkatiws
Malkatiws
Makatow
Malkatiws
Malkatiws
Ochotasz
Ochotasz
Przga-Poludnies
Praga Poludnies

forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
parks
parks
park=
parks
park=
Tailt-up-areas
Tailt-up-areas
railway-areas
raflway-araas
forast-areas

forest-areas

11.68=
1164
12055
11.74=
11.755
11 80
11.71=
10.78=
T.04=
7.805
T.858
1.87=
7.90=
1078
2402
8.32=
9135
2.00=
9885
B33
8.502
2162
D452
0302
D63
B.4d4a
6165
6.17=
145
6165
6.192
6105
6.90=
6830
6840
6.84=
4.08=
493
1738
1588
2.50=
4.67=
4538
2.07=
4. 162
T.74=

BA8=

non-occupieds:
non-occupieds=
temporarily-ocoupieds
non-occupieds=
temporarily-ocoupieds
temporarily-ocoupieds
non-occupieds=
temporarily-ocoupieds
non-occupieds=
non-occupieds:
non-occupieds:
non-gccupied=
natals
non-occupieds=
non-occupieds:
natals
non-occupied=
non-occupieds:
non-occupieds=
natals
non-occupieds:
nataks
non-occupieds:
non-occupieds:
non-occupieds:
non-occupieds:
non-occupieds
non-occupieds:
non-occupieds:
tempararily-oconpieds
temporarily-ocoupieds
tempararily-econpieds
natals
non-occupieds:
non-oocupieds=
temporarily-ocoupieds
temparariby-oconpisds
non-occupieds:
non-occupieds:
non-oocupieds=
natals
temparariby-oconpisds
non-occupieds:
non-occupieds:
natals
temporarily-ocoupieds
tempararily-oconpieds
natals
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PD-0G-03./1=
PD-0G-04 1=
PD-0G-03Ha
PD-0G-06T=
PD-TE-OLM=
PH-PR-01 Tz
PH-SM-0L 1=
PN-TE-0LM=
PH-TE-021=
FM-LE-OLM=
FM-LE-0ZM=
FM-LE-031
FM-LE-041=
FM-BE-0LT&=
FM-FE-01LT
FM-FE-03/15=
FM-FE-D4/T5=
FM-FE-03Ta
FM-FE-D6T&=
FM-BE-07/1=
FM-FE-08T
FM-FE-00/T&=
FM-FE-10/1=
FM-FE-11TH=
FM-FE-121=
ED-LE-0LMN=
ED-LE-031=
ED-LE-041=
ED-LE-053M=
ED-LE-061=
ED-LE-07M=
ED-TE-OLM=
TG-LE-011=
TG-LB-02M=
TG-LB-03/M=
TE-LE-041=
TG-LB-03M=
TG-LB-06M=
TGE-LE-071=
TG-LB-08M=
TG-LB-09/=
TGE-LE-101=
TG-LB-1LM=
TG-LB-12M=
TGE-LB-131=
TG-LB-14M=
TG-LE-0LT=
TG-LE-D2T=

Praga -Poludnies
Praga -Poludnies
Praga-Poludnies
Praga -Poludnies
Praga -Poludnies
PragaPolnocs
Przga-Polnocs
Przga-Polnocs
Praga-Paolmocs
Fembartdwr=
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartows
Fembartdws
Fembartows
Fembartows
Fembartdws
Fembartows
Srddmisicies
Srddmisicien
Srddimisicies
Srddimisicies
Srddmisicien
Srddimisicies
Srddimisicies
Tarzgwals
Targowaks
Targowaks
TarzowakH
Targowaks
Targowaks
TarzowakH
Targowaks
Targowaks
TarzowakH
Targgwaks
Targowaks
TarzowakH
Targowaks
Targowaks
TarzowakH

forest-areas
forest-areas
forast-aress
forest-areas
railway-araas
riversides
railway-araas
railway-araas
ratlway-areas
forest-areas
forest-areas
forast-aress
forest-areas
forest-areas
forast-aress
forest-areas
forest-areas
forast-aress
forest-areas
forest-areas
forast-aress
forest-areas
forest-areas
forast-aress
forest-areas
parks
parks
parks
parks
parks
parks
railway-araas
forast-aress
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas

forest-areas

B.09=
E4l=
2.10=
B.11=
2072
2.60z
4.88=
7372
7.0z
10.14=
10.07=
10.14=
10.15=
9.68=
.60z
Dddo
10.13=
9182
9.24m
9.31=
Q452
2.11=
9830
9.33m
9.21=
3.14=
2185z
2.30=
232m
2132=
2.76=
1.51=
2762
8772
8332
2402
B.65=
g.68=
2.78=
E47=
B.64m
B.60=
8502
B.74m
9.75=
8.78=
8.22m
B1l=

temporarily-oconpieds
temporarily-oconpieds
tempararily-oConpieds
temporarily-oconpieds
natals
non-occupieds
natals
non-occupieds
non-occupieds
non-occupieds
non-occupieds
tempararily-oConpieds
non-occupieds
non-occupieds
tempararily-oConpieds
non-occupieds
temporarily-oconpieds
non-occupieds
non-occupieds
non-occupieds
non-accupieds
non-occupieds
natals
tempararily-oCoopieds
natals
natals
non-accupieds
non-occupieds
natals
tempararily-oConpieds
non-occupieds
non-occupieds
tempararily-oCoopieds
non-occupieds
non-occupieds
natals
temporarily-oconpieds
non-occupieds
natals
non-occupieds
non-occupieds
non-occupieds
tempararily-oconpieds
temporarily-oconpieds
tempararily-oConpieds
natals
temporarily-oconpieds

non-occupieds
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TG-TE-DLM=
UR-F5-01 M=
UB-FE-021=
UR-F5-03./1=
UR-FE-D4/1=
UR-LE-DLHM=
UR-LE-02HN=
UR-LE-D3./1=
UR-LE-4. 1=
UR-LE-D5Hs
UR-LE-D6T=
UR-LE-071a
UR-LE-DEM=
UR-LE-08 Mo
UR-LE-10/H=
UR-LE-11LH=
UR-LE-12Hs
UFR-LE-13/M=
UR-LE-14H=
UR-LE-15Hs
UR-LE-16H=
UR-LE-171=
UR-LE-18H=
UR-LE-19/Hs
UR-LE-20/s
UR-LE-I1Ha
UFR-LE-I2Ha
UFR-LE-13/Ma
UR-LE-I4/1a
UFR-LE-15Ma
UR-LE-26H=
UR-LE-I7H1a
UR-LE-I8H=
UFR-LE-I0/s
UR-LE-30/H=
UR-LE-31LH=
UR-LE-32Ha
UR-LE-33HNa
UR-LE-34/Ha
UFR-LE-35H8
UR-LE-36Hs
UR-LE-37/Ha
UR-LE-38H=
UFR-LE-30/Hs
UR-LE-40H=
UR-LE-41LH=
UR-LE-42Ha
UR-LE-43/1=

Targowaks
Ursvadws
Ursynows
Ursynows
Ursynows
Ursynows
Ursvnows
Ursynows
Ursvnows
Ursynows
Ursynows
Ursyndws
Ursynows
Ursvadws
Ursynows
Ursynows
Ursynows
Ursynows
Ursvnows
Ursynows
Ursvnows
Ursynows
Ursynows
Ursyndws
Ursynows
Ursvnows
Ursynows
Ursvnows
Ursynows
Ursynows
Ursvnows
Ursynows
Ursvudws
Ursynows
Ursynows
Ursyndws
Ursynows
Ursvnows
Ursynows
Ursvnows
Ursynows
Ursynows
Ursvnows
Ursynows
Ursvudws
Ursynows
Ursynows

Ursynows

rallway-araas
old-fortifications=
old-fortifications=
old-fortifications=
old-fortifications=
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-aress
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-areas
forest-areas
forest-areas

farest-areas

4,82
7605
T.565
TATH
T.045
1100
13.24=
12.555
11.755
11.13=
11.925
13.51=
12285
14240
1484
1250
12,0465
12.365
12.37=
12.125
13360
13375
11.955
11375
12.635
12570
13235
13265
1189
13.755
13.84=
1529
15270
13265
11.97
13.125
12.625
13340
13,82
13,79
12.735
12,70
133582
13.18=
13120
12565
11.91=
1260

temporarily-ocoupieds
natals
temporarily-ocoupieds
non-occupisds:
non-occupisds:
non-occupisds:
natalk=
natals
natals
non-occupisds:
non-occupisds:
natals
non-occupisds:
non-occupieds
non-occupisds:
non-occupisds:
temporarily-ocoupieds
non-occupisds:
non-gccupied=
natals
natals
natals
natals
non-occupieds=
temporarily-ocoupieds
non-occupieds
non-occupisds:
non-occupisds:
natals
non-occupisds:
natalk=
temporarily-ocoupieds
temparariby-ocoapisds
temporarily-ocoupieds
temporarily-ocoupieds
non-occupieds=
temporarily-ocoupieds
tempararily-econpieds
non-occupisds:
natals
temporarily-ocoupieds
non-occupisds:
tempararily-econpieds
temporarily-ocoupieds
non-accupieds=
non-occupisds:
non-occupisds:
temporarily-ocoupieds
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UR-LE-44/Hs
UR-LE-43Hs
UR-LE-461=
UR-LE-47Hs
UR-LE-48HM=
UR-LE-49/Ms
UR-LE-30/Ms
UR-LE-51/H=
UR-LN-01/H=
UR-LN-02M=
UR-LN-03. M=
UR-LN-04/H=
UR-LN-05M=
UR-LN-06/M=
UR-LN-07H=
UR-LN-08M=
UR-LN-00/H=
UR-LN-10/H=
UR-SU-0114=
UR-SU-0214=
WH-FO-01. 18
WH-FO-02T18=
WL-CZ-01L1=
WL-FW-0119=
WL-FW-02.1d=
WL-FW-03.14=
WL-FW-0414=
WL-LE-D1/N=
WL-LE-I/Na=
WL-TE-01 M=
WI-FW-01LT8=
WH-FEM-0114=
WH-EM-02/14=
WH-EM-03 1=
WH-EM-0410=
WH-EM-0510=
WH-ZW-02/14=
WE-HP-02 1=
WE-HP-03, M=
WE-LE-014=
WW-LS-011d=
WW-LE-02 M
WW-LS-05310=
WW-LS-0410=
WW-LS-051d=
WW-LS-0610=
WW-LS-071=
WW-LS-08.14=

Ursynows
Ursynows
Ursynowd
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Ursynows
Whachy=
Whachy=
Walas
Walas
Walas
Walas
Walas
Walas
Walas
Wola=
Wilandwrs
Wilandwn
Wilandwn
Wilanows
Wilandwn
Wilandwn
Wilandwn
Weszoba
Wezobtas
Wezobtas
Wawers
Wamweart
Wawert
Wawert
Wawert
Wawert
Wawert
Wawert

forest-arezs
forest-arezs
forast-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
others
others
old-fortifications =
old-fortifications =
CEMEtETiRE S
old-fortifications =
old-fortifications =
old-fortifications =
old-fortifications =
forest-arezs
forest-arezs
industrial-areas
OpEn-ETess
forest-arezs
forest-arezs
forast-areas
forest-arezs
forest-arezs
OpEn-ETess
forast-arezs
forest-arezs
forest-arezs
forest-arezs
forast-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs
forest-arezs

forest-arezs

13,19
13,855
13.17=
13255
13,375
1360
13,97
15465
10.61=
11.555
1144
10,765
1147
11645
11375
11.51=
1144
10,86
B.545
.80
678
6765
2.80=
5.00s
5718
5.76=
5.00s
4.70=
440
4.74=
12.045
0205
917
2.10=
.06=
917
R ]
16.11=
16.10=
1368
10.93=
11.18=
11.545
11.58=
11.18=
11.18=
11645
1187

non-gocupieds
non-gocupieds
non-occupisds
natal=
non-gocupieds
natal=
non-gocupieds
non-gocupieds
non-gocupieds
temporarily-oconpieds
non-gocupieds
natal=
natal=
temporarily-oconpieds
non-gocupieds
non-gocupieds
non-gocupieds
non-gocupieds
temporarily-oconpieds
non-gocupieds
naot-zpecifieds
not-specifieds
natal=
temporarily-oconpieds
temporarily-oconpieds
temporariby-oconpieds
temporarily-oconpieds
non-gocupieds
temporarily-oconpieds
temporarity-oconpieds
non-gocupieds
non-gocupieds
natal=
non-occupiesds
non-gocupieds
non-gocupieds
non-gocupieds
temporariby-oconpieds
natal=
temporarily-oconpieds
non-gocupieds
temporariby-oconpieds
non-gocupieds
non-gocupieds
non-gocupieds
non-gocupieds
natal=
natal=
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WW-LS-091=
WW-LS-10:1=
WW-L3-1119=
W-LE-121=
WW-L3-131=
WIW-LS-1410=
WW-L3-1519=
WW-LS-1610=
WW-LS-1T1d=
WW-L3-1819=
WW-L3-19/1=
WIW-LS-20:19
WW-LS-211=
WW-LS-221=
WW-LS-231=
WW-LS-2410=
WW-LS-251=
WW-LS-2610=
WW-LS-2T1=
W-LE-28 M=
WW-AOW-01/ e
ZL-PW-01/H=

Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Wawerd
Zolibarzs

forest-areas
forest-areas
forest-areas
forast-arezs
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forest-areas
forast-aress
OpEn-ETess

Tailt-up-areas

1200
11.58=
1120
11.14=
10.85=
11.14=
10.57=
11.58=
10.98=
11.575
11.455
11.13=
11.41=
11.375
1120
1149
11.455
11.97
11.98=
1100
9335

4.00=

temporarily-oconpieds
non-occupieds
natak=
natak=
non-occupieds
non-occupieds
temporarily-oconpieds
natak=
temporariby-oconpieds
non-occupieds
non-occupieds
non-occupieds
temporarily-oconpieds
temporarily-oconpieds
natak=
temporarily-oconpieds
temporarily-oconpieds
non-occupieds
non-occupieds
temporariby-oconpieds
non-occupieds

non-occupieds
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Parallel Analysis Scree Plots
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Fig.-S1.-Parallel-Analysis-Scree Plot-for the PCA -of habitat-and-landscape variables-(n=46). ]
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10. Oswiadczenia wspolautorow

Warszawa. 11.06.2025 r.

mgr Mateusz Jackowiak

Centralne Laboratorium Analiz Srodowiskowych — CentLab
Instytut Ochrony Srodowiska — Pafistwowy Instytut Badawczy
ul. ks. Zygmunta Troszynskiego 9, 01-693 Warszawa
mateusz.jackowiak(@ios.edu.pl

Rada Dyscypliny Nauki Le$ne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawie

Os$wiadezenie o wspélautorstwie

Niniejszym o$wiadczam, Ze w pracy:

Jackowiak M, Gryz J, Jasiniska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox Vulpes vulpes in the years 1976-2019. Sci. Rep. 2021, 11(1):13931.
Doi: 10.1038/541598-021-92844-2,

mdj indywidualny udzial w jej powstaniu polegal na zbieranin i analizie danych oraz

przygotowaniu manuskryptu.



Warszawa, 11.06.2025 .

dr hab. Jakub Gryz, prof. IBL

Zaklad Ekologii Lasu

Instytut Badawczy Lesnictwa

ul. Braci Lesnej nr 3 Sgkocin Stary, 05-090 Raszyn
j.gryzi@ibles.waw.pl

Rada Dyscypliny Nauki Leéne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, ze w pracy:
Jackowiak M, Gryz J, Jasiniska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization

of Warsaw by the red fox Vulpes vulpes in the years 1976-2019. Sci. Rep. 2021, 11(1):13931.
Doi: 10.1038/s41598-021-92844-2,

méj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepcji badar i zbieraniu
danych.
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Warszawa, 11.06.2025 r.

dr Karolina Jasinska

Samodzielny Zaklad Zoologii Lesnej i Lowiectwa
Instytut Nauk Leénych

Szkota Glowna Gospodarstwa Wigjskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

karolina_jasinska@sggw.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawie

Ofdwiadczenie o wspolautorstwie

Nini¢jszym o$wiadczam, ze w pracy:

Jackowiak M, Gryz I, Jasinska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox FVulpes vulpes in the years 1976-2019. Sci. Rep. 2021, 11(1):13931.
Doi: 10.1038/541598-021-92844-2,

mdj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepcji badania,

zbieraniu i analizie danych.



Warszawa, 11.06.2025 r.

dr hab. inz. Michat Brach

Samodzielny Zaklad Geomatyki i Gospodarki Przestrzennej
Instytut Nauk Leénych

Szkola Giéwna Gospodarstwa Wiejskiego w Warszawie

ul. Nowoursynowska 159, 02-776 Warszawa
michal_brach@sggw.edu.pl

Rada Dyscypliny Nauki Le$ne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, e w pracy:

Jackowiak M, Gryz J, Jasiniska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox Vulpes vulpes in the years 1976-2019. Sci. Rep. 2021, 11(1):13931,
Doi: 10.1038/541598-021-92844-2.

m¢j indywidualny udzial w jej powstaniu polegal na analizie danych.
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Warszawa, 11.06.2025 1.

dr hab. inz. Leszek Bolibok, prof. SGGW

Katedra Hodowli Lasu

Instytut Nauk Leénych

Szkota Gléwna Gospodarstwa Wicjskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

leszek _bolibok@sggw.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Of$wiadczenie o wspélautorstwie

Niniejszym oswiadczam, ze w pracy:

Jackowiak M, Gryz J, Jasifiska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox Kulpes vulpes in the years 1976-2019, Sci. Rep. 2021, 11(1):13931.
Doi: 10.1038/s41598-021-92844-2,

méj indywidualny udziat w jej powstaniu polegal na analizie danych.




Warszawa. 11.06.2025 1.

dr inz. Piotr Kowal

Samodzielny Zaktad Zoologii Lesnej i Lowiectwa
Instytut Nauk Lesnych

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

piotr_kowal@sggw.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Glownej Gospodarstwa
Wiejskiego w Warszawie

Oéwiadczenie o wspolautorstwie

Niniejszym o$wiadczam, ze w pracy:

Jackowiak M, Gryz I, Jasinska K, Brach M, Bolibok L, Kewal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox Vaulpes vuipes in the years 1976-2019. Sei. Rep. 2021, 11(1):13931.
Doi: 10.1038/s41598-021-92844-2.

moj indywidualny udzial w jej powstaniu polegal na zbieraniu danych.

Qco‘é r %&J&Z



Warszawa, 11.06.2025 r.

dr hab. Dagny Krauze-Gryz, prof. SGGW

Samodzielny Zaklad Zoologii Lesnej i Eowiectwa
Instytut Nauk Lednych

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

dagny_krauze_gryz@sggw.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Oéwiadczenie o wspélautorstwie

Nini¢jszym oswiadczam, ze w pracy:

Jackowiak M, Gryz J, Jasinska K, Brach M, Bolibok L, Kowal P, Krauze-Gryz D. Colonization
of Warsaw by the red fox Vulpes vulpes in the years 1976-2019. Sei. Rep. 2021, 11(1):13931.
Doi: 10.1038/s41598-021-92844-2.

maj indywidualny udziat w jej powstaniu polegal na przygotowaniu koncepcji badan, zbieraniu
danych, analizie danych i przygotowaniu manuskryptu.



Warszawa, 11.06.2025 r.

dr hab. Dagny Krauze-Gryz, prof. SGGW

Samodzielny Zakiad Zoologii Lesnej i Lowiectwa
Instytut Nauk Le$nych

Szkota Glowna Gospodarstwa Wiejskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

dagny_krauze_gryzi@sggw.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawie

Os$wiadezenie o wspolautorstwie

Niniejszym oswiadczam, ze w pracy:

Krauze-Gryz D, Jackowiak M, Klich D, Gryz I, Jasinska K. Following urban predators — long-
term snow-tracking data reveals changes in their abundance and habitat use. J. Zool. 2024,
323:213-224. Doi: 10.1111/jz0.13170.

moj indywidualny udzial w jej powstaniu polegal na opracowaniu koncepcji badan,

prowadzeniu prac terenowych 1 przygotowaniu manuskryptu.

Podpis

Warszawa, 11.06.2025 .,



mgr Mateusz Jackowiak

Centralne Laboratorium Analiz Srodowiskowych — CentLab
Instytut Ochrony Srodowiska — Panstwowy Instytut Badawezy
ul. ks. Zygmunta Troszynskiego 9, 01-693 Warszawa

mateusz.jackowiak(@ios.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawic

Oswiadczenie o wspélautorstwie

Niniejszym odwiadczam, Zze w pracy:

Krauze-Gryz D, Jackowiak M, Klich D, Gryz J, Jasinska K. Following urban predators — Jong-
term snow-tracking data reveals changes in their abundance and habitat use. J. Zool 2024,
323:213-224. Doi: 10.1111/j20.13170.

mdj indywidualny udzial w jej powstaniu polegal na przygotowaniu i rozszerzeniu koncepeji
badania, prowadzeniu prac terenowych, przygotowaniu danych do analizy i przygotowaniu

manuskryptu publikacji.




Warszawa, 11.06.2025 r,

dr hab. Daniel Klich, prof. SGGW

Katedra Genetyki i Ochrony Zwierzat

Instytut Nauk o Zwierzgtach

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie
ul. Ciszewskiego 8, 02-786 Warszawa
daniel_klich@sggw.edu.pl

Rada Dyscypliny Nauki Leéne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Os$wiadczenie o wspélautorstwie

Niniejszym o$wiadczam, Ze w pracy:

Krauze-Gryz D, Jackowiak M, Klich D, Gryz J, Jasinska K. Following urban predators — long-
term snow-tracking data reveals changes in their abundance and habitat use. J. Zool. 2024,
323:213-224. Doi: 10.1111/jz0.13170.

moj indywidualny udzial w jej powstaniu polegal na wykonaniu analiz statystycznych i
przygotowaniu rycin oraz korekcie manuskryptu,



dr hab. Jakub Gryz, prof. IBL

Zaktad Ekologii Lasu

Instytut Badawczy Lesnictwa

ul. Braci Lesnej nr 3 Sgkocin Stary, 05-090 Raszyn
Jj-gryz@ibles.waw.pl

Rada Dyscypliny Nauki Le$ne

Szkoly Glownej Gospodarstwa

Wiejskiego w Warszawie

Oswiadczenie o wspolautorstwie

Niniejszym o$wiadczam, Ze w pracy:

Krauze-Gryz D, Jackowiak M, Klich D, Gryz J, Jasiniska K. Following urban predators — long-
term snow-tracking data reveals changes in their abundance and habitat use. J. Zool, 2024,
323:213-224. Doi: 10.1111/z0.13170.

méj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepcji badan,

prowadzeniu prac terenowych i korekcie manuskryptu.

....... f/‘i/
(

Podpis

Warszawa, 11.06.2025 r.



dr Karolina Jasinska

Samodzielny Zaklad Zoologii Lesnej i Lowicctwa
Instytut Nauk Lesnych

Szkota Glowna Gospodarstwa Wicjskiego w Warszawie
ul. Nowoursynowska 159, (02-776 Warszawa

karolina_jasinska@sggw.edu.pl

Rada Dyscypliny Nauki Le$ne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Oswiadczenie o wspélautorstwie

Niniejszym o§wiadczam, Ze w pracy:

Krauze-Gryz D, Jackowiak M. Klich D, Gryz J, Jasifiska K. Following urban predators — long-
term snow-tracking data reveals changes in their abundance and habitat use. J. Zool, 2024,
323:213-224. Doi: 10.1111/jz0.13170.

mdj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepeji  badan,

prowadzeniu prac terenowych i korekeie manuskryptu.



Warszawa, 11.06.2025 .

mgr Mateusz Jackowiak

Centralne Laboratorium Analiz Srodowiskowych — CentLab
Instytut Ochrony Srodowiska — Panstwowy Instytut Badawezy
ul. ks, Zygmunta Troszynskiego 9, 01-693 Warszawa

mateusz.jackowiak(@ios.edu.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Osdwiadcezenie o wspélautorstwie

Niniejszym o$wiadczam, ze w pracy:

Jackowiak M, Jasiniska KD, Gryz J, Szyc K, Krauze-Gryz D. City snacks and country hunts

diet of urban red foxes on the basis of three methods of assessment,
méj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepcji badania,

opracowaniu metodyki, zbieraniu danych, przygotowaniu danych do analiz i analizie danych,

przygotowaniu manuskryptu, pozyskaniu funduszy i pozyskaniu materiatéw do badan.



Warszawa, 11.06.2025 1,

dr Karolina Jasifiska

Samodzielny Zaklad Zoologii Lesnej i Lowiectwa
Instytut Nauk Leénych

Szkola Gloéwna Gospodarstwa Wiegjskiego w Warszawie
ul. Mowoursynowska 159, 02-776 Warszawa
karolina_jasinska@sggw.edu.pl

Rada Dyscypliny Nauki Leéne

Szkoly Gliwnej Gospodarstwa

Wiejskiego w Warszawie

Oéwiadezenie o wspolautorstwie

Niniejszym oswiadczam, e w pracy:

Jackowiak M, Jasiniska KD, Gryz J, Szye K, Krauze-Gryz D. City snacks and country hunts

diet of urban red foxes on the basis of three methods of assessment.

mdj indywidualny udziat w jej powstaniu polegal analizie danych i korekeie manuskryptu.



dr hab. Jakub Gryz, prof. IBL

Zaklad Ekologii Lasu

Instytut Badawczy Lesnictwa

ul. Braci Leénej ar 3 Sckocin Stary, 05-090 Raszyn

J.erve@ibles wawpl

Rada Dyscypliny Nauki Ledne

Szkoly Glawncj Gospodarstwa
Wiejskicgo w Warszawie

Oédwiadezenie o wspilantorstwie

Mini¢jszym oswiadczam, 2¢ w pracy:

Jackowiak M, Jasinska KD, Gryz J, Szyc K, Kruee-Gryz D. City snacks and country hunts —

diet of urban red foxes on the basis of three methods of assessment.,

moj indywidualny udzial w jej powstaniu polegal na zbieraniu danych, korekcic manuskryptu

i pozyskaniu materialow do badan,

Podpis



Warszawa, 11.06.2025 .

mgr inz. Katarzyna Szyc

Katedra Urzadzania Lasn, Dendrometrii i Ekonomiki Lesnictwa
Instytut Mauk Lesnych

Szkota Ghowna Gospodarstwa Wiejskiego w Warszawie

ul. Nowoursynowska 159, 02-776 Warszawa
katarzyna szycisggw.edupl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawie

Oéwiadczenie o wspolautorstwie

Miniejszym ofwiadczam, #e w pracy:

Jackowiak M, Jasinska KD, Gryz ], Szye K, Krauze-Gryz D. City snacks and country hunts —
diet of urban red foxes on the basis of three methods of assessment.

méj indywidualny udziat w jej powstaniu polegal na wykonaniu analiz przestrzennych,



Warszawa, 11062025 .

dr hab. Dagny Krauze-Gryz, prol. SGGW
Samodzielny Zaklad Zoologii Lesnej 1 Lowiectwa

Instytut Nauk Lesnych
Szkola Glowna Gospodarstwa Wieyskiego w Warszawic
ul. Nowoursynowska 159, 02-776 Warszawa

dagny_krauze gryz@sggw edupl

Rada Dyscypliny Nauki Leéne

Szkoiy Giownej Gospodarsiwa

Wicjskiego w Warszawie

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, ze w pracy:

Jackowiak M, Jasinska KD, Gryz J, Szyc K, Krauze-Gryz D. City snacks and country hunts —
diet of urban red foxes on the basis of three methods of assessment.

mdj indywidualny udzial w jej powstaniu polegal na opracowaniu metodyki, zbicraniu i analizie

danych, korekcie manuskryptu i nadzorze nad projektem.

o@(d/awcg%

Podpis



Warszawa, 11.06.2025 r.

mgr Mateusz Jackowiak

Centralne Laboratorium Analiz Srodowiskowych — CentLab
Instytut Ochrony Srodowiska — Panstwowy Instytul Badawczy
ul. ks, Zygmunta Trészyniskiego 9, 01-693 Warszawa

mateusz jackowiak(@ios.edu.p)

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa

Wiejskiego w Warszawie

Ofdwiadezenie o wspélautorstwie

Niniejszym oéwiadczam, Ze w pracy:

Jackowiak M, Jasinska K, Gryz J, Guzowska E, Szyc K, Krauze-Gryz D. Is it beneficial to be
a city dweller? Impacts of urban conditions on red fox reproduction. J. Zool. 2025, 325:155-
165. Doi: 10.1111/jz0.13234.

méj indywidualny udzial w jej powstaniu polegal na przygotowaniu koncepeji badania,
opracowaniu metodyki, zbieraniu danych, przygotowaniu danych do analiz i analizie danych,

przygotowaniu manuskryptu, pozyskaniu funduszy i pozyskaniu materiatéw do badan.




Warszawa, 11.06.2025 .

dr Karolina Jasinska

Samodzielny Zaklad Zoologii Leénej i Lowiectwa
Instytut Nauk Lesnych

Szkota Gloéwna Gospodarstwa Wiejskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa

karolina_jasinska@sggw.cdu.pl

Rada Dyscypliny Nauki Le$ne

Szkoly Glownej Gospodarstwa

Wiejskiego w Warszawie

Oséwiadczenie o wspolautorstwie

Niniejszym oswiadczam, ze w pracy:

Jackowiak M, Jasinska K, Gryz J, Guzowska E, Szyc K, Krauze-Gryz D. Is it beneficial to be
a city dweller? Impacts of urban conditions on red fox reproduction. J. Zool. 2025, 325:155-
165. Doi: 10.1111/jz0.13234.

moj indywidualny udzial w jej powstaniu polegat na opracowaniu koncepeji badan, zbieraniu

danych, analizie danych i korekcie manuskryptu.



Warszawa, 11.06.2025 r.

dr hab. Jakub Gryz, prof. IBL
Zaklad Ekologii Lasu
Instytut Badawczy Lesnictwa

ul. Braci Lesnej nr 3 Sgkocin Stary, 05-090 Raszyn
j-gryz@ibles.waw.pl

Rada Dyscypliny Nauki Lesne

Szkoly Gléwnej Gospodarstwa
Wiejskiego w Warszawie

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, ze w pracy:
Jackowiak M, Jasinska K, Gryz J, Guzowska E, Szyc K, Krauze-Gryz D. Is it beneficial to be
a city dweller? Impacts of urban conditions on red fox reproduction. .. Zool. 2025, 325:155-

165. Doi: 10.1111/j20.13234.

méj indywidualny udzial w jej powstaniu polegal na opracowaniu koncepcji badan,
opracowaniu metodyki, zbieraniu danych, korekcie manuskryptu i pozyskaniu materialéw do

badan.



1€ 0 wSpofautorstwie




Warszawa, 11.06.2025 .

mgr inz, Katarzyna Szyc

Katedra Urzadzania Lasu, Dendrometrii i Ekonomiki Lednictwa
Instytut Nauk Lesnych

Szkola Gldwna Gospodarstwa Wiejskiego w Warszawie

ul. Nowoursynowska 159, 02-776 Warszawa
katarzyna_szyc/@sggw.edu.pl

Rada Dyseypliny Nauki Lesne

Szkoly Glownej Gospodarstwa
Wiejskiego w Warszawic

Oiwiadczenie o wspdlautorsiwie

Miniejszym oswiadczam, 7e w pracy:

Jackowiak M, Jasinska K, Gryz J, Guzowska E, Szye K, Krauze-Gryz D). Is it beneficial to be
a city dweller? Impacts of urban conditions on red fox reproduction. J Zool. 2025, 325:155-
165. Doi: 10.1111/jz0.13234,

méj indywidualny udziat w jej powstaniu polegal na wykonaniu analiz przestrzennych.




Warszawa, 11.06.2025 .

dr hab. Dagny Krauze-Gryz, prof. SGGW

Samodzielny Zaklad Zoologii Lesnej i Lowiectwa
Instytut Nauk Lesnych

Szkota Glowna Gospodarstwa Wiejskiego w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa
dagny_krauze gryz@sgew.cdu.pl

Rada Dyscypliny Nauki Leéne

Szkoly Glownej Gospodarstwa

Wiejskiego w Warszawie

Oswiadczenie o wspolautorstwie

Niniejszym oswiadczam. ze w pracy:

Jackowiak M, Jasinska K, Gryz J, Guzowska E, Szyc K, Krauze-Gryz D. [s it beneficial to be
a city dweller? Impacts of urban conditions on red fox reproduction. J. Zool. 2025, 325:155-

165. Doi: 10.1111/jz0.13234.

mdj indywidualny udzial w jej powstaniu polegal na opracowaniu koncepcji badan,

opracowaniu metodyki, zbieraniu danych, korekcie manuskryptu i nadzorze nad projektem.



