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Abstract — We investigated the morphology and ultrastructure of the mucus glands of Apis mellifera
drones, which represent a peculiar type of male accessory gland. The three different parts of the mucus
glands (muscle layer, gland epithelium and lumen) change with respect to age in the distal and the proximal
parts. The thickness of musculature and gland epithelium is larger at the proximal part than at the distal part,
where the diameter of the lumen is larger. The secretory cells of the epithelium reach their maximum
activity during the first days of adult life, which results in a maximally filled gland lumen by the age of
6 days. The mucus glands represent a unique situation as they are of mesodermal origin, whereas the

majority of exocrine glands are ectodermal.

morphology / mucus gland / Apis mellifera / drone

1. INTRODUCTION

Social insects are well known for their
impressive variety of exocrine glands, the
secretions of which play a role in numerous
aspects of colony organization (Billen and
Morgan, 1998). However, our knowledge of
the exocrine system of social Hymenoptera is
based largely on studies of the female castes,
whereas males clearly have been the neglected
gender. In spite of their rather short lives, males
perform an extremely important function, as it
is only after insemination with their sperm that
queens are able to produce female offspring
according to the system of haplodiploid sex
determination. Also males are equipped with a
number of exocrine glands that perform various
functions. Examples, among others, include
the production of sex pheromones in the man-
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dibular glands in a number of ant species
(Holldobler and Maschwitz, 1965) and the ter-
ritorial scent marks from the labial glands of
bumblebee males to attract conspecific females
for mating (Kullenberg et al., 1970).

The male reproductive apparatus of most
insects is equipped with numerous accessory
glands of mesodermal or ectodermal origin,
which open into the deferent ducts or the ejac-
ulatory duct, respectively. In different groups
of insects these glands vary considerably in
size, shape, number and embryological origin
(Adiyodi and Adiyodi, 1975; Leopold, 1976;
Grassé, 1982; Chapman, 1998). The accessory
glands produce secretions with a variety of
functions, including contribution to the semi-
nal fluid and activation of the spermatozoa
(Davey, 1985; Chen, 1984). Dallai et al. (1999)
investigated the ultrastructure of the male
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accessory glands in the collembolan Allacma
fusca. These male accessory glands display the
structural organization of class I ectodermal
glands as defined by Noirot and Quennedey
(1974). In the male accessory glands of Dro-
sophila, two cell types can be identified, with
principal or main cells and secondary or pear-
shaped cells (Bairati, 1968). A comparative
study of the male reproductive organs of 51 bee
species, but excluding Apis, was provided by
Ferreira et al. (2004). Among these, the
Meliponini were characterized by the absence
of accessory glands. In drones of A. mellifera,
the reproductive organs consist of testes, effer-
ent ducts, pre- and post-vesicular deferent
ducts, seminal vesicles (with gland cells), a pair
of huge mesodermal mucus glands (Snodgrass,
1956; Woyke, 1958a), an ectodermal bulbus
gland and a pair of cornua glands (Koeniger
et al., 1996; Koeniger and Hénel, 1996).

The paired mucus glands are large, curved
sac-like glands of the drones, which represent
apeculiar type of male accessory gland by their
characteristic production of mucus. Both glands
join at their proximal ends and are situated in
the posteroventral part of the abdomen (Bishop,
1920). The secretory cells are arranged as a
monolayered epithelium and correspond with
class-1 in the classification of Noirot and
Quennedey (1974, 1991). The mucus glands of
honeybees play an important role during sperm
transfer (Woyke, 1958a; Woyke and Ruttner,
1958; Koeniger et al., 1989; Koeniger and
Hinel, 1996). The drone is sexually mature around
the 12th day of adult life (Mindt, 1962) and then
ready to copulate. The mating occurs high in
the air. During copulation, the drone everts his
endophallus into the genital opening of the
queen (Woyke, 1958a; Koeniger and Koeniger,
1991). When the endophallus is only half
everted, sperm is injected into the vagina of the
queen. The muscles of the mucus gland con-
tract and mucus is squeezed into the queen only
when the endophallus is fully everted (Koeniger,
1984; Ruttner, 1957). Koeniger (1986) sup-
posed that the mucus played an important role
to strengthen the connection of the copulating
pair in free flight. The drone becomes para-
lyzed after eversion of half of the endophallus.
The firmness of the everted part which s tucked
in the queen must be very considerable: it con-
tains the cervix filled with sperm in the vagina
while the bulbus is still inside its own secretion

filled with mucus. After copulation the drone
leaves a mating sign in the abdomen of the
queen with mucus as the most prominent com-
ponent. The secretion of the mucus glands con-
tribute, together with the secretion of the
cornua glands, to the visibility of the mating
sign (Koeniger, 1991; Koeniger et al., 1996).
Contrary to A. mellifera, the drones of Apis flo-
rea do not leave a mating sign in the abdomen
of the queen. The drones of this species have
rudimentary mucus glands and no mucus for a
mating sign is produced (Koeniger etal., 1989).
The male bumblebee, Bombus terrestris, trans-
fers a mating plug into the queen’s sexual tract
shortly after sperm transfer. The plug is a sticky
secretion of the male accessory glands and con-
tains 4 fatty acids and 1 cyclic peptid (Baer
et al., 2000). Baer et al. (2001) found that lino-
leic acid, one of the 4 fatty acids, is the only sub-
stance in the mating plug of bumblebees that
inhibits re-mating behavior. In contrast with
mating plugs (or signs) in other insects, the
bumblebee mating plug is highly efficient and
determines single mating (Baer et al., 2001).
Based on structure, position and secretion con-
tent, it seems that the male accessory glands of
bumblebees and the fire ant Solenopsis invicta
are homologous (Mikheyev, 2003). The obser-
vation that fire ant male accessory glands con-
tain and transfer the same fatty acids as those
of bumblebees makes it likely that both serve
to inhibit queen re-mating, although the pres-
ence of mating plugs may not be enough to
guarantee single insemination (Mikheyev, 2003).
Zander (1916) showed that the morphogenesis
of the male reproductive system of honeybees
starts during the larval stage. Honeybee drones
pass through a period of maturation after emerg-
ing from the brood cell during which they com-
plete the maturation of sperm in their reproductive
system and the secretion in the mucus glands.
The mucus glands of honeybees undergo sub-
stantial change with respect to age. The mucus
glands attain full maturity during the first 9 days
after emergence and their secretion changes
from a fluid to viscous, slightly alkaline mucus
(Mindt, 1962).

In this contribution, we report on the mor-
phology and ultrastructure of the mucus glands
of Apis mellifera drones of different ages,
which is the first ultrastructural study of these
glands in bees.
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2. MATERIALS AND METHODS
2.1. Samples

Drones of Apis mellifera were obtained from
hives in Oberursel (Germany). Mucus glands were
studied in drones of 12 age categories from pupae (9-
10-12-14 days after brood cell closure) to adult
drones (0-2-3-4-5-6-9-12 days after emergence). To
obtain the different ages, newly emerged drones
were paint-marked and put in natural colonies until
they attained the appropriate age. They were then
taken from the colony and their mucus glands dis-
sected and fixed in cold 2% glutaraldehyde, buffered
at pH 7.3 with 50 mM Na-cacodylate and 150 mM
saccharose. Postfixation was carried out in 2%
osmium tetroxide in the same buffer. After dehydra-
tion in a graded acetone series (50%-70%-90%-
100%), the glands were embedded in Araldite.

2.2. Microscopy

Semithin sections (1 pm) for light microscopy
were made with a Reichert OmU2 microtome and
stained with methylene blue-thionin (1%-1%). The
sections were observed with an Olympus BX-51
microscope. Ultrathin sections (70 nm) were made
with a Reichert Ultracut E and double stained with
uranyl acetate and lead citrate in an LKB 2168
Ultrostainer. Sections were examined in a Zeiss
EMO900 electron microscope. Material for scanning
microscopy was first dehydrated in a graded ethanol
series (30%-50%-70%). Then samples were washed
with 70% ethanol before exposure to dimethoxy-
methane. Samples were critical point dried using lig-
uid CO, with a BAL-TEC CPDO030 instrument.
Finally, material was coated with gold and observed
in a JEOL JSM 6360 scanning electron microscope.

2.3. Measurements

Measurements were performed with the Olym-
pus DP-Soft 3.2 software on digital photographs of
histological sections. We measured the width of the
muscle layer and the glandular epithelium and the
lumen of the different ages. To work randomly, a
hexagon frame was placed on the image, so the hex-
agon lines could serve as landmarks for measuring.
All data are presented as arithmethic means + S.D.,
performed by the statistical program STATISTICA.

3. RESULTS

3.1. Scanning and light microscopy

Mucus glands are paired and are situated in
the posteroventral region of the drone abdo-

men. They have a peanut-like appearance and
consist of a more narrow distal and a larger
proximal part with a constriction in between.
The diameter of the distal part is approx. 850 um,
whereas the diameter of the proximal part is
approx. 1100 um. The overall length measures
approx. 3700 um. The seminal vesicles open in
the proximal part of the mucus glands. The
mucus glands open into the ejaculatory duct,
which ends in the bulbus (Fig. 1).

Histological sections showed considerable
differences both with respect to age and gland
region (proximal versus distal). In 10 day old
pupae, a few days prior to eclosion, the epithelial
lining has a thickness ranging between 100 um
distally and 150 um proximally, while the gland
lumen was still empty (Figs. 2A, B). Asaresult,
opposite epithelial folds touch each other. In
adult drones, the thickness of the muscle layer
and the gland epithelium in the proximal part
is larger than in the distal part, whereas the
lumen is larger distally than proximally (Fig. 2C).
During the first days of adult life, the muscle
layer and the glandular epithelium decrease in
the distal as well as in the proximal part (Figs. 3A,
B). The maximum lumen diameter of approx.
1080 pum is more or less reached at an age of
6 days, and then stays constant in both parts
(Fig. 3C). The secretion in adult glands changes
in appearance from more homogeneously dis-
tributed components to an unhomogeneous
granular secretion.

3.2. Ultrastructural characteristics

In the pupae, the apical cell membrane of the
secretory cells is differentiated into an irregular
microvillar border. As there is no lumen in the
gland, the microvilli of opposite epithelial
walls touch each other. Numerous belt desmo-
somes occur while centrioles are found near the
apical border. At the apical region of the gland
cells, no cuticle is found (Figs. 4A, B). The
cytoplasm of the cells contains mitochondria,
Golgi apparatus, microtubules and numerous
lipid droplets. The cell membranes are consid-
erably interdigitated, which could strengthen
the intercellular contacts (Fig. 4C). RER is
abundant in the tubular form (Figs. 4D, E). The
basal cell membrane shows invaginations.
Underneath the basement membrane and in
between the muscle fibres, some tracheoles are
found (Fig. 4F).



248 L. Moors et al.

Figure 1. Scanning microscopic image of the male genital system of a 3 day-old A. mellifera drone. MG,
mucus gland; SV, seminal vesicle; B, bulbus; C, cervix; L, lobe; CG, cornual gland; V, vestibulum; ED,
ejaculatory duct. Testes and deferent ducts were removed.

500 pm

Figure 2. (A, B) Semithin cross section of the mucus gland of a 10 day old pupa (A: distally; B:
proximally), (C) Semithin longitudinal section of the mucus gland of a 3 day old adult. ML, muscle layer;
GE, gland epithelium; L, lumen.
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Figure 3. Measurements of the layers of the mucus
glands in relation to age, (A) the muscle layer, (B)
the gland epithelium, (C) lumen.
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In the adult drones, the microvilli border the
apical side of the gland cells and are in direct
contact with the mucus secretion (Fig. 5A). The
lumen of the gland is filled with dark staining
secretion (Fig. 5A), which is the result of the
high secretory activity of the epithelial cells. At

an age of 2 days, the cytoplasm contained an
enormous amount of vesicular RER, whereas
in the cytoplasm of pupae, the tubular form was
more prominent (Fig. 4E). The RER is distrib-
uted throughout the cytoplasm (Fig. 5C). The
cytoplasm contains numerous mitochondria, as
was also the case in pupae. Also Golgi com-
plexes and lipid droplets are present in the cyto-
plasm of adult cells. The intercellular mem-
branes of adults are less interdigitated than
those of pupae (Figs. 4C, 5B). An amorphous
basement membrane borders the gland cells
(Fig. 5E).

4. DISCUSSION

Our measurements show that the muscula-
ture of the mucus glands is thinner distally than
proximally, the region where the seminal ves-
icles open in the mucus glands. The muscles of
the mucus glands possibly start contracting at the
distal part for pushing the mucus towards the
duct. The muscles at the proximal part may
contract later to press out the rest of the mucus
but this needs further investigation. Histophys-
iological analyses of the secretions in the male
accessory glands of Formica ants showed three
distinctregions. The distal part secretes proteins,
while the proximal part secretes mucopolysac-
charides. The transitional part in between secretes
both (Jeantet, 1972).

The thick epithelium in the mucus gland of
pupae, together with the ultrastructural features
of the epithelial cells (omnipresent RER and
intracellular secretory droplets), clearly indi-
cate that there is high secretory activity at this
stage. Accumulation in the lumen starts more
or less at the onset of adult life and reaches its
maximum by day 6. Around this age, the thick-
ness of the epithelium starts to diminish as the
glandular cells have fulfilled their secretory
function. The epithelial thickness first decreases
anteriorly followed by the posterior part. The
drone therefore will dispose of the required
large amount of mucus by the time he reaches
sexual maturity (around day 12, Mindt, 1962).
According to Koeniger (1986), the mucus
secretion plays a role in the formation of the
mating sign after copulation. Bishop (1920)
also mentioned areduction of the glandular epi-
thelium when the drone approaches sexual
maturity.
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Figure 4. Electron micrographs of the mucus glands of pupae, (A) detail of apical region in a pupa of
14 days, (B) detail of apical region in a pupa of 10 days, (C-E) details of cytoplasm of a pupa of respectively
10, 9 and 12 days, (F) detail of the basal region in a pupa of 14 days. MV, microvilli; D, belt desmosome;
CM, cell membrane; C, centriole; M, mitochondria; GA, Golgi apparatus; RER, granular endoplasmic
reticulum; MT, microtubuli; L, lipid droplets; BM, basement membrane; T, tracheoles; ML, muscle layer.
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Figure 5. Electron micrographs of the mucus glands of adults, (A) 5 days old, detail of apical region, (B)
0 days old, detail of apical region (C, D) 2 days old, details of cytoplasm and (E) O days detail of the basal
region. MV, microvilli; CM, cell membrane; Mu, mucus secretion; N, nucleus; n, nucleolus; L, lipid
droplets; RER, granular endoplasmic reticulum; M, mitochondria; GA, Golgi apparatus; BM, basement

membrane; ML, muscle layer.

The high secretory activity in the mucus
gland cells in the newly emerged drone, as
reflected by the well developed RER and the
epithelial thickness, is also in line with the steep
increase of mucus proteins during the first 5 days
of the drone’s adult life (Colonello and Hartfelder,
2003). The cytoplasm of the accessory glands

of the medfly Ceratitis capitata also displays a
large amount of RER which is in agreement
with the presence of proteins in the secretion
(Marchini et al., 2003).

Among the enormous variety of over 100 exo-
crine glands that can be distinguished among



252 L. Moors et al.

the social insects (Billen, 2002), the mucus
glands represent a unique situation, as they are
of mesodermal rather than ectodermal origin
and therefore do not have a cuticular lining of
the epithelium. Zander (1916) provided a detailed
study on the ontogenesis of the genital appara-
tus of the honeybee drone. This clearly illus-
trates how the mucus glands originate as
outgrowths from the vas deferens that develop
posteriorly, where their distal parts during the
early larval stage join the unpaired and ecto-
dermal ejaculatory duct. On the contrary,
ectodermal glands develop from epidermal
invaginations (instead of mesodermal out-
growths) and, therefore, are always associated
with a cuticular component (Quennedey, 1998),
which forms a basic element in the classifica-
tion of insect exocrine glands (Noirot and
Quennedey, 1974, 1991). The male accessory
glands of Drosophila also have no inner cutic-
ular layer, their origin is also mesodermal
(Bairati, 1968). Leopold (1976) and Chapman
(1998) mentioned the presence of male acces-
sory glands among the insects with either an
ectodermal or a mesodermal origin. In Meliponini
the male accessory glands are absent (Kerr,
1948; Ferreira, 1966). Sometimes the role of
male accessory glands is taken over by glandu-
lar cells of seminal vesicles, vas deferens or
ejaculatory duct (Riemann, 1973; Gillot and
Friedel, 1976).

Apishas the highest number of matings com-
pared to all other Hymenoptera (Strassmann,
2001). Whereas males generally have large
mucus glands, the polyandrous species in fun-
gus-gardening ants have much smaller male
accessory glands relative to their seminal ves-
icles than monandrous species. The extreme
reduction of male accessory glands in Attini
corresponds with the appearance of polyandry
in these ants (Mikheyev, 2004).

We conclude that the elaboration and the
accumulation of the mucus gland secretion is
particularly established during the first days of
adult life and that there is considerable accu-
mulation of material prior to expulsion at the
time of mating. Further investigation of the
interaction of mucus glands with other parts of
the male reproductive apparatus is now in proc-
ess to gain further insight in this extraordinary
and extremely complex copulation apparatus.
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Résumé — Modification de la morphologie et de
Pultrastructure des glandes a mucus des maéles
d’Apis mellifera au cours du stade nymphal et de
la maturation sexuelle. Bien que les abeilles
domestiques (Apis mellifera L.) soient parmi les
insectes les plus étudiés, les males n’ont recu que peu
d’attention. En dépit de leur courte vie, leur role dans
la société est de premiére importance, puisque leur
sperme est indispensable pour que la reine produise
une descendance femelle. Au cours de la copulation,
le méle retourne partiellement son endophallus dans
I’abdomen de la reine, puis le transfert du sperme a
lieu au cours de I’accouplement. Lors de I’éversion
totale de 1’endophallus un signe de fécondation,
auquel les glandes a mucus participent, reste attaché.
Les glandes ont été étudiées en détail par microsco-
pie optique, électronique et électronique a balayage.
L’épaisseur de la couche musculaire et de 1’épithé-
lium glandulaire et la taille de la lumiere ont été
mesurées aux deux extrémités (Figs. 2, 3). Dans les
premiers jours de la vie d’adulte, 1’activité sécrétrice
de I’épithélium glandulaire atteint son maximum, ce
qui se manifeste par une lumiere totalement agrandie
au 6° jour et remplie de mucus (Fig. 3). Cela permet
aumale de disposer de grandes quantités de mucus au
moment de la copulation. Du point de vue de 1’ ultras-
tructure, nous avons vu des différences dans le réti-
culum endoplasmique granulaire (RER). Le RER est
tubulaire dans le cytoplasme des glandes des nym-
phes, alors qu’il est vésiculaire chez les adultes
(Figs. 4E, 5C). On sait que le RER est impliqué dans
la synthese des protéines, qui augmente au cours de
cinq premiers jours de la vie d’adulte. Les glandes a
mucus représentent une exception parmi les glandes
exocrines, puisqu’elles ont leur origine dans le
mésoderme et non dans 1’ectoderme, ce qu’illustre
I’absence de cuticule (Figs. 4A, B, 5A).

Apis mellifera /| male / glande a mucus /
morphologie

Zusammenfassung — Anderungen in der Mor-
phologie und der Ultrastruktur der Mucusdrii-
sen von A. mellifera Drohnen wihrend des Pup-
penstadiums und der sexuellen Reifung.
Honigbienen gehoren zu den am besten untersuchten
Insekten, aber fiir Drohnen gab es bisher nur begren-
ztes Interesse. Trotz ihres kurzen Lebens ist ihre
Rolle fiir das Volk sehr wichtig, denn nur mit ihrem
Sperma kann die Konigin Arbeiterinnen erzeugen.
Wihrend der Kopulation evertiert der Drohn seinen
Endophallus zunéchst nur teilweise in die Konigin,



Mucus gland morphology of A. mellifera drones 253

wobei bereits die Injektion des Spermas erfolgt. Bei
der vollstiandigen Eversion des Endophallus wird ein
Begattungszeichen iibertragen, an dessen Bildung
die Mucusdriisen beteiligt sind. Mittels Licht- und
Elektronenmikroskopie, einschliesslich Rasterelek-
tronenmikroskopie wurden diese Driisen im Detail
untersucht.

Die Dicke der Muskelschicht, des Driisenepithels
und die Lumenweite wurden sowohl im distalen als
auch im proximalen Teil gemessen (Abb. 2 und 3).
In den ersten Tagen der Adultphase weist das Drii-
senepithel die hochste sekretorische Aktivitit auf.
Ab dem 6. Tag ist das Lumen vollstindig durch die
Fiillung mit Mucus ausgedehnt (Abb. 3). Dadurch
stehen dem Drohn im Moment der Kopulation grofie
Mengen Mucus zur Verfiigung.

In der Ultrastruktur konnten wir Unterschiede im
granuldren endoplasmatischen Reticulum (RER)
erkennen. Im Cytoplasma der pupalen Driisen
kommt nur tubuldres RER vor, wihrend es bei adul-
ten Drohnen vesikulér ist (Abb. 4E, 5C). RER ist
als wichtiges Strukturelement an der Synthese von
Proteinen beteiligt, und die Proteinmenge der Mucus-
driisen steigt in den ersten 5 adulten Lebenstagen
stark an.

Die Mucusdriisen bilden eine Ausnahme unter den
exokrinen Driisen, denn sie sind mesodermalen und
nicht ektodermalen Ursprungs, was sich insbeson-
dere im Fehlen einer Cuticula-Auskleidung zeigt
(Abb. 4A, B, 5A).

Morphologie / Mucusdriisen / Apis mellifera /
Drohnen
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