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Abstract

We investigate the acoustic structure of alarm calls in a highly social rodent, the Harting’s vole
(Microtus hartingi) and describe the phenomenon of collective shouting of bursts of alarm calls
which could be produced in synchronized series. The alarm calls of Harting’s voles were recorded
using an automatic device from 10 different family groups, containing from 4 to 15 potential
callers, released to outdoor enclosures. Natural predators and humans served as call-eliciting stim-
uli. We reveal acoustic differences between urgent alarm calls, evoked by close-vicinity predators
and identified from recordings by their calls and by rustle noise from the caller’s escape to bur-
row, and other alarm calls. We also reveal acoustic parameters between alarm calls produced in
bursts and other alarm calls (produced in individual series or by a few non-synchronized callers).
We discuss why the alarm calls of Harting’s voles are unusually high-frequency (about 17 kHz
on average in the maximum fundamental frequency) among other vole species producing high-
frequency alarms. Adaptive significance of producing the collective synchronized bursts of alarm
calls by Harting’s voles remains unclear without direct observations of vocal vigilance in this
species under natural conditions.

Published with license by Koninklijke Brill BV | DOI: 10.1163/1568539X-bja10274
©ILYA A. VOLODIN ET AL., 2024 | ISSN: 0005-7959 (print) 1568-539X (online)


http://www.brill.com/behaviour
mailto:volodinsvoc@gmail.com
https://orcid.org/0000-0001-6278-0354
https://orcid.org/0000-0003-3964-1529
https://orcid.org/0000-0003-2889-4774
https://orcid.org/0000-0001-9755-4576
http://dx.doi.org/10.1163/1568539X-bja10274

588 Harting’s vole alarm call

Keywords
alert behaviour, anti-predator response, Arvicolinae, rodent, vigilance, vocalization.

1. Introduction

Mobbing potential predators in the context of anti-predatory vigilance
behaviour was described for many mammals (Seyfarth et al., 1980; Manser,
2001; Zuberbiihler, 2009; Volodina et al., 2018; Volodin et al., 2021).
In rodents, the anti-predatory alarm calling is especially well-developed
(Shelley & Blumstein, 2005; Garcia-Navas & Blumstein, 2016; McRae,
2020). The alarm calls are known for marmots (Blumstein, 2007a), squir-
rels (McRae & Green, 2017), ground squirrels (Nikolskii, 1979; Matrosova
et al., 2012), rats (le Roux et al., 2002; Brudzynski & Holland, 2005; Litvin
et al., 2007; Chen et al., 2023), gerbils (Randall & Rogovin, 2002; Ter-
Mikaelian et al., 2012) and voles (Pandourski, 2011; Rutovskaya, 2012). In
most rodent species, the alarm calls are intense sounds emitted in series with
quasi-regular inter-call intervals in the audible range of frequencies (below
20 kHz), although some rodent species produce ultrasonic alarms (Brudzyn-
ski & Holland, 2005; Ter-Mikaelian et al., 2012; Volodin et al., 2024).

The alarm calls promote conspecifics to interrupt their current activity, to
look around and to modify behaviour accordingly to threat urgency (Fichtel
& Kappeler, 2002; Blumstein, 2007b). As a rule, only one individual is
calling, however, for ground squirrels, a few colony members can produce
the alarm calls together (Sloan & Hare, 2008).

For the voles of Arvicolinae subfamily, the alarm calls are only known
for the four species: the Brandt’s vole Lasiopodomys brandtii (Nikolskii &
Sukhanova, 1992; Rutovskaya, 2012), the narrow-headed vole L. gregalis
(Rutovskaya & Nikolskii, 2014), the closely related to L. gregalis recently
identified cryptic species the Raddey’s vole L. raddey (Rutovskaya & Nikol-
skii, 2014) and the Harting’s vole Microtus hartingi (Pandourski, 2011). All
these four species are highly social and live in extended family colonies con-
sisting of a parental pair and a few generations of their offspring (Colak et
al., 1998; Kislyi et al., 2021; KrysStufek & Shenbrot, 2022; Gromov, 2023).

The Harting’s vole belongs to the “guentheri” group among the social
voles subgenus Sumeriomys of the Arvicolinae subfamily (Golenishchev et
al., 2002, 2003; Krystufek et al., 2012; Abramson et al., 2021; Krystufek &
Shenbrot, 2022). The Harting’s vole is a middle-sized vole, with body mass
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40-50 g in both sexes (Colak et al., 1998; KryStufek & Shenbrot, 2022). Tax-
onomic position of Microtus hartingi and its subspecies is currently under
permanent revision, on the basis of Cyrb gene analysis (Golenishchev &
Malikov, 2011; Krystufek et al., 2012; Yigit et al., 2017; Thanou et al.,
2020; Golenishchev et al., 2022), comparative skull and brain morphometrics
(Markov et al., 2014; Zorenko et al., 2020, 2023), baculum and sperm mor-
phometrics (Golenishchev et al., 2002; Yigit et al., 2012; Zorenko & Golen-
ishchev, 2015; Zorenko & Kagainis, 2021) and experimental interspecies
hybridization (Zorenko et al., 2016; Golenishchev et al., 2022; Zorenko,
2023). Earlier, the Harting’s vole was considered within Guenter’s vole
Microtus guentheri, but currently these two species are recognized as sis-
ter species, the Harting’s vole as more western species (the Balkans and the
Anatolia peninsula) and the Guenter’s vole as more south-eastern species
(Syria and Israel) (Thanou et al., 2020; Krystufek & Shenbrot, 2022).

For the Harting’s vole, the alarm call was previously described by one
single call, recorded as a single event only once in the wild in Bulgar-
ian Rodopes on a bat detector (Pandourski, 2011). The spectrogram shows
that this call was high-frequency, expanding up to 17.2 kHz reminiscent by
sounding a call of some bird (Pandourski, 2011). To prove the belonging this
call to Harting’s vole, five individual Harting’s voles were then captured in
this place (Pandourski, 2011). In the current study, we tested a hypothesis
that Harting’s voles indeed produce the alarm calls at such high frequencies
as were reported by Pandourski (2011).

During dyad interactions on a neutral territory, male and female Hart-
ing’s voles produced the squeaks (Rutovskaya, 2019a). The duration of the
squeaks varied from 30 to 180 ms; the maximum fundamental frequency
ranged from 4 to 13 kHz. The squeaks had different contours of the funda-
mental frequency, downward, upward or, most often, the-rise-and-fall con-
tour (Rutovskaya, 2019a).

Although Harting’s voles were bred for research in captivity for many
years (Golenishchev et al., 2022; Zorenko, 2023), the alarm calls have never
been recorded from captive populations of this species (Rutovskaya, 2019a).
The aim of this study was to describe in detail the acoustic variation of alarm
calls of Harting’s voles. We design an experimental situation eliciting the
alarm calls in outdoor semi-captive groups of Harting’s voles and describe
the phenomenon of joint startle calling of this species.
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2. Methods
2.1. Study site, animals and dates

Alarm calls of Harting’s voles Microtus hartingi ankaraensis (Golenishchev
et al., 2022) were automatically recorded from 16 July to 3 September 2023
at the Joint Usage Center “Live collection of wild species of mammals”
at A.N. Severtsov Institute of Ecology and Evolution (the biological sta-
tion “Tchernogolovka”), Moscow Region, Russia, located 50 km NE from
Moscow city. The laboratory population of Harting’s voles initially started
from 3 females and 4 males obtained in 2003 from surroundings of Ankara
city: Kirsehir, Turkey (39°9'56.38"N, 34°6'6.99”E). The Harting’s voles
breed easily in captivity for many generations without appearing any signs
of inbred depression or incest-tabu (Zorenko et al., 2016; Golenishchev et
al., 2022; Zorenko, 2023).

In March 2023, we obtained from a captive population of Harting’s voles
of Zoological Institute of Russian Academy of Sciences (Saint Petersburg,
Russia) 15 adult individuals aged 2 months or older (6 males, 9 females)
and 10 (4 males, 6 females) offspring aged below 1 month. At the biological
station ‘Tchernogolovka’, the animals were kept and bred under a natural
light regime at room temperature (22-24°C) in the vivarium room 20 m?,
together with other vole species. The plastic home cage of each family group
of 55 x 35 x 20 cm contained the bedding of sawdust, various shelters and
hay as enrichment. The voles received custom-made small rodent chow with
mineral supplements, fruits, grass and vegetables. Water was available ad
libitum.

By the time the study of alarm calls began in mid-July, we already
had 15 family groups of Harting’s voles. The groups consisted of a pair
of adults (male-female, 10 groups) or one adult female with a removed
male (5 groups) and their offspring from 1-3 subsequent litters (in total,
over 100 offspring in 15 groups). Ten of 15 groups were used in experi-
ments for eliciting the alarm calls, 6 contained both male and female par-
ents and 4 contained only the female parent. In these 10 groups, the num-
ber of sexually mature animals (2 months of age and older) varied from
4 to 15 per group (10.5 + 3.1 individuals on average). Three of the 10
groups additionally contained from 1-4 dependent pups below 10 days of
age.
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2.2. Attempts to elicit alarm calls indoor in cages

Preliminary observations showed that Harting’s voles sometimes produced
short series of high-frequency calls at sudden entrance of a human to the
vivarium room. These calls were strongly reminiscent of the alarm call
described for one wild-living individual Harting’s vole (Pandourski, 2011).
However, repeated attempts to elicit the alarm calls in the Harting’s voles
by sudden entrances of researchers to the vivarium room only enabled to
record one series of 10 alarm calls from one cage. Attempts to elicit alarm
calling from Harting’s voles kept in the vivarium room by flapping over the
cage with a baseball cap (following the procedure for eliciting alarm calls in
live-trapped ground squirrels, Matrosova et al., 2009, 2010a) did not evoke
the alarm calling, instead, the animals silently dived under the sawdust or
escaped to shelters.

2.3. Eliciting alarm calls in outdoor enclosures

Successful eliciting the alarm calls from Harting’s voles was achieved by
placement the family groups of Harting’s voles in outdoor enclosures (2 x
1 x 0.6 m), under natural temperature and light regime. Two outdoor enclo-
sures were standing on the floor in a summer pavilion with wire-mesh walls
and a roof, protecting from rain. Each enclosure had 40-cm bedding of saw-
dust and hay. Large size of the enclosures and thick sawdust layer enabled the
voles to create the system of underground burrows, which imitated natural
burrow systems of these voles (Colak et al., 1998).

Two experimental groups of Harting’s voles were released simultaneously
to the two-neighbouring wire-mesh enclosures for recording the alarm calls
and after 1-2 weeks replaced by next two groups and so on. The enclosures
of Harting’s voles were perfectly protected from predation, but potential
predators could visit the pavilion, frighten the Harting’s voles and provoke
their alarm calling. The potential predators were feral cats, mustelids, dif-
ferent species of corvids, primarily Pica pica, and owls, primarily Asio ofis.
The alarm calls were produced by Harting’s voles toward predators trying to
catch them through the wire mesh of the outdoor enclosures. Close-vicinity
calls of predators (cats, corvids, etc.) were sometimes present in the audio
recordings along with alarm calls of Harting’s voles. The voles also occa-
sionally produced the alarm calls toward people visiting the enclosures once
a day for animal feeding; otherwise, people rarely approached to the enclo-
sures. Thus, release of family groups of Harting’s voles in the large outdoor
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enclosures allowed them to create the system of subterranean runs and shel-
ters, enhanced their vocal alertness and provoked the alarm calling toward
potential danger.

2.4. Audio recording

For recording the alarm calls we used an automated recorder SongMeter
SM2+ (Wildlife Acoustics, Maynard, MA, USA), established between the
two enclosures. The device had two omnidirectional microphones at the
angle of 180 degrees to each other. One microphone was directed to the
first enclosure and the second to the second enclosure. The distance from
microphone to voles ranged from 30 to 300 cm. The device recorded calls
every day, in the mode 48 kHz, 16-bit, stereo. The recording schedule was
set at 14-min and 1-min pause, 3 h around dusk and 3 h around down, 5 h
36 min in total per 24-h cycle.

From 4 of 10 experimental groups of Harting’s voles we obtained record-
ings for the duration of 14 days (78.4 h of recordings per group). From other
4 groups, we obtained recordings for 7 days (39.2 h of recording per group).
From remaining 2 groups, we obtained recordings only for 2 days (11.2 h of
recording per group) because of refusals of the recording device. The total
of 2112 14-min digital stereo audio files provided 492.8 h of recordings;
each file contained recordings of two neighbouring groups. Based on ratios
of amplitude of call recording on wave-forms of the left and right channels
of the stereo audio file, we assigned each alarm call to one or another simul-
taneously recorded group.

2.5. Verifying the automated recordings as belonging to Harting’s voles

For verifying the automated recordings as belonging to Harting’s voles,
were also received reference recordings of the alarm calls of Harting’s
voles toward researchers. For the six referential recording sessions, we used
a solid-state recorder Marantz PMD-660 (D&M Professional, Kanagawa,
Japan) with a hand-held AKG-C1000S (AKG-Acoustics, Vienna, Austria)
cardioid electret condenser microphone, at sampling rate 48 kHz, 16-bit res-
olution. In addition, we used a hand-held Echo Meter Touch 2 PRO recorder
(Wildlife Acoustics) attached to a compatible smartphone, at sampling rate
256 kHz, 16-bit resolution. The distance to alarm callers during the referen-
tial recordings was about 1-2 m for both recording devices. These recordings
were not used in the acoustic and statistical analyses, but confirmed that the
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automatically recorded alarm calls belonged to the Harting’s voles and that
they are used in the alarm context.

2.6. Call samples and acoustic analysis

Visual inspection of call spectrograms was made using Avisoft SASLab
Pro software (Avisoft Bioacoustics, Berlin, Germany). Preliminary visual
inspection of the spectrograms showed that the recordings contained, aside
the alarm calls of Harting’s voles, also some number of squeaks of this
species. The main difference of the squeaks from the alarm calls was a sub-
stantially lower fundamental frequency and the-rise-and-fall contour of the
fundamental frequency (Rutovskaya, 2019a). For spectrographic analysis,
we only selected the alarm calls, distinctive from the squeaks by a promi-
nent rise of fundamental frequency without a subsequent fall to the lower
frequencies (Pandourski, 2011).

From 2112 14-min stereo audio files 369 contained at least one alarm
call. From 309 audio files containing alarm calls of good quality, we selected
for analysis the alarm calls non-overlapped with noise and with a visible
start of a call. In total, from the 10 groups of Harting’s voles, we analysed
spectrographically 1888 alarm calls, from 12 to 409 alarm calls per group
(on average, 188.8 £ 129.5 calls). If the call belonged to a long series of
similar calls, potentially emitted by the same individual, we only took 2-10
calls per series, to decrease potential pseudo-replication.

Acoustic parameters of alarm calls were measured manually with Avi-
soft and automatically exported to Microsoft Excel (Microsoft, Redmond,
WA, USA). For measuring, we used the following settings: sampling fre-
quency 48 kHz, Hamming window, FFT (Fast Fourier Transform) length
1024 points, frame 50%, and overlap 93.75%, providing 47 Hz frequency
resolution and 1.33 ms time resolution. As visual inspection of spectrograms
showed that the minimum fO of the calls always exceeded 2 kHz, we applied
Gauss high-pass filtering at 2 kHz to remove low-frequency noise.

For each alarm call, we measured, in the spectrogram window of Avi-
soft, the duration with the standard marker cursor (Figure 1). We measured,
with the reticule cursor, the fundamental frequency (f0) parameters: the fO
at the onset of a call (fObeg), which was always equal to the minimum f0 of
a call, the maximum f0O (fOmax), the fO at the end of a call (fOend), and the
local minimum fO between fOmax and fOend (fOminlocal), if its value was
lower than fOend (Figure 1). The rise of fundamental frequency from call
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Figure 1. Measured acoustic parameters of alarm calls of Harting’s voles. Spectrogram (right)
and mean power spectrum of call (left). Designations: duration, call duration; dur_beg_max,
duration from the beginning of a call to the point of maximum fundamental frequency;
dur_max_end, duration from the point of maximum fundamental frequency to the end of
a call; fObeg, fundamental frequency at the onset of a call; fOmax, maximum fundamental
frequency; fOend, fundamental frequency at the end of a call; fOminlocal, local minimum
fundamental frequency between fOmax and fOend; fpeak, peak frequency. The spectrogram
was created using a sampling frequency of 48 kHz, Hamming window, FFT 1024 points,
frame 50% and overlap 96.87%.

beginning to call maximum (df0_max_beg) was calculated as the difference
between fOmax and fObeg, and the fall of fundamental frequency from max-
imum to minimum (df0_max_min) was calculated as the difference between
fOmax and fOminlocal (or fOend, if f0end=fOminlocal). We calculated call
duration from the beginning of a call the point of the maximum fundamental
frequency (dur_beg_max) and duration from the point of maximum funda-
mental frequency to the end of a call (dur_max_end) (Figure 1). In addition,
we measured, in the power spectrum of Avisoft, the frequency of maximum
amplitude (fpeak) from the call mean power spectrum (Figure 1). For alarm
calls produced in series, we measured the inter-call interval from the end of
a preceding call to the start of the next call.

Based on visual inspection of audio recordings in the spectrogram window
of Avisoft, one researcher (IAV) classified the alarm calls to one of four
contours (Figure 2): flat, chevron, upward and complex (partially following
Dymskaya et al., 2022). The upward contour was noted if the fOmax was
equal to fOend. The flat contour was noted if the difference between fOmax
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Figure 2. Spectrogram illustrating the Harting’s vole alarm call (a—c) four contours of fun-
damental frequency, (e-f) nonlinear phenomena and (g) the burst of superimposing spectro-
grams of alarm calls pointing to the phenomenon of collective shouting. Designations: a, call
with chevron contour; b, call with complex contour; c, call with flat contour; d, call with
upward contour; e, call with subharmonics; f, call with biphonation; g, collective shouting
of alarm calls by 8 individual voles (family group B2, the group contains in total 9 indi-
viduals, the alarms of different individuals superimpose each other). The spectrogram was
created using a sampling frequency of 48 kHz, Hamming window, FFT 1024 points, frame
50% and overlap 93.75%. The audio file is available as Audio 1 at https://stream.cadmore.
media/player/289bbe79-4622-4948-9ba3-d50c826ccbfO.

and fOend or fOminlocal was less than 0.6 kHz. If the difference between
fOmax and fOend or fOminlocal was equal or larger than 0.6 kHz, call contour
could be classified as chevron (up-and-down) or complex (up-and-down a
few times) (Figure 2).

We also noted in the alarms the occurrence of nonlinear vocal phenomena:
subharmonics or biphonations (Wilden et al., 1998; Yurlova et al., 2020;
Dymskaya et al., 2022; Rutovskaya et al., 2024). Subharmonics were noted
if intermediate frequency band of 1/2 of fO was present. Biphonation was
noted when two independent fundamental frequencies and their combinatory
frequency bands were present in call spectrum (Figure 2).

We noted whether the alarm call was urgent alarm based on characteristic
attending noises (e.g., cat meows, strikes, human voices and rustle noise
evoked by animal fleeing to burrow). We noted whether the caller was only
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Figure 3. Spectrograms illustrating natural series of collective bursts of alarm calls (alarm
bursts) produced by Harting’s voles. Simultaneous calling is evident from superimposed spec-
trograms of alarm calls produced nearly synchronously by different individuals. A, mono-
mode spectrogram, illustrating overlapping alarm calls of Harting’s voles within one family
group (group B2, containing 9 individuals); b, stereo-mode spectrograms and wave-forms,
illustrating overlapping alarm calls of Harting’s voles within and between two neighboring
family groups (above group B8, containing 12 individuals, below group B10, containing 10
individuals). Wave-forms enable to establish the belonginess of alarm calls to this or those
group. For example, at 11.6 s, the first call outcomes from group B8 and the second and
third calls outcome from group B10. The spectrograms were created using a sampling fre-
quency of 48 kHz, Hamming window, FFT 1024 points, frame 50% and overlap 75%. The
audio files are available as Audio 2 (https://stream.cadmore.media/player/891adf87-09df-
46d6-a349-fdb68b064a2d) and Audio 3 (https://stream.cadmore.media/player/2adflal4-
78da-434c-ba30-8cdcel12762chb).

one or more, based on presence of alarms of other callers within 5 s. We also
noted the phenomenon of collective shouting if the call spectrogram was
superimposed by alarm calls of other individuals (Figure 3).

2.7. Statistical analyses

Statistical analyses were carried out 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.

We used two-way ANOVA with Unequal N HSD post-hoc test for unequal
samples to compare variability of acoustic parameters between the alarms
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with different contours of fundamental frequency and also to compare the
acoustic parameters of urgent alarms and superimposed alarms with a total
sample of alarms, with inclusion in analysis the identity of the experimental
group as fixed factor. We used Fisher’s exact test to compare percentages.

2.8. Ethical note

The authors adhered to the “Guidelines for the treatment of animals in
behavioural research and teaching” (Anim. Behav. 2020, 159, I-XI) and the
legal requirements of Russia pertaining to the protection of animal wel-
fare. Management of animals and experimental procedures for this study
were approved by the Regulatory Commission of Experimental Research
(Bioethics Commission) of A.N. Severtsov Institute of Ecology and Evolu-
tion of the Russian Academy of Sciences (permission no. 38 of 27.07.2020).

3. Results

Alarm calls of Harting’s voles displayed a rapid increase of fO from on aver-
age 3.98 kHz (ranging from 2.01 to 7.40 kHz at call beginning) to on average
17.35 kHz (ranging from 12.42 to 22.12 kHz at the point of the maximum
of fundamental frequency, followed by a slight decrease of fundamental fre-
quency to 15.92 kHz to the end of a call (ranging from 10.64 to 21.04 kHz)
(Table 1). The entire call duration was, on average, 126 ms (ranging from 32
to 410 ms), in particular, the duration from the beginning of a call to the point
of the maximum fundamental frequency comprised 65 ms (ranging from 14
to 305 ms) and the duration from the point of the maximum fundamental
frequency to the end of a call comprised 57 ms (ranging from O to 224 ms)
(Table 1). The peak frequency of the alarm calls was, on average, 16.67 kHz
(ranging from 5.25 to 21.28 kHz) and in 1739 (92.1%) alarm calls the val-
ues of the peak frequency was located in the high-frequency range between
fOmax and fOminlocal.

Nonlinear phenomena in the alarm calls occurred rarely: subharmonics
were only noted in 44 alarm calls (2.3%) and biphonations were only noted
in 22 alarm calls (1.2%) (Figure 2). The alarm calls could either be produced
in series of similar calls (398 calls in 120 series, 21.1%) or singly (1490 calls,
78.9%). The series were revealed by uniformity of the acoustic structure of
the calls, which repeated with quasi-regular intervals suggesting the belong-
ing of these calls to the same individual. The inter-call interval between the
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alarm calls of the series was, on average, 1.97 & 1.46 s and ranged from 0.40
to 8.89 s.

In the total sample of 1888 alarm calls, the most abundant contour was
chevron (1390 calls, 73.6%), followed by flat (257 calls, 13.6%), complex
(155 calls, 8.2%) and upward contours (86 calls, 4.6%) (Table 1, Figure 2).
The duration and the dur_max_end were the longest in calls with complex
contour, dur_beg_max was the longest in calls with upward contour and the
shortest in calls with chevron contour (Table 1). The peak frequency was the
highest in the alarms with the contour chevron and the lowest in the alarms
with upward contour. The fObeg was higher in calls with contours chevron
and flat, fOmax was higher in calls with contours chevron and complex, and
fOend was higher in calls with contours flat and upward. Thus, the rise of fun-
damental frequency from call beginning to call maximum and then the fall of
fundamental frequency from maximum to minimum were substantially more
prominent in the alarms with contours chevron and complex compared to the
alarms with contours flat and upward (Table 1).

There were 201 urgent alarms (10.6% of calls), which, compared with
other alarm calls, had a shorter duration (108 + 46 ms, Fj 1377 = 31.43;
p < 0.001), shorter dur_max_end (37 £ 30 ms, Fj 1377 = 55.01; p < 0.001),
lower fObeg (3.84 £ 1.09 kHz, Fj 1377 =7.79; p = 0.005), higher fOmax
(17.59 £ 1.45 kHz, Fj 1377 = 5.94; p = 0.02), higher fOend (16.16 +
1.54 kHz, Fj 1877 = 6.58; p = 0.01) and longer df0_max_beg (13.75 £
1.66 kHz, F; 1377 = 15.04; p < 0.001). However, the urgent alarms did not
differ from other alarms by the percentage of calls with different contours
(chevron: 70.6%, flat 13.9%, complex: 10.0%, upward: 5.5%; Fisher’s exact
test, p > 0.05 for all comparisons). Thus, more threatening situation during
production of urgent alarms resulted in changes of their time and frequency
characteristics.

The Harting’s voles often produced their alarm calls collectively. Alarm
calls were concentrated only in 369 from 2112 (17.5%) audio files. Most
alarm calls, 1426 from 1888 (75.5%), were emitted when there were two
or more callers, and only 462 (24.5%) alarm calls were produced when the
caller was only one. We also found that Harting’s voles display the phe-
nomenon of collective shouting, evident from superimposing the alarm call
spectrograms from two or more individuals (from 2 to 10, 4.4 £ 1.9 calls on
average) (Figure 3).
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Superimposing alarm calls (330 of 1888 alarm calls, 17.5%) did not
differ from the total sample of alarm calls by the occurrence of alarm
calls with different contours (chevron: 73.6%, flat 15.8%, complex: 7.6%,
upward: 3.0%; Fisher’s exact test, p > 0.05 for all comparisons). Compared
with other alarm calls, the superimposing alarm calls had a longer dura-
tion (135 £ 49 ms, Fy 1877 = 16.38; p < 0.001), longer dur_max_end (65 £
35 ms, F1’1877 = 871, p= 0003), lower fObeg (362 + 1.05 kHZ, F1’1877 =
1707, p < 0001), hlgher fOmax (1761 + 1.78 kHZ, F1,1877 = 741, p=
0.007), higher fOend (16.16 £ 1.79 kHz, F) 1377 = 7.49; p = 0.007), larger
df0_max_beg (13.99 £ 1.91 kHz, F; 1377 = 24.49; p < 0.001) and higher
fpeak (16.97 & 2.21 kHz, F) 1377 =5.04; p =0.03).

4. Discussion

This study confirmed the presence of alarm calls in Harting’s voles. Pre-
viously, the alarm calls of Harting’s voles were only known from spectro-
graphic description of one single alarm call recorded in the wild (Pandourski,
2011). We found, in the Harting’s vole, a previously unknown phenomenon
of collective bursts of alarm calls, at which a few individuals synchronize the
rhythm of their alarm calls, resulting in a series of collective bursts of alarm
calls (Figure 3). To our knowledge, such phenomenon was not previously
known for mammals, but it may be also potentially present in related species
of voles.

Different shapes of spectrograms and superimposed (overlapping) spec-
trograms of alarm calls in the bursts clearly indicated that the bursts include
the calls of many different individuals vocalizing simultaneously (Figure 3).
Adaptive significance of such synchronization of alarm calling in Harting’s
vole now remains unclear. In order to understand the reasons and to reveal
situation attending with collective emission of alarm calls in Harting’s voles,
observations of vocal vigilance of this species in natural environment are
necessary.

In Harting’s voles, series of collective bursts of alarm calls of many indi-
viduals were noted both within family groups and also occasionally between
two family groups, sitting in the two neighbouring enclosures. The observed
mobbing behaviour was partly reminiscent of the collective mobbing preda-
tors reported for passerine birds (Curio, 1978; Lima, 1993). Alarm calling
by multiple individuals toward a human was also noted in Brandt’s voles
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(Rutovskaya, 2012), however, neither Brandt’s voles nor passerine birds do
synchronize their alarm calls and each individual vocalizes independently of
the others.

We also showed that, in Harting’s voles, urgent alarm calls followed with
fleeing to burrow differed from remaining sample of alarm calls by shorter
duration, lower fObeg and higher fOmax. Commonly, increase of {0 is charac-
teristic for mammalian calls produced in situation of higher arousal (Briefer,
2012). In particular, for rodents, the Brandt’s vole and great gerbil Rhom-
bomys opimus, increase the maximum and end fundamental frequencies of
there calls at urgent danger (Nikolskii & Sukhanova, 1992).

The alarm calls of Harting’s voles are the highest-frequency among alarm
calls of other vole species (on average 17.35 kHz and up to 22.12 kHz,
Table 1). The alarm calls of all other studied vole species are also high-
frequency, with fOmax of 8.9-10.4 kHz on the Brandt’s vole (Nikolskii
& Sukhanova, 1992) and fOmax of 7.5-8.2 kHz in the narrow-headed and
Raddey’s voles (Rutovskaya & Nikolskii, 2014).

Consistently to the wide ranges of fO in vole alarms, of 7-22 kHz (Pan-
dourski, 2011; Rutovskaya, 2012; Rutovskaya & Nikolskii, 2014; this study),
the discomfort calls of these species are also high-frequency, with fO rang-
ing from 10.2-17.6 kHz in the Harting’s vole (Rutovskaya, 2019a), from
3.6-5.6 kHz in the narrow-headed and Raddey’s voles (Rutovskaya & Nikol-
skii, 2014), and from 4.4-6.5 kHz in the Brandt’s vole (Rutovskaya, 2012;
Dymskaya et al., 2022). In other studied vole species, the fOmax of discom-
fort calls does not exceed 3 kHz (Rutovskaya, 2018, 2019a—c; Yurlova et al.,
2020; Dymskaya et al., 2022).

Among other rodent taxa, very high-frequency alarm calls were also
reported for whistling rats from the genus Parotomys, ranging in fOmax
from 10-13 kHz (le Roux et al., 2002), for Townsend chipmunks from the
genus Eutamias, ranging in fOmax from 11.1-14.5 kHz (Gannon & Lawlor,
1989), and for Siberian chipmunks Tamias sibiricus, with fOmax of 11.8 kHz
(Lissovsky et al., 2006). Some rodents even have ultrasonic alarm calls, e.g.,
rats (Litvin et al., 2007; Chen et al., 2023), Mongolian gerbils Meriones
unguiculatus (Ter-Mikaelian et al., 2012; Volodin et al., 2024) and Richard-
son’s ground squirrels Urocitellus richardsonii (Wilson & Hare, 2004).

We can propose that high-frequency alarm calls in the surface-dwelling
Harting’s voles could evolve for better propagation in the open landscapes.
The voles produce their alarm calls very close to ground level. As the result,
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these calls are strongly affected by sound shadow zones created by temper-
ature and/or wind gradients and by the effect of ground attenuation (Wiley
& Richards, 1978). The strong effect of ground attenuation was reported for
transmission of sounds below 2 kHz at the ground level in the open environ-
ments (Marten & Marler, 1977). At the same time, the least ground atten-
uation in the open environments for sounds produced at ground level was
reported for frequencies over 6 kHz (Marten & Marler, 1977); that is, just
for the range of frequencies of alarm calls of the three studied vole species
(Pandourski, 2011; Rutovskaya, 2012; Rutovskaya & Nikolskii, 2014; this
study).

Furthermore, in primates and in rodents, the low-frequency and low-
intense call starts and ends degrade with distance much stronger than fre-
quencies around call fOmax (Matrosova et al., 2010b; Maciej et al., 2011).
Also, a study of perceptibility of orangutan Pongo pygmaeus high-frequency
calls (with fOmax of 4 kHz) and low-frequency calls (with fOmax of 0.3 kHz)
across increasing savannah distances up to 400 m showed that overall detec-
tion of the low-frequency calls was significantly compromised compared
with high-frequency calls from 100 m onwards (Gannon et al., 2023).

The role of sound production mechanism is also relevant for emission
of the high-frequency audible alarms of Harting’s voles. The alarm calls
of Harting’s voles have a very high fOmax (on average 17.35 kHz and
up to 22.12 kHz, Table 1). For rodents, two call-producing mechanisms
were reported, the voice-based mechanism and the whistle-based mechanism
(Fernandez-Vargas et al., 2022; Riede et al., 2022, 2024). While ‘voice-
based’ calls are produced with vibration of the vocal folds (Riede et al.,
2011), the ‘whistle-based’ calls are produced by an aerodynamic whistle
mechanism based on airflow vorticities in the vocal tract (Mahrt et al., 2016;
Riede et al., 2017, 2022; Héakansson et al., 2022). Both voice and whistle-
based calls can be sonic (below 20 kHz) or ultrasonic (above 20 kHz)
(Ferndndez-Vargas et al., 2022; Riede et al., 2022).

For rodent calls at the range of frequencies about 20 kHz, experiments
in heliox are necessary to confirm the mode of sound production, because
both whistle- and voice-based mechanisms are possible. In the Norway rat
Rattus norvegicus, the alarm calls at 22 kHz are whistle-based (Riede, 2011,
2013). At the same time, in California deer mice Peromyscus californicus,
both sustainable calls of adults (with fO of 12—19 kHz) and pup isolation calls
(with fO of 18-22 kHz) were voice-based calls (Riede et al., 2022). In the
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harvest mouse Reithrodontomys megalotis, the long-distance calls of about
10 kHz were voice-based, whereas high-frequency calls used in close-distant
social interactions (about 80 kHz) were generated by a whistle mechanism
(Riede et al., 2024).

Further research is necessary to evaluate the effects of caller’s individual-
ity, sex and age on the acoustic structure of alarm calls in the Harting’s vole.
The individualistic traits are found in the alarm calls of many rodents, includ-
ing the Brandt’s vole (Rutovskaya, 2012), marmots (McCowan & Hooper,
2002; Blumstein & Munos, 2005), ground squirrels (Matrosova et al., 2009,
2010a, 2011; Schneiderova et al., 2017) and Gunnison’s prairie dogs, Cyno-
mys gunnisoni (Loughry et al., 2019). Among the non-rodent colonial
surface-dwelling species, the individualistic traits are well-expressed in the
alarm calls of meercats Suricata suricatta, although the conspecific listener
does not discriminate between the alarm calls of different individuals (Schi-
bler & Manser, 2007). At the same time, sex and age effects on the acoustics
of alarm calls were small or lacking for ground squirrels (Matrosova et al.,
2007; Swan & Hare, 2008; Volodina et al., 2010).

This study opens an interesting perspective of searching the alarm calls
in other species and subspecies of social voles of the taxonomic “guentheri”
group (KryStufek et al., 2012; Abramson et al., 2021; KryStufek & Shenbrot,
2022). As the alarm calls of Harting’s voles are very high-frequency and
expand beyond the well-audible for humans range of frequencies, people
may do not pay attention to these calls in the wild, because they only hear
the short initial part of a call at raising of fundamental frequency and do
not hear the high-frequency high-amplitude part of the alarm call. Moreover,
on human ear, the alarm calls of Harting’s voles are dissimilar with vole
calls and are more similar to bird chirps. It would be very interesting to
reveal the potential geographical variation of the acoustic structure of alarm
calls, related to both phylogeography of social voles of the ‘guentheri’ group
(KryStufek et al., 2012; Yigit et al., 2017; Thanou et al., 2020; Golenishchev
et al., 2022), and probable effects of habitat structure (Campbell et al., 2010;
Matrosova et al., 2016; Schneiderova et al., 2020).

Another potential branch of research is studying geographical variation
of alarm calls in cryptic species, the narrow-headed and Raddey’s voles,
which have a very large distribution areas, including both tundra regions
and steppes from Northern Eurasia to Northern China and have a few well-
separated genetic lineages (Petrova et al., 2021, 2022, 2023). In addition,
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for the singing vole (Mynomes miurus) and taiga vole (Mynomes xanthog-
nathus), there are published verbal descriptions of calls in human-audible
range of frequencies emitted in the wild toward people, but without present-
ing spectrograms (Wolff & Lidicker, 1980; Cole & Wilson, 2010). These two
vole species may also potentially have alarm calls.
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Supplementary Material

Audio 1. The Harting’s vole alarm calls with chevron contour, with complex
contour, with flat contour, with upward contour, with subharmonics, with
biphonation and collective shouting of alarm calls by 8 individual voles with
the alarms of different individuals superimposing each other (WAYV, mono).
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This file can be accessed at https://stream.cadmore.media/player/289bbe79-
4622-4948-9ba3-d50c826ccbf0.

Audio 2. A natural series of collective bursts of alarm calls (alarm
bursts) produced by Harting’s voles with overlapping alarm calls within
one family group, containing 9 individuals (WAV, mono). This file can be
accessed at https://stream.cadmore.media/player/891adf87-09df-46d6-a349-
fdb68b064a2d.

Audio 3. A natural series of collective bursts of alarm calls (alarm bursts)
produced by Harting’s voles with overlapping alarm calls within and between
two neighbouring family groups, containing 12 and 10 individuals, respec-
tively (WAYV, stereo). This file can be accessed at https://stream.cadmore.
media/player/2adflal4-78da-434c-ba30-8cdcel2762cb.
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