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Abstract. Millang S, Budiaman, Oktavia Y, Prastivo A, Yuniati E. 2026. Forage vegetation for stingless bees to support the
sustainability of the meliponiculture in Tulak Tallu Village, South Sulawesi, Indonesia. Biodiversitas 27 (1): d270124.
https://doi.org/10.13057/biodiv/d270124. The stingless bee is an insect that plays a crucial role in pollinating various flowering plants in
tropical ecosystems. However, forage resource management remains limited because previous studies have focused mainly on the
importance value index (IVI) without integrating flowering calendars and actual foraging activity. This study aims to identify forage
plant species for stingless bees as a basis for better feed planning. Sampling was conducted across all vegetation growth strata from
April to May 2024. Interviews, field data collection, and literature studies were conducted to record the flowering period. The results
identified 39 plant species from 25 families as potential food sources. Vegetation analysis showed that the species with the highest IVI
at each growth stage were coconut (Cocos nucifera) at the tree level (IVI = 55.20), jackfruit (Artocarpus heterophyllus) at the pole level
(IVI = 48.53), calliandra (Calliandra calothyrsus) at the sapling level (IVI = 53.21), and goad weed (Ageratum conyzoides) at the
seedling level (IVI = 29.79). The combination of multi-strata vegetation with asynchronous flowering patterns plays a role in
maintaining the continuity of bee food availability throughout the season at the study site. These findings indicate that several types of
plants around meliponiculture need to be identified to see the vegetation that is a food source for the continued development of bee

colonies, especially at the research location.
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INTRODUCTION

Indonesia is a country with abundant natural resource
potential. Forest resources generally consist of wood, but in
Indonesia, they extend beyond wood to include other forest
products, such as Non-Timber Forest Products (NTFPs).
Stingless bee products, such as honey and propolis,
represent high-value NTFPs whose production is strongly
influenced by local forage availability (Lowore et al. 2018;
May-Itza et al. 2022). Despite their diversity, the use of
NTFPs such as honey and propolis from stingless bees is
highly dependent on the availability of food sources around
the nest, making vegetation composition and management a
critical component of meliponiculture (Pérez-Morfi et al.
2024).

The stingless bee has a wide range of habitats for
gathering and foraging for food. Food sources located close
to the nest and at moderate elevations are more frequently
visited and have higher bee abundance than those farther
from the nest or at higher elevations. Stingless bees visit
many and diverse plant flowers, especially in tropical areas,
such as Fabaceae, Melastomataceae, Poaceae, Malavaceae,
Asteraceae, Rubiaceae, Lamiaceae, Arecaceae, Apocynaceae,
and Euphorbiaceae (Bueno et al. 2023). This is because the
small body size of the species limits its ability to fly long
distances or reach higher altitudes during foraging. The
foraging range of stingless bees varies between 53.61-

162.21 m at different altitudes (Pratama et al. 2018). These
ecological constraints indicate that forage availability
within a limited radius is a key determinant of colony
performance.

Vegetation influences air humidity in a habitat;
therefore, the success of beekeeping is closely related to
temperature, humidity, and the availability of vegetation as
a food source. The density and diversity of vegetation
directly affect colony productivity. When vegetation is
dense and diverse, food availability is sufficient. Conversely,
limited and less diverse vegetation leads to reduced food
sources (Machado et al. 2020), resulting in weaker colonies
and lower productivity (Budiaman et al. 2025). However,
existing studies largely treat vegetation structure, IVI, or
forage lists as separate components. Commonly visited
plants include ageratum (Ageratum conyzoides), papaya
(Carica papaya), sunflower (Helianthus annuus), acacia
(Acacia sp.), guava (Psidium guajava), calliandra (Calliandra
calothyrsus), sensitive plant (Mimosa pudica), chili
(Capsicum sp.), and coconut (Cocos nucifera) (Trianto and
Purwanto 2020). Thus, the integration of vegetation
importance value, flowering phenology, and quantitative
visitation intensity remains poorly explored.

These bees are social insects living in colonies and are
well adapted to tropical and lowland climates. Their main
products include honey, bee pollen, and propolis (Rozman
et al. 2022; Harianja et al. 2023), as well as other hive
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products such as bee bread and beeswax (Suprianto et al.
2020). Propolis helps regulate nest temperature and protect
the colony from predators. Although the honey yield is
lower than that of Apis sp. bees, they produce more propolis,
as it serves as the primary defense material (Trianto and
Purwanto 2020). Their honey has a sour taste and high
resistance to fermentation, and its price is generally higher
than Apis sp. honey (Trianto and Marisa 2020). Vegetation
as a source of bee food is something that beekeepers need
to pay attention to for sustainable cultivation.

Understanding the relationship between the species and
its floral resources is crucial to ensuring the sustainability
of apiculture in the future. In Sulawesi, particularly at local
management scales, empirical data integrating forage
availability, visitation dynamics, and flowering continuity
are still limited. Limited forage can weaken colonies,
reduce worker numbers, lower honey, pollen, and royal
jelly production, and decrease queen productivity due to
insufficient nectar and pollen as carbohydrate and protein
sources. Therefore, this study aims to inventory forage
plant species across vegetation strata, calculate the
Importance Value Index (IVI), and integrate these data with
flowering phenology to support sustainable meliponiculture
management.

MATERIALS AND METHODS

Study site

This research was conducted from March to May 2024
in the Tulak Tallu Village, located in Sabbang Sub-district,
North Luwu District, South Sulawesi Province, Indonesia
(Figure 1). The forest area, covering approximately 88.9
km?, is classified as a lowland tropical rainforest. Study
sites were located around Tulak Tallu Village (WGS84):
Point 1 at 120°1026.597"E and 2°35'16.232"S, point 2 at
120°11'05.280"E and 2°37'44.085"S, and point 3 at
120°11'11.681"E and 2°39'30.408"S. The three research
points were selected by purposive sampling based on the
largest number of colonies (40-60 colonies) and represented

the active foraging landscape within the Tulak Tallu Village
Forest. The region has a very wet climate classified as type
A according to the Schmidt and Ferguson classification
(Ridahwati 2021), with an average annual rainfall of
around 4,316 mm/year based on data from the Makassar
Class I Meteorological Station. The air temperature averages
22.68°C, ranging from 14.6°C to 31.8°C. Most residents of
Tulak Tallu Village depend on gardening and small-scale
farming, cultivating rice, cocoa, sugar palm, and several
(13 beekeepers) residents keep stingless bees for honey
production. The area experiences three distinct seasons: a
rainy season (January to April), a dry season (July to
November), and a short transition period between May and
June.

Sampling design

This study employed the vegetation analysis method to
determine the IVI. The research used purposive selection of
respondents (colony owners), each representing different
observation sites. The three respondents were selected
because they are the only stingless-bee keepers in the
village and serve as representatives for identifying forage
resources surrounding their colonies. They are the only
stingless beekeepers in the village, as mentioned. For each
respondent, eight observation plots were established, resulting
in a total of 24 plots. Each plot measured 2020 m (400
m?). Plots were spaced at 250 m to capture vegetation
gradients within the broader foraging area, while still
ensuring coverage of plants located closer to the colony.
Plots were placed systematically within the bees' roaming
radius of the active hive, not based on respondent
preference. The combination of respondent sample selection
and plot placement can be clearly defined as a two-stage
sampling design. The total sampling extent followed the
maximum foraging range of stingless bees up to
approximately 1,000 m (Roubik and Aluja 1983). The
central point of the study area was selected from one of the
active stingless bee colonies (Figure 2).

120°10'13”E 120°11'33"E

120°10'13"E

120°11'33"E

Figure 1. Map of research location at Tulak Tallu Village Forest, Sabbang Sub-district, North Luwu District, South Sulawesi, Indonesia
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Figure 2. Sample plots for observing bee forage sources in Tulak Tallu Village, North Luwu District, South Sulawesi

Within this area, sample plots were arranged with 250
m spacing between plots to ensure representative sampling
of vegetation. Each 2020 m plot was subdivided into
smaller subplots to record vegetation at different growth
stages: a 20x20 m subplot for trees (diameter >20 cm), a
10x10 m subplot for poles (diameter 10 to <20 cm), a 5X5
m subplot for saplings (diameter <10 cm, height >1.5 m),
and a 2x2 m subplot for seedlings and ground cover plants
(height <1.5 m). The survey was conducted in the field by
creating plots as shown in Figure 2. Plots were measured
using a tape measure and marked with raffia string, and all
plots were the same size. Plant species within the plots
were then identified and counted. Each plant species was
measured according to criteria and grouped according to
vegetation strata.

Flowering phenology

The flowering period of bee food plants is important to
understand because it is related to the annual variation in
the availability of nectar and pollen used by bees. The
flowering schedule of these plants was determined through
interviews with respondents regarding the flowering season
and supported by literature on the flowering periods of
plant species found at the study site. Flowering period was
determined using two data sources: interviews with local
meliponiculture practitioners and published literature on
flowering time, which complemented each other. Once
vegetation structure data were collected, interviews were
conducted, asking about the flowering schedules of several
unidentified plant species. Specific questions were asked,
such as: i) Are you familiar with this plant species? ii) If
so, what months does this plant flower, or does it depend
on the growing season?. This prioritizes local observations
for location-specific times.

Data analysis

The data analysis used in the research was descriptive,
namely by recapitulating data from field observations
regarding the types and number of plants. The IVI formula
is the same for all strata, but differs for seedlings (IVI =
KR + FR). The software used is Excel to process the data.
Vegetation analysis regarding density, frequency, dominance,

and importance value index used the following formulas
(Kusmana 1997):

Density of a species

. Number of individuals of a species
Density (K) =

Area of sample plot

Density of a species

X 100%
Total density of all species ‘

Relative density (KR) =

Frequency of a species

Number of plots where the speciesis found
Total number of plot

Frequency (F) =

Number of plots where the speciesis found

Tvrs - r = 0.

Relative frequency (FR) Total number of plot *x 100%
Dominance of a species

) Total basal area of a species

Dominance (D)= x 100%
Area of sample plot

. Dominance of a species

Dominance frequency (DR) = 100%

Total dominance of all species

Importance value index
The importance value index for trees, poles, and
saplings is calculated using the formula:

Importance Value Index (IVI)=KR +FR + DR

For seedlings and ground cover plants, the index is
calculated based on:

Importance Value Index (IVI)=KR +FR

RESULTS AND DISCUSSION

Stingless bees forage

A total of 39 species from 25 plant families were
flowering in the plots, including forestry plants, plantation
crops, ornamental plants, and grasses (Table 1). Each type
of plant has a different food source. Three plant species
provide a complete food source (nectar, pollen), and resin
for bees. There is also one plant species, Thelypteris sp.,
that lacks nectar, pollen, and resin.
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Table 1. Bee forage sources in the stingless bee cultivation area of Tulak Tallu Village, North Luwu District

Family Common name Species Nec taFliomg;ollen Resin
Arecaceae Coconut Cocos nucifera L. v v -
Malvaceae Durian Durio zibethinus L. v - -
Malvaceae Cocoa Theobroma cacao L. v v -
Sapindaceae Rambutan Nephelium lappaceum L. v - -
Anacardiaceae Mango Mangifera indica L. v v v
Lamiaceae Teak Tectona grandis L.f. v v -
Lamiaceae Gofasa Vitex cofassus Reinw. ex Blume v v -
Myrtaceae Clove Syzygium aromaticum (L.) Merr. & L.M.Perry v v v
Fabaceae Calliandra Calliandra calothyrsus Meisn. v v -
Meliaceae Langsat Lansium domesticum Corréa v v -
Rutaceae Pomelo Citrus maxima (Burm.) Merr. v v -
Fabaceae Tamarind Tamarindus indica L. v - v
Moraceae Jackfruit Artocarpus heterophyllus Lam. - v v
Musaceae Banana Musa % paradisiaca L. v v -
Myrtaceae Water apple Syzygium aqueum (Burm.f.) Alston v - -
Oxalidaceae Star fruit Averrhoa carambola L. v - -
Anacardiaceae Cashew Anacardium occidentale L. v v
Muntingiaceae Jamaican cherry Muntingia calabura L. v v -
Myrtaceae Guava Psidium guajava L. v v -
Caricaceae Papaya Carica papaya L. v v -
Bromeliaceae Pineapple Ananas comosus (L.) Merr. v - -
Poaceae Rice Oryza sativa L. - v -
Solanaceae Tomato Solanum lycopersicum L. v v -
Solanaceae Eggplant Solanum melongena L. v v -
Cucurbitaceae Bitter melon Momordica charantia L. v - -
Zingiberaceae Galangal Alpinia galanga (L.) Willd. v -
Rutaceae Key lime Citrus *aurantiifolia (Christm.) Swingle v - -
Poaceae Elephant grass Cenchrus purpureus (Schumach.) Morrone v - -
Rubiaceae Noni Morinda citrifolia L. v v -
Fabaceae Sensitive plant Mimosa pudica L. - v -
Poaceae Maize Zea mays L. - v -
Rubiaceae Robusta coffee Coffea canephora Pierre ex A.Froehner v v -
Cucurbitaceae Pumpkin Cucurbita moschata Duchesne - v -
Rubiaceae Jungle genarium Ixora chinensis Lam. v v -
Solanaceae Chili pepper Capsicum annuum L. v v -
Polygonaceae Coral vine Antigonon leptopus Hook. & Arn. v - -
Asteraceae Billygoat weed Ageratum conyzoides L. - v -
Melastomaceae Indian rhododendron Melastoma malabathricum L. v v -
Thelypteridaceae Marsh fern Thelypteris sp. v - -

Note: v plants producing nectar, pollen, and resin sources; - indicates absence of nectar, pollen, or resin sources

Flowering the calendar of plants

Based on Table 2, various flowering plant species were
recorded around the meliponiculture area. Based on the
literature, species such as C. nucifera, Mangifera indica, C.
papaya, and P. guajava flower almost year-round, while
Durio zibethinus, Nephelium lappaceum, and Lansium
domesticum have seasonal flowering periods. Interview
results showed that food crops such as Oryza sativa, Zea
mays, and Capsicum annuum flower according to the
growing season. This combination of annual and seasonal
flowering plants forms the basis for developing a livestock
feed calendar, which is necessary for planning the forage of
stingless bees.

Vegetation analysis (IVI) of potential stingless bee
forage plants

Based on Table 3, the vegetation analysis at the tree
level shows that the plant species with the highest IVI were

C. nucifera (IVI = 55.20), followed by D. zibethinus (IVI =
52.41) and M. indica (IVI = 48.36). Interestingly, these
species are also among the most frequently visited by bees,
strengthening the link between vegetation dominance and
bee visitation intensity. Species such as Anacardium
occidentale have low IVI and contribute little to stand
structure.

At the pole level (Table 4), Artocarpus heterophyllus
dominated (IVI = 48.53), followed by Syzygium aqueum
(IVI=21.33) and Musa x paradisiaca (IVI=21.33). Some
of the dominant species in this stratum also function as
food, indicating that regenerative vegetation contributes to
maintaining long-term food sources.

At the sapling stage (Table 5), dominant species include
C. calothyrsus (IV1 = 53.21), A. heterophyllus (IV1 = 52.95),
and C. Papaya (IVI = 52.21). D. zibethinus in Table 5
appears because this vegetation was found in this level
category. Many of these species are fruit or legume crops,
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thus having high potential as food due to consistent nectar
and pollen production.

At the seedling stage (Table 6), the species with the
highest IVI were 4. conyzoides (IVI = 29.79), C. annuum

(IVI=24.34), and M. pudica (IVI = 19.44). The dominance
of these fast-growing herbs indicates that ground flora is
abundant.

Table 2. Flowering calendar of plants in Tulak Tallu Village, North Luwu District, South Sulawesi

Flowering time: Month to

Species 1 2 3 4 5 6 7 8 9 10 11 12 DPS Sources

Cocos nucifera L. v o - - - - v v v v - Erwan et al. (2022)

Durio zibethinus L. e A 4 - Arfiani 2024

Theobroma cacao L. A A T A4 - Arfiani 2024

Nephelium lappaceum L. T A - Rosmarlinasiah et al.
2020

Mangifera indica L. e A A e e e - Erwan et al. (2022)

Tectona grandis L. T A N A - - - Rosmarlinasiah et al.
(2020)

Vitex cofassus Reinw. ex Blume - - - - - VvV v - - - Nuraina et al. (2018)

Syzygium aromaticum (L.) Merr. & R v o v . - Local community

L.M.Perry

Calliandra calothyrsus Meisn. - - - - - - - - - - - v Local community

Lansium domesticum Corréa T A T e - Local community

Citrus maxima (Burm.) Merr. 2 L 2 2 - v - Erwan et al. (2022)

Tamarindus indica L. R L A A - - - - Erwan et al. (2022)

Artocarpus heterophyllus Lam. e A A s - Erwan et al. (2022)

Musa x paradisiaca L. - - . e e e e e e - - v' Erwan et al. (2022)

Syzygium aqueum (Burm.f.) Alston L 2 - - - Nurhalisa et al.
(2023)

Averrhoa carambola L. - 2 A A A - Rosmarlinasiah et al.
(2020)

Anacardium occidentale L. - - - Vv Vv Vv v o - . . - Nurhalisa et al.
(2023)

Muntingia calabura L. v v v v v v v v v v v Y - Rosmarlinasiah et al.
(2020)

Psidium guajava L. v v v v v v v vV v vV v v - Arfiani 2024

Carica papaya L. v v v v v v v v v v v v - Erwan et al. (2022)

Ananas comosus (L.) Merr. - - - - - - - - - - - - v Local community

Oryza sativa L. T v" Local community

Solanum lycopersicum L. v v v - v v - - v v v v - Nurhalisa et al.
(2023)

Solanum melongena L. - - - Vv v VvV v v v v v - Nurhalisa et al.
(2023)

Momordica charantia L. S A - Nurhalisa et al.
(2023)

Alpinia galanga (L.) Willd. - e e e e e e e e e e v" Local community

Citrus *aurantiifolia (Christm.) T - - - Erwan et al. (2022)

Swingle

Cenchrus purpureus (Schumach.) v v v v v v v v v v v Y - Agussalim et al.

Morrone (2017)

Morinda citrifolia L. v v v v v v v v v vV v v - Erwan et al. (2022)

Mimosa pudica L. v v v v v v vV v v v v - Erwan et al. (2022)

Zea mays L. v v v - - - v v v v v - Agussalim et al.
(2017)

Coffea canephora Pierre ex v v v v v v v v v v v Y - Erwan et al. (2022)

A.Froehner

Cucurbita moschata Duchesne S S - - - v Local community

Ixora coccinea L. v v v v v v v v v v v v - Erwan et al. (2022)

Capsicum annuum L. - - - - - - - - - - - - v Rosmarlinasiah et al.
(2020)

Antigonon leptopus Hook. & Arn. v v v v v v v v v v v Y - Local community

Ageratum conyzoides L. v v v v v v v v v v v Y - Arfiani, 2024

Melastoma malabathricum L. 2 A A T A A - Rosmarlinasiah et al.

Thelypteris sp.

(2020)
Local community

Note: v": flowering period; - : non-flowering period; DPS: depending on the planting season
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Table 6. Vegetation analysis at the seedling level

Species (IE/R;) (Fo/l:) (Do/g VI Species (‘?}) (lj/l; VI
Cocos nucifera L. 20.24 1455 2041 5520  Ageratum conyzoides L. 1550 1429 29.79
Durio zibethinus L. 19.05 1636 17.00 52.41  Capsicum annuum L. 1395 1039 2434
Mangifera indica L. 1429 18.18 1589 4836  Mimosa pudica L. 7.75 11.69 19.44
Artocarpus heterophyllus Lam. 952 1273 690 29.15  Calliandra calothyrsus Meisn. 8.53 649 15.02
Nephelium lappaceum L. 5.95 7.27 6.03 1925  Cenchrus purpureus (Schumach.) 6.98 779 1477
Calliandra calothyrsus Meisn. 7.14 545 6.57 19.16 Morrone
Vitex cofassus Reinw. ex Blume 4.76 5.45 417 1438  Melastoma malabathricum L. 5.43 649 1192
Citrus maxima (Burm.) Merr. 3.57 5.45 322 1224  Solanum lycopersicum L. 4.65 519  9.84
Lansium domesticum Corréa 3.57 5.45 254 11.56  Solanum melongena L. 3.10 390 7.00
Musa xparadisiaca L. 2.38 1.82 .13 533 Cucurbita moschata Duchesne 543 390 933
Syzygium aromaticum (L.) Merr. 3.57 1.82 215 754 Thelypteris sp. 3.88 519  9.07
& L.M.Perry Alpinia galanga (L.) Willd. 3.10 519 829
Tectona grandis L.f. 3.57 1.82 203 742 Momordica charantia L. 3.88 390 7.78
Tamarindus indica L. 1.19 1.82 1.24 425 A. flavescens 3.88 260 648
Anacardium occidentale L. 1.19 1.82 0.71 3.72 Zea mays L. 3.10 1.30 440
Morinda citrifolia L. 1.55 260 415
Ananas comosus (L.) Merr. 1.55 260 4.15
I. grandiflora 233 1.30  3.63
Table 4. Vegetation analysis at the pole level Oryza sativa L. 2.33 130  3.63
Citrus xaurantiifolia (Christm.) Swingle  1.55 130  2.85
. KR FR DR Mangifera indica L. 0.78 1.30  2.08
Species (%) (%) (%) IV Artocarpus heterophyllus Lam. 0.78 1.30  2.08
Artocarpus heterophyllus Lam.  15.85 1731 1537 4853
Syzygium aqueum (Burm.f.) 6.10 9.62 561 2133
Alston Discussion
MusaxparadisiacaL. 610 9.62 5.6l 21.33 Stingless bees at the study site showed preferences for
Lansium domesticum Corréa 732769 631 2132 f,ers from certain plant families as primary food sources,
Calliandra calothyrsus Meisn. 7.32 7.69 6.18 21.19 flected by the dominance of Fabaceae. Mvrtaceae. and
Tectona grandis L.f. 6.10 5.77 887 2074 38 reliected Dy . . ac, VT >
Psidium guajava L. 488 769 297 1554 Astgraceae (Table' 1). Thls ﬁpdlng is con51sten.t with
Mangifera indica L. 4.88 577 470 1535 studies conducted in Brazil, which reported that stingless
Citrus maxima (Burm.) Merr. 3.66 577 463 14.06 bees consistently utilize flowers from Fabaceae, Myrtaceae,
Averrhoa carambola L. 3.66 385 361 11.12 and Asteraceaec despite differences in biogeographical
Muntingia calabura L. 244 3.85 240 869  conditions (Nascimento et al. 2015). The dominance of
Anacardium occidentale L. 244 385 153 782  these families reflects the abundance of stingless food. At
Durio zibethinus L. 244 192 248 684 the research site, the presence of 39 plant species that
Nephelium lappaceum L. 122 192 213 527  provide nectar, pollen, and resin indicates that stingless
bees depend on vegetation to meet their nutritional needs
throughout the season. This abundance aligns with
Table 5. Vegetation analysis at the sapling level V}_]ayakumar and .J eyaraaj (2016), who reported that
stingless bees habitually collect floral resources from a
. KR FR DR broad range of plant species. The dominance of vegetation
Species %) (%) (%) VI from several families and species found in this study has a
Calliandra calothyrsus Meisn. 20.00 14.04 19.17 5321 good role in the sustainability of stingless bees as a food
Artocarpus heterophyllus Lam. 16.67 1930 1698 5295 source.
Carica papaya L. 18.89 1930 14.02 5221 Differences in flowering period and the availability of
Theobroma cacao L. 1556 1228 13.52 4136 reqources among plant species, as shown in Table 2, also
Pszd.mm. guajava L. 778 1053550 2381 g pollen and nectar composition. Adequate pollen and
Durio zibethinus L. 5.56 7.02 9.70 22.28 .
Averrhoa carambola L. 220 351 269 84p  hectar are e‘ssentlal for a bee colony (Rodney and Purdy
Durio zibethinus L. 244 192 248 684  2020). Spe‘01es that flower seasonally, such as several fruit
Citrus xaurantiifolia (Christm.) 222 1.75 178 575  trees, provide pulses, whereas year-round bloomers such as
Swingle C. nucifera should act as stabilizing resources during floral
Mangifera indica L. 1.11 175 237 523  gaps. Table 3 shows that C. nucifera at the tree stage has
Syzygium aqueum (Burm.f.) 111 1.75 149 435 the highest IVI value, indicating dominance in the
Alston meliponiculture area. When IVI values are examined
Morinda citrifolia L. L1 175078 3.64 together with flowering duration, dominant species such as
Ananas comosus (L.) Merr. 1.11 1.75 028 3.14

D. zibethinus and C. nucifera emerge as key contributors to
forage availability across strata and seasons. The ecological
relevance of dominant species is consistent with previous
findings that structurally important plants often support
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ecosystem stability (Craven et al. 2018; Vezzani et al.
2018). Conversely, 4. occidentale shows the lowest IV,
indicating limited representation within the vegetation
structure.

At the pole stage (Table 4), A. heterophyllus recorded
the highest IVI, while N. lappaceum had the lowest. These
differences reflect variation in vegetation structure rather
than direct indicators of forage preference. Its consistent
presence in the landscape enhances forage stability.
Meanwhile, the low IVI of N. lappaceum, combined with
its absence at seedling and sapling stages, suggests poor
regeneration. Among sapling vegetation (Table 5), C.
calothyrsus showed the highest IVI, indicating strong
ecological adaptation and dominance. In contrast, Morinda
citrifolia L. exhibited a low IVI, suggesting limited
abundance within the sapling layer. At the seedling levels
(Table 6), A. conyzoides recorded the highest IVI, consistent
with its high regeneration capacity and widespread
distribution.

The availability of floral resources directly affects the
survival of bee colonies. Species such as Muntingia
calabura, C. papaya, and P. guajava were recorded as
important components of year-round forage availability
(Rosmarlinasiah et al. 2020; Erwan et al. 2022; Arfiani
2024). When forage is insufficient, colonies can be relocated
to areas with abundant blooming species (Erwan et al.
2022; Budiaman et al. 2026). These findings support the
development of site-specific forage management strategies,
emphasizing the maintenance and enrichment of plant
species with high IVI and extended flowering periods.
Enriching bee forage plant species can be achieved through
careful planning, including selecting easy-to-grow plants
and introducing plants that flower year-round. This will lay
the foundation for the bees' continued survival and the
availability of sustainable forage sources. The main
limitations of this study include the sample size, the lack of
data on bee visitation to flowers, the reliance on interview-
based flowering information, and the short duration of the
fieldwork. Multi-season phenological monitoring is
recommended for direct quantification of bee visitation
levels, and comparisons between villages or different land
use types.

In conclusion, this study demonstrates ecological and
applied contributions by showing that the study site is
supported by 39 plant species from 25 families. The
flowering calendar shows an asynchronous flowering
pattern, thus ensuring the availability of food throughout
the year. Ecologically, these results emphasize that
dominance, flowering continuity, and multi-strata vegetation
collectively underpin forage reliability in agroforestry-based
meliponiculture systems. From an applied perspective,
meliponiculture practitioners are advised to prioritize
enrichment planting of high-IVI species with year-round or
complementary flowering periods. Feed enrichment with
high IVI can be done gradually, where the selection of
plant species that have the potential to grow well in the
selected location and have sources of nectar, pollen, and
resin as the main support for the sustainability of the bee
colony. Vegetation across multiple growth stages within a
short flight radius of colonies and use flowering calendars

as operational tools for hive placement and seasonal
management. Future research should integrate quantitative
visitation data, microclimate monitoring, and interspecific
competition assessments to strengthen management-oriented
recommendations.
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