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Abstract – Flowers with poricidally dehiscent anthers are typically nectarless but are avidly visited and often
solely pollinated by bees that sonicate the flowers to harvest pollen. Sonication results from shivering the
thoracic flight muscles. Honey bees (Apis) and the 4,000+ species of Megachilidae are enigmatic in their
seeming inability to sonicate flowers. The oligolectic megachilid bee Osmia brevis was found audibly
sonicating two of its beardtongue pollen hosts, Penstemon radicosus and P. cyananthus. The bees’ high-pitched
sonication sequences are readily distinguishable from flight sounds in audiospectrograms, as well as sounds
that result from anther rasping. Instead, floral sonication by O. brevis resembles the familiar sounds of
bumblebees buzzing, in this case while visiting P. strictus flowers.

Apiformes /Megachilidae / buzz pollination /Penstemon / floral sonication / pollen foraging / porose anthers

1. INTRODUCTION

The anthers of many species of flowering
plants do not freely shed their pollen, but rather
dehisce pollen through terminal pores, slits, or
valves that serve to limit the pollen accessible to
individual foraging pollinators. Dispensing pol-
len to sequential visitors can enhance pollen
dispersal and thus male fitness (Harder and
Thomson 1989). The widespread trait is report-
ed from 72 plant families representing about
7 % of flowering plants (Buchmann 1983; De
Luca and Vallejo-Marin 2013). A similarly
diverse group of bees, most notably the bum-

blebees, are known to sonicate these poricidal
anthers, as well as cones of introrse anthers, to
enhance their acquisition of pollen (Buchmann
1985; Buchmann 1983; De Luca and Vallejo-
Marin 2013).

Such sonication or “buzz pollination” is
achieved by rapid contractions of a bee’s
thoracic flight muscles (King et al. 1996). The
sound produced during floral sonication is
higher pitched and audibly distinct from that
of flight. For bumblebees (Bombus) and large
carpenter bees (Xylocopa), most of the sound
energy of sonication is in the second harmonic
frequency above that of flight sounds (King and
Buchmann 2003). The temporal patterning of
sonication is also distinctive from that of flight,
often consisting of stereotypical pulses or
prolonged bouts of buzzing (e.g., Cane and
Buchmann 1989).

Multiple representatives of all bee families
but the Megachilidae have well-documented
abilities to sonicate flowers (Buchmann 1983).
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Only two instances of floral sonication have
been reported from the Megachilidae, a large
bee family comprising one-fifth of all bee
species (4,125 described species) (Gonzalez et
al. 2012). Neff and Simpson (1988) reported
hearing several females of the leaf-cutting bee
Megachile mendica Cresson faintly buzzing the
porose anthers of Chamaecrista fasciculata
Michx. (Fabaceae). This legume is a classic
nectarless buzz-pollinated flower that is soni-
cated loudly by other visiting bees (Thorp and
Estes 1975). Dukas and Dafni (1990) mentioned
hearing an unidentified Hoplitis species buzzing
flowers of Trichodesma in Israel. No other
literature reports have been found.

Megachilids do harvest pollen from some
flowers with porose anthers. In particular, the
nectar-bearing species of Vaccinium (Ericaceae)
are worked for pollen by some species of
Megachile (Cane et al. 1996) and especially
Osmia (Torchio 1990; Rust and Osgood 1993;
Cane et al. 1985;Maeta et al. 1990b; Sampson et al.
2004; Stubbs et al. 1997). These megachilids use
their legs to stroke or drum the staminal column to
release blueberry or cranberry pollen, a foraging
behavior likewise employed by the honeybee, Apis
mellifera L. (Cane et al. 1993). Several of these
Osmia species are even Vaccinium oligoleges
(taxonomic pollen specialists) (Cane et al. 1985;
Rust and Osgood 1993; Stubbs et al. 1997) despite
their apparent inability to sonicate anthers.

Here, I report that a common Penstemon
oligolege, Osmia brevis Cresson, regularly
sonicates the anthers of at least two of its
natural hosts, P. radicosus Nelson and P.
cyananthus Hooker. The first acoustical record-
ings and audiospectrographs of floral sonication
for any megachilid are shown to be similar to
sonication of P. strictus Bentham by the much
larger bumblebee, B. nevadensis Cresson.

2. MATERIALS AND METHODS

2.1. Natural history and foraging
observations

Female O. brevis were observed collecting pollen
from flowers at two patches of P. radicosus growing

at the margins of two past wildfire near Tuscarora,
Elko County, Nevada USA on June 5–6, 2013. Later,
in July, female O. brevis also were observed
sonicating and their pollen foraging sounds recorded
as they visited flowers of P. strictus in mountain
meadows east of Logan, Utah USA. For comparison,
I recorded sounds of the bumblebee B. nevadensis
sonicating flowers of P. strictus in a diverse xeriscape
garden in Logan. Plant vouchers were deposited with
the Intermountain Herbarium and voucher bees were
placed in the collections of the USDA-ARS
Pollinating Insect Research Unit, both at Utah State
University in Logan.

2.2. Sound analysis

Foraging sounds of Osmia and Bombus at
Penstemon were recorded outdoors using a handheld
digital audio recorder (Model H2, Zoom Corp,
Tokyo, Japan). Sounds were amplified on the
recorder and exported to a computer as digital files.
Sound clips were edited and the displays optimized,
then analyzed from oscillograms, audiospectrograms,
and Discrete Fourier Transformation (DFT) using
RavenPro1.4 software (Bioacoustics Research
Program, The Cornell Lab of Ornithology, Ithaca,
NY).

3. RESULTS

3.1. Pollen foraging behaviors at Penstemon
flowers

On a calm, quiet morning, ten female O.
brevis were each followed for ten P. radicosus
flower visits. They audibly sonicated every one
of the 100 visited flowers that were observed;
most of the females also carried visible abdom-
inal scopal loads of pale Penstemon—colored
pollen as well. In mountain meadows east of
Logan, O. brevis audibly sonicated every visited
flower of P. strictus (no formal sample counts
kept) (Online Resource 1). At both species, the
sonicating females stood upright on the floor of
the floral throat, such that the dorsal surfaces of
the bee’s thorax were opposite and close to the
anther sutures of these nototribic flowers.
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3.2. Sounds of sonication

Floral sonication by O. brevis consisted of 1–
3 trains of brief pulsed buzzes while the bee
stands upright in a given Penstemon flower. The
acoustic frequencies of their buzzing sounded
much higher pitched than their flight sounds
(Online Resource 1). The audiospectrograms
show distinct differences between flight sound
and the intermittent sound pulses produced
during floral sonication at Penstemon.
Sonication sounds have many more overlying
harmonics running into the higher frequencies
(Figure 1). From the DFT trace, which plots
sound power (dB) against frequency, the dom-
inant sound frequency of O. brevis flight was
440 Hz, with slightly smaller peaks at 230, 680,
and 913 Hz. The bees’ sounds of floral
sonication were at higher pitches, the largest
peaks being at 1,360 and 1,800 Hz, with the
three next largest peaks at 918, 2,300, and
2,700 Hz. A similar dichotomy, but at lower
pitches, was evident in acoustical recordings of
the much larger B. nevadensis as it sonicated
flowers of P. strictus (Figure 1).

4. DISCUSSION

Several species of Osmia, including O. brevis,
are oligolectic for Penstemon. Tepedino et al.
(2011) reviewed the floral associations ofO. brevis
using published reports and museum collections.
They concluded that this specialist visits at least 42
species of Penstemon. No prior report mentions
sonication of any Penstemon species (or any other
flowering plant) by any Osmia species, however,
including O. brevis. Sonication of Penstemon by
O. brevis is not a novel trait of one population. The
behavior was observed for most or all floral visits
to two different species of Penstemon that were
400 km apart. Floral sonication of at least some
Penstemon hosts by O. brevis appears to be a
species-specific trait.

The sound produced during floral sonication
by bees is noticeably higher pitched than their
flight sounds. For Bombus and Xylocopa, most
of the sound energy is reportedly in the second
harmonic frequency above that of flight (King

and Buchmann 2003); the multiple harmonics
above this frequency have less sound energy
(De Luca and Vallejo-Marin 2013). Sonication
by O. brevis was consistent with this pitch
difference, its dominant harmonics during floral
sonication being threefold higher than those of
flight, as revealed by the discrete Fourier
transforms. These frequency differences, as well
as the temporal patterning of the buzzes
(Figure 1), make sonication sounds of O. brevis
audibly distinct from those of flight. By
comparison with audio recordings of Bombus
sonicating Penstemon flowers (Figure 1), it
seems evident that buzzing sounds produced
by O. brevis while harvesting pollen from
flowers of some species of Penstemon are
comparable and so generated by flight muscle
contractions as well.

Both O. brevis and the pollen wasp
Pseudomasaris vespoides remove pollen from
anthers of some Penstemon species by a second
mechanism, anther rasping. The wasp or bee
stands beneath the anthers and rapidly rocks to
and fro, its punctate thoracic scutum rasping
across the teeth of the anther sutures. The sound
resembles faint scratching of loosely held paper.
Though pulsed, it is audibly different from
buzzing and coincides with the visible rocking
behavior. Pollen rains out of the vibrated
anthers onto the insect’s dorsum. For P.
vespoides visiting flowers of P. cyananthus,
Torchio (1974) described the behavior as man-
ifesting from the wasp repeatedly head-butting
the vertical bend of the staminode (sterile
stamen) as it probes past the staminode to reach
the nectaries. Torchio (1974) described special-
ized hair arrays on the thoracic scutum to
receive the pollen. Comparable behavior by O.
brevis was readily seen and heard, but it is
rarely mentioned and not yet described in the
literature, despite reports that the thoracic
scutum of O. brevis carries more Penstemon
pollen than any other body part (Tepedino et al.
1999). Inasmuch as the much smaller bee
visibly worked first one and then the other pair
of anthers (Tepedino et al. 1999), anther rasping
by O. brevis may involve more than a struggle
to reach the nectaries.
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It seems likely that O. brevis will be found
sonicating additional Penstemon species. Both
of the sonicated hosts reported here present
mid-sized blue flowers, common traits for
P e n s t e m o n s p e c i e s ( N o l d 1 9 9 9 ) .
Taxonomically, P. radicosus belongs to section
Penstemon, P. cyananthus to section Glabri.
Anther morphologies differ between these two
sections; those of P. radicosus dehisce along
their full length but do not open widely, whereas
those of P. cyananthus dehisce only from their
distal ends (Nold 1999). In the PIRU collec-
tions, host labels for O. brevis include 16 other
Penstemon species in these two sections alone.
Close observation of pollen foraging O. brevis
at additional Penstemon species is needed,
distinguishing between floral sonication, anther
rasping, or clear absence of these audible

foraging behaviors. Less common Penstemon
specialists (e.g. O. penstemonis) should be
included, as should several other Osmia some-
times common in Penstemon guilds (e.g. O.
ednae) (Tepedino et al. 1999).

The near absence of floral sonication among
species of Osmia is not for the lack of
evolutionary opportunities. Admittedly, many
of the plant species with porose anthers are
tropical (Buchmann 1983), whereas the genus
Osmia is Holarctic, largely exclusive of the
warm deserts (Michener 2007). Nonetheless, the
Ericaceae is rich in species with porose anthers,
especially the genus Vaccinium (blueberries,
huckleberries, cranberries, etc.). Many of these
occur in north temperate regions, where their
flowers are sonicated by diverse bee species,
especially bumblebees. Species of Osmia are

Osmia brevis at Penstemon cyananthus

Bombus nevadensis at P. strictus  
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Figure 1. Audiospectrograms from sound recordings of Osmia brevis sonicating flowers of P. cyananthus
(upper trace) and Bombus sonicating flowers of Penstemon strictus (lower trace). The labels refer to flight (F)
and sonication (S) sounds. A dashed reference line is provided at 1,500 Hz.
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often present but rarely common at Vaccinium
flowers (reviewed in MacKenzie and Eickwort
1997), foraging for both nectar and pollen
(Maeta et al. 1990a; Cane et al. 1985). A few
Osmia are even Vaccinium oligoleges (Rust and
Osgood 1993; Stubbs and Drummond 1997)
and effective blueberry pollinators (Stubbs and
Drummond 1997). These Osmia have never
been reported to audibly sonicate ericaceous
flowers for pollen. Rather, species of Osmia
(and Megachile and Apis) dislodge pollen by
using their legs to stroke or drum the column of
Vaccinium anthers (Torchio 1990; Cane et al.
1985; Cane et al. 1996; Cane et al. 1993), a
behavior that precludes a stance for effective
sonication.

Some other Holarctic plant genera of other
families commonly sonicated by bees include
Bo rago , Dode ca t h e on , Ped i c u l a r i s ,
Polygonatum , Pyrola , Symphytum , and
Trichodesma, as well as northern representatives
of some mostly tropical buzz-pollinated floral
genera (e.g. Chamaecrista and Rhexia).
Bumblebees regularly visit and buzz flowers of
most of these taxa, often acquiring the pollen
ventrally (Corbet et al. 1988; Larson and Barrett
1999; Knudsen and Olesen 1993). Often, they are
joined by other bee taxa, but never by co-
occurring Osmia (Macior 1964; Macior 1973;
Macior 1993; Larson and Barrett 1999; Knudsen
and Olesen 1993; Dukas and Dafni 1990). The
one exception is Pedicularis semibarbata. Its
flowers are not rostrate and therefore do not need
to be vibrated to release pollen. It is visited solely
by Osmia tristella, which does not buzz its
flowers (Macior 1977), consistent with the gener-
alization that Osmia species do not visit classic
buzz-pollinated flowers.

The regular sonication of flowers of several
species of Penstemon at distant locations by O.
brevis suggests that this is a species-wide behav-
ioral trait. Was the behavior lost in an ancestral
Osmia, only to be derived anew in a single species
oligolectic for a plant genus with flowers atypical
among buzz-pollinated flowers? Perhaps it is a
novel trait of O. brevis that has facilitated its
radiation onto a number of beardtongue hosts. It
nonetheless seems enigmatic that species of

Osmia either eschew visiting flowers with porose
anthers altogether (those with anther cones) or
harvest their pollen through seemingly inefficient
anther stroking using their legs (e.g., Ericaceae).
Despite the many studies of Penstemon pollina-
tion and the prevalence of Osmia in many of its
floral guilds [half the bees collected at Rocky
Mountain beardtongues (Clements and Long
1923)], floral sonication by O. brevis had not
been reported before. It seems reasonable that
vibratile pollination by some other species of
Osmia also has been somehow overlooked and
therefore awaits documentation.
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L’abeille oligolectique Osmia brevis collecte le pollen
des fleurs de Penstemon par sonication: un
comportement nouvellement mis en évidence pour
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