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ABSTRACT 
Behavioral tests of absolute sensitivity and sound localization in African naked mole rats 

show that, despite their communal social structure and large vocal repertoire, their hearing has 
degenerated much like that of other subterranean species. First, their ability to detect sound is 
limited, with their maximum sensitivity being only 35 dB (occurring at 4 kHz). Second, their 
high-frequency hearing is severely limited, with their hearing range (at 60 dB sound pressure 
level [SPL]) extending from 65 Hz to only 12.8 kHz. Third, determination of k n o i s e 0 . 0 2 3  T c  n . 0 2 5 2 3 3 1  0  0  9 . 2  � 1 8 1 5 4  6 5 2 9 o f  k m o l e 0 . 0 2 3  T c  n . 0 2 5 2 8 3 3  0  0  9 . 2  4 3 0 5 6  6 8 2 9 o f  sound so 
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ate hearing and sound localization have been reported in 
two subterranean rodents : pocket gophers, a solitary spe
cies common in North American (Heffner and Heffner, 
'90b), and blind mole rats, a solitary species native to the 
deserts of the eastern Mediterranean (Bronchti et al. , '89; 
Bruns et 
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Four laboratory-reared naked mole rat workers approxi
mately 1 year old and weighing 
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Fig. 1. Spectrum of noise band used for sound loca li zation and for 
noise-detection thresholds . 
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located to the left or right of midline. Sounds coming from 
the left were arbitrarily designated as warning signals and 
were followed by shock, whereas sounds from the right 
were designated as safe signals and were not followed by 
shock. Thus the animal was trained to respond by breaking 
contact with the spout whenever a sound came from its left 
and by maintaining contact when a sound came from the 
right. 

The effect of stimulus duration on sound-localization was 
determined by testing at a fixed angle of 180 0 for 12-19 
sessions until there was no evidence of further improve
ment at any stimulus duration. Each session began with 
long durations; the duration was progressively shortened 
until performance fell to 
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Fig. 5. Sound-localization performance for four mole rats at a fixed 
angle of 1800 separation as a function of the intensity of the noise burst 
above t hreshold. Intensity above threshold (i.e., hearing level) varies 
beca use of individual differences in sensitivi ty to the short and long 
signa ls. Note that the animals could not localize the O.l-second noise 
burst above chance regardless of intensi ty, whereas performance for 
the longer l.O-second noise burst is well above chance for both 
intensities. Thus, the inability to loca li ze brief noise bursts cannot 
easily be attributed to reduced sensitivity to brief signals. Dashed line 
inclicates the .01 level of chance, which varies between indi viduals 
owing to differences in false alarm rates. 

the original 100-millisecond noise burst. For example, for 
mole rat A, the original 1,000-millisecond stimulus was 28 
dB HL, whereas the 100-millisecond stimulus was 18 dB 
HL. Therefore testing was repeated with the 1,000
millisecond stimulus attenuated to 18 dB HL and the 
100-millisecond stimulus amplified to 28 dB HL. Testing 
with the two durations at the two 

28 

to 
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Fig. 7. A: PhotomicrogTaph of a transverse section through the 
brain of a naked mole rat at the level of the PVCN and DCN. B: Higher 
magnification view of DCN showing the fusiform cell layer (arrow). C: 
PVCN showing unclassified large cells and dorsal gTanu le cell cap 

Briefly, all the major auditory nuclei appear to be present 
and in their normal configuration; none are hypertrophied 
and none are absent. Yet, as illustrated in the following 
figures, the nuclei are all relatively small and the structures 
normally involved in binaural processing for sound localiza
tion are exceedingly so. 

The brainstem of a mole rat is illustrated at the level of 
the cochlear nucleus in Figure 7. Figure 7A is a low
magnification view of the brainstem through the posterior 
portion of the posterior ventral cochlear nucleus (PVCN) at 
the level of the greatest extent of the dorsal cochlear 
nucleus (DCN ). At higher magnification a distinct fusiform 
cell layer can be seen in the DCN, but the granule cells, one 
of the more variable features of cochlear nuclei in different 
species (e.g., Merzenich et al., '73; Moore, '80), are scattered 
throughout the DCN. Large multipolar cells are concen
trated dorsomedially in the DCN (Fig. 7B) . The PVCN 
contains scattered, primarily large, cells (Fig. 7C) that 
cannot unequivocally be assigned to specific cell types in the 
absence of Golgi material. There is a concentration of 
granule cells in a thin band between the DCN and PVCN 
that continues anteriorly as a granule cell cap over the 
ventral cochlear nucleus . Rostrally (0.5 mm) the PVCN 
contains a greater concentration of cells and its gTanule cell 
cap continues anterior to the DCN (Fig. 7Dl. 

Figure 8A illustrates the auditory brainstem of the naked 
mole rat at the level of the anterior ventral cochlear nucleus 
(AVCN) and the posterior portion of the superior olivar0 7Dl
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brainstem ofa naked mole rat 0.9 mm rostral to Figure 7A, showing the 
AVCN with the granule cell layer (arrowhead) continuou s with the 
cerebellar granule cell layer , the LSO, MSO , and MTB. B: Higher 
magnification view of th e AVCN , revealing only a few spherical cells, 
two of which are indicated by arrows. C: Higher magnification view of 
the MSO, MTB, and VTB . D: Four neurons in the MTB contacted by 

exit of the seventh nerve; however, it contains few neurons. 
Finally, the sparseness of fibers in the trapezoid body (Fig. 
8F) suggests that binaural interactions may be minimal in 
this species compared with most mammals. 

Further rostrally in the auditory system, the lateral 
lemniscus with its embedded nuclei are illustrated in 
Figure 9A. Figure 9B illustrates the configuration of the 
posterior inferior colliculus (lC 

of inferior its p o s t e r i o r 4 3 j � 0 . 0 3 3  T c  0 3  1 0 2 r i o r  i n t e r a c t 0 4 e d  
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A ' 

1.0 mm 

. -~ Fig. 9. A: Photomicrograph of a transverse thionine-sta ined section 
through the left lateral lemniscus O.S mm anterior to Figure SA. There 
a re three groups of cells within the lateral lemniscus th at may 
correspond to the dorsal (DLL), intermediate (ILL) , and ventra l (VLL) 
nu clei of the lateral lemniscu s (although the latter may in stead be a 
rostral periolivary nucleu s) . B : Adjacent protargol-stain ed section 
through the posterior IC illustrating its three major regions as de
scribed by Helfert et a1. ('9U, the central nucleus (CIC), dorsal cortex 
(DC), and lateral nucleus (LN). C: Transverse thionine-stained section 
through the rig·ht caudal thalamus, 1.9 mm anterior to A, illu strating 
the configuration of the medial geniculate body (MG). Note that cell s fi ll 
the nucleus all the way to its la tera l edge. 

adaptations. 
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central nervous system (e.g., Gerken et aI., '90), these 
results suggest that there may also be differences in the 
physiological response properties of the central auditory 
systems of mole rats and chinchillas. 

Auditory sensitivity and vocal communication. Unlike 
the other subterranean species whose hearing is known, 
naked mole rats are social and have a large repertoire of 
vocalizations. Most of the vocalizations emitted by naked 
mole rats are tonal, consisting ofa narrow band of frequency
modulated sound within the range of 1-9 kHz (Pepper et 
aI. , '91). The remaining calls consist of broader bands of 
noise that include transients or harmonics as high as 40 
kHz (Pepper et aI., '91). Nevertheless, the main energy in 
the vocalizations of naked mole rats is within their middle 
and upper hearing range. 

The fact that some of the energy in mole rat vocalizations 
extends beyond their hearing range is a result of the 
production of harmonics. Indeed, vocalizations often con
tain abrupt onsets and offsets, generating high frequencies 
that are " nonfunctional" in the sense that the animals do 
not use them to identify the sounds and that, in fact, may be 
beyond their hearing range. Examples of such vocalizations 
are bird calls that extend beyond 10 kHz (Konishi, '69) and 
rodent vocalizations that extend beyond 100 kHz (Sales and 
Pye, '74). However, in spite of their large vocal repertoire, 
frequent vocalizations, and the high-frequency content of 
some of their vocalizations, naked mole rats are relatively 
insensitive to sound and are unable to hear high frequen
cies. Indeed, their hearing ability closely resembles that of 
solitary subterranean 
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Heffner and Heffner, '92a). That is, 
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to direct the 
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