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Preface

The objective of this book is to provide an in-depth introduction to
the biology and social behavior of a single insect species, the honey
bee. Because of its intrinsically interesting nature and economic
value, the honey bee has been intensively studied from every scien-
tific perspective, and a vast literature exists on almost every aspect of
its existence. In this book I summarize what I consider the basic as-
pects of honey bee biology and provide references to that literature.
I have tried to capture the flavor and richness of the many approaches
which have been taken in studying the honey bee, but my own per-
spective and training is in entomology and behavioral ecology, and
this book naturally reflects my own biases and background.

I would like to acknowledge here my teachers and colleagues who
have had particular impact on my thinking about science and bees,
especially Lynn Margulis, Charles Michener, Gard Otis, Keith Sles-
sor, and Orley Taylor; their insights and influence pervade these
pages. I am grateful to all those who read parts of this book and
provided useful criticism: Cam Jay, Steve Kolmes, Charles Michener,
Gard Otis, Gene Robinson, Tom Seeley, Keith Slessor, and especially
Susan Katz. Some background research was done by Cynthia Scott
and Mike Smirle, and the herculean task of organizing the references
was ably conducted by Les Willis; I thank them for their assistance. I
also thank the students in my beekeeping, bee biology, and social
insects classes through the years, and hope that this book stimulates
them to continue to ask questions.

I owe a deep debt of gratitude to Elizabeth Carefoot and the In-
structional Media Center at Simon Fraser University, for the illustra-
tions in this book and many other things. The illustrations are origi-
nal drawings or were redrawn from other sources which are cited
individually in the figure legends. I am grateful to the following pub-
lishers, journals, and authors for permission to redraw illustrations
for which they hold the copyright: M. D. Allen; Bailliere Tindall (An-
imal Behaviour); Cornell University Press; H. A. Dade; Dadant and

Sons; D. ]. C. Fletcher; W. H. Freeman and Co. (Scientific American);
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Harcourt, Brace, Jovanovich; Harvard University Press; International
Bee Research Association; V. Lacher, Macmillan Journals (Nature);
Masson S.A. (Insectes Sociaux); H. Martin; National Research Council
of Canada (Canadian Journal of Zoology), Princeton University Press;
Charles Scribner’s; T. D. Seeley; and Springer-Verlag (Behavioural Ecol-
ogy and Sociobiology, Oecologia). I am also grateful to the editors at Har-
vard University Press for their assistance at all stages of the writing
and preparation of this book, particularly Elizabeth Hurwit and An-
gela von der Lippe.

Finally, I would like to acknowledge the financial assistance of the
following agencies, which have provided substantial research sup-
port and in many ways made this book possible: the U.S. Department
of Agriculture and National Science Foundation, the Natural Sciences
and Engineering Research Council of Canada, the British Columbia
Science Council, and Simon Fraser University.
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Introduction

The honey bee exhibits a combination of individual traits and social
cooperation which is unparalleled in the animal kingdom. The mul-
tiple levels at which the honey bee expresses adaptations to its world
provide one of the richest sources for study and knowledge among
all organisms, made even more enriching by the economic benefits
the honey bee provides. The honey bee can be, and has been, studied
from perspectives as divergent as those of a beekeeper and a molec-
ular biologist, a behavioral ecologist and a primitive honey hunter, a
student of social behavior and a doctor interested in allergic reac-
tions, and all have contributed immensely to our understanding of
this most well-studied insect.

A quick glimpse inside the nest makes it readily apparent why
honey bees have fascinated us from the earliest days of scientific ob-
servation (Fig. 1.1). The infrastructure of the nest, the exquisitely uni-
form and functional comb, is composed of beeswax produced by the
workers and constructed into a repeating series of almost perfect hex-
agonal cells. The comb provides the substrate for interactions be-
tween colony members and is used for almost everything imaginable,
from larval nursery to pantry to message center. As the stage for col-
ony activities, it provides us with a rich arena for observing the in-
dividual and social behaviors that are at the heart of honey bee
society.

At the individual level, honey bees have not one but three types of
colony members: queens, drones, and workers, each with their own
specializations and place in honey bee society. The aptly named
queen reigns over the nest, surrounded by attendants and fed the
rich food she requires to perform her few but crucial tasks in the
colony. Her slim lines hide the huge ovaries which make her an ex-
traordinary egg-laying machine, capable of laying thousands of eggs
a day, and her calm behavior masks her powerful pheromones, chem-
ical signals to recipient workers which control many of their behav-
iors and provide part of the social glue which holds honey bee life
together.
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g 1.1

A typical scene from a honey bee colony during the summer. Cells in the
top section of the comb contain capped honey and uncapped nectar and
pollen, while the middle and bottom cells contain eggs, larvae, and capped
brood. The elongated cells on the left side of the comb are queen cells with
various stages of developing queen brood inside; the bottom queen cell is
cutaway to show a queen almost ready to emerge. The adult workers are, in
clockwise order from the top left: resting, fanning to evaporate water from
nectar, exchanging food, attending the queen in a retinue surrounding her,
grooming, returning to the nest with nectar and pollen, building the comb,
inspecting cells, driving a drone out of the nest, and capping a queen cell.

(Based on Wilson, 1971.)
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The other sexual members of this society, the drones, are tended
and fed by the workers, although they perform only one function,
the all-important one of mating the queen, after which they die. With
their large eyes, flight muscles, and powerful mating urge, the
drones are magnificently constructed for this one task.

The workers perform endless and diverse tasks in the nest, some-
times dying from stinging their colony’s opponents, and rarely repro-
ducing. At any one time workers may be found walking on the comb
surface, perhaps tending the brood, cleaning debris from the nest,
capping cells, ripening or storing honey, organizing pollen for storage
near the brood, feeding or grooming the queen, or any one of a myr-
iad other activities.

Not only have the complex individual behaviors manifested by
these three castes prompted our investigations into honey bee life,
but their sociality and adaptability has fueled the study of this insect
to an extent not found for many other organisms on earth. The social
nature of this organism, its tremendous ability to regulate its func-
tions as a colony of individuals according to events within and out-
side the nest, provides the key to its success and makes the contri-
bution of individuals much greater than the sum of their individual
behaviors. We are further motivated to study this insect by an eco-
nomic stake, since the products of the hive are crucially important to
our agricultural systems. Not only do honey bees provide us with
honey, wax, propolis, royal jelly, and pollen, but they also pollinate a
good portion of our crops, including such diverse agricultural plants
as fruit trees, oilseeds, small berries, and forage crops.

The study of honey bees is not new; extant cave paintings dating
back many thousands of years show honey bee nests in marvelous
detail. Certainly these are the forerunners of the thousands of articles
written in the scientific and popular journals of contemporary sci-
ence. It is an intangible quality of honey bee society that draws us to
its study, an almost mystical presence which pervades their nests and
can only be partly dissected, analyzed, and reported on by its observ-
ers. This book is an attempt to provide at least a glimpse into the
world of this queen of insects.



The Origin and Evolutionary
History of Bees

Bees are essentially wasps which abandoned predation in favor of
provisioning nests with nectar and pollen. Most of the aculeate
(stinging) wasps which are related to bees prey on other insects or
spiders for larval food. However, adults frequently feed on nectar
from flowers, and their mouthparts are often well adapted for suck-
ing or lapping. Bees are thought to have evolved from a wasp ances-
tor, probably a sphecid, with mouthparts capable of ingesting nectar,
which began collecting pollen to feed to their brood instead of killing
prey. While bees have diverged from wasps in many characteristics
(Michener, 1974), the most distinctive morphological differences in-
volve specializations for pollen collection. All bees have at least a few
plumose hairs and broadened hind legs, both adaptations for gath-
ering pollen and transporting it back to the nest. Because of their
distinctive pollen-collecting structures and habits, bees are classified
in their own superfamily, Apoidea—order: Hymenoptera—(Culli-
ney, 1983), although Michener (1974) has proposed returning to an
older system which included the sphecoid wasps in the same super-
family as the bees.

The earliest bees may have arisen in the xeric interior of the paleo-
continent Gondwana, which was probably the area of origin for flow-
ering angiosperm plants (Raven and Axelrod, 1974). Although the
fossil record of bees is far from complete, they are thought to have
diverged from the sphecoid wasps during the middle Cretaceous pe-
riod, about 100 million years ago (Michener, 1974), coincidental with
the appearance of angiosperms as the dominant vegetation. The ear-
liest known fossil bees are from the Eocene period 40 million years
ago (Manning, 1952; Kelner-Pillault, 1969; Zeuner and Manning,
1976), but since these specimens were already highly specialized it is
clear that bees arose much earlier. At any rate, the evolution and
divergence of bees has been closely linked to that of the angiosperm
plants, with the plants evolving flowers with odors, shapes, colors,
and excess nectar and pollen food rewards to attract the bees, and
the bees in turn providing a mechanism to transfer pollen between
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plants. The coevolution of these two groups has been one of the dom-

inant themes of recent evolutionary history.
There are currently 10 or 11 families of bees (Michener, 1974; Mich-

ener and Greenberg, 1980), with approximately 700 genera (Maly-
shev, 1968) and 20,000 living species (Michener, 1969). These can be
divided into two major groups, the more primitive short-tongued

bees and the more advanced long-tongued bees (Fig. 2.1). The short-
tongued bees probably utilized the shallow flowers characteristic of

the earliest angiosperms, but some bees evolved longer mouthparts
as many of the angiosperms developed longer, tubular flowers. These
adaptations allowed the long-tongued bees to take advantage of the
increasing complexity of advanced angiosperm flowers.

The honey bee Apis mellifera L. was one of these long-tongued bee
species. Its scientific name means “honey-bearing or honey-produc-
ing bee,” and refers to the bees’ habit of collecting nectar and pro-
ducing from it copious amounts of honey to allow colonies to survive
dearth periods.

Honey bees are classified in the family Apidae, and their close rel-
atives include the orchid bees (Euglossini), the bumble bees (Bom-
bini), and the stingless bees (Meliponinae) (Winston and Michener,
1977; Kimsey, 1984) (Fig. 2.2). All of the Apidae are characterized by
the presence of a corbicula or pollen basket on the outer surface of

Cardo

Stipes

Prementum

Stipes

Glossa

i A A

5

Fig. 2.1

Mouthparts of representative long-tongued (left) and short-tongued (right)
bees. (Redrawn from Michener, 1974.)
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Taxonomic relationships between bees in the family Apidae.

each hind tibia, at least in workers, and this structure is used to carry
pollen and nest-building materials. Pollen is generally pushed up
into the corbicula from the distal end of the tibia, and this loading
mechanism is also a distinctive feature of the apids (Winston and
Michener, 1977; Michener, Winston, and Jander, 1978). All of the Ap-
idae show some degree of social behavior, and the Meliponinae and
Apinae have the most elaborate social behavior of all the bees. Re-
views of the natural history and biology of stingless bees and orchid
bees can be found in Michener (1974), while Free and Butler (1959),
Alford (1975), and Heinrich (1979a) have written accounts of bumble
bee societies.

Honey Bee Origins

The modern honey bees (Apidae: Apini) are all classified in only one
genus, Apis, which includes five species: the common honey bee A.
mellifera, the giant honey bees A. dorsata and A. laboriosa, the Indian
honey bee A. cerana, and the dwarf honey bee A. florea. The earliest
Apini fossil specimens have been found in Baltic Amber from Eocene
layers approximately 40 million years old, and these ancient but ex-
tinct apines have been classified in their own genus Electrapis (Man-
ning, 1960; Zeuner and Manning, 1976; Culliney, 1983). A fossilized
honey bee comb has recently been discovered in Malaysia dating
from the late Tertiary or early Quaternary period, suggesting an ear-
lier origin of the genus (Stauffer, 1979). This finding and the fact that
fossil honey bee specimens are generally found with individuals
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grouped together suggest early evolution of social behavior in the
Apini. Rapid evolution during the next 10 million years is shown by
specimens found from the Oligocene, when considerable change oc-
curred in external morphology. Also, comparative biochemical stud-
ies of extant bees have indicated a greater degree of amino acid sub-
stitution in A. mellifera compared to other bees, and therefore a more
rapid protein evolutionary rate in the honey bee lineage than for
other bees (Carlson and Brosemer, 1971, 1973). On the basis of mor-
phological evidence, however, there has been relatively little change
in honey bees during the last 30 million years (Culliney, 1983), and
the physical resemblance of fossil forms to modern worker bees sug-
gests that complex social behavior had already developed by the Mio-
‘cene, 27 million years ago.

The natural geographic distribution of the genus Apis shows its
greatest species diversity in India and adjacent regions, with all of
the species except A. mellifera found there. Therefore, these regions
probably constitute the area of origin and early evolution of the Apini
(Doediker, Thakar, and Shaw, 1959; Michener, 1974; Doediker, 1978).
A. mellifera is thought to have originated in the African tropics or sub-
tropics during the Tertiary period, migrating to western Asia and
colder European climates somewhat later. Until modern times Apis
was not found anywhere in the western hemisphere, Australia, or
the Pacific except for some of the continental islands such as Japan,
Formosa, the Philippines, and Indonesia (Michener, 1974). But move-
ment of bees by European settlers for beekeeping has resulted in A.
mellifera now having worldwide distribution and some of the other
species being more widespread in Asia.

The dwarf honey bee A. florea appears to maintain several ancestral
characteristics of the genus Apis and is probably the closest living
descendant of the earliest honey bees. Workers are small, approxi-
mately 7 mm in length, and colonies construct a single comb sup-
ported from branches, frequently at sites surrounded by dense veg-
etation (Seeley, Seeley, and Akratanakul, 1982). Their communicative
dances occur on a horizontal platform built on the top of the comb,
and thus direction to flowers is indicated by straight runs toward the
food source. Colonies tend to be small, less than 5000 individuals,
and the workers are relatively docile (Michener, 1974).

Two other closely related species of honey bees also construct nests
consisting of a single comb in the open, the giant honey bees A. dor-
sata and A. laboriosa. These are large, feisty bees 17-19 mm in length,
with 20,000 or more workers in a colony. Their nests are constructed
high in trees or suspended from open cliff faces, and nests do not
need to be concealed because of the worker’s aggressive nature.
Nests are also frequently aggregated, and colonies may migrate up
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and down mountains to take advantage of seasonal nectar sources.
Communicative dances are more advanced than for A. florea since
they occur on the vertical comb face, and the direction to flowers has
to be translated by the workers from the vertical dance angle to the
direction of the sun (Michener, 1974). A. laboriosa is the larger of the
two species, and its large size, dark color, and long hair coat are prob-
ably adaptations for its high-altitude Himalayan habitat (Sakagami,
Matsumura, and Ito, 1980).

The other two honey bee species, A. cerana and A. mellifera, are
medium sized bees (10-11 mm) which generally build multiple comb
nests inside cavities. Colonies of A. cerana are relatively small, 6000
7000 workers (Seeley, Seeley, and Akratanakul, 1982), but A. mellifera
colonies can reach sizes of 100,000 or more individuals. These species
are so similar in morphology and behavior that they have frequently
been considered distant races of the same species. However, Ruttner
and Maul (1983) recently demonstrated that, although cerana and mel-
lifera queens and drones attempt to mate with each other, no off-
spring result, and instrumental insemination of mellifera and cerana
queens with heterospecific semen revealed that hybrid fertilized eggs
would cease development at the blastula stage. These results indicate
that mellifera and cerana are indeed separate species, although closely
related. The remainder of this book deals primarily with the honey
bee Apis mellifera, and the term “honey bees” is used to refer only to
this species, except where noted.

Races of A. Mellifera

The natural habitat of the honey bee A. mellifera extends from the
southern tip of Africa through savannah, rain forest, desert, and the
mild climate of the Mediterranean before reaching the limit of its
range in northern Europe and southern Scandinavia. With such a
variety of habitats, climatic conditions, and floras, it is not surprising
to find numerous subspecies (races) of honey bees, each with distinc-
tive characteristics adapted to each region (Louveaux, 1966) (Fig. 2.3).
Gtill, recognition of valid races has been difficult for a number of rea-
sons. Most important has been the movement of honey bees all over
the world for beekeeping, which has changed the natural range of
each race and resulted in considerable hybridization of races. Selec-
tion by beekeepers for characteristics useful in management may
have altered the natural genotype of races as well, particularly in
areas of intense beekeeping where many feral colonies are descended
from swarms which have escaped from hives. Another difficulty may
be that scientists and beekeepers don’t always use the same criteria
for determining what a “race” is. Scientists tend to use morphometric
measurements of such characteristics as wing veins, mouthpart and
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Fig. 2.3

The origins of the various Apis mellifera subspecies, and the westernmost
extension of the range of Apis cerana.

antennal length, and the size of certain body parts (Ruttner, 1975a;
Daly and Balling, 1978; Ruttner, Tassencourt, and Louveaux, 1978),
whereas beekeepers prefer characteristics like color and behavioral
traits, such as tendency to swarm, good honey production, and
gentleness. Finally, even within a single race there can be tremendous
variation, and where to divide races and determining what is “typi-
cal” for a race have always been somewhat subjective.

Some general conclusions have emerged concerning the character-
istics and places of origin for many honey bee races, and these have
been summarized by Ruttner (1975b; Ruttner, Tassencourt, and Lou-
veaux, 1978). He divides honey bee races into three distinct groups:
European, Oriental (Near Eastern), and African. Little is known



