Pollen of Myosotis alpestris
Photo courtesy of O. Aguado
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Who Controls Whom? The Marvelous Evolutionary Alliance
Between Flowers and Pollinating Insects. Part 1

Wild bees contribute significantly to the
biodiversity of terrestrial ecosystems.
Thanks to their range of body sizes, foraging
behaviours, and preferences for specific
flowering plant species, wild bees deliver

a sophisticated and efficient pollination
network. The wide foraging ranges of many
wild bees facilitate gene flow between plant
populations, promoting genetic diversity,
supporting resilience, adaptability, and long-
term survival of plant species in the face of
environmental change. Wild bees also play
arole in improving ecosystem resilience in
agriculture crops.

But today, wild and agricultural pollina-
tors are declining dramatically worldwide
in what has become known as the “insect
apocalypse.” Pollinator decline can lead to a
loss of pollination services, affecting conser-
vation of wild plant diversity, the stability
of terrestrial ecosystems, agricultural
production, food security, and human well-
being. By conserving wild bees, we conserve
ourselves.

Humans love flowers. We grow them,
display them, buy them, and they have
inspired artists and also scientists in disci-
plines as varied as botany, floral structure,
floral ecology, and more recently, applied
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molecular genetics. But they are not just
fascinating to us. Behind their vibrant colors,
enveloping aromas, and seductive shapes
lies one of nature's most brilliant and
complex evolutionary strategies: a mutu-
alistic collaboration between plants and
animals that has radically transformed the
planet. But do plants manipulate animals
to survive and diversify? Or have insects
guided floral evolution and diversification
with their preferences and habits?

The appearance of flowers was a revolu-
tion in the history of life. The first terrestrial
plants, some 470 million years ago, did not
have flowers. They were gymnosperms
that include modern pines and yews, and
their mode of reproduction depended on
wind or water. It wasn't until about 125
million years ago, in the middle of the Early
Cretaceous, that the first flowering plants
or angiosperms emerged. But they didn't
just emerge; in just 40 million years, they
conquered the plant world, displacing
gymnosperms and colonizing virtually all
terrestrial ecosystems, surpassed only by
arthropods in the number of species. This
expansion was so rapid and inexplicable
that Charles Darwin called it the "abomi-
nable mystery," and to this day, it remains



one of the greatest examples of adaptive
radiation in the history of terrestrial biology
(Figure 1).

The recognition that animal pollination
was essential for reproductive success in
many plants was not acknowledged until
after the 18th century through the work of
two German botanists, Joseph Koelreuter
who fought the contemporary botanists’
repudiation of plant sexuality, and later
Christian Sprengel who is recognized as the
father of modern floral biology and pollina-
tion biology. Darwin subsequently studied
how “orchids had changed various parts of
their flowers to attract, entice, trick, and
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otherwise lure insects to move pollen from
one flower to another.”

Gymnosperms have ovules protected
by modified leaves, called bracts, that are
freely exposed, allowing wind pollination.
Angiosperms protect their ovules inside
the ovary, which increases reproductive
success but complicates fertilization - wind
and water are no longer effective options -
necessitating new agents and systems for
pollen transport. (Figure 2).

The angiosperm flower allowed plants to
shift from pollination dependent on chance
to one primarily oriented toward attract-
ing insects, significantly increasing the
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Figure 1: Plant diversity along the geological eras, from various sources.
Designed by the article’s authors.
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probability of pollen transfer and ensuring
cross-pollination for plants. A sophisticated
evolutionary race began, leading to floral
morphological diversity. Flowers incorpo-
rated new innovations to seduce pollinators
and stand out from the monotony of the
green vegetation. Plants first coated their
pollen grains with a sticky coating, increas-
ing the size of the pollen, and making it a
highly prized food. To further increase this
attraction, the styles of the female flowers
began to secrete sweet liquid substances
and sugars in the form of nectar. Later,

the anthers and pollen grains acquired a
pleasant, irresistible scent, while the flower

Types of pollination
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Hydrophily: water
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Mammals: Bats, foxes, lemurs,... J
Ornithophily (5%): Birds ”‘2

Entomophily: Insects (82-90%)

Avrtificial: honey bee and manual

Saurophily: Reptiles

Melittophily: Hymenoptera: Bees, bumblebees and Wasps + 70,000 spp
Psycophily: Lepidoptera: Buterflies and Moths + 140,000 spp

Myophily: Diptera: Flies + 5,000 spp

petals began to adopt colors and shapes
that made them stand out from their
surroundings, even from a distance. Shapes,
colors, and scents, in short, are sophisticated
anatomical, structural, and chemical strate-
gies that represent a conscious mutualistic
process (Figure 3). We can interpret these
innovations as truly collaborative, manipula-
tive, win-win plant marketing — coevolution
based on the exchange of multiple adver-
tising appeals: nectar, oils, pollen, colors,
shapes, symmetries, and grip, tailored to the
consumer's taste.

Pollen, due to its abundance and chemi-
cal composition, constitutes a food source
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Figure 2: Types of pollination and their agents.
Source: several authors. Design by M.Quirds.
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with high energy potential for pollinating
insects. The nutritional value of pollen
varies depending on its origin and its chemi-
cal composition varies depending on the
plants from which it comes, although it typi-
cally contains proteins, sugars, amino acids,
starch, lipids, carbohydrates, and minerals,
in addition to being rich in vitamins B, C, E,
and H. They owe their color to the presence
of carotenoid and flavonoid pigments, and
they also display a diverse appearance,

with spherical, cylindrical, ellipsoidal, and
polyhedral shapes. But the design does not
end here, as the pollen of entomophilous
flowers has spikes, thorns, and irregularities,

elements that, together with sticky coatings
of pollen cement or viscin threads, facilitate
the adhesion of grains to the bodies of
insects, similar to the popular VELCRO®.
These aspects are truly exceptional consider-
ing the size of the pollen grains, ranging
from 0.025 mm, like those of Myosotis
alpestris (the flower of desperate love or the
eternal lover), to 0.24 mm, like those of the
zucchini or Cucurbita pepo (Images 1and 2).
Cross-pollination (the transport of pollen
from one individual to another by an animal,
as opposed to self-pollination) increases
the amount of recombination within the
plant genome and therefore the speed of

no flower
Gymnosperms 4 ) )
L abiotic no atractive for animals
= RANDOM Nl 7 no flavour
pollination B no nectar
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most are generalists but there are also specific pollinators

POLLEN several proteins and vitamins, carbohydrates; simple sugars; pectin, and other polysaccharides; fats, ...

SCENTS irresistible atraction,...

MNECTAR watery solution of sugars, traces of proteins, salts, acids, and essential oils.
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Figure 3: Various characteristics of plants and flower strategies to attract pollinators.

Source: several authors. Design by M.Quirds.
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Image 1: Pollen of Myosotis alpestris.
Photo courtesy of O. Aguado
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Image 2: Zucchini pollen on checkered beetle Mylabris variabilis.
Photo courtesy of O. Aguado
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angiosperm evolution, as well as prevent-
ing long-term genetic drift (Glover, 2014).
Compared to self-pollination or random
pollination in gymnospermes, this represents
a major evolutionary advance. The flower

is adapted to maximize cross-pollination,
allowing genes from different individuals

to mix with other individuals within the
species, increasing genetic variability and
the species' evolutionary chances of survival
(Figure 4).

Animals, and especially insects, also
evolved in this process. They adapted
anatomically, specializing in accessing floral
rewards. In some cases, the relationship

CROSS POLLINATION

Stamen ar

Pollen e _
- Insect pollinator

kY \*ﬂ vector
L < '. stigma (bearing pollen

is so close that one plant species depends
exclusively on one insect species (obligate
mutualism), and vice versa, although
generalist pollination prevails. In the next
installment, we will share some strategies
of pollinators, primarily wild and solitary
bees, the group that represents the greatest
success in animal pollination and on which
numerous valuable ecosystem services
depend. We will explore how sets of flower
characteristics or “flower syndromes” help
us identify potential pollinators, and how
ultraviolet light, invisible to humans, reveals
an unseen world. x

Figure 4: Cross pollination process until fertilization in angiosperms by a Hymenoptera (Genus Andrena).

Photo courtesy of O. Aguado
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