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I. Sizing up the Population

Reading:

Bee Hives

Materials:

• Map of New Pascua

• Frames with comb, brood, and honey

• Frames with foundation

Classroom Activities:

Census Methods

• Estimating the number of saguaros on a reserve

• Estimating the number of fish in a lake

• Estimating the population of a village
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Bee Hives

Long ago, people from many parts of the
world discovered that they could increase
honey production by creating a special envi-
ronment for bee hives. Today, apiculture, the
science of beekeeping, is a comprehensive sci-
entific and technological enterprise. Beekeep-
ers study topics from the anatomy and physi-
ology of bees to their evolution, genetics, and
ecology. The best beekeepers are those who
can combine scientific knowledge with practi-
cal skills to manage their hives and to process
and market honey.

We know, from pictures on the of the Egyp-
tian sun temple of Nyuserre Ini from the 5th
Dynasty, dated earlier than 2422 BC, that
bee have been kept in artificial hives for more
that 4500 years. The pictures on these walls
depict workers blowing smoke into hives as
they remove honeycombs.

The first human-made hives were quite
variable in size and shape. They were made
by these ancient beekeepers from material
that was readily available. For example, early
Mediterranean and Egyptian hives were often
pipes made of sun-baked mud, hives in Africa
were pipes made from tree bark, and the ear-
liest northern European hives were vertically
standing hollowed out logs. In Western Eu-
rope, the hives were constructed from basket-
work plastered with mud and cow dung. The

Figure 1: Medieval beekeeper working with
bees in a skep, conical basket for housing sees
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4 Bee Hives

material was made into a long tube several
inches in diameter. This tube was laid upon
itself into a spiral to form a cylinder with a
cap. The final construction was then bound
together using split bramble stems. These
hives held about five gallons of honey. When
the time to harvest arrived, honey was col-
lected by first killing the colony of bees inside
the hive and then removing all of the honey
comb.

Beginning in the seventeenth century, bee-
keepers began to experiment with hives made
from wooden boxes. With this strategy,
boxes could be stacked or placed side by side
to extend the size of the original hive. Divid-
ing plates could be placed between the boxes
to make addition and removal of boxes easy
to do while still having control of the activ-
ities of the bees inside the hive. With these
innovations, honey could be removed without
destroying the colony.

Since the middle of the eighteenth century,
bee hives have had movable parts and spaces
for bees to move around the hive. The inte-
rior design of the beehive is a series of ver-
tically hanging rectangular frames. These
frames look like a shallow dresser drawers.
In building a frame, a piece is cut out from
the base to allow the bees to move around.
The remaining base is then coated with a wax
foundation. The coating has an imprint of the
hexagonal design of the honey comb to en-
courage the bees to build their comb so that
the frames can be easily removed.

Figure 2: Elements of a modern beehive



Quadrat Method

The quadrat method is frequently used to count plant
populations over a large region.

For this method:

• Drop some split peas on a checkerboard.

• Choose 4 squares at random using the TI-82 program
SELECT.

• Count the split peas in those 4 squares.

• Divide your answer by 4 to find the average number
of split peas per square.

• Multiply your answer by 64 to estimate the total
number of split peas.

How can this be used to estimate the total population?

To take an example, say you count 15 split peas in the
four squares.

What does that tell you?

• The total number of peas on 4 squares is 15.

• The average number of peas per square is about 15/4.

• Thus the total number of seeds is about 15/4 × 64
= 240.
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If you start with a map of a region:

• Place a clear rectangular grid over the map.

• Number the rectangles in the grid: 1, 2, · · · , N .

• Decide how many rectangles you plan to use. Call
this number C.

• Choose C rectangles at random using the TI-82 pro-
gram SELECT.

• Count the population in the selected rectangles.

• Multiply this count by the total number of rectan-
gles.

• Divide by the number of chosen rectangles.

TI-82 Program SELECT

This program uses the TI-82’s random number gener-
ator to select a simple random sample from the number
1, 2, · · · , N . First give the total N , then continue punch-
ing the ENTER key to obtain the desired sample size.

PROGRAM:SELECT

:Disp “TOTAL”

:Input N

:Lbl 1

:iPart(rand*N)+1 → R

:Disp R

:Pause

:Goto 1
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Capture-Tag-Recapture

Capture-tag-recapture is a popular method for esti-
mating a population of animals like birds, fish, or large
mammals that make long range movements.

This census method works well for animals that thor-
oughly explore a habitat. The time between the capture
and the recapture should be long enough so that the in-
habitants of the population have had time to explore the
habitat. However, this interval of time should not be
so long that the inhabitants have a significant chance of
dying or that a sizable new population has been born.

For this activity:

• Take a large number of Pepperidge Farm cheddar
goldfish and place them in a resealable plastic bag.

• Draw out a handful and count them. This is the
number in the first capture.

• Place in the bag a number of Pepperidge Farm origi-
nal fish equal to the number of cheddar fish captured.
These are the tagged fish.

• Thoroughly mix the fish so that the tagged fish are
evenly dispersed in the bag.

• Draw a second handful of fish and determined the
number of fish that each tagged fish represents.

• Multiply this number by the total number of tagged
fish to obtain an estimate of the total.

• Count the fish to see how close the estimate is to the
actual total.
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• Eat the fish.

How can this be used to estimate the total population?

To take an example, say that you remove 27 cheddar
fish and you tag them. In the second capture, you remove
42 fish, with 6 of them tagged.

What does that tell you?

• The number of tagged fish is 27.

• Each tagged fish represents about 42/6 = 7 fish in
the entire population.

• Thus the total number of fish is about 27 × 7 = 189.
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II. Practical Knowledge of the
European and Africanized Honey
Bees
Reading:

Africanized Honey Bees in Arizona

Materials:

• Glossary

Classroom Activities:

Slide show and video presentation on the Africanized
honey bee.

For more:

http://gears.tucson.ars.ag.gov/
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Glossary

• abdomen - the rear section of a insect body containing the digestive
and reproductive organs.

• absconding - departure from the hive by the entire colony.

• anther - the part of the flower that contains pollen.

• apiarist - a beekeeper.

• apiary - a collection of managed bee colonies.

• apiculture - the science of beekeeping.

• Apis mellifera - the genus and species name for the honey bee. This
name, given by Linnaeus in 1758, is Latin for honey bearer.

• beeswax - a substance secreted on the underside of the abdomen of
worker bees used to build comb.

• brood - developing bees (eggs, larvae, pupae) that have not yet
emerged from their cells.

• cap - a covering that closes a cell containing a pupa or honey.

• cell - a single hexagonal unit of comb.

• colony - a community of bee having a single queen, thousands of
worker bees, and for many parts of the year, drones.

• colony division - exiting of a part of a bee colony to form a new
hive.
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12 Southwest RIMS Class Notes

• comb - the hexagonal structure used to store honey and raise brood.

• dance - a series of movements made by a forager bee or a scout bee
to communicate the location and type of resource.

• drone - a male bee.

• entomology - the science of insects.

• foraging - the act of gathering pollen and nectar from flowers by
worker bees.

• forager bee - a foraging worker bee.

• feral - domesticated animals that have escaped captivity.

• foundation - wax coating in the base of a frame. The coating has
an imprint of the hexagonal design of the comb to encourage bees to
build their comb in line with the design.

• frame - wooden rectangle with a sheet of foundation to support a
comb.

• head - the front section of a insect body containing antennae and other
sensory apparatus.

• hive - the home for a bee colony.

• honey - sweet viscous material produced from nectar.

• house bee - a young worker bee whose activities are confined to the
hive.

• larva (plural, larvae) - middle stage of a developing bee; unsealed
brood.



Glossary 13

• mating flight - an excursion taken by drones in order to mate with
a queen.

• nectar - a sweet liquid secreted in flowers and on leaves of plants.

• nuptial flights - a series of mating excursions made by a young queen.

• orientation flights - flights taken by house bees in preparation for
becoming foragers.

• pollen - dust like grains on the tops of anthers containing the flower’s
sperm

• pollination - the transfer of pollen from an anther to a stigma of a
flower.

• pupa (plural, pupae) - final stage of a developing bee; sealed brood.

• queen - a female bee that lays all the eggs in the colony

• queen cell - a special vertically hanging cell used to place an egg that
will become a queen.

• royal jelly - food for queen larvae.

• Schwirrlauf - a whir dance made by scout bees to announce the
time for colony division.

• scout bees - bees that search and select a new hive site.

• skep - a straw hive without movable frames.

• spermatheca - a pouch-like stucture on a queen’s abdomen for
storing sperm.
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• stinger - 1/8” long hollow tube with a barbed tip attached to a pocket
at the end of the abdomen used to eject venom.

• super - section of a mangaed hive used for honey storage, typically
above the brood chamber.

• supercedure - the taking over of an old queen by a daughter queen.

• swarm - a colony of bees found outside the hive, may be absconding
or in colony division.

• thorax - the middle section of an insect body to which the wings and
legs are attached.

• worker bee - an unmated female bee.



AFRICANIZED HONEY BEES

IN ARIZONA
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Africanized Honey Bees in Arizona∗

Bee experts believe that the African-
ized honey bee is here to stay. Studies
show that as the regular honey bees and
the Africanized bees interbreed, the
Africanized strain appears to be domi-
nant. So, the movement of Africanized
honey bees into Arizona constitutes a
permanent change in our state’s envi-
ronment. As a result, all of Arizona’s
citizens and visitors will need to perma-
nently change their view of honey bees.

Africanized honey bees (AHB) are
a more temperamental relative of the
common garden honey bee, which is
known as the European honey bee
(EHB). Honey bees, whether they are
European or African, only sting defen-
sively. They do not go out of their way
to sting. But some AHB colonies de-
fend their colonies more intensively and
with less provocation than other bees.

Scientists at the USDA Carl Hayden
Bee Research Center in Tucson antici-
pate that the AHB will continue to col-
onize the lower regions of Arizona and
the United States. So, we are now deal-

∗from the Carl Hayden Bee Research
Center

ing with a different sort of honey bee
that will remain different. And just as
we Arizonan’s have learned to walk in
the desert - ever mindful of jumping
cholla or rattlesnakes or scorpions - we
must now display that kind of caution
with respect to bees.

This article will introduce you to
the AHB and discuss the following five
main topics concerning honey bees:

1. Why honey bees are important.

2. How the Africanized honey bee is
different from any other domestic
honey bee.

3. What safety precautions must now
be routinely followed to avoid a
stinging incident.

4. How to bee proof your property.

5. What you must do if you inadver-
tently agitate and/or encounter an
angry AHB hive or swarm.

Education plays a critical role in re-
ducing the threat of the AHB to the
health and safety of the public. Peo-
ple can coexist with Africanized honey
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18 Southwest RIMS Class Notes

bees by learning about the bee and its
habits, taking a few precautions, and
by supporting managed beekeeping ef-
forts.

The University of Arizona Entomol-
ogy Department and Cooperative Ex-
tension, in cooperation with Carl Hay-
den Bee Research Center, have under-
taken coordination of Arizona’s AHB
educational activities as a project of the
Integrated Pest Management Program.
The statewide efforts focus exclusively
on the development and dissemination
of AHB educational materials to educa-
tors and volunteer presenters through-
out Arizona.

The Arizona AHB Education Project
has developed an AHB Education Kit
consisting of a comprehensive training
manual, a script and 37-slide presen-
tation, sample bees in resin, a plas-
tic honeycomb, eight 4-color laminated
display posters, and a safety video en-
titled “What Arizonans Need to Know
About Africanized Honey Bees”. All
items are contained in a silk-screened
heavy-duty tote bag. Cost of the kit is
$80, which includes shipping and han-
dling.
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1. Why Honey Bees are
Important

To understand the threat of African-
ized honey bees, it is necessary to know
something in general about honey bees
and their behavior.

Honey bees are important beneficial
insects and we would be in big trouble if
they were all suddenly destroyed. Un-
less a honey bee colony is in a location
that is close to people, pets or farm an-
imals, it should be left alone.

Most people appreciate the main
product of the hive - honey. Honey pro-
duction, however, isn’t the only use for
honey bees. They are also very impor-
tant to Arizona agriculture, a sophisti-
cated business that impacts the state’s
economy by about $6.3 billion annually.

In fact, one-third of our daily diet
comes from crops pollinated by honey
bees. Without the pollen that honey
bees transport, many plants can’t pro-
duce fruits, vegetables and seeds. Imag-
ine walking into your neighborhood su-
permarket and finding a third of the
food currently available not on the
shelves!
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2. How the AHB Differs from
the EHB

The behavior - not the appearance -
of the AHB is different from the EHB
in several major ways:

• The AHB swarms much more fre-
quently than other honey bees. A
colony is a group of bees with comb
and brood. The colony may ei-
ther be managed (white hive boxes
maintained by professional bee-
keepers) or wild (feral).

A group of bees that are in the pro-
cess of leaving their parent colony
and starting a nest in a new lo-
cation is called a “swarm”. Usu-
ally a new queen is reared to stay
with the parent colony and the
old queen flies off with the swarm.
Scout bees often locate potential
nest sites prior to swarming, but
the swarm may spend a day or
two clustered in impressive, hang-
ing clumps on branches or in other
temporary locations until the bees
settle on a new nesting site. If they
can’t find a suitable location, the
bees may fly several miles and clus-
ter again.

Typically an EHB hive will swarm
once every 12 months. However,
the AHB may swarm as often as
every six weeks and can produce
a couple of separate swarms each
time. This is important for you to

know, because if the AHB swarms
more often, the likelihood of your
encountering an AHB swarm in-
creases significantly.

Contrary to myths, Africanized
honey bees do not fly out in an-
gry swarms randomly to attack un-
lucky victims. However, the AHB
can become highly defensive in or-
der to protect their hive, or home.
Again, it is now better to con-
sistently exercise caution with re-
spect to all bee activity. So keep
your distance from any swarm of
bees.

• The AHB is far less selective
about what it calls home and
will occupy a much smaller space
than the EHB. Known AHB nest-
ing locations include water meter
boxes, metal utility poles, cement
blocks, junk piles, and house eaves.
Other potential nesting sites in-
clude overturned flower pots, old
tires, mobile home skirts, and
abandoned structures. Holes in
the ground and tree limbs, mail
boxes, even an empty soda pop can
or bottle, can could be viewed as
“home” to the AHB.

• The Africanized honey bee is ex-
tremely protective of their hive and
brood. The AHB’s definition of
their “home turf” is also much
larger than the European honey
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bee. So, try to allow ample physi-
cal distance between the hive. At
least 100 feet, or the width of a
four-lane highway, is a good dis-
tance. The best advice is that if
you see a bee hive, start moving
away immediately.
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3. How To Avoid a Stinging
Incident

Things to remember:

• Stay away from honey bee colonies.
There are estimated to be about
250,000 wild honey bee colonies
in Arizona. Because honey bees
nest in such a wide variety of lo-
cations, be alert for groups of fly-
ing bees entering or leaving an
entrance or opening. Listen for
buzzing sounds. Be especially alert
when climbing, because honey bees
often nest under rocks or within
crevices within rocks. Don’t put
your hands where you can’t see
them.

• If you find a colony of bees, leave
them alone and keep others away.
Do not shoot, throw rocks at, try
to burn or otherwise disturb the
bees. If the colony is near a trail
or near areas frequently used by
humans, notify your local office
of the Parks Department, Forest
Service, Game and Fish Depart-
ment, even if the bees appear to
be docile. Honey bee colonies vary
in behavior over time, especially
with changes in age and season.
Small colonies are less likely to be
defensive than large colonies, so
you may pass the same colony for
weeks, and then one day provoke
them unexpectedly.

• Wear appropriate clothing. When
hiking in the wilderness, wear
light-colored clothing, including
socks. Avoid wearing leather
clothing. When they defend their
nests, Honey bees target objects
that resemble their natural preda-
tors (such as bears and skunks), so
they tend to go after dark, leath-
ery or furry objects. Keep in mind
that bees see the color red as black,
so fluorescent orange is a better
clothing choice when hunting.

• Avoid wearing scents of any sort
when hiking or working outside.
Africanized honey bees communi-
cate to one another using scents
and tend to be quite sensitive or
odors. Avoid strongly scented
shampoo, soaps, perfumes, heavily
scented gum, etc. If riding, avoid
using fly control products on your
horse with a “lemony” or citrus
odor. Such scents are also known
to provoke or attract honey bees.

• Be particularly careful when us-
ing any machinery that produces
sound vibrations or loud noises.
Bees are alarmed by the vibra-
tion and/or loud noises produced
by equipment such as chain saws,
weed eaters, lawn mowers, tractors
or electric generators. Honey bees
may also be disturbed by strong
smells, such as the odor of freshly
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cut grass. Again, check your envi-
ronment before you begin operat-
ing noisy equipment.

• Pet safety. When hiking it is best
to keep your dog on a leash or
under close control. A large an-
imal bounding through the brush
is likely to disturb a colony and
be attacked. When the animal re-
turns to its master, it will bring
the attacking bees with it. At
home, be careful not to tie or
pen animals near honey bee hives.
Even the mild-mannered Euro-
pean honey bee has been known
to attack animals tied near their
hives. The animals receive numer-
ous stings because they can’t es-
cape the bees. If your animals or
pets are being stung, try to release
them without endangering your-
self.
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4. How to Bee Proof Your
Property

The best way to prevent bees from
establishing a colony on your property
is to not provide them with an ideal en-
vironment for survival. Honey bees re-
quire three things in order to survive:
food, water and shelter.

Remember, Africanized honey bees
also nest in a wide variety of locations
and may enter openings as small as
3/16-inch in diameter (about the size
of a pencil eraser) as long as there is a
suitable-sized cavity behind the open-
ing for a nest.

• Eliminate shelter. To prevent
honey bees from settling in your
house or yard, you will need to
be vigilant in preventing potential
nesting sites.

• Caulk cracks in walls, in the foun-
dation and in the roof.

• Fill or cover all holes 1/8-inch in
diameter or larger in trees, struc-
tures and/or block walls.

• Check where the chimney meets
the house for separation, and make
sure chimneys are covered prop-
erly.

• Put small-mesh screen (such as
window screen) over attic vents, ir-
rigation valve boxes and water me-
ter box key holes.

• Remove any trash or debris that
might serve as a shelter for honey
bees.

• Fill or cover animal burrows in the
ground.

• Make sure window and sun screens
are tight fitting.

• Keep shed doors tightly closed and
in good repair and exercise caution
when entering buildings that are
not used frequently.

• Inspect your home and yard reg-
ularly for signs of bee colonies. A
single bee or just a few bees in your
yard does not necessarily mean you
have an established colony on your
property because bees will fly some
distance in search of food and wa-
ter. Although honey bees use nec-
tar and pollen from flowers as food,
removing flowers as a source of
food is generally not an effective
bee deterrent.

• Look for large numbers of bees
passing into and out of or hover-
ing in front of an opening. Listen
for the hum of active insects. Look
low for colonies in or at ground
level, and also high for colonies un-
der eaves or in attics.

• If you find a colony on your prop-
erty, consult a bee expert. If you
do find an established bee colony
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in your neighborhood, don’t panic.
On the other hand, don’t ignore
them either. Small colonies that
have recently swarmed may be
docile at first, but tend to become
more defensive with age. Have
colonies located around the house
removed as soon as possible.

• Keep everyone away from the
colony. Look in the Yellow Pages
under “bee removal” or “pest con-
trol” for the names of beekeepers
or pest control operators in your
area who are qualified to remove
the colony. Do not try to remove
colonies yourself!
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5. What To Do If Attacked by
Africanized Honey Bees

Remember these important steps:

• RUN away quickly. Do not stop to
help others. However, small chil-
dren and the disabled may need
some assistance.

• As you are running, pull your shirt
up over your head to protect your
face, but make sure it does not slow
your progress. This will help keep
the bees from targeting the sensi-
tive areas around your head and
eyes.

• Continue to RUN. Do not stop
running until you reach shelter,
such as a vehicle or building. Do
not jump into water! The bees will
wait for you to come up for air.
If you are trapped for some rea-
son, cover up with blankets, sleep-
ing bags, clothes, or whatever else
is immediately available.

• Do not swat at the bees or flail
your arms. Bees are attracted to
movement and crushed bees emit a
smell that will attract more bees.

• Once you have reached shelter or
have outrun the bees, remove all
stingers. When a honey bees
stings, it leaves its stinger in the
skin. This kills the honey bee so it

can’t sting again, but it also means
that venom continues to enter into
the wound for a short time.

• Do not pull stingers out with
tweezers or your fingers. This will
only squeeze more venom into the
wound. Instead, scrape the stinger
out sideways using your fingernail,
the edge of a credit card, a dull
knife blade or other straight-edged
object.

• If you see someone being attacked
by bees, encourage them to run
away or seek shelter. Do not
attempt to rescue them yourself.
Call 911 to report a serious sting-
ing attack. The emergency re-
sponse personnel in your area have
probably been trained to handle
bee attacks.

• If you have been stung more than
15 times, or are feeling ill, or if you
have any reason to believe you may
be allergic to bee stings, seek med-
ical attention immediately. The
average person can safely toler-
ate 10 stings per pound of body
weight. This means that although
500 stings can kill a child, the av-
erage adult could withstand more
than 1100 stings.



III. Hands on Models of Pop-
ulation Dynamics

Reading:

Introduction to the Honey Bee

Materials:

• Pennies

• Styrofoam cup with lids

• Lots of beads in two different colors

• Programable calculator

Classroom Activities:

• Coin models of exponential growth and decay.

• Bead models of exponential and logistic growth.
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Introduction to the Honey Bee

The Apis mellifera, commonly referred to
as honey bees, are perhaps the most intensely
studied of all insects. Their economic impor-
tance to the agricultural industry has driven
the need for scientific research. As a result,
a wealth of valuable and interesting informa-
tion has accumulated. This mass of data has
shown honey bees to be highly social crea-
tures with complicated behaviors and intrigu-
ing population dynamics.

The economic importance of honey bees is
due to the products they produce as well as
services they perform. Although honey bees
produce honey, they serve a more important
role as pollinators. What makes the honey
bee so special is that unlike many insects, the
honey bee will seek out pollen and not nec-
tar. Honey bees commonly pollinate agricul-
tural crops such as apples, cherries, melons,
and almonds. In fact, many farmers hire bee-
keepers to raise and maintain bee colonies on
their farms entirely for this purpose. Honey
bees also produce wax used for polishes and
candles. The importance of honey bees is not
a new discovery. Pictographs depicting bees
and their hives have been found painted on
the walls of caves believed to be many thou-
sands of years old.

Although honey and bees play an enor-
mous role in the United States agricultural

Figure 1: Rock painting depicting honey
gathering. Discovered in the Cuevas de la
Arana near Bicorp in Valencia, Spain, from
E. Hernendez-Pacheco, Museo nacional de
ciences naturales, Madrid
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industry, they are not native to North Amer-
ica. Interestingly, they were brought here by
early European colonizers. The indigenous
habitat of the Apis mellifera ranges from the
tip of Southern Africa to Southern Scandi-
navia, and from continental Europe to West-
ern Asia. Thus the honey bee is a highly
adaptable insect able to adjust to a wide va-
riety of climes and geographic regions.

The desert regions of the southwestern
United States and northern Mexico are home
to the richest variety of bees in all the world.
According to the Carl Hayden Bee Research
Center, located in Tucson, Arizona there are
approximately 1000 to 1200 species of bees
within a one hundred mile radius of Tucson.
Yet, none of these are native honey bees.

Approximately 25,000 species of bees have
been identified, with almost 40,000 still yet to
be catalogued. That is, entomologists know
that they are out there, but have yet to place
them in a specific genus. However, out of this
25,000, only 8 to 10 species are considered
honey bees. Yet, this number is growing as
more species are identified.

Honey bees are not only classified by genus
and species, but by strain. The strain denotes
the bees’ place of origin. The most com-
mon strains of honey bees currently found
in the United States are the Apis mellif-
era ligustica, the Italian bees, and the Apis
mellifera carnica, the Carniolan bees. How-
ever, many common lines of honey bees have
been allowed to interbreed. The goal of such
crossings has been to develop hybrid bees
with specific morphological and behavioral
traits that will enhance their honey produc-
ing and pollinating traits. The most famous

attempt at creating such a hybridized line
was the crossing of the European lines and
the African lines.

The goal of crossing the European and the
African lines was to mate the docile but high
honey yield European bees with their ag-
gressive but low yield African counterparts.
In 1956, Brazilian researchers hoped that a
harder working bee that made more honey
would result. However, the experiment did
not succeed. What the researchers found
was that the aggressive traits dominated and
essentially masked the European character-
istics. The experiments have become fa-
mous because a worker in the apiary where
the hybridized lines were being kept acciden-
tally removed protective screens that kept
the queens in their hives. As a result, at
least 26 swarms of the Africanized bees es-
caped. The descendants have been mov-
ing northward ever since. Today. 40 years
later, Africanized honey bees are found in the
southwestern United States and are a cause
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for concern due to their aggressive nature,
and their ability to take over and replace
established colonies of productive European
lines.

A major product of the general scientific
research into the ecology of Apis Mellifera is a
greater understanding of the honey bee’s “so-
cial structure” and population dynamics. In
examining the population of the colony, scien-
tists have uncovered the existence of a highly
ordered caste system. The queen reigns at
the top of the caste, with the male drones
and female workers below.

The queen’s primary duties are to popu-
late the colony by mating with drones (male
honey bees), and direct the activities of the
workers. The queen mates during the early
summer months, generally within the first
week after having emerged from her cham-
ber. She takes what is referred to as “nup-
tial flights” where she may mate with several
drones per day over the course of several days.
She collects their sperm inside a large body
cavity called the “spermatheca.” After this
flight has been completed the queen has ac-
cumulated enough sperm to sustain her entire
career as the egg-layer of the hive. However,
if the queen’s egg-laying capacity is deficient,
or if she is unresponsive to the needs of the
colony in some way, she may be attacked by
the workers and replaced.

The workers are the second caste in the
colony and perform many crucial tasks within
the hive. Most importantly, they are re-
sponsible for tending to the queen by bring-
ing to her a special food, and grooming her.
Additionally, workers build comb, tend the
brood, seal and cap comb cells containing ei-

ther honey or bees, remove debris from the
hive, store pollen, ripen and store honey, and
guard the hive.

The male drones are the third caste in the
colony. They are responsible for mating with
queens from other colonies and perform vir-
tually no other useful task within the hive.
After mating, drones die from the ruptur-
ing of their abdomens and genital apparatus.
However, many drones die before they get a
chance to mate with the queen because they
may be killed or thrown out of the nest by
worker bees when food resources are low.

Examining the behavior and ecology of
bees is a worthy task. Bees are important
economically as well as ecologically. By un-
derstanding their behavior, morphology, and
population dynamics, scientists, beekeepers,
and farmers may work together to develop
strategies that enhance the productivity of
our agricultural industries.



	  



Coin Models of Exponential
Decay and Growth

Exponential Decay Gather some coins with each
group choosing between 100 and 200 pennies. Enter that
number in generation 0. Flip each coin, discarding the
heads. Enter the number of coins remaining in genera-
tion 1. Continue this process until all of your coins are
gone.

Exponential Growth. Start with a single coin and
flip it.

• If the coin lands tails, add no more coins and enter
the number 1 for the number of coins in generation
1.

• If the coin lands heads, add 2 more coins and enter
the number 3 for the number of coins in generation
1.

• For generation 2, take all of the coins in generation
1, flip them and add 2 coins for every head.

• Continue this process until you use all of your coins.

So if we have three coins in generation 1 and we flip
“tails, heads, heads”, then we add 4 coins to the pile
resulting in 7 coins in generation 2. Letting “H” denote
heads and “T” denote tails, we can record each history
of coin tosses in a “family tree”.

The potential for exponential growth of population was
recognized by Thomas Malthus in the early nineteenth
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century. Malthus was concerned with societies ability to
increase the production of food at an exponential rate to
keep pace with the needs of an increasing population.

The two coin experiments in this exercise are exam-
ples of simple branching processes. This name was chosen
because of the “branches” on a family tree. I. J. Bien-
aymé created this mathematical model in the 1840’s to
study the extinction of family lines. A TI-82 program
BIENAYME will allow you to simulate these branching
processes.

generation 0

generation 1

generation 2

c c

c c

c c

c c

c cc c c c c c

T H

H T H H
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TI-82 Program BIENAYME

This program allows you to simulate simple branching
processes.

• Give the fraction of the population that has 0, 1, 2, · · ·
children. If the fractions do not add up to one, the
program will report a IMPROPER DISTRIBUTION.

• After the distribution of family sizes has been en-
tered the program will give you

– the MALTHUSIAN PARAMETER, that is the mean
number of offsprings for each individual, and

– the STANDARD DEVIATION, a measure of the
spread of the offspring distribution.

• Enter the INITIAL POPULATION, the number of in-
dividuals at the beginning of your simulation.

• Enter the FINAL GENERATION, the number of gen-
erations you want to follow your simulated popula-
tion.

• Use the ENTER key to see the population for succes-
sive generations.

• You can see the table of populations by choosing the
STAT key, then the EDIT key and looking at list L1
for the generation and list L2 for the population total.
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PROGRAM:BIENAYME

:ClrList L1,L2,L3,L4,L5,L6

:Disp “ENTER OFFSPRING”

:Disp “DISTRIBUTION”

:0→I

:0→Q

:Lbl 1

:Disp “PROBABILITY”

:Disp I

:Disp “OFFSPRINGS”

:Input A

:A→L3(I+1)

:If I=0

:Then

:A→L6(I)

:Else

:A+L6(I)→L6(I+1)

:End

:I*L3(I+1)→L4(I+1)

:I2*L3(I+1)→L5(I+1)

:L6(I+1)→Q

:I+1→I

:If Q<0.9999999

:Then

:Goto 1

:End

:If Q>1.0000001

:Then

:Disp “IMPROPER”

:Disp “DISTRIBUTION”
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:Goto 2

:End

:sum(L4)→M

:Disp “MALTHUSIAN”

:Disp “PARAMETER”

:Disp M

:
√
(sum(L5)−M2)→S

:Disp “STANDARD”

:Disp “DEVIATION”

:Disp S

:Pause

:Disp “INITIAL”

:Disp “POPULATION”

:Input P

:0→G

:Disp “FINAL GENERATION”

:Input F

:For(G,1,F,1)

:0→N

:For(J,1,P,1)

:rand→R

:For(K,1,I,1)

:If L6(K)≤R
:Then

:N+1→N

:End

:End

:End

:N→P

:G→L1(G)

:P→L2(G)
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:Disp “GENERATION”

:Disp G

:Disp “POPULATION”

:Disp “TOTAL”

:Disp P

:Pause

:Lbl 2

:End
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Exponential Growth

Exponential growth follows from to statement:

The population change between consecutives censuses
is proportional to the population total of the current cen-
sus.

Place 100 beads - varying amounts of yellow and black
- in a styrofoam cup. Put a lid on the cup with a small
hole notched out of the edge to facilitate pouring 1 bead
out of the cup. The yellow beads in the cup represented
resources.

Here are the rules:

1. At census 0, the population total is 1.

2. Each member of the population looks for resources
that will allow it to add one to the population.

3. Pour out a bead for each member of the total pop-
ulation. If it is yellow, add one to the population
change for the next census. If the bead is black, do
not add to the population change.

4. Return the bead to the cup.

5. Record the population change.

6. Compute the population total for the next census
by adding the population change to the population
total.
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TI-82 Program EXPONENT

This program will simulate the bead model for expo-
nent growth. The program asks for an input of the num-
ber of censuses and a probability - a number between 0
and 1. Each member of the current census adds one to
the current population with the chosen probability, in-
dependent of the other members. The census number is
stored in L1, the population total is stored in L2 and the
population change is stored in L3.

PROGRAM:EXPONENT

:Disp “CENSUSES”

:Input C

:Disp “PROBABILITY”

:Input P

:0→L1(1)

:1→L2(1)

:For(I,1,C,1)

:0→J

:For(K,1,L2(I),1)

:If rand≤P
:J+1→J

:End

:J→L3(I)

:I→L1(I+1)

:J+L2(I)→L2(I+1)

:End
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Logistic Growth

Logistic growth follows from the statement:

The population change between consecutive censuses
is proportional to both the current population total and
to the difference between the population capacity and
the current population total.

Place 50 yellow beads in a styrofoam cup. Put a lid
on the cup with a small hole notched out of the edge to
facilitate pouring 1 bead out of the cup at a time. The
yellow beads in the cup represent resources.

Here are the rules:

1. At census 0, the population total is 1.

2. Each member of the population looks for resources
that will allow it to add one to the population.

3. Pour out a bead for each member of the total pop-
ulation. If it is yellow, add one to the population
change for the next census. If the bead is black, do
not add to the population change.

4. Replace the bead poured out of the cup with a black
bead.

5. Record the population change.

6. Compute the population total for the next census
by adding the population change to the population
total.
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TI-82 Program LOGISTIC

This program will simulate the bead model for logistic
growth. The program asks for an input of the population
capacity of the environment. Each member of the current
census adds one to the current population with proba-
bility proportional to the difference of the present popu-
lation and the population capacity. The census number
is stored in L1, the population total is stored in L2 and
the population change is stored in L3.

PROGRAM:LOGISTIC

:Disp “CAPACITY”

:Input C

:1→I

:0→L1(1)

:1→L2(1)

:1→J

:While J<C

:For(K,1,L2(I),1)

:If rand≤(C−J)/C
:J+1→J

:End

:J−L2(I)→L3(I)

:J→L2(I+1)

:I→L1(I+1)

:I+1→I

:End
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IV. A Month in the Hive

Reading:

Life in the Hive

Materials:

• Programable calculator or

• Personal computer.

Classroom Activities:

• Developing a flow chart of hive dynamics

queen daylength�
Egg laying increases with daylength.

• Working with a day to day model of the population
dynamics.

• Finding the change in hive population over the course
of a selected month in a selected location.
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Life in the Hive

The Matriarchy and Caste System

The social structure of a bee hive is that
of a matriarchal family headed by a queen.
Soon after the queen emerges from her cell,
she takes a series of nuptial flights. During
these flights, the queen will mate with 7 to
17 male drones. Thus, the bees in her hive
will have between 7 and 17 different fathers.
This provides the genetic diversity necessary
so that all of the hive tasks can be acom-
plished successfully.

It is estimated that the queen may receive
up to 5,000,000 individual sperm during this
short period of mating, all of which is stored
in a pouch-like structure on her abdomen
called the spermatheca. The queen accesses
these sperm throughout her life, fertilizing
eggs at a rate determined by the needs of the
hive.

The queen has a potential life span of three
years and her only job is to lay the eggs nec-
essary to establish and maintain the colony
population. A mature hive can have twenty-
five to fifty thousand bees. Almost 95% of
the queens offspring are what are referred to
as worker bees, with the remaining 5% devel-
oping into drones.

Figure 1: Queen surrounding by workers

The Workers

The worker bees, who make up the ma-
jority of the population, are all females.
They differ from the queen by being shorter
and by having an undeveloped reproductive
system. The worker-females take care of
the queen and perform virtually all of the
tasks necessary for the support of the hive.
These worker-females have a short lifespan
of approximately 30 days, and during this
time will go through different developmental
stages. Younger worker bees may be clas-
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sified as housekeepers, or simply house bees
and are responsible for the upkeep of the hive.
After 21 days, these house bees become for-
agers and take on the job of collecting the
nectar, pollen, and water necessary to sustain
the hive.

The primary cause of death for a forag-
ing bee is wing burnout. Their wing muscles
overheat after 500 miles of flight. When for-
agers can no longer take care of themselves,
they die.

The basis for the division of labor within
the hive is the age of the worker. The worker
begins its life cleaning the storage cells of the
hive. A worker then moves on to brood care
and food storage, and ends its life as a for-
ager. This strategy maximizes the average
life of a worker. The young worker bees spend
the majority of their time inside the protected
environment of their hive. The older foragers
must deal with the hazards of predation, bad
weather, and wing burnout.

Figure 2: Worker, queen, and drone honey
bee

Drones

The drones are the only males produced
by the queen. Although few in number,
they serve an important role as mates for
the queens of other hives. The lifespan of
the male drone is very short, for after mat-
ing their abdomens explode which results in
rapid death. Drones only serve as mates for
the queen, and are not involved in feeding
the colony, or the upkeep of the hive. Thus,
if resources are scarce, worker bees do not
like to keep the seemingly lazy males around
and will often force them from the hive or
kill them directly. Further, since the drones
spend a great deal of time outside of the
hive they are more susceptible to predation
or death. All this results in an average drone
lifespan of less than 25 days.

The drones will often begin mating flights
eight days after emerging from their cells.
Within twelve days they may perform up to
five mating flights per day.

Population Dynamics of the Hive

The caste system functions as an inte-
grated feedback system of interdependent el-
ements. In creating a mathematical model
to simulate the population dynamics in the
hive, we must be able to gather some specific
information..

First, we want to be abel to estimate the
number of eggs that may be laid by the queen
on any given day. Through many observa-
tional studies, scientists have determined how
the queen’s age, the outside temperature, and
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the adult population size effect the number of
eggs laid. For example, scientists know that
the maximum number of eggs that strong
queen may lay in a day is 3000. However,
a more realistic value for an average queen is
2000 eggs per day.

We also know that the bees make the tran-
sition from brood to adult female bees after
21 days and that females remain house bees
for 21 days. Drones are a little larger than
worker bees and take a little longer, 24 days,
to mature to male adult bees

We still need to see how the environmental
conditions can be used to estimate how long
bees can forage before perishing. In an envi-
ronment rich in resources, bees make shorter
foraging trips and so can live longer before
using their 500 mile allotment.

Let’s look at these individual factors more
carefully.

Temperature

Temperature plays a pivotal role in hive
population dynamics for two reasons. The
queen responds to a temperature increase by
laying more eggs. Also, honey bees will for-
age only when the average daily temperature
exceeds 54 degrees Fahrenheit.

Photoperiod

The photoperiod, length of day, plays an
important role.

In the spring time, queens begin laying eggs
as soon as the daylength reaches 10 hours.

This happens even if the hive is covered with
snow. This egg laying strategy prepares the
colony for its intense foraging activities in the
spring and early summer when a large num-
ber of flowers are in bloom.

Beekeepers know that as the daylength
shortens, eggs laying slows down. This de-
crease in egg laying is necessary with the ap-
proach of winter. During the winter, with
its low temperatures and little or no pollen
or nectar, the hive cannot continue to grow
and meet its needs for food. A colony that
does not store enough food will not survive
the winter.

Other Weather Factors

Honey bees will not forage if the wind ve-
locity is greater than 22 miles per hour or if
it is raining. High winds impare bees abil-
ity to maneuver. As a consequence, the bees
may not be able to return to their hive from
foraging. Rain results in wet bees with the
water increasing their weight to the extent
that they can no longer support themselves
in flight.

Weather conditions affect the size and
functioning of the hive resulting in different
population dynamics for different geographic
regions of the United States. For example,
in the midwest, photoperiod may range from
9.1 (December) to 15.25 (June) hours of light
per day, with the average daily temperatures
ranging from 0 to 88 degrees Fahrenheit. By
contrast, the photoperiod in the southwest
may range from 10 (December) to 14.5 (June)
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hours of light per day, with the average tem-
perature ranging from 32 to 100 degrees cel-
sius.

Under the midwestern conditions, the
colony may be confined to the hive and will
not produce brood from autumn to mid-
winter, and nor will they forage from late
October to late April. In contrast, colonies
in the Southwest may produce brood and for-
age year round. From this information, it is
easy to predict what times of the year will
promote colony growth or decline.

Queen Maturation

Now that the research has given us a math-
ematical expresion for the number of eggs
laid, we have to find out how many of these
eggs will become worker bees and how many
will become drones. Bee biologists have long
known that a queen lays many more drone
eggs when her spermatheca is nearly empty.
This is logical - if the spemantheca is nearly
our of sperm, then the queen is near the end
of life. The drones that she lays will pass on
her genetic material.

Thus, entomologists monitored egg laying
carefully, watching for an increase in drone
egg laying as the queen ages. With enough
study, the researchers could also write down
a mathematical equation for the proportion
of drones laid. For the first year of a queen’s
life this proportion is nearly zero.

How can we use these observations to make
prediction about the dynamics of a bee hive?

“Free-Body Modeling”

The first task in creating a population
model for honey bees is to take all the inter-
dependent factors and determine their rela-
tionship to one another. This can be accom-
plished by creating a concept-map, or flow
chart, visually depicting how these factors re-
late to one another, this is called free-body
modeling. To do this, one writes out the vari-
ables that govern the functioning of the sys-
tem, then draw lines between them to show
how they influence each other. Further, one
may then write on the lines just how it is that
the factors affect each other. This is an ex-
tremely important tool that allows the mod-
eler a graphic visualization of how the model
will work.

After the flow chart is drawn, equations
can be created to describe the behavior of
each variable. Finally, these equations can be
entered into a computer program or spread
sheet to see if they accurately represent what
is seen in the empirical data.

A Month in the Hive

The information thus far presented can be
used to predict how the population of a bee
colony may change each day over the course
of a month.

• The first consideration will be estimating
the initial population. We cannot deter-
mine the population at the end of the
month without knowing the population
at the beginning.
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• The next consideration is to determine
the ratio of workers to drones. This de-
pends primarily on the age of the queen
and her egg laying capacity, as well as se-
men availability. Recall, during the first
year of a queen’s life, virtually no drone
eggs are laid.

• Thirdly, one must determine the season.
In the winter months the population will
be low, whereas in mid-summer the pop-
ulation may be peaking. In spring and
fall, heavy winds and frequent rains can
limit the forager bees opportunity to col-
lect resources. Inherent in looking at
the season is analyzing the interdepen-
dencies of the weather and photoperiod.
Consequently, the weather is a strong
contributor to the rate at which the
queen lays eggs which in turn affects the
number of worker bees. The number of
worker bees affects the amount of forag-
ing as well as the number of brood that
may be reared.

• Lastly, one must know the developmen-
tal rates of the different castes of bees.
For the number of worker bees able to
forage is of extreme importance in de-
termining whether the colony is able
to feed itself. Further, the lifespan of
worker bees is dependent upon the sea-
son in which they emerge - a worker that
emerges in the autumn will live longer
than one emerging in the late spring or
summer. This is due to foraging activity,
in the late spring and summer there will
be more resources available than in the

fall.

A lot of careful thought must go into mak-
ing the model. A model that has too much
infomation cannot be used to make predic-
tions simply because the mathematics is too
complicated. On the other hand, a model
that has too little information can make the
mathematics easier, but it will not say much
about the biology.



	  



INSIDE THE HIVE

daylength
Egg laying increases with daylength.

temperature

Bees forage in
temperatures
over 54◦ F.

Egg laying increases
with temperature.

wind/rainBees do not fly
in wind or rain.

OUTSIDE THE HIVE

queenDrones mate
with queen.

Queen lays eggs. Workers
serve queen.

brood

24 days
to
mature

21 days
to
mature

21 days

House
bees
maintain
hive.
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Charting the Dynamics of a
Hive for a Month

• Obtain a copy of the worksheet “A Month in the
Hive”.

• Choose a city in the United States and a month.

• Choose the strength of the queen’s egg laying poten-
tial.

• For your city, find the latitude and the mean daily
temperature for the month chosen.

• Determine the hours of daylight and enter it on the
worksheet

• Determine the temperature and the daylength score
and enter it on the worksheet.

• Multiply these two numbers together and enter it on
the worksheet.

• Decide if bees forage. If the mean temperature is
above 54◦F , then the answer is yes. If the mean
temperature is below 54◦F , then the answer is no.

• Decide on the level of resources - nectar and pollen -
high, medium, or low and use the following table. In
the winter, the resources are likely to be low. At the
peak of flowering season, the resources are likely to
be high.
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Forager Fraction
Resource Lifetime Deaths d

Low 4 0.25

Medium 8 0.13

High 12 0.08

The forager lifetime is in days. It is based on the
fact that a foraging bee’s wings burn out after ap-
proximately 500 miles.

• Enter the population of BROOD, HOUSE BEES,
and FORAGERS in the hive at the beginning of the
month in thousands of bees.

• Run the program BEPOPITA. Enter 1 for the prompt-
ing of MONTHS SIMULATED. The table of daily
populations for brood, house bees, and foragers is
displayed in the STAT lists L1, L2, and L3.

• Graph the hive population dynamics for the month
and think about these population changes and the
adaptability of honey bees to this environment.

• Try a new situation. You can

– pick a new city for the same month,

– pick a different month for the same city,

– change the populations at the beginning of the
month, or

– see what happens if resources increase or decrease.
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A Month in the Hive

City

Queen Strength Hive Population
Month (in Thousands of Bees)
Latitude Initial Final
Temperature Score Brood
Hours daylight Score House Bees

Brood Score b Foragers
Bees Forage? TOTAL
Resource
Forager Lifetime
Fraction Deaths d

-

6

Day

30252015105

POPULATION IN THOUSANDS
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A Month in the Hive

City

Queen Strength Hive Population
Month (in Thousands of Bees)
Latitude Initial Final
Temperature Score Brood
Hours daylight Score House Bees

Brood Score b Foragers
Bees Forage? TOTAL
Resource
Forager Lifetime
Fraction Deaths d

-

6

Day

30252015105

POPULATION IN THOUSANDS
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Latitudes and Monthly Mean Temperatures for

Selected Cities

The United States

Lat. J F M A M J J A S O N D
Washington, D.C. 39 31 34 42 53 62 71 76 75 67 55 45 35
Alabama
Mobile 31 51 54 60 68 75 81 82 82 78 69 59 53
Birmingham 34 42 46 54 63 70 77 80 80 74 62 52 45
Alaska
Anchorage 61 13 18 24 35 46 54 58 56 48 35 22 14
Fairbanks 65 -13 -4 9 30 48 59 62 57 45 25 4 -10
Juneau 58 22 28 31 39 46 53 56 55 49 42 33 27
Nome 65 9 3 7 18 36 45 51 50 52 28 16 4
Arizona
Flagstaff 35 28 31 34 37 50 58 66 64 58 47 37 30
Phoenix 34 52 56 61 68 77 87 92 90 85 73 61 53
Tucson 32 50 54 59 66 74 84 86 84 80 70 61 52
Arkansas
Little Rock 35 40 44 52 62 71 79 82 81 74 63 51 43
California
Eureka 41 47 49 48 49 52 55 56 57 57 54 51 48
Fresno 37 46 51 54 60 68 75 81 79 74 65 53 45
Los Angeles 34 57 59 60 62 65 69 74 75 73 69 63 58
San Diego 33 57 58 59 61 63 66 70 72 71 68 62 57
San Francisco 38 49 52 53 55 58 61 62 63 64 61 55 49
Colorado
Denver 40 30 34 38 47 57 67 73 71 63 52 39 33
Grand Junction 39 26 34 42 52 62 72 79 76 67 55 40 28
Connecticut
Hartford 42 25 28 37 49 59 69 73 71 63 52 42 29
Delaware
Wilmington 40 31 33 42 52 62 71 76 75 68 56 46 36
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Lat. J F M A M J J A S O N D
Florida
Jacksonville 30 53 55 61 68 74 79 81 81 78 70 61 55
Miami 26 67 68 72 75 79 81 83 83 82 78 73 69
Tampa 28 60 61 66 72 77 81 82 82 81 74 67 61
Georgia
Atlanta 34 42 45 53 59 69 76 79 78 73 62 52 45
Savannah 32 49 52 58 66 73 79 81 81 77 67 58 51
Hawaii
Honolulu 21 73 73 74 76 78 79 80 81 81 80 77 74
Idaho
Boise 44 30 36 41 49 57 66 75 72 63 52 40 32
Illinois
Chicago 42 21 26 36 49 59 69 73 72 65 54 40 28
Indiana
Indianapolis 40 26 30 40 52 63 72 75 73 67 55 42 32
Iowa
Des Moines 42 19 25 35 51 62 72 76 74 65 54 39 26
Kansas
Dodge City 38 30 35 42 54 64 75 80 78 69 58 53 34
Kentucky
Lexington 38 32 35 44 55 64 72 76 75 69 57 45 36
Louisville 38 33 36 45 57 65 74 78 76 70 58 46 37
Louisiana
New Orleans 30 52 55 61 69 75 80 82 82 79 69 60 55
Maine
Portland 44 22 23 32 43 53 62 68 67 59 49 38 26
Maryland
Baltimore 39 33 35 43 54 63 72 77 76 69 57 46 37
Massachusetts
Boston 42 30 31 48 49 59 68 74 72 65 55 45 34
Michigan
Detroit 42 23 26 35 47 58 68 72 71 63 52 40 39
Grand Rapids 43 22 24 33 46 58 67 71 70 62 51 39 27
Sault Ste. Marie 47 13 14 24 38 50 58 64 63 55 45 33 20
Minnesota
Duluth 47 6 12 23 38 50 59 65 63 54 44 28 14
Minneapolis 45 11 18 29 46 59 68 73 71 61 50 33 19
Mississippi
Jackson 32 46 49 56 65 73 79 83 81 76 65 55 49
Missouri
Kansas City 39 26 32 42 55 65 76 79 77 68 58 43 32
St. Louis 39 29 34 43 56 66 75 79 77 70 58 45 34
Springfield 37 32 36 45 56 65 73 78 77 70 58 45 36
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Lat. J F M A M J J A S O N D
Montana
Helena 47 18 26 32 42 52 60 68 66 56 45 31 23
Nebraska
Omaha 41 19 25 35 50 62 71 76 74 64 54 38 26
Nevada
Reno 40 32 37 41 46 55 62 70 67 60 50 40 33
New Hampshire
New Jersey
Newark 41 31 33 41 52 62 72 77 76 68 57 47 36
New Mexico
Albuquerque 35 35 39 46 55 64 75 79 76 69 57 44 36
Las Cruces 32 43 48 54 62 71 79 82 81 75 65 50 44
New York
Albany 43 21 23 34 47 58 67 71 69 61 51 39 26
Buffalo 43 24 25 33 45 56 66 71 69 62 52 40 29
New York 41 32 33 41 53 62 71 77 75 68 58 47 36
Syracuse 43 23 24 33 46 57 66 71 69 62 51 41 28
North Carolina
Asheville 36 37 39 46 56 63 70 73 73 70 5 46 39
Raleigh 36 40 42 49 59 67 74 78 77 71 60 50 42
North Dakota
Bismark 47 7 15 26 43 55 64 70 69 57 46 29 15
Ohio
Cleveland 41 26 27 37 48 58 68 72 70 64 53 42 31
Columbus 40 27 30 40 51 61 70 74 72 66 54 42 31
Oklahoma
Oklahoma City 36 36 41 49 58 67 76 78 78 72 61 52 44
Oregon
Portland 46 39 43 46 50 57 63 67 67 63 54 46 41
Pennsylvania
Philadelphia 40 31 33 42 53 63 72 77 75 68 57 46 36
Pittsburgh 40 27 29 39 50 60 68 72 71 64 53 42 31
Puerto Rico
San Juan 18 77 77 78 80 79 80 82 82 82 81 80 78
Rhode Island
Providence 41 28 29 37 48 58 67 73 71 64 53 43 32
South Carolina
Charleston 33 49 51 57 66 73 79 82 81 77 68 59 52
South Dakota
Rapid City 44 21 26 33 45 56 65 73 71 61 50 35 26



60 Southwest RIMS Class Notes

Lat. J F M A M J J A S O N D
Tennessee
Knoxville 36 38 42 50 60 67 74 78 77 72 60 49 41
Memphis 35 40 44 52 63 71 79 82 81 74 63 51 43
Nashville 36 37 40 49 60 68 76 79 78 72 60 49 41
Texas
El Paso 32 35 48 50 63 66 80 82 80 74 64 52 44
Dallas-Ft.Worth 33 44 49 56 66 74 82 86 86 79 68 56 48
Houston 30 51 55 61 69 75 81 83 83 78 70 60 54
San Antonio 29 50 54 62 70 76 82 85 84 79 70 60 53
Utah
Salt Lake City 41 29 34 41 49 59 68 78 75 65 53 40 30
Vermont
Burlington 43 17 18 29 43 55 65 70 67 59 48 37 23
Virginia
Norfolk 37 40 41 49 58 67 76 78 78 72 61 52 44
Richmond 38 37 39 47 58 66 74 78 77 70 59 49 40
Washington
Seattle 48 39 43 44 49 55 60 65 64 60 52 45 41
Spokane 48 26 32 38 46 54 62 70 68 60 58 45 36
West Virginia
Wisconson
Milwaukee 43 19 23 32 45 55 65 71 69 62 51 37 25
Wyoming



Latitudes and Hours of Daylight
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JANUARY - JUNE

20 30 40 50 60

degrees North latitude

hours of daylight

8

9

10

11

12

13

14

15

16

June

a a a a a a a a a a a a a a a a May

a a a a a a a a a a a a a a a a a a a

April

a a a a a a a a a a a a a a a a a a a a a a

March

a a a a a a a a a a a a a a a a a a a a a a

February

a a a a a a a a a a a a a a a a a a a a a a
January

a a a a a a a a a a a a a a a a a a
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JULY - DECEMBER

20 30 40 50 60

degrees North latitude

hours of daylight

8

9

10

11

12

13

14

15

16

July

a a a a a a a a a a a a a a a a a
August

a a a a a a a a a a a a a a a a a a a a a a

September

a a a a a a a a a a a a a a a a a a a a a a

October

a a a a a a a a a a a a a a a a a a a a a a

November

a a a a a a a a a a a a a a a a a a a aDecember

a a a a a a a a a a a a a a a a a

The information on daylengths was taken from The World Almanac and
Book of Facts Astronomy - Daily Calendar. The daylight hours are for the
fifteenth day of each month.



Computing Brood Score
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mean daily temperature - degrees Fahrenheit
20 30 40 50 60 70 80 90 100

MEAN DAILY TEMPERATURE SCORE

0.0
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0.4

0.6

0.8

1.0

a a a a a a a a a a
a a a

a a a
a a a a

a a a a
a a a a a

a a a a a a a
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hours of daylight
8 9 10 11 12 13 14 15 16

HOURS OF DAYLIGHT SCORE

0.0

0.2

0.4

0.6

0.8

1.0

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a
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TI-82 Program BEPOPITA

• Choose a strength in egg laying potential for you
queen.
Input 1 for a weak queen, laying a maximum of 1000
eggs per day.
Input 3 for a strong queen, laying a maximum of
3000 eggs per day.
Input some number between 1 and 3 to indicate an
appropriate intermediate stregth in egg laying po-
tential.

• Input the initial population of BROOD, HOOUSE
BEES, and FORAGERS.

• Input the number of months in your simulation.

PROGRAM: BEPOPITA

:Disp “QUEEN STRENGTH”

:Input Q

:Disp “INITIAL”

:Disp “POPULATION”

:Disp “(THOUSANDS)”

:Disp “BROOD”

:Input U

:Disp “HOUSE BEES”

:Input V

:Disp “FORAGERS”

:Input W

:Disp “MONTHS SIMULATED”

:Input T
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:For(M,1,T,1)

:Disp “MONTH”,M

:Disp “BROOD SCORE”

:Input B

:Disp “DEATH RATE”

:Input D

:For(I,1,30,1)

:20*U/21+0.571*

B*Q*log(W+1)→L1(I)

:U/21+20*V/21→L2(I)

:V/21+(1-D)*W→L3(I)

:L1(30)→ U

:L2(30)→ V

:L3(30)→ W

:End

:Disp “POPULATION”

:Disp U,V,W

:L1(30)→L4(M)

:L2(30)→L5(M)

:L3(30)→L6(M)

:End
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V. A Year in the Hive

Reading:

Life in the Wild

Materials:

• Observational Hive

• Programable calculator or

• Personal computer.

Classroom Activities:

• Following the population dynamics in a hive over the
course of a year.

• Investigating the response of a hive to an environ-
mental catastrophe
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Life in the Wild

For long periods of time, life goes on com-
fortably inside the hive. On long, warm,
sunny days, the queen is busy laying eggs.
They house bees keep the hive in good work-
ing order. They do this by cleaning and pol-
ishing cells and packing them with honey and
pollen. This honey is produced from the nec-
tar collected by the forager bees. The house
bees add enzymes to the nectar to change its
chemical composition. As the water in the
honey evaporates and the bees respire, the
hive becomes humid and warm. The house
bees are responsible for fanning in order to
cool and freshen the hive. They must also
devote considerable attention to the needs of
the queen and the queen’s egg laying. After
the queen lays eggs, the house bees must cap
the comb cells, and rear the brood. House
bees must also secrete wax and build comb
in anticipation of the need for future brood
and food storage. In preparation for their
jobs as foragers, house bees will take orienta-
tion flights. Honey bees can raid another hive
as a method of collecting resources. Some of
the older house bees are assigned to guard
the hive and ward off attacks. During the
daylight hours, forager bees are going about
the business of collecting nectar and pollen.
Drones looking to mate make their daily af-
ternoon flights.

These conditions cannot continue forever.
At some point, the hive will become over-
crowded or will be disturbed. Environmental
conditions may change - the hive may be un-
der attack by predators like a bear, by ants,
or by natural disasters like fire. In these in-
stances, the hive must make a critical deci-
sion.

Swarming and Colony Division

When the population of a colony becomes
too large for its nest site, the bees begin per-
forming several special activities. Some of
these activities are visible to someone observ-
ing the hive. Bees can be seen clustering out-
side the hive. Scout bees begin to search for
a new site. Even on a clear warm day, a hive
preparing to divide into two or more colonies
does little foraging. Inside the hive, the house
bees begin to construct large vertically hang-
ing queen cells. The workers begin to engorge
themselves on the honey reserve in prepara-
tion for a swarm.

The scouts begin by making an exhaustive
search for nearby sites. The typical choice for
a new hive is a quarter to a half mile away.
However, the bees are willing to look consid-
erably farther if it is necessary. They seek
out cavities having on opening less than 12
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square inches situated 3 or more feet above
the ground. Ideally, the entrance to the cav-
ity is well below the roof. The preferred sizes
are between 600 and 6000 square inches. This
volume is small enough so that the colony is
likely to outgrow it within a year, but large
enough so that the hive has a good chance
for survival. The shape of the cavity does
not seem to matter.

If a scout finds a potential site for the new
hive, she will communicate the location of her
finding in much the same way a forager com-
municates the location of a food source. The
scouts inspect each others findings and reach
a consensus. If the weather conditions are
right, the hive is now ready to make its move.

Swarming is initiated by a special dance,
the Schwirrlauf, the German word for whir
dance. During the Schwirrlauf, workers move
without stopping in straight lines across the
comb. Every couple seconds, they vibrate
their partially spread wings. These dancers
also make occasional five second contacts
with other worker bees. During this contact
the bee makes a continuous piping sound.

For situations that are not emergencies, the
colony may divide. Part of the hive stays be-
hind with the new queen, which may still be
in her larval state. Although scientists are
not certain on this point, the bees that swarm
seem to be a random selection from the en-
tire population. Thus, the swarm contains a
mixture of bees of all ages. The majority of
swarms take place within an hour of the mid-
dle of the day. Because drones do most of
their flying in the afternoon, morning swarms
are likely to contain drones.

When a swarm first emerges from the hive,

it chooses a nearby bush or tree to settle.
This is a particularly dangerous time for the
colony. For example, if rain begins falling at
this point, the bees cannot fly to their new
nesting site and resume their usual activities.
Consequently, the colony might starve. If the
weather remains suitable, the bees make sure
that their queen is present. The scouts then
leave the swarm to find their choice for a new
hive and to verify that the area is still favor-
able. Most of the scouts then return and re-
port to the others its location by performing
a wagtail dance on the surface of the swarm.
At first the hive moves very slowly - taking 5
minutes to move 100 yards. At this time, the
colony again checks that the queen is with
them. The swarm then spreads out to fill a
space about 50 yards in diameter and speeds
up to 6 miles per hour - flying between 3
and 10 feet above the ground over and not
around obstacles. A couple hundred yards
before reaching the site of their new hive, the

Figure 1: Honey bee swarm
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swarm slows down. The scout bees at the
new site are performing a “breaking” dance
as a guide to the scouts that are escorting the
swarm.

At this time, the scouts take positions near
the hive entrance and leave a scent to attract
the queen and workers. Most of the workers
will enter the site before the queen enters.

For hives having a high population, addi-
tional swarms of bees may leave at the time
that virgin queens are making their nuptial
flights. In this manner, the original colony
may divide to form several new colonies.

Swarming and Superceding

If the swarm takes with it an older queen,
then shortly after establishing the new hive,
the queen is replaced by a daughter. This
event, termed supercedure, also takes place in
any colony that has an old or failing queen.
The queen produces a chemical substance
that inhibits her replacement. As time goes
on, she produces less and less of this sub-
stance. As a consequence, her ability to fore-
stall being superceded becomes weaker and
weaker. Like the case in which house bees
detect that the colony is about to divide, the
bees begin to produce queen cells. Typically,
they will not make quite as many queen cells
as they make in preparation for colony divi-
sion. Supercedure is necessary because the
queen has a diminished capacity for laying
brood. Also the lack of spermatozoa in the
spermatheca means that the queen is more
likely to lay unfertilized eggs, that is, eggs
that will become drones.

Figure 2: Emerging adult honey bee queen

When a young queen hatches into a colony
having a queen, the older queen is usually
killed. In some situations, the older queen
continues living and producing brood until
her successor begins to lay. Sometimes the
workers will kill an old queen with no other
queen present or before the young queen
starts producing brood. In either circum-
stance, because young queens produce lit-
tle of the chemical that inhibits supercedure,
the worker will begin to develop emergency
queen cells. These cells are made by enlarg-
ing worker cells.

After the young queen emerges, the hive
may choose to kill any of the remaining
queens while they still reside in their cell.
This can be a risky strategy. If the young
queen fails to return to the hive after her nup-
tial flight, the the colony will perish. The hive
may also choose to attack other queens after
they have emerged. The bees can also pre-
vent the first young queen from attacking the
young queens still in their cells by leaving or
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adding wax to the queen cell capping. They
can also feed these young queens while they
are still in their cells. For very large colonies,
this delay in queen emergence allows the hive
to divide into more than two colonies.

Swarming and Absconding

Bees can face a variety of enviromental
emergencies - food or water resources become
scarce or the bees sense a threat to the hive.
Under these circumstances, the entire colony
can leave the hive at a moment’s notice and
take off to find a new nest. This type of be-
havior is call absconding.

The European continent has cold winters.
This environment favors those bees who can
store food for long periods of time and sur-
vive in the hive having little activity. This
strategy favors colony division as a method
of migration.

On the other hand, scarcity of resources is
a common occurrence in Africa. During hard
times, one method of survival for the hive is
to raid another hive. A second method is
to move the entire colony to more favorable
surroundings. Thus the honey bees in Africa
that have been selected over the centuries are
those that have the propensity to abscond
and the ability to move long distances to find
a new home. These bees are extremely pro-
tective of their hive and brood and are much
more sensitive to hive disturbances. This pro-
tective behavior is the source of the tales of
the “killer bee”.

Absconding is the central strategy for mi-
gration for African honey bees. Because they

use a hive for a shorter period of time, per-
haps as short as six weeks, the honey bees
of Africa are far less selective in their choice
of hives and will settle on a much smaller
space to build the hive. These traits persist
in the hybrid European-African honey bee.
These hybrid bees have spread through large
parts of Central and South America because
of their tendency to make frequent moves.

At the present time, the Africanized honey
bee is well established in southern Arizona.
We are witnessing its continued migration
in Arizona and its introduction to Califor-
nia and Nevada. We can see that bees are
moving quickly into places that are favorable
for their survival - habitats that have suffi-
cient water and pollen resources and are suf-
ficiently warm. Their eventual habitat in Ari-
zona, California, Nevada, and in other parts
of the United States is now a topic of active
research.



Charting the Dynamics of a
Hive for a Year

• Obtain a copy of the worksheet “A Year in the Hive”.

• Choose a city in the United States.

• Choose the strength of the queen’s egg laying poten-
tial.

• Find the latitude of your city and the mean daily
temperature for each month of the year.

• Determine the hours of daylight for each month and
enter it on the worksheet

• Determine the temperature and the daylength scores
for each month and enter it on the worksheet.

• Multiply these two numbers together and enter it on
the worksheet.

• Decide if bees forage. If the mean temperature is
above 54◦F , then the answer is yes. If the mean
temperature is below 54◦F , then the answer is no.

• Decide on the level of resources - nectar and pollen
- for each month - high, medium, or low and use
the following table. In the winter, the resources are
likely to be low. At the peak of flowering season, the
resources are likely to be high.
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Forager Fraction
Resource Lifetime Deaths d

Low 4 0.25

Medium 8 0.13

High 12 0.08

The forage lifetime is in days. It is based on the fact
that a foraging bee’s wings burn out after approxi-
mately 500 miles.

• Run the program BEPOPITA.

• Enter the QUEEN STRENGTH.

• Enter the population of BROOD, HOUSE BEES, and
FORAGERS in the hive at the beginning of the year
in thousands of bees.

• Enter 12 for the MONTHS SIMULATED.
The table of monthly populations for brood, house
bees, and foragers is displayed in the STAT lists L4,
L5, and L6.

• Graph the hive population dynamics for the year and
think about these population changes and the adapt-
ability of honey bees to this environment.
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A Year in the Hive
The Good Life

City Latitude
Queen Strength

Hours of Mean Brood Forage Death
Month Light Score Temp. Score Score ? Resource Rate

1
2
3
4
5
6
7
8
9
10
11
12

Brood Death Population in Thousands
Month Score Rate Brood House Bees Foragers

0 − − −
1
2
3
4
5
6
7
8
9

10
11
12
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Month

POPULATION IN THOUSANDS
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The Bee Hive’s Response to
Dramatic Events

Stable conditions inside a hive cannot continue for-
ever. At some point, the hive becomes overcrowded or
is disturbed. The queen becomes old and is replaced. A
disease may affects the hive. Environmental conditions
may change - resources may vanish, or the area near the
hive may be sprayed by pesticide. We will use BEPOPITA
to simulate the effects of these dramatic events.

Below are five critical situations that a hive may face.

• a weak queen

– When the queen has a daily egg laying capacity
around 1000, the hive struggles throughout the
year.

• a swarm

– Approximately 25% to 30% of the house bees and
foraging bees leave with a swarm. You can sim-
ulate this by keeping 70% to 75% of these popu-
lations and continuing the model.

• resource depletion,

– This will force the foraging bees to look harder
for resources. You can simulate this by setting
D equal to 0.25 for the month in which resources
are depleted.

• supercedure of the queen, or
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– With supercedure, the colony can go without eggs
for 28 days. You can simulate this with a brood
score B equal to 0 for the month in which the
queen is superceded.

• death by pesticide of a fraction of the foraging pop-
ulation.

– Having 25% of the foraging population die from
a pesticide spray is typical. This number can
go higher if the foraging bees bring the pesticide
back to the nest.

To simulate the three hive events - swarm, death by
pesticide, death from a brood disease - choose the month
of the event by making an appropriate choice for the
MONTHS SIMULATED in the BEPOPITA program. Make
the changes in the hive population, and return to BE-
POPITA. The brood population is stored under U, the
house bee population is stored under V, and the forager
population is stored under W.
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A Year in the Hive
Death and Destruction

City Latitude
Queen Strength

Hours of Mean Brood Forage Death
Month Light Score Temp. Score Score ? Resource Rate

1
2
3
4
5
6
7
8
9
10
11
12

Brood Death Population in Thousands
Month Score Rate Brood House Bees Foragers

0 − − −
1
2
3
4
5
6
7
8
9

10
11
12
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VI. Birth, Death, and
Migration

Materials:

• Styrofoam cup with lids

• Lots of beads in three different colors

• Remote sensing maps of Tucson, Arizona, and Sonora
designed for honey bee migration.

• Data on Africanized honey bee sitings in Arizona and
Sonora

Classroom Activities:

• Bead models of birth and migration.

• Predicting the spread of the Africanized honey bee
in Arizona
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Simulating the Migration of
Honey Bee Colonies

Consider an 11 mile stretch of the Colorado River and
divide it into 1 mile segments. Imagine placing a colony
of bees in the middle segment of the 11. Number this
segment 0, to indicate the middle. Number the segments
upstream 1 through 5 and number the segments down-
stream −1 through −5.

• Flip a coin.

• If the coin lands heads, move one mile upstream.
If the coin lands tails, move one mile downstream.

• Keep track of the number of coin flips necessary to
move 1, 2, 3, 4, and 5 miles away from the starting
point.

• If you run this experiment several times or if others
run this experiment, you will discover the speed of
migration with no new bee colonies.

• Migration may move faster in one direction than an-
other. This can be silulated by placing the appropri-
ate number of black and yellow beads in a styrofoam
cup or by using the TI-82 program WALK.
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TI-82 Program WALK

Mathematicians call this model a simple random walk.
A TI-82 program WALK will produce examples of these
walks. After the PROBABILITY ? prompt, give the prob-
ability for movement upstream. The walk makes one step
per time unit. You are also asked to chose the LAST
TIME for the random walk. Follow the successive posi-
tions for the random walk by punching the ENTER key.
The sequence of postions for the random walk are dis-
played in the STAT list L1.

PROGRAM:WALK

:Disp “PROBABILITY”

:Input P

:Disp “LAST TIME STEP”

:Input T

:0→L1(1)

:For(I,1,T,1)

:rand→Q

:L1(I)+(P-Q)/abs(Q-P)→L11(I+1)

:Disp “TIME”,I-1

:Disp “POSITION”,L1(I)

:Pause

:End
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Simulating the Birth and
Migration of Honey Bee

Colonies

Now we combine into a model the actions of birth
and movement. Begin with a collection of pennies and
a styrofoam cup having black and yellow beads. The
fraction of yellow beads is the probability that a colony
divides.

• Begin with a coin on the board at square 0. This
indicates one colony at this location.

• Flip each coin on the board. If the coin lands heads,
move the coin up one square. If the coin lands tails,
move down one square.

• For each coin on the board, pour a bead from the
styrofoam cup. If the bead is yellow, place a new
marker on the square with the marker. This indi-
cates that a colony has divided.

• Return to the second step and continue until a marker
reaches either square +5 or square -5.

• If the probability of moving upstream and down-
stream is different from 1/2, then we will need a sec-
ond styrofoam cup with bead. We can go to three
colors of beads to include the possibility that the
colony does not move.

• Colony migration depends on the season, so we may
want to have a different set of styrofoam cups for
different times of the year.
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