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Summary — Homozygous cordovan queens (Apis mellifera carnica) were inseminated by dark (+)
and by brown {cd) drones (A. m. carnica) and kept in colonies of dark Carniolan workers Sealed
brood out of these colonies was transterred into an incubator until emergence. Among the offepring
of 3 colonies, some dark drones were found. In a second experiment, the same queens were intro-
duced into colonies consisting entirely of yellow ltalian workers (A. m. ligustica). Again dark drones.
were found among the progeny. Therefore, we conclude that these drones originated from the nucie-
us of a sperm. This mechanism of drone development in Apis meliifera is reported for the first time.

Apis mellifera — genetics — drone development — sex determination

INTRODUCTION

In the honey bee (Apis mellifera), drones
develop from unfertilized eggs (Dzier-
zon, 1845). In the case of homozygous
sex alleles, diploid drones develop from
fertilized eggs (Woyke, 1963). In this
paper a third mechanism of drone devel-
opment is reported.

MATERIAL AND METHODS

Cordovan is a recessive mutation which re-
sults in brown body pigment (Mackensen,
1951). Sixty-one Carniolan queens (A. m. car-
nica), homozygous for cordovan {(cd/cd) were
allowed to mate naturally on a congregation
area in Austria. The drone population (A. m.
carnica) was composed of approximately

equal proportions of dark (+) and cordovan
(cd) drones (Koeniger et al., 1989). After mat-
ing the queens were kept in small hives, each
containing 4 small frames and about 2000
dark worker bees of A. m. carnica. Combs
containing sealed brood from each queen
were transferred into an incubator and kept in
separate boxes at 34.5 °C and 60 to 70% re!
ative humidity. The emerged bees were re
moved and classified daily.

In a second experiment, 3 of the above
queens were introduced into new colonies
consisting of 2000 yellow worker bees of A
m. ligustica. Again brood combs were brought
into an incubator and the emerging bees were
classified from each queen.

RESULTS AND DISCUSSION

A small number of dark drones and sev-
eral gynandromorphs were found among
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Table I. Offspring of 3 (cd /cd x cd, +) queens kept in colonies of dark Carniolan workers (A. m. carni-

ca) (1).
Queen Workers Number of drones
No. % dark Sum cd + Gynandrom
29 95 40 2 11 27
216 68 19 4 1 14
231 66 31 0 27 4

% dark = percentage of dark (cd /+) worker offspring;
sum = sum of all drones which were found;

cd = cordovan drones (uniform leather brown body pigment);

+ = dark Carniolan drones (uniform dark body pigment);

gynandrom = gynandromorphs which had a mosaic of brown (cd) and dark tissue.

the offspring of 3 of the 61 queens. These
results are presented in Table I. First, we
suspected that the dark (+) drones origi-
nated from the dark Carniolan workers of
the colony, although inspection of the eggs
showed no indications of worker's eggs
(position at the edge of the cell ground or
at wall of the cell). However, some drones
observed in the second experiment again
had the dark body pigment of A. m. carni-
ca (Table ll). Because only yellow A. m. li-
gustica workers were found in a thorough
inspection of the colonies, the drones were
not produced by the worker bees. So, we

conclude that the drones were progeny of
the queens.

Since all the queens were homozygous
for cordovan, unfertilized eggs would de-
velop into cordovan drones. We found cor-
dovan drones in queens No. 29 and No.
216. The gynandromorphs had parts of
cordovan and dark coloured tissue. In
some of these creatures, the dark parts
(eye and legs) were of female shape and
the brown (cd) parts showed male charac-
ters. Thus, they were gynandromorphs
with matroclinous male tissue, as de-

Table Il. Drones produced by 3 (cd /cd x cd, +) queens in colonies of yellow ltalian workers (A. m. li-

gustica) (1).
Queen Number Sum Number of drones
cd + Gynandrom
29 11 6 2 3
216 22 5 2 15
231 3 0 2 1

(1) Abbreviations as in Table I.
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scribed by Mackensen (1951), and Dres-
cher and Rothenbuhler (1963).

The queens were partially inseminated
by dark (+) drones and they produced
mainly dark workers (Table 1). In the case
of homozygous sex alleles, diploid drones
would occur. The naturai mating of the
gueens with dark, unrelated drones and
the cannibalism of diploid drone larvae by
nurse bees (Woyke, 1986) seem to ex-
clude this possibility. So, if the dark drones
were haploid, they originated from the nu-
cleus of a sperm. These “paternal” drones
as well as the matroclinous gynandro-
morphs might be linked to a factor in the
egg's plasma which interfered with the nor-
mal course of fertilisation and cleavage.

Further research on these remarkable
queens is in preparation.

Résumé — Les males, fils de males
chez Apis mellifica. Depuis la decouverte
de la parthénogénése chez l'abeille par
Dzierzon en 1845, on sait que les males
proviennent d'ceufs non fécondés. Ce n'est
que beaucoup plus tard que J. Woyke
montra que les males pouvaient provenir
d'ceufs fécondés, donc diploides. De teis
males diploides proviennent de I'"homozy-
gotie au locus sexuel et se rencontrent re-
lativement souvent lorsqu'il y a accouple-
ment d'insectes proches parents. Mais
dans la ruche, les larves de males di-
ploides sont immédiatement reconnues
par les nourrices dés |'éclosion de I'ceuf et
mangées, de sorte qu'on ne peut obtenir
un tel élevage qu'en laboratoire. On décrit
ici une troisieme voie de production des
males.

On a fait s'accoupler naturellement 100
reines cordovan homozygotes (cd/cd) de
la race Apis m. carnica sur un lieu de ras-
semblement de males, dont la population
était composée pour moitié de males fon-
cés (+) et pour moitié de males cordovan

(cd). Le couvain a été placé en étuve
jusqu'a I'émergence et les jeunes abeilles
écloses classées. Sur les rayons de 3 co-
lonies on a trouvé, a coté d'ouvriéres nor-
males, des males foncés et, en outre, quel-
ques gynandromorphes (formes
intermédiaires entre ouvriére et male) (Ta-
bleau I). Afin d'exclure la possibilité que les
males foncés soient produits par les ou-
vrigres, on a introduit les reines dans de
nouvelles ruches composées d'abeilles
jaunes (A. m. ligustica). Et a nouveau on a
trouvé des males foncés (Tableau If). Le
fait que les reines se soient accouplées li-
brement avec des males non apparentés
et que les males foncés aient été élevés
naturellement dans la colonie rend impro-
bable la production de méles diploides.
Dans la mesure ol il s'agit donc d'insectes
haploides, les males ne peuvent provenir
que d'un noyau de sperme. C'est la pre-
miére fois que I'on relate ce mode de pro-
duction des males.

Zusammenfassung — Drohnen als
So6hne von Drohnen bei Apis mellifera.
Seit der Entdeckung der Parthenogenese
bei der Honigbiene durch J. Dzierzon 1845
ist die Entstehung der Drohnen aus unbe-
fruchteten Eiern als Regelfall bekannt. Erst
sehr viel spater wurde von J. Woyke eine
Drohnenentstehung aus befruchteten, also
diploiden Eiern nachgewiesen. Solche di-
ploiden Drohnen entstehen durch Homozy-
gotie am Sexlocus und treten relativ haufig
bei Verpaarung von nahverwandten Tieren
auf. Die diploiden Drohnenlarven werden
aber im Volk sofort nach dem Schlupf aus
dem Ei von den Ammenbienen erkannt
und gefressen, so daB eine Aufzucht
solcher Tiere nur unter Laborabedingun-
gen gelingt.

Bei unseren Untersuchungen wurden
100 homozygote cordovan  (cd/cd)
Koniginnen der Rasse A. m. carnica auf ei-
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nen Sammelplatz zur Paarung gebracht,
dessen Drohnen etwa zur einen Halfte aus
dunklen (+) Drohnen und zur anderen
Halfte aus braunen (cd) Carnicadrohnen
bestand. Nach der natirlichen Paarung
wurden die Koéniginnen in Vélkern mit
dunklen Carnicabienen gehalten. Die Brut
wurde zum Schlupf in einen Brutschrank
gebracht und klassifiziert. Auf Waben von
drei Voélkern wurden neben normalen Ar-
beiterinnen auch dunkle Drohnen gefun-
den, daneben traten auch einige Gynan-
dromorphe (Mischformen zwischen
Arbeiterin und Drohn) auf (Tab. 1). Um
auszuschlieBen, daB die dunklen Drohnen
von Arbeiterinnen erzeugt waren, wurden
die Kéniginnen in neue Volker eingewei-
selt, die aus gelben Bienen der Rasse A.
m. ligustica bestanden. Wiederum traten
dunkle Drohnen auf (Tab. ll). Die freie
Paarung der Kéniginnen mit unverwandten
Drohnen und die natirliche Aufzucht der
dunklen Drohnen im Volk machen eine
Entstehung von diploiden Drohnen un-
wahrscheinlich. Sofern es sich also um
haploide Tiere handelt, kann die Entste-
hung der Drohnen nur aus einem Sper-

makern erfolgt sein. Uber diese Art der
Entstehung von Drohnen wird zum ersten
Mal berichtet.
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