

















of these insects would show that only the
dragonfly is attracted to water, and that the
monarch must have been attracted to the area
for some other reason. Additional observation
is necessary to determine the true cause and
effect relationship in the monarch’s appear-
ance at the stream, if there is any. It could be
due to chance, the presence of the proper host
plant, the weather or some other reason.

Using the scientific method. When you
select an experimental project, be sure the
topic really interests you. Would you really like
to explore it in detail? Unless you're really
interested in throughly exploring a particular
topic, it is unlikely that you'll carry the project
through to its conclusion. Do not, however,
abandon an idea without seriously consider-
ing the possibilities and doing some initial
research on the topic. Often as you learn more
about the project, it becomes more appealing.

Try to think all the way through your project
before you actually begin work. Consider the
equipment and materials you will need. Will
you be able to get everything you need? If not,
are there any substitutes you can use?
Although there will probably be some unex-
pected problems, try to anticipate as many of
them as possible and decide how you could
handle them. Plan carefully and keep in mind
the time factor. Will you have time to complete
the project and prepare your results before
any deadline you have?

After you have selected your project, follow
the scientific method. State your objectives
clearly and concisely. Gather facts and back-
ground information on your project. Formulate

your hypothesis. Gather data; be sure it is
reliable and that you have adequate controls.
Ifyou have any doubts, see if you can duplicate
your data in additional runs of your experiment
(this is called replication). Keep a notebook
that contains each procedure and the results.
If possible, take pictures of the experiments as
they progress.

The final step is to prepare a report on your
experiment to share with other entomologists.
If you took good notes as your experiment
progressed, your job will be greatly simplified.
Your data can be presented with words,
tables, graphs, illustrations or photographs.
Your report should be so complete that
anyone reading it would be able to follow your
directions and duplicate your results. You may
wantto consider publishing the results of your
experiment in an entomological journal for
others to read. One journal that specializes in
publishing investigations by young entomolo-
gists is the Y.E.S. Quarterly of the Young
Entomologists’ Society (see “References,”
page 35).

You may want to inform other entomologists
about your experiments in other ways, too.
You could give an oral presentation or prepare
an exhibit showing the highlights of your
experimental design and your results. Such
presentations and exhibits will be greatly
enhanced by any photographs, scientific illus-
trations or other visuals you have.

SCIENTIFIC ILLUSTRATION

lllustrating your entomology reports, dis-
plays and posters yourself can be a very
satisfying way to clarify important points and to
add visually interesting details to your work.
Doing your own illustrations can heighten your
awareness of detail and improve your powers
of observation of the natural world. This sec-
tion could help you begin your career as an
amateur, or even professional, scientific
illustrator.

Materials. The equipment necessary to
make pencil drawings is simple and inexpen-

sive. You can purchase everything you need
fairly inexpensively at a local stationary or art
supply store.

Pencils are rated in degrees of hardness.
The most common art pencils, and the ones
you will probably use the most, range in hard-
ness from 5B (very soft) to HB (medium) to 5H
(very hard). There are several varieties of art
erasers on the market. A standard “Artgum,”
or plastic or kneaded rubber erasers will han-
dle most of your erasing needs. Try a variety of
eraser types to determine which you like best.
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Erasing will be less frustrating if you avoid
using a common pink pen or pencil eraser, or
one that comes on the end of a pencil. These
erasers contain too much grit and will tear up
the surface of your drawing paper.

For your rough sketches and preliminary
drawings, you can use inexpensive sketching
paper or typing paper. Graph paper is helpful
for doing measured, scale drawings. For your
final drawings, use a high quality 100 percent
rag paper that is acid-free. This paper is a bit
more expensive because it is “archival qual-
ity” and will preserve your drawings for years.
Make sure the surface ofthe paper you use for
your final drawings has a fine texture and is not
perfectly smooth.

Other helpful items for your equipment list
are dividers, straight edges (such as rulers,
triangles, T-squares, etc.), french curves and
correction fluid.

Drawing. Choose your first subjects care-
fully. Begin with large insects, either larvae or
adults. The larvae of the Cecropia moth (or
any other silkmoth species) or the tomato
hornworm make excellent subjects. Grass-
hoppers, walkingsticks, moths, butterflies,
cockroaches, scarab beetles, stink bugs and
many other large insects are also good start-
ing material. Stay away from subjects with
complex structures or those that are highly
colored or textured, they will be too frustrating
for your first efforts.

You'll probably want to use preserved speci-
mens for your first efforts in order to avoid the
frustrations of dealing with live insects. If you
are using specimens that have been preserved
in alcohol, remember that they have probably
shrunk and changed color. For that reason
you may want to refer to photographs or live
specimens as you work. This section will
describe how to draw a monarch butterfly
(Danaus plexippus) that is 3 inches wide and
2%z inches long.

Pose live caterpillars on twigs for observa-
tion. Adult insects should be killed and then
positioned on lumps of modeling clay. The
insect's claws can be pressed into the surface
of the clay to hold the legs away from the body.
The wings of butterflies and moths should be
spread.

Select a clean sheet of paper and pin or
tape it to a wooden drawing board or other

smooth surface. For starters, lightly draw a
6-inch by 6-inch square in the center of your
paper with a 3H pencil. These lines represent
the extreme limits of the image you are draw-
ing. Draw a vertical line through the center of
the square. If you are drawing a butterfly or
some other bilaterally symmetrical insect, the
insect’s body region should lie on this line (fig.
9c).

Your illustration probably won't be the same
size as the insect you are observing. A life-
size drawing of most insects would be too
small to allow you to include much detail.
Therefore your drawing should be proportion-
ally larger than the subject. You may decide to
make your drawing of that 3-inch wide by 2Y-
inch long butterfly twice the insect's normal
size. That means the image will end up being 6
inches long by 5 inches wide. Indicate the
proportional increase (2X) in the upper right-
hand corner of your drawing. Some insects,
such as the Cecropia moth, may be large
enough that enlargement is not necessary. If
so, indicate this by writing “actual size” in the
upper right-hand corner. After you decide on
the proportion of your drawing, all measure-
ments must be adjusted to the same scale by
multiplying by two, three, four or whatever pro-
portion you are using.

Now that you have decided on the size of
your drawing and laid out the pencil square,
you can begin transferring the butterfly’'s
image to the paper. Use a pair of dividers to
find the distance between the front of the head
and the tip of the abdomen; indicate these
points on the central line of your paper
(remember to double the figures). Next indi-
cate the point at which the thorax and abdo-
men join. Do the same for the head and thorax.
Now use a 3H pencil to lightly draw in the body
region. Use the dividers to find the butterfly's
wing size (fig. 9a), transfer the dividers to your
ruler to find the actual size (fig. 9b), then double
that figure on the drawing (fig. 9¢). This “point
of reference” technique helps you outline your
drawing. By using body divisions, wing
demarcations, etc., you should be able to
make an outline of the insect.

Once the rough outline is completed, you
can begin the final outline work. Bring the
specimen close to your paper so you can
clearly see the fine points you are adding. Add



the outline and wing variations of your butterfly
with a 2H pencil (fig. 9d).

After you have done the basic anatomy,
indicate the color pattern. You can create a
series of tones with your pencils to represent
the butterfly’s colors. The soft 4B pencil is
good for dark colors; other pencil grades can
indicate other shades. Use the side of your
pencil point to begin to lay in the dark color

pattern of the wing (fig. 9e). Continue to build
up the detail of the colors.

After your drawing is completed (fig. 10,
page 32), you can erase the points of refer-
ence and other pencil lines used to help indi-
cate the butterfly’s size. Make sure any
smudges have been removed or covered with
correction fluid.

Figure 9. Drawing a monarch butterfly (Danaus plexippus): a) using dividers to measure wing size of specimen, b) transferring
measurement to ruler to determine size, ¢) using points of reference to lay out a rough outline, d) addition of detail (note that the
specimen is nearby for referrals on fine points), e} applying color tones with a soft pencil.
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Matting the drawing. You are now ready
to mat your finished illustration of the monarch
butterfly. Matting creates air space between
the artwork and the glass of the frame to pre-
vent water spotting from condensation, mold
growth, etc. Matting also makes your work
look more “finished” and professional. A list of
suggested materials you will need to mat your
illustration follow.

Figure 10. Final drawing of the monarch butterfly (Danaus plexippus).
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Figure 11. Measuring and cutting mats.
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* Mat board

+ Backing board

* Pencil and kneaded eraser

- Glue stick, library paste or homemade starch
paste

* 10 percent rag or rice paper

* Linen or book tape

* Scrap board to cut on

You will also need the following tools:

+ Mat cutter (Dexter, X-Acto or other brand)
* Metal-edge ruler, T-square
* Scissors

Measure the image area of your drawing to
determine the size of the mat “window.” Use
two L-shaped pieces of cardboard to help you
decide on the window size. Nextdecide on the
width of the mat border. A typical mat width is
22 inches on the top and sides, and 3 inches
on the bottom. This can vary depending onthe
size of the artwork and your personal
preference.

Calculate the outside measurements of the
mat. It's best to make the measurements in
even inches because most readymade
frames are in even inches. Make a diagram of
your mat showing all the measurements you
have decided on. Transfer the measurements
to the back of the mat board with a soft pencil
(HB or 2B) (fig. 11, page 32).

Cut the mat window using an X-Acto knife,
utility knife, Dexter mat cutter or other mat
cutting tool. Make sure the cuts run exactly
over your pencil marks. Cut just slightly past
the corners of the mat window. Marking and
cutting from the back side of the board pre-
vents dirt and marks from getting on the good
side. After you cut the window, cut the outside
dimensions of the mat.

Cut another backing board the same size as
the outside edge of the first board. (A backing
board such as Fome-cor works well because
it is light and relatively acid free.) Arrange the
drawing on the backing so that it is straight
when the mat board is laid over it.

Attach the drawing to the backing using
linen tape hinges or other framer’s acid-free
tape, or use 100 percentrag paper hinges with
starch paste (fig. 12). Tape in only a few spots
along the top of the artwork, using 1- to 2-inch
pieces of tape. Hinge the mat to the backing
board either on the side or on the top. Your
illustration is now ready for framing.



Helpful Hints

1.A pencil sharpener makes an excellent
point for most drawing needs; however, to
make fine lines, use a piece of sandpaper to
create a sharp point. Be careful though,
because if you press too hard with a very
sharp pencil you may cut the paper. Sand-
paper may be used to flatten a pencil lead
for shading.

2. Small french curves are good for making
smooth, curving lines. Practicing with these
curves will make drawing much easier.

3. Your imaginary light source should come
from the upper left-hand corner of the draw-
ing paper when you are shading a three-
dimensional scientific drawing, such as a
dorsal (top) view of a grasshopper. This
means that your highlights are in the upper
left of the drawing and the shadows in the
lower right. You can practice shadow tech-
niques by outlining the subject, then con-
structing a cross section of the area to be
shaded. With a cutaway section you can
see where the light falls and where the
shadows begin and end (fig. 13).

4. Practice using different grades of pencils to
create a full range of tones (variations in
shades of black) in your drawings. For dark
colors or shades, use a 3B pencil; for light
tones use a 2H pencil. Each degree of
hardness will produce a different tone.

5. Don't try to put a soft pencil shading (such
as a 3B) over a hard pencil shading (like 3H)
to make it darker. The hard pencil produces
a smooth surface and the soft pencil won't
have much of an effect.

6. Make all outlines in light pencil first, then go
over them again to make them darker if you
have to.

7. You can create a uniform tone in a portion of
your drawing by smudging your soft pencil
(3B) shading. Use a piece of tissue paper

over your finger tip or a smudging stick
(available from art supply stores) to smear
or smudge the soft pencil. Lay another
sheet of paper over any portions of the
paper you want to mask from being
smudged.

8. Observe other people’s work whenever
possible. Use your public library to find
books on insects, zoology, biological sci-
ences and nature study. Such books con-
tain drawings you can learn a great deal
from.

Hinge
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Figure 12. Hinging the mat to the backing.
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Figure 13. A method for determining shadow effects by constructing a

cross section of the subject.
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ENTOMOLOGY EXPERIMENTS

The following section contains suggestions
for entomological experiments in insect
development and behavior. Remember, these
are just suggestions to get you started. There
are many other experiments you could con-
duct; just use your imagination.

Insect Development

1. Determine the effects of temperature, rela-
tive humidity, food quality or quantity on the
growth and development of various insect
species. How quickly do the insects grow
under each condition? Prepare a chart of
growth rates (size or weight) under various
conditions.

2. Determine the strength of an insect. How far
can an insect jump? You can make an
insect jumping arena by drawing a series of
concentric circles (at measured distances)
around a center point. Place an insect on
the center point and record the distance of
each jump. Compute the minimum, maxi-
mum and average jump for each individual
of a species. Compare different species.
How much weight can an insect lift? Pre-
pare a weight lifting table (fig. 14, page 34).
Test different insects (individuals and spe-
cies) by adding weights to the container at
the end of the string (and don't forget to add
in the weight of the container). Does the
table’s surface affect the insects’ ability to
pull (“lift”) the weight? Compute the average
and maximum weight lifting ability for each
species.

Figure 14. Weight lifting apparatus for testing the strength of insects.
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Insect Behavior

1. Determine the effect of ultraviolet blacklight
on the behavior of nocturnal insects. Whatis
the relationship between insect activity at
the blacklight and the temperature, the rela-
tive humidity or different intensities of moon-
light? What happens if you run the light at
different intensities? What happens if you
change the color of the light?

2. Experiment with the trail making abilities of
ants. What changes in ant behavior take
place if you move their pheromone (odor)
trail? (Hint: Allow ants to lay down a phero-
mone trail across a small piece of paperina
larger test chamber. Rotate the paper to
break the trail and then make your observa-
tions.)
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APPENDIX A—COMPANIES THAT BUY LIVE ARTHROPODS

Carolina Biological Supply Co.

2700 York Rd.
Burlington, NC 27215

Sigma Chemical Co.
P.O. Box 14508

St. Louis, MO 63178
—fireflies only

Wards Natural Science
Establishment, Inc.

P.O. Box 92912

Rochester, NY 14692-9012

APPENDIX B—CLASSIFICATION OF
COMMONLY REARED ARTHROPODS

Common Name Order Family Scientific Name
Large milkweed bug Hemiptera Lygaeidae Oncopeltus fasciatus
Confused flour beetle Coleoptera Tenebrionidae Tribolium confusum
Yellow mealworm Coleoptera Tenebrionidae Tenebrio molitor
House cricket Orthoptera Gryllidae Acheta domestica
House fly Diptera Muscidae Musca domestica
Giant cockroach Orthoptera Blaberidae Blaberus gigantae
Blaberus craniifer
Greater wax moth Lepidoptera Pyralidae Galleria mellonella
Tarantulas (USA) Araneae Theraphosidae Dugesiella spp.
Aphonopelma spp.
Chinese mantid Orthoptera Mantidae Tenodera aridifolia

APPENDIX C—SOURCES OF LIVE ARTHROPODS
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Orthoptera

American cockroach ........

Blaberus cockroach ..........
German cockroach ...........
Chinese mantid...............
House crickets ...............

Grasshopper ........cevvene..

American, Carolina,

Wards

American, Carolina
American, Carolina
American, Wards
Carolina, Arm-
strong’s, Wards
Carolina

Dermaptera

BAIWILS . i o pvanvivdnainiays Carolina
Isoptera

Subterranean termite ........ Carolina, Wards
Hemiptera

Large milkweed bug ......... Carolina, Wards



Lepidoptera Bessbugs (passalids) ........ Carolina

. . . Confused flour beetles....... Carolina
Miscellaneous butterflies .... Carolina, Wards
Painted lady butterfly ........ Carolina, Di ptera
Insect Lore H ﬂ Afiaii
Greater wax moth ............ Carolina B:} us:_ i i W e:jncan
Silkworm ... .......iinn... Carolina, OW MBS oot 1o dasmiiy ares
insect Lore Mosquitoes .................. American
Drosophila fruit flies ......... Carolina, Wards
COlepIa Hymenoptera
Dermestid beetle ............ American, Carolina, y p )
Wards ANIS ovvvimavive s Carolina, Wards
MealWorm .. ..noooonneenn . Carolina, Parasitic wasps.............. Carolina, Natural
Lemberger, Pest Controls
Rainbow, Wards
Ladybird beetles.............. Carolina, Natural Other arthropods
Pest Controls Tarantula .................... Carolina

Addresses for Firms Listed Above

American Biological Supply Co. William Lemberger Co.

1330 Dillon Heights Ave. P.O. Box 2482

Baltimore, MD 21228 Oshkosh, WI 54903

Armstrong’s Cricket Farm Natural Pest Controls

P.O. Box 125 8864 Little Creek Dr.

West Monroe, LA 71294-0125 Orangevale, CA 95662

Carolina Biological Supply Co. Rainbow Mealworms

2700 York Rd. 126 East Spruce St.

Burlington, NC 27215 Compton, CA 90220

Insect Lore Products Wards Natural Science Establishment, Inc.
P.O. Box 1435 P.O. Box 92912

Shafter, CA 93263 Rochester, NY 14692-9012
APPENDIX D—SOURCES OF

Albany International BioServ, Inc.

P.O. Box 537 P.O. Box 450

Buckeye, AZ 85326 Frenchtown, NJ 08825

—pheromones —artificial diets and rearing containers
American Biological Supply Co. Carolina Biological Supply Co.

1330 Dillon Heights Ave. 2700 York Rd.

Baltimore, MD 21228 Burlington, NC 27215

—cages —cages, containers and artificial diets
BioQuip Products Inc. Wards Natural Science Establishment, Inc.
P.O. Box 61 P.O. Box 92912

Santa Monica, CA 90406 Rochester, NY 14692-9012

—cages —cages, containers and artificial diets
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