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Abstract 

Acoustic orientation and communication were studied in five species of tenebrionid beetles found 

in the Namib Desert in Namibia. The thresholds of their sense of vibration were studied in behavioural 

experiments. High sensitivity to substrate sound was found in those species restricted to living in sand 

dunes. Wind blowing over the surface of the sand was found to induce substrate noise perceivable to 

beetles buried in the sand. One species studied responded to this noise by coming to the surface. 

Detritus, a major food source, is freed from the sand by wind and concentrated at dune slipfaces. Th e 

noise generated by the wind is an impor-tant signal to the buried beetles that food is available. It is 

possible for beetles on the surface of the sand to perceive noises made by buried conspecifics and for 

buried beetles to perceive others walking on the sand surface. 

Corresponding author: S. A. HANRAHAN, Department of Zoology, Uni versity of the Witwaters­

rand, WITS 2050, South Africa. 

Introduction 

Acoustic orientation and communication has mainly been reported in air, in 

water and on solid and water surfaces . Substrate vibrations, however, are not only 

transmitted on surfaces, but also within solid media. The subject of vibratory 

communication and orientation within solids has not been extensively studied. 

The ability of desert scorpions to locate prey in sand has been studied in some 

detail by BROWNELL (1977) and BROWNELL & fARLEY (1979), who also analysed 

some of the features of vibration transmission in sand. Ant-Lion larvae detect 

vibrations made by prey (DEVETAK 1985) and vibrational communication has been 

studied by MARKL (1983). 

A diverse endemic tenebrionid fauna is present in the Namib Desert with 17 
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species restricted to dunes and therefore to a sandy habitat (KOCH 1961, 1962) . 

Few of these beetles are nocturnal and most species regularly bury themselves in 

the sand to avoid harsh surface conditions . They are found up to 100 mm below 

the sand surface (SEELY 1978; SEELY et al. 1985) . Burrows are not made in the 

loose sand and therefore this behaviour isolates the beetles from potential mates, 

food sources and events on the surface (SEELY 1983 ). Apart from their normal 

daily activity patterns, when relatively few individuals emerge from the sand, 

beetle s have been observed to come to the surface in large numbers in response 

to wind which releases buried detritus on which they feed (Louw & HAMILTON 

1972; HOLM & SCHOLTZ 1980; McCLAIN cited in SEELY 1983). Wind is a consistent 

climatic feature in the Namib Desert environment (TYSON & SEELY 1980; LANCAS, 

TER- et al. 1984 ). Only dune habitats are exposed to this strong and regular 

Beetles living in sand in dry river beds with substantial vegetation where surface 

detritus is abundant seldom feel the effects of strong winds (HANRAHAN & SEELY 

1990). 

Beetles may also respond to vibrations made by other beetles. In a study on 

Onymacris laeviceps, HAUFF£ et al. (1988) observed buried solitary males emerging 

from the sand when courting couples ran past on the surface and rhey suggesteq · 

that the males were responding to vibrational stimuli. Onymacris plana males'on 

the surface can accurately locate females buried in the sand both in laboratory and 

.:;.:..: -. 

field conditions. It is possible that they use acoustic signals. '"'·''' : . 

Little is known about the sense of vibration in beetles . In a physiolo'gic!ll ·,. ·,· 

study by A UTRUM & SCHNEIDER (1948) the threshold of the sense of ·-,, · '' 
• 'J ..•.. 

hortensis was found to be quire high: around 10 m/s 2
. A ;;/·' -

insects of orders other than Coleoptera were found to be quite sensitiv·e;;t(i '.:f ·· · 
vibrations of the substratum. The highest physiological sensitivities have . .. ::rp,::; 
reported in the cockroach, Periplaneta americana (AUTRUM & SCHNEIDER 

which has been found to respond to vibrations of less than 10 pm <\· . 
the behavioural level, the thresholds are generally higher, e.g., about 

h b (M 1 1986) . -· '--> - .. '" 
oney ees ICHELSEN et a . . .. ';.;;ii!f,; · 

The purpose of the present study was to determine whether wind geriera '' · 

subs trate-borne vibrations that can be perceived by beetles buried in 

whether it is possible for beetles buried in the sand to perceive .. ::..,_:: , 
the surface, e.g., by beetles runnmg on the surface, and whether It IS 

beetles on the surface to perceive noises made by those buried in the sand. 
. ' 

Materials and Methods 
'::j:J.(1 :· .' : 

. . 

All beetles used in this study were collected near the Desert Ecological .. 
Gobabeb , Namibia (23°34'5, Three dune-dwelling species were 

(Pennguey), Zophoszs orbzcularzs (Deyro lle) and Lepzdochora dLScozda!LS (Gebten). 1 wo spec!es:ljymg . 
in rhe Kuiseb River bed were also studied: Onymacris rugatipennis (Haag) and .. , : · . 
(Haag). _, 

The beetles were studied in the laboratory in Wiirzburg, Germany . They were 

conramer s filled w lth Namtb-Desen sand to a depth of 5 em. They were kept under natural dax'llglit• · 
ar 28 ac. Infra-red lzghr was used to hear rhe surface of rhe sand to about 40 •c for :. 

They were fed on oats and fresh lettuce. 
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Fig. 1: Vibrations generated by wind. The sub strate borne noi se gener ated by air curr ents on the 

sand surface was recorded usin g a B&K accelerometer at a depth of 20 em in dry san d at a wind spee d 

of 20 m /s. 0 dB co rre sponds to 1 m /s 2
• The noise is gene rated by saltatin g sand gra ins on the surface 

layer of th e sand. 

Vibrations were recorded in the sand using Bruel & Kjaer accelerometers type 4375 and 4381, 

connected to either a B&K 2639 pre -amplifier attached to a B&K 5935 microphon e sup pl y or a B&K 

2635 charge amplifier, and a Sony TCD- D3 DA T -recor der. Calibrations were made us ing a B&K 

4294 vibrational calibrator. Recorded vibrations were analysed usin g a CED 1401 FFT-spectrum 

analyser connected to an AT per sona l computer. Graphs of th e temporal stru ctur e of signa ls were 

mad e using a Philips PM 3305 digital oscilloscope connected to a HP 7470 plotter. 

Wind, generated in the laborator y using compressed air, was calibr ated with an anemometer. 

Artificial vibrations we re generated with B&K 4810 vibration exci ters. Sub strate-borne vi brations we re 

generated using a vibrati on exciter connected by a 10-cm long, 5-mm thi ck aluminium rod to a 1-mm 

thick, 3-cm diameter copper plate buried in the sand . Brief pulses of vibrati on were generated using 

a Philips PM5!34 function generator directly co nne cted to the vibr at ion exciter. Another vibration 

exciter placed below an arena 10 em in diameter, 6 em in hei ght , was used to study the sense of 

vibration. Pul ses of various frequen cies and amplitudes an d of 1 s duration we re generated using a 

Philips 5133 function generator and a HP 6825A power amplifi er. The vibrat ion al st imuli were 

alternated with sham stimuli , which did no t vibr ate the arena. Stimuli we re applied when the beetles 

were s till. An y movement s of legs and / or antenn ,le observed during the st imulu s or sha m stimulus, 

or within 1 s after the stimuli we re reco rd ed . Th e individual beetles we re tested at each of the 

combinations of frequency an d amplitude 20-30 times. A x' -test was used to decide wheth er the 

response rate to th e vibrational stimulu s was significantly higher than the respo nse to the sham stimulus 

(p < 0.01). The thre shold of the sense of vibration of each of the individu als at each o f the frequencies 

te sted was defined as the lowest amplitude at wh ich a signifi cant response rate was found . Th e thres hold 

amplitude for th e sample s of 4-7 beetles are the mean values of th ese individu al thresholds ± 5 E. 

All vibrational amplitudes are given as ro o t mean squ are (RMS ) acceleration values. 

Results 

Wind blowing on the surface induces substrate sound in the sand. An air 

stream of 20 m Is blowing across loose sand generates noise of about 1 m I s2 (RMS) 

acceleration at the peak frequency of about 1 kH z in a depth of 20 em below the 

surface (Fig. 1 ). This noise is generated by the movement of sand grains in the 

surface layer. The att.enuation of substrate sound with distance travelled is relatively 

small . With 2 ar:celerometers, 50 em apart from each other, an attenuation of the 

noise at 20 dB was found . The propagation velocity was determined using short 

pulses of artificial vibrations. It was found to be about 100m Is. 
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Fig. 3: Sense of vibrations . The beh avioural thr eE 

between thr ee species living in the sand dun es (1. 

n = 5; Onymaais plana, males: n = 10, females: · 

(Onymaa·is rugatipennis, n = 7; Pbysodesmia glob 

each of the individuals exhibited i stat ist ; 

-:-.r 
.• •. l. 

Only Lepidochora discoidalis buri c 

wind by coming to the surface . Withi ' · 

whereas, during 1 h in which no wind ' .. 

appeared on the surface (p < 0. OS, x2-u ... j,' 

Sensitivity to vibration of the 

with five different species. In seven Ony ·· 

was measured in the frequency range ! 

vibrational frequencies lower than 100 H · 

highest sensitivity was found at 500'---10( . 

143 mm ls 2 ± 95 mm l s2 (RMS) at 1 kJ-! 
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Fig. 2: Sense of vibrations. Behavioural thre sholds of the sense of vibrations were determined in' 

seven Onymacris plana males using artificial vibrations in a small arena. The threshold amplitude (in 

mm /s 2 RMS ) of each individual is the lowest amplitude at which the response rate was stati stically 

signi ficant (x2-test , p < 0.01). The animals are most sensitive at 500-----100.0 Hz . 
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Fig. 3: Sense of vibrations. Th e behavioural thr eshold of respons e to vibrations is compared at 1 kHz 

between thr ee species living in the san d dunes (Lepidochora discoidalis, n = 6; Zophosis orbicularis, 

n = 5; On yma cris plana, male s: n = 10, females: n = 4) and two species, which ljve in the river bed 

(Onymacris mga tipennis , n = 7; Physodesmia globosa, n = 7. Means of the lowest amplitudes at which 

each of rhe individual s exhibited a statistically significant (p < 0.01) respon se± SE. 

Only Lepidochora discoidalis buried in the sand responded to the artificial 

wind by coming to the surface. Within 1 h, five out of nine bt;etles emerged, 

whereas, during 1 h in which no wind was applied, only one out of nine beetles 

appeared on the surface (p < 0. 05, x2-test). 

Sensitivity to vibration of the substrate was studied in behavioural experiments 

with five different species . In seven Onymacris plana males, vibrational sensitivity 

was measured in the frequency range from 20Hz to 10kHz. No response to 

vibrational frequencies lower than 100Hz and higher than 5 kHz was observed. The 

highest sensitivity was found at 500-1000 Hz (Fig. 2). The threshold amplitude of 

143 mm / s2 ± 95 mm / s2 (RMS) at 1kHz corresponds to a (peak-to-peak) dis-
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amplitude of 10 nm . At 1 kHz, threshold s were also determined in female 

0 . plana (n = 4, Fig. 3), which were found to be 2. 5 times less sensitive to vibration 

than the males mm /s 2 
± 22.3 mtn /s 2

). Sensitivity to vibration varied among 

beetle species (Fig . 3 ). Lepidochora discoidalis and Z. orbicularis, both dune dw ellers, 

as are Onymacris plana, were found to be even more sensitive (3.2 mm / s2 
± 0 mm /s2 

inn= 6 L. discoidalis and 10 mm / s2 
± 0 mm l s2 inn= 5 Z. orbicu laris). The two 

beetle species that do not live in the dunes were found to be less sensitive to substrate 

vibration: Onymacris rugatipennis (409 mm / s2 
± 158 mm / s2

, n = 7), Phy sodesmia 

globosa(466 mm ls 2 ± 189 mm /s 2
, n = 7). The differences in the sensitivity betw een 

the dune beetles L. discoidalis, Z. orbicularis and male 0 . plana compared to the 

beetles from non-dune habitats and compared to female 0. plana are statistically 

significant (p < 0.01, Mann Whitney U-test) . 

Male and female 0. plana were separated for several da ys. Males were 

introduced into an arena in which females had buried them selves in the sand. 

Within minutes they were able to accurately locate and excavate the females. 

Isolated males also located and excavated other buried males . This was also 

observed in beetles which had experimentally been covered with a S-cm sand 

layer. Using an accelerometer on the surface of the sand, no stridulation or o ther 

specific acoustic calling activity was noted in the laboratory in buried female 0. 

plana . However, sounds of movement or chewing food made by females buried 

in the sand were clearly perceivable . The maximum amplitudes of these noises 

were about 250 mm /s 2 on the surface. Sounds of beetles running across the sand 

could be picked up clearly 5 em below the surface with an accelerometer buried 

in the sand; the maximum amplitudes were about 150 mm / s2
. 

Discussion 

Wind blowing across the surface of loo se sand induces substrate -noise which 

is intense enough to be perceived by a sense of vibration in many species (MARKL 

1973). The measurements of vibrational amplitudes in the sand in this study are 

conservative estimates of those which could be measured in the field, because 

wind in the laboratory was induced only locall y above a small patch of sand. Field 

studies on noises induced by wind on dunes are needed. Given that the attenuation 

of the vibrations with distance was found to be relatively low, we can expect even 

higher amplitudes when wind blows homogenously across a large surface. The 

velocity of propagation of substrate sound in loo se sand found in this stud y 

is relatively low compared to other media, in accordance w ith the theor etical 

predictions , and confirms earlier measurements by BROWNELL (1977). 

Lepidochora discoidalis, the highly specialized dune species, emerged from 

the sand in the laboratory in response to the vibrations induced by wind. This is 

the first experimental evidence supporting the hypothesis of Louw & H AMILTON 

(1972) and McCLAIN (cited in SEELY 1983 ), that L. discoidalis can sense the wind 

blowing on the surface. Other species have been observed to be more active when 

the wind blows but field studies are needed to quantify this response. It can only 

c •· 
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be assumed that the laboratory wind simulation was too crude to induce the same 

response in the other dune species. 

These thresholds of the sense of vibration of the beetles are those of a 

behavioural response, not of sensory perception. Thus, it is possibfe that the 

beetles are even more sensitive to substrate vibrations than the sensitivity recorded 

in these experiments. However, the behavioural thresholds determined here for 

the dune-dwelling species are extremely low compared to other insects. On the 

behavioural level the desert beetles are more sensitive than Ant- Lion larvae to 

substrate vibrations. A higher sensitivity in behavioural experiments has, however, 

been found in scorpions (BROWNELL 1977). In physiological investigations of the 

sense of vibration in insects, a number of species have been found to be far more 

sensitive to vibrations than the beetles studied here (A UTRUM & SCHNEIDER 1948; 

MARKL 1973). 

This high sensitivity makes it possible for the beetles to perceive noise induced 

by wind blowing on the surface, which is an important cue for foraging. The 

effects of wind on sand and on sand dunes have been analysed by BAGNOLD 

(1941 ). The turbulence caused at the air-sand interface is responsible for noises 

created within the sand and is also responsible for sorting particles according to 

mass. During windy periods, detritus is freed from the sand and collects on the 

dune slipface. Windy periods are therefore opportune times for the beetles to 

forage. The beetles studied were all dark in colour and are highly visible against 

the desert sand. Only some of the beetles emerged each day, males more frequently 

than females. By emerging in response to wind they optimised their foraging 

opportunities and minimized their risk of predation . Strong wind may also move 

substantial amounts of sand and beetles may come to the surface and rebury to 

maintain a mean burial depth. 

The beetles' high sensitivity to vibration makes it possible for males to localize 

females submerged in the sand by listening to the noise they make eating food 

or moving in the sand . However, under laboratory conditions, the females never 

emitted any specific sound signals and the males did not need them to find the 

females. In addition to these cues, virgin females may also make specific calling 

signals which would make localization even easier for the males. Unfortunately, 

virgin females were not available in this study . This behaviour may well operate 

using olfactory rather than auditory cues. The fact that beetles buried in this exper­

iment could be found just as easily implies that surface olfactory cues may be less 

important, but it does not rule them out. The problem warrants further study . 

Thus, we conclude that the Namib-Desert Dune Beetles, living in an environ­

ment where vision and olfaction are of very limited use, have evolved a high 

sensitivity to substrate sound and make use of vibrational signals for their orien­

tation and communication. 
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