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Abstract: Preliminary research conducted in Warsaw in the 1970s and 2000s showed that roe deer
(Capreolus capreolus) stayed in forest habitat and avoided anthropogenic areas. Activity and explo-
ration patterns of animals are shaped by indices of anthropogenic disturbances, elevated in large
cities. The aims of the study were (1) to compare the presence of roe deer in natural and anthro-
pogenic habitats of Warsaw during three periods: 1976-1978, 2005-2008 and 2017-2021, based on
snow tracking on transect routes (681.2 km in total), and (2) to describe the presence and activity
of roe deer in relation to human disturbances in selected urban forests in its reproductive period
(March—-August), based on camera trap survey (2019-2020, 859 observations, 5317 trap-days in total).
The number of tracks was higher in natural habitat during all three periods, with the highest value in
2017-2021 (9.85/km/24 h). The peak of roe deer activity was recorded at dusk, and it changed with
moon phases between spring and summer. Landscape connectivity and level of light pollution did
not affect the activity pattern of roe deer. Our research showed that roe deer inhabiting urban areas
avoided human presence by using well-covered habitats and being active in periods when the level
of human disturbance was lower.

Keywords: Capreolus capreolus; ungulate; urban forests; human disturbances; daily activity; moon
phases

1. Introduction

Urbanization is considered a global threat to biodiversity [1]. The development of
urban areas has increased worldwide over the last 30 years, and is expected to triple
between 2000 and 2030, with an increase of world urban population to nearly 5 billion
by that time [2]. Urban areas are characterized by high human density, large areas of
impervious surfaces and built infrastructure [1,3-6]. That causes profound and ongoing
changes in environment, i.e., abiotic environmental conditions (e.g., pollution) and to
landscape structure [7]. Urban-associated landscape changes result mainly in habitat loss,
fragmentation and reduced size and connectivity of landscape patches [8-12]. By limiting
the movement of most species, the richness of biodiversity declines in the dense core of
built-up urban areas [13].

In the present world, areas of undisturbed wilderness are rapidly decreasing, com-
pelling wild mammals to integrate into urban environments. In recent decades, the number
of studies on wildlife functioning in urban areas has rapidly increased, most of them
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concerning mesopredators (e.g., red fox Vulpes vulpes, badger Meles meles, stone marten
Martes foina) [14-17], rather than ungulates (with the exception of wild boar Sus scrofa) [18].
Some research showed that human presence and activities accumulating in urban areas
result in disturbances perceived by animals as analogous to the presence of natural preda-
tors [19-21], or can even exceed the effect of predation risk [22]. To deal with anthropogenic
stressors, animals may shift their activity to more sheltered habitats, darker nights or be-
come more nocturnal [23,24]. On the other hand, some of the papers showed that animals
maintain their natural rhythms [25].

One of the most numerous ungulates in Poland is the roe deer Capreolus capreolus,
whose population increased extensively in recent decades [26]. Roe deer, like other ungu-
lates, inhabits mainly woodland and open habitats, often utilizing the ecotone between
forests and agricultural areas [27-29]. However due to overabundant population in natural
habitats, roe deer can inhabit suboptimal, human-transformed landscape [30,31]. Roe deer
has recently been observed in urban areas, inhabiting mainly suburbs [31,32], where higher
share of well-covered habitats enables roe deer to hide from human and human-related
predators, i.e., dogs (Canis familiaris) [8].

Snow tracking conducted in Warsaw in the 1970s showed the presence of roe deer
only in urban forests, especially in peripheral zones of the city, while the snow tracking
data from the 2000s showed incidental presence of roe deer in anthropogenic habitat
(urban parks), closer to the city center (Goszczynski J., unpubl. data). This suggests a
possible gradual increase of roe deer in suboptimal, human-modified habitats, despite high
sensitivity to human disturbances. Therefore, the aims of the research were (1) to compare
the presence and abundance of roe deer in natural and anthropogenic habitats, based on
historical (Goszczyniski J., unpubl. data) and present snow tracking data collected along
transect routes in various habitats in Warsaw; and (2) to describe changes in the presence
and activity of roe deer in relation to human disturbances in selected urban forests, as the
most often selected habitat. We hypothesized that in the last few years the abundance of
roe deer in the anthropogenic habitat has increased. Nevertheless, urban forests remain
the main habitat for roe deer, so with high level of human disturbances in urban forests,
roe deer will have to adapt behaviorally to avoid contact with human and human-related
predators. This will be shown by (1) observing higher daily activities at nights because
human activity is then lowest, (2) higher activity patterns during dark nights compared
to bright nights using moon phases and (3) observing a lower frequency of occurrence in
forest complexes with higher level of light pollution.

2. Materials and Methods
2.1. Study Area

Warsaw (52°13/47” N, 21°00'42” E), the capital of Poland, is the largest (517 km?) and
most populous (3437 inhabitants /km?) city in the country [33]. It is situated at an altitude
of 113 m above sea level in a temperate zone, with an annual rainfall of about 500 mm
and an average temperature of 7.7 °C [34]. The Vistula River flows throughout Warsaw
and divides city into two parts. Warsaw is characterized by a high proportion of green
areas [33,35]: urban forests, parks, botanical and zoological gardens, squares, cemeteries,
allotments, home gardens, residential and roadside vegetation, and natural riparian forests
(Nature 2000 protected). Urban forests constitute ca. 15% of the city area. Urban forests are
located mainly in peripheral districts of the city.

2.2. Data Collection

We used present and historical snow tracking data on transect routes to describe
the temporal changes in the roe deer abundance in different habitats in Warsaw. Snow
tracking was conducted during three different periods: (1) 1976-1978 (two winter seasons)
done by Professor J. Goszczyniski (unpubl. data), (2) 2005-2008 (three winter seasons)
and (3) 2017-2021 (four winter seasons). Snow tracking was conducted in winter months
(December to February) when the snow cover depth exceeded 1 cm. The number of tracks
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was noted per 100 m of tracking route. Snow footprints were easily trampled in areas
with high dog and human activity, so we started snow tracking as early as 12 h after the
snowfall (but only if it stopped snowing in the afternoon at the latest). Simultaneously,
snow tracking was done up to two days after snowfall in areas less penetrated by humans.
In all cases, the number of snow registered tracks was recalculated per 24 h after a snowfall.

Tracking routes were distributed randomly throughout Warsaw, in different types
of habitats (e.g., forests, agriculture areas, urban parks and cemeteries, built-up areas).
The length of transect routes differed between habitats. For further calculations we dis-
tinguished only between two types of habitats—natural (forests and open areas) and
anthropogenic (urban area, other green areas: e.g., cemeteries, parks). In total, 681.2 km of
snow tracking on transect routes was done (Table 1). Results of snow tracking allowed for
showing the relative index of abundance of roe deer in natural and anthropogenic habitats
in Warsaw, defined as number of tracks/1 km of transect routes/24 h.

Table 1. The length of snow tracking transect routes to determine roe deer abundance in natural and
anthropogenic habitats of Warsaw during three research periods (1976-1978, 2005-2008, 2017-2021).

Length of Transect Routes in Habitats [km]

Research Period

Natural Anthropogenic
1976-1978 96.2 79.5
2005-2008 39.0 180.8
2017-2021 146.0 139.7
in total 281.2 400.0

To determine the activity patterns of roe deer, we used camera traps set randomly in
selected urban forests (Figure 1) in spring and summer of 2019 and 2020, assuming that
urban forests are the main habitat of roe deer. Moreover, setting camera traps in open areas,
urban parks and cemeteries, or built-up areas may result in their theft or damage.

Camera traps were located in eleven different forest areas, six on the northeastern side
of Warsaw (on the right bank of the Vistula River) (Henrykéw and Dabréwka Forest Park,
Brodno Forest Park, Utrata Forest, Sobieski Forest, Olszynka Grochowska Nature Reserve
and Kaweczyn Nature Reserve), and five on the west bank of Vistula River (Mlociny Forest,
Bielany Forest, Morysin Nature Reserve, Natolin Forest Nature Reserve, Kabaty Forest
Nature Reserve). The forest complexes investigated differed in size (45-917 ha) (Table A1).
During the exposition period, the camera trap was regularly inspected at 1-1.5 month
intervals. During the inspection, the batteries and memory card were changed, and the
camera trap locations were changed to minimize the risk of recording the same individuals.

We used several types of camera traps (Reconyx HyperFire: PC90, PC800, PC850,
PC900, RECONYX, Inc., Holmen, WI, USA; Ltl Acorn 6210 MC, Zhuhai Ltl Acorn Elec-
tronics Co., Ltd., Zhuhai, Guangdong, China; Browning Spec Ops Advantage, Browning
Trail Cameras, Morgan, UT, USA) that differed slightly in the way of records acquisition.
Reconyx camera traps took a series of three photos, at one-second interval, while Acorn
and Browning devices took a single photo at one-second interval. The camera traps were
set on trees, 30 cm above the ground to register adult and juvenile individuals of roe deer.
We did not use any attractant to lure animals.

Camera traps were set in 27 (2019) and 34 (2020) locations in February and disassem-
bled mostly late summer/early autumn. For the analysis, we used data from March to
August, i.e., roe deer reproductive period (as defined by implantation in females, antler
growth through roe bucks territorialism to rut) [37]. In total, data for 5317 camera trap-days
were collected.



Forests 2021, 12,970

4of 14

Il Forest areas

Semi-natural green areas
[0 Other green areas
[ Non-vegetation open areas
I Urban areas
I Water areas

Il Selected forest areas

Figure 1. Distribution of urban forests in Warsaw where camera traps were set in the years 2019-
2020 to study roe deer activity patterns. The numbers show selected forest areas: 1. Henrykow
and Dabréwka Forest Park, 2. Brodno Forest Park, 3. Utrata Forest, 4. Kaweczyn Nature Reserve,
5. Olszynka Grochowska Nature Reserve, 6. Sobieski Forest (incl. Jan III Sobieski Nature Reserve),
7. Morysin Nature Reserve, 8. Natolin Forest Nature Reserve, 9. Kabaty Forest Nature Reserve,
10. Bielany Forest and 11. Mtociny Forest. Types of land cover were taken from CORINE Land
Cover [36]. Six types of land cover were distinguished: forest areas (all natural wooded areas), semi-
natural green areas (arable land, pastures, heterogeneous agricultural areas, shrub and/or herbaceous
associations), other green areas (artificial, non-agricultural vegetated areas and permanent crops), non-
vegetation open areas (open spaces with little or no vegetation, mine, dump and construction sites),
urban areas (urban fabric, industrial, commercial and transport units) and waters (water bodies).

We recorded each roe deer appearing in the images without distinguishing between
individuals. A new observation was considered if a minimum of 15 min elapsed between
subsequent photos or series of photos showing an animal/animals. This rule was aban-
doned only when an animal in the photo was different in age, sex, body condition and
antler development, indicating clearly that the animal in the photo was a different indi-
vidual than the one previously registered. A group of different individuals appearing in
one picture or a series of pictures was also recorded as a single observation. Camera traps
recorded date of the observation, time (24 h record) in Central European Time (CET), and a
moon phase.

We analyzed activity of roe deer in months, seasons (spring: March-May, summer:
June-August) and within the 24 h period. We used the time of sunrise and sunset for
Warsaw in the years 2019-2020 [38] converted to CET and defined diurnal period as the
time between sunrise and sunset, and night as the time between 1 h after sunset and 1 h
before sunrise. We defined the crepuscular periods as one hour before sunrise (dawn)
and one hour after sunset (dusk) [39]. We analyzed the activity of roe deer in eight moon
phases: new moon, waxing crescent, first quarter, waxing gibbous, full moon, waning
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gibbous, last quarter and waning crescent. As the moonlight may influence the behavior
of prey species, we divided moon phases into dark (new moon, waning crescent, waxing
crescent) and bright nights (full moon, waning gibbous, waxing gibbous). The activity of
roe deer in moon phases and in dark and bright nights was analyzed for nocturnal period
(time of a day when there was no sunlight: dawn, dusk and night) [40].

Finally, we analyzed the impact of human disturbances, defined as light pollution and
landscape fragmentation, on roe deer frequency of occurrence (defined as N observations
per 100 camera trap days for a given forest complex) in urban forests under study. To
investigate influence of human disturbances on roe deer occurrence, we adopted level of
light pollution based on Visible Infrared Imaging Radiometer Suite (VIIRS) after [41] for
localization of each camera trap and averaged the values for each forest complex (Table
A2). We assumed that landscape connectivity is provided by green spaces in the city:
wooded areas, shrubs and green open spaces (arable lands and remaining green spaces).
Therefore, we analyzed the level of isolation of urban forests under study. We set a 250 m
buffer zone around each forest, in which the shares of forest areas, semi-natural green
areas (arable land, pastures, heterogeneous agricultural areas, shrub and/or herbaceous
associations), other green areas (artificial, non-agricultural vegetated areas, permanent
crops), non-vegetation open areas (open spaces with little or no vegetation, mine, dump
and construction sites), urban areas (urban fabric, industrial, commercial and transport
units) and waters (water bodies) were calculated (Table A3). The information and data on
topographic objects were taken from CORINE Land Cover published in 2021 [36], which
presented the biophysical characteristic of Earth [42]. All maps and GIS analyses were
carried out in QGIS v3.10.

2.3. Statistical Analysis

All data processing, calculations and statistical analyses were performed in MS Excel
spreadsheet and PAST4.03 software [43]. For observed relationships and differences, we
assumed p = 0.05 as their significance level. Prior to the analysis, distribution of the given
variable was tested for its normality with the Shapiro-Wilk test.

Density of roe deer tracks was compared using Kruskal-Wallis test followed by U
Mann-Whitney post hoc comparisons. Distributions of number of roe deer observations in
subsequent months in March—August period or in seasons (spring: March-May, summer:
June-August) were compared using the chi-square test. The same procedure was applied
for frequency of occurrence of roe deer in parts of the day or during the moon phases. To
compare the activity of roe deer during the day, we calculated mean occurrence per hour
of a given part of a day.

Mean number of observations of roe deer per 100 trap-days calculated for each forest
complex was correlated with light pollution and share of forest areas, other green areas,
other open areas, semi-natural green areas, urban areas and water in 250 m buffer zones
around a given forest complex. For those analyses, Pearson correlation coefficient was used.

3. Results
3.1. Abundance of Roe Deer in Different Habitats of Warsaw Using Snow Tracking Data

The highest density of roe deer tracks (9.85/km /24 h) was recorded in natural habitats
in the third period of research (2017-2021), while no roe deer were observed in anthro-
pogenic habitat in the first period (1976-1978) (Figure 2). In general, natural habitats were
characterized by a significantly higher density of roe deer tracks (U= 1,541,653, p < 0.001)
for all analyzed periods. Various periods were characterized by significantly different roe
deer abundance (H = 32.39, p < 0.001). Significant differences were found between the
density of roe deer tracks in 1976-1978 and 2005-2008 (U = 633,900, p < 0.001) and between
2005-2008 and 2017-2021 (U = 16,600, p < 0.001).
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Figure 2. Mean (+SE) number of roe deer tracks in two different types of habitats in Warsaw as
recorded by snow tracking along transect routes in the three study periods: 1976-1978, 2005-2008,
2017-2021.

3.2. Activity Patterns of Roe Deer in Warsaw Urban Forests Using Camera Traps Data

In total, 859 observations of roe deer were recorded in forest complexes in Warsaw
during March—August for the years 2019-2020 (442 in year 2019 and 417 in 2020). There
were no significant differences between the number of observations in 2019 and 2020
(x2=0.72,df =1, p > 0.05). The total number of observations was not uniformly distributed
among analyzed months (x2 = 47.6, df = 11, p <0.001) and seasons (x2 = 22.5, df = 1,
p < 0.001) with 23% of observations in April (58% observations recorded in spring) and
10% in June. Most of the observations were recorded during the day-time (67.8% of all
recorded observations) (Figure 3).

Days of year

Dawn emmDusk o Roe deer

Figure 3. Temporal pattern of roe deer activity in a reproductive period (March-August) in urban forests of Warsaw in the

years 2019-2020. Each dot refers to one case of roe deer presence recoded by a camera trap.

Mean number of roe deer observations per one hour did not differ between parts of
the day in spring and summer (x2 = 1.18, df = 3, p > 0.05). The majority of the observa-
tions were noted in crepuscular time of day in spring (dawn—>5.3/h, dusk—6.0/h) and
summer (dawn—3.2/h, dusk—3.5/h). The lowest values were noted for nights, while
in summer the numbers of observation per 1 h of day and night were similar (2.5 and
2.4 observations/h, respectively) (Figure 4). Roe deer activity during day or night was not
significantly correlated with the length of day or night (r = —0.50, p = 0.12 and r = 0.09,
p = 0.80, respectively).



Forests 2021, 12, 970

7 of 14

=
= 8
w0
c
5 6
e
(@]
2 4
wn
Q
S 2
ey
o
Z 0

Spring Summer

=
= 8
é}
S 6
§
§ 4
Q

I ©c 2
Z 0

dawn day dusk night dawn day dusk night
(@) (b)

Figure 4. Mean (+SE) number of roe deer camera-trap observations per one hour during different parts of the day during
(a) spring (March-May) and (b) summer (June—August) in urban forests of Warsaw in years 2019-2020.
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In general, the frequency of observations in moon phases did not differ during noc-
turnal (night, dawn, dusk) periods (x2 = 11.5, df = 7, p = 0.119), but the number of roe
deer observations in certain moon phases differed between spring and summer (x2 = 14.60,
df =7, p = 0.042) (Figure 5). The frequency of nocturnal observations at bright and dark
nights was similar (51.3% and 48.7%, respectively, n = 227, x2 = 0.13, df = 1, p = 0.721).

T

new moon

waxing first quarter waxing fullmoon waning last quarter waning
crescent gibbous gibbous crescent

Espring Osummer

Figure 5. Number (+SE) of roe deer camera-trap observations in different moon phases during spring (March-May) and

summer (June—August) in urban forests of Warsaw in years 2019-2020.

Mean numbers of roe deer recorded by individual trap per 100 trap-days were not
related to the level of light pollution assigned to a given forest complex (r = 0.007, p = 0.839).
Furthermore, in the case of studied forest complexes, we found no significant relationship
between mean number of recorded animals per 100 trap-days and any of the analyzed
parameters describing the impact of human disturbances on roe deer occurrence (Table A4).

4. Discussion

Ungulates are characterized by high behavioral plasticity, which allows them to
inhabit heavily human-modified areas, including cities [44,45]. In these habitats, human
disturbances are often considered to be analogous to predation risk [19]. This may lead
to shifts in temporal and spatial activity patterns of animals [46,47], and an increase in
their vigilance levels [48] or flight distances [49]. In line with the assumptions presented
in the introduction, we found that human disturbances affected abundance and activity
patterns of roe deer in urban areas of Warsaw. Abundance of this species was highest in
more sheltered habitats (urban forests). Roe deer activity pattern varied depending on the
time of day and moon phases.



Forests 2021, 12,970

8 of 14

Our study, based on snow tracking, showed that winter abundance of roe deer in
Warsaw was highest in natural habitats (forests and open, mostly agricultural areas) in
every period of research (1976-1978, 2005-2008 and 2017-2021). Ciach and Frohlich [44]
showed that winter occurrence of roe deer in urban areas was correlated with presence of
open areas, providing high-quality food resources for roe deer during this season [27,50]. In
turn, wooded areas provide effective camouflage for this species [23], not only in winter but
all year round, therefore, roe deer may seek shelter here from humans (see [25]). Moreover,
animals may buffer human disturbances by adjusting their activity in time and space [24];
in addition, roe deer may shift from open to more wooded habitats, staying hidden in
forest refuges during the day, and foraging in open areas at night [23,48].

Our research showed that roe deer tracks were noticed in anthropogenic types of
habitat more often in 2017-2021 than in previous study periods. This might be linked to
change in various habitat types of Warsaw since 1970s, including an increasing share of
built-up surfaces. Roe deer from an overabundant population inhabiting natural areas may
be pushed into human-modified landscape [30]. Resulting from a high level of behavioral
plasticity (e.g., [51]), roe deer can live in cities [44]. For the last two decades, Warsaw
has gone through dynamic development process, which caused a decrease in the share of
natural habitats. As a result, during migration or daily activities, roe deer may be forced to
leave its natural habitat (forest and open areas) and penetrate more human-transformed
areas. Moreover, the Vistula River flows throughout the entire city, an important ecological
corridor for mammalian species, but this may also enable animals to penetrate city areas
far from the source habitats, i.e., the forests [17].

Disturbance caused by humans affects selection of habitats by animals [52-54]. Proxim-
ity to trails, roads or buildings (which are associated with increased human activity), leads
to avoidance of such areas [23,55]. Nevertheless, our research showed that the frequency
of camera trap survey-based occurrence of roe deer in spring—summer and in certain urban
forests in Warsaw was not linked to land cover around forest complexes. This is in line with
findings of other studies, which claimed that human disturbances may have no significant
effect on roe deer space use or vigilance, when density of human infrastructures is very
high [25,48]. Urban landscape is highly heterogeneous with patches of optimal habitats
surrounded by a matrix of human-transformed habitats, which most will be of low utility
for the species. It may be assumed that relatively natural areas will be used by roe deer if
only they offer food and shelter, and may be reached by migrating individuals. Distances
from one patch of habitat to another are rather small, so with high population density in
source habitats (forests located at the borders of the city and in larger suburban forests)
most urban forests will be assumingly reached and inhabited.

Daily activity of animals can vary, depending on many conditions, including predation
risk [56,57]. Most often, observed adjustment to living in anthropogenic landscape is
shifting activity to periods of lower detectability [58]. Such shifts relate to patterns of
daily activity, and influence of moon phases. In natural habitats with predators present,
bimodal activity pattern is typical for roe deer [45,55,56]. Animals, living in close proximity
to humans, may become more nocturnal to avoid high-risk periods, since humans are
mostly active during the day [58]. Indeed, such activity pattern was observed for roe deer
under human disturbance [23,45,55]. Our study showed very low activity of roe deer in
urban forests during nights in the seasons that were investigated. On the one hand, this
result might be linked to chosen methods. The effectiveness of camera traps during dark
night hours might be lower than during day and crepuscular parts of day. On the other
hand, human activity in urban areas is greatest during daylight hours [58], and despite the
amicable spring and summer weather, it ends at dusk. Our results showed that activity
pattern of roe deer in Warsaw was bimodal, connected with crepuscular periods of day and
the higher peak occurring during dusk. Moreover, the activity of roe deer in different parts
of day did not differ between spring and summer, while other authors showed monthly
changes in distribution of roe deer activity in reproductive period (March—August) in



Forests 2021, 12,970

9of 14

natural habitat. According to Krop-Benesch et al. [37], the March and May activity of roe
deer was higher at dusk, while in June-August higher activity level was observed at dawn.

Moon phases may influence animal behavior (e.g., [59]), including predator—prey
interactions [60,61]. Animals being prey for predatory species shift their activity to darker
nights and darker moon phases [62]. There is lack of consistency whether roe deer reacts to
moonlight intensity; however, some research showed no influence of moon phases on roe
deer activity [56]. Our research showed that moon phases influenced roe deer activity in
urban forests of Warsaw, with the highest value obtained for waxing gibbous, one phase
before the full moon, when the moonlight increases. Our findings concur with Kurt [63],
who showed that roe deer may be more active during bright nights.

Even in urban areas, roe deer preferred natural to anthropogenic habitats, which was
confirmed by our study that started in the 1970s in Warsaw. Roe deer inhabited mainly
urban forests, which provided shelter from human disturbances, and allowed animals to
be active with increasing moonlight and possibility to be detected. In turn, during the day,
roe deer shifted its activity to times when the presence of humans and dogs in urban forest
decreased.

5. Conclusions

Urbanization has led to severe habitat fragmentation and loss, and has brought
humans and wildlife in close proximity, affecting both. In a highly heterogeneous and
often hostile urban matrix, roe deer inhabits green, wooded areas, which offer shelter
and exploits surrounding open spaces for feeding. Indeed, in Warsaw, winter abundance
indices of roe deer snow tracks were the highest in natural habitats during all three periods
of research. We found no specific spatial characteristics that would influence frequency of
occurrence of roe deer within urban forests. This suggests that urban forest is a sufficient
refuge regardless its surroundings and points to maintained ecological connectivity within
urban matrix. Nevertheless, our research showed that roe deer inhabiting urban area
avoided human presence, first by using well-covered habitats but also shifting its temporal
activity. It reduced activity during the time when humans were more active, but at the
same time its nocturnal (including dawn and dusk) activity was higher with increasing
moonlight intensity (waxing gibbous) in the summer season. Overall, the study showed
considerable plasticity of the species, which adapted to human-transformed landscape and
exploited most suitable habitats, while its behavior altered to avoid human disturbance.
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Appendix A
Table Al. Characterization of urban forests where the camera traps were distributed in urban forests of Warsaw in the years
2019-2020.
Number of Forest Area Number of . . Dates of Camera
Urban Forest Urban Forest (ha) Location Latitude Longitude Trap Exposition
1 52°20.349' N 20°58.256' E 02.03.-27.06.2019
2 52°20.362' N 20°58.209' E gé'gi"gg'g%gég
Henrykoéw i .04.-13.07.
1 Dabrowka 201.37 02.03.-01.05.2019
Forest Park 3 52°21.086' N 20°57.385' E 17.06.-29.09.2019
25.02.-04.04.2020
4 52°20.268' N 20°58.275' E 07.03.-20.04.2020
1 52°17.909' N 21°04.015" E 24.02.-20.05.2020
Brédno Forest o / o ’ 02.03.-07.05.2019
2 Park 139.00 2 52°18.037" N 21°03.924' E 24.02.-14.07.2020
3 52°18.156' N 21°03.787' E 02.03.-07.05.2019
3 Utrata Forest 102.90 1 52°16.057' N 21°06.698' E 05.03.-04.06.2019
o , o , 05.03.-12.03.2019
A Kaweczyn 1318 1 52°15,249' N 21°08,733' E 3.02.-21.04.2020
Nature R ’
ature Heserve 2 52015242’ N 21°08,285' E 10.03.-21.04.2020
Olszynka 1 52°14.896¢' N 21°07.301' E }S‘gz'i’g‘g;';g}g
5 Grochowska 58.91 VDT LL
Nature Reserve 2 52°14.873' N 21°07.328' E 12.05.-13.10.2020
o , o , 09.03.-01.06.2019
1 52°13.756' N 21°10.215" E 18.02.-07.07.2020
09.03.-07.05.2019
o / o !/
2 52°13.746' N 21°10.163"' E 21.04-07.07.2020
6 Sobieski Forest 765.75 3 52°14.020' N 21°09.664' E 01.03.-17.07.2019
07.05.-04.10.2019
o ! o /
4 52°13.941' N 21°10.550" E 18.02.-03.03.2020
5 52°13.599' N 21°10.388' E 18.02.-01.03.2020
52°13.744' N 21°10.214' E 08.03.-21.04.2020
09.03.-25.04.2019
15.07.-05.09.2019
o U [e) /
Morysin Nature 1 52°10.508' N 21°06.134' E 09.02.-23.02.2020
7 45.04
Reserve 14.09.-22.10.2020
2 52°10.529' N 21°06.117" E 29.02.-11.05.2020
11.03.-14.05.2019
1 52°08.459' N 21°05.092' E 22.07.-31.12.2019
10.02.-29.06.2020
8 Natolin Forest 104.16 27.02.-11.03.2019
Nature Reserve ’ 2 52°08.611' N 21°04.223' E 29.04.-11.06.2019
09.03.-22.04.2020
3 52°08.421’ N 21°05.018' E 29.04.-22.07.2019

52°08.379' N

21°05.206’ E

05.06.-07.07.2020
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Table A1. Cont.

Number of Forest Area Number of . . Dates of Camera
Urban Forest Urban Forest (ha) Location Latitude Longitude Trap Exposition
1 52°06.985' N 21°03.229' E 03.03.-27.04.2020
26.02.-11.04.2019
2 52°07.455' N 21°03.054' E 18.05.-01.09.2019
27.04.-24.10.2020
04.03.-11.03.2019

o / o !/
3 52°07.753' N 21°02.823' E 19.05.-08.07.2019
o , o , 11.03.-07.04.2019
4 52°08.007' N 21°02.185" E 08.07 —15.08.2019
17.03.-31.12.2019

o / o /
5 52°07.305" N 21°05.380" E 07.01.-08.05.2020
Kabatv N 6 52°07.493' N 21°02.105' E 26.02.-04.03.2019

abat ature

? Recerve o18.27 26.02.-17.06.2019
7 52°07.592' N 21°03.118' E 08.07.-28.09.2019
03.03.-24.10.2020
8 52°06.916' N 21°03.231' E 09.06.-24.10.2020
o , o , 14.03.-19.05.2019
9 52°07.550" N 21°02.105" E 24.04.-26.10.2020
19.05.-28.09.2019

o ! o !/
10 52°07.567' N 21°01.944' E 24.04.—-08.06.2020
11 52°06.878' N 21°02.499' E 09.03.-24.04.2020
12 52°07.384' N 21°05.316’ E 09.03.-24.04.2020
13 52°06.842' N 21°02.806’ E 09.03.-24.04.2020
14 52°06.912' N 21°02.416’ E 24.04.-09.06.2020
10 Bielany Forest 196.07 1 52°17.349' N 20°58.057' E 10.03.-22.09.2020
Mtiociny (Nowa 1 52°18864/ N 20°54.201' E 85‘82"13‘825853

1 Warszawa) 293.64 -03.-10.03.
Forest 2 52°19.114’ N 20°54.025' E 02.03.-06.05.2019
Appendix B

Table A2. Mean light pollution level (based on Visible Infrared Imaging Radiometer Suite (VIIRS))
for each urban forest in Warsaw in the years 2019-2020.

Urban Forest

Level of Light Pollution

Henrykow i Dabrowka Forest Park
Brédno Forest Park

Kaweczyn Nature Reserve

Utrata Forest

Olszynka Grochowska Nature Reserve

Sobieski Forest

Morysin Nature Reserve

Natolin Forest Nature Reserve

Kabaty Nature Reserve

Bielany Forest

Henrykow i Dabréwka Forest Park

10.45
16.38
16.00
12.63
9.88
24.64
6.37
15.22
523
17.18
10.45
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Appendix C

Table A3. Spatial parameters levels describing landscape connectivity for urban forests in Warsaw in the years 2019-2020.

% Share in 250 m Buffer of **
Urban Forest

Forest Semi-Natural Other Green Non-Vegetation Urban Water
Areas Green Areas Areas Open Areas Areas
Henrykoéw i Dabrowka Forest 195 70 _ ) 735 )
Park
Bréodno Forest Park - 15.5 25.3 - 59.2 -
Utrata Forest - 25.9 20.9 - 53.2 -
Kaweczyn Nature Reserve 40.9 - - - 59.1 -
Olszynka Grochowska ) ) 21.0 ) 79.0 )
Nature Reserve
Sobieski Forest 494 - 1.3 - 49.3 -
Morysin Nature Reserve 5.6 39.8 1.6 - 41.8 11.2
Natolin Forest Nature Reserve - 52.3 16.2 - 314 -
Kabaty Nature Reserve 8.7 34.5 - - 56.8 -
Bielany Forest 1.8 - 374 - 48.8 12.0
Miociny (Nowa 232 9.4 29.8 1.9 35.6 -

Warszawa) Forest

** dashes in cells indicate lack of area type in a buffer zone.

Appendix D

Table A4. Pearson correlation coefficients between selected environmental parameters describing
landscape connectivity with occurrence of roe deer (mean frequency of occurrence per 100 trap-days)
in urban forests of Warsaw as recorded by camera traps in the years 2019-2020.

Analysis Parameter r p
Forest areas 0.13 0.71
. Semi-natural green areas 0.34 0.31
share (%) in 250 m Other green areas —0.43 0.19

buffer around

Non-vegetation open areas —0.44 0.18
urban forests Urban areas —0.02 0.95
Water —0.22 0.52
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