ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d241044

BIODIVERSITAS
Volume 24, Number 10, October 2023
Pages: 5626-5633

Evaluation of body weight and morphometric characteristics of the
young queen of Apis cerana javana at different queen cup cell sizes

DEWI MASY ITHOHYY, INGGIT KENTJONOWATY?, SURAYA MOHAMAD SALLEH?, USTADI?
AGUSSALIM* FIQIH SHOLINA NASTAIN®
Faculty of Animal Husbandry, Universitas Islam Malang. JI. Mayjen Haryono 193, Malang 65144, East Java, Indonesia. Tel.: +62-341-551932,
Yemail: masyithoh.dewi@unisma.ac.id
2PT. Kembang Joyo Sriwijaya. JI. Raya Karangan, Malang 65152, East Java, Indonesia
SUniversity of Putra Malaysia. Jalan Universiti 1, 43400 Serdang, Selangor, Malaysia
“Faculty of Animal Science, Universitas Gadjah Mada. JI. Fauna 3, Bulaksumur, Sleman 55281, Yogyakarta, Indonesia
SFaculty of Animal Science, Universitas Brawijaya. JI. Veteran, Ketawanggede, Lowokwaru, Malang City, East Java 65145, Indonesia

Manuscript received: 23 July 2023. Revision accepted: 26 October 2023.

Abstract. Masyithoh D, Kentjonowaty I, Salleh SM, Ustadi, Agussalim, Nastain FS. 2023. Evaluation of body weight and morphometric
characteristics of the young queen of Apis cerana javana at different queen cup cell sizes. Biodiversitas 24: 5626-5633. This study
investigates body weight and morphometric characteristics of Apis cerana javana queen rearing based on differences in the queen cup
sizes. The queen cell sizes were divided into three categories; the first group was a small category (T1) with a height of 0.75 cm, top
diameter of 0.65 cm, and bottom diameter of 0.44 cm. The second treatment was medium category (T2) with a height of 0.85 cm, a top
diameter of 0.71 cm, and a bottom diameter of 0.54 cm. The third treatment was a large category (T3) with a height of 1.00 cm, a top
diameter of 0.71 cm, and a bottom diameter of 0.62 cm. The morphometrics investigated consisted of hatch weight, pupae length, body
length, head, abdomen, wing, and hind leg morphometrics. The results showed that the differences in the queen cup size had no effect
(P>0.05) on the hatch weight, body length, width, and length of the head, thorax, fore and hind wing (length and width), and abdomen
(length and height). The different queen cell sizes did not affect the wing morphometrics (P>0.05). In addition, the leg morphometrics
consisting of femur, tibia, tarsus, and metatarsus were also not affected (P>0.05) by the different queen cup sizes. These results revealed
that the different queen cup sizes did not negatively impact the morphometric characteristics of A. cerana javana queen’s.
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INTRODUCTION

Indonesia has the widest diversity of honey bees (Apis
spp.) in the world (Kahono 2018). Apis cerana Fabricius,
1793, is spread in almost all the islands in Indonesia, up to
Timor, except in Maluku and Irian. According to several
sources, A. cerana in Ambon and Irian are not native to the
island but are imported from other areas (Hadisoesilo and
Kahono 2011). Apis cerana shows greater hygienic behavior,
making it more disease-resistant and enabling it to coexist
with Varroa mites (Koetz 2013). There are several advantages
of Apis cerana as an efficient pollinator; the first is a small
pollinator, which means that each worker spends more time
with the same plants and has higher floral constancy. The
smaller colony size of A. cerana is also encouraging, as it
makes them easy to transport and manage. Furthermore, in
some conditions, A. cerana is considered a superior
pollinator compared to Apis mellifera (Egelie et al. 2015).

Successful honey bee production and profitable
beekeeping depend greatly on the quality of honey bee
queens (Blchler et al. 2013). The state of a colony is
significantly influenced by the queen's productivity and
health (Fine et al. 2018). Queen rearing is the most crucial
beekeeping technique, which helps honeybee colonies
grow quickly. It also allows beekeepers to introduce new
queens in case of sudden loss during colony manipulation,

transportation, or due to the attack of enemies or diseases
that affect honeybees (Sharma et al. 2020).

Numerous researchers have documented how colonies
react to various queen-rearing methods due to environmental,
behavioral, and biological variations (Crailsheim et al.
2013). Temperature, relative humidity, and pollen
availability are important climate variables influencing
whether artificially produced queens are accepted and high-
quality (Jagdale et al. 2021). The physical characteristics of
a queen, such as weight, thorax and head width, number of
ovarioles, spermathecal size, and number of stored
spermatozoa, are used to assess its quality. Breed, age, and
the quantity of grafted larvae, as well as the rearing season
and feeding, are environmental and genetic factors that
influence the quality of the queen (Haldhar et al. 2021a,
2021b; Biichler et al. 2013).

The size of the queen cell cup may have an impact on
the acceptance rate of grafted larvae as well as the size of
the queen, both of which may have an impact on the quality
of the colony. The weights of the queens' body parts (head
weight, thorax width and weight, abdomen width and
weight) appear to be significantly influenced by the size of
the cell cup (Mattiello et al. 2022). For instance, the size of
the cell cup where queen larvae are raised may impact the
fitness and capacity for the reproduction of the young
queens (Wu et al. 2018). According to Buchler et al.
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(2013), the ideal queen cell cup size is between 8.0 and 9.0
mm in diameter at the rim. Adgaba et al. (2019) did not
discover any differences in the acceptance rate of grafted
larvae in Apis mellifera jemenitica using smaller cell cup
sizes (7.0 mm, 7.5 mm, 8.0 mm, and 8.5 mm). On the other
hand, body weight, thorax length, and thorax width of Apis
mellifera ligustica queens at emergence were significantly
impacted by different cell cup sizes (9.4 mm, 9.6 mm, 9.8
mm, and 10.0 mm) (Wu et al. 2018). However, the size of a
cell has been shown to affect queen-worker differentiation,
but a cell could be 9.6, 9.8, or 10.0 mm in size (Shi et al.
2011). In addition, the morphometric characteristics of
young queen A. cerana javana at different queen cell sizes
have yet to be studied. Moreover, appropriate queen cell
size will produce good quality morphometric
characteristics. The current study aims to investigate the
effect of different queen cell sizes on the body weight and
morphometrics of A. cerana javana queen rearing.

MATERIALS AND METHODS

Study area

This study was performed at Kembang Joyo farm for
beekeeping of A. cerana javana (7°52'45°S 112°34'54"E) in
Donowarih  Village, Karangploso Sub-district, Malang
District. Seven colonies of A. cerana javana each contained
five frames completed by honey and bee bread for the bee's
consumption. All colonies were used as the larvae source for
grafting queen cells, whereas the larva was used at 1 day old.

Study design

In this study, we used three treatments of queen cell
sizes and six replications (every replication has three queen
cells). The queen cell sizes were divided into three
categories; the first group was a small category (T1) with a
height of 0.75 c¢m, top diameter of 0.65 cm, and bottom
diameter of 0.44 cm. The second treatment was the
medium category (T2), with a height of 0.85 cm, a top
diameter of 0.71 cm, and a bottom diameter of 0.54 cm.
The third treatment was a large category (T3) with a height
of 1.00 cm, a top diameter of 0.71 cm, and a bottom
diameter of 0.62 cm. The Molded wood was used to create
a queen cell, as shown in Figure 1.

Procedures
Queen cell cups

The comb from A. cerana javana was hoiled using water,
then filtered, and deposited one night after melting. Afterward,
the wax in the top was taken and melted in the double
jacketed water bath at 65°C, just above the melting point.
The wood ends were dipped into cold water and then into
wax liquid up to marker for 3 to 5 seconds (Figure 2A).
Furthermore, the queen cell cups were removed and dipped
into cold water. Queen cell cups were bowled, ready for grafting
larvae to make A. cerana javana queen (Figure 2B).

Placing queen cell cups in the frame
The queen cell cups were randomly positioned and
attached to the frame using melted wax. The height frame
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was 17 cm, the width was 24 cm, the length was 28 cm,
and the distance among queen cell cups was 5.5 cm, shown
in Figure 3. Furthermore, this frame was put into the center
of the A. cerana javana colony to introduce the frame to
honeybee workers before larvae were grafted.

Larvae grafting

Grafting the A. cerana javana larvae was done
according to the method described by Ustadi et al. (2022a).
The frame contains queen cell cups adapted to the colony
and placed in the center for 24 hours. The queen bee colony
was removed 8 to 9 days before grafting larvae. Next, 72
larvae were taken from the colony one day using a grafting
tool and put into queen cell cups stuck by honey to stick
larvae in the base. Afterward, the frame was left for 2 days
to be fed royal jelly by worker bees, and on the 3™ day, the
frame was checked to remove another queen cell made by
worker bees so worker bees could focus on carrying the
queen bee candidates. The queen cell was accepted by
workers bee characterized by queen cell cups that had been
covered (on the 5 day) by thin wax, but when rejected, the
queen cell was still opened. On the 5" day, queen bee
candidates had become the pupae stage and a digital
vernier caliper measured body length. Afterward, the queen
cell cups containing pupae were moved to the queen cell
cage to protect them from damage and make them easier to
take when hatched. On the 12" day, the queen bee was
hatched in the queen cage, and the new queen was put into
an incubator with CO, (20%) at a temperature of 34 to
35°C and humidity of 70 to 80%.

w6y

0,62 cm

Figure 1. The equipment to create queen cell cups of various
sizes (small, medium, and large)

Figure 2. The process to make queen cell cups of various sizes
(small, medium, and large)
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Morphometric parameters

After the young queen was hatched, they fainted using
CO, gas easily when cell length and morphometric
characteristics were measured. Morphometrics characteristics
were measured by combining picture and Photoshop
programs (version 22.4.2, Adobe Inc.) according to the
method described by Ustadi et al. (2022a). Briefly, the part
of the queen was measured in microscope objective
micrometer-slide glass (0.01 mm). Afterward, the picture
of the queen bee was taken and saved on the computer as
an image, then opened by the Photoshop program to measure
their morphometric parts. The description of the process of
measuring the morphometrics by the Photoshop program is
shown in Figure 4. The morphometrics characteristics from

28 cm

BIODIVERSITAS 24 (10): 5626-5633, October 2023

the young queen of A. cerana javana were measured
consisting of body length, width and length from the head,
thorax, and fore and hind wing (length and width), hatched
weight, pupae length, and length and height of the abdomen,
respectively. Furthermore, the wing morphometrics were
studied consisting of cubital or length (A and B), cubital
index (A/B), length (C and D), radial field, dumb-bell
index, inner wing (length and width), and radial cell or
length 1, II, 11, IV, respectively (Figure 4). Leg morphometrics
consisted of femur, tibia, tarsus, and metatarsus. The wet
weight of the young queen of A. cerana javana was
weighed by a digital scale with an accuracy of 0.01 g. All
measurement was performed in 6 replicates (every
replicates have three queen cells) and measured twice.

wo S;O

wo /1

Figure 3. Frame used to stick queen cell cups (P1: small (T1), P2: medium (T2), and P3: large (T3)) from A. cerana javana larvae

Figure 4. The photoshop display was used to measure the morphometric characteristics of A. cerana javana queen (A. Head, B. Thorax,

C. Wing, D. Abdomen) (Ustadi et al. 2022a)
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Figure 5. The guidelines to measure wing morphometrics from the honeybee (Bouga et al. 2011)

Data analysis

The morphometric characteristics of different cell cup
sizes were analyzed using one-way variance analysis with a
significant level of p<0.05.

RESULTS AND DISCUSSION

Results

The recent results showed that the different queen cell
sizes have no significant effect (P>0.05) on the hatches
weight, body length, width, and length of the head, thorax,
fore and hind wing (length and width), and abdomen
(length and height), respectively (Table 1). Furthermore,
the wing morphometrics of cubital A and B, cubital index
(A/B), length C and D, radial field, dumb-bell index, inner
wing (length and width), and radial cell or length I, 11, 1lI,
and IV were not affected (P>0.05) by the different queen
cell sizes (Table 2). In addition, the leg morphometrics
consisting of femur, tibia, tarsus, and metatarsus were also
not affected (P>0.05) by the different queen cell sizes
(Table 3).

Based on the data in Table 1, the results of the variance
analysis showed that the difference in queen cup size did
not have a significant effect on the morphometric
characteristics of queen bees (A. cerana javana) (P>0.05).

Based on the diversity analysis of the data (Table 2), it
is shown that the differences in queen cup size did not
affect the morphometric characteristics of queen bee wings
(P>0.05).

Discussion

The information on queen cell sizes used to graft queen
larvae is crucial for beekeepers, especially in Indonesia, to
better develop A. cerana generally. The morphometric
characteristics of the A. cerana javana young queen bee in
our study were unaffected by the different queen cell sizes.
These results indicate that the A. cerana javana worker has
been modified in the queen cell, which impacts the similar
size. Therefore, maybe the nurse bees are fed royal jelly in
equal quantity; however, in our study, it is not measured.

Table 1. Morphometric characteristics from the young queen of
A. cerana javana at different queen cell sizes

Morphometric Queen cell sizes

characteristics Small Medium Large
Hatches weight (mg)  112.33+0.17 112.78+12.06 113.93+1.53
Cell length (mm) 16.57+0.42 16.66+0.62  16.74+0.75
Body length (mm) 9.30+0.50 9.66+0.88  9.75+0.71
Head width (mm) 3.17+0.02 3.19+0.03 3.18+0.0
Head length (mm) 2.89+0.07 3.19+0.09  2.95+0.05
Thorax width (mm) 3.15+0.04 3.18+0.02 3.22+0.17
Thorax length (mm) 3.10+0.03 3.13+0.07 3.15+0.02
Forewing width (mm)  3.65+0.04 3.68+0.03  3.70+0.05
Forewing length (mm) 8.37+0.08 8.39+0.07 8.42+0.17
Hind wing width (mm) 1.81+0.02 1.82+0.02 1.84+0.04
Hind wing length (mm) 6.18+0.02 6.20+0.02 6.21+0.04
Abdomen length (mm) 5.19+0.04 5.21+0.14 5.28+0.17
Abdomen height (mm)  3.65+0.04 3.68+0.03  3.70+0.05

Note: Data were presented in mean + standard deviation
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Table 2. Wing morphometrics from the young queen of A. cerana
javana at different queen cell sizes

Morphometric Queen cell sizes

characteristics Small Medium Large

Cubital A (mm) 0.41+0.02 0.42+0.01 0.42+0.01
Cubital B (mm) 0.13+0.01 0.14+0.02  0.14+0.01
Cubital index 3.14+0.32 3.00+0.43  3.09+0.30
Length C (mm) 0.77£0.03 0.79+0.03  0.81+0.30
Length D (mm) 1.81+0.02 1.82+0.02  1.84+0.04
Dumb-bell index 0.98+0.03 1.00+0.03  1.00+0.02
Inner wing length (mm)  3.96+0.03 3.97+0.02  4.00+0.03
Inner wing width (mm) ~ 2.01+0.03 2.00+£0.03  2.02+0.02
Radial field (mm) 2.85+0.02 2.86+0.02 2.87+0.01
Radial cell I (mm) 0.31+0.02 0.33+0.06  0.33+0.01
Radial cell Il (mm) 0.41+0.01 0.42+0.02  0.44+0.03
Radial cell 111 (mm) 0.60+0.02 0.59+0.01  0.62+0.03
Radial cell IV (mm) 1.62+0.02 1.63+0.01 1.63+0.08

Note: Data were presented in mean + standard deviation

Table 3. Hind leg morphometrics from the young queen of A.
cerana javana at different queen cell sizes

Morphometric Queen cell sizes

characteristics Small Medium Large

Femur (mm) 2.45+0.04 2.47+0.07 2.49+0.03
Tibia (mm) 2.66+0.04 2.66x0.07 2.68+0.01
Metatarsus (mm) 1.70+0.02 1.72+0.06 1.72+0.02
Tarsus (mm) 1.40+0.02 1.49+0.06 1.50+0.03

Note: Data were presented in mean + standard deviation

In terms of wet weight (hatches weight) morphometry,
an increase is directly proportional to the queen cup size.
Larger cup sizes result in queen bees with higher wet
weights than smaller cup sizes, with a difference of 1.6 mg.
However, statistically, this difference is not significant.
Wet weight is considered one of the most important
morphological characteristics related to the quality of
queen bees (Amiri et al. 2017). According to Novita et al.
(2013), the quantity and quality of the food provided by
worker bees significantly influence the development of
potential queen bees, closely related to morphological
characteristics. The cup cell sizes of queen bees used in the
study were obtained directly from queen cells of various
original sizes. According to Mattiello et al. (2022), queen
cell sizes that are close to the original size yield the best
results compared to larger or smaller sizes.

Wau et al. (2018) state that the increase in wet weight is
directly proportional to the diameter of the queen cup used,
and wet weight significantly increases when a larger-
diameter queen cup is used. This is because larger queen
bee cups have more space, which promotes the development
of potential queen bees and increases the wet weight of the
queen. Wu et al. (2018) also explain that the height of royal
jelly in queen bee cells of various sizes maintained
simultaneously vyields the same height. Consequently,
larvae reared in cells with wider diameters receive more
royal jelly, and vice versa. Wet weight can be used to
estimate queen bees' quality because queen bees with
heavier weights have more ovarioles, larger spermathecae,
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and more spermatozoa in the spermatheca (Arslan et al.
2021). Kamyab et al. (2020) explain that queen bees with
higher body weights have better acceptance and increase
their successful introduction by recipient colonies than
queen bees with lower body weights. Mattiello et al. (2022)
also emphasize that the wet weight of queen bees can be
used as a selection criterion.

Based on assumption tests and variance analysis, it can
be concluded that the length of pupae in the queen bee A.
cerana javana is not influenced by the size of the cups used
in this study. These findings differ from those of Mubarok
et al. (2020) regarding the influence of queen cell size on
Apis mellifera, which stated that smaller queen cell
diameters result in longer pupae. The lack of significant
difference in pupal length could be attributed to the fact
that the queen cell size was modified by worker bees,
resulting in a more uniform provision of royal jelly by the
worker bees. As a result, the length of potential queen bee
pupae becomes more consistent. Wu et al. (2018) explained
that the height of royal jelly in queen bee cells of various
sizes, maintained simultaneously, resulted in the same
height. The pupal stage is the most prolonged phase
compared to the egg and larval stages. The pupal phase in
bee larvae lasts 6 to 7.5 days inside the cell (Kuntadi 2013).
During the pupal phase, bee larvae change body shape, and
their organs develop. Organ formation begins during the
pupal stage, including the eyes, legs, and wings (Kaleka et
al. 2019).

Then, the characteristic of morphometric body length of
the candidate queen bee A. cerana javana is known that the
worker bees of A. cerana javana tend to build uniform
pupae in all types of queen cell sizes (Table 1), indicating
that the food received by the larvae tends to be the same,
thus not resulting in differences in body length and wet
weight of the candidate queen bee. Kuntadi (2013)
explained that providing royal jelly depends on the shape
and size of the cell where the larvae develop. As for the
length and width of the head of the candidate queen bee A.
cerana javana, it has a smaller average head width
compared to the findings of Ibrahim et al. (2019), who
studied the morphometry of Apis cerana indica honey bees
in Pradesh India, with an average head width of queen bees
ranging from 3.49 to 3.78 mm. This is likely due to
genotype differences in the bees used for research. In
addition, the quality of the queens being raised is
influenced by many factors, such as the season of rearing,
queen breeding methods, and the age of the larvae used for
queen rearing (Hatjina et al. 2014; He et al. 2017). The
average head length in this study is still within the normal
range, consistent with the study by Ibrahim et al. (2019),
where the average head length of Apis cerana queen bees
was a minimum of 2.87 mm. The similar results in the
morphometric measurements of head length and width
could be attributed to the similarity in the size of the pupae.

Next, the research results on the morphometric
characteristics of the length and width of the thorax of the
A. cerana javana queen bee differ from the findings of Wu
et al. (2018) that the height and width of the thorax of Apis
mellifera L. significantly increased when using larger-sized
queen cups. The different results could be attributed to
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genotype differences and environmental factors. Wu et al.
(2018) conducted the research in China using Apis
mellifera L. bees, while this study was conducted in
Indonesia. Different food sources and seasons can
influence the growth and development of the candidate
queen bee larvae. According to Kamyab et al. (2020), the
nutritional content of royal jelly obtained from different
seasons shows different nutrient compositions. Additionally,
according to Alburaki et al. (2017), the cumulative weight
gain of colony members is influenced by the initial weight
of colony members at the beginning of the flowering
season. The research by Delaney et al. (2011) reported that
queens with more prominent thorax characteristics tend to
mate with a more significant number of drones, and a
positive correlation was found between thorax width,
mating frequency, and the amount of sperm that can be
stored (averaging 3.99 million sperm obtained from 115
queens).

The morphometric characteristics of the length and
width of the forewing and hindwing of the queen bee A.
cerana javana are not influenced by the size of small,
medium, and large cups. Food is essential to larval growth
(Pang et al. 2022). The consistent results in wing length
and width may be due to the tendency of A. cerana javana
worker bees to provide a uniform quantity of royal jelly as
food (Minarti et al. 2022). The length of the queen bee's
forewing is taken from the wing base to the outermost part
of the forewing, and the width is taken at the widest part of
the forewing. The results of the measurement of the length
and width of the forewing differ from the study by Novita
et al. (2013), where the forewing length of Apis cerana is
7.42 mm and the forewing width is 2.60 mm. The survey
by Mahbobi et al. (2012) also found significant differences
in wing length among different ages of grafted larvae.
Based on the findings of these researchers, it can be
concluded that genotype differences and the age of grafted
larvae can also affect wing morphometric measurements.
The queen bee's wings serve as the body organ for flying
during mating with drones and support high productivity
for colony survival. Not only is there a difference in wing
length, but there is also a difference in wing width between
worker bees and queen bees of Apis cerana. The average
width of worker bee wings is 2.57 to 2.60 mm, smaller than
the queen bee's (Novita et al. 2013).

The length and height of the abdomen in morphometric
measurements of the queen bee A. cerana javana are
unaffected by queen cup size differences. This may be due
to the use of larvae of the same age in the study, which
means that the time for completing the larval stage to pupa
is the same. This is different from the study by Wu et al.
(2018), which explained that the size of the queen cup
diameter results in a larger intake of royal jelly by the
queen bee Apis mellifera L. The results of this study differ
from Wu et al. (2018), possibly due to the different bee
species and environmental differences during the
experimental period, leading to different responses
received by the larvae. The study by Metorima et al. (2015)
used abdomen size as a morphometric characteristic for
selecting potential royal jelly producers as new queen bees.
Queens with larger abdomens have a high potential for
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success in artificial insemination. The queen bee's
abdomen-size characteristics differ from those of worker
bees and drones. The queen bee's abdomen is more
extended. This can be associated with the queen bee's role
in egg production within a colony. According to Baer et al.
(2016), the size of the queen bee's abdomen affects the
amount of sperm that can be stored in the spermatheca, and
the larger the abdomen, the greater the egg production.
This is consistent with Rangel et al. (2016), who reported
that the queen bee's egg-laying ability is based on the
capacity of the ovaries and the volume of the spermatheca
in its reproductive organs, and the volume of the ovaries is
directly proportional to the number of egg tubes
(ovarioles). Productive queen bees are characterized by
large reproductive organ capacity.

Based on the homogeneity test and the additivity test of
gueen cup size data against cubital morphometry, cubital
index, length, dumb-bell index, inner wing, radial field, as
well as radial cells I, 11, 1ll, and IV of the queen bee's
wings (A. cerana javana), the data exhibited homogeneity
and additivity characteristics. The lack of significant
differences may be due to the queen bee strains' similarity
in this study. This is consistent with Hassona (2017)
explanation that the Cubital section of the bee wing is a
specific part unique to each population of honey bees. The
Cubital section of the bee wing consists of two parts, A and
B. The measurements of Cubital A and B differ from the
findings of Dolasevic et al. (2020) on Apis mellifera queen
bees. Cubital A is 0.53 to 0.54 mm, longer than A. cerana
javana queen bees in our study (Table 2). Cubital B in Apis
mellifera queen bees has a length of 0.22 to 0.23 mm,
which is longer than that of A. cerana javana queen bees in
our study (Table 2). The Cubital Index in morphometrics is
the ratio between the two wing vein segments of honey
bees, specifically the ratio between cubital A and cubital B
(Hassona 2017). The Cubital Index is calculated by
dividing cubital A by cubital B, i.e., Cubital Index (A/B).
However, the Cubital Index from a small size of queen cup
size is larger than that of large and medium sizes. The
mean value of this study is smaller than the findings of Li
et al. (2020) where the mean Cubital Index value of Apis
cerana nuluensis is 3.84 in Sulawesi, indicating that
genotype and environment differences influence the size of
the wing's Cubital Index. Frunze et al. (2021) explained
that the cubital index characteristic is used to distinguish
subspecies of honey bees. Based on the Ustadi et al.
(2022b), research shows their findings on the differences in
Cubital Index values between Apis cerana and Apis florea
queen bees. It can be concluded that genotype and regional
differences influence the value of the Cubital Index
(Hassona 2017).

Next, the morphometric lengths C and D in this study
for the queen bees of A. cerana javana are not different
from the queen bees of Apis mellifera in the study by
Dolasevic et al. (2020) where the size of length C in Apis
mellifera queen bees ranges from 0.77 to 0.81 mm, while
the size of length D is different, ranging from 1.93 to 2.00
mm. The morphometric dumb-bell index (1-4/5-6),
indicates that the larger the size of the hive, the higher the
dumb-bell index value of the queen bees of A. cerana
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javana. However, although there is a positive correlation
graphically, the hive size does not influence the dumb-bell
index (1-4/5-6) (range 0.98 to 1.00, Table 2). This may be
because the queen bees used in the study are of the same
strain, A. cerana javana; thus, there is no significant
difference in the morphometric dumb-bell index values of
the resulting queen bees (Ji et al. 2023). In morphometry,
the inner wing length will show differences in different
honeybee species. Ostwald et al. (2020) stated that the
inner wing length morphometry of the carpenter bee
(Xylocopa confuse Linn.) has a length of 12.8 to 13.59 mm
for the hind wing and 19.64 to 20.56 mm for the forewing.
The wing width also differs in size, with the hind wing
measuring 4.43 to 4.75 mm and the forewing measuring
5.97 to 6.15 mm. The differences in size occur because
measurements are carried out on different bee species.
Morphometry is used to study honeybees' genetic diversity
and the morphological characteristics of bees to determine
the diversity of honeybee species (Bustamante et al. 2021).
Furthermore, the morphometry of the radial field (0-7)
and radial cells I (7-8), 1l (6-8), Il (5-8), and IV (0.5) were
unaffected by the differences in queen cup size. The
research conducted by Dolasevic et al. (2020) showed that
the queen bees of Apis mellifera have different wing angles
than those of Apis cerana. This strengthens the idea that
honeybee morphometry can be used for species and
subspecies identification of honeybees (Ropars et al. 2021).
The homogeneity test results and the additive effect of
queen cup size on the femur, tibia, metatarsus, and tarsus
morphometry were homogeneous and additive. The mean
measurements of the morphometry of the hind legs are
presented in Table 3. Based on the diversity analysis of the
data (Table 3), it is shown that the morphometry of the
femur, tibia, metatarsus, and tarsus of A. cerana javana
queen bees in our study did not differ among the
treatments. This means that an increase in queen cup size,
which results in increased cell space, does not increase the
size of the queen bee's hind legs. This differs from the
findings of Wu et al. (2018), which showed that an increase
in cell diameter improves the quality of queen bees. The
similar results may be due to the intake of royal jelly from
worker bees, which tends to be the same. The femur is a
part of the bee's leg used as support during flight. The
study by Novita et al. (2013) on the length of the femur of
bees raised in the highland area of Kepahiang found that it
was longer than those in the lowland area of Bengkulu,
which may be attributed to environmental differences.
Suhri et al. (2022) reported that flight activity is influenced
by temperature, wind, and light intensity. Changes in the
tibia's morphology and metatarsus are linked to daily
activities, and these organ activities are not the primary
factors but can be influenced by environmental factors such
as temperature and air (Novita et al. 2013). Air
temperature, humidity, and light intensity are closely
related to food availability (Resti et al. 2022). The bee's leg
terminates in the tarsus. The tarsus has two branched claws
for gripping surfaces (Rocha et al. 2022). The study
examines the influence of queen cup cell sizes on the
morphometric characteristics of A. cerana javana queen
bees. It reveals that queen cell sizes don't significantly
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affect most characteristics of young queen bees, including
body length, head width and length, thorax width and
length, wing width and length, and abdomen length and
height. Despite a slight increase in wet weight in larger
queen cup sizes, statistical significance is not observed.
Factors such as worker bees' uniform provision of royal
jelly and genetic similarity are possible causes of this
homogeneity.  Furthermore, genotype and regional
differences are highlighted as significant influences on the
morphometric characteristics of bees, especially in the
Cubital Index values of queen bee wings. Lastly, it is
concluded that queen cell size has no substantial influence
on the morphometric characteristics of A. cerana javana
queen bees and that other factors such as genotype,
environment, and the quality and quantity of nutrition
provided by worker bees are more influential in bee
development.
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