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Passive acoustic �o�itori�� is a� actual tool �or populatio� �o�itori�� at co�servatio� a�d tourist areas. T�is 
study provides detailed knowledge of roaring activity of male Far-East wapiti (Cervus elaphus xanthopygus) 
i� t�e rut period o� 2017 at t�ree sites o� �ost active rut at t�e 453.4 k�2 territory o� t�e State Nature Reserve 
�Bolshekhekhtsirsky» (Far East of Russia). Rutting calls were recorded for 5 min/h throughout the 58-day 
rut period by usi�� t�ree auto�ated recordi�� devices� o�e i� eac� site� �it� si�ulta�eous re�istratio� o� 
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 si�ilar dy�a�ic o� t�ree rut p�ases: start p�ase� active p�ase a�d �adi�� p�ase. Alt�ou�� t�e roari�� 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.�. to 03:00 a.�. to a �axi�u� value a�d t�e� rapidly decreased �ro� 06:00 to 09:00 a.�. to a �i�i�u� 
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 
i��abiti�� t�e State Nature Reserve «Ussuriysky».
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Introduction
Acoustic monitoring is an effective tool for 

�a�a�i�� populatio�s a�d esti�ati�� site use a�d 
movement patterns of different animal taxa and the 
state of ecosystems (Obrist et al., 2010; Sugai et 
al.� 2018). T�is approac� �as proved to be use�ul 
for insects (Jeliazkov et al., 2016; Desjonquères 
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).

U��ulates are a�o�� t�e �ost c�aris�atic 
species o� ecosyste�s. T�ere�ore� �a�a�e�e�t o� 
u��ulate populatio�s i� co�servatio� areas� tour�
ist areas and buffer zones of state nature reserves 
represe�ts a� actual researc� task (Bobek et al.� 
1986; Yen et al., 2013). For Cervidae species, the 

acoustic �o�itori�� o� rutti�� roari�� activities is 
developi�� i� rece�t years e.�. �or sika deer Cervus 
nippon Temminck, 1838 (Yen et al., 2013; Enari 
et al.� 2017) a�d �or red deer C. elaphus Li��aeus� 
1758 (Volodi� et al.� 2013� 2016b).

Red deer sta�s produce i�pressive �i���a��
plitude vocalisatio�s ��e� co�pete �it� eac� 
ot�er �or �i�ds i� rut period (Clutto��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�
ti�� calls re�lect �ale quality (Clutto��Brock & 
Albon, 1979; Reby & McComb, 2003; Charlton 
et al.� 2007) a�d reproductive pote�tial (Pepi� 
et al., 2001; Briefer et al., 2010). Male rutting 
vocalisatio� activate a�d sy�c�ro�ise ovulatio� 
of females (McComb, 1987; Calabrese et al., 
2018). �y�a�ics a�d duratio� o� sta� roari�� 
activity re�lect �ale co�ditio�� as sta�s i� a 
�orse body co�ditio� e�d calli�� earlier (Clut�
to��Brock & Albo�� 1979).
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Rutti�� vocal activity is strictly seaso�al i� 
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 �as a clear dy�a�ic� i�dicati�� rut o�set� 
peak and completion (Bocci et al., 2013; Yen et al., 
2013; Volodin et al., 2016b).

Roari�� activity is i��lue�ced by abiotic 
�actors: ti�e o� day� s�o��all� te�perature a�d 
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�
positio� (Volodi� et al.� 2015a� 2016b) a�d by 
�a�a�e�e�t approac�es: captive� se�i�captive 
or free-ranging (Golosova et al., 2017). Indi�
ces o� roari�� activity �i��t also depe�d o� 
t�e particular site (place�e�t o� t�e acoustic 
recordi�� device) �it�i� t�e �o�itored area. 
�o�ever� t�is site�level e��ect �as �ot yet bee� 
i�vesti�ated a�y��ere.

T�o �ative subspecies o� Cervus elaphus 
i��abit t�e Asia� part o� Russia: t�e Siberia� 
�apiti C. e. sibiricus Severtzov� 1873 (Russia� 
name: maral) and the Far-East wapiti C. e. xan-
thopygus Milne-Edwards, 1867 (Russian name: 
izubr). T�ese t�o subspecies are �ell disti��
�uis�able by bot� �e�etic �arkers (Kuz�etsova 
et al.� 2012) a�d by t�e acoustics o� �ale rut�
ting calls (Volodin et al., 2013; 2015b; 2016a; 
Golosova et al., 2017). For instance, frequency 
ra��es o� �ale rutti�� calls are re�arkably di��
�ere�t bet�ee� t�e t�o subspecies: o� avera�e 
0.09 k�z �or t�e �i�i�u� a�d o� avera�e 0.66 
k�z �or t�e �axi�u� �u�da�e�tal �reque�cy 
in Far-East wapiti (Volodin et al., 2015b) and 
respectively 0.41 k�z a�d 1.36 k�z i� Siberi�
an wapiti (Golosova et al., 2017). At the same 
ti�e� call duratio� a�d or�a�isi�� rutti�� calls i� 
bouts are si�ilar i� bot� subspecies (Volodi� et 
al., 2013; 2015b; 2016a; Golosova et al., 2017).

For �ild�livi�� Siberia� �apiti� t�e dy�a�ic 
o� rutti�� vocal activity �as o�ly i�vesti�ated 
�or a part o� rutti�� period i� t�e K�akasskiy 
State Nature Reserve (Volodi� et al.� 2013). For 
t�e �ar�ed a�d se�i�captive Siberia� �apiti� t�e 
dy�a�ics o� rutti�� vocal activity �ere i�vesti�
�ated t�rou��out t�e e�tire rut period (Volodi� 
et al., 2016b). For the Far-East wapiti, the dy�
�a�ic o� rutti�� vocal activity �as o�ly i�ves�
ti�ated �or a part o� rut period i� a �ild�livi�� 
populatio� o� t�e Ussuriysky State Nature Re�
serve (Volodi� et al.� 2015b).

Auto�ated acoustic recordi�� is t�e �ost 
suitable �et�od �or esti�ati�� t�e roari�� activ�
ity o� �ild�livi�� red deer populatio�s (Volodi� et 
al.� 2013� 2015b� 2016b). T�e auto�ated record�
i�� devices ca� be sc�eduled �or collecti�� calls 
t�rou��out t�e e�tire rutti�� period (Volodi� et 
al.� 2016b). T�e ai� o� t�is study �as to exa�i�e 
the roaring activity of wild-living male Far-East 
�apiti i� t�e State Nature Reserve «Bols�ek�ek�
htsirsky» (Far East of Russia). In addition, we 
tested the potential effects of recording site, time 
o� day a�d te�perature o� t�e roari�� activity i� 
t�e course o� t�e rutti�� period.

Material and Methods
Study site, subjects and dates of recording
Rutti�� calls o� adult �ild�livi�� u��arked 

male Far-East wapiti were recorded from 25 Au�
�ust to 21 October 2017 i� t�e State Nature Re�
serve «Bols�ek�ek�tsirsky». T�e State Nature Re�
serve «Bols�ek�ek�tsirsky»� �it� a strict re�i�e 
o� e�viro��e�t protectio�� �as �ou�ded i� 1963 
o� a 453.4 k�2 area about 20 k� sout� o� t�e city 
Khabarovsk in the Far East of Russia. According to 
data o� 2017 �i�ter track ce�suses� t�e total �u��
ber of Far-East wapiti at the territory of the State 
Nature Reserve «Bols�ek�ek�tsirsky» co�prised 
about 200 i�dividuals (C�ro�icle o� Nature� 2017). 
T�is �u�ber could vary t�rou��out t�e year� be�
cause t�e a�i�als �reely leave t�e u��e�ced terri�
tory o� t�e Bols�ek�ek�tsirsky Reserve �or visiti�� 
t�e �ei��bouri�� �orested areas. No supple�e�tary 
�ood is provided to a�y a�i�al i� t�e State Nature 
Reserve «Bols�ek�ek�tsirsky».

Fig. 1. T�e device (So��Meter SM2+)� �ou�ted o� a tree at 
t�e State Nature Reserve «Bols�ek�ek�tsirsky» �or t�e auto�
mated acoustic recording of male Far-East wapiti rutting calls.
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Acoustic recording
For t�e auto�ated acoustic recordi�� o� 

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 
Kluc�» (a lar�e cleari�� i� t�e �orest� 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�
p�o�es� establis�ed �orizo�tally at t�e a��le o� 
180 de�rees to eac� ot�er (Fi�. 1). T�ese t�ree 
recording sites were selected by the staff of the 
State Nature Reserve «Bols�ek�ek�tsirsky» as t�e 
places o� �ost active rut i� previous seaso�s. All 
devices re�ai�ed o� t�eir places per�a�e�tly �or 
t�e e�tire rut period. People did �ot visit t�e� dur�
i�� t�e rut� to avoid pote�tial a�i�al disturba�ce.

Each device recorded calls every day, for 58 days 
i� total� i� t�e �ode 22.05 k�z� 16 bit� stereo. T�e re�
cordi�� sc�edule �as set at 5 �i� a�d 55 �i� pause� 
120 �i� i� total per 24�� cycle� �it� si�ulta�eous 
re�istratio� o� te�perature every �our (precisio� 
± 1°C) at the start moment of each 5-min recording. 
The total of 4176 5-min digital sound files provided 
360 � o� recordi��s� 120 � o� recordi�� per device.

T�e �i�i�u� dista�ce bet�ee� t�e �ei���
bouri�� devices �as 2 k�. T�e devices �ere set 
at �axi�u� possible se�sitivity a�d pote�tially 
collected all sta� rutti�� calls �ro� t�e dista�ce 

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 �u�ber o� calls is eleve�.

of about 1 km. Wapiti rutting calls propagate to 
a dista�ce up to 1.5 k� (Volodi� et al.� 2013). 
T�ere�ore� to exclude eve� a �i�or possibility o� 
recordi�� t�e sa�e calls �it� t�o or t�ree devices 
si�ulta�eously� �e de�sy�c�ro�ised t�e sc�edule 
o� t�eir �ork �it�i� every �our.

Acoustic analyses
All sound files were viewed and analysed 

t�rou�� Aviso�t SASLab Pro so�t�are (Aviso�t 
Bioacoustics, Germany, Berlin) main window. The 
number of calls in each audio file irrespective of their 
quality �as cou�ted (Fi�. 2). So�e calls �ere �ai�t 
a�d i�disti��uis�able by ear �ro� t�e back�rou�d 
�oise� but t�ey �ere still detectable by spectro�ra�s 
(Fig. 2). In total, for the three devices we registered 
3474 rutti�� calls (1538 calls at Otstoy� 1159 calls at 
Mis�ki� Kluc� a�d 777 calls at Odyr).

To track t�e rutti�� vocal activity duri�� t�e sea�
so�� �e calculated t�e daily �ea� call �u�ber per 
hour for each 24-h cycle (as the total number of calls/
day� divided by 24) across 58 days o� t�e recordi�� 
period. We also calculated the daily mean tempera�
ture �or eac� 24�� cycle by 24 re�istratio�s� o�e re��
istratio� per �our. For evaluati�� t�e �ourly activity 
patter�s o� sta� vocalisatio�� �e calculated t�e �ea� 
number of calls/h for each time of day (averaged 
across the 58 days of recording). In addition, we cal�
culated t�e �ourly �ea� te�perature (avera�ed by 58 
re�istratio�s �or eac� ti�e o� day across t�e 58 days 
o� recordi��). Si�ilar calculatio�s �ere do�e �or eac� 
o� t�e t�ree p�ases o� t�e rut (see belo�).
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Fig. 3. Subdividi�� t�e rut period i�to t�ree p�ases: start p�ase� active p�ase a�d �adi�� p�ase. Maxi�u�: �axi�u� roari�� 
activity; mean: the mean calls/h across rut period from onset to completion.

Subdividing rut period to phases
To co�pare t�e roari�� activity a�o�� t�e 

t�ree recordi�� sites� �e developed �or�al criteria 
�or ti�i�� t�e rut o�set a�d co�pletio� o� eac� site 
(Fig. 3). In addition, we developed formal crite�
ria �or subdividi�� t�e e�tire rut period i�to t�ree 
p�ases (start� active a�d �adi��). First� �e deter�
�i�ed� �or eac� site� t�e day �it� t�e �axi�u� 
roaring activity (calls/h). Then we determined, for 
eac� recordi�� site� t�e days o� rut o�set a�d co��days o� rut o�set a�d co��
pletion as the days when call number/h reached 1% 
o� t�e �axi�u�. For eac� recordi�� site� �e cal�or eac� recordi�� site� �e cal� �e cal�
culated the mean call number/h across rut period 
from onset to completion. We took the period be�
t�ee� t�e day o� rut o�set a�d t�e day �it� �ea� 
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�
tio� as t�e �adi�� p�ase (Fi�. 3).

Statistical analyses
All statistical a�alyses �ere �ade �it� 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 
��e�ever p < 0.05. �istributio�s o� 329 para�eter 
values o� 462 distributio�s did �ot depart �ro� �or�
�ality (Kol�o�orov�S�ir�ov test� p > 0.05). As 

para�etric ANOVA is relatively robust to depar�
tures from normality (Dillon & Goldstein, 1984), 
t�is �as �ot a� obstacle to t�e applicatio� o� t�ese 
tests� ��at allo�ed us to apply para�etric tests.

We applied a one-way ANOVA with Tukey 
HSD (Honestly Significant Difference) test to com�
pare t�e roari�� activity bet�ee� recordi�� sites. 
We used the Pearson’s correlation to compare the 
dy�a�ics o� roari�� activity bet�ee� recordi�� sites 
a�d bet�ee� t�e daily roari�� activity a�d �ea� 
te�perature duri�� t�e e�tire rut period a�d duri�� 
the three rut phases. We used the General Linear 
Mixed Model (GLMM) to estimate the joint effect 
o� te�perature� ti�e o� day (�ourly) a�d t�e p�ase 
of the rut on the number of calls/h; taking time of 
day and the phase of the rut as fixed categorical fac�
tors a�d te�perature as co�ti�ual �actor.

Results
Roari�� activity i� t�e course o� t�e rut �as 

different in the three recording sites (Fig. 4; Table 
1). In each site, the roaring activity occurred at ap-). In each site, the roaring activity occurred at ap�
proxi�ately t�e sa�e cale�dar dates� �ro� t�e last 
days of August to 16–21 October. In each site, the 
active p�ase lasted �or about t�ree �eeks� �ro� 
8–9 September to the first days of October. In each 
site� t�e active p�ase a�d t�e day �it� �axi�u� 
roari�� activity �ere ske�ed to�ards t�e rut o�set 
rat�er t�a� to t�e rut co�pletio� (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 
duri�� t�e rut o� 2017) at t�ree recordi�� sites: Otstoy (blue r�o�bs)� Mis�ki� Kluc� (red squares) a�d Odyr (�ree� tria��les). 
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. Para�eter values o� roari�� activity i� t�e course o� rut period o� 2017 at t�ree recordi�� sites: Otstoy� Mis�ki� Kluc� 
and Odyr; and one-way ANOVA results for their comparison between the recording sites. The same superscripts indicate 
which values did not differ significantly (p>0.05, Tukey HSD test). Significant values are labeled in bold

T�e �ea� roari�� activity �or t�e e�tire rut 
period �as t�e �i��est at Otstoy a�d t�e lo�est 
at Odyr (differences are significant), whereas at 
Mis�ki� Kluc� it �as i�ter�ediate� bei�� �ot si��
nificantly different from those in the other two sites 
(Table 1). At t�e start p�ase a�d at t�e active p�ase� 
the mean roaring activity did not differ between the 
recordi�� sites. �o�ever� at t�e �adi�� p�ase� t�e 
mean roaring activity was again significantly high�

er at Otstoy t�a� at Odyr a�d displayed t�e i�ter�
�ediate value at Mis�ki� Kluc� (Table 1).

T�e rut duratio� �as t�e lo��est at Otstoy (53 
days)� t�e s�ortest at Odyr (47 days) a�d i�ter�ediate 
at Mis�ki� Kluc� (51 days). T�e duratio� o� t�e start 
p�ase a�d o� t�e �adi�� p�ase �as approxi�ately t�e 
sa�e i� t�e t�ree recordi�� sites� t�e s�orte�i�� o� rut 
period at Mis�ki� Kluc� a�d Odyr �as �ai�ly due to 
t�e s�orter active p�ase i� t�ese sites (Table 1).

Para�eter Recordi�� site ANOVAOtstoy Mis�ki� Kluc� Odyr
Rut o�set (date) 30.08.2017 01.09.2017 31.08.2017
Start o� rut active p�ase (date) 08.09.2017 09.09.2017 08.09.2017
Roari�� �axi�u� (date) 22.09.2017 19.09.2017 17.09.2017
Start o� rut �adi�� p�ase (date) 02.10.2017 01.10.2017 29.09.2017
Rut co�pletio� (date) 21.10.2017 21.10.2017 16.10.2017
Rut total duratio� (days) 53 51 47
Rut start p�ase duratio� (days) 9 8 8
Rut active p�ase duratio� (days) 24 22 17
Rut �adi�� p�ase duratio� (days) 20 21 22
�uratio� to rut �axi�u� (days) 23 18 17
Rut start p�ase perce�ta�e (%) 17 16 17
Rut active p�ase perce�ta�e (%) 45 43 36
Rut �adi�� p�ase perce�ta�e (%) 38 41 47
Perce�ta�e to rut �axi�u� (%) 43 35 36
Maximum roaring activity (calls/h) 54 33.5 45
All-rut mean roaring activity (calls/h) 14.46 ± 1.62a 11.36 ± 1.39a�b 8.27 ± 1.42b F2�148 = 4.28; p = 0.02
Start phase mean roaring activity (calls/h) 6.94 ± 1.86 4.81 ± 1.05 3.81 ± 1.31 F2�22 = 1.19; p = 0.32
Active phase mean roaring activity (calls/h) 24.17 ± 2.08 20.00 ± 1.90 17.26 ± 2.64 F2�60 = 2.51; p = 0.09
Fading phase mean roaring activity (calls/h) 6.20 ± 1.15a 4.81 ± 0.87a�b 2.93 ± 0.64b F2�60 = 3.37; p = 0.04
Median roaring activity (calls/h) 10.5 8 5
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Table 2. Pearso�’s correlatio� bet�ee� t�e daily roari�� activity a�d t�e �ea� te�perature per 24�� cycle �or t�e e�tire rut 
period and separately for the three rut phases at the three recording sites: Otstoy; Mishkin Kluch and Odyr. Significant values 
are labeled i� bold

Fig. 5. Time of day (hourly) graphs of male Far-East wapiti 
roari�� activity a�d o� t�e �ea� �ourly te�perature i� t�ree 
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: t�e �ourly �ea� te�perature (avera�ed by 58 re�istra�
tions for each time of day across the 58 days of recording); 
whiskers indicate SE.

We found significant positive correlations of 
roari�� activity a�o�� all t�e t�ree recordi�� sites. 
We calculated Pearson’s correlations for the 46-day 
part o� t�e rut period� �ro� 1st Septe�ber (rut o�set 
at Mis�ki� Kluc�) to 16t� October (rut co�pletio� 
at Odyr). Stro��er correlatio�s �ere �ou�d bet�ee� 
Otstoy a�d Mis�ki� Kluc� (r = 0.694, p < 0.001) 
a�d bet�ee� Mis�ki� Kluc� a�d Odyr (r = 0.697, 
p < 0.001)� ��ereas a �eaker correlatio� �as �ou�d 
bet�ee� Otstoy a�d Odyr (r = 0.528, p < 0.001).

For t�e e�tire rut period� t�e daily roari�� activ�
ity showed a significant positive correlation with the 
�ea� te�perature per 24�� cycle i� all t�e t�ree re�
cordi�� sites (Table 2). �o�ever� separately �or t�e 
start phase and for the active phase, we did not find 
the significant correlation between the daily roaring 
activity a�d daily �ea� te�perature. Separately �or 
the fading phase, the significant positive correlation 
bet�ee� t�e daily roari�� activity a�d daily �ea� 
te�perature �as �ou�d at Otstoy� but �ot at Mis�ki� 
Kluch or Odyr. Therefore, the effect of temperature 
o� t�e daily roari�� activity lacked rat�er t�a� pre�
sented; a positive correlation observed for the en�
tire rut period could be due to the effect of the large 
�u�ber o� days i�cluded i� t�e a�alysis.

At all t�e t�ree recordi�� sites� t�e �ea� �u��
ber o� calls �as related to ti�e o� day (Fi�. 5). At a�y 
site� t�e roari�� activity �as t�e �i��est bet�ee� 
03:00 a�d 06:00 a.�. a�d �early lacked bet�ee� 
10:00 a.�. a�d 6:00 p.�. At a�y site� t�e �u��
ber of calls/h steadily increased from 8:00 p.m. to 
03:00 a.�. to �axi�u� a�d t�e� rapidly decreased 
�ro� 06:00 to 09:00 a.�. to t�e �i�i�u� value 
(Fig. 5). The hourly number of calls/h significantly 
�e�atively correlated �it� te�perature at eac� re�
cordi�� site: Otstoy (r = -0.92; p < 0.001; n = 24), 
Mis�ki� Kluc� (r = -0.91; p < 0.001; n = 24) and 
Odyr (r = -0.87; p < 0.001; n = 24).

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

Rut p�ase Recordi�� site
Otstoy Mis�ki� Kluc� Odyr

All rut r = 0.48; p < 0.001; n = 53 r = 0.35; p = 0.01; n = 51 r = 0.38; p = 0.008; n = 47
Start p�ase r = 0.47; p = 0.20; n = 9 r = �0.17; p = 0.69; n = 8 r = 0.46; p = 0.25; n = 8
Active p�ase r = 0.40; p = 0.052; n = 24 r = 0.16; p = 0.49; n = 22 r = �0.33; p = 0.20; n = 17
Fadi�� p�ase r = 0.49; p = 0.03; n = 20 r = 0.10; p = 0.66; n = 21 r = 0.19; p = 0.39; n = 22

Factor Recordi�� site
Otstoy Mis�ki� Kluc� Odyr

Rut p�ase F2�1245 = 62.49; p < 0.001 F2�1197 = 65.96; p < 0.001 F2�1101 = 52.35; p < 0.001
Ti�e o� day F23�1245 = 10.44; p < 0.001 F23�1197 = 3.98; p < 0.001 F23�1101 = 2.33; p < 0.001
Te�perature F1�1245 = 10.65; p = 0.001 F1�1197 = 4.27; p = 0.04 F1�1101 = 2.31; 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 
p�ases o� t�e rut i� t�e course o� t�e rut period at t�ree recordi�� sites: Otstoy� Mis�ki� Kluc� a�d Odyr. Si��i�ica�t 
values are labeled i� bold

We estimated the joint effect of temperature, 
ti�e o� day a�d rut p�ase o� roari�� activity (�u��
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 
o� Fis�er’s criteria� t�e rut p�ase �ad a stro��er e��
fect on roaring activity compared to the effects of 
eit�er ti�e o� day or te�perature (Table 3).

Because of the found strong effect of the rut 
p�ase o� t�e roari�� activity� �e a�alysed t�e e��
�ect o� ti�e o� day a�d te�perature o� t�e �u�ber 
of calls/h in each phase of the rut separately (Table 
4). Time of day influenced the number of calls/h 
i� t�o recordi�� sites at t�e start p�ase� i� t�o re�
cordi�� sites at t�e active p�ase a�d i� all t�e t�ree 
recordi�� sites at t�e �adi�� p�ase. T�e �actor te��
perature influenced the number of calls/h in one re�
cordi�� site at t�e start p�ase� i� o�e recordi�� site 
at t�e active p�ase a�d i� o�e recordi�� site at t�e 
�adi�� p�ase (Table 4).

Discussion
Factors affecting roaring activity
This study of male Far-East wapiti roaring 

activity de�o�strated t�at i� eac� o� t�e t�ree re�
cordi�� sites t�e rutti�� vocal activity displayed 
t�ree p�ases: start p�ase� active p�ase a�d �adi�� 
p�ase. Alt�ou�� t�e roari�� activity displayed a 
positive correlatio� bet�ee� sites� t�e 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 
t�ree recordi�� sites� t�e roari�� activity �as re�
lated to ti�e o� day� a�d �as t�e �i��est bet�ee� 
03:00 a�d 06:00 a.�. a�d �early lacked bet�ee� 
10:00 a.�. a�d 18:00 p.�.

Overall� t�ese results poi�t a �ay �or opti�
mising and minimising the effort for further con�
ducti�� t�e passive acoustic �o�itori�� o� t�e 
Far-East wapiti population in the State Nature Re�
serve �Bolshekhekhtsirsky». We suggest using 1) 

a si��le recordi�� site� pre�ere�tially Otstoy� dis�
playi�� t�e �i��est �ale roari�� activity� 2) o�ly 
t�e active rut p�ase� approxi�ately bet�ee� 08 
Septe�ber a�d 02 October� a�d 3) o�ly �i��tti�e� 
bet�ee� 03:00 a�d 06:00 a.�.. T�is restricted re�
cordi�� sc�edule o� passive acoustic �o�itori�� 
appears to be sufficient for providing representa�
tive data about t�e populatio� rutti�� activity i� 
subseque�t rutti�� seaso�s.

Inter-population comparison
Furt�er researc� is �ecessary to u�dersta�d 

��et�er t�ese su��estio�s ca� be expa�ded to 
other populations of the Far-East wapiti and other 
co�servatio� areas. �o�ever� �e ca� co�pare 
data o� t�is study �it� available (alt�ou�� li�ited) 
data o� dy�a�ics o� rutti�� vocal activity o� t�e 
Far-East wapiti, obtained in the course of 15-day 
recordi��s� co�ducted at t�e territory o� t�e State 
Nature Reserve �Ussuriysky» (http://www.ussuri�
ysky.ru/) in rut period of 2014. The site of pas�
sive acoustic �o�itori�� at t�e State Nature Re�
serve �Ussuriysky» (43.65305 N, 132.64388 E) 
�as located at a dista�ce o� about 600 k� �ro� 
t�e State Nature Reserve «Bols�ek�ek�tsirsky». 
T�e territory o� t�e State Nature Reserve «Us�
suriysky» (404.32 k�2) is co�parable i� size to 
t�at o� t�e State Nature Reserve «Bols�ek�ek�t�
sirsky» (453.40 k�2). T�e populatio� �u�bers o� 
Far-East wapiti are also comparable between the 
t�o state �ature reserves� about 200 i�dividuals 
at t�e State Nature Reserve «Bols�ek�ek�tsirsky 
(C�ro�icle o� Nature� 2017) a�d about 150 i�di�
viduals at t�e State Nature Reserve «Ussuriysky» 
(Litvi�ov� 2008). Bot� state �ature reserves �ave a 
strict co�servatio� re�i�e� �it�out providi�� a�y 
supple�e�tary �eedi�� to a�i�als� e�suri�� t�eir 
�atural distributio� over t�e territory. At bot� state 
�ature reserves� �apiti are u�der press o� t�e sa�e 
set o� predators: t�e A�ur ti�er Panthera tigris 
altaica Te��i�ck� 1844� t�e Bro�� bear Ursus 
arctos Li��aeus� 1758 a�d t�e Asia� black bear 

Rut p�ase Factors Recordi�� site
Otstoy Mis�ki� Kluc� Odyr

Start Ti�e o� day F23�191 = 1.86; p = 0.01 F23�167 = 1.38; p = 0.12 F23�167 = 1.78; p = 0.02
Te�perature F1�191 = 2.90; p = 0.09 F1�167 = 7.00; p = 0.009 F1�167 = 0.95; p = 0.33

Active Ti�e o� day F23�551 = 7.76; p < 0.001 F23�503 = 3.24; p < 0.001 F23�383 = 1.22; p = 0.22
Te�perature F1�551 = 1.55; p = 0.21 F1�503 = 1.75; p = 0.19 F1�383 = 9.67; p = 0.002

Fadi�� Ti�e o� day F23�455 = 3.33; p < 0.001 F23�479 = 1.77; p = 0.02 F23�503 = 1.66; p = 0.03
Te�perature F1�455 = 10.25; p = 0.001 F1�479 = 2.44; p = 0.12 F1�503 = 0.01; p = 0.95
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Ursus thibetanus G. (Baron) Cuvier, 1823. The 
only noticeable difference between populations is 
t�e prese�ce o� a�ot�er species o� t�e �e�us Cer-
vus (sika deer) at t�e State Nature Reserve «Us�
suriysky» (Litvinov, 2008; Volodin et al., 2015b).

In both state nature reserves, the roaring maxi�
�u� �as observed at �i��t ti�e� bet�ee� 03:00 
a�d 06:00 a.�.� ��ereas t�e roars lacked bet�ee� 
10:00 a.�. a�d 6:00 p.�. at t�e State Nature Re�
serve «Bols�ek�ek�tsirsky» a�d bet�ee� 2:00 
p.�. a�d 5:00 p.� at t�e State Nature Reserve «Us�
suriysky» (Volodin et al., 2015b). In both state na�
ture reserves, temperature significantly influenced 
t�e �ourly roari�� activity. Si�ilarly to t�e State 
Nature Reserve �Bolshekhekhtsirsky», this effect 
o� te�perature �as �e�ative also at t�e State Na�
ture Reserve «Ussuriysky» (r = -0.79, p < 0.001� 
n = 24; Volodin et al., 2015b).

Implications
Sta� roari�� activity ca� be used �or popula�

tio� �a�a�i�� purposes o� �ar�s (Volodi� et al.� 
2016b)� i� �u�ti�� �acilities (�ou�ard et al.� 2013) 
a�d at co�servatio� areas (Volodi� et al.� 2013� 
2015b). Sta� roari�� activity over t�e rut period 
�i��t �elp i� esti�ati�� t�e state o� t�e �ive� 
populatio� i� co�pariso� �it� ot�er populatio�s 
of red deer (Carranza et al., 1990; Smith-Flueck 
& Flueck, 2006; Volodin et al., 2016b) and poten�
tially �or tracki�� t�e c�a��es i� t�e state o� popu�
latio�s over ti�e at local level a�d i� �ra�es o� t�e 
purpose�ul study o� t�e �a��alia� �au�a o� Rus�
sia usi�� public databases (Lissovsky et al.� 2018).

T�e i�pressive rutti�� roari�� o� Cervidae spe�
cies ca� be co�sidered as a� i�porta�t seaso�al key 
�arker o� t�e acoustic la�dscapes: sou�dscapes� i� 
additio� to t�e i�sect� a�ura� or bird c�orus (i�sects: 
Jeliazkov et al., 2016; Desjonquères et al., 2018; 
birds: Gasc et al., 2017; anurans and other taxa: Fer�
reira et al.� 2018). T�ese key �arkers are �ecessary 
�or creati�� �alse colour spectro�ra�s �or applyi�� 
t�e �oder� ecoacoustic approac� at co�servatio� 
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 
vocalisatio� o� ot�er a�i�als a�d abiotic �oise� t�us 
providi�� pote�tial �aterial �or �urt�er �o�itor�
i�� o� t�e ecoacoustic la�dscapes o� t�e co�serva�
tio� areas (Su�ai et al.� 2018). T�e ecoacoustic ap�
proac�� based o� rece�t i�te�ratio� o� ecolo�y a�d 
bioacoustics, is a new scientific discipline aimed on 
a�alyses o� bi� data� collected by usi�� auto�ated 
recordi�� devices �or qua�titative esti�ati�� biodi�

versity and landscape sustainability (Farina & Gage, 
2017; Towsey et al., 2018).

Limitations
Passive acoustic �o�itori�� is �ot �ell suit�

able �or esti�ati�� populatio� size� alt�ou�� roar�
i�� cou�ts are o�te� used as i�dices o� red deer 
abu�da�ce (�ou�ard et al.� 2013). A� i�porta�t 
li�itatio� o� acoustic �o�itori�� o� red deer a�d 
�apiti populatio�s is t�at i�dividuals ca��ot be 
identified from the automated acoustic recordings. 
Probably� t�is li�itatio� o� i�possibility discri�i�
�ati�� i�dividuals by t�eir calls �ill be overco�e 
by �urt�er researc� o� i�dividual vocal ide�tity i� 
different subspecies of Cervus elaphus. �o�ever� 
at t�e curre�t sta�e o� k�o�led�e� t�e �u�ber o� 
i�dividual callers ca��ot be cou�ted t�is �ay a�d 
o�ly a relative level o� acoustic activity ca� be 
�o�itored at t�e �ive� recordi�� site �ro� year 
to year. So� �or ce�suses� ot�er �et�ods: pellet 
counts, camera traps etc. should be used (Pfeffer et 
al.� 2017)� i� additio� to t�e esti�ati�� populatio� 
�u�ber by sta� rutti�� roars.

Conclusions
Passive acoustic �o�itori�� o� �ale Far�

East wapiti provided data about roaring activity 
t�rou��out t�e rut at sites o� t�e �ost active rut 
i� t�e State Nature Reserve «Bols�ek�ek�tsirsky» 
(Russia). Study site� te�perature a�d ti�e o� day 
affected the roaring activity of male Far-East wa�
piti. T�e obtai�ed data about dy�a�ics o� rutti�� 
roari�� activity ca� be expa�ded to ot�er �ative 
wild-living populations of Far-East wapiti, inhabit�
i�� Protected Areas �it� strict co�servatio� re�i�e 
�it�out providi�� supple�e�tary �ood. Furt�er 
research of individual vocal identity in different 
subspecies o� Cervus elaphus is �ecessary to over�
co�e t�e li�itatio�s o� t�e �et�od �or populatio� 
ce�suses because o� t�e i�possibility discri�i�at�
i�� i�dividuals by t�eir calls.
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ПАССИВНЫЙ АКУСТИЧЕСКИЙ МОНИТОРИНГ
ГОННОГО РЕВА ИЗЮБРЯ CERVUS ELAPHUS XANTHOPYGUS

НА ДАЛЬНЕМ ВОСТОКЕ РОССИИ: ОЦЕНКА ВЛИЯНИЯ
ТОЧКИ ЗАПИСИ, ТЕМПЕРАТУРЫ И ВРЕМЕНИ СУТОК

И. Ю. Русин1, И. А. Володин1,2,*, Р. С. Андронова3, Е. В. Володина2

1Московский государственный университет имени М.В. Ломоносова, Россия
2Московский зоопарк, Россия

3Объединенная дирекция государственных природных заповедников
и национальных парков Хабаровского края, Россия

*e-mail: volodinsvoc@gmail.com

Пассивный акустический мониторинг широко применяется для получения точной информации об ис�
пользовании местообитаний и перемещений различных видов животных на охраняемых природных тер�
риториях и в туристических зонах. Данное исследование вокальной гонной активности изюбрей (Cervus 
elaphus xanthopygus) было проведено на территории заповедника �Большехехцирский» (Дальний Восток 
России, площадь территории 453.40 км2). Получены данные об активности использовании изюбрями 
трех мест наиболее интенсивного гона. Гонные ревы были записаны в течение пяти минут в час на про�
тяжении 58 суток периода гона в 2017 г. с помощью трех автоматических звуковых ловушек, по одной 
в каждом месте гона с параллельной регистрацией температуры воздуха раз в час. Всего было записано 
3474 гонных рева (1538, 1159 и 777 соответственно в трех точках записи). На всех трех точках записи 
вокальная активность показывала сходную и четкую сезонную динамику: начальная фаза гона, активная 
фаза гона и фаза затухания гона. Хотя корреляция между средними за сутки значениями вокальной актив�
ности в трех точках была положительной и высоко достоверной, среднее число ревов в час различалось 
между точками. Это свидетельствовало о количественных различиях в использовании этих трех мест 
изюбрями в течение гона. Во всех трех точках записи величина средней почасовой активности рева зави�
села от времени суток. Во всех точках записи активность рева была наивысшей с 03:00 до 06:00 и почти 
прекращалась с 10:00 до 18:00. Во всех точках записи число ревов в час постепенно возрастало с 20:00 до 
03:00 до максимума и затем быстро снижалось до минимальной величины с 06:00 до 09:00. Температура 
оказывала меньшее влияние на вокальную активность в течение суток по сравнению со временем суток. 
Полученные данные обсуждаются с аналогичными данными по вокальной активности другой дальнево�
сточной популяции изюбря, обитающей в Уссурийском заповеднике.

Ключевые слова: гонный рев, заповедные территории, изюбрь, копытные, менеджмент, суточная и се�
зонная динамика
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