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Bee Basics

Question 1: What are bees?

Answer: Bees are invertebrate animals that grow through four 
different life stages—egg, larva, pupa, and adult—similar to 
the seemingly friendlier insects, the butterfl ies. However, un-
like butterfl ies, which abandon their eggs once they are laid, 
bees provide their young a safe place to hatch and grow. All 
juvenile bees develop within the protected confi nes of an en-
closed nest that is built by a female bee or by other females in 
the family. In some social species, the bee babies, or larvae, are 
fed on demand by their sisters. In other bee species, the larvae 
are enclosed within a small chamber after food has been de-
posited inside it. While often confused with wasps, their more 
aggressive, meat-eating cousins, bees almost always collect and 
feed on nectar and pollen from plants. These food resources 
may be consumed directly, stored within the nest, or made into 
provisions for later generations.

Bees and wasps do share a common ancestry, as evidenced 
by their superfi cially similar bodies; insects in each group have 
a “wasp waist”—the narrow area between the thorax (middle 
body-part) and the abdomen (end body-part). Both types of in-
sects have many hairs on their bodies, but the hairs on bees are 
fl uffy or branched; the hairs on wasps are typically straight and 
somewhat shiny. Both also have two sets of wings that fold back 
on top of one another when not in use and hook together during 
fl ight, and many species have similar coloration on their bodies

R5192.indb   1R5192.indb   1 11/30/09   3:02:16 PM11/30/09   3:02:16 PM



2 W H Y DO BEES BUZZ?

Bees and social wasps, like hornets and yellow jackets, evolved 
from a common, solitary wasp ancestor that was dependent on 
other insects as a protein source for its developing larvae. Bees 
now rely only on pollen as a source of protein for their young. 
Once bees metamorphose into adults, they do not grow, and 
adult bees only require fuel for movement and fl ight. Nectar, 
from the Latin “drink of the gods,” is the bees’ sugar-rich source 
of energy, so fl owers provide everything the bees need. Other 
animals, like hummingbirds and many nectivorous bats, must 
supplement their nectar-drinking with protein from insects in 
order to sustain their own growth.

Bees are grouped within the insects in the order Hymenop-
tera, which includes the sawfl ies, wasps, and ants (see this chap-
ter, question 4: How are bees classifi ed?). Many of the mem-
bers of this order have a sting that is used to defend the nest. 
Although bees and wasps are often mistaken for one another, 
these two types of insects are quite different. First, bees and 
wasps have different temperaments. While bees are often char-
acterized as aggressive, they are typically docile and harmless, 
using only their stings when provoked near the hive. Yellow jack-
ets, on the other hand, can be quite aggressive, even when away 
from the nest. Moreover, it is wasps that are likely to invade your 
picnic, not bees. Indeed, bees are misunderstood, and their bad 
reputation is a result of being confused with their more aggres-
sive cousins.

Question 2: What is special about honey bees?

Answer: Honey bees, the focal bees of this book, lead very 
complex social lives; but most bees live alone, don’t make or 
store honey, and only very rarely sting. Approximately 85 per-
cent of bee species are more or less solitary, although some 
species make nests close together, sometimes forming huge ag-
gregations. These clusters of individual nests are like a large 
apartment complex, with many individuals living in a common 
location, but each making their own way in the world. Some 
bees are communal, with several females of the same generation 
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BEE BASICS 3

sharing a nest, and about one thousand species of bees live in 
very small, temporary colonies consisting of a queen and a few 
daughters. These colonies die out when the weather turns cold, 
and only some pupa, or in some species the queen, survive the 
winter. During the warm weather months, the resources in the 
environment are shared, so as different fl ower species bloom, 
different bee species are seen for a few weeks and then they 
seemingly vanish.

Honey bee colonies, in contrast, are huge—often containing 
over fi fty thousand bees—and they are perpetual, continuing 
on for many years following an annual cycle. The European or 
Western honey bee, Apis mellifera, is the most intensively stud-
ied bee species and probably the insect you imagine when you 
think of a typical bee. They are at home both in natural cavity 
nests and in artifi cial hives, and they have a caste system with a 
queen, workers, and drones. Honey bees are specialized to be 
effi cient pollinators, engaging in behaviors and having physi-
cal attributes (pollen baskets on their legs, for example) that 
are specifi cally aimed at effi ciently gathering nectar and pollen 
to feed their brood. Given the nickname “pollen pigs” by some 
affi cionados, honey bees are generalists in that they visit an ex-
ceptional diversity of plants to acquire food for their family. In 
the course of their foraging, they incidentally fertilize a wide 
range of plants, making it possible for the plants to reproduce 
and bear fruit.

In the winter, when the activity in the honey bee nest slows 
down to a crawl because there are no fl owers to provide nectar 
supplies, the adult honey bees live for months in a quiescent 
state. Unlike other social insects like social wasps or bumblebees, 
they are not hibernators; they consume honey stores and shiver 
to generate the metabolic heat that allows them to withstand 
frigid winter temperatures. They become active again when the 
fi rst fl owers begin to bloom, gathering supplies to sustain the fu-
ture generations in the colony. In the warm weather, each honey 
bee only lives a few weeks, to be replaced by other adult bees as 
they reach maturity, and this relay of family members continues 
as long as the growing season lasts.
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4 W H Y DO BEES BUZZ?

Question 3: How many species of bees exist?

Answer: Bees are found almost everywhere, sometimes in sur-
prising places. There are approximately twenty-fi ve thousand 
species of bees in the world, about thirty-fi ve hundred species 
in North America, and even in the middle of New York City’s 
Central Park more than sixty species have been identifi ed. Sci-
entists have always distinguished one species from another by 
observing the details of their mouthparts, wing veins, size, body 
hair, tongue, and pollen-carrying structures, and by their nest-
ing and foraging behaviors. Now that DNA analysis is available 
as an additional tool, relationships and differences among spe-
cies are being further clarifi ed.

Most of the answers in this book describe honey bees because 
of their long association with people; scientists know more about 
their behavior than about many other types of bees. Honey bees 
are a social species, living in large, perennial colonies headed by 
a queen. They are by far the most economically important bees 
in the United States. Historically, populations of native bees have 
been negatively impacted by various land-use practices—this 
history, as well as the solitary nature of most native species, 
means that honey bees have become the pollinator of choice for 
many agricultural crops.

Approximately 85 percent of bees are solitary species, mean-
ing that a single female emerges from her pupal case, mates, 
and then constructs one or more individual cells that she provi-
sions with nectar and pollen. She may burrow into the ground 
to make her nest, or she may create a cell in an existing hole 
in a tree, plant stem, or other material. Then she lays an egg 
directly on the food supply, and the egg develops into an adult 
bee that repeats the cycle. When there are limited areas in the 
habitat that are suitable for nesting, hundreds or even thou-
sands of solitary bees may nest in close proximity. Male solitary 
bees usually are short-lived, whether they mate once or several 
times.

Bumblebees (family Bombidae) are native to the United States 
and are distributed on many other continents as well. Their colo-
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BEE BASICS 5

nies are relatively small. Only the queen survives the winter, and 
although she is larger than the female workers (called callows), 
her body structure is basically the same as that of the workers. 
She needs to forage when the warm weather arrives because she 
is the only bee alive in the nest, which differs from the honey 
bee queen, who never needs to forage because she is always sur-
rounded by attendants. Although bumblebees forage for pollen 
and nectar to feed their young, they make very little honey and 
it cannot be harvested by people.

Stingless bees (family Meliponidae) evolved earlier than 
honey bees, and they are found in the tropics on every conti-
nent, strongly suggesting that they evolved before the continents 
separated approximately seventy million years ago. They nest in 

Fig. 1. A bumblebee (Bombus pennsylvanicus) worker with a fi lled pollen 

basket visible on her hind leg. (Drawing by Julie L. Dlugos.)
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6 W H Y DO BEES BUZZ?

cavities, usually inside a tree trunk or in a branch; some nest 
inside the nests of other insects, such as ants or termites. For 
more about stingless bees, see chapter 9, question 1: Do all bees 
sting? and chapter 9, question 7: How do stingless bees defend 
themselves?

Fig. 2. Multiple large colonies (visible as the large dark shapes on the rocks) of 

Apis dorsata adorn this cliff in Biligiri Rangaswamy Temple Wildlife Sanctu-

ary, Karnataka, India. Note the bamboo ladders on the cliff; these ladders are 

erected by people who work as honey collectors. (Photograph © Puja Batra.)
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BEE BASICS 7

Giant honey bees (Apis dorsata and Apis laboriosa) are found in 
Asia, and they make large nests out in the open that hang from 
tree branches or rock overhangs. They nest gregariously, with 
the result that there can be as many as a hundred individual 
nests in the branches of one tree. Their nests are often depicted 
in prehistoric rock paintings.

Many solitary species belong to the family Halictidae and are 
typically called sweat bees because many of them are attracted 
to the salts in human perspiration. After the halictid female 

Fig. 3. A common sweat bee in the genus Lasioglossum, a member of the 

family Halictidae. This bee is approximately 1 cm long. (Drawing by Julie L. 

Dlugos.)
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8 W H Y DO BEES BUZZ?

mates, she builds her own small nest in the soil or in a small 
enclosure within a plant stem, dead tree, or sandy embankment. 
She gathers pollen and nectar, combines them, deposits a pel-
let of this paste in each cell and lays an egg on each bit of food. 
Then she usually dies and her offspring emerge and repeat her 
pattern. Sweat bees are small and dark colored, often with light-
colored bands of hair or a metallic sheen to their body. Some 
species may help each other and even share a nesting tunnel, 
but most do not cooperate.

Mining bees (family Andrenidae) are considered “semi-
social,” characterized by their soil nests with branching cham-
bers. At the end of each chamber are one or more cells. There 
is some group organization but there is no defi nite caste system 
and no queen, and they are less social than sweat bees.

Leafcutter bees (family Megachilidae) have long tongues and 
carry pollen on their abdominal hairs, known as scopa. Females 
make thimble-shaped chambers of folded leaves along a tunnel 
in the ground or in a hollow plant stem, and they accumulate 
honey and pollen and lay an egg in each chamber. Close rela-
tives of the leafcutter bees are mason bees, which nest in nail 
holes or other pre-existing cavities in wood. They fi ll each hole 
with honey and pollen and then lay an egg in it and cap it with 
mud. These females can produces one or two eggs per day.

Cellophane bees (family Colletidae), also called plasterer or 
polyester bees, nest in soil burrows or in twigs and plant stems, 
depending on the genus. One genus, Hylaeus, is relatively hair-
less and looks somewhat wasp-like. Instead of secreting wax, 
bees in this family line their brood cells with a secretion that 
hardens into a cellophane-like membrane.

Carpenter or digger bees (family Apidae) are hairy and fast 
fl ying and typically nest in the ground or build a nest in wood. 
They carry pollen on their legs, and they have long tongues and 
are excellent pollinators. One common species of carpenter 
bee in the eastern United States resembles the bumblebee in 
body size and coloration, but carpenter bees are solitary while 
bumblebees are social in small colonies that are founded by one 
queen.
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BEE BASICS 9

Parasitic bees, which belong to many different families, do 
not forage for nectar or make their own nests, and they are not 
equipped to gather pollen. They invade the nests of other bees 
and lay their eggs in the nests of their hosts. When their larvae 
emerge, they feed on the stored food that was meant for the host 
larvae. These parasites may go so far as to kill the eggs or larvae 
they fi nd in the nest. Some species of parasitic bees invade a 
colony and kill the queen, and then they lay their own eggs in 
the host’s cells and force the host workers to raise the young 
parasitic bees.

Vulture bees (family Meliponidae) are a special type of sting-
less bees, fi rst identifi ed in 1982 by David Roubik, now at the 
Smithsonian Tropical Research Institute. They seek out rotting 
carcasses and ingest their body fl uids, which they process using 
saliva. They take this substance back to their nests, and, like nec-
tar, it is passed to storer bees and transformed, and eventually it 
is fed to larvae. A recent report by Sidnei Mateus and Fernando 
Noll describes their observations of these neotropical stingless 
bees feeding on the living brood of social wasps in a recently 
abandoned wasps’ nest.

Question 4: How are bees classifi ed?

Answer: All the species on earth are classifi ed in a taxonomic 
system that organizes the evolutionary relationships among all 
the species. Taxonomy is hierarchical, with the highest catego-
ries as the most inclusive and the lower categories as the most 
restricted. The names of the categories are domain, kingdom, 
phylum, class, order, family, genus, and species. (Students of 
biology make a silly memory device to remember the order of 
these categories, using the fi rst letters of the names; co-author 
Elizabeth Evans remembers them using “kangaroos play chess 
on fuzzy green squares.”) The three domains of life are the Bac-
teria, the Archaea, and the Eukaryota.

All animals, including bees, are members of the Eukaryota 
domain. Bees are members of the kingdom Animalia, the phy-
lum Arthropoda, the class Insecta, and the order Hymenoptera 
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10 W H Y DO BEES BUZZ?

(from the Greek hymen, for membrane, and pteron, for wing). 
This order includes over one hundred thousand diverse spe-
cies of bees, wasps, ants, and sawfl ies that have been identifi ed 
and described. Characteristic of most members of this order is 
a “wasp waist” or narrow area between the thorax (middle body-
part) and the abdomen (end body-part). They also all have two 
pairs of wings, multi-segmented antennae that are usually longer 
than the head, and chewing mouthparts. The females typically 
have a sting on the ovipositor (egg-laying organ), and a few spe-
cies have a piercing ovipositor. Hymenoptera undergo  complete 
metamorphosis (see sidebar on metamorphosis in chapter 2), 
and the males usually develop from unfertilized eggs. Many of 
the species in this order are social and live in colonies that can 
be quite large.

After four years of work by hundreds of scientists, the sequenc-
ing of the 236-million-base genome of the European honey bee 
Apis mellifera was completed in 2006. This is the fi fth insect that 
has been sequenced to date, and already over ten thousand 
genes that infl uence social behavior and physiology have been 
identifi ed. This new information has been hierarchically orga-
nized into a system called ProtoBee to facilitate further study 
by scientists around the world (see http://www.protobee.cs.huji
.ac.il/index.php?global=protobee|no|4|444|lifetime|1|2|2).

Evolutionary relationships among the thousands of bee spe-
cies that have been classifi ed will undoubtedly continue to 
change as more information is analyzed, as is happening in the 
taxonomy of other animals for which the genome has already 
been mapped.

Question 5: What is the earliest evidence of the 

existence of bees?

Answer: In 2006, a bee fossilized in amber was purchased by 
entomologist and amber afi cionado George Poinar of Oregon 
State University. The amber came from an area in Myanmar 
(northern Burma), and it is estimated to be one hundred mil-
lion years old. The bee encased in the ancient petrifi ed sap is 
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thus the earliest known bee pollinator. It belongs to the genus 
Melittosphex, and is described as from “an extinct lineage of 
pollen-collecting Apoidea, sister to the modern bees,” although 
it has some transitional features. While some of the fi rst plants 
were larger than their current versions, the early fl owers were 
quite small when this small bee lived, and it was just the right 
size to pollinate them. In fact, its hairs actually still hold a few 
grains of pollen.

Genotyping by Charles Whitfi eld and colleagues at the Uni-
versity of Illinois at Urbana-Champaign determined that the 
European honey bee came to Europe from Africa in at least 
two population expansions, which explains why honey bees in 
eastern and western Europe are genetically different, although 
their habitats are adjacent. European bees were introduced to 
the New World by settlers in the seventeenth century, and they 
have been genetically modifi ed recently by the arrival of African 
or so-called killer bees, Apis scutellata x mellifera, with which they 
mate. This infl ux began in Brazil in 1957 (see chapter 9, ques-
tion 5: Do killer bees really exist?).

Question 6: Where in the world are bees found?

Answer: There are now bees on every continent except Ant-
arctica, but that was not always true. The temperature in Ant-
arctica is so extreme that bees cannot survive, and the habitat 
can’t sustain many fl owering plants to serve as their food sup-
ply. In fact there are only two fl owering plants on the southern-
most continent, Antarctic pearlwort (Colobanthus quitensis) and 
Antarctic hair grass (Deschampsia antarctica); the fl owers of both 
plants largely remain closed and self-pollinate.

There were no honey bees in the New World prior to human 
European colonization, although the climate was hospitable 
to them. European honey bees were introduced by colonists 
into North America soon after they arrived. In New England, 
the English immigrant William Blackstone reportedly was un-
successful in his efforts to grow apple trees until honey bees 
were brought over in 1623 to provide pollination. Colonists in 
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 Australia and New Zealand also imported honey bees from Eu-
rope to pollinate their crops and to provide honey and wax.

Question 7: Do all bees make honey?

Answer: No, in fact most bees do not make honey. Of the ap-
proximately twenty-fi ve thousand known species of bees, only 
seven species with forty-four subspecies are recognized as honey 
bees that produce and store honey. There are some other related 
bees that also produce and store small amounts of honey, but 
only members of the genus Apis are considered true honey bees.

In Europe and America, the most common type of honey bee 
managed by beekeepers is the Western, or European, bee (Apis 
mellifera), which has many subspecies, or regional varieties, in-
cluding the European dark bee (Apis mellifera mellifera), the Ital-
ian bee (Apis mellifera ligustica), the Carniolan honey bee (Apis 
mellifera carnica), and the African bee (Apis mellifera scutellata). 
There are other species of tropical honey bees in Asia, includ-
ing the red dwarf honey bee (Apis fl orea), the Eastern hive bee 
(Apis cerana), and the common giant honey bee (Apis dorsata). 
Subspecies differ in color, anatomy, and behavior, depending 
on the habitat to which they have adapted.

Question 8: Are there different types of bees within one 

hive of honey bees?

Answer: A honey bee colony is a large social group made up 
almost totally of females, traditionally described as being like a 
factory within a fortress, effi ciently guarded and run by sterile 
females in the service of their queen. Recent developments in 
molecular research have made it possible to rapidly and easily 
obtain a genetic profi le of the members of a colony, and sci-
entists using these new techniques indicate that the traditional 
concepts may be oversimplifi ed. For example, Madeleine Beek-
man and Ben Oldroyd at the University of Sydney studied one 
particular subspecies of A. mellifera, and for that population 
they estimated that from 10 to 50 percent of workers from other 
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colonies were successful in sneaking past the guards of another 
colony and entering the hive, with the intention of parasitizing 
the colony’s resources and possibly even laying eggs that could 
be fed and cared for unwittingly by the hive bees that attend the 
queen’s eggs.

So the answer to this question is more complex than was true 
in the past—there are probably more types of bees within one 
hive than anyone would have imagined, and we will discuss the 
new data as we describe life in the colony. But the basics remain 
the same: a honey bee colony typically consists of as many as fi fty 
to seventy-fi ve thousand bees, and all or most of them are the 
female offspring of one queen. There are a few hundred drones 
and one queen, unless the queen is not functioning normally 
and a transition to a new queen is in progress (see chapter 8, 
question 2: What is swarming?).

Question 9: What is the role of the workers?

Answer: Females do all the work of the hive, and their repro-
ductive organs normally are not fully developed. This state is 
known as reproductive self-restraint, and it occurs because the 
cues the workers receive tell them that the queen is laying an 
adequate number of eggs. The cues come from the queen in the 
form of pheromones (chemical signals), including odors that 
mark the eggs as belonging to the queen. Even the larvae par-
ticipate in this process, giving off chemical signals, specifi cally, 
aliphatic acids, that infl uence the suppression of the worker’s 
ovaries, helping to keep the workers focused on their tasks and 
not distracted by instincts to reproduce. That being said, Mad-
eleine Beekman and Ben Oldroyd found that approximately 
1 percent of the workers in the European honey bee colonies 
that they studied had active ovaries and were able to lay eggs (see 
chapter 5, question 5: How does the queen control the hive?).

Adult bees do not increase in size as they grow older, but their 
role in the hive changes as they age, and this process creates the 
division of labor in the colony. Their age-related transitions to 
different roles occur not because of hereditary differences, but 
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rather due to the degree to which groups of genes in the bee 
brain are activated. This activation results in behavioral change 
and is known as genomic plasticity. As a result of mapping the 
bee genome as isolated through bee brains, Charles Whitfi eld 
and his colleagues were able to predict the behavior of fi fty-
seven out of sixty bees by measuring the levels of activation of a 
large group of genes.

When a worker fi rst emerges from her pupal case, she spends 
the fi rst day or two letting her wings and exoskeleton harden. 

Fig. 4. All worker honey bees are females. Just as the queen is specialized for 

egg laying, worker bees are specialized for foraging. Their bodies are built to 

fi nd and transport pollen to the hive. They have brushy hairs that pick up pol-

len as the bees visit fl owers. Their forelegs have combs and brushes that push 

the pollen into clumps that fi ll the pollen baskets on their rear legs. (Drawing 

by Julie L. Dlugos.)
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Then she begins to work at tasks associated with the interior of 
the nest, including bringing food to the larvae in their cells and 
grooming the queen and the other workers. Until she is seven 
to ten days old, she consumes protein-rich pollen so that the 
hypopharyngeal glands in her head fully develop. These glands 
produce a fl uid that she will feed to the larvae as her next task 
(see chapter 2, question 2: What do larvae eat?). As the bee ages, 
she moves on to keep the hive clean, make wax, and participate 
in building the honeycomb. When she is mature, which means 
about three weeks old, the typical worker shifts her attention to 
tasks that bring her in contact with the world outside the nest. 
These tasks include receiving nectar from foragers and plac-
ing it in storage cells, guarding the entrance to the nest, and 
scouting for food. The transition from working inside the nest 
to working outside the nest is a big change in the life of a worker 
bee. Flying back and forth to collect pollen and nectar is done 

normal
worker

laying
worker

virgin queen

Fig. 5. Dissected views of the 

reproductive anatomy of 

worker bees and laying worker 

bees. All three images show 

the glands associated with the 

sting apparatus at the tip of 

the abdomen. The branched 

oviducts in the normal worker 

are undeveloped, but in the 

laying worker, they show evi-

dence of egg formation. In the 

virgin queen, the round sper-

matheca is well developed 

and the ovaries are expanded, 

in readiness for egg laying. 

(Used with permission from the 

International Bee Research 

 Association; the original image 

was plate 17 in H. A. Dade, 

Anatomy and Dissection of the 

Honey Bee (London, U.K.: Bee 

Research  Association, 1962))
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only by the most experienced bees in the colony during the last 
week or two of their lives (see chapter 2, question 4: How long 
do bees live?).

Several factors contribute to these behavioral changes, includ-
ing hormones, lipid stores, neurochemicals, and environmental 
cues. Mark Drapeau and others have identifi ed proteins, as a 
result of analysis of the bee genome, that play a role in repro-
ductive maturation and stage-specifi c development. There are 
observable differences in gene expression in young nurse bees 
compared to mature foragers, and an increased expression of 
foraging genes was observed by Seth Ament and colleagues in 
the older bees. It can be diffi cult to tell if the increased activity 
of foraging genes in older bees causes foraging, or if changes 
in foraging gene activity are the result of foraging, but there 
is clearly a connection between the genetic activity and the be-
havior. Research by Charles Whitfi eld and his colleagues found 
that a brood pheromone that inhibits behavioral development is 
present in the crops (nectar storage pouches) of foragers at lev-
els thirty times higher than it is in the crops of nurses. The for-
agers pass along the pheromone to the younger workers when 
they exchange food with them, and this inhibits the young bees’ 
development by depressing the amount of juvenile hormone in 
their hemolymph (body fl uid). When it is time for the workers to 
move on to tasks requiring more maturity, the amount of brood 
pheromone received by them is probably reduced and the forag-
ing gene activity increases.
 Andres Pierce, Lee Lewis, and Stan Schneider at the Uni-
versity of North Carolina have recently published observations 
that challenge some assumptions about the role of honey bee 
workers. They established that the colony’s older workers play 
a very important role in the behavior within the nest before a 
swarm occurs. These scientists found that activity prior to and 
during swarming, including the activity of the queen herself, is 
regulated for the most part by mature foragers who use vibra-
tions and movement to signal the queen and the other workers, 
guiding them through the various steps involved in swarming 
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and fi nding a new nest (see chapter 3, question 6: How do bees 
communicate? and question 8: What is piping behavior?).

As a footnote, recent research on ants by Fabian Ravary and 
Emmanuel Lecoutey in France found that successful forag-
ers who were rewarded with prey on every trip foraged more 
and more, while foragers who had not been rewarded, and so 
were “unsuccessful,” foraged less and moved on to other tasks. 
Whether this reward system in ants has any application to forag-
ing bees is intriguing and remains to be investigated.

Question 10: What is the role of the drones?

Answer: Male bees are called drones, and only a small num-
ber of them exist in the typical colony at any one time. A drone 
develops from an unfertilized egg laid by the queen, so it can be 
said that he has no father, although he does have a grandfather 
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Fig. 6. A schematic diagram of the internal anatomy of a honey bee worker: 

note the position of the honey stomach, or crop, in the abdomen. (From 

Thomas D. Seeley, The Wisdom of the Hive: The Social Physiology of Honey 

Bee Colonies (Cambridge, MA: Harvard University Press, 1995), 25. © 1995 by 

the President and Fellows of Harvard College. Adapted from original drawings by 

Barry Siler in The Social Behavior of Bees, by Charles D. Michener (Cambridge, 

MA: Belknap Press of Harvard University Press, 1974), 11. © 1974 by the President 

and Fellows of Harvard College.)
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18 W H Y DO BEES BUZZ?

on his mother’s side. He is almost twice as large as his sisters, 
but he is not physically equipped to collect pollen or nectar, 
and he cannot help defend the hive because, being male, he has 
no sting (the sting is part of the female’s egg-laying organ, the 
ovipositor).

The only role played by a drone occurs outside the nest. Dur-
ing a queen’s fi rst few days of life, she mates with several drones 
that fi nd her while fl ying. Other than his role in this impor-
tant process, he has no function in the colony and simply rests, 
grooms himself, and begs other bees for food. To help him lo-
cate a virgin queen with whom to mate, a drone’s compound 
eyes are much larger than the same structures on female work-
ers (so large that they touch on the top of his head). In addition 
he is equipped with antennae that are particularly sensitive to 
queen pheromone. If a drone has not successfully mated after 
a week or so of trying (see chapter 4, question 3: How do bees 
mate?), the workers will withhold food and he will weaken and 
die, or he will be driven out of the hive and killed because he is 
a drain on the group’s reserves. The reality is that most drones 

Fig. 7. A side view of a male, or drone, honey bee. Drones have large eyes and 

long antennae that they use for locating queens during mating fl ights. Their 

robust bodies are bulky compared to their sisters, the workers. If the colony is 

healthy, there are always many more workers than drones. (Drawing by Julie L. 

Dlugos.)
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BEE BASICS 19

die before getting a chance to mate. Unless a colony is prepar-
ing to swarm or has recently swarmed, it is relatively rare to fi nd 
drones in the nest.

Question 11: What is the role of the queen?

Answer: The queen is of great importance to the colony be-
cause she controls and regulates reproduction. When a new 
queen is needed, a larva from a worker egg is fed exclusively on 
royal jelly for her fi rst four days of life (see chapter 4, question 7: 

Fig. 8. In this photograph, the larger bee, marked by the arrow, is a male 

drone, surrounded by female worker bees. Note his body size, relative hairless-

ness, and his large eyes. (Photo by Debra Cook-Balducci.)
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20 W H Y DO BEES BUZZ?

What is royal jelly and how does it produce a queen?). The work-
ers deposit a fl ood of royal jelly into the larval queen’s cell, and 
she eats more or less constantly. This special diet triggers the 
queen’s body to grow quite large and her reproductive system 
to fully develop, but her brain is smaller than the brain of a 
worker bee.

Once the adult queen has emerged from her cell, she goes 
on a series of mating fl ights over the course of a few days, and 
then for the rest of her life stays in the colony, laying eggs and 
regulating much of the activity of the hive by releasing chemical 
bouquets or pheromones (see chapter 5, question 5: How does 
the queen control the hive?). She is always surrounded by atten-
dants who feed her, stroke her, carry away her waste, and guide 
her to empty brood combs where she lays an egg in each cell.

Honey bees are haplodiploid, which means that if they mate, 
the offspring from the fertilized egg will be female (diploid), 
but they are also capable of parthenogenic or unmated repro-
duction, which results in male offspring that have only half the 
usual number of chromosomes (haploid). The queen lays fertil-
ized eggs in most cells, and they develop into female workers; 
but occasionally her attendants will take her to a larger cell, 

Fig. 9. A side view of a honey bee queen. Her large, bullet-shaped abdomen is 

fi lled with swollen ovaries and other specialized structures for egg laying. As 

females, queens can sting, but because they use their ovipositor both for sting-

ing and for laying eggs, they don’t often participate in nest defense. (Drawing 

by Julie L. Dlugos.)
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The Honey Bee Colony as Superorganism

Many scientists whose work we discuss in this book study the 
behavior and characteristics of bees on the genetic level. 
Now that the genome of the honey bee has been thoroughly 
mapped, scientists have turned their attention to understand-
ing the functions of individual genes and groups of genes in 
honey bees as well as in other social insects. According to Bert 
Hölldobler, an experimental behavioral biologist known for 
his research on ants and other social insects, “The more we 
understood about genetics, the more the focus was on the 
gene.” And, indeed, the era of molecular studies has given sci-
entists new tools for understanding the genetic basis of many 
different behaviors.
 Classical evolutionary biologists say that genes are the units 
of natural selection, and that selection favors only behaviors 
that help the individual survive and leave more healthy off-
spring. Charles Darwin was puzzled about how altruistic traits 
could be propagated if individuals who show those qualities 
do not reproduce; he was particularly perplexed by the female 
workers in a honey bee colony that spend their sterile lives 
tending the queen’s babies. How could traits they exhibit be 
passed on to subsequent generations? He eventually concluded 
that the target of selection can be the social group or family, 
rather than only the individual. This possibility was largely re-
jected by other scientists, given the popularity of the prevailing 
theories focusing on the gene alone as the unit of selection.
 A new book by Pulitzer prize–winning authors Bert Hölldo-
bler of Arizona State University and Edward O. Wilson of Har-
vard University focuses on the social group as an evolutionary 
unit. These scientists are animal biologists, not molecular bi-
ologists, and they specialize in the study of ants (myrmecol-
ogy). Some of the ideas presented in their 2009 book, The 
Superorganism, are considered heretical by many evolutionary 
biologists, although the ideas have roots in the phenomenon 

(continued)
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that puzzled Darwin. Hölldobler and Wilson suggest that selec-
tion occurs on multiple levels, including the level of the social
group, and that the survival of one group of organisms can be 
favored over another because of genes that benefi t the group, 
even if that success occurs at an individual’s expense. From 
this perspective, the colony has characteristics of a species, 
and can serve as a model for illuminating the evolution of life 
forms as they became more complex.
 In The Superorganism, the authors extend the focus of their 
1990 book, The Ants, to include other social insects: wasps, bees, 
and termites as well as ants. They describe a cohesive colony of 
honey bees, for example, as a single animal, a “super organism” 
or biological entity composed of units that are traditionally 
seen as individuals. Each individual worker bee functions 
like a cell, while the queen acts more like an organ system. 

The Honey Bee Colony as Superorganism, continued

Fig. 10. Although 

frequently called a “bee 

nest,” these aerial, paper 

nests are constructed by 

the wasp called the bald-

faced hornet, Dolicho-

vespula maculata. These 

nests are annual; each 

spring, an overwintered, 

mated queen hornet 

initiates a new nest. Like 

bees and ants, wasps are 

considered to be “super-

organisms.” (Drawing by 

John F. Cullum.)
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She functions as the organism’s genitals, while workers play 
the role of the supporting parts of her reproductive system.
 The analogy can be expanded by considering the many dif-
ferent behavior patterns of individuals in the colony. Guard 
bees are the superorganism’s immune system, and foragers 
are its eyes and ears. Thousands of little brains are connected 
in multiple ways, communicating with great intensity and 
complexity using a variety of taps, strokes, dances, noises, and 
chemicals. An elaborate division of labor is maintained, for-
aging and territorial strategies are conceived and executed, 
and castes (in the form of major behavioral changes that oc-
cur as young adult bees become foragers) are controlled com-
pletely by pheromones, climate, the availability of food and 
water, and the fecundity of the queen, rather than by precise 
genetic changes.
 Many scientists are exploring concepts that underlie the na-
ture of the superorganism. One particular area of interest is 
to understand how a division of labor is possible among thou-
sands of female workers who are sisters with essentially the 
same genetic makeup. We know that physical and behavioral 
changes can occur in an individual without changes to the 
structure or expression of its genes. The changes may result, 
for example, from the impact of climate or other environmen-
tal conditions on the organism. Many predators and foragers 
evolve behaviors that refl ect the opportunities and limitations 
imposed by the availability of prey, nectar, or other resources. 
In the case of social behavior, an individual’s behavior may be 
infl uenced by its gene-fi lled environment, meaning the organ-
isms with which it interacts. For example, generosity or aggres-
sion is, by necessity, expressed in a social context: the pheno-
type and genotype of the social partners that are objects of the 
behavior may infl uence the evolution of the behavior of the 
subject. In a similar manner, but on a broader scale, the super-
organism responds and evolves in response to its environment.

The Honey Bee Colony as Superorganism

(continued)
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 The superorganism concept is of great interest to students 
of systems theory, an interdisciplinary fi eld dedicated to the 
study of complexity in nature, science, and society. A car is 
an example of a relatively small technological system, and a 
nuclear power plant is a system that is much larger and obvi-
ously much more complex. A system can be analyzed in terms 
of its reliability, and predictions can be made as to how it will 
function over a specifi c period of time. This theoretical ap-
proach to understanding complexity has implications for the 
risk management of any system or organized group, including 
accident prevention, insurance premiums, and pension con-
tributions. Even the best system, when under repeated stress, 
will experience fatigue, resulting in cumulative damage and 
eventual system failure. For biologists applying system the-
ory to the understanding of social evolution, system failure 
 parallels what can happen to social insect superorganisms un-
der stress.
 Gro Amdam, a University of Arizona biologist who uses the 
honey bee as a model organism to study how social behavior 
and longevity are regulated, has applied the superorganism 
analogy to understanding disease. The honey bee colony has 
to defend itself against pathogens and parasitic bees that de-
plete its resources, and these intruders survive as long as they 
are not recognized. Once an entity is recognized as foreign 
to the system, it is killed; this parallels the immune system 
attacking cells that are intruders in the body. When an or-
ganism recognizes cancer cells as non-self, the body’s im-
mune system tries to destroy them and eliminate the disease.
 The superorganism idea is controversial and fascinating, 
and even those who disagree with its premise cannot help 
but be intrigued with this way of thinking about bees and 
 complex social systems. This latest book by B. Hölldobler and 
E. O. Wilson is a useful resource for those interested in the 
evolution and maintenance of social behaviors.

The Honey Bee Colony as Superorganism, continued
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which will stimulate her to lay an unfertilized egg that will de-
velop into a male.

Although in most species workers do not reproduce, the re-
productive habits of Cape honey bee workers (Apis mellifera cap-
ensis), a southern South African subspecies of the Western honey 
bee, have been recently studied with surprising results. Unmated 
Cape bee workers are uniquely able to lay diploid (female) eggs 
by means of parthenogenisis, whereas unmated females of other 
honey bee species are only able to lay haploid (male) eggs. Fe-
males of this species have been found by Michael Lattorff and 
colleagues at Martin Luther University in Germany to have the 
capacity to develop into “pseudoqueens,” which he defi nes as 
workers with queen-like physiology and behavior. Using genetic 
analysis, the Australian researcher Lyndon Jordan and his col-
leagues found that twenty-three out of thirty-nine new queens 
produced by seven colonies of Cape honey bees that they stud-
ied were offspring of workers rather than of the colony’s queen, 
and only eight of the new queens were from eggs laid by work-
ers from the same colony. The others were offspring of work-
ers from other colonies that had entered and parasitized the 
colony’s queen cells, and three of the daughters of the resident 
queen were clones (produced asexually). These discoveries sug-
gest the complexities that are being unraveled by researchers 
now that DNA analysis is available and the honey bee genome 
has been sequenced. The main browser for the honey bee ge-
nome is available at BeeBase (http://racerx00.tamu.edu/bee
_resources.html).

Question 12: Why are bees important?

Answer: Bees have been valued since ancient times for their 
honey and for their productivity. In cultures where bees are 
common, they symbolize work, creative activity, cooperation, or-
derliness, and diligence; and to be “busy as a bee” is a  universal 
compliment. Honey and beeswax production is valued at ap-
proximately 285 million dollars annually in the United States 
alone.
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Honey bees play a critical role in agriculture by pollinating 
crops, and in the United States alone, it is estimated that ap-
proximately twenty-four billion dollars worth of crops require 
pollination, most of them grown on large monoculture farms 
(farms that grow only one crop). A huge industry has developed 
that provides managed honey bee colonies for commercial crop 
pollination. Trucks containing up to a thousand or more hives 
transport bees to wherever a crop needs pollination; the bees 
are released for the required period of time and then recol-
lected and moved elsewhere. The cost of renting bees for com-
mercial pollination in the United States was estimated recently 
at around ten billion dollars (see chapter 6, question 5: How 
do farmers make sure there are enough bees to pollinate their 
crops?).
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