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The foraging activity of the tenebrionid beetle , Lepidochora discoidalis, was studied in the sand dunes of the 

Namib Desert . The surface activity of this beetle spec ies was found to be cor related both with time of day and 
w ind speed . Higher numbers were observed on the dun e surfa ce between 17:00- 19:00 h when wind speeds 

were consistently higher than 9 m/s . Noise and vibrati ons in the dun e sand we re found to be highly dep endent 

on wind speed . Wind blowing at speeds higher than 5 m/s lifts the surface sand grains and gene rates vibrati ons 

in the sand. The peak frequen cy of these vibrations is in the range of 700- 1000 Hz. The vibrati onal amplitud e at 

the peak frequen cy is on average 40 dB higher at those w ind speeds when the beet les are active com pared to 

lowe r wind speeds . The results indi cate that wind is an important cue for these beetles and can be perce ived by 

buri ed beetle s through substrate vibrations. 

* To w hom co rrespo ndence should be add ressed 

Abilit y to perce ive and make use of w ind has been studi ed in 

onl y a fevv animal species. In some env ironm ents w ind is a 

consistent featur e and anim als, parti cularl y invertebrates. 

have optimi sed their use of thi s featur e. Th e N amib Desert is 

a case in point , wh ere the wind is not onl y consistent w ithin a 

parti cul ar season. it is also a reasonabl y reli abl e comp onent o f 

the dail y w eather patt ern (T yson & Seely 1980) At least 33 

species of Na mib tenebri oni ds are restri cted to sand dunes 

(Seely & Griffin 1986) and may be affect ed by w ind (Seelv 

1983). It has been pointed out that beetl es emerging f rom the 

relativ ely pro tected env ironm ent of the clune sand are sub­

j ected to desiccati on stress and that thi s featur e is enhanced if 

they are exposed to w ind (Seely & M itchell 1987) . Th e search 

for mates and food seems to be the prim e reason w hy beetl es 

expose themselves to these additi onal env ironm ental stresses 

(Seely 1983). The dun es wh ere these beetl es are found are 

largely vegetation-fr ee and the beetfes seem to rely alm ost 

compl etely on the detritu s buri ed in the sand fo r food (Seely 

1978). Wind bl ow ing over the surface o f the dun es I iberates 

thi s detritu s. It w ould be to the beetl es' advantage to be ab le 

to respond to the noi se generated by the w ind to begin feed ing 

as the buri ed pl ant and anim al remains are bl ow n free of the 

sand. Th ere is som e ev idence that in crease in num bers o f the 

beetl e, Zophos isfa irmair e i (Perin guey) , foraging on the dun e 

slip face could be correlated w ith increased w ind speed 

(McClain in See ly 1983). 

Th e questi on ari ses as to w hether beetl es buri ed in the sand 

up to a depth of I 00 mm (Seely, Mit chell & Lou w 1985) can 

percei ve w ind bl owin g on the sur face. In a previ ous labora­

tor y stud y (H anrahan & K irchner 1994) we showe d that w ind 

blo w in g ove r a sand sur face generates not onl y audibl e sound, 

but also substrate v ibrati on induc ed by the movement of the 

sand grain s. T he beetl es can sense these v ibrati ons. O f the 

speci es studied, tho se I iv ing on the dunes, be ing more 

ex posed to w ind , showe d signifi cantl y greater sensiti v ity to 

substrat e v ibration than those speci es occuring in the more 

prot ected ri ver beds (H anrahan & Kir chner 1994) . Th e wo rk 

repo1t ed p1·ev iously was curr ied out under luboratory condi­

ti ons. T he aim o f the current fi eld stud \' was to correi<J te 

behavioural acti v it y o f beetl es l i v ing in the sand w ith the 

local w ind pattern and vibm ti ons in the sand caused by w ind . 

Materials and methods 

Th e observation s 11-crt' c01 rr ied uu t <1 11 l<ahan i D une neil r the 

Desert Eco logica l Research Stil t iun ol' Nam ibia. <.inbabeb. 

Nam ibia 15 ()_,'[) on <ln east- f'ac ing sli p face 11 hich 

\'<t ri ed in height because uf' the CUI'\';l tLII'l' n f· the dune. hu t was 

no more than about :?0 111 <lt the highest point. Thi s co111ple.\ 

clune (Lancaster I q82: l. il' ingstone 198<>) is par t n f' the lin ear 

dune system S(1Uth or ( i r'h ilbeh. Th e site lacked vegetation 

ilnd lwei a shaqJ and sinu ous cres t. T he same site is bei11g used 

for a long term pi t-tr app ing n pe1·iment (Seely & Henschel 

unpu b li shed) prol'icl i1 1g dilta on tenebr ionid beetl e abund ance. 

A num ber or beet le spec ies <li T k ll ()\1'11 to occur Oil the 

dun es but LetJicfnclrnru drscnidulis chosen as the most 

su itab le fo r thi s stud y !'or se1·er;1l rcasuns. /,_ d i.1cni dulis wa s 

found to be one or the tt' ll Cbri C> n id bee tles moq Sen.s iti ve to 

substrate v ilmlti O'l S in om I'IT I inus study (1-lanra lw n & 

K irchner 199:.!). I t is crepuscular (L OLli\' & Ham ilton 197:? ) 

and is therefore kn<nl·n t<1 emerge nt the tim e or cl <ly llh en 

there is most l ike !I to be a b1-ceze bkn1 ing <Jcross the du11es 

(Li nclesay & T1 son I t)l) ()) Holm & Scholt z ( 1980) suggested 

that L. disco iduli s smface <J ct il 'i ty is w ind dependent. 

We count ed beetles emerging f'ro111 the s<1 nd surfac e on thi s 

dun e. Prel imin ary observatio ns indicated that the 

act iv ity o f thi s spec ies at thi s tim e o f the year ll' <lS limit ed to 

the pe1·iocl from about 17:00 h to sunset. Con tinu ous ohse1·v;1-

ti ons w ere therelore 111;-Jcle e<1 ch da: f1·nm 2- I 0 1\p1·il. I 996. 

f rom 16 :00 to 19 :1)0 h. 11·hen <Jdequate l ight was no longer 

av<1 il able. Observati ons IYere made from the crest o f the clune 

clown to the clune pl i 11 th . 11·he1·e the slip f<1ce ended. Beet le 

numb ers were recorded bv two obsen -e1·s , one on the dun e 

crest and one at the fo ot ol the dune. /\ II beetl e spec ies th il t 

i:o:_: 
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emerged recorded. Observations were made every 15 

min by scanning with binoculars. · 

Wind speed. wind direction, sand and a ir temperatures and 

hum idity of the air were automatica lly reco rded on site every 

5 s using a portab le Dav ies Weather Station. Air temperature 

and humidi ty were measured at a he ight of I m above ground 

and sand tempem tu re was measured 5 em be low the sand sur­

face. 

Vibrat ions of the sand caused by the wind were recorded 

us ing two BrUel & Kjaer acce lerometers type 438 1, one con­

nected to a B&K 2639 pre-amplifi er attached to a B&K 5935 

microphone supply, the other to a B&K 263 5 charge ampli­

fi er, and a Sony TCD-0 8 OAT-recor der. Reco rdings were 

made at different w ind speeds at a depth of I 0 cm below the 

sand surface . 

We ca lculated Pearson's corre lation coefficie nts betwee n 

time of day, temperature, hum idity, and numb er of beetles 

seen on the surface at 15-min inte rva ls. Afte r transfo rm ing 

the number of beet les observed in order to obta in homoge­

nous var iances, we performed a linear regress ion analys is 

(U nistat 3.0) . The sound recordings were analysed in the lab­

oratory using a Hew lett Packa rd 35670A signal ana lyser and 

a desktop co mput er. 

Resul ts and disc uss ion 

Although the observation period chose n was near to the equi­

nox, the dune still reta ined its summ er fo rm (L ivingstone 

1990) . The dune was strong ly concave ly curved at the obser­

vation s ite so that the effect of the wind was to erode the west 

s lope, depos iting sand on the east slope and concent rating 

detr itus on the east face, severa l mete rs up from the cl une 

base. The w ind was deflecte d northwards para llel to the cl une 

crest with eddies tum bling detritu s across the sli p face and 

concentrat ing the loose materi al into distinct patches. There 

was a rich supply of detritus blow ing ove r the s lipface sur­

face. Wind direction was genera lly cons istent on particular 

afternoons and ranged from south- south-west to north-west. 

There we re no hot dry eas t w inds. This was to be expected fo r 

this time of the yea r with the east wind s beco ming more com­

mon from May onwards (Lancaster 1982 ; Livingstone 1989 , 

1990). 

Lindesay & Tyso n ( 1990) showed that these sea breezes 

w hich are most frequent at the equinoxes build up after 14:00 

h and se ldo m last beyond 20:00 h. Thei r observations were 

made in midsummer but our results fitted th is ge neral patte rn . 

The w ind speed s varied fi·om 2.7 m/s to 12.0 m/s . Particular 

afternoons were characte ri zed by re lati ve ly consistent wind 

speeds. We observed that the wind li fted the surface sand 

grains at spee ds of 5 m/s and more, agree ing with the fi gure 

quoted by Bag nold (1941 ). When wind speeds were higher 

than 5 m/s sand was ero ded from the west dune slope. The 

adjace nt convex s lipface set up irregularites so that w ind 

ed dies blew acros s the study slipface in small whirlwinds in 

the reve rse direction. 

Air temperature ranged from I9°C to 42°C, humidit y from 

14% to No fog occu rred durin g the study period. Soil 

temperature dec ! ined froti1 36-42 °C at the fi rst observations 

to 23-28 °C at dusk . 

A numb er of beet le species are known to occ ur on Kahan i 

dune. Only three species were seen on this site durin g the 

. 
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period of observation, namely. Lep idoc hora disco idal is (Geb­

ien), Onym acris unguicularis (Haag ) <1nd Zophosis ja irmuirei 

(Peringuey). L. disco idulis was observed a lmost every clay 

but numbers we re relative ly low in sp ite of strong w inds. U. 

unguicularis was seen on two occasions and Z. f airmair ei wns 

seen on a num ber of occas ions but few individuals were visi­

ble at eac h observation time. No bee tles were obse rved on the 

adjacent conve x dune surfaces. Pi t-trapp ing data from Holm 

& Scholtz ( 1980) show tlwt L. clisc:oidalis can be expected in 

fa ir numbers from M<1rch to August. The absolute num bers of 

beetles we record ed were lower than ex pec ted. However, the 

tota l beetle populatio n has been declining steadi ly s ince the 

last wet period in the 1970' s according to o'bs"'rvat ions by 

Seely & Henschel (unpub lished data). l7 igure I conta ins data 

from thei r pit-trapp ing records of the months of April in a 

numb er of years after the last high rainfa ll event and one of 

our data sets for com parison. Pi t trapping has all kinds of lim­

itations as a method !'or t·ecordi ng abundance , but. given the 

rese rvations one may have . the tt·encl seems very distinctive 

for Z. .fairmairei. Results for L. discoida l is do not show such 

a marked decline. The <1 nalys is W<lS therefore restricted to the 

acti vity of L. discoi dalis. Large concentrated pop ulat ions of 

L discoida/is have been obse rved emerging from the s li pface 

under very windy conditio ns (Ha nrahan pers. obs.). We can­

not assume that the beetles were not prese nt and we have to 

a llow for the possibi li ty that ou r observati ons were not made 

under optimal cond itions for emergence. 

A distinctive temporal pattern of emergence of L. disco i­

dalis was seen. A few L. disco ida lis emerged shortly afte r 

17:00 h. but the numbers rose substantia ll y to peak between 

18:00- 19:00 h. After a short for<1 g ing peri od the beetles bur­

ied themselves in the sand 2). At the same time the 

num ber of beetl es seemed to be highly dependent on the pre­

va il ing wind speed (Figure 3). The two paramete rs, wind 

speed and time of day. were not signifi cant ly corre lated with 

each other (r = - 0. 1, n = I 08. 1 = 1.2, n.s.) du ring the observa­

tion period. and were therefo t·e used in a li nea r regress ion 
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different wi ncl 8ars =s tandard error. 

analysi s, which revealed that both vari ab les signifi cantly con­

tribut e to the var iance in the number of beetle s see n at the sur­

face (F12 ro; r= 27 .6. p << 0.00 1). As temper ature and relative 

humidit y we re s ign ificantly correlated with time of day we 

did not inc lude these variables in the regress ion ana lysis_ The 

effect of wind on the beetle s' activity is further illustrated by 

the fact that 78% of a ll beetles were see n durin g three days on 

which the average wind speed was higher than 9 m/s and onl y 

22% on s ix clays on which the wind speed was less than 7 m/s. 

The amplitude of vibrat ions of the sand was stro ngly influ­

enced by wind_ The spec tral compo sition of the vibratio ns o f 

the clune sand induced by the wind was found to be esse n­

tially similar to that meas ured with sma ll quantiti es of sand 

and a compr essse d air sou rce under laborator y conditi ons in 

our previous laboratory study (Hanrah an & Kirchner 1994 ). 

The peak frequenc y was in the range of 700 to I 000 Hz. The 

vibrational amplitud e at the peak frequenc y was on aver<Jge 

mme th <lll 40 ciB higher <J t high wind speed s. when the sand 

grains in the surface layer were rolling , compared to lower 

wind speeds (Figur e 4 ). 

One of the effects oft he w ind is to uncov er mate ri al buried 

in the erodin g clune face. particularl y dead insec ts. For exa m­

ple numb ers of dead L. discoidal is carapaces were observed 

blowing over the clune crest. Louw & Hamilton ( 1972) corn ­

mento n the preference of L. discoidalis for animal r:emain s. 

The second effect is to concentrat e the detritus from a wide 

area of the clune. The lighter detritus particle s are sw irled 

about by the wind and the irregularities of the clune cause 
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S. t\l ·r_ .I l.oo l 1997 . :\2(<-1) 

w 
2: + (1) 

'0 

i 
a. -20 t 
E i 
co 

-40 t c::: 
0 

:;::; I co -60 .... 
.c 
> 2 4 6 8 10 12 

wind speed [m/s] 

figure 4 Rei<Jti 'e <lmplitlllk 11 1 ' ihr·;1tions rc·cmded <I t a deplh oJ' I () 

em belm1· thc S<!lld suri.<Jcc· <It dillcrent 11 inc! spL-cds. iml ic<ll c the 

n111ge. 

ll'hirlwind s to limn 11hich CUIICCillr<tte the detritu s ;md there­

ra re the food. The L. discoidulis cou ld be see n follow ing the 

detritu s <lS it biCII (\ClOSS the dune . Thi s rood source is r·e<Jclily 

avai lable for onh short times as the s lightest di sturban ce 

causes a s li pi.<Jce avai<111che <llld the detritus becom es buried _ 

As the beell es <J re high ly selective in what they eat 1l·om the 

det ri tus it is 11·orth their 11 hilc to cue into the wind as a s ignal 

that food is rcad ih <ll'<lilab le_ 

The vibrationa l cues seem to play a I'Cry importa nt ro le in 

the beet les ' act ivity cyc les and this particu l<lr· spec ies shows <1 

high leve l o f sensit ivity ( ll amahall & Kirchner 1994 )_ These 

cues are not the onl y tlnes and a very di stinct tempom l pattern 

of emerg ence li·01n the sand is a I so SL'en (Louw & Ibm i I ton 

1972). H<meve r. it IIOLi lcl appear that very rell' beetl es 

respond on "particular d<Jy to te1nporal cues when there arc 

no stimul i frt1rn the IYi nd_ The optima l condit ions 

of mass emergence for foraging <Jr·c still not defined and nw1· 

be influenced by other fac tors such humidit y. 
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