
ORIGINAL PAPER

R. Rado á J. Terkel á Z. Wollberg

Seismic communication signals in the blind mole-rat (Spalax ehrenbergi ):
electrophysiological and behavioral evidence for their processing
by the auditory system

Accepted: 11 May 1998

Abstract Based on morphological and behavioral ®nd-
ings we suggest that the seismic vibratory signals that
blind mole-rats (Spalax ehrenbergi) use for intraspeci®c
communication are picked up from the substrate by
bone conduction and processed by the auditory system.
An alternative hypothesis, raised by others, suggest that
these signals are processed by the somatosensory sys-
tem. We show here that brain stem and middle latency
responses evoked by vibrations are similar to those
evoked by high-intensity airborne clicks but are larger in
their amplitudes, especially when the lower jaw is in
close contact with the vibrating substrate. Bilateral
deafening of the mole-rat or high-intensity masking
noise almost completely eliminated these responses.
Deafening also gradually reduced head-drumming be-
havior until its complete elimination about 4±6 weeks
after surgery. Successive vibrations, at a rate of 0.5 vi-
brations/s, elicited prominent responses. At rates higher
than 2 vibrations/s the amplitude of the brain stem re-
sponse did not change, yet the middle latency response
disappeared almost completely. It is concluded that the
seismic signals that mole rats use for long distance
communication are indeed processed primarily by the
auditory system.

Key words Mole-rat á Seismic signals á Auditory
system

Abbreviations ABER auditory brain-stem-evoked
response á MLR middle latency response

Introduction

The blind mole-rat, Spalax ehrenbergi, is a subterranean
rodent that shows striking behavioral, morphological
and physiological adaptations to fossorial life (Nevo
1979, 1982). It is a highly solitary species that digs its
tunnel system to its own size, and which it never leaves
unless forced to (Nevo 1961). Encounters between in-
dividuals are very rare and are limited to the mating
season, to contacts between mother and pups, and to
incidental intrusion of an individual to a foreign tunnel
system.

We and others have shown that for long-distance
communication this subterranean rodent uses vibratory
(seismic) signals that are produced by rapidly tapping its
head on the roof of the tunnel (Heth et al. 1987; Rado
et al. 1987). These vibrations consist of low-frequency
components (Rado et al. 1987) that match both the
hearing capacity of the mole-rat (Bronchti et al. 1989;
Bruns et al. 1988; Burda et al. 1989, 1990; He�ner and
He�ner 1992) and the transmission properties of the
underground habitat (Liu et al. 1976). Based on be-
havioral and morphological observations we suggested
that these seismic signals are perceived by the mole-rats
by pressing the lower jaw against the tunnel wall and
transmitted thereafter to the inner ear mainly by bone
conduction (Rado et al. 1989). This enables minimal loss
of energy, thereby compensating for the low e�ciency of
the middle ear in transferring airborne sounds to the
inner ear (Rado et al. 1989). This assumption has been
challenged by an alternative hypothesis (Nevo et al.
1991), suggesting that the seismic signals are processed
by the somato-sensory system.

In this study we present electrophysiological and be-
havioral evidence corroborating our assumption that the
seismic signals used by the blind mole-rat for long-
distance communication are indeed perceived and pro-
cessed primarily by the auditory system. Preliminary
results have been previously published in a symposium
proceedings.
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Materials and methods

Animals

In this study we used a total of 30 adult mole-rats of both sexes,
weighing between 150 and 250 g, with no hearing de®ciencies. We
trapped the animals in the Tel Aviv area and the northern parts of
the Israeli Negev desert, and housed them individually in the
laboratory in plastic cages (33 cm ´ 38 cm ´ 14 cm) under a 14/
10 h light-dark regime, and a constant temperature of 22 � 2 °C.
We supplied rodent chow ad libitum and twice a week su�cient
fresh vegetables and fruit to eliminate the need for drinking water.

Electrophysiological experimental set up

We conducted all the electrophysiological experiments in a double-
wall sound attenuation chamber (IAC type 1203 A). The experi-
mental set up comprised two cylindrical Plexiglas tubes 80 cm and
30 cm long with a diameter of 7 cm, placed on separate tables with
their openings facing each other at a distance of 2 cm so as to avoid
vibrational cross-talk between the two tubes. We determined the
position of the animal within this experimental setup according to
the purpose of each experiment. Airborne sounds were delivered by
a calibrated speaker placed facing the opening of one end of the 80-
cm-long tube but not touching it, so as to minimize its vibration by
the sounds. Vibratory signals were produced by a BruÈ el and Kjaer
(type 4810) mechanical mini shaker placed under the long tube at a
distance of 60 cm from the animal's head.

Stimulation procedures

Auditory signals consisted of clicks, lasting 0.2 ms, generated by a
square-pulse generator (Digitimer 4030), and broad-band (0.02±
20 kHz) masking noise generated by a BruÈ el and Kjaer white-noise
generator (type 1405). Amplitude control was achieved with a
Hewlett Packard attenuator (type 350D) and a custom-made power
ampli®er. The sounds were delivered through the above mentioned
speaker and monitored for pressure levels (expressed in dB SPL re
20 lPa) by a calibrated condenser microphone (type 4134) con-
nected to a 1/3-octave ®lter (type 1616) and a sound level meter
(type 2209) from the same company.

Vibratory signals were produced by 0.2-ms square pulses which
activated the above-mentioned mini shaker. We covered the tip of
the mini shaker with rubber to soften the tap and adjusted it to
barely maintain contact with the Plexiglas tube. Acceleration was
monitored and measured by a BruÈ el and Kjaer accelerometer (type
4371) connected to the sound-level meter, operating on a vibration
measurements mode. All values are given in `peak acceleration'.
The acceleration of the standard vibratory stimulus used in our
experiments was 7.8 ms)2 (unless otherwise stated). The basis for
selecting this acceleration value was two fold: Firstly, under labo-
ratory conditions (within a Plexiglas tube), the peak acceleration
produced by a mole-rat, measured at a distance of 20 cm, is about
21 ms)2; Secondly, in nature the distances that mole-rats commu-
nicate by vibrations are far greater than 20 cm. These acceleration
values are well within the range of vibration signal intensities for
biological signals (Markl 1983). The spectral content of these vi-
brations and the vibrations produced by mole-rats in the ®eld and
under laboratory conditions were comparable.

Recording procedures

We recorded event-related responses elicited by airborne sounds or
vibratory stimuli di�erentially from the scalp of anesthetized ani-
mals (a mixture of 27 mg kg)1 Ketalar and 0.6 mg kg)1 xylazine)
by means of two stainless-steel needle electrodes inserted subcuta-
neously, one at the vertex and the other one over the temporal
cortex. A grounding electrode was inserted into the animal's back.
Potentials [short latency, 0±10 ms, auditory brain-stem-evoked

responses (ABER) and middle latency, 20±30 ms responses (MLR)]
were AC ampli®ed, band-pass ®ltered (0.02±5.0 kHz; Digitimer LN
Neurolog System), monitored on the face of a CRT, digitized
(sampling rate: 10.0 kHz), averaged (256±512 repetitions, RC
electronics hard/software) and stored on a PC for o�-line analyses.
Response amplitudes are expressed in mean peak to peak values �
standard deviations (SD).

Results

We conducted two main series of electrophysiological
experiments and a set of behavioral experiments in this
study. In the ®rst series we determined whether the
responses measured from the mole-rat's brain were in-
deed elicited by the vibrations per se, or rather by the
airborne sounds produced by the mini-shaker. The sec-
ond series of experiments, which constitutes a major part
of this study, was designed to disclose the sensory mo-
dality by which the seismic vibrations are perceived and
processed. The behavioral experiments were intended to
corroborate the results of the electrophysiological ex-
periments.

Airborne sounds or vibrations?

To answer this question we exposed three mole-rats to
vibratory stimulation under three di�erent experimental
settings. 1) An anesthetized animal was placed inside the
short Plexiglas tube with its head facing, but not
touching, the long tube (Fig. 1a). It was thus able to
hear the air borne sounds produced by the vibrator
tapping the long tube but was not exposed to the
vibrations. 2) The animal's body was situated inside the
long tube with its head inside the short tube (Fig. 1b).
Under these conditions the mole-rat was able to hear the
airborne sounds that the mini-shaker produced, while its
body, except for the head, was also in physical contact
with the vibrating substrate. 3) The animal's body was
situated inside the short tube while its head was inside
the long tube with the lower jaw touching the Plexiglas
¯oor of this tube. In this position the animal was able to
hear the air-borne sounds produced by the vibrator and
its lower jaw was in physical contact with the vibrating
substrate (Fig. 1c). The acceleration of the vibrating
substrate and the sound pressure produced by the mini-
shaker, measured at the distal end of the long tube, were
7.8 m s)2 and 77 dB SPL, respectively. Stimulation rate
in all these experiments was 0.5 stimuli/s.

The results of these experiments are depicted in
Fig. 1. It can be seen that the airborne sound produced
by the mini-shaker did not elicit any detectable response
(Fig. 1a), while the same stimulus causing vibration of
the substrate in contact with either the body of the mole-
rat (Fig. 1b) or only its head (Fig. 1c), elicited marked
responses. Evidently, when only the head was exposed to
the vibrations, the MLR was signi®cantly stronger than
when the entire body except the head was stimulated
(7.6 � 1.5 lV and 2.0 � 1.7 lV peak to peak ampli-

504



tudes, respectively; n � 3 animals, P < 0.005; paired
t-test).

The response pattern elicited by the vibratory stim-
ulus was very much like the one evoked by a high-
intensity (120 dB SPL peak intensity) airborne click
(Fig. 2). Both consisted of several components starting
with a typical ABER within the ®rst 10 ms followed by a
MLR with a peak latency of about 30 ms and some
additional late components.

During these experiments we observed that the
waveform and amplitudes of the responses to the vi-
bratory stimuli were highly dependent on the exact po-
sition of the mole-rat's lower jaw with respect to the
vibrating ¯oor of the tube. When the lower jaw was

barely touching the vibrating substrate, the response was
complex and relatively weak (Fig. 3a). When the lower
jaw was lying on the vibrating substrate the amplitude of
the response was 5.9 � 2.1 lV (n � 7; Fig. 3b). The
response was signi®cantly higher when the lower jaw was
gently pressed against the tube wall by means of a rub-
ber-coated screw that pushed the head in a dorso-ventral
direction (33.2 � 26.0 lV; n � 5; P < 0.05; unpaired
t-test; Fig. 3c).

It is evident from these results that under these ex-
perimental conditions, the vibrations per se rather than
the airborne sound (produced by the vibrator), elicited a
response. It is also apparent that these vibrations are
picked-up primarily by the lower jaw.

Fig. 1a±c Vibratory stimuli
versus airborne sounds ± a
schematic drawing of the ex-
perimental set-up and concrete
data demonstrating the di�er-
ence in a middle latency re-
sponse (MLR). a The animal is
exposed to the air-borne sounds
(70 dB SPL, peak intensity) but
not to the vibrations (7.8 m s)2)
produced by the mini-shaker
(vib) as it vibrates the longer
tube. b The animal is exposed to
the sound produced by the
vibrator and its body is also in
contact with the vibrating sub-
strate. c The animal's head,
especially its lower jaw, rests on
the ¯oor of the vibrating tube.
Note that no response was
elicited in a, whereas in b and c
marked responses were evoked.
A maximum response was elic-
ited in c

Fig. 2 Averaged MLR (upper
row) and averaged brain stem
response (ABER, lower row)
evoked by repetitive vibratory
stimulation (left, 7.8 m s)2 ) and
by high-intensity (120 dB SPL
peak intensity) airborne clicks
(right). Stimulation rate in both
cases: 0.5 stimuli/s. During ex-
posure to the vibratory stimu-
lus, the mole-rat's head was
pressed against the bottom sur-
face of the Plexiglas tube. Note
the similarity in shape and time
course of the MLRs in both
cases but the marked di�erence
in amplitudes
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Somatosensory or auditory system?

Are the seismic vibrations processed by the somatosen-
sory or auditory system? To answer this question we
tested the responses elicited by auditory and vibratory
stimuli in binaurally deafened mole-rats and compared
them with those elicited in intact animals under exactly

the same conditions. In addition we checked the re-
sponses elicited by vibratory stimuli in intact animals that
were exposed to high-intensity background white mask-
ing noise. Binaural deafness was achieved by bilateral
mechanical destruction of the middle and inner ears. All
animals were checked for normal hearing before going
through the deafening procedure. Under deep ether an-
esthesia the tympanic membranes of the mole-rats were
slit and the middle and inner ears were gently crushed
with the aid of a narrow spatula, penetrating through the
external ear canal. After this surgical procedure the ani-
mals were treated for 1 week with Durabiotic (0.1 mg/
100 g BW i.m., TEVA). Six animals showing complete
behavioral recovery from vestibular impairment were
used in these experiments. The experimental protocol
consisted of recording brain responses to high-intensity
airborne clicks (120 dB SPL peak intensity), and to vi-
brations (7.8 m s)2), while the animal was housed in the
Plexiglas tube with either its lower jaw pressed optimally
to the vibrating substrate or when just lying on it. All the
stimuli were presented at a rate of 0.5 stimuli/s. We tested
each animal, under these conditions, immediately after
behavioral recovery (2 weeks after surgery, for most an-
imals) and 3 weeks later. Following behavioral tests (see
below) the animals were sacri®ced and checked for the
destruction of the middle and inner ears. It is apparent
(Fig. 4a) that the substrate vibrations elicited a very
prominent MLR in intact animals (33.3 � 26.0 lV;
n � 5), while in the deafened animals (Fig. 4b) the av-
erage amplitude was signi®cantly smaller (2.4 � 1.2 lV;
n � 5; P <0.01, unpaired t-test). The amplitude of this
residual response in the deaf animals was essentially the
same (P � 0.75; paired t-test) whether the lower jaw was
pressed against the vibrating substrate (2.4 � 1.2 lV;
n � 5) or just touching it (3.1 � 2.3 lV; n � 5). The
high-intensity airborne clicks evoked a distinct MLR
pattern in the intact animals that was very similar to the
one elicited by the vibrations, albeit weaker (Fig. 4c).
However, in deaf animals airborne sounds failed to elicit
either an ABER or an apparent MLR (Fig. 4d).

Fig. 3a±c E�ect of lower jaw position with respect to the vibrating
substrate on the middle latency response. a The lower jaw is barely
touching the bottom surface of the vibrating tube. b The lower jaw is
lying on the vibrating substrate. c The lower jaw is ®rmly pressed
against the bottom surface of the vibrating tube

Fig. 4a±d E�ect of bilateral
deafening of the mole-rat on the
averaged MLR evoked by a
vibratory stimulus (7.8 m s)2)
(a and b) and by a high-inten-
sity airborne click (120 dB SPL
peak intensity) (c and d).
Exposure to vibrations was
performed with the animal's
lower jaw pressed ®rmly against
the vibrating substrate. Note, in
the deaf animal, the residual
response to vibration and lack
of response to the airborne click
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To further assess the association between seismic
communication and hearing capacity we also examined
whether deafening the animals has any e�ect on the
animal's head-drumming behavior. This was evaluated
by introducing pairs of mole-rats, a test animal and a
naive one (taken from our colony), into a Plexiglas tube
(100 cm long, 7 cm in diameter) with a barrier made of
crossed spokes at the midpoint, separating the two. Two
parameters served as the criteria for estimation: 1) the
number of test animals that performed head-drumming
after introduction to a partner; and 2) the number of
head-drumming bursts produced by the tested animal
within the ®rst 5 min after introducing the two animals
into the tube. Since mole-rats occasionally perform
spontaneous head-drumming, we took into account only
mole-rats that performed at least three head-drumming
bursts within the 5-min test (which is beyond chance).

We tested seven control (intact) and eight deafened
animals (six of which had been tested in the electro-
physiological experiments) with the same partner before
deafening as well as 2 weeks, 4 weeks and 8±10 weeks
post-surgery. Body weight and general health of the
mole-rats were examined before each test. Figure 5
summarizes the results of these experiments. It is evident
(Fig. 5a) that the number of deafened mole-rats that had
previously drummed with their control partners gradu-
ally declined with time until complete cessation 8±10
weeks after deafening. Furthermore, the number of
head-drumming bursts that deaf animals performed
within the 5-min test period declined signi®cantly, as
compared to the control animals, from about 36 bursts
before deafening to 6.5, 3 and zero, 2 weeks, 1 month
and 2 months after deafening, respectively (Fig. 5b). The
slight and gradual decrement in the number of head-
drumming bursts that control animals performed during
the test period re¯ected, apparently, behavioral habitu-
ation.

These electrophysiological and behavioral experi-
ments suggested that the vibratory stimuli are picked-up
and processed primarily by the auditory system. Since
deafening did not completely eliminate the response to
the vibratory stimulus, a negligible contribution of the
somatosensory system could not be excluded. To sub-
stantiate these assumptions we tested the responses to
vibrations at four di�erent accelerations, ranging be-
tween 7.8 m s)2 and 0.3 m s)2, with and without a
stationary high-intensity background masking noise. We
used four intact mole-rats whose lower jaws were pres-
sed against the vibrating substrate. It can be seen
(Fig. 6) that while an acceleration of 7.8 m s)2 with no
background noise elicited a very prominent response
(35.6 � 32 lV), the same acceleration in the presence
of the masking noise evoked a signi®cantly weaker
response (21.6 � 25.8 lV; P <0.05; paired t-test).
Moreover, while weaker accelerations (1.3 and 0.9 m
s)2) with no masking noise still elicited remarkable
responses (6.9 � 5.4 lV and 5.8 � 5.0 lV, respective-
ly), these accelerations in the presence of the masking
noise did not evoke essentially any response.

E�ect of vibratory rate

Typically, an individual mole-rat dialoguing with an-
other specimen produces several sequential series of
head-drumming bursts. The mean (�SD) number of
bursts in each series is 8.6 � 8.2; each burst lasts
0.31 � 0.06 ms and consists of 4.1 � 0.9 head drums
(Heth et al. 1987, 1991; Rado et al. 1987). The time
interval between consecutive bursts, within a single
series, ranges between 0.4 and 2.0 s (R. Rado et al.,
unpublished observations). This rate is very high con-
sidering the fact that in animal models, the amplitude of
auditory MLR, evoked by a click, is markedly reduced
at click rates faster than 1 s (e.g. Buchwald et al. 1981).
Thus, we checked the recovery cycle of the MLR by
using repetitive vibrations and airborne clicks at di�er-
ent rates. Accelerations (7.8 m s)2) and sound pressure
levels of the airborne clicks (peak: 120 dB SPL) were
kept constant. In four animals that were held in the tube

Fig. 5A, B E�ect of bilateral deafening of the mole-rat on head-
drumming behavior when confronted with an intact animal. The test
animal (deaf or control) and a naive one were introduced into a
Plexiglas tube with a barrier of crossed spokes at the midpoint,
separating between the two. E�ect on the number of drumming
animals A and on the number of head-drumming bursts produced by
the deaf animal B as a function of time after deafening. Number of
bursts were counted within the ®rst 5 min after introducing the two
animals into the tube. Values represent means � SE. Figures above
bars in A represent number of tested animals for A and B. Note that
while there was only a moderate decrease with time in the number of
bursts produced by the control animals, this behavior dropped
signi®cantly in the deaf animals (one sided t-test)
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with their lower jaw in contact with the Plexiglas ¯oor,
responses to both vibrations and airborne clicks were

tested at two di�erent rates: 0.5 and 7 stimuli/s. The
results (Fig. 7) show that at a rate of 0.5 stimuli/s both
airborne clicks and vibrations elicited remarkable re-
sponses (3.9 � 0.3 lV and 4.9 � 0.8 lV, respectively;
n � 4) while at a rate of 7 stimuli/s the amplitude of the
main MLR component was selectively eliminated, leav-
ing an ABER and a relatively small MLR with a latency
markedly shorter than that of the main MLR compo-
nent. In fact, in one animal tested with three di�erent
rates, 0.5, 1.8 and 4 vibrations/s, there was a marked
attenuation of the response already at a rate of 1.8 vi-
brations/s and at a rate of 4 vibrations/s no visible re-
sponse was apparent.

The fact that the main component of the MLR could
not follow vibration rates higher than 2/s raised the
question of how mole-rats perceive the natural bursts of
vibrations that they use for communication. To resolve
this problem we recorded averaged MLRs in mole-rats
exposed to sequential bursts of vibrations, each con-
sisting of 4 or 10 vibrations at a rate of about 7 vibra-
tions/s with 2-s interbursts intervals. As seen in Fig. 8, a
maximum response was evoked only by the ®rst vibra-
tion in each burst. The amplitudes of all other successive
responses decreased abruptly. This phenomenon was
more pronounced when each burst consisted of 10
vibrations.

The solution to the apparent problem is thus simple.
Averaging many successive trials, at a relatively high
rate, also eliminated almost completely the responses
that were evoked by the ®rst few stimuli. This phe-
nomenon was avoided in the second experimental par-
adigm in which the time interval between successive
bursts was long enough, as in nature. The amplitudes of
residual MLRs that remained under the ®rst experi-
mental paradigm were negligible as compared to the
amplitudes of the components that were eliminated.
These relatively small responses may indeed be somato-

Fig. 6 An illustration of the e�ect of vibrations at di�erent
accelerations on the MLR with and without concurrent exposure to
high-intensity masking noise. Note that in the absence of masking
noise an acceleration as low as 0.3 m s)2 was still e�ective in eliciting a
small response, while in its presence only residual responses were
detected and only at the relatively high accelerations. All the
measurements were taken with the animal's lower jaw pressed ®rmly
against the vibrating substrate

Fig. 7 E�ect of stimulation
rate on the MLR. Upper row
(Cl): responses to high-intensity
airborne clicks. Lower row (Vib)
responses to vibrations. The
animal's lower jaw in this ex-
periment was lying on the vi-
brating substrate. Note that at a
rate of 0.5 stimuli/s both the
clicks and the vibrations elicit
marked responses while at a
rate of 7 stimuli/s there is a
clear ABER but only a residual
MLR. Note also that at the
lower rate the responses evoked
by the clicks and by the vibra-
tions are essentially the same
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sensory components that are embedded in the overall
response.

Discussion

The isolation imposed on the blind mole-rat by the
subterranean environment exerted on this rodent an
evolutionary pressure that yielded two parallel commu-
nication systems: one, based on airborne vocalizations
(Capranica et al. 1974; Heth et al. 1986, 1988; Nevo et al.
1987); and the other, on bursts of substrate-borne
(seismic) vibrations (Heth et al. 1987; Rado et al. 1987).
Due to their physical properties, seismic signals are very
suitable as means for long-distance communication be-
tween solitary subterranean animals inhabiting separate
tunnel systems. It is possible that such signals exchanged
between isolated individuals may convey information
regarding territorial boundaries, sexual attraction and
individual recognition. Indeed, seismic vibration as a
means for intraspeci®c communication is not unique to
the blind mole-rat. It is evident that at least one other

subterranean mole-rat, the Cape mole-rat (Georychus
capensis), uses vibrations produced by drumming the
hind legs on the burrow ¯oor for that purpose (Narins
et al. 1992). Indications for a possible use of seismic
communication have also been described for other
rodents (e.g., Bennett and Jarvis 1988; Bridelance and
Paillette 1985; Jarvis and Bennett 1991; Kenagy 1976;
Narins et al. 1992; Randall 1984, 1993, 1994).

Based on morphological features and behavioral
observations we suggest that the substrate-borne vibra-
tions used by the blind mole-rat are picked up directly
from the tunnel by the lower jaw and transmitted, by
means of bone conduction, to the auditory system for
further processing. A special incudo-periotic joint, an
extension of the glenoid fossa underneath the bulla
tympanum and a unique articulation between the lower
jaw and the skull (Rado et al. 1989) creates a solid
continuity between the lower jaw and the ossicles of the
middle ear whenever the jaw is not active in mastication
(Topachevski 1976). Such physical contact occurs, for
instance, during the pressing of the lower jaw against the
tunnel wall. As a result, whenever the lower jaw vibrates,
under such conditions, the vibrations are transmitted
directly to the incus, stapes and oval window, skipping
over the eardrum and the malleus. This `jaw hearing
apparatus' enables transmission of the seismic signals to
the cochlea with minimal loss of energy, thereby com-
pensating for the low e�ciency of the middle ear in
transferring airborne sounds to the inner ear (Rado et al.
1989). The poor sensitivity of the blind mole-rat to air-
borne sounds, which is also re¯ected behaviorally
(Bronchti et al. 1989; He�ner and He�ner 1992), is
therefore not a real limitation on establishing long-
distance communication between individuals inhabiting
separate and relatively remote tunnel systems (Heth et al.
1987; Rado et al. 1987). Since airborne sounds are ef-
fective only for relatively short distances, they are typi-
cally used by the blind mole-rat for communication
between individuals temporarily in the same tunnel
(Heth et al. 1986, 1988; Nevo et al. 1986, 1987), e.g.,
between adults incidentally encountering each other,
between females and males during the mating season
and between mother and pups. Thus, in this respect too
the relatively high threshold to airborne sounds is not a
major limitation, especially if the stethoscopic e�ect
within the tunnel system is also taken into account.

Hypothetically, the vibratory seismic signals can be
perceived and processed by either the somatosensory or
auditory system or by both. In our ®rst series of exper-
iments (Fig. 1) we proved that the prominent MLRs
evoked by the vibrations were mediated mainly by the
lower jaw. However, we could not distinguish precisely
which of these two sensory systems, the auditory or
somatosensory, picks up and processes these signals.
The high resemblance in latency, shape and duration of
the responses evoked by the vibratory stimuli and by the
high-intensity airborne clicks; the similar ABER evoked
by the two kinds of stimuli; the precise position and ®rm
physical contact between the lower jaw and the vibrating

Fig. 8a, b Averaged MLRs evoked by sequential bursts of vibrations,
each consisting of 4 a and 10 b consecutive vibrations at a rate of 7
vibrations/s. Interburst interval in both cases was 2 s. Note that a
maximum response was elicited only by the ®rst vibration in each
burst. The amplitudes of all other successive responses declined quite
abruptly. This phenomenon was more prominent in the longer burst
case
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substrate essential to evoke an optimal response; and the
almost complete elimination of the MLR by masking
noise or by deafening the animal ± all provided ®rm
evidence supporting the primary role of the auditory
system in the processing of the vibratory signals. The
behavioral experiments provided further support for this
possibility.

Processing of seismic signals by the auditory system
is not without antecedents. The use of such signals for
intraspeci®c communication has also been demonstrat-
ed in other vertebrates (Brill et al. 1988; McCormick
et al. 1970; Narins and Lewis 1984; Narins 1990). Thus,
it is not unexpected that in the blind mole-rat processing
of the seismic signals is also accomplished by the au-
ditory system. It is also pertinent to mention that the
temporal pattern of airborne sounds used by many
vertebrates for intraspeci®c communication, greatly
resembles that of the bursts of seismic signals produced
by the mole-rat.

Head drumming as a means of producing communi-
cative signals and pressing the lower jaw against the
tunnel wall for receiving or ``listening'' apparently rep-
resent innate behavior in the blind mole-rat. Indeed,
even isolated mole-rats occasionally perform spontane-
ous head drumming and quite frequent ``jaw listening'',
apparently to explore the environment and maintain
communication with their conspeci®cs (Zuri and Terkel
1996). Thus, it is not too surprising that deaf animals
still show intensive `jaw listening' and `head-drumming'
behavior after their deafening, although with time this
behavior declines. Head drumming drops essentially to
zero after about 2 months, whereas `jaw listening' is
reduced signi®cantly after three months, most likely
re¯ecting the animal's ``frustration'' at its inability to
perceive the vibrations (this issue will be dealt with in
more detail in a separate article).

Based on some electrophysiological experiments,
similar in some respect to ours, Nevo et al. (1991) sug-
gested that the seismic signals that the blind mole-rat
uses for intraspeci®c communication are perceived and
processed by the somatosensory system rather than by
the auditory system. These authors claimed that: 1) by
tapping on the roof of a Perspex tunnel in which an
anesthetized mole-rat was housed they evoked a mid
latency response which was not eliminated by high-
intensity white-noise masking; 2) by tapping on an
identical Perspex tunnel placed on a separate table from
the one housing the mole-rat (in order to avoid vibra-
tions), they evoked, in some individuals, low-amplitude
auditory components that were eliminated by the same
masking noise; 3) deafening mole-rats did not eliminate
the response induced by such tapping and that 3 weeks
post-deafening these animals responded, by head-
drumming to ®nger tapping of the experimenter. This
last ®nding is only brie¯y described with no documented
illustration, followed by a comment that a detailed
report will be published elsewhere. Unfortunately, to
date we have not been able to trace such a report. A
close look at the methodology and data raised some

concern regarding the interpretation of the results. From
the illustrations and data provided it is evident that the
latency of the response that they recorded (either to its
onset or to its peak) was about 30±40% shorter than the
latency of the MLR we recorded; its duration was, at
best, eight times shorter and its highest amplitude was
much smaller. This is also manifested by the signal to
background activity ratio which was much better in our
recordings than in theirs in spite of the fact that we
averaged at the most 512 (usually only 256) sweeps,
whereas they averaged 1024 sweeps. Curiously, judging
by their illustrations, there was no evidence for an
ABER as a result of tapping on the same tunnel where
the mole-rat was housed. Yet, the same tapping while
exposing the animal to a high-intensity white-noise
masking did evoke a complex waveform that appeared
as an ABER.

It is very hard to evaluate from their illustrations the
properties of the low-amplitude auditory response that
they observed in some individuals. Indeed, due to the
low sensitivity of the mole-rat to airborne sounds
(Bronchti et al. 1989; Bruns et al. 1988; Burda et al.
1989, 1990; He�ner and He�ner 1992) we were also
unable to evoke a noticeable response under similar
conditions. However, as we have shown, by increasing
the intensity of this stimulus we evoked a prominent
response, similar in shape, latency and duration to the
one evoked by the vibratory stimulus.

How can this discrepancy in the main response be
reconciled in spite of the similarity in the methodology?
In our study we demonstrate a signi®cant dependence
between the rate of vibratory stimuli and response am-
plitude, due to habituation and the averaging procedure,
up to a complete abolishment of response at rates higher
than 2 vibrations/s. Unfortunately, in their article, Nevo
et al. (1991) did not mention the rate at which their
stimuli were presented and this issue was not raised at
all. If they used higher rates than 2 stimuli/s, as we
suspect, they may have greatly attenuated or completely
abolished the auditory response. This possibility is
supported by the fact that in our experiments residual
MLRs were observed even when stimulating rates were
higher than 2/s. Low-amplitude responses to vibrations
also remained in the deafened animals. In both cases
these were negligible as compared with the response
components that disappeared as a result of the high rate
of stimulation or of the deafening. These residual re-
sponses may indeed be somatosensory components that
are embedded in the overall response but are obscured
by the much higher amplitude auditory components.
When the latter are abolished they then become dis-
cernible.
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