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How Honeybees Find a Home

In most of the Temperate Zone a new colony of honeybees must

locate a snug shelter in order to survive the winter. The search

is carried out by the older “‘scout’ bees with remarkable rigor

and two of the four living species

(Apis florea and A. dorsata) still live
only there. 4. cerana and A. mellifera,
however, have gradually extended their
ranges far north and south of the Equa-
tor and therefore have confronted the
problem of surviving through the win-
ter, when there is no nectar or pollen to
be gathered and when for days or weeks
on end the temperature is below the lev-
el at which honeybees are able to fly (10
degrees Celsius, or about 50 degrees
Fahrenheit). The remarkable method
honeybee colonies have evolved for get-
ting through the winter depends critical-
ly on the type of enclosure a colony oc-
cupies; in a suitable enclosure the colo-
ny may be able to carry on for several
years, whereas in a poor one the bees
may perish in the first winter. The ade-
quacy of the enclosure in turn depends
critically on the activity of the small
group of older workers that chose it: the
scout bees.

In the Tropics A4. florea and A. dorsata
nest in the open, hanging their nest from
the underside of a tree branch, whereas
A. cerana and A. mellifera nest in a cavi-
ty. It is this habit that has enabled the
latter two species to extend their range.
In the temperate zones the bees in a
colony of A. cerana or A. mellifera spend
the nonwinter months storing up 10
kilograms or more of honey that will
serve as food during the winter and thus
indirectly as a heating fuel. When winter
comes, the colony contracts into a tight
cluster. The bees in it generate heat by
small vibrations of their powerful flight
muscles, maintaining the surface tem-
perature of the cluster at about 10 de-
grees C. In a snug shelter that has an
adequate store of honey the bees usually
get through the winter quite well.

Clearly, then, an important first step
by a new colony is the selection of a snug
shelter. In the wild the shelter is usually
acavity in a tree. Over the past five years
I have been studying the house-hunting
behavior of A. mellifera honeybees liv-
ing in central New York State. These
studies have revealed that the process of

The honeybees arose in the Tropics,
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nest-site selection is remarkably thor-
ough and have yielded findings that are
of practical value to beekeepers.

House hunting is a part of swarming,
which is the honeybees’ method
of establishing a new colony. Colonies
swarm in the late spring; for bees in New
York State the time is from late May to
the end of June. Swarming follows a pe-
riod of intense rearing of brood, which
considerably enlarges the population of
the colony and creates congestion in
the nest cavity. Studies by James Simp-
son of the Rothamsted Experimental
Station in England indicate that over-
crowding stimulates the colony’s work-
ers to begin rearing a batch of daugh-
ter queens. The strongest queen (de-
termined by stinging duels among the
young queens) inherits the established
nest. Once the rearing of new queens is
well under way, and even before the first
daughter queen emerges, the mother
queen moves out with about half of the
colony’s 30,000 or so workers to start a
new colony in another location.

The old queen and her retinue of
workers depart in a mad whirl, pouring
out of the nest and beginning a short
flight. The swarm travels only a few tens
of meters and then settles in a beardlike
cluster on some object, usually a branch
of a tree or bush. Soon after the swarm
has settled the scout bees fly off in all
directions to begin their reconnaissance.

Their search extends out to 10 kilo-
meters or more from the old nest. The
scouts are the oldest bees in the swarm,
the ones that have already foraged for
the colony and so are familiar with the
territory around the old nest. They num-
ber a few hundred, or about 5 percent of
the swarm’s population.

Once the scouts have selected the fu-
ture home site they make zigzag runs
(punctuated by bursts of wing buzzing)
through the swarm, thereby signaling
the other bees to break up the clus-
ter. Bernd Heinrich of the University of
Vermont has shown that before lift-off a
swarm warms itself throughout to about
36 degrees C., the temperature at which
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flight muscle functions best. In the final
minutes before lift-off a swarm teems
with scouts scrambling over the clus-
ter, vibrating their wings and boring
through the interlocked nets of hanging
bees. A loud humming noise emanates
from the cluster, a mixture of deep wing
buzzes and shrill piping sounds. The
sound reaches a climax as the once solid
surface of the swarm appears to melt
because the chains of hanging bees be-
gin to disintegrate. Within another min-
ute the entire swarm 1is airborne, fill-
ing the air with the penetrating buzz
of thousands of bees circling tightly
overhead.

The airborne swarm forms a cloud
about 10 meters in diameter. To pilot
their sisters to the new home site the
scouts streak through the swarm in the
direction of the site. The swarm moves
slowly at first, traversing the first 30
meters at a speed of less than one kilo-
meter per hour, but within 200 meters it
accelerates to 10 kilometers per hour
or more, flying a few meters above the
vegetation.

When the swarm reaches the nest site,
the scouts somehow signal it to stop.
Then they drop down from the cloud
formed by the swarm, alight at the en-
trance to the nest (a knothole, a gap
among the roots of a tree or a narrow
crack in a limb) and release assembly
pheromone from the Nassanoff gland in
the tip of the abdomen. The pheromone,
a chemical signal that the bees sense as
an odor, pinpoints the entrance to the
nest. Soon the other bees are streaming
into the nest cavity in a formation that
resembles a whirlpool. Within 30 min-
utes of lift-off nearly all the bees are
safely inside their new home. Within a
few hours they are cleaning out debris,
constructing combs and flying off to for-
age for nectar and pollen. A new colony
has been established.

Martin Lindauer of the University
of Wiirzburg studied honeybee
swarms in Munich just after World War
II while he was working at the Mu-
nich Zoological Institute. He analyzed



the process whereby scout bees decide
which of the various sites discovered
will be the swarm’s future home. His
first observation was that soon after a
swarm assembles in a cluster near the
old nest bees appear on the surface of
the cluster doing ‘“dances” of the type
that Karl von Frisch, who was then also
at the Munich Zoological Institute, had
found to be the means by which forag-
ers direct their nestmates to new sour-
ces of food.

Lindauer also observed that the danc-
ers on a swarm never brought back nec-
tar or pollen; therefore they were appar-

ently not foragers. To make sure he
marked the dancers with spots of paint
and read from their dances the locations
of the targets indicated. Further investi-
gation called for a compass to measure
the orientation of the dance with respect
to the position of the sun and a stop-
watch to time the cycles of the dance.
The orientation indicates the direction
to the site and the tempo of the dance
indicates the distance: the faster the
dance, the closer the target. Lindauer
marked the indicated spots on a topo-
graphical map and set out to find pre-
cisely where the bees were going. In

a few instances he found the bees he
had marked. They were not foraging
but were busily inspecting holes in the
ground, hollows in trees or cracks in
old walls. These bees were house hunt-
ers. Their dance announced prospective
dwelling places, not patches of flowers.

By following the dances of the scouts
continuously from the time a swarm set-
tles until it lifts off Lindauer was able to
determine how the scouts reach accord
on a site. At first they search indepen-
dently, and each one that finds a pro-
spective site announces it independently
by dancing on the swarm. Some sites are

EXPERIMENTAL NEST BOX devised by the author enabled him
to observe a scout bee as she explored a potential nest site. The box
was mounted outside a red window on the side of a hut. Because bees
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do not see red light the experimenter could look through the window
without disturbing the scout and could record her movements by
means of numbered squares. Squares 85 through 100 are on window.
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represented by a lively dance that is re-
peated for a long time, others by a dance
a human observer can only characterize
as unenthusiastic. The liveliness of a
scout’s dance reflects the quality of the
site she has found. A dance for an inferi-
or dwelling place is sluggish.

When a scout engaged in a sluggish
dance encounters one that is dancing
vigorously, she senses the lively dance
and flies off to inspect the site. If her
inspection reveals that it is indeed su-
perior, she begins advertising it in her

VISIT 1

VISIT 17

dance at the swarm. In this way the
scouts gradually reach a consensus
about the best dwelling place. Often it
takes them several days to come to an
accord. It is when they are all advertis-
ing the same goal in unison that they
give the signal that causes the swarm
to break up the cluster and fly to the
new nest.

Endauer’s work revealed what happens

at the clustered swarm while the
scouts are house hunting but gave few
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VISIT 25
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clues about what happens at the pro-
spective sites. What do the scout bees
seek as an ideal site? How do they in-
spect a potential site and ascertain its
properties? After repeating Lindauer’s
observations on the way the scouts
reach and convey a consensus at the
swarm I decided to explore these ques-
tions as the research on which I would
base my doctoral thesis at Harvard
University.

A logical starting point for studying
what honeybees look for in a site for a

SCOUT’S METHOD of exploring a cavity is indicated by tracings
of what a single scout bee did on four out of 25 visits during her ini-
tial inspection of a potental nest site. Where the line is solid the bee
was walking; where it is broken she was flying. At first she stayed
near the entrance, but eventually she explored the entire cavity. After

160

the initial inspection she returned sporadically, apparently to check
the site as external conditions changed. When she was away, she was
either advertising the site to other members of the colony by means
of a stereotyped “dance” on the surface of the swarm (the beardlike
cluster the bees had formed) or visiting sites found by other scouts.
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home is to study the nests of honeybee
colonies living in nature. Each colony
occupies a site its scouts have selected,
and so it seemed reasonable to expect
that patterns in the properties of such
sites would yield clues about what the
bees prefer. Working with Roger A.
Morse of Cornell University, I found 21
honeybee colonies living in hollow trees
in the forests around Ithaca, N.Y.

In order to fully describe the architec-
ture of these natural nests we cut down
each tree, transported the section with
the nest to the laboratory and split open
the log to expose the nest. We measured
all the properties we could think of as
likely to be significant to the bees: the
height and size of the entrance and the
shape and volume of the cavity (mea-
sured by removing the combs and filling
the cavity with sand). Numerous consis-
tencies emerged. A typical nest occupies
a vertically elongate tree hollow with a
volume of about 45 liters.

Once I knew what the natural homes
of honeybees are like I sought to test
whether the patterns we had found re-
flect the preferences of scout.-bees as
they pursue their search. The idea for
the experimental design of the test came
from what I had read about beekeeping
in East Africa. There the beekeepers ac-
quire bees by hanging hives (hollowed
logs with the ends stoppered except for
an entrance hole) in trees and waiting
for swarms to occupy them.

I tried the same thing around Ithaca
except that I put up nest boxes in sets of
two or three. In each set the boxes were
identical except for one property, such
as cavity volume or the height of the
entrance above the ground. I hoped that
scouts from wild swarms would discov-
er my nest boxes and reveal their nest-
site preferences by choosing among the
boxes in a set.

The plan worked quite well. Over four
summers approximately half of the
nest-box sets attracted a swarm each
summer. Moreover, the patterns of oc-
cupation were sufficiently consistent to
show the nest-site preferences of the
bees. Of course, in order to get statis-
tically meaningful data I needed sev-
eral occupations of the nest-box set for
each variable in nest-site properties. To
test for preferences in 11 variables I
built 276 nest boxes, using up enough
plywood (more than 70 sheets) for a
small house.

he bees indicated preferences in the

following nest-site variables: the vol-
ume of the cavity, the size of the en-
trance, the height of the entrance above
the ground, the height of the entrance
above the floor of the cavity, the direc-
tion the entrance faced and the presence
of combs in the cavity. Honeybees avoid
cavities with less than 10 liters of vol-
ume and more than 100. A small cavity
cannot hold the store of honey the colo-

HONEYBEE SWARM hangs from a branch of a tree. A swarm consists of the queen from an
established colony and about half of the colony’s 30,000 or so workers. Soon after leaving the
old nest the group settles in this manner and the scouts (a few hundred of the older workers) fly
off to begin looking for a new site. They may go as far as 10 kilometers from the old nest.

SWARM IN FLIGHT is on its way to a new nest, on which the scouts have reached a consen-
sus after a few hours or days. The swarm is moving from left to right. Most of the bees, which
appear as dots or short streaks, are flying slowly. The scouts fly through the swarm rapidly,
showing the direction of the new site. The scouts appear in the picture as relatively long streaks.
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ny needs in order to survive the winter,
and a large one may be difficult to heat
in the winter.

Bees prefer an entrance that is less
than 50 square centimeters in size, is at
least two meters above the ground, faces
south and opens into the bottom of the
nest cavity. A small entrance is easily
defended and helps to isolate the nest
from the outside environment. High en-
trances are inaccessible to predators
that cannot fly or climb trees and are
harder to find than entrances near the
ground. An entrance that faces south
provides a warm, sunny perch from

which foragers can take off and on
which they can land. (Beekeepers face
their manmade hives to the south to help
their bees fly out in cool weather; the
orientation is particularly important in
the winter months, when bees fly out
on sunny days to eliminate accumulated
body wastes.) An entrance at the bottom
of the nest cavity rather than at the top
may help to minimize the loss of heat
from the nest by convection currents.
The preference for a site already filled
with combs (built by a preceding colo-
ny that did not get through the winter)
doubtlessreflects the tremendous saving

NATURAL HONEYBEE NEST was a cavity in a tree. Here the section containing the nest
has been split open, revealing the combs containing brood and honey. The entrance hole is on
the left side, about two-thirds of the way up the cavity. The author and Roger A. Morse of
Cornell University examined a number of natural nests to determine what scout bees look for.
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of energy that would otherwise have to
go into the building of combs.

The nest-site properties for which I
detected no preference were the shape
of the entrance, the cavity’s shape, its
draftiness, its dryness and the distance
of the site from the old nest. Honeybees
probably prefer draft-free and dry nests,
but because the colony can plug with
tree resins any cracks that let in drafts
and water the scouts apparently do not
give much weight to these properties. In
contrast, bees cannot modify the vol-
ume of a cavity or the height of the
entrance and the direction in which it
faces, and so they must make a choice in
these matters before they move in.

The ability of bees to remedy a drafty
or damp site was demonstrated by colo-
nies that accupied our experimental nest
boxes. I had made some of the boxes
drafty by drilling into the sides a grid of
six-millimeter holes spaced 10 centime-
ters apart; the bees plugged up all the
holes with tree resins within a few days
after moving in. They also quickly dried
out damp nest boxes by dumping out-
side the soggy sawdust I had put on the
floors and sealing the leaky wall and
ceiling joints with resin.

Although I did these studies only to
satisfy my curiosity about how honey-
bees choose a home when they are left
to their own devices, the research yield-
ed information of practical value to
beekeepers. Applying the knowledge
of what honeybees seek in a nest site,
Morse and I designed what we call a bait
hive, that is, a hive designed to catch
wild swarms of honeybees. Physically

“the hive is basically just a box nailed to a

tree, but its size, the characteristics of
the entrance and the height above the
ground meet the preferences of the bees
and so make it an ideal nest site. (We do
not fill bait hives with combs for fear of
transmitting certain honeybee diseases
to the incoming swarms.)

Between 1975 and 1980 we collect-
ed 251 bait-hive-years of data on our
design; in the process we captured 124
swarms for an occupation rate of 49
percent per year. In the past beekeepers
wanting to collect wild swarms had to
rely on being notified when aswarmhad
settled somewhere; then they had to hur-
ry to collect it in a hive before the bees
could finish choosing a nest site and
moving into it. With bait hives beekeep-
ers can collect swarms automatically.

Up to this point in my studies I had
treated the evaluation process of
the nest site like a black box. I knew
what scout bees seek in a prospective
nest but I had little information on how
they inspect one. To look into their in-
spection behavior I had to leave the
countryside around Ithaca and shift
my investigation to Appledore Island in
Maine. This 39-hectare island lies 10 kil-
ometers offshore and is the site of the
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SCOUT’S DANCE advertising a nest site she has found is made on
the surface of the swarm. Often the dancer moves in a pattern resem-
bling a figure eight (a), waggling her abdomen during the central part.
The direction of the waggling run conveys the direction of the site in
relation to the sun; here the run is upward and means the site is to-

ward the sun. The rhythm of the dance indicates the distance to the
site; the farther the site, the longer the waggling middle part of the
dance. Four other scouts are shown observing the dance. Sometimes
a scout will dance in one place and then will walk a short distance
along the surface of the swarm and perform the dance again (b).

Shoals Marine Laboratory of Cornell
and the University of New Hampshire.
Its particular importance for my work is
that it has no large, hollow trees. Hence
when I took honeybee swarms out to
the island, I forced them to concentrate
their house hunting on the experimental
nest sites I provided. In this way I could
easily observe and analyze the process
of nest-site evaluation.

b JUNE 27

a JUNE 26

v

My first goal on Appledore Island was
to record the behavior of scout bees in-
specting nest sites. I hoped the observa-
tions would suggest how scouts evaluate
the critical nest-site properties. It was
particularly important to be able to
watch scouts inside a prospective nest
in order to understand how they judge
such things as the volume of the cavity
and the height of the entrance.

C JUNE 28

h i

To this end I built a hut with a cube-
shaped nest box mounted on one of its
walls. The box was positioned outside a
red window (bees cannot see red light)
so that I could look in without dis-
turbing the scouts. The inner surfaces
of the box bore a grid-coordinate sys-
tem that enabled me to record where
a scout went while she was in the cav-
ity. After setting up the hut on one

d JUNE 29 e

JUNE 30 J

SUMMARY OF SCOUTING is given from the time a new colony
left the old nest (at 1:35 .M. on June 26) until it moved into the new
nest site (at 9:40 A.M. on June 30). The observations were made by
Martin Lindauer of the University of Wiirzburg. In each case the cir-
cle represents the location of the swarm, the arrows indicate the direc-
tion in which scouts found potential nest sites and the thickening of
the arrows shows that increasing numbers of scouts were visiting a

particular site. The longer an arrow is, the farther away the site was;
distances beyond 1,000 meters are represented by broken lines. The
most distant site (f) was 4,500 meters away. The scouts discovered 21
sites, but gradually they reached a consensus on the one that was 350
meters to the southeast, a site found by one of the first two scouts to ad-
vertise a find (a). On June 28 scouts were inactive because of rain. Mul-
tiple entries for June 29 and 30 are several periods of observation.
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Physician, did you miss any of these
significant developments in medical science?

° Camprylobacter fetus subsp. jejuni is
associated with a colitis that can clini-
cally and sigmoidoscopically resemble
acute idiopathic ulcerative colitis. Stool
cultures are in order for C. fetus before
beginning nonspecific anti-inflamma-
tory therapy.

* Coumarin derivatives cross the pla-
centa. A recent study shows that the
consequences for the fetus can be se-
vere. These include embryopathy, still-
birth, and premature delivery.

° Nonsteroidal anti-inflammatory
drugs may produce a marked reduction
in glomerular filtration rate; with ter-
mination of the drug, GFR returns to
normal.

* The first documented incident of in-
digenous transmission of dengue in the
continental United States since 1945
has been reported in Brownsville,
Texas.

F THESE ITEMS are familiar you must

be a prodigiously energetic or pro-

digiously lucky reader. With 2,000
or more journals published each year,
information that significantly affects pa-
tient management all too easily slips by.
Textbooks are out-of-date before they
are published.

Left Coronary Artery

Right Coronary Artery-<ie.

His Bundie

Fascicle
Right
Bundie Branch b

Left Anterior Fascicle by ¥

Branches of the right and left coromary
arteries supply blood to the A-V node and
intraventricular conduction system.

SCIENTIFIC AMERICAN Medicine is lucidly il-
lustrated with drawings and photographs.
Some examples are seen here and or the
facing page.

SCIENTIFIC AMERICAN Medicine is the
busy clinician’s answer to this problem.

Because its authors update SCIENTIFIC
AMERICAN Medicine every month, it is al-
ways current. Because the new informa-
tion appears in a single source, it is there
when you need it.

This 2,500-page, innovative union of
publishing and electronic technology is
the work of leading scholar-practi-
tioners from Harvard and Stanford.
The editors are Edward Rubenstein,
M.D., FA.C.P, and Daniel Federman,
M.D., FA.C.P.

Each month as authors update their
contributions, revisions are entered on
the magnetic tape on which the text and
index are stored. The tape drives high-
speed phototypesetting equipment so
that subscribers receive about eight new
chapters and a new index every four
weeks; a bulletin highlights new devel-
opments.

New material replaces old material in
the living text, so that the information is
there — up-to-date, at your fingertips.

A CME program of eight patient man-
agement problems offered over a 12-
month period i5 available at no extra
cost. As an organization accredited for
continuing medical education, the Stan-
ford University School of Medicine
designates this continuing medical edu-
cation activity as meeting the criteria for
32 credit hours in Category 1 for Educa-
tional Materials for the Physician’s Rec-
ognition Award of the American
Medical Association, provided it has
been completed according to instruc-
tions. This program has been reviewed
and is acceptable for 32 prescribed hours
by the American Academy of Family
Physicians. This program has been ap-
proved by the American College of
Emergency Physicians for 32 hours of
ACEP Category 1 credit.

Trial Offer

We invite you to try SCIENTIFIC AMERICAN
Medicine — for two months at no cost.
Send us the coupon and you will receive
the two-volume text and two monthly
updates. You may also take a CME test
for credit. At the end of 60 days, if you
decide to continue the subscription, we
will bill you for $220 for the full 12
months (renewal is currently $170);
otherwise return the two volumes.

Please mail the coupon today and let
us take the hassle out of keeping up.

© 1982 SCIENTIFIC AMERICAN, INC

This content downloaded from

132.177.238.78 on Wed, 28 Jan 2026 03:13:40 UTC

All use subject to https://about.jstor.org/terms

Computerized scintigraphy reveals pulmo-
nary thromboembolism.

Abdominal computed tomogram reveals
large renal carcinomareplacing part of right
kidney.
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side of the island I would position a
small swarm (about 2,000 bees) on the
opposite shore, putting a dot of paint
on each bee according to a color code
that made them individually identifi-
able. Then I would retire to the hut to
wait for the scout bees.

A scout bee needs about 40 minutes
for inspecting a nest site. The complete
inspection is a summation of numerous
excursions inside the cavity, each one
lasting for less than a minute and alter-
nating with equally brief periods out-
side. I call this initial phase, in which a
scout is primarily at the nest site, pop-
ping in and out of the cavity, the discov-
ery phase.

Following the discovery phase a scout
continues to visit a good site, but the

OUTER LID

1 INI\;EH LID

'|| LIGHT BAFFLE

|

visits become sporadic, each visit per-
haps an hour after the preceding one
and lasting for less than a minute. Evi-
dently a scout conducts a detailed in-
spection of a prospective site during the
discovery phase and thereafter spends
most of her time elsewhere, either back
at the swarm advertising the site or off
inspecting other sites. The sporadic re-
turns probably enable scouts to quickly
check a site under different conditions,
such as later in the day when the angle of
the sun has changed or after a rainstorm
that may have flooded the cavity.
When a scout is inside a cavity, she
devotes most of her time (about 75 per-
cent) to rapid walking about on the in-
ner surfaces. This quick pacing is inter-
spersed with brief flights, each usually

f

less than a second in duration, in which
she moves from one point to another. A
geometric pattern in these inspections
is that early in the discovery phase a
scout walks about primarily near the
entrance, whereas later she penetrates
to the deepest recesses of the cavity.
Three-dimensional reconstructions of
the walking paths of individual scouts
reveal that when the inspection is fin-
ished, a scout has walked 50 meters or
more around the inside of the cavity
and has covered all its inner surfaces.

he volume of a cavity is the nest-site
property that is perhaps most crit-
ical to a colony’s long-term survival.
Since the colony needs at least 10 kilo-
grams of honey to get through the win-
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EXPERIMENTAL APPARATUS was devised by the author to test
how a scout bee measures the volume of a cavity. The colony re-
quires a site with a minimum volume of about 15 liters in order to
store up the 10 kilograms of honey needed to get through the winter;
anything larger than 100 liters is usually avoided, probably because
the colony would have difficulty keeping warm inside it in the winter.
With one apparatus (a) the experimenter could vary the volume be-
tween five liters (with the inner lid down) and 25 (inner lid up). By
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means of the light baffle he could change the amount of light coming
in through the entrance hole to see whether scout bees estimating the
size of the cavity relied mainly on walking or on vision. The chief sen-
sory input turned out to be walking. In the other apparatus (b), which
had a volume of 14 liters, the experimenter could rotate the wall in
order to increase or decrease the amount of walking a scout bee had
to do in order to measure the volume. The number of other scouts she
recruited to the box was the measure of how she perceived its size.
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Over a million people
use Microsoft software
on their microcomputers.

There'’s areason.

Powerful simplicity. That's the concept behind every
microcomputer software program we write. Powerful
programs that allow you to do more with less effort.
Programs that let you spend more time thinking about
your problem...and less time thinking about the com-
puter. It's a good reason why over a million people depend
on Microsoft software in their everyday computing...
and why the number is growing. Rapidly.

The value of experience. Microsoft made a giant step
toward putting the power of computers in the hands of
non-technical people when we wrote the first BASIC
programming language for the very first microcomputer.
It's an English-like programming language simple enough
to teach in grade schools. Yet, it's so powerful that

more application programs have been written in Microsoft
BASIC than any other programming language.

Tools that help you think. Microsoft is an old-timer in
one of the world's youngest industries. Microsoft BASIC
was just the beginning. Today, we offer a broad range of
proven tools for microcomputers. A complete line of
programming languages. From the original BASIC to

Pascal. Operating systems like XENIX™ and MS™-DOS
that allow your computer to utilize a wide variety of pro-
grams. Products like the Microsoft SoftCard™ system
which dramatically extends the capabilities of Apple® Il
computers. Management software such as Multiplan™
which allows you to explore more alternatives to

reach more intelligent business decisions. Better tools.
Because theyre powerfully simple.

Building a library. The great majority of microcom-
puters come equipped with Microsoft software. But you'l
undoubtedly want more. Specialized programs that
solve your particular problems. Programs for your indus-
try, profession, or home. Programs that do more and

ask less. Look to Microsoft, or to programs written in
Microsoft languages. Software that’s proven on millions
of computers. Worldwide.

BETTER TOOLS FOR MICROCOMPUTERS

MICRSSOFT

MICROSOFT CORPORATION
10700 NORTHUP WAY
BELLEVUE, WASHINGTON 98004

Microsoft is a registered trademark of Microsoft Corporation
Multiplan, SoftCard, XENIX and MS are trademarks of Microsoft Corporation
Apple 1s a registered trademark of Apple Computer, Inc.
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Beautify your
space
with solar art.

Choose from 35 ditferent
full-color photographic prints
from official NASA photos.
Rarely seen glimpses revealing
colorful worlds of the solar
system and deep space. All
beautifully framed and ready to
hang. Perfect for any decor.
Home or office

For a Color Catalog send $1.00

with your name and address to:

Solar Gallery, Ltd.

16152 Silver Shore Dr. Dept. SA-102
Linden, Michigan 48451 USA

SNOLLVNOI

GAMES FOR THINKERS

An exciting, new way to learn creative
problem solving! Games designed by uni-
versity professors improve thinking skills
using fun, strategy and challenging com-
petition. Like chess, each game can be
played at many levels from young chil-
dren to intelligent adults. Fascinating for
everyone!

Write for free catalog and studies that
show how WFF ‘N PROOF Games can:
e double math achievement
e cut school absenteeism by %5 and
« raise 1.Q. scores by 20 points

ORDER YOUR GAMES FOR THINKERS TODAY!

WFF'N PROOF (logic) $16.00
QUERIES ‘N THEORIES (sci. method) 16.00
EQUATIONS (creative mathematics) 13.00
ON-SETS (set theory) 13.00
ON-WORDS (word structures) 13.00
PROPAGANDA (social studies) 13.00
CONFIGURATIONS (geometry) 7.75
Complete 7-game Special 79.95

All prices include postage and handling.
Satisfaction Guaranteed

order from: WFF 'N PROOF

\_  1490-ET South Blvd., Ann Arbor, MI 48104 j
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PROPERTY

PREFERENCE

FUNCTION

HEIGHT OF ENTRANCE

MORE THAN THREE METERS

AREA OF ENTRANCE
CENTIMETERS

LESS THAN 60 SQUARE

DEFENSE OF COLONY

CONTROL OF MICROCLIMATE
IN NEST AND DEFENSE
OF COLONY

POSITION OF ENTRANCE

BOTTOM OF CAVITY

CONTROL OF MICROCLIMATE
IN NEST

DIRECTION OF ENTRANCE

FACING SOUTHWARD

CONTROL OF MICROCLIMATE
IN NEST

VOLUME OF CAVITY

BETWEEN 10 AND 100 LITERS

STORAGE SPACE FOR HONEY
AND CONTROL OF |
MICROCLIMATE IN NEST

COMBS

COMBS IN CAVITY

ECONOMY IN CONSTRUCTION
OF NEST ‘

J

ter and that amount of honey requires
about 15 liters of storage space, the vol-
ume must be at least 15 liters if the colo-
ny is to survive the winter.

How do scout bees measure the vol-
ume of a cavity? Their active walking in
the course of an inspection may provide
the basis for an estimate, but another
hypothesis is that they simply go inside
and look around. By means of experi-
ments with nest boxes in which the tra-
versable surface area and the interior
illumination could be varied I found
that in order to measure a volume scout
bees need either inner surfaces that can
be traversed or interior illumination of
more than .5 lux (about the illumination
provided by a full moon).

What are the conditions inside a cavi-
ty in a tree? Certainly the inner surface
of bare wood is easily traversed by a
scout bee. To measure the level of illu-
mination in a similar cavity I built a
model based on the measurements I had
made of natural nests. It had a series of
openings into which I inserted a light
meter. [ found the illumination to be less
than .5 lux except near the entrance.
Evidently in nature scout bees rely pri-
marily on walking about in a prospec-
tive nest site to measure its volume.

To test this hypothesis more directly I
tried modifying a scout’s perception of
volume by manipulating the amount of
walking required to move from point to
pointinside a cavity. The device for this
experiment was a cylindrical nest box
mounted vertically on a turntable, en-
abling me to smoothly rotate the box
while a scout bee was inside. By means
of a window at the top I could look in-
side and see which way the bee was
walking; then I could turn the walls ac-
cording to whether I wanted to increase
or decrease the amount of walking re-
quired for her to complete a horizon-
tal circuit.

The volume of this experimental box
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NEST-SITE PROPERTIES that honeybees apparently prefer are listed on the basis of nest-
box selections made by bee swarms. A site with all the properties presumably would be ideal.

was 14 liters, on the boundary between
an unacceptably small cavity and a suit-
ably large one. If walking contributes to
the perception of volume, the first scout
to discover the box should find it either
more or less attractive than its true vol-
ume would suggest according to wheth-
er she had been made to walk more or
less than she would in a normal 14-liter
cavity. The test was the number of other
scouts the first scout recruited to visit
the box; she should recruit more scouts
if she found the box suitably large than
she would if the box had seemed unac-
ceptably small. That is what I observed
in four trials of this delicate experiment.
It seems clear a scout’s estimate of the
volume of a cavity is proportional to the
amount of walking she must do to cir-
cumnavigate it.

he founding of a honeybee colony

is fraught with danger. To survive
the first winter the colony must sur-
mount the many hurdles of finding a
good site, building a nest of energy-
expensive beeswax combs, rearing off-
spring that can outlive the winter and
gathering the necessary provisions for
winter. Most colonies do not succeed.
Long-term observations of the forest-
dwelling colonies around Ithaca have
revealed that only 24 percent of the new-
ly founded colonies survive their first
winter, whereas the survival rate for es-
tablished colonies is 78 percent.

These observations have also re-
vealed that if a colony does survive the
critical first winter, it will endure on the
average for another five years. In short,
a colony has the potential to survive for
a long time but faces great risks in mov-
ing from an old nest to a new one. There-
fore a swarm cannot rely on trial-and-
error methods in finding a suitable site.
Each colony must make a single, care-
ful decision with which it can live for
many years.



THE CARE AND FEEDING
OF A LIGHTWEIGHT.

Believe it or not, one of the
most envied group of runners—
the lightweights—has a very un-
enviable problem.

ile the rest of us are out
there causing street lamps to sway,
these folks are hitting the ground
with considerably less force. The
typical 6 footer who is 20 pounds
underweight, is receiving a jolt
about 14 percent less than normal.

This is a problem? You bet.
Especially when you start cranking
out the weekly miles in shoes de-
signed for the average weight
runner.

What lightweights should fear
most is too much cushioning. An
overdose here and the shoe can
become dangerously inflexible.

If you're one of nature’s more
slimmed down versions, you won’t
be applying enough weight to
penetrate the forefootareaas much.
And what you lack in pounds,
you'll have to make up forin
effort. It takes more energy to flex

a thicker sole, so you'll run less
efficiently.

You may also be flirting with
shin splints and Achilles tendinitis,
the most common results of too
little flexibility.

Unfortunately, things really get
sticky if your shoe size is less than
a size 9. Because most midsoles
aren’t scaled the way the human
body is.

Until we started investigating,
the general assumption was that
the forces under the foot were di-
rectly proportional to shoe size.

n other words, if a size 7 shoe
is 9 percent smaller than a size 10,
then a typical runner in a size 7 will
experience 9 percent less vertical
force.
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Are you a lightweight? Draw a line between your
height and weight and see where it intersects the
somatocrit scale.

As it turns out, nature doesn’t
work that way. In actuality, that
size 7 runner will hit the ground
with 18 percent less force.

All of which means the smaller
sizes of most running shoes have
an over-generous amount of cush-
ion. For even the average weight
runner.
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Air-Sole®

Terra TIC

The Air-Sole® (top) inthe Columbia, Aurora and
Tailwind has dif ferent air pressure in the various
sizes to give more appropriate cushioning. The
Terra TIC (below) has a Phylon™ midsole also
scaled for cushion as well as the same degree of heel
lift in all sizes.

It was a startling discovery.
And we did something about it.

First with our air shoes—the
Columbia, Aurora, and the Tail-
wind. Not only are these shoes
slip lasted for the flexibility light-
weight runners need, but we also
adjusted the air pressure in the
various sizes for more appropriate
cushioning.

Lightweights will also ap-
reciate the Terra T/C and the Lady
erra T/C. They are slip lasted in

the front to make them flexible and
board lasted in the rear to make
them stable. In addition, the mid-
sole has been molded to give the
proper cushion and heel lift for
each size.

So if you're on the thin side,
put your feet on a diet. When it
comes to cushioning, don’t ask for

second helpings. ”I

Or you'll wind
Beaverton, Oregon

up a glutton
for punishment.



