
A N N A L E S  Z O O L O G I C I  (Warszawa), 2000, 50(1): 15-25

OVOVTVTPARITY IN TENEBRIONID BEETLES OF THE 
MELANOCRATOID PLATYNOTINA (COLEOPTERA: 

TENEBRIONIDAE: PLATYNOTINI) FROM MADAGASCAR, 
WITH NOTES ON THE VIVIPAROUS BEETLES

D a r iu s z  Iw a n

Museum and Institu te  o f Zoologu, Polish Academ y o f Sciences, Wilcza 64, 00-679 Warszawa, 
Poland; e-mail: darek@ robal.m iiz.waw.pl

Abstract.— First stage larve of ovoviviparous tenebrionid beetles (melanocratoid Platynotina, 
Platynotini) from M adagascar are described and illustrated: Sebastianus simplex Iwan, S. pro- 
jectus Iwan, Styphacus bartolozzi Iwan, S. kochi Iwan, Melanocratus ferreri Iwan. Viviparity 
in beetles (Carabidae, Chrysomelidae, Micromalthidae, Staphylinidae and Tenebrionidae) is dis­
cussed.
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V iv ip a r it y  -  d e f in i t io n  a n d  c l a s s i f ic a t i o n

In 1948 H agan defined viviparity as “the birth  of off­
spring  w ithout an  enveloping egg shell”. He m ade a  rese rv a­
tion, however, tha t eggs a re  also laid tha t may contain 
em bryos of any developmental age, even eggs with fully 
grown em bryos ready to fend for them selves imm ediately 
upon extrusion and, finally, insects give birth to living off­
spring  which have hatched from the egg within the m other’s 
body, or the eggs may never have been initially provided with 
a  s h e l l F o r  such cases Hagan established a  sep ara te  c a t­
egory which he term ed ovoviviparity. Ovoviviparous insects 
differ from oviparous ones in tha t they lay eggs which con­
tain sufficient yolk to nourish the embryo till hatch ing  
occurs and the offspring is deposited. The rem aining th ree 
types of viviparity are: adenotrophic, m etagonadic and 
pseudoplacental viviparity. In 1951, in his fundam ental w ork 
“Embryology of the viviparous insects” H agan presen ted  the 
cu rren t knowledge of viviparity in particu lar insect ta x a  
(mainly in two chapters: Female Reproductive System and 
Development of Embryo). In one of the initial chap ters the 
au tho r d iscussed the previous divisions and definitions of 
insect viviparity and p resen ted  his own, modified (Hagan 
1948) classification of viviparity in insects (Table 1).

Seller (1955) adopted the above division and  developed 
a  concep t of ovoviviparity, reco g n isin g  th re e  k inds 
(depending  on the  site  of incubation): in the ovariole 
(Hom optera: Coccidae; Coleoptera: Chrysom elidae), in the 
u te ru s  (D iptera), and in special organs (B lattodea).

H agan’s (1951) classification  has becom e com monly 
adop ted  and  is used in various m odern entom ology h an d ­

books, but vario u s au th o rs  supplem ent it, add ing  or 
ex tend ing  in te rp re ta tio n  of its com ponents. In “The Insects 
of A u stra lia” H inton and  M ackerras (1970) point out th a t 
the  term  ovoviviparity is also used  w hen hatch ing  occurs 
im m ediately afte r deposition, but usually  the young larvae 
hatch  in the  vagina and  a re  la te r  deposited. They add tha t 
“...the vaginal w all m ay be richly trach ea ted  irrespective of 
the kind of deposition and  the re  is no physiological differ-

Table 1. Classification of viviparity (Hagan 1951)

1. Ovoviviparity. The egg contains sufficient yolk to nourish the 
embryo until hatching and maternal deposition of offsprong. 
No special nutritional structures are developed.

2. Adenotrophic (Intussuctio-) viviparity. The egg contains 
sufficient yolk to nourish the embryo until hatching. 
Specialized maternal organs nourish the larva in the uterus.

3. Haemocoelus (Exgenito-) viviparity. Embryonic develop­
ment is in the haemocoele, not in genital ducts, and nutri­
ment is acquired from maternal tissues by means of a 
trophamnion, trophserosa, or tropchorion.

4. Pseudoplacental viviparity. The embryo in the maternal 
genital tract obtains at least part of its nutriment by means of 
a placenta.
a. Attached embryo type. A pseudoplacenta, derived from 

maternal or embryonic tissue or from both sources, firm­
ly unites parent and egg or embryo for a nutritional peri­
od of varying duration.

b. Free embryo type. Pseudoplacenta wholly of embryonic 
origin. Contact of egg, pseudoplacenta, or embryo with 
maternal genital tract due only to pressure or proximity.

http://rcin.org.pl



1 6 D .  I w a n

en c e  b e tw een  th e se  tw o co n d itio n s...”. Gillot (1995), 
describ ing  ovoviviparity in his handbook, s ta te s  th a t the 
eggs usually  a re  laid before they hatch. He d raw s a tten tion  
to  the  significance of v iviparity  a s  a  form of p a re n ta l care, 
and  the  assoc ia ted  reduction  of the num ber of eggs laid (in 
ex trem e cases  in some D iptera to one only).

V iv ip a r i t y  in  b e e t l e s

F irs t m entions of beetle viviparity  perta ined  to term i- 
tophilous staphylinid species of Corotoca (Schiodte 1853) 
and  chrysom elid species of Oreina (Perroud 1855). Till 
1951, ca se s  of v iviparity  w ere described for th ree  families: 
M icrom althidae, S taphylin idae and Chrysom elidae. Hagan 
(1951: 61, tab le 6 ) classified all the cases  of beetle vivipar­
ity a s  ovoviviparity. In 1978 Tschinkel recorded ovovivipar­
ity  in som e tenebrionid  beetles (tribe P latynotini), and in 
1985 L iebherr and  K avanaugh in carab id  beetles of the 
genus Pseudomorpha.

M icrom althidae

Only one species -  Micromalthus debilis Leconte, 
w ith a  very  com plex m etam orphosis, additionally  com pli­
ca ted  by paedogenesis, parthenogenesis and  cyclic shifts 
from oviparity  to ovoviviparity -  is ovoviviparous. Its 
rep roductive  m ode and  details of em bryonic developm ent 
w ere  stud ied  by B arber (1913a, 1913b), de Peyerim hoff 
(1913, 1933), Scott (1936, 1938) and  Pringle (1938).

Staphylin id ae

Schiodte (1853, 1856) w as the first to observe vivipari­
ty  in th is family, in the following term itophilous species: 
Corotoca melantho  S chidte, C. phylo  Sch iod te and  
Spirachtha eurymedusa  Schidte. He found larvae of v a r­
ious developm ent s tag es in d issected  fem ales. H agan 
(1951) classified these species as  ovoviviparous, but only 
b ecau se  of the lack of detailed  inform ation on the ir rep ro ­
duction. W assm ann’s (1915a, 1915b) rep o rts  on viviparity 
in m yrm ecophilous species of the genera  Lomechusa and 
Atemeles w ere la te r  questioned by D onisthorpe (1909, 
1916, 1926) and Jo rd an  (1913). It rem ains uncerta in  if the 
species a re  actually  viviparous, and if so, w hat type of 
v iv iparity  is concerned.

C hrysom elidae

F irs t m entions of resu lts of dissection of fem ales and the 
presence of hatched larvae in their reproductive trac t date 
from 1855; the studies w ere done by Perroud and involved 
two species of the genus Oreina (speciosa and superba). 
B ased on litera tu re  da ta  (Perroud 1855, Cornelius 1857, 
W eise 1885, R upertsberg  1870, Bleuze 1874, Mayet 1874, 
H acker 1888, Calloni 1889, Shenkling 1900, Chapm an 1900, 
1903, Champion and Chapm an 1901, W iliams 1914, Notman 
1921, Rethfeldt 1924, B arnes 1925, H ennenberg 1927, Vetter 
1937, Maneval 1938), H agan (1951) m entioned 11 species of 
ovoviviparous chrysom elid beetles and divided them  in two 
groups (offspring a t birth enclosed in chorion and  without

chorion); some species belonged to both groups a t once. The 
au thor described in detail the female reproductive system  
and  development of the embryo, sum m arizing the previous 
resu lts (Kowalevsky 1871, G raber 1888, 1890, Lecaillon 
1898a, 1898b, Korschelt and H eider 1899, Champion and 
Chapm an 1901, Holmgren 1904, S trindberg  1913, H irschler 
1924, Rethfeldt 1924, Imms 1925, E astham  1930, Paterson 
1931a, 1931b, 1932, Snodgrass 1935).

The m ost penetrative and  elegant paper on the vivipar­
ity in Chrysom elidae is th a t by C hristian  Bontem s (1984). 
The au tho r p resen ted  adap ta tions to viviparity: the ovariole 
(reduced  g erm arium  and  v ite lla rium  b ec au se  of the 
reduced num ber of produced eggs; well-developed, elongate 
pedicel form ing an  incubation cham ber in which larvae 
develop); the chorion (simplified, thin, perm itting  access of 
m aternal nutritive substances to the embryo); small eggs 
(in the m ost advanced viviparous species the volume ratio  
of larva in oviduct to egg am ounts to 80, while in oviparous 
species it equals 1). The above ch a rac te rs  in chrysom elid 
beetles a re  graded, from the original condition to advanced 
adap ta tions (the m ost advanced species w ith respect to 
viviparity a re  m em bers of the genus Oreina, especially O. 
speciosa, O. ganglbaueri and  O. alpestris). Bontems 
(1985) s ta ted  th a t viviparity appeared  as  a  ch a rac te r of 
chrysom elid beetles independently  in several ta x a  and thus 
provided a  poor basis for phylogenetic inferences. The 
au tho r pointed out tha t in this beetle group, because of 
num erous in term ediate  cases, H agan’s (1951) classifica­
tion w as useless. In his paper he used neither the term  ovo­
viviparity, nor the rem ain ing  te rm s for viviparity types, and 
m ade no attem pt a t assign ing  species to these types. To 
solve the  problem  of c lass ifica tio n  and  term inology, 
Bontem s adopted C arayon’s (1961) definition of viviparity, 
according to which viviparous a re  species in which a t least 
a  p a rt of em bryonic developm ent takes place w ithin m ater­
nal organism . B ased on this definition, he singled out 49 
species which w ere viviparous or show ing viviparous ten ­
dencies (e.g. facultative viviparity in Oreina bidentata, 
which a t the beginning of the reproductive period lays eggs 
with no developed em bryos, but w ith advancem ent of rep ro ­
duction  the  eggs laid con tain  increasing ly  developed 
em bryos). T hese species rep resen t six  genera  (Chrysolina 
-  15, Oreina -  18, Doryphora -  7 , Phytodecta -  6 , 
Paropsides -  1, Pyrgo -  2) from the Palaearctic , Neotropics 
and Orient. Additionally, he found no dependence between 
viviparity and  occurrence of species a t high altitudes 
(m ountain species) o r the  absence of sperm atheca (most 
viviparous chrysom elids have no sperm atheca, but some 
oviparous species a re  also devoid of it).

C hinese entom ologists stud ied  viviparity in chryso­
melid beetles (Z hang  1984, Yang 1898), but th e ir  pap e rs  
a re  w ritten  in C hinese and  thus unavailable to me. The 
observations perta in ed  to m em bers of the  genus Gonio- 
ctena Chevrolat (fulva, rubripennis and  rufipes).

In 1994 S chroder et al. noted v iviparity  in Platyphora 
quadrisignata  from Brazil, a  m em ber of a  genus which is 
very closely re la ted  to Doryphora Illiger and  Leptinota- 
rsa Stal. The p ap e r con tains detailed  inform ation on cul­
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tu re  of larvae and  excellent illu stra tions of d issected  
female in te rnal gen italia  and  embryo.

T enebrionidae

In 1978 Tschinkel discovered ovoviviparity in tenebri- 
onid beetles. Fem ales of two species from South Africa, 
Eurynotus capensis (F.) (Oncotini) and  Melanopterus 
marginicollis  Muls. et Rey (trigonopoid  P la tyno tina , 
P latynotini), ca rried  fully developed larvae w ithin the ir 
vaginae. The au th o r s ta te s  th a t “...o ther possible ovovivip- 
a ro u s  sp ec ies  a re  Schelodontes sp. [trigonopoid  
P latynotina, P latynotin i] and Anomalipus variolosus 
(Sol.) [Anom alipina, P latynotini], both of which ca rried  a  
single, large egg in the  vagina...”.

F u rth e r  ovoviviparous tenebrionid  beetles w ere  listed 
by Iwan (1996) in his revision of M adagascan m elanocra- 
toid P latyno tina (Platynotini): Melanocratus ferreri Iwan, 
Sebastianus projectus Iwan, Styphacus decorsei Fairm. 
and  S. kochi Iwan. D issected fem ales of these  species w ere 
found to contain  la rvae in the ir b u rsa  copulatrix  and, in 
two fu rthe r species -M . validipes Fairm. and Styphacus 
neuter (Fairm .) -  single, large eggs w ere found.

C arabidae

L iebherr and  K avanaugh (1985) w ere  the first to 
describe  ovoviviparity in carab id  beetles. They exam ined 
two m yrm ecophilous species of the genus Pseudomorpha 
from A rizona (P. hubbardi Notman and P. angustata 
Horn), in w hose d issected  fem ales they found eggs w ith 
undeveloped and fully developed em bryos, and larvae 
(com pletely free of egg chorion). H atched larvae could be 
found w ithin la te ra l oviducts, b u rsa  copulatrix  and vagina. 
T he observations on enclosed larvae provide evidence th a t 
they  a re  not active while held inside the female p rio r to 
larviposition, which is tim ed to coincide with sum m er 
ra in s . The au th o rs  suggest th a t the larviposition is aim ed 
a t elim inating  egg m ortality  due to predation  by an t hosts.

M a t e r ia l s  a n d  m e t h o d s

Fem ales w ere d issected  and and  whole abdom ens w ere  
c lea red  in 10% cold po tassium  hydroxide overnight. The 
d issected  larvae w ere sta ined  in chlorazol black dissolved 
in gliceryne.

E ggs

Melanocratus validipes Fairm. -  M adagascar Sud, p lateau 
Mahafaly, 11/12 km Ouest d ’A nkalirano, 250 m, 1/6-11-1974, 
P. Viette et A. Peyrieras; Museum Paris (2 ex.) (MNHN); 
M adagascar Sud, S. E. de T ranoniaro, A ndroatsabo, 400 m, 
Peyrieras, XII-1971; Museum Paris (1 ex.) (MNHN); 
Melanocratus fairmairei Iwan -  Itampolo, Am panihy 
Distr.; M adagascar, I. 1956, C. Koch leg. (1 ex.) (TMNH); 
M useum  Paris, M adagascar, prov. de Tular, G. Petit 1926 (1 
ex.) (MNHN);
Sebastianus major (Fairm .) -  A nkororoka, T u lear Distr.; 
M adagascar, I. 1956, C. Koch leg. (1 ex.) (TMNH);

Styphacus decorsei Fairm . -  M useum  Paris, III. 69, 
A njahantelo  -  Am boasary, M adagascar Sud, Vadon & 
P eyrieras (1 ex.) (MNHN);
Styphacus neuter (Fairm .) -  M adagascar Sud, S. E. de 
T ranom aro , A ndroatsabo , 400 m, P eyrieras , XII-1971; 
M useum P aris (1 ex.) (MNHN);
Hovademuspauliani Ardoin -  Andohahelo, (1.800 m), 1.54, 
(R.P.); Institut Scientifique, M adagascar (1 ex.) (MNHN); 
Melanopterus varus Koch -  G raham stow n, A. Vogt (1 ex.) 
(TMNH);
Eurynotus granulatus F -  Resolution, A lbany Distr., VI. 
1928, A. W alton (1 ex.) (TMNH);
Bantodemus mariepsus Koch -  M arieps Mnt., Dec. 1925,
G. van Son. (1 ex.) (TMNH);
B. imitator -  Natal, Howick, Purcell (1 ex.) (TMNH);
B. lucidus Koch -  P unda Milia, K ruger Nat. Park, III. 1960,
C. K. B rain  (1 ex.) (TMNH);
B. typhon (Muls. et Rey) -  Johannesburg , T ransvaal, G. 
Kobrow, 2.35 (1 ex.) (TMNH);
B. tristis  Koch -  Z. A. 93, Leydenburg D., O rhigstad; 
Humus, III. 62; N. Leleup leg. (1 ex.) (TMNH);
B. vescus Koch -  Ironcrown-W olkberg, nr. H aenertsburg ,
E. Tvl., 17-26. XI. 1970, L. P rozesky  and  A. S trydom  (1 ex.) 
(TMNH).

First instar larvae

Sebastianus simplex Iwan -  Itam polo, A m panihy Distr.; 
M adagascar, I. 1956, C. Koch leg. (TMNH) (1 ex.); 
Sebastianus projectus Iwan -  M adagascar Sud, p la teau  
Mahafaly, 11/12 km O uest d ’A nkalirano, 250 m, 11/17-1- 
1974, P. V iette et A. Peyrieras; M useum Paris (1 ex.) 
(MNHN); A ndroka, A m panihy Distr., M adagascar, 1.1956, C. 
Koch leg. (1 ex.) (TMNH);
Styphacus bartolozzi Iwan -  M adagascar Sud, p la teau  
Mahafaly, 11/12 km O uest d ’A nkalirano, 250 m, 11/17-1- 
1974, P. V iette et A. P eyrieras; M useum P aris (2 ex.) 
(MNHN);
Styphacus kochi Iwan -  S. o. Ctr. M adagaskar, L jungqvist 
(1 ex.) (TMNH);
Melanocratus ferreri Iwan -  M useum Paris, M adagascar 
S., D istrict de Tsihom be, Beloha, Lieut. D ecary 1919, avril 
(1 ex.) (MNHN).

D e s c r ip t io n s  o f  t h e  f ir s t - sta g e  larva e  o f

THE MELANOCRATOID PLATYNOTINA

Sebastianus simplex Iwan, 1996

The descrip tion  is based  on a  well developed first in s ta r  
la rva 12.0 mm long, 1.4 mm wide, head-capsule 1.2 mm 
broad (Fig. 18). Body subcylindrical; cuticule white-ivory; 
ap ices of m andibles and tips of the ta rsungu lus w eakly 
sclerotized, darker. E gg-bursters absent.

Head. Prognathous type. Cranium  transverse , slightly 
convex, n a rro w e r  th a n  p ronotum , sides rounded . 
Epicranial su tu re  Y-shape; ep icarn ia l stem  short, about 7
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Figures 1-12. Sebastianus simplex: (1) head, dorsal view, (2) ventral view of labrum; (3) labrum and clypeus; (4) maxilla; (5) dorsal and (6) ventral view 
of labium; (7) ventral and (8) dorsal view of left mandible; (9) antennae; (10) dorsal view of left fore leg; (11) lateral and (12) dorsal view of ninth abdominal

segment.
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tim es sho rte r than length of the head capsule (m easured 
from the occipital foram en to the frontoclypeal su ture); 
frontal arm s extend to the an tennal insertion, th e re  is an 
additional oblique ecdysial line derived from each arm  n ea r 
its an terio r end, these lines directed  inw ards and ex tend  to 
the frontoclypeal su tu re  (Fig. 1). A ntennae 3-segm ented 
(Fig. 9), w ith second segm ent about 1.7 tim es longer than 
first; segm ent 3 minute, about one-third of second one, w ith 
th ree  short setae; apical a re a  of segm ent 2  occupied by a  
sensillum  (an incom plete ring  around the base  of segm ent 
3); an tenna l insertion  lateral, sep ara ted  from the m andibu­
la r articu la tion  by a  narrow  strip  of m em brane. S tem m ata 
absent. F rontoclypeal su tu re  distinct. Clypeus trapezoidal, 
about 2 tim es w ider than  long (Fig. 3); the postclypeus with 
two se tae  latero-m edianly on each side. Labrum  tra n s ­
verse, w ith four se tae  along an terio -la tera l m argin on each 
side and two long se tae  in the  cen tre  (Fig. 3). E pipharynx 
transverse-ovate; w ith eight short spines along an terio r 
m argin and pair short spines in the centre, two la te ra l 
se tose patches below its, and  strongly sclerotized, trian g u ­
la r pa ir of the posterio r p la tes (Fig. 2). M andibles asym ­
m etrical, p ro trud ing  la terally  (Figs 7-8); the bifid obtuse 
ap ices sclerotized and  d ark  coloured; right m olar p a rt 
prom inently  produced; on both m andibles ventrally  one 
se ta  n ear the m edianly broken curve of its ex terio r contour, 
and  ano ther two se tae  a t base. M axilla w ith well-developed 
tran sv e rse  cardo (Fig. 4); elongate stipes b ears  4 long 
se tae; 3-segm ented m axillary palpus: first segm ent sub ­
quad ra te , second one 1.5 tim es longer than  first (and b ears  
th ree  se tae  anteriorly), segm ent 3 conical, and  slightly 
longer than  first; m ala w ith an  inner surface densely cov­
ered  by strong  spines, and slightly notched a t the inner ap i­
cal angle. Labium with d istinct prem entum , m entum  and 
subm entum , gula not well-developed (Fig. 5); ligula with 
two se tae  on the tip, labial palps 2 -segm ented, second seg­

m ent conical w ith se tose a re a  on apex; m entum  elongated, 
w ith p a ir  of se ta e  a t b ase  and  4 ones medianly. 
H ypopharynx densely se tose  medianly, w ith tricusp idate  
hypopharyngeal sclerom e (weakly sclerotized) (Fig. 6 ).

Thorax. P ro th o rax  su b q u ad rtae  about a s  long a s  wide, 
and  2 tim es longer than  m eso- or m etathorax . Fore legs 
longer and  s to u te r than  mid and hind legs, se ta l a rra n g e ­
m ent a s  in Fig. 10; fore coxae nearly  subquad ra te , w ith 
strongly  convex v en tra l m argin; tro ch a n te r  elongated, 
an terio rly  w ith two heavily sclerotized  tubercle; inner m ar­
gin of fem ur sub rec tangu larly  bent, w ith one strongly  scle­
rotized tubercles; tib ia  elongated, som ew hat longer than 
ta rsungu lus, w ith one tubercle; ta rsu n g u lu s wide, spade­
like, strongly sclerotized, w ith 2  se tae  (not divided).

Abdomen. Ninth s te rnum  reduced; pygopodia well visi­
ble (Fig. 11); n in th  abdom inal notum  broadly  heart-shaped , 
w ith 8  short sp ines along apex  ( 2  m edian ones s to u te r than 
the  o ther) (Fig. 12).

Comments. A general descrip tion  of the first-stage la r­
vae of the  rem ain ing  species co rresponds to the earlier- 
p resen ted  descrip tion  of Sebastianus simplex. The differ­
ences involve m ainly the num ber and  shape of sp ines on 
the  nin th  abdom inal notum  (Figs 12-14, 16-17) and  the 
p resence of egg-burste rs (Table 2). When the la tte r  s tru c ­
tu re  is p resen t, it is located  on the notum  of th o rax  and 
abdom en as a  p a ir  of sh a rp  d en ta te s  (Fig. 13). The last 
abdom inal segm ent in not fully m atu re  la rvae is multiply 
concentrically  w rinkled and flattened (Fig. 15), only la te r  it 
assum es a  cylindrical shape.

D is c u s s io n

A common ch a ra c te r  of all beetles is th a t the 1st in s ta r 
larva is born. A fter hatch ing  it does not feed on m aternal 
secretions and  does not pass  its whole larval developm ent

13 16

17

Figures 13-17. Last abdominal segments: (13) Sebastianus projectus (inset, egg-burster); (14-15) Styphacus bartolozzr, (16) Styphaeus kochr,
(17) Melanocratus ferreri.
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Table 2. Some differences between ovoviviparous Platynotini. ing -  in ca rab id  beetles -  v iviparity  (the m ore so th a t the ir
eggs and hatched  la rvae a re  su rrounded  and sep ara ted  
from each o th er by a  gelatinous m atrix).

A ccording to B ontem s (1985) v iviparity  in Chryso- 
melidae appeared  independently and, con trary  to w hat 
o ther au thors postulated, is not associa ted  with the occur­
rence of these beetles in m ountain a re a s  (it does not depend 
on climatic conditions a t all). C ontrary  to Bontem s’ opinion 
on Chrysomelidae, I assum e th a t the development strategy  
of viviparity in Tenebrionidae (some genera of Platynotini

Table 3. Major axis of egg as a pecentage of length of body 
female from vertex of head to tip of abdomen by Hinton 
(1981).

Tenebrionidae -  11.56 
Staphylinidae -1 3 .9 0  
Derm estidae -1 6 .8 4  
Lathridiidae -  26.98 
Anisotomidae -  34.60

Table 4. Egg dimensions and the ratio female/egg length in some species of the 
in a specially modified section of the Tenebrionidae, [* -  ovoviviparous species; (1) -  date after Endródy-Younga (1988)].
b u rsa  called u te ru s (as is the  case 
w ith  adeno tro fic  v iv iparity  in e.g.
D iptera, G lossinidae). A ccording to 
H a g a n ’s (1951) c lassifica tio n  th is 
m ode of reproduction  can be c lassi­
fied w ith in  ovoviviparity in b road  
sense. A dopting the b roadest defini­
tion of the  term , i.e. its in te rp re ta tion  
by H inton and  M ack erras  (1970),
C aray o n  (1961) and  B ontem ps 
(1985), ovoviviparity will include both 
lay in g  eggs w ith p a rtly  form ed 
em bryos and  la rv iposition  (fully 
developed la rva  of in s ta r  1 ) w ithout 
or still su rrounded  by chorion (hatch­
ing tak es place im m ediately afte r lay­
ing). The basic assum ption  of ovovi­
v iparity  (H agan 1951) is the p resence 
of egg  provided with a  quan tity  of 
yolk sufficient for em bryonic devel­
opm ent. I th in k  th a t chrysom elid  
species w hose eggs have an  insuffi­
cient quan tity  of yolk (and for this 
rea so n  the  em bryo, fed w ith m aternal 
secretions, moves freely along  the 
ovary  to the  oviduct and then to the 
b u rsa  copulatrix ) can not be c lassi­
fied as ovoviviparous. Such a  rep ro ­
ductive m ode co rresponds to pseudo- 
p la ce n ta l v iv iparity  (free  em bryo 
type). Some chrysom elid species a re  
p robably  ovoviviparous. In the first 
group of chrysom elids and  in cara- 
bids, la rvae  a re  born w ithout chori­
on, w hich is thin and  e lastic  suggest-

speciese egg dim ensions 
[mm]

female length 
[mm]

major axis of egg 
as  a % of length 

body female

Platynotini

Styphacus neuter* 3.7 x 1.8 17.8 20.8

Styphacus decorsei* 3.6 x 1.7 20.0 18.0

Sebastianus major* 4.5 x 2.4 19.5 23.1

Melanocratus fairmairei* 5.0 x 2.6
3.1 x 1.5

13.9
15.5 36.0

3.9 x 2.3 19.7 19.8
Melanocratus validipes* 4.8 x 2.6 18.8 25.5

4.3 x 2.2 19.7 21.8

Hovademus pauliani 2.3 x 1.2 13.0 17.7

Anomalipus plebejus 3.6 x 2.1 18.0 20.0

A. braini (1) 6.8 x 3.0 - 30.0

A. expansicollis  (1) 4.6 x 2.8 - 17.0

Melanopterus varus 3.6 x 2.4 21.5 16.7

Bantodemus imitator 1.4 x 0.9 11.4 12.3

B. lucidus 1.9 x 1.0 11.2 16.9

B. mariepsus 1.3 x 1.0 12.6 10.3

B. tristis 1.6 x 1.2 12.7 12.6

B. typhon 1.6 x 1.2 13.0 12.3

B. vescus 1.8 x 1.0 11.2 16.1

Oncotini

Eurynotus granulatus* 2.6 x 1.5 18.7 13.9
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Melanocratus
ferreri 11.5 1.3 16.5 present 2

Sebastianus
simplex 12.0 1.2 17.5 absent 8

Sebastianus
projectus

8.0
7.0

1.0
1.0

17.5
18.5 present 4

Styphacus
bartolozzi

10.0
10.5

1.2
1.2

14.5
15.5 absent 4

Styphacus
kochi 4.5 0.7 18.5 present 4
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and Oncotini) is assoc ia ted  w ith ex trem ely  
adverse habitat conditions. In the distribution 
a re a  of the discussed tribes in South Africa and 
south-w estern M adagascar the annual rainfall 
ranges from 400 to 1000 mm, and in some areas  
is even below 400 mm (M adagascar); both 
hum idity and tem peratu re  show high diurnal

Table 5. Date on the biology of some tenebrionid beetles after Hinton (1981) 
(1), Gołębiowska and Nawrot (1976) (2), and Endródy-Younga (1988) (3),

ovi

Species Eggs (numbers) Oviposition
(days)

Female longe­
vity (days)

Tenebrio molitor L. (1) 77-576 (276) 21-67 37-96 (65)

Tenebrio molitor L. (2) 500 130 147

Tenebrio obscurus F. (1) 73-970 (463) 22-137 42-152 (84)

Tenebrio obscurus F. (2) 460 - 90

Tribolium castaneum 
(Herbst) (1) (360) - -

Tribolium castaneum 
(Herbst) (2) 485 - 720

Tribolium confusum 
Duv. (2) max. 976 (400) - 1280

Mesomorphus villiger 
(Blanch.) (1) 100+ - 190 +

Palorus subdepressus 
Woll. (2) 116-695 - 8-240

Gnathocerus cornutus 
Fabr. (2) 100-400 - 300

Anomalipus spp. (3) 2-18 (per season)
...

- —2200

Figures 18. Sebastianus projectus, female internal genitalia (be -  bursa 
copulatrix, ch -  chorion, la -  larva, ovi -  oviduct, ovp -  ovipositor, si and s2 
-  symetrical parts of spermatheca, sag -  spermathecal accessory gland).

am plitudes (W erger 1978, Davis 1964, B a ttis tin i and  
Richard-Vindard 1972). However, the a reas  m entioned a re  
not deserts; the clim ate is sem iarid to m oderately mesic. In 
their 1993 paper Endrddv-Younga and Tschinkel described 
in detail their field observations of beetles of the genus 
Anomalipus hiding underground during unfavourable p eri­
ods (in the night and during the cold, dry w inter m onths 
when adults a re  hibernating), while surface activity occurs 
after rain  and during relatively cool and humid hours of 
sum m er days. It appears tha t the tendency to increase egg 
size in beetles of the tribe Platynotini (Tables 3 and 4), could 
be an  adaptation  to dry conditions. A favourable, low vol­
um e/surface ratio  of the egg facilitates reta in ing  w ate r and 
increases resis tance to low tem peratures.

It follows from the d a ta  contained in B ontem s’ (1985) 
(Table 3, p. 977) p ap e r th a t eggs of viviparous chryso- 
m elids a re  very  sm all -  0.6 x 0.2 mm in O. ganglbaueri (in 
an  oviparous O. elongata only 1.4 x 0.5 mm). The in c re ase  
in egg size in P latynotin i is accom panied by a  c lear red u c­
tion  of the  num ber of eggs laid, com pared  to o th e r  
T en eb rio n id ae  (Table 5). T he p ro ce ss  involves a lso  
oviparous P latynotini, which suggests th a t it should be 
trea ted  a s  a  p h ase  p reced ing  ovoviviparity. A possibility  to 
choose the tim e and  place of oviposition (because of very  
adverse  environm ental conditions) w as possible only w hen 
the eggs could be re ta ined  for som e tim e in the fem ale’s 
organism . In all d issected  fem ales of P latynotini I alw ays 
found only a  single egg in the b u rsa  copulatrix; I never
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Figures 19-30. Ovipositor: (19) Sebastianus projectus, Madagascar; (20) Styphacus nimius, Madagascar; (21) Melanocratus ferreri, Madagascar; (22) 
Sebastianus simplex, Madagascar; (23) Amblychirus tenebrosas, South Africa; (24) Anomalipus mastodon, South Africa; (25) Gonopas agrestis, 
South Africa; (26) Eurynotus capensis. South Africa; (27) Opatrinus moestus, South America; (28) Phallocentron praelaciniatum, tropical part of 

Africa; (29) Anchophtkalmus variabilis, tropical part of Africa; (30) Pseudoblaps strigipennis, Orient.
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found o ther eggs in o ther sections of the fem ale genital 
trac ts  or inside the abdom en (after d issection  in KOH). My 
observations a re  confirm ed by Tschinkel’s (1978) note and 
Endrody-Y ounga’s (1988) m ention  of an  o v iparous 
Anomalipus in which “...the last eggs had not yet form ed 
at the tim e w hen the  first one w as laid ...”. It is thus not 
accidental th a t the em bryonic developm ent in viviparous 
tenebrionids tak es place only in the b u rsa  copulatrix , and  
not in the ea rlie r  sections of the fem ale genital trac t. A 
longer re ten tion  of eggs inside the fem ale enables the 
em bryo to pass  the incubation  period inside the m aterna l 
organism  and offers two benefits: em bryo protection  d u r­
ing its incubation  and  a lready  active stage ( 1 st larval 
in star), capable of vertical and  horizontal m igration and  
th u s  se a rc h  for shelter, fac ing  th e  ad v e rse  h ab ita t. 
A ssum ing th a t th is type of ovoviviparity m ay evolve fur­
ther, the w ay will lead to adenotrophic, and not pseudopla- 
cental, v iviparity  (only one offspring a t a  tim e is cared  for 
by the m other). In the  case of chrysom elid and  ca rab id  
viviparous beetles the num ber of eggs produced per fem ale 
is fairly high. Browdij (1970) observed larviposition of 
32-54 la rvae du ring  20 days by one iso lated  female. 
L iebherr and  K avanaugh (1985), studying  carab ids, rep o rt­
ed th a t the to ta l num ber of eggs plus free larvae found per 
female (d issected) averaged  32 (max. about 60) for P. 
angustata, and 34 (max. about 70) for P. hubbardi.

In tenebrion id  beetles the fertility (assoc ia ted  w ith 
reduction of the num ber of eggs) is increased  by prolong­
ing the opposition  period due to individual longevity. 
A ccord ing  to Endrody-Y ounga (1988) in ov iparous 
Anomalipus the fem ale lays eggs during  about 5 m onths 
p er year, the to ta l num ber being 2 to 18 eggs, m ean 9.2 eggs 
per female per season . The au th o r repo rts  also th a t a  bee­
tle of the  genus Gonopus (closely re la ted  to trigonopoid 
and m elanocratoid P latynotina) kept in the laboratory, 
lived for about 8  y ea rs, and a  m em ber of the genus 
Anomalipus -  5 y ea rs  and 8  m onths; in the wild 20% indi­
v iduals of A. mastodon m arked in a  population study  in 
1979 and 1980 still appeared  in daily counts during  the 
1982/83 season. The fem ale’s ability to sto re  sperm  in the 
sp erm ath eca  for a  long tim e seem s to be a  consequence of 
the above p rocesses. A ccording to Endrody-Younga (1988) 
a  single fem ale lays fertile eggs during  two consecutive 
seasons, which m eans th a t it s to res  sperm  in the  sp e r­
m atheca during  ca. 19 m onths afte r the la st copulation.

The phenom enon (re ten tion  of incubated  eggs inside 
female) m ay be regarded  as a  form of p a ren ta l care. C are 
for laid eggs is known in such fam ilies as C arab idae, 
S p erch e id ae , H ydrophilidae, S ilphidae, S taphy lin idae , 
S carabaeidae , P assalidae, H eteroceridae, Chrysom elidae, 
Scolytidae, P latypodidae; a  single case -  Phrenapates 
bennetti Kirby -  w as noted in the family Tenebrionidae 
(Hinton, 1981).

My stud ies on the evolutionary tendencies in the s tru c ­
tu re  of the fem ale reproductive system  (in p repara tion ) 
indicate clear changes in the developm ent of particu la r 
com ponents of ovipositor in ovoviviparous and re la ted  
oviparous species (producing large eggs). The changes

include a  considerable shorten ing  of paraproc t (reduction 
of its an terio r m argin), and the first coxite (very narrow, 
transverse), often resu lting  in an ovipositor in the shape of 
triangle w ith a  ra th e r  broad base, a re  adap ta tions to laying 
large eggs or to larviposition (cf. Figs 19-25 and 27-30). 
M embers of the genus Eurynotus (Oncotini) depart from 
th is schem e -  the ir characteristic  feature is a  strongly elon­
gate p arap roc t (probably depending on substra tum  for ovi- 
o r larviposition) (Fig. 26). It ap p ears  tha t in spite of close 
relationship, ovoviviparity in particu la r groups of tenebri­
onid beetles could evolve independently. A m ore im portant 
fact is the occurrence of p readap ta tions to th is mode of 
reproduction  in South African Platynotini: production of 
large, single eggs and m odifications in the ovipositor s tru c ­
ture. The tribe  Oncotini is probably a  polyphyletic group 
and its rela tionsh ips to P latynotini a re  unclear, since adopt­
ing Koch’s (1956) in terp re ta tion  resu lts  in one of these ta x a  
being paraphyletic. Tendencies to viviparity in only some 
ta x a  of both these tribes provide ano ther argum ent against 
Koch’s (1956) classification and indicate a  necessity  of a 
m odern analysis and  verification of the system  of opatrine 
lineage (sensu Doyen i Tschinkel 1982).

C o n c l u s io n s

Ovoviviparity in Tenebrionidae has evolved independent­
ly and differs from com parable modes of reproduction in 
o ther beetles (M icromalthidae, Chrysomelidae, Carabidae). 
Tenebrionid beetles produce in a  given period of embryo 
incubation only one large egg, reta ined  by the female in the 
b u rsa  copulatrix. Their larvae a re  born surrounded by 
chorion and hatch outside the m aternal organism .

Ovoviviparity evolution in Tenebrionidae is associa ted  
with ea rlie r  form ation of large eggs and the associa ted  
modification of ovipositor. Eggs contain ing  em bryos a t v a r­
ious developm ent stages, up to full grown first in s ta r  la r­
vae may be expected  inside fem ales of various species.

Longevity of adult beetles favours the d iscussed  mode 
of reproduction . Its efficiency is evident in an a re a  of 
adverse  hum idity and  tem p era tu re  conditions (large d iu r­
nal and  annual am plitudes).

Ovoviviparity and p rea d ap ta tio n s (large, single eggs) of 
tenebrion id  beetles involve a  group of genera  of re la ted  
tribes P latynotin i and  Oncotini, inhabiting  South Africa 
and  M ad ag asca r (o p a trin e  lineage sen su  Doyen and  
Tschinkel 1982).
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