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Pollination

· What is pollination?

· Transfer of pollen from male part (stamen) to female part (stigma)

· Pollination systems

· Hydrophily (water) vs. Anemophily (wind) vs. Zoophily (animal)

· Predominantly selfing vs. Predominantly outcrossing
· Monolectic vs. Oligolectic vs. Polylectic pollinators

· Flower constancy vs. non-flower constancy

History

· Greeks and Romans (c. 370 B.C.) new about “pollination” of date palms 

· Association of insects and flowers recognized in early writings (eg. Bible)

· Sexuality in plants not recognized until 1670s 

· Grew (1676) “The anatomy of flowers”

· Early experiments included removing parts of flowers (stamens, pistils) 

· Systematic understanding by Sprengel (1793):

· “The revealed secret of Nature in the structure and fertilization of flowers”

· Darwin in the 1850s and 1860s studied pollination of orchids

· Mendel’s experiments with pea plants became the foundation of early genetics

· Classical floral biology (chromosome cytology, fertilization, etc) – 1860s – 1900

· Except for Von Frisch (1914 -), pollination biology/ecology not exciting for a while

· 1950s & 1960s began a new era of interest (along with technological innovations)

Importance 

· Agriculture

· Honey bees (Hymenoptera: Apidae) important for much of agriculture

· Large colonies, division of labor, docile, easily transported, generalists, product honey (a bonus)

· Leaf cutter bees (Hymenoptera: Megachilidae) for alfalfa

· Bumble bees (Hymenoptera: Apidae) in greenhouses

· Natural Ecosystems

· Continued reproduction of plants

· Gene flow

· Diversification of angiosperms

Evolution / Coevolution

· Early land plants were wind pollinated

· Insect-mediated transport of pollen allowed pollination at greater distances

· Food reward (nectar, pollen, oil) attracts specific insects to specific flowers

· Flower size, shape, color, aroma, phenology attracts specific insects (or permits access)

· Insect characters (mouthparts, foraging behavior, etc.) adapted to specific flower types

Adaptations for pollination

· Insects

· Morphological

· Branched hairs on body (Hymenoptera: Apoidea)

· Brush on hind tarsus (Hymenoptera: Apoidea)

· Comb or rake on hind tibia (Hymenoptera: Apoidea)

· Corbicula or pollen basket on hind tibia (Hymenoptera: Apoidea)

· Scopa (small dense tuft of hair) on various body parts       (Hymenoptera: Apoidea, Coleoptera: Scarabaeidae, Cerambycidae)

· “Pollen brooms” on mouthparts (Coleoptera: Malachiidae)

· “Pollen-scratcher” on maxilla (Lepidoptera: Micropterygidae)

· “Oil mops” on foreleg tarsus (Hymenoptera: Anthophoridae)

· Proboscis or haustellum (modified mouthparts for sucking) (Diptera, Hymenoptera, Lepidoptera)

· Pharyngeal pump for liquids (Hymenoptera, Lepidoptera)

· Behavioral

· “Pollen buzzing” (vibrating pollen free) (Hymenoptera: Apoidea)

· Waggle dance to indicate abundant sources of nectar or pollen

· Senses

· Color vision

· Chemoreception

· Flowers

· Petal color provides visual cues to direct insects

· Petal shape limits access (or not) to nectar and pollen sources

· Nectary glands provide sugars, amino acids, lipids, vitamins

· Phenology (timing) of flowering

· Excess pollen production

Cheaters

· Nectar robbing
· Predation at flowers

· Female impersonators (pseudocopulation)

Extreme examples

· Orchids & Wasps

· Fig Wasps

· Yucca Moths

· Prosoeca Flies

· Carrion flowers

	
	Bees
	Moths
	Beetles
	Carrion Flies
	Wind

	Flower shape


	Shape allows or restricts access, some with landing pads
	Long corolla
	Open, easily accessed
	Variable, but may trap flies inside
	Absent or small

	Flower color


	Yellow, white, blue, UV, often with “landing guides”
	White / pale for moths

Red / orange for butterflies


	White, yellow
	Purple, brown
	“none”

	Nectar


	High sugar content, sometimes with oils
	High sugar content, and often amino acids 
	Often with little nectar
	High amino acid content
	none

	Timing of flower opening and nectar and/or pollen production


	Day
	Night – moth

Day - butterfly
	Day or night
	Day
	Synchronized with other flowers of the same species

	Other


	Anthers and pollen sacs attached to bee
	Strong, sweet odors
	Often strong (carrion-like) odors, ovaries well protected 
	Carrion odor
	Abundant, dry


Points to ponder

· What kinds of plants depend heavily on insects for pollination? Which kinds do not? 

· What are advantages of insect pollination over wind pollination? Over no pollination?

· What evidence is there for co-evolution of insects and angiosperms? 

· How did pollination evolve?

· How is pollination important in undisturbed ecosystems? In agriculture?
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