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EXTENDED ABSTRACT

Problem statement

Body size is an important trait linking pollinators and plants. Morphological matching
between pollinators and plants is thought to reinforce pollinator fidelity as the correct fit
ensures that both parties benefit from the interaction (Solis-Montero, & Vallejo-Marin, 2017).

Purpose/objectives

We investigated the influence of body size in a specialized pollination system (buzz-
pollination) where bees vibrate flowers to release pollen concealed within poricidal stamens
(Buchmann, 1983; De Luca & Vallejo-Marin, 2013). Specifically, we explored how body size
influences the frequency of buzz-pollination vibrations. Body size is expected to affect
frequency as a result of the physical constraints it places on the indirect flight muscles that
control the production of floral vibrations (King & Buchmann, 2003). Larger insects beat their
wings less rapidly than smaller-bodied insects when flying (Unwin & Corbet, 1984), but
whether similar scaling relationships exist with floral vibrations has not been widely
explored. This is important because buzz pollinated flowers are hypothesized to be sensitive
to certain frequencies that maximize the release of pollen from anthers (Harder & Barclay,
1994). Therefore, if body size affects the range of frequencies a bee may generate this
could limit the types of potential floral hosts that could be visited (Corbet & Huang, 2014).

Design/methodology/approach

The production of floral sonication vibrations results in an audible sound as a by-product of
the vibrations radiating off the exoskeleton of the bee and into the surrounding air
(Buchmann, 1983). Accordingly, a microphone can be used to record these sounds which
can then be analyzed for their spectral and temporal parameters which serve as reliable
proxies for the true vibrational properties (De Luca, Giebink, Mason, Papaj, & Buchmann,
2018). We conducted a field study in three ecogeographic regions (alpine, desert,
grassland) and recorded flight and floral vibrations from freely foraging bees using a digital
audio recorder. We then measured the duration and fundamental frequency of floral
vibrations and the fundamental frequency of flight vibrations with specialized sound analysis
software (Audacity v.2.1.3). We also captured bees after recording for identification and to
make body size measurements. We used inter-tegular distance (ITD) as a proxy for bee
body size (Cane, 1987). We analyzed the relationship between body size and frequency
(both flight and floral) and between body size and buzz-ratio (the ratio of flight/floral vibration
frequency). Statistical analyses were conducted using R v. 3.5.1.
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Main findings

We recorded a total of 659 floral vibrations and 352 flight vibrations from 115 bees
representing 23 species. We found that floral vibration frequencies were significantly higher
than flight frequencies, but never exceeded 400 Hz. Also, only flight frequencies were
negatively correlated with body size. As a bee’s size increased, its buzz-ratio (floral
frequency/flight frequency) increased such that only the largest bees were capable of
generating floral vibration frequencies that exceeded double that of their flight vibrations.

Practical/theoretical implications

These results indicate that body size does not constrain floral vibration frequency, therefore
smaller bees are able to produce floral vibrations with the same frequency range as larger
bees. However, size does influence the capacity of smaller bees to raise floral vibration
frequencies substantially above flight frequencies. As a result, smaller bees may be at a
competitive disadvantage because even if they use the same frequency to vibrate a flower
as a larger bee, their inability to achieve high thoracic displacements as larger bees would
result in floral vibrations having lower peak amplitudes. This may result in less pollen being
ejected for the same foraging effort.

Originality/value

This is the first study to simultaneously investigate body size effects on buzz-pollination
behaviour in multiple eco-geographic habitats. Furthermore, the similar patterns we
observed across the three habitats are congruent with results from other studies conducted
in a neotropical habitat (Burkart, Lunau, & Schlindwein, 2011; Rosi-Denadai, Araujo, de
Oliveira Campos, Cosme, & Guedes, 2020). Taken together, these studies reveal that body
size is not a strong determinant of vibration frequency which may allow bees greater
flexibility in producing a range of floral vibrations to suit particular foraging conditions. Our
study also adds much needed empirical data on buzz-pollination vibrations for under-
represented bee taxa, especially within the Halictidae.
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Paul Anthony De Luca received his B.Sc. in Biology (1995) and M.Sc. in Zoology (1997) from the
University of Toronto Mississauga where he studied insect vibrational communication. In 2000 he
joined The College of The Bahamas (now University of The Bahamas) as a lecturer. In 2002 he
began doctoral studies in insect behaviour at the University of Missouri. He graduated in 2007
and began Post-doctoral research in 2009 at the University of Toronto Scarborough where he
studied arthropod communication.

In 2011, Dr. De Luca returned to The College as assistant professor in Biology and completed a
two-year contract. In 2013, he accepted a position as lecturer at Ithaca College in Ithaca, New
York, where he remained until 2016 when he returned to The Bahamas.

Dr. De Luca is currently engaged in two research programmes at UB. He studies the ecology of
buzz pollination in bees and plants with collaborators in Canada, Scotland and the United States
and he investigates arthropod biodiversity in The Bahamas in collaboration with the Bahamas
National Trust.

Dr. De Luca is an avid entomologist and is currently working to develop a national insect collection
that will be housed at UB. He has received financial support from the Annual Fund for this work
and UB students from Chemistry, Environmental and Life Sciences will be involved in the curation
and maintenance of the insect collection.
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