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Summary — Copulation in free flight seems to be a common character of all Apis species. Analysis
of mating behaviour in A mellifera revealed the typical behavioural sequence of mating on a sub-
strate in Apoidea. The connection between the queen and the paralyzed drone is mainly achieved
by the endophallus. By special adhesive organs on the hind legs of the drone, A dorsata has devel-
oped an additional means of attachment to the queen. A andreniformis and A florea drones have re-
duced the mass of mucus and seem to depend mainly on the hind legs for the copulatory connection
to the queen. The A florea endophallus, freed from its mechanical function , can place its tip in the
optimal position: sperm is transferred directly into the spermaduct rather than into the oviducts . The
opposite polarity - an evolution from substrate mating to an A florea type and then to an A cerana
and A mellifera type lacks of any functional support.
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Recent publications on Apis taxonomy
agree on the relation between the spe-
cies. But the discussion on the polarity of
the evolution within the genus is still con-
troversial. We want to focus in this paper
on mating behaviour. An ‘out group com-
parison’ on several features of mating be-
haviour will be used for gaining insight
into the polarity of the evolution within the
genus Apis.

In many Apoidea mate locations are di-
verse. Mating occurs at emergence sites,
oviposition sites, feeding places and flow-
ers or at places solely or primarily visited
for mating (Anzenberger, 1977; Alcock et
al, 1978; Eickwort and Ginsburg, 1980).

Many Bombini copulate at species-
specific locations where the queen is at-
tracted by drone pheromones (Haas,
1949; Michener, 1974). In Meliponini
males congregate near nests with virgin
queens, either resting or flying in the vicin-
ity, where they compete for copulation
(Kerr et al, 1962; Da Silva et al, 1972; En-
gels 1987, 1988). In Melijpona quadrifas-
ciata the queen undertakes a mating flight
(da Silva et al, 1972), but do not neces-
sarily mate during flight, since Camargo
(1972) obtained mating in small boxes.
Other stingless bees also copulate in
"mating boxes" (Engels and Engels,
1988).
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In contrast to mating locations, copula-
tion behaviour generally is rather uniform.
The male mounts the female from behind
the dorsum. He holds the female's abdo-
men by the grip of his legs and inserts the
penis into the bursa copulatrix. The male
genital organ gains hold. The male loses
the grip of his legs and swings back. In
this position the female is resting on a sub-
strate and the male hangs his ventral side
upward behind her. The connection of the
couple depends on the penis and its ac-
cessory structures which are anchored in
the genital orifice or the vagina. The separ-
ation of the couple is done in various ways
which show species specific sequence. Of-
ten it is initiated by the female.

In Bombus, males "usually land upon
the thorax of a female, knocking her down
to the ground. The male then climbs on
her back and attempts to copulate, grasp-
ing her body with his legs. If and when coi-
tion is achieved the queen's sting is pro-
truding and the male, presumably to avoid
the sting, releases his hold and falls back-
wards, the pair remaining attached only in
the genital region” (Alford, 1975).

In some Xylocopini, the male mounts
the flying female for about 15 to 45s during
which time the pair hovers, or flies a short
distance and land on a leaf or a twig (Vin-
son and Frankie, 1990). In these cases the
male is still able to fly during coition.

In the genus Apis copulation seems to
happen high up in the air. Drones general-
ly do not react to queens which are placed
on the ground. Though many attempts
were undertaken, successful mating in
confinements was never obtained (Harbo,
1971). In A mellifera experiments with
dummies and tethered queens (Gary
1963; Koeniger ef al, 1979; Koeniger
1984) which were lifted high in the air a
natural drone congregation areas resulted
in copulation of natural free flying drones.
Similar results were obtained with A cera-

na by Ruttner (1973) and more recently by
Punchihewa et al (1990). In other Apis
species (A koschevnikovi, A dorsata, A an-
dreniformis, A florea), drones leave the col-
ony at species specific hours for mating
flights (Koeniger and Wijayagunesekara,
1976; Koeniger et al, 1988).

While direct observations and experi-
mental evidence on mating is still marginal,
the anatomy of all Apis drones, their sex
specific sensory organs, the structure of
the endophallus and other characteristics
strongly support the conclusion that mating
during flight is a common character of all
honey bees. So, sensu Hennig (1969) an
aerial copulation must be considered as
‘autapomorph’ for the genus Apis.

The physical conditions for copulating in
the air differ, compared to mating on some
substrate, and significant morphological
adaptations are required. In this paper we
discuss mainly the question of how the
connection between the mating couple is
achieved and how it varies among the Apis
species.

In A mellifera the behavioural sequence
of the copulation between a tethered
queen and free flying drones was docu-
mented by film several years ago (Gary,
1969; Koeniger, 1981, 1988). Though
filmed high in the air, the mating behaviour
showed surprisingly litlle deviations from
the typical apoidean sequence: The flying
drone mounted the queen from behind. Af-
ter making contact with his front and mid-
dle legs on the female's abdominal ter-
gites, the metatarsi of the male's hind legs
cling to the ventral side of the queens ab-
domen. When the queen opens her sting
chamber, he inserts the endophallus. With
the eversion of the endophallus the wings
of the drone stop moving. He swings back
and remains in this position for a short mo-
ment. After the full eversion of the endo-
phallus he separates from the queen and
falls paralysed to the ground where he
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dies. The whole copulation period takes
less than 5 sec.

Anatomical dissections of deep frozen
pairs in copulation (Koeniger, 1984, 1986)
allowed some functional conclusions. After
eversion of only half of the endophallus,
the drone swings backwards, his hind legs
still clinging to the ventral side of the
queens abdomen (Koeniger et al, 1979).
By the previous contraction of the abdomi-
nal muscles the drone had pressed mucus
into the membranous endophallus which
very firmly fills the sting chamber. The cor-
nua with their sticky secretion increase the
strength of the attachment. Thus the endo-
phalius is anchored in the queen by its tur-
gor like "a cork in a bottle". In this stage
the queen continues to fly and for a mo-
ment carries the motionless drone. Then
the queen contracts the bursa and presses
the endophallus which results in sperm
transfer into the median oviduct. At the
same time the eversion of the endophallus
progresses and leads to the separation of
the couple. The drone falls to the ground,
leaving mucus and the cornual secretions
as mating sign in the queen's sting cham-
ber. The mating sign at the tip of the flying
queen's abdomen enhances the attraction
of further drones and facilitates subse-
quent copulations (Koeniger 1986, 1990).

On average, the A mellifera queen is
mated by 8 drones during one mating
flight. Queens may undertake a second
flight so, on average, a queen is mated by
12 drones (Woyke 1960, Adams et al,
1977, Cornuet et al, 1986). Upon returning
to the colony the gueen's oviducts are filled
with about 120 million spermatozoa. About
6 million of these eventually reach the
spermatheca by passing through the nar-
row ductus spermaticus, while about 95%
of the spermatozoa from the oviducts are
expelled via the vagina.

In A mellifera it is mainly the large mem-
branous endophallus which connects the

drone to the queen. Filled under high mus-
cular pressure with mucus it seems to
guarantee a sufficiently strong connection
between the flying queen and the motion-
less drone until the sperm transfer is com-
pleted. The cornual secretion which has a
greasy and sticky quality may first contrib-
ute to strengthen the attachment and later
smooth the process of the eversion which
leads to the separation. The endophallus
of A cerana and A koschevnikovi drones
seem to function in a similar way. The
functional parts do not show significant de-
viations. Species-specific characteristics
occur mainly in the form of the hairy patch-
es and the dorsal cornua (Koeniger et al,
1991).

In comparison to the previously dis-
cussed species, A dorsata has a more el-
ongated endophaillus with four long curled
cornua. The elongation is mainly caused
by the extended cervix. The mucus glands
are relatively small. In particular the drones
of this species have broadened metatarsi
at the hind legs which show conspicuous
feathered hairs. This ‘adhesive organ'
(Ruttner 1975, 1988) on the drone's meta-
tarsus is believed to reinforce the attach-
ment to the queen during copulation.
Though the mating behaviour of this spe-
cies is yet unknown, morphologically A
dorsata represents another development.
In the cavity-nesting species the organ of
attachment was primarily the endophallus,
here the hind legs with its specific hairy
structures on the metatarsus serve this
function.

The drone of A florea has a forceps-like
appendix at the metatarsus of the hind leg.
With these "thumbs" the drone locks him-
self to the hindlegs of the queen (Ruttner
1988), supported again by the sticky cor-
nua pressed into the sting chamber. Thus
the pair stays connected until the queen
turns her leg in a way that the drone is re-
leased. Since the connection in the A flor-
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ea couple is made by legs there is no fur-
ther need of mucus - the mucus glands in
A florea drones are rudimentary. Another
consequence of this new copulatory at-
tachment is that the bulb is no longer fixed
in a firm plug of mucus within the bursa co-
pulatrix. Drones can compete to deposit
the spermatozoa at more ‘profitable’ loca-
tions where the spermatozoa have a high-
er probability to reach the spermatheca. At
the end of this development drones would
press the tip of the endophallus to the
opening of the ductus spermaticus and
transfer the spermatozoa directly into the
spermatheca. This type of mating was ob-
served in A florea recently (Koeniger et al,
1989).

A andreniformis has an endophalius of
the A florea type with its own species spe-
cific characteristics (Wongsiri et al, 1990).
The metatarsus of the drone's hind legs
has an appendix a little shorter than A flor-
ea's, mucus glands are small and the en-
dophallus ends in a tip. So, A andrenifor-
mis drones probably also transfer their
sperm directly into the spermatheca.

DISCUSSION

There seems to be general agreement
among recent authors on Apis taxonomy
that there are mainly three types or closely
related groups:

1. The cavity-nesting type with its multiple
combs (A mellifera, A cerana and A kos-
chevnikovi).

2. The A dorsata complex (with several
distinct forms like A d laboriosa and A d
binghami). These bees nest in the open
and build one single comb under a branch
or other more or less horizontal support.

3. The small free nesting type with one
comb around a branch or an edge of a
rock (A florea and A andreniformis).

But the discussion on the polarity of the
evolution - within the genus is still controver-
sial. Based on his fundamental discoveries
of the dance behaviour of the Asian honey-
bees, Lindauer (1956) considered A florea
dance as an ancestral type which evolved
via an A dorsata dance type to the A mellif-
era/A cerana dance which can be per-
formed within the darkness of the nest.
Koeniger (1976) argued that dance com-
munication depends on nesting site. Since
the basal forms of Apoidea are nesting in
cavities he suggested that the ancestral
Apis should be a cavity-nesting form. Fur-
ther, (applying Occam's razor) it is unlikely
that ancestors of the cavity-nesting spe-
cies of today passed through a phase of
open nesting and then returned into a cavi-
ty again. Instead the free nesting forms
might have branched away and evolved
their dance using other information for their
communication system which became
available when bees nested outside. With
more recent research on the Asian spe-
cies, several such fundamental differences
in dance communication were discovered
(Koeniger and Koeniger, 1980; Koeniger et
al, 1982; Dyer, 1985, 1990).

Alexander (1991) examined 19 charac-
ters of the adult morphology including 11
structures from the drone. Two characters
refer to the behaviour of workers. In his
cladistic analysis A florea/A andreniformis
type gained a basal position while the cavi-
ty-nesting types were categorized as more
derived. Surprisingly, in the same paper Al-
exander (1991) stated 'The drones of Apis
florea and Apis andreniformis have more
unquestionable derived features of exter-
nal morphology than any other species in
the genus. That is, in overall external ap-
pearance, the drones of ancestral Apis
may have more looked like meliifera than
florea.

There are some more features of the
drone which we want to introduce into our
evolutionary arguments:
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1. Sperm numbers:

Sperm numbers of males in Apinae are
known only from few species (besides
Apis). In drones of M quadrifasciata a num-
ber of 1 to 1,2 million were found (Kerr et
al, 1962). Drones of Bombus terrestris and
B lapidarius have 0,75 million (Roseler
1973).

In A cerana drones produce about 1.2
million spermatozoa, in A dorsata 2,46 mil-
lion (Koeniger et al, 1990). Within the Apis
species two extremes occur. While an Apis
mellifera drone produces between 10 and
12 million (Woyke 1960, 1975, Rinderer et
al, 1985), A andreniformis drones produce
only 0,13 million. A florea too has only a
small amount with 0,43 million (Koeniger et
al, 1990). Though the number of non Apis
is limited, A cerana seems to be nearest to
the ancestral condition.

2. Occurence of mating signs:

Mating signs, left by males in the queen,
were reported in Scaptotrigona postica
(Engels and Engels, 1988) and other Meli-
poninae (Kerr et al, 1962). It is described
in M quadrifasciata as 'whitish pieces in-
cluding the thread like remains of the male
genitalia’ (da Silva et al, 1972, p. 128). The
white colour and the description points to
mucus being a prominent component of
the Melipona mating sign. Further, its re-
moval by scrubbing the tip of the abdomen
on the surface of cells is similar in A mellif-
era and M quadrifasciata.

A mating sign occurs in the cavity-
nesting forms (A cerana and A mellifera).
The male accessory glands in A florea and
A andreniformis are reduced and do not
produce enough mucus for a mating sign.

3. After copulatory transfer of spermato-
zoa:

In M quadrifasciata spermatozoa are
deposited in the queen's oviducts. After
copulation the spermatozoa leave the ovi-
ducts and enter into the spermatheca (Kerr

et al, 1962). In the cavity-nesting species,
A cerana and A meliifera a similar after
copulatory transfer of spermatozoa is
found.

We consider A cerana (or A koschevni-
kovi?) nearest to the ancestral Apis type.
Like substrate mating Apoidea, the con-
nection of the couple is based mainly on
the genitalia, the sperm number is 1,2 mil-
lion and the drone leaves a mating sign.
Still within this level the A mellifera drone
shows special adaptations by high sperm
numbers. A derived type is presented by
the A dorsata complex where the legs par-
ticipate in holding the copulatory pair to-
gether. But the specific structure of the ad-
hesive organ and the elongated cervix of A
dorsata suggest that this step might have
occurred independently of the A florea, A
andreniformis mating type. The metatarsal
organs in small free-nesting bees present
the main means of attaching the drone to
the queen. So the A florea endophallus
freed from its mechanical function, has
moved its tip {elongated bulbus) into the
optimal position. The comparison of the
relative heavy weight of the mucus of the
cavity-nesting drones (Rinderer et al,
1985) to light weight of metatarsal organs
of the small free nesting bees resulis in
considerable energy saving during drone’s
mating flight.

Based on mating behaviour and male
copulatory organ morphology, the opposite
polarity, that of an evolution from a sub-
strate mating via an A florea or an A dorsa-
ta type to an A cerana and A mellifera
type, is unsubstantiated.

Recent publications on Apis phylogeny
(Alexander, 1991; Garnery et al, 1991)
present cladograms which are consistent
with the 'scenario’ discussed here. Our re-
sults on the functional aspect of the copu-
latory attachment place the cavity-nesting
forms nearest to the ancestral condition.
Ruttner (1988) stated 'Surprisingly the
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most specialized organ (endophallus) is
found in A dorsata the most 'primitive’ spe-
cies'. In a similar way, Alexander (1991)
‘gives’ A florea the basal phylogenetic po-
sition within the genus Apis though he
states that the A florea drone has more de-
rived characters than the drones of the
other species.

The Western honey bee Apis mellifera
is one of the best researched eusocial in-
sects. Its complexity and astonishing capa-
bilities have gained it a 'unique’ position
within the animal kingdom. The recent sig-
nificant increase in research on the Asian
honey bee species has challenged the tra-
ditionally ‘mellifera-centered' view of honey
bee research. Undoubtedly, the increasing
knowledge of the Eastern species will re-
sult in a more balanced view of the genus
Apis.

Résumé — Approche évolutive du com-
portement d'accouplement et des orga-
nes males de copulation au sein du
genre Apis. Les publications récentes sur
la systématique du genre Apis s'accordent
sur les relations de parenté entre les espeé-
ces. Mais le sens dans lequel s'est faite
I'évolution est toujours sujet a controverse.
On essaie d'introduire de nouveaux argu-
ments dans la discussion par la comparai-
son "hors groupe” des caractéristiques du
comportement d'accouplement.

Tandis que les sites d'accouplement
sont variés chez les apoides, le comporte-
ment de copulation est généralement
assez uniforme. Le male chevauche la fe-
melle par l'arriére. Aprés avoir inséré son
pénis et les paraméres génitaux le méle
lache prise, se renverse en arriére et reste
immobile, pendu a la femelle. L'union du
couple est réalisée par les genitalia males.
La copulation a lieu en général par terre
ou sur un autre support.

Chez A mellifera et A cerana la copula-
tion a lieu par contre en plein vol et cela
semble valable pour toutes les espéces
d'Apis. L'union de la reine et du male en
vol nécessite des adaptations morphologi-
ques. Nous nous sommes intéressés a la
fagon dont cette union était assurée et a
ses variations entre les diverses espéces
d'Apis.

L'enregistrement cinématographique du
comportement de copulation entre une
reine attachée et des males volant libre-
ment chez A mellifera montre les séquen-
ces typiques des apoides: aprés éversion
d'une partie de I'endophallus, le male reste
pendu a la reine. L'union du couple n'est
assurée que par la turgescence de I'endo-
phallus, rempli du mucus des glandes ac-
cessoires males, et par les cornules et leur
sécrétion collante. La reine déclenche la
séparation en exergant une pression sur
I'endophallus. Il en résulte un transfert du
sperme dans les oviductes et I'éversion to-
tale de I'endophallus. Aprés la séparation
le male tombe a terre et meurt, laissant
dans la reine comme signe de fécondation
le mucus et la sécrétion des cornules . Le
male suivant enléve au cours de la copula-
tion le signe de fécondation du prédéces-
seur grace a une aire pileuse située sur
I'endophallus. Chez A mellifera c'est princi-
palement I'endophallus qui unit le male a la
reine. Les endophallus d'A cerana et d'A
koschevnikovi ont la méme structure et
semblent fonctionner comme chez A melli-
fera.

A dorsata posséde un endophalius plus
allongé au niveau du cervix et des glandes
a mucus relativement plus petites que
chez les especes qui nidifient dans des ca-
vités. Les métatarses des pattes postérieu-
res des males sont plus larges et possé-
dent un organe adhésif (aire pileuse) qui
aide a maintenir le couple pendant la copu-
lation.
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Le développement de I'organe adhésif
du metatarse est encore plus marqué chez
A florea et A andreniformis, qui ont un ap-
pendice en forme de pince. A l'aide de ces
"pouces” le male s'agrippe lui-méme aux
pattes postérieures de la reine. Le méca-
nisme d'attachement a la reine s'est dépla-
¢é de l'endophallus vers des organes sup-
plémentaires situés sur les pattes
postérieures, ce qui a réduit grandement
les besoins en mucus. En outre, la forme
de l'endophallus s'est modifiée de fagon a
ce que les spermatozoides puissent étre
déposés a I'entrée du canal de la sperma-
théque, ce qui entraine son remplissage
direct.

Trois autres arguments issus de la bio-
logie de l'accouplement indiquent le sens
dans lequel s'est faite, selon nous, I'évolu-
tion: 1) Le nombre de spermatozoides
chez les males des autres apoides est
d'environ 1 million. Les males d'A cerana
en produisent 1,2 million, ceux d'A dorsata
2,3. Au sein du genre Apis on trouve les 2
extrémes: A mellifera en produit entre 10
et 12 millions, A andreniformis et A florea
moins d'un demi-million. 2) Le signe de fé-
condation est présent non seulement chez
A cerana et A mellifera mais aussi chez les
Meliponinae. |l est absent chez A florea. 3)
Au cours de la copulation chez M quadri-
fasciata les spermatozoides sont injectés
dans les oviductes de la reine d'ou ils pé-
nétrent dans la spermathéeque.

Nous considérons A cerana (ou A kos-
chevnikovi?) comme l'espéce la plus pro-
che du type ancestral d'Apis. Comme chez
les apoides s'accouplant sur un support,
I'union du couple repose sur les genitalia.
A ce niveau, les males d'A mellifera mon-
trent des adaptations particulieres en pro-
duisant une grande quantité de spermato-
zoides. En développant des organes
spéciaux sur les pattes antérieures pour
attacher le male a la reine, A andreniformis
et A florea ont réduit la quantité de mucus.

L'endophallus d'A florea, libéré de sa fonc-
tion mécanique, peut placer son extrémité
dans la position optimale. Le comporte-
ment d'accouplement et la morphologie
des organes males de copulation ne justi-
fient pas |'évolution en sens opposé, qui
part de 'accouplement sur un support via
un type A florea et A dorsata pour arriver a
un type A cerana et A mellifera.

Apis |/ évolution / comportement d'ac-
couplement / copulation

Zusammenfassung — Evolution und
'‘Leserichtung’ innerhalb der Gattung
Apis am Beispiel des Paarungsverhal-
tens und der ménnlichen Begattungsor-
gane. In neueren Publikationen Uber die
Taxonomie von Apis besteht Einigkeit iber
die Verwandtschaftsverhéltnisse innerhalb
der Arten. Aber die Leserichtung ist immer
noch strittig. Mit einem “outgroup" Ver-
gleich einiger Grundzige des Paarungs-
verhaltens soll hier versucht werden, neue
Argumente in die Diskussion einzufihren.

Der Ablauf der Kopulation bei Apoidea
ist recht einheitlich. Die Mannchen steigen
von hinten auf das Weibchen auf. Nach
der Einfihrung des Begattungsorgans
16sen sich haufig die Beine von dem Weib-
chen, das Mannchen schwingt nach hinten
und hangt dann bewegungslos am Weib-
chen. Die Verbindung des Paares wird
durch den Penis und akzessorischen
Strukturen des Genitalapparates aufrecht
erhalten. Die Kopulation findet in der Regel
am Boden oder auf einem anderen Sub-
strat statt.

Bei A mellifera und A cerana ist dage-
gen eine Kopulation in der Luft, im freien
Flug nachgewiesen. Verschiedene indirek-
te Hinweise sprechen dafir, da3 auch bei
den anderen Apis-Arten eine Paarung in
der Luft praktiziert wird. Die Verbindung
von Koénigin und Drohn im freien Flug er-
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fordert spezielle Anpassungen. Welche
Unterschiede gibt es dabei zwischen den
Honigbienen Arten?

Filmaufnahmen von der Kopulation bei
A mellifera zeigen die typische Sequenz
der Apoidea: Nach der Eversion eines
Teils des Endophailus héngt der Drohn
nun bewegungslos an der fliegenden Kéni-
gin. Die Verbindung des Paares erfolgt nur
Gber den Turgor des Endophallus, der zu-
sétzlich noch mit Mucus aus den mannii-
chen Anhangsdrisen und durch die
Cornua mit ihrem klebrigen Sekret gefes-
tigt wird. Die Trennung des Paares wird
durch die Kénigin eingeleitet, die den En-
dophallus zusammenpref3t. Dabei wird
Sperma in die Ovidukte Ubertragen. Nach
vollendeter Eversion des Endophallus falit
der Drohn zu Boden und stirbt. Er hat
Mucus, Chitinspangen und Cornualsekret
als Begattungszeichen in der Kdnigin hin-
terlassen. Der nachste Drohn entfernt
wahrend der Kopulation das Begattungs-
zeichen seines Vorgangers mit einem spe-
ziellen Haarpolster des Endophallus.

Bei A mellifera ist es vor allem der End-
ophallus, der - wie der Korken in einer Fla-
sche - die Verbindung des Paares aufrecht
erhalt. Da die Endophalli von A cerana
und A koschevnikovi sehr dhnlich gebaut
sind und Uber entsprechend groBe Mucus-
drisen verfligen, nehmen wir fir diese
beiden Arten eine kopulatorische Verbin-
dung des oa 'Mellifera-Typs an.

Der Endophallus des Drohns von A dor-
sala hat eine verlangerte Cervix und rela-
tiv kleinere Mucusdrisen im Vergleich zu
den hoéhlenbritenden Arten. Die Metatarsi
der Hinterbeine besitzen ein spezielles
Haarpolster. Dieses tarsale Haftorgan un-
terstitzt den Zusammenhalt des Paares
wahrend der Kopula.

Bei A florea ist die Verbindung des
Paares Uber die Hinterbeine effektiver ge-
staltet. Die Drohnen haben nicht nur spe-

zielle Hafthaare, der Metatarsus ist zu
einem "Klammerhaftapparat” (Ruttner,
1975) umgestaltet, bestehend aus "Hand
und Daumen”, mit denen sich der Drohn
an die Hinterbeine der Kdénigin anklam-
mert. Mit der Verlagerung der Haltefunk-
tion vom Endophallus auf die Beine gehen
Verdnderugen im Bau des Endophallus
einher. Der Bulbus ist lang und schmal und
kann die Spermien direkt an die Offnung
des Ductus spermaticus plazieren. Das
ergibt dann eine direkte Flllung der Sper-
matheka. Es wird kaum noch Mucus pro-
duziert, es gibt kein Begattungszeichen.

Die Verankerung des Paares in Kopula
durch den Endophallus ist urspriinglich,
die funktionelle Verschiebung auf die
Beine ist abgeleitet.

Es gibt drei weitere Argumente aus der
Paarungsbiologie, die die Entwicklungs-
richtung der Evolution aufzeigen.

1. Die Spermazahlen von Hummeln und
von Meliponinen betragen etwa 1 Million.
Diesen Werten kommt A cerana mit 1,2
Millionen Spermatozoen und A dorsata mit
2,3 Millionen am nachsten. Innerhalb von
Apis treten zwei Extreme auf, A andrenifor-
mis und A florea haben weniger als 1/2
Million, A mellifera zwischen 10 und 12 Mil-
lionen.

2. Begattungszeichen gibt es nicht nur
bei A mellifera und A cerana sondern auch
bei Meliponinen.

3. Auch bei Melipona wird das Sperma
zunachst in den Eileiter Gbertragen und
wandert spater in die Spermatheka.

Zusammenfassend meinen wir, daf3 der
Drohn von A cerana (oder A koschevniko-
vi?) dem Basistyp der Honigbiene am mei-
sten entspricht. Wie bei der typischen Paa-
rung der Apoidea auf einem Substrat wird
hier die Verbindung des Paares von den
Genitalien aufrecht erhalten. Die hohe
Spermazahi von A mellifera weist auf eine
Spezialentwicklung des Paarungsverhal-
tens dieser Art hin.
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Durch die Entwicklung spezieller Haftor-
gane an den Hinterbeinen wird die Funk-
tion des Endophallus als die Verbindung
des Paares wahrend der Luftkopulation ge-
ringer. Die spezielle Ausgestaltung des A
dorsata Endophallus und die Struktur der
Metatarsi kénnen als eigene Enwicklung
gedeutet werden. Die Menge an Mucus ist
vor allem bei A florea und A andreniformis
reduziert. Die Endophalli (Bulbus) von
diesen beiden Arten sind so umgeformt,
daB die Spermatozoen direkt in die Sper-
matheka gelangen kénnen. Damit wird der
urspriingliche, auch fir Meliponen nachge-
wiesene Ubertragung der Spermatozoen in
die Ovidukte ‘Oberwunden’.

Evolution / Paarungsverhalten / Kopula-
tion / Apis
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