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Abstract

Apis florea and its closely related sister species, Apis andreniformis, within
the subgenus Micrapis, represent one of the most evolutionarily primitive
lineages in the genus Apis. Unique features of A. florea include the elongated
"thumb" on the drones' bifurcated basitarsus, smooth abdominal tergites
with reddish pigmentation, and behaviours such as wax salvage, prolonged
foraging, aggressive territoriality, and high genetic diversity attributed to its
polygamous queens. A. florea nests are typically more giant and are often
located on exposed surfaces such as trees, walls, and buildings, with pre-
ferred nesting plants including Pongamia pinnata, Mangifera indica, and
Bougainvillea species. While A. florea can accept queens of A andreni-
formis. A. florea dominates in various horticultural settings due to its resili-
ence and significant role in pollinating crops like bitter gourd, carrot,
moringa, coriander, and phalsa. The queen chamber of A. florea measures
1.41+0.15cm in depth and 0.47 + 0.09 cm in diameter, while the worker bee
cells measure 0.29 + 0.15 cm in diameter and 0.93 £ 0.07 cm in depth. The
dimensions of A. florea hives are generally larger. The bees gathered pollen
and nectar from the same sources or in successive foraging visits from all
the plant species except Spathodea campanulate. In India, domestication
trials for A. florea have been attempted, though with limited yield, as honey
is valued more for its medicinal properties than quantity. A. florea honey,
rich in dextrins, levulose, and antioxidants such as proline and phenols,
demonstrates high therapeutic potential. Due to the critical role of A. florea
in natural and horticultural ecosystems and its distinct ecological adapta-
tions, further research is encouraged to explore this species' impact in
greater depth. Despite their phylogenetic similarity, A. florea stands out due
to specific morphological and behavioural characteristics, which have not
received substantial scientific attention. This review aims to consolidate
information on A. florea, detailing its morphology, nesting habits, and eco-
logical contributions, particularly in pollination and horticultural systems.
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Introduction

Honeybees are crucial for human prosperity and ecosystem functioning.
Their pivotal roles in pollination, biodiversity, the economy, and environ-
mental monitoring make their conservation crucial. Bees are the sole
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producers of valuable honey, pollen, bio-wax, and royal
jelly. Honey bees and plants have co-evolved with a mutu-
alistic relationship, as bees depend on plants for pollen
and nectar, while plants rely on bees for pollination. Insect
pollination contributes around 153 billion USD to global
agricultural productivity (1). The honey bee species found
in India include the Indian bee (Apis cerana indica F.), Ital-
ian bee (Apis mellifera L.), Rock bee (Apis dorsata F.), little
bee (Apis florea F.), and stingless bee or dammer bee
(Tetragonula irridipenis S). There are a few more species
like Apis koshevnicovi, Apis nigrocincta, Apis laboriosa and
Apis andreniformis (2). A. indica and A. mellifera are
reared in artificial hives primarily for honey (5kg/comb/
year and 45 to 160 kg/comb/year, respectively). A. florea
and A. dorsata are considered wild bees and have not been
domesticated. In the case of A. florea, attempts have been
made to domesticate with partial success. The sister spe-
cies of A. florea is called A. andreniformis; these two are
collectively called dwarf bees. Together, A. florea and A.
andreniformis are from the subgenus Micrapis and are con-
sidered the most evolutionarily primitive of the extant Apis
species. A. florea yields only a tiny amount of honey (0.5 to
1 kg/comb/year) with high medicinal value. In addition, A.
florea plays an essential role in pollinating numerous agri-
cultural and horticultural crops.

One of the least expensive and eco-friendly ways to
boost agricultural yield is through insect pollination, main-
ly by honey bees (3). This method enhances crops' quanti-
tative and qualitative parameters, such as seed vigour and
germination percentage (4). Flowering plants bloom in
different seasons, and nectareous plants might have vary-
ing flowering times based on climate, topography, and soil
type. Consequently, for sustained practical beekeeping, it
is essential to have full knowledge of the floral diversity in
that area (5). One-third of the global food supply relies

Table 1. Morphometric characters of little bee, Apis florea

primarily on insect pollination, particularly in one-third of
the crops (6). The only agriculture-based industry that
maximizes income with minimal expenses is beekeeping.
Successful beekeeping depends on the availability of bee-
foraging plants (7).

Compared to prior studies on other bee species,
A. florea receives less attention from scientists. However,
due to its vital role in pollination, ecological dynamics, and
impact on agriculture, this species is an intriguing subject
for further research. This review paper aims to highlight all
the aspects of A. florea in both natural and anthropogenic
locations by exploring the biology, behaviour, nest archi-
tecture, division of labour, domestication, floral calendar
and preference, foraging time, enemies, pollination effi-
ciency, qualities of honey and their unique features.

Morphology of A. florea

Worker bees have bodies that vary in length from 7 to 10
mm, while queen bees are approximately twice the size of
workers, measuring between 13 and 15 mm. Drones in this
species have bodies that measure 11 to 13 mm (8). The
morphometric characteristics of A. florea are presented in
Table 1.

Morphometric identification of A. florea and A. andreni-
formis

In the 1990s, it was definitively shown that A. florea and A.
andreniformis are two different species. A. andreniformisis
often darker and has the first abdomen segment entirely
black in elder bees. A. florea exhibits a more pronounced
reddish colouration, with older workers displaying a dis-
tinctly red abdomen, while younger workers are pale, like
the colouration observed in larger honeybee species (8).
The most reliable distinguishing features for identifying
A. florea and A. andreniformis include the significantly

Morphometric characters of little bee, A. florea

Characters
(91) (92) (93)
Head length (mm) 2.38+0.10
Body length (mm) 11.47 +0.74
Length of thorax (mm) 3.67+0.22
Length of abdomen (mm) 5.72+0.61
Proboscis length (mm) 2.14+0.05 3.57+0.020 4.00+0.01
Antennal length (mm)
Hind tibial length (mm)
Length and width of 0.72+0.05
1.50+0.01
metatarsus (mm) 0.25 +0.05
6.76+0.034 (Vietnam)
Length of forewing (mm) 6.94£0.28 6.25+0.03
6.11+0.117 (Thailand)
Breadth of forewing (mm) 2.40+0.06 2.31+0.010 2.24+0.009 2.05+0.01
Length of hindwing (mm) 4.770.13 4.25+0.02
3.57+0.198(Vietnam)
Cubital index (mm) 2.87+0.09 1.75+0.00
6.11+0.117(Thailand)
No. of hamuli 11.0+1.06 11.0£0.57* 13.00+0.02
Width of 4 tergite (mm) 1.40+0.06 2.3+0.83* 1.80+0.01
Length of 3 sternite (mm) 2.69+0.07 2.15+0.02
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longer "thumb" of the bifurcated basitarsus on the hind
leg of A. florea drones compared to that of A. andreniformis
(9). Additionally, notable differences in the structure of the
endophallus can be observed in worker bees (10, 11). The
jugal-vannal ratio of the hind wing in A. florea is approxi-
mately 75, more significant than the roughly 65 seen in A.
andreniformis. Furthermore, the cubital index of A. florea is
about 3, significantly lower than the index of approximate-
ly 6 in A. andreniformis. The second abdominal tergite of A.
andreniformis is characterized by deep punctation, where-
as that of A. florea remains smooth. The marginal setae on
the hind tibiae of A. florea are typically entirely white, con-
trasting the dark brown to blackish setae found on the
hind tibiae of sclerotized A. andreniformis. Historical litera-
ture often emphasizes that the first and second abdominal
tergites of A. florea are reddish, while other segments are
at least partially reddish; in contrast, A. andreniformis ex-
hibits uniformly black tergites. The comparative morpho-
metric identification of A. florea and A. andreniformis is
furnished in Table 2.

Table 2. Comparative morphology of A. florea and A. andreniformis

ca, Ceiba petandra, T. indica, and M. ovalifolia are the most
common nesting plants, and the nesting heights are rec-
orded at 20-25, 22, 15-20, 12 and 8-20 feet, respectively.
Compared to other species, A. florea comb sizes are small-
er than 1.00 x 1.00 ft. The comb constructs in T. indica have
the largest size of 1.25 x 1.00 ft, followed by A. heterophy!-
lus (1.00 x 0.75 ft), P. pinnata (1.00 x 0.50 ft), C. petandra
(0.75 x 1.00 ft) and Bouganvillea sp. (1.50 x 0.75). A. florea
has developed a particular strategy for choosing their
nesting habitats. It constructs a single vertical comb that
hangs from a bush or tree branch at a moderate height on
slender branches interspersed with light-moderate winds,
with a pleasant temperature (16). The nesting sites of
A. florea depend upon the environmental conditions, in-
cluding woody areas and areas with an agroecosystem
(17). The decision on a new site is made when the highest
number of individuals perform a dance indicating the di-
rection of that site. During the swarm's departure, the top
ascends into the air first, followed by the bottom, and fi-
nally, the middle section lifts off, all within a minute of the
initial take-off. Unlike other species, A. florea does not re-
evaluate a site before several individuals relocate. Instead,

S.No. Characters A. florea References  A. andreniformis References

1. Cuticular colour Yellow bees Black bees

(95) (95)
2. Hair on hind tibia White colour Black colour
3. Wing venation Cubital Index 2.86 (12) Cubital Index 6.37 (12)

. Basitarsus is quite long, more than two- Comparatively short and more than half of

4 Malemetathoraciclegs i i ofthe length of the tibia (®) the length of the tibia (10)
5. Proboscis 3.273+0.18 mm (96) 2.797+£0.09 mm (96)
6. Endophalli Fimbriate lobe has 3 protrusions (97) Fimbriate lobe has 6 protrusions (10,8)
7. Virgin queen Queen does not produce a piping sound (11) Queen produces a pipingsound (98)
8. Mating of queens S;Zin mating with 4 drones. Mate 5- 14 (11) Mate 10-20 times (75)
9. Fanning behaviour Fanned shorter 5-35s (99) Fanned longer 15s - 2mins (99)
10. Absconding behaviour Increased heat / sunlight (100) Seasonal migration pattern (100)
11 Defensive behaviour Less defensive More defensive

(12) (12)
12. Wax collecting behaviour  Collect wax from the old comb No collection

Habitat/nesting site

The nesting height of A. florea is approximately 15 m (12).
Most of the time, the nesting height of A. florea is reported
to be between 0.5 and 10 m above the ground in urban
environments (13). A. florea is thought to have a quicker
nest-choosing process when compared to A. mellifera (14).
A. florea determines a new nesting site through a dance
communication method (15). While searching for new sites
is a much quicker process for A. florea, it may not neces-
sarily be more accurate. Tamarindus indica, Hibiscus rosa
sinensis, Nerium sp, and Moringa ovalifolia are the most
common nesting plants in tropical conditions. In contrast,
the uncommon nesting plants are Artocarpus heterophy!-
lus, Tecoma stans, Bambusa bambos, Magnolia champaka
and Pulmonaria longifolia. Pongamia pinnata, Mangifera
indica, and Bouganvillea sp are the preferred nesting
plants. The nesting locations of A. florea include 14 distinct
plants from 13 genera and 12 families. P. pinnata, M. indi-

the bees swarm collectively to the new location and will
abandon it if it is later found unsuitable. When abundant
floral resources are available, A. florea quickly swarms to a
new location. When the resources become scarce, they
relocate to other locations (18). Nesting sites and structure
of A. florea in different plants are shown in Fig. 1.

Nest architecture

A. florea and A. andreniformis are phylogenetically
similar and can accept the queen of the other species. A.
florea and A. andreniformis are primarily identical except
for the crown structure. The crown of A. andreniformis ex-
tends vertically from the twigs' midrib, and A. florea is ex-
posed outward from the twig. It shows that the cells in the
crown are directly attached to the twig. Nest architecture
helps distinguish dwarf bees, A. florea and A. andreniformis
(19). The nest architecture of eusocial bees depends upon
the colonys' phenotype. Lastly, there are notable differ-
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Azadirachita indica
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Fig. 1. Nesting sites and structure of Apis florea in different plants. This figure displays original images captured by the author.

ences between the two species' combs (20).
Hives of A. florea

A. florea exhibits versatile nesting habits and constructs
hives in various locations, such as the tops of tall trees, on
walls, and along the edges of building roofs (21). The hive
height and width of A.andreniformis are 16 and 25 percent
lower than that of A.florea. The branch diameter is approx-
imately 0.8 cm. The worker cell measures 0.93 cm, the
drone cell 1.33 cm, and the queen cell 1.41cm. A. florea
constructs a single comb that is highly exposed to the sun,
with one side receiving sunlight for several hours daily.
Thus, A. florea hives are more significant than those of
A. andreniformis. The queen chamber of A. florea is 1.41
+0.15 cm deep and has a diameter of 0.47 + 0.09 cm. The
diameter of worker bee cells is 0.29 + 0.15 cm, and their
depth is 0.93 + 0.07 cm. The diameter and depth of the
queen cell of A. andreniformis are 0.54 + 0.08 cm and 1.24 +
0.26 cm, respectively. On the other hand, worker bee cells
have a diameter of 0.27 £ 0.11 cm and a depth of 0.76 +
0.14 cm. In comparison, A. florea hives have much larger
worker bees and drone cells in depth (19). The main char-
acteristic feature that identifies A. florea is its nest archi-
tecture (22). The nest is constructed by the worker bee's
ability to adjust in the comb (15). The hive width of A.
florea is around 16.9 cm, with a height ranging from 35 to
40 cm. In contrast, A. andreniformis hives have a width of
12.2 cm and a height ranging from 25 to 35 cm (23). The
architecture of 139 A. florea typical colonies and 60 aban-
doned combs reveals three shapes of the colony: asym-
metrical (82), round (43), and oval (14). They record a
comb width size of 17.6 + 3.2 cm in the upper region,
18.4 £ 1.9 cm in the middle region, and 14.3 £ 2.0 cm in the
bottom region. The queen cell size ranges from 1.3 cm x
1.3cm x 1.4 cm, while the drone cell's diameter and depth
vary between 1.1 cm and 2.1 cm, respectively. The depth

and diameter of the worker cells range from 0.8 cm to
1.0 cm. The depth and diameter of the honey-storing cells
ranged from 1.1 cm to 2.5 cm, and the crest size ranged
from 14.4 + 9.14cm x 4.67+ 2.68 cm. The comb architecture
of A. florea and A. andreniformis is primarily similar. In
the case of A. florea queen-less colonies, drone-sized cells
are constructed to produce drones instead of worker cells
to lay unfertilized eggs (24). The nest architecture of euso-
cial bees is determined by the phenotype of the colony
(20).

Division of Labour

The ability of the colonies to withstand a greater
variety of environmental situations may make them more
fit than genetically homogeneous colonies (25). The adults
of A. florea are responsible for protection and foraging,
while the younger species work inside the nests doing up-
keep. Certain workers are driven by genetics to do activi-
ties, such as fanning the comb to keep the temperature
steady. This could explain how polyandry develops and
persists (26, 27). When a queen mates with several unrelat-
ed males, workers with different genotypes arise in the
colony (28). Patrilines complete this because diverse fami-
ly species respond to a specific temperature threshold
(29). In certain situations, the highly related daughters of a
haploid male may adopt genetically based task specializa-
tion when the females are genetically predisposed to per-
form activities.

Domestication of A. florea

In Oman, A. florea colonies are initially managed
very effectively (30). They provide additional awareness for
beekeeping practices (31). The farmers gathered wild colo-
nies from the side of the mountain and placed them in
man-made chambers or the openings of trees. Several
recorded attempts in India have been made to domesti-
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cate A. florea, but none became successful (32). These bees
respond well to careful handling. When the honey cap is
cut, the comb can be safely tied up in an A. cerana indica
brood frame, and the bees attach it to the top frame.
Above the brood frame, there would be a superframe
where the bees construct a honeycomb and stuff it full of
honey. However, there is no documentation of this tech-
nology validation. In Ranipokhari, Dehradun, Uttar Pra-
desh maintains the A. florea colony in a 4-frame nucleus
box of A. cerana indica for two months (33).

Foraging vegetation of A. florea

Across various regions of Oman, pollen is collected from
249 different plant species. The samples are analyzed by
using light and scanning electron microscopy. It shows the
presence of 67 species of pollen pellets from 39 families in
the honey samples. It indicates that there are many
sources of pollen and nectar. Exclusively, 20 pollen types
are found in the honey samples, mainly pollen feeders
(34). The nectar-providing plants are P. pinnata, C. petan-
dra, T. indica, and Nerium sp. M. indica, B. bambos, H.r.
sinensis, M. ovalifolia, P. longifolia, and M. champaca,
which provide honey bees with both pollen and nectar,
while T. stans and Bouganvillea sp. did not function as a
source of both pollen and nectar for A. florea. Around 51
plant species (29 crops and 22 wild trousers) are reported
as bee foraging plants. Major foraging plants include Aza-
dirachta, Pongamia, Syzygium, Citrus, Cassia, Cocos, Brassi-
ca, Albezia, Polinathus, Areca, Lagerstroemia, Guizotia, and
Helianthus (16). A. florea mainly depends on these plant
families for collecting pollen and nectar which was shown
in Fig. 2.

Floral calendar of A. florea

g
= (m]
] e
3 [a]
Q f =
2] =
& g
&8
¥
C 8
i
-]
u Fabaceae = Euphorbiaceae 1 Asteraceae Mi HAp
nA = Amar = Umbellife =Verb =Zingi
u Cari = Composit A u Balsami ul
u Pagsifl L1 i =R u Rut; [
= Myrtaceae (ot i =
Amarylli = Bi i = Meli = Poaceae = Apiaceae
- Mori M Ol Pal
m Sapi 1 Th = Tiliaceae

5

The honey flow periods are identified as mid-July to mid-
September, mid-December to mid-February, and mid-April
to mid-June (35). Ziziphus spinachristri, Proposis juliflora,
Acacia tortilis, Zygophyllum spp., Prosopis cineraria, Citrus
spp., Fagonia spp. and Maerua crassifolia are considered
as primary bee foraging plants (36). The number of 165
plant species that belonged to 53 families are reported as
foraging plants for A. florea in Andhra Pradesh. Among
them, tree species contribute more, followed by herbs,
shrubs, and creepers (37). The honey flow period is deter-
mined to be from January to March (38). M. indica, Trifoli-
um exandrum, Calotropis procera, and Helianthus annuus
are the most common A. florea foraging plants, where ear-
ly March to late May is noted as the highest blooming peri-
od (39). Honey bees are good pollinators of a variety of
fruits. The foraging calendar of A. florea is given in Supple-
mentary Table 1.

Floral preference of A. florea

The bee pollinator is usually associated with flower spe-
cies that possess blue or yellow colour. The flower colours
of the plant species foraged by the dwarf bee include
white, yellow, purple, blue, green, and red. At flower level,
A. florea foraging plants produce pollen in large amounts.
The pollen production is higher in Couroupita guianensis,
which serves as an excellent source of pollen for the bee.
The flowering periods of these plant species are spread
over a year, and this flowering sequence enables the bee
to get pollen and nectar throughout the year. The bee col-
lects pollen and nectar in the same or successive foraging
visits from all the plant species except Spathodea campan-
ulate (40). The floral colours and forage plants of A. florea
are given in Table 3 and Fig. 3.

Foraging time of A. florea

Pollinators with high energy requirements tend to favour
plants high in sucrose, while those with low energy re-
quirements favour plants high in glucose or fructose (41).
A. florea (av. 4700) has less loose carrot pollen grains than
A. dorsata (av. 5200) (42). Insect pollinators of hybrid cauli-
flower show that honey bees are the primary pollinator.
Among these honey bee species, A.dorsata, A. mellifera, A.
cerana indica, and A. florea are the most important pollina-
tors, and they contribute 28.23%, 26.32%, 24.20%, and
21.23%, respectively, in pollination (43). The 14 insect spe-
cies visit the flowers of Sesamum. Of these, ten species
belong to Hymenopteran, and four belong to Dipterans.
Among Hymenopterans, honey bees such as A. dorsata. A.
cerana indica, A. florea, and T. irridipennis are the predomi-
nant pollinators found during flowering time. The abun-
dance of insect pollinators is about 6.28 bees/plant/5 min.
A. cerana indica is followed by A. dorsata (6.21 bees/
plant/5 min), A. florea (3.64 bees/plant/5 min) and T. iri-
dipennis (2.26 bees/plant/5min) (44). During summer, the
foraging activity of A. florea in lucerne crop is observed,
and it found that foraging activity is higher during morning
hours of about 1.27 bees/m?/5 minutes and less during
evening hours of about 1.23 bees/m?/5 minutes. During
monsoon, the foraging activity is recorded higher
(1.02 bees/m?/5 minutes) in the evening hours, while in
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Table 3. Floral colours and forage plants of A. florea
S.No. Plant species Floral colours References
1. Alangium salviifolium, Tamarindus indica Dirty white (40)
2. Tridax procumbens, Terminalia cattappa, Sapindus marginatus Cream (40)
3. Spathodea campanulate, Tagetes patula Red (40,103)
4. Semecarpus anacardium Light green (40)
5. T. tomentosa Greenish white (40)
6. Jatropha curcas Greenish yellow (40)
7 Tribu{u§ terrestris, Euphorbia ttortilis, Bfassica campestris, Eruca sativa, Caesalpinia lutea, Verbesina vellow (40,103)
encelioides, Cleome viscosa, Vigna radiata
8. Sterculia foetida Greenish red (40)
s, Clmum et el adrott e o o Zophi mauane oSS iorvusywnte #0169
10. Anisomeles indica, Jacquemontia pentathos Purple Violet
11. J. gossypliifolia Purplish red (40)
12. Antigonon leptopus Purple white
13. Tagetes erecta, Pyrostegia venusta Orange (103)
14. Rosa chinensis Pink (103)
15. Gaillardia sp Yellow-orange (103)
Foraging visits (%) of Apis florea
Tribulus terrestris — ! | ! ! !
Teclona grandis I ——
Sterculin foetida == I I I !
Cardiospermum halicacabum == - | | ! !
Allophylus serrafus = : - - ! |
Zizyphus manritiana - - ! !
Antigonon leptopus == ! ! ! ! ! !
Hugonia grandis ™= | | ! ! ! ! !
O.basilicum —=— | | ! ! ! !
Oci ameri | | | ! !
Anisomeles indica = ! ! ! ! ! !
Prerocarpus s ! ! ! ! ! !
Jatropha curcas ! | ! ! ! !
Euphtordia [0rliliS  m—
Terminalia fomentosq — ! !
Tamarindus iNdica Pe— I L . . ' '
Semecarpus anacardinnm T —— | ! ! ! !
0 10 20 30 40 50 60 70 80 90
u Birds Flies m Butterflies mWasps Other bees W Apis Fiorea

Fig. 3. Foraging visits of A. florea relative to other foragers on different plant species.

winter, it is recorded higher in the morning hours
(1.16 bees/m?/5 minutes) (45). The foraging behaviour of A.
florea on coriander flowers. The findings show that A. flo-
rea foraging peaked during morning hours, 10.00 and
14.00 h, with an estimated 19 to 23.1bees/m?2. After that,
the activity begins to decline at evening hours 18.00h. De-
spite less foraging activity, A. florea is more abundant on
coriander flowers than A. dorsata and A. mellifera (46). A
florea is the most important pollinator of Ocimum basili-
cum, and it shows foraging activity from 07.30 to 17.30h. A.
florea is found to be most abundant during the morning at

09.45 h (24 bees/m2/min), and they are found to be less
abundant during the evening at 17.00 h (4 bees/m?/min).
The abundance of bees is averaged about 12 bees/ m?/
min. A rich source of floral nectars and pollens and a
strong attraction to the bloom is the higher abundance of
A. florea. The foraging frequency is 10.2 flowers/min. O.
basilicum serves as both nectar and pollen yielders (47).
The pollinator diversity of M. oleifera is studied, and it
shows that thirteen species of hymenopterans, seven spe-
cies of dipterans, and lepidopterans are considered signifi-
cant pollinators. Among all these, A. cerana indica is the
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primary pollinator with a mean of 3.36 bees / 25 inflo-
rescence/ 5 mins, followed by A. dorsata (1.51) and A. flo-
rea (0.08). The population ranged from 0.4 bees / 25 inflo-
rescences/ 5 min at 06.00 to 07.00 h to 4.8 bees/ 25 inflo-
rescences/ 5 min at 08.00 to 09.00 h. Among the days, the
population was 2.25 to 4.42 /25 inflorescences/ 5 min with
a mean of 3.36 bees / 25 inflorescences/ 5 min (48). A. flo-
rea produces both unifloral and multifloral honey. The
pollen spectral analysis of 33 honey samples reveals that
15 are unifloral and 18 are multifloral (49).

Pollination efficiency of A. florea

Bees are considered the most effective pollinators, while
butterflies are occasional pollinators, transferring pollen
between flowers as they feed on nectar. Flies, hoverflies,
and wasps also act as efficient pollinators, as they visit
flowers to gather nectar—or, in some species, pollen - to
obtain essential nutrients(3). Being a cross-pollinated
crop, its fruit set is expected to be affected by insect visi-
tors. Developing insect pollinators is regarded as one of
the most cost-effective and eco-friendly methods for max-
imizing the yield of cross-pollinated crops. The pollination
efficiency of an insect pollinator is mainly based on the
size of the insect and foraging behaviour. The loose pollen
grains adhere to the honey bees' bodies (50). It is estimat-
ed that in nature, only 5 % of the flowers are self-
pollinated, and 95% are cross-pollinated, of which 10 %
depend upon the wind, and 85 % are on animals (51). In
Hisar, India, the diversity and abundance of insect pollina-
tors are investigated in nine cruciferous and four umbellif-
erous crops. The predominant pollinators are A. dorsata, A.
florea, A. mellifera, and six additional solitary species. Re-
ports are made about the influence of pollinator effective-
ness on agricultural productivity indices. It indicates that
the weight of seeds/plant/ha in both cruciferous and um-
belliferous crops is higher in the open condition. Similarly,
umbelliferous crops have more seeds per plant, while cru-
ciferous plants that are openly pollinated have longer
mean pod lengths and more seed sets per pod (52). Animal
pollinators contribute 15~30% of the global food produc-
tion (53).

Pollination is essential in flowering plants' repro-
duction and fruit set, particularly for cross-pollinated
crops (54,55). The pollination index is also greater in
A. florea (22989.2). The foraging activity of A. florea mainly
depends upon the various environmental factors. The for-
aging activity of Apis florea shows a positive correlation
with several factors, including temperature (r = 0.360),
light intensity (r = 0.4554), solar radiation (r = 0.527), and

Table 4. Pollination efficiency of A. florea in various crops

nectar sugar concentration. Among all these factors, solar
radiation shows a higher contribution in the foraging on
flight activity of A. florea, followed by light intensity and
temperature, and the nectar sugar concentration is least
positively correlated. Relative humidity shows a negative
correlation with the foraging activity of A. florea, which
confirms that relative humidity affects the foraging activity
of A. florea (56)._In bitter gourd, A. florea made the largest
contribution (43%), followed by A. dorsata (13%), A. cerana
indica (26%), and other pollinators (18%). A. florea is ob-
served to be foraging in bitter gourd from 08.00 to 18.00
hours per day (57).

Insect pollinators from four orders and 13 families
visit the flowers of the carrot, Daucus carota. Among all
these species, A. florea dominates the foraging activity,
constituting about 98% of foraging visits. The foraging ac-
tivity is higher during this time 07.26 to 07.44 h, when the
temperature is about 19.4 to 25°C. Solar radiation is 38 to
68 MW/cm?, relative humidity is between 51 to 75 % and
light intensity is 1300 - 4700 lux. A. florea foraging cycles
have an impact on Daucus carota pollination, with open
pollination reporting a greater seed rate (92.6%) (58). Most
crops are cross-pollinated and feature entomophilous
flowers, with pollination facilitated by various insect polli-
nators such as honey bees (A. dorsata, A. mellifera, A.
cerana indica, A. florea), hoverflies, yellow wasps, carpen-
ter bees, weevils, black ants, and butterflies etc., (59) . The
pollination efficiency of A. dorsata, A. florea, and A. mellif-
era is investigated in Phalsa flowers within semi-arid re-
gions. It shows that the abundance of A. florea is found to
be a maximum of about 4.88 bees/ branch / 5 minutes,
followed by A. dorsata (2.70 bees/ branch/ 5 minutes) and
A. mellifera (0.96 bees/ branch/ 5 minutes). At forestry and
environment arboretum A. florea are the primary pollina-
tors of M. oleifera. The diversity and abundance of various
pollinators are recorded in M. oleifera (60). The foraging
time of pollinators was around 6.00 am to 6.00 pm and
also reported six species of the Apidae family, two species
of Vespidae, two species of Papilionidae, and one species
of Nymphalidae. Among them, A. florea is the predominant
pollinator in the moringa, followed by A. dorsata, Amegilla
sp., Megachile sp. and Xylocopa sp. (61). The pollination
efficiency of A. florea in various crops and their perfor-
mance indicators are presented in Table 4.

Qualities of A. florea honey

The honey produced by dwarf bees resembles dammer
bees, exhibiting a high dextrin content and a low granula-
tion tendency. Dextrins are four times more when com-

S.No Crop Scientific name Performance indicator Reference
1. Carrot Daucus carota Higher seed yield (92.6%). More seeds with heavier weights (106,58)
2. Onion Allium cepa Increased yield. More seeds with heavier weights (107,108)
3. Cauliflower Brassica oleracea var. botrytis Increased seed production (109)
4. Chickpea Cicer arietinum Increasing yield (110)
5. Marigold Tagetes erecta Increasing yield (103)
6. Radish Raphanus sativus Increased seed production (111)
7. Spices All spp. Increased yield (112)
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pared to other Apis honey. The content of levulose is also
high. The differences in the composition of dwarf bee hon-
ey can be attributed to several factors (62). Large colonies
in areas abundant with bee forage can produce up to 4 kg
of honey. Within the nest, the storage capacity of the hon-
ey cap ranges from 500 to 1,000 g or more. Honey hunters
often remove entire combs to collect honey, resulting in
the destruction of a significant number of colonies. A. flo-
rea is a poor honey yielder. The yield ranges from 200-
900g. The nature of honey is thin and consistent. This hon-
ey is regarded for its exceptional medicinal qualities, while
the nests are valued for the sweet honey and nutritious
brood, which are consumed raw (63). In other countries
such as Oman, A. florea honey is sold at very high prices
(64).

Antioxidant qualities

Antioxidant activity in honey is primarily influenced by
amino acids, with proline being a significant contributor
rather than phenolic compounds. (65). Turkeman reports
that the honey samples possess higher antioxidant activity
when heated at 70°C rather than 50°C and 60°C (66).
There is a positive correlation between the antioxidant
activity and the browning of samples. The phenolic com-
pounds and glucose oxidase, which produce hydrogen
peroxide compounds, are responsible for the antimicrobial
activity of the honey. In a study, 27 honey samples are ana-
lyzed for the total phenols, flavonoids, proline contents,
and radical scavenging activity (RSA). Among these 27
samples, 18 are multifloral, two are honeydew and seven
samples are unifloral honey obtained from the flowers of
Combretaceae, Vitellaria, Acacia, and Linnea plant species.
The analysis states that the total phenolic content ranges
from 32.59 mg (multi-floral honey) to 93.66 mg (honeydew
honey). The proline content ranges from 437.8 to 2169.4
mg/g, showing an average value of 989.5mg/g. Proline
content is highest in Vitellaria honey and the lowest rec-
orded in multifloral honey. Similarly, the DPPH radical
scavenging activity (RSA) is higher in Vitellaria honey sam-
ples and lowest recorded in multifloral honey. Vitellaria
honey sample shows higher antioxidant content of 31.01
mg to 33.34 mg QEAC/100g and 57.72 mg to 65.86 mg
AEAC/100 g. In contrast, the multifloral honey sample
shows the lowest antioxidant content of 4.27 mg to 17.30
mg QEAC/100 g and 10.20 mg to 37.87 mg AEAC/100g (67).

The physicochemical properties of A. florea honey
samples, i.e., the electrical conductivity of 0.823, free acidi-
ty of 11.56 meq/kg, lactose content of 4.81 meq/kg, proline
content of 559.15 mg/kg and HMF (5, Hydroxy methyl fur-
fural) content of 118.22 mg/kg. The lactose content is rec-
orded higherin A. florea honey (68).

A comparative study of the total phenolic contents,
antioxidant activity, and colour intensity of honey samples
obtained from various sources, including Acacia
(Robinapseudo acacia), Chestnut (Castanea sativa), Lime
(Tilia sp.), Spruce (Picea abbies), fir (Abies alba), multiflo-
ral, and forest honey (honeydew of coniferous and latifoli-
ae trees shows that fir honey (241.1 mg/kg) and forest hon-
ey (233.9 mg/kg) have higher total phenolic content, while
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acacia honey (44.8 mg/kg) has lower total phenolic con-
tent. A positive correlation (r=0.996) exists between the
honey samples' total phenolic content and antioxidant
activity. This shows that the primary determinant of the
honey's antioxidant properties is its phenol content (69).

Proline and phenols are found to play a vital role as
antioxidants. Phenol levels are higher in Tetragonula sp
(784.3 mg GAE/kg) honey when compared to Apis sp. (590.5
mg GAE/kg) (70). The concentration of phenols, flavonoids,
and antioxidant qualities increases the colour shade of the
honey samples. Biochemical and antioxidant analysis of A.
florea honey samples are collected from the arid areas,
showing that flavonoids had a strong correlation with
FRAP (r=0.60), AEAC (r=0.62), and RSA (r=0.81). In contrast,
phenol strongly correlates with FRAP (r=0.60) (71). The
study also found a positive correlation (r>=0.086) between
colour intensity and phenolic content. This indicates that
the higher the phenolic concentration in the honey sam-
ples, the deeper the colour of the honey. The level of anti-
oxidant activities and total phenols in the honey obtained
from flowers is higher in multifloral honey than in unifloral
honey (72). The antioxidant, flavonoid, and phenolic char-
acteristics positively correlate with colour intensity. Phe-
nols have an influential association with antioxidant char-
acteristics (73).

Unique features of A. florea

A. florea exhibits several unique behaviours. These bees
always construct their exposed nests using a comb on a
single branch. They salvage wax from the old nest if they
build a new nest near an old one, a behaviour not ob-
served in other honey bee species, possibly due to the risk
of contaminating pathogens. A. florea also demonstrates
aggressive behaviours when competing for territory. This
aggression naturally aids in defending flowers within their
smaller territories (74). During mating, male A. florea grasp
the queens' leg with a clasper organ on their hindlegs, sup-
porting the hypothesis that they mate via direct sperm
transfer. Queens typically mate with 3 to 4 males, employ-
ing an energetically efficient method of sperm transfer
(75). Compared to other bees in this genus, A. florea tends
to have more extended foraging periods. They occupy
smaller territories at lower altitudes, building open combs
on branches or twigs. Due to their tiny size and limited
capacity to carry food, they spend more time foraging for
pollen or nectar, making the longer foraging duration
worthwhile for a highly nutritious food source (76). When
ants are nearby, they produce and deposit sticky barriers
obstructing the ant's path. Defender bees cover this sticky
zone and alert others with specific hissing sounds to pre-
vent full-blown raids. More bees eventually join to rein-
force this sticky zone barrier defence (77). A. florea uses a
defensive strategy called "piping", where a single bee
emits an initial warning signal followed by a collective
("hissing") 0.3-0.7 seconds later reaction from many bees.
Piping is audible to the human ear with a frequency of 384
+ 31 Hz, lasting 0.82 + 0.35 seconds. Hissing is a noisy,
broad-band signal audible to the human ear and produced
by subtle movements of the bees' wings. This signal, audi-
ble to the human ear, creates a coordinated crescendo
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throughout the colony, causing workers to cease activities
like foraging and dancing (78). The duration of the waggle
dance correlates with distance, while the orientation of
the dance indicates direction. This suggests that A. flo-
rea does not prioritize nesting sites or food patch infor-
mation by altering the precision of their dance communi-
cation (79). To hide from predators, A. florea displays hiss-
ing and shimmering behaviours and builds its nests within
thick vegetation (24). A. florea conveys important spatial
information about foraging through their waggle dance,
indicating direction and distance to a site. Even in a single
nest, A. florea exhibits high genetic diversity due to the
polygamous nature of honey bee queens. Additionally,
they are easily susceptible to swarming and absconding
when environmental conditions are unfavourable.

Enemies of A. florea

Vertebrate animals such as rodents and monkeys seriously
threaten honey bees. The entire nest of A. florea is eaten by
many insectivorous mammals, particularly tree shrews
(Tupaia glis) (80). The honey bee's enemies include ants,
spiders, birds, etc.

Mite

Euvarrora sinhai from A. florea is first documented in India
and causes more damage (81). Mites are free-living preda-
tors (82). Some are present in honey bee colonies, feeding
on other mites, insects, fungi, and pollen. This mite is
mainly found on trees and flowers and feeds on pollen
(83). Five kinds of honey bees are thought to be connected
to Euvarroa. The cavity nesters are A. florea. The mite spe-
cies associated with A. florea is discussed in Table 5.

Moths

Table 5. Mite species associated with A. florea

Mite species Distribution Reference
Euvarroa sinhai India, Nepal and Burma (81)
Tropilaelaps clareae India (104)
Acarapis woodi India (105)

The Indian meal moth (Plodia interpunctella) and greater
wax moth (Galleria mellonella) are the two significant pests
of A. florea colonies. Galleria occurs throughout the world
wherever honey bees are kept. Galleria larvae can quickly
demolish the comb through a pile of webbing and debris
because A. florea colonies become weak (84).

Wasp

Wasp attacks are not limited to individuals in flight. Occa-
sionally, entire colonies are eradicated. V. tropica destroys
the colonies of A. florea in three hours (80). Vespa affnis
attacks the drones of A. florea (85).

Ants

Oecophylla smaragdina is a more severe enemy of A. florea.
A. florea, a resinous material, has a potent repellent effect
on 0. smaragdina. Ants fall/enter the A. florea colony and
can be mob and crushed by the workers. Bees employ
buzzing flights and air bursts to fend off ant attacks. The
worker bees build a barrier against walking insects by lin-
ing up in multiple rows (80, 77, 86).

Birds

Merops orientalis and Microspiasis supercilious is bee-eater
birds that contain 30 percent of A. florea as part of their
diet. The birds feed on bees and stay much longer time
around the hives on cold and sunny days (87).

Microbial pathogens

Black Queen Cell Virus (BQCV) is found in a sample of sick
drone larvae due to a viral illness in A. florea colonies. This
virus is typically linked to A. mellifera queen cells that pro-
duce cell walls that are dark brown to black. In 1986, Ball
identified the virus in A. florea dead honey bee drone lar-
vae. Infect larvae fail to pupate, become soft and liquefied,
and no adult emerges from the cells. The larval body col-
our changes from pearly white to pale brown (84).

Hygienic behaviour of A. florea

The host hygienic behaviour of the dwarf honey bee work-
ers is first observed (88). Insufficient food causes the dwarf
honey bees' brood cell diameter to shrink, contributing to
a mite decline (19). A. florea removes the dead broods in-
fected by mites (89). This is the first evidence of the hygien-
ic behaviour of A. florea. They removed the freeze-killed
(89%) and pin-killed brood (95%) in 24 and 48 h, respec-
tively (90).

Conclusion

A. florea honey bees play a crucial role in pollinating vari-
ous plant species. Their removal from ecosystems would
significantly damage agricultural production, underscor-
ing their economic importance. These bees exhibit a re-
markable ability to tolerate high temperatures and adapt
to diverse environmental conditions compared to other
bees. Conservation efforts for A. florea are essential, given
their efficiency as pollinators, which directly contribute to
agricultural productivity and ecosystem sustainability.
Managed bee pollination, utilizing A. florea, emerges as the
best approach for farmers' and beekeepers. For farmers, it
would enhance crop yield by ensuring adequate pollina-
tion, while for beekeepers, it would boost honey produc-
tion. This dual benefit highlights the importance of A. flo-
rea in agricultural practices, emphasizing their role in
maintaining biodiversity and supporting economic viabil-
ity through improved agricultural outputs and honey
yields. Ensuring the conservation and effective manage-
ment of A. florea populations is therefore vital for the sus-
tainability of natural ecosystems and farming industries.
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