
Bees
There wouldn’t be sunflowers
Wouldn’t be peas.
Wouldn’t be apples
On apple trees,
If it weren’t for fuzzy old.
Buzzy old bees
Dusting pollen
From off their knees.
—by Aileen Fisher.

Pollination plays an important role in 
the survival and propagation of a variety 
of sexually reproducing plant species on 
Earth. Sexually reproducing plants have 
evolved to minimize self-fertilization by 
separating their mature male and female 
reproductive cells in space, time, or both. 
This means, for example, that the male 
(pollen) and female (ovules) gametes of 
the plant may mature in different plants, 
different flowers of the same plant, or 
at different times in the same flower. 
The only way fertilization can occur in 

such plants is through a mediator (the 
pollinator) that can transfer the pollen 
from one flower (the pollinizer) to 
another. 

Estimates suggest that nearly 75% of 
all flowering plants on Earth today are 
pollinated by animals and more than 
200,000 species of animals are known to 
pollinate plants. These plants have evolved 
a variety of mechanisms to attract 
their animal pollinators (see Box 1). By 
participating in this process, pollinators 
help increase the genetic diversity of 
these plants. The more genetically diverse 
a species, the higher the chances of 
its survival in changing environmental 
conditions.

Insect pollinators
Insects constitute the largest community 
of pollinators. Prominent among them are 
bees, beetles, butterflies, moths, wasps, 
flies, and ants. 
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Plants court animal 
pollinators to ensure 
their survival and 
propagation. What 
traits have they evolved 
to attract pollinators? 
What roles do different 
pollinators play in this 
process?
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Box 1. Pollination in orchids: 

We know of more than 35,000 species of 
orchids. This family of plants has evolved 
a variety of structures and mechanisms to 
attract their insect pollinators. 

Most orchid flowers have similar 
structures. The male and female parts 
of many orchid flowers are fused into 
a central column. Directly below the 
column is a modified petal that is shaped 
like a lip (called labellum) and acts as a 
landing stage for pollinators. Nectaries, 
when present, are found at the base of 
the labellum or as a nectar spur behind 
the flower. Pollen grains are fused into 
compact structures called pollinia. Pollinia 
are located under the anther cap and are 
attached to a sticky disc-like structure 
called the viscidium. 

In many orchids, the flower is shaped in 
such a way that a pollinator is unlikely to 
be able to perch on the labellum without 
its head coming into physical contact with 
the viscidium. The labellum of orchids 
from Ophrys genus is modified to give the 
flower the appearance of female bees or 
wasps of certain species (see Fig. 1). Since 
male bees or wasps from these species 
emerge from their pupal stage a week or 
two before the females of the species, 
the males mistake the orchid flowers for 
potential mates. While they are trying 
to mate with the flowers, pollinia get 
attached to their heads.

The labellum of orchids of Coryanthes 
genus is shaped like a bucket (see  
Fig. 2). The bucket contains certain 
aromatic volatile secretions that are used 
by male euglossine bees to court females. 
The male bees dive into the bucket and fill 
pouch-like structures on their hind legs 
with these compounds. The only way they 
can escape from the bucket is by pushing 
against a trap-door-like structure that is 
lined with pollinia. 

Some orchids produce chemicals with a 

very strong narcotic effect. These scents 
attract and intoxicate their insect 
pollinators. Once the pollinia are attached 
to the pollinators, the fragrance of the 
orchid fades abruptly. The temporarily 
dazed insect comes back to its senses and 
flies away, carrying the pollinia along with 

it. Orchids of the Catasetum genus use a 
hair-trigger mechanism to slap the 
pollinia, at high speed, onto the back of an 
insect pollinator. In some bog orchids, the 
pollinia get attached to the eyes of the 
female mosquitoes that pollinate them. 
Repeated visits blind these mosquitoes. 

Fig. 1. The Mirror of Venus orchid (Ophrys speculumOphrys speculum) is pollinated exclusively by 
pseudocopulation by male wasps (Dasyscolia ciliataDasyscolia ciliata). (a) The flower resembles the 
female wasp in many ways. For example, the band of thick reddish hair that borders the 
lip of the flower looks like the hair on the female wasp. The flower’s scent resembles the 
female wasp pheromone. The bright iridescent purple or blue patch on the flower is 
highly reflective and can attract wasps from a distance. (b) This wasp species is the only 
known pollinator of European Mirror of Venus orchids. Male wasps mistake the orchid 
flower for the female wasp and copulate with it. In the process, they pick up pollen from 
the flower and carry it to the next flower they visit. 
Credits: (a) Steve Garvie, Flickr. URL: https://www.flickr.com/photos/rainbirder/16755027492.  
License: CC BY-NC-SA 2.0 DEED. (b) gbohne, Flickr. URL: https://www.flickr.com/photos/51216897@
N07/8707297837. License: CC BY-SA 2.0 DEED.

(a) (b)

Fig. 2. The bucket orchid (Coryanthes macranthaCoryanthes macrantha) is pollinated by euglossini or orchid 
bees. (a) This orchid has large flowers—each flower can weigh up to 100 g. Flowers are 
yellow-orange in colour. The lip of the orchid is shaped like a bucket and contains a 
fragrant secretion that attracts its pollinator. (b) Only male orchid bees pollinate these 
orchids. 
Credits: (a) Orchi, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Coryanthes_
macrantha_Orchi_02.jpg. License: CC BY-SA 3.0 DEED. (b) Jacob Rus, Wikimedia Commons. URL: 
https://commons.wikimedia.org/wiki/File:Male_Euglossa_sp.jpg. License: CC BY-SA 2.0 DEED.

(a) (b)

With about 20,000 species involved in 
pollination, bees are some of the most 
important insect pollinators. Bees depend 

on plants not only for nectar (their main 
food source), but also for pollen (which 
is fed to their larvae). When a bee visits a 

flower for food, the anthers rub against 
the bee's body, dusting it with pollen. 
The bee uses its tongue to collect this 
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pollen, moisten it with saliva or honey, 
pack it into specialized structures called 
scopa or pollen baskets, and transport 
it to the next flower (see Fig. 3). Bee-
pollinated plant species show a variety 
of floral traits that tend to attract these 
insects. Since bees rely heavily on their 
sense of smell, bee-pollinated flowers are 
often fragrant enough to attract these 
insects from a distance. Bee eyes have 
pigments sensitive to the green, blue, 
and ultraviolet wavelengths of light and 
bee-pollinated flowers are often blue or 
violet in colour. They also have lines or 
other distinct markings with special UV 
reflection patterns, which may function 
as nectar guides. While these patterns 
may not be visible to humans, they help 
ensure that bees reach the places that 
the flowers ‘want’ them to reach (see 
Fig. 4). Bee-pollinated flowers tend to 
offer large amounts of nectar and pollen 
to their visitors. The pollen collected by a 
single honeybee colony may amount to 
more than 28 kg per year.

Though bees are the most talked about 
pollinators, beetles are the largest set of 
pollinators. They pollinate about 85% of 
all flowering plants. Beetles frequently 
visit dull, white, or green coloured 
flowers that are dish- or bowl-shaped 
and have exposed reproductive organs. 
Since beetles rely on their sense of smell 
to find food and places to lay eggs, 
beetle-pollinated flowers often produce 
very strong perfumes. To us, these 
perfumes smell sweet, spicy, musky, or 
fermented, like overripe fruit. Beetles 
are often referred to as ‘mess and soil’ 
pollinators because they spill more 
pollen than they consume, eat their 
way through petals, and defecate in the 
flowers they pollinate. Beetle-pollinated 
flowers often have thick or leathery 
petals, produce copious amounts of 
pollen (to compensate for the amount 
that is spilled), and moderate amounts 
of nectar (see Fig. 5).

Although the sight of their colourful 
bodies perched on flowers is a treat to 
the eyes, butterflies are less efficient 
than bees at transferring pollen 
between plants. Not only do they 

not have any specialized structures 
to collect pollen; with their slender 
bodies held high on their long thin 
legs, not much pollen sticks to their 
bodies. However, they are vital to the 
pollination of many wild and cultivated 
plants. Butterflies are diurnal, foraging 
most actively from flowers that are 
open in the morning and under full 
sunlight. They prefer flowers with 
bright colours (blue, yellow, orange, 
but particularly red). Butterfly-
pollinated plants often have small 
flowers, clustered together into erect 
inflorescences that are flat-topped, 
offering butterflies landing space. Many 
adult butterflies use their long proboscis 
to suck nectar from flowers (see Fig. 6). 
Nectaries of the flowers they pollinate 
are located at the base of their corolla 
tubes or spurs—locations that only an 
insect with a long proboscis can access.

Bird pollinators
About 2,000 bird species are known 
to pollinate plants. Birds can fly long 
distances and have excellent vision 
(this includes their ability to perceive 
colour and ultraviolet light). Both these 
traits make them good supplementary 
pollinators. However, birds are larger and 
require more energy than insects. Many 
of them are most active during the day. 
Except in a few cases, their sense of 

Fig. 3. Bees have evolved specialized structures to transport pollen from one flower to 
another. (a) In some bees, like sweat bees, these structures are in the form of a dense mass of 
elongated hair on their abdomen or hind legs. These are called scopa. One example is of the 
abdominal scopa seen on the Megachilid bee here. (b) In other bees, like honey bees, they are 
in the form of a relatively hairless cavity lined with a fringe of hair. These are called pollen 
baskets. One example is of the pollen basket seen on the hind leg of the European honey bee 
here.
Credits: (a) Dave (AKA Pollinator). URL: https://commons.wikimedia.org/wiki/File:Scopa_5948.jpg. License: 
CC BY-SA 3.0. (b) Muhammad Mahdi Karim. URL: URL: https://commons.wikimedia.org/wiki/File:Apis_
mellifera_flying2.jpg. License: GNU Free Documentation License, Version 1.2.

(a) (b)

Fig. 4. Flowers of Potentilla reptansPotentilla reptans have 
special UV-reflective patterns. (a) This is 
how the flower looks to humans. (b) This is 
how the flower may look to bees. 

Credits: (a) Wiedehopf20, Wikimedia 
Commons. URL: https://commons.wikimedia.
org/wiki/File:Flower_in_visible_light_
Potentilla_reptans.jpg. License: CC BY-SA 4.0 
International. DEED. (b) Wiedehopf20, 
Wikimedia Commons. URL: https://
commons.wikimedia.org/wiki/File:Flower_
in_UV_light_Potentilla_reptans.jpg. License: 
CC BY-SA 4.0 DEED.

(b)

(a)
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smell may not be much better than that 
of humans. 

Box 2. Pollination by nectar-
feeding birds: 
In plants with specialized bird-
pollinators, floral tubes are long and 
narrow enough to keep most insects 
out, but allow access to birds with 
sufficiently long, thin, and curved 
beaks. Bird species (like hummingbirds 
from South America and sunbirds 
from India) that pollinate such plants 
tend to have disproportionately long 
beaks, brush-like tongues, and bodies 
that are small and light enough to 
either hover near flowers or perch on 
them (see Fig. 7). 

Plants that are pollinated by birds 
(like mynahs, bulbuls, and drongos) 
with broader, less specialized feeding 
habits tend to have larger and more 
numerous flowers. 

Fig. 7. Loten’s sunbird (Cinnyris Cinnyris 
loteniuslotenius) pollinates the Lion's Tail 
(Leonotis nepetifoliaLeonotis nepetifolia). The sunbird 
tends to hover over flowers for nectar, 
which it reaches through its long 
down-curved bill and brush-tipped 
tubular tongue. Lion’s Ear produces 
ball-sized clusters of flowers, each of 
which is shaped like a slender tube 
and produces sweetish nectar. 
Credits: Hari K Patibanda, Flickr. URL: 
https://www.flickr.com/photos/
krishnacolor/50950412397. License: CC BY 
2.0 DEED. 

Fig. 5. The common milkweed (Asclepias syriacaAsclepias syriaca) is pollinated and consumed by the red 
milkweed beetle (Tetraopes tetrophthalmusTetraopes tetrophthalmus). Milkweed flowers produce huge amounts of 
nectar. Their pollen, like that in orchids, is in the form of pollinia. The pollinia are housed 
within a small chamber at the centre of each small, tightly condensed flower. It gets attached 
to the body of a beetle feeding on the nectar or the flower and is carried to the next flower 
that the insect visits. 
Credits: Rbreidbrown, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Red_Milkweed_
Beetle_(Tetraopes_tetrophthalmus)_Consuming_Common_Milkweed_Flower.jpg. License: CC BY-SA 4.0 DEED.

Fig. 6. Common Lantana (Lantana camaraLantana camara) 
pollinated by the Common Jezebel (Delias Delias 
euchariseucharis) butterfly. The butterfly uses its 
proboscis to consume nectar. When not in 
use, the proboscis is curled into a tight ball. 
Credits: Hari K Patibanda, Flickr. URL: https://www.
flickr.com/photos/krishnacolor/51433350855/in/
photostream/. License: CC BY 2.0 DEED. 

Bird-pollinated flowers tend to be 
brightly coloured (often red, orange, 
or pink), larger in size than insect-
pollinated flowers, remain open during 
the day, and have mild or no scents. 
They produce much larger amounts of 
nectar than insect-pollinated flowers. 
This nectar is often at the base of 
tube-, funnel-, or cup-shaped flowers 
with numerous, brightly coloured, and 
protruding stamens. In getting to the 
nectar, the bird’s head, bill, back, or 
breast get dusted with pollen (see Box 
2). Since the nectar from one flower 
is rarely enough to meet the bird’s 
nutritional requirements, it visits other 
flowers. As it does so, the pollen from 
the first flower is transferred to the 
second one. 

Bat pollinators
Nectar-feeding bats (including 12 species 
of Old World ‘flying foxes’ and 36 
species of American leaf-nosed bats) are 
found in every continent with tropical 

ecosystems. Most of these bat species 
are found in Southeast Asia, Africa, and 
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the Pacific islands. Bats play a vital role 
in the genetic diversity of tropical plant 
species. About 500 tropical plant species 
(including mangoes, litchis, bananas, 
and guavas) are partially or completely 
dependent on bats for pollination (see 
Fig. 8). Compared to insects, bats travel 
longer distances and can carry more 
pollen in their fur. They are particularly 
important in pollinating plant species 
that occur in low densities or in habitats 
that are far apart from each other. 

Most nectar-bats are nocturnal, have 
good eyesight, and a strong sense of 

smell. Plants that rely mainly on bat 
pollinators tend to open at sunset or 
stay open at night. Their large and 
white- or pale-coloured flowers stand 
out from the foliage and the night 
sky in ways that bats can spot easily 
at night. Some bat-pollinated flowers 
attract these mammals by emitting 
fermented, musky, or rotten odours. 

Unusual pollinators 
The role of lizards in pollination has 
been recognised relatively recently. 
Most reports of lizard pollination are 
restricted to islands, where these reptiles 
have been observed to supplement 
their insect and arthropod diets with 
plant food like nectar, pollen, flowers, 
and fruit pulp. Since these plant food 
sources are low in protein content, it is 
likely that they help meet the lizards' 
energy and water requirements. In 
foraging for plant food, these lizards 
pollinate flowers. Lizard-pollination 
is rare on the mainland. This may be 
related to four factors that are more 
likely to be seen on islands than on 
the mainland—less stable and diverse 
insect populations, an excess of floral 
food, high population densities of lizard 
species, and lower predation risks to 
them. 

For island species of plants, lizards 
may be more important pollinators 
than insects and birds. Since lizards 
have an acute sense of smell, they are 
attracted to flowers with strong scents. 
These flowers tend to produce copious 
amounts of sticky, sugar-rich nectar. 

Some lizard pollinators, like Phelsuma 
geckos (commonly called day geckos), 
have been observed to visit plants 
with colourful nectar more than those 
with colourless nectar. Examples of 
oft-visited plants include Trochetia 
blackburniana, which produces 
orange-yellow nectar, and Nesocodon 
mauritianus, which produces blood-red 
nectar (see Fig. 9). Flowers of lizard-
pollinated plants are often robust 
enough to support the weight of these 
reptiles. Inflorescences are most suited 
to these climbing visitors. When a 
lizard climbs over a flower or feeds on 
nectar from its base, its face and body 
get dusted with pollen. Grains that are 
out of reach of its lapping tongue are 
transported to the next flower it visits. 

Parting thoughts
According to the evolutionary biologist 
Lynn Margulis and science writer Dorien 
Sagan (1986): “Life did not take over the 
globe by combat, but by networking”. 
Pollination offers some of the most 
common and widespread examples 
of such collaborative networks. Many 
plant-pollinator associations are so 
highly specialized that threats to the 
survival of one of the partners can 
threaten the survival of the other. 

These networks are vital to us in many 
ways. For example, more than 75% of 
food crops (vegetables, fruits, seeds, 
nuts, and oils) grown across the world 
depend at least partly on animal 
pollinators. Today, however, a growing 
number of pollinators are being driven 
to extinction by diverse pressures, many 
of which are linked to human activity. 
These include changes in land use, 
habitat degradation and fragmentation, 
pesticide use, pollution, pathogens, and 
climate change. Encouraging students 
to observe plant-pollinator interactions 
in schools and their neighbourhoods 
can help create awareness of local 
pollinators and foster appreciation for 
their role in sustaining life. 

Fig. 8. Indian flying fox (Pteropus medius(Pteropus medius) 
feeding on the nectar of banana and 
pollinating it in the process. 
Credits: Manojiritty, Wikimedia Commons.  
URL: https://commons.wikimedia.org/wiki/
File:Indian_flying_fox_cropped.jpg.  
License: CC BY-SA 4.0 DEED. 

Fig. 9. Nesocodon mauritianus Nesocodon mauritianus is pollinated by the Mauritius ornate day gecko (Phelsuma Phelsuma 
ornata). ornata). (a) Endemic to Madagascar, this is the first plant known to produce blood-red nectar.  
(b) These geckos have been observed to lick nectar, soft sweet fruit, and pollen.
Credits: (a) Ph. Saget, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/File:Nesocodon_
mauritianus_07_04_Philweb_(19228890139).jpg. License: CC BY 2.0 DEED. (b) Charles J. Sharp, Wikimedia 
Commons. URL: https://en.wikipedia.org/wiki/File:Mauritius_ornate_day_gecko_(Phelsuma_ornata).jpg. 
License: CC BY-SA 4.0 DEED.

(a) (b)
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• Pollination plays a vital role in the survival and propagation of nearly 75% of all flowering 
plants. More than 200,000 species of animals are involved in pollinating these plants. 

• Many plant traits have evolved to attract pollinators. These include flowering time, the colour, 
shape, size, patterns, and scents of flowers, and the amounts of nectar and pollen they produce. 

• Insects constitute the largest community of pollinators, birds are good supplementary pollinators, 
bats are important in the pollination of tropical plant species, and lizards play a vital role in the 
pollination of island flora. 

• While plant-pollinator associations are vital to humans in many ways, a growing number of 
pollinators are being driven to extinction by diverse pressures that are linked to human activity. 

• Encouraging students to observe plant-pollinator interactions can help build awareness and 
appreciation for their role in sustaining life on Earth.

Key takeaways

Notes: 

1. This article was first published in i wonder…, January 2017, pp. 50-55. The original draft can be found here: https://publications.azimpremjiuniversity.edu.
in/1273/. The version included in this issue has been reviewed and modified for school teachers. It includes new material, one activity sheet, and one teacher's 
guide. 

2. Source for the image used in the background of the article title: Butterfly perch. Credits: Amol Mande. URL: https://www.pexels.com/photo/selective-focus-
photo-of-butterfly-perched-on-flower-bud-2675714/. License: CC0.
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