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Introduction

Abstract: The giant honeybee (Apis dorsata) is vital for ecosystems as a
pollinator, significantly impacting agricultural productivity, biodiversity, and
food sustainability. This study explores the morphometric characteristics of
Apis dorsata populations in Batu Rakit Village, North Lombok Regency, a
tropical region with rich biodiversity. Morphometric data were collected from
20 worker bees, focusing on body length, abdomen dimensions, wing
dimensions, proboscis length, and body weight. Measurements were analyzed
using descriptive statistics, correlation, and regression to identify significant
relationships between morphometric traits and body weight. Results show that
abdomen length (r = 0.50, = 0.05, p = 0.01) and forewing length (r = 0.48,
=0.08, p = 0.03) are the strongest predictors of body weight, underscoring their
roles in resource storage and flight efficiency. Most traits exhibited low
variability, reflecting evolutionary adaptations to environmental stability,
while body weight displayed high variability (CV = 7.53%), indicating
responses to environmental and individual factors. These findings highlight the
ecological importance of uniform traits such as abdomen length and wing
dimensions in supporting the foraging efficiency and resource transport of Apis
dorsata. This study provides critical insights for the conservation and
management of Apis dorsata populations in tropical ecosystems.
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al. (2024) revealed notable differences in the
morphometry of Apis dorsata colonies in

The Apis dorsata, commonly known as
the giant honeybee of Asia, plays a crucial role
in ecosystems as a pollinator of plants. Their
presence significantly influences agricultural
productivity, biodiversity, and the
sustainability of food crops. Research on the
morphometrics of Apis dorsata is essential to
understanding how environmental factors
affect variations in the size and shape of these
bees, which in turn provides insights into their
adaptation and management in various
geographic regions.

Morphometric studies of Apis dorsata
have been conducted worldwide, with a
primary focus on morphological variations
caused by geographic and environmental
factors. For example, a study by Raffiudin et

This article is licensed under a Creative Commons Attribution 4.0

International License.

Sumatra, which were linked to local climate
conditions and natural resources. Additionally,
Ibrahim et al. (2012) reported that
morphological differences between regions are
influenced by specific characteristics of local
environments, such as temperature, humidity,
and the availability of nectar-producing plants.

In Southeast Asia, Shullia et al. (2024)
demonstrated significant variation in the
morphometry of Apis dorsata populations
between tropical regions, closely related to
adaptations to the climate and the diversity of
local flora. This study highlighted that bee
morphometry, such as wing size, body length,
and weight, could serve as indicators of
adaptation to different environmental factors.
Similar research by Lalremliana et al. (2024) in
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India also confirmed that geographic variation
affects the morphological traits of bees, with
considerable influence from local ecosystem
factors.

One area that stands out in this context is
North Lombok, located in Indonesia, a tropical
region rich in biodiversity with ecosystems that
strongly support the presence of honeybees
(Erwan et al., 2023). Although several studies
have been conducted in Southeast Asia, limited
research has focused specifically on the
morphometrics of Apis dorsata in Indonesia,
particularly in North Lombok. Therefore, a
study on the morphometrics of Apis dorsata in
this  region could provide important
contributions to the scientific understanding of
the relationship between bee morphology and
environmental factors in tropical areas.

Research on the morphometrics of Apis
dorsata can help in understanding the variation
within bee populations related to ecological
and geographic factors, as well as provide
valuable information for the management of
bee colonies and the conservation of this
species in Indonesia. Previous studies, such as
those by Requier et al. (2019), also emphasize
the importance of considering environmental
factors affecting bee morphometry, which can
directly impact pollination success and honey
production.

Material and Method
Research Location

This research will be conducted in Batu
Rakit Village, Bayan Sub-district, North Lombok
Regency. Batu Rakit Village is located in a
tropical area with various plant species that can
serve as nectar sources for honeybees. The
diversity of flora and local climate conditions
make it an ideal location to study the
morphometrics of Apis dorsata bees.

Research Duration

The study will take place over a three-
month period, from data collection and
morphometric measurements to data analysis.
This relatively long research period allows for
more accurate observation of morphometric
variations in bees in this region.
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Sample Size

The sample size used in this study
consists of 20 worker bees from Apis dorsata
colonies in Batu Rakit Village. Worker bees
are chosen because their body size is more
stable and easier to measure compared to other
individuals, such as queens or drones.

Sample Type

The samples taken are active and healthy
worker bees of Apis dorsata. Selecting worker
bees aims to avoid morphometric variations
that may occur in queens or drones with
different body sizes.

Measured Variables

In this study, measurements will be
conducted on several body parts of Apis
dorsata bees, including:
Body Length (BL): Measured from the tip of
the head to the tip of the abdomen using
calipers.
Abdomen Length (AL): Measured from the
base of the body to the tip of the abdomen.
Abdomen Width (AW): Measured at the
widest part of the abdomen.
Hind Leg Femur Length (HLFL): Measured
from the base of the femur (thigh) to the end
of the femur using a micrometer.
Hind Leg Tibia Length (HLTL): Measured
from the base of the tibia to the tip of the
tibia.
Metatarsus Length (MTL): Measured with
calipers on the hind leg metatarsus.
Forewing Length (FWL): Measured from the
base of the wing to the tip of the wing.
Forewing Width (FWW): Measured at the
widest part of the wing.
Proboscis Length (PL): Measured from the
base to the tip of the proboscis.
Body Weight (BW): Measured using an
analytical balance with a precision of 0.001
grams.

Data Collection Methods

The data collection method involves
observation and direct measurement. Worker
bees will be manually captured from colonies
in Batu Rakit Village using specialized tools to
ensure their bodies remain undamaged. Once
captured, measurements will be taken for each
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body part as listed above.

The sampling steps are as follows:

1. Colony Selection: Active and easily
accessible Apis dorsata colonies will be
selected. Healthy and productive colonies
will be prioritized for the study.

2. Sample Collection: Twenty worker bees will
be randomly selected from the chosen
colonies. Each collected bee will be marked
to avoid duplicate sampling.

3. Morphometric Measurements: After
collection, morphometric measurements will
be conducted based on predetermined
parameters.  Measurements  will  be
performed carefully using sterilized tools to
prevent contamination.

Equipment and Materials

e Calipers: Used to measure the length and
width of bee body parts, such as body length,
abdomen length, wing length, etc.

e Micrometer: Used to measure femur, tibia,
and metatarsus lengths with high precision.

e Analytical Balance: Used to measure the
bees' body weight with 0.001 gram precision.

e Macro Camera: Used to take morphometric
photos for further analysis.

e Measuring Board: Used to measure wing
length and other body parts.

Measurement Procedure
Morphometric measurements are
performed following standardized and consistent

procedures to minimize errors in data collection.
Each collected bee will be carefully positioned
on a flat measuring board. Measurements will be
taken twice to ensure data accuracy.

Data Analysis

After completing the measurements, the
morphometric data obtained will be analyzed
using descriptive statistics, correlation analysis,
and regression analysis to examine the
relationship between bee body weight and the
measured morphometric variables. This analysis
aims to identify whether there is a significant
relationship between body weight and other body
parameters of Apis dorsata bees in Batu Rakit
Village.

Results and Discussion

The Morphometric Characteristics of Apis
dorsata Bees

Table 1 presents the morphometric
characteristics of Apis dorsata bees observed in
Batu Rakit Village, Bayan Sub-district, North
Lombok Regency. The data provided includes
measurements of various body parts of the bees,
such as body length, abdomen length, abdomen
width, femur length, tibia length, metatarsus
length, forewing length and width, proboscis
length, and body weight. The measurement
results are accompanied by the mean, standard
deviation, and coefficient of variation (%),
offering insights into the morphometric
variations of the bees.

Table 1. The Morphometric Characteristics of Apis dorsata Bees

No Characteristics of Apis dorsata Bees

Average + Standard Deviation Coefficient of Variation (%)

Body Length (mm)

Abdomen Length (mm)
Abdomen Width (mm)

Hind Leg Femur Length (mm)
Hind Leg Tibia Length (mm)
Metatarsus Length (mm)
Forewing Length (mm)
Forewing Width (mm)
Proboscis Length (mm)

10 Body Weight ()

© 00 N O Ul A W N P

15.63 +0.27 1.75
8.50 £ 0.02 0.27
4.98 +0.04 0.78
3.73+0.02 0.61
4.26 £ 0.04 0.88
3.53+0.02 0.61
13.48 £ 0.03 0.22
4.48 +0.02 0.46
5.06 +0.03 0.63
0.10+£0.01 7.53

The body length of Apis dorsata shows a
relatively low variability with an average of

15.63 + 0.27 mm and a CV of 1.75%. This low
variation indicates that body length is a
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conserved characteristic, likely shaped by
evolutionary adaptations to environmental
stability and specific ecological roles. Abrol
(2016) suggest that such uniformity in body
length ensures optimized aerodynamic efficiency
and energy expenditure during foraging.
Abdomen length (8.50 £ 0.02 mm, CV = 0.27%)
and width (4.98 £ 0.04 mm, CV = 0.78%) display
remarkably low variability. These findings imply
a high degree of specialization in abdomen
morphology, which is crucial for the storage of
nectar and pollen. According to Alves et al.
(2023), the stability of abdomen dimensions
across individuals correlates with the need for
consistent capacity for resource transport within
the colony. The hind leg femur length (3.73
0.02 mm, CV = 0.61%), tibia length (4.26 + 0.04
mm, CV = 0.88%), and metatarsus length (3.53 =
0.02 mm, CV 0.61%) exhibit moderate
uniformity. These structures are integral for
pollen collection and transport, highlighting their
functional importance. Sun et al. (2021)
emphasized that stable leg morphology supports
the mechanical efficiency required for effective
foraging and pollen collection.

Forewing length (13.48 £ 0.03 mm, CV =
0.22%) and width (4.48 £ 0.02 mm, CV =0.46%)
show the lowest coefficients of variation among
all measured characteristics. This minimal
variation is consistent with the role of wings in
ensuring flight stability and energy efficiency
during foraging trips. Niem and Trung (2019)
stated that uniform wing morphology is vital for
maintaining  aerodynamic performance in
varying environmental conditions. The proboscis

length of 5.06 + 0.03 mm (CV = 0.63%) suggests
moderate uniformity, likely reflecting its role in
accessing nectar from various flower types. As
noted by Axel et al. (2011), the proboscis length
in honeybees is a critical trait for optimizing
nectar intake, especially in environments with
diverse floral resources.

Body weight displays the highest CV
(7.53%), indicating greater variability compared
to other traits. This variability may reflect
differences in individual nutritional status, age,
or foraging activity. Previous studies by Meikle
et al. (2020) have also noted that body weight in
honeybees tends to fluctuate due to temporal and
environmental factors, such as resource
availability and seasonal changes. The low
variability in most morphological characteristics
of Apis dorsata underscores their functional
significance and evolutionary adaptation to
specific ecological roles. Uniform traits such as
body length, wing dimensions, and abdomen size
ensure efficiency in energy use, foraging, and
resource transport. Conversely, higher variability
in body weight suggests a dynamic response to
environmental and individual factors.
Correlation Coefficient
Analysis

The correlation coefficients (r) in Table 2
reveal the strength and direction of relationships
between morphometric variables and body
weight in Apis dorsata. The coefficients range
from moderate to weak correlations, indicating
that certain traits contribute more significantly to
body weight than others.

and Regression

Table 2. Correlation and Regression Coefficient Apis dorsata

Morphometric Variables Correlatlonvc\llzgl;:fl(ergt with Body C(I)?eef%rceizsnl(t)?ﬁ) Slgm\]:laclir;;:e (p-
Body Length 0.35 0.02 0.45
Abdomen Length 0.50 0.05 0.01
Abdomen Width 0.12 0.03 0.32
Hind Leg Femur Length 0.28 0.04 0.14
Hind Leg Tibia Length 0.42 0.06 0.07
Metatarsus Length 0.33 0.02 0.44
Forewing Length 0.48 0.08 0.03
Forewing Width 0.26 0.03 0.28
Proboscis Length 0.38 0.05 0.19
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Abdomen length shows the strongest
correlation with body weight (r 0.50),
suggesting it is a critical determinant. This trait is
directly linked to the storage of nectar and pollen,
which significantly impacts a bee's overall
weight. Similar results have been reported by
Papa et al. (2022), emphasizing that abdomen
size is vital for resource transportation and
energy storage. Forewing length also exhibits a
strong correlation with body weight (r = 0.48). Its
role in flight efficiency and foraging capabilities
makes it a key trait. According to Chole et al.
(2019), wing size is critical for bees to cover
greater distances while carrying foraged
resources, thus influencing their body weight.
Hind leg tibia length demonstrates a moderate
correlation with body weight (r = 0.42), likely
due to its role in pollen collection and transport.
The findings align with Chuttong et al. (2022),
who noted the importance of leg dimensions in
enhancing foraging efficiency. Proboscis length
moderately correlates with body weight (r
0.38), as a longer proboscis enables access to a
broader range of flowers, increasing nectar
intake. This aligns with findings by Ali et al.
(2021). Body length (r = 0.35) and metatarsus
length (r = 0.33) show moderate correlations,
reflecting their indirect roles in body weight
determination. Abdomen width (r = 0.12) has the
weakest correlation, suggesting it contributes
minimally to body weight.

The regression coefficients (f) and p-
values from Table 2 provide insights into the
predictive power and statistical significance of
each morphometric variable. Abdomen length is
a statistically significant predictor of body
weight (B = 0.05, p = 0.01). Its high correlation
and significance emphasize its importance in
determining body weight in Apis dorsata. These
results are consistent with Zhao et al. (2015), who
found abdomen size to be a key factor in
honeybee mass. Forewing length is another
significant predictor of body weight (B = 0.08, p
= 0.03). Larger wings enhance flight efficiency,
which positively influences resource acquisition
and body weight (Kastberger et al., 2024; Yang
et al., 2018). While not statistically significant (8
=0.06, p=0.07), the tibia length's relatively high
coefficient suggests it has a notable impact on
body weight, primarily due to its role in pollen
transport. Body length (B = 0.02, p = 0.45) and
metatarsus length (B = 0.02, p = 0.44) show weak
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predictive values and are not statistically
significant. Abdomen width (f = 0.03, p = 0.32)
also has limited influence on body weight.
Abdomen length and forewing length are
the most significant traits influencing body
weight. These traits directly support resource
storage and flight efficiency, crucial for the
ecological roles of Apis dorsata in tropical

environments. The results highlight how
morphometric traits reflect adaptations to
environmental demands. For instance,

uniformity in abdomen length supports efficient
resource transport, while larger wings enhance
foraging success. The findings emphasize the
interplay between morphology and ecology in
Apis dorsata. Adaptations in traits like forewing
length and abdomen size enhance the species'
ability to exploit diverse floral resources,
ensuring colony sustainability (Pinilla-Gallego et
al., 2022).

Conclusion

The morphometric characteristics of Apis
dorsata show low variability in key traits such as
abdomen length and forewing length, which
significantly influence body weight due to their
roles in resource storage and flight efficiency.
Abdomen length (r=0.50,=0.05,p=0.01) and
forewing length (r =0.48, $ =0.08, p=10.03) are
the strongest predictors of body weight,
reflecting their ecological importance. Variations
in body weight (CV = 7.53%) highlight
environmental and individual influences. These
findings underscore the adaptability and
ecological specialization of Apis dorsata in
tropical environments.
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