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in the wild and in captivity: a potential tool for detecting inhabited
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Abstract

In this study, we describe the acoustic structure of ultrasonic alarm calls of Mongolian gerbils Meriones unguiculatus in the
wild and verify these calls as belonging to Mongolian gerbils by comparison of their acoustic parameters with alarm calls
recorded in captivity. Both in captivity and in the wild, the alarm calls of Mongolian gerbils represented prolonged calls with
an average duration of 118 ms and a flat contour and an average maximum fundamental frequency of 26.84 kHz. We found
that alarm calls of captive Mongolian gerbils were shorter and higher in fundamental frequency and followed in a quicker
succession than in the wild. Although the dataset size is not sufficient to determine significant acoustic variation between
the populations, we discuss the potential reasons of the acoustic differences between the ultrasonic alarm calls produced in
the wild and in captivity in our study and between the alarm calls reported in literature for different captive populations. We
propose a method for non-invasive estimation of occupancy of the burrows by Mongolian gerbils in fragmented colonies at
very low population density, by presence of the ultrasonic alarm calls.
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Introduction

Handling editor: Sabine Begall Alarm calls occur across mammalian taxa: in primates

(Seyfarth et al. 1980; Fichtel and Kappeler 2002; Zuber-
biihler 2009; Leyn et al. 2023), hyraxes (Fourie 1977), car-
nivores (Manser 2001; Leuchtenberger et al. 2016; Kern
et al. 2017), lagomorphs (pikas) (Conner 1985; Volodin
et al. 2018, 2021a), artiodactyls, including camelids and
giraffes (Kiley 1972; Minami and Kawamichi 1992; Volo-
din et al. 2017; Volodina et al. 2018), and in rodents (Hare
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1998; Randall and Rogovin 2002; Randall et al. 2005;
Blumstein 2007; Matrosova et al. 2011; Loughry et al.
2019). Most rodents produce their calls in both ultrasonic
and sonic frequency ranges (Zaytseva et al. 2020; Dyms-
kaya et al. 2022; Ferndndez-Vargas et al. 2022). However,
alarm calls of most of the rodents studied are produced in
the sound range audible to humans at frequencies below
20 kHz. The use of ultrasonic (above 20 kHz) alarm calls
was reported for four species of rodents: for Norway rats
Rattus norvegicus (Blanchard et al. 1991; Brudzynski
and Holland 2005; Litvin et al. 2007; Inagaki and Ushida
2021), Richardson’s ground squirrels Spermophilus rich-
ardsonii (Wilson and Hare 2004, 2006), speckled ground
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squirrels S. suslicus (Matrosova et al. 2012) and Mongo-
lian gerbils Meriones unguiculatus (Ter-Mikaelian et al.
2012).

Many species of rodents living in arid habitats use
podophony (also termed foot-thumping or foot-drumming)
as an alarm signal, often additionally to the alarm call
(review: Randall 2001). Gerbils may use podophony in case
of danger or at elevated arousal, alone or simultaneously
with alarm calling. Podophony was reported for fat sand
rats Psammomys obesus (Daly and Daly 1975a; Bridelance
1986), fat-tailed gerbils Pachyuromys duprasi (Bridelance
1989), great gerbils Phombomys opimus (Randall et al.
2000) and many species of the genus Meriones (Daly and
Daly 1975b; Bridelance and Paillette 1985; Bridelance 1989;
Randall 2001), including the Mongolian gerbil (Agren et al.
1989). The great gerbil combines podophony with audible
(sonic) alarm calls (Randall et al. 2000) and Mongolian ger-
bils combine podophony with ultrasonic alarm calls (Ter-
Mikaelian et al. 2012). For other species of gerbils for which
podophony was reported, the alarm calls were not reported.

The Mongolian gerbil was extensively studied regarding
vocalization, primarily as an animal model for human epi-
lepsy (e.g., Kumar et al. 2006). So far, all studies of acoustic
communication in Mongolian gerbils are made in captivity
(De Ghett 1974; Broom et al. 1977; Holman 1980, 1981;
Holman and Hutchison 1985; Holman and Seale 1991; Hol-
man et al. 1995; Nishiyama et al. 2011; Kobayasi and Riqui-
maroux 2012; Ter-Mikaelian et al. 2012; Kozhevnikova et al.
2021; Peterson et al. 2023; Silberstein et al. 2023; Volodin
et al. 2023). Pups of the Mongolian gerbil produce isolation
calls purely sonic, purely ultrasonic and combining sound
and ultrasound (Kozhevnikova et al. 2021; Silberstein et al.
2023). Adult Mongolian gerbils also produce both sonic
and ultrasonic calls of different types, used in different con-
texts (Holman 1980; Kobayasi and Riquimaroux 2012; Ter-
Mikaelian et al. 2012; Volodin et al. 2023).

The alarm calls of Mongolian gerbils were commonly
produced in series separated by intervals with a median
duration of 893 ms (Ter-Mikaelian et al. 2012). The series of
ultrasonic alarm calls, recorded in semi-natural conditions in
a large outdoor enclosure, were often accompanied by rhyth-
mic podophony and evoked fleeing and hiding responses of
conspecifics (Ter-Mikaelian et al. 2012). The alarm calls of
Mongolian gerbils differed from other ultrasonic calls with
their longer duration, on average 116 ms (up to 260 ms) and
constant fundamental frequency, on average 23.3 kHz, and
by context (Ter-Mikaelian et al. 2012). Other ultrasonic calls
(contact and mating) had duration from 19 to 57 ms and
fundamental frequency from 30 to 49 kHz (Holman 1980;
Kobayasi and Riquimaroux 2012; Ter-Mikaelian et al. 2012;
Peterson et al. 2023; Volodin et al. 2023). This is the range
of frequencies, in which adult and subadult Mongolian ger-
bils have a good hearing sensitivity, although the most acute
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hearing of this species is in the audible frequency range
(Ryan 1976; Overstreet et al. 2003).

Mongolian gerbils are small rodents with low sexual
dimorphism in body mass (males: average 73.8 g+12.4 SD,
females: average 72.8 g+ 15.2 SD, Volodin et al. 2023). In
natural habitats in Central Asia, Mongolian gerbils are ter-
ritorial diurnal social rodents with seasonal breeding, living
in underground burrows in extended family groups (Agren
et al. 1989; Scheibler et al. 2006; review: Gromov 2022).
This species is subjected to density waves typical for rodent
populations, with outbreaks and depressions (Wang and
Zhong 2006; Tian et al. 2015; Liu and Deng 2022).

There is only one study reporting podophony of Mongo-
lian gerbils in the alarm context in natural conditions (Agren
et al. 1989). Data on vocalization of Mongolian gerbils in
nature are absent. Currently, inexpensive portative ultrasonic
recorders enabling collecting the ultrasonic calls of rodents
in the wild, enable the recording of calls from burrow
entrances out of sight of the callers (Volodin et al. 2022).
However, such recordings should be verified as belonging to
the particular species by comparison of the acoustic struc-
ture of the calls with referential calls recorded in captivity
from animals of known species (Volodin et al. 2022).

The aim of this study was to describe the acoustic struc-
ture of ultrasonic alarm calls of Mongolian gerbils in the
wild and to verify these calls as belonging to Mongolian
gerbils by comparison with those recorded in captivity from
known callers. Based on these results, we propose a method
for non-invasive estimation of occupancy of the burrows
by Mongolian gerbils in fragmented colonies at very low
population density, by the presence of ultrasonic alarm calls
produced toward humans.

Materials and methods
Acoustic recording in captivity

In captivity, ultrasonic alarm calls were recorded from Mon-
golian gerbils kept in the laboratory colony of Moscow Zoo
(Moscow, Russia) from November 2020 to January 2021.
The colony originated in 2009 from 11 wild individuals
from natural habitats of Tuva, Russia. The alarm calls were
recorded from 9 family groups, including in total 41 individ-
uals, from 4 to 7 individuals per group. The groups consisted
of adult founders (one male and one female in 7 groups and
one male and two sisters in 2 groups) and their 1-5 subadult
offspring of 3 months of age or older.

The animals of each group were kept together in plastic-
and-wire-mesh cages measuring 50X 30X 20 cm with bed-
ding of sawdust and hay, various shelters, wooden hiding
boxes without a bottom and tree branches as enrichment.
They received custom-made small desert rodent chow with
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insect and mineral supplements, fruits and vegetables were
provided ad libitum as a source of water. The animals were
kept and recorded under a natural light regime at room tem-
perature (22-24 °C).

In captivity, each recording session (one per group, 9 ses-
sions in total) was conducted from the focal group home
cage. Before recording, the group home cage was transferred
to a separate room with a window, where no other animals
were present and the electric lamps and power equipment
switched off to avoid ultrasonic noise pollution. The record-
ings were conducted during daytime. Animals produced
ultrasonic contact calls and sometimes ultrasonic alarm
calls in response to removal of some hides out of the cage
and moving the remaining hiding boxes from one location
to another within the cage. These manipulations imitated
the routine cage cleaning and forced the animals to move in
the cage and to contact each other. The acoustic recording
started when the first hide was removed from the home cage.
The duration of each recording session lasted from 20 to
40 min. At the end of the recording session, all hiding boxes
were returned to their original location within a cage and the
cage was returned to the colony room.

The recordings were made at collective basis from all ani-
mals of the focal group. Individual callers could not be dis-
criminated during recordings aside from the cases when call-
ers (young individuals from 6 family groups aged between
3 and 6 months) produced podophony over the walls of
wooden boxes or the floor of the plastic cage simultane-
ously with the alarm calls. At the remaining 3 groups, the
age of the callers could not be noticed. In 7 out of 9 groups,
the animal vocalized from a gap between the wooden box
wall and the cage wall; in 2 groups, the animal vocalized
from inside the wooden box. The gap was approximately of
the same width as animal’s body, thus promoting the caller
some perceived safety.

In captivity, for recordings in the ultrasonic range of fre-
quencies (sampling rate 256 kHz, 16-bit resolution), we used
an Echo Meter Touch 2 PRO (Wildlife Acoustics, Inc., May-
nard, MA USA) attached to a smartphone. The researcher
could track the ultrasonic calls of the callers visualized as
spectrograms in real time on a compatible smartphone dis-
play. The microphone was placed at a distance of 30—40 cm
above the tested animals. In total, in captivity, we made
248 min of acoustic recordings with the Echo Meter. Audio
track of each recording was recorded as a wav-file and then
uploaded to PC.

Acoustic recording in the wild

Ultrasonic vocalizations of wild-living individually uniden-
tified Mongolian gerbils were recorded in Dauria (Transbai-
kalia, Russia, 50.004°N, 115.721°E), along the wide isthmus
between the lakes Zun-Torey and Barun-Torey, around the

Daursky State Nature Biosphere Reserve International bio-
logical station «Kordon Utochi», from 21 June to 07 July
2021. The area is a grassy steppe undulating at elevations
of 600-1100 m (Kirilyuk et al. 2013; Obyazov et al. 2021;
Volodin et al. 2021a). Potential terrestrial predators of Mon-
golian gerbils are small carnivores, the corsac Vulpes corsac
and the red fox V. vulpes (Murdoch et al. 2010).

In midsummer 2021, when data were collected, the popu-
lation density of Mongolian gerbils and all other common
species of rodents and lagomorphs (primarily Brandt’s voles
Lasiopodomys brandtii, narrow-headed voles Lasiopodomys
gregalis and Daurian pikas Ochotona daurica) was very low.
The reason could be that, in May 2021, during the start of
breeding of local species of rodents and pikas, the holes
were flooded after atypically strong snowfall followed with
snow melting (VEK, unpublished personal observation).
As a result, in June we found a large number of excavated
holes with fresh emissions, which appeared inhabited, but
live animals were only rarely spotted. In semi-arid climate,
the burrow systems can exist for many years, and Mongolian
gerbils regularly use burrows of other species (pikas and
voles) and vice versa (Gromov 2022). The low population
numbers of rodents and pikas was indirectly confirmed by
the lack of loud series of audible alarm calls from Daurian
pikas (Volodin et al. 2021a) and Brandt’s voles (Nikolskii
and Sukhanova 1992; Rutovskaya 2012). For comparison,
in summer 2019, at the same locality during a population
number outbreak of the Daurian pikas and Brandt’s voles,
a walking observer could regularly hear up to 3—4 animals
mobbing him/her with audible alarm calls (over 10 times per
hour, TAV and EVYV, unpublished personal observations).
In contrast, in 2021 during 17 diurnal walks we registered
only 20 audible series of alarm calls from Daurian pikas and
observed visually only 3 individuals.

As in captivity, for recording ultrasonic calls in the wild
(sampling rate 256 kHz, 16-bit resolution), we used an Echo
Meter Touch 2 PRO attached to a smartphone. The record-
ings were made during daylight hours. A few aggregations
of burrow entrances of Mongolian gerbils were found on a
plot of steppe 700 m x 300 m located in immediate vicinity
(north-east) to the biological station «Kordon Utochi». In
total, on this plot, we found 10 aggregations, with minimal
distance between aggregations of 100 m. These 10 aggrega-
tions represented points of acoustic recordings.

Two researchers (IAV or EVV) visited each point 1-5
times (on average, 2.7 times + 1.5 SD) and conducted one
recording session per visit. The researcher stood or slowly
moved over the aggregation of burrow entrances with the
Echo Meter, pointing the recorder first at one burrow hole
and then to others. Each recording session lasted from 10
to 30 min, in total, 27 recording sessions were conducted.
During 3 recording sessions a researcher could see the Mon-
golian gerbil at a colony surface (on three different points
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of recordings); during other sessions, the animals were out
of sight.

In contrast to recordings in captivity, the researcher could
not visually track call spectrograms in live-mode because
the screen of the smartphone reflected in the sun and thus
recorded the calls blindly. The distance from the microphone
to the nearest burrow entrance was about 1 m. So, the calls
could potentially be recorded from the entrance to which the
microphone was directed or from other entrances, located at
distances over 1 m and not oriented towards the microphone.
Podophony was not be heard or recorded in the wild. In total,
we obtained 198 min of ultrasonic recordings in the wild.

Acoustic analysis

Spectrograms of the wav-files were visually inspected using
Avisoft SASLab Pro software (Avisoft Bioacoustics, Berlin,
Germany). Two researchers (IAV and AVK) independently
inspected all files recorded in captivity and in the wild in the
spectrogram window of Avisoft. All acoustic files recorded
during the 9 experimental sessions in captivity contained
ultrasonic calls. However, among the acoustic files recorded
in the wild, the ultrasonic calls were only found in 17 of 27
recording sessions from all 10 points of recordings, corre-
sponding to the 10 burrow aggregations, 1 — 4 (on average,
1.7+ 1.1 SD) recording sessions per point. The remaining
10 recording sessions in the wild did not contain any ultra-
sonic calls.

From the acoustic files, following Ter-Mikaelian et al.
(2012), we defined the ultrasonic alarm calls of Mongolian
gerbils as prolonged calls with constant fundamental fre-
quency (f0) ranging from 20 to 26 kHz and, as a rule, pro-
duced in series. Acoustic files made in captivity contained,
in addition to the ultrasonic alarm calls, also large amounts
of ultrasonic contact calls, which were shorter in duration,
higher in f0, lower in intensity, and displayed an upward
contour of frequency modulation (Holman 1980; Kobayasi
and Riquimaroux 2012; Ter-Mikaelian et al. 2012; Volodin
et al. 2023). Acoustic files made in the wild contained only
the ultrasonic alarm calls.

Only the ultrasonic alarm calls were included in the spec-
trographic analysis. From the recordings made in captivity,
we selected up to 20 ultrasonic alarm calls per recording ses-
sion, attempting to distribute them evenly across the avail-
able sample of recorded calls. Similarly, from the recordings
made in the wild, we selected up to 20 ultrasonic alarm calls
per recording session. If less than 20 ultrasonic alarm calls
per recording session were available, we included all avail-
able calls of appropriate quality in the analysis. When alarm
calls were consecutive in a series, we avoided including the
neighboring calls within the series in the analysis to reduce
pseudo-replication. In total, from 9 recording sessions made
in captivity, we selected 88 alarm calls, from 3 to 20 calls
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(on average, 9.8 calls+7.8 SD). In total from 17 recording
sessions made in the wild, we selected 111 alarm calls, from
1 to 20 alarm calls per recording session (on average, 6.5
calls+ 6.4 SD).

Acoustic parameters of alarm calls were measured with
Avisoft and automatically exported to Microsoft Excel
(Microsoft Corp., Redmond, WA, USA). Since the visual
inspection of spectrograms showed that the minimum f0 of
the calls always exceeded 10 kHz, we applied a high-pass fil-
ter at 10 kHz to remove low-frequency noise. We measured
the alarm calls with the following settings, providing 250 Hz
frequency resolution and 0.5 ms time resolution: sampling
frequency 256 kHz, Hamming window, FFT (Fast Fourier
Transform) length 1024 points, frame 50%, and overlap
87.5%.

For each alarm call we measured, in the spectrogram win-
dow of Avisoft, the duration with the standard marker cursor
and the fundamental frequency parameters: the maximum
fO (fOmax), the minimum fO (fOmin), the fO at the onset of
a call (fObeg), and the fO at the end of a call (fOend) with
the reticule cursor (Fig. 1). The depth of frequency modula-
tion (df0) was calculated as the difference between fOmax
and fOmin. In addition, we measured, in the power spectrum
of Avisoft, the frequency of maximum amplitude (fpeak)
from the call mean power spectrum (Fig. 1). We did not
measure the power quartiles, as many calls were emitted
during strong background noise. For alarm calls produced

= 60 4 | duration |
- E 50 4 ——
<
i c>5' 401 fOmax
c
fpeak S 30+ *
— > g 8
= = 20+ ? f
- 10 4 fObeg foend = fOmin
- 0 T
1050 0 0.1
Energy (V) Time (s)

Fig.1 Measured acoustic parameters for the ultrasonic alarm calls
of captive and wild Mongolian gerbils Meriones ungiuculatus. Spec-
trogram (right) and the mean power spectrum of the call (left). Des-
ignations: duration call duration, fOmax the maximum fundamental
frequency, fOmin the minimum fundamental frequency, fObeg the fun-
damental frequency at the onset of a call, fOend the fundamental fre-
quency at the end of a call, fpeak the frequency of maximum ampli-
tude within a call. The spectrogram was created at 125 kHz sampling
frequency, FFT length 1024, Hamming window, frame 50%, overlap
93.75%
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in series, we measured the inter-call interval, from the end
of the preceding call to the start of the next call. We noted
in the calls the occurrence of a nonlinear vocal phenomenon
(subharmonics), identified by presence of intermediate fre-
quency bands of 1/2 of fO between harmonics (Wilden et al.
1998; Yurlova et al. 2020; Dymskaya et al. 2022; Rutovs-
kaya et al. 2024).

Statistical analyses

Statistical analyses were conducted with STATISTICA,
v. 8.0 (StatSoft, Tulsa, OK, USA). Means are given as
mean + SD, all tests were two-tailed, and differences were
considered significant whenever p < 0.05. Distributions of 18
measured parameter values of 24 distributions did not depart
from normality (Kolmogorov—Smirnov test, p>0.05), so we
could apply parametric tests (Dillon and Goldstein 1984).
For 4 acoustic parameters (fOmax, fpeak, df0 and inter-call
interval) the assumption of homogeneity of variance was
not met (Levene's test, p <0.05), so we log-transformed the
values of these parameters.

We used a nested design of ANOVA with recording ses-
sion identity (ID) nested within captive/wild factor (with
captive/wild factor included as fixed factor and recording
session ID included as random factor) to compare variabil-
ity of acoustic parameters between captive and wild condi-
tions. Since the results of the ANOVA did not differ for
log-transformed and non-transformed data, we further used
the non-transformed data for all acoustic parameters.

Results

Both in captivity and in the wild, the alarm calls of Mongo-
lian gerbils were prolonged calls with an average duration of
118 ms+ 60 SD ranging from 20 to 273 ms, with a flat con-
tour of fO band lying in the ultrasonic range of frequencies
from 22 to 28 kHz (Table 1, Fig. 2). Both in captivity and
in the wild, the alarm calls could be produced either singly
or in series. In captivity, 46.8% (52 of 111) of the analyzed
alarm calls were produced in series; in the wild, 36.4% (32
of 88) of the analyzed alarm calls were produced in series.
While in captivity, 90.9% (80 of 88) of the alarm calls were
combined with podophony, in the wild we could not track
whether the alarm calls were combined with podophony or
not. In captivity, subharmonics were noted in 3 alarm calls
recorded within a single recording session. In the wild, not
a single call contained subharmonics.

Two-way ANOVA showed that in captivity, the alarm
calls had a significantly shorter duration, significantly
lower fOmax, fObeg and fpeak and followed with signifi-
cantly shorter inter-call intervals (Table 1, Fig. 2). At the
same time, fOmin, fO0end and df0 did not differ significantly
between the alarm calls recorded in captivity and in the wild
(Table 1). The df0 comprised 10.7% of fOmax in captivity
and 12.8% of fOmax in the wild (Table 1).

Discussion

The ultrasonic alarm calls of Mongolian gerbils, recorded
in this study under laboratory conditions from the groups
consisting of adult male—female pairs with their subadult
offspring were similar in the acoustic structure with alarm
calls described previously from captive breeding groups

Table 1 Values (mean+SD) of the acoustic variables of ultrasonic alarm calls of Mongolian gerbils and results of two-way ANOVA for com-

parisons between the calls recorded in captivity and in the wild

Acoustic parameter All calls, N=26, Captivity, N=9, n=88 Wild, N=17,n=111 ANOVA results

n=199
duration (ms) 118 +60 72+43 154 +45 Fy173=20.23; p <0.001
fOmax (kHz) 26.84+2.15 25.36+1.40 28.00+1.92 F173=7.79;p=0.01
fOmin (kHz) 23.64+2.10 22.64+1.78 24.43+2.01 F173=3.22;p=0.08
fObeg (kHz) 24.12+1.87 23.24+1.55 24.82+1.80 F 173=4.63; p=0.04
fOend (kHz) 24.58+2.55 23.29+2.19 25.60+2.35 Fy173=2.80; p=0.10
dfo (kHz) 3.20+1.59 2.72+0.99 3.57+1.86 Fy173=1.58;p=0.22
fpeak (kHz) 26.32+2.05 24.90+1.32 27.44+1.82 F, 173=8.57; p=0.007
interval (s) 1.02+0.52 0.60+0.23 1.28+0.48 Fy69=4.73;p=0.04

Designations: duration call duration, fOmax the maximum fundamental frequency, fOmin the minimum fundamental frequency, fObeg the fun-
damental frequency at the onset of a call, f0end the fundamental frequency at the end of a call, fpeak the frequency of maximum amplitude, df0
depth of frequency modulation, inferval inter-call interval, N number of recordings, n number of calls

Significant differences are marked in bold
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of Mongolian gerbils (Ter-Mikaelian et al. 2012; Peter-
son et al. 2023). Compared with our data, in semi-captive
conditions, the ultrasonic alarm calls were identified by a
brief ascending frequency modulation turning into a brief
constant frequency portion at 23.3 kHz + 1.7 SD followed
by a downward frequency shift covering a total range of
2.8 kHz +2.0 SD (Ter-Mikaelian et al. 2012). These alarm
calls had a duration from 20 to 260 ms (116 ms + 69 SD)
(Ter-Mikaelian et al. 2012). At the same time, the study
by Kobayasi and Riquimaroux (2012) did not mention the
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Time (s)

ultrasonic alarm calls in the vocal repertoire of Mongolian
gerbils. As Kobayasi and Riquimaroux (2012) classified
the calls primarily based on contour shapes of the funda-
mental frequency, the alarm calls were probably mixed
with long contact calls into one call type with intermedi-
ate acoustic characteristics. To our knowledge, Mongolian
gerbils produce only the ultrasonic alarm calls, as not a
single study mentions the presence of sonic (human-audi-
ble) alarm calls in this species.
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We found that ultrasonic alarm calls of captive Mongo-
lian gerbils were shorter, lower in fundamental frequency
and followed with shorter intervals compared to alarm calls
recorded in the wild (Table 1). We propose that such differ-
ences in the acoustic structure of alarm calls are related to
different levels of perceiving danger and respective increase
of alertness of a caller (Briefer 2012). In captivity, the source
of danger (human person) was in immediate vicinity (less
than 1 m) from the animal, which was restricted in the abil-
ity to escape. In the wild, gerbils produced their alarm calls
from their burrows, being in relatively safe conditions and
at larger distance from the source of danger. The second
potential reason for acoustic differences between the alarms
from captive and wild conditions may be due to the rapid
adaptive physiological changes which are prominent even
after a few generations of Mongolian gerbils bred in captiv-
ity (Blottner et al. 2000; Blottner and Stuermer 2006). The
third potential reason for the found differences can be related
to interpopulation variability, because captive animals used
in our study originated from Tuva population, whereas in the
wild, the alarm calls were recorded from Dauria population.
For wild rodents, the interpopulation variation is known for
sonic alarm calls of ground squirrels (Matrosova et al. 2016,
2019) and for male songs of rodents from the genus Scotino-
mys (Campbell et al. 2010). In captivity, the interpopula-
tion variation was reported for soft chirps of naked mole-
rats Heterocephalus glaber (Barker et al. 2021). The fourth
potential reason for the acoustic differences could be related
to the age of the alarm callers. In captivity, the alarm calls
were primarily recorded from young individuals, whereas
in the wild, the alarm calls were most probably recorded
from mature adults, because after the snowfall at the start
of breeding in May, the number of surviving pups could be
very small.

Sexual behaviour is related to high arousal of a male
(;\gmo 2011; Wiemer et al. 2023), what may predetermine
call similarity between the alarm and sexual contexts. Con-
sistently, ultrasonic calls reminiscent of the acoustic struc-
ture the ultrasonic alarm calls (with average duration of
145 ms and fO of 26 kHz) were reported at sexual behaviour
in pairs of Mongolian gerbils (Holman 1980, 1981; Hol-
man and Hutchison 1985; Holman and Seale 1991). Male
gerbils emitted these calls within 3-min after ejaculation but
sometimes also before ejaculation (Holman 1980). Castra-
tion of males prevented both sexual behaviour and emission
of these calls; in contrast, implantation of testosterone to
females provoked production of such calls by females (Hol-
man 1981).

Previously, the use of audible alarm calls by rodents
immediately after copulation was described in male Pal-
las’s squirrels Callosciurus erythraeus and Belding’s ground
squirrels Urocitellus beldingi (Tamura 1995; Manno et al.
2007). In addition to rodents, polygynous male ruminants

insert alarm calls in their sequences of rutting vocalizations,
e.g., male topi antelope Damaliscus lunatus (Bro-Jgrgensen
and Pangle 2010) and impala Aepyceros melampus (Volo-
din et al. 2021b). Among passerine birds, male superb lyra-
birds Menura novaehollandiae use the alarm calls in vocal
sequences at sexual context during the mating (Crisologo
et al. 2023). Also, male Japanese bush warblers Cettia
diphone use the same song when exposed to stuffed preda-
tors or stuffed conspecific females (Hamao 2024). Further
study is necessary to evaluate whether the calls produced
by male Mongolian gerbils at sexual behaviour are indeed
indistinguishable by their acoustic characteristics from those
of the ultrasonic alarms of this species.

The method of recording ultrasonic alarm calls from bur-
rows is advantageous, because it is non-invasive, fast, inex-
pensive and does not require animal captures. This method
enabled us to estimate the occupancy of natural colonies
of Mongolian gerbils at very low population densities.
Potentially, it is also applicable for monitoring dispersion
of Mongolian gerbils after population depression. At high
population density, the animals can be easily observed visu-
ally or trapped, whereas at depressions during population
waves, limited animals are rarely visible at colony surface.
We could only visually observe 3 individual gerbils during
this study, but we could nevertheless record the ultrasonic
alarm calls 17 times.

One limitation of this method is in fact that the absence
of calls does not mean per se the absence of animals. At the
same time, the detection of the alarm calls would certainly
mean that the animals are present at this place. Furthermore,
the use of inexpensive portable ultrasonic recorders ena-
bles to expand research of acoustic behaviour in the wild to
those species of rodents and other small mammals which
produce ultrasonic calls. However, the limitation for expand-
ing this method to a broader number of species is the need
of verifying the recordings from the wild with recordings of
ultrasonic calls from the given species in captivity (Volodin
et al. 2022).
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