
Stereotyped floral morphology of the ~1,300 species of New World Malpighiaceae showing the prominent dorsal banner petal that is highly 
differentiated from the other four petals (A). All petals are conspicuously clawed at the base (A), which allows their primary oil-bee pollina-
tors access to the large paired, multicellular abaxial oil glands, borne on four or all five of the sepals (B) (15, 25). A female oil bee orients 
toward the banner petal (C) and lands at the center of the flower and grasps the thickened claw of that petal with her mandibles (D). She 
then reaches between the claws of the lateral petals and scrapes the oil from the glands with her modified front and mid legs. She then 
transfers the oil and pollen to her hairy hind legs and takes the mixture to her nest, where it serves in nest construction and as food for her 
larvae. A and B are of Mezia angelica W. R. Anderson, courtesy of C. Gracie (New York Botanical Garden). C and D are of a Centridini oil 
bee visiting Malpighia emarginata DC, courtesy of G. Gerlach (Munich Botanical Garden, Munich).
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DistributionAt least 50 families of birds have been characterized to visit flowers, of these the Trochilidae, Nectarinii-
dae, and Meliphagidae are the only flower specialists (Proctor and Yeo, 1973, Proctor et a, 1996, Cronk 
and Ojeda, 2008). Conversely 65 families of Angiosperms have evolved specialization on bird pollination 
(ornithophily). Ornithophily has evolved 9 independent times within the highly diverse and paradoxical 
Solanaceae family (Knapp, 2010). The pollination syndrome associated with birds includes bright red, 
white, or orange colored corolla, dilute and deeply hidden nectar, and exserted stigma that make first 
contact with the bird’s beaks. In addition, bilateral symmetry seems to be favored by birds and allows for 
changes in pollination from bees to birds (Cronk and Ojeda, 2008). (A) A picture of a hummingbird hov-
ering near a petunia flower and using its long beak to reach the nectar at the end of the long corolla tube 
of the petunia. (B) The exserted stigma of the petunia stands out from the shorter stamens surrounding 
it. (C) The dispersal of pollen on a hummingbird’s beak and head after collecting nectar.(D) When the
hummingbird visits other flowers by hovering the pollen from the beak makes immediate contact with the stigma allowing for pollination of the 
flower. A, B, and C demonstrate the stereotypical ornithophily pollination syndrome with bright red flowers, exserted stigma, and long corolla 
tubes as a coevolution with the long beaks of hummingbirds. A and B are a courtesy of Hermann and Kuhlemeier, 2011. C is courtesy of 
Pradhan, 2015. D is courtesy of Inouye, 2012.
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Solanaceae and the Bat 
Pollination Syndrome

Worldwide, over 500 species classified in 28 orders, 67 families of angiosperms rely on bats as their 
pollinators. The classic characteristics of bat pollinated flowers, as described by Faegri and van der 
Pijl (1979) and modified by Howe and Westley (1988), include nocturnal anthesis, drab coloration (i.e. 
white or green), musty smell, flowers often located on branches or tree trunks (cauliflory) or suspend-
ed on long stalks (flagelliflory), and tubular or radially symmetrical flowers, often of the ‘shaving brush’ 
type, that produce relatively large amounts of hexose-rich nectar.Two of the 18 currently recognized 
families of bats (Simmons, 2005) contain pollinator species, as thirty-six species of American 
leaf-nosed bats (Phyllostomidae) and twelve species of Old World flying foxes (Pteropodidae). For 
Solanaceae family, the genera as following are considered with bat pollination species, Markea, Datura, Merinthopodium, Solandra, Dys-
sochroma, Schultesianthus, and Nicotiana. (A) Glossophaga soricina about to visit a newly opened flower. Note the downward orientation of 
Dyssochroma viridiflorum flowers with both stamens and style exerted beyond the corolla opening, and whitish pollen from previous visits on 
the bat belly. (B)The same bat species clinging to an already visited first‐day flower. Note the bat left wing claw grasping the flower, the claw 
marks on the corolla, and the anthers touching the bat hind‐body. (C) Carollia perspicillata biting off a piece of a ripe fruit. Note the bat feet 
grasping the fruit. (D)Sturnira lilium about to bite off a piece of an already chewed fruit. Note yellowish white pulp and brownish, small seeds.
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Psychophily or pollination by butterflies occurs within a small population of flowering plants, but surpris-
ingly diversely across the world. Butterfly pollination is associated with the long proboscis on the but-
terfly that allows it to collect nectar from the flowers. In return the plants have coevolved specialization 
on butterflies by displaying unique characteristics such as nectar guides on petals, a narrow corolla 
tube with abundant nectar, and purple or red colored corolla that present a wide landing platform. (A) 
Hypolimnas bolina feeding on Brunfelsia calycina. (B)Brunfelsia calycina displaying a bright purple zy-
gomorphic flower with a narrow corolla tube, the opening of which is covered with the stigma and sta-
mens. (C)Hypolimnas bolina perching on the corolla of Brunfelsia calycina. (D)The brightly colored but-
terfly hovering over the dimorphic Brunfelsia calycina. A, C, and D are courtesy of jayjayc on Flickr. B 
is courtesy of guzhengman on Flickr. ` NSF


