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Abstract

Mimusops elengi L., commonly known as bakul, from the family Sapotaceae, is a well-known avenue tree. Previous studies have
classified the tree as wind-pollinated, but there have also been reports of M. elengi flowers being foraged by honeybees and other
insects. Historical data on these visits are not detailed enough to determine whether they were occasional or regular occurrences.
This study aimed to evaluate the performance of floral visitors by indirectly assessing pollen deposition through their foraging
activities, such as visitation frequency and duration. During the peak flowering season, we documented 21 species of floral visitors,
including bees, wasps, butterflies, and birds, on M. elengi. This study highlights the coexistence of different pollination strategies,
such as anemophily, entomophily, and amphiphily, in M. elengi. However, further research is needed to understand these pollination

mutualisms.
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Introduction

The Spanish cherry or bullet wood, Mimusops elengi L.,
is commonly known as bakul. This large evergreen tree,
native to India and other tropical regions, can grow up to
15 meters tall. With its attractive foliage and fragrant
flowers, it is well-suited for urban landscapes. The tree is
resilient to varying soil conditions and moderate air pol-
lution, making it an excellent choice for urban greening
projects. Contributing to urban biodiversity, cultural her-
itage preservation, and attracting to pollinators, M. elengi
further enhance its suitability for such projects (Jim and
Chen, 2008; Escobedo et al., 2011).

Chemical analyses reveal tannin, caoutchouc, wax,
starch, and ash in the bark, volatile oils in the flowers,
and fatty oils in the seeds. Bakul extracts exhibit antibac-
terial, analgesic, antifungal, anticariogenic, antioxidant
properties (Baliga ef al., 2011). Preclinical studies sug-
gest potential effects, including antimicrobial, antioxi-
dant, and hypotensive effects of M. elengi or its phyto-
chemical components (Kadam et al., 2012) and also gains
reference in Ayurveda.

The bakul tree bears small star-shaped white flowers,
emitting a sweet fragrance even when dried. M. elengi is
functionally unisexual, existing in three types. In the first
type, the flowers have functional stamens but do not bear
fruit. The second type has only functional ovaries and
does bear fruit, while the third type has both stamens and
ovaries, allowing it to produce fruit. To prevent self-pol-
lination, a cone formed by inner corolla lobes keeps sta-
mens separated from the stigma. Stigma loses its receptiv-
ity before pollen liberation. The species follows xenog-
amy, relying on pollinating agents for cross-pollination
(Reddi and Bai, 1980; Mitra, 1981, Sukri et al., 2021).

There is a view that bakul may be wind-pollinated, de-
spite lacking typical wind-pollination traits. The potential
production of 159464 pollen grains per flower aligns with

a wind pollination strategy (Reddi and Bai, 1980). How-
ever, some studies have identified insect pollination syn-
dromes, such as the presence of nectar with high sugar
concentration, albeit in low volumes (Sukri et al., 2021).
Wenzel et al. (2020) and Sukri ez al. (2021) also observed
honeybees and other insects foraging on the flowers.

In practice, pollen deposition as a measure of pollinator
performance is often modified or replaced by other pa-
rameters, such as the duration of pollinator visits to flow-
ers, visit frequency, or pollinator abundance (Ne'eman et
al., 2010). This study aimed to evaluate the performance
of floral visitors by indirectly assessing pollen deposition
through their foraging activities. In addition, the diversity
and abundance of flower visitors were also investigated.

Materials and methods

Selection of study sites

M. elengi plants from the avenues and parks at Kalyani,
West Bengal, India (figure 1) were chosen randomly. Data
were collected in the flowering season during April to
June, 2021. The geo-coordinates were recorded by GPS
(Garmin e-trex). Two types of plants, i.e., one with only
flower and another bearing both fruit and flower were
considered for the study as both of them produce pollen.

The study was categorized in three steps as follows:
(1) focal observation of floral visitor, (2) focal observa-
tion to study the foraging behaviour of flower visitors, (3)
flower handling routine (FHR).

Focal observation of floral visitor

Focal observation of floral visitors was conducted
around 14 M. elengi plants, each with three different tran-
sects (10 m x 2 m), at a steady speed of 1 km/h in a
random direction that included the central M. elengi plant
(figure 2). This study was replicated three times a day,
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Figure 1. Study sites and relative positions along with satellite image.

from 8:00 to 14:00, on sunny days with moderate wind.
The discriminate sweeping method (Prado ef al., 2017)
was used to collect insects visiting M. elengi flowers for
taxonomic identification when needed. A sweep net with
a telescopic handle adjustable from 55 cm to 180 cm was
used. Floral visitors encountered along the transect were
recorded, identified to the species level whenever possi-
ble. The average number of flower visitors observed
around 14 distinct M. elengi trees was determined by
combining data from three repeated transects conducted
around each tree. The collected insect specimens were
preserved in absolute alcohol.

There were only a few weed plants and grasses present
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around the central M. elengi plant. However, both focal
observations and sweep netting were confined to the can-
opy of the M. elengi trees, which were located along the
road.

Focal observation to study the foraging behaviour of
flower visitors

Total 30 plants were selected from different avenues
and parks. Each plant was observed for 30 minutes, at a
go, thrice a day after Altmann, 1974. The insects were
followed by sight through active searching and direct ob-
servation as in Sutherland, 2006 using Nikon Aculon
A211 10%50 Binoculars and photographed with Nikon



Google Earth

Figure 2. Transect design (10 x 2 meters) represented in a white line in a study site.

p900 digital camera when possible. Data collected is
mentioned in tables 1 and 2. The floral visitors were iden-
tified to the lowest possible taxonomic resolution. The
information on time taken was normalized by employing
an electronic stopwatch. Unique behaviour traits of the
flower visiting insects were defined by modifying after
(Giovanetti and Aronne, 2011) (table 2). A total of 11
unique foraging behavioural traits were observed (table
2). With the help of a stopwatch and a voice-recorder,
behavioural traits of flower visitors were noted. Total ob-
servation time was 242 minutes.

Unmarked floral visitors were followed by sight while

they were foraging among flowers. All flowers ap-
proached by these visitors within a distance less than 1 cm
from the flower, were recorded (Giovanetti and Aronne,
2011). No insects or birds were marked during the study.

Flower handling routine (FHR)

FHR was established using behavioural traits of 5 ma-
jor insect visitors, grouped as approaching / landing,
flower handling time for resource collection, approach-
ing to next flower / leaving (as shown in figure 3A, 3B
and 3C). All the visits were legitimate involved active
foraging or direct contact with stigmas.

Table 1. Flower handling routine (FHR) of flower visiting insects of M. elengi (mean =+ standard error).

Aer‘l‘agi(li;lli?tl(?n (selc tonflts) Number of Only pollen Pollerl and Total time  Total number Freql}e{lcy of
Flower visitor Approacﬁ/ eac Fli) vﬁ:;oura r/ii)proach/ flower visit ~ collection colile:c?iron observed  of individuals (vizliii)roi)er
landing time handling time leaving time per visitor (%) (%) (minute) observed minute)
A. dorsata 996+1.44 2344+430 1.73+0.21 1.31 38.81 61.19 124 67 0.83
Xylocopa sp. 1 09+0.12 1332+0.78 0.46=+0.17 2.81 0 100 39 42 1.08
Xylocopa sp. 2 2.15+0.15 8.5+0.7 1.75+0.35 3.80 0 100 45 10 0.11
C. collaris collaris 3.17+0.15 21.2+1.69 1+0.12 091 100 0 25 32 0.68
D. conoideum 34+£06 2415+11.65 1.6+0.6 0.57 25 75 30 14 0.47

Table 2. Unique behaviour traits of flower visiting insects received by M. elengi flower.

Behavioural unit code (BUC)

Description of behaviour

BU1 Preference for fresh flowers

BU2 Collecting nectar from half bloomed flowers
BU3 Visiting old flowers

BU4 Scratching flower with forelimbs

BUS5 Pollen collection (through rolling the forelimbs)
BU6 Nectar collection (through proboscis extension)
BU7 Assist to open closed flower with their mouth part and pair of fore limbs
BUS Use of hindlimb to collect pollen

BU9 Gathering pollen on the hind limbs
BU10 Fanning of wings during visitation

BUI11 Buzzing
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Figure 3. Foraging floral visitors of M. elengi. (A) Approaching or landing by A. dorsata, (B) flower handling by
A. dorsata, (C) approach or leaving by A. dorsata, (D) A. terpsicore taking nectar, (E) foraging of P. domesticus.

Statistical analysis

Statistical analysis was done in R- version 4.2.1 and
M.S. Excel 2016.

The study area map was created using ArcGIS 10.1, and
the satellite imagery was sourced from Google Earth Pro.

Results
A total of 21 species of floral visitors were documented

on M. elengi during the peak flowering season, as shown
in table 3 and figure 4. Of these 21 species, 14 were
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regular visitors, frequently recorded with a higher visitor
frequency and spending ample time handling the flowers
(marked with * in table 3) during focal observation of
floral visitor.

In total, 160 flower-visiting insects were observed on
262 M. elengi flowers, including 114 bees and 46 wasps
during the FHR observations (table 1).

To determine the species diversity of the floral visitor
community, Simpson’s diversity index, species richness
and species evenness were calculated to be 0.7224, 14
and 0.0989 respectively, based on legitimate visits.

A comparison was conducted between the number of



Table 3. List of flower visitors of M. elengi (* regular visitors).

Order Family Species
Hymenoptera Apoid Apis dorsata*, Apis cerana, Xylocopa sp. 1 (with yellow thoracic hair)*,
(bees) poidea Xylocopa sp. 2 (with black thoracic hair)*
Hymenoptera Scoliidae Campsomeriella collaris collaris*
(wasps) Vespidae Delta conoideum™, Polistes flavus
. Pieridae Catopsilia pomona*, Delias eucharis*, Leptosia nina*, Pieris canidia
Lepidoptera L d Zizula hvlaxc™
(butterflies) ycaenidae . . T . .
Nymphalidae Junonia almanac*, Junonia lemonias, Danaus chrysippus, Acraea terpsicore
Megalaimidae Psilopogon asiaticus
Piciformes Muscicap.idae Copsychus saulari;v< *
(birds) Pycnogofqdae Pycnonotus cafef’
Nectariniidae Leptocoma zeylonica*
Passeridae Passer domesticus

"
() cm

Figure 4. Visitors of M. elengi. (A) A. dorsata, (B) Xylocopa sp. 1, (C) Xylocopa sp. 2, (D) C. collaris collaris,
(E) D. conoideum, (F) A. terpsicore, (G) P. domesticus.
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Figure 5. (A) Fresh and bright, white coloured (potential pollen and nectar source) flowers, (B) brownish, partly dried

flowers.

floral visitors observed on freshly bloomed white flowers
rich in nectar and pollen and on old brown flowers lack-
ing floral resources (figure 5). Since the data did not meet
parametric assumptions, a Mann-Whitney U-test was
performed, showing statistical significance (p-value
1.672 x 1075) between the number of floral visitors on
freshly bloomed versus old flowers. Floral visitors tended
to prefer fresh, bright white flowers, indicating these as
potential sources of pollen and nectar. Specifically,
honey bees such as A. dorsata spent significantly more
time visiting freshly bloomed flowers compared to old
ones (p-value 2.2 x 10719).

Foraging behaviour

The study could observe profuse pollinator visit in
flower bearing plants. The foraging activity and flower
handling routine were observed in 5 major flower visitor
insects during focal observation. All of them were legiti-
mate visitors with pollen dispersal potential.

Pollinator performance was assessed using parameters
such as pollinator behaviour within the flower, including
visit duration and visit frequency, as pollen deposition is
often influenced by these factors (Ne'eman et al., 2010).
In this study, the 'quantity’ of visits was defined by the
frequency of visitors (visitors per minute), the number of
flowers visited per visitor, and the flower handling time,
which serve as indirect methods to measure the success
of pollen deposition.

The following observations substantiate that all the 5
insects (table 1) are actively involved in the collection of
flower resources and their dispersal.

Flower handling routine (FHR)

We recorded the FHR (table 1) and foraging behav-
iours, such as landing position, orientation in flowers,
and resource collection. In this study, flower handling
time (seconds) represents the time spent on the flower
collecting resources, which potentially aids in pollen dis-
persal. The mason wasp Delta conoideum (Gmelin) had
the longest visitation duration (24.15 £ 11.65 seconds),
followed by the giant honey bee Apis dorsata F. (23.44 +
4.30 seconds) and the flower wasp Campsomeriella
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collaris collaris (F.) (21.2 + 1.69 seconds). The carpenter
bee Xylocopa sp. had moderately shorter times (13.32 +
0.78 seconds and 8.5 = 0.7 seconds). A. dorsata took the
longest to approach or land on a flower (9.96 + 1.44 sec-
onds), followed by D. conoideum, C. collaris collaris,
and Xylocopa sp. 2 (3.4 + 0.6 seconds, 3.4 £ 0.6 seconds,
and 2.15 £+ 0.15 seconds, respectively). Notably, Xylo-
copa sp. 1 spent the least time (0.9 + 0.12 seconds) on
this activity before moving to the next flower. The time
taken to approach subsequent flowers or leave a flower
was similar among all visitors except Xylocopa sp. 1. De-
spite its low flower handling time, Xylocopa sp. 2 visited
the most flowers per visitor (3.80), while D. conoideum
visited the least (0.57). Xylocopa sp. 1 was the most fre-
quent visitor (visitors per minute visiting a flower =
1.08), followed by A. dorsata and C. collaris collaris.
A. dorsata and Xylocopa sp. collected 61.19% and 100%
of available resources (pollen and nectar), respectively.
C. collaris collaris carried numerous pollen grains on
their body hairs but did not forage for nectar. Xylocopa
sp. 1, A. dorsata, and C. collaris collaris had higher
flower visitation rates per minute (1.08, 0.83, and 0.68,
respectively), while Xylocopa sp. 2 and D. conoideum
had lower rates (0.11 and 0.47, respectively). Visitation
rate serves as a measure of pollinator quantity and helps
assess pollinator effectiveness (Herrera, 1987).

Unique foraging behavioural traits

In addition to FHR, 11 behavioural traits related to for-
aging were observed in the study (table 2). We calculated
species-specific individual behaviour traits or units (BU)
exhibited by flower-visiting insects on M. elengi flowers
(figure 6). A total of 110 records were collected. A bar
diagram (figure 6) illustrating species-wise behavioural
traits on M. elengi flowers showed that traits like prefer-
ence for fresh flowers (BU1), pollen collection (BUS),
and using fore and hind limbs to collect pollen (BUS)
were the most frequently observed. Among the five in-
sect taxa studied, nectar collection behaviour (BU6) was
observed in all except C. collaris collaris. Scratching
flowers with forelimbs (BU4) was a common behav-
ioural trait noted in four of the flower-visiting insect taxa.
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Figure 6. Percentage of behavioural traits of flower visiting hymenopteran insects on M. elengi flowers.

Comparison of major traits aiding in pollen collection ex-

hibited by the five insect taxa studied:

- Xylocopa spp. led in BUS5 (pollen collection by roll-
ing the forelimbs), followed by 4. dorsata.

- A. dorsata exhibited traits such as pollen collection
through forelimb rolling (BUS) and the use of hind
limbs to collect pollen (BUS) at the highest frequency
(10.45%) and frequently scratched flowers with fore-
limbs (BU4) (8.96%).

- Both Xylocopa sp. 1 and Xylocopa sp. 2 showed a
preference for visiting fresh flowers (BU1) and col-
lecting pollen (BU5) and nectar through proboscis ex-
tension while also using fore and hind limbs to collect
pollen (BUS).

Some additional observations
Other interesting observations on the behavioural
study, not included in the analysis, being:

- When present in large numbers C. collaris collaris
outcompeted other insect visitors, like 4. dorsata (in
a focal observation of 25 minutes, 32 C. collaris col-
laris individuals were noted. They visited approxima-
tively 4-5 flowers per minute).

- Xylocopa sp. buzzed the flowers almost in every visit
selecting mostly the freshly bloomed flowers over the
old flowers.

- The pierid, lycaenid and nymphalid butterflies were
observed to forage for relatively shorter durations (1-
3.5 seconds’ visit on a single flower), but several
flowers were visited in a short time.

- Tawny coaster butterflies were also found to visit sev-
eral flower clusters, one after the other.

- Small flocks of sparrows were found visiting several
panicles of M. elengi flower daily.

- Apart from the above, 4 bird species were also found
to visit M. elengi (table 3). All of them were local res-
ident birds and fall under the IUCN least-concern spe-
cies category.

Discussion

Evolutionarily, traits like the presence of pollen, nectar and
fragrance, serve to attract pollinators. Flowers that are
scented and with sugary rewards are often insect pollinated
(Momose et al., 1998). M. elengi flowers are fragrant and
are good resources for pollen and nectar (Wenzel et al.,
2020), attracting several groups of flower visitors.

The FHR study (table 1), explains the frequent mutual-
istic interactions between the flowers and insects in terms
of resource (nectar and pollen) collection for which they
spend sufficient time and effort. Pollinator performance
measurement and indirect methods of pollen deposition
through foraging behaviour of insect visitors strongly in-
dicates their role in pollen dispersal, similar to the study
by Sukri et al., 2021. Pollen collection behaviour was
noted as rolling the forelimbs (Giovanetti and Aronne,
2011) and attachment of pollens to the body hairs (Naga-
saki, 2021). Nectar collection was through proboscis ex-
tension (Giovanetti and Aronne, 2011).

Along with Apidae bees, scoliid wasps were also found
as pollen vector of M. elengi as plenty of pollen from the
flowers were found deposited on their body hairs. Scoliid
wasps primarily feed on carbohydrates derived from nec-
tar (Spradbery, 1973) and honeydew (Illingworth, 1921)
but have also been observed as pollen vectors in wild
grapes, Ampelopsis glandulosa (Nagasaki, 2021), like-
wise this study.
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In the present study, it was observed that 4. dorsata and
Xylocopa spp. collected pollen (BUS) and gathered it on
their hind limbs (BU9), which are typical steps in pollen
collection that can often lead to cross-pollination (Hoff-
man et al., 2018).

The brief foraging visits by pierid, lycaenid, and nym-
phalid butterflies (table 3) suggest that M. elengi flowers
offer only small quantities of nectar, as noted by Reddi
and Bai (1984).

In addition to the aforementioned species, blue-
throated barbets (Psilopogon asiaticus), oriental magpie-
robins (Copsychus saularis), red-vented bulbuls (Pyc-
nonotus cafer) and purple-rumped sunbirds (Leptocoma
zeylonica) were observed foraging on M. elengi flowers
(table 3). Our study also documented house sparrows
(Passer domesticus) collecting resources from these
flowers (figure 3E), although they were noted to mutilate
the flowers in the process. House sparrows have previ-
ously been reported as occasional nectar feeders on 4Aloe
arborescens (Leveau, 2008). Notably, the nectarivorous
purple-rumped sunbirds were also observed feeding on
nectar from M. elengi flowers.

As an adaptation to prevent self-pollination, the stigma
loses its receptivity before pollen grains are released, em-
phasizing the necessity for cross-pollination either by
wind (Reddi and Bai, 1980) or by biotic agents (Sukri et
al., 2021, Rao and Raju, 2022). This can be an instance
of proterogyny (Honek, 1997; Buck, 2001). Since the
stigmas in partially bloomed M. elengi flowers are typi-
cally receptive, bees visiting these flowers may transfer
pollen from their bodies, thereby facilitating cross-polli-
nation.

M. elengi was initially considered to be wind-pollinated
(Reddi and Bai, 1980) despite lacking typical wind-pol-
lination characteristics (Kerner, 1904; Knuth, 1906; Per-
cival, 1965; Whitehead, 1969; Faegri and Pijl, 1971; Eh-
rendofer, 1973). However, some studies have reported in-
sect pollination syndromes, such as the presence of sweet
fragrance, nectar with high sugar concentration, but low
volumes (Reddi and Bai, 1980; Sukri et al., 2021). This
suggests that insect visitors may play a significant role in
pollination, particularly under unfavourable weather con-
ditions for airborne pollen dispersal, indicating that
M. elengi may not be exclusively wind-pollinated.

This study puts light on the possibility of co-existence
of different pollination strategies like anemophily and en-
tomophily or amphiphilous (wind + insects) pollination
strategy (Giovanetti, 2018; Layek and Karmakar, 2018)
in M. elengi plants, as in the case of Fraxinus ornus and
Castanea sativa (Giovanetti and Aronne, 2011) and sev-
eral other seemingly anemophilic plants like Elaeocarpus
and Pandanus tectorius (Corlett, 2004). Amphiphilous
pollination refers to a type of pollination that involves the
transfer of pollen between flowers by both wind and ani-
mals. Birds may aid in pollen dispersals, but insects, es-
pecially bees are recorded to be very frequent and regular
floral visitors, which may often lead to pollen transfers.
Mutualistic benefits of pollinators and M. elengi contrib-
ute to the sustenance of both the parties of this ecological
interaction. The mechanical disturbance by the floral vis-
itors can lead to pollen release thus benefiting the plant,
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increasing their reproductive success. Amphiphilous pol-
lination strategy as observed in this study reveals under-
rated costs and benefits in the plant- animal interactions
related to M. elengi, warranting more studies.

Conclusions

From an evolutionary perspective on pollination strate-
gies, studying insect visits to wind-pollinated species
could reveal overlooked advantages and disadvantages in
plant-animal interactions. Different pollination strategies
in the same plant species promotes reproductive fitness
and sustenance. As outcome of this study, the coexistence
of diverse pollination strategies and mutual benefits be-
tween pollinators and the flowers of M. elengi contribute
to the survival and well-being of both participants in this
ecological interaction. How significant is zoophily to
wind pollinated plants, demands further exploration.

Acknowledgements

The authors express their sincere gratitude to the Direc-
tor, Zoological Survey of India, Kolkata, and Parthiba
Basu, Ecology Research Unit, Department of Zoology,
University of Calcutta, for their continuous encourage-
ment, as well as for providing the essential support and
resources necessary to complete this work. Special
thanks are also extended to Debaditya Kumar (CSIR-
Senior Research Fellow), Ecology Research Unit, De-
partment of Zoology, University of Calcutta, for his val-
uable technical assistance in presenting the image plates.
The first author would like to thank the Council of Sci-
entific & Industrial Research (CSIR), India for research
funding.

References

ALTMANN J., 1974.- Observational study of behavior: sampling
methods.- Behaviour, 49 (3-4): 227-266.

BALIGA M. S.,PAIR.J.,BHATH. P., PALATTY P. L., BOLOOR R.,
2011.- Chemistry and medicinal properties of the Bakul (Mi-
musops elengi Linn): a review.- Food Research International,
44 (7): 1823-1829.

Buck M., 2001.- Protogyny, protandry, and bimodal emer-
gence patterns in necrophagous Diptera.- Canadian Entomol-
ogist, 133: 521-531.

CORLETT R. T., 2004.- Flower visitors and pollination in the
oriental (Indomalayan) region.- Biological Reviews, 79 (3):
497-532.

EHRENDOFER F., 1973.- Adaptive significance of major taxo-
nomic characters in angiosperms. In: Taxonomy and ecology
(HEYwoobp V. H., Ed.).- Academic Press, London, UK.

ESCOBEDO F. J., VARELA S., ZHAO M., WAGNER J. E., ZIPPERER
W., 2011.- Analyzing the efficacy of subtropical urban forests
in offsetting carbon emissions from cities.- Environmental
Science & Policy, 14 (8): 738-748.

FAEGRIK.,PUI L. V. D., 1971.- The principles of pollination ecol-
ogy. 2Mrevised edition.- Pergamon Press Ltd, Oxford, UK.

GIOVANETTI M., 2018.- Do bees like olive? A preliminary anal-
ysis of honeybee behaviour on flowers of the wind-pollinated
species Olea europaea.- Acta Horticolturae, 1199: 121-126.



GIOVANETTI M., ARONNE G., 2011.- Honey bee interest in flow-
ers with anemophilous characteristics: first notes on handling
time and routine on Fraxinus ornus and Castanea sativa.-
Bulletin of Insectology, 64 (1): 77-82.

HERRERA C. M., 1987.- Components of pollinator ‘quality’:
comparative analysis of a diverse insect assemblage.- Oikos,
50: 79-90.

HoFFMAN G. D., LANDE C.,RA0 S., 2018.- A novel pollen trans-
fer mechanism by honeybee foragers on highbush blueberry
(Ericales: Ericaceae).- Environmental Entomology, 47 (6):
1465-1470.

HONEK A., 1997.- Incidence of protogynous and protandrous
development in the pre-imaginal stage of insect development:
an overview.- Acta Societas Zoologicae Bohemicae, 61: 113-
128.

ILLINGWORTH J. F., 1921.- Natural enemies of sugar-cane bee-
tles in Queensland. CSIRO, Brisbane.- Division of Entomol-
ogy Bulletin, 13: 1-47.

JMC.Y.,CHEN W. Y., 2008.- Assessing the ecosystem service
of air pollutant removal by urban trees in Guangzhou
(China).- Journal of Environmental Management, 88 (4):
665-676.

KaApam P. V., Yapav K. N., DEODA R. S., SHIVATARE R. S.,
PATIL M. J., 2012.- Mimusops elengi: a review on ethnobot-
any, phytochemical and pharmacological profile.- Journal of
Pharmacognosy and Phytochemistry, 1 (3): 64-74.

KERNER V. M. A., 1904.- The natural history of plants. Transl.
F. W. Oliver. Vol. 2.- The Gresham Publishing Company,
London, UK

KNUTH P., 1906.- Handbook of flower pollination. Trans. J. R.
Ainsworth Davis.- Clarendon Press, Oxford, UK.

LAYEK U., KARMAKAR P., 2018.- Nesting characteristics, floral
resources, and foraging activity of Trigona iridipennis Smith
in Bankura district of West Bengal, India.- Insectes Sociaux,
65 (1): 117-132.

LEVEAU L. M., 2008.- Dynamics of nectarivory in the house
sparrow in an urban environment.- Ornitologia Neotropical,
19: 275-281.

MITRA R., 1981.- Bakula, a reputed drug of Ayurveda, its his-
tory, uses in Indian medicine.- Indian Journal of History of
Science, 16 (2): 169-180.

MoMOSE K., NAGAMITSU T., INOUE T., 1998.- Thrips crosspol-
lination of Popowia pisocarpa (Annonaceae) in a lowland
dipterocarp forest in Sarawak.- Biotropica, 30: 444-448.

NAGASAKI O., 2021.- Functional specialization for pollination
by scoliid wasps and solitary bees of Ampelopsis glandulosa
(Vitaceae).- Flora, 284: 151921.

NE'EMAN G., JURGENS A., NEWSTROM-LLOYD L., PoTTs S. G.,
DAFNI A., 2010.- A framework for comparing pollinator per-
formance: effectiveness and efficiency.- Biological Reviews,
85 (3): 435-451.

PANT D. D., NAUTIYAL D. D., CHATURVEDI S. K., 1982.- Insect
pollination in some Indian glumiflorae.- Beitraege zur Biolo-
gie der Pflanzen, 57: 229-236.

PERCIVAL M. S., 1965.- Floral biology.- Pergamon Press Ltd,
Oxford, UK.

PrADO S. G., NGo H. T., FLorEz J. A., CoLLAZO J. A., 2017.-
Sampling bees in tropical forests and agroecosystems: a re-
view.- Journal of Insect Conservation, 21: 753-770.

Ra0 C.B.,RaIU A. J. S., 2022.- Entomophily in Waltheria in-
dica L. (Malvaceae), Melastoma malabathricum L. (Melasto-
mataceae), Mimusops elengi L. (Sapotaceae).- Species, 23
(72): 566-573.

ReDDI C. S., Bal J. A., 1980.- Floral biology of Mimusops
elengi Linn.- Journal of Bombay Natural History Society, 77:
471-475.

REDDIC. S., BAI G. M., 1984.- Butterflies and pollination biol-
ogy.- Proceedings: Animal Sciences, 93 (4): 391-396.

SPRADBERY J. P., 1973.- Wasps. An account of the biology and
natural history of social and solitary wasps.- University of
Washington Press, Seattle, USA.

SUKrI H. H., GUNONG F. S., IDIN N. I., MOHAMED N. Z., 2021.-
Floral traits and pollination of Spanish cherry (Mimusops
elengi Linn.) in Universiti Malaysia Terengganu Campus.-
Universiti Malaysia Terengganu Journal of Undergraduate
Research, 3 (3): 43-52.

SUTHERLAND W. J., 2006.- Ecological census techniques: a
handbook.- Cambridge University Press, Cambridge, UK.
WENZEL A., GRASS 1., BELAVADI V. V., TSCHARNTKE T., 2020.-
How urbanization is driving pollinator diversity and pollina-
tion. A systematic review.- Biological Conservation, 241:

108321.

WHITEHEAD D. R., 1969.- Wind pollination in angiosperms: An
evolutionary and environmental considerations.- Evolution,
23:28-35.

Authors’ addresses: Keloth RAIMOHANA (corresponding
author: mohana.skumar@gmail.com, rajmohana.zsi@gmail.com),
Prodipta Biswas, Zoological Survey of India (Recognized Re-
search Centre of University of Calcutta), Prani Vigyan Bhawan,
M-Block, New Alipore, Kolkata-700053, West Bengal, India.

Received December 20, 2022. Accepted September 4, 2024.

215





