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ollination is a vital ecosystem service to plants provided by pollinators.
About 80% of the flowering plants are hermaphrodite, of the remaining
10% have separate sexes in flowers. Although selfing is possible, cross-
pollination is favored. It provides genetic variability, thus helping in evolution
which assists the organism in colonizing the changing environment and
resistance to pests and diseases. Secondly, changes in gene function due to
mutation may condition the plant to survive with greater tolerance. Animal
pollination is of great importance for sexual reproduction of cultivated plants
(McGregor 1976, Nabhan and Buchmann 1997, Westercamp and Gottsberger,
2000) as well for majority of wild (Burd, 1994; Kearns 1998; Ashman et al.,
2004). Roubik (1995) listed 1330 tropical crops of which 70% of at least one
variety. In Europe, of the 264 crop plants studied 84% depended on animals for
pollination up to some extent (Williams 1994). Insect pollinators itself has been
~ said to contribute to an annual income of € 153 billion (Gallai et al., 2009).
 Majority of the pollination is facilitated by animals, of which bees form the
chief pollinators (Delaplane and Mayer, 2000, Potts et al., 2010), pollinating
about 87.5% of the world’s flowering plants (Ollerton et al., 2011). Besides
improving seed and fruit set that assure nutritious food (Sundriyal &
Sundriyal 2004), pollinators benefit people whose livelihoods depend on non
timber forest products (NTEP) (Rehel et al., 2009). The role of pollinators due to
their presence, abundance and activities are revealed to act as bioindicators
and may be useful to indicate the status of ecosystem and its overall health
(Kevan 1999). Decline of pollinators have of late been in discussions of
ecologists, conservationists and amateurs, owing to their important functional
role in terrestrial natural ecosystems (Ashman et al., 2004) as well across agro-
ecosystems (Aguilar et al., 2006). Numerous crops and wild plants depend on
pollinators and their services. Many of these pollinators belong to the wild and
unmanaged (Biesmeijer et al., 2006). This decline has been recorded world over
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at an alarming rate. Recehtly numerous studies about mutualistic interactjg, of
plant-pollinators are being discussed. Kearns and Inouye (1997) have
highlighted the cascading effects pollinator decline can have on different ik
forms, since no single species can survive in isolation. For obligate mutualjsp,s
such as pollination, we need to consider and conserve not only the interactip,
organisms but also the functional interactions among plants (Elle et a., 2012;
In this review we look at different aspects of pollinators. We firstly discysg
terminologies related to pollination and pollinators in general. Later we look 4t
different studies pertaining to pollinators and their decline; from globa] tq
local. Further we look at the importance of pollinators in Doon Valley. The

review concludes with the research gaps at global and local level.
Pollination and pollinators

Pollination can be described as the transfer of pollens from the male
reproductive part of plants (anther) to receiving female reproductive part of
the plant called the stigma. Pollination is brought about by abiotic or biotic
means. Pollens are transferred abiotically by wind, water or gravity (Kevan
1999). Biotic pollination is brought about by animals, foraging on plants for
nectar, pollen, oil rewards etc. required for their own nutritional requirements
(Kevan an Baker 1983; 1998, Kevan 1999). These animals that forage on plants
are termed as anthophils. These anthophils consist of animals across the taxa
viz. invertebrates to vertebrates. Pollinators belonging to the invertebrate taxa
include a wide orders of insect families, the most prominent being orders
Hymenoptera (consisting of bees, most of the bees have scopa (hair) either on
legs or the metastomal region to which pollen gets attached during foraging.
When these bees approach flower, the pollen get transferred to the stigma of
the flower and thus crosspollination occurs. Hence, bees are the most efficient
pollinators), Diptera (true flies, especially those belonging family Syrphidae),
Lepidoptera (moths and butterflies) and Coleoptera (beetles). Other insect
orders pollinating include Thysanoptera, Orthoptera and Collembola. Insects
may have gradually evolved from non-flower visitors to flower visitors with
simultaneous modifications and adaptations in the mouth parts to forage on
floral rewards (Muller 1883).

Vertebrate taxa include birds like humming birds (Trochilidae),
honeyeaters (Meliphagidae), honeycreepers (Coerebidae), flowerpeckers
(Dicaeidae) and sunbirds (Nectariniidae) (Nayak, Devidar 1983). Mammals like
lories (Loriinae), bats (Pteropidae, Phyllostomatidae) (Aritaz & Martinez 1990,
Kevan 1999) and some primates (Kress et al., 1994). Leppik (1977) pointed out
the late but gradual evolution of birds and bats developing their own
ornithophilous and chiropterophilous flowers. Pollinators and their floral
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artners have been coevolving for over four hundred million years (Leppik
1977). With this has also evolved the pollination syndromes that floral species
fa]l into depending on the type of pollinator (Kevan 1984, Willemstein 1987).
For example, bird-flowers are diurnal, with vibrant colours viz. scarlet red, fire-
red etc, where as bat-flowers are are nocturnal blooming, with whitish or
creamy colour with a strong odor at night (Leppik 1977).

Decline of Pollinators

Pollinators wild as well as domesticated provide pollination services. A
variety of environmental changes may affect their service (Potts et al., 2010).
These changes may include anthropogenic activities affecting habitats and
climate. Losses of pollinators may be of concern due to the parallel decline in
the plants dependent on them for sexual reproduction (Biesmeijer et al., 2006).
Potential drivers of pollinator declines were land-use change leading to habitat
loss (Ricketts et al., 2008, Brown & Paxton 2009); alien species of plants may
disrupt the native plant-pollinator interactions leading to native pollinator
decline (Traveset and Richardson 2006). Alien pollinators may compete with
native pollinators for floral resources (Thomson 2006). Pests and pathogens
like Varroa mite are spread through introduction of alien bees (Stout & Morales
2009). Another cause of pollinator decline is the intensification of agriculture. It
degrades the habitat and has lethal or sub-lethal effects on pollinator
populations (Winfree 2009). Electromagnetic radiation is yet another cause of
decline in pollinators predominantly in areas housing mobile network towers
(Kumar 2010, Favre 2011). This has been reported in numerous places in the
world including India. High frequency electromagnetic radiation have been
found to alter the resonant stimulus of the honeybee brain thus resulting in
disorientation of flight in honeybees (Harst et al., 2006, Diagnose-Funk 2007
and Stever et al., 2007). This may to the Colony Collapse Disorder (CCD) where
the honeybees fail to return to their hives (Favre 2011) abandoning the queen,
eggs and hive-bound immature bees (Sahib Pattazy 2009).

Domestic pollinators include honeybees which are managed in agricultural
practices for the reproductive benefits to crops and honey, however their
decline are poorly documented. Still deprived is the documentation of wild
bees and other pollinators. Though wild bees and other insects pollinate many
crops, benefits of their services have been overlooked (Klein et al., 2006). Due to
increasing awareness about role wild pollinators (O'Toole 1993, Slaa et al.,
2006) slowly efforts are being taken to manage agro-ecosystems and conserve
natural and semi-natural landscapes that harbor them (Richards 2001).
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Pollinators in Doon Valley

India is an agriculture based country (Fazal, 2007) with marginal farming
having 80% of farm holdings and is the second largest vegetable produyce,
globally that largely depend on pollinator (Sidhu, 2005). Crop partitioning
based on pollinator dependence has revealed decline of pollinator dependent
crops over a period of 45 years (1963-2008, FAO data) (Basu et al., 2011). Foress
are significant part of land-use in India as they occupy 20.6% of the tota]
geographical area of the country (Bandyopadhyay, 2005). Doon valley is
geomorphologically fragile, aggravated by destruction of forest cover, increase
in rural pressure, and urban expansion. The land-use is dominated by forest
and cultivated areas. Subsistence farming, based on cereal production, dairy
cattle, and exploitation of forest biomass, predominates in the hills but sma]]
scale cash cropping is practiced on the lower slopes while off-season
vegetables are produced in accessible villages at higher elevations (Datta &
Virgo, 1998).

Numerous studies on pollinators of Himalayan crops and beekeeping are
found in the literature (Abrol, 1986, Dutta, 2008; Gangasaran et al., 2010). The
focus of these studies has been bee keeping and management. Gangasaran
(2010) and Kumar et al. (1996) have quantified the economic importance of
honeybees in crops’ fruit and seed set increase. Jiju (2011) listed pollinator
species besides hymenopterans. Foraging behaviour of honey bees have been
studied by Joshi and Joshi (2010) on Apis cerana and Apis mellifera. Foraging
plants of Apis dorsata have been identified using melissops’ nclogical analysis
of honey samples from Garhwal Himalaya (Tiwari et al., 2010). A similar study
was conducted on the honey samples from apiries across Upper Gangetic
region in Uttarakhand previously by Dutta et al. (2008).

Conclusion

Most evidences of pollinator losses are recorded from Europe and North
America and very few from other continents (Potts et al., 2010). This questions
the global crisis of pollinator decline (Ghazoul 2005). Studies on how
pollinators benefit wild plants are inadequate. Given that unrestricted
destruction of forests, grazing, forest fires and urban expansion, take place
indiscriminately in Doon Valley, pollinators may be at risk. Numerous workers
have tested the economic importance of honey bees to crops. However status
of wild bees and their role in pollinating wild plants and its economic
importance is neglected. Mayer et al. (2011) highlight the key areas to be
addressed in pollination ecology for future research in understanding the
patterns and processes and the conservation of these interactions between
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plants and pollinators is essential. Therefore, there is immediate need to
document the status and diversity pattern of pollinators in different land-use.
Understanding the effect of habitat composition and change in plant-pollinator
interactions (generalization/ specialization) would help to evaluate the severity
of disturbances on them.
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