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Flowering phenology of woody species of forests and plants of agricultural fields was investigated in relation to foraging of 
Apis cerana Fabricius, the Asian honey bee in oak (Quercus) zone of the Central Himalayas (in Rudraprayag district, 1200-
2400 m; 30° 17' 3.89'’ N and 78° 58' 52.10'’ E). The honey bee foraged 68 plant species, which together showed two flowering 
peaks, the first in pre-monsoon (from March to mid-June) largely constituted by forest treespecies and the second during mid-
monsoon (July- August) months largely due to cropland and ornamental plant species. About 60% of A. cerana’s foraging 
activity was concentrated between ground surface and 5 m height. The mountain farmers have lengthened the floral resource 
availability to A. cerana. The changes in bee life history phases seem to be tuned to the seasonal changes in floral resources. 
However, the disturbances caused by heavy rain events during monsoon can substantially restrict the bee foraging. Data are also 
required to find out to what extent host species choice of A. cerana is influenced by pollen protein content. The study highlights 
the importance of undercanopy forest species as the provider of floral resources (nectar and pollen) to bees. Small trees like 
Prunus cerasoides if promoted can play a keystone role in A. cerana-based honey enterprise. 

Apis cerana Fabricius, Citizen Science approach, Floral diversity, Himalayas, Quercus spp.
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Bees ‘appreciate’ plant species diversity more than most (Ahmad et al. 2017). A. cerana is more attracted to apple than 
other organisms. They forage daily a wide range of plants to A. melifera. Since A. cerana is smaller, its pollen load is less 
collect nectar and pollen, and while doing so they pollinate (9.5 mg) than that of A. melifera (11.2 mg)  (Aryal et al. 2016, 
them, resulting in fruit and seed setting. Out of every three Ahmad et al. 2017). A. cerana forages natural plant species of 
bites of food that we humans eat one has source in plants closed forests as well as disturbed and open vegetation types. 
pollinated by bees (Buchmann 1996, Klien et al. 2007). There The flower source of this bee also includes crops, such as 
are about 20,000 bee species in the world, of which eight are mustard, fruit trees like apple and many ornamental plants. 
honey bees belonging to genus Apis (with 43 sub species), This honey bee is easier to manage than A. melifera, the 
some of these are domesticated and managed by humans. European honey bee. 
Though it retains its several wild attributes, the Asian bee,  Community phenology of forests of Himalayas has been 
Apis cerana Fabricius (endemic to Asia) is domesticated thoroughly studied by Ralhan et al. (1985), Singh and Singh 
widely in Asia including the Himalayan region. Since (1992), and Negi et al. (1992),  generally with emphasis on 
agricultural land is limited in the difficult Himalayan terrain leaf growth, flowering and fruiting. In all Himalayan forests 
(<10% of geographical area, compared to ~60% at the country from foothills to 2400 m flowering peaks in pre-monsoon 
level), people need to generate income from other sources to (March-May) when days are dry and warm. However, almost 
survive. Appropriate Technology India (ATI), a non-profit nothing is known about the relationship between forest 
organization has been addressing livelihood problems of phenology and life history processes of bees and other insect 
people in remote mountains by managing honey production, pollinators. This separation between plant and animal ecology 
in Rudraprayag, a border (with China) district of Uttarakhand has been a major hurdle in understanding the vital ecosystem 
for more than a decade. Nearly 4,000 households of functions, and in developing conservation policies.  
Rudraprayag are involved in the economic enterprise based on In the present communication, the foraging 
honey production. characteristics of bees in oak (Q. leucotrichophora and Q. 

In Uttarakhand, Himachal and several other Indian floribunda) forests (1500-2400 m), croplands, orchards and 
Himalayan states Apis cerana based domestic production of domestic gardensnext to households in Rudraprayag, 
honey has been going on for centuries. It compares well with Uttarakhand have been summarized. It is based on 
the European honey bee, A. melifera in several features. On an 

observations and working experience in bee keeping for 
average, A. cerana spends 6.65 seconds per flower and visits 

more than a decade (2008-2019) at the level of about 4000 
9.10 flowers per minute, compared to 7.49 seconds per flower 

households. The main objectives of the present article are: (i) and 6.5 flowers per minute, respectively for A. melifera 



to make a preliminary assessment of species richness of Using the citizen science approach, the AT India staff 

flowering plants foraged by A. cerana seasonally, (ii) to find (particularly Rakesh Dhirwan, one of the authors) and some 

out the relationship between the flowering and seasonal needs village community members maintained records of 

of floral resource of the bees, and (iii) to give an idea of the plants/species often visited by A. cerana in an oak forest area, 

scope of promoting the floral resource base for bee keeping. and collected the flower resources (nectar and pollen grain) 

As far as we know this is the first analysis of floral resource and occasionally a glue like product released from cut 

base for managing a honey production from the Indian branches and stems of oaks. Bee keepers were asked to 

Himalayan region. maintain a list of local names of plants, and one of us (Rakesh 

Dhirwan) frequently visited the forest area to identify plant MATERIAL AND METHODS
species, and flower resources collected by bees and tallied 

The study area was located between 1200-2400 m in them with those of community members. Botanical names of 
Rudraprayag district (30° 17' 3.89'’ N; 78° 58' 52.10'’ E), species were derived from Osmaston (1927), and Arya et al. 
Uttarakhand. The forest vegetation is dominated by (2011). 
evergreen oaks (Q. leucotrichophora, Q. floribunda, and Q. Plant species visited by the bee were ranked as very 
semecarpifolia), however, there frequently occurred small frequently visited (+++), frequently visited (++) and 
forest patches of deciduous trees such as Aesculus indica, unfrequently visited (+). However, all such plants were 
Acer spp., and Carpinus viminea along the water courses. The foraged frequently enough to be noticeable. The ranking was 
under canopy of evergreen oak forest was rich in lauraceous determined through consultations among observers. Average 
plants like Litsea, Lindera and Machilus duthei. Lyonia plant height was recorded for all species and they were 
ovalifolia and Rhododendron arboreum were other common grouped into height classes, such as less than 2.5 m, 2.5-5 m, 5-
undercanopy tree species. The deforested sites had trees of 10 m, and so on.
Prunus cerasoides and a few shrubs. Such sites with open 

RESULTS
vegetation are common in village areas. Along the water 

Species richness of floral component : In total,  A. cerana courses, landslides are common, which are generally 
foraged 68 plant species for nectar or pollens or both, of which colonized by alder (Alnus nepalensis). The area is moist, 
30 were wild species occurring in forests and open deforested annual rainfall being ~2,000mm. Rain storms could be quite 
sites around cropfields, 20 were cultivated species including disturbing, obstructing bees to forage. Winter snowfall is 
agronomic crops like mustard (Brassica nigra), 10 common in areas above 2000 m elevation. Rain-fed 
horticultural crops like malta (Citrus sinensis), apple (Malus cultivation of agricultural crops in terraced fields is a 
domestica), and 10 ornamental plants like marigold (Tagetes characteristic feature of these villages of small landholders 
spp.) (Fig. 1). The number of wild plant species visited by this (generally <1 ha, and rain-fed). AT India took up the initiative 
honey bee is expected to be much higher as our assessment did of establishing a household based apiculture (based on A. 
not include herbs and among woody species rare ones could cerana) more than a decade ago, which is now adopted by 
not be assessed. With regard to growth form, there were 28 close to 4,000 households, mostly in Rudraprayag and 
trees, 11 shrubs, and 29 herbs. The 68 species belonged to 58 adjoining remote areas. The bees forage flowering plants of 
genera and 29 families. Among the families, Fabaceae (9 natural oak forests, shrubs (e.g. Berberis spp.) and trees 
genera), Asteraceae (8 genera) and Rosaceae (7 genera) were (e.g. Prunus cerasoides) growing outside  forest areas  in 
most prominently represented. The plant height ranged from small orchards, and ornamental plants cultivated next to 
below 2.5 m to about 40 m. However, a majority of them were village houses. The study bee, A. cerana is endemic to several 
between 2.5 m to 20 m tall (Fig. 2). parts of Asia and has spread over many countries outside 

Of the 68 species, 25 were very frequently visited by Asia, including Australia (Jones and Bienefeld 2017). It 
A. cerana, 22 frequently visited and 21 less frequently visited forms nests in cavities (hollows) of trees, particularly oaks 
(Fig. 3). A large number of species in the top frequency (Quercus spp.), and walls of houses made of stones and mud. 
category indicates that the foraging base of A. cerana is An A. cerana bee colonyis relatively small, generally of about 
equitable divided among the plant species in oak forest zone 30,000 bees in comparison the European domestic bee, A. 
of Uttarakhand. Flowers of several tree species were very melifera generally forms colonies of up to 50,000 bees. The 
frequently foraged: Ligustrum lucidum, Aesculus indica, B. foraging range of A. cerana is generally 800 m, and 
asiatica, Lyonia ovalifolia, Prunus cerasoides, and Pyrus foraging duration ranges from 7-12 hours (Ahmad et al. 
pashia, and all of them provided pollen and nectar. The oaks 2017). 
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Ligustrum lucidum W.T. Aiton (+++) (C)
Aesculu sindica (Wall. ex Cambess.) Hook.(+++) (C)
Alnus nepalensis D. Don(+) (C)
Caesalpinia decapetala (Roth) Alston (++) (C)
Celtis australis L.(+) (C)
Cinnamom umtamala (Buch.-Ham.) T. Nees&Eberm. (+++) (C)
Grewia optiva J.R. Drumm. ex Burret (++) (C)
Lyonia ovalifolia (Wall.) Drude (+++) (C) 
Melia azedarach L.(++) (IC)
Myrica esculenta Buch.-Ham. ex D. Don (++)  (C)
 Prunus cerasoides Buch.-Ham. ex D. Don (+++) ©
 Pyrus communis L.(+++)  (C)
 Pyrus pashia Buch.-Ham. ex D. Don(+++)   (C) 
Quercus leucotrichophora A.Camus (+++) (IC)
 Grevillea robusta A. Cunn. ex R.Br.  (+++) (C)
Quercus semecarpifolia Sm. (+++)  (IC)
Rhododendron arboretum Sm. (++)  (C)
Sapindus mukorossi Gaertn. (+) (IC)
Toonaciliata M. Roem. (++)  (C)
Woodfordia fruticosa L. Kurz(+)  (C)
Zanthoxylum armatum DC. (+++)  (C)
Berberis asiatica Roxb. ex DC. (+++) (C)
Rubusel lipticus Sm. (+++)  (C)
Pyracantha crenulata (Roxb. ex D. Don) M. Roem. (+++)  (C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

 

Fig. 2: Relationship between plant height and percentage of total species, whose flowers are, visited by Apis cerana. About  60% of plant species 

foraged were concentrated between ground and 5 m plant height.

Fig. 1: Seasonal variation in plant species visited by Apis cerana in oak forest-agriculture landscape (68 species were visited).
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Lantana camara L. (+) (C)

Rosa  macrophylla Lindl. (++)  (C)\

Prins epiautilis Royle  (++) (IC)

Biden spilosa L. (+)  (C)

Musa paradisiacal L. (++) (C)

Malus domestica Borkh.(+++)  (C)

Citrus pseudolimonum Wester (+++) (C)

Citrus reticulate Blanco (+++)  (C)

Citrus sinensis L. Osbeck (+++)  (C)

Pyrus communis auct.(+++)  (C)

Litchi chinensis Sonn. (+++) (IC)

Mangifera indica L. (+)  (C)

Juglans regia L.(+)  (IC)

Prunus persica L. Batsch(+++)   (C)

Brassica juncea L. Czern. (+++)   (C)

Cucurbita moschata Duchesne (+)  (C)

Brassica oleracea L.(+)  (C)

Allium cepa L.(++)  (C)

Zea mays  L. (++)  (IC)

Cajanus cajan L. Millsp. (+)  (C)

Vigna unguiculata L. Walp.(++)  (IC)

Solanum lycopersicum Lam. (+)  (C) 

Coriandrum sativum L. (+++)  (C)

Trigonellafoenum-graecum L. (++)  (C)

Raphanus sativus L. (++)   (C)

Abelmoschus esculentus (L.) Moench (++) (IC)

Lens culinaris Medik. (++)  (IC)

Capsicum annuum L. (++) (IC)

Pisum sativum L. (++)  (C)

Medicago sativa L. (++) (C)

Phaseolus vulgaris L. (++)  (C)

Vigna mungo L. Hepper (++) (IC)

Amaranthus caudatus L. (+)   (C)

Glycine max L. Merr. (++)    (IC)

Tagetes erecta L. (+)   (C)

Zinnia elegans L. (+)  (C)

Glebionis coronaria L  Cass. ex Spach (+)  (C)

Delphinium brunonianum Royle (+)  (C)

Calendula officinalis L. (+)  (C) 

Gaillardia pulchella Foug. (+) (C)

Helianthus annus L. (+++)  (C)

Dianthus angulatus Royle (+)  (C)

Rudbeckia hirta L. (+)   (C)\
Papaver somniferum L. (++)  (C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3: Flowering season of plant species (including forest  trees  species, horticultural crops, agronomic  crops, and  ornamental plants)  foraged 

by Apis cerana in Central Himalayas. In parentheses, (+++), (++), and (+) symbols indicate very frequently visited, frequently visited, and  

infrequently visited species respectively by domestic honey bees. The conspicuous flowers (indicated as C) is big, prominent and easily visible with 

attractive color, whereas an inconspicuous flowers (indicated as IC) are small and difficult to observe.
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Fig.4 : Prunus cerasoides, laden with flowers in autumn, a keystone 
species in the sustenance of bees in Central Himalayas (Courtesy: 
Pradeep Singh, GBPNIHESD, Almora, India).

Fig. 5: A comparison among different groups of flowering species 
foraged by Apis cerana  for (i) nectar, (ii) pollen and (iii) both.

Fig. 6: An outline of the phenological calendar of Apis cerana in an oak forest-cropland landscape in Rudraprayag mountains (1200-2400 m; 30° 17' 
3.89'’ N and 78° 58' 52.10'’ E). The landscape consisted of oak forests, agricultural fields and households. A. cerana  builds nests both in tree 
cavities and walls of houses. Swarming  is a natural means of reproduction in which a colony splits into two or more, which settle 20-30 m away from 
the natural nest for a few days and then departs for a new nest site. In reproductive swarming  the old queen moves out with >70% of the colony to 
the new place/cavity, while the new queen stays at the nest with the remainder of the old colony and all its honey, and pollen. Absconding or 
migration amounts to movement of the whole colonies because of resource depletion, deterioration in the nest site condition and/ or chronic 
disturbance. Disturbances could be natural, such as flooding and natural  fire, or anthropogenic. In robbing, bees enter another colony’s nest, kill 
bees and take honey stores. It can occur in adverse condition when floral resources and nectar flora are low and irregular, or when a colony has 
been weakened and/or diseased.
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were frequently foraged, generally for collecting pollens and DISCUSSION
resinous material used by bees to plug the leakages in A. cerana forages flowers of 68 species during a year in a 
beehives. So far as we know, collection of glue type material landscape consisting of oak forests and several cultivated and 
exuding from a cut in branches is not reported earlier. For such open vegetation fragments.The species number would have 
a kind of knowledge,it is necessary to work closely with the been higher, had forest herbs been included. Though, A. 
local communities. Among the crops, mustard and coriander cerana shows preference to flowers of some species, its 
were frequently visited by bees. All orchard trees were very foraging is well distributed. As many as 22 species were very 
frequently visited (Fig.3), and they generally had both nectar frequently visited, and their growth form and habitat varied 
and pollens (except litchi, Litchi chinensis). Among the considerably from shrubs growing on open rocky slopes to 
natural shrubs, Berberis asiatica and Pyracantha crenulata trees in the deep shade of forests. The floral host choice is 
were very frequently foraged. Lantana camara,  the common partly influenced by the protein content of pollens 
invasive alien species of the region is not favored by A. (DiPasquale et al. 2013, Pamminger et al. 2019).  Bees appear 
cerana. to avoid pollens both unusually rich in protein content (>50%) 
Flowering phenology : There were two flowering peaks, one 

as well as poor in protein contents (<15%) (Roulston et al. 
during pre-monsoon (March-May) and other during high 

2000). In our study bees frequently visited oaks, generally 
monsoon (July-August), the first being due to the treespecies, 

with 30-40% protein in pollens, but avoided pines, mostly 
and the second to agronomic crops. In each month from June 

with <15% protein content (Page 1990, McCarthy and Quinn 
to September 8-9 ornamental species were flowering, 

1990, Roulston et al. 2000). The other preferred species such 
whereafter, their number declined sharply during autumn. So, 

as of Rosa and Prunus are reported to have pollen protein 
local farmers have extended flower availability to the honey 

content between 28.5% and 44.5% (Page 1990). However, 
bee by three months (doubling the period) by raising 

more research is required to collect definitively the evidences 
agronomic crops and ornamental plants. However, the floral 

of the ability of honey bees to separate high from low quality 
resource to bees was not enough during autumn and winter 

pollen and adjust their foraging behavior. A few species like 
months (for about 5 months) to support bee colonies. In 

Alnus nepalensis, a colonizer of landslide sites, bear flowers as 
autumn Prunus cerasoides was of critical importance for bees, 

early as February when floral base is thin. Their pollinators 
and could be referred to as keystone species given the number 

have relatively much less competition for floral resources, 
of bees it attracted during an adverse time (Fig. 4). The other 

than those appear later on when they are in abundance.
species which contributed to bee survival during unfavorable At the present study site, the richness of species in  
period were alder (A. nepalensis) and crops like mustard. flowers remains above 10 species from March to September. 

 Among the various plant groups, ornamental plant 
In this 7 months’ duration nearly 50% contribution is of plants 

group had a high proportion of nectar, while other groups 
cultivated by local communities, which is quite impressive 

had high percentage of species with both pollens and 
given the small size of agricultural land holdings. The first 

nectar (Fig. 5). More than 5-10% of trees, agricultural and 
flowering peak in pre-monsoon (April and around) is a 

horticultural crops had both nectar and pollen (Fig. 5). The 
common feature of the Central Himalayan natural forests 

non-graminaceous herbs had more nectar bearing flowers 
(Ralhan et al. 1985). In our study area, the second flowering 

than other forms. 
peak in monsoon was a creation of local farming communities. 

An outline of bee phenology : The bees apparentlybegan to 
There is a considerable scope for strengthening foraging base 

forage flowers in February, picked rapidly by March-April, 
during autumn by promoting the cultivation of Prunus 

and foraging remained high during summer. It may get 
cerasoides (cherry), a small tree which is covered with flowers 

disturbed because of heavy rain events occasionally during 
(without leaves) in autumn. In Japan, cherries have been 

monsoon period. March- April is the period of bee mating and 
connected with tourism, however, such nature based practices 

reproductive swarming (Fig.6) and absconding was common 
are missing. Woodfordia fruticosa, Alnus nepalensis and 

in January when resources were scarce. Bees absconded 
Daphne cannabina which flowers during most of winters and 

because of the disturbance during July-August. The 
can lend support to bee survival. There is a need to promote 

continuous rainfall and high humidity depleted resources as 
such winter flowering species from the stand point of honey 

bees found difficult to go out to forage, so that was also the 
bee based livelihoods.

time when robbing took place (bees of one nest enter another 
Though, A. cerana can visit trees taller than 30 m for 

nest and kill bees and take away honey). The various phases of collecting nectar and pollens, its foraging is largely centered 
bee life history are shown in Fig. 6. on floral resources of ground layer, about 60% of species that it 
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forages being below 5 m height (Fig. 2). If all herbs were Climate change has already advanced the flowering time 
included, the percentage could be higher.  in several species, particularly crops like mustard. It is quite 

The bee keeping greatly increases the value of likely that climate change may prolong the availability of 
undercanopy trees and shrubs, which are hardly recognized in floral resources for bees, but extreme events like excessive 
production forestry. Ligustrum lucidum, Cinnamom rains/storms which are becoming increasingly frequent can 
umtamala, Myrica esculenta, Rhododendron arboreum, B. 

adversely affect apiary in the region. The extreme weather 
asiatica, Rosa macrophylla contribute immensely to bee 

events can directly affect bee keeping by disrupting keeping. Some of them are of other uses, such as C. tamala as 
agriculture, which provides floral resource for honey bees.spice, B. asiaticaas medicine and M. esculenta as fruits. L. 

ovalifolia is known for its medicinal honey, and warrants CONCLUSIONS
necessary research support. 

This preliminary study based on data collected while The A. cerana phenology is based on several life-history 
working with local people for honey production has given an characters which are closely linked to floral resource 
approximate estimate of the diversity of species visited by A. availability, and natural and anthropogenic disturbances. Bees 
cerana. The honey bees are very busy organisms, visiting two forage most actively during spring/pre-monsoon period and 
million flowers to make a kilogram of honey. That A. cerana rainy season when floral resources are abundant. Its foraging 
foraged flowers of 68 plant species occupying varied habitats sharply declined subsequently, and then revived somewhat as 
in the present study is not surprising, by nature it is notvery of Prunus cerasoides came into bloom in November. By 
choosy. A viable honey bee based enterprise can substantially prolonging the floral resource availability and because of its 
contribute to the conservation of biodiversity by local farmers attractiveness to bees, Prunus cerasoides plays a keystone role 
apart from contributing to livelihoods of poor mountain in the life of A. cerana. The rainy season has a fairly abundant 
farmers. The role of honey bees in seed setting of wild plant floral resource, but long and heavy rain events can cause stress 
species warrants studies at several scales. In these Himalayan by restricting foraging. That is why robbing and absconding of 
regions, the availability of floral resource is a limiting factor bees are frequently observed during that period, apart from 
which can be partly addressed by enriching the landscape with winters when flowers are scarce. Climate change may worsen 
food crops and winter flowering woody species like alder and the condition as it is predicted to be accompanied by more 
cherries.events of excessive rainfall (Le Conte and Navajas 2008). 

The host flower phenology and seasonal progression of A. However, a milder winter due to climate warming may extend 
cerana are linked, and investigations into the linkage could 

floral resource base to winter months.      
help improving the honey production and biodiversity The species richness, flowering phenology and activities 
conservation. 

like bee keeping can make an integrated system with emphasis 
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on valuing species diversity. The honey bee has enabled 
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mountain communities to take advantage of floral resources 
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of forests without causing any adverse effect. However, 
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equally important is the extension of the time period of the Association (CHEA), Nainital (Uttarakhand), India for 
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