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Summary. Both seismic and auditory signals were tested
for their propagation characteristics in a field study of the
Cape mole-rat (Georychus capensis), a subterranean
rodent in the family Bathyergidae. This solitary animal
is entirely fossorial and apparently communicates with
its conspecifics by alternately drumming its hind legs on
the burrow floor. Signal production in this species is
sexually dimorphic, and mate attraction is likely
mediated primarily by seismic signalling between in-
dividuals in neighboring burrows. Measurements within,
and at various distances away from, natural burrows
suggest that seismic signals propagate at least an order
of magnitude better than auditory signals. Moreover,
using a mechanical thumper which could be triggered
from a tape recording of the mole-rat’s seismic signals,
we established that the vertically-polarized surface wave
(Rayleigh wave) propagates with less attenuation than
either of the two horizontally-polarized waves. Thus, we
tentatively hypothesize that Rayleigh waves subserve
intraspecific communication in this species.

Key words: Seismic signals — Mole-rat — Communication
— Footdrumming — Georychus

Introduction

Several lower vertebrate species are sensitive to low-level
substrate vibrations (Hartline 1971; Ross and Smith
1978; Koyama et al. 1982; Narins and Lewis 1984;
Christensen-Dalsgaard and Jergensen 1988) and some
incorporate seismic communication into their behavioral
repertoire (Lewis and Narins 1985; Narins 1990). Al-
though note has been made of subterranean rodents
producing low-frequency sounds by foot- and head-
drumming (e.g. Heteromyidae {Kenagy 1976; Randall

Abbreviations: PPM pulses per min; SB simulated burrow; SD
standard deviation; SPL sound pressure level
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1989}, very little is known of the details of these behav-
iors. The most convincing evidence for intraspecific com-
munication using seismic signalling in a mammal comes
from experimental work with an additional two families
of fossorial rodents, Spalacidae and Bathyergidae. The
blind mole-rats (Spalacidae) comprise a single genus
(Spalax) and are restricted to the eastern Mediter-
ranean, eastern Europe, Asia Minor and southern Rus-
sia. Spalacid mole-rats provide much of what little is
known of seismic and auditory biology in subterranean
rodents. Communication behavior is less well-known in
the bathyergids, or African mole-rats, of which there are
approximately 12 species in 5 genera (Honeycutt et al.
1987). Bathyergidae occur in sub-Saharan Africa and are
collequially known as blesmols or mole-rats (Smithers
1983).

The subjects of this paper, Georychus capensis, the
Cape mole-rat, occur in underground burrows in sandy
clay soils, and are autochthonous to the Cape region of
South Africa (Smithers 1983). This monotypic genus
appears to be most closely related to two other solitary
mole-rat genera, Heliophobius and Bathyergus, and less
closely related to social Cryptomys and Heterocephalus
within the Bathyergidae (Honeycutt et al. 1991). Geo-
rychus, Cryptomys and Bathyergus occur sympatrically in
some areas of the Cape Province (Walker 1975; Reich-
man and Jarvis 1989). Georychus have mean head and
body lengths of 18.4cm (15.3-20.0) in males, 17.7 cm
(14.3-20.4) for females (Smithers 1983) and mean body
weight of 181 g (Bennett and Jarvis 1988a) with a maxi-
mum of 360 g (Smithers 1983).

Georychus construct complex burrow systems of ap-
proximately 130 m length and mean diameter 10 cm.
These incorporate nest cavities, food storage tunnels
(DuToit et al. 1985), and possibly, as in Bathyergus and
Cryptomys burrows, blind-ended defecation chambers
(Davies and Jarvis 1986). Openings to the burrow sys-
tems are quickly plugged with soil. Because each burrow
is essentially a closed and sealed system, its humidity may
be higher and its CO, and temperature more constant
than that at the surface, as has been found within the
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closed, similarly complex burrows of other fossorial
forms of mammals (Altuna 1983, 1985; Reichman and
Smith 1990). Cape mole-rats extend superficial burrow
tunnels to obtain their foods, primarily the roots and
underground storage organs of plants, although 6.9% of
their diet consists of green above-root (aereal) plant
materials which are occasionally pulled down into the
burrow with the roots (DuToit et al. 1985).

Georychus burrow systems approach within one meter
of each other and appear to be evenly spaced (Davies and
Jarvis 1986 ; Bennett and Jarvis 1988a), as has been noted
for other fossorial rodents (Reichman et al. 1982). Geo-
rychus produces footdrums in the laboratory and in the
field, and it is possible that these signals are used for
maintenance of spacing patterns and communication
between individuals. Emanating from within their bur-
rows, the footdrumming signals contain both auditory
and seismic components. However, in tests with spalacid
mole-rats (Spalax), reseachers have segregated air-borne
auditory and soil-borne seismic components of the sig-
nal. In laboratory studies, Rado et al. (1987) have deter-
mined that Spalax detect their signals seismically rather
than through the airspace of burrows.

Using recordings obtained from microphones and
geophones, and playback experiments conducted with a
mechanical thumper, we were able to characterize the
communication modes of Georychus and secure prelimi-
nary evidence as to their function. We conducted our
investigation of the communication systems of Geo-
rychus both in the laboratory and in the animal’s natural
habitat in order to (1) document the temporal charac-
teristics of the animal’s seismic signals; (2) measure the
auditory and seismic transmission properties of the local
substrate and to document the effect of this substrate on
both the horizontal and vertical components of the sig-
nals when propagating between natural burrow systems;
and (3) record the animal’s response to substrate vibra-
tions introduced in the burrow.

Materials and methods

Footdrumming recording. In the laboratory, a male and a female
mole-rat were placed in cylindrical plexiglass tubes (length: 0.8 m)
connected to a central common chamber; the animals were physi-
cally separated by a hardboard partition in the center of the cham-
ber. The distal ends of the plexiglass cylinders were each fitted with
a plastic box which served as a refuge for the animals. Thus,
auditory and seismic signals generated by one animal could be
detected by the other. We measured the airborne signals produced
by footdrumming of the female using a small lapel microphone
(Realistic; 50-15000 Hz) taped to the plastic refuge chamber
in which the female was located. The male’s thumps were regis-
tered with a directional microphone (AKG CE-8; +2dB,
100-20000 Hz) mounted on a mini-tripod and placed within 0.5 cm
of the plexiglass cylinder in which he was stationed. During lab
recordings the animals were separated by a distance of 1 m. We refer
to each strike of the mole-rat’s foot as a footdrum; a discrete
sequence of footdrums as a footroll, and an individually distinct
series of footrolls as a footroll sequence, following the nomenclature
of Randall (1984, 1989).

Synthetic seismic signal production. In the field, males and females
of the mole-rat Georychus capensis are solitary in that they are each
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exclusive occupants of one tunnel system (DuToit et al. 1985). In
a community of mole-rats located in an open field near the campus
of the University of Cape Town (33°59'S and 18°36'E), we captured
and removed the mole-rats in two adjacent burrow systems which
we designated A and B. By systematically probing into successive
tunnel sections with a sharp stick, we were able to map out the main
tunnels and several side tunnels in each burrow system. We then
repaired the probe-holes and a mechanical thump generator was
inserted at the end of a side tunnel in burrow system A. The location
of the thump generator was invariant throughout the experiments.
In addition, 3 simulated burrows were excavated at distances of 1.0,
1.7 and 2.3 m from the thumper position in burrow system A. From
each burrow (approximately 30 cm long) both seismic and auditory
measurements could be made. At the end of the study, the empty
burrow systems were excavated and burrow depth and diameter
were measured.

Seismic stimuli were produced with a mechanical thumper con-
structed from the solenoid of an impact printer (Moore et al. 1989).
The thumper was configured such that the printer solenoid was
mounted at the end of a piece of weighted aluminum channel
bracket (36 cm x 4.3 cm) and was adjusted so that the piston struck
a hard rubber circular pad (diameter 15 mm) mounted at the end
of the bracket. The channel bracket could then be conveniently
inserted 50 cm into a Georychus burrow, while ensuring that the
rubber pad was in solid contact with the substrate. The solenoid was
driven by a pulse or series of pulses from a driver located on the
channel bracket. The driver in turn was activated by a trigger circuit
(Moore et al. 1989) which generated standard pulses of constant
duration (0.45 ms) and level (—0.8 V to +6.3 V) suitable for the
driver circuit. The trigger circuit received its input from a stereo tape
player (Sony WM-D6) containing an endless cassette on which was
prerecorded either (1) a series of 2.5 ms negative-going pulses with
a repetition period of 900 ms, or (2) a recording of courtship thump-
ing by a female Georychus.

Auditory and seismic signal measurements and analysis. A directional
microphone (AKG CE8) and preamplifier (AKG SE5E-10) were
placed in a specially-constructed protective wire housing and in-
serted into an occupied Georychus burrow system for monitoring
airborne sounds. The wire housing provided necessary protection
against damage by mole-rats, and caused negligible distortion at the
frequencies of interest (<4 kHz). Auditory signals were recorded on
a two-channel tape recorder (Stellavox SP8; 30-20000 Hz) at
19 cm/s for subsequent analysis. Sound intensities in the burrow
were measured using a calibrated precision sound level meter
equipped with an octave-band filter (GenRad 1982). For all read-
ings, the fast detector (time constant: 125 ms) of the sound level
meter was used and the analog meter was carefully monitored for
the presence of any visible needle movement during the thump
playback experiment.

Substrate vibrations were measured with an array of 3 geo-
phones (AMF Industries 10395; peak response: 10 Hz; sensitivity:
1.0 x 10* mV/m/s) orthogonally mounted on an aluminum plate
(9.6 cm x 12.0 cm) fitted with 3 legs (7.3 cm) for securing the plate
to the soil. This arrangement allowed independent recording of the
seismic signal in 3 planes. It was important to achieve a solid
mechanical coupling of the geophone array to the substrate, to
minimize measurement error of the local substrate particle velocity.
Each geophone output was separately amplified with a battery-
powered, variable gain preamplifier and recorded on a separate
channel of a 4-track portable FM cassette data recorder (Teac
R-61). The fourth channel of the cassette data recorder was used
either in the direct mode (freq. resp.: 50-8000 Hz) for making
measurements of the sound of the thumper or of the animal, or in
the FM mode for recording the trigger signal from the pre-recorded
endless cassette. The gecophone array was placed at known distances
from the thumper location, either on a line in the substrate leading
away from a burrow, or directly over a burrow itself.

Auditory and seismic signals were analyzed using either a real-
time DSP Sonagraph (Kay 5500) or a calibrated, averaging dynamic
signal analyzer (Hewlett-Packard 3561A). The latter instrument



P.M. Narins et al.: Seismic signalling in mole-rats

could be triggered by the periodic (900 ms) pulses from channel four
of the cassette data recorder. All geophone responses evoked by the
periodic thumps were averaged 32 or 50 times and plotted.

Each geophone was individually calibrated in the laboratory by
subjecting them to a known acceleration produced by a vibration
exciter (Briiel & Kjaer 4809) driven by a controller (Briiel & Kjaer
1047). Using a constant acceleration (measured with a calibrated
accelerometer [Briiel & Kjaer 8306]) of 0.2 m/s2, the sensitivity of
each geophone was determined over the frequency range from
4-500 Hz.

Behavioral measurements of Georychus. Two female Georychus
were live-trapped by one of us (JUM]J), fitted with a radio collar and
tilt switch (BioTrack SR1) and released back into their own burrow
systems. The movements of the animals in response to synthetic
courtship thumps caused the tilt switch to activate, changing the
transmitter output rate between 45 and 125 ppm. The transmitter
signal was monitored with a portable receiver (Mariner Radar M57)
fitted with either a loop or 3-element Yagi antenna. The auditory
output of the receiver was detected by a small lapel microphone
(Realistic) and recorded on one channel of the 4-channel cassette
tape recorder (Teach R61); the geophone outputs were recorded on
the remaining 3 channels. The animals’ movements were monitored
continuously for 60 s as a baseline control. This was followed by 21
trials consisting of 10 s of artificial (male) thump playback with the
thumper placed within 0.5 m of the burrow, and 60 s of movement
monitoring. Post-stimulatory movements were scored in 10-s inter-
vals as an unambiguous pulse rate shift; i.e., the presence of at least
two pulses at the increased (or decreased) pulse rate.

Results
Measurements of captive animals

The auditory waveforms generated in the laboratory by
a typical foot-thumping interaction between the male
and female mole-rats are displayed in Fig. 1. The strict
1:1 following response between male and female was
observed in virtually every interaction recorded. During
the portion of the interaction illustrated, the female led
the male for the majority of the thumps. This pattern was
not invariant, however; extensive analyses of thumping
interactions between pairs of captive mole-rats revealed
that the lead often switched between the two participants
in a duet, although no consistent leader-follower pattern
or lead-switching periodicity could be discerned. In the
laboratory the mole-rats would be very likely able to
detect each others’ auditory as well as seismic signals.
Thus the entrainment observed between pairs of captive
Georychus could likely be mediated by either or both of
the aforementioned cues.

Field measurements

Burrow geometry. The tunnel cross-sectional diameter
and depth were measured at each recording site in two
adjacent burrow systems (4 sites in burrow system A and
5 sites in burrow system B). We found that in one of the
vacant tunnels that we studied (burrow system A), the
mean tunnel cross-sectional diameter varied little over a
distance of 3.0 m (62.5+ 8.7 mm SD), but that the mean
distance from the tunnel bottom to the surface was more
variable (127.5+69.0 mm SD). The other abandoned
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Fig. 1. Simultaneously-recorded auditory waveforms of the thumps
produced during a footroll sequence by a female (A) and a male (B)
mole-rat. The animals were separated by a transparent divider
located in a plexiglass tunnel system through which they could
travel. Note the 1:1 synchrony of the footrolls throughout this
interaction. Temperature during recording: 24.5 °C

burrow system (B) was located 3.4 m from system A at
its closest approach. Burrow system B had a mean tunnel
cross-sectional diameter measured over a 2.3 m distance
of 54.5+5.7mm SD, and the mean distance from the
tunnel bottom to the surface was 106.0+11.4 mm SD.

Propagation characteristics of seismic signals. To quanti-
fy the degree to which the seismic signals propagate in the
substrate, we measured the attenuation of an artificial
mole-rat thump at a series of distances from the mechani-
cal thumper. For each measurement, the geophone array
was moved and the thumper remained fixed at the same
location in burrow system A. Because the trigger for the
thumper in this experiment was derived from a tape of
a female mole-rat drumming in the lab, the trigger signal
was aperiodic since each footroll contained a variable
number of footdrums; thus the responses were not ame-
nable to signal averaging. The responses of the 3 or-
thogonal geophones at progressively increasing distances
from the thumper are shown in Fig. 2. From the re-
sponses to a single footroll sequence from the thumper,
it is clear that the vertically-oriented geophone-receives
the seismic component with the greatest velocity am-
plitude for distances up to 3 m, but that this component
also suffers more attenuation than the others and
is reduced below the others at distances greater than
ca. 4 m.

In order to improve the signal-to-noise ratio of the
seismic signals recorded from distances greater than 4 m,
it was necessary to drive the thumper with a periodic
trigger signal, thus facilitating signal averaging (see
Methods). The periodic thumper waveforms produced
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by a train of trigger pulses closely resemble those
generated by the mole-rat (Fig. 3). The maximum peak-
to-peak substrate particle velocities registered by each of
the 3 geophones for one set of measurements are reported
as a function of distance from the thumper in Table 1.
From the data in this Table, it is apparent that the
attenuation rate of the vertical velocity component of the
thump is more than twice as great as that for either of
its two horizontal components. As a result, for distances
less than 4.0 m from the source in this example, the
vertical substrate velocity component is larger than either
of the two horizontal components. However, for dis-

tances greater than 4.0 m, the horizontal velocity com- -

ponents become greater than the vertical component.

Inter-burrow signal transmission. We next measured the
ability of the periodic seismic signal from the thumper to
propagate between two natural, abandoned mole-rat

f i
' .
61.2

P.M. Narins et al.: Seismic signalling in mole-rats

H.

Fig. 2. Electrical waveforms rep-
resenting simulated footdrum-
ming of a mole-rat as received
by a set of geophones placed at
various distances from the
thump generator. Geophones
were oriented horizontally and
transverse to the axis of
propagation (Hy), horizontally
and longitudinal to the axis of
propagation (H, ), and vertically
l (V). Values shown are the max-
imum peak-to-peak substrate
particle velocities indicated by
arrows, and are coefficients of

I x10-%m/s

Fig. 3. a Auditory waveform
showing a footroll sequence
produced by a male mole-rat,
Georychus capensis. b A single
footroll from (a) is displayed
with an expanded time scale.
Similarly, a series of simulated
male thumps is shown in (¢) and
a single simulated thump is
shown expanded in (d)

Table 1. Values representing the maximum peak-to-peak substrate
particle velocity obtained by averaging the responses to 50 simulat-
ed mole-rat thumps. Three geophones were positioned at various
distances from the thumper, and were oriented orthogonally as
follows: horizontally and transverse to the axis of propagation
(Hry), horizontally and longitudinal to the axis of propagation (H;),
and vertically (V)

Distance (m) Velocity (m/s x 10~6)

H;, % H,
1.0 28.5 163.6 27.0
2.0 11.4 62.0 133
2.5 14.7 33.8 8.8
3.0 16.0 30.2 12.4
3.5 7.2 15.2 5.9
4.0 8.6 8.4 9.2
5.0 5.6 4.6 7.3
7.0 2.8 2.1 2.7
8.0 2.6 1.4 2.9
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burrows. The geophone array was placed at increasing
distances from the thumper over burrow system A, as
well as over burrow system B. Figures 4 and 5 illustrate
the vertical and horizontal longitudinal components of
the seismic waveforms and the peak-to-peak amplitudes
of the mean (n=232) particle velocities recorded from
several points over each of the two burrow systems. Both
signal components appear to attenuate more rapidly
within the source burrow (A) than between burrows. To
quantify this, the particle velocity as a function of dis-
tance for two seismic components recorded from both
burrow systems has been plotted in Fig. 6. The attenua-
tion rate of the vertical seismic component measured at
burrow B is —21x 10~% m/s/m, whereas that for the
horizontal seismic component is —5.9 x 107% m/s/m. In
contrast, the attenuation rate of the vertical seismic com-
ponent measured in burrow A is —1.1x107°m/s/m,
whereas that for the horizontal seismic component in
burrow A is —6.5x 107¢ m/s/m.
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Fig. 4. Scale drawing of portions
of two natural, vacant burrow
systems of the Cape mole-rat.
Magnitude of the vertical com-
ponent of simulated thumps
generated by the thumper at T
measured by geophones placed
at various locations above 2
mole-rat burrow systems, A and
B. Each waveform represents
the average velocity of 32
thumps. The value shown is the
maximum peak-to-peak particle
velocity of these averages and is
a coefficient of 1 x 10-¢ m/s.
(Note: not all waveforms have
the same vertical scale.)
Straight-line distances from the
thumper to the recording sites
are Al: 4.5m; A2: 3.5m; A3:
6.32 2.5m; A4:2.0m; Bl: 5.7 m;
B2:5.1m; B3:42m;
B4:3.6m; B5:34m

81 Fig. 5. Magnitude of the hori-
zontal longitudinal (H;) com-
ponent of simulated thumps
generated by the thumper at

ANV T as measured by geophones
306 placed at various locations
: above 2 mole-rat burrow sys-
tems, A and B. Other pa-
rameters same as Fig. 4
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Fig. 6. Average (n=32) maximum substrate particle velocity of
artificial thumps, measured with geophones, plotted against the
distance from the thump generator located in burrow system A.
Vertical and horizontal longitudinal geophones were placed in the
ground above burrow systems A and B
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Fig. 7. Octave-band sound levels measured within a freshly dug
(simulated) burrow located 1 m from the thump generator plotted
as a function of octave band center frequency. Filled circles: mean
of § background noise measurements for which the standard devia-
tions are also plotted. Open circles (shifted to the left by 30 Hz for
clarity): a single measurement during thumper activity

The average (n=32) latency, or propagation time
between the initiation of a thump in burrow A and its
arrival at different points above both burrow system B
as well as above a simulated burrow (SB) excavated
between the two natural burrows, was also measured.
These latencies were plotted against the distance separat-
ing the thump generator and the geophones. The best-fit
regression lines through the data have slopes of 12.29 ms/
m and 8.75 ms/m for the simulated burrow and burrow
system B, respectively. From these values, propagation
velocities of 81.4 m/s and 114.3 m/s were calculated. The
mean of these two propagation velocities is 97.9 m/s.

To determine whether a seismic signal from a mole-rat
would produce audible sound in a neighboring burrow,
we set up the thumper in burrow system A and placed the
sound level meter in the simulated burrow 1 m from the
seismic source. The octave-band sound levels measured
in the simulated burrow before and during thumper
activation are shown in Fig. 7. During none of these
measurements could any visible movement of the analog
meter needle be detected. Note that the auditory com-
ponent of the thumper is indistinguishable from the
background noise under these conditions.

Response of females to artificial thumps. This experiment
was carried out to determine if artificially-produced mole
rat thumps would induce movement and/or footdrum-
ming by a resident female. Figure 8 shows the result of
a typical trial in which the thumper was placed in the
vicinity of a burrow occupied by a female Georychus. In
17 out of 21 trials, the simulated male footdrumming
delivered by the mechanical thumper was followed by
movement of the female in her burrow; moreover, the
highest probability of movement occurred between 10
and 20s post-stimulus and declined continuously
throughout the monitoring interval until the next stimu-
lus. Neither random hand- or foot-tapping by the ex-
perimenters nor passing truck traffic nearby resulted in

Fig. 8. Top traces in (a) and (b) show an auditory waveform of the
courtship thump, T, produced by a male mole-rat and played back
using an mechanical thumper to a conspecific female in her burrow;
bottom traces: output of a movement-sensitive radio collar worn
by the female. A pulse rate shift in the emitted radio signal indicates
movement by the mole-rat. In (a), synthetic thump T evoked no
position change in the female. In (b), the female changed her posi-
tion in response to thump T as seen by the change in the rate of
signal production. This is followed by a truck passing nearby which
produced an artifact, A. Calibration bars refer to both panels

either reliable female movement or footdrumming. In
none of the 21 trials did the mechanical thumper evoke
footdrumming by the test female.

Discussion

That footdrumming signals of Georychus are detected as
seismic communication signals is supported by the com-
bination of (1) measurements of propagated soil-borne
vibration between Georychus burrows which are signifi-
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cantly above the background noise level; (2) vanishingly
low levels of propagated air-borne signals which are
indistinguishable from background noise measured in an
adjacent burrow; (3) saliency of the vertically-polarized
component of the vibration after transmission in soil
over distances approximately corresponding to that be-
tween burrows; (4) complexity of the seismic signals
which may relay both presence and sex of the individual;
and (5) behavioral data indicating females of Georychus
detect these seismic signals. Drumming and listening
behaviors of Spalax (Rado et al. 1987), the predominant-
ly low frequency components (below 1 kHz) of the vibra-
tion signals of Spalax (Heth et al. 1987), low frequency
(less than 2.0 kHz) sound sensitivities of Spalax (Bruns
et al. 1988), Cryptomys (Burda et al. 1988; Mueller and
Burda 1989), Dipodomys (Rupert and Moushegian
1970), and Talpa (Aitkin et al. 1982), and ear architecture
in Spalax (Burda et al. 1989) and heteromyids (Webster
and Webster 1972, 1980) corroborate this evidence for
seismic communication.

The importance of drumming signals in communica-
tion is emphasized by studies of Georychus on the as-
sociation between drumming, increase in testosterone
levels in males, and female response drumming (Bennett
and Jarvis 1988a). Related studies of heteromyids (Ran-
dall 1989) suggest that between-individual variation in
drumming not only signals the presence of but also
provides information regarding the identity of the drum-
mer. Among the strictly subterranean Georychus, both
males and females drum by alternately striking both feet
on the floor of the burrow. Males may drum continuous-
ly for up to 2 min. Territorial drumming is similar in both
sexes; however, during the breeding season the foot-
drumming rate in males (26/s) and females (15/s) is sexu-
ally dimorphic (Bennett and Jarvis 1988a) suggesting
once again the role of drumming as a communication
signal.

Despite the sexual dimorphism in footdrumming
rates, we have shown that during a communicative in-
teraction, individual footrolls are most often entrained,
thus reflecting a deliberate attempt by both males and
females to maintain 1:1 synchronization. The purpose of
footroll entrainment in mole-rats is unknown, but va-
rious functions have been ascribed to synchrony of com-
munication signals in other systems such as (1) firefly
flashing [avoidance of disruption of species-specific
rhythm used by females to localize the swarm, and iden-
tification of specific mating sites (Lloyd 1973, 1983)],
(2) synchronous glowing of ostracods [predator evasion
and intraspecific communication (Morin 1986)], and
(3) entrainment of frog calls [optimization of information
transmission in a chorus (Brush and Narins 1989)].

Seismic propagation experiments in the sandy soil
inhabited by Georychus reveal that the horizontal and
vertical components of substrate particle velocity suffer
different attenuation rates. In theory, therefore, mole-
rats could obtain a reasonable estimate of the distance to
a footdrumming conspecific neighbor from simultaneous
comparisons of the relative magnitudes of the horizontal
and vertical substrate velocity components. There are
presently no data, however, to suggest that such a com-
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parison is possible. We may only speculate at present that
such information could be useful in maintaining appro-
priate spacing between individuals, as occurs with other
fossorial rodents (Reichman et al. 1982). It is known that
outside the context of reproduction, if two Georychus are
introduced into the same burrow, aggression and fighting
can escalate until one animal is killed (JUM Jarvis, per-
sonal observations).

In addition, our propagation experiments demon-
strate that mechanically-generated seismic signals de-
signed to mimic the gross structure of naturally-occur-
ring mole-rat footdrums are indeed propagated and are
present above the ambient noise level at natural inter-
burrow distances (3—4 m). The vertical substrate velocity
component of the propagated wave measured in burrow
B, for example, exhibits a relatively large amplitude, but
suffers a greater rate of attenuation than the horizontal
seismic component. The low rate of attenuation of the
vertical seismic component measured in burrow A is due
to the small absolute amplitude of this component. This,
in turn, is likely due to the position of the geophone array
(on top of the burrow) relative to the mechanical thum-
per (in the bottom of the same burrow). Thus the
propagation path from the thumper to the geophones
over burrow A would of necessity be circuitous resulting
in an amplitude loss, an effect which would be minimized
for signals traveling between burrows. Perhaps this result
would have been different had the geophones been placed
in the burrow.

This idea is strengthened by the latency measurements
for signals received in both burrows: velocities of
propagation (reciprocal of latencies) are longer for bur-
row A than for burrow B. The mean propagation veloc-
ity for the two burrows, however, is 97.9 m/s, which
closely corresponds to the published velocity of Rayleigh
wave transmission in moist soil of ca. 100 m/s, roughly
1/3 the velocity of sound in air (Lewis and Narins 1985).

Measurements of acoustic propagation between bur-
rows clearly demonstrate the inadequacy of airborne
sound as a medium for subterranean, interburrow in-
formation transmission. Although the thumper
produced both a seismic and an auditory component
when it strikes the substrate, the auditory signal mea-
sured in the simulated burrow is indistinguishable from
the background noise (Fig. 7). Thus, airborne cues ap-
pear to be strongly attenuated by the intervening sub-
strate as well as the soil-air interface. Although these
results do not preclude the reception of the airborne
component of the signal by Georychus, they are consis-
tent with the observation that Spalax ignores acoustic
portions of the thump signal in the laboratory and re-
sponds only to its seismic component (Rado et al. 1987).

Playback experiments in which artificial, mechani-
cally-generated thumps are introduced into the soil in
close proximity to an inhabited mole-rat burrow revealed
that the thumps elicited movement by the female re-
sidents in 17 out of 21 trials. Moreover, that movement
was most likely to occur from 10-20s post-stimulus,
followed by a declining probability of movement thereaf-
ter, indicates a response to the artificial thumps. How-
ever, in no case did the mechanical thumper evoke foot-
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Table 2. Relationship between social system and dominant mode(s) of communication in mole-rats in the family Bathyergidac

Genus Social System Mode of Communication References
Heterocephalus Eusocial Tactile, olfactory Jarvis (1981, 1991)
Some acoustic Lacey et al. (1991)
Pepper et al. (1991)
Cryptomys Social Tactile, some olfactory Bennett (1988), Burda (1989)
acoustic, some seismic Bennett and Jarvis (1988b)
Bennett (1988, 1989)
Bathyergus Seismic, acoustic Jarvis and Bennett (1991)
Heliophobius Solitary Unknown
Georychus Seismic, acoustic Bennett and Jarvis (1988a)

drumming from the female under test. This observation
may not be unexpected given the fact that the artificial
thumps in our experimental paradigm appear to have
arisen de novo in both space and time, without what
would surely be a preamble of digging sounds or other
indication of a neighbor’s presence had they been
generated by a conspecific male.

We believe the available evidence supports the
hypothesis that seismic signalling occurs between in-
dividuals of the Cape mole-rat, Georychus capensis. This
communication modality appears eminently suited to
solitary, subterranean animals which inhabit burrows
separated by dense, homogeneous soil®. It is also possible
that digging sounds are detected by neighbors and could
also serve as territorial advertisement in both solitary
and social genera. The extensive work on the blind mole-
rats (Rado et al. 1987; Heth et al. 1987) and preliminary
evidence for North American pocket gophers (Reich-
man, pers. obs.), in addition to the evidence presented
herein, suggest that seismic signalling may be a wide-
spread phenomenon among subterranean organisms.

In addition to seismic communication between bur-
row inhabitants, those species of bathyergids that are
colonial or eusocial (e.g., Heterocephalus, Cryptomys)
appear to incorporate tactile and olfactory communica-
tion into their repertoire (Sherman et al. 1991; Table 2).
These communication modalities would be ineffective for
communication through the dense medium of the soil,
but within a burrow they would serve as efficient means
for communication among blind individuals. The
proposed relationships between the social system and the
dominant mode(s) of communication in the 5 genera of
mole-rats in the family Bathyergidae are shown in
Table 2. It is here suggested that the more solitary the
mole-rat, the more it relies on seismic communication to
signal to animals in neighboring burrow systems. Future
investigations should include surveys of other fossorial
forms to determine whether they utilize seismic com-
munication, and playback experiments to confirm and
decipher the signals being transmitted and received by
the participants.

! However, once the animals have come together, vocalizations
supplement the seismic signalling and dominate when the animals
are in close proximity (Bennett and Jarvis 1988a). This seems to be
also true for Bathyergus suillus, another solitary bathyergid (Jarvis
and Bennett 1991)
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