
HAL Id: hal-02282318
https://hal.science/hal-02282318

Submitted on 27 Jul 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Flight activity of honey bee (Apis mellifera) drones
Maritza Regina Reyes, Didier Crauser, Alberto Prado, Yves Le Conte

To cite this version:
Maritza Regina Reyes, Didier Crauser, Alberto Prado, Yves Le Conte. Flight activity of honey bee
(Apis mellifera) drones. Apidologie, 2019, 50 (5), pp.669-680. �10.1007/s13592-019-00677-w�. �hal-
02282318�

https://hal.science/hal-02282318
https://hal.archives-ouvertes.fr


Flight activity of honey bee (Apis mellifera ) drones

Maritza REYES
1
, Didier CRAUSER

1
, Alberto PRADO2, Yves LE CONTE

1

1INRA, UR 406 Abeilles et Environnement, Laboratoire Biologie et Protection de l’abeille, Site Agroparc, Domaine St
Paul, 84914, Avignon, France

2Escuela Nacional de Estudios Superiores, Unidad Juriquilla, UNAM, Querétaro, Mexico

Received 18 December 2018 – Revised 24 June 2019 – Accepted 5 July 2019

Abstract – Compared to the queen or the workers, the biology of honey bee Apis mellifera L. drones is poorly
known. Available information on drone activity is based mainly on direct observations during a limited period of
time and for a restricted time of the day. Complete registers of the flight activity of honey bee drones are lacking.We
studied the activity of A. mellifera drones during their entire life in spring and summer by using an optical bee
counter at the entrance of the hive. Drones were active in the afternoon, with most flights occurring between 14:00
and 18:00. Short orientation flights were performed at 6–9 days old, and longer mating flights of 30 min were
performed from the age of 21 days onward during the spring and from the age of 13 days onward during the summer.
Our registers show that 50 and 80% of the drones remained faithful to their colony (did not drift) in spring and
summer, respectively. The present study confirms existing information, but also reveals unknown aspects about
drone biology.

drone / flight performance / longevity / behavioural development

1. INTRODUCTION

Since the nineteenth century, the honey bee has
been a very attractive model for sociobiology and
behavioural sciences. Apis mellifera L. has been
extensively studied, and among the different
castes of the colony, scientists have focused main-
ly on the queen and workers and less on drone
behaviour and biology. Even though drones do
not participate in food collection or brood care,
there are sophisticated interactions in which
workers stimulate drones to perform trophallaxis
by vibration signals (Slone et al. 2012; Goins and
Schneider 2013). In addition, heat produced by
drones is known to participate in the thermoregu-
lation of the nest (Harrison 1987; Kovac et al.

2009). Drones have mainly received attention be-
cause of their astonishing mating behaviour out-
side the nest.Mature drones exit the nest and fly to
specific drone congregation areas (DCAs) to mate
with a queen. At 15–40 m in the air (Ruttner
1966), at the DCA, tens of thousands of drones
congregate and wait for a queen. Copulation takes
place on the wing and drones die shortly after
mating (Koeniger et al. 2005a). Only a few studies
have described the honey bee drone’s flight activ-
ity and lifespan (Howell and Usinger 1933; Oertel
1956; Ruttner 1966; Witherell 1971; Hellmich
1991; Koeniger et al. 2005a; Koeniger et al.
2005b). Young individuals make orientation
flights around the nest, before reaching sexual
maturity some days later (Howell and Usinger
1933; Koeniger et al. 2005a). Orientation flights
are a specific behaviour exhibited by bees that
involve hovering back and forth at the entrance
of the hive and then ascending in a spiralling
flight. During these orientation flights, bees learn
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features of the landscape that allow them to return
to the hive (homing) (Capaldi and Dyer 1999;
Capaldi et al. 2000) and flight experience im-
proves returning performance (Hayashi et al.
2017). According to Hellmich et al. (1991), the
flight departure time of mature drones is around
16:00, with little variation between immature and
mature drones. Under favourable weather condi-
tions, drones can perform multiple mating flights
in one afternoon, staying in the DCA for up to
30 min before returning to the hive to feed (Gary
1992). However, available information on drone
flight behaviour is usually based on direct obser-
vations, during a limited period of time and only
during limited time intervals (Burgett 1974;
Fukuda and Ohtani 1977; Hellmich et al. 1991;
Duay et al. 2002; Rueppell et al. 2005; Neves et al.
2011). Additionally, these observations cannot
identify drones individually (Burgett 1974;
Rueppell et al. 2005) and it is difficult to deter-
mine the exact number of drones that leave from
or arrive at the hive, particularly when hundreds of
drones fly at the same time (Rinderer et al. 1993).
Furthermore, the time of flight can vary according
to the weather conditions (Hellmich et al. 1991).
Hence, the information that can be obtained by
direct observation of drone flight behaviour is
limited.

Drones can drift from one colony to another,
and they are usually easily accepted into foreign
colonies during the spring season. The drifting of
drones is considered a common phenomenon in
apiaries (Currie and Jay 1991; Moritz and
Neumann 1996; Neumann et al. 2000), but em-
pirical evidence of their fidelity to their own col-
ony is lacking. In order to better understand honey
bee drone behaviour and behavioural develop-
ment of flight activity, we used an optical bee
counter able to record exits and entrances of indi-
vidually tag marked drones. We report on flight
frequency and duration as well as drifting.

2. MATERIAL AND METHODS

Empty drone frames were introduced into a
strong queen right colony to obtain emerging
drones of the same age. The eggs laid by the
queen developed into drones 25 days later. One
hundred emerging drones (0–12 h old) from the

same colony were individually marked with a
distinctive tag numbered from 0 to 99, glued to
the thorax with the numbers in upright position
(toward the head) (Figure 1 ). The tag allowed
recording of the activity of each drone. Prior to
this study, we confirmed that tags do not affect
drone survival in laboratory conditions (data not
shown). Tagged drones were introduced into an
A. mellifera colony kept in a Dadant hive at
INRA-Avignon (France). The hive consisted of 5
frames and about 10,000 workers. The apiary at
INRA-Avignon consists of approximately 30 full-
size colonies and around 20 five-frame colonies.
The experimental hive was placed at 20 m away
from other colonies and between thick bushes to
avoid drifting.

The activity of tagged drones leaving and en-
tering the hive was registered using an optical bee
counter based on a video camera recognition sys-
tem and a passageway device that the drone must
pass through in order to enter or exit the hive (Le
Conte and Crauser 2006; Dussaubat et al. 2013;
Alaux et al. 2014; Prado et al. 2019). The system
continuously recorded the exit and entrance activ-
ity of the marked drones.

The optical bee counter consisted of a high-
resolution camera that monitored the hive en-
trance and an in-house image analysis software
that detected and registered the tag. The software
is able to detect the direction of the movement of
the tag and discriminates exits from entrances.
Identification of numbers is done by optical char-
acter recognition (OCR), considering the head as
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Figure 1. Tagged newly emerged drones before the
experiments.



up. For an entering drone, the image is turned
180° before it is registered. The passageway de-
vice consists of five passages covered by Plexi-
glas, and a lighting system allows the camera to
record. Images are analysed from 2 detection
zones, and bees are counted only if they cross
both zones. This limits the analysis to bees that
are indeed leaving or returning to the hive.

Drone flights were defined as an exit-entrance
sequence for a particular drone ID. Unpaired exits
or entrances, due to undetected passages, were not
taken into account (6% of the data). Simulta-
neously, the optical counter records the global
in-and-out activity of non-tagged workers of the
hive. A 5-frame colony was chosen for this study
to reduce the amount of traffic at the passageway
and increase the accuracy of the recordings.

Two replicates were conducted over a 90-day
period on the same hive, both with 100 drones.
The first replicate was carried out during May–
June (spring) and the second during June–July
(summer). In both cases, data were collected until
the last drone left the hive.

Weather data (temperature, wind speed, rain)
and times of sunrise and sunset were obtained
over the two periods of the study from http://fr.
weather.com/climate/sunRiseSunSet-Avignon-
FRXX0270 and ht tp: / /www.infocl imat .
fr/tableaux-station-meteo-avignon-07563. As
drone activity peaked at 16:00 (see Section 3),
correlation coefficients (Pearson’s r ) between
drone activity (minutes spent outside the hive)
and meteorological conditions at 16:00–17:00
were assessed via correlation tests using the cor.
test function in R.

To compare the drone activity (number of
flights and total minutes spent outside the hive
per day) between the spring and summer assays,
we used the Mann-Whitney U test as implement-
ed in R.

3. RESULTS

3.1. Age of first and last flights

A complete record of flights was obtained for
90 and 86 drones for spring and summer trials,
respectively. In the spring, 74% of the individuals
made their first flight at 6 days old, while in the

summer, 51.7% made their first flight at 7 days
old. The mean age at first flight was 5.6 days (±
0.9 SD) and 7.2 days (± 0.5 SD), for spring and
summer experiments, respectively.

The mean age at which drones performed their
last flight in the spring was 17.9 days (± 4.4 SD).
In the summer, the last flight occurred significant-
ly earlier than in the spring (U = 3347, N 1 = 90,
N 2 = 86, P = 0.013) on average at 15.2 days (±
1.8 SD) (Table I). The maximum lifespans ob-
served for spring and summer were 33 and
21 days, respectively (Table I).

3.2. Orientation and mating flights

As reported by other authors (Witherell 1971;
Currie 1987), drones performed two types of
flights in our experiments. Short flights
(orientation) performed by young drones and lon-
ger flights (interpreted as mating flights when
drones visit DCAs) performed later in life. During
both trials, drones performed the short flights of
about 15 min at ages 6–8 days during the spring
trial (15.2 min ± 10.1 SD) and at ages 7–9 days
during the summer (14.8 min ± 11.8 SD). In the
spring, longer mating flights of 31.5 min (± 11.4
SD) were performed from the age of 21 days
onward. During the summer trial, drones per-
formed the long mating flights of 27.4 min (±
14.5 SD) from 13 days old onward. The longest
individual flight of a drone occurred in the spring
at 28 days old (2 h 51 min) and in the summer at
16 days old (1 h 45 min). In both cases, this
occurred during their last day flying.

Between the orientation and mating flights,
despite favourable weather conditions, we ob-
served a period of very low activity of 12 and

Table I.Age of the last registered flight for A. mellifera
drones

Drone age (days)

Mean ± SD1 Range

Spring 17.9 ± 4.4 a 3–33

Summer 15.2 ± 1.8 b 7–21

1Different letters in the same column indicate significant dif-
ferences according to the Mann-Whitney U test
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5 days in spring and summer, respectively. During
this period, drones rarely left the hive (Figure 2).

The time spent at DCAs (estimated as the total
time of mating flights) averaged 510.9 min (±
268.5 SD) and 327.3 min (± 252.6 SD) in spring
and summer, respectively. We found a positive
relationship between the total time spent
performing orientation flights and the total time
spent at DCAs (r = 0.31, P = 0.003, and r = 0.35,
P = 0.001, spring and summer, respectively,
Figure 3).

3.3. Number of flights per day, flight days,
lifetime flights and total flight time

Drones performed 3.3 (± 1.4) and 2.7 (± 1.8)
orientation flights per day during spring and sum-
mer, respectively. This amounted to a total of 8.8
(± 3.3) and 8.1 (± 3.1) orientation flights in the life

of a drone, after which they mostly remained
inside the hive until 21 days old in the spring
and 14 days old in the summer, when they started
performing longer flights (presumably mating
flights where drones visit DCAs). In the spring,
drones performed an average of 4.3 ± 2.6 mating
flights per day. These mating flights were per-
formed on average during 5.1 ± 3.5 non-
consecutive days, for a total of 22 ± 14 mating
flights in the life of a drone in the spring. Drones
flew more times per day in the summer trial (U =
18,792, N 1 = 224, N 2 = 212, P = 0.0001) but on
fewer days (U = 2016, N 1 = 46, N 2 = 70, P =
0.02078; Table II). During the summer, they per-
formed 5.7 mating flights per day during only 3.4
± 2 non-consecutive days, for a total of 20 ± 19
mating flights (Figure 4a).

Between mating flights, drones recharge them-
selves by eating honey (Witherel 1971; Currie
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Figure 2. Cumulative time spent outside the hive by drones. a Spring trial. b Summer trial. Each coloured line
represents one individual drone.



1987). In our study, drones spent 10.7 ± 19.1 and
14.7 ± 24.7 min (mean ± SD) between mating
flights inside the hive in the spring and summer,
respectively (median of 3.8 and 3.3 min)
(Figure 4b).

The number of total flights per drone (ori-
entation + mating) ranged from 1 to 106,
with an average of 27.3 ± 20.06 and 27.4 ±
21.5 flights in spring and summer, respec-
tively. The high variability in total flights is
partly explained by the percentage of drones

that did not live long enough to perform
mating flights; 48% and 19%, in spring and
summer, respectively, did not perform a sin-
gle mating flight. The total number of flights
per drone was not different between the two
evaluated seasons (U = 3890, N 1 = 90, N 2 =
86, P = 0.954). Nor was the cumulative time
of flight (U = 4241, N 1 = 90, N 2 = 86, P =
0.2728) with an average of 7 h 37 min 37 s
in spring and 6 h 19 min 27 s in summer
(Table III).

3.4. Flight period

In both trials, the earliest registered flights of
sexually mature drones were at 7:00 although
these were very rare events (Figure 5a, c). In
general, drones began their flights during the af-
ternoon (Figure 5a, c) and most daily flights oc-
curred between 14:00 and 18:00, with a marked
peak of activity at 16:00 (Figure 5b, d). In the
summer, the time length for outdoor activity was
3 h longer than in the spring (U = 4724,N 1 = 237,
N 2 = 240, P = 0.0135), meaning that some drones
began to fly earlier and came back later to their
hive.

Low but significant correlations were observed
between sunrise and the daily start time of the
drones’ flights (r = 0.394, P = 0.0335, and r = −
0.611, P = 0.0104, for trial 1 and trial 2, respec-
tively), and between the length of the day and the
start time of drone flights (r = − 0.401, P =
0.0303, and r = 0.687, P = 0.0024, for trial 1
and trial 2, respectively).

Drones were not constantly active through-
out their lives. On the contrary, we observed
peaks of activity (Figure 6). The first peak in
activity occurred almost at the same age (6–
9 days old) in both trials, corresponding to
orientation flights (Burgett 1974; Capaldi and
Dyer 1999; Capaldi et al. 2000). Later bouts
in activity occurred once drones attained an
age of sexual maturity and were predominant-
ly associated with favourable climatic condi-
tions allowing for mating flights (Figure 6).
However, despite favourable weather condi-
tions, on some occasions, drones remained
inside the hive after two days of performing
mating flights.

Table II. Total number of flight days for A. mellifera
drones. Data are presented for drones with complete
flight records (trial 1, n = 90; trial 2, n = 86)

Trial Total flight days

Mean ± SD1 Range

Spring 9.4 ± 2.8 a 1–14

Summer 7.2 ± 1.5 b 1–22

1Different letters in the same column indicate significant dif-
ferences according to the Mann-Whitney U test
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Figure 3. Time spent performing mating flights in rela-
tion to the time spent performing orientation flights
(r = 0.31, P = 0.003, and r = 0.35, P = 0.001, for
spring and summer, respectively).



3.5. Effects of weather conditions on drone
flights

According to our observations, drones rare-
ly went out of the hive if wind speed reached
30 km/h or when it was raining (only 2 rain
events occurred in the spring and none in the
summer). However, a few drones were able to
fly on days when wind reached 35 km/h.
These drones made several short flights (from
30 s to 7 min) during the day, while most
drones waited until the wind speed descended
below 30 km/h to start their flights (Figure 6).
Temperature at 16:00 was correlated with
drone activity in the spring but not in the
summer when daily temperatures remained
above 19 °C (Table IV). During the summer,
drones continued to make mating flights one
hour later in the afternoon than during the
spring (Figure 5).

3.6. Returning to the hive and drifting

The optical counter data were used to estimate
how many drones drifted into other colonies by
assessing the number of drones that spent one or
several nights elsewhere before returning. This
measure will underestimate drone drifting as it
cannot account for drones that drift permanently
into other colonies. During the spring trial, 7
drones (7.7%) drifted into other colonies and
came back 1–13 days later, while 46 (50.5%)
remained faithful to their colony. Three drones
died inside the hive (last detected entering the
hive) and 35 (38.5%) could potentially have
drifted to other colonies and never returned, or
died outside the hive before the onset of mating
flights. During the summer trial, three drones
(3.5%) drifted into other colonies and came back
1–6 days later, while 70 (80%) remained faithful
to their colony until mating flights started

Table III. Total flight time (h:min:s) and lifetime flights for A. mellifera drones. Data are presented for drones with
complete flight records (trial 1, n = 90; trial 2, n = 86)

Trial Total flight time (h:min:s) Total lifetime flights

Mean ± SD Range Mean ± SD Range

Spring 07:37:37 ± 03:09:18 00:03:00–23:38:04 27.3 ± 8.9 2–95

Summer 06:19:27 ± 02:30:31 00:32:13–20:35:55 25.8 ± 8.2 2–85

674 M. Reyes et al.

Figure 4. Number of flights and time spent resting. a Average number of flights performed by drones depending on
their age. Only round trips (exit-entrance sequence) are represented. b Time spent by drones in the colony between
two mating flights in spring and summer trials.
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(14 days). Four drones died inside the hive and 10
(11.5%) could potentially have drifted to other
colonies and never returned, or died outside the
hive before reaching sexual maturity (Figure 7).

3.7. Drone and worker bee flights

We observed a daily activity peak in worker
and drone flights, but we did not find a clear
relationship between the daily peak in drone
activity (16:00) and the afternoon worker bee
peak. While bee males remained constant in
their 16:00 peak in activity (Figure 5), the
peak in activity of bee workers was different

Table IV. Correlation coefficients (Pearson’s r ) be-
tween drone activity (minutes spent outside the hive)
and meteorological conditions at 16:00–17:00

Spring Summer

Temperature 0.62 0.01

Precipitation − 0.21 –

Maximal wind speed − 0.43 − 0.44

Mean wind speed − 0.40 − 0.37
Thermal amplitude 0.44 0.23

Global radiation 0.36 0.13

Italicised numbers indicate significant correlations
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Figure 6. Daily activity of drones during the spring (a ) and summer (b ) experiments. Insert on graphs represents
temperature andmaximumwind speed between 16:00 and 17:00. Dashed lines represent the maximumwind speed
that prevented drone flight (30 km/h).



each day and seemed to be more sensitive to
changes in weather conditions (Figure 8).

4. DISCUSSION

We recorded lifetime flight activity of honey
bee drones, confirming available reports (Burgett
1974; Hellmich et al. 1991; Neves et al. 2011), but
also providing novel information in relation to
drone age and meteorological conditions. Drones
started performing orientation flights at 6–7 days
of age as reported previously (Tozetto et al. 1997;
Colonello-Frattini and Hartfelder 2009). The age
of the last drone that abandoned the hive (21 and
33 days) also corresponded to previously pub-
lished data (Winston 1987).

In this study, longevity was estimated as the
time of the last recording. We observed longer-
lived drones in the spring as opposed to the sum-
mer. Fukuda and Ohtani (1977) also detected a
difference between lifespan of drones in different
seasons (autumn and summer), with the autumn
drones living longer. In both cases, the life of bee
males was shorter in the summer, which could be
related to the higher temperatures and to the num-
ber of mating flights performed per day. In our
study, the average temperature during the spring
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Figure 7. Drone fate. Drones were considered drifters if
they spent one or more days outside the hive and
returned. Unaccounted drones left the hive before sex-
ual maturity and never returned.

Figure 8. Worker and drone daily activity. Black lines represent the number of workers exiting the hive. Blue lines
represent the number of drones leaving the hive. While on some days, the afternoon peak activity of drones (16:00)
coincided with the peak in activity of workers, on other days, drone peak activity preceded that of workers.



was 5.2 °C lower than during the summer. In the
summer, the period of the day during which
drones were active was increased by 3 h, and
mating flights increased from 4.3 to 5.7 h per
day. Rowell et al. (1986) indicate that high mor-
tality in the summer is probably related to both
high levels of flight activity and meteorologically
extreme conditions, associated with resource
stress on the colony. In our summer trial, longev-
ity reached only 15.2 days. This value is similar to
the results of Fukuda and Ohtani (1977), who
determined survival by counting the number of
marked drones that returned to the hive. Other
studies, however, indicate that the longevity of
summer drones would be between 21.2 and 23.5
days (Witherell 1972).

In both trials, we observed the onset of mating
flights to be associated with increases in daily
temperatures (Figure 6). Interestingly, in both tri-
als, after two days of performing mating flights,
drones stayed inside the hive, only to continue
flying one or two days later, which appear as
peaks of activity in Figure 6. This pause in activity
does not seem to be associated with the climatic
conditions in the summer trial as the weather
conditions were good for flight. Hence, the pause
in activity could reflect a physiological constraint.

We found a weak but significant positive rela-
tionship between the time spent performing orien-
tation flights and the time spent on mating flights.
Drones that spent more time on orientation also
spent more time at the DCAs (as estimated by
mating flight time). This relationship could reflect
the greater flight capacity of certain individuals or
the importance of learning through orientation
flights (Capaldi and Dyer 1999; Capaldi et al.
2000). Manipulative studies that limit the orienta-
tion time for drones could shed light on the role of
learning on drone performance.

The wind had an important effect on drone
flight. While we found that most drones did not
fly on days when the wind was > 30 km/h, inde-
pendent of their age, Lensky and Dempter (1985)
observed delayed queen and drone flights when
the wind was > 14 km/h. Similarly, Duay et al.
(2002) indicated that bee males do not fly when
the wind exceeds 15 km/h. In the present study,
some drones accomplished several short flights
when the average wind speed was up to

35 km/h, which suggests that the queen could be
more sensitive to the wind than drones and that
better-performing drones would be more compet-
itive for mating with the queen. We also observed
that after a windy day, when drones did not leave
the hive, they had a short flight early in the morn-
ing on the next day. Short flights on windy days or
early in the morning could be hygienic flights
(Page and Peng 2001).

We found that drone activity does not exclu-
sively occur in the afternoon as suggested by
earlier investigations (Burguett 1974; Fukuda
and Ohtani 1977; Hellmich et al. 1991; Duay
et al. 2002; Rueppell et al. 2005). According to
the weather conditions, some males flew early in
the morning (7–9 h) or late in the evening (19–
22 h). We also observed that summer drones be-
gan and finished their daily flights later than
spring drones. A. mellifera queens take nuptial
flights between 12:00 and 17:00 with a maximum
flight activity between 13:00 and 16:00
(Heidinger et al. 2014). Lensky and Demter
(1985) observed that the duration of queen flights
was reduced at temperatures of 15 and 20 °C. This
was confirmed by Heidinger et al. (2014) that
reported that queens fly less often but during
longer periods at high temperatures compared to
lower temperatures. Ideally, organisms should
time their activities in a fitness-maximizing man-
ner; hence, the peak in drone activity at 16:00
could reflect this optimisation.

Drones can be accepted into different hives
when the conditions are favourable (weather
and food availability) (Galindo-Cardona et al.
2015). According to Jaffé and Moritz (2010),
drone drift of A. mellifera can reach 10% of
drones within the hive. This value is in agree-
ment with our observations, as 7 and 4% of
the drones were confirmed drifters (drones
that came back after spending one or more
nights outside the hive). Additionally, a frac-
tion of the drones that left the hive and never
came back could have potentially drifted into
other colonies (these drones were considered
as unaccounted in Figure 7) (Fukuda and
Ohtani 1977). In our study, 50 and 77% of
the spring and summer drones, respectively,
remained faithful to their colony until the
onset of mating flights.

678 M. Reyes et al.



As reported by Woyke et al. (2001) for Apis
dorsata , we also found a negative correlation
between sunrise time and the start of drone flight.
However, in our study, the level of correlation was
lower possibly due to the shorter amplitude in the
variation of the sunrise time. While the authors
observed a one hour difference between the first
and the last date of their study, in the present study,
this difference was only 39 min in the summer
trial.

Drones are reported to fly at speeds of 9–
11.5 km/h (Gmeinbauer and Crailsheim, 1993;
Koeniger et al. 2005a). DCAs have been reported
to occur at close proximity to apiaries, with a
maximum distance reported of 7 km (Ruttner
and Ruttner, 1972). Considering that we recorded
an average flight length of 30 min, most drones
must have been visiting congregation areas at a
distance of 2–4 km from the hive. Very few flights
exceeded 60 min, and the longest flight we re-
corded was 171 min long. These rare long flights
could be associated with drones visiting DCAs at
longer distances, staying in the DCA for a longer
time, or going to another colony between two
mating flights (Galindo-Cardona et al. 2015).

Optical bee counters are useful tools that permit
the study of the behaviour of hundreds of individ-
ual bees. We have provided detailed information
on the flight behaviour and outdoor activity of
drones, regarding the time of day of their activity
and the number and duration of flights. We ob-
served that most drones remained faithful to their
colony until the onset of mating flights.

Drones are social beings, and their mating ac-
tivities should be considered in relation to the
colony (Ruttner 1966). In this study, we used a
small 5-frame hive; the small size of the colony
could have an effect on drone activity. In order to
confirm our findings, future studies using full-size
colonies are needed.
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