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Abstract
This study investigates the frequency, temporal and power parameters in 11 (5 males, 6 females)
captive feral domestic cats Felis silvestris catus, vocalising in their individual outdoor enclosures
during the mating season. Discriminant function analysis (DFA) classified the meows to correct
callers with 79.2% accuracy, which exceeded the chance level of 22.9 ± 2.8%, calculated with
permutation test. Male meows were lower-frequency, with the maximum fundamental frequency
of 0.37 ± 0.05 kHz vs 0.61 ± 0.16 kHz in females. Sex differences in the maximum, beginning
and end fundamental frequencies varied from 32 to 39%, depending on acoustic parameter. The
DFA classified the meows to correct sex with accuracy of 88.0%, which exceeded the chance level
of 58.2 ± 3.1%. We discuss that the meows encode information about individual identity and sex
and that acoustic differences in frequency parameters of the meows exceed sexual dimorphism of
body size in domestic cat.
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1. Introduction

During the spring mating season, both sexes of domestic cat (Felis silvestris
catus) produce many meows, containing acoustic correlates of caller sex
(Shimizu, 2001). Probably, these intense calls can be used by animals for
the distant identification of sex and individual identity of a potential mate.
Acoustic parameters may also contain the attributes of mate quality, which,
for females, includes the stages of receptivity (e.g., the levels of oestrogen)
and, for males, the degree of aggression (modulated by the levels of testos-
terone) (Pfefferle et al., 2007; Tavernier et al., 2020).

The vocal repertoire of adult domestic cats contains several call types,
differing in the acoustic structure: meow, purr, squeak, trill, chirp, howl,
growl, gargle, hiss and copulatory cry (Schötz, 2015; Fermo et al., 2019;
Tavernier et al., 2020). The most prominent call type of the vocal repertoire
in domestic cat is meow, which varies substantially in the acoustic structure
with the behavioural context (Brown et al., 1978; Yeon et al., 2011; Owens
et al., 2017; Ntalampiras et al., 2019; Prato-Previde et al., 2020). Meows
are calls with clearly visible fundamental frequency bands and harmonics,
with duration of about 0.6 s, the maximum fundamental frequency (f 0,max)
of about 0.6–0.8 kHz, and the beginning and end fundamental frequencies
(f 0,beg and f 0,end) lower than the f 0,max of 0.1–0.15 kHz (Farley et al., 1992;
Nicastro, 2004; Hubka et al., 2015; Urrutia et al., 2022).

During the mating season, both males and females produce meows, rutting
cries and yowls (Shimizu, 2001). The rutting cry represents a sequence of
prolonged, monotonous, weakly modulated in frequency calls, emitted with
short inter-call intervals (2–3 times shorter than the durations of separate
rutting cries) (Shimizu, 2001). The yowls are long meows, usually produced
during counter-callings of two animals at confrontation, similar to dog howls
(Shimizu, 2001).

The meows of domestic cats are generally similar in acoustic structure to
the meows of the wild felid species, but are higher-frequency and shorter in
duration than in their immediate ancestor, the African wild cat Felis silvestris
lybica (Nicastro, 2004; Peters et al., 2009) or in the other wild species from
the genus Felis (Peters et al., 2009). The degree of socialization with humans
affects the ranges of variation in the acoustic parameters of meows within
the species, as was revealed by a comparison of feral and human-socialized
domestic cats (Yeon et al., 2011). In the agonistic test situation, meows of
human-socialized house cats were shorter than in feral cats and higher in
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fundamental frequency, first formant frequency, peak frequency, 1-st power
quartile frequency and 3rd power quartile frequency (Yeon et al., 2011).

Sex-related differences in vocalisations of domestic cats were only found
previously in call rates of different call types, especially in the rutting cry
(Shimizu, 2001). Individual-related differences in adult domestic cat meows
were found in the call counts in a stressful context (Urrutia et al., 2019), in
call duration and fundamental frequency of the calls produced in response to
2-min isolation along ontogeny of cats from 2 to 18 months (Urrutia et al.,
2022), and in the fundamental and peak frequencies of the isolation meows
of 10-days old kittens (Scheumann et al., 2012). A lower call rate was found
in male than in female kittens across the first four postnatal weeks during
separation with a mother (Hudson et al., 2015). No other studies investigating
acoustic parameters potentially encoding the sexual and individual identity
in calls of domestic cats are available.

Domestic house cats are sensitive to traits of individual identity encoded in
the voices of their owners and can recognize them among the voices of other
people (Saito & Shinozuka, 2013). Domestic house cats are capable of rec-
ognizing their names among other words (Saito et al., 2019). One months old
kittens display stronger responses to chirps and meows of their own mothers
compared with calls of other mother cats (Szenczi et al., 2016). Although
for adult cats no experiments on recognizing the calls of the species’ vocal
repertoire have been conducted, it is reasonable to hypothesize that adult cats
are also capable of recognizing the sexual and individual-related properties
of meows and other call types.

We can also propose that cues encoding individual and sexual identity may
be important for discriminating potential mating partners by vocalisation in
feral domestic cats. Females in multi-male multi-female groups may mate
with multiple males at any one oestrus, which results in litters with multi-
ple paternities (Say et al., 1999; Natoli et al., 2007). Experiments including
consecutive matings with two males showed that first males sired a higher
percent of offspring in the litters (Erofeeva et al., 2018). The aim of this study
was to describe the acoustic parameters of cat meows during the spring mat-
ing period and to evaluate the potential of these calls to provide information
about individual and sexual identity of the callers.
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2. Materials and methods

2.1. Site, animals and dates of work

Meows were recorded from eleven (5 males, 6 females) individually iden-
tified adult (2–13 years old) domestic cats (Felis silvestris catus), from 13
March to 5 May 2021 during the mating season. Data collecting was done at
the Joint Usage Center ‘Live collection of wild species of mammals’ at A.N.
Severtsov Institute of Ecology and Evolution (the biological station ‘Tch-
ernogolovka’), Moscow Region, Russia, located 50 km NE from Moscow
city. At this station, a captive colony of domestic cats is kept for conducting
behavioural and physiological research (Alekseeva et al., 2020; Soboleva
et al., 2021; Erofeeva et al., 2022, 2023) along with captive colonies of
wild felids, kept in a separate enclosure complex from the domestic cats
(Jewgenow et al., 2006; Erofeeva et al., 2014; Pavlova et al., 2018). The
founders of the colony of the domestic cats were 19 (10 females and 9 males)
adult feral cats, captured in 2008 in different districts of Moscow city.

During data collection, subject cats were kept singly in outdoor enclosures
(2 × 1.5 × 2 m size), wholly made of wire-mesh with 3-cm cells, with nat-
ural sandy/earth floor. There were 24 enclosures, 12 in a row, with a 1.5-m
passage between them. Cats could communicate with their same or opposite
sex neighbours through wire mesh acoustically or by touching each other by
paws, either on the floor or climbing up the enclosure ceiling by the wire
mesh. Each enclosure contained a wooden den of 55 × 40 × 50 cm, for pro-
tection against rain, snow and low temperatures and one or two tree stumps,
for sitting on and claw sharpening. Six days a week, the animals were fed
with minced chicken, fish or red meat with supplements of commercial cat
food, vitamins and minerals; water was available ad libitum. Toys for domes-
tic cats were available as enrichment; in addition, cats could play with natural
objects (e.g., conifer cones), hunt flying and crawling insects, dig the earth.

Feeding time was irregular, so the cats did not vocalise specially for food
in relation to feeding expectation and all calls included in the analysis were
produced by animals in the context of self-advertising to potential mates or
same-sex rivals. At time of recording, 10 of the 11 subject cats (one 2-year-
old female, ‘Alma’, excluded) had mating experience either in previous years
and/or in the current mating season of 2021. Cats were taken for pairing for
mating (1–3 times in the mating season of 2021) and for blood and hair
sampling each two weeks for control of reproductive health (Erofeeva et al.,
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2022; Naidenko et al., 2022). No additional handling or socialisation from
people was applied to the cats. Pairings occurred in female home enclosures,
so all animals could hear the calls related to advertisement, courting and
mating behaviour through the wire mesh. Body mass was unknown for most
individuals.

2.2. Audio recording and call samples

Cat meows were recorded by one researcher (IAV) using a Marantz
PMD-660 (D&M Professional, Kanagawa, Japan) solid-state recorder with
Sennheiser ME-64 (Sennheiser electronic, Wedemark, Germany) micro-
phone, sampling rate 48 kHz, 16-bit resolution, range 40–20 000 Hz, in
.wav format. Two sessions of audio recording were conducted, from 18:00 to
22:00, as the animals were more vocal at this time of day. The distance from
the microphone to the focal caller varied from 0.5 to 4 m, which allowed
recording calls with good signal-to-noise ratio. A researcher recording the
calls was always outside the enclosure and recorded the calls through the
wire mesh. During call collection, each caller was in its home enclosure
alone. Cats produced all their vocalisations spontaneously; people did not
provoke the animals to call. During call recording pairings for mating were
not conducted. Between some calls, a researcher commented the calls of
the focal cat, to identify the caller. Name and age of each subject cat were
labelled at the enclosure door and researcher could check caller identity at
each moment of conducting the recording.

For measuring the acoustic parameters, we only selected the meows with
high signal-to noise ratio, non-overlapped with alien noise (wind, airplanes,
calls of non-focal cats or forest birds and researcher voice). To decrease
pseudoreplication from inclusion in analysis of similar calls from meow
sequences of the same individual, we tried, where possible, to select for
acoustic measurements the meows from different parts of audio files. In total,
we included in the analysis 183 meows from 11 (5 males and 6 females)
domestic cats, 20 meows per animal from 5 individuals and from 9 to 19
meows from the remaining 6 individuals which did not provide 20 high-
quality meows per animal. On average, we took for analysis 16.6 ± 4.2
meows per individual.

2.3. Call analysis

For acoustic analysis, we used Avisoft SASLab Pro software (Avisoft Bioa-
coustics, Berlin, Germany). Before measurements, we decreased the sam-
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pling rate from 48 to 24 kHz, and used for the measurements the follow-
ing settings: Hamming window, FFT (Fast Fourier Transform) length 1024
points, frame 50%, and overlap 96.87%. These settings provided 23 Hz fre-
quency resolution and 1.3 ms time resolution. We also filtered out the back-
ground noise using a high pass filter 0.2 kHz. This filtering did not affect the
values of the acoustic measurements, because the preliminary visual inspec-
tion of spectrograms showed that values of fundamental frequency (f 0) were
always higher than 0.2 kHz.

For each meow call, one researcher (LMS), blind to the data collection
procedure, measured manually, in the spectrogram window of Avisoft, call
duration (duration) using the reticule cursor and the fundamental frequency
parameters in three points of the call spectrum: start (f 0,beg), maximum
(f 0,max) and end (f 0,end) (Figure 1). In addition, for each call, four power
parameters were semi-automatically measured within a 50-ms time window
(centred around the point of call maximum fundamental frequency): the peak
frequency (fpeak) and the three power quartiles (q25, q50 and q75) covering
25, 50 and 75% of call energy from the mean power spectrum of each call,
respectively (Figure 1). The window of 50 ms was selected for the measure-
ments because it provided a better ratio of signal to noise compared with the

Figure 1. Measured acoustic parameters for cat meows. Spectrogram (right) and mean power
spectrum of the meow (left). Designations: duration, call duration; f 0,max, the maximum
fundamental frequency; f 0,beg, the fundamental frequency at the onset of a call; f 0,end, the
fundamental frequency at the end of a call; fpeak, the frequency of maximum amplitude
within a call; q25, q50, q75, the lower, medium and upper quartiles, covering 25, 50 and 75%
energy of a call spectrum, respectively. The spectrogram was created at 24 kHz sampling
frequency, FFT length 1024, Hamming window, frame 50%, overlap 96.87%.
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measurements taken over the entire call spectrum (Volodin et al., 2022). All
measurements were exported to Microsoft Excel (Microsoft, Redmond, WA,
USA) table.

In each meow, we noted the presence of two nonlinear vocal phenomena:
subharmonics and deterministic chaos (Scheumann et al., 2012; Hubka et
al., 2015) and the articulation effect ‘wave’ (Gogoleva et al., 2008). We only
noted a presence of subharmonics and chaos if duration of call parts with
these nonlinear phenomena exceeded 10% of call duration.

2.4. Statistical analyses

Statistical analyses were carried out with STATISTICA v. 8 (StatSoft, Tulsa,
OK, USA) and R 4.1.0 (R Development Core Team, 2021). All means are
given as mean ± SD, significance levels were set at p < 0.05. Only 7 of 104
distributions of acoustical parameters differed significantly from the normal
(Kolmogorov-Smirnov test, p > 0.05). As ANOVA is relatively robust to
small departures from normality (Dillon & Goldstein, 1984), this was not an
obstacle to applying parametrical tests. We used a nested design of ANOVA
with Tukey HSD (Honest Significantly Different) test with an individual
nested within sex to estimate the effects of factors ‘individuality’ and ‘sex’,
on the acoustic parameters of meows, with sex as fixed factor and individual
as random factor (to control for inclusion of more than one call from each
individual).

We used the standard procedure of Discriminant Function Analysis (DFA)
to calculate the probability of classifying the meows to the correct individual
caller, and another DFA to calculate the probability of classifying the meows
to the correct sex. In both DFAs, we included all the 8 measured acoustic
parameters: duration, f 0,max, f 0,beg, f 0,end, fpeak, q25, q50 and q75.

We used Wilks’ Lambda, to estimate the impact of each acoustic param-
eter in the DFA. For validating the DFA results, we calculated the values of
probability of correctly classifying the meows to individuals and sexes, by
applying the randomization test for probability of incorrect classifying in the
DFA (Solow, 1990), with macros created in R. Random values were calcu-
lated from DFA on 1000 randomized permutations of datasets (Solow, 1990;
Mundry & Sommer, 2007). For each distribution obtained with permutations,
we noted whether the observed value exceeded 95% (950 values), 99% (990
values) or 99.9% (999 values) within distributions (Solow, 1990; Mundry &
Sommer, 2007). If the observed value exceeded 95%, 99% or 99.9% values
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within the distribution, we established that the observed value differed sig-
nificantly from the chance value with a probability p < 0.05, p < 0.01 or
p < 0.001, respectively (Solow, 1990; Briefer et al., 2010; Chelysheva et al.,
2023).

2.5. Ethical note

The study was conducted according to the ASAB/ABS ‘Guidelines for
the Treatment of Animals in Behavioural Research and Teaching’ (Animal
Behaviour, 2020, 159, I-XI) and approved by the Regulatory Commission
of Experimental Research (Bioethics Commission) of the A.N. Severtsov
Institute of Ecology and Evolution of the Russian Academy of Sciences (per-
mission No. 21 of 24 April 2018).

3. Results

3.1. Acoustic variation of meows

Cat meows represented the calls with a clearly visible fundamental fre-
quency (f0) band and its harmonics (Figure 2). Call duration was on average
0.69 ± 0.22 s and ranged from 0.28 to 1.90 s; the average f 0,max was 0.50 ±
0.17 kHz and ranged from 0.30 to 1.11 kHz (Table 1). Cat meows could
contain nonlinear vocal phenomena: subharmonics (9.3%, 17 calls from 6
individuals) and deterministic chaos (5.5%, 10 calls from 4 individuals). In
addition, some meows contained the articulation effect ‘wave’ (21.9%, 40
calls from 8 individuals).

Cat meows displayed both individual and sex-related variation (Table 1).
Two-way ANOVA showed that the factor individuality affected all the 8
acoustic parameters, whereas factor sex only affected the parameters of fun-
damental frequency: f 0,max, f 0,beg and f 0,end (Figure 3). Male meows were
lower in maximum fundamental frequency (0.37 ± 0.05 kHz) than female
meows (0.61 ± 0.16 kHz) (Table 1). The means of each acoustic parameter
for each individual are given in Table 2.

3.2. DFA for classifying meows to individuals

We conducted DFA for classifying the meows to correct individual callers.
The DFA included all the 8 measured acoustic parameters (duration, f 0,max,
f 0,beg, f 0,end, fpeak, q25, q50, q75). The average value of correct classify-
ing the meows to individual with DFA was 79.2%, which was significantly
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Figure 2. Spectrogram illustrating individual and sex-related differences of adult cat meows.
Meows from three individual males and meows from three individual females, one meow
per animal. The spectrogram was created at 24 kHz sampling frequency, FFT length 1024,
Hamming window, frame 50%, overlap 93.75%. The .wav-file of these calls is available as
Supplementary Audio 1 at 10.6084/m9.figshare.24025593.

higher than the level expected by chance of 22.9 ± 2.8%, min = 13.5%,
max = 31.7% (permutation test, 1000 permutations, p < 0.001) (Table 3).
In order of decreasing importance, f 0,max, duration and f 0,end were mainly
responsible for discrimination of individuals by the meows. Among individ-
uals, the value of correct assignment of the meows varied from 65 to 100%;
all the 11 individuals differed from the chance level (Table 3). Therefore, the
meows had a high potential to encode caller individuality.

3.3. DFA for classifying meows to sex

We also conducted DFA for classifying the meows to correct sex. The DFA
included all the 8 measured acoustic parameters (duration, f 0,max, f 0,beg,
f 0,end, fpeak, q25, q50, q75). The DFA for sex showed the average value of
correct assignment of the meows of 88.0%, which was significantly higher

http://dx.doi.org/10.6084/m9.figshare.24025593
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Table 1.
Values (mean ± SD) of meow parameters and the results of nested two-way ANOVA for
individual and sex-related differences.

Acoustic
parameter

Mean ± SD ANOVA

All animal
meows

(N = 183)

Male meows
(N = 87)

Female meows
(N = 96)

Individual
differences

Sex differences

Duration (s) 0.69 ± 0.22 0.71 ± 0.24 0.67 ± 0.20 F9,172 = 18.63;
p < 0.001

F1,172 = 0.15;
p = 0.708

f 0,max (kHz) 0.50 ± 0.17 0.37 ± 0.05 0.61 ± 0.16 F9,172 = 70.68;
p < 0.001

F1,172 = 10.64;
p = 0.010

f 0,beg (kHz) 0.40 ± 0.12 0.32 ± 0.05 0.47 ± 0.11 F9,172 = 23.67;
p < 0.001

F1,172 = 13.11;
p = 0.006

f 0,end (kHz) 0.42 ± 0.16 0.33 ± 0.06 0.51 ± 0.17 F9,172 = 57.29;
p < 0.001

F1,172 = 5.65;
p = 0.041

fpeak (kHz) 1.46 ± 0.70 1.39 ± 0.51 1.52 ± 0.84 F9,172 = 19.03;
p < 0.001

F1,172 = 0.05;
p = 0.832

q25 (kHz) 1.27 ± 0.55 1.22 ± 0.39 1.31 ± 0.66 F9,172 = 21.40;
p < 0.001

F1,172 = 0.06;
p = 0.814

q50 (kHz) 1.79 ± 0.71 1.64 ± 0.51 1.92 ± 0.83 F9,172 = 20.16;
p < 0.001

F1,172 = 0.29;
p = 0.605

q75 (kHz) 2.81 ± 1.05 2.68 ± 0.98 2.92 ± 1.10 F9,172 = 15.79;
p < 0.001

F1,172 = 0.08;
p = 0.788

An individual was nested within sex, with sex as fixed factor and individual as random
factor. Designations: duration, call duration; f 0,max, the maximum fundamental frequency;
f 0,max, the fundamental frequency at the onset of a call; f 0,max, the fundamental frequency
at the end of a call; fpeak, the frequency of maximum amplitude within a call; q25, q50, q75,
the lower, medium and upper quartiles. N = 11 adult cat callers (5 males and 6 females).

than the level expected by chance of 58.2 ± 3.1%, min = 50.1%, max =
70.5% (permutation test, 1000 permutations, p < 0.001) (Table 4). In order
of decreasing importance, f 0,max and f 0,beg were mainly responsible for
discrimination of sex by the meows. Therefore, the meows provided reliable
cues to sex (the higher fundamental frequency in females than in males).

4. Discussion

4.1. Acoustic parameters of meows

This study is one of the first quantitative analyses of acoustic parameters
of meows, emitted by male and female captive feral domestic cats during
a mating season. Call duration was on average 0.69 ± 0.22 s and ranged
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Figure 3. Individual and sex-related variation of acoustic parameters of meows in adult cats:
(a) call duration (duration); (b) the maximum fundamental frequency (f 0,max). Points with
whiskers represent individuals. Central points indicate the means, whiskers indicate SD. The
numbers of meows taken from each individual are given in Table 2.

from 0.28 to 1.90 s; the maximum fundamental frequency was on average
0.50 ± 0.17 kHz and ranged from 0.30 to 1.11 kHz. Previously, only a single
study provided illustrative spectrograms of the meows produced by feral cats
during the mating season, but without measuring the acoustic parameters of
the calls (Shimizu, 2001).

The obtained values of the acoustic parameters are consistent with those
reported by earlier studies of domestic cat meows, recorded out of the mating
season. For comparison with our data, adult domestic house cats trained
to meow for a reward produced meows of 0.61 ± 0.24 s, with average
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Table 3.
Assignment of cat meows to a predicted caller with DFA.

Animal ID No. of meows No. of correctly
assigned meows

Correctly assigned
meows (%)

Male 1 Dekster 17 15 88.2
Male 2 Leo 20 13 65.0
Male 3 Serval 20 18 90.0
Male 4 Beorn 20 13 65.0
Male 5 Jivs 10 7 70.0
Female 6 Gameta 19 17 89.5
Female 7 Rioha 20 16 80.0
Female 8 Alma 20 16 90.0
Female 9 Lamia 9 9 100.0
Female 10 Elka 15 10 66.7
Female 11 Astrid 13 11 84.6
Total 183 145 79.2

maximum fundamental frequency of 0.60 ± 0.16 kHz (Farley et al., 1992).
Meows of 12 adult house cats, averaged across 5 behavioural contexts, had
duration of 0.78 ± 0.45 s and maximum fundamental frequency of 0.77 ±
0.19 kHz (Nicastro & Owren, 2003). Meows of 74 cats (29 males and 45
females) recorded in two situations: aversive (the cat in a transport box in a
moving car) and pleasant (delicious food offered to the cat) had a duration
from 0.62 to 1.02 s and f 0,mean from 0.50 to 0.59 kHz (Schnaider et al.,
2022). However, in the study of acoustic responses of mother domestic cats
to removal of a kitten, the recorded meows had a duration of 0.4 ± 0.1 s and
very high fundamental frequencies, f 0,beg of 0.8 ± 0.4 kHz and f 0,max of
1.3 ± 0.2 kHz (Brown et al., 1978). Young domestic house cats of 18 months
old produced meows of 0.54 s in duration and with an average f 0,max of

Table 4.
Assignment of cat meows to a predicted sex with DFA.

Actual group Predicted group membership Total Correctly assigned (%)

Males Females

Males 86 1 87 98.9
Females 21 75 96 78.1
Total 107 76 183 88.0
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1.19 kHz (Schötz, 2012). However, during the tests involving isolation and
restriction, the 18-months old house cats (36 males, 38 females) produced
meows of about 0.60–0.70 s in duration and the f 0,mean of 0.30–0.35 kHz,
that is, with a substantially lower frequency than in all other studies (Urrutia
et al., 2022).

The study by Yeon et al. (2011) compared the meows of 35 adult feral cats
and 13 adult house cats (all were females), tested across several contexts. The
meows of the house cats were higher in fundamental frequency than in the
feral cats (0.50–0.55 kHz and 0.40 kHz, respectively), with a substantially
higher peak frequency (1.7–2.3 kHz and 0.5–0.7 kHz, respectively), and
were substantially shorter in duration (0.6–1.0 s and 1.7–1.8 s, respectively).
Our data on the acoustics of meows recorded from captive feral cats in the
mating season were closer to the values reported for meows of house cats
produced without relation to the cat mating season (Yeon et al., 2011).

4.2. Cues to caller individuality in meows

We found that the average value of correctly classifying of meows to 11
individuals with DFA was 79.2%, suggesting a high potential of the meows
produced in the mating season to advertise individual identity of the callers.
At the same time, cat meows produced in non-mating season in mother-
offspring context seem to be not prominently individualistic: playback exper-
iments indicated that kittens recognized their own mother by her chirp calls
rather than by meow calls (Szenczi et al., 2016). For the three mother cats
whose calls were analysed, the DFA accuracy rate of correct recognition
was 93.4% for the chirps and only 77.8% for the meows (Szenczi et al.,
2016). However, judging by the spectrograms of the chirps and meows used
as playback stimuli to kittens in the study by Szenczi et al. (2016), the only
difference of the chirp call type from the meow call type was the inclusion
of the articulatory phenomenon ‘wave’, described previously in detail for
the whine vocalisations of red fox Vulpes vulpes (Gogoleva et al., 2008).
The individualistic traits in the meows were also investigated for 10-day old
house kittens at isolation and handling (Scheumann et al., 2012). For the 18
individual kittens, the DFA accuracy rate of correct classification was 53.1%
for the meows at isolation and 63.3% for the meows at handling, primarily
on the basis of parameters of fundamental frequency, peak frequency and
formants (Scheumann et al., 2012).

Strongly individualistic distant mating calls were also found in six captive
male Eurasian lynxes Lynx lynx (Rutovskaya et al., 2009) and in the roars of
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five free-living male lions Panthera leo (Wijers et al., 2021). For the lynxes,
DFA assigned 84.6% calls to correct individuals, primarily on the basis of
call duration and mean entropy, reflecting the ratio of noisy and tonal energy
in call spectra (Rutovskaya et al., 2009). For the five lions, a Hidden Markov
Model (HMM) assigned 91.5% calls to correct individuals on the basis of call
fundamental frequency contour (Wijers et al., 2021). For six captive tigers
Panthera tigris, classification rate of individuals by their distant calls with
DFA was 69.9% and the parameter most important for discrimination was
call duration, whereas the f 0,max did not differ among individuals (Ji et al.,
2013).

For 20 wild-living adult cheetahs Acinonyx jubatus, classification rate
of individuals by their distant chirps with DFA was 79.5%, primarily on
the basis of call duration and fundamental frequency (Chelysheva et al.,
2023). For 12 captive adult cheetahs, classifying rate of individuals by their
meows with DFA was 59.6%, primarily on the basis of f 0,max and two power
quartiles (Smirnova et al., 2016). Thus, we can conclude that the distant calls
of many felid species, and in particular the mating meows of domestic cats,
likely contain well-expressed individualistic traits.

4.3. Cues to caller sex in meows

We found that male meows were noticeably lower in all parameters of fun-
damental frequency than female meows and differences in fundamental fre-
quency were between 32 and 39% (Table 1). As the fundamental frequency
of mammalian calls is inversely proportional to the length of the vocal folds
in the larynx (Baotic et al., 2015; Titze et al., 2016; Garcia et al., 2017),
acoustic differences between sexes may result from the size-related sexual
dimorphism in domestic cat. For example, in free-ranging domestic cats, liv-
ing around the steppe villages of Dauria (Far East of Russia), sex differences
in body mass are 15–20%, with males heavier than females (Naidenko et
al., 2020). However, the intersexual differences in the skull dimensions in
domestic cat are as little as 4–7% (Petrov et al., 1992; Pitakarnnop et al.,
2017).

Consistently, meows and chirps of adult male cheetahs were lower in
fundamental frequency than those of adult females (Smirnova et al., 2016;
Chelysheva et al., 2023), in agreement with sex dimorphism of body size in
this species, up to 15% in captivity (Wildt et al., 1993) and from 15 to 22%
in the wild (Caro, 1994; Marker & Dickman, 2003). As in domestic cats, the
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sex-related dimorphism in skull dimensions in the cheetah is also substan-
tially lower than the differences in call fundamental frequency between sexes
(Marker & Dickman, 2003). Probably the intersexual differences in the val-
ues of fundamental frequency develop during maturation, because they are
still lacking in the meows of neonate domestic cats (Scheumann et al., 2012)
or in the distant chirps of yearling cheetahs (Nagorzanski, 2018).

In contrast to domestic cats and cheetahs, in lions, only the minimum
fundamental frequency differed between male and female roars, so that
the f 0,max and f 0,mean did not display significant differences between sexes
(Pfefferle et al., 2007). Furthermore, there were no differences in the funda-
mental frequency of the roars between captive male and female adult tigers
(Ji et al., 2013). So, we can conclude that intersexual differences in the fun-
damental frequency of the distant calls in felid species can be not only due
to morphological or body size differences. Hormonal profiles of males and
females can also be important. The relationship between sex-related hor-
mones and acoustical parameters has yet to be studied in felids.

This study showed that male and female domestic cat meows encode
information about individual identity and sex of the callers. The findings
raise questions about how conspecifics can decode this information.
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Supplementary material

Supplementary Audio 1. Vocalisations of adult cat meows. Meows from
three individual males and meows from three individual females, one meow
per animal. This file can be accessed at 10.6084/m9.figshare.24025593.
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