
INTRODUCTION

The Asian cavity-nesting honeybee, Apis cerana

Fabricius, 1973 workers begin to lay eggs within 2-3 days

after their queen lost (Blanford, 1923). About 10~20% of

Japanese A. cerana cerana workers in queen dominated

colonies had mature eggs in their ovaries (Sakagami and

Akahira, 1958). The laying workers show an aggressive

behavior during egg laying in the queenless colony

(Sakagami, 1958). Likewise, 72% of Indian A. cerana

indica workers activate their ovaries in queenless and

broodless colonies (Bai and Reddy, 1975). During such a

queenless situation, a dominant hierarchy is re-established

between the workers by developing their non-functional

ovaries and lay unfertilized eggs (Ruttner and Hesse, 1981;

Page and Erickson, 1988; Visscher, 1989; Robinson et al.,
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The Asian cavity-nesting honey bee, Apis cerana, the workers ovaries is very active in queenless
colonies. We investigated the duration of egg laying by laying workers, egg-laying behavior,
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oviposition. We did not observe false-queen in Korean A. cerana in three queenless colonies. In this
study, we reported for the first time that one worker cell of A. cerana retains up to 33 eggs in
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reared the new queen without successful development of the queen larva from laying worker eggs.
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1990; Crozier and Pamilo, 1996). Oldroyd et al.(2001)

reported that 15% of Thai A. cerana workers have active

ovaries 4 days after dequeening. Around 5% of workers

have eggs in their ovaries (Nanork et al., 2007).  

In this study we examined the reproductive performance

of laying workers of Korean A. cerana. So far, there is very

limited information especially on Korean A. cerana strain

worker’s regarding ovipositional behavior in case of

queenless colonies. Therefore, this research was done to

determine Korean A. cerana worker’s duration of

oviposition, egg laying behavior, egg load, and number of

laying worker’s eggs per cell in queenless situation.

MATERIALS AND METHODS

Experimental colonies

Three A. cerana colonies collected from a local A.

cerana beekeeper in March 2013. Colonies were main-

tained at the apiary, Department of Agricultural Biology,

Rural Development Administration (RDA), National

Academy of Agricultural Science (NAAS), Suwon (33°44'

N; 12°13' E), the Republic of Korea. Three absconded and

nested in nearby mulberry trees (Morus alba) colonies on

15 and 17, May were rehived in modified Korean traditio-

nal hives with moveable frames. On the 19th of May, all

three colonies were found queenless. On the 25th of May,

all three colonies built new small combs (average length

5.7±1.1, range 4.4~6.4cm, width 6.2±1.8, range 4.7~8.3,

N=3, Fig. 1A-C), which contained worker cells with no

drone and queen cells in three queenless colonies. These

experimental colonies had around 500 workers in each.

Sugar syrup (50% w/v) was fed until the end of the

experiment. The experimental colonies were kept three

meters apart under the canopy of oriental cherry trees

(Prunus serrulata).

Duration of oviposition

Main question of this experiment was how long the

laying worker took to lay eggs in queenless colonies. The

duration of oviposition by laying works were observed in

three queenless colonies in May 2013. A frame with egg-

laying workers was hung on a branch at the height of 70cm

in the shade of a mulberry tree. Oviposition of each laying

worker was individually video with a digital CANON-60D

camera after abdominal insertion into the cell until it was

withdrawn. We were unable to video the number eggs laid

per cell since it would have disrupted the combs.

Egg laying behavior  during oviposition  

To determine the egg-laying behavior of workers and

their behavioral interaction with other workers in the
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Fig. 1A-C. Worker of queenless colonies building a new comb in
three different experimental hives. (A) A. cerana build
a small comb with brood on a frame, (B) Manipulated
comb at bottom of half feeder, and (C) New combs
building at the bottom of half feeders.
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queenless colony, one frame at a time with egg-laying

workers from a queenless colony was hung on a small

branch at the height of 70cm in the shade during

13:30~15:00 hours at 30°C sunny day at the RDA apiary

May 2013. Egg-laying behavior of each egg-laying worker

was individually videoed during oviposition. 

Determination of egg load in laying worker

ovaries  

To determine the egg load (total number of mature eggs

retained in the ovaries) in laying workers. A frame with

laying workers were put under the shade of P. serrulata,

and the laying workers were immediately collected after

inserting of laying worker abdomen into the cell in June

2013. In total, 49 laying workers from four queenless

colonies were chilled at -10°C for 30 minutes and freshly

dissected under the stereomicroscope to assess the egg load

per laying worker. The gut was gently removed with a fine

tip forceps and then, the number of matured eggs was

counted, however, the developing oocytes were not taken

into account.

Oviposition rates  

This experiment was conducted on a small comb (4.5×

6.5cm, Fig. 1C) in one queenless colony for 16 days after

dequeening in September 2013. To estimate the number of

eggs laid by laying workers, eggs deposited in a natural

comb were collected at 24, 53, 74, 120 and 171 hours. In

each count, all the worker eggs were cleaned with wet

cotton buds and gave to the same queenless colony. The

number of eggs per cell was randomly counted and

photographed. This experiment was repeated three times. 

Estimation of the number of eggs per cell per

week after manipulation combs  

To estimate the number of eggs per cell, a new comb (10

×14cm; Fig. 1B) was attached at the bottom of a feeder

and squeezed between the two old combs containing

honey, and pollen but no brood. The oviposition comb was

collected weekly, and the number of eggs deposited in a

cell was randomly counted under the Leica stereomicro-

scope (MZ16-A). After counting the number of eggs, each

cell was cleaned with wet cotton buds and squeezed again

between two frames. This experiment was done in one

queenless colony.  

Measurement of laying worker egg size  

The freshly laid eggs (less than 1 day) were collected

from three different queenless colonies. Worker laying egg

comb frames with empty worker cells were chosen and

checked carefully under the Leica stereomicroscope and

cleaned with cotton buds to make sure that there were no

previous eggs on it. The frames (N=3) were placed back

into the same queenless colonies. The worker eggs were

removed by cutting the cell with a razor to remove the egg

easily without any damaging the eggs. The laying workers’

eggs were measured by removing the cell walls of each

cell and then the eggs were put on a glass slide. The size of

egg of laying worker was calculated (Preston, 1968; Hoyt,

1979).  

Data analysis  

Analysis of variance (one-way ANOVA) was performed

to evaluate the duration of oviposition in three different

queenless colonies, eggs load in the ovaries of laying

workers, and ovipostion rate at different hours (24, 53, 74,

120 and 171 hrs) and weekly, and the multiple significant

was compared with a Tukey post-hoc. The egg laying rate

between summer and Autumun season laying workers

were compare by using independent t-test. The significant

value was reported at 0.05 level.

RESULT 

Duration of egg oviposition 

The average times spent by a laying workers was 109.2

±67.5 seconds per cell (range 34-324 seconds, Nobservation =

19 laying workers). The duration of oviposition in the three

colonies (colony-1: 113.6±87.3 seconds per cell, range

34-324 seconds, N=9, colony-2: 117.2±58.5 seconds per

cell, range 54-194 seconds, N=6, and colony-3: 87.2±23.3
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seconds per cell, range 60-116 second, N=4) was not

significantly different in three queenless colonies (F(2,16) =

0.249, P > 0.783, Fig. 2).

Egg laying behavior

An egg-laying worker first inserted her head in several

cells and then immediately inserted her abdomen as deep

as up to the fore-wing level and remained motionless like a

queen (Fig. 3A-B). This is termed the still phase indicating

that she is laying eggs. After laying her eggs, the worker

vigorously wagged her abdomen. This is termed the

recovery phase and indicates that eggs have just been laid.

During the recovery phase, the laying-worker slowly pulls

out her abdomen and vigorously shakes, which may be

caused by the great physical strain during laying time.

Estimation of egg load

The mature eggs were whitish and oval-shaped, whereas

the immature eggs were not differentiated in shape inside

the ovaries (Fig. 4A-C). The mean number of egg load per

laying worker was 1.8±0.8 (range 1 to 4 eggs, Nlaying workers

(LW) = 49). The egg load in the laying workers of four

queenless colonies (colony-1: 2.0±0.9, range 1-3 eggs,

NLW = 10;  colony-2: 1.8±0.8, range 1-4 eggs, NLW =11;

colony-3: 1.6±1.0, range 1-4 eggs, NLW=18, and colony-

4: 1.8± 0.6, range 1-3 eggs, NLW=10) were not

significantly different (F(3,45)=0.406, P>0.749) from eggs

load (Fig. 4D). We observed 46.9% of egg-laying workers

had one egg (Ncolony=3), 34.7% had 2 eggs (Ncolony=3),

12.2% had 3 (Ncolony=3), and 6.1% had 4 eggs (Ncolony=2)

in their ovaries.

Estimation of worker oviposition rates per hours

A total of 318 cells were checked during 171 hours. On

average 3.0±1.9 eggs per cell (range 1-13 eggs,

Ncells=318) were recorded from a single queenless colony.

The highest number of eggs number (13 eggs/cell in
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Fig. 2. Boxplots showing duration of oviposition in three queenles
colonies of A. cerana under the natural conditions. N=
indicates number of egg-laying workers observed in queen-
less colonies.

Fig. 3A-B. Workers of A. cerana laying eggs in different
queenless colonies. (A) The laying worker has inserted
half of her abdomen into the cell like a queen, and (B)
The laying worker has completely inserted her
abdomen  and half part of thorax. Photo by R. Thapa.

Fig. 4A-D. The number of mature eggs in laying worker’s ovar-
ies. (A) Single egg, scale bar: 0.5mm, (B) Two eggs,
scale bar: 1mm, (C) Four eggs, scale bar: 1mm, and
(D) Bar graph showing the number of mature eggs in
laying workers’ ovaries. 
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manipulated) was observed at 120:00 hours (Table 1).

There was a significant difference in the eggs-laying rate at

different hours (F(4,313)=22.663, P<0.001). A Tukey post-

hoc tests revealed that egg-laying rate at 24 hours (2.4±

1.4 eggs) was not significantly different when compared to

53 hours (3.2±1.3, P>0.2) and 171 hours (2.2±1.5,

P>0.8), but it was significantly different when compared to

74 hours (3.4±1.6, P<0.01) and 120 hrs. (4.8±2.6,

P<.001).

Estimation of number of laying worker eggs per

cell per week

After 7 days of dequeening, worker’s eggs were

observed. On an average, 4.0±5.1 of laying worker eggs

(range 0-33 eggs, Ncells= 300) were recorded per cell. The

first week was 4.7±2.4 eggs (range 1-11 eggs, Ncells=54),

second week 12.8±6.2 (range 2-33 eggs, Ncells=49), third

week 2.3±1.2 (range - 6 eggs, Ncells=44), fourth week 4.5

±2.0 (range 2-9 eggs, Ncells=45), and fifth week 0.2±0.4

(range 0-3 eggs, Ncells=108) was recorded in the after

dequeening (Fig. 5A). The highest number of eggs

(33eggs/cell, Fig. 5B) in nautral comb was counted in

second week was a significantly different in the number of

eggs per cell between the weeks (F(4, 295)=169.205,

P<0.001). A Tukey post-hoc test revealed that the number

of eggs in weeks 1, 2, 3 and 5 were significantly different

(P<0.001) than week 4 (P>0.9).

Laying worker eggs size

The average length of laying workers eggs were 1.659±
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Table 1. Egg deposition in the manipulated comb by laying workers in a queenless colony. Meteorological data, temperature (20.6±
5.8°C), relative humidity (77.8±23.7%), rain (8.3±21.4mm), solar radiation (17.8±19.8W), and light intensity (4.6±4.7 lx)
were recorded during experimental times from 1st September to 29 September 2013 at A. cerana apiary, Suwon. Note: a=not
significantly different, ab=significantly different.

20 September 95 24 2.4±1.4a 1 7

21 September 30 53 3.2±1.3a 1 6

22 September 65 74 3.4±1.6ab 1 9

24 September 57 120 4.8±2.6ab 1 13

26 September 71 171 2.2±1.5a 1 11

Experiment date 
(2013)

No. of cells counted Hours of eggs counted
Eggs laid

Mean±SD

Range

Min. Max.

Fig. 5A-B. Laying workers’ eggs. (A) Number of accumulated eg-gs in a cell, scale bar: 1 mm, and (B) Bar graph show-ing the mean
number of laying worker’s eggs accumu-lated in queenless colonies within five weeks after dequeening.  

(B)(A)
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0.39 (N=58, Fig. 6A). The length of laying workers eggs in

three queenless colonies (colony-1: 1.29±0.16 (range

1.06-1.67, N=18); colony-2: 2.02±0.40 (range 1.62-3.09;

N=21); and colony-3: 1.57±0.07 (range 1.35-1.68, N=19,

Fig. 6B) were statistically different (F(2)=37.744,

Sig<0.001). A Turkey post-hoc tests revealed that the

length of the eggs was significantly different in three

queenless colonies. The average width of laying workers

eggs were 0.481±0.089 (N=58). The width of laying

workers eggs in three queenless colonies (colony-1: 0.456

±0.048, range 0.40-0.54, N=18; colony-2: 0.529±0.126,

range 0.41-0.76, N=21; colony-3: 0.453±0.033, range

0.38-0.53, N=19) was statistically significant (F(2)=5.532,

P<0.005, Fig. 6C). A Turkey post-hoc tests revealed that

the width of the eggs of colony-1 was significantly

different than colony-2 but not with colony-3.  Three

different size of eggs were observed (Fig. 6D).

DISCUSSION

The duration of opposition of laying workers varies from

worker to worker, according to the numbers of eggs in

their ovaries. Our results showed that egg-laying workers

of A. cerana spent 34-324 seconds per cell, which is higher

than the previous report reported by Sakagami (1958), who

noted 17-261 seconds A. cerana japonica. This difference

might be due to subspecies of Korean A. cerana cerana.
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Fig. 6A-D. Workers’ eggs in three queenless colonies. (A) Size of laying worker eggs, (B) Different length of eggs, (C) Different width
eggs, and (D) Three different sizes (a, b, and c) of eggs in a cell, scale bar = 0.5mm. 

(A) (B)

(C) (D)
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Kapil (1962) reported that mature eggs in laying-workers

descend approximately at the same time. Since The

reproductive organ of workers has not developed

reproductive muscles of their own, the worker may retain

the eggs in their ovaries for a sufficient period. As a

consequence, laying workers do not enable to lay the eggs

in an organized manner like a queen. The result of this

muscle deficiency is that a worker lays more than one egg

in a cell. Another reason is that muscles surrounded the

vagina and bursal pouches anteriorly and up to the base of

the sting posteriorly, which help the queen bee push the

eggs forwards (Laidlaw, 1944) may lack in laying workers.

Kapil (1962) has shown that laying workers of A. cerana

indica has anatomically less control over ovulation than

queens.

We observed that, laying worker show similar behavior

like a queen, a laying worker searches for a cell to lay her

eggs. This behavior suggests that laying workers do not

randomly lay eggs in a cell. We also observed that

sometimes an egg was attached to the last abdominal

segment of the egg-laying worker. This suggests that the

egg-laying workers do not destroy or knock them down the

pre-exiting eggs. We did not observe egg-laying workers

continually laying eggs in each cell like a queen. After

laying eggs, the worker quickly moved to the other side of

the comb and mixed with other workers in a cluster. We

also did not observe egg-laying workers being attacked by

nest-mate in three queenless colonies of A. cerana (Fig.

3A-B) as reported for A. mellifera (Visscher and Dukes,

1995). We observed in colony-3 that the egg-laying worker

in the still phase (egg-laying time) kept her mandibles

open. This suggests that egg-laying worker may be

aggressive during the oviposition time. When the egg-

laying worker is in the still phase, no attendants circle her

(Fig. 3A-B) like a queen as described by Sakagami (1958).

This suggests that the egg-laying workers cannot produce a

queen-like pheromone to attract the attendants. We

observed some workers with swollen abdomens, but

smaller than a queen and without attendants. Therefore, we

did not consider them as false queens. Colony activity like

workers in cluster, pollen and nectar collection in our

queenless colonies was normal as in queened colony as

described by Sakagami (1958). Our queenless colonies

were aggressive to nest intruders as reported by Oldroyd et

al. (2001). The most interesting behavior of our queenless

colonies was that they built combs, workers engaged in

egg-laying and cleaning, policing activities as the egg-

laying workers of A. mellifera (Ratnieks, 1988; Hillesheim

et al., 1989). Our three queenless colonies did not abscond

during our observations from 16th of April to 31th of

September 2013. This suggests that queenless colonies are

less prone to abscond, but highly prone to be robbed by

strong colonies of A. mellifera. All three queenless colonies

had 80% of drones produced from laying workers. At the

end of October, all three queenless colonies were robbed

by A. mellifera colonies nearby. 

The laying worker had carried 1 to 4 mature eggs in her

ovaries. This indicates that there is no circadian regulation

of egg maturation in laying worker like the queen. The

oviposition in laying workers did not occur with a

circadian rhythm. The rhythmic removal of eggs from

reproductive system requires the mature eggs are available

for oviposition at circadian intervals. The time between

ovulation and oviposition is often constant and quite brief

may be synchronized with rhythmic ovulation. We did not

observe the circadian rhythmical development of eggs in

the laying worker ovaries. Subsequently, Sakagami (1958)

observed 3 ripen eggs in the developing ovarioles of A.

cerana japonica. 

Three different sizes of eggs were laid by laying workers

in queenless colonies. First, we assumed that this is due to

the fact that during the egg formation, as the content of egg

travels down the oviduct, and it's encased by the shell and

force to out through the vent. Like in fowls, the oviducts

tend to be narrow downward; as a consequence, small

width eggs are laid. Second, as the laying worker grows

older, the oviduct becomes wider, allowing a large and

broad egg. As a consequence, egg breadth increases with

age and decrease at later age due to decreasing of calcium

deposition for egg shell. Finally, the different size of eggs

suggests that variation among the individual is due to

genetic variation. Egg size is influenced by genotype

patrilines of workers (Bacon and Mountford, 1990), age

(Davis, 1975), and population density (Coulson et al.,
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1982). Another reason may be that worker laid eggs is

containing greater amounts of nutrients than queen laid

eggs (Wegener et al., 2010). Woyke (1994) reported that

eggs from queens are longer, but narrow compared to the

laying workers' eggs in Thai A. cerana (Woyke et al.,

2003). This difference may probably be due to different

pressure and limitations across the distribution range of the

species A. cerana.

We observed that the egg-laying rate at 24, 53 and 171

hours was low. The most plausible explanation is that

when we gave a new comb from a different queen-right

colony, the workers of queenless colony did not lay eggs in

the central part of the comb. This is probably due to the

presence of queen pheromones (Naumann, 1991) and

brood pheromones as footprints onto comb (Seeley, 1982;

Robinson, 1992; Le Conte et al., 1995; Robinson and

Vargo, 1997). We observed that all the workers were first

clean of alien comb and constructed new cells along the

periphery of the comb, and lay eggs. This behavior

suggests that the laying workers of A. Crane did not lay

eggs in the non-nest mate comb. We observed that the

workers in queenless colony constructed a new comb at the

edge of non-nest mate and lay eggs. This behavior suggests

that the queen and brood pheromones may persist at least

74 hours (3 days). As a consequence, inactivated ovaries of

workers activated and lay eggs after 7-9th days of lost their

queen. The egg-laying rate at 171 hours (7.1 days) was

low. This is probably due to a number of limited eggs in

the ovaries, old age of worker, and temperature. When the

workers in queenless colonies become older, there is no

replacement of older workers by young workers. As a

consequence, the active ovary gradually becomes

exhausted, and the worker egg number is gradually

declining. This phenomenon suggests that workers can lay

small number of eggs (Woyke, 1994). 

The highest number of eggs was recorded in the second

week after dequeening (Fig. 5B). There are two plausible

explanations for this. First, the accumulated number of

workers laid eggs in  a cell, suggesting that there were no

removed and destroyed of worker laid eggs by nest-mates

suggesting that eggs removal behavior is not always fully

effective in Korean A. cerana. Second, the queen

pheromone may last for 8-9th days in the queenless colony.

After that, the inactive ovaries of workers are fully

activated and then start to lay eggs (Butler, 1957; Butler

and Fairey, 1963; Jay, 1968; Jay and Nelson, 1973; Ruttner

and Hesse, 1981; Page and Erickson, 1988; Visscher,

1989; Robinson et al., 1990; Crozier and Pamilo, 1996).

Once the drone brood has developed in our queenless

colonies, the egg-laying rate of workers gradually

diminishes. It suggests that the ovaries of egg-laying

workers may be suppressed by brood pheromones (Jay and

Nelson, 1973; Jay and Jay, 1976). Another reason may be

the age of the egg-laying workers. As the egg-laying

workers get older, they may run out eggs in their ovarioles.

Because, the workers can lay a certain amount of eggs.

Therefore, in a queenless colony, the egg-laying rate of

workers is gradually declining after the fifth week of

dequeening. 

The workers in queenless colonies are very aggressive

(Oldroyd et al., 2001), suggesting their heavy guarding

activities support the hypothesis that the threshold for

rejection of non-nest mates in queenlees colonies (Nanork

et al., 2007).  

In conclusion, when a colony loses their queen, workers

start to lay eggs after a week. The egg-laying workers

show two types of egg-laying behaviors: still and recovery

phases, which are not observed in queens. The laying

workers spend a long time during the egg-laying period to

lay more than one egg in each cell. The egg-laying workers

are not aggressive and not attacked by other workers. The

egg-laying workers do not continually lay eggs like a

queen. The highest numbers of eggs were laid during the

second week after dequeening. As then egg-laying rate of

workers gradually declined, the colony become old and

finally collapses. We draw a primary conclusion that the

laying workers can lay 1 to 4 eggs per oviposition based on

eggs retain in their ovaries.
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