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Abstract — Published estimates of the mean spermatozoa numbers for Apis dorsata drones vary from 1.2 X
100 and 2.4 x 10; the number of spermatozoa per individual drone vary from 0.22 x 10° to 2.65 x 10°.
Counts presented here revealed 1.19 x 100 + 0.25 x 10° spermatozoa in drones sampled near a colony and
1.59 x 10° + 0.18 x 10 in drones sampled at a drone congregation area (DCA) in Sabah, Borneo. The
difference between the two sites is significant. Further, the degree of variation in sperm numbers among
drones near the colonies was higher than at the DCA. Possible reasons are discussed for spermatozoa
number variation between drone samples in A. dorsata and in A. mellifera (published estimates).
Furthermore, it is discussed if differences in spermatozoa numbers among fathering males may contribute

to differences in patriline proportions within colonies.

variation in sperm number / individual drone / Apis dorsata | Apis mellifera | average

1. INTRODUCTION

In 1990 Koeniger et al. published the
number of spermatozoa obtained from the
vesiculae seminales of five Apis dorsata Fabr-
icius drones, captured in Peninsular Malaysia.
The average number of spermatozoa per drone
was 2.4 x 109 . Later, Tan et al. (1996, 1999)
caught in Vietnam 31 flying drones near a col-
ony and counted only 1.24 x 10 + 0.39 x 10°
spermatozoa per drone. In addition he counted
spermatozoa from each of 55 drones aged from
12 to 24 days and found an average of 1.15 x
10% + 0.49 x 10° (Tan et al., 1996). Woyke
etal. (2001) measured an average ejaculate vol-
ume of 0.2 uL in A. dorsata drones in Nepal.
Assuming the same average concentration of

7.7 x 100 spermatozoa per pl as in A. mellifera
drones (Woyke, 1960) he suggested that the
number of spermatozoa in A. dorsata should be
closerto 1.2x 100 than to 2.4 x 10, Calculation
of Woyke’s data shows 1.54 million spermato-
zoa.

Sperm numbers are biological data which are
taken as a basis to understand several aspects of
honey bee mating biology, including drone fit-
ness, polyandry and sperm competition. So we
wanted to verify the discrepancies in the num-
ber of spermatozoa and collected new samples
of A. dorsata drones. Further, we include and
discuss published data on number of spermato-
zoa in Apis mellifera L. drones which also
exhibit a great variance in average sperm num-
bers (4.0 x 106 to 11.9 x 106, Tab. IB).
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Table I. Number of spermatozoa published by different authors from different regions.

A. Apis dorsata

author origin of sample n spermatozoa n drones
(x 106)

Tan et al. (1996) south Vietnam 1.24 +0.39 31
(captured near colony) min 0.20 / max 2.00

Tan et al. (1996) south Vietnam 1.15+0.49 55
(collected from colony) min 0.13 / max 2.65

Koeniger et al. (1990) Malaysian Peninsula 2.46+0.15 5
(collected from colony) min 2.24 / max 2.64

present study Sabah, Malaysia 1.19+0.25 20
(captured at colony) min 0.85 / max 1.67

present study Sabah, Malaysia 1.59 +0.18 25

(captured at DCA)

min 1.33 / max 2.04

B. Apis mellifera

author origin of sample A. mellifera race sperm number
(x 100)
Woyke (1960) Poland A. m. mellifera? 11-12
Rinderer et al. (1985) Venezuela European A. m. 11.4
(5.7 £ 0.9 per sem. vesicle)
Rinderer et al. (1985) Venezuela Africanized A. m. 92
(4.6 £ 0.9 per sem. vesicle)
Rinderer et al. (1999) USA, Baton Rouge European A. m. 8.6
(4.3 + 0.42 per sem. vesicle)
Rinderer et al. (1999) USA, Baton Rouge European A. m. 4.0
(2.0 £ 0.1 per sem. vesicle)
Elbassiouny (1992) Germany, Oberursel A. m. carnica 10.2+0.3
min 8.1 / max12.4
Moritz (1981) Germany, Oberursel A. m. carnica 8.5
Berg (1990, 1992) Germany, Oberursel A. m. carnica 7.1+1.9
min 3.9 / max11.7
Phiancharoen (2004) Germany, Oberursel A. m. carnica 7.6+15
Koeniger 2002 unpubl. Germany, Oberursel A. m. carnica 83+1.1
Schliins et al. (2003) Germany, Celle A. m. carnica
Large drones 11.9+1.0
Small drones 75405

min 1.1/ max 30.3

2. MATERIALS AND METHODS

In Tenom, Sabah on Borneo we caught two dif-
ferent samples of drones during the drone flight time
between 1830 to 1900 h local time. One sample of
drones from one colony was caught with an insect
net nearby the comb which hung at a height of about

4 m. The other sample of drones was collected over
3 consecutive years (February 2001, 2002 and 2003)
at a drone congregation area (DCA) by lifting a
queen dummy (a 3.4 mm piece of black pencil with
1 mg 90D) to which we had attached a thread coated
with insect glue (Koeniger et al., 1994). Drones
whose wings got coated by the glue after touching
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the thread dropped to the ground where we collected
them.

During dissection of the vesiculae seminales, the
endophallus appears either opalescent, which indi-
cates that mucus or sperm had entered, or transpar-
ent, which indicates that all spermatozoa remained
in the vesiculae seminales. Consequently only
spermatozoa of drones with transparent endophalli
were counted. In total, the vesiculae seminales of
20 drones with transparent endophalli caught near
the colony and of 25 drones with transparent endo-
phalli caught at the DCA could be analyzed. The
spermatozoa were dispersed in 0.5 mL Hyes solution
and subsequently killed by adding 4.5 mL distilled
water. They were then counted in a Fuchs-Rosenthal
hemocytometer (Koeniger et al., 1990). We counted
three samples from the sperm dispersion of each
drone. For each sample the spermatozoa were re-dis-
persed by blowing air through the sample with a
pasteur pipette. For each sample we counted
100 units of the counting chamber (1 unit =
0.0125 mm?3). Thus, the number per drone represents
the average number of spermatozoa from 300 units.

3. RESULTS

The average number of spermatozoa of 20
A. dorsata drones caught near the comb was
1.19 x 10 + 0.25 x 10°. The number for indi-
vidual drones ranged from 0.85 x 10 to 1.67 x
10°. Twenty five drones caught at the DCA had
on average 1.59 x 100 + 0.18 x 10°. Individual
numbers ranged from 1.33 x 100 to 2.04 x 100
spermatozoa (Tab. I A). The difference in sper-
matozoa numbers between drones near the col-
ony and those at the DCA was highly signifi-
cant (t-test, P < 0.0001). The variation among
individual spermatozoa numbers was higher in
drones at the colony than at the DCA (Levene
test, P < 0.05).

4. DISCUSSION

The average number of spermatozoa of A.
dorsata drones sampled near the colony in
Sabah were similar to those reported for Viet-
nam (Tan et al., 1996, 1999), but both numbers
were lower than that for drones from a DCA.
The lower number, as well as the higher varia-
tion of spermatozoa numbers among individual
drones sampled at the colony may be explained
by the mixture of sexually mature drones start-
ing for the DCA and young drones doing their

cleansing and orientation flights. A. mellifera
drones start leaving the colony for cleansing
and orientation flights when they are only 6—
8 days old (Drescher, 1969). In A. mellifera
drones the migration of spermatozoa from the
testis into the vesiculae seminales starts at the
age of two or three days. There the spermatozoa
undergo a second stage of maturation which is
finalized at the age from 10 to 12 days. Also in
A. dorsata sperm numbers in drones 6—8 days
old (about 0.79 million) are lower than in
drones aged above 12 days (Tan et al., 1996).
The average number of spermatozoa in DCA
sampled A. dorsata drones was similar to those
calculated from the data of Woyke et al. (2001),
who collected ejaculate for instrumental insem-
ination. Ejaculates can only be obtained from
sexually mature drones.

As in Tan et al. (1996), the number of sper-
matozoa in our new samples was lower than the
2.4 x 10%reported for five drones in our original
publication (Koeniger et al., 1990). The highest
number counted in the present study was 2.04 X
10° and in the study of Tan et al. (1996) it was
2.65 x 10°. The study of Koeniger et al. (1990)
aimed to demonstrate that A. dorsata queens
mated more than once and was not intended to
represent the average number of spermatozoa
for drones in A dorsata species.

The range in numbers of Tan et al. (1996)
is from 0.2 to 2.00 x 10 in “sexually mature”
drones caught near the colony and from 0.22 to
2.65 x 100 in drones aged from 12 to 21 days.
The average number of these 55 drones was
1.15 x 108 (Tan et al., 1996). All the drones of
known age above 12 days were derived from
drone brood of one colony, but they were kept
in different nurse colonies after emergence
(Tan et al., 1996). As the variation in these
drones from the same colony is also high, the
differences seem not to be genetic. The varia-
tions rather may be due to different environ-
mental conditions during nursing of young
drones in different colonies. Kraus et al. (2003)
found clear evidence for variability in male
mating success at the colony level for A. mel-
lifera.

In the present study numbers of spermatozoa
ranged from 0.85 x 10° to 1.67 x 10° in drones
caught near the colony and from 1.33 x 10° to
2.04 x 100 in drones sampled at the DCA. The
lower variation among individual drones,
which have been successful to reach a position
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very near to the queen dummy may suggest that
these drones also show a higher fitness in sperm
production.

In general, spermatozoa numbers of individ-
ual A. dorsata and A. mellifera drones show
high variance (Tab. IA, B) This could be due
to a high error in the method. There are two crit-
ical sources for inaccuracy. First, upon dissec-
tion some spermatozoa may have been pushed
into the endophallus. Second, spermatozoa
sink to the bottom and thus there is a gradient
of sperm concentration within the solution.
Thorough dispersal before taking a sample is
crucial. Furthermore, it is possible that not
enough counts of a drone sample were done.
Normally the number of tested samples per
drone or the number of units evaluated are not
published, instead only average numbers of
spermatozoa are given.

Still we argue that variance in sperm counts
is not due solely to experimental error because
high inter-drone variance occurs even when
spermatozoa are counted by the same person.
Similarly to A. dorsata, in A. mellifera differ-
ences of more than 100% in average numbers
of spermatozoa have been reported (Tab. IB).
Even among drones from one breeder line in
Baton Rouge USA or in Oberursel, Germany,
numbers of spermatozoa differ from 4.0 x 100
to 8.5 x 10 and 7.6 x 10 to 12 x 10° respec-
tively. In all cited cases spermatozoa of vesic-
ulae seminales of drones aged 11 or 12 day
were counted. Schliins et al. (2003) counted
11.9 x 10° + 1.0 x 100 spermatozoa in drones
reared in drone cells. Drones reared in worker
cells had an average of 7.5 x 10° + 0.5 x 10°.
Considering small and large drones the number
ranged from one million to 30 million in indi-
vidual drone correlating to drone size.

Both Apis species, A. dorsata and A. mellif-
era, have multiple mating and each patriline is
present in different percentages within a colony
(Moritz et al., 1995; Oldroyd et al., 1996;
Palmer and Oldroyd, 2000). Schliins et al.
(2004) found a high correlation between a
drone’s number of spermatozoa and the per-
centage of its spermatozoa reaching the sper-
matheca after instrumental insemination. This
suggests that individual differences in number
of spermatozoa per drone have an influence on
the drone’s paternity success. The variance in
spermatozoa numbers of A. dorsata drones
caught at the DCA near the queen dummy was

lower compared to the comb sample but still the
number varied from 1.33 x 100 to 2.04 x 10°.
This variance in possibly fathering drones still
is sufficient to contribute to differences in pat-
riline proportions within colonies.

Schliins et al. (2003) demonstrated that the
size of A. mellifera drones has an influence on
its sperm number. In this study spermatozoa
numbers range from about one million up to
30 million spermatozoa among drones (aged
12 days) of 10 sister queens. Also in A. dorsata
the weight of drones varies. The dry weight of
40 A. dorsata drones had a mean and standard
deviation of 36.8 mg + 6.2 mg (Radloff et al.,
2003). In addition differences in rearing condi-
tions for drone brood due to environmental dif-
ferences may also influence sperm numbers.

High variance in numbers of spermatozoa
even within one subspecies and even within
breeder lines in A. mellifera suggest that calcu-
lating the number of spermatozoa of drones as
arace specific character may be premature. For
example in the statement of Kraus et al. (2004)
that an A. m. capensis drone with 8.9 x 106 +
1.1 x 106 (Buys, 1990) has less spermatozoa
than A. m. carnica drone refers arbitrarily only
to one of the 6published sperm numbers: 12.0 X
10° + 1 x 10° (Woyke, 1962). Considering the
variance of average numbers from 7.5 million
to 12 million in A. m. carnica drones, 8.9 x 10°
falls within the average. Thus it seems difficult
to relate sperm numbers to the higher mating
frequencies of A. m. capensis compared to A.
m. carnica. Their hypothesis of the significance
of sperm limitation and evolution of extreme
polyandry in honeybees has to be discussed
again.

Also, calculating the percentage of sperma-
tozoa that reach the spermatheca as a species
specific character must lead to dubious results,
as the following example demonstrates: In A.
dorsata the calculation that between 5-7%
spermatozoa of one drone reach the spermath-
eca (Koeniger and Koeniger, 2000; Palmer and
Oldroyd, 2000) was based on 3.94 x 100 sper-
matozoa in queens and 2.4 x 10° in drones and
the effective paternity of 22.8 (Moritz et al.,
1995; Oldroyd et al., 1996). Calculating
according to the numbers of Tan et al. (1996)
12.5% of spermatozoa of one drone reach the
spermatheca, according to the data of DCA
drones in this report it is 10%. This is about the
same amount as calculated for A. cerana (10%)
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and A. koschevnikovi (12%) (Koeniger and
Koeniger, 2000; Palmer and Oldroyd, 2000). In
any case these results demonstrate that it is pre-
mature to draw general conclusions from the
differences in number of spermatozoa of Apis
drones and that the reason for these variations
have to be understood.

Résumé — Variance du nombre de spermatozoi-
des chez les méales d’Apis dorsata et d’Apis melli-
fera. Ces derniéres années des données différentes
concernant le nombre moyen de spermatozoides par
male ont été publiées. Les nombres varient entre
1,2 x 100 et 2,4 x 106 (Tab. I), les valeurs indivi-
duelles variant entre 0,22 x 10° et 2,65 x 106 (Tan
et al. 1996, Tab. IA). A cause de ces écarts Elevés,
de nouveaux comptages ont été effectués. A I’aide
d’un filet 20 males ont été capturés au moment du
vol des males a une faible distance du nid et 25
autres sur un lieu de rassemblement de males
(LRM). Sur le lieu de rassemblement nous avions
attaché sous la fausse reine (leurre) un fil couvert de
colle a insecte. Les males qui, au cours du vol se
collaient les ailes au fil, tombaient au sol et pou-
vaient €tre ramassés. Les comptages de spermato-
zoides ont été faits selon le processus habituel :
apres le montage des vesicula seminalis, les sper-
matozoides ont été rincés dans 0,5 mL de solution
de Ringer, tués en ajoutant 4,5 mL d’eau distillée,
puis comptés dans un hémocytometre. Nous avons
obtenu les valeurs suivantes : 1,19 x 10® + 0,25 x
10° spermatozoides chez les males prés du nid et
1,59 x 10° + 0,18 x 10° chez les males du LRM.
(Tab. IA). La différence entre les deux lieux était
hautement significative et la variation interindivi-
duelle du nombre de spermatozoides était significa-
tivement plus forte chez les males proches du nid
que chez ceux du LRM.

Les nombres de spermatozoides publiés varient for-
tement, la moyenne se situant entre 4,0 millions et
11,9 millions. Nous discutons les causes possibles
de ces différences Il semble improbable qu’elles
soient dues a des erreurs méthodologiques, car on
trouve aussi des différences du méme ordre de gran-
deur chez le méme auteur. C’est avant tout les dif-
férences liées au milieu qui sont responsables des
variations. La saisonnalité et les conditions de soin
des males pourraient influencer la maturation des
spermatozoides et étre a 1’origine des différences
observées. On discute dans quelle mesure le succes
reproductif des males dépend des différences indi-
viduelles du nombre de spermatozoides par male.

Apis dorsata / Apis mellifera /| nombre de
spermatozoides / variance / male

Zusammenfassung — Varianz der Spermato-
zoenzahl bei Drohnen innerhalb von Apis dor-
sata und innerhalb von Apis mellifera. In den

letzten Jahren wurden fiir Apis dorsata unterschie-
dliche Durchschnittszahlen fiir Spermatozoen pro
Drohn verdffentlicht. Die Zahlen variierten von
1,2 x 100 und 2,4 x 106 (Tab. IA); die Einzelwerte
fiir individuelle Drohnen variierten von 0,22 x 100
bis 2,65 x 106 (Tan et al. 1996, Tab. IA). Wegen
dieser hohen Diskrepanz wurden noch einmal A.
dorsata Drohnen fiir die Zihlung der Spermien
gefangen, und zwar 20 Drohnen mit einem Insek-
tennetz zur Drohnenflugzeit in kurzem Abstand
vom Volk und 25 Drohnen auf dem Drohnen-
sammelplatz (DSP). Auf dem Sammelplatz hatten
wir unter der Koniginnenattrappe einen Faden mit
Insektenkleber gehingt. Drohnen, deren Fliigel
beim Anflug verklebt wurden, fielen zu Boden und
konnten aufgesammelt werden. Die Zihlungen
erfolgten nach dem iiblichen Verfahren — nach der
Praparation der Vesicula seminalis wurden die
Spermien in 0,5 mL Insektenringerlosung aufge-
schwemmt, mit 4,5 mL destilliertem Wasser abgeto-
tet und im Hamocytometer gezihlt. Es ergaben sich
folgende Werte: 1,19 x 100 + 0,25 x 106 Spermato-
zoen bei Drohnen nahe am Volk und 1,59 x 100 +
0,18 x 10° bei Drohnen vom DSP (Tab. IA). Der
Unterschied zwischen beiden Plidtzen war signifi-
kant, auBerdem war der Grad der Variation der
Spermienzahlen bei Drohnen in Volksnihe signifi-
kant hoher als die der Drohnen vom DSP.
Veroffentlichungen iiber Spermienzahlen in A. mel-
lifera variieren ebenfalls stark, die Durchschnittszah-
len liegen von 4,0 Millionen bis 11,9 Millionen.
Wir diskutieren mogliche Ursachen fiir diese unter-
schiedlichen Ergebnisse. Es scheint unwahrschein-
lich zu sein, dass nur methodische Fehler vorliegen,
denn auch bei denselben ,,Zihlern* (Autoren) finden
sich Unterschiede in den Spermienzahlen in etwa
dem gleichen Ausmal}. Vielmehr konnten vor
allem umweltbedingte Unterschiede vorliegen. Sai-
sonalitéit und Pflegebedingungen der Drohnen kénn-
ten die Spermareifung beeinflussen und damit
Unterschiede verursachen. Wir diskutieren, in wel-
chem MaBe der reproduktiven Erfolg einzelner
Drohnen von unterschiedlichen Spermienzahlen
abhingt.

Varianz bei Spermienzahlen / Mittelwerte /
Einzeldrohnen / Apis dorsata | Apis mellifera
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