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How Tom Seeley Discovered Ways That Bee Colonies Make Decisions 
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 Here is one of the great stories in biology: how 
honey bees swarm, find nest sites, choose among them 
and resettle.1 It is a hard-won tale of scientific 
discovery, painstakingly pieced together one bee at a 
time over decades and told in a wondrous new book, 
Honeybee Democracy by Thomas Seeley.2 
 Seeley, an entomologist and professor in the 
Department of Neurobiology and Behavior at 
Cornell University, is also, as our luck would have it, 
a gifted storyteller. He is in a lineage of honey bee 
researchers who approach their work as ethologists – 
scientists who prize field work over the lab. An 
originator of that perspective was Karl von Frisch, an 
Austrian biologist who deciphered the bee dance 
language in 1944, for which he was eventually 
awarded the Nobel Prize. His student at the 
Zoological Institute in Munich, Martin Lindauer, 
began the investigation of swarms in the 50’s that 
Seeley has continued since 1974. 
 It has long been known that colonies of bees cast swarms, most often in the spring. 
About a third of the colony remains to rear a new queen and the old queen leaves with a swirl of 
some 10,000 bees, pausing to hang in a cluster before moving on to a new nest. How does this 
happen? No one knew. 

 Lindauer happened on a swarm and stopped to watch it. He 
saw bees dancing on the surface, much in the manner of the foragers 
he had been studying with von Frisch.  But these bees did not have 
pollen loads or offer drops of nectar to other bees. What’s more, they 
were dirty with soot or brick dust from the bombed-out city. Could 
the dancing bees be nest scouts reporting their finds in the way that 
foragers report food sources? He started to look for answers, as he’d 
learned from von Frisch, with a period of watching and wondering. 
He marked large numbers of dancing bees in a swarm with a 
laborious coding scheme of multiple colored dots. He observed them 
for days, noting the direction and distance of each dance for a dozen 
or more different sites until, just before departure, all the dances 
pointed to the same destination. He raced through the city to find 
nest sites mapped by the bees, and he found them; the dancers were 
indeed scouts. 
 

Tom Seeley speaking on 

his new book, 

Honey Bee Democracy, 

at the California 

Academy of Science 

in October, 2010. 

P
h
o
to

: 
Je

rr
y 

D
ra

p
er

 



 Lindauer went on to show that the scouts make a group decision to select 
the optimal site. It was a pioneering discovery in behavioral biology --  
collective intelligence in non-human animals, greater than that of the individual. 
Lindauer left a “solid foundation of knowledge” that Seeley acknowledges as 
the genesis of his work. 
 Seeley was born in the second summer of Lindauer’s swarm studies and 
grew up in upstate New York, watching and wondering in the wilderness near 
his home. He was “mesmerized by the intricate behaviors of the individual bees 
and by the peace of their great community.” In college, he majored in chemistry 
with the thought to someday decode the pheromonal signals of the bees. During 
summers, he worked at the Dyce Laboratory for Honey Bee Studies at Cornell University 
directed by Roger A. Morse. In 1974 he began graduate studies in entomology at Harvard. His 
thesis advisor, Bert Hölldobler who had studied under Lindauer, had been brought to the 
University to introduce ethology -- a seismic shift in the study of biologic science. 
Hölldobler, together with E.O. Wilson, described the approach as: 
 

a thorough, loving interest in -- a feel for -- the organism, especially as it fits into the 

natural environment.  Learn the species of your choice every way you can, this whole-

organismic approach stipulates. Try to understand, or at the very least try to imagine, 

how its behavior and physiology adapt it to the real world.  Then select a piece of  

behavior that can be separated and analyzed as though it were a bit of anatomy.3 

 
 “I was so incredibly lucky to start at Harvard as a graduate 
student, so lucky to learn to know an animal without any 
experimental manipulation. I didn't know that tradition until I met 
Hölldobler,” said Seeley.4 As his subject, he chose the mysteries 
raised by Lindauer’s study of honey bee swarms more than 20 years 
before.. 
 It made sense to begin by discovering the characteristics of a 
functioning natural nesting site. Following Lindauer’s advice “to 
ask the bees themselves about this matter”, he set about finding 
forest colonies with a newspaper ad promising “$15 or 15 pounds of 
honey” for a bee tree. He assembled chainsaw, steel wedges and 
maul and teamed up with an ex-logger to cut and dissect 21 bee 
nests. After cutting out the combs, he measured the cavities with 
sand, also assessing the openings of as many left standing. 
 He found that the bees did not have a preference for 
particular tree species. But, to his surprise, they occupied spaces a 
quarter to half the size of those provided by beekeepers – a volume 
on average the size of a deep hive body, about 45 liters (about 41 
quarts). 
 How did this space relate to the needs of the bees? Unique 
among social insects that live in cold climates, bees are not dormant 
in winter. Their nests are heated by bees repeatedly contracting their 
metabolically active flight muscles, disengaged from their wings. 
Leaving out the pleasure of Seeley’s systematic analysis, it can be 
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summed up thus: a flying bee burns 25 times as much energy, relative to weight, as an Olympic 
rower – an expensive outlay of energy. But a small number of bees can heat a protected cluster 
with much less energy -- the equivalent of a small incandescent light bulb. To retain the heat, it 
appeared that the bees choose a sheltered cavity of an optimum size. 
 To further refine the bees’ criteria for nest choice, Seeley 
built 200 nest boxes at the woodshop in the Dyce Lab in the 
winter of 1975. Each box in a group varied in volume, opening 
size, orientation, draftiness, height, presence of combs. Again, the 
intriguing story of the process is left for the reader to enjoy in the 
book: What he found was that the bees prefer a small, easily 
guarded entrance facing south to provide a warm take-off, an 
entrance at the bottom of the nest, perhaps to minimize the loss of 
heat, and a space about the size found in bee trees, especially one 
with combs – anything between 30 and 60 liters. But the bees 
accepted otherwise optimal spaces with holes, which they 
promptly sealed with propolis, made from tree resin. 
 Seeley found that his study bees required 20 or more 
kilograms (44+ pounds) of honey to overwinter. He calculates a 
minimum nesting cavity size for the storage of that much honey 
to be at least 18 liters (about 16 quarts). So choosing a site that is 

too small, too large to heat, 
too exposed, or too close to 
the ground could be fatal. 
Seeley found that the bees 
almost always made the best pick among his boxes. “A 
colony achieves near perfect accuracy when it selects its 
home. It is a life or death matter,” he said. 
 On Appledore Island off the southern coast of 
Maine, Seeley worked in an environment without nest 
sites or bees, other than those he brought. “I had learned to 
make an artificial swarm by shaking a colony into a cage 
to  render  them 
homeless and then 
feeding them lavishly 

with sugar syrup to get stuffed with food like natural swarm 
bees,” he said.5 He’d learned from underfed swarms that 
went nowhere. 
 In an inauspicious start, he had to finesse his first 
swarm out of the chimney of a curmudgeon lobsterman with 
a shotgun next to his door. But soon Seeley was able to 
observe inspections of scout bees in a box fitted with a 
window made of a special red filter, as bees don’t see red 
light. He determined that a scout averages over half an hour 
in total to examine a site, inside and outside, over 10 to 30 
trips. He created three dimensional patterns of each scout’s 
interior inspections, which show that they cover all of the 
surfaces, mostly in the dark, walking 60 meters (200 feet) or 
more, every step or short flight a measurement. 

Bees in a swarm adjust for 

thermoregulation in low 

(left) and high (right) 

ambient temperature. 

Losses of heat are shown 

with arrows, active 

metabolism with crosses 

and resting metabolism 

with dots.  Illustration 

courtesy of T.D. Seeley.   

At the woodshop at the Dyce 

Laboratory at Cornell, Tom Seeley 

built over 200 nest boxes in 

December of 1975. He mounted 

them to study swarm behavior. 
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Seeley, right, loads hives 

of  bees onto the Shoals 

Marine Laboratory boat, The 

Wrack, in June, 1975, the start of 

his first field season of swarm 

work on Appledore Island off the 

coast of Maine. “Wrack” is an 

old word for seaweed. 



 At that point, Seeley had established the bees’ criteria 
for a nesting site and the way in which the scouts explore 
potential spaces. In 1975, Seeley left his work on the island 
without solving the mystery of how scout bees evaluate  
candidate nest sites. To continue, he would need to film and 
monitor the dancing scouts with camera equipment that was, at 
that time, prohibitively expensive. 
 Seeley left Appledore Island with a wealth of data and 
the marine ecologist Robin Hadlock, who became his wife. 
They embarked on an adventure when Seeley organized an 
expedition, sponsored by the National Geographic Society, to 
study Asian bees. His appointment to Harvard’s honorary 
post-doctoral Society of 
Fellows helped support 

the trip and the subsequent research papers, two of which 
he wrote with Robin Hadlock Seeley.6 
 Honeybee Democracy recounts a hilarious story of 
how Seeley analyzed “chemical warfare yellow rain” 
reported by American intelligence; it turned out to be the 
yellow fecal droppings of the giant Asian bee Apis dorsata 

-- thus dubbed “the KGBees”. 
 When Seeley returned to his work with Apis 

mellifera, his interest in swarms was not abandoned but 
widened. He knew that the behavior of swarm scouts is but 
one manifestation of the bees’ collective intelligence. The 

u nd e r l y i n g  q u e s t i o n 
remained:  How can an 
ungoverned mass of insects 
make complex decisions 
and make them well? 
 It has long been 
known that a group of 
animals can work together more effectively than individuals, for 
example, to capture prey. As Lindauer found, a group of animals 
can solve cognitive problems that are beyond the ability of the 
individuals. This phenomenon is called swarm intelligence (SI), 
and it is the cohesive element throughout a honey bee colony – 
not only in swarms. 
 “A colony of honey bees is a model system for studying 
SI…Specifically, one can describe the problem-solving abilities 
of the whole system (colony), characterize the behavioral 
properties of the system’s components (bees), trace the routes of 
information flow between the components (signaling and cuing 
pathways), and manipulate the components’ behavioral properties 
and communication processes to test their role in building swarm 
intelligence,” wrote Seeley. 

It’s been a long watch. 

Tom Seeley began work in 

1974 as a young Harvard 

graduate student to 

determine how a 

swarm selects the best 

new nesting site. 

Diagram tracing four out of 25 

inspections of a potential nest site 

by a single scout on her first trip to 

the box. Solid lines show where she 

walked, broken lines where she 

flew. Illustration courtesy of 

T.D.Seeley. 

Seeley, in spring, 1976, 

mounting one of his nest boxes 

on a power pole in a study of 

home site preferences of the 

bees. He varied qualities such 

as volume, size of opening, 

direction and perforations. 
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 So it was not a detour but a continuation of his work, as he 
turned, for much of 1980 to 1995, to the question of how SI works as a 
honey bee colony evaluates food sources and allocates foragers. He set 
up experiments at the Cranberry Lake Biological Station in northern 
New York State. It provided a controllable research environment -- just 
as he’d had on Appledore Island, where he could set up boxes with no 
other available nesting options. Cranberry Lake, deep in the Adirondack 
Forest, has no bees or summer forage. It was possible to control food 
sources and observe a range of behaviors as the study bees assessed the 
forage sites and managed the work force. 
 He saw that each forager knows only one food source at a time 
and dances on what he calls “a bulletin board of job opportunities for 
the unemployed foragers”. He learned to read the waggle dance more 
closely, and saw that it is not the vigor of the dance, as was supposed, 
but the number of circuits it contains that is the real expression of the 
richness in a source. 
 By reading the dances, he could watch the allocation of foragers 
among patches of flowers and how it changed hour by hour, day by day 
-- a mutable operation. He describes it as “like a giant amoeba”. 
Amazingly, “There is close to optimal distribution.” 
 Seeley was tending a feeder on the first day after the bees had 
been confined during bad weather. When he called back to an assistant 
to expect the first forager to return and dance, the report back was that 
the bee did not dance but made a shaking 
signal. The researchers later identified it as 
a call back to action for the inactive 
foragers after a prolonged break. 

 Seeley’s work with foraging behavior culminated in his 
1995 book, The Wisdom of the Hive: The Social Physiology of 

Honeybee Colonies.7 In learning how a colony works as an 
intelligent unit to forage, he’d garnered skills that would serve him 
well as he returned to the study of swarm behavior. Not the least of 
them was the ability to label thousands of bees for identification – 
less laborious than Lindauer’s method only by degree. 
 “Both finding a home and finding food are two big problems 
to be solved by the bees. To find food is a question of spreading out 
among multiple sites; to find a home is to focus on one,” he said. 
 But how do they narrow their choices to a single site and fly 
off to it in unison?  Seeley spent the next 15 years understanding 
that phenomenon, which he calls “a nearly perfect product of 
evolution.”8 
 

Part II of this article recounts a series of ingenious experiments 

designed to show the bees’ democratic decision-making 

process in choosing a home. 

 

Seeley, left, on a 

National Geographic 

expedition to study 

Asian bees, is having 

some fun with geneticist 

and molecular biologist 

Matt Meselson in a 

mountain jungle in 

Thailand. They had 

been studying the feces 

of the giant honey bee 

Apis dorsata, 

mistakenly 

misidentified by 

American intelligence 

as “yellow rain” 

chemical warfare. 

So the lighthearted 

researchers are 

examining giant feces – 

from an elephant. 
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Most summers between 

1980 and 1995, Seeley 

studied how honey bee 

colonies work as a 

functional unit to efficiently 

collect their food – the 

subject of his book The 

Wisdom of the Hive. He is 

pictured at the Cranberry 

Lake Biology Station 

tending a sugar water 

feeder in 1994. 
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1  Two different spellings of honey bee in this article derive from Seeley’s use of the common spelling from 
the Oxford English Dictionary: honeybee. The American Bee Journal uses the spelling from the 
Entomological Society of America – honey bee -- which specifies a true bee. In this scientific convention, 
the spelling of dragonfly and sawfly, for example, signify that they are not true flies. In this case, Seeley 
made the choice to achieve a two-word rhyming title; he optioned for poetry, since there was no need to 
clarify the species. 
2  Seeley, Thomas D., Honeybee Democracy, Princeton University Press, 2010. Quotes not otherwise 
identified are from the book. 
3  Hölldobler, Bert and Edward O. Wilson, Journey to the Ants, Harvard University Press, 1994. 
4  Phone interview, 10-23-10. 
5  Recorded interview, 10-6-10, The California Academy of Science. 
6  References for his body of published work can be found at www.nbb.cornell.edu/seeley.shtml 
7  1995 book, The Wisdom of the Hive: The Social Physiology of Honeybee Colonies. Harvard University 
Press, Cambridge. It received the gold medal for Best Science Book, at Apimondia, 1998. 
8  Phone interview, 10-23-10. 

 
 


