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Summary &mdash; The mating flight times of native Apis cerana japonica and introduced A mellifera were
compared in the same biotype in Japan. The queen flight times for A cerana japonica and A mellifera
were 13.15-17.00 h, 12.15-15.00 h, and those of the drones were 13.15-16.30 h, 11.30-15.00 h,
respectively. Both the hive departure and mating flight times of A mellifera were 1.5-2 h earlier than those
of A cerana japonica. Successful mating flights of queens occurred between 13.00 and 14.40 h in A mel-
lifera and between 14.45 and 16.35 h in A cerana japonica.
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INTRODUCTION

The Asian Apis cerana Fabr is a polytypic
species distributed from tropical to northern
temperate Asia. The origin, route and time of
entry of A cerana into Japan are not clear,
but morphometric and statistical data
enabled Ruttner (1988) to classify Japanese
A cerana as the independent subspecies,
Apis cerana japonica Radoszkowski. Mod-
ern beekeeping in Japan started in 1877
when the western honeybee Apis mellifera
L was introduced in movable-frame hives.

The mating behavior of Apis cerana
indica Fabr has been extensively studied
(Sharma, 1960; Adlakha, 1971; Ruttner et al,
1972; Woyke, 1975; Shah and Shah, 1980;

Verma, 1990). The difference in the mating
flight time of sympatric Apis species is
thought to be a key factor of interspecific
reproductive isolation (Koeniger and Wijaya-
gunasekera, 1976; Koeniger et al, 1988).
Intraspecific variation of the flight has also
been reported (Rowell et al, 1986). In
Europe, Ruttner et al (1972) and Ruttner
and Maul (1983) caught drones of both
native A mellifera and experimentally intro-
duced A cerana at the same time of day in
the same drone congregation area. How-
ever, there is no detailed information on the

interaction between native A cerana and

introduced A mellifera in Asia.

The mating flights of both queens and
drones of the 2 species were compared in
the same biotype in Tokyo. The drone flights



of A cerana japonica were also observed
on Tsushima Island where A mellifera has

not been introduced.

MATERIALS AND METHODS

This study was done in the normal mating season
for both honeybee species, from mid-May to late-
June from 1989 through 1992. Queen mating
flights of A cerana japonica and A mellifera (basi-
cally ligustica but it may be mixed with other mel-
lifera subspecies) were observed with the aid of
a specially designed queen excluder fitted to the
entrance of a nucleus hive (Alber et al, 1955).
The observations were made every day until a
mating sign was found 5 d after emergence of
the queens. When a queen appeared at the
entrance, the excluder was removed to allow her
to fly. The returning queen was carefully inspected
for the mating sign and was then allowed to enter.
Observations of drone flights were recorded in 2
colonies, whose populations each covered at
least 6-8 frames of A cerana japonica and 10-15
frames of A mellifera. Flight time was evaluated by
counting outgoing drones for 5 min every 15 or 30
min. The flight durations of marked drones in both
species were observed using modified UC Davis-
type observation hives (Gary, 1976) with 3-4
frames placed in 12:12 light/dark rooms (light on
at 06.30 h and off at 18.30 h) at 25 ± 2°C. The
drone flight time of A cerana japonica was also
observed at Tsushima Island (E 129° 20’, N 34°
22’), where A mellifera has not been introduced,
and at Mine in Yamaguchi Prefecture (E 131°
13’, N 34° 12’), which is almost at the same lati-
tude as Tsushima Island. A cerana japonica
colonies in these areas are kept in traditional bee
hives. Two similar colonies placed in the field
were examined for 4 d, May 3-6 1992, at
Tsushima and for 3 d, May 12-14 1992, at Mine.

Flight times in this report and those reported in
the literature were converted to the local time con-

sidering longitude of their experimental location.

RESULTS

Queen flights

Queen flights of A cerana japonica were
observed for 7 d, June 3-6 and June 25-27

1989, and 17 d, May 16-22 and June 21-30,
1990; queen flights of A mellifera were
observed for 5 d, May 28-June 1, 1989, and
7 d May 8-10 and May 31-June 3 1990.
The temperature during the observation days
was 23-27°C. A total of 71 flights of 15 
queens were observed for A cerana japon-
ica, and 73 flights of 13 queens were
observed for A mellifera. Queens of A cerana

japonica departed between 13.15 and
17.00 h. Four out of 7 queens in 1989 and 5

out of 8 queens in 1990 returned with the

mating sign from 14.45 to 16.35 h. Queens
of A mellifera departed between 12.15 and
15.00 h. Five out of 8 queens in 1989 and 4

out of 5 queens in 1990 returned with the

mating sign from 13.00 to 14.40 h. Since
queen flight times observed in 1990 were
similar to those in 1989, only the results of
1989 are shown in figure 1, which shows the
number of flights and the time until they
returned with mating sign. Four A cerana
japonica queens returned with mating sign
compared with 5 A mellifera queens. Out of
4 A cerana japonica queens, queen No 23
made only 1 flight for 23 min to get the mat-
ing sign. Queen No 27 made 3 flights and
got the mating sign during the last flight,
which took 25 min. Queens No 21 A and 21 B

made 4 flights in 1 day, and both got the
mating sign during the last flight. Queen No
21 B made a further 2, 1 and 5 flights in 3
consecutive days and returned with the sec-
ond mating sign during the last flight. A mel-
lifera queens No 4, 6 and 19 made 6, 3, and

4 flights, respectively. Queen No 9 made 12 
flights in total over 5 d and got the mating
sign twice in the last 2 flights of 9 and 5 min
duration. Queen No 14 mated twice on days
7 and 8 after emergence.

In the combined results of 1989 and

1990, all 9 A cerana japonica queens with
mating sign returned later than 14.45 h and
9 A mellifera queens with mating sign
returned before 14.40 h.

The flight duration of A cerana japon-
ica queens ranged from 30 s to 37.4 min.



The mating flight (with mating sign) was
relatively long, ranging from 16.5 and 37.4
min with an average of 26.3 min (table I).
Flights shorter than 15 min were thought
to be orientation flights. In A mellifera, flights
with a mating sign took between 5 and 18.2
min with an average of 11.7 min. This is

significantly shorter than mating flights of
A cerana japonica. Orientation flights in A

mellifera were estimated to take 5 min or

less (table I).
The average age of queen at the first

flight was 9.8 d for A cerana japonica and
8.3 d for A mellifera. The average age of a

queen who returned with mating sign was
12.4 and 10.4 d, respectively, but these
values were not statistically different
(table II).



Drone flights

Drone flights of A cerana japonica were
observed for 3 d, May 10-12 1991, and
drone flights of A mellifera for 3 d, May
26-28 1991. A cerana japonica drones
departed from 13.15 to 16.30 h with a peak
from 15.00 to 15.30 h. The range in A mel-

lifera was from 11.30 to 15.00 h with a peak
from 13.00 to 13.30 h (fig 2). The drone flight

time of A cerana japonica was about 2 h
after that of sympatric A mellifera.

The flight duration of 84 marked A cerana
japonica drones 6-10 d old, and of 85
marked A mellifera drones 9-16 d old were

observed. A cerana japonica drones 8-9 d
old and A mellifera drones 14-15 d old flew

most frequently. A flight duration of less than
10 min was frequent in A cerana japonica
whereas it was 10-20 min in A mellifera.



The longest drone flight in A cerana japon-
ica was 49 min whereas it was 36 min in A
mellifera (fig 3).

Drones in Tsushima Island departed from
12.45 to 16.15 h, whereas those in Yam-
aguchi departed from 13.30 to 16.30 h, with
the peak from 14.45 to 15.45 h; there is no
significant difference between these times
and those observed in Tokyo (fig 4). Dawn
in Tsushima and Yamaguchi is 50 min and
35 min later, respectively, than in Tokyo

(E 139° 26’, N 35° 35’), but this time differ-
ence did not influence the drone flight time.

DISCUSSION

A cerana indica queen mating flights are
reported to take place between 13.26 and
14.26 h (Woyke, 1975) local time. They
occur between 12.40 and 13.40 h in India

(Verma, 1990), and between 16.07 and



16.47 h in Sri Lanka (Punchihewa et al,
1990). In our experiments, A cerana japon-
ica queens made mating flights between
15.03 and 16.18 h and took longer than A
cerana indica queens. Mating flights of A
cerana indica drones were reported between
16.07 and 17.07 h in Sri Lanka (Koeniger
and Wijayagunasekera, 1976), between
15.22 and 16.52 h in Sri Lanka (Punchihewa
et al, 1990), between 13.29 and 15.14 h in
Borneo (Koeniger et al, 1988), and between
13.25 and 14.55 h in India (Verma, 1990).
Drone flights of A cerana japonica occurred
between 13.33 and 16.48 h and took longer
than those of A cerana indica drones.

The time, number and length of A mellif-
era queen flights have been observed by
many researchers. Mating flights occur only
between 12.00 and 17.00 h with the great-
est frequency between 14.00 and 16.00 h
(Ruttner, 1956). Koeniger et al (1989)
reported that queens of A mellifera carnica
and A mellifera ligustica in Austria mated
between 13.59 and 16.01 h, and 15.24 and
16.16 h, respectively. In Japan, A mellifera
queen mating flights occurred between
13.18 and 14.48 h, which is earlier than in
other reports. In Louisiana, the average flight
time of A mellifera drones is between 13.56
and 16.26 h, but they flew almost 2 h earlier
early in the mating season (Taber, 1964).
In Japan, the flight time of A mellifera drones
was between 11.48 and 15.18 h during the
peak season, which tends to be earlier than
the mating flight time of queens.

For the difference in the mating flight
time, Koeniger and Wijayagunasekera
(1976) and Koeniger et al (1988) report 3
different daily drone flight periods for the 3
sympatric species in Sri Lanka and Borneo.
The duration of the mating flights of A cer-
ana japonica, which is the only native honey-
bee in Japan, is longer than the duration in
southeast Asia where there are other native

honeybee species. It seems that the mat-

ing flight time in Japan is not severely
restricted because there has been no sym-

patric Apis species until recent introduction
of A mellifera.

A cerana drones introduced from Pak-

istan and China to Europe showed high flight
activity at the same time of day as A mellif-
era (Ruttner et al, 1972; Ruttner and Maul,
1983). Hoshiba et al (1981) also state (with-
out evidence) that mating flights of A mel-
lifera and A cerana japonica occur at the
same time in Japan. In the present obser-
vations in Tokyo, however, we found a clear
time difference: both departure and mating
flight times of A cerana japonica were
1.5-2 h later than those of A mellifera. On

Tsushima Island, where A mellifera has
never been introduced, drones flew at
almost the same timing as in Tokyo. This
suggests that the observed chronological
separation in mainland Japan where A mel-
lifera coexists is due to the difference of

their own timings developed in allopatric
conditions. In other words, interspecific
chronological selection to separate the 2
species does not seem to have been oper-
ating during this 100 years of coexistence.

It seems probable that the observed dif-
ference in the timing of reproductive behav-
ior takes part in the actual reproductive iso-
lation, even if it resulted by chance, together
with the difference in drone congregation
area. The conditions for A mellifera drone

congregation areas in Japan (first found by
Yoshida, 1990) were similar to those
described in Germany (Ruttner, 1973;
Koeniger et al, 1979), but for A cerana
japonica they were different. This species
congregates above the crown of tall trees
which are visually distinct (Yoshida and
Yamazaki, 1993).

In spite of the reproductive isolation ten-
dency, however, interspecific copulation or
copulatory attempts may occur in natural
conditions. Ruttner and Maul (1983) found
an A cerana queen with an A mellifera mat-

ing sign. We have also confirmed that a
fixed A cerana japonica queen does attract
A mellifera drones and can copulate with



them in A mellifera drone congregation
areas (Yoshida and Yamazaki, 1993). A
much more systematic survey in this respect
is in progress in our institute.
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Résumé &mdash; Horaires des vols de fécon-

dation de l’abeille indigène Apis cerana
japonica Radoszkowski et de l’abeille
introduite Apis mellifera L en conditions
sympatriques. On a comparé les vols de
fécondation des reines et des mâles de

l’abeille indigène Apis cerana japonica et de
l’abeille introduite Apis mellifera dans le
même biotope au Japon. Les reines d’A c
japonica s’envolaient entre 13 h 15 et 17 h,
celles d’A mellifera entre 12 h 15 et 15 h. Le

retour des reines avec signe de fécondation
s’effectuait entre 14 h 45 et 16 h 35 chez A

c japonica et entre 13 h et 14 h 40 chez A
mellifera (fig 1). Pour les mâles, les vols
avaient lieu entre 13 h 15 et 16 h 30 avec

un pic de 15 h à 15 h 30 chez A c japonica et
de 11 h 30 à 15 h avec un pic de 13 h à 13 
h 30 chez A mellifera (fig 2). Un vol de fécon-
dation durait en moyenne 26,3 min chez A c

japonica et 11,7 min chez A mellifera
(tableau I). L’âge moyen des reines rentrant
avec un signe de fécondation était de 12,4 j
pour A c japonica (n = 9) et de 10,4 min pour
A mellifera (n = 9) (tableau II). Une durée
de vol inférieure à 10 min se rencontrait fré-

quemment chez les mâles d’A c japonica,
tandis que chez les mâles d’A mellifera la

plupart durait de 10 à 20 min (fig 3). Lors de
ces observations faites à Tokyo, les horaires
d’envol et les horaires des vols de féconda-

tions d’A c japonica se situaient 1 h et demie
à 2 h plus tard que ceux d’A mellifera,

contrairement aux résultats précédents qui
indiquaient la même période de vol pour les
2 espèces (Ruttner et al, 1972; Ruttner et
Maul, 1983). Sur l’île de Tsushima, où A
mellifera n’a jamais été introduite, les mâles
effectuaient leurs vols presque à la même
heure que ceux de Tokyo (fig 4). Cela laisse
supposer que la séparation chronologique
observée dans l’île principale du Japon, où
A mellifera et A c japonica coexistent, est
due à la différence de leurs propres horaires

qui se sont mis en place en conditions allo-
patriques. Une sélection chronologique inter-
spécifique pour séparer les 2 espèces ne
semble pas avoir fonctionné au cours des
100 années de coexistence.
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Zusammenfassung &mdash; Paarungszeit der
einheimischen A cerana japonica
Radoszkowski und der eingeführten A
mellifera L unter sympatrischen Bedin-
gungen. Die Paarungsflüge von Königin-
nen und Drohnen beider Arten, der ur-

sprünglichen A cerana japonica und der
eingeführten A mellifera, wurden im selben
Biotop miteinander verglichen. Königinnen
von A cerana japonica starteten ihre Paa-
rungsflüge zwischen 13.15 und 17.00 Uhr,
A mellifera Königinnen zwischen 12.15 und
15.00 Uhr. Die Flugzeit der Königinnen, die
mit einem Begattungszeichen zurückkehr-
ten, lag zwischen 14.45 und 16.35 Uhr bei A
cerana japonica, bei A mellifera zwischen
13.00 und 14.40 Uhr (Abb 1). Bei den Droh-
nenflügen lag die Zeitspanne zwischen
13.15 und 16.30 Uhr, mit einem Peak zwi-
schen 15.00 und 15.30 Uhr bei A cerana

japonica, bei A mellifera zwischen 11.30
und 15.00 Uhr, mit einem Peak von 13.00
und 13.30 Uhr (Abb 2). Die durchschnittliche
Flugdauer betrug 26,3 min bei A cerana
japonica und 11,7 min bei A mellifera
(Tabelle I). Das Durchschnittsalter der Köni-
ginnen, die mit einem Begattungszeichen



zurückkehrten, betrug 12,4 Tage bei A
cerana japonica (n = 9) bzw 10,4 Tage bei
A mellifera (n = 9) (Tabelle II). Die Dauer
der Drohnenflüge lag bei A cerana japonica
häufig unter 10 min, während bei A melli-
fera Zeiten zwischen 10 und 20 min über-

wogen (Abb 3). Bei den hier beschriebenen
Beobachtungen in Tokio lagen sowohl die
Abflugs- als als auch die Paarungszeiten
von A cerana japonica 1,5 bis 2 Stunden
später als die von A mellifera. Bei früheren
Beobachtungen in Deutschland flogen beide
Arten zur selben Zeit (Ruttner et al, 1972;
Ruttner und Maul, 1983). Auf den Tsushima
Inseln, auf die A mellifera nie eingeführt
wurde, flogen die Drohnen etwa zur glei-
chen Zeit wie in Tokio (Abb 4). Das legt den
Schlu&szlig; nahe, da&szlig; die beobachtete zeitliche

Trennung der Paarungsflüge auf der Haupt-
insel von Japan zwischen den beiden Arten
wahrscheinlich auf die ursprünglichen Zeit-
muster zurückzuführen sind, die sich unter
allopatrischen Bedingungen entwickelt
haben. Eine Selektion auf reproduktive Iso-
lation beider Arten durch unterschiedliche

Paarungszeiten hat sich während 100 Jah-
ren der Koexistenz wahrscheinlich nicht aus-
wirken können.

A cerana japonica / Paarungsflug / Paa-
rungsverhalten / A mellifera / / Japan
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