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ABSTRACT 

The genetic possibility of putative intergeneric hybridization be
tween two sympatric Namib tenebrionids is described. Crosses and 
reverse crosses were carried Out between the putative paren! species, 
as well as between two other related taxa. Egg production and 
hatching success were recorded for intergenerically, intersubspecifi
cally and intraspecifically mated females as weU as for females that 
were isolated from males and these data were compared. Obvious 
differences in the morphology of hybrid and non hybrid larvae are 
described. 
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INTRODUCTION 

The natural occurrence of animal hybrids is rare and 
therefore any finding of such deserves mention in the 
literature. Often the claim that an animal is a hybrid 
has no more solid foundation than that a possibly mu
tant type happens to have characters that are a mixture 
of those of two different species (Gray, 1972). Tho 
morphologically intermediate adult tenebrionid in
dividuals have been collected in the dry Kuiseb River 
bed near the Namib Research Institute at Gobabeb, 
South West Africa/Namibia. One individual, a male, 
has been described (Hamilton and Penrith, 1977) and 
it has been suggested, on morphological grounds, that 
this individual may be a hybrid derived from the two 
sympatric species, Onymacris rugatipennis rugatipen
nis (Haag) and Physadesmia g/obosa (Haag). Other 
suggestive evidence for possible hybridization between 
these two species includes the sympatric occurrence of 
large numbers of both species along the Kuiseb River 
bed (Fig. J). The high degree of overlap in use of time 
and space by both species, the apparently ambivalent 
courtship patterns of both putative parent species and 
the "intermediate" choice of females of both species 
by the putative hybrid male in courtship (Hamilton 
and Penrith, 1977; Hamilton et aI1976). In this paper, 
we have tested the genetic possibility of hybridization 
between these two species through laboratory breeding 
experiments. 

Also occurring sympatrically with O. r. rugatipennis 
and P. g/obosa in the river bed, is Physosterna cribripes 
(Haag) (Plate 1, Fig. I). P. globosa is broadly morpho
logically similar to P. cribripes and was initially placed 
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PLATE I: a) Physadesmia globosa, b) Physoslerna cI'ibripes cl Onyll/acris I'IIgalipennis I'IIgalipcllllis d) OIlYlllacris rugalipellnis albo/cssc//ala. 

in the same genus. However it has since been described 
as being, in many ways, intermediate between 
Onymacris and Physosterna and has recently been 
placed in a separate genus (Penrith, 1979). Although 
0. r. rugalipennis and P g/obosa are, on morphologi
cal grounds and for other reasons, the most likely par
ent species, we included crosses between 0. r. 
rugalipennis and P cribripes for comparative pur
poses. 

0. r. rugalipennis and 0. r. a/bolesse//ata Schulze, were 
also mated in the laboratory. These two groups have 
been classified as subspecies because of their identical 
morphology in the adult phase (Penrith, 1975). They 
are, however, easy to distinguish in the field as 0. I: 

a/bolesse//alCl always exhibits a prolific "waxy 
bloom" , which 0. r. rugalipennis cannot be induced 
to produce, even under laboratory conditions (Plate I). 
Their ranges are contiguous, even overlapping slightly 
in the Kuiseb River bed (Fig. I) but there is no known 
evidence of introgression between these two groups. 
The object of crossing them in the laboratory was to 
test whether they were fully interfertile. 

2 MATERIALS AND METHODS 

Although it is desirable to use virgin females in cross
ing experiments, only three virgin female 0. r. 
rugalipennis individuals that had been reared in cap
tivity were available at the start of this study. Desert 
tenebrionids are particularly difficult to rear in cap
tivity as to date little is known about the conditions 
that are required for their survival in the immature 
stages of their life cycle. Because three was obviously 
an insufficient number of individuals for the purpose 
of this study, other individuals of each of the four taxa 
were collected from the field. Females that were to be 
used in crossing experiments were isolated from males 
and experiments were started after the females had 
produced only inviable eggs for a period of approxi
mately ten weeks. Crossing experiments were carried 
out for five weeks. 

Crosses and reverse crosses using field captured in
dividuals were carried out between 0. r. rugalipennis 
and each of the other taxonomic groups. In addition, 
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FIGURE I: Diagram 10 represenl Ihe overlapping ranges of Ihe four bcclle populalions. 



348 OSBERG. HANRAHAN AND SEELY 

some of the field captured females were isolated from 
all males, while others were used as controls and al
lowed to mate intraspecifically. 

Each of the three virgin female O. r. rugatipennis in
dividuals that had been reared in captivity was crossed 
with a male of one of the three other taxa and these 
crosses were run concurrently with the crosses using 
field-captured females. 

The beetles were kept in plastic two litre containers, 
approximately 10 cm deep and provided with a shal
low layer of ~amib dune sand in which to oviposit. 
They were fed on oats and lettuce and kept at a tem
perature of approximately 30°C. On a weekly basis the 
eggs were sieved from the sand in each container and 
set aside to hatch. A record was kept of the total num
ber of eggs laid by each group each week and the per
centage of these that hatched. 

An attempt was made to rear the larvae in 250 ml glass 
jars containing a mixture of Namib dune sand mixed 
with crushed oats. A small patch of sand at the bot
tom of each jar was kept moist to prevent the larvae 
from dehydrating. Three larvae in the first or second 
instar were introduced into each jar and after five 
months the widths of the head capsules of all surviv
ing larvae were measured. Comparisons were made be
t ween the head width measurements of hybrid larvae 
and those of non-hybrid larvae. Mortality among lar
vae was unusually high and, although some distinct 
trends were shown statistically, the low numers of lar
vae remaining at this stage renders the interpretation 
of these statistical tests questionable. 

Schulze (1962, 1964) has described the species specific 
characters of the ninth abdominal tergite of the larvae 
of these beetles. In order to investigate differences in 
morphology of hybrid and non-hybrid offspring, the 
ninth abdominal tergites of all larval offspring were 
examined under a dissecting microscope and pho
tographed. 

At the end of the experiment the spermathecal glands 
of five adult female individuals from each cross and 
each control were dissected out in saline solution and 
squash preparations were examjned under a dissecting 
microscope. 

3 RESULTS 

3.1 Egg production 

Females mated to conspecific males continued to lay 
eggs throughout the duration of the experiment. The 
hatching success of these eggs fluctuated widely from 
week to week, although the overall mean was high 
(Fig. 2, 5, 8, 11). Females isolated from males con
tinued laying eggs throughout the experiment 
although they produced fewer eggs than control fe
males (P< 0.05). Several weeks after isolation only in-

viable eggs were produced by isolated females (Fig. 4, 
7, 10, 15). 

Intergeneric crosses between field captured 0. r. 
rugatipennis and P. cribripes individuals, resulted in a 
decrease in egg production compared with that of con
trol females (P < 0.05) in whichever direction the cross 
was run. The number of eggs laid by these females was 
not significantly different from the number laid by 
isolated females (P > 0.1) and none of these eggs 
hatched (Fig. 3, 12). Attempts at mounting were infre
quent compared with the mating behaviour of control 
individuals, and observed only in the 0. r. rugatipennis 
female X P. cribripes male cross. 

Intergeneric crosses between field captured 0. r. 
rugatipennis and P. globosa individuals produced 
different results for each direction of the cross 
although mounting and pairing was frequently ob
served in both. There was nO significant decrease in 
egg production by 0. r. rugatipennis females mated to 
P. globosa males, compared with that of control fe
males (P > 0.2), but a slight decrease in the hatching 
success of these eggs (P < 0.05) was observed (Fig. 13). 

P. globosa females mated to 0. r. rugatipennis males, 
on the other hand, showed a decrease in egg produc
tion compared with that of control females (P < 0.01), 
although egg production still remained at a level 
slightly higher than that of isolated females (P < 0.01). 
None of the eggs hatched (Fig. 6). 

Mating between field captured 0. r. rugatipennis and 
0. r. albotessellata individuals was frequently observed 
and there was no significant decrease in egg produc
tion in whichever direction the cross was run (P > 0.2). 
However, while the eggs laid by 0. r. rugatipennis fe
males mated to 0. r. albotessellata males showed a 
slight decrease in hatch success (P < 0.05), the eggs 
laid by 0. r. albotessellata females mated to 0. r. 
rugatipennis males showed a slight increase (p < 0.05; 
Figs. 9, 14). 

Hatching success of eggs from the three virgin females 
cross mated with different males was similar to hatch
ing success of eggs from field-captured females. The 
cross between the 0. I: rugalipennis virgin and P. 
cribripes male was completely unsuccessful. None of 
the eggs produced by this female hatched. The 0. r. 
rugatipennis virgin that was crossed with a P. globosa 
male produced some viable eggs as did the virgin 0. r. 
rugatipennis female that was crossed with an 0. r. 
albotessellata male. 

3.2 Larvae 

Measurements of the widths of the head capsules of 
the surviving larvae, taken after five months growth, 
revealed some marked differences in size between lar
vae of different crosses. The larvae (n = 3) resulting 
from the intergeneric cross between the 0. r. 
rugatipennis female x P. globosa male were significant-
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Iy smaller than larvae (n=4, p < 0.01) resulting from 
intersubspeci fic (0. r. albofesselata or 0.,: rugatipen
nis) inlraspecific marings which were, more or less, of 
equivalent length. 

An examination of the ninth abdominallergite, in the 
larvae derived from the 0. I: rugatipennis female x P 
globosa male cross, revealed it to be intermediate be
tween both parental types (Plate 2). While the setal ar
rangement was more similar to that normally charac
teristic of 0. r. rugafipennis, the apex of the ninth ab
dominal tergite, instead of being rounded as in 0. r. 
rugatipennis, was pointed - a feature characteristic of 
P globosa larvae. 

Larvae are easily distinguishable from each other by 
the relative degree of pointedness of the apex or the 
ninth abdominal tergite and the relative length of the 
main setae on this lergite. llllerbreeding between 0. I: 

rugalipennis and 0. r. albolessellata resulted in larvae 
that were intermediate between both lypes (Plate 3). 

PLATE 2: Ninth abdominal tcrgites or hybrid and nOIl·hybrld lar
vae showing intermediate form of tergitc of hybrid larva. 

a) OIlYlllacris rugalipellllis ruglllipellllis. wit h rounded apex, short 
setae and anterior bare part three times longer than apical SCIOSC 

part; 

h' h~ 1)1 ,J hl'l \\ Lel1 t.l) .Ind I .. I. \\ 1.11 P' H 1111 ... d .11"-.. '\, .."ht )11 ,\.'1 .1 \." .tlld .11l ~ 

tnior bare: part I \\'0 alld a hall lil11'" IOIl:;cr Ih:1II api",,1 'c'",,,, pari: 

c) Plly.lu!leslI//lI g/o!Jo,lu. wilh poillll'd ape.\. long ,Clac alld anl<:rior 
bare pari mon: or less Ihe same lenglh as apical SCIOSC pari. 



PI 1\ I I· .1 ' :-. 11 11 h " hd"lllI",,1 ler~;I '" "I it, brod ,,,,,I "",, · Ily!">rid lar
vae showil1g i nlcnncd ia le form or Icrg; le or I hc hybrid Inn'3. 

a) Onymucris rugal ipl!n 11 is rugulipf!llnis, wilh rounded ape", short 
selae and anterior bare part I hrce I ime, longer I han apical 'CI.OSC 
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h} 11\ l'llc,h Il01n I L'I..IIHl'L~1l L [(I"L', J'\,.I \h'i. .. ' I I (.11 .LILd t ... , ,ill'" ~J\~ q ~n

termniiatdy rounded dpn, ,hort ,elde anc.! anlcnor bare pari 1111'0 

limes longer than apical ,Close part and i i) in Icrmed'ialcJy rounded 
apex. short setae and anterior bare par! Ihree times longer Ihan api
cal selose part: 

c') ()JI.I"lJ)llcris rIIRtJllpl'JJJII.\ ul !J/J/('\.\dlilfll. \I 11 h p"nlied "pex. longe' 
~etac and <I'llerior bare pari two 1 lines longer I han apica I se lOse 
part. 
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3.3 Spermatozoa 

Spermatozoa were found to be present in (he sperm
athecal gland of every female individual that was dis
sected including those that had been isolated from 
males for a period of len months. The spermatozoa in 
the spermatheca.! glands of recently mated females (i.e. 
where copulation had occurred the day before the bec
tie was dissected) as well as in females that had been 
isolated for ten months, appeared to be completely in
active. 

4 DISCUSSION 

4.1 The production of infertile eggs by isolat
ed females 

In most insects the spermatozoa received by the female 
at a single mating remain alive in the spermatheca -
perhaps nourished by secretions from associated 
glands (Davey, 1965) - and fertilize eggs throughout 
the oviposition period. In a few insects, however, the 
sperm which are not immediately used for fertilization 
are digested and absorbed by the female (Wig
glesworth, 1972). 

In the lenebrionid species used in this study, sperm 
received at one copulation apparently sufficed for egg 
fertilization for a maximum of ten weeks, after which 
time all eggs produced were inviable. It was thought, 
therefore, that the.~e females may be digesting excess 
sperm. However, spermatozoa were found in the 
spermathecal glands of isolated females which had 
produced only inviable eggs for a period of up to eight 
months, indicating that not all excess sperm were ab
sorbed. 

One possible explanation may be that, among the 
tcnebrionids used in this study, the spermatozoa that 
were stored in the spermathecae, though nourished 
and viable, were not used for fertilization of the eggs. 
De Villiers (1984) has found that in the Namib desert 
tenebrionid Onymacris unguicularis (Haag), the 
spermatophore is retained in the bursa of the female 
and most of (he spermatozoa probably remain inside 
it. It is therefore likely that the bursal spermatozoa are 
responsible for fertilizing the eggs and nOl the sperm
athecal gland spermatozoa. When the bursal sperm 
supply is depleted, absorbed, or no longer viable due 
to the limited supply of nutrients donated with the 
spermatophore by the male, then infertile eggs will be 
produced. This occurs despite the presence of appar
ently norma! spermatozoa in the spermathecal gland 
which are provided with an indefinite supply of 
nutrients and are therefore able to remain alive for 
much longer periods of time. 

4.2 Breeding experiments 

In many insects a second copulation, in some way, pre
vents further use of the previous spermatozoa. De 

Villiers (1984) has found that in 0. unguicuJoris the 
new spermatophore obtained at each copulation 
replaces the old spermatophore, which is then ejected 
by (he female, presumably with its remaining contents 
of old spermatozoa. A[though some of the old sper
malozoa may still be present in the spermatheca! 
gland, it is thought that the majority of spermatozoa 
fertilizing the eggs come from the new spermatophore, 
and consequently, the spermatozoa from the most re
cent copulation have the greater opportunity to ferti
lize the eggs. In the crossing experiments using females 
that had been isolated for ten weeks, one would there
fore expect spermatozoa donated by the most recent 
copulation (in this case intergenerically and inter
subspecifically mated females) to have the advantage 
in fertilizing the eggs. The period of isolation 10 which 
the femaks were subjected prior 10 crossing experi
ments may, therefore, have been an unnecessary 
precaution. 

In most insects mating has the effect of increasing egg 
production (Hinlon, 1981 Wigglesworth, [972). In ad
dition, in some beetles male pheromones are known to 
influence the egg maturation of females (Crowson, 
1981). In this study, all the femaks that were isolated 
from males produced significantly fewer eggs than the 
control females which were in contact with conspecific 
males. Egg production, may therefore possibly be un
der pheromonal control, or may be stimulated by im
pregnation or some combination of the two. 

With the exception of the 0. r. rngatipennis x P 
crihripes cross, alJ females that had previously been 
isolated, showed an increased egg production follow
ing the introduction of a non-conspecific male. It 
would seem, therefore, that the stimulus for increased 
egg production is, in these cases, provided even if the 
male is not conspecific. 

The lack of an increased egg production by females 
used in the O. r. rngalipennis x P cribripes cross, in 
whichever direction it was run, indicated that if im
pregnation is required as a stimulus, then the infre
quent attempts at mounting did not end in successful 
copulation. If, alternatively, a pheromonal stimulus 
for increased egg production is required. then the 
stimulus provided by the non-conspecific male is in
adequate. This might be expected, however, due to the 
species specificity of most phcromones. 

Since they appear unable to respond to each others' 
mating signals, it can therefore be assumed that 
hybridization between 0. r. rugalipennis and P 
cribripes will never OCCLlr in nature, even although 
their ranges overlap in the Kuiseb River bed. 

One problem in dealing with non-virgin individuals, 
lies in the possibility that they will produce eggs ferti
lized by spermatozoa aquired prior to experimental 
matings (Parker, 1970). However, in this case this pos
sibility can largely be ruled out. 

Field captured and virgin P globosa females mated to 
0. r. rugatipennis males continued producing only in-



viable eggs, in spite of the male presence resulting in 
an increased egg production. This suggests that old 
spermatozoa remaining from previous copuiations, 
were incapable of, fertilizing the eggs. If intergeneric 
mating did occur in this cross (as is suspected from the 
increased egg production response) then either the for
eign spermatozoa were incapable of fertilizing the eggs 
or, due to genetic incompatibility, the zygote was una
ble to develop to first instar stage. 

All Q r. rugatipennis females mated to P. globosa 
males produced viable eggs which hatched into larvae 
that were intermediate between both parental types. 
The resulting larvae, therefore, were thought to be 
hybrids and not offspring from previous copulations. 
Since t he hatching success of hybrid eggs resultant 
from this intergeneric cross was not significantly 
different from that of the eggs produced by control fe
males, it can be assumed that there is no genetic in
compatibility which would cause a reduction in the 
number of zygotes capable of developing to first instar 
stage. Older larvae resultant from this cross were, 
however, smaller than non-hybrid larvae of the same 
age and there is a possibility that they are genetically 
less well equipped for their environment and/or inher
ently weaker than the non-hybrid larvae. 

I n view of the fact that courtship between these two 
sympatric species appears to be ambivalent - males 
of both species frequently courting females of the 
other species - and that intergeneric mating between 
them results in hybrid larvae, it would appear that 
hybridization between these two taxa should be a com
mon occurrence. Despite extensive pitfall trapping in 
the area, only two adult hybrid individuals have been 
found. This suggests that either very few larvae reach 
adulthood, or alternatively, mating is not as ambiva
lent as courtship appears to be. 

The failure of the hybrid larvae to reach adulthood 
prevents us from establishing whether the morphologi
cally intermediate individuals found in the wild and 
hybrids reared in the laboratory were structurally simi
lar. Alt hough other evidence strongly suggests the pos
sibility of natural hybridization between these two 
groups, breeding experiments will have to be con
tinued before sound empirical evidence can be 
provided. 

If a large majority of hybrid larvae do reach adult
hood, then only a rarity of intergeneric mating would 
account for the rarity of hybrids resultant from this 
cross. We suggest that the superficially ambivalent 
courtship exhibited by these two groups may also in
clude the use of an attractant pheromone. This phero
mone may be similar enough in both species, to allow 
some intergeneric attraction, as is frequently observed 
in the wild. It is expected, however, that intergeneric 
mating would not occur except in the absence of con
specific mates. Since both species are particularly 
abundant in the Kuiseb River bed and since they over
lap in their use of time, one would expect an abun
dance of both sexes of both species during the activity 
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period and hence little intergeneric mating, which pos
sibly accounts for the extreme rarity of these hybrids. 

Mating between 0. r. rugatipennis and 0. I: albotessel
lata resulted in larval offspring that were morphologi
cally intermediate between both parental types. The 
high egg hatching success and readiness of the adults 
to mate intersubspecifically indicates that these two 
taxa are fully interfertile in the laboratory, which is to 
be expected of subspecies. However, by definition, 
subspecies are described as being fully interfertile but 
geographically isolated populations of the same spe
cies which have developed unique distinguishing 
characters. While O. r. rugatipennis and Q r. albotes
sellata, are fully interfertile under laboratory condi
tions, the populations are not geographically isolated. 
Their ranges are contiguous on the south bank of the 
Kuiseb River, where dune and river bed habitats over
lap. Although 0. r. albotessellata is rare in the river 
bed, it still occurs there in sufficient numbers to allow 
introgression. 

Beetles were not reared to adulthood in the crossing 
experiments carried out in the laboratory, thus it is not 
known what characters the offspring of these crosses 
would exhibit in the adult phase. However, whether the 
characters distinguishing Q r. albotessellata from 0. r. 
rugatipennis are multigenic. or under the influence of 
a major gene, introgression would Jead to the produc
tion of at least two adult forms in the following gener
ations of botb populations viz the 0. r. rugatipennis 
form and the 0. I: albotessellata form or a range of in
termediate forms. 

Since both poputations are highly mobile within their 
preferred ranges - one would expect introgression at 
the interface of their two ranges to result in the ap
pearance of both adult forms, or a range of intermedi
ate forms, away from as well as within the zone of 
overlap i.e. in the river bed and in the dunes. This 
however, is not the case. While both adult forms are 
found in the eastern reaches of the river, neither the O. 
I: rugatipennis form, nor any intermediate forms, have, 
to our knowledge, been found far into the dunes. Since 
there is no obvious variation in the morphology of 0. 
r. albotessellata in its own habitat it is suggested that 
interbredding does not in fact occur in the zone of 
overlap. The fact that they are fully interfertile in the 
laboratory by no means implies that interbreeding oc
curs in the field. A closer investigation into their 
courtship and breeding activities, in the field of posi
tive assortative mating, in the natural habitats of each 
of the two forms may lead to their reclassification as 
species. 

5 SUMMARY 

Mating was found to occur in all crosses, except be
tween P. cribripes and 0. ,; rugatipennis and was cou
pled with an increased egg production which may have 
been the result of impregnation or simply of a male 
pheromona] stimulus. Intergeneric hybridization be-
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tween 0. r. ruga/ipennis females and P. globosa males 
was shown to be genetically possible. None of the 
hybrid larvae were reared to adulthood however, and 
it is not known whether laboratory reared adult 
hybrids would have resembled the morphologically in
termediate individuals found in the wild, thus provid
ing evidence for their assumed hybrid origin. Crosses 
carried oul in the reverse direction were unsuccessful 
presumably due to the failure of the foreign male ga
mete to fertilize the egg or failure of the zygote to de
velop to first instar. 

The rarity of intergenetic hybridization in the wild in 
spite of apparantly ambivalent courtship and the 
genetic possibilily of hybridization, could be due to 
very few hybrid larvae reaching adulthood or because 
mating between these two species is induced by species 
specific pheromonal attraction. Although, intergener
ic attraction was often observed in the field, inter
generic matings were not expected to occur in the wild 
except in the absence of conspecific mates. This is un
likely to occur due to the high degree of overlap in the 
use of both time and space by both species. 

I t is thought I hat 0. I: rugatipennis and 0. r. albo/essel
lala should be separated at more than the subspecific 
level since, although fully interfertile in the laboratory, 
there is no evidence of imrogression in the field even 
I hough their Idnges overlap. 
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