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Airborne and substrate-borne communications
of Microtus (Terricola) gerbei and M. (T.) duodecimcostatus
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The repertoire of airborne and substrate-borne communications is described for
two species of mole-voles: Microtus (Terricola) gerbei (de Sélys-Longchamps, 1847) and
M. (T.) duodecimcostatus (de Sélys-Longchamps, 1839). The behavioural significance
of the different types of sounds emitted was analysed from observations of intraspecific
interactions in captive environments. Substrate-borne signals were used more often
by dominant individuals, and were predominantly recorded in the more aggressive
species, M. duodecimcostatus. The use of substrate-borne signals is much more
prevalent in the more aggressive M. duodecimcostatus, while the less aggressive
M. gerbei has a larger acoustical repertoire,
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Introduction

Subterranean mammals show diverse degrees of atrophy of the eyes and sight
while the organs involved in olfactory and acoustical communications may show
hypertrophy (Quilliam 1966, Nevo 1979). Reichman and Smith (1990) considered
that typical modes of mammalian communication, such as visual and olfactory
signals, were probably ineffective for subterranean species, many of which have
evolved alternative modes of communication. However, Nevo (1990), Nevo et al.
(1976) and Heth and Todrank (1995) found that odour is very effective and
important in Spalax ehrenbergi.

The possible use of substrate-borne vibrations in communication appears to be
rather common for a wide variety of fossorial and subterranean vertebrates. This
has been described for reptiles (Hartline 1971, Hetherington 1992), amphibians
(Dimmint and Ruibal 1980, Lewis and Narins 1985), and for rodents such as
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Dipodomys spectabilis (Randall 1984), Spalax ehrenbergi (Heth et al. 1987, 1988,
1991, Nevoet al. 1987, 1991, Rado et al. 1987, 1989, 1991) and bathyergid mole-rats
(Bennett and Jarvis 1988).

Burda et al. (1990) and Hetherington (1992) suggest that information on the
modes of communication of fossorial and subterranean animals is scanty, and only
recent studies have started to address this interesting issue. The vocal repertoire
of a few fossorial or subterranean species of rodents has been described: Spa-
lacopus cyanus (Eisenberg 1974), Spalax ehrenbergi (Capranica et al. 1973, Nevo
et al. 1987, Heth et al. 1988, Nevo 1990), and Heterocephalus glaber (Pepper et al.
1991). Substrate-borne communication, a different and typical means of com-
munication of this underground ecotope, has been thoroughly studied in Spalax
(Heth et al. 1987, 1991, Rado et al. 1987, 1989, 1991, Nevo et al. 1991), and
Cryptomys damarensis (Bennett and Jarvis 1988).

Airborne communication in fossorial and subterranean rodents appears to be
related to the reproductive behaviour, to short range interactions between animals
in solitary species (Nevo 1969, Capranica et al. 1973, Nevo et al. 1987, Heth ef al.
1988, Rado et al. 1991), and to some social interactions in highly social species
(Burda et al. 1990, Pepper et al. 1991). This type of communication requires the
individuals to be in close proximity (less than ca 5 m apart; Heth et al. 1987). On
the other hand, substrate-borne signals appear to be most effective at longer
ranges as it has been reported for fossorial and subterranean rodents: Dipodomys
spectabilis (Randall 1984, 1994), Spalax ehrenbergi (Heth et al. 1987, 1991, Rado
et al. 1987, 1991, Nevo et al. 1991), Georychus capensis, Bathyergus suillus and
B. janetta (Jarvis and Bennett 1991), where one of the functions of seismic signals
may be territorial warning.

We compared two closely related, sympatric species of blind mole-voles of the
subgenus Terricola: the Pyrenean blind mole-vole Microtus (Terricola) gerbei (de
Sélys-Longchamps, 1847) and the Mediterranean blind mole-vole M. (T.) duode-
cimcostatus (de Sélys-Longchamps, 1839). Formerly, both the New World and the
Old World species of the genus Microtus were placed in the subgenus Pitymys.
Currently, M. gerbei and M. duodecimcostatus are recognized as belonging to the
subgenus Terricola (Chaline et al. 1988), which contains an additional 11 species
(Wilson and Reader 1993).

Species of the subgenus Terricola have distinctive features among the Arvico-
linae. Unlike species of the subgenus Pitymys, they are ecologically, behaviourally,
morphologically and physiologically well-adapted to subterranean life. The ver-
nacular name in Spanish, Topillos, means small mole. They build complex burrow
systems with several holes and mounds from excavated dirt, and maintain closed
burrow systems (Vericad 1970, Soriguer and Amat 1980, Borghi 1992, Giannoni
1994, Martinez-Rica et al. 1995). Martinez-Rica et al. (1995) found that the mean
diameter of mounds is 15.66 ecm (SD = 5.61), mean height is 7.30 £ 2.41 c¢cm, the
mean angle of entrance tunnels is 51.85 + 22.59 c¢m, and the mean diameter of
entrance tunnels is 3.11 + 0.64 cm. The body is cylindrical; with reduced tail,
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limbs, eyes, and ears (Agrawal 1967, Mathias 1991, Giannoni 1994, Borghi et al.
1997). Also, as other fossorial mammals, they have a blood buffering high capacity
under hypoxic-hypercapnic stress (Mathias 1989, 1990, 1991, Mathias and Freitas
1989, Pérez-Sudarez et al. 1990). Additionally, they have a long lifespan in natural
conditions (Paradis and Guédon 1993), relatively low reproductive rates (Stérba
et al. 1986, Guédon et al. 1992, Paradis and Guédon 1993), a small litter size
(Guédon et al. 1991a, b), and a sex ratio near 1:1 (Paradis and Guédon 1993).
They live in social groups of different sizes (Soriguer 1990, Borghi 1992), with
high social integration (Salvioni 1988, Giannoni 1994), and lead an almost
completely subterranean existence (Vericad 1970, Mathias 1989, 1991). Their diet
consists mostly of geophyte storage organs and subterranean portions of
herbaceous plants (Borghi et al. 1997).

Microtus (Terricola) duodecimcostatus (average weight + SD = 19.0 + 2.4 g,
n = 26), and M. (T.) gerbei ( 20.7 + 1.6 g, n = 9) occur sympatrically in the Spanish
Pyrenean Mountains (Vericad 1970, Borghi et al. 1991, Borghi 1992). These species
differ in the degree of sociability and aggressiveness exhibited. M. gerbei occurs
in social groups of 5-16 individuals, and shows low levels of aggressiveness in
interactions involving individuals of the same or of different social groups (Borghi
1992, Giannoni 1994). In contrast, M. duodecimcostatus is monogamous (Soriguer
1990, Paradis and Guédon 1995), only one pair, or one pair with two litters,
occurring in each burrow system (R. Soriguer, pers. comm.). Interactions between
members of different groups exhibit high levels of aggressiveness (Giannoni 1994).

In this paper we intend to contribute to the knowledge of communication
systems of the subgenus Terricola by describing and comparing airborne and
substrate-borne sounds for two species of subterranean rodents: Microtus (Ter-
ricola) duodecimcostatus and M. (T.) gerbei. Their vocal and substrate-borne sound
repertoire is studied in relation to other behavioural patterns.

Material and methods

The animals were captured in 1991-1992 in the Aisa Valley at 2000 m a.s.l. in the Spanish
Pyrenean Mountains with Sherman-like traps. Setting these traps involves digging burrow openings
until the deeper tunnels are found. The traps are then inserted in the exposed portion of the burrow,
about 25 cm deep, on a level with the burrow floor. The capture site, sex, weight, and age of all
individuals trapped were recorded. All observations were made on adult individuals sexually inactive.
Mole-voles weighing over 14 g were classified as adults (Borghi 1992). Animals were kept in
individual cages of 26 x 13 x 25 em. The floor of every cage was covered with earth, and each of them
was provided with nest-building material and food ad libitum (carrots and peanuts). All individuals
were maintained under photoperiod of 14 h light: 10 h dark, at temperature of 23 + 1°C.

A total of 24 M. (T.) gerbei (15 females, 9 males) and 29 M. (T.) duodecimcostatus (16 females,
13 males) were tested in 94 intraspecific agonistic pair-encounters. All pairs of the same species were
randomly selected: 45 intraspecific pairs of M, (T.) gerbei (22 encounters female-female, 13
female-male, 10 male-male), and 49 intraspecific pairs of M. (T.) duodecimcostatus (18 encounters
female-female, 14 female-male, 17 male-male). The minimum time between tests for each animal was
48 h. In addition, 10 single animals (5 of each species) were observed and recorded for 5 minutes while
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disturbed by human intervention. Being blind, mole-voles were disturbed by being lightly touched
with a wooden stick or a similar object. This type of disturbance was used in an attempt to learn
whether these species, when disturbed, are likely to emit sounds other than those recorded in
pair-encounters. Total observations and recordings lasted 470 minutes, each interaction and each
single animal were recorded for 5 minutes. Data were collected at night (21.00—23.00 h) because this
is usually the less noisy time.

The device used consisted of two plastic chambers (26 x 13 x 25 cm), covered by two sheets of
transparent plastic, and connected by a glass tube (60 x 11 x 8 em). The tube had two gates, one at
each end. Each individual was placed in a plastic chamber with the gates closed for acclimatization,
and 5 minutes later the gates were opened, and substrate-borne signals were recorded for the
duration of the intraspecific encounters (5 minutes). Substrate-borne signals occur in the tube when
the animal advances towards its opponents chamber, and consist of evident incisor strikes against the
substrate. Hence, in order to record these signals, and at the same time prevent the interference of
echo, the microphone was placed halfway on the external surface of the tube. On the other hand, vocal
sounds were recorded in a plastic container (50 x 50 x 25 c¢m) floored with cotton to diminish the
interference of other noises (ie from nails); in this case the microphone was held by the observer
approximately 10 cm away from the animals.

All signals were recorded with a TCM-5000 EV Sony cassette tape recorder and a microphone
ATR55 Telemike. Recordings were digitized with Sound Tools (sampling frequency 44.1 kHz) and
analysed in an Apple Macintosh computer. A characteristic portion of recording was used to depict
each type of sound and to obtain numerical information about the temporal and spectral features of
the calls. Signallized software was used for sound analyses and for the production of audio-
spectrograms, spectrograms, and oscillograms. The equipment used for sound recording and analysis
limited the frequencies to the acoustic range (40-17,000 Hz). Therefore any ultrasonic or other
signals beyond this range were not included in this study. Each type of sound recorded was associated
with the behaviour of the animal when emitted, and with the type of encounter (aggressive or
non-aggressive) by contingency table analyses (Zar 1984).

Interactions were classified as aggressive or non-aggressive. An interaction was considered
aggressive when one or both animals showed: biting, chasing, lunging, roll-over-fight or threat (Clarke
1956, Montgomery 1978, Giannoni 1994). Non-aggressive interactions included amicable or avoidance
encounters. When none of the animals showed aggressive acts the encounters were scored as non-ag-
gressive, those encounters were classified as avoidance or as amicable. Avoidance interactions were
defined when one animal positioned itself as far as possible from the other in the device and remained
relatively immobile during the 5-min encounter (Colvin 1973). Amicable interactions were those in-
volving behaviours usually considered friendly. These included: mutual grooming, crawling under
(Montgomery 1978), lying over, and sitting together (Ferkin and Rutka 1990). We also recorded which
animal was dominant. Dominance status was established based on which individual showed more of
the aggressive behaviours defined above (active dominance; Hand 1986), as well as on which animal
was less inhibited in its movements within the testing arena (passive dominance; Hand 1986). As
suggested by Eisenberg (1968), Kruuk (1972), Colvin (1973), Hinde and Stevenson-Hinde (197€), and
Cranford and Derting (1983) the expression of superior status may not depend on aggression but be
exhibited through freer movement, grooming or other activities within a given area, while the sub-
ordinate individual withdraws and shows little movement. The trials where the outcome of encoanters
was unclear were excluded from the analysis: 8 for M. gerbei and 3 for M. duodecimcostatus.

Results

The repertoire of the animals included both vocal and non-vocal sounds. Vocal
sounds present an obviously tuned structure (where the sound energy is con-
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centrated on one or only a few frequencies), suggesting vocal cords involvement
in its production. A vocal component in some sounds was found in addition to
spectrally complex noisy sounds, possibly produced by friction of inhaled or exhaled
air. These calls were also considered to be vocal sounds. Non-vocal sounds are
probably produced without using the vocal cords and include fricative and occlusive
sounds, and those caused by mechanical tapping. In general they lacked a simple
spectral structure, thus being more interesting in a temporal setting.

Microtus (Terricola) gerbei

This species produces four groups of vocal sounds (greeting sounds, amicable,
distress, and tapping), and three non-vocal sounds (throat rasping, tooth grinding,
and substrate-borne signals), although throat rasping, observed only once, proves
extremely rare.

Vocal sounds

Greeting sounds. These sounds (Fig. 1a) have variable durations (range
122-147 ms, ME = 81.4 ms, SD = 21.45, n = 7), and present spectral features
similar to the distress sounds. The fundamental frequency of the tonal component
was found to be about 1800 Hz (ME = 1724 .4 Hz, SD = 81.87, range 1615-1838
Hz, n = 5), the dominant frequency often being the third harmonic. These sounds,
having low intensity, were produced when one animal advanced, sniffed and
crouched towards the other individual. This sound caused the second animal to
sniff and approach the animal emitting greeting sounds. Subsequently both
animals mutually sniffed each other’s nose and body.

Amicable sounds (Fig. 1b). The duration of these notes was rather variable
though three different duration classes were discernible: short (range 17-32 ms,
ME = 27 ms, n = 7), medium (range 40-71 ms, ME = 56 ms, n = 13), and long
(range 84—-95 ms, ME = 90 ms, n = 3). The dominant frequency was about
1900-2000 Hz (range 1776-2261 Hz, ME = 1923.32 Hz, SD = 14991, n = 12).
Power was also present in the second and third harmonics. These vocalizations
present spectral characteristics similar to the preceding ones. They are emitted
at close range only and lack much intensity. These sounds were made when one
animal ecrawled under the other (often in the corner of the chamber) or when one
nibbled the hair on the head, ear, neck and shoulders of the other.

Distress sounds. Included short notes (duration: 43.14 ms, range 35-49 ms,
SD = 5.76, n = 7), and longer notes (96.4 ms, range 87-113 ms, SD = 10.43, n =
5). The notes could be simple bursts of noise without clear spectral peaks or contain
more tuned tonal sounds with complex frequency modulation patterns (Fig. 2a).
The fundamental call frequency was found to be about 1900 Hz. The dominant
frequency was most commonly the third harmonic (range 5,432-5,775 Hz,
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Fig. 1. Oscillogram and audiospectrogram of a 2-second recording of greeting sounds (a) and amicable
sounds (b) of Microtus (Terricola) gerbei.
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Fig. 2. Oscillogram and audiospectrogram of a 2-second recording of distress sounds of Microtus
(Terricola) gerber (a) and M. (T.) duodecimcostatus (b).
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Fig. 3. Oscillogram and audiospectrogram of a 2-second recording of tapping sounds of Microtus
(Terricola) gerbei.

ME = 5,648.75 Hz, SD = 150.35, n = 4) while significant power was also found in
the second (3,800 Hz) and fourth (3,600 Hz) harmonics.

Distress sounds were highly-intense, conspicuous vocalizations. They were
recorded when a dominant individual approached a subordinate one. The latter
screamed, remained motionless, and crouched. This sound was also recorded
during fights, although this was very infrequent (2 of the 45 encounters; 4.4%).

Tapping. A soft noise (Fig. 3), somewhat like the noise made by tapping on the
hard surface. Although it was recorded once in a single animal, we think that it
was easy to miss because of its low intensity in the encounters. This sound was
only associated with human disturbance. When emitted, the animal was crouched,
bent forward, and open-mouthed, in an alert but not scared position. Tapping is
composed of two different types of sounds: noisy ticks and tonal notes. We recorded
a large number of mechanical noisy ticking sounds with no clear spectral pattern
(ME = 2.14, SD = 1.52, n = 24). These tonal sounds intermixed with other tonal
sounds, could be grouped into two distinct classes according to their length: short
tonal notes (ME = 13.39 ms, SD = 7.85, n = 23), and longer, less frequent tonal
notes (69.92 + 15.51 ms, n = 13). The dominant frequency of the short notes
(ME = 1,649.61 Hz, SD = 68.25, n = 23) was lower than that of the longer notes
(1,735.15 + 60.25 Hz, n = 13; Mann Whitney U-test, p < 0.001).
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Fig. 4. Oscillogram and audiospectrogram of a 2-second recording of throat rasping sounds of Microtus
(Terricola) gerbei (a) and M. (T.) duodecimcostatus (b).
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Non-vocal sounds/signals

Throat rasping. Only recorded once, and associated with human disturbance.
This sound (Fig. 4a) appears to be a harmonically-complex sequence of regularly-
-spaced sound bursts with power in the lower end of the spectrum (500-1,500 Hz).
The interval of sound emission is highly regular (ME interval = 62.649, SD =
15.787, n = 131 bursts, 4 pulse trains). The animal produced the sound with its
mouth gaping and bending forward.

Tooth grinding. A train of 25-55 pulses regularly emitted at mean intervals of
60.581 ms (SD = 9.098, minimum interval = 43 ms, maximum interval = 84 ms,
n = 4 pulse trains, 124 pulses; Fig. 5a). Tooth grinding is a scraping or chattering
noise produced by rubbing together the upper and lower incisors. It was produced
when a subordinate individual started to approach the dominant animal. The
sound was emitted when the dominant animal was hunched up (all 4 feet on floor)
with shoulder hairs erect.

Substrate-borne signals. Produced by striking the floor of the tunnel with the
upper incisors (seismic drumming). Substrate-borne signals was associated with
investigation, sniffing and approaching of a dominant individual towards a
subordinate. The signal resulting from the rather arrhythmic beating of the
incisors against the substratum was a train of pulses regularly emitted at mean
intervals of 139 ms (range 105-196 ms, SD = 49.22, n = 1 pulse trains, 4 pulses;
Fig. 6a).

Microtus (Terricola) duodecimcostatus

In this species only one type of vocal sound was found (distress sounds), whereas
three types of non-vocal sounds/signals (throat rasping, tooth grinding, and
substrate-borne signals) described for M. (T.) gerbei were found.

Vocal sounds

Distress sounds. Including mainly long notes (duration: range 46—127 ms, ME
= 79.5 ms, SD = 27, n = 12.37). The notes were bursts of noise usually containing
more tuned vocal sounds with complex frequency modulation patterns often in the
shape of a chevron with a longer down sweep arm (Fig. 2b). The fundamental
frequency of the calls ranged from 1800 to 2300 Hz (range 1,373-2,645 Hz,
ME = 2090.73 Hz, SD = 359.68, n = 15). Substantial power was also found at
6500 Hz. Distress sounds were produced in a behavioural context similar to that
of M. (T.) gerbei.

Non-vocal sounds/signals

Throat rasping. Produced in this species in a behavioural context and posture
similar to those of the Pyrenean blind-vole. This sound (Fig. 4b) was a sequence
of regularly-spaced noise bursts with power in the higher end of the spectrum
(from 4,500 to above 10,000 Hz). The duration of the bursts was variable (duration:
range 6—41 ms, ME = 23.765 ms, SD = 10.42, n = 17). The interval of sound
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emission was quite regular (ME interval = 76.076 ms, SD = 25.102, minimum
interval = 18 ms, maximum interval = 101 ms, n = 17 pulses).

Tooth grinding. Emitted at close range by dominant individuals (see analyses
below). The sound was produced in a behavioural context similar to that of
M. (T.) gerbei and with identical body posture. The resulting sound (Fig. 5b) is a
train of pulses regularly emitted at mean intervals of 56.33 ms (range 31-71 ms,
SD = 8.13, n = 6 pulse trains, 156 pulses from three individuals).

Substrate-borne signals. This noise was emitted like in M. (T.) gerbei, by
striking the floor of the tunnel with the upper incisors, and under circumstances
similar to those of the Pyrenean blind-vole. However, it was observed much more
frequently (57% of the encounters), and it included a much higher number of
drumming bouts (Fig. 6b). It was a train of pulses regularly emitted at mean
intervals of 36.44 ms (range 27-44 ms, SD = 5.247, n = 1 pulse trains, 9 pulses).

Behavioural significance of sounds and signals

Only the results recorded during observations of intraspecific encounters were
quantified, since animals kept isolated rarely emitted any sounds. In M. (T") gerbei,
tooth grinding was recorded in 18 encounters (40%) out of a total of 45 intraspecific
encounters. In considering only intersexual encounters, tooth grinding was found
to be significantly more frequent in males (11 of 13 encounters, 85%; xz—test,
p < 0.05). Substrate-borne signals were only recorded in 6 of the total intersexual
encounters (ie 13%). No significant differences were found between the frequency
of emission of substrate-borne signals in both sexes (xz-test, p > 0.05), since 4
females (67%) and 2 males (33%) emitted these sounds in the total 13 intersexual
encounters. In M. (T.) duodecimcostatus, tooth grinding was recorded in 26
encounters (53%) out of a total of 49 intraspecific encounters, and 28 included
substrate-borne signals (57%). In the 14 intersexual encounters considered, no
significant trends of the emitter were found to be associated with sex either in
substrate-borne signals: 57% of females and 43% of males emitted these sounds
(12-test, p > 0.05), or in tooth grinding: 58% of females and 42% of males emitted
these sounds (xz-test, D ='0.05).

The frequency of emission of tooth grinding was not significantly different
between the two species [M. (T.) gerbei = 40% of 45 encounters, and M. (T')
duodecimcostatus = 53% of 49 encounters; test for difference between proportions:
Z=0678,gl =2, p > 0.05; Zar 1984]. On the other hand, M. (T.) duodecimcostatus
emitted significantly more substrate-borne signals than M. (T') gerbei [M. (T') duo-
decimecostatus = 57% of 49 encounters, and M. (T.) gerbei = 13% of 45 encounters;
7Z =5.30, g.1. = 2, p > 0.05]. Finally, the occurrence of emissions of distress sounds
was not found to be significantly different between species. M. (T.) gerbei emitted
these sounds in 60% of the encounters and M. (T.) duodecimcostatus in 75%
(Z =1.774, gl. = 2, p > 0.05). A high proportion of dominant individuals produced
both tooth grinding and substrate-borne signals in both species (Table 1). The
individuals emitting distress sounds were predominantly subordinate and the
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Table 1. Frequency of emission of tonal and non-tonal sounds in intraspecific
encounters of Microtus (Terricola) gerbei and M. (T.) duodecimcostatus, in
relation to the dominant or subordinate status of the animal emitting the
sound. Probability values comparing equiprobability of emission by dominant
and subordinate individuals are determined by xz-tests ¢ except for distress
sounds in M. (T.) gerbei where we use the Fisher-test because there are two
cells with expected frequency less then 5; Siegel 1986).

Tooth Distress Substrate
grinding sounds borne-signals
Yes No Yes No Yes No

M. (T.) gerbei (37 interaction considered)

Dominant 14 23 6 31 6 31
Subordinate 4 33 i 20 0 37
p<0.01 p<0.01' p <0.05

M. (T.) duodecimcostatus (42 interaction considered)
Dominant 30 12 17 25 33 9
Subordinate 6 36 38 4 13 29
p<0.01 p < 0.001 p<0.001

relationship between the emission of the different types of sounds and dominance
status was highly significant (see Table 1). The intraspecific encounters of M. (T".)
gerbei were significantly less aggressive than those of M. (T.) duodecimcostatus,
only 13% of the encounters were aggressive in M. (T') gerbei while 69% of all the
interactions were aggressive in M. (T.) duodecimcostatus (difference between
proportions, t-test, p < 0.0001).

For M. (T.) duodecimcostatus, we found no significant differences in aggres-
siveness between sexes in intersexual encounters (xg-test, p > 0.05), but in M. (T.)
gerbei, males were more aggressive than females (xz—test, p < 0.05).

Discussion

The frequency ranges we observed in the vocal sounds produced by the blind
mole-voles suggest that considerable energy is contained between 1000 Hz and
5000 Hz. With the exception of throat rasping in M. (T.) gerbei, and substrate-borne
signals in both species, the dominant frequencies of the sounds produced are far
from the optimum frequency for transmission in mole-rat burrows (440 Hz)
according to Heth et al. (1986).

Substrate-borne signals can be emitted by diverse means in subterranean and
fossorial rodents: head drumming in Spalax ehrenbergi (Heth et al. 1987, Rado et
al. 1987), foot drumming in Bathyergus suillus, B. janetta, Georychus capensis
(Bennett and Jarvis 1988), Cryptomys damarensis (Jarvis and Bennett 1991), and
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Dipodomys spectabilis (Randall 1994). Captive blind mole-voles produced sub-
strate-borne signals through repetitive striking of the incisors against the
substratum. Nevertheless, it was not clear whether the vibrations were perceived
by the subordinate blind mole-vole, directly from the substratum (via incisors or
limbs) as suggested by Poduschka (1978), or through a somatosensory mechanism
which is independent of the auditory system, such as in Spalax ehrenbergi (Heth
et al. 1991, Nevo et al. 1991).

The relative sizes of the acoustic repertoires of the two species described can
be compared because they were obtained under similar experimental conditions.
Such a comparison shows that the two species of blind mole-voles differed
markedly in the size of their repertoire of acoustic signals. M. (T.) gerbei emitted
at least 7 types of sounds (including substrate-borne signals and 4 vocal sounds),
while M. (T'.) duodecimcostatus, emitted only 4 types of sounds, with only one
vocal sound. However, the types of sounds described here can only be partially
compared with published reports of full repertoires of other species (eg Hetero-
cephalus glaber, Pepper et al. 1991), where recordings included many different
kinds of interactions like mother-infant communication, etc. This authors reported
12 different types of vocalizations for adult naked mole-rats, and 5 additional ones
related to juveniles.

Individuals of both species of mole-voles produced distress sounds in a
comparable proportion of encounters, though the great majority of the encounters
of M. (T'.) duodecimcostatus were aggressive while this was not the case in M. (T.)
gerbei. These apparently contradictory results can perhaps be understood when
considering the dominance status of interactions in M. (T.) gerbei. Dominance
status was determined by the exhibition of freer movements, grooming or other
activities that show indifference of the mole-vole toward the opponent (Eisenberg
1968, Kruuk 1972, Colvin 1973, Hinde and Stevenson-Hinde 1976, Cranford and
Derting 1983). The emission of distress sounds corresponded in most cases to the
subordinate individuals. This relationship between emission of distress sounds
and subordinate status was reported by Clarke (1956), Getz (1962), Houseknecht
(1968), Novak and Getz (1969), and Turner and Iverson (1973) for Microtus. These
authors observed that these sounds were mainly used in a defensive manner by
subordinates, and were often effective in inhibiting the approach of the dominant
or more active animal.

M. (T'.) gerbei has a larger repertoire than the other species of mole-voles. Three
types of sounds found in this species and not in the M. (T'.) duodecimcostatus are
vocal sounds (greeting sounds, amicable, and tapping). There are, however, some
homologous sounds in the two species, two fricative sounds (tooth grinding and
throat rasping), a vocal sound (distress sound) and substrate-borne signals. All
these sounds were generally associated with the establishment of dominance
relationships, and were often part of agonistic interactions. Our observations of
the relationship between dominant status and emission of tooth grinding are in
agreement with the results of Clarke (1956), Getz (1962), and Novak and Getz
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(1969), for other species of rodents. These authors considered tooth grinding as
an aggressive sound frequently produced by the dominant animals in intraspecific
encounters. Although both species of mole-voles produced tooth grinding, M. (T.)
gerbei used this signalling mode rather infrequently. Perhaps this difference may
be a consequence of this species being more tolerant to conspecifics than M. (7")
duodecimeostatus (aggressive encounters in M. (T.) duodecimcostatus were scored
in 69% of the events versus 13% in M. (T'.) gerbet). Substrate-borne signals were
common in M. (T.) duodecimcostatus though rarely observed in M. (T'.) gerbei. In
aggressive encounters involving M. (T'.) duodecimcostatus, when the individual
that perceived the vibrations was aggressive, it reacted to the perception of striking
by adopting a defensive posture (the animal stood upright, open-mouthed, forepaws
held out to ward off the opponent, Giannoni 1994). In contrast, if the animal did
not show signs of aggressiveness, it adopted subordinate postures (sitting hunched,
with forepaws leaning against a wall of the chamber, showing the back to the
opponent), therefore acting as if scared (Giannoni 1994).

This study suggests that in the most aggressive and less social species, M. (T'.)
duodecimeostatus, substrate-borne signals appear to be more common and the
acoustical repertoire is smaller. This species uses these signals extensively in
intraspecific encounters and emits only 4 types of sounds. Contrarily, intraspecific
encounters of M. (T') gerbei are infrequently aggressive, the animals rarely produce
substrate-borne signals, and emit 7 types of sounds. Thus, we can speculate that
the emission of substrate-borne signals in mole voles, and probably in subter-
ranean rodents, would be negatively associated with a gradient in the degree of
sociability, and positivety associated with the degree of individual dominance
and/or aggressiveness. Furthermore, vocal richness would be positively associated
with sociability.
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