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INTRODUCTION

Behavior of Mealworms stimulates children to ask questions about the
observable behavior of an unfamiliar animal and then directs them to ways of
finding answers for themselves. As children observe and experiment, they learn
some things about the process of scientific inquiry and about the sensory
perception of the mealworm. How to carry on an investigation is the most
important thing that children learn from the unit; the factual knowledge about
mealworms is comparatively incidental.

The pupils begin their study of mealworms with undirected observations that
lead them to elementary experiments on mealworms. A multitude of questions
arise, such as these: Can a mealworm see? How do mealworms follow walls?
How do they find a pile of bran? How can a mealworm be made to back up? In
their attempts to solve these problems, the pupils devise experiments, observe,
measure, keep records, design and build equipment, and draw conclusions. As
they go on, they usually become aware of difficulties resulting from their inability
to control pertinent variables. After studying Behavior of Mealworms, children
may realize that they still don't know much about the animal which at first
seemed so simple!

For beginning studies of animal behavior, a relatively simple organism is
essential. Mealworms are almost entirely unaffected by the artificial conditions of
the classroom, and they exhibit reasonably consistent and definite behavior.
Since little information about these creatures is available in nonspecialized
literature, pupils must rely on their own evidence. Mealworms are convenient
subjects for experimentation both in school and at home, since they are clean
and odorless, require practically no care, and can be purchased very
inexpensively from a number of sources.

Behavior of Mealworms has been taught most to sixth grade classes. If the unit
is used in lower grades, the activities must be shortened and simplified. It is not
necessary to explore all the activities described in this guide. If you spend a lot of
time on the early experiments, your students may lose interest before you can
complete the remaining activities. To cover everything, you will need 25-30 class
periods for a sixth grade class.

Behavior of Mealworms can be thoroughly enjoyable and worthwhile for you
and your students. You can, and should, leave much of your usual task of
teaching to the mealworms. These small, crawling creatures can be the means
through which your students learn a great deal about the techniques of scientific
research.



DISCUSSION of ACTIVITIES

1. Watching Mealworms
The study of mealworms can begin by having students
watch them. This undirected activity provides background for
the more refined observations and experiments on
mealworm behavior which come later.

The First Assignment

The children can be shown the mealworms and told they
are going to watch some at home to see what they can find
out about them. Their observations should be written down.
A chart might be used with the headings "What | Did" and
"What The Mealworm Did." Drawings might also be made.

Two or three mealworms and some bran or dried cereal
flakes can be transported home in a wax-paper sandwich
bag that has been folded over and stapled at the top.
Mealworms can also be carried inside drinking straws.
Suggestions for the proper care of mealworms at home
should be reviewed with the students. Information of this
nature can be found in Appendix Il. (See pages 43-46.)

Although children are not usually intentionally cruel, they
might be cautioned not to do anything that might injure the
mealworms. One restriction could be that no one does
anything to his mealworms that he would not like done to
himself. Since a mealworm has chemical receptors over its
entire body, putting a drop of turpentine on a mealworm is
somewhat like having turpentine poured into one's -mouth or
nose. Irritating liquids should be dropped near but not
directly on the mealworms.

Usually parents allow mealworm experiments to take
place at home. Sometimes they even become involved in the
work themselves. You might want to send a note home
asking parents to cooperate.
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FIGURE 2. Photographs of Mealworm.

Front of mealworm,
showing details of head.




Examples of What Children Do With Mealworms

After watching their mealworms at home, the children have usually made a great number of varied
observations on the structure and behavior of their mealworms. The following are some examples of what can
be expected when these observations are reported in class:

Front of mealworm,
showing leg structure.

“I dropped vinegar on his tail and he didn't like it.

Mealworms are usually quite lazy.

They ride on each other's backs.

They can't walk well on smooth surfaces.

If you lay a pencil on a mealworm's back, it's like someone hit you in the back with a baseball bat.

When I touch one of my mealworms he bends his tail. This is how I tell them apart.
One bends and the other doesn't.

1 held my mealworm on a string out the window.
1 shined a flashlight on him and he crawled away.
A mealworm's body has 13 segments.
He backs up when he comes to another mealworm.
He turns like a bulldozer. The legs on one side stop.
He always moved away from any intruding hand or object. This was probably instinct.
They never stay in a group for a long time. He is sort of an individual.
1 put mine on different colors, but it kept falling off- It never learned.
1 stuck him in a balloon and blew it up.
Mealworms are always searching for open doors in a box.
They have rhythmic leg motion. »
Hind
Much fault can be found with many of these observations. Some of the things
which the children do appear senseless. What did the child expect to learn by

dangling a mealworm out of the window or by sticking one in a balloon? Students
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often draw conclusions from their observations, but usually
their inferences are based on evidence which is most incon-—
clusive. The wiggling of a mealworm in a drop of vinegar
seemed to indicate to some child that mealworms do not like
vinegar. Children look at mealworm behavior in terms of them-
selves. A mealworm walking around the sides of a box was
trying to find an open door so he could get out. Mealworms
are even lazy!

Significant observations in the list of examples are those
that deal with structure, locomotion, and a response to a
certain stimulus. These are good because they lead to ques-
tions which can be explored further by the students. Ana-
tomical characteristics like six legs, two antennae, a head,
13 segments, and some tail bristles are usually noticed. (See
Figure 1.) So is the stepping pattern of a mealworm's legs,
which often depends upon the mealworm's speed and di-
rection.

Suggestions for Conducting the Discussion

One class period, or perhaps several, can be devoted to
having students report their findings. The discussion should
move freely and go in the direction given it by the children.
You can ask questions to help elicit comments about what
was observed. "Do you think mealworms can see?" "How are
mealworms different from earthworms?" "Are mealworms
very smart?"

Often the best discussions occur when children debate
some differences of opinion. If situations like this do not arise
spontaneously, you may be able to create them. "Did anyone
else see something different from this?" Controversies can
often be resolved by having the children take another, closer
look at mealworms in school or at home. Sometimes the addi-
tional evidence will still not end the disagreement, and the
question must be left unsettled, at least for a while. You may
feel uneasy about leaving questions unanswered, but this does
not usually seem to bother children.

You should remain alert for observations which might lead
To further experimentation by interested individuals. For
example, one student could tell her mealworms apart by tail
curling. "Can anyone else find a way to tell his mealworms
apart?" The question of intelligence may come up, as it did
once with the mealworm which never learned not to fall off
the different colors. "Can a mealworm learn anything?"

"Could one be taught to walk through a maze?" (See Ap-
pendix IV, pages 53-57.)

No attempt should be made to correct misunderstandings
that emerge during discussion. It is doubtful that any amount
of talking at this time would be of much help. This is the main
purpose for having the children do the activities of the entire
unit: to teach them how to experiment, observe, and draw
conclusions. This takes a lot of time. Children learn this best
by going through the activities in the unit.






2. Optional Experiments on Walking and Eating

Before proceeding with the activities described in the sections
which follow, you may want to spend several days
investigating how a mealworm walks and eats. Some of the
experiments suggested below could be studied by your entire
class, or by only those students who want additional work.

Walking

The method of walking is almost always described by
some-one. In what order does a mealworm move its legs?
Three children standing in a row could demonstrate different
ideas with their three pairs of legs. (See Figure 3.) An easier
way to see how a mealworm walks is to watch it on a mirror,
or from underneath a piece of glass.

You could ask your students other questions about
loco-motion, such as:

“ Does a certain mealworm turn more often to the right or to

the left?
Can you make a mealworm go in a straight line?

How does a mealworm walk on the moving turntable of a
record player?

How far does a mealworm go in a minute?
How fast can the fastest mealworm go?
How fast does a mealworm dig down through bran?

If placed on a slant, do mealworms walk up more than they
walk down?

Why do mealworms sometimes walk backwards? Do they back
up every twentieth step? Can a darker spot or speck of dirt be
Jfound at the place where the mealworm goes back-wards? *

Eating

Do mealworms eat bran? A few flakes of bran can be
placed with a mealworm in a tiny closed box, like a match
box. If the bran disappears, it has probably been eaten. Two



FIGURE 3.

Children Demonstrating Different
Ways to Walk with Three Pairs of
Legs.




boys in Seattle computed the weight of food consumed by a mealworm:

“We put three mealworms in a small box. I crumbled two flakes into pieces in the box. At
the end of each school day, I estimated about how much of a flake they ate. At the end of
four days the flakes were just about gone. They ate about one half a flake a day. The
mealworm eats approximately 1/6 of a flake a day. In grams the mealworm eats 1 /30
gram per day, 7/30 gram per week, and one gram per month. *

Other food, such as different kinds of breakfast cereal flakes, could be offered to

mealworms in this way to see if it is eaten. One teacher wrote:

“The children reported that mealworms particularly liked Rice Chex and jelly, but got
stuck in the jelly and had to be pulled out. They also seemed to like carrot and potato
peelings, Captain Crunch cereal, and Wheaties. They positively did not like dry dog food
(Gravy Train) and baby food. *

Would mealworms raised on corn flakes, for example, prefer bran or corn flakes? Food
preferences might be determined by giving several kinds of food at once.

A science supervisor in Seattle conducted some experiments on the water requirements of
mealworms, and reported:

“Somehow 1 couldn't believe that this dry stuff could provide them wish the moisture that
we somehow feel all animals need. The experiment I tried certainly didn't prove they
need wafer, but it proved to my satisfaction that they wanted if. I took some of those
double-ended cotton swabs called Q-tips, moistened one end and put them on top of the
food. In a little while the moist end looked like the head of Medusa, and the dry end
attracted nary a worm. Soon the moist end was shredded and torn; the dry end appeared
un-touched.



3. Can mealworms see?

Students usually become aware of the mealworms' tendency to follow
walls. A question which follows naturally from this observation
relates to the way in which mealworms do this. If they follow walls,
they may have some way of sensing the wall's presence.

See if your children can explain how the mealworm might be
able to perceive a wall. Should they lack ideas, you could ask them to
think of ways they themselves would have of walking along beside
the wall of the schoolroom. One way would be to use one's eyes, as
might a mealworm. But sup-pose the person were blind or it were
dark? A child can be blindfolded and watched as he follows the walls
of the class-room. Perhaps an arm or leg is dragged along the wall.
What could a mealworm use to do this?

Looking at Mealworms

A careful anatomical examination at this time might reveal
some organs of sight or touch. Mealworms kept in a jar on top of
some ice will become sluggish and therefore easier to examine-until
they warm up. Magnifying glasses and microscopes could be used if
they are available. Students often say that a mealworm looks like a
monster when seen through a microscope. They might make
drawings to show details of structures they find on the mealworm's
head and body. (See Figure 4.) The drawings could be labeled to
indicate the possible functions of the different parts.

When the children have found what they can on their own,
they could study photographs of mealworms. For this purpose
enlarged copies of each of the illustrations shown in Figures 1 and 2,
pages 3-4, have been reproduced for purchase with this Unit. You
may want to mount them on cardboard before making them available
for your class to study.

After they have combined direct observation with study of
the photographs, the pupils probably will have seen the pointed
antennae, the hooks on the end of each leg, the black, eye-like spots
on the head, and the fine hairs on the legs and sides of the body. One
or more of these structures could serve as a wall-sensing device. The
function of the so-called "eyes" of a mealworm could be compared
with those of other animals. "How are a mealworm's eyes different
from yours?" "Do you think a mealworm can see as you can?" The
evidence on sight may be contradictory, since mealworms bump into
things but do seem to respond to bright lights. "Is it possible to 'see’
just light and dark?" A large box could be lowered
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FIGURE 4. Students' Drawings of Mealworms.

over the head of a child with his eyes closed. He can't really see, but he is
still able to tell when it becomes darker as the box is lowered.

How Can Mealworms Follow Walls?

"What can we do to find out which parts of the body might be
used by a mealworm for following walls?" The children might suggest
that, to test sight, a mealworm's head could be coated with nail polish or
black paint. This may be a good idea, but it should be discouraged since it
is harmful to the mealworms and does not show much anyway. A
magnifying glass could be used to look at the legs or antennae of a
mealworm which is following a wall.

"Would a mealworm still be able to follow a wall in the dark?"
Let your children try to work out some techniques for answering this
question. The problem, of course, is how to see where the mealworm
travels in the dark. If chalk dust or talcum powder is sprinkled on the
bottom of the box, mealworm tracks made in the dark can be observed.
In the words of one student:

“ To find out whether mealworms use their eyes or not we put them in a
dark box with flour on the bottom, hoping that the worm would leave
tracks showing where he went. It did not work because if there was enough
Sflour for (racks, he would just bury himself and do nothing. If we used too
little for him to bury in, it wouldn't leave tracks. What / think should be
done is to put the mealworm in a box in a pitch dark place



with a fluorescent dot of paint on him. Then we can follow'
his movements.”

In spite of what this student says, a mealworm's path can
plainly be seen if the powder is not too deep.

Building Walls for Mealworms to Follow

Building a variety of "mealworm walls" is another worthwhile
activity. The idea can be introduced by the teacher if it does not evolve
naturally. "What kind of wall could you build to see if mealworms
follow a wall by seeing it?" "Maybe you could make one which the
mealworm could not see. How could this be done?" "What would it
mean if a mealworm could not follow a glass or clear plastic wall as
well as a smooth and opaque one?"

"What kind of wall could be made to show if a mealworm
follows a wall by dragging its legs or body along it?" See if the
children can figure out some ways to make such a wall. To keep the
mealworm's protruding feet from touching, a wall could be made with
an overhang. A very low wall would allow only the feet to come in
contact with the vertical surface.

"What does a mealworm do when it reaches the end of the
wall it is following?" "Does it continue straight ahead while its tail is
still in contact with the wall?" If it does, this could mean that the wall
is sensed by the tail. Perhaps the mealworm will cease following the
wall after its head passes the end. What might this indicate?

"Can a mealworm detect a ‘negative' wall (an overhanging
edge)?" "Will it slow down when coming to a cliff?" "Does
a mealworm walk along a precipice just as it walks along a
wall, or does it fall over?" "Can a mealworm follow a wet wall
better than a dry one?"

With the foregoing in mind, the construction of test walls can
be carried out by the students at home or in school. If done in school,
the necessary materials should be provided. Match sticks, toothpicks,
popsicle sticks, paper clips, and
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FIGURE 6.

Walls Made by Students:

A complicated maze (upper)
a simple structure (below).

>

tongue depressors can be used. Pieces of cardboard and plastic can also be cut up. (See
Appendix I, page 41.) The walls can be built inside boxes or on separate pieces of
cardboard. They can be held together with glue and left to dry before the mealworms are
put 1n.

Students should keep in mind why they are making their walls. This exercise allows
children to design and make equipment to test "hunches" they might have in explanation
of wall-following. Often the array of materials leads some children to make elaborate
structures with little apparent purpose. Walk around and ask, "Why are you making your

wall that way?" Perhaps materials should be limited so there is no opportunity to construct
more than is necessary. In one trial class almost everyone made a complex obstacle
course similar to the one shown in the upper photograph in Figure 6. One girl, however,
built an effective set of walls very simply. As the lower picture in Figure 6 shows, one
side was



made with a piece of plastic, blackened with a crayon in all but one
place. "If he can see, he'll try going through the clear part," she said.
Another side was a piece of cardboard with a number of holes punched
in it. "If he feels with his antennae, he'll get confused." Pins stuck
through the bottom of the third side held the cardboard just off the
ground so there was a crack under it. "If he feels with his feet, he'll try
to go underneath."

Reporting the Behavior of Mealworms

Students enjoy watching mealworms walk along their new
walls. Magnifying glasses can be used if they are available. You might
wish to have the children describe their operations in a written report to
answer the question of how mealworms follow walls. Many of their
conclusions may be quite contradictory, but the important thing is that
the conclusions be drawn from real observations.

“I found out that the mealworm follows the wall with his legs, because I
put the mealworm in the maze and it followed the wall by fouching with
the legs.

1 think they use feelers to follow walls, because they didn't seem to be
using anything else and they kept touching the walls with them.

From watching the mealworms travel in and out of the maze, I found
that they mostly follow walls with their bodies and not their eyes or
antennae. I saw that when they followed the walls they rubbed their
sides against the wall to tell if it was there.

At first I thought they followed walls with their bodies. But now I think
they have eyes, because they tried to walk through the glass walls, but
they didn't try to walk through wooden walls.

I don't think they can see, because they just bump into the walls of the
maze. When the mealworm goes into a pointed corner, it doesn't know
which way to turn.

By watching a mealworm in a maze, 1 found that mealworms have eyes
in back of their body. I know this because I had a door that opened and
closed. When he got to where he could see the door, the front part of
him started to go the other way. But when his back saw the opening at
the other end, he started to go towards it. 7Then I shut the door and he
started to go forwards again.

15



4. How Does a Mealworm Find Bran?

16

This activity should be introduced by a demonstration one or
two days in advance. The class can be shown a shoe box with
a pile of bran at one end. About twenty mealworms can be
placed in the other end and the box left uncovered. For
purposes of simplicity the activity is described here using
bran. Instead of bran, however, any dried cereal flake can be
used.

By the next day the children can see that many of the
mealworms are in the bran. Then pose the question, "How do
they find the bran?" (or cornflakes or whatever cereal you
have chosen to use). Some possibilities such as sight, smell,
or just chance might be brought out in class discussion.

"How could we find out if mealworms find the bran
because they sense it (by sight, smell, or otherwise) or just
because they happen to bump into it?" You probably will
have to suggest to the children that a useful procedure is to
mark the mealworm's path with a pencil as it moves along.
An aimless direction of movement might occur when the
mealworm is first released in the box with the bran pile. But
as the mealworm wanders closer to the bran, is a distance
reached at which its motion becomes directed toward the
bran? What would this mean? It might show that the
mealworm could somehow detect the presence of bran from
that particular distance.

To obtain uniformity and thereby permit better
comparison of results, duplicate a paper on which is indicated
a starting point for the mealworm and a circle for the bran.
The design of this worksheet should approximate the positions
of the bran and the worms in the original demonstration.
Pupils can draw the mealworm's path by following it around
this paper with a pencil. The students should be cautioned
against guiding the mealworm's direction by pushing it with
the pencil. A ruler can be held along the edge of the paper to
keep the mealworm on the paper. Several trials should be
made with each of several mealworms.

Circulate around the room as the pupils work. If
interest lags, ask questions to encourage more experimenting.



“Does the mealworm seem to be able to go straight to the bran after he gets close?
Are mealworm paths different if there is no bran on the paper?

Does the distance traveled by a mealworm on later trials become shorter, indicating the worm is learning the
location of the bran?

Suppose you made two piles, one along the edge and the other
in the middle. Which pile would most mealworms find?

Would most mealworms go to a large pile of bran instead of a smaller one?

Does a mealworm go under a pile of bran more than it does
under sawdust? (Pencil shavings from a pencil sharpener
can be substituted for sawdust.)

What sort of paths would the mealworms make in the dark? (Use talcum powder.) »

One way to help students compare results is to make a composite of some mealworm paths. This can be done by
transferring them from the student's papers with carbon paper or by eye onto a master sheet, which can then be
duplicated or shown through an opaque projector. An example from one class is shown in Figure 7.

The conclusion which is usually drawn is that the meal-worms' discovery of bran is by chance alone. This
conclusion, however, was questioned by Professor Robert Christian of the University of British Columbia.. He
wrote:

“... the question is raised as to how the mealworms find bran. 1'm skeptical about both conclusion and method.
First, I am impressed by the fact that all the mealworms found the bran eventually. And I find it hard to believe
that some mealworms would starve to death if they had access to food but were merely unlucky. This

thinking suggests the following experiment: suppose you substituted sawdust for the bran. Would all the
mealworms find the sawdust? Would they find it as quickly as they find bran? What would the paths taken by the
mealworms look like?

Next, I don't feel that the apparent random paths . . . justify the conclusion that the mealworms find the bran by
accident alone. What if the mealworms could sense bran in some feeble non-directed way? Have you ever had
the experience of wondering, where some odor was coming from? Perhaps you could blindfold a child and have
him locate a piece of paper.
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on which you had put a drop of perfume.
I would guess that his path (in a large
enough room) would be like the path of a
mealworm finding the pile of bran.
You might want to read the letter to your
class and see what they think about it.
You could perform some of the
experiments which Dr. Christian
suggests if the children seem interested
in pursuing this problem further. One
teacher reported:

“ We read to the children the suggestion
of blindfolding and locating odor, and
they enthusiastically demanded to try it.
Perfume on blotter paper proved to be
too faint and even ammonia was not very
noticeable. Nevertheless, the class
enjoyed the experience. Some members
of the class traced on the blackboard the
paths of their human mealworms. “

Finally, your pupils may be interested in
another series of observations
investigating the mealworms' behavior
once they come in contact with the bran.
Do any mealworms stop partway into the
pile of bran, with their heads in and tails
sticking out? Would they do this if the
pile of bran was very small? What about
a long, thin pile? How far into a big pile
do they go? How do they know when to
stop so they do not come out the other
side? Do they keep going until they
begin to come out, and then back up?

It might be interesting to discuss the
design of a machine that would work like
a mealworm-a machine that could be
released at any place in a box and
eventually come to a halt beneath a pile
of bran. In what ways could such a
machine and a mealworm be similar?

NOTES
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5. Experimenting With Animals

Before the children proceed with more investigations of mealworm behavior, consideration should be given to some
of the errors often made when experimenting with animals. (See Appendix III, pages 46-52.) To help accomplish
this, students can criticize descriptions of a few hypothetical experiments.

Some examples appear below. It is not necessary to use all of these. You should try to write some of your own. Your
students could even write one or two after reading a few. The children's descriptions of imaginary experiments could
be exchanged among themselves and criticized.

1. Does my snake prefer to eat baby chicks or rats? I answered this question by putting a five-day-old
chick in the snake's cage. My snake swallowed the chick in 10 minutes. The next night I put a four-inch
white rat into the cage. The next morning the rat was still uneaten. My snake prefers to eat chicks rather
than rats.

2. 1 wanted to see if mealworms went toward walls. I made the walls by putting six little boxes in a circle
with spaces in between. (See Figure 8.) A mealworm was dropped in the middle, and a pencil mark was
made at the spot where the mealworm touched a box or went out between the boxes. I did this 72 times,
and 39 times it went to a box. I think mealworms walk to walls. (Unlike most of these exam-

FIGURE 8.

Diagram of Results of
Experiment to See if
Mealworms Go toward
Walls.

i




pies, this experiment has actually been done. You
might want to have the children try this sometime.)
I tested my dog to see his reaction to music. So
every night after his dinner, for two weeks, 1 put him
in my room and turned on some music. On almost
every night he was asleep within 10 minutes. It
seems that music makes my dog go to sleep.

I wanted to find the effect of noise on a kangaroo.
The noise was made by exploding a 2-inch fire-
cracker 10 feet behind the animal. This was done
ten times to each of five different kangaroos. Isaw
that sometimes after the "bang" the kangaroo
jumped higher than usual.

I wanted to see if mealworms like high places. 1
put my mealworm on a book and raised it five feet
above the floor. This was done about 25 times with
several different worms. Every time except once
the mealworm crawled around the book until he

fell off onto the floor. It took from 8 seconds to 6
minutes and 15 seconds for this to happen. The one
mealworm which didn't fall off just sat on the book
and didn't move. I don't think mealworms like
heights.

I have heard that bats get into people's hair. |

found a bat and sneaked into my sister's room and
let it loose. It flapped around the room three times
and suddenly flew into her red hair and boy, did she
scream! Now I know that this superstition is really
true; if there are people around, bats will try to fly
into their hair.

My problem was to find out if coldness would affect
the behavior of June bugs. I put 20 fully grown bugs
in a metal box 12 inches square with a cover. The
June bugs ran all around the bottom of the box.
Then I put 4 ice cubes inside the box at one end.
After 10 minutes all the insects had moved to the
end of the box away from the ice cubes. I guess

that June bugs try to get away from the cold.

CHART 1. Temperature and the Sound of Crickets.

Average number of times

Time crickets made a noise in a Temperature
minute

2:00 to 3:00 in 38 67°

afternoon

9:00 to 10:00 at night 21 42°







Figure 9.

Diagram of Experiment
to see if Mealworms
prefer a certain color.
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8. Does temperature affect the number of times a cricket
cricks? To answer this question, [ used 17 adult male
crickets in separate outdoor screened cages. Chart 1 shows
my results. I have concluded from this experiment that
temperature does affect the cricking of crickets.

9. I found out that mealworms prefer to live in Wheaties
rather than sawdust. I made a small pile of both of these 6
inches apart, and placed a mealworm between them. In 52
seconds the mealworm had walked to the pile of Wheaties
and disappeared into it. After one hour he was still under
the Wheaties.

10. Do mealworms prefer a certain color? First, I cut four

pieces of paper. The colors were red, blue, black, and
yellow. I pasted the paper to look like this. (See Figure 9.)

Yellow Red

White |

-
.

Black Blue

Then I took five mealworms and set them in the middle of
the paper on the white disk. And I watched to see where they
would go. Iran 44 tests and at the end I tabulated these
results:

Blue Red Yellow Black
42 56 50 72

Two times a worm didn't move. It seems as if mealworms
prefer black. I wonder if it's because black is warmer? (This
experiment was reported by a student from Bickleton,
Washington.)



The descriptions which you want to use can be duplicated and distributed. The children can be asked to tell in writing what is
wrong with each experiment and how they would do it better. Discussion of their opinions in class should elicit a lively
debate.

Some of the general criteria of good experimentation with animals which may come out of this exercise are given below. You
should not give this list to the children.

1. In order to know if the animal is doing something
different, one must first know its usual behavior.

2. An animal must be given a choice if it is to show a
preference for one thing over something else.

3. What is done to an animal must be described in as
much detail as necessary.

4. The description of what the animal does in the experi-
ment must be as complete as possible.

5. The same experiment usually should be done many
times.

6. The conditions should be controlled so that, as much as possible, the animal responds only to what is being
tested.

Notes
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6. Making a Mealworm Back Up

The work on backing up gives the children a chance to observe how a
mealworm reacts to various stimuli. Here they may begin to see how
measurement by counting can refine qualitative observations. Because
backing up is an obvious and clear-cut response, it is an easy one to begin
with. Perhaps you or your children will find some other suitable question
for study also.

Various Ways to Make Mealworms Move Backwards

If your students have ever seen mealworms backing up, they can
probably describe examples of this somewhat unusual behavior. Then
you can ask the question, "How many different ways can you find for
making a mealworm back up?" Students can work on this problem at
home and give their results in the following class.

The various methods which have been found to make mealworms back
up should then be listed on the board. Some of the ways mentioned in
trial classes are listed below:

flashlight turpentine dropped with
smoke medicine dropper

burning match touching with pin

vinegar on Q-Tip electric shock with battery
hot iron touch with pencil

loud noise color

bumping into something blowing on it through a straw
ammonia spinning on phonograph table

water dropped on head wet ink from felt pen

If the list becomes too long, it might be convenient to have the children
group some of the similar ideas together into larger categories. In the list
above, the use of vinegar, turpentine, and ammonia might be combined
under the heading of odor.

Selecting the Best Way to Make a Mealworm Back Up

The question can be raised: "Which is the best way to make a mealworm
move backwards?" Guesses pan be-heard, but there will probably be
little agreement. How can we find out which is best?" Some child may
say that everyone should try all the different ways. "Would it be better if
everyone tried each way more than once?" "Why?" Perhaps the students
can be led to see the desirability of quantitative results obtained by
testing each method a large number of times. They usually do not realize
that this may permit more precise statements to be made about certain
observations.



Some ideas for making a mealworm back up might be considered poor by a majority of
the students, and these can be eliminated through discussion. The class should then select
for more study the four or five methods it thinks most promising. You can suggest that a
definite procedure be established to test each method.

One class had the following ideas for hot things to use in testing heat:

a piece of glass heated on the radiator

steam from a steam iron

a nail heated by a match short circuiting a dry cell battery with a wire and wrapping
the wire around the mealworm

The hot nail was selected because it was thought to be the most uniform source of heat and
would be readily available.

Since the improper use of a hot nail can injure a mealworm, you could suggest that the
heated nail be held far enough away so the mealworm would not get burned, but close
enough so it could feel it. The children can experiment with one another to find what this
distance would be for their own hands. Such a measurement may help to establish a
practical distance, even though the small size of mealworms probably makes them more
sensitive to heat than we are. A hot nail could burn a mealworm's sensory hairs long
before it could be painful to a child's fingers.

Each student can be asked to make a chart for recording his observations. Some of the
better of these can be reproduced on the chalkboard. You might then take the best ideas
and design a final chart. This can be copied by the students and used at home for recording
the results of their experiments. It is not important how many times each method is tested.
The students should make as many trials as they can.

The lesson which follows the experimenting might be initiated by asking the children
which was the best way to make the mealworm back up. Despite the quantitative evidence,
there will undoubtedly be no complete agreement. "Perhaps it would be better if we added
together everyone's results." One Way to tabulate class totals is to list, at separate places
on the chalkboard, the different methods tested. The students can then go to the board and
write their figures in the appropriate columns. When the columns have been totaled, they
can be summarized on a master chart. The final figures will show that some ways are
better than others. You might ask the children to rank the methods from best to worst. The
results from one class are shown in Chart 2. Touching the antenna with a pinhead was best,
but what is next best? Shining a flashlight made the mealworm back up 198 times in 334
tries, and the hot nail worked 247 times out of 330. Clearly this is an ideal example to
show the value of computing percentage.

25



" T T g imES TIMES | RAMK FrRoM
WHAT wAS PoONE TRIED BACKWAAD | grer o wbesT
_— — —
— = —
HoT NAIL 330 247 2
PLASHLIGHT 334 193 3
BLoc kMG WITH HAND 2432 i3 o
TovcHIpNE ANTENNAE WITH PIN HEAD 2L 7 212 /
MEALWORM AT EDEE OF pAPER Z123 i A
|

CHART 2. The Best Way to Make a Mealworm Back Up.

26-27

Some Additional Work on Backing Up

"Why didn't everyone get the same results?" A variety of possible reasons may be
suggested by the class. One answer to this question might come from the realization that
there were still differences in the techniques employed, in spite of the precautions to avoid
this. Also, students may have noticed differences in the reactions of the same mealworm to
a particular stimulus, and differences between different meal-worms. Such things as rough
or repeated handling, hunger, age, and environmental factors can affect the responses of a
mealworm.

The class totals could be compared with those of other groups of children. You can use
the results shown here or ones from classes you have taught in the past. Some mention
might be made of what the observations on backing up tell about those things which
mealworms can detect. "Would mealworms back away from an unlighted flashlight?"

"Do you think that mealworms can feel heat?" "Why do you think so?" "When you use a
hot nail, do mealworms back up be-cause of the heat, or because they see the nail, or for
both reasons?" "Would cool air make a mealworm back up as much as would the warm air
from your mouth?" "What other things (like smells, smoke, and wind) can mealworms
detect?"

Perhaps interested students could attempt to measure the sensitivity of different parts of a
mealworm's body to some of the stimuli. "Can he feel air on his tail as well as on his
head?" "How would you find out?" (It is a curious thing that meal-worms seem to back up
regardless of the wind's direction.) Some other children might want to experiment to see
how dim a light can be detected by a mealworm. "How could you find this out?" A bright
light could be shined at a mealworm and made a little dimmer on each successive trial.
Dimming can be accomplished by moving the light progressively farther away or by
covering it with various thicknesses of cloth or (paper.) "What might it mean when the
mealworm no longer backs up?" "Would it make any difference if you started with a dim
light and made it brighter each time?" In one class some children became interested in the
effect of poking mealworms gently with sharp and smooth objects. They found, to their
surprise, that more mealworms backed up when touched with smooth things than when
touched with sharp ones.

NOTES
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7. How do Mealworms "Explore'" a Box? Figure 10. Mealworms Exploring a wooden box

In this exercise, children measure the movements of mealworms which are confined in a box.

Watching Mealworms in a Box

Children should be given suggestions for getting or making a box to use in their experiments. It should be about the
size of a shoe box or cigar box. Glass and metal containers are not desirable, because mealworms cannot walk well on smooth
surfaces. "How can you keep a mealworm from climbing out of an open box?" A ring of transparent mending tape stuck
around the top of the box makes a slippery surface which prevents the mealworms from escaping

The students are told to put mealworms in their boxes and see what they do. (See Figure 10.) A transition from the
previous exercise can be made by asking the question: "Do mealworms ever move backwards in the box for no apparent
reason?" When watching for backing up, the pupils will see other behavior as well. After watching the behavior of their
mealworms in their boxes at home, your students can report their observations in class.

FIGURE 10. Mealworms Exploring a Wooden Box. (see above)
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Some things which children have said about mealworms in boxes are:

“ They explore in groups.
1t likes to climb up the walls of the box.
They are always trying to get out.
They don't start climbing walls until the whole box is explored.
They give up in about 15 minutes.
They usually just sit around when they know they can't get out.

He likes the sides of the box.

Measurement of Exploratory Movements

Following their initial observations, the students will examine more carefully the way a mealworm travels
in his "exploration" of the box. Ask questions to direct thinking along this line after allowing the children to say
what they want. "Does he spend most of his time following an edge?" "How much is most?" "Where does he
climb more, up the sides or up the corners where two sides meet?" "How much of the time does he stand still?"

Disagreements about where a mealworm travels in his exploration of the box will probably arise. If not,
difference of opinion can be encouraged through questioning. "Did every-one's mealworm mostly climb up the
corners?" "Do all meal-worms follow the sides of the box?" "Where do mealworms spend most of their time in
the box?"

One way to help resolve some of these problems is to find the time spent by the mealworms in different
parts of the box. Students will probably experience difficulty in deciding for themselves that time can be used as
a measure to sharpen up their observations. "What can we do to will have to be told.

What can we use to keep track of the time?" A clock will probably be suggested, but you can mention the
difficulty of watching both the clock and the mealworm at the same time. The children could work in pairs, so
one could watch the clock and the other the mealworm. "How could we do it so everyone can watch at once?"
You will probably have to introduce something yourself. A metronome vibrating at approximately one tick per
second is a good time-keeping device because it permits uninterrupted observations. If you can't get a
metronome, you might improvise one of the homemade timing devices described in Appendix I, pages 41-43.
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Chart 4. Class B.

The particular types of exploratory behavior to be examined should be chosen as much as possible by the pupils.
Suggestions can be written on the chalkboard and discussed. Children usually invent too many categories to observe. To
keep it simple, some things might have to be eliminated and others combined to make a single category. Charts developed
by two different classes are included here for comparison. (See Charts 3 and 4.) The figures shown are class totals.

Some decisions should be made about the meaning of each category. For example, some clarification of what
distinguishes the middle of the box from the edge maybe necessary -that is, clarification of at what point the worm is to be
considered to be at the edge. It was decided by one class that to be along an edge, a mealworm must be no farther away than
the width of one mealworm. Every other place on the bottom of the box was then called the middle.

You can suggest a procedure for tabulating the time spent by the mealworms in the various places. If a mealworm is
walking around the middle of a box, the observer should continue to count time until the mealworm begins to follow an edge.
When this happens, the time spent is quickly written in the appropriate space on the chart and the counting is begun again.
When the observations are completed, figures for each category can be added to make individual totals. These can be entered
on a large summary chart on the board so the class totals can be computed. If thirty children count for a half hour, there could
be some 50,000 seconds accounted for.

An easier way to measure box exploration is to take a sampling of the mealworm’s location at regular intervals. Once
every minute, for example the students can record their mealworm’s positions. Equally valid results can probably be obtained
if the sampling is done irregularly.

One class period should probably be devoted to timing mealworms in boxes. The children should bring their
mealworms and boxes to school for this purpose.

Perhaps as the students study their results they can make more definite statements about exploration. You might ask
for a written analysis of the results as a homework assignment. Perhaps your children could express as fractions or percents
the relative amounts of time that the mealworms spent still or in motion and in various parts of the box. Since the percents
will not come out evenly, some approximating will have to be done.
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How Does a mealworm Know it is Under Bran?

This question of how a mealworm knows it is under bran pro-vides a chance for new experiments. One
difficulty is that there is almost certainly more than one stimulus involved in the mealworm's ability to stay under the
bran. (See Appendix III, page 46.) At all events, the question cannot be solved conclusively, because the number of
variables is so great that it is impossible to control them sufficiently. This is the most important lesson to be learned
from the exercises.

The children can be asked how mealworms know they are under a bran pile once they find it. Some possible
explanations for this behavior, as offered by the pupils, might be that meal-worms remain in the bran because it affords
food, darkness, weight on the back, quietness, or pleasant odor. Of these ideas, the first three are the most suitable for
further study and can be treated separately in some detail.

Any other possibilities might be disposed of by a discussion to show why they are probably not the cause.
Loud noises have no apparent effect on a mealworm. Even so, how much quieter would it be under the bran? A quick
check will show that bran has little or no smell. But does this mean that meal-worms cannot smell it?

The questions of weight on the back, darkness, and food can be explored by all the children, by smaller groups
within the class, or by interested individuals. Oral reports could be given to describe the experimentation that was
carried out. Students can demonstrate in their reports any special equipment which they made to help solve their
problem. Appropriate charts should be designed and used for recording data from these experiments.

Do mealworms stay under bran because they eat it? Piles of other materials such as pencil shavings or chalk
dust could be put into a box along with bran. Will the mealworms show a preference for bran? Do they behave
differently when they are hungry? How can you make mealworms hungry?

Testing for the Effect of Light

Does a mealworm know it is under bran partly because of darkness? How could this be found out? Many
ways will probably be suggested and can be carried out. Among the most convincing is to see that mealworms do not
collect under the bran nearly as much when the box is dark. Does this show that mealworms go under bran to avoid
light? Or is this because they can't see the bran in the dark and are unable to find it?



FIGURE 11.
Diagrams of "Window-Box." (see above)

The question could also be raised of just how dark it is under the bran pile. How could you find out? It might be
possible to make a huge mound of bran so children could crawl under. But this is not too practical. How dark is it under a
pile of leaves? One way to find out about the darkness under a little pile of bran would be to get a box and cut a small (one-
inch) hole in the bottom. A window can be made by covering the hole with a piece of glass or clear plastic, or plastic wrap-
ping taped at the edges. Then a pile of bran can be made over the window. Children can see how dark it is under the bran
by looking into the box from underneath or through a peep hole cut in the side. (See Figure 11.) Is it dark inside the box?
Suppose a light is placed under this glass-bottomed bran pile; will mealworms still stay under the bran?

Testing for the Effect of Weight

Does the mealworm know it is under bran partly because of the bran's weight on its back? What kind of material
must be used to test this idea? See if your children can realize that something is needed under which a mealworm can crawl,
but which will not provide darkness or food. Why wouldn't a pile of sawdust or chalk powder be good? How would you
know if mealworms stayed under sawdust or chalk because of the weight on their backs or because of the darkness? What
could be used for these experiments that would be better? You can have the students offer ideas, and the suggestion of
shredded cellophane or similar transparent flakes might be given. A piece of such material could be cut up for
experimentation.
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Behavior of Mealworms in the Wild

You might want to discuss with the children the significance of what they have learned about the behavior of
meal-worms in relation to the mealworm's natural life. The children could try to explain how a mealworm's "liking" for
dark places might be useful. Suggestions such as hiding from enemies might come up. Could this idea be tested? If a
toad, field mouse, circus chameleon, or some other animal which eats mealworms is placed together with buried
mealworms and mealworms in the open, which mealworms are eaten most frequently? Perhaps the mealworm's
tendency to back away from light and to follow walls enables them to find dark places.

Suppose a predator ate more mealworms in the middle of an empty box than along the edge. This might show
that the mealworms were protected by their wall-following behavior. It could be, however, that the predator would
"know" where to look and would eat no mealworms out in the open. What might this show?

The survival of a mealworm population depends, perhaps, more on the location of a good supply of food
than on the protection from predators. Experiments may have already indicated that wandering and chance
"bumping" into food enables the mealworm to locate it. Is the mealworm hatched in a supply of food or does it
wander until a supply is located? The adults could be given a variety of egg-laying sites to see where most eggs
are laid. If wandering is found to be the means of locating food, does the newly hatched larva wander more?

NOTES
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Suggestions for Evaluation

In working with mealworms your children, hopefully, will have learned a great deal not only about ways of experimenting
but also about the sensory perception of mealworms. It is rather difficult to devise a test to measure what has been
accomplished. Several possible means of evaluation are described below. Perhaps you can try some ideas of your own.

Written Tests

A teacher in Vermont used an interesting written test. She described a hypothetical animal called a Snoogle and
stated that large numbers of these animals were often found under rotten apples. The children were asked to give four or
five reasons to explain this behavior, and to describe some experiments which they could do to indicate which explanations
were correct. A few of the answers follow.

"Some of the possibilities to explain why Snoogles go under apples are:
1. They eat apples.
2. They might have hatched near apples or on apple
trees and are too lazy to move anywhere else.
3. They might not like light and stay under the apples or
in them to stay away from the light.
4. It might be that when the apples fall, other bugs go
near them and the Snoogle eats these other bugs.
5. It might be that the apples put a special chemical in
the ground that can't be found elsewhere."

"To see if they eat the apples, you could try feeding them other types of food. If you found that they do eat the apples it
might be that they don't travel very well, and like to' stay near their food. A better experiment would be to put them in
something with the same texture as rotten apples, like mud. If you find that they can't live in mud, it might be because the
Snoogles ate the apples and couldn't eat the mud. If they were just as happy in the mud, you could assume that they didn't
eat the apples, but like the feel of it."

"To prove the assumption that Snoogles are allergic to light or warm temperature, the Snoogle could be put in a box,
completely dark, with one or two rotten apples in it. If he still went under the apple, it would not be to escape from the light.
By having a lighted box but a cool
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to cold one, you could tell if he went under to escape the warmer temperature. Then if he went under a rotten apple, it
would not be because of a cooler temperature under it."
Before beginning the unit, another teacher had his students criticize some of the hypothetical experiments in

Section 5. By doing this again when the mealworm study had been completed, he could compare these criticisms with those
made previously.

Students could also write stories about mealworms. If mealworms could talk, how would they describe the experiments
that were done on them? What would the "Jolly Green Giant" say about human behavior if he could observe only from a
distance what we do?

Comparing Mealworms' Behavior with that of other Animals

One teacher who used Behavior of Mealworms with her third grade children had an evaluation exercise with her
mealworm class and another similar group of children which had had no contact with the unit. The children went to the
junior high school science room and observed animals such as mice or hamsters for about ten minutes. They were asked to
describe fully all they had noted about the animals (structure and behavior) and to pose a question which they might be able
to answer by experimenting. The teacher reports that, as a group, the class which had worked with the mealworms made
better observations and asked more meaningful questions.

Another type of exercise could involve the comparison of the behavior of another kind of insect with that of
mealworms. You might be able to find ants, beetles, or other insects outside. Students could each take home a new bug,
experiment with it, and write a report of their findings.

Mealworm beetles (grain beetles) could be used if you can get enough of them. Can beetles be made to back up in the
same ways that mealworms can? Do beetles follow walls? Can the beetles find a pile of bran quicker than mealworms? Do
beetles eat bran? The report below was written by an eighth grader who had studied mealworms two years previously.

“I tried the experiment concerning itself with which part of an open box it prefers best, on the bottom of the box, near the
sides, near the corners, on the sides, or on the corners.

1 began by getting a box, then placing the beetle in the center. Then letting if go and each time marking its resting place. |
tried this twenty-five times. As far as perfecting the experiment goes, I made sure the box was on a level surface and that it
was equally lighted throughout. Each time I marked his resting place I returned him to the center of the box and started him
again. There was never any pattern as to which part of the box he went to, so I think it is reasonable to assume that my
conditions were fairly good.

My findings were that out of twenty-five tries, thirteen times it halted on the sides, eight times on the corners, three
times on the bottom of the box, one near the sides, and none near the corners. This comes out to 52% of the time it went up
the sides, 32% of the time it went up the corners, 12% of the time it remained on the bottom of the box, 4% of the time it
came and stayed near the sides, and 0% it came near the corners to stay. This is opposed to the findings that 75% of the
time the mealworms made straight for the corners and right up them. This shows a possible change in the climbing methods
as the insect changes from mealworm to beetle. This change is also evident in the different type of body structure. Insects
like beetles, flies, and ants all seem to have this type of method of climbing on flat surfaces, but, however, the animals such
as the mealworms and caterpillars find it easier to climb with the use of cracks and corners where they take full advantage
of the two or three climbing surfaces. This change is much like the change from a caterpillar to a butterfly and it
emphasized strongly the body structural change in it.”



Here are a few conclusions from other reports:
“From this you can infer that like the mealworms the beetles prefer darkness.

From these experiments ! do not think that mealworm bugs are affected by light. I tried to look for eyes but he
wiggled too much.

To conclude, 1 would say light does affect beetles so they must see or have some other sense that can
detect light for them.

Conclusion: The beetle does not have a preference to light or dark, but it has a definite preference to heat and cold.
The beetle prefers coolness greatly over heat.

As far as I can tell from this, they have no real preference for hot and cold, the beetles going to the hot end in only one more
trial than the cold. However, it is interesting to note that when 1 took the beetle out of the cold pile of bran he was sluggish and
that when I put him near the warm pile he became more active. This worked several limes.

This would show that these beetles, at least the ones I had, were not affected by noises, and that they like the sides and
corners of box tops. To the best of my memory, mealworms also liked the sides and corners of boxes. They, too, were
not bothered by noises. This does not mean that the beetles and mealworms do not hear, though that most likely may be

the case.

From my experiments 1 found the mealworm beetles use their wings, not to fly, but as a parachute when
falling or getting over large obstacles.”
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ODE
to a
MEALWORM

by
Lora Fleeting
Park School

Brookline, Mass.

Pity the poor mealworm
He is not an ideal
worm
in fact, he's not a real
worm,
But a bug,

Ugh
And when he sought the bran
He couldn't escape my scan
No matter how hard he ran,
What a bug,
Ugh

The End
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Appendix

I. NOTES ON MATERIALS

There is no kit of materials for Behavior of Mealworms. The materials needed
are quite ordinary and can be obtained locally. Mealworms can be purchased
from one of the sources listed on pages 42-43.

List of Materials

a few pounds of bran or several boxes of dried breakfast cereal flakes

Mealworms are usually kept in bran, which can be bought in farm food stores. Breakfast cereals such as
cornflakes Wheaties, and 40% Bran Flakes seem to be just as good as bran. Large flakes like these should
probably be crushed into smaller pieces.

large can or jar to keep the mealworms in
Such a container should be wide enough to reach into easily. The jar or can should be covered to keep the bran
dark and moist.

50 waxed-paper sandwich bags
Children can carry their mealworms home in waxed-paper bags. An improvised envelope, made by folding and
stapling a piece of paper, could be substituted for a waxed-paper bag.

magnifying glasses or microscopes
A medium-powered binocular microscope is ideal for looking at mealworms, but one may be difficult to obtain.
A simple hand lens works well.

photographs of mealworms

A set of 6 enlarged illustrations of meal-worms is available for use with this unit. To obtain these write directly
to the Science Product Manager, Webster Division, McGraw-Hill Book Company, Manchester Road,
Manchester, Missouri, 63011.

metronome or homemade time keeper

Although a metronome is probably more convenient, you might make your own time-keeping device. To make a
water dropper, punch a hole with a needle in the bottom of a gallon or half-gallon plastic bottle. (The hole can be
enlarged if a faster drip rate is desired.) Suspend this over a pie plate which is inverted in a bucket. When water
is put into the bottle, drops will fall at regular intervals and make audible taps as they strike the pie plate. The
top of the bottle should be left off. (See Figure 12.)

Another way to keep track of time is with a large pendulum. A heavy object can be suspended on a
string and swung back and forth. One child can tap with a stick in rhythm with the pendulum. Tapping out time
while watching the second hand of a watch or clock would also work. Perhaps your children can invent some
other ways of keeping time.
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materials for constructing walls

Some or all of the following materials and
tools might be used for wall building: strips
of wood and plastic, cardboand, hsavy con-
struction paper, aluminum fail, transparent
plastic wrapping, masking tape, transparent
mending tape, wire, knives, scissors, coping
saw, and pliers.

other common supplies

Other supplies that might be required (de-
pending upon the activities the children
decide 10 do) ane: straws, rulers, chalk dust,
sawdust, cellophame; match boxes, flash-
lights, and shoe boxes, n the event that such
ordinary supplies are needed, you of your
children can probably get them without oo
much difficulty.

You might wish to duplicate papers with
some descriptions of hypothetical axpari-
ments which are used in Section 5 (see page
20) and the charls for recording the tracks
of mealworms, described in Section 4 (Ses
page 16).

How to Obtain Mealworms

To teach this wnil, you should have meal-
worms available in sulficient guantity 1o
replace thosa which die, get lost, become
listless, or develop into beetles. Several
mgalworms should Bbe kepl by sach pupil for
use at home. The remainder can be kepl at
school for expearimants which take place in
the classroom. Six hundred should be plenty
tor a class of 30, After being kepi for three or
four weeks, mealworms may become less
active. In order fo have responsive meal-
worma for the later experiments, 300 meal-
worms can be ordered for the start of the
unit and another 300 after several weaks

Local pet shops often sell mealworms, and
they can also be purchased at biclogical
supply houses such as:

Dix Dock
PO 427
West Palm Beach, Florida 33402

Mrs. Eleanor Sylvestor
Brockton Worm Hatchery
18a Fuller Street
Brockton, Massachusetts
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FIGURE 12. Diagram of Water Dropper,



Carolina Biological Supply
Burlington, Marth Carolina

Macalaster Scientific Gorporation
60 Arsemal Street
Watertown, Massachusetis

Turtox Biological Supply House
8200 South Hayne Avenue
Chicago 20, Ilinois

Each month, mealworm suppliers ship
thousands of mealworms to university biol-
ogy laboratories, hospitals, and pet shops.
Mealworms are used to feed such animals as
bats, monkeys, chamsleons, toads, lizards,
fish, salamanders, and praying mantes,
Mealworms have been widely used by insect
physiclogists to study respiration, digestion,
excretion, and other body functions of
insacts,

Il. INFORMATION ON MEALWORMS

Care of Mealworms

For studies of behaviar 1o be successiul, you
must hawe active mealworms. Even when
given the best of care, meabyorms SOme-
times become listless after two or three
wikks, When this occurs, fresh mealworms
must be oblained before the study proceeds.

Mealworms are usually shipped in erum-
pled newspapar inside a paper cup. When
your mealworms arfive, open up the paper
over a table or desk. Shake or scrape the
paper 50 thal all mealworms fall ofl. Then
push them into & pile and off the edge of the
desk into a glass or metal container. Stu-
denis can keep thelr lew mealworms at home
in a small jar with a little bran or breakfast
cereal flakes. (See Figure 13.) Cardboard
boxes are not suitable, since mealworms
can chmb owl oF chew their way through
tha bottom.

The noise thal mealworms make in a con-
taingr of Bbran is an indication of the great
activity which sometimes occurs.

Four or five handfuls of bran or Céreal
flakes will support 500 mealworms for many
weeks. Fresh bran should be added when
mast of the old bran becomes reduced o
powdery size. Very little water is neadad by
mealworms, since they have the ability to ex-
tract water from carbohydrates in their food.
In spite of this tact, however, mealworms do
seem to be attracted to moisture. Thus, it

might be advisable 1o make waler available
by occasionally giving mealworms some
moist food, such as a small piece of potalo,
apple, banana, lettuce, or celary. A wet paper
towel or a piece of cellulose sponge can also
be used. if the bran becomes tao wet, it will

FIGURE 13.

How 1o Keep Mealwormas.

small bottle
or can
without! fop

ar cloth

= bran

— mealworm
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become moldy and the mealworms will not
grow well,

Mealworms eventually change info pupaes
and finally beetles. (See Lite Cycle of Meal-
worm, Figure 14, below. )

The beetles must have a good supply of
moistura in order to live and lay eggs. Afber
their eggs have been deposited, the beetles
die on top of the bran and should be re-
moved. In order for the eggs to hatch, the

v’ FIGURE 14, Life Cycle of Maalworm.

bran should e left undisturbed for saveral
wWks,

It iz not oo difficult o maintain a meal-
waorm culture from one year to the next If
provided with & constant supply of cereal
flakes and some moisture, a mealworm
population will continue to reproduce it-
sell. During the summear monihs, & responsi-
ble child could care for the meahworms at

home.

ADULT BEETLE

Dorsal view

Veniral view

Four Steges of Growth of Teaebrio mallter [dix)



Life History of Mealworms

Mealworms aré (he larvae of grain beetles,
Ternebrig molitor. This beatla, like many
other insects, has four distinet stages in its
lile cycle: egg. larva, pupa, and adult. (Ses
Figure 14.) Such a pattern of development is
known as complete metamorphosis. This
iz in contrast to the growth of insacts, such
as grasshoppers, whare the young are iden-
tical to the mature adult.

The tiny egas are white, oval shapad, and
about one-twentieth of an inch long. They
are covered with a sticky secretion that
causes them (o become guickly coated with
particles of food stuff. Under favorable
conditions the eggs hatch in about & week.

The thread-like larvae (mealworms] which
emerge begin 10 consume food immedi-
afely. As the larvae grow, they become too
big for their hard skin, Mealworms shed their

skin from nine to twenty times, allowing *

them to grow larger. When fully grown, they
are aboul one inch long and one-eighth inckh
in diameter. Their color is yellow, shading to
yallowish-brawn &l each end and where the
segments join. The larval stage continues
for abouwt four o hive months, depending
upon the temperature, moisture, and food
supply

Fully developed mealworms change into
inactive pupae, which at first are whitish in
color, and then siowly darken, The pupas
are somewhal shortar and fatier than fully
grown mealworms. The seEQments across
the back resemble an accordion. When
prodded, the normally S5l pupa flips these
hind segments back amd forth. The pupal
stacge lasts one 1o hree weeks,

When the adult beetles emerge from the
pupae, they are completely white, bul they
gradually turn brown and finally black. The
begtles’ wings are vestigual, as they arg nol
used in flight. An occasional hop of from
three to five inches seems 10 be their limit,
You could ask the children to find ouwt i
ihie beatles can fly. The beetles, aften known
as darkling beetles, usually live cnly a few
months. Male and female beetles cannot be
distinguished from one another. Female
beatles may lay up to 500 eggs before they
dig

Interested students might wish to do some
glementary research on the emvironmental
factors which affect the rate of development
of the mealwaorm.

€& First, we tried an experiment to see how

fight affects mealworms. Light really doesa 'l
mafter, bul we found out that warmth affect-
ed them. First, we kepl some maalwarms in
boxes on our desks where it is guite cold
W pul S0me more (7 & (8r 1o the window over
a healer. In two days the mealworms in the
jar had changed info the pupa stage. After
two weeks, the mealworms in the box sl
hadn't changed. This experiment shows, that
if meaiworms don't have warmth, they won't
change into beatles. They will just dise as
mealworms, 39

L
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MHatural Habitats of Mealworms

Mealworms usually live in dark, damp places,
such as in accumulations of grain in ne-
glected comers of milis, under bags of feed
in warehouses and feed stores, or in the litter
of chicken houses. Mealwarms are primarily
scavengers and prefer to feed on decaying
grain or milled cereals that are damp and in
poor condition. However, they will dévour
meal, flour, bran, grain, coarse cereals,
bread, crackers, mill sweepings, meal
scraps, feathers, the bodies of dead insects,
and similar materials.

When fully grown, mealworms wander
about, probably in search of a place to
pupate. Large numbers frequently collect in
strange places and cause more trouble by
thedsr mere presence than by the actual dam-
age they do in feeding. They have been
found in bags of fertilizer and of salt, bones
of soda ash, bales of tobacco, and ground
bBlack pepper.

Where did mealworms live Delore [here
ware grain mills and feed stores? This seems
to be a difficull gquestion, Several university
entomologists wara asked if they know the
angwer. They did nol, so they consulted
books on the ecology of grainm beetles. The
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only information they could find related to
mealworm infestation of grain stored by
Mman.

It seams likely that mealworms at one limaes
inhabited environs other than man-made
grain piles. Probably some still do. Perhaps
they can subsist on & diet of dead leaves or

rotten wood, Could they survive on the scat-
tered seeds of dead grass knocked down by
snow in the winter? This seems improbabile,
since there would presumably be long peri-
ods when there were too few seed supplies.
Maybe they lived in the grain caches that
some rodents make.

lll. ON EXPERIMENTING
WITH ANIMALS

Some precautions on using this section of
the appandixz are in order. The ideas daval-
oped are too involved o be taught as “Di-
rections” or “Ingtructions” for experimen-
tation. What is offered is rather a discussion
of complexities that will, and should, be
alliowed to unfold gradually as the pupils
exparimant with mealworms.

The danger is that students may become
discouraged if all the gualifications for ex-
penmeniation mentioned here are heaped
on them too soon. They should first go their
own ways for a while and develop some fes
for mealworms and for experimentation. A
student who has fownd that mealworms back
away from a match has learned something
important, whether he kngws what aspects
of the match caused the refreat or whether
he even knows thal there might be some-
thing other than heat invalved. An education
in science must have simple beginnings,
much as evary problem in science musi have
a simple beginning. As one’s science educa-
Bon progresses, he gets closer and closer
to 8 knowledge of what heé must bear In
mind while experimenting. But no one alive
can say exactly what it is necessary to know
in order to do research—one's eaducation
never stops. Science, 100, is continuous: it
has no end; no ultimate truth is reached. At
best, what is achieved is a better and befter
approximation of an unattainable truth.

It is not true thal progress in science is
invariably achieved by employing the “Sci-
entific Method.” Probably few scientists
make réal progress by adhering to the scien-
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tific method or, for thal matter, to any set
method. As & useful tool the scientific
method can be best emploved only when one
has the clear advantage of hindsight; it is
of littke help when one needs foresight.

Though the scientific method is by and
large unused during creative moments, it is
later emploved for reporiing the research,
and it is the context in which the readar
learns what has happened. For when a paper
is presented, so neatly does each step lead
to the next that one may be left with the im-
pression of a scientist as a man whao thinks
on a plane of complexity no iayman can ever
share. What rarely, If ever, reaches the readear
are: first, the elements of luck, frustration.
and hunch playing that are inveleed in re-
search; and second (and perhaps more
important), the fact that almost withouwt ex-
ception important contributions to science
are not incredibly complex ideas but beguil-
ingly simple ones arrived at by beguilingly
simple paths of reasoning. The complexity
lies not in the reasoning process, which is
simple at any level, but in the accumulated
experignce with which one approaches a
problam.

In making these disparaging remarks
abaout the scientific method, we certainly do
not wish to imply that it has no value. The
rigor it imposes has been uniquely responsi-
ble for the evolution of science into the
powerful discipline that it has in fact be-
corme. The scientific method is essential to
science, but in teaching only that to students
one is teaching them about ihe histary of



