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 The present investigation was conducted to study the status and diversity of bumble bee species and their foraging sources from different parts of 
northeast India.

 Extensive exploration for bumble bees and their foraging sources were carried out in five physiographic zones of northeast India viz., 
Arunachal Himalaya, Barak Valley, Brahmaputra Valley, Meghalaya Plateau and South eastern hill tract. Taxonomic and morphometric studies were 
conducted to identify different bumble bee species. Species diversity index of bumblebees was calculated after complete the identification of 
bumblebees.

 Five species of bumble bees viz. Bombus 
orientalis, B. buccinatoris, B. tunicatus , B. 
haemorrhoidalis and B. miniatus were identified 
along with 29 species of plant, belonging to 18 
families as forage source. Species diversity index 
and species richness of bumble bees were recorded 
to be the highest from South eastern hill tract (1.355 
and 0.839) followed by Meghalaya plateau (0.895 
and 0.417), while the lowest was recorded from 
Arunachal Himalayas (0.677 and 0.191). 

 Bumble bees can be used as 
pollinators for commercial fruit and vegetable 
production under protected condition. Locally 
distributed species may be under future threat of 
extinction, due to changes in agricultural practices 
or climate change. Thus, the emerging threat of 
pollination has motivated research on bee 
conservation biology.
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Introduction

Bumble bees (Hymenoptera, Apidae) are large, colourful 
and primitively eusocial bees that comprise over two hundred and 
fifty known species all over the world (Williams et al., 2008). 
Bumblebees generally forage in cold and temperate habitat at 
higher elevations which are not suited to honeybees and solitary 
bees (Corbet et al., 1993). Thus, they serve as important 
pollinators, especially in alpine environments (Kevan and Baker 
1983, Yu et al., 2012). Bumble bees (Bombus spp.) can be used in 
greenhouses for pollination as they are efficient pollinators due to 
their behaviour, particularity of “buzz pollination” (Buchmann, 
1985; Sowmya 2015).

In India 48 species of genus Bombus have been reported, 
of which 30 species belong to Kashmir Himalaya (Williams, 2004; 
Williams et al., 2008). So far, bumble bee compositions have 
been studied intensively in the Western (Williams 1991, Saini et 
al., 2015) and Central Himalayas (Williams et al., 2010). 
However, the eastern Himalayan mountain range has received 
little attention and only few species have been reported so far 
(Williams, 2004; Saini et al., 2015). North-east India is considered 
to be the biodiversity hot spot and due to varied ecological 
conditions with diversified flora of this region have provided 
favorable habitat for bumble bee species. Systematic study on 
pollinator diversity along with insect plant associations for 

protecting and preserving the indigenous vegetation is necessary 
in this region

In recent years, bumblebee species are facing threat 
decline throughout the world (Williams and Osborne, 2009). The 
reasons are partially understood and most likely involve pathogen 
spill-over from commercial breeding and changes in agricultural 
practices and land use (Cameron et al., 2011; Jacobson et al., 
2018). Climate change also pose threat to many bumble bee 
species due to decline of suitable habitats (Hoiss et al., 2012; Kerr 
et al., 2015; Rasmont et al., 2015). Therefore, the present 
investigation was conducted to explore different bumble bee 
species and their foraging sources from different parts of 
Northeast India and to identify promising species suitable for crop 
pollination.

Materials and Methods

 Sample collection : Northeast India is located at 25.5736 ºN
 latitude and 93.2473 ºE longitude in Indian sub-continent. 

Extensive exploration for bumble bees was carried out in five 
physiographic zones of Northeast India viz., Arunachal Himalaya, 
Barak valley, Brahmaputra valley, Meghalaya Plateau and South 
eastern hill tract during 2015-18. Each physiographic zone was 
sub-divided into different locations based on Global Positioning 
System (Table 1). The samples were collected while foraging on 
plants with the help of sweeping hand net made up of nylon cloth. 

R.R. Taye et al.: Diversity of bumble bees

Table 1 : Physiographic zones of North east India showing locations

Physiographic zone Location Latitude Longitude Elevation

Arunachal Himalaya Pasighat 28.07°N 95.33°E 508 ft
Roing 28.14° N 95.84° E 1279 ft.
Basar 27.98° N 94.66° E 1896 ft.
Itanagar 27.1°N 93.62°E 2460 ft.
Hawai 27°53 N 96°48 E 4251 ft.

Barak valley Agartala 23.83° N 91.26° E 39 ft.
Karimganj 24.86° N 92.36° E 43 ft.
Udaipur 23.53°N 91.48°E 72 ft.
Kailashahar 24.33° N 92.02° E 111 ft.
Cachar 24.78° N 92.86° E 82 ft.

Brahmaputra Valley Nagaon 26.57°N 93.00°E 229 ft.
Jorhat 26.75°N 94.20° E 305 ft.
North Lakhimpur 27.24°N 94.11°E 315 ft.
Golaghat 26.59°N 93.75° E 321 ft.
Dibrugarh 27.47°N 94.92°E 360 ft.

Meghalaya plateau Umragnso 25.51°N 92.73° E 2100 ft.
Umsning 25.75°N 91.89° E 2565 ft.
Umiam 25.67°N 91.89° E 3136 ft.
Sohra 25.28°N 91.73° E 4867 ft.
Sanmer 25.55N 91.84° E 5663 ft.

South Eastern Hill Tract Maibang 25.30° N 93.13° E 1165 ft.
Medziphema 25.76°N 93.87° E 1496 ft.
Imphal 24.81° N 93.90° E 2578 ft.
Haflong 25.16°N 93.01° E 3169 ft.
Kohima 25.66°N 94.11° E 4740 ft.
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The collection was based mainly on random sampling methods, 
covering different agriculture and forest ecosystems. The 
collected samples were sorted out in the field and later brought to 
the laboratory for further identification. The colour of pubescence 
in bumble bees are the most important character for identification 
of species, so, the bees killed in the killing jar were continuously 
shifted to other jars of same size so as to protect the pubescence. 
The samples were preserved in 75% ethanol to prevent any kind 
of deformation. Dry mount were also maintained appended with 
data label containing important information regarding its locality, 
latitude, longitude, altitude, date of collection etc.

Pasturage sources : In-situ observations were made, during 
bees foraging on plants, to find the pasturage sources that 
provided nectar and pollen. The plant was judged as a nectar 
source when the bees inserted the proboscis into the flower for 
sucking the nectar and as a pollen source when the corbiculae got 
loaded with pollen during foraging. When both the activities were 
observed on the same plant, the plant was considered as source 
of both nectar and pollen. 

Species identification : Bumble bee specimens were examined 
under Leica MZ-165 stereoscopic zoom dissection microscope 
and identified using standard taxonomic keys (Bingham, 1897; 
Williams, 1991; Williams et al., 2010; Barkan and Aytekin, 2013; 
An et al., 2014; Saini et al., 2015). While dealing with bumble bee 
taxonomy in general, different taxonomic characters like colour of 
the pubescence, ocelloocular area, inter ocellar distance, length 
of antennal, mandibular length, tergum and sternum, 
mesobasitarsus and corbicular area etc., were helpful in 
identifying different species. 

Keys for identification (Adopted from Bingham 1897 and 
Williams 1991) 

Mesonotum above with a transverse band of pubescence 
differently coloured to rest of pubescence on thorax ….………. (3)

Mesonotum above without a transverse band of pubescence 
differently coloured to rest of pubescence on thorax .………..... (4)

Basal two abdominal segments with hoary white, third and fourth 
abdominal segments with black, 5th with orange-red pubescence 
………………..…………………………. B. tunicatus

Apical two or more abdominal segments with yellow or red 
pubescence of some shade………….………… 4a, 4b, 4c and 4d

Pubescence on basal two abdominal segments pale yellow 
……..…………………................................……....…. B. miniatus

Pubescence on third abdominal segment with bright rufo-fulvous 
pubescence ……. ............…...………B. haemorrhoidalis

Basal two abdominal segments with yellow, third abdominal 
segment with black and apical three segments with fulvous-red 
pubescence..…………. ………….....………………... B. orientalis

Basal two abdominal segments with yellow, third and fourth 
abdominal segment with black and apical two with bright 
ferruginous pubescence …..........………………… B. buccinatoris

Species diversity index : Species diversity index of bumble 
bees was calculated after complete identification of bumblebees. 
Species diversity index (H) was calculated as:

Shannon-Weiner Index (H’)

thWhere, Pi is the proportion of i  species (n /N); S is the number of i

species

Species Evenness (E )H

E  = H’/H’  = H/ln SH max

Where, H’ is the number derived from Shannon diversity Index; 
H’  is the maximum possible value of H’ and S is the total number max

of species

Species Richness 

ma = S-1/log N10 

Results and Discussion

In the present study, five species of bumble bees viz., 
Bombus orientalis Smith, B. buccinatoris Smith, B. tunicatus 
Smith, B. haemorrhoidalis Smith and B. miniatus Bingham were 
identified. Bombus orientalis and B. buccinatoris were reported 
from three physiographic zones viz. Arunachal Himalaya, South 
Eastern Hill tract and Meghalaya Plateau, B. tunicatus from South 
Eastern Hill Tract and Meghalaya Plateau whereas B. 
haemorrhoidalis and B. miniatus were recorded only from South 
Eastern Hill Tract. Bumble bees were not reported from the plains 
of Brahmaputra valley zone and Barak valley zone. Description of 
different species and their distinguishing characteristics are 
mentioned below:

Bombus orientalis Smith (1854) : Head and face elongate, 
slightly pubescent; the vertex, cheeks, space between eyes and 
base of mandibles and the clypeus bare, polished and shining; 
mesosoma and metasoma densely pubescent; head, thorax, 
upper part of the legs and third abdominal segment clothes with 
black, basal two segments bright yellow and the apical three 
segments with rich fulvous-red pubescence; tarsi more or less 
with short ferruginous pubescence; wings dark fuscous with a rich 
purple effulgence.

Bombus buccinatoris Smith (1879) : Head and face elongate, 
slightly pubescent; mesosoma and metasoma densely 
pubescent, bright yellow pubescence on the basal two segments; 
third as well as fourth abdominal segment with black, the apical 

H’ = 
S

i = 1
- å Pi log 2 Pi
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two with bright ferruginous pubescence and wings are paler.

Bombus tunicatus Smith (1852) : Head and face not particularly 

long; the front, thorax and abdomen densely pubescent; the 
head, legs ant third abdominal segments covered with black, 
thorax anteriorly and posteriorly and the basal two abdominal 

v. Bombus miniatus

iii. Bombus tunicatus iv. Bombus haemorrhoidalis

i. Bombus orientalis ii. Bombus buccinatoris

Fig. 1 : Morphometric analysis of bumble bee species from different physiographic zones of Northeast India.
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segments with hoary white and the apical abdominal segments 
with bright orange-red pubescence; wings fusco-hyaline, darker 
towards costal margin.

Bombus haemorrhoidalis Smith (1854) : Face elongated; 
clypeus, front above antennae and the vertex smooth and shining 
without pubescence; the basal two abdominal segments with 
bright yellow and the apical four abdominal segments with bright 
rufo-fulvous pubescence; wings dark fuscous.

Bombus miniatus Bingham (1897) : Head face broader not 
elongated, the legs are black with ferruginous golden 
pubescence; basal two abdominal segments with pale yellow, 
apical abdominal segments with vermilion red pubescence; 
wings hyaline, slightly fuscescent and darkening towards the 
apex.

Morphometric analyses : Comparative morphometric study of 
bumble bees is presented in Table 2. The study revealed that the 
body length was found to be largest in Bombus tunicatus (22.740 
mm), followed by B. orientalis (20.484 mm), B. buccinatoris 
(19.399 mm), B. haemorrhoidalis (18.630 mm) and smallest in B. 

miniatus (14.864±0.26 mm). The head length and width was 
maximum in B. tunicatus (5.446 mm and 4.170 mm), followed by 
B. orientalis (4.749 mm and 4.081 mm) and smallest in B. 
miniatus (3.240 mm and 3.164 mm). The ocille ocular distance 
varied from 0.383 mm in B. miniatus to 0.565 mm in B. tunicatus. 
The proboscis length was longer in B. buccinatoris (10.931 mm), 
followed by B. orientalis (10.918 mm) and smallest in B. miniatus 
(7.714 mm) while antenna length and mandible length were 
recorded to be longest in B. orientalis (6.284 mm and 2.131 mm) 
followed by B. tunicatus (6.058 mm and 2.114 mm) and smallest 
in B. miniatus (5.249 mm and 1.292 mm). The number of hamuli 
was observed more in B. tunicatus (27.525) followed by B. 
orientalis (26.500), B. buccinatoris (26.367), B. haemorrhoidalis 
(25.300±0.04) and lowest in B. miniatus (23.400). The corbicular 
length was more in B.tunicatus (3.598 mm), followed by B. 
buccinatoris (3.556 mm), B. orientalis (3.531±0.01 mm), B. 
haemorrhoidalis (2.680 mm) and smallest in B. miniatus 
(1.949±7.57mm). Third sternite length and width was found to be 
highest in B. buccinatoris (3.323 mm and 3.323 mm) and smallest 
in B. miniatus (1.981 mm and 4.670 mm). Length and width of wax 
plate and apical tergum were observed highest in B. tunicatus and 

Table 2 : Comparative morphometric study of different bumble bee species

Characters Bombus Bombus Bombus Bombus Bombus 
orientalis buccinatoris tunicatus haemorrhoidalis miniatus

Body length (BL) 20.484±0.06 19.399±0.06 22.740±0.02 18.630±0.03 14.864±0.26
Mesosoma length (MEL) 6.993±0.02 6.941±0.03 8.580±0.03 6.770±0.01 4.898±0.01
Metasoma length (MTL) 8.643±0.08 7.722±0.03 8.714±0.01 7.767±0.02 6.726±0.15
Head length (HL) 4.749±0.01 4.726±0.02 5.446±0.01 4.092±0.04 3.240±0.18
Head width (HW) 4.081±0.01 4.039±0.04 4.170±0.01 3.321±0.03 3.164±0.07
Distance between ocille (DBO) 0.519±0.01 0.511±0.01 0.528±0.01 0.267±0.01 0.260±0.03
Ocille ocular distance (OOD) 0.528±0.01 0.536±0.01 0.565±0.04 0.477±0.01 0.383±0.03
Antenna length (AL) 6.284±0.03 6.188±0.02 6.058±0.03 5.273±0.02 5.249±0.05
Probosis length (PL) 10.918±0.03 10.931±0.04 9.346±0.01 8.557±0.05 7.714±0.11
Mandible length (ML) 2.131±0.04 1.884±0.02 2.114±0.01 2.108±0.58 1.292±0.01
Mandible width (MW) 0.981±0.01 0.930±0.06 0.848±0.03 0.734±0.07 0.842±0.01
Fore wing length (FWL) 14.407±0.19 14.694±0.47 14.626±0.04 12.442±0.04 10.605±0.10
Fore wing width (FWW) 5.802±0.05 5.821±0.04 4.702±0.07 3.307±0.01 3.318±0.06
Hind wing length (HWL) 10.997±0.14 12.194±0.19 9.743±0.01 6.697±0.01 6.023±0.01
Hind wing width (HWW) 2.731±0.05 2.399±0.04 2.349±0.03 1.668±0.01 1.567±0.01
Hamuli number (HN) 26.500±0.21 26.367±0.05 27.525±0.06 25.300±0.04 23.400±0.58
Radial cell length (RL) 2.736±0.01 2.728±0.08 3.660±0.01 2.735±0.03 2.250±0.04
Femur length (FL) 5.519±0.03 5.581±0.02 5.278±0.07 4.266±0.04 3.885±0.37
Tibia length (TL) 5.124±0.03 5.006±0.02 5.362±0.07 4.131±0.06 3.005±0.06
Meta-tarsus length (ML) 4.098±0.03 3.887±0.01 3.050±0.07 2.556±0.07 2.484±0.12
Corbicular length (CL) 3.531±0.01 3.556±0.01 3.598±0.04 2.680±0.04 1.949±7.57
3rd sternite length (SL) 2.880±0.01 3.323±0.03 2.624±0.01 1.832±0.03 1.981±0.23
3rd sternite width (SW) 5.940±0.01 6.968±0.02 5.837±0.01 5.933±0.07 4.670±0.04
Wax plate length (WPL) 1.880±0.03 1.616±0.04 2.267±0.01 1.779±0.01 1.601±0.03
Wax plate width (WPW) 4.305±0.04 3.828±0.03 4.727±0.03 4.346±0.06 3.981±0.01
Distance between wax 0.629±0.01 0.623±0.01 0.647±0.01 0.643±0.02 0.520±0.02
Plates (DBWP)
Apical tergum length (ATL) 1.675±0.05 1.641±0.01 2.496±0.02 1.679±0.01 1.516±0.01
Apical tergum width (ATW) 2.153±0.006 2.171±0.01 3.024±0.04 2.091±0.03 1.863±0.07
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Table 4 : Diversity indices of bumble bees from different altitude of Northeast India 

Altitude (Feet) Total number of Total number of Shannon-Weiner Species evenness Species 
species individuals in all species Index (H’) (E ) richnessH

0-999 2 45 0.673 0.971 0.263
1000-1999 3 131 1.047 0.755 0.615
2000-2999 3 66 0.720 0.655 0.477
3000-3999 5 93 1.356 0.843 0.883
4000-4999 2 70 0.693 0.999 0.235
5000> 1 18 0 0 0

Table 3 : Diversity indices of bumble bees from different physiographic zones of Northeast India 

Physiographic zones Total number of species Shannon-Weiner Index (H’) Species evenness (E ) Species richnessH

Arunachal Himalayas 2 0.677 0.977 0.191
Meghalaya Plateau 3 0.895 0.814 0.417
South-eastern Hill tract 5 1.355 0.842 0.839

384 R.R. Taye et al.: Diversity of bumble bees

least in B. miniatus.

Medler (1962) examined correlation between the radial 
cell of front wing and mouthparts to determine the relationships 
between the castes and 35 different bumble bee species. The 
length of radial cell of the forewing, the glossa, the prementum 
and the first segment of labial palpus were measured in 35 
species of bumble bees (Bombus spp.). Svensson and Lundberg 
(1977) used morphological measurements of seventh sternite 
and chemical features of cephalic secretions and identified two 
subspecies of Bombus lapponicus. Pekkarinen (1979) reported 
that the closely related bumble bee species could be 
distinguished from one another on the basis of mouthpart indices 
(mouthpart length/radial cell length). Allometric variation of wing 
length and some mouthpart indices was also found with body 
size. Chauhan et al. (2013) conducted morphometric studies to 
identify the differences in different castes of B. haemorrhoidalis. 
They reported that the average body length of queen, drone and 
worker was 26.40 mm, 18.13 mm and 20.22 mm respectively. The 
antennal length was found to be 7.02 mm, 12.04 mm and 5.20 mm 
in queen, drone and worker, respectively. 

Diversity indices : Species diversity index and species richness 
were recorded highest from South eastern hill tract (1.355 and 
0.839 respectively) followed by Meghalaya plateau (0.895 and 
0.417), while the lowest was recorded from Arunachal Himalayas 
(0.677 and 0.191). Species evenness was highest in Arunachal 
Himalayas (0.977) followed by South eastern hill tract (0.842) and 
Meghalaya plateau (0.814) (Table 3). Species composition and 
distributional patterns of bumble bees varied with altitude. The 
highest species diversity index (1.356) and species richness 
(0.883) were found at 3000-3999 feet above mean sea level with 
5 species and 93 individuals followed by 1000-1999 ft. (1.047 and 
0.615) with 3 species while the lowest was recorded above 5000 
ft. with only 1 specie (Table 4). The highest species evenness was 

recorded at 4000-4999 ft.( 0.999) followed by 0-999 ft. (0.971), 
3000-3999 ft. (0.843), 1000-1999 ft. (0.755) and 2000-2999 ft. 
(0.655) (Table 4). Species diversity declined towards lower 
elevations and in lowlands (<500 feet) no bumble bee species 
were reported, where conditions are usually unfavourable for 
these cold-adapted bees. However, the species diversity 
declined at higher elevations above 3000 feet due to relatively 
lower number of sampling points. In Northeast India, most valleys 
are steep, and both lowland and higher elevations are within the 
foraging distance of few kilometres. Bumble bee workers can 
cover large horizontal and vertical distances during their foraging 
trips (Osborne et al., 1999). These findings are in accordance with 
the fact that elevation is the main environmental gradient for 
turnover of species and number of individuals (Williams,1998; 
2004).

Saini et al. (2012) studied the species diversity of bumble 
bees from Jammu, Kashmir and Ladakh and identified 27 species 
of bumble bees of which eleven species were common in Kashmir 
and Ladakh. He also reported that highest diversity were found at 
3000-3999m with 25 species, followed by 2000m-2999m with 17 
species and only 2 species from 5000-5500m. Sabir et al. (2011) 
studied the diversity of bumble bees in Northern Pakistan where 
they reported 10 and 13 species from agricultural and non- 
agricultural habitat, respectively. Bingham (1897) listed 24 
species of bumble bees from different parts of Kashmir, Himachal 
Pradesh, Sikkim and Assam. Bombus miniatus is an oriental 
specie, widely distributed in Kashmir, Himachal Pradesh, 
Uttarakhand and Sikkim with a long seasonal activity period and 
preference for some species of Lamiaceae, as well as Taraxacum 
officinale and Cirsium spp. (Asteraceae) and Trifolium spp. 
(Fabaceae) (Raina et al., 2013). Saini et al. (2015) recorded a 
single specie, B. (Melanobombus) eximius Smith, from Arunachal 
Pradesh. Streinzer et al. (2019) reported 21 species of bumble 
bees during several field trips to Arunachal Pradesh.
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Pasturage sources : The present study identified 29 plant 
species belonging to 18 families as forage source of bumble bees 
(Table 5). Sheikh et al. (2014) studied the distribution of 
bumblebee and its association with flora in lower Northern 
Pakistan. They reported twenty four plant species belonging to 
thirteen different plant families as host plants in seven localities 
ranging from 540-2000 m altitude. Teper (2006) identified the 
foraging plants of Bombus terrestris by pollen analysis from the 
Bumble bee faeces showed 56 types of pollen grains from 28 
plant families with most of the pollens collected from 
entomophilous plants.

Current threats and future prospects : In Northeast India, 
bumble bees serve as important pollinator of agricultural and 
forest ecosystem (Raina et al., 2019). Understanding their 
ecological requirements and preserving habitats that support 
pollinator diversity are crucial for sufficient agricultural yield. The 
native species that are adapted to the Eastern Himalayan climate 
mountain regions are at risk with regard to the effect of climate 
change and changes in agricultural practices (Dirnböck et al., 
2011; La Sorte and Jetz, 2010). Rising temperature forces 
bumble bee species to shift to higher attitude (Kerr et al., 2015). It 

is, therefore, crucial to understand the adaptations of local 
bumble bee fauna to assess their future threat status. 

The area under protected cultivation of horticultural crops 
is gradually expanding in Northeast India for their export potential 
(De, 2017). However, crops grown under such conditions have 
specific requirements, particularly in terms of pollination 
(Sowmya, 2015). Yankit et al. (2018) reported that the laboratory 
reared bumble bee colony utilized for pollination of tomato grown 
inside polyhouse resulted in increased number of fruits per cluster 
(6.76 fruits per cluster), number of fruits (75.80 fruits per plant), 
fruit length (5.16cm), fruit breadth (5.75cm), fruit weight (93.87g), 

-2fruit yield (12.7kg m  ) and healthy fruits (90.33%) as compared to 
non-bumble bee pollinated tomato. Initially, commercially reared 
species were used outside their native range, resulting both in the 
introduction of alien species (Morales et al., 2013) and spread of 
pathogens to native bumble bee population (Arbetman et al., 
2013). Nowadays, attempts are being made to select suitable 
native species and develop methods for their commercial rearing 
(Padilla et al., 2017). Laboratory rearing of Bombus 
haemorrhoidalis in India (Chauhan et al., 2014) and B. breviceps 
in Vietnam (Thai and Van Toan 2018) are first step to produce 

Table 5 : List of bumble bee pasturage from different physiographic zones of Northeast India

Family Scientific Name Source Flowering period

Acanthaceae Barleria buxifolia Pollen-Nectar October-January
Barleria prattensis Pollen-Nectar September-October
Barleria cristata Pollen-Nectar September-October

Asteraceae Chrysanthemun indicum Pollen-Nectar January-December
Zinnia elegars Pollen-Nectar Jul-Jan

Asparagaceae Polianthes tuberose Nectar December- February
Balsamnaceae Impatiens glandulifera Pollen-Nectar July-September
Bignoniaceae Delonix regia Pollen-Nectar March-May
Bombaceae Salmalia malabarica Nectar February-March
Cannaceae Canna indica Pollen-Nectar March-April
Cucurbitaceae Cucurbita maxima Pollen-Nectar May-June

Cucunis sativus Pollen-Nectar March-June
Fabaceae Pisum sativum Pollen November-December

Lathyrus odoratus Nectar-Pollen January-April
Iridaceae Gladious sp. Pollen-Nectar May-June
Labiateae Leucas linifolia Pollen January-August
Malvaceae Hibiscus mutabilis Pollen-Nectar February-March

Hibiscus rosa Pollen-Nectar February-May
Mystaceae Psidium guajava Pollen-Nectar March-April

Callistemon linearis Pollen-Nectar March-April
Eucalyptus sp. Pollen-Nectar December-January

Nyctaginaceae Bougainvillea sp. Pollen, April-May
Rosaceae Prunus persica Pollen-Nectar January-February

Rosa sp. Pollen-Nectar January-December
Solanaceae Solanum melongena Pollen-Nectar June-September

Lycopersion esculentum Pollen May-September
Violaceae Viola sp. Nectar March- September
Zingeberaceae Ellettaria cardamomum Nectar July-November

Amomum sublatum Nectar May- September
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native bumble bee colonies for commercial pollination. Therefore, 
it is necessary to confirm their potential, or find promising species 
for the future development of commercial fruit and crop 
pollination. 
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