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Summary

The degree of penetration of urban habitats by small terrestrial mammals was studied in Warsaw agglomeration
and in adjacent areas up to 50 km from the city centre. Study material consisted of pellets of the tawny owl Strix
aluco collected in 85 sites, which contained 15,152 remains of individuals of small mammals. The species that
penetrated city agglomeration most intensively were: Apodemus agrarius, Mus musculus, Talpa europaea, Rattus
norvegicus and Microtus subterraneus. Most central sites of these species were situated 1.3-2.3 km from the city
centre. Microtus agrestis, Mustela nivalis, Arvicola amphibius, Neomys fodiens, Muscardinus avellanarius and Sicista
betulina showed the lowest degree of penetration of an urban agglomeration (sites closest to the city centre: 8.2,
8.6,8.6,11.2,17.8 and 20.2 km, respectively). Species, whose share among the owls' prey decreased most with the
distance from the city centre, were: A. agrarius and T. europaea. The reverse pattern was found for M. agrestis and
M. avellanarius. Small terrestrial mammals are sensitive to the proceeding urbanization and the central part of
Warsaw agglomeration is penetrated by only '/; of species of the local fauna.
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1. Introduction

Small terrestrial mammal species face
many obstacles when settling in highly
urbanized areas. Large city agglomerations
are characterised by a small contribution
of habitats close to the natural (forests,
parks, water bodies) with a substantial
part of built-up areas and accompanying

infrastructure. Habitats less modified by
human activity are often fragmented and
their patches of various sizes are spatially
isolated. In central districts, wild mammal
species function in metapopulations. This
pattern negatively affects species diversity
of mammal fauna since not all of the species
are adapted to such a type of functioning
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Fig. 1. Distribution of study sites in Warsaw and surrounding areas

(Dickman and Doncaster 1987, Baker et al.
2003, McKinney 2008, Gomes et al. 2011,
Lopucki et al. 2013, Klimant et al. 2017). In
addition, city agglomerations preserve but
a few wetland habitats. One may expect that
this deficiency limits or totally eliminates
small mammals that prefer peatlands or
bog woodlands. Several studies performed
in the last years were focused on factors
influencing urban communities of mammals
(van der Ree and McCarthy 2005, Isaac et al.
2014, Villasenor et al. 2014, 2015).
Communities of small mammals in War-
saw were the subject of some studies, espe-
cially in comparative aspect with habitats
outside the city (Andrzejewski et al. 1978,
Goszczynski et al. 1993, Gortat et al. 2014).
It has been found that one of the specific fea-
tures of small mammal communities in the
city is a low species diversity resulting from
the dominance of an abundant population

of Apodemus agrarius. Studies carried out in
the second half of the 20™ century demon-
strated also a significant penetration of the
city by Microtus subterraneus, less frequent
and numerous in habitats outside the city
(Goszczynski et al. 1993). Despite these
findings we still do not know, how far a par-
ticular species (especially those, which show
a clear tendency of avoiding urban areas)
can inhabit a city zone.

The aim of this study was to determine
the structure of small terrestrial mammal
community inhabiting city agglomeration
and its surroundings to indicate species that
avoid relatively dense human settlements
and to assess how far they might penetrate
a large city tolerating dispersion and
isolation of their preferred habitats. One
might expect that mammals closely
associated with forests and wetlands will
mainly avoid towns. Moreover, functioning
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Table 1. Distribution of study site distances from the city centre. N — number of the sites
studied. S - number of sites where at least 100 individuals of mammals were identified

Distance (km) N 0
0-10.0 15 6
10.1-20.0 26 14
20.1-30.0 28 1
30.1-40.0 12 3
40.1-50.0 4 2

in city metapopulations in habitats less
favourable for wildlife (i.e. built-up areas),
is possible only for the species with high
dispersal abilities.

2. Materials and methods

2.1. Study area

Studies were carried out in Warsaw (central
Poland) and in adjacent areas within 50 km
radius from the city centre (Fig. 1). Warsaw
agglomeration is inhabited by 1.7 million pe-
ople and occupies an area of 517 km? within
its administration borders. Larger forest
complexes neighbour Warsaw from the nor-
th-east and south-east, smaller and more
fragmented forests — from the east and north.

2.2. Data collection

Data on species composition and commu-
nity structure of small mammals were obta-
ined from the analysis of diet of the tawny
owl Strix aluco. This method allows for re-
latively fast and more effective assessment
of species composition compared with stu-
dies based on trap methods (Heisler et al.
2015). The owl is an opportunistic predator,
which hunts on small mammals without
a strong preference to individual species
(Wendland 1984, Lesinski et al. 2008). One
may thus assume that the diet of S. aluco
can show the species composition of small
mammal communities. The share of parti-
cular species in the diet of S. aluco is useful
in comparisons between sites and habitats
(Zmihorski et al. 2008).

Tawny owl pellets were prepared after
soaking in water. The species of prey were

determined based mainly on skulls and
mandibles, less frequently on skeleton bones
(humeral bones of mole Talpa europaea) by
adopting the features given in the key edited
by Pucek (1984) and those from comparative
collections. The number of individuals
was determined taking into account the
minimum number of recognizable items.

Samples were collected once or several
times in different seasons of a year from 85
sites, which represented wooded habitats
(parks, forests) or their outskirts — the main
habitats of this owl species. For some sites,
earlier published data were used (Gryz et
al. 2008, Lesinski and Gryz 2008, Stolarz
and Lesinski 2012, Lesiniski et al. 2013,
Romanowski et al. 2014) supplemented
with data collected later. Distribution of
the sites (Table 1) shows that many of them
(41 in total) were located within the city
agglomeration from 1.3 km (the closest to
the city centre site studied) to 10 km from
the city centre (very dense development)
and from 10.1 to 20 km from the city centre
(outskirts and suburban areas). Sites more
that 20 km away from the city centre (44 in
total) represented habitats remote from the
city agglomeration. In total, study material
collected in the years 1982—2015 contained
15,152 remains of individuals of small
mammals.

2.3. Data analysis

In material collected in 36 sites at least 100
individuals of small mammals were iden-
tified (Table 1). These samples were large
enough for further statistical analyses — cal-
culating the median distance from the city
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Table 2. General characteristics of the records of particular mammal species. Significant values are

given in bold.

N - total number of sites, N,

— number of sites within 10 km radius from the centre (per 15 sites),

Closest site — distance from the centre to the closest site (km), M — median of the distance (km) from

the centre (upper and lower quartile) [Number of sites among those with a minimum of 100 identified

individuals of mammals], r, - Spearman coefficient of correlation between the share of the species in

owl’s diet and the distance from the city centre

Species N N Closest site M I

Myodes glareolus 70 7 75 18.4(13.1-23.5) [34] 0.458 (p=0.005)
Apodemus agrarius 63 14 13 16.3(11.2-23.5) [34] -0.745 (p<0.001)
Apodemus flavicollis 59 5 75 18.3(11.3-23.5)[35] 0.002(p=0.993)
Sorex araneus 53 5 75 18.4(11.3-23.5) [34] 0.239 (p=0.161)

Microtus arvalis 49 8 4.9 15.1(11.2-20.7) [30] 0.084 (p=0.625)

Mus musculus 44 10 1.3 14.8(11.1-20.4) [29] -0.236 (p=0.167)
Sorex minutus 40 3 75 20.1(14.0-24.2)[29] 0.407 (p=0.014)
Talpa europaea 39 7 23 15.1(11.1-20.4) [30] -0.536 (p<0.001)
Rattus norvegicus 38 9 23 14.8 (11.1-20.2) [30] -0.531(p=0.001)
Micromys minutus 37 4 4t 18.5(13.1-22.4) [27] 0.007 (p=0.966)
Microtus oeconomus 35 4 75 19.3(13.8-27.5) [26] 0.242 (p=0.155)

Apodemus sylvaticus 33 3 8.0 18.4(13.8-29.6) [22] 0.116 (p=0.499)

Microtus agrestis 19 1 8.2 20.4(18.3-31.1) [13] 0.460 (p=0.005)
Muscardinus avellanarius 13 0 17.8 20.7(20.2-31.1)[9] 0.496 (p=0.002)
Microtus subterraneus 12 3 2.3 11.3(10.5-29.6)[10] -0.240 (p=0.159)
Neomys fodiens 11 0 11.2 20.3(18.5-23.5)[10] 0.305 (p=0.071)

Arvicola amphibius 9 1 8.6 19.4(14.8-20.4) [6] 0.097 (p=0.573)

Mustela nivalis 5 1 8.6 13.1(11.3-29.6) [5] -0.030 (p=0.861)
Sicista betulina 1 0 20.2 - -

centre and the share of a given species in
the tawny owl diet. Comparisons of the me-
dian distances of records from the city cen-
tre were made by means of Mann-Whitney
test. The relationship between the share of
a species in the owl’s diet (the number of in-
dividuals of a given species divided by the
number of individuals of all species) and the
distance from the centre of Warsaw was as-
sessed by means of Spearman correlation co-
efficient. Statistical significance was adopted
at p<o.0s. Calculations were performed with
the Statistica 10 software.

3. Results

Analyses involved 19 species of small mam-
mals. This group included common species
(Myodes glareolus, A. agrarius, Apodemus
flavicollis, Sorex araneus — in more than

50 sites) and very rarely (e.g. Sicista betu-
lina — at 1 site) preyed upon by S. aluco. The
most common species found in 70 sites was
M. glareolus. For the individual mammal
species, the sites closest to the city centre
were spread from 1.3 km to 20.2 km apart
(Table 2). Based on this parameter, one may
find that the species most intensively pe-
netrating the city were: A. agrarius, Mus
musculus, Rattus norvegicus and Talpa eu-
ropaea (the sites 1.3 to 2.3 km away from
the city centre) while the weakest invaders
were: Neomys fodiens, Muscardinus avella-
narius and S. betulina (11.2-20.2 km from
the centre). Most sites within the radius of
10 km from the centre of Warsaw (14 out of
15 analysed) were inhabited by A. agrarius
(Table 2).
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Table 3. Differences between the medians of the site distances from the city centre for selected pairs

of species. Statistically significant values (Mann-Whitney test) are given in bold

Compared pair of species /A p

Sorex araneus vs. Talpa europaea 0.82 0.412
Sorex minutus vs. Sorex araneus 1.30 0.192
Neomys fodiens vs. Sorex araneus 1.83 0.067
Microtus oeconomus vs. Microtus arvalis 0.69 0.490
Microtus agrestis vs. Microtus arvalis 1.85 0.062
Microtus agrestis vs. Mus musculus 2.10 0.036
Microtus agrestis vs. Rattus norvegicus 214 0.032
Myodes glareolus vs. Apodemus flavicollis 0.19 0.848
Apodemus flavicollis vs. Apodemus agrarius 0.34 0.732
Microtus agrestis vs. Apodemus agrarius 1.82 0.067
Muscardinus avellanarius vs. Talpa europaea 2.57 0.010
Muscardinus avellanarius vs. Microtus subterraneus 2.30 0.022
Muscardinus avellanarius vs. Myodes glareolus 2.08 0.038
Muscardinus avellanarius vs. Mus musculus 2.64 0.008
Muscardinus avellanarius vs. Rattus norvegicus 2.57 0.010
Muscardinus avellanarius vs. Apodemus agrarius 2.29 0.022

The presence of most species in the sites
with minimum 100 identified individuals
was quite variable with respect to the dis-
tance from the centre. Hence, the medians of
this characteristic were usually ten to twenty
kilometres. The highest values — more than
20 km (indicating the avoidance of the city) —
were noted for Sorex minutus, N. fodiens,
Microtus agrestis and M. avellanarius (Ta-
ble 2).

Some species showed statistically signif-
icant relationships between their share in
the diet of S. aluco and the distance from
the city centre (Table 2). Those more fre-
quently hunted in habitats outside the city
were: M. avellanarius, M. agrestis, M. glare-
olus and S. minutus; the reverse relationship
(an increase of the proportion in the diet to-
wards the centre) was found for: A. agrarius,
T. europaea and R. norvegicus. Within the
genus Sorex, the species best tolerating the
increasing development of urban areas was
S. araneus. Among the common and numer-
ous forest rodents, M. glareolus avoided the
city agglomeration more than A. flavicollis.

The presence itself of a given species in
particular sites was not a parameter strongly

determining its association with the city.
Statistically significant differences between
the medians of distances from the city centre
were demonstrated in only few cases when
pairs of species were compared. M. agrestis
was distinct as compared to synanthropic
species (M. musculus, R. norvegicus). Most
separate species in this aspect appeared
M. avellanarius (Table 3).

4. Discussion

Urban communities of animals, compared
with those living outside the cities, usually
show marked species impoverishment (Cler-
geau et al. 2001, McKinney 2008, Klimant
et al. 2017). Relatively few species are able
to adapt to specific habitats characterized
by human activities. Urban communities
are dominated by a small group of species
able to inhabit anthropogenically trans-
formed habitats (Woolfenden and Rohwer
1969). Results presented here also demon-
strate a distinct decline in the number of
small mammal species in the central part
of the city. Seven species were found within
the radius of 5 km from the city centre while
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17 species were noted in the whole town and
its suburbia (Table 2).

A specific feature of Polish towns is the
abundance of A. agrarius in communities
of small mammals — this was also noted
in Warsaw (Andrzejewski et al. 1978,
Goszczynski et al. 1993, Gryz et al. 2008,
Gortat et al. 2014). Local densities of this
rodent are 5 to 10 times higher in Warsaw
than in habitats outside the town (Gliwicz
et al. 1994). The species was abundant
and frequently recorded in other towns
of Eastern Europe (Tikhonova et al. 2012),
though in Western Europe, e.g. in the
British Isles, the dominant urban species
is Apodemus sylvaticus (Baker et al. 2003).
The results presented here on the degree of
penetration of the Warsaw agglomeration
by A. agrarius confirm the recent findings.
The species belongs to a small group of
animals noted in the direct vicinity of the
central point of Warsaw. Similar pattern
was observed for M. subterraneus, which
synurbic populations are known not only
in Warsaw, but also in other cities, e.g. in
Slovakia (Klimant et al. 2017).

The similar pattern of occurrence was
shown for R. norvegicus, which is under-
standable having in mind that it is a strongly
synanthropic species more closely asso-
ciated with built-up areas (Traweger et al.
2006) than A. agrarius, which finds favour-
able conditions in urban greens, in parks
(Babinska-Werka et al. 1979). Similarly, an
intensive penetration of Warsaw agglomera-
tion was noted for another synanthropic ro-
dent — M. musculus, though its share in the
community of small mammals was smaller.
The latter species has been frequently noted
as abundant in many towns both in Europe
(Tikhonova et al. 2012, Kelcey 2015) and in
other continents (Advani 1995, Gomez et al.
2008).

T. europaea has also penetrated deep
into the built-up areas, this species finds
favourable conditions in the town greens.
The species is eurytopic and tolerates
markedly transformed areas inhabiting
both large forest complexes and city lawns

(Amori et al. 2008). Open areas in the
Warsaw agglomeration were also settled by
M. arvalis, which could be found relatively
close to the centre. This is a proof of
a remarkable adaptability of this species in
habitat selection.

Species poorly penetrating urban areas
(M. avellanarius, N. fodiens, M. agrestis,
Arvicola amphibius, S. betulina, S.minutus
and M. glareolus) presumably did not find
suitable living conditions in the city. The
first five species are neither common nor
numerous even in the outskirts of Warsaw
(Pucek and Raczynski 1983, Lesiiski and
Gryz 2008, Lesinski et al. 2013, Romanowski
et al. 2014), which is an effect of a limited
availability of the appropriate habitats. Most
of them dwell in the substantially moist
habitats, which are practically absent in the
large city. A nearly significant coefficient
of correlation between the percent of
N. fodiens in the total number of animals
hunted and the distance from the centre of
Warsaw was documented. The relationship
seems probable but small sample (10 sites)
makes tough evidence difficult. This species
is associated with water bodies and usually
avoids urban areas (Goszczynski et al. 1993,
Zalewski 1994, Gortat et al. 2014).

Noteworthy, A. flavicollis has recently
been more and more often noted in
Warsaw greens, which might indicate an
intensification of its penetration (Gortat
et al. 2014, Krauze-Gryz et al. 2015). In
the 1970s and 1980s the species was noted
in Warsaw less frequently and contributed
less to the community structure of small
mammals (Goszczynski et al. 1993). In
our studies, the site of A. flavicollis closest
to the centre was situated at a distance of
7.5 km (Table 2) while in other studies it was
noted even closer (about 3.5 km) in Park
Skaryszewski (Krauze-Gryz et al. 2015).

Data presented in this paper indicate that
small terrestrial mammals are sensitive
to the advancement of urbanization. The
most developed central zone of the city
is penetrated by about 1/3 of species
representing local fauna, and no more than
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three species (A. agrarius, T. europaea and
R. norvegicus) might be considered as well
adapted to living in the city greens under
a strong human impact. The enrichment of
small mammal communities by immigrating
species could be facilitated by planting green
belts (ecological corridors), to connect the
existing parks and larger green areas, and by
removing barriers such as large traffic arteries
through, for example, building passages
under roads. Where natural conditions
permit, one may create nature reserves
facilitating the restoration of small mammal
communities (Lesifiski and Gryz 2012).
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Ktore gatunki matych ssakéw toleruja tereny silnie zurbanizowane -
badania w aglomeracji warszawskiej i na terenach otaczajacych

Streszczenie

Celem pracy byto okre$lenie stopnia zasiedlania terendéw zurbanizowanych przez poszczegéine gatunki matych
ssakéw zwigzanych z podtozem, a co za tym idzie ich tolerancji na zmiany w $rodowiskach wywotane urbanizacja
i czestg penetracjg ludzkg. Badania przeprowadzono w aglomeracji warszawskiej i na terenach jg otaczajacych w pro-
mieniu 50 km od centrum miasta. Wykorzystano zbiory zrzutek puszczyka Strix aluco zebrane na 85 stanowiskach.
Analiza materiatu kostnego wykazata 15152 osobniki drobnych ssakéw. Gatunkami, ktére najsilniej penetrowaty
aglomeracje miejska byty: Apodemus agrarius, Mus musculus, Talpa europaea, Rattus norvegicus i Microtus subter-
raneus. Najblizsze centrum stanowiska tych gatunkéw znajdowaty sie w odlegtoéci 1,3-2,3 km. Natomiast Microtus
agrestis, Mustela nivalis, Arvicola amphibius, Neomys fodiens, Muscardinus avellanarius i Sicista betulina wykazaty
najwiekszy stopien unikania srodowisk miejskich, a ich stanowiska najblizsze centrum znajdowaly sie odpowiednio
w odlegtosci: 8,2, 8,6, 8,6, 11,2, 17,8 i 20,2 km. Gatunkami, ktorych udziat w diecie séw najbardziej zmniejszat sie
wraz z oddalaniem sie od centrum aglomeracji miejskiej, byly: A. agrarius i T europaea, podczas gdy odwrotna
zaleznos¢ wykazano dla M. agrestis i M. avellanarius. Mate ssaki zwigzane z podtozem sg wrazliwe na postepujaca
urbanizacje terenu i fragmentacje ich srodowisk, o czym $wiadczy fakt, ze centralna cze$¢ aglomeracji warszawskiej
byla zasiedlana jedynie przez ok. 1/3 gatunkow lokalnej fauny.

Stowa kluczowe
gryzonie, ryjowkoksztattne, urbanizacja, miejskie tereny zielone, fragmentacja srodowisk




