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ABSTRACT: Behavioral adaptations exhibited by two African 
fossorial mammals for the reception of vibrational signals are 
discussed. The Namib Desert golden mole (Eremitalpa granti 
namibensis) is a functionally blind, nocturnal insectivore in the 
family Chrysochloridae that surface forages nightly in the 
Namib desert. Both geophone and microphone recordings in 
the substrate suggest that the golden mole is able to detect 
termite colonies and other prey items solely using seismic cues. 
This animal exhibits a hypertrophied malleus, an adaptation 
favoring detection of low-frequency signals. In a field study of 
the Cape mole-rat (Georychus capensis), a subterranean rodent 
in the family Bathyergidae, both seismic and auditory signals 
were tested for their propagation characteristics. This solitary 
animal is entirely fossorial and apparently communicates with 
its conspecifics by drumming its hind legs on the burrow floor. 
Auditory signals attenuate rapidly in -the substrate, whereas 
vibratory signals generated in one burrow are easily detectable 
in neighboring burrows. The sensitivity to substrate vibrations 
in two orders of burrowing mammals suggests that this sense is 
likely to be w idespread within this taxon and may serve as a 
neuroethological model for understanding the evolution of vi-
brational communication. Neuroethological implications of 
these findings are discussed. © 1997 Elsevier Science Inc. 
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INTRODUCTION 

Seismic communication is more ubiquitous among the vertebrates 
than has been previously imagined. We have examined the use of 
seismic signals in two fossorial mammals from Southern Africa: 
the Namib Desert golden mole, Eremitalpa granti namibensis from 
the central Namib Desert in Namibia, and the Cape mole-rat, 
Georychus capensis from the Cape region of South Africa. We 1 

have reported the principal results of our seismic communication 
studies of the Cape mole-rat [23], and therefore, only a brief 
summary will be provided here as a comparison to our more recent 
results from the investigation of the Namib Desert golden mole. 

The various species of golden moles are insectivores in the 
family Chlysochloridae, found in Sub-Saharan Africa, south of a 
line from Cameroon to Uganda. They are blind [9] and have a 
massive malleus, which presumably confe rs low-frequency sensi-
tivity , via the cochlea, to substrate vibrations. Recently, we have 
investigated the use of seismic signals by the Namib Desert golden 
mole, illustrated in Fig. l A. Unlike most other subterranean mam-

1 To whom requests for reprints should be addressed. 
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mals, E. g. namibensis lacks a permanent butTow system and can 
forage 5 or more kilometers per night [17] for its prey on the dune 
surface ll 2j. Foragi ng animals typica lly move between miniature 
sand dunes (hummocks or mounds, Fig. 1 B), which are formed by 
shifting sand accumulating around dune grass (Stipagrostis). For-
aging trails consist of footprints interspersed with characteristic 
sand disturbances (Fig. I C) in which the animal head dips (Fig. 
ID), or sometimes sand swims. In the latter case, the animal moves 
just below the surface, leaving distinctive e longated mounds of 
sand. As the animal moves forward, the newly made tunnel col-
lapses leaving a distinct track l24]. Head dipping occurs during 
foraging " when the moles run rapidly along the sand surface, 
occasionally briefl y submerging their head and shoulders, possibly 
in an attempt to detect the position of the prey from substrate 
vibrations" [ 10]. We believe it is likely that head dipping is a 
means by which the mole may tightly couple its head. to the 
substrate, and that these two energetically costly behaviors are 
used to sample the animal' s seismic environment. 

Stomach content analysis has shown that termites are the major 
dietary item, with other invertebrates (such as insect larvae) and root 
material being of only minor impmtance [ 13]. These workers also 
demonstrated that biomass of potential prey items was low and food 
resources were patchily distributed. They concluded that movement 
pattems of moles are effective in encountering localized areas of high 
prey concentrations (hummocks) and in minimizing energy expendi-
ture in an energy-sparse environment. In the present study, we tested 
the hypothesis, fi rst put forward by Fielden et al. [ 13], that foraging is 
random in this animal such that encounters with food resources are 
purely stochastic events, and that the mole' s ability to detect prey is 
effective over shott distances only. 

MATERIALS AND METHODS 

Mole Study 

Field recordings and characterization of golden moles' foraging 
trai ls were conducted during November, 1993, at the Namib Desert 
Research Station in Gobabeb, Namibia (23° 34' S, 15° 03 ' E). 
Foraging trails were located and mapped between 0700 and 1200 h 
over as long a distance as possible . T hese ani mals were found 
along a narrow perimeter at the base of the slip face of the giant 
li near dunes in the Namib Desert just south of the Kuiseb River. 
Trails were marked on a calibrated grid on which all distinguishing 
land features were noted; e.g., hummock location and size mea-
sured by major diameter: (large: > 2.0 m; medium: 0 .5-2.0 m; 
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FIG. I. (A) The Namib Desert golden mole, Eremitalpa granti namibensis. (B) View of the Namib Desert at Gobabeb showing linear dunes 
(background) and hummock (foreground). (C) Foraging tra il of a Golden Mole near a hummock. (D) Head-dipping behavior of Eremitalpa in which 
the animal immerses his head and forepaws in the sand while his hindquarters remain exposed. Head-dipping behavior was only observed in 
captured animals. 

small: < 0 .5 m), presence or absence of dead or live dune grass 
(Stipagrostis) on hummock, dune grass remnants, hummocks vis-
ited during foraging, etc. In addi tion, headdip locations along the 
foraging trail were noted. Wind velocities were measured to the 
nearest 0 .1 m/s with a hand-held anemometer. 

Test of Random Foraging 

At night the moles forage over the surface of the sand, traveling 
from hummock to hummock in search of prey consisting of at least 
eight orders of insects as well as root material, with the princ ipal 
dietary item being dune termites, Psammotermes [13]. In the early 
morning, one can read ily follow the fresh tracks made by the 
animal. In late morning when the wind strengthens, the foraging 
trail is obliterated, creating a tabula rasa for the next night. 

To determine whether encounters with patches of food re-
sources are indeed random events, we mapped long sections of the 
foraging trails. For each of six trails, we selected a segment that 
contained a series of visited hummocks. For each of these hum-
mocks in turn, we fixed one end of a 30-m tape at its center, and 
walked with the other end in a circle (of radius 30 m) around t)le 
visited hummock under test. The angle subtended by each hum-
mock encountered by the 30-m tape during one revolution, 
whether or not it was visited by the golden mole, was measured 
with a protractor located at the center of the circle. The total angle, 
e,l' subtended by all the hummocks in the circle was then calcu-

lated as shown in Fig. 2; 8,., was then expressed as a percentage 
of 360° The figure of 30 m was chosen as the circle radius because 
it was longer than any interhummock path segment we observed 
for any mole. 

Seismic Signal Measurement and Analysis 

Substrate vibrations were measured with both a horizontally 
polarized and a vertically polarized geophone (AMF Industries 
10395; peak response: 10 Hz; sensitivity: 1.0 X 104 mV/m/s). 
Each geophone was fitted with a leg (7.3 cm) and the whole 
assembly was completely buried in the sand. This helped achieve 
a solid mechanical coupling of the geophones to the substrate, and 
thus minimize measurement error of the local particle velocity. 
The geophone outputs were separately amplified with battery-
powered, calibrated, variable-gain preamplifiers and recorded on 
separate channels of a two-track portable cassette player (Marantz 
PMD430). The geophones were placed either in the headdip loca-
tions along the foraging trail , on or near the hummocks, or in the 
sand flats at least 4 m from any hummock. 

Seismic signals were analyzed using a calibrated, averaging dy-
namic signal analyzer (Hewlett- Packard 356 I A). Results were plot-

elocity as a function of time or as a velocity amplitude 
spectrum. Each geophone was individually calibrated in the labora-
tory by producing known accelerations with a vibration exciter (BrUel 
& Kjaer 4809) driven by a controller (BrUel & Kjaer 1047). Using a 
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SEISMIC SIGNALING IN FOSSORIAL MAMMALS 

FIG. 2. Method used to calculate total angle subtended by all hummocks 
within a circle of a 30-m radius (shaded ova ls) centered on a visited 
hummock (unshaded oval). In thi s example, the total angle subtended by all 
hummocks wi thin the circ le is 22° + 7" + 17° = 46°. The probability that 
this mole would encounter any hummock wi thin a 30-m radius of the 
center hummock by foraging randomly is 46 out of 360 or 0. 128. 

constant acceleration [measured with a calibrated accelerometer 
(BrUel & Kjaer 8306)) of 0.2 m/s2 , the sensitivity of each geophone 
was determined over the frequency range from 4 -500 Hz. 

RESULTS 

Forag ing Trail Analysis 

We made detailed maps for a total of 728 m of the foraging paths 
of six golden moles. A representati ve section of the foraging trail 
made by one individual (mole No. 5) is illustrated in Fig. 3. Seven 
hummocks in this section of trail were visited by the mole. Despite the 
presence of other mounds near the trai l, the animal clearly selected 
some hummocks while bypassing others (presumably those in which 
potential prey items were absent). At the selected mounds, evidently 
those in which it detected termites or other prey, the mole 
into the sand, often emerging nearly a meter from the place it entered. 
Moreover, interhummock path segments appear remarkably straight 
(see Fig. 3), considering these animals possess only a vestigial eye 
which is covered wi th ski n and fur [9,24]. 

Although we cannot be absolutely sure that we did not follow 
the sa me mole on a couple of occasions, I) we sampled severa l (at 
leas t two) runs on a single day, and 2) we sampled in severa l areas 
so we are comfortable that we were not looking at the same 
animals all the time. 

We also observed, as have others, that the distance between 
successive head dips (interhead dip distance, lHD) appeared to 
shorten as the animal approached a selected hummock. This ob-
servation was borne out by our measurements. For each of the 
eight trail segments analyzed (made by six moles) , distances 
betwee n head dips in the intermound segments (> 0.5 m from a 
hummock) were compared to the distances between head dips in 
the immediate proximity of a mound ( < 0.5 m from a hummock) . 
The former were found to be significantly greater (p < 0.05 , H est) 
than the latter in all e ight cases. The total number of lHDs 
analyzed in the intermound segments was 510 (range: 18 to 156, 
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mean: 64) and the number of IHDs analyzed in the vicinity of a 
mound was 269 (range: 13 to 76, mean: 34) . 

The results of a representati ve test for random foraging are 
shown in Fig. 4. The pie charts represent the results obtained for 
each of the hummocks visited successively by mole No. 5 in the 
section of hi s foraging trail shown in Fig. 3. The sums of the angles 
subtended by all hummocks (striped area) and by no hummocks 
(filled area) inside a 30-m circle centered on each mound are 
expressed as a percentage of 360°. On average for this mole, 
hummocks inside a 30-m circle subtended 23.8 % of a circle, or the 
probabi li ty that random foraging would result in a hit of any other 
hummock within 30 m from the last one is 0.238 (the mean 
probability for four moles analyzed in this way was 0.22) . A lso 
shown for mole No. 5 are the cumulative probabilities that random 
foraging would result in the mole encountering seven consecutive 
hummocks, given the actual confi guration of mounds. For this trail 
segment, the probabi li ty that the mole would arrive at all seven of 
the hummocks by chance is 0.00004. 

Geophone Recordings 

Placing one geophone on the top of a hummock (height: 1.5 m) 
topped by live dune grass and another in the fiat sand at a distance 
of at least 20 m from the hummock under test resulted in a typical 
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FIG . 3. Representative segment of the foraging trail of go lden mole No. 5. 
The mole visited the seven num bered hummocks (oval shaded areas) 
fo llowing the traj ectory indicated. Each visited hummock showed vis ible 
signs o f burrowi ng by the mole. Symbols indicate hummock size and state 
of its dune grass: *Medium li ve'; *S ma ll li ve; t Medium dead; 
tSmall dead . • 
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75.3% 

P= 0.281 p < 0.0012 

p < 0.0734 p < 0.0002 

p < 0.0242 p < 0.00004 

80.4% 

p < 0.0048 

FIG. 4. Pie charts for seven hummocks visited by mole No. 5 during the 
evening of Nov. 15, 1993. Each chart indicates the percentage of a circle 
that corresponds to the total angle subtended by all other mounds within a 
30-m radius of the visited hummock. The p-values for each hummock 
indicate the cumulative probabilities that random foraging would result in 
the mole encountering seven consecutive hummocks given the actual 
hummock configuration. 

velocity amplitude spectra shown in Fig. SA. The spectrum re-
corded on the flat shows a relatively low-amplitude peak at ea. 120 
Hz, whereas the spectral peak recorded from the mound is 17 dB 
greater in amplitude and centered at 310 Hz. The difference 
spectrum (Fig. 58) exhibits a peak frequency at 300 Hz with a 
relative magnitude above background noise of nearly 30 dB. 

Geophone measurements made in the vicinity ( < 0.5 m) of a 
visited hummock often produced records that contained clicks, 
scratches, pops, and other transient waveforms (e.g., Fig. 6A). 
These were low-amplitude signals, not generally measurable at 
distances greater than about l m from a hummock. Fourier trans-
forms of these transient waveforms revealed, not surprisingly, 
broad band velocity amplitude spectra, typically exhibiting a single 
spectral peak at frequencies below 50 Hz (Fig. 68). On most 
nights, wind velocities varied from near 0 m/s at ground level to 
3.8 m/s at 2 m above the ground during the hours between 2200 
and 0100. Typical velocities were 1-3 m/s. 

DISCUSSION 
The Use of Seismic Signals by the Namib Golden Mole 

Preliminary results from this study do not support the premise 
that golden moles forage randomly and that encounters with food 
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resources are purely stochastic events. Rather, our data suggest an 
alternative working hypothesis , namely that the golden mole ex-
hibits sensory-guided foraging behavior. Observations that support 
this premise are that I) seg ments of foraging paths between visited 
hummocks are remarkably straight (Fig. 3); 2) mounds generate 
seismic signals that are nearly 30 dB greater in amplitude than 
those from the desert flats (Fig. 5). We suggest that wind blowing 
the dune grass on the hummocks could set up vibrations in the 
hummocks that would result in a relatively strong low-frequency 
emitted signal. Hummocks would then act as seismic beacons for 
the golden moles that would be detectable from distances corre-
sponding to typical interhummock distances of 20-25 m. More 
measurements are needed to confirm or deny this postulate; 3) 
once the mole is within ea. I m of a hummock, prey-generated 
sounds are detectable as short, click- or pop-like signals; 4) ran-
dom foraging would result in extremely low encounter rates with 
individual hummocks, and even lower encounter rates with a 
succession of hummocks; and 5) the number of headdips increases 
in the vicinity of a hummock. This may constitute the terminal 
phase of prey detection by the mole, in which more sampling per 
unit foraging distance is necessary as the active hummock is 
approached. Other behavioral observations consistent with this 
hypothesis are: stomach content analysis of golden moles shows 
that termites are the principal component of their diet [13]; the 
mean frequency of occurrence of termite workings was 76% under 
the plants on the hummocks compared to 9% away from the 
hummocks l l 3]; and that we could hear and record distinct pop-
ping sounds at distances up to 1 m from some mounds (Fig. 6). The 
latter observation is consistent with the statement by Fielden et al. 
[13] , that the mole 's ability to detect prey is effective over short 

These sounds diminished in amplitude as the geo-
farther from the mound. It is likely that these are 

prey-generated sounds. We did not identify their source; but if they 
were not generated by insects, they still could serve as seismic 
beacons for mound localization. 

In addition, it has long been known that the malleus of the 
Chrysochloridae is hypertrophied [5,8 , 14,20]. In a study of the 
middle ear ossicles of Chrysochlorids, von Mayer et al. [20] found 
that (a) the malleus of Eremitalpa granti composed the highest 
percentage (96.8%) of total ossicular mass of the 10 species 
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sand. (B) Difference between the two spectra shown in A. 
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FIG. 6. (A) Velocity waveform recorded in the vicinity of ·1 
visited by a golden mole. The click-like signal was most likely produced by 
termites (Psammotennes) inhabiting the hummock. (B) Velocity amplitude 
spectrum of the waveform in A. The spectrum ex hibits peak energy 
between 30 and 40 Hz. 

studied, and (b) the mean mass of the malleus in thi s spec ies (45.1 
mg) is greater than the mean mass of the malleu s in Homo sapiens 
(27.5 mg) despite the enormous difference in mean body weight 
between the two species: 20 g, n = 16 [I I] vs. 70,000 gl Func-
tionally , the Chrysochlorids appear to be low-frequency special-
ists; and considering their fossorial nature , it is likely that golden 
moles hear through substrate conduction [20] . Our data are entirely 
consistent with thi s hypothesis. 

Comparison with Seismic Communication in the Cape Mole-Rat 

Georychus capensis is a subterranean rodent in the family 
Bathyergidae that inhabits underground burrows in sandy clay 
soils in its natural habitat, the Cape Province of South Africa. They 
exhibit a mean body weight of 181 g [1] with a maximum of 360 g 
[28]. Males and females construct complex tunnel systems of 
approximately 130 m length and mean diameter I 0 cm. Georychus 
bun·ow sys tems approach within I meter of each other and appear 
to be evenly spaced [I ,7], as has been reported for other fossorial 
rodents [26]. Both seismic and auditory signal s were tested for 
their propagation characteristics in a field study of the Cape 
mole-rat. This so litary animal is entirely fossorial and apparently 
communicates with its conspecifics by drumming its hind legs on 
the burrow floor. Auditory signals attenuate rapidly in the sub-
strate, whereas vibratory signals generated in one bu1TOW are easily 
detectable in neighboring burrows. That footdrumming of both 
males and females is de tected as a se ismic communication signal 
by these animals is supported by the combination of I) measure-
ments of propagated soi l-borne vibration between Georychus bur-
rows that are s ignificantly above the background noi se level; 2) 
vanishingly low level s of propagated air-borne signals that are 
indi stingui shable from background noi se measured in an adjacent 
burrow; 3) sa liency of the vertically polari zed component of the 
vibration after transmission in soil over di stances approximately 
corresponding to those between burrows; 4) complexity of the 
seismic signals that may relay both presence and sex of the 
individual; and 5) behavioral data indicating females of Georychus 
detect these seismic signals [I ,23 ]. 
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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 Spa/ax ignores acoustic portions of 
the thump signal in the laboratory and responds only to its seismic 
component [25]. It is likel y that the acoustic characteristics of the 
underground habitat may explain the generally poor sensitivity 
exhibited by most fossorial forms, while retaining good sensitivity 
to low frequencies [ 16]. 

It is reasonable to assume that Eremitalpa, Georychus, and 
other subteiTanean forms have evolved specialized adaptations for 
detection of low-frequency, airborne, and substrate-borne vibra-
tions. That thi s is the case is known for several species of mole-
rats. For example, it has been stated that the Zambian species of 
Cryptomys exhibits an acoustic fovea, in which a disproportion-
ately large fraction of the cochlea is dedicated to the frequency 
range between 0.6 - 1.0 kHz [21]. More recent evidence, however, 
questions the concept of acoustic fovea in Cryptomys, because it 
was shown that the presence of frequency expansion does not 
necessarily lead to enhanced mechanical tuning in the cochlea 
[ 18]. A recent analysis of the vocalizations of a Zambian species 
of mole-rat (Cryptomys) revealed that all sounds occur in a low 
and middle frequency range that match the hearing range reported 
from other investigators [6] . But none of these studies directly 
addresses the issue of sensitivity of mole-rats to substrate-borne 
vibrations such as has been demonstrated neurophysiologically in 
several species of nonmammalian vertebrates [2-4,15,19,22,27]. 
Given that Eremitalpa appears to rely on seismic signals for 
navigation toward prey during foraging, and that Georychus de-
pends on vibrational cues for communication between conspecif-
ics, one might predict that these fascinating fossorial mammals 
would be a veritable neuroethological gold mine for the study of 
neural and structural adaptations used for detection of substrate-
borne vibrations. 
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