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Also, a new Wikipedia page



Some of my Earlier Bee Books
(teen reader edition) (a children’s book)



I take pleasure in 
dedicating this talk to the 
late Charles  Shipman, 
Geophysicist, Biological 
Technician

I was honored to be Charle’s supervisor at the 
USDA-CHBRC in Tucson for 22 years, publishing 
many papers together. 

Charles earned a degree in Geophysics from Stanford University
before joining the Tucson bee lab working with Joe Moffett.



Rise of Flowering 
Plants & Pollinators

Just look at the pale green 
vertical column. 

Notice how all these pollinator 
groups exploded in biological 
diversity along with the rise of 
the flowering plants!

*Coevolution & speciation



Bee Diversity

Arizona has ~ 1,300 native bee species



7 Bee Families, 500 Genera &
26,000 described species. 

Bee Origins: ~124 Mya. Early Cretaceous
In West Gondwana prior to break-up into
South America and Africa. Bees preferred
Xeric (dry) areas then and now.



Bee Origins: 
Cretaceous Thrips-
hunting Wasps



Apis (Cascapis) nearctica, Engel, Hinojosa-Diaz, 
and Rasnitsyn, sp. nov. 

An actual honey bee in 
America! (12 mya)



A Typical Ground-Nesting Bee Life Cycle

Mating here



Most Bees Are Solitary Ground Nesters

• Probably 90% of all bees nest in bare flat ground, or in banks or cliffs. 
• About 10% nest in larger hollow cavities (trees, rocks), or in hollow or 

pithy twigs. Honey bees, bumblebees, leafcutter bees. 
• Some make pebble and resin nests (Anthidiellum etc.).
• Other bees locate abandoned beetle burrows and move in as ”renters.” 

They can’t dig their own nests in the wood like carpenter bees. These 
include leafcutter bees (Megachile, Osmia, Hoplitis, Chelostoma), and 
resin bees (e.g. Heriades).
• About 10% of bees make no nests (they are cleptoparasitic “cuckoo” 

bees that invade the nests of other bees. Think of cowbirds.





Back to Buzzing & Vibrations: 
Why Buzz?

• To stay warm (shivering flight muscles). 

• To incubate brood (Bombus queens).  

• To perform work (digging nests). 

• A by-product of airborne flight sounds. 

• Defensive (alarm buzzes) when caught  
by a bird, or pesky researcher. 

• Communication,  Apis waggle dance, 
Bombus, Melipona (intracolonial 
foraging signals).





Non Bees that 
Sonicate 
(extremely rare!)

• Syrphid (flower flies): Copestylum 
mexicanum, Ornidia obessa, Aneriophora 
aureorufa.
• Masarid (pollen) wasps: Pseudomasaris, 

but needs confirmation.



Floral Sonication by Female Bees

• Females bite into anthers and hang on. Leaves 
brown marks “bee kisses” on anthers. 

• Bees curl over pores. Pollen strikes legs and 
metasoma. Groom pollen into scopa while 
hovering or hanging by a leg.   

• Bees vibrate during each bite. Buzz, move to  
new anther, buzz again. Deliver up to 30 G 
acceleration to pollen. 

• Buzzes are 220 - 280 ms long. In the lab,   
400+ buzzes in 200 seconds (B. impatiens on 
Solanum). Pollen ejected during first 3 - 5 
buzzes or so. 



Vibrational Power Plant!
The Indirect Flights Muscles: Bees are Living Tuning Forks)

*Wings are uncoupled during floral buzzes 
and do not flap.

Dorsal longitudinal muscles & dorsal ventral muscles



A typical set of floral 
sonicatory buzzes 
(B. terrestris on Solanum 
rostratum). 

(a) waveform, 4 buzzes 
(b) expanded view, 2nd buzz 
(c) Power (Fast Fourier 
Transform) spectrum of 2nd 
buzz.

*The fundamental (or peak 
freq.) is 300 Hz. 

Note, five harmonic 
frequencies up to 2,000 Hz



Bombus impatiens vibrating anthers of Solanum elaeagnifolium in 
laboratory foraging arena.



A closer look



I always believed Floral Sonication was 
Learned (Wrong!, its innate….)

But the latency to begin sonicating 
decreases with experience

By the 2nd floral visit, 
the latency to sonicate 
is at its minimum

Karl Foord

Avery Russell experiments with naive lab-reared 
Bombus impatiens



What Floral Cues Elicit Buzzing: Visual, Tactile, 
Odors?

• 300 anthers into pentane solvent for 5 min 

• Applied at 6x single flower  

    equivalent to surrogate  

    yellow foam anthers

Anther Solvent Extracts

Bees Land and Buzz Extract-Treated 
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0

20

40

60

80

100

Anther Extract Pentane

Naïve Bees, n=11
Exper. Bees, n=16

Target Type
La

n
d
in

gs
 (

P
er

ce
n
t)

 +
 S

.E
.

Student’s T-test, p< 0.01



A First Biophysical Model of Pollen Ejection During Buzz 
Pollination (Buchmann & Hurley, 1978)

Buchmann, S.L., J.P. Hurley. 1978. A Biophysical Model for 
Buzz Pollination in Angiosperms. J. theor. Biol. 72:639 - 
657. Never mind the math!



New (2024) Pollen Expulsion Biophysics Modelling from 
Jankauski lab (MSU, Bozeman)

Model system: 10,000 
pollen grains inside one 
anther. Virtually all grains 
expelled in 0.5 second.

By: Caelen Boucher-
Bergstedt, Mark 
Jankauski, Erick Johnson

bioRxiv preprint doi: https://doi.org/10.1101/2024.08.01.606085



With a new NSF engineering grant in the Jankauski lab, 
we are investigating vibrations made by bees and 
delivered to anthers. 

Mark Jankauski 
(MSU, Bozeman

Jankauski, Cox, Johnson (Mont. State Univ) & Buchmann 
*A new $750K NSF 3 yr. grant to examine Solanum anther biomechanics.



Jankauski, Casey, Heveran, Busby, Buchmann. 2022. Carpenter bee thorax vibration and force 
generation
Inform pollen release mechanisms during floral buzzing. Scientific Reports, 12(1):12654.



From: “What a Bee Knows”

• Bees are self-aware, they’re sentient and likely have a primitive form of 
consciousness.

• They solve problems and can think. Memory can last days. 

• May have a simple form of subjective experiences.

• They can discriminate between complex geometric shapes, even 
recognizing human faces.

• Bees can count, use tools, have spatial memory and can learn to 
navigate mazes. Bees have selective attention. 

• Bees learn to associate colors and odors with rewards.

• Can seemingly plan ahead (resin mines or biting leaf holes). 



Another Bee Vision Super Power:
“Flicker Fusion Frequency” 
• Bees see their world while flying fast (15 mph). For 

us, still images projected on a movie screen only 
need to be shown 20 – 24 fps, and they appear as 
continuous motion. 

• For a bee, you would need to speed up the projector 
to about 200 to 250 fps. A movie-goer bee would be 
bored.

• Next time you try to swat a fly, remember that you 
are moving in slow motion and its easy for the fly to 
escape. 



Bees Sleep
• Bees sleep a lot. 
• They have characteristic sleep 

postures, body parts droop with 
respect to gravity. 

• Memories are likely 
consolidated during their sleep 
periods. 

• We are far from understanding  
what happens when humans 
sleep!



Do Bees 
Dream?

• We don’t know. No current way 
to do a mini MRI on their brains 
during sleep. 

• I’d like to think they might 
dream. Perhaps about a rich 
field of flowers and its tasty 
delights…



From the TV Series P L A N E T  I N S E C T  (Curiosity Stream)





Habitats for Beemanity!
(Tucson Botanical Gardens)

• Several years ago I was honored to 
work with Tucson landscape 
architect and bee lover Greg Corman 
to create a solitary bees habitat at 
TBG.





Solitary Bees Need Gut 
Microbiomes (bacteria, fungi) 
Just Like Us… to Stay Healthy



Bee Brood Cells Contain Pollen + Nectar,
sometimes floral oils & lots of microbes!



Bacterial cells on outside of pollen grain



Functions in bee biology and health

• Pathogen protection (bacterial, fungal, potentially RNA viruses)
• Protection against bacterial pathogens (H. alvei, E. coli)
• Protection against Crithidia bombi, Bombella apis. Specific 

antifungal metabolites.
• Unclear: protection against Vairimorpha (formerly Nosema). 
• Role in development and behavior





Lactic Acid Bacteria 
in Ptilolossa Bees

• *Some of the same bacteria found in your breakfast 
cup of yogurt.

I’m part of a Brood Cell Microbiome Research Group at Cornell, UA, UW, UCSD, UCR, UCD





Microbes: the ”silent third partners” of bee-
angiosperm mutualisms





Annual cycling & movement of bee, microbes, 
flowering plants



Martha Gilliam, honey bee microbiologist

• 1980’s, Martha Gilliam, Brenda Lorenz, Buchmann, Roubik
• Gilliamella apicolla named in her honor, 2012
• 1980’s, Klungenness, Peng (UCD)
• Later, Kirk Anderson at CHBRC, Apis results 
• Controversy about whether microbes “pre-digest” pollen in bee 

bread, or if its just a preservational environment due to nectar etc. 
• Role of probiotic supplements not clear (at least not yet)
• Recent summary paper by Erick Motta and Nancy Moran









Bee Questions
for me?

Oil-collecting bee: Centris caesalpiniae






