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Here are presented the results of the analysis of daily activity patterns obtained from the data of camera traps
for five large mammals (elk A/ces alces, wild boar Sus scrofa, brown bear Ursus arctos, grey wolf Canis lupus,
Eurasian lynx Lynx lynx) and three medium ones (European badger Meles meles, raccoon dog Nyctereutes pro-
cyonoides, mountain hare Lepus timidus) for the territory of the Central Forest Nature Reserve, Valdai Upland,
Russia. Data were collected in the period 2010-2017 and the trap effort was 30 158 camera days from 21 loca-
tions. Most of the mammals surveyed showed activity at night and twilight hours (71% of the pictures). The hare
was most active among all and dominant at night. In many respects it is similar to the activity of a raccoon dog,
which type can be defined as nocturnal too. Unlike a hare, a raccoon dog has a weak peak in the daytime and
less activity in the night. Badgers movements are confined to the twilight and nighttime. The share of nocturnal
activity of large ungulates such as elk and wild boar was approximately the same and amounted to about 45%
of all registrations. The wild boar is slightly more active during the day and in the evening and is not active at
all in the morning. The elk is active in the morning, and in the daytime and to a lesser extent in the evening. The
lynx and the bear have similar cathemeral activity patterns: almost half of all their meetings occurred at daylight
hours and only slightly — less than 40% — at night. The brown bear had the maximum number of registrations
in the daytime among all the studied species. Despite the fact that the main object of lynx feeding in the reserve
is the hare, there was no high degree of overlap between them (4, = 0.75). In the group of large carnivores, the
wolf was noticeably distinguished, more than half of its registrations were at night, and a third — on daytime.
Daily activities of the wolf and its main prey elk showed a large overlap (&, = 0.89). The seasonal variations of
daily activity of all species were also shown. According to the results of factor analysis, each of the studied spe-
cies was divided into one of three separate groups. The first group included species with a tendency to nocturnal
activity (wolf, elk, hare, badger, and raccoon dog), the second group — cathemeral animals (bear and lynx). In
the third group was only the wild boar, whose activity was associated with the evening hours. This is the first
long-term continuous camera trap survey in Russia and it provides detailed daily activity patterns for multiple
large and medium-sized sympatric mammals.
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Introduction

The study of the animal activity patterns is
an important area of the science of their behav-
iour (Sokolov & Kuznetsov, 1978; Munro et al.,
2006; Yamazaki et al., 2008; Bridges & Noss,
2011; Schai-Braun et al., 2012; Podolski et al.,
2013; Lendrum et al., 2017). Temporal activity
models are one of the main components of the gen-
eral models of space and time use by species and,
thus, represent an important aspect of the ecologi-
cal niche of the organism (Roth & Huber, 1986).
The theory of optimality assumes that animals
provide their well-being, constantly choosing be-
tween the available resource and the physiological
losses spent for its consumption, as well as the po-
tential risk of being killed (MacArthur & Pianka,
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1966; Schoener, 1971). Animal activity associated
with the search for resources or a partner includes
physiological costs and the risk of being eaten, and
hence the activity models are consistent with the
indicated theory (Bridges et al., 2004).

To date, there are several ways to study the
activity of animals. Over the years, the only one
was direct visual observation (Stelmock & Dean,
1986; Koprowski & Corse, 2005). The radio-collar
method has become popular since 1980s, as well as
GPS telemetry later (Roth & Huber, 1986; Pépin
& Cargnelutti, 1994; Munro et al., 2006; Kolbe &
Squires, 2007; Yamazaki et al., 2008; Seryodkin et
al., 2013; Zaccaroni et al., 2013). For forest-covered
and impassable territories of many Russian na-
ture reserves, the most optimal solution is the use
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of camera traps. This is an effective and accessible
tool to study the behaviour and activity of mam-
mals, already tested for many species in the world
(Carthew & Slater, 1991; Alexy et al., 2003; Bridges
et al., 2004; Claridge et al., 2004; Bridges & Noss,
2011; Crowley et al., 2013; Ikeda et al., 2016; Mar-
con et al., 2017). For the last ten years camera traps
have become widely used in Russia (Rozhnov et
al., 2012; Soutyrina et al., 2013; Matyukhina et al.,
2016; Ogurtsov & Zheltukhin, 2017; Zaumyslova
& Bondarchuk, 2017), but detailed studies of daily
activity based on this method are known so far only
for badgers (Meles sp.) (Sidorchuk & Rozhnov,
2010; Sidorchuk et al., 2014, 2016).

Since the camera traps allow studying the diel
rhythms of the majority of animals in the study
area, regardless of the possibility of capturing
them, this method more closely approximates the
researcher to the population level of study than
visual observations or telemetry (Bridges et al.,
2004). Nevertheless camera traps do not provide
comprehensive information on daily activity pat-
terns, and the results obtained this way can only
reflect the activity of animal movements within the
locations of cameras. However, under a long peri-
od of research and even coverage of the territory, it
is possible to obtain representative data accurately
reflecting the diel rhythms of animals.

With the help of camera traps, various activi-
ties on this topic were organised. For example, com-
parative assessments of the temporal activity of the
jaguar (Panthera onca L.), puma (Puma concolor
L.) and their victims (Weckel et al., 2006; Rome-
ro-Muioz et al., 2010; Foster et al., 2013; Hernan-
dez-SaintMartin et al., 2013), ocelot (Leopardus
pardalis L.) and its victims (Di Bitetti et al., 20006;
Porfirio et al., 2016). Data on the activity of carrion
visiting by predators and vultures were obtained
(Lopez Gonzélez & Lorenzana Pina, 2002). Daily
activity was revealed for large felines of Malaysia
(Mohd-Azlan & Sharma, 2006) and black bears
(Ursus americanus Pallas) in the USA (Bridges et
al., 2004). A number of surveys on daily activity of
various animals were carried out in the rain forests
of Bolivia, where the camera traps were located on
roads and trails (Gémez et al., 2005; Maffei et al.,
2007). Studies have been conducted which inves-
tigate the influence of anthropogenic factor on the
daily rhythms of small, medium and large mammals
(Lendrum et al., 2017). The studies of daily activi-
ties of sympatric mammalian species using camera
traps have been carried out in Taiwan (Chen et al.,
2009), Madagascar (Gerber et al., 2012), Northern
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Japan (Ikeda et al., 2016), South-west China (Bu et
al., 2016) and Romania (Marcon et al., 2017).

Most of the camera trap studies are constricted
by a short time period or small trap effort, but there
are few long-term surveys, which can provide data
for the construction of sustainable activity patterns
of the different species of mammals. Besides, most
of these studies are devoted more to tropical mam-
mals than to boreal and especially European.

This study is the first long-term continuous
camera trap survey in Russia and it provides de-
tailed daily activity patterns for multiple large and
medium-sized sympatric mammals. The objectives
of this study were to: 1) determine the daily activ-
ity patterns of each species; 2) detect changes in
daily activity patterns among seasons; 3) quantify
the temporal overlap between species; 4) identify
groups of species by the similarity in their daily
activity patterns.

Material and Methods

Study area

The works were carried out on the territory of
the Central Forest State Nature Biosphere Reserve
(CFNR, Tver region, Russian Federation). The re-
serve is located in western European Russia in the
immediate watershed of the upper Volga and Za-
padnaya (West) Dvina rivers at the southwestern
edge of the Valdai Upland (56°26-56°31'N and
32°29'-33°01'E). The area of the reserve is 244.15
km? and the protected zone around it is 460.61
km?. The territory is characterised by a temper-
ate moderately continental climate with relatively
cold winters and warm summers. More than half
of the precipitation falls as rain in the summer-au-
tumn period and the rest is falling as snow during
winter-spring (Olchev et al., 2017). The mean air
temperature of the study area is +4.21°C (+16°C
in July and -10°C in January). The mean annual
precipitation is 730.9 mm. The amplitude of alti-
tudes is 72.4 m at a mean altitude of 246 m a.s.l.
(Puzachenko et al., 2016).

The flora of the reserve is typical European and
relatively poor as compared to the flora of other
forested territories. The forest flora is mainly com-
posed of a boreal group of species widespread in the
taiga zone with spruce (Picea abies (L.) H. Karst.)
dominating and species of the nemoral group such
as tillet (7ilia cordata Mill.), hazel (Corylus avel-
lana L.), elm (Ulmus glabra Huds. and Ulmus lae-
vis Pall.). Aspen (Populus tremula L.), birch (Betula
spp.), gray alder (4lnus incana (L.) Moench), and
black alder (Alnus glutinosa (L.) Gaertn.) usually
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predominate on the disturbed areas after windfalls
or clearings (in the past). A special place in the
landscape cover belongs to raised bogs which oc-
cupy over 7% of the territory and the pine (Pinus
sylvestris L.) bog forests. In the territory of the re-
serve the croplands were abandoned more than 100
years ago. At the present time, spruce forests occupy
them. Nowadays, rich forb meadows located on the
place of the croplands and hayfields. They are grad-
ually displacing by shrubs and birch. The fauna of
CFNR is of European origin, but it includes striking
Siberian representatives, the distribution of which in
Europe is usually related to boreal taiga landscapes.
It represents a complex of nemoral species of broad-
leaved forests and taiga (Puzachenko et al., 2016).
Only one populated area is situated near the reserve
border — Zapovedniy village, where the administra-
tion of the reserve is located.

The Central Forest Nature Reserve is the great-
est massif in European Russia of rare, old spruce
forests. The combination of old spruce forests with
large undisturbed raised bogs, secondary forests at
different stages of regeneration on felled areas, fal-
low fields and meadows determine a high level of
landscape diversity and create unique possibilities
for studying the natural processes.

Data collection

In this study totally 25 cameras were used dur-
ing the period of 2010-2017. Reconyx RapidFire
RC60 and HyperFire HC600 models (Reconyx®)
were used, which have the ability to shoot in in-
frared band (PIR). Each camera trap was placed
on the location with a permanent unique number.
Data were processed only from those locations
where the devices functioned successfully for more
than 1 year (21 locations). The installation of the
camera traps and their maintenance were carried
out according to protocols for monitoring studies
(Brown & Gehrt, 2009; Mohamad & Darmaraj,
2009; TEAM Network, 2011; Meek et al., 2012).
Material and data were presented according to gen-
eral recommendations for camera trapping studies
(Meek et al., 2014). All camera traps were located
in the southern forestry of the reserve in a spruce
and leaf-spruce forest types on a permanent route
of mammal activity tracking which length is about
30 km (Fig. 1). The average distance between lo-
cations was 1.2 km (0.7-2.2 km; SD = 0.37). The
effectively covered area was 54.5 km? (calculated
as buffer polygon with radius 1.2 km around each
location). The layout of the cameras was mostly
deliberately-biased; all devices were located on for-
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est roads, mutually intersecting glades and animal
tracks. Camera traps were fixed on tree trunks at
a height of 60 cm to 120 cm at some angle to the
surface of the earth. The distance from them to the
forest road or trail was 4—5 m. In summer, the space
in front of the camera was released from the shrub-
bery, high grassy vegetation and objects capable of
interfering with the quality of shooting of passing
animals. No scent lure or another attractant was ap-
plied. Since activation, the camera traps have been
in the working mode throughout the research pe-
riod and programmed to operate for 24 hours/day.
Before work, all devices were set to shoot a series
of five frames for each moment of motion fixation.
The shooting sensitivity was set to the maximum,;
the trigger interval was set as 1 sec. One registration
case (trap event) equals the passage of individuals
of one species along the camera trap, regardless of
the number of frames and the time spent on the loca-
tion. To avoid autocorrelation and to minimise the
incidence of multiple shots, we only used photos
taken at least 1 hour apart for each species, unless
it was possible to distinguish individuals, in which
case each event was considered independently (Di
Bitetti et al., 2006; Lucherini et al., 2009; Romero-
Muiioz et al., 2010; Foster et al., 2013).

Data analysis

The initial material for the analysis was the re-
sulting photographs in JPG format. The unloading,
storage, sorting and initial processing of images
were carried out with the help of Reconyx software
— MapView Professional v.3.4 (Reconyx, Inc.).
The main performance indicators for camera traps
are standard for this kind of research (Mohd-Azlan
& Sharma, 2006; Kelly & Holub, 2008; Rovero et
al., 2014). These include the number of trap nights
(or camera days) spent by one camera at i-th loca-
tion (TN); number of animal passes/registrations
(TE — trap events) at i-th location; total number of
pictures/frames for each species; the relative abun-
dance index (RAI or TS — trap success), which was
calculated by formula:

j*lOO

D TE, YN,
i=1 i=1

It should be noted that firmware update with
the new version from the manufacturer should be
done periodically. Some devices failed to record
time-of-day meta-information (a.m. instead of
p.m. time), which completely distorted the activity
data. All such photographs were checked manu-
ally and corrected. After the firmware update, such
problems, as a rule, disappeared.

o
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Fig. 1. Locations of camera traps on the study area in the southern forestry of CFNR (Valdai Upland, Russia) for the study
period of 2010-2017. Main map based on RapidEye 5 satellite image.

Eight background species of mammals were evening twilight, defining the period between sunrise
selected as model ones, the success of capturing and sunset as daytime (Munro et al., 2006). There are
them with camera traps (RAI) exceeds 1. The ex- studies where the duration of the periods was limited
ception was the European badger (Meles meles L.)  to strict time frames, for example, the night activity
whose activity was confined to burrows and indi- was determined by the interval from 19:00 to 5:00
vidual sites around them. Five species belong to (Mohd-Azlan & Sharma, 2006; Ross et al., 2013),
Carnivora: grey wolf (Canis lupus L.), Eurasian and there are those where only day and night intervals
lynx (Lynx lynx L.), brown bear (Ursus arctos L.), were taken (Yamazaki et al., 2008). In our case, the
raccoon dog (Nyctereutes procyonoides Gray), and  periods were determined by the time of sunrise and
European badger; two species belong to Artiodac-  sunset for each date that were calculated for the geo-
tyla: elk (Alces alces L.) and wild boar (Sus scro-  graphic coordinates of the reserve (32°58'E, 56°27'N,
fa L.); and one Lagomorpha species — mountain ~GMT +3) using the website www.sunrisesunset.com.
hare (Lepus timidus L.) (Table 1, Fig. 2). By size, We used four intervals: morning twilight (time 1 h be-
five species are classified as large (elk, wild boar, fore and after sunrise), daytime (time between the end
brown bear, wolf, lynx) and three are as medium-  of the morning twilight and the start of the evening
sized mammals (badger, raccoon dog, hare). twilight), evening twilight (time 1 h before and after

Each day was divided into three periods: daytime, sunset) and night (time between the end of the eve-
nighttime and twilight. The duration of these periods ning twilight and the start of the morning twilight).
is different for various authors. Some take a twilight ~ Further, twilights were pooled together in one period.
time interval with the duration of 120 minutes before =~ Seasons were divided on four periods according to
and after sunrise and sunset, respectively (Bridges et  climatic data from weather station of the reserve, and
al., 2004) or 60 minutes as well (Romero-Mufioz et  were determined by average temperatures for each pe-
al., 2010; Gerber et al., 2012; Ross et al., 2013; Ikeda riod and year. Average dates for seasons were as fol-
et al., 2016). Others consider under twilight the time  low: for winter — 06.11-08.03; spring — 09.03—16.05;
from morning twilight to sunrise and from sunset to  summer — 17.05-25.08; autumn — 26.08-05.11.
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Fig. 2. Camera trap photos of model mammal species in the study on daily activity patterns in the CFNR in 2010-2017.
A — mountain hare (Lepus timidus); B — raccoon dog (Nyctereutes procyonoides); C — European badger (Meles meles); D —
elk (4lces alces); E — wild boar (Sus scrofa); F — grey wolf (Canis lupus); G — Eurasian lynx (Lynx lynx); H — brown bear
(Ursus arctos). Photos from camera traps.
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Table 1. The results of the work of camera traps on 21 locations for eight mammal species in the CFNR in 2010-2017

Animal species TE RAI Number of pictures % of pictures
Mountain hare (Lepus timidus) 814 2.70 4605 14.69
Raccoon dog (Nyctereutes procyonoides) 406 1.35 2459 7.85
European badger (Meles meles) 124 0.41 734 2.34
Elk (Alces alces) 494 1.64 7125 22.73
Wild boar (Sus scrofa) 301 1.00 5785 18.46
Grey wolf (Canis lupus) 434 1.44 3767 12.02
Eurasian lynx (Lynx lynx) 343 1.14 2227 7.11
Brown bear (Ursus arctos) 649 2.15 4634 14.78
Total 3565 - 31345 100

To observe if species’ activity was predomi-
nately categorised as crepuscular, diurnal, noctur-
nal or cathemeral, we calculated selection ratios of
use to availability to each time period by each spe-
cies following Manly et al. (2002) by the formula:

w, =o,/r,

w. is the selection ratio for the period i; o, is
proportion of trap events in period i; m is pro-
portions of length in period 7 to the length of all
periods. w, > 1 indicates that the time period is
selectively used more than availability; w. < 1 in-
dicates the time period is avoided (Gerber et al.,
2012; Bu et al., 2016).

Like in many other similar studies we used the
approach developed by Ridout & Linkie (2009) to
estimate the activity patterns of each species using
kernel density analysis (Foster et al., 2013; Ross et
al.,2013; Buetal., 2016; Ikeda et al., 2016; Porfirio
etal., 2016; Marcon et al., 2017). This is a non-para-
metric method for evaluating the probability density
function of a random variable (Worton, 1989), time
of capture in our case. We measured the overlap be-
tween the two estimated distributions using a coef-
ficient of overlapping A, which varies from 0 (no
overlap), to 1 (complete overlap) (Ridout & Linkie,
2009). The coefficient is defined as the area under
the curve which is formed by taking the minimum of
the two density functions at each time point (Linkie
& Ridout, 2011). Because all our samples were more
than 50 we used Dhat4 estimator (Meredith & Rid-
out, 2017). The 95% confidence intervals (CI) of the
overlap were obtained by 10 000 bootstrap samples
from the estimated probability density functions of
each species. All these procedures were implement-
ed in R 3.3.1 software (R Development Core Team,
2015) with the «camtrapR» (Niedballa et al., 2016)
and «overlap» (Meredith & Ridout, 2017) packages.

Activity data present a circular distribution, so
we compared the distributions of several samples
of activity patterns among seasons using the non-
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parametric Watson-Wheeler test of homogeneity
of means (Zar, 2010). This test indicates if there
is a significant statistic difference between circular
distributions, and it has been used to analysed data
from 24 hours activity patterns (Romero-Mufioz et
al., 2010; Hernandez-SaintMartin et al., 2013; Por-
firio et al., 2016). We used R package «circular»
for this (Lund et al., 2017). To check the differ-
ences in records and RAI among time periods and
seasons the y*-test was implemented. For seasonal
variation estimates we only used data from 2013—
2017 because of the low number of locations and
small trap effort till 2013. For combination species
into groups such as nocturnal, diurnal, crepuscular,
and cathemeral animals, we used the factor anal-
ysis. All these procedures were performed in the
Statistica 8.0 software (StatSoft, Inc.). Statistical
significance was set at 0.05. Mapping procedures
were performed in ArcMap 10.4 (Esri Inc.).

All animals registered by the camera traps were
in motion for the vast majority of cases. Although
various elements of the basic forms of behaviour
were recorded at the same time, they generally
characterise the locomotor activity. Accordingly,
in this work, the term «daily activity» considers
exclusively the locomotor activity of animals re-
corded by camera traps during the day.

Results

During the 8-year period, 30 158 trap nights
were processed, 33 578 images with wild animals
from 21 locations were obtained. The processing
received 31 345 images of the studied mammals,
which make 93.35% of all photos of wild animals.
Most images were taken from the elk (22.73%),
wild boar (18.46%), brown bear (14.78%) and
hare (14.69%), while the total share of photos of all
large carnivores (wolf, lynx and bear) was 33.91%
(Table 1). The maximum values of the abundance
index were noted for the hare (RAI =2.70) and the
brown bear (RAI = 2.15).
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Daily activity patterns

The very first and general data on the activity
of animals can be obtained yet from the statistics
of the PIR sensor of cameras. Given the stable op-
eration of this device and the recording of shooting
information in the image metadata, it is possible
to accept with some error the mode of its active
operation (in case of lack of lighting) for night and
twilight, and the passive mode for daytime. Thus,
1044 registrations (29%) were in the daytime and
2521 (71%) — at dusk and at night.

A high night activity was observed for the
badger (69.35% of registrations), hare (68.92%)
and raccoon dog (64.04%), i.e. for representa-
tives of the medium-sized class (Table 2). All
these species had a high Manly selection ratio
for nighttime (w, > 1.5) and can be categorised
as nocturnal. The activity of the hare during the
night hours did not differ significantly from that
of the badger, and the raccoon dog (y> = 2.8, p =
0.25). For the hare and badger also twilight period
was preferred (w, > 1.1). For large ungulates such
as elk and wild boar, the share of daytime activ-
ity was approximately the same and amounted to
about 30% of all registrations. The difference be-
tween them was that the elk had mostly crepuscu-
lar activity (w, = 1.71). On the contrary, the wild
boar was equally active in the night and twilight
(w, = 1.2 for each period). In the group of large
carnivores, the rhythm of daily activity was mark-
edly distinguished by the wolf, more than half of
its registrations were at night (almost 54%, w,
1.33), and a third — on the day. The lynx and the
brown bear had similar diurnal registrations: al-
most 40% of all their passes through the camera
traps occurred at daylight and approximately 35%
— in the dark. The total share of twilight hours of
the lynx’s activity was higher and was 25% (w, =
1.46), while that of the bear was 22% (w, = 1.33),

but they did not differ significantly. The brown
bear had the largest part of registrations in the
daytime of all the studied animals (44%). Bear
and lynx were the only species that had no signifi-
cance differences throughout the day and may be
classified as cathemeral.

Considering the day as a period of 24 hours it
is possible to present activity patterns in the form
of density plots (Fig. 3). The data presented on the
plots reflect the same tendencies as the activity
considered by the periods of the day, but allow us
to notice both the extremums of values and certain
subtle features. For example, a sharp decline in the
activity of the wolf occurred at 2 a.m. The mini-
mum activity was at 2 p.m., i.e. exactly 12 hours
later. In this case, it is possible to talk about the
rhythm of a decrease in activity with a cycle of half
a day. The elk had an almost identical pattern with
the recessions at 1 a.m. and 12 a.m. The percentage
of daily activity for elk and wild boar was similar,
but its dynamics by the hours was different. The
plots show the prevalence of afternoon registra-
tions of wild boar (25% of observation between
12 a.m. and 6 p.m.) over elk (13%). The hourly
activity of the lynx and the bear on plots coincides
with the percentage for the periods. The maximum
decline for the bear was observed at 12 a.m., while
for the lynx at 3 p.m.

The proportions of morning registrations of the
hare and raccoon dog did not differ significantly;
however, the hare used the time period from 6 a.m.
to 8 a.m. more than the raccoon dog (9% and 3% of
observations respectively). The raccoon dog used
the first half of the day from sunrise to noon less
than from noon to sunset (10 and 17% of obser-
vations respectively), like the badger (3 and 6%).
In the hare the proportions of these periods were
different (11 and 9%), i.e. it was a little bit more
inclined to morning activity.

Table 2. Frequency of registrations (TE, %) and Manly selection ratios (w,) throughout periods of the day for eight mammal

species in the CFNR in 2010-2017

Animal species TE’I:I/:ghttlmivi TE, (I)ZaytlmeWi TE, (?/:)Wlhghtwi Category | * value p
Mountain hare 68.92 1.71 11.79 0.27 19.29 1.16 N/Cr 9.80 <0.05
Raccoon dog 64.04 1.59 24.63 0.57 11.33 0.68 N 12.19 | <0.05
European badger 69.35 1.72 10.48 0.24 20.16 1.21 N/Cr 8.40 <0.05
Elk 43.32 1.07 28.14 0.65 28.54 1.71 Cr/N 11.40 | <0.05
Wild boar 48.50 1.20 31.89 0.74 19.60 1.18 N/Cr 11.81 <0.05
Grey wolf 53.46 1.33 30.65 0.71 15.90 0.95 N 10.52 | <0.05
Eurasian lynx 37.90 0.94 37.61 0.88 24.49 1.46 Cr/Ca 4.39 0.11
Brown bear 34.05 0.84 43.76 1.02 22.19 1.33 Cr/D 2.77 0.25

Note: differences in TE among three time periods were tested by one-way ANOVA. D, N, Cr and Ca indicate diurnal, noctur-

nal, crepuscular and cathemeral activity, respectively.
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Some species had a unimodal type of activity
(hare, badger, wild boar) with one peak. The raccoon
dog had one expressed peak in the night and another
smoothed after noon. The elk and wolf had a bimodal
type, but both their peaks were close to each other in
the nighttime and only the lynx and bear had a true
bimodal type with high peaks in the morning and
evening (Fig. 3).

Duaily activity patterns among seasons of the year

Within a year the activity pattern of an animal
can vary for various reasons. The differences may re-
late to both the level of activity (number of records
in each period), and the time of activity (prevailing
time of records in each period). The constructed ker-
nel density plots of the activity of the species under
consideration for four seasons allow one to visually
assess the variability of the frequency of records at
different times during the year (Fig. 4).

In the medium-sized mammal group during the
year the activity pattern of the hare changed the most
(W = 57.06, p < 0.05; hereinafter Watson-Wheeler
test). The hare was nocturnal in the winter and spring,
but in the spring it also had crepuscular activity. In
summer the hare was cathemeral and in autumn it
was crepuscular and nocturnal. During all seasons
the activity levels changed significantly in all periods
(Table 3). The raccoon dog remained mostly inactive
in the winter season, falling into winter sleep. In other
parts of the year its activity changed significantly (W

=17.68, p <0.05) and was strongly nocturnal except
summer, when it showed mostly a cathemeral type
(Fig. 4). Its level of activity significantly changed
in daytime and nighttime (Table 3). In winter, also
the badger was inactive, falling into hibernation. In
spring, its activity increased sharply and was noctur-
nal. Throughout the seasons the badger was more of
a nocturnal animal with a slight increase in the pro-
portion of twilight activity in summer. In the autumn,
its activity was sharply reduced and was confined
almost entirely to nighttime (Fig. 4, Table 3). There
were no significant differences in time of activity
among seasons (W = 0.45, p = 0.98). The levels of
activity were stable except at nighttime, when activ-
ity increased sharply in spring and then declined (> =
8.28, p <0.05).

In the group of ungulate animals there seemed to
be a tendency to shift activity within the year (Table
4). The elk had differences in activities within the sea-
sons (W=43.73,p <0.05). It was nocturnal in winter,
than diurnal in spring. In the summer period it had a
cathemeral activity with big crepuscular part. The elk
became nocturnal again in autumn, but more strongly
than in winter. The wild boar was not characterised
by such a strong change in its activity level during
the year as the elk but it had a bigger shift in time
of activity (W = 49.84, p < 0.05). It stayed mostly
cathemeral in winter, clearly cathemeral in spring and
then became diurnal in summer. In autumn it had a
cathemeral activity with tendency to nighttime.

Table 3. Seasonal variations in daily activity patterns of medium-sized mammals (hare, raccoon dog, badger) in the CFNR in 2013-2017

Season Tl\v/}njltlil L D;[yilr;lle Nﬁhittﬁlne Category ¥ value p
Mountain hare
Winter 0.24 +£0.04 0.04 £ 0.03 2.70 £ 0.34 N 9.58 <0.05
Spring 1.09 + 0.24 0.60 +0.14 3.95+0.62 N 9.58 <0.05
Summer 0.43+0.11 0.534+0.16 0.48 +0.07 Ca 0 1
Autumn 0.61+£0.17 0.05 +0.02 0.78+£0.13 Cr/N 7.60 <0.05
y? value p 9.00 | <0.05 | 10.68 | <0.05 | 13.08 | <0.05
Raccoon dog
Winter 0.01 +£0.01 0.18 +0.08 N 7.54 <0.05
Spring 0.12+0.05 0.19+0.14 0.88 £ 0.39 N 7.90 <0.05
Summer 0.40+0.13 0.63 +£0.24 1.29 +0.46 Ca 4.80 0.09
Autumn 0.10 +£0.05 0.37+0.13 1.09 +0.29 N 10 <0.05
¥ value p 7.37 0.06 12.13 | <0.05 8.28 <0.05
European badger
Winter 0.08 £0.02 - - -
Spring 0.11+0.04 0.08 £ 0.04 0.70 £0.36 N 6.86 <0.05
Summer 0.19 £ 0.08 0.10 £ 0.07 0.46 £0.18 N 7.68 <0.05
Autumn 0.02 £0.02 0.10 +0.02 N 8.40 <0.05
y? value p 6.93 0.07 6.25 0.10 8.28 <0.05

Note: values indicate average RAI and its error of mean. Differences in RAI among three time periods and seasons were
tested by one-way ANOVA, main activity were categorised by Manly selection ratio. D, N, Cr and Ca indicate diurnal, noc-

turnal, crepuscular and cathemeral activity, respectively.
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Table 4. Seasonal variations in daily activity patterns of ungulates (elk, wild boar) in the CFNR in 20132017

Season T;/Ivilgnlllt Dl\iyilﬁe Nll\%[hittl:r?e Category ¥’ value p
Elk

Winter 0.17 % 0.05 0.15+0.03 0.58 +0.11 N 8.32 <0.05
Spring 0.17+0.08 0.550.13 0.13%0.07 D 9.50 <0.05
Summer 1.09 £0.19 0.82 % 0.30 0.75 % 0.10 Ca/Cr 4.53 0.10
Autumn 0.31%0.06 0.26 +0.08 1.28+0.35 N 8.40 <0.05

Pvalue | p | 972 | <0.05 | 12.60 | <0.05 | 10.68 | <0.05

Wild boar

Winter 032+0.22 0.28+0.17 0.82+0.34 Ca/N 3.90 0.14
Spring 0.47 = 0.36 0.63 +0.48 0.52+0.29 Ca 0.93 0.63
Summer 0.06 = 0.03 0.30%0.07 0.10 = 0.03 D 7.44 <0.05
Autumn 0.14 % 0.07 0.310.11 0.57=0.11 Ca/N 4.53 0.10

#value | p | 300 | 039 | 104 | 079 | 447 | 022

Note: values indicate average RAI and its error of mean. Differences in RAI among three time periods and seasons were
tested by one-way ANOVA, main activity were categorised by Manly selection ratio. D, N, Cr and Ca indicate diurnal, noc-

turnal, crepuscular and cathemeral activity, respectively.

Table 5. Seasonal variations in daily activity patterns of large carnivores (wolf, lynx, bear) in the CFNR in 2013-2017

Season Th‘zlj;ilt Dl\iyfrnrie Nﬁhjﬁle Category ¥’ value p
Grey wolf
Winter 0.06 + 0.04 0.13 +0.06 1.00 +0.22 N 8.44 <0.05
Spring 0.28 £ 0.09 0.70 +0.15 0.64+0.16 Ca 2.80 0.25
Summer 0.36 +0.04 0.73 +0.09 0.38+0.12 D 6.40 <0.05
Autumn 0.19+0.09 0.45+0.16 1.10£0.17 N 9.33 <0.05
¥’ value p 9.52 | <0.05 | 6.84 0.08 7.80 0.05
Eurasian lynx
Winter 0.08 +£0.03 0.08 £0.03 0.49+0.14 N 6.86 <0.05
Spring 0.31+0.14 0.49 +0.12 0.62 +0.09 N/Ca 9.33 <0.05
Summer 0.39£0.18 0.78 £0.37 0.19 +0.06 Ca/D 4.78 0.09
Autumn 0.25+0.10 0.23 +0.11 0.42+0.17 Ca 2.21 0.33
* value p 3.06 0.38 9.24 | <0.05 | 851 | <0.05
Brown bear
Winter 0.03 +£0.02 0.03 +0.02 0.02 +0.02 - 2 0.37
Spring 0.13+0.07 0.96£0.18 0.21£0.07 D 9.29 <0.05
Summer 0.53+0.11 1.70 + 0.39 0.44+0.11 D 7 <0.05
Autumn 1.31£0.31 1.05+£0.24 2.77£0.39 N/Cr 8.32 <0.05
value | p | 1413 | <005 | 12.12 | <005 | 1267 | <0.05

Note: values indicate average RAI and its error of mean. Differences in RAI among three time periods and seasons were
tested by one-way ANOVA, main activity were categorised by Manly selection ratio. D, N, Cr and Ca indicate diurnal, noc-

turnal, crepuscular and cathemeral activity, respectively.

Another situation was in the group of large carni-
vores (Table 5). The wolf had different activity times
during the seasons (W = 55.45, p < 0.05). It was noc-
turnal in autumn and winter. In spring, its activity was
cathemeral, and in summer it became diurnal. The
value of twilight, as well as daytime, was high only in
spring and summer (Fig. 4). The lynx had a nocturnal
life only in winter, the rest of the time it was cathem-
eral (spring, autumn), or had a trend for diurnal activ-
ity (summer). The lynx had the same time of activity
during the year (W = 5.19, p = 0.52). The bear had a
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bimodal type of activity during the entire waking peri-
od, but this was much stronger in summer and autumn
than in spring. It retained a pronounced diurnal activ-
ity in spring and summer, and then sharply changed it
in autumn to nocturnal and crepuscular. A significant
change was indicated by high and reliable values (W
= 4791, p < 0.05). This feature, associated with the
restructuring of the lifestyle during the hyperphagia
period, distinguished the bear from all other species.
Winter activity was rare, sporadic and was not charac-
teristic of a species that falls into hibernation.
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Activity overlaps of the different species

Temporary niches of most species, one way or
another, overlapped with each other (Fig. 5). If the
activity of some animals was practically not conju-
gated, then others, on the contrary, strongly influ-
enced each other (Table 6). Among the predator-
prey pairs, the wolf and elk most clearly expressed
a high degree of daily activity overlap (A, = 0.89).
Other predator-prey pair as lynx and hare had a
lower degree of overlap (A, = 0.75). Their coeffi-
cient of overlapping did not exceed that of elk or of
wild boar — species with which the lynx, as a rule,
does not contact. In the large carnivores group the
bear and the wolf had a high degree of overlap with
the lynx (A, = 0.88 and A, = 0.87 respectively),
whereas for the wolf and bear it was lower (A, =
0.80). Daily activities of ungulates were also very
similar (A, = 0.81). The bear is the second predator

that hunts on ungulates in CFNR, and its daily activ-
ity was not associated with them as much as for the
wolf (A, =0.78 with elk, A, = 0.82 with wild boar).

Grouping of species by similarity in activity
patterns

From plots it becomes evident that completely
different species can have common features of daily
activity dynamics. With the help of factor analysis we
can see how species group with each other by similari-
ty in activity patterns. By the results of the values of the
criteria of Kettel and Kaiser, the selection of three fac-
tors proved to be the most optimal (88.5% of explained
variance). Two factor rotations showed the best data
interpretation (Table 7). From the presented table it is
clear that the first two factors group most of the vari-
ables in both cases. By the third factor, high correlation
coefficients are observed only for one species.

Table 6. Coefficients of daily activity overlapping (Dhat4) and their CI for eight mammal species in the CFNR in 2010-2017

Species
Mountain hare Mountain hare
Raccoon do 0.79 Raccoon do
& (0.74-0.83) &
0.76 0.80
European badger (0.68-0.83) | (0.73-0.86) European badger
0.87 0.78 0.66
Elk (0.82-0.91) | (0.72-0.83) | (0.58-0.74) Elk
. 0.70 0.74 0.54 0.81 .
Wild boar (064-0.76) | (0.67-080)| (047-0.62) | (0.75-0.87) | Wildboar
Grev wolf 0.84 0.75 0.63 0.89 0.78 Grev wolf
y (0.79-0.88) | (0.70-0.81) | (0.55-0.71) | (0.84-0.93) | (0.71-0.84) y
Furasian vnx 0.75 0.65 0.52 0.83 0.82 0.87 Furasian Ivix
Y (0.70-0.81) | (0.59-0.71) | (0.44-0.61) | (0.78-0.89) | (0.76-0.88) | (0.82-0.92) ym
Brown bear 0.67 0.62 0.45 0.78 0.82 0.80 0.88 Brown bear
(0.63-0.72) | (0.56-0.67) | (0.37-0.52) | (0.73-0.82) | (0.76-0.86) | (0.76-0.85) | (0.84-0.92)

Table 7. Factor loadings for variables in the space of three factors for eight mammal species in the CFNR for the period
2010-2017. Present two methods of factor rotation: varimax raw and quartimax normalised

. Varimax raw, loadings Quartimax normalised, loadings

Species Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Mountain hare 0.7993 0.4831 0.1298 0.9001 0.2740 0.0623
Raccoon dog 0.9606 -0.1183 0.1377 0.8960 -0.3316 0.2075
European badger 0.9732 0.0436 -0.0003 0.9497 -0.2132 0.0387
Elk 0.5924 0.6794 0.1692 0.7532 0.5212 0.0481
Wild boar 0.2026 0.1138 0.9517 0.2345 0.2642 0.9138
Grey wolf 0.5434 0.7209 -0.0773 0.7146 0.5185 -0.2036
Eurasian lynx -0.0846 0.8678 0.1848 0.1507 0.8784 -0.0108
Brown bear -0.2611 0.6860 0.5761 -0.0640 0.8400 0.4012
Explained variance 3.2713 2.4673 1.3422 3.6747 2.3179 1.0882

Total proportion, % 40.89 30.84 16.78 45.93 28.97 13.60

Note: factor loadings greater than 0.70 are highlighted in bold type.
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Fig. 5. Daily activity overlaps and their estimators (Dhat4 and CI) between eight mammal species in the CFNR in 2010-2017. Solid
and dashed lines, bars and grey shaded area indicate kernel densities of two species, trap events and overlap coefficient respectively.
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In both methods factor 1 can be interpreted
as a mostly nocturnal activity with a propensity
for a unimodal or weakly-expressed bimodal
type. The maximum positive values of factor 1
correspond to the night hours (from 10 p.m. to
3 a.m.) with a peak at midnight (factor scores
1.72-1.99). Factor 2 reflects the cathemeral ac-
tivity of a bimodal type with maximum positive
values from 4 a.m. to 7 a.m. and 6 p.m. to 9 p.m.
Factor 3 shows a greater degree of relation to the
second half of the daytime and evening activity
pattern with maximum values for 4-10 p.m. and
peak at 7 p.m. (factor scores 2.39-2.61).

The graphical representation of loadings in
the coordinates of the three factors is shown in
Fig. 6. The eight studied species can be divided
into three sufficiently isolated groups accord-
ing to their location relative to the axes of fac-
tors, which reflects the features of their daily
activity patterns. The first group is the most
numerous and includes species with a tendency
to mostly nocturnal activity. These are the wolf,
elk, hare, badger, and raccoon dog. In the sec-
ond group are animals with bimodal activity of
the cathemeral type, which include the bear and
lynx. In the third group is found only the wild
boar, the activity of which is confined to the
evening hours.

1,0

Wild boar
°

nge
i Raccoon dog
Badgero!

< o0el

02

N

Fig. 6. The space of axes of the three factors for the fac-
tor loadings of eight mammal species in the CFNR in 2010-
2017. Factor analysis by the principal component method,
quartimax normalised rotation. Ovals are identified species
close to each other in the space of factor axes.
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The varimax raw method showed that in the
first group, the maximum factor loadings corre-
sponded to the badger (factor 1, 0.97) and the rac-
coon dog (0.96), which preferred night-time (Table
7). The hare had a smaller value for this factor (only
0.80). The badger had also high crepuscular activity
especially in the morning. It was followed by the
raccoon dog, whose activity was also mostly noctur-
nal, but with a higher coverage of the daylight time.
At the same time, a weak negative ratio of the rac-
coon dog to morning and evening activity (factor 2,
-0.12) was observed, which was more pronounced
than for the hare (factor 2, 0.48). Due to this differ-
ence, as well as the greater activity of the raccoon
dog in daytime, the spatial position of these species
in the coordinate space was rather scattered (Fig. 6).

The second group represented cathemeral spe-
cies with more diurnal activity, especially true for
the lynx, which also had more pronounced cre-
puscular activity (factor 2, 0.87). The bear had a
smoother crepuscular activity than the lynx (0.69),
but with a big peak at the end of daytime. This made
its connection with factor 3 stronger (0.58), while
for the lynx this connection was weak (0.19). The
pair wolf-elk showed a close relationship not only
in coefficient of overlap, but both in terms of factor
loadings (Table 7). These species take interstitial
position between two factors and are attracted to
the bear-lynx group (Fig. 6).

An even greater than the bear’s activity in the
second half of the daytime was observed for the
wild boar. According to his special relation to fac-
tor 3, he was singled out in a special group. The
rhythm of its activity was somewhat ragged, re-
vealing most of the records in the afternoon, eve-
ning and early night (0.95). Also it had the lowest
morning and late night activity.

Since 2017 there seemed to be a tendency that
the wolf-elk pair has been moving away from other
nocturnal animals and formed their own 4-th fac-
tor. From this year they left the group of strictly-
nocturnal animals and passed to crepuscular group,
but they still have a link with a nighttime period
(Table 7). The bear seemed to have a tendency be-
ing more similar to the wild boar than to the lynx
because of an increasing evening activity (factor
3, 0.58) and the lynx in contrary — raised activity
in the morning. The quartimax normalised method
maximises the variance of factor loadings squares
and normalised them. In this case both the wolf and
elk were still in the first group of nocturnal animals
and the bear had a higher score value for crepuscu-
lar time than for only «evening» (Table 7).
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Discussion

The movement activity of animals depends on
a number of factors. Daily activity is determined
both by external factors of the environment, and
endogenous factors of the animals themselves,
their physiological state. Among the external fac-
tors besides the abiotic factors (light, temperature,
weather severity, precipitation, etc.), biotic influ-
ences are of great importance. For many carni-
vores, these are the rthythms of activity of the main
victims, for ungulates and hares — optimal protec-
tive conditions from enemies to meet energy needs.
By the example of the European lynx it was con-
vincingly shown that within the latitudinal gradient
of Europe the duration of the light part of the day
was not the leading factor determining its activity
rhythms. They are the endogenous processes and
peculiarities of the behaviour of the main hunting
objects that determined the dynamics of the move-
ments of this predator (Heurich et al., 2014). The
daily rthythm of mammals is sometimes subject of
a significant variability both during the year and
within different age and gender groups, as is con-
firmed by several species studied (Homolka, 1986;
Pépin & Cargnelutti, 1994; Kaczensky et al., 2006;
Kolbe & Squires, 2007).

Most of the mammals we have examined
show activity at night and twilight. At the same
time, the most active among all was the hare,
which dominated the night and twilight registra-
tions. This is a numerous species for the territory
of the reserve, the movement of which is not di-
rectly related to the network of glades and roads,
along which the camera traps were arranged.
The hare is a nocturnal animal with an important part
of twilight activity. In daytime, especially around
midday, the hare was moving quite a bit, apparently
using this time for rest. This type of activity is de-
termined by a combination of conditions that ensure
generally a relatively safe existence of the species
(safety of obtaining feed, survival of young animals
and so on). With the help of the method of radio
telemetry, it was established earlier that the hare
is predominantly nocturnal. According to Pépin &
Cargnelutti (1994), the activity of Lepus europaeus
(L.) begins an average of 23 minutes after sunset
and ends 14 minutes before sunrise. Nevertheless,
these authors noted that among the individuals,
the activity is different, especially in the afternoon
and in the second half of the night. In summer, the
hare’s activity can shift to daytime, as a short night
is not able to provide the necessary time for the en-
ergy needs of the animal (Schai-Braun et al., 2012).
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In winter, hares are exclusively nocturnal animals.
Males are active throughout the night, and females
have a decline at midnight (Zaccaroni et al., 2013).
In our case, the hare clearly preferred the morning
activity in spring, which, seem to be due to the molt-
ing and birth of the young. In summer it had a high
diurnal activity, and in winter it led a strictly noctur-
nal lifestyle. That is why in the CFNR the hare had
a bit another activity pattern than that in Hokkaido
(Japan), where it was clearly inactive during day-
time (Ikeda et al., 2016).

In many respects the hare has a similar pattern
of movements like the raccoon dog, whose activity
can be defined as mostly nocturnal too. Unlike the
hare, the raccoon dog had a weak peak during the
daytime and was less active at night. In winter, it fell
into winter sleep in burrows and shelters, but peri-
odically woke up and made short transitions. The
maximum activity as a whole was typical for the
summer and early autumn periods, not only at night
and twilight, but also during daytime. Part of this
was due to the intensive growth and development of
the territory by young animals, which were engaged
in almost round-the-clock activity, beginning in Au-
gust. In late autumn, the raccoon dog became less
mobile and focused more on the fodder areas for the
accumulation of fat. This is in agreement with the
results of German and Japanese authors in which the
raccoon dog was predominantly nocturnal but also
had an increased diurnal activity during the period
of puppies’ upbringing, i.e. in summer (Zoller &
Drygala, 2013; Ikeda et al., 2016).

The badger closes the top three of the mostly
nocturnal animals, presenting in this case a clas-
sic example of a unimodal nighttime activity. The
activity of its movements was almost entirely con-
fined to the twilight and night time . In the studies
of many other authors, it was noted that European
populations of the badger are characterised by a
crepuscular-nocturnal activity (Goszczynski et al.,
2005; Rosalino et al., 2005 etc.), while they are of-
ten recorded near the burrows and on the surface
of settlements during daytime (Sidorchuk & Rozh-
nov, 2010; Sidorchuk et al., 2014). After a daytime
minimum of activity in the settlements there is a
second one at night, which the authors associate
with the search for forage away from their burrows.
The data obtained by us confirm this assumption,
since it 1s at this time that the maximum movement
activity outside the settlements was observed.

The wild boar is not a typical species for the
CFNR. Its distribution is confined mainly to the
periphery of the reserve. While the registrations of
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other mammals studied were fairly evenly distrib-
uted over the locations, the wild boar was record-
ed mainly in three places remote from the central
spruce arrays of the reserve. The activity of this
animal was mainly associated with the transitions
from its daytime and nighttime beds to the feed-
ing places. The wild boar turned out to be the only
species determined by the results of factor analysis
in the third group, i.e. mainly evening animals. Ac-
cording to the frequency of registrations during the
day, he was not like the others. It was characterised
by rhythmic fluctuations of activity from midnight
to noon, and then uniform growth to evening twi-
light. The peak of the evening registrations of the
wild boar was also noted in studies using camera
traps in Romania (Marcon et al., 2017).

In North America the moose (4lces alces gi-
gas Miller, 1899) had mostly a crepuscular activ-
ity (Gillingham & Klein, 1992). In our study the
elk had the biggest activity in the twilight period
compared to all other species (w, = 1.71), which
correspond with the American authors. In the daily
registrations of the wolf and elk, there was a close
relationship, which was shown in a high degree of
overlap (A, = 0.89). A possible explanation for this
lies in the adaptation of the predator to the daily
rhythm of its prey. On the territory of the CFNR,
the elk is the main victim of the wolf (Kochet-
kov, 1991). During periods of the greatest activ-
ity of these ungulates, predators are easier to get
on their trail and begin chasing. In a recent study
in the Eastern Carpathians (Romania), the activ-
ity rthythms of the wolf and the deer (Cervus ela-
phus Linnaeus, 1758) coincided worse (A, = 0.61),
while the best was with the wild boar and brown
bear (A, = 0.77) (Marcon et al., 2017). In our study
the wolf had a less high overlapping with brown
bear (A, = 0.80) and wild boar (A, = 0.78).

The lynx has a typical bimodal type of activity
of the cathemeral form. It was found that in Europe,
the lynx rhythm is more influenced not by the light
regime, but by the activity of its main victims —
reindeer (Rangifer tarandus (Linnaeus, 1758)) and
roe deer (Capreolus capreolus (Linnaeus, 1758))
(Heurich et al., 2014). However, despite the fact
that the main predator food object on the territory
of the reserve is the hare, there was no essential
overlapping in their activities (A, = 0.75). Similar-
ly, the lack of clear synchronism between the daily
activity of the Canadian lynx (Lynx canadensis
Kerr, 1792) and the American hare (Lepus ameri-
canus Erxleben, 1777) was noted in the USA in
the state of Montana (Kolbe & Squires, 2007). In
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general, the data obtained with the help of camera
traps coincide with the information on the preda-
tor’s visual meetings on the same territory (Zhel-
tukhin, 1987). According to material from camera
traps in British Columbia, Canada, 46% of the
Canadian lynx registrations were in the daytime,
48% in the nighttime and 6% in the twilight period,
and the peak activity was from 3 p.m. to 6 p.m.
(Crowley et al., 2013). The radio telemetry method
showed quite similar data for the Canadian lynx
in Montana (Kolbe & Squires, 2007). In Europe,
the lynx leads a more crepuscular (Podolski et al.,
2013) or a nocturnal lifestyle (Schmidt, 1999). For
the Polish lynx, only one peak of night activity was
noted, which had a slight decline between 8 p.m.
and 10 p.m. (ibid.). It is interesting that at this time
according to our data the peak of evening activity
ends and the phase of night passivity begin. It was
noted that a nocturnal activity of the lynx is more
typical for places with a high level of anxiety for
the human (Lendrum et al., 2017). In conditions
of observance of the protected regime, it is most
likely to expect a typical form of behaviour, i.e. a
cathemeral activity, which brings our lynx closer
to the Canadian one, rather than to a relative of the
one in densely populated Europe.

The activity patterns of the brown bear were
studied by us earlier in various ways: camera traps
(Ogurtsov & Zheltukhin, 2017), visual observa-
tions on oat fields, a survey of local residents about
visual encounters. All of them give generally simi-
lar results. In addition, they are confirmed by data
from other researchers who studied bears both by
telemetry (Garshelis & Pelton, 1980; Roth, 1983;
Clevenger et al., 1990; Lariviere et al., 1994; Kac-
zensky et al., 2006; Munro et al., 2006; Seryodkin
et al., 2013), camera traps (Bridges et al., 2004;
Partridge et al., 2009; Ikeda et al., 2016) and other
methods (Loskutov et al., 1993; Craighead et al.,
1995). In the CFNR the bear is a cathemeral ani-
mal with a bimodal type of activity with a predomi-
nance of registrations in the second half of the day-
time. This «evening» activity is not uniform during
the seasons of the year, increasing from the end of
summer to the middle of autumn — the peak of the
hyperphagia period. At these moments it is similar
to results obtained in Japan (Ikeda et al., 2016).

No avoidance between the studied species
has been noticed. All three large carnivores of the
CFNR occupy in many ways a similar temporary
niche, but have different trophic niches. The wolf
hunts mainly on elk, with which it has a high degree
of overlap, as well as on the wild boar. The bear in
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the study area feeds on elk and wild boar too, but
mainly in the spring period and mostly adheres to a
vegetable diet in other time (Ogurtsov, 2018). The
main victim of the lynx is the hare and hazel grouse
(Bonasa bonasia (Linnaeus, 1758)) (Zheltukhin,
1987). Thus, there is no pronounced food compe-
tition among these species in the CFNR and large
carnivores exhibit a high degree of activity overlap
with each other. The activity of omnivorous medi-
um-sized animals, such as the badger and raccoon
dog, is shifted to the nighttime, but competition for
food between them has not been noted either.

Conclusions

Previously, the technical capabilities of camera
traps did not allow for a long-term twenty-four-hour
observation, which was noted as the main drawback
of this method (Ball, 1980; Partridge et al., 2009).
The bulky additional power elements, the complex-
ity of technical operation, the impossibility of high-
quality shooting at night — all this imposed signifi-
cant limitations on the possibilities of using these
devices (ibid.). Modern cameras almost completely
eliminate this drawback. On the territory of the
Central Forest Nature Reserve, camera traps oper-
ate permanently throughout the year and over a long
period (from five to eight years). The quality of the
Reconyx camera traps allows taking pictures of a
good quality at any time of the day with a high rate
of release of the camera trigger. All of this makes it
possible to obtain a large amount of data for detail
analysis of daily activity patterns of mammals.

Since the camera traps have a constant posi-
tion, they are able to track the dynamics of ani-
mal movements only in the places of their loca-
tions, which makes it impossible to study the daily
rhythms of all activity. When staging cameras
along the mammalian pathways (glades, paths,
forest roads), it is possible to collect information
only about the activity of the movement of those
species that constantly use these paths. Thus, a lot
of information remains behind the scenes, and we
can only guess how active the animal was at other
times outside the camera eye in studied locations.
All considered animals show different types of ac-
tivity also outside the path of movement, for exam-
ple, in their lairs, burrows, resting places or fodder
areas. To study the most complete rhythm of activ-
ity, it is necessary to investigate all these aspects
and to set up camera traps in appropriate places.
The most complex, but also expensive, studies are
possible with a combination of different methods,
such as camera traps, GPS and radio telemetry, as

84

was recently done to study brown bears in the east-
ern Alps (Seganfreddo et al., 2017) or in combi-
nation with traps for collecting hair (Partridge et
al., 2009). In our case, we can interpolate the ac-
tivity of movements over large time limits due to
the fairly wide coverage of the territory by camera
traps and the longtime of their work.
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CYTOYHASA AKTUBHOCTD KPYIIHbBIX U CPEJHUX MJIEKOIIUTAIOIIUX
1HO JAHHBIM ®OTOJIOBYHIEK B HEHTPAJIbBHO-IECHOM 3AINIOBE/IHUKE
(BAJITAMICKASI BO3BBIIIEHHOCTbh, POCCHS)

C. C. Orypuos', A. C. Kearyxun', U. I1. Kotsi0B*

"enmpanvro-Jlecnoii 20cydapcmeennulii npupoonslil 6uocgepmulii 3anogeonux, Poccus
2Uncemumym npobnem sxonoauu u seomoyuu umenu A.H. Cesepyosa PAH, Poccus
e-mail: etundra@mail.ru, azheltukhin@mail.ru, ikotlov@gmail.com

Ha npumepe Tpex cpennux (3asu-0emsxk (Lepus timidus), eHoroBunHast cobaka (Nyctereutes procyonoides), eB-
pomneiicknii 6apcyk (Meles meles)) n nsitn KpynHsIX (Jiock (Alces alces), kaban (Sus scrofa), Bonk (Canis lupus),
poich (Lynx lynx), Oypsriit Mmeasens (Ursus arctos)) BUI0B MIEKOIIUTAIOMINX PACCMOTPEHBI PE3yIIbTaThl aHaIN3a Cy-
TOYHOI aKTUBHOCTH, ITOJTyYEeHHBIE 110 JaHHBIM (oTosoByIek B LlenTpansao-JIecnom 3amosenuke (Tepckas 00-
nactb, Poccnst). 3a mepuox 20102017 rr. orpadorano 30158 doronosymmko-cyTok Ha 21 nokarmu. bonbmmHCTBO
PacCMOTPEHHBIX MJIEKOIHMTAIOUINX TPOSIBISUIN aKTHBHOCTH B HOYHBIE M cyMepedHble dackl (71% Bcex kazmpos).
3asm-0ernsK ObUT aKTHBEH OOIIBbIIE BCET0 B HOYHOE BpeMst CyToK (69% perucrtpannii). EHotoBuIHAs codaka obma-
Jaja moau(a3HbIM TUIIOM aKTHBHOCTH IIPEUMYIIECTBEHHO HOYHO (hOpMBI, KOTOpasi BO MHOTOM ObliTa IOX0Xa Ha
aKTHBHOCTH 3aiiiia-Oernsika. B oTmiaue ot 3aifiia, eHOTOBUIHAS cOOaka nMena clalblil MUK B THEBHOE BpeMst (25%)
1 ObIJ1a 4y Th MEeHee aKTUBHA HOUBIO (64%). bapcyk rpeicTaBul B HaleM cirydae KI1acCHuecKuii mpumep MoHo(as-
HOHM HOYHOH akTHBHOCTH. Er0 nepeMenienust ObUTH NpHypodeHbl K HOUHOMY (69%) 1 CyMepedyHOMY BPEMEHH CY-
TOK (20%). Y TakuX KpYIMHBIX KOIIBITHBIX, KaK JIOCh ¥ KaOaH, J10J1s1 HOYHOH aKTUBHOCTH OblTa CXOXKEeH 1 COCTaBUIIA
oxo110 45% ot Bcex perucTpanuii. OTmane MeX1y HIMH 3aKII09aJI0Ch B TOM, YTO JIOCh HMeEIT OOJIBIIYIO CyMepey-
HYIO aKTHBHOCTb (29%), uem kaban (20%). Y pbicu 1 MenBe st ObIIIM CXOXKUE CYTOYHBIC TMHAMUKH PErUCTPaInii:
npumepHo 40% uX BCTped MPUXOAMIOCHh Ha CBETIOE BpeMs CyTok U 35% — Ha TemHoe. CyMMmapHas 107 cyMe-
PEUHBIX YAaCOB aKTHBHOCTH PBICH OKa3ajach HeMHOTO Oodbire (25%), uem y mensenst (22%), HO TOCTOBEPHO OHH
HE pa3anJanuch. Y MeaBens ObUI0 MaKCHMaIbHOE YMCIIO PETHCTPALU B THEBHOE BPEMST CPEN BCEX OCTAIBHBIX
Bu10B (44%). HecMoTpst Ha TO, YTO OCHOBHBIM OOBEKTOM IMHTAHUS PHICH Ha TEPPUTOPHH 3AITIOBETHHKA SIBIISIETCS
3as111-0eIIsIK, 3HAUMTEIIBHOTO TIepPEKPhIBAHMS HX CyTOUYHBIX aKTHBHOCTeil He Habmonxanock (A, = 0.75). B rpymme
KPYIHBIX XHUIITHUKOB 3aMETHO BBIJIEIBIICS BOJIK, OOJIBIIIE ITOJIOBUHBI PErUCTPAIMil KOTOPOTO MPUXOIMIOCH Ha HOY-
Hoe Bpems (54%), a TpeTh — Ha THeBHOE. B CyTOUHBIX pernctparysx BojKa 1 JIOCs OTMEUCHA TeCHast B3aUMOCBS3b.
AKTHMBHOCTH 3THX BHJIOB 3HAYHTEIBHO TEpEKPHIBAIICH APYT ¢ apyroM (A, = 0.89). IIpeacTaBieHbl Ce30HHbIE
N3MEHEHHs CYyTOYHON aKTMBHOCTH KaxJ0ro Buia. 1o pesynsraram ()akTOPHOTO aHaIM3a BCE MIICKOITHTAOIIHE
pazzerneHsl Ha Tpu 00ocoOieHHbIe Tpymbl. [lepBast rpymma BKirodana B ceOst BUIbI CO CKIIOHHOCTBIO K HOUHOM
aKTUBHOCTH (BOJIK, JIOCh, 3as11-0elsIK, 0apcyk M eHOTOBHAHAsI co0aka), BTopas TpyIIia — )KUBOTHBIX C MONU(as-
HOHM aKTHBHOCTBIO CyMEpEYHOro THIa (MeIBeb U PhICh). B TpeTheil rpymiie okazacs ToIbKo KabaH, akTHBHOCTb
KOTOpOTo ObIIa IPHypoUYeHa K BedepHUM dacaM. J[aHHas paboTa rmpeicTaBisieT co0oit repBoe MpoaoKUTEHLHOE
1 HETIPEepBhIBHOE HCCIIEI0BAHNE C ITOMOIIBIO (hOTOIOBYIIEK B Poccru, B paMKax KOTOPOTO JIETAIBHO PACCMOTPEHBI
PHUTMBI CyTOYHOH aKTHBHOCTH HECKOJIBKUX CPEIHHUX M KPYITHBIX MIICKOTTUTAIOIIUX.
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