BEE VIBRATIONS ON
FLOWERS: A STUDY

OF BUZZ POLLINATION

from flowers, fertilising them in the process.
Despite the fact that buzz pollination has
been known for almost a century, we are
continuously learning how flower and bee
traits, such as their biomechanical qualities
and bee behaviour, influence pollen release
and collection, and ultimately plant and
pollinator fitness. The study of buzz pollination
has recently sparked a surge of interest,
ranging from recording the macroevolution

and behaviou both field and laboratory
settings. More broadly, buzz pollination allows
researchers to look into basic evolutionary
questions such as the origin and demise of
complex floral adaptations, the convergent
evolution of flower form and function across
plant families, evolutionary biomechanics, the
evolutionary ecology of pollen rewards, the
balance between antagonistic and mutualistic
interactions between plants and pollinators,
and fundamental questions about learning and
memory.

BUZZ POLLINATION: INTERACTION
BETWEEN BEES AND FLOWERS

Bees have evolved the ability to make vibrations when visiting flowers on multiple occasions
during their evolutionary history, however not all bees can use vibrations to obtain pollen. Thus,
distinguishing between the behaviour (creating vibrations on flowers or floral vibrations), the
reliance on vibration-generating bees to set seeds (buzz-pollinated plants), and the pollination
type or syndrome is critical (buzz pollination). Buzz pollination is a bee-flower interaction that
combines two related but distinct phenomena: (1) bee vibration production and (2) the impact of
those vibrations on pollen release.

Anther cone

BEE VIBRATIONS

Floral vibrations are affected by bee species,
shape, and behaviour:

The mechanical parameters of vibrations
are influenced by bee features like as species
identity, individual size, and behaviour.
Vibrations are produced by bees in a variety
of situations, including communication,
defence, and pollen gathering. Despite the
fact that these various vibrations are produced
by the same process of thoracic muscular
contractions. Even while visiting the same

Buzz pollination is the interplay between plants with distinctive flower morphologies and a specific
sort of behaviour exhibited by some bees—bees are the only creatures that harvest pollen using
vibrations. Although bees harvest pollen from flowers of various morphologies using vibrations,
most of these flowers feature poricidal anthers, which are found in about 6% of angiosperm species
across many families. Buzz-pollination is best understood as a type of functional specialisation
in which pollen release is limited by changes to the stamens and, in certain cases, other floral
components.

Although vibration-producing bees are thought to pollinate plants with poricidal anthers the
most frequently or exclusively, bees employ vibrations to harvest pollen from a variety of blooms.
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plant species, bee species fluctuate in the
frequency of floral vibrations they create, and
the same bee species produces vibrations of
varying frequency and length when visiting
various plant taxa.
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CHARACTERISING FLORAL
VIBRATIONS

The audible component, or "buzz," that may be heard when a bee vibrates a flower gives buzz
pollination its name. As a result, the behaviour of bees vibrating while gathering pollen from
blossoms is commonly referred to as sonication. Although it was previously thought that pollen
release was caused by a combination of "acoustic turbulence" and anther vibrations, sound is
merely a by-product of the bee's vibrations and has no bearing on pollen extraction. The
vibrations produced by the thoracic muscles are conveyed to the flower by direct physical contact
of the bee's head, thorax, abdomen, and to a lesser extent the legs with the flower. When studying
pollen extraction, the word "sonication" (using sound to agitate particles) may be deceptive, and
“floral vibrations" or "vibrations on flowers" may be preferable. Buzz pollination, in any event, is a
vibrational process with both auditory and substrate-borne components.

BEE VIBRATIONS: ACOUSTIC AND
SUBSTRATE-BORNE COMPONENTS

Floral vibrations are quite complicated. Bees produce vibrations during pollen gathering that can
range from a single continuous vibration lasting a few seconds to many brief vibrations lasting
a few tens to hundreds of milliseconds. For the sake of clarity, a "buzz" can be defined as an
unbroken vibration, regardless of duration. Floral vibrations have a fundamental frequency (100-
400 Hz) that often corresponds to the peak or dominant frequency, as well as many harmonics
of rapidly decreasing size. The stiffness, mass, and material features of the flower determine the
characteristics of the vibrations experienced by the anthers, which should alter as the bee adjusts
its grasp on the flower. Bees on flowers produce vibrations that can be described acoustically
or as substrate-borne vibrations on the flower, and both can be described using the same basic
oscillatory movement parameters (frequency, amplitude, duration). However, acoustic and
substrate-borne vibrations may not always have the same qualities, especially when it comes to
energy transmission to the substrate. For example, bee vibration frequency and duration may
be accurately approximated using either acoustic or substrate-borne components, but vibration
amplitude is poorly associated between acoustic and plant-borne components.

We have made significant progress in studying
v I B R AT I o N s 0 N the biomechanics, ecology, and evolution of
buzz pollination in recent years, but two areas
remain in their infancy: (1) experimentally
P o l L E N R E L E A s E testing evolutionary theories on the evolution

and adaptive significance of buzz pollination,

and (2) developing our understanding of buzz
pollination's evolutionary biomechanics. The

IMPACT OF

The pollen grains should be expelled out
of the apical pore due to centrifugal forces

created by the anther tip's acceleration during
vibrations, according to theory. Pollen grains
are discharged as a result of kinetic energy
transmitted from the vibrating anther's
interior walls to the pollen grains via elastic
collisions. Pollen ejection is a function of
anther geometry as well as the frequency and
amplitude velocity of the anther's vibrations. In
addition to mechanical impacts, electrostatic
interactions between pollen grains and anther
walls have been reported to play a substantial
role in pollen expulsion from anthers.

first area will necessitate, among other things,
estimating the fitness consequences of various
floral and bee traits under field-realistic
settings. The second will necessitate connecting
pioneering work on buzz pollination
biomechanics with a deeper understanding of
bee vibrations and vibrational qualities of plant
structures, which is a topic in the emerging
science of biotremology that is undergoing
rapid development. We have the opportunity
to move buzz pollination from a discovery
phase to a more mature, predictive science
by combining the fields of animal behaviour,
floral evolution, and biomechanics.
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