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  Abstract  
Golden moles are nocturnal, surface-foraging 
mammals with rudimentary vision. Several 
species possess massively hypertrophied mal-
lei that presumably confer low-frequency, 
substrate-vibra  on sensi  vity through iner-
 al bone conduc  on. When foraging, the Na-

mib Desert golden mole, Eremitalpa gran   
namibensis, typically moves between sand 
mounds topped with dune grass that contain 
most of the living biomass in the Namib Desert. 
Foraging trails are punctuated with characteris-
 c sand disturbances in which the animal “head 

dips” under the sand, presumably to obtain a 
vibra  onal “fi x” on the next mound to be visit-
ed. Playback experiments with substrate-borne 
vibra  ons suggest that in the absence of olfac-
tory cues, golden moles are able to locate the 
food-containing mounds solely using vibra  ons 
generated by the wind blowing the dune grass. 
Based on middle ear anatomy, the ossicular 
mass distribu  on and the anchorage points, we 
have hypothesized that there are several de-

grees of freedom of the middle ear apparatus of 
Chrysochloris asia  ca, a closely-related golden 
mole. A horizontal vibra  on, which drives the 
head laterally will excite the rota  onal mode ωy, 
whereas a ver  cal vibra  on excites mode ωz. 
We suggest that these two modes play the main 
role in iner  al bone conduc  on in response to 
vibra  onal s  muli, since they depend on both 
the increased mallear mass and the displace-
ment of its center of mass from the rota  onal 
axis. In addi  on to these two modes, we pos-
tulate that there is a third vibra  onal mode, 
namely the rota  on of the ossicular chain about 
the long axis of the malleus (ωx) in response to 
airborne s  muli. The transi  on between modes 
occurs between 200  –  300 Hz. Laser Doppler vi-
brometric measurements of the malleus head 
in response to vibra  onal s  muli in Chrysochlo-
ris reveal peak sensi  vity to frequencies below 
300 Hz. Func  onally, golden moles appear to be 
low-frequency specialists, and it is likely that 
they detect prey principally through substrate 
conduc  on.
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1.   
Introduc  on

Golden moles (Chrysochloridae), mem-
bers of the Afrotherian clade, are small 
(7.6  –  23.5 cm) fossorial mammals endemic 
to sub-Saharan Africa. They exhibit a suite 
of specializa  ons for life underground, are 
image blind (Fielden 1991) and they are 
“thought to rely heavily on the sense of 
smell and hearing” like other fossorial spe-
cies (Burda et al. 1990; Francescoli 2000). 
The lack of light and the poor propaga  on 
of airborne sound underground limit the im-
portance and reliability of vision and hearing 
in these species. The presence of conspecif-
ics, prey and most predators is conveyed via 
substrate vibra  ons, and long-distance com-
munica  on via substrate-borne signaling 
is considered the principal communica  on 
modality in subterranean mammals (Nevo 
et al. 1991).

The proposed means by which substrate 
vibra  ons are detected in some golden mole 
species is iner  al bone conduc  on. This 
mechanism implies the presence of a mass 
that impedes ossicular mo  on while the 
skull vibrates, and thereby induces rela  ve 
mo  on between stapes and skull – an eff ect-
ive s  mulus for the inner ear. 

The Cape golden mole (Chrysochloris asi-
a  ca) is a member of the family Chrysochlo-
ridae, within which a variety of middle ear 
adapta  ons are found, and is the subject of 
our middle ear measurements (Fig. 1). Like 
all mammals, golden moles possess a tym-
panic membrane that vibrates in response 
to airborne sounds. A  ached to its inner 
surface is the distalmost of the three audi-
tory ossicles – the malleus, which in the 
case of the Cape golden mole, is massively 
hypertrophied. An overview of golden mole 
middle ear morphology is given by Mason 
(2003  a) and Fig. 2 illustrates fi ve examples 
from his study. 

The most obvious varia  ons in these mid-
dle ears are the rela  ve sizes and shapes of 
the mallei. Among the hypertrophied mid-
dle ear types, the malleus head shows two 
dis  nct forms: spherical or ball-shaped in Er-
emitalpa and Chrysospalax and club-shaped 
in Chrysochloris and Cryptochloris. The need 
for addi  onal mass in order to detect sub-
strate vibra  ons by means of iner  al bone 
conduc  on seems straigh  orward, but what 
are the func  onal diff erences between the 
two malleus forms?

Hearing in golden moles has not been 
studied, but a subterranean lifestyle and 
poor audi  on are o  en coupled. One gold-
en mole species that exhibits a spherical 
hypertrophied malleus is the Namib Desert 
golden mole (E. g. namibensis) and accord-
ing to observa  ons by Van der Vyver Nolte 
(1968), it shows “li  le to no response to 
sounds”. This animal is sensi  ve to substrate 
vibra  ons and detects and localizes dune 
grass-topped hummocks containing ter-
mites and other arthropods when foraging 
in the Namib Desert. It presumably uses a 
two-stage vibra  onal detec  on system such 
that at a distance, the animal detects the 
ver  cally-polarized Rayleigh waves emi  ed 
by the hummocks themselves in response 
to wind blowing the dune grass. Then when 
the golden mole is close to a hummock, it 

Fig. 1 The Cape golden mole, Chysochloris asia  ca 
(Photo: Gary Bronner)
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can sense the low-level substrate vibra  ons 
generated by the prey items as they move 
through the hummock (Narins et al. 1997). 
Moreover, these animals are capable of lo-
calizing ar  fi cial vibra  onal sources in the 
absence of olfactory cues (Lewis et al. 2006). 
The Cape golden mole (C. asia  ca) exhibits a 
club-shaped malleus head and, perhaps not 
coincidentally, clear acous  c interac  ons 
between cap  ve C. asia  ca individ uals have 
been reported (Willi et al. 2006  b). Based 
on observa  ons and on physical consid-
era  ons, the two dis  nct morphologies of 
hypertrophied mallei may refl ect diff erenc-
es in the detec  on abili  es of these species 
to airborne sound.

2.   
Materials and methods 

2.1 Animals

Cape golden moles (Chrysochloris asia  ca) 
were caught in the fi eld near Cape Town 
(RSA) and a  er at least two weeks of cap-
 vity, shipped to the University of California, 

Los Angeles (UCLA). Animals were housed 
individually, but they rarely, if ever, vocal-
ized under these condi  ons. To evoke vo-
caliza  ons, two animals were placed in the 
same tank. When they surfaced, a micro-
phone (Brüel & Kjaer, 4134, Naerum, Den-
mark) placed 0.5 m above the tank recorded 
acous  c interac  ons.

2.2  Stimulation with airborne sound and 
substrate-borne vibrations

A  er surgical prepara  on, the caudal por-
 on of the animal’s skull was a  ached to an 

aluminum block which was fi xed to a vibra-

Fig. 2 Middle ear morphologies exhibited by fi ve species of the golden mole family (Chrysochloridae). 
Only the malleus (M) and the incus (I) of (a) Amblysomus ho  entotus, (b) Chrysochloris stuhlmanni, 
(c) Chrysochloris asia  ca, (d) Erimitalpa gran   namibensis and (e) Chrysospalax villosus are shown; 
eardrums and stapes are omi  ed for clarity. From Mason (2003  a and 2007) 
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 on exciter (Brüel & Kjaer, 4809, Naerum, 
Denmark). The middle ear may be s  mulat-
ed acous  cally with a miniature loudspeaker 
(MS, Knowles, CI-2960) during which the 
sound pressure level is recorded with a probe 
tube microphone (PTM, Etymo  c Research, 
ER-7  C) close to the tympanic membrane 
(Fig. 3  a). Alterna  vely, this setup allows for 
ver  cal (Fig. 3  b) or horizontal (Fig. 3  c) vibra-
 onal s  mula  on.

2.3 Velocity measurements

The dynamic response of the malleus was 
measured by means of Scanning Laser Dop-
pler Vibrometry (SLDV). The system (PSV-
300, Polytec, Waldbronn, Germany) allows 
automated velocity measurements at mul-
 ple points (Fig. 4). It includes a built-in 

video camera (FCB-IX47  P, Sony, Minokamo, 
Japan), which is op  cally in-line with the la-

Fig. 3 Caudal por  on of the skull of C. asia  ca mounted on vibra  on exciter. The middle ear is 
s  mulated acous  cally with a miniature loudspeaker and the sound pressure level is recorded with 
a probe tube microphone close to the tympanic membrane. Vibra  on exciter s  mula  ng skull in 
(b) ver  cal direc  on, and (c) in horizontal direc  on. The long axis of the mallei is oriented horizontally, 
corresponding to that during head dipping

Fig. 4 Airborne/vibra  onal s  mula  on apparatus. 
Golden mole (GM) skull is placed on the sample 
holder (SH) and the beam from the Scanning Laser 
Doppler Vibrometer (SLDV) is focused on the head 
of the malleus. Beam posi  oning is facilitated 
by two transla  on stages (xy-TS and z-TS) and 
the telescopic ver  cal li  ing column (TVLC). The 
skull is s  mulated by the vibra  on exciter (VE). 
RM = rubber mat; FM = open cell foam mat. See 
text for remaining abbrevia  ons. Modifi ed from 
Willi et al. (2006  b) with permission 
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ser beam, and displays the selected meas-
urement area on the computer monitor ena-
bling grid selec  on, posi  oning and focusing 
of the laser beam as well as facilita  ng the 
posi  oning of the specimen rela  ve to the 
SLDV. Such alignment is achieved by the tel-
escopic ver  cal li  ing column (TGC 8  AWD3 
Magne  c, Liestal, Switzerland) and an XY-
transla  on stage (Newport, Irvine, CA, USA) 
in two perpendicular direc  ons within the 
horizontal plane. During velocity measure-
ments in response to both airborne and vi-
bra  onal s  mula  on, the laser beam was in 
line with the medio-lateral axis of the skull, 
and except for the placement of the micro-
phone and the speaker for acous  c s  mula-
 on, the two setups are iden  cal (Fig. 4). The 

jack that supports the vibra  on exciter was 
placed on a rubber mat (6 mm thick) and an 
open-cell foam mat (25 mm thick) in order to 
a  enuate any vibra  ons reaching the SLDV 
during vibra  onal s  mula  on. The eff ect of 
ambient vibra  onal disturbances was a  en-
uated further by moun  ng the en  re setup 
on a high-performance laminar-fl ow isolator 
(LFI, Newport, RS-4000, Irvine, CA, USA).

A measurement grid comprising 20  –  40 
measurement points is superimposed on the 
image of the accessible distal por  on of the 
malleus head and parts of the skull. A scan 
of these 20  –  40 points was made. Data ac-
quisi  on occurred at a frequency reso lu  on 
of 1 Hz for both acous  c and vibra  onal 
s  mula  on over the corresponding fre-
quency band. Both amplitude and phase of 
the measured veloci  es – in case of acous  c 
s  mula  on also the amplitude of the sound 
pressure – were averaged fi ve  mes for each 
measurement point. 

2.4 Alignment of coordinate system

Following the recording of responses to 
both the airborne and vibra  onal s  muli, 
the specimen holder (aluminum block) with 

the skull  ghtly affi  xed to it was removed 
from the vibra  on exciter. The structures 
that masked the proximal por  on of the os-
sicular chain containing the short process of 
the incus (SPI) and the len  cular process of 
the incus (LPI) during the experiment were 
carefully removed. All middle ear structures 
were preserved in order to ensure that 
the ossicular chain maintained its posi  on 
rela  ve to the skull. The skull was then re-
posi  oned in the measurement setup and 
aligned to its previous posi  on. The built-in 
video camera then captured and stored an 
image of the en  re ossicular chain. 

During a laser scan, the SLDV-system as-
signs x- and y-coordinates to each point on 
the measurement grid. The posi  on and 

Fig. 5 Superimposi  on of (a) pre- and (b) post-
experimental images. By superimposing the 
two images all structures of the ossicular chain 
can be referred to the coordinate system of the 
measurement grid (c). (d) The coordinate system 
is aligned to anatomical landmarks e. g., the short 
process of the incus (SPI), and the coordinates 
of the len  cular process of the incus (LPI) were 
determined. Modifi ed from Willi et al. (2006  b) 
with permission

RM and FM 
are now 
explained 
in the 
legend, as 
suggested.
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alignment of this coordinate system was 
scaled and adjusted to anatomical land-
marks. The origin of the coordinate system 
was set at the ligament of the short pro-
cess of the incus (SPI), whereas the x-axis 
was coaxial with the long axis of the malleus 
and the y-axis pointed towards the len  cu-
lar process of the incus (LPI). Superimpos-
ing the pre- and post-experimental images 
(Figs. 5  a  –  c) allowed us to refer the coordi-
nates of the measurement grid and the co-
ordinates of the SPI and the LPI to the same 
coordinate system (Fig. 5  d).

3.   
Results 

We found that the long process of the incus 
or LPI (the a  achment point to the stapes) in 
the golden mole middle ear responded dif-
ferently to vibra  onal and airborne s  mu-
la  on. That is, this structure’s resonant fre-
quencies for vibra  onal s  muli are below 
200 Hz, whereas its resonant frequencies for 
airborne s  muli are in the range of 2 kHz. 

3.1 Ossicular response

The medio-lateral mo  on of the LPI was cal-
culated from the velocity measurements for 
the same fi ve right ears for vibra  onal and 
airborne s  mula  on. The dataset was re-
duced to these fi ve ears since the LPI mo  on 
was successfully reconstructed for them in 
response to both modali  es. All responses 
were shi  ed along the logarithmic frequen-
cy axis to align the resonant frequencies at 
150 Hz for substrate-borne s  mula  on and 
at 2 kHz for airborne acous  c s  mula  on, 
respec  vely.

For vibra  onal s  mula  on the resonant 
frequencies at the LPI were between 71 and 

200 Hz (mean: 135.7 ± 49 Hz). Below reso-
nance, rela  ve mo  on between the skull 
and incus is small and the two structures 
move in phase; above resonance, they move 
out of phase by 180° (Fig. 6). 

In response to airborne acous  c s  muli 
the LPI shows a resonance between 1.3 and 
2.2 kHz (mean: 1.76 ± 0.43 kHz). At reson-
ance, velocity amplitudes reach 1.4 ± 0.6 × 
10–  4 m/s. In four out of fi ve specimens, a sec-
ondary resonance was observed between 
100 and 200 Hz (mean: 145 ± 48 Hz) which 
coincides well with the resonant frequency 
in response to the vibra  onal s  mula  on 
(Fig. 7).

In order to visualize the ossicular mo  on 
pa  ern in response to airborne and sub-
strate-borne vibra  ons, we used the recon-
structed iso-velocity amplitude maps gen-
erously covering the ossicular chain (Fig. 8). 
The maps represent the results obtained 
from the le   ear of one animal.

At low frequencies (115 and 120 Hz, re-
spec  vely) the mo  on pa  erns for vibra-

Fig. 6 Ossicular response to medio-lateral 
vibra  onal s  mula  on. All fi ve responses were 
shi  ed along the logarithmic frequency scale to 
align all resonant frequencies at 150 Hz. Note 
that for frequencies below resonance, the incus 
and the skull are moving in phase, whereas 
above resonance these two structures move in 
an  phase. Modifi ed from Willi et al. (2006  b) with 
permission 
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 onal and airborne s  mula  on resemble 
each other (Fig. 8  a, b). The rotatory axis 
passes through the SPI and is nearly perpen-
dicular to the long axis of the malleus. For vi-
bra  onal s  mula  on, this axis is maintained 
up to 600 Hz. However, with increasing fre-
quency of the acous  c signal, this rotatory 
axis turns clockwise and at the resonant 
frequency (1.4 kHz) this axis is in line with 
the long axis of the malleus (Figs. 8  d  –  e). 
The orien ta  on of the rotatory axis does 
not change uniformly with frequency: Be-
tween 120 and 200 Hz, it rotates by about 
12°, whereas between 200 and 300 Hz the 
axis performs a clockwise rota  on of about 
75°. A  er this rapid change it takes another 
1.1 kHz in order to reach the mode at which 
the ossicular chain rotates precisely through 
the long axis of the malleus head. This mode 
is maintained up to about 6 kHz, above which 
there is a transi  on to the next higher mode 
(data not shown).

3.2 Vocalizations

Two dis  nct types of calls were recorded: 
chirps and noise bursts. Noise bursts var-
ied in dura  on between 0.1–  0.2 s and cov-
ered frequencies from 1–  22 kHz containing 
most energy around 1.5 kHz (fundamental), 
between 4  –  5 kHz (third harmonic) and be-
tween 10  –  20 kHz (Fig. 9). The vocaliza  on 
in Fig. 9 shows a short transi  on between a 
chirp (1) and a noise burst (2) but o  en these 
two types of calls are separated in  me. 
Chirps appear as short pulses of 0.02 s but 

Fig. 7 Ossicular response to acous  c s  mula  on. 
All fi ve responses were shi  ed along the 
logarithmic frequency scale to align all resonant 
frequencies at 2 kHz. The phase measurement 
shows that for frequencies below resonance, the 
incus and the skull are moving in phase, whereas 
for high frequencies (> 5 kHz), these two structures 
move in an  phase. Modifi ed from Willi et al. 
(2006  b) with permission Fig. 8 Mo  on pa  erns of the malleus and incus 

in response to (a) vibra  onal and (b  –  e) airborne 
s  mula  on at diff erent frequencies indicated 
by iso-velocity lines. The rotatary axis for each 
mode is defi ned by the iso-velocity lines of 
smallest amplitudes (center of blue lines). At 
low frequencies the rotatory axis is almost 
perpendicular to the long axis of the malleus 
(a  –  c), whereas with increasing frequency it 
approaches the long axis of the malleus (d, e). 
The transi  on between modes occurs between 
200  –  300 Hz (f). Modifi ed from Willi et al. (2006  b) 
with permission
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also with dura  ons up to 0.5 s. They o  en 
contain 3  –  5 harmonics with most energy 
contained in the fundamental. High num-
bers of harmonics (> 10) were only observed 
when the chirp ended with a noise burst 
(Willi et al. 2006  b). 

4.   
Discussion

That the hypertrophied malleus of the gold-
en mole most likely comprises an adapta  on 
for vibra  on detec  on has been discussed 
by several authors (Henson 1974; Kuyper 
1984; Hickman 1990; Lombard and Hether-
ington 1993; Mason 1999; Mason and Nar-
ins 2002; Mason 2003  b; Mason and Narins 
2010). Moreover, the foraging behavior of 
the Namib Desert golden mole (E. g. na-
mibensis), which also exhibits this middle ear 
specializa  on, puts this sensory modality in 
a meaningful ecological context (Fielden 
1990; Narins et al. 1997). 

4.1 Modes

The velocity profi les shown in Fig. 8 demon-
strate that the ossicular chain of C. asia  ca 
exhibits two dis  nct modes of rota  on with-
in the frequency range tested (< 10 kHz). For 
both vibra  onal modes, the malleus rotates 
about an axis that passes through the SPI, 
and the rotatory axes of the two modes are 
nearly perpendicular to one another. At low 
frequencies (~100  –  200 Hz), be it in response 
to airborne sound or substrate-borne vibra-
 on, the club-shaped malleus head oscillates 

about the SPI showing maximum amplitudes 
at its superior end and the rotatory axis is 
nearly perpendicular to the long axis of the 
malleus (fi rst mode). In response to higher 
frequency sounds (~1–  6 kHz), the rotatory 
axis runs parallel to the long axis of the mal-
leus head (second mode). This is not the 
fi rst report of a middle ear exhibi  ng such 
dis  nct modes. Fleischer (1978) proposed 
two rotatory axes of the microtype middle 
ear, one in response to low and one in re-
sponse to high frequencies, the two axes be-
ing perpendicular to one another. Although 
his  ideas were cri  cally discussed by Saun-
ders and Summers (1982) based on velocity 
measurements on the mouse middle ear, 
Fleischer’s idea and considera  ons clearly 
apply to the middle ear of C. asia  ca. 

4.2  Two vibrational modes of the golden 
mole malleus

The mo  va  on for this study was the ques-
 on of the func  onal diff erences between 

the two types of hypertrophied mallei, club-
shaped and ball-shaped. We showed that 
the club-shaped malleus in the middle ear of 
C. asia  ca responds in two dis  nct modes: a 
rota  on about an axis perpendicular to the 
long axis of the malleus (fi rst mode) and a 
rota  on through the long axis of the malleus 
(second mode). What predic  ons can we 

Fig. 9 Spectrogram of calls from Chrysochloris 
asia  ca. During handling, the animals emi  ed two 
dis  nct types of sounds: chirps (call component 1 
and call 3, and noise bursts (call-component 2). 
The two vocaliza  ons clearly diff er in the 
frequency band they cover and in their harmonic 
structure. Modifi ed from Willi et al. (2006  b) with 
permission

I couldn’t 
agree 
more!

I don’t think 
vocalizations 
during handling 
are necessarily 
unusual, since 
they also emitted 
chirps and noise 
bursts when left 
alone.  It’s just 
that it was easier 
to record these 
vocalization while 
handling them 
(they were much 
more frequent).



4. Discussion 281

make about the behavior of the ball-shaped 
malleus of E. gran   or C. villosus (see Fig. 2)?

The hypertrophied mallei have been ex-
perimentally shown to respond to vibra-
 onal disturbances in C. asia  ca (Willi et al. 

2006  a,b; Narins and Willi 2007) and there 
is good evidence that E. g. namibensis relies 
on the percep  on of substrate vibra  ons as 
well (Fielden 1990; Narins et al. 1997; Mason 
and Narins 2001, 2002, 2010; Mason 2010;). 
Therefore both middle ear designs are ex-
pected to respond to vibra  ons. In addi  on, 
data suggest that the middle ear of C. asi-
a  ca is also responsive to airborne sound. 
What predic  ons can we make about the 
middle ear of E. g. namibensis with respect 
to airborne sound detec  on?

The vibra  ng skull is the driving force for 
the middle ear and the displaced center of 

mass of the malleus leads to stapes move-
ments through its iner  a (Fig. 10). When 
acous  cally s  mulated, the skull is not in 
mo  on and the force driving the ossicular 
chain is passed from the tympanic mem-
brane to the manubrium. This results in the 
fi rst vibra  onal mode (Fig. 10) of the mal-
leus at low frequencies. With increasing fre-
quency, though, the mass of the malleus in-
creasingly impedes this mode.

In order to par  ally overcome the imped-
ance of the mass, the middle ear design al-
lows the ossicles to respond in the second 
mode, which has its rotatory axis passing 
through the center of mass. This is possible 
for both middle ear designs, the club-shaped 
and ball-shaped malleus. However, in the 
second mode the two designs diff er signifi -
cantly in their angular moment of iner  a de-
fi ned by: 

  (1)

where I2 is the angular moment of iner  a of 
the second mode (Fig. 10), m is the mass of 
the cylinder and r its radius. The thickness 
of the arrows in Fig. 10 indicates the rela  ve 
magnitude of the angular moment of iner-
 a. If the angular moment of iner  a for the 
fi rst mode is iden  cal in both designs, then 
that for the second mode is necessarily dif-
ferent, being larger for the ball-shaped mal-
leus (Fig. 10, right model) compared to the 
club-shaped malleus (Fig. 10, le   model). 
As a result the responsiveness of the club-
shaped malleus would exceed that of the 
ball-shaped malleus. When the radius is 
doubled, the angular moment of iner  a is 
quadrupled. An extreme version of a large 
malleal radius is found in the middle ear of 
Chrysospalax villosus (Fig. 2  e) but in E. g. na-
mibensis it is also quite large compared to 
that of C. asia  ca. 

A ball-shaped design is volume effi  cient, 
implemen  ng a vibra  on detector oc-
cupying minimal space. In order to allow the 

Fig. 10 Simplifi ed schema of the two 
hypertrophied malleus types represented by 
cylinders and approxima  ng the club-shaped (le  ) 
and ball-shaped (right) malleus for C. asia  ca and 
E. g. namibensis, respec  vely. The thickness of the 
arrows indicates the angular moment of iner  a of 
the ossicular chain in response to low-frequency 
vibra  onal s  mula  on (1st mode) and high-
frequency acous  c s  mula  on (2nd mode). SPI:  p 
of the short process of the incus. Modifi ed from 
Willi et al. (2006  b) with permission
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middle ear to respond to higher frequencies 
with a second mode, the radius of the mal-
leus head is reduced. In C. asia  ca the ra-
dius of the malleus is reduced but it also in-
creases towards the distal end, which shi  s 
the cen ter of mass further away from the 
anchorage point (SPI). The further away the 
center of mass is shi  ed in the club-shaped 
malleus, the thinner the cylinder may be-
come, while s  ll maintaining the same an-
gular moment of iner  a as the ball-shaped 
design, since the angular moment of iner  a 
for the fi rst mode is determined by: 

  (2)

where I1 is the angular moment of iner  a of 
the fi rst mode (Fig. 10), m is the mass and l is 
the distance of the center of mass from the 
suspension point (highly simplifi ed model).

The unusual malleus morphology in the 
middle ear of C. asia  ca has been shown 
to respond to substrate vibra  ons and air-
borne sound. Its design appears to be an 
elegant solu  on to the problem of how a 
middle ear can exploit increased ossicular in-
er  a for the detec  on of low-frequency sub-
strate vibra  ons at li  le cost to the animal’s 
high-frequency airborne sound-detec  on 
capability. 

Clearly, there are many fascina  ng ques-
 ons that remain unanswered: Do the two 

vibra  onal modes of the golden mole mal-
leus translate to disparate mechanical input 
to the inner ear via the stapes? Can the in-
ner ear diff eren  ate between these two 
separate inputs? How do the viscoelas  c 
and other proper  es of the malleus confer 
frequency dependence on the middle ear? 
How do golden moles localize a vibra  onal 
source? This ques  on is especially interest-
ing since in E. g. namibensis, the mallei of 
the two ears are not parallel. This raises the 
exci  ng possibility of azimuth-dependent 
diff eren  al mallear mo  on, a unique adap-
ta  on for vibra  onal localiza  on in verte-

brates. Experiments are currently planned 
to test this intriguing hypothesis.
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