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ABSTRACT

Honey bee, Apis cerana Fabr. (Hymenoptera; Apidae) has been domesticated in West Sumatra.
Various attempts to obtain practical and effective methods for multiplying superior colonies
have been made. Optimizing the role of worker bees as a determinant of the future colony can
be done by creating an emergency colony condition (queen bee not present). In this kind of
colony, the worker bees immediately produced a new queen bee candidate from young larvae.
This research was conducted at Trigona Mandiri Apiary, Padang Pariaman, West Sumatra,
Indonesia from February to May 2019. The method used was a complete randomized design
with four treatments and 10 replications. Results showed that the comb isolation technique was
the best method for producing new queen bee candidates and increasing the appearance of
young queen bee (gyn). The mean appearance of gyn from pupae was 4.8 per colony so that
the number and quality of pupae to be maintained can be selected.
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ABSTRAK

Lebah madu, Apis cerana Fabr. (Hymenoptera; Apidae) telah dibiakkan di Sumatera Barat.
Pelbagai usaha telah dilakukan untuk mendapatkan kaedah yang praktikal dan efektif dalam
meningkatkan koloni-koloni unggul yang dipelihara. Mengoptimalkan penanan lebah pekerja
sebagai penentu masa depan koloni dapat dilakukan dengan menciptakan koloni emergency
(ratu lebah tidak hadir). Dalam koloni sebegini, lebah pekerja segera menghasilkan calon ratu
lebah baru dari larva muda. Kajian ini telah dijalankan dari bulan Februari hingga Mei 2019 di
Apiari Trigona Mandiri, Padang Pariaman, Sumatera Barat. Kaedah yang digunakan adalah
melalui rekabentuk rawak dengan empat perlakuan dan 10 ulangan. Dari hasil kajian, diketahui
bahawa teknik isolasi comb adalah kaedah terbaik untuk menghasilkan calon ratu lebah baru
serta kemunculan ratu lebah muda (gyn). Rata-rata kemunculan gyn dari pupa adalah sebanyak
4.8 per koloni sehingga dapat dilakukan pemilihan terhadap jumlah dan kualiti pupa yang akan
dipelihara.
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INTRODUCTION

Honeybees are a group of social insects that form caste structures with specific functions in
their colonies. The composition of the castes are queen bee, sterile female bees (worker bees)
and male bees (Michener 1974; Wilson 1971). Each caste has distinct duties and functions so
it cannot be replaced by a different caste. The division of duties in honey bee colonies is the
most studied behavioral phenomenon. Research on the honey bees behavior has investigated
since the 1800s, but serious experimental research only started in the early 1930s and continues
until today with various laboratory approaches based on various biological perspectives
(Beekman et al. 2007; Schmickl & Crailsheim 2007; Smith et al. 2008). This is because worker
bees play an important role in determining the future of the colony such as preparing hives,
food foraging even changing the sex of the larvae. The process of changing the sex of the larvae
is carried out by worker bees if the colony is in an emergency condition that occurs if the colony
lost the queen bee (Ribbands 1953).

Queen bee is the most important individual in a honeybee colony, because only queen
bee that can produces both fertile and sterile eggs and produces pheromones to prevent worker
bees from developing new queens and ovaries (Delaney et al. 2011; Winston 1987). Good
quality queen bee is a fundamental factor for successful apiculture practices. A high-quality
queen bee of Apis mellifera can be obtained by various methods such as isolation of queen bee
(Tarpy et al. 2016), moving young larvae (12-24 hours old) from worker cells to queen bee
cells that hung vertically in the same hive (Buchler et al. 2013), the Doolittle grafting method
with wax and plastic bowls and utilization of the Cupkit and Karl Jenter apparatus (Dhaliwal
et al. 2017). From those previous studies, the easy and practical methods were relatively few.

Apis cerana has an important role as a pollinator, especially for agricultural crops and
orchards (Partap 2011; Sung et al. 2006) such as coffee plantation (Klein et al. 2003; Saepudin
et al. 2011), Jathropha curcas (Atmowidi et al. 2008), Mangifera indica L. (Deuri et al. 2018)
and Prunus armeniaca (Gurmani et al. 2016). In West Sumatra, this honeybee is easily found
in lowland farming until altitude 1400m above sea level. Aside from being a pollinator, A.
cerana also cultivated for producing honey. In West Sumatra, especially Padang Pariaman
region, the cultivation of A. cerana was established from 1984 to the present. Honeybee colony
are obtained by moving the wild colony to beehives by using the hiving method (Jasmi et al.
2014). The continuous poaching of wild A. cerana colony is directly affecting the presence and
balance of insect’s pollinator (Erniwati & Kahono 2009). Other factor that affect the wild A.
cerana colony is the increase of wasp population, due to the wasp’s predatory behavior (Arif
et al. 2014; Omran et al. 2011).

Three common conditions in the natural maintenance of queen bee are loss of queen
(resulted in an emergency colony), supersedure cells and swarming (Wade 2014). The principle
of an emergency colony can be utilized to produce prospective queen bee. The manipulation
of emergency conditions in superior colonies is very useful in producing new colonies that
have the same relative qualities as the original colonies. Emergency conditions in bee colonies
can be manipulated by various methods such as isolating the queen bee in A. mellifera (Tarpy
et al. 2016), isolating combs (Buichler et al. 2013; Maramis & Rompas 2015; Tofilski &
Czekonska 2004) and dividing the colony in Tetragonula carbonaria (Nunes et al. 2014). In
addition to the emergency colony, queen bee production can also be stimulated by cutting the
top of the combs (Puspitaningrum 1995; Snelgrove 1981). This study was focused on testing
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the effectiveness of the isolation and comb cutting method in producing A. cerana queen bee
cells.

MATERIALS AND METHODS

This study was conducted at Apiari Trigona Mandiri located in Kanagarian Batu Gadang
Kuranji Hulu, Sungai Geringging District, Padang Pariaman, West Sumatra, Indonesia from
February - May 2019. Geographically, the study site is located at 100” 07° 00” East longitude
and 0’ 33°00” South latitude (BPS 2018). The colonies were maintained by Apiary Trigona
Mandiri originated from wild Apis cerana colonies that were transferred to the beehive. Colony
age was varied from five to 30 months, but the colony used for the sample was ranged from
five to six months. This study used 4 treatments and 10 replicates, thus a total of 40 colonies
were involved. The treatments were comb isolation (A), comb-cutting with a triangle pattern
(B), comb-cutting with a horizontal pattern (C) and control (D). The comb isolation method
used refers to Buchler et al. (2013) whereas comb cutting following to Snelgrove (1981) and
Stahlman (2013). Beehive size used in this study refers to Schouten et al. (2019) which is 40 x
30 x 20 cm. A beehive has nine frames with the area of each frame is 32 x 16 cm (Figure 2).

The colonies used in this study must be in a good condition, have exactly eight combs
with a comb area in each frame more than 256 cm2 or >50% of the total frame space and at
least there are three frames containing young brood cells (white-colored comb). If a colony has
nine combs, one of the combs (preferably the broken or old one) was cut and the rest were put
back into the beehive. All frames containing the combs were examined to ensure that there are
no queen bee cells in all combs of the test colony. The results of beehive sorting were labeled
on-site.

The treatment of comb insulation was done by placing the isolator between the 4" and
51 frames. The isolator was made from cardboard sized 35 x 26 x 0.3 cm (Figure 1). In each
beehive there was nine frames (eight frames containing a comb and one empty frame). The
isolator was divided and isolated the frame into two groups with four frames on the left (1% to
4™ frame, along with the combs and adult bee occupying it) and five frame on the right (5" to
9" frame, along with the combs and adult bees occupying it and one empty frame) (Figure 2A
& 2B). The model and size of the isolator was following the model and size of the beehive so
that the isolator can play a role mainly to isolate the transfer of the queen bee from the left
frame-group to the right frame-group or vice versa. After the isolator was installed, the beehive
was closed.

Figure 1. Model of comb isolation device used for propagation of Apis cerana queen bee
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Figure 2. The methods used to produces Apis cerana queen bee. (A) The isolator was
located between the 4™ and 5" frame, (B) the placement of the isolator between
the 4" or 5" frame which already contains the comb, (C) comb with horizontal
cutting pattern and (D) comb with triangle cutting pattern.

The frame chosen for the comb cutting method was the one with a minimum 75% comb
area and have young combs which were marked with white or brownish wax. This process was
carried out on 20 colonies by cutting the comb edge with two patterns. A total of 10 colonies
were cut in a triangular pattern, 10 colonies horizontally and 10 other colonies were used as
controls. The triangle pattern was made by cutting the comb from the top part to form the peak
of the triangle in the middle of the comb at 50% height from the bottom of the frame (Figure
2D). The comb area cut following the triangle pattern was approximately 64 cm?. Horizontal
pattern was made by cutting the ¥ part from the comb edge (Figure 2C) or cutting the m-p area
(Figure 3).
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Figure 3. The used frame model to estimate the increase in comb area of Apis cerana. a-
p = sub-areas in a frame with an size of 32cm?, equivalent to 6.25%

Examination of the prospective queen bee cells were carried out on each beehive comb
for all treatment colonies on the 18™ day. For the isolated colonies, the dismantling of isolator
was done if the prospective queen cells were formed. All queen bee cells were allowed to
develop naturally. An observation of the emerged pupae of prospective queen bee was done on
the 24™ day. The emergence of prospective queen bee pupae was marked by the abandoned
pupae case.

Measured Parameters

Number of prospective queen bee cells

The number of prospective queen bee cells produced by each colony was calculated by
checking the entire comb at the end of the observation (day 24™). The number of prospective
queen bee cells counted was only normal queen bee cells (emergency cells and supersedure
cells were not counted).

The total of emerged queen bee cells
Emerged queen bee cells were characterized by an open-top and empty cells. The number of
emerged queen bee cells was determined for each comb per colony, following this formula,

Number of emerged queen bee cells
= number of prospective queen bee cells -number of emerged cells

Area of the comb

The size of the used frame was 32 x 16 cm. To estimate the area of the comb formed in the
frame, a frame model was made by dividing the frame area into 16 sub-area with size 32 cm?
each (Figure 3). The model frame was attached to the frame containing the comb. The comb
addition was calculated from the area of the newly formed comb on the frame from the cut
comb and blank frames. Comb area (%) was estimated in the frame at the end of the observation
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based on Delaplane et al. (2013) criteria by modifying the area of the frame into sub-areas
(Figure 3).

Data Analysis

The treatment effects towards the total of prospective queen bee were analyzed using the one-
way ANOVA Test (Analysis of Variance) followed by a post-hoc test using the Duncan test.
The comb area size was expressed in % and analyzed using the chi-square formula. All analyses
were performed using SPSS software version 21. Data for total emerged queen bee was
expressed in percent (%) following the formula below,

Total emerged prospective queen bee

Percentage of the emerged prospective queen (%)= x100%

Total of normal queen bee cells

RESULTS AND DISCUSSIONS

ANOVA results showed that there were differences between treatments on the comb size area
and the average number of prospective queen bee cells formed from each sample colony (P
<0.05). Duncan’s analysis results (a = 0.05) showed that the largest comb average increase
within a 18 days was found on the control colony, while the least was found on triangle pattern
comb cutting treatment (Table 1). The highest average number of queen bee cells produced
was found in the isolated treatment comb, while the least was found in comb cutting treatment.

Table 1. The results of Duncan's analysis for an average increase in the area of Apis
cerana (cm?) combs and the number of prospective queen bee cells over a period
of 18 days

Measured Parameters
Total -
Treatment Samples Number of prospective queen
Comb area (cm?) bee (cell)

Comb isolation 10 38.40a 6.80b

Horizontal comb cutting 10 69.60b 0.00a

Triangle comb cutting 10 72.00 b 0.00a

No treatment (control) 10 133.60c 0.50a

* Different letters that indicate differences between treatments

Comb isolation is a method of dividing one bee colony into two groups, where one of the
group has no queen bee, with the expectation to produce two independent colonies. The part of
the colony without a queen bee is known as an emergency condition. The loss of the queen bee
is a serious threat to the sustainability of the honeybee colony. In such condition, worker bees
will play a reproductive-related role for the survival of the colony (Dixon et al. 2014). Worker
bees plays an important role during the rearing phase of the larvae of prospective queen bee
(AL-Kahtani 2011). According to Brouwers et al. (1987) during the stages of larval
development, the worker bees will provide different food (in quality and quantity) for the cells
of the prospective queen bee and worker bees (royal jelly vs worker jelly). This condition
induced different development processes in these two cell types. As explained by Linksvayer
et al. (2011), the control of nutritional factors is very important to larvae development, which
is proven by the disappearance of dimorphism between the queen and the worker if the nutrients
given to the larvae are the same.
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The number of colonies produced the prospective queen bee cells were only 10 of 40
colonies, those were eight colonies from the comb isolation method and two colonies from
control (Table 2). From 10 colonies that produced prospective queen bee cells, as many as
seven colonies produced normal prospective queen bee cells, three colonies produced abnormal
prospective queen bee cells and two colonies produced both types of cells. The number of
frames occupied by prospective queen bee cells was only 26 out of the total 90 frames used.
Out of these 26 frames, 17 frames are occupied by normal prospective queen bee cells, three
frames are occupied by abnormal prospective queen bee cells and six frames have both types
of cells.

Table 2. Number of colonies that produce queen bee cells and combs are occupied by
Apis cerana gueen bee cells after 18 days of observation
Total comb occupied

Total Total colony produced .
Methods sar?1ty:?|e prospective quF;,n bee cells by pro;lgg(zté\l/lz queen
colony Normal Abnormal Normal Abnormal
Triangle cutting pattern 10 0 0 0 0
Horizontal cutting pattern 10 0 0 0 0
Comb isolation 10 8 5 23 6
No treatment (control) 10 2 0 3 0
Total 40 10 5 26 6
Average 10 2.5 1.75 7.00 1.50

The propagation of the queen bee in Apis cerana was more effective with the comb
isolation method (Table 2). The comb isolation method created an emergency condition for
some part of the colony, then worker bees will immediately take action to produces prospective
queen bee. Shi et al. (2011) stated that the emergency colony only had six days to produce a
new queen after the last egg was produced by the old queen. If six day were passed, the egg
has developed into a larva and loses its ability to develop into a functional queen (eggs hatch
after 3 days and larvae under the age of 3 days still have totipotential ability).

As mentioned in the previous paragraph, the time required to produce A. cerana
prospective queen bee in an emergency colony was relatively short. Emergency conditions will
affect the behavior of worker bees in determining the future of the colony by producing new
prospective queen bee. Biichler et al. (2013) reported that the success and quality of queen bee
production depend on the strength and adequacy of the nutrition of a colony, as well as the
quality of colony management. The important thing in raising queen bees for emergency
colonies according to Woodward (2007) is the process of transferring 12-24 hour old larvae
from worker cells to queen cells located vertically in the middle of the hive. These larvae will
be fed royal jelly by worker bees. Royal jelly is a high-quality food source that can change the
sex of the bee while it is still in the larval phase for less than three days. Rafique et al. (2019)
reported that the addition of royal jelly in prospective queen bee cells before the new larvae
grafted was more effective compared to the addition during the queen rearing process.

The distribution of normal queen bee cells were on frames 1-8 (Table 3). A total of
eight colonies separated by an insulator (8 parts on the left and 8 parts on the right) were
produced normal queen bee cells. All parts of the colony that were separated by an insulator
can produce prospective queen bee cells both from the part of the colony (with or without queen
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bee). The total number of normal prospective queen bee cells was higher in the frame located
to the left side of the insulator (46 cells) compared to the right side (22 cells).

Table 3. Distribution of normal queen bee cells found on each comb of 10 Apis cerana
colonies on 18" observation day
Comb (frame) number per total prospective queen
Method Cé)olgrely bee cells Total
1 2 3 4 5 6 7 8 9
Comb 1 0 3 3 4 3 1 0 1 0 15
isolation 2 0 3 2 4 2 2 0 0 0 13
3 0 0 1 2 1 0 0 0 0 4
6 0 1 8 2 3 1 2 0 0 17
7 0 1 3 0 1 0 0 0 0 5
8 1 0 2 1 1 0 0 0 0 5
9 0 2 1 2 0 1 0 0 0 6
10 0 0 0 0 0 2 1 0 0 3
Summary 1 10 20 15 11 7 3 1 0 68
Average 0.22 222 444 333 244 156 0.67 0.22 0.00 15.11
Control 5 0 0 0 1 0 1 0 0 0 2
8 0 1 0 0 2 0 0 0 0 3
Summary 0 1 0 1 2 1 0 0 0 5
Average 0.00 0.50 0.00 0.50 1.00 0.50 0.00 0.00 0.00 2.50
Total 1 11 20 17 13 8 3 1 0 73

The highest number of normal prospective queen bee cells was found in the 3 frame
(20 cells) and 4™ frame (15 cells), while no cells found on the 9™ frame. The highest number
of normal queen bee cells in one frame was 10 cells which were consisted of eight normal cells
and two abnormal cells (Figure 4b). The highest number of normal prospective queen bee cells
was found in the comb isolation method which was 7 cells per frame. The highest number of
normal queen bee cells produced by one colony was 17 cells per colony.

Prospective queen bee cells were placed in all the comb area categories (Table 4). The
average number of prospective queen bee cells produced was 18.25+£33.25 cells per treatment
or 1.82+0.83 cells per colony. The largest number of queen bee cells was found in the comb
area >384 cm? (comb area covers >75% of frame space) which was 41 cells and at least in the
comb area less than 128 cm? (comb area covers <25% of frame space) which was 2 cell. The
wider the comb in the isolation treatment, the more number of queen bee cells were found. For
the comb cutting treatment no queen bee cells were produced within the 18 days observation
period.
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Table 4. Number of prospective queen bee cells found in various groups of comb area
from 10 Apis cerana colonies after 18 days of treatment
Comb area (cm?) per
total number of prospective queen bee  Total cells of

Method cells prospective

>384 220 19956 <18 dueenbee
384

Triangle cutting pattern 0 0 0 0 0

Horizontal cutting pattern 0 0 0 0 0

Comb isolation 37 23 6 2 68

No treatment (control) 4 1 0 0 5

Total comb 41 24 6 2 73

Stdev for treatment 1793 11.34 3.00 1.00 33.25

Average per colony 1.02 0.6 0.15 0.05 1.82

Stdev per colony 0.45 0.28 0.08 0.03 0.83

The comb structure occupied by the prospective queen bee cells was varied. Prospective
queen bee cells were placed on a comb that occupied by brood cells, food storage and empty
cells (Figure 4). Some queen bee cells were also placed on the same comb as the worker and
drone/ male bee brood cells (Figure 4a and 4b), drone brood cells only (Figure 4d) and worker
bee brood cells only (Figure 4c). Prospective queen bee cells were also found on the same comb
as food storage cells containing pollen and honey (Figure 4a) and pollen only (Figure 4d).
There are also queen bee cells that are placed on a comb with only empty cells (Figure 4c).

Figure 4. Some area and cells conditions of Apis cerana combs occupied by prospective
queen bee cells after 18 days of observation. (a) The comb area was >384 cm?
occupied by prospective queen bee, worker bees and male bees brood cells, food
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storage and empty cells. (b) The comb area was 256-384 cm? occupied by
prospective queen bee, worker bees and male bees brood cells, food reserves
and empty cells. (c) The comb area was 129-256 cm? occupied by prospective
queen bees and worker bee brood cells also empty cells. (d) The comb area was
<128 cm? occupied by prospective queen bees brood cells, pollen cells and
empty cells.

1 = queen cell, 2 = empty cell, 3 = worker pupa cell, 4 = drone pupae cell, 5 =
honey cell, 6 = pollen cell.

The Total Prospective Queen Bee Cells that Emerged as New Queen Bee (Gyn)

The total number of prospective queen bees emerged as young queen bee (gyn) on the 24" day
was 71.23% which consisted of 65.75% from comb isolation treatment and 5.48% from control
colonies (Table 5). The success of emerged pupae to gyn was higher (100%) in colonies with
fewer queen bee cells. A higher percentage of non-emerged pupae (>30%) was found in
colonies that had more than 5 prospective queen bee cells.

Table 5. Nmber of Apis cerana prospective queen bee cells that emerged on the 24"
observation day

Total emerged pupae of prospective queen bee/

Colony code / colon
Method nur¥1ber . Percentage of (%0)
Pupae Emerged
emergence
Comb isolation 1 15 11 73.33
2 13 9 69.23
3 4 3 75.00
6 17 11 64.70
7 5 3 60.00
8 5 4 80.00
9 6 4 66.66
10 3 3 100.00
Summary 68 48 588.92
Average 8,5 6 73.62
Stdev 5.55 3.66 12.37
No treatment 5 2 2 100.00
(control) 8 3 2 66.66
Summary 5 4 166.66
Average 2.5 2 83.33
Stdev 0.71 0.00 23.57
Total 73 52 71.23

The percentage of emerged pupae using the comb isolation method was 65.75% (Table
5). The success of the young bees’ emergence will vary for each method and type of bee, for
example in Apis mellifera with cupkit queen rearing technique the percentage of emergence
was 54.67% (Dhaliwal et al. 2017) whereas Doolittle grafting method the queen bee emergence
percentage was 53% and 77% (Emsen et al. 2003). The usage of in-vitro rearing method with
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the addition of a highly concentrated sugar solution also able to increase the number of the
prospective queen bee (Kaftanoglu et al. 2011).

The new queen bees were found at 18" observation day in a colony which had 17 cells
of prospective queen bee cells (Figure 5). Prospective queen bee that emerged as gyn was
marked by the opening of the lid (cup) at the top of the pupae cell. The wings of newly emerged
queen bee appeared a bit tangled but slowly the wings will dry and look tidy. Prospective queen
bee cells that were failed to emerge were contained of dead pupae in damaged condition.

Y g

l S

e |

> Worker
-

‘ y -

S

Figure 5. Newly emerged young queen bee (gyn) of Apis cerana on the colony with an
initial comb of nine frames

The comb isolation method is more effective to produce a high number of prospective
queen bee cells (Table 5). One colony can produce as many as 17 prospective queen bee cells,
where in one comb 8 normal prospective queen bee cells can be found (Figure 5). The
emergence of relatively high number of prospective queen bee in a single colony can be caused
by various factors such as colonies in emergency conditions (Tarpy et al. 2016; Tofilski &
Czekonska 2004) and artificial prospective queen bee cells through various methods (AL-
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Kahtani 2011; Dhaliwal et al. 2017; Emsen et al. 2003; Kuntadi 2013; Okuyan & Akyol 2018;
Rafique et al. 2019).

CONCLUSION

In this study the comb isolation technique was the best method for producing new prospective
queen bees and to increasing the appearance of young queen bees. Comb isolation is an
excellent technique for the apiary with difficulties in practicing colony propagation. The
average appearance of young queen bees (gyn) from pupae was 4.8 per colony so that the
number and quality of pupae to be maintained can be selected.
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