Regional Variations and Adaptive Morphology of Apis cerana Forelegs Across India

Abstract

This study investigates the foreleg morphometry of Apis cerana across 16 diverse
locations in India, spanning northern, southern, and northeastern regions, to explore regional
adaptations and environmental influences. The foreleg measurements were analyzed for five key
segments: coxa, trochanter, femur, tibia, and tarsus. Significant_regional differences were
observed, with northern populations exhibiting larger dimensions, southern populations showing
smaller forelegs, and northeastern populations demonstrating:intermediate measurements. These
variations are likely linked to the distinct climatic conditions and-flora in-each region, suggesting
adaptive responses to environmental pressures. The tibia showed consistent dimensions across all
regions, indicating its evolutionary conservation;for basic. leg functions, while the coxa and
trochanter exhibited higher variation, reflecting fine-tuned adaptations to local ecological
demands. This research provides valuable insights into the morphological diversity and
functional adaptations of Apis cerana, ‘contributing.to our understanding of how environmental

factors shape honeybee morphology.
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1. Introduction

The foreleg.of a honeybee is a remarkable example of evolutionary adaptation, featuring
several specialized structures essential for the insect's survival and daily activities. Located on
the prothorax, each foreleg contains one of the bee's most distinctive features: the antennae
cleaner, also known as the strigilis. This specialized structure consists of a curved, movable spur
and a semi-circular notch lined with fine bristles, allowing the bee to meticulously clean its
antennae by pulling them through this natural grooming device [1]. Beyond the antennae cleaner,
the foreleg is equipped with specialized eye brushes - fine bristles that help keep the bee's

compound eyes free from pollen and debris. Like all insect legs, the honeybee's foreleg follows a



segmented structure consisting of the coxa, trochanter, femur, tibia, and tarsus, each segment
powered by specific muscles enabling precise movements. These segments work in concert to
support various critical activities, from basic locomotion to complex social behaviors like the
waggle dance. Through this intricate combination of structures, the honeybee's foreleg serves
multiple functions: maintaining clean sensory organs, assisting in grooming, handling food and
nest materials, and supporting balance during crucial activities like foraging and communication

within the colony [2].

In this study, we aim to analyze the foreleg characteristics of Apis cerana collected from
16 different locations across India. These locationsviz., Andhra Pradesh, Assam, Cuddalore
(Tamil Nadu), Gujarat, Hissar (Haryana), Karnataka, Manipur, Nagaland, Odisha, Palampur
(Himachal Pradesh), Pantnagar (Uttarakhand), Punjab, Rajasthan, Srinagar (Jammu and
Kashmir), Tamil Nadu, and West Bengal, were carefully selected to represent diverse geographic
influenced by environmental factors and regional adaptations, contributing to a deeper
understanding of the morphological diversity and evolutionary adaptations of A. cerana across

its distribution range.

2. Materials and methods

2.1 Sample Collection and Morphometric Analysis

A comprehensive study on Apis cerana by collecting bees from 16 diverse locations
across India, including. Andhra Pradesh, Assam, Cuddalore (Tamil Nadu), Gujarat, Hissar
(Haryana), Karnataka, Manipur, Nagaland, Odisha, Palampur (Himachal Pradesh), Pantnagar
(Uttarakhand), Punjab, Rajasthan, Srinagar (Jammu and Kashmir), Tamil Nadu, and West
Bengal. These locations were strategically selected to encompass a wide range of latitudes,

altitudes, and. climatic conditions, ensuring a diverse representation of the species. From each

location, 30 bees were collected, and foreleg was studied per individual. This approach allows us

to investigate the geographic and ecological variations influencing the morphometric diversity of

A. cerana, providing valuable insights intospeciesdifferentiation and regional adaptations [3].

2.2 Foreleg Dissection and Analysis
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The dissection and morphometric study of honeybee forelegs requires careful preparation
and precise execution following a systematic protocol. Initially, gather all necessary materials
including fresh honeybee specimens, dissection microscope, fine forceps, scissors or scalpel,
glass slides, coverslips, petri dish, physiological saline solution, and glycerin. The dissection
process begins by anesthetizing fresh specimens, followed by placing them in a dissecting dish
containing saline solution. Under microscopic guidance, carefully hold the bee's thorax and
gently detach the foreleg at the coxal joint, ensuring the complete removal of the leg without
damaging its segments. The dissected leg should then be cleaned of attached tissues and mounted
on a glass slide wusing glycerin, covered with a _coverslip for. detailed
examination.Themorphometric study involves comprehensive measurements and analysis of

various structural components. Begin by measuring the total:leg length and:.individual segment

lengths including coxa, trochanter, femur, tibia, and all five tarsal-segments.

2.3 Statistical analysis

The foreleg characteristics of Apis-ceranacollected from 16 different locations across
India were subjected to statistical analysesusing Principal Component Analysis (PCA) and
cluster analysis. These methods were employed:to identify patterns and groupings within the
data, highlighting the variations and similarities @mong populations from diverse geographic and
ecological regions. PCA was used to reduce the dimensionality of the dataset while retaining the
most significant traits contributing to the variability. Cluster analysis was performed to group
populations based. on:their morphological similarities, providing insights into potential
subspecies differentiation ~and regional adaptations. This integrated approach ensures a

comprehensive understanding of the morphometric diversity in A. cerana.

3. Result
3.1 Regional Variations in Foreleg Morphometry

The study examined five key segments - coxa, trochanter, femur, tibia, and tarsus - across
sixteen different locations spanning northern, southern, and northeastern India. The data shows
distinct regional patterns, with northern Indian populations (including Srinagar, Palampur,

Punjab, Hissar, and Pantnagar) consistently displaying larger measurements with an average total
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length of 4.854 mm, while southern populations (Tamil Nadu, Karnataka, Andhra, and
Cuddalore) exhibit smaller dimensions averaging 4.757 mm. The northeastern populations
(Assam, Manipur, and Nagaland) demonstrate intermediate measurements with an average of
4.823 mm, reflecting their unique ecological position. Fig. 1 illustrates the hierarchical analysis
of foreleg measurements from different regions of India, while Fig. 2 presents the cluster
analysis, highlighting regional groupings. Table 1 provides detailed foreleg characteristics across

various Indian regions, and Table 2 shows the eigenvalues of the correlation matrix used in the

analysis
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Fig 2. Cluster Analysis of foreleg from different regions of India
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Table 2. Eigenvalues of the Correlation Matrix
Eigenvalue Percentage of Variance Cumulative
1 4.82867 96.57% 96.57%
2 0.10433 2.09% 98.66%
3 0.02814 0.56% 99.22%
4 0.02277 0.46% 99.68%
5 0.01609 0.32% 100.00%

3.2 Detailed Segmental Morphometric Analysis of Forelegs

In detailed;segment analysis, the coxa measurements range from 0.396 mm to 0.418 mm,

with Palampur and Srinagar-showing the largest dimensions and Cuddalore the smallest. The

trochandervaries from .0.460 mm to 0.489 mm, following a similar pattern. The femur

measurements, span from 1.195 mm to 1.223 mm, with Srinagar exhibiting the largest and

Cuddalore the smallest dimensions. Tibia measurements range from 1.504 mm to 1.524 mm,

showing the most consistency across populations while maintaining the north-south gradient.

The tarsus segment varies from 1.195 mm to 1.209 mm, with Srinagar again showing the largest

measurements and Cuddalore the smallest. These variations create a total length difference of

0.113 mm between the largest and smallest specimens, representing significant morphological

adaptation.




4. Discussion
4.1 Comparison with Existing Morphometric Data

The CABI Compendium describes Apis cerana workers as being approximately 10 mm
long, with fore leg ranging from 7.4 to 9.0 mm. The foreleg lengths measured in your study
(ranging between 4.75 mm to 4.863 mm across locations) fit well within.the expected
proportionality for a 10 mm-long worker bee. This suggests that our measurements are consistent

with the morphological characteristics of Apis cerana[4, 5, 6].
4.2 Environmental Adaptations of Honeybee Forelegs in India

In Indian conditions, honeybee forelegs have developed specific adaptations suited to the

, found across

subcontinent's diverse climate and flora. The Indian honeybee (Apis cerana)
different regions of India, shows remarkable foreleg. adaptations that align with the varied
environmental conditions from the Himalayas.to the coastal:areas. The consistently larger
measurements found in northern populations, particularly in Srinagar (total length 4.863 mm)
and Palampur (4.859 mm), likely represent.adaptations to higher altitudes and colder climates.
These larger dimensions could provide several adaptive advantages: enhanced muscle mass for
better thermoregulation, improved stability.in stronger mountain winds, and better handling of
the distinct highland flora.-The increased size might also facilitate more efficient collection of

pollen from the unique high-altitude flowers that characterize these regions [7].
4.3 Climate-Driven:Adaptationsin Forelegs

In_contrast, the southern populations, exemplified by Cuddalore (4.750 mm) and Tamil
Nadu (4.758 mm), show consistently smaller measurements across all segments. This reduction
in size could be.an adaptation to warmer climates, potentially offering better heat dissipation
through'.a higher surface-area-to-volume ratio. The smaller dimensions might also reflect
adaptations to the predominantly tropical flora of southern India, where smaller, more delicate
floral structures might require less robust handling apparatus.The intermediate measurements
observed in northeastern populations (Assam 4.818 mm, Manipur 4.824 mm, Nagaland 4.828
mm) are particularly interesting as they suggest a unique adaptive response to the region's

distinctive climate and flora. These intermediate values might represent an optimal compromise
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between the requirements for handling diverse subtropical flora and dealing with variable

climatic conditions characteristic of this region [8, 9].
4.4 Segment-Specific Functional Adaptations in Forelegs

Segment-specific variations provide additional insights into functional adaptations. The
tibia, showing relatively consistent proportions across populations (range 1.504-1.524 mm),
suggests strong evolutionary conservation of this segment's functional role, possibly due to its
critical importance in basic leg mechanics and pollen handling [10]. Conversely, the higher
relative variation in coxa and trochanter measurements might indicate their.role“in fine-tuning
leg function to local environmental demands [11].These findings align with Bergmann's rule,
which suggests larger body sizes in colder climates, though applied here at amore localized scale
[12, 13]. The consistent gradients in measurements also suppert the coneept of clinal variation in

response to environmental gradients, a well-documented phenomenon.in insect populations.

5. Conclusion

This study highlights significant regional and segmental variations in the foreleg
morphology of Apis cerana across diverse locations in India, revealing important ecological and
evolutionary adaptations. The larger foreleg-dimensions observed in northern populations
suggest adaptations to colder,:high-altitude climates, while the smaller foreleg measurements in
southern populations. may reflect adaptations to warmer, tropical environments. Intermediate
measurements in northeastern populations likely represent a balance between climatic and floral
factors. The consistency.in tibia measurements across regions suggests evolutionary conservation
for basic leg functions, while the variation in coxa and trochanter dimensions underscores the
role of fine-tuning;leg functionality to local conditions. These findings provide valuable insights
into the adaptive evolution of Apis cerana, demonstrating how morphological traits are shaped

by regional environmental pressures.

Data availability statement: The data that support the findings of this study are available from

the corresponding author upon reasonable request
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