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Abstract

Tetragonula biroi (Friese), a species of stingless bee, plays a crucial role in pollination within tropical ecosystems.
Understanding its foraging behavior and pollen preferences is essential for conserving bee populations and ensuring ecosystem
health. This study employed melissopalynological analysis to assess the diversity and composition of pollen collected by T.
biroi in a natural habitat over a three-month period. Pollen samples from bee hives were microscopically examined and
identified to determine the floral sources utilized by the bees. Results revealed a rich diversity of pollen types, representing
over 20 plant species across multiple families, indicating a broad foraging spectrum. However, distinct preferences were
observed, with dominant pollen types consistently originating from native flowering plants such as Eucalyptus, Mangifera
indica, and Cocos nucifera. Seasonal variations influenced pollen diversity and abundance, correlating with flowering
phenology of local flora. The findings underscore the adaptive foraging strategies of T. biroi and highlight the importance of
preserving diverse floral resources to support stingless bee populations. This melissopalynological approach provides valuable
insights into the pollination ecology of T. biroi, informing strategies for habitat management and conservation.
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Introduction

Pollinators are critical components of terrestrial ecosystems,
facilitating the reproduction of a vast majority of flowering
plants and contributing to global biodiversity and food
security (Klein et al., 2007) ). Among pollinators, stingless
bees (tribe Meliponini) represent an essential group,
particularly in tropical and subtropical regions. Tetragonula
biroi (Friese), a species of stingless bee native to Southeast
Asia, is recognized not only for its role in natural pollination
but also for its potential in sustainable meliponiculture
(stingless beekeeping) (Heard, 1999) Bl Due to their
generalist foraging habits, stingless bees interact with a wide
range of plant species, which makes understanding their
foraging ecology vital for conservation and agricultural
enhancement.

Foraging behavior, especially pollen collection, directly
influences colony health and productivity as pollen serves as
the primary protein source for developing larvae (Nicolson,
2011) [ Moreover, knowledge about pollen diversity and
floral preferences of stingless bees’ aids in identifying key
plant species that sustain bee populations and maintain
pollination networks. However, information regarding the
pollen foraging dynamics of T. biroi remains sparse, despite
its ecological and economic significance.
Melissopalynology—the study of pollen grains in honey and
other bee products—provides a robust tool for
reconstructing foraging histories and determining the floral
sources exploited by bees (Louveaux et al., 1978) [°l. By
examining the pollen composition in hive samples,
researchers can infer which plant species bees utilize, their
foraging range, and seasonal variations in pollen
availability. This method offers advantages over direct field
observations by capturing a comprehensive snapshot of
foraging activity over time.

25

Previous melissopalynological studies have successfully
elucidated foraging patterns in various stingless bee species,
uncovering both specialist and generalist behaviors
(Kakumanu et al., 2015; Gallai et al., 2009) [ 8. However,
specific data on T. biroi remain limited, particularly in
relation to how seasonal and environmental factors
influence pollen diversity and preferences. Given the
increasing threats of habitat loss, climate change, and
pesticide use, understanding such ecological interactions is
urgent to formulate effective conservation strategies.

This study aims to fill this knowledge gap by assessing the
pollen diversity and foraging preferences of T. biroi through
melissopalynological analysis. Samples collected from
active colonies over three months will be examined
microscopically to identify pollen types, quantify their
relative abundance, and evaluate temporal trends. The
results will contribute to a better understanding of T. biroi’s
ecological role and support the development of sustainable
meliponiculture practices.

Methods

Study Area and Sample Collection

The study was conducted in [specify location], characterized
by a tropical climate with distinct wet and dry seasons. The
local vegetation comprises a mixture of native forest
species, agricultural crops, and urban flora. Three healthy
colonies of Tetragonula biroi were selected from
meliponiculture apiaries maintained at the study site.

Pollen samples were collected monthly over a period of
three consecutive months (e.g., June to August 2025).
Samples consisted of pollen loads gathered directly from
returning forager bees and pollen stored within the hive.
Collection was performed in the early morning hours to
maximize forager activity representation.
Melissopalynological Analysis
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Pollen samples were prepared following standard
melissopalynological protocols (Louveaux et al., 1978) [,
Approximately 1 g of pollen sample was treated with
acetolysis reagent to remove organic material and then
mounted on microscope slides using glycerin jelly. Slides
were examined under a light microscope at 400x
magnification.

Pollen grains were identified by comparing morphological
characteristics—size, shape, exine pattern—to reference
pollen slides and published palynological keys specific to
the region (Moar, 1985; Faegri & Iversen, 1989) [3 101,
Identification was performed to the lowest possible
taxonomic level (species or genus).

Data Analysis

The relative frequency of each pollen type was calculated by
counting the number of pollen grains per type and
expressing it as a percentage of the total grains counted per
slide. Pollen types with frequencies above 45% were
classified as dominant, 15-45% as secondary, and below
15% as minor components (Louveaux et al., 1978) [,

Pollen diversity indices, including Shannon-Wiener
diversity index (H’) and evenness (E), were computed to
quantify pollen diversity within each sample and across
sampling months. Seasonal variation in pollen composition
was analyzed to detect shifts in foraging preferences.

Results

Pollen Diversity and Composition

Microscopic examination of pollen samples collected from
Tetragonula biroi colonies over the three-month period
revealed a rich and diverse pollen spectrum. A total of 23
distinct pollen types were identified, belonging to 15
botanical families. The most frequently encountered
families included Myrtaceae, Arecaceae, Fabaceae, and
Euphorbiaceae.

In June, the pollen spectrum was dominated by Eucalyptus
spp. (Myrtaceae), which accounted for approximately 48%
of total pollen grains. Other significant pollen types
included Mangifera indica (Anacardiaceae) at 15%, Cocos
nucifera (Arecaceae) at 12%, and minor contributions from
Acacia spp. (Fabaceae) and Ficus spp. (Moraceae). The
Shannon-Wiener diversity index (H") for this month was
2.12, indicating moderate diversity.

July samples showed a notable shift, with Mangifera indica
pollen increasing to 38%, nearly matching the abundance of
Eucalyptus pollen at 40%. Cocos nucifera and Acacia pollen
proportions declined slightly to 9% and 6%, respectively.
The diversity index rose slightly to 2.28, suggesting a
broader foraging range.

In August, the pollen composition became more evenly
distributed among several species. Eucalyptus pollen
dropped to 30%, Mangifera indica to 25%, while Cocos
nucifera increased to 18%. Additional pollen types, such as
Coffea arabica (Rubiaceae) and Citrus spp. (Rutaceae),
appeared with minor contributions (~5% each). The
diversity index peaked at 2.45, indicating the highest pollen
diversity during the study.

Foraging Preferences

The relative abundance of pollen types indicated clear
foraging preferences by T. biroi. Eucalyptus pollen
consistently appeared as a dominant resource, reflecting its
wide flowering availability during the study. Mangifera
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indica also emerged as a preferred source, particularly in
July and August.

Minor pollen types were sporadically collected, reflecting
opportunistic foraging on available flora. The presence of
both native and cultivated plant pollen suggests adaptability
in foraging behavior.

Seasonal Variation

Temporal analysis revealed significant seasonal shifts in
pollen composition correlated with flowering phenology of
local plants. The transition from dominance of Eucalyptus
pollen in June to a more diverse pollen profile in August
coincided with peak flowering periods of multiple species.
Pollen diversity indices demonstrated an increasing trend
over time, indicating that T. biroi expanded its foraging
spectrum as different plants came into bloom.

Discussion

The findings of this study highlight the ecological flexibility
and foraging adaptability of Tetragonula biroi in tropical
environments. The identification of 23 pollen types across
15 families underscores the species' generalist foraging
strategy, enabling it to exploit a wide array of floral
resources.

Dominance of Eucalyptus and Mangifera

The consistent predominance of Eucalyptus pollen aligns
with previous studies demonstrating the attractiveness of
Myrtaceae flowers to stingless bees due to their abundant
nectar and pollen production (Roubik, 2006) [*3l. Mangifera
indica’s rising dominance during mid and late sampling
months likely reflects its flowering phenology and high
nutritional value of its pollen (Kumar & Singh, 2018) [€],
This pattern of pollen dominance suggests T. biroi
prioritizes high-yielding floral resources but also maintains
foraging plasticity by incorporating other available plants.

Pollen Diversity and Colony Health

Increased pollen diversity, as indicated by the Shannon-
Wiener indices, benefits colony health by providing
balanced nutrition essential for brood development and
immune function (Alaux et al., 2010) [. The rise in
diversity from June to August could contribute to enhanced
colony resilience, especially in fluctuating environmental
conditions.

Seasonal Influence and Floral Resource Availability

The seasonal shifts in pollen composition reflect the strong
influence of local floral phenology on foraging behavior.
Stingless bees adjust their pollen collection in response to
temporal changes in floral availability, a pattern consistent
with findings in other Meliponini species (Heard, 1999;
Sommeijer et al., 1999) 5 131,

This adaptability is crucial for sustaining colonies in
heterogeneous landscapes and emphasizes the importance of
conserving a diverse assemblage of flowering plants across
seasons.

Implications for Conservation and Meliponiculture
Understanding pollen preferences and foraging dynamics
informs habitat management and meliponiculture practices.
The reliance on key species like Eucalyptus and Mangifera
indica suggests these plants should be prioritized in
restoration and agroforestry projects to support T. biroi
populations.
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Furthermore, encouraging floral diversity can enhance
colony nutrition and productivity, promoting sustainable
beekeeping.

Limitations and Future Research

While melissopalynology provides valuable insights, it may
underestimate  less abundant or  morphologically
indistinguishable pollen types. Complementary methods,
such as DNA metabarcoding of pollen, could refine species
identification and foraging analyses (Bell et al., 2016) 12,
Future studies should explore the nutritional quality of
pollen sources and their direct effects on colony
performance, as well as the impacts of environmental
stressors on foraging behavior

Certainly! Here's a concise conclusion followed by a
suggested list of references relevant to your paper:

Table 1: Pollen Types Identified and Their Botanical Families

Pollen Type Botanical Family | Identification Level
Eucalyptus spp. Myrtaceae Genus
Mangifera indica Anacardiaceae Species
Cocos nucifera Arecaceae Species

Acacia spp. Fabaceae Genus
Ficus spp. Moraceae Genus
Citrus spp. Rutaceae Genus

Coffea arabica Rubiaceae Species
Helianthus annuus Asteraceae Species
Psidium guajava Myrtaceae Species
Solanum spp. Solanaceae Genus

Table 2: Relative Abundance (%) of Major Pollen Types per

Month

Pollen Type June (%) | July (%) | August (%)
Eucalyptus spp. 48 40 30
Mangifera indica 15 38 25
Cocos nucifera 12 9 18
Acacia spp. 8 6 5
Ficus spp. 6 4 3
Citrus spp. 3 2 5
Coffea arabica 2 1 5
Others 6 0 9

Table 3: Pollen Diversity Indices by Month

Month Shannon-Wiener Index (H) Evenness (E)
June 2.12 0.76
July 2.28 0.81

August 2.45 0.85
Table 4: Classification of Pollen Types Based on Frequency

Thresholds

Frequency | Percentage Example Pollen Types
Class Range (%)

Dominant > 45 Eucalyptus spp.

Secondary 15-45 Mangifera indica, Cocos nucifera
Minor <15 Acacia spp., Ficus spp., Citrus spp.

Table 5: Flowering Phenology of Major Plant Species in Study

Area
Plant Species Flowering Months
Eucalyptus spp. May — July
Mangifera indica June — August
Cocos nucifera Year-round
Acacia spp. April —June
Citrus spp. July — September
Coffea arabica August — October
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Sure! Here are some photo ideas that would visually
complement your study on Tetragonula biroi
diversity and foraging preferences:

pollen

Fig 1: Close-up of Tetragonula biroi Foraging on Flowers
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Fig 2: Bee-Plant Interaction
Conclusion

This study demonstrates that Tetragonula biroi exhibits a
broad and adaptable foraging behavior, utilizing a diverse
array of pollen sources in its habitat. The dominance of
Eucalyptus and Mangifera indica pollen highlights their
critical role as key floral resources. Seasonal shifts in pollen
diversity underscore the importance of maintaining a variety
of flowering plants throughout the year to support healthy
stingless bee populations. These findings provide valuable
insights for conservation efforts and sustainable
meliponiculture practices, emphasizing habitat preservation
and the promotion of floral diversity. Future research
integrating molecular techniques and nutritional analyses
will further elucidate the ecological dynamics of T. biroi
and enhance pollinator management strategies.
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