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Passive acoustic monitoring is an actual tool for population monitoring at conservation and tourist areas. This
study provides detailed knowledge of roaring activity of male Far-East wapiti (Cervus elaphus xanthopygus)
in the rut period of 2017 at three sites of most active rut at the 453.4 km? territory of the State Nature Reserve
«Bolshekhekhtsirsky» (Far East of Russia). Rutting calls were recorded for 5 min/h throughout the 58-day
rut period by using three automated recording devices, one in each site, with simultaneous registration of
temperature, once per hour. In total, we recorded 3474 rutting calls (1538, 1159 and 777 calls in the three sites
respectively). In each site, the roaring activity (calculated as the mean daily number of calls/h) demonstrated
a similar dynamic of three rut phases: start phase, active phase and fading phase. Although the roaring activ-
ity displayed a positive correlation between sites, the actual values of the mean number of calls/h differed
between sites. This finding indicates the different use of the three sites by males during the rut. At any site, the
roaring activity was related to time of day (hourly); it was the highest between 03:00 a.m. and 06:00 a.m. and
nearly lacked between 10:00 a.m. and 6:00 p.m. At any site, the number of calls/h increased steadily from 8:00
p-m. to 03:00 a.m. to a maximum value and then rapidly decreased from 06:00 to 09:00 a.m. to a minimum
value. The effect of temperature on the daily and hourly roaring activity was weaker than the effect of time
of day. We discuss the results with similar data of another protected Russian population of Far-East wapiti
inhabiting the State Nature Reserve «Ussuriysky».
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PASSIVE ACOUSTIC MONITORING OF ROARING ACTIVITY IN MALE WAPITI

calls, ungulate

Introduction

Acoustic monitoring is an effective tool for
managing populations and estimating site use and
movement patterns of different animal taxa and the
state of ecosystems (Obrist et al., 2010; Sugai et
al., 2018). This approach has proved to be useful
for insects (Jeliazkov et al., 2016; Desjonqueres
et al., 2018), fishes (Setyawan et al., 2018), am-
phibians (Llusia et al., 2011; Marques et al., 2013),
birds (Laiolo & Tella, 2006; Walcott et al., 2006;
Volodin et al., 2008; Klenova et al., 2009) and
mammals (marine mammals: Burham et al., 2016;
Caruso et al., 2017; primates: Kalan et al., 2016;
carnivores: Suter et al., 2017; ungulates: Nelson et
al., 2005; Volodin et al., 2013, 2016b; Yen et al.,
2013; Enari et al., 2017).

Ungulates are among the most charismatic
species of ecosystems. Therefore, management of
ungulate populations in conservation areas, tour-
ist areas and buffer zones of state nature reserves
represents an actual research task (Bobek et al.,
1986; Yen et al., 2013). For Cervidae species, the
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acoustic monitoring of rutting roaring activities is
developing in recent years e.g. for sika deer Cervus
nippon Temminck, 1838 (Yen et al., 2013; Enari
et al., 2017) and for red deer C. elaphus Linnaeus,
1758 (Volodin et al., 2013, 2016b).

Red deer stags produce impressive high-am-
plitude vocalisations when compete with each
other for hinds in rut period (Clutton-Brock &
Albon, 1979; Reby & McComb, 2003; Frey et
al., 2012; Bocci et al., 2013; Douhard et al.,
2013; Volodin et al., 2013, 2015b, 2019; Della
Libera et al., 2015; Golosova et al., 2017). Rut-
ting calls reflect male quality (Clutton-Brock &
Albon, 1979; Reby & McComb, 2003; Charlton
et al., 2007) and reproductive potential (Pepin
et al., 2001; Briefer et al., 2010). Male rutting
vocalisation activate and synchronise ovulation
of females (McComb, 1987; Calabrese et al.,
2018). Dynamics and duration of stag roaring
activity reflect male condition, as stags in a
worse body condition end calling earlier (Clut-
ton-Brock & Albon, 1979).
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Rutting vocal activity is strictly seasonal in
all subspecies of red deer inhabiting Europe and
Asia (Clutton-Brock & Albon, 1979; Volodin et al.,
2013, 2016b; Golosova et al., 2017). Stag roaring
activity has a clear dynamic, indicating rut onset,
peak and completion (Bocci et al., 2013; Yen et al.,
2013; Volodin et al., 2016b).

Roaring activity is influenced by abiotic
factors: time of day, snowfall, temperature and
other weather effects (Bocci et al., 2013; Dou-
hard et al., 2013; Volodin et al., 2013, 2015b,
2016b). In addition, stag roaring is affected by
social factors, like animal density/group com-
position (Volodin et al., 2015a, 2016b) and by
management approaches: captive, semi-captive
or free-ranging (Golosova et al., 2017). Indi-
ces of roaring activity might also depend on
the particular site (placement of the acoustic
recording device) within the monitored area.
However, this site-level effect has not yet been
investigated anywhere.

Two native subspecies of Cervus elaphus
inhabit the Asian part of Russia: the Siberian
wapiti C. e. sibiricus Severtzov, 1873 (Russian
name: maral) and the Far-East wapiti C. e. xan-
thopygus Milne-Edwards, 1867 (Russian name:
izubr). These two subspecies are well distin-
guishable by both genetic markers (Kuznetsova
et al., 2012) and by the acoustics of male rut-
ting calls (Volodin et al., 2013; 2015b; 2016a;
Golosova et al., 2017). For instance, frequency
ranges of male rutting calls are remarkably dif-
ferent between the two subspecies: on average
0.09 kHz for the minimum and on average 0.66
kHz for the maximum fundamental frequency
in Far-East wapiti (Volodin et al., 2015b) and
respectively 0.41 kHz and 1.36 kHz in Siberi-
an wapiti (Golosova et al., 2017). At the same
time, call duration and organising rutting calls in
bouts are similar in both subspecies (Volodin et
al., 2013; 2015b; 2016a; Golosova et al., 2017).

For wild-living Siberian wapiti, the dynamic
of rutting vocal activity was only investigated
for a part of rutting period in the Khakasskiy
State Nature Reserve (Volodin et al., 2013). For
the farmed and semi-captive Siberian wapiti, the
dynamics of rutting vocal activity were investi-
gated throughout the entire rut period (Volodin
et al., 2016b). For the Far-East wapiti, the dy-
namic of rutting vocal activity was only inves-
tigated for a part of rut period in a wild-living
population of the Ussuriysky State Nature Re-
serve (Volodin et al., 2015b).
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Automated acoustic recording is the most
suitable method for estimating the roaring activ-
ity of wild-living red deer populations (Volodin et
al., 2013, 2015b, 2016b). The automated record-
ing devices can be scheduled for collecting calls
throughout the entire rutting period (Volodin et
al., 2016b). The aim of this study was to examine
the roaring activity of wild-living male Far-East
wapiti in the State Nature Reserve «Bolshekhek-
htsirsky» (Far East of Russia). In addition, we
tested the potential effects of recording site, time
of day and temperature on the roaring activity in
the course of the rutting period.

Material and Methods

Study site, subjects and dates of recording

Rutting calls of adult wild-living unmarked
male Far-East wapiti were recorded from 25 Au-
gust to 21 October 2017 in the State Nature Re-
serve «Bolshekhekhtsirsky». The State Nature Re-
serve «Bolshekhekhtsirsky», with a strict regime
of environment protection, was founded in 1963
on a 453.4 km? area about 20 km south of the city
Khabarovsk in the Far East of Russia. According to
data of 2017 winter track censuses, the total num-
ber of Far-East wapiti at the territory of the State
Nature Reserve «Bolshekhekhtsirsky» comprised
about 200 individuals (Chronicle of Nature, 2017).
This number could vary throughout the year, be-
cause the animals freely leave the unfenced terri-
tory of the Bolshekhekhtsirsky Reserve for visiting
the neighbouring forested areas. No supplementary
food is provided to any animal in the State Nature
Reserve «Bolshekhekhtsirsky».

5‘“ Frs. Vi‘\w }

Fig. 1. The device (SongMeter SM+), mounted o a tree at

the State Nature Reserve «Bolshekhekhtsirsky» for the auto-
mated acoustic recording of male Far-East wapiti rutting calls.
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Acoustic recording

For the automated acoustic recording of
Far-East wapiti stag rutting calls, we used three
devices SongMeter SM2+ (Wildlife Acoustics
Inc., Maynard, MA, USA), one in each record-
ing site: «Otstoy» (a cliff above the surround-
ing forest, 48.14664 N, 134.84618 E), «Mishkin
Kluch» (a large clearing in the forest, 48.11356
N, 134.85674 E) and «Odyr» (a cross of two for-
est roads, 48.11039 N, 134.87991 E). The devices
were mounted on trees 2—4 m above the ground.
Each device had two omnidirectional micro-
phones, established horizontally at the angle of
180 degrees to each other (Fig. 1). These three
recording sites were selected by the staff of the
State Nature Reserve «Bolshekhekhtsirsky» as the
places of most active rut in previous seasons. All
devices remained on their places permanently for
the entire rut period. People did not visit them dur-
ing the rut, to avoid potential animal disturbance.

Each device recorded calls every day, for 58 days
in total, in the mode 22.05 kHz, 16 bit, stereo. The re-
cording schedule was set at 5 min and 55 min pause,
120 min in total per 24-h cycle, with simultaneous
registration of temperature every hour (precision
+ 1°C) at the start moment of each 5-min recording.
The total of 4176 5-min digital sound files provided
360 h of recordings, 120 h of recording per device.

The minimum distance between the neigh-
bouring devices was 2 km. The devices were set
at maximum possible sensitivity and potentially
collected all stag rutting calls from the distance

of about 1 km. Wapiti rutting calls propagate to
a distance up to 1.5 km (Volodin et al., 2013).
Therefore, to exclude even a minor possibility of
recording the same calls with two or three devices
simultaneously, we de-synchronised the schedule
of their work within every hour.

Acoustic analyses

All sound files were viewed and analysed
through Avisoft SASLab Pro software (Avisoft
Bioacoustics, Germany, Berlin) main window. The
number of calls in each audio file irrespective of their
quality was counted (Fig. 2). Some calls were faint
and indistinguishable by ear from the background
noise, but they were still detectable by spectrograms
(Fig. 2). In total, for the three devices we registered
3474 rutting calls (1538 calls at Otstoy, 1159 calls at
Mishkin Kluch and 777 calls at Odyr).

To track the rutting vocal activity during the sea-
son, we calculated the daily mean call number per
hour for each 24-h cycle (as the total number of calls/
day, divided by 24) across 58 days of the recording
period. We also calculated the daily mean tempera-
ture for each 24-h cycle by 24 registrations, one reg-
istration per hour. For evaluating the hourly activity
patterns of stag vocalisation, we calculated the mean
number of calls/h for each time of day (averaged
across the 58 days of recording). In addition, we cal-
culated the hourly mean temperature (averaged by 58
registrations for each time of day across the 58 days
of recording). Similar calculations were done for each
of the three phases of the rut (see below).

1
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Fig. 2. Visualising stag rutting calls of Far-East wapiti recorded in stereo mode with the automated recording device Song
Meter SM2+. Axis X represents time in seconds; axis Y represents frequency in kHz. (A) Spectrogram of one 5-min-long
sound file. (B) Expanded spectrogram of the selected fragment with two rutting calls. Stars indicate the rutting calls; the

total number of calls is eleven.
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Fig. 3. Subdividing the rut period into three phases: start phase, active phase and fading phase. Maximum: maximum roaring
activity; mean: the mean calls/h across rut period from onset to completion.

Subdividing rut period to phases

To compare the roaring activity among the
three recording sites, we developed formal criteria
for timing the rut onset and completion on each site
(Fig. 3). In addition, we developed formal crite-
ria for subdividing the entire rut period into three
phases (start, active and fading). First, we deter-
mined, for each site, the day with the maximum
roaring activity (calls/h). Then we determined, for
each recording site, the days of rut onset and com-
pletion as the days when call number/h reached 1%
of the maximum. For each recording site, we cal-
culated the mean call number/h across rut period
from onset to completion. We took the period be-
tween the day of rut onset and the day with mean
call number/h as the start phase. We took the period
between the two days with mean call number/h as
the active phase. We took the period from the day
with mean call number/h to the day of rut comple-
tion as the fading phase (Fig. 3).

Statistical analyses

All statistical analyses were made with STA-
TISTICA v. 8.0 (StatSoft Inc., Tulsa, OK, USA).
Means are given as mean + SE, all tests were two-
tailed, and differences were considered significant
whenever p < 0.05. Distributions of 329 parameter
values of 462 distributions did not depart from nor-
mality (Kolmogorov-Smirnov test, p > 0.05). As
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parametric ANOVA is relatively robust to depar-
tures from normality (Dillon & Goldstein, 1984),
this was not an obstacle to the application of these
tests, what allowed us to apply parametric tests.

We applied a one-way ANOVA with Tukey
HSD (Honestly Significant Difference) test to com-
pare the roaring activity between recording sites.
We used the Pearson’s correlation to compare the
dynamics of roaring activity between recording sites
and between the daily roaring activity and mean
temperature during the entire rut period and during
the three rut phases. We used the General Linear
Mixed Model (GLMM) to estimate the joint effect
of temperature, time of day (hourly) and the phase
of the rut on the number of calls/h; taking time of
day and the phase of the rut as fixed categorical fac-
tors and temperature as continual factor.

Results

Roaring activity in the course of the rut was
different in the three recording sites (Fig. 4; Table
1). In each site, the roaring activity occurred at ap-
proximately the same calendar dates, from the last
days of August to 16-21 October. In each site, the
active phase lasted for about three weeks, from
8-9 September to the first days of October. In each
site, the active phase and the day with maximum
roaring activity were skewed towards the rut onset
rather than to the rut completion (Table 1).
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Fig. 4. Graphs by calendar dates of male Far-East wapiti stag roaring activity (in the course of the 58-days recording period
during the rut of 2017) at three recording sites: Otstoy (blue rhombs), Mishkin Kluch (red squares) and Odyr (green triangles).
Calls/hour: the daily mean call number/h (averaged by 24 digital sound files recorded per 24-h cycle). Rhombs, squares and
triangles indicate the mean number of calls/h in each 24-h cycle.

Table 1. Parameter values of roaring activity in the course of rut period of 2017 at three recording sites: Otstoy, Mishkin Kluch
and Odyr; and one-way ANOVA results for their comparison between the recording sites. The same superscripts indicate
which values did not differ significantly (»>0.05, Tukey HSD test). Significant values are labeled in bold

Recording site

Parameter Otstoy Mishkin Kluch Odyr ANOVA

Rut onset (date) 30.08.2017 01.09.2017 31.08.2017

Start of rut active phase (date) 08.09.2017 09.09.2017 08.09.2017

Roaring maximum (date) 22.09.2017 19.09.2017 17.09.2017

Start of rut fading phase (date) 02.10.2017 01.10.2017 29.09.2017

Rut completion (date) 21.10.2017 21.10.2017 16.10.2017

Rut total duration (days) 53 51 47

Rut start phase duration (days) 9 8 8

Rut active phase duration (days) 24 22 17

Rut fading phase duration (days) 20 21 22

Duration to rut maximum (days) 23 18 17

Rut start phase percentage (%) 17 16 17

Rut active phase percentage (%) 45 43 36

Rut fading phase percentage (%) 38 41 47

Percentage to rut maximum (%) 43 35 36

Maximum roaring activity (calls/h) 54 335 45

All-rut mean roaring activity (calls/h) 14.46 + 1.62° 11.36 = 1.39% 8.27 £ 1.42° F, =428, p=0.02
Start phase mean roaring activity (calls/h) 6.94 +£1.86 4.81+1.05 381+1.31  F,,,=1.19,p=032
Active phase mean roaring activity (calls/h) 24.17+2.08 20.00 = 1.90 1726 +2.64 F, =2.51;p=0.09
Fading phase mean roaring activity (calls/h) 6.20+1.15° 4.81 +£0.87* 2.93 +0.64° F,,=337,p=0.04
Median roaring activity (calls/h) 10.5 8 5

The mean roaring activity for the entire rut
period was the highest at Otstoy and the lowest
at Odyr (differences are significant), whereas at
Mishkin Kluch it was intermediate, being not sig-
nificantly different from those in the other two sites
(Table 1). At the start phase and at the active phase,
the mean roaring activity did not differ between the
recording sites. However, at the fading phase, the
mean roaring activity was again significantly high-
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er at Otstoy than at Odyr and displayed the inter-
mediate value at Mishkin Kluch (Table 1).

The rut duration was the longest at Otstoy (53
days), the shortest at Odyr (47 days) and intermediate
at Mishkin Kluch (51 days). The duration of the start
phase and of the fading phase was approximately the
same in the three recording sites, the shortening of rut
period at Mishkin Kluch and Odyr was mainly due to
the shorter active phase in these sites (Table 1).
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Table 2. Pearson’s correlation between the daily roaring activity and the mean temperature per 24-h cycle for the entire rut
period and separately for the three rut phases at the three recording sites: Otstoy; Mishkin Kluch and Odyr. Significant values

are labeled in bold
Recording site
Rut phase Otstoy Mishkin Kluch Odyr
All rut r=0.48; p<0.001; n =53 r=0.35p=0.01; n =51 r=10.38;p=0.008; n =47
Start phase r=047,p=0.20;n=9 r=-0.17;p=0.69;n =28 r=046;p=0.25n=38
Active phase r=0.40;p=0.052; n =24 r=0.16;p=049; n=22 r=-0.33;p=0.20;n=17
Fading phase r=0.49; p=0.03; n =20 r=0.10; p = 0.66; n=21 r=0.19;p=0.39; n=22

We found significant positive correlations of
roaring activity among all the three recording sites.
We calculated Pearson’s correlations for the 46-day
part of the rut period, from 1% September (rut onset
at Mishkin Kluch) to 16™ October (rut completion
at Odyr). Stronger correlations were found between
Otstoy and Mishkin Kluch (» = 0.694, p < 0.001)
and between Mishkin Kluch and Odyr (» = 0.697,
p <0.001), whereas a weaker correlation was found
between Otstoy and Odyr (= 0.528, p <0.001).

For the entire rut period, the daily roaring activ-
ity showed a significant positive correlation with the
mean temperature per 24-h cycle in all the three re-
cording sites (Table 2). However, separately for the
start phase and for the active phase, we did not find
the significant correlation between the daily roaring
activity and daily mean temperature. Separately for
the fading phase, the significant positive correlation
between the daily roaring activity and daily mean
temperature was found at Otstoy, but not at Mishkin
Kluch or Odyr. Therefore, the effect of temperature
on the daily roaring activity lacked rather than pre-
sented; a positive correlation observed for the en-
tire rut period could be due to the effect of the large
number of days included in the analysis.

At all the three recording sites, the mean num-
ber of calls was related to time of day (Fig. 5). Atany
site, the roaring activity was the highest between
03:00 and 06:00 a.m. and nearly lacked between
10:00 a.m. and 6:00 p.m. At any site, the num-
ber of calls/h steadily increased from 8:00 p.m. to
03:00 a.m. to maximum and then rapidly decreased
from 06:00 to 09:00 a.m. to the minimum value
(Fig. 5). The hourly number of calls/h significantly
negatively correlated with temperature at each re-
cording site: Otstoy (» =-0.92; p < 0.001; n = 24),
Mishkin Kluch (» =-0.91; p < 0.001; n = 24) and
Odyr (r=-0.87; p < 0.001; n = 24).

Calls / hour
Temperature
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Fig. 5. Time of day (hourly) graphs of male Far-East wapiti
roaring activity and of the mean hourly temperature in three
sites of acoustic recording: (A) Otstoy; (B) Mishkin Kluch;
(C) Odyr. Calls/h: the mean number of calls per time of day
(averaged across the 58 days of recording); mean tempera-
ture: the hourly mean temperature (averaged by 58 registra-
tions for each time of day across the 58 days of recording);
whiskers indicate SE.

Table 3. Effects of the rut phase, time of day (hourly) and temperature on the roaring activity of male Far-East wapiti in the
course of the rut period at three recording sites: Otstoy, Mishkin Kluch and Odyr. Significant values are labeled in bold

Recording site

Factor Otstoy Mishkin Kluch Odyr
Rut phase F, 5= 62.49; p <0.001 F, 4, = 65.96; p <0.001 F, 0 =52.35; p <0.001
Time of day Fy 10 = 10.44; p <0.001 Fy 1197 =3.98; p < 0.001 Foy o =233, p<0.001
Temperature F, ., =10.65; p=10.001 F, o, =427;p=0.04 F n=231;p=0.13
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Table 4. Effects of time of day and of hourly temperature on roaring activity of male Far-East wapiti at different
phases of the rut in the course of the rut period at three recording sites: Otstoy, Mishkin Kluch and Odyr. Significant

values are labeled in bold

Recording site

Rut phase Factors Otstoy Mishkin Kluch Odyr
Start Time of day F,i 5 =1.86;p=0.01 F,=138p=012 F =178, p=0.02
Temperature F 4, =2.90;p=0.09 F| s =7.00; p=0.009 F ;=095 p=033
Active Time of day F 55, =776, p <0.001 F ;=324 p <0.001 Foi,=122;p =022
Temperature Fl & =155p=021 F =175 p=0.19 F 3 =9.67; p=10.002
Fading Time of day Fy 455 =333, p <0.001 F o= 177, p=0.02 F; 55 = 1.66; p =0.03
Temperature F ,..=10.25; p=0.001 F ..,=244;p=0.12 F .=0.01;p=0.95

We estimated the joint effect of temperature,
time of day and rut phase on roaring activity (num-
ber of calls/h) by using GLMM (Table 3). The rut
phase, time of day and temperature significantly
influenced the roaring activity. The only exclusion
was the lack of temperature effect at Odyr. Based
on Fisher’s criteria, the rut phase had a stronger ef-
fect on roaring activity compared to the effects of
either time of day or temperature (Table 3).

Because of the found strong effect of the rut
phase on the roaring activity, we analysed the ef-
fect of time of day and temperature on the number
of calls/h in each phase of the rut separately (Table
4). Time of day influenced the number of calls/h
in two recording sites at the start phase, in two re-
cording sites at the active phase and in all the three
recording sites at the fading phase. The factor tem-
perature influenced the number of calls/h in one re-
cording site at the start phase, in one recording site
at the active phase and in one recording site at the
fading phase (Table 4).

Discussion

Factors affecting roaring activity

This study of male Far-East wapiti roaring
activity demonstrated that in each of the three re-
cording sites the rutting vocal activity displayed
three phases: start phase, active phase and fading
phase. Although the roaring activity displayed a
positive correlation between sites, the actual val-
ues of the mean number of calls/h differed be-
tween the sites. This indicates the different use of
the sites by male wapiti during the rut. In all the
three recording sites, the roaring activity was re-
lated to time of day, and was the highest between
03:00 and 06:00 a.m. and nearly lacked between
10:00 a.m. and 18:00 p.m.

Overall, these results point a way for opti-
mising and minimising the effort for further con-
ducting the passive acoustic monitoring of the
Far-East wapiti population in the State Nature Re-
serve «Bolshekhekhtsirsky». We suggest using 1)
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a single recording site, preferentially Otstoy, dis-
playing the highest male roaring activity, 2) only
the active rut phase, approximately between 08
September and 02 October, and 3) only nighttime,
between 03:00 and 06:00 a.m.. This restricted re-
cording schedule of passive acoustic monitoring
appears to be sufficient for providing representa-
tive data about the population rutting activity in
subsequent rutting seasons.

Inter-population comparison

Further research is necessary to understand
whether these suggestions can be expanded to
other populations of the Far-East wapiti and other
conservation areas. However, we can compare
data of this study with available (although limited)
data on dynamics of rutting vocal activity of the
Far-East wapiti, obtained in the course of 15-day
recordings, conducted at the territory of the State
Nature Reserve «Ussuriysky» (http://www.ussuri-
ysky.ru/) in rut period of 2014. The site of pas-
sive acoustic monitoring at the State Nature Re-
serve «Ussuriysky» (43.65305 N, 132.64388 E)
was located at a distance of about 600 km from
the State Nature Reserve «Bolshekhekhtsirsky».
The territory of the State Nature Reserve «Us-
suriysky» (404.32 km?) is comparable in size to
that of the State Nature Reserve «Bolshekhekht-
sirsky» (453.40 km?). The population numbers of
Far-East wapiti are also comparable between the
two state nature reserves, about 200 individuals
at the State Nature Reserve «Bolshekhekhtsirsky
(Chronicle of Nature, 2017) and about 150 indi-
viduals at the State Nature Reserve «Ussuriysky»
(Litvinov, 2008). Both state nature reserves have a
strict conservation regime, without providing any
supplementary feeding to animals, ensuring their
natural distribution over the territory. At both state
nature reserves, wapiti are under press of the same
set of predators: the Amur tiger Panthera tigris
altaica Temminck, 1844, the Brown bear Ursus
arctos Linnaeus, 1758 and the Asian black bear
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Ursus thibetanus G. (Baron) Cuvier, 1823. The
only noticeable difference between populations is
the presence of another species of the genus Cer-
vus (sika deer) at the State Nature Reserve «Us-
suriysky» (Litvinov, 2008; Volodin et al., 2015b).

In both state nature reserves, the roaring maxi-
mum was observed at night time, between 03:00
and 06:00 a.m., whereas the roars lacked between
10:00 a.m. and 6:00 p.m. at the State Nature Re-
serve «Bolshekhekhtsirsky» and between 2:00
p.m. and 5:00 p.m at the State Nature Reserve «Us-
suriysky» (Volodin et al., 2015b). In both state na-
ture reserves, temperature significantly influenced
the hourly roaring activity. Similarly to the State
Nature Reserve «Bolshekhekhtsirsky», this effect
of temperature was negative also at the State Na-
ture Reserve «Ussuriysky» (r = -0.79, p < 0.001,
n = 24; Volodin et al., 2015b).

Implications

Stag roaring activity can be used for popula-
tion managing purposes on farms (Volodin et al.,
2016Db), in hunting facilities (Douhard et al., 2013)
and at conservation areas (Volodin et al., 2013,
2015b). Stag roaring activity over the rut period
might help in estimating the state of the given
population in comparison with other populations
of red deer (Carranza et al., 1990; Smith-Flueck
& Flueck, 2006; Volodin et al., 2016b) and poten-
tially for tracking the changes in the state of popu-
lations over time at local level and in frames of the
purposeful study of the mammalian fauna of Rus-
sia using public databases (Lissovsky et al., 2018).

The impressive rutting roaring of Cervidae spe-
cies can be considered as an important seasonal key
marker of the acoustic landscapes: soundscapes, in
addition to the insect, anuran or bird chorus (insects:
Jeliazkov et al., 2016; Desjonquéres et al., 2018;
birds: Gasc et al., 2017; anurans and other taxa: Fer-
reira et al., 2018). These key markers are necessary
for creating false colour spectrograms for applying
the modern ecoacoustic approach at conservation
areas (Ferreira et al., 2018; Lillis et al., 2018; Sugai
et al., 2018; Towsey et al., 2018). Devices used for
recording Far-East wapiti, simultaneously record
vocalisation of other animals and abiotic noise, thus
providing potential material for further monitor-
ing of the ecoacoustic landscapes of the conserva-
tion areas (Sugai et al., 2018). The ecoacoustic ap-
proach, based on recent integration of ecology and
bioacoustics, is a new scientific discipline aimed on
analyses of big data, collected by using automated
recording devices for quantitative estimating biodi-
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versity and landscape sustainability (Farina & Gage,
2017; Towsey et al., 2018).

Limitations

Passive acoustic monitoring is not well suit-
able for estimating population size, although roar-
ing counts are often used as indices of red deer
abundance (Douhard et al., 2013). An important
limitation on acoustic monitoring of red deer and
wapiti populations is that individuals cannot be
identified from the automated acoustic recordings.
Probably, this limitation of impossibility discrimi-
nating individuals by their calls will be overcome
by further research of individual vocal identity in
different subspecies of Cervus elaphus. However,
at the current stage of knowledge, the number of
individual callers cannot be counted this way and
only a relative level of acoustic activity can be
monitored at the given recording site from year
to year. So, for censuses, other methods: pellet
counts, camera traps etc. should be used (Pfeffer et
al., 2017), in addition to the estimating population
number by stag rutting roars.

Conclusions

Passive acoustic monitoring of male Far-
East wapiti provided data about roaring activity
throughout the rut at sites of the most active rut
in the State Nature Reserve «Bolshekhekhtsirsky»
(Russia). Study site, temperature and time of day
affected the roaring activity of male Far-East wa-
piti. The obtained data about dynamics of rutting
roaring activity can be expanded to other native
wild-living populations of Far-East wapiti, inhabit-
ing Protected Areas with strict conservation regime
without providing supplementary food. Further
research of individual vocal identity in different
subspecies of Cervus elaphus is necessary to over-
come the limitations of the method for population
censuses because of the impossibility discriminat-
ing individuals by their calls.
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MNACCHUBHBIN AKYCTUUYECKUHA MOHUTOPUHT
I'OHHOI'O PEBA U3IOBPA CERVUS ELAPHUS XANTHOPYGUS
HA JAJTIBHEM BOCTOKE POCCHUH: ONEHKA BJIMAHUA
TOYKHU 3AIIMCHU, TEMIIEPATYPbBI U BPEMEHHU CYTOK

. 10. Pycun', . A. Bonoquu'>", P. C. AngponoBa’, E. B. Bosioanna®

'Mockosckuil cocyoapcmeennviii ynueepcumem umenu M.B. Jlomonocosa, Poccus
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306vedunennas oupexyus 20CyOapcmeeHHbIX NPUPOOHBIX 3AN0BCOHUKOE
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*e-mail: volodinsvoc@gmail.com

[TaccuBHBIH aKyCTHYECKMH MOHHUTOPUHI IIMPOKO TPUMEHSETCS JUlsl TIOJy4eHUs] TOYHOW MH(pOopMauu 00 uc-
T10JIb30BaHUHM MECTOOOUTAHHH U TIEPEMENICHN I Pa3IMYHbIX BUIOB KMBOTHBIX Ha OXPaHSIEMBbIX TIPUPOIHBIX TEP-
PHUTOPHSX U B TYPUCTHYECKUX 30HaX. J[aHHOE ncciejoBaHne BOKAaIbHOW TOHHOM akTHBHOCTH M3to0peit (Cervus
elaphus xanthopygus) ObLI10 TIPOBEJICHO HA TEPPUTOPHUH 3amoBeHKKa «bonbiexexuupekuin» (Jlanpauii Boctok
Poccun, miomians tepputopun 453.40 km?). TlonydeHsl qaHHbIe 00 aKTHBHOCTH HCIIONB30BAHUH HU3IOOPSIME
TpeX MeCT Hauboyee MHTEHCHBHOTO roHa. [ OHHbIE peBbI ObLIN 3alMCaHbl B TEYCHHUE MISITH MUHYT B Yac Ha Mpo-
TskeHUHU 58 cyTok nepuoga roa B 2017 . ¢ MOMOIIBIO TPEX aBTOMATHYECKUX 3BYKOBBIX JIOBYILEK, 11O OJHOI
B KaX/IOM MECTe TOHa C MapaJuleibHOM perucTpaieil Temmneparypsl Bo3Iyxa pa3 B yac. Bcero 6b110 3anmcaHo
3474 ronnsix pesa (1538, 1159 u 777 cooTBeTCTBEHHO B Tpex Toukax 3amucu). Ha Bcex Tpex Toukax 3amucu
BOKaJIbHAsl aKTUBHOCTH ITOKa3bIBaJIa CXOHYIO U YETKYIO CE30HHYIO IMHAMUKY: HadalbHas (paza roHa, akTHBHasI
(a3za rona u Qaza 3aTyxaHus roHa. XOTs KOPPEJSIHS MEX/y CPEJAHUMH 32 CYTKH 3HAYEHUSIMU BOKAIbHON aKTHB-
HOCTH B TPEX TOYKax OblIa MOJIOKUTETHHOMN U BEICOKO JOCTOBEPHOM, CpEeAHEE YHUCIIO PEBOB B YaC pa3iInvanoch
MEXJTy TOYKaMH. JTO CBUACTENHCTBOBAJIO O KOJUYECTBEHHBIX PA3IMYMUAX B HCIOIB30BAHUU ITHUX TPEX MECT
U3I00psIMH B TeUEHHE roHa. Bo Bcex Tpex ToYKax 3alucH BelTMUMHA CPEAHEH 104acoBO aKTHBHOCTH PeBa 3aBH-
ceJla OT BpeMEHHM CYTOK. Bo Bcex Toukax 3amucu akTHUBHOCTH peBa Obu1a HauBbIiciiel ¢ 03:00 no 06:00 u moutn
npexpamainack ¢ 10:00 1o 18:00. Bo Bcex Toukax 3amucy YUCIO PEBOB B 4ac MOCTeNneHHo Bo3pactaio ¢ 20:00 xo
03:00 no makcuMyMa ¥ 3aTeM OBICTPO CHIDKAJIOCh 10 MUHUMaNbHON BennuuHbl ¢ 06:00 1o 09:00. Temneparypa
OKa3bIBajia MEHbIIICE BIMSHNUE Ha BOKAJBHYIO aKTUBHOCTh B TEUCHHE CYTOK IO CPAaBHEHHIO CO BPEMEHEM CYTOK.
[Tonmy4yeHHbIe JaHHBIE 00CYKIAIOTCA C AaHATIOTUYHBIMM JAHHBIMU 110 BOKAJIbHOM aKTUBHOCTH JIPyTOH 1adbHEBO-
CTOYHOU TIOMYJISIIUU U300Psi, 00UTArOIICH B YCCYpUICKOM 3aITOBETHHKE.

KoioueBble ci10Ba: rOHHBIN pPEB, 3aIlI0BEHBIC TEPPUTOPUH, H3IO0PH, KOIIBITHBIC, MEHEKMEHT, CYyTOUHAs U Ce-
30HHAs JUHAMHUKa
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