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This exercise provides students an introduction to the scientific process, animal behavior and the basic principles
of scientific writing. Flesh fly (Sarcophaga bullata) larvae are used to investigate locomotor behavior to light. Stu-
dents are introduced to the biology of flesh flies and based on this information, formulate predictions and hypoth-
eses with respect to the locomotor behavior of the larvae to white light and different wavelengths of light. Students
use the Chi-squared goodness of fit statistic to test their hypotheses. This lab exercise has been used in general
biology courses for majors and non majors, employing both traditional and investigative approaches.
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Introduction

The major objectives of this exercise are to provide
students an introduction as to “how scientists do science”,
an introduction to the study of animal behavior and the ba-
sic principles of scientific writing. Flesh fly (Sarcophaga
bullata) larvae are used in this exercise to investigate their
locomotor behavior with respect to light. This exercise is de-
signed for two, three hour lab periods. During the first lab
period students are introduced to the biology of flesh flies
including their life cycle, morphology, and basic physiol-
ogy using both living and preserved specimens. The use of
flesh flies in forensics to estimate the time of death is also
discussed. Based on information provided by the instruc-
tor as well as that obtained by the students via print and/or
the Internet, the students are asked to formulate predictions
and hypotheses (null and experimental) as to the locomotor
response of the larvae to the presence or absence of white
light. To test their hypotheses, the students carry out a series
of controlled experiments in which the larvae are placed in
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the center of a Plexiglas “racetrack” lined with moist towel-
ing. After a 3 minute time period, the number of larvae found
on either side of the center line and at the end of the racetrack
are recorded under two conditions: (1) when the apparatus is
covered with a light-tight box and (2) when half of the race
track is covered with a piece of aluminum foil and the other
end of the race track is illuminated by a high intensity light
source. Using the same apparatus, the students are required
to design experiments which allow them to determine how
the locomotor response of the flesh fly larvae varies with re-
spect to four different wavelengths of light. During the sec-
ond lab period students analyze and graph their data. They
are introduced to the Chi-squared Goodness of Fit Test and
calculate chi squared values for their data using an Excel
based “Chi-squared calculator”. This lab exercise has been
used in an organismal biology course for majors and in a
general biology course for non majors, employing both tra-
ditional and investigative approaches.
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Student Outline
Introduction

One of the basic characteristics of life is the capacity for response to environmental change. An organism reacts to a specific
change in its environment, a stimulus, by carrying out some activity that we call a response. The repertoire of responses that
characterizes an organism is called its behavior. Living organisms have evolved a remarkable diversity of behaviors, which
for convenience of discussion, we will group into two categories: learned behavior, that array of responses acquired by an
organism in the course of its experience and inherited or innate behavior, which is a part of the organism’s genetic endowment.

Animal behaviorists (biologists who study animal behavior) investigate what animals do, and how and why they do it. They
are interested in accurate observation and description of an animal’s behavior, in the mechanisms and programming which
underlie it, but most importantly, in the reasons an animal behaves as it does. This approach emphasizes the evolutionary and
adaptive values of a behavior to the species. The study of animal behavior relies on observation and experimentation in both
the animal’s natural environment and the laboratory.

Even the mere detailed description of the behavior of an animal is a difficult task not only because it requires incredibly
careful observation over a long period of time, but also because our language lacks adequate words to accurately convey what
has been seen. Almost all words have some sort of human connotation, imply some type of human motivation and purpose, all
of which may well be irrelevant to the behavior of other animal and we must constantly guard against unwarranted attribution
of human characteristics to nonhuman beings and things (anthropomorphism). For example, an anthropomorphic explanation
of why a bird sings on a beautiful morning might be because it is happy. An animal behaviorist’s explanation of the same event
might be that the bird is singing to communicate two things to other members of the population: availability for mating and
territorial occupation. In practice it is often very difficult for anyone to absolutely avoid the appearance of anthropomorphism
when describing animal behavior.

Although it is extremely important to observe the behavior of animals in their natural environment, a great deal can also be
learned about their behavior when studied under laboratory conditions. The experimental environment can be controlled very
precisely and this allows the experimenter to vary only the conditions which are to be studied and to keep all other factors
constant. Thus results from such an experiment can be argued to be due to the factor under study.

In this laboratory you will investigate the locomotor behavior (movement from one place to another) of Sarcophaga bul-
lata with respect to the presence and absence of light and to different (colors) wavelengths of light. The locomotor response of
Sarcophaga bullata to environmental stimuli is an innate (inherited) behavior in which the stimulus appears to trigger a fixed
response that does not vary according to the previous experience of the organism. This type of innate locomotor response is
most commonly found among invertebrate animals (e.g. protozoa, worms, insects, crustaceans) whereas learned types of be-
havior are more frequently found among vertebrates (animals with backbones - fish, amphibians, reptiles, birds, and mammals).

Innate locomotor responses can be described by two terms, taxis and kinesis. A taxis is an automatic movement directly
toward or away from the stimulus. For example, a moth flying toward a light is a classic example of a taxis (in this case, a pho-
totaxis - one caused by light). If it can be demonstrated that a cockroach actually avoids light by moving directly away from it,
this behavior can also be described as a phototaxis. A taxis is said to be positive if the movement is toward the stimulus, nega-
tive if away from it. In the above examples, the moth would be described as exhibiting a positive phototaxis and the cockroach
a negative phototaxis.

A Kinesis, on the other hand, is random movement, caused by a stimulus but not necessarily oriented by it. For example,
it is observed that a shrimp selects a dark habitat in preference to a lighted one. If it can be demonstrated that light initiates
random movements of the shrimp which eventually, by chance, carries it into the darkness where the movement stops, this sort
of behavior would be called a photokinesis. A kinesis is said to be positive if the movement is toward the stimulus, negative if
away from it. In the above example the shrimp would be described as exhibiting a negative photokinesis.

As already noted, a prefix is added to the terms kinesis or taxis to describe the nature of the stimulus. Some common stimuli
include:

photo = reaction to light - note that darkness is NOT the stimulus; darkness is simply the absence of light.
thermo = reaction to temperature

hygro (hydro) = reaction to moisture or humidity

thigmo = reaction to contact (touch)

Note: It is often difficult to be certain whether the response of the animal is a kinesis or taxis. In these cases you simply
state that the animal displayed a negative or positive response to the stimulus in question. For example, if it is unclear whether
an insect’s movement toward an area of high humidity is a taxis or kinesis, you would simply state that the insect displayed a
hygro-positive behavior.

Proceedings of the Association for Biology Laboratory Education, Volume 33, 2012 59



Glider, Bessert, and Suhr

Scientific Investigations

The general approach of scientists, including biologists, is known as the scientific method. By its use, scientists strive to
collect information through systematic observation coupled with equally systematic testing. So much has been said about the
powers of the scientific method that many suspect it involves some formula too complicated for ordinary people to understand.
It does not. The scientific method is simple, and is used to some extent by almost everyone every day. As the English biologist
T. H. Huxley (1825-1895) put it, the scientific method is nothing but trained and organized common sense (Huxley 1900).

Even among scientists, however, there is wide disagreement as to what is meant by the “scientific method.” Some textbooks
list a series of six or seven steps involved in the scientific method. Such a formal and highly structured description is unrealistic
and no research scientist follows any such formalized ritual in performing his experiments. Most scientists will readily admit
that every stage in the scientific process requires not just careful thought but a large measure of intuition and good luck.

1. Observation and Questions

Scientific investigations generally begin with observations about some particular occurrence. Once observations have been
made, questions are formulated.

2. Hypothesis Formulation

Once the question has been identified it is possible to formulate hypotheses, which are simply tentative explanations based
on existing observations or data that are put forth to account for observed phenomena. Hypotheses must be (1) testable; there
must be some way to check the validity of the idea and (2) falsifiable; their must be some observation or experiment that could
refute the idea if such an idea is actually not true. Although a key predictive test may demonstrate that a hypothesis cannot be
true or may indicate that it must be modified, such a test can never definitively prove, once and for all, that the hypothesis is
true - simply because we can never be certain that we have examined all of the relevant evidence. However, repeated successful
tests of a hypothesis provide strong evidence in favor of the hypothesis. Objective scientific knowledge is built up gradually,
with emphasis on repeatability of experimental results and a constant review and revision of the past conclusions that have been
drawn. All conclusions are constantly subject to review and replacement by new ones that better explain the observations.

Biologists often need to compare a distribution of observed data with an expected distribution in order to test a hypothesis.
For example, a biologist may have observed that honeybees seem to visit red clover flowers more often than white clover flow-
ers. The biologist might hypothesize that bees have a preference for one color of clover flower over another. To test this hypoth-
esis, the biologist could put individual bees into experimental chambers containing an equal number of randomly arranged red
and white clover flowers, and record the colors of the flowers visited. The null hypothesis for this experiment would be that
the bees have no preference. This would be the null hypothesis because it is the logical alternative to what the biologist expects
to happen. The experimental hypothesis would be that bees do have a preference because that is what the biologist expects
to happen, based on previous observations. An approximately equal number of visits to flowers of both colors, an indication
that the bees are randomly visiting flowers, would cause the biologist to accept this null hypothesis and reject the experimental
hypothesis. Consistent visits to flowers of one color versus the other would cause the biologist to reject the null hypothesis and
accept the experimental hypothesis. The conclusion would be that bees prefer red flowers, for example, if a greater number of
bees visit red flowers than visit white flowers.

When should the biologist reject or accept the null hypothesis? It is unlikely, due to chance alone, that an exactly equal num-
ber of visits to both flower colors will be the outcome of the experiment every time it is conducted. This is true even if the null
hypothesis that bees have no preference is correct. Because of this, an objective basis of deciding which hypothesis to accept
or reject is required.

3. Experimentation

Controlled experiments are performed to test alternative hypotheses. A controlled experiment consists of two randomly
selected groups of organisms, the experimental group and the control group. The control group is treated exactly the same as
the experimental group except in one respect (i.c., the factor [variable] being studied). The control group provides the standard
against which changes in the experimental group are measured.

4. Statistical Analysis

Statistics is a branch of mathematics (probability theory) that helps the research biologist in three ways. First, statistics are
used to guide the experimenter in the most efficient and unbiased way to set up a group of experiments, i.c., the experimental
design. Second, statistics are helpful in summarizing data, especially data sampled from a population (e.g. mean, variance,
standard deviation, etc.). A third use of statistics offers standardized mathematical methods of determining whether the results
from an experiment will allow the experimenter to accept or reject a hypothesis. This is often referred to as hypothesis testing.
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5. Publication

When a scientist has collected sufficient data to support a particular hypothesis, he or she then reports the results to other
scientists, usually at a scientific meeting or in a scientific publication (journal). If the data are sufficiently interesting or the
hypothesis important, the observations or experiments will be repeated in an attempt to confirm, deny, or extend them. Hence,
scientists always report the methods that they used in gathering and analyzing data as well as their conclusions.

Classification of Sarcophaga bullata:

In this exercise you will study the behavior of Sarcophaga bullata, or flesh flies, which can be classified as follows:
Kingdom: Animalia
Phylum: Arthropoda. Invertebrates having a hard exoskeleton composed of chitin and jointed appendages
includes the spiders, insects, crustaceans, centipedes, millipedes, horseshoe crabs, etc.
Class: Arachnida. Body divided into cephalothorax (head fused to thorax) and abdomen; four pairs (total = 8)
of legs attached to cephalothorax —includes scorpions, spiders, mites, and ticks
Class: Crustacea. Crabs, shrimp, lobsters, crayfish, and woodlice
Class: Insecta. Body with distinct head, thorax, and abdomen; thorax normally with two pairs of wings and six
legs includes butterflies, beetles, bees, grasshoppers, etc.
Order: Diptera - True Flies. Possess only one pair of wings (front wings); the hind wings are reduced to
small knobbed structures called halters
Family: Calliphoridae - Blow Flies = Blue and Green Bottle Flies
Family: Sarcophagidae - Flesh Flies
Genus: Sarcophaga
Species: Sarcophaga bullata

Note: The species of an organism consists of a two part name, the genus and the specific epithet. For example, the species
of flesh fly being used in these experiments is Sarcophaga bullata (genus = Sarcophaga; specific epithet = bullata). Often text-
books will list the specific epithet as the species of the organism. This is incorrect. For example, the species of the flesh fly is
not simply bullata, rather Sarcophaga bullata.

Biology of Flesh Flies
1. Flies

Insects (Class Insecta) are the largest group of arthropods whether measured in terms of number of species or numbers of
individuals. More than 70% of all the named animal species are insects. There are about 90,000 species in the United States
and Canada. Insects live in nearly every possible habitat on earth including land, fresh water, and the oceans from the tropics to
the arctic. The true flies (Order Diptera) constitute one of the largest orders of insects. The true flies can be distinguished from
other fly-like insects (e.g. dragonflies, stoneflies, etc.) by the fact that they possess only one pair of functional wings (= the
front wings) and the hind wings are reduced to small knob-like structures called halteres. Some flies are serious pests of humans
and animals (e.g., mosquitoes, black flies, horse flies) whereas many of the blood sucking flies, and some of the scavenging
flies such as the house flies and blow flies, are important carriers of disease. The microorganisms causing such diseases as yel-
low fever, sleeping sickness and dysentery are carried by other species of flies. In addition, many flies are scavengers, others
important predators or parasites of various insect pests, and still others aid in the pollination of useful plants.

2. Life Cycle of Flesh Flies

All insects, including flesh flies, go through a series of changes (metamorphosis) that convert an immature insect into the
adult form (Fig. 1). Flesh flies, like all true flies, go through the process called complete metamorphosis in which they pass
through the following four stages in the order listed: egg, larva (= maggot), pupa, and adult. The adult male flesh fly depos-
its sperm into the female’s reproductive tract during copulation. The fertilized eggs remain in the female’s reproductive tract
where they develop into tiny, worm-like larvae. The female flesh fly deposits the living larvae (maggots) in decaying flesh of
dead animals or feces. As is the case with most insect larvae, the flesh fly larvae are specialized for feeding and growth. The
larvae molt (shed their exoskeleton) several times and grow much larger. Finally, after they have completed their larval devel-
opment, they enter an inactive stage called the pupa. During the pupal stage most of the old larval tissues are destroyed and new
adult tissues and organs develop from small discs of cells that were present in the larva but never underwent much development.
Once this tissue development is complete, the adult flesh fly emerges from the pupa case. The life cycle from egg to adult takes
about 20 days. The larval and pupal stages of the flesh fly life cycle are when most growth and development occurs. The adult
stage is specialized for active dispersal and reproduction.
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Figure 1. Life Cycle of Sarcophaga bullata

3. Biology of Flesh Fly Larvae

Fly larvae can be distinguished from those of all other orders of insects by the lack of any jointed appendages on the thorax,
by their slender shape, and active directional movement.

The mouthparts of flesh fly larvae consist of an oral (mouth cavity) containing hook-like structures called oral hooks which
aid the larvae in moving food (carrion) into the mouth cavity. The larvae have a gas exchange system known as a tracheal sys-
tem. The air enters through small openings in the body wall known as spiracles, and is carried from the spiracles by a system
of branching tubules called tracheae. The tracheae branch repeatedly until the finest tubules reach individual cells of groups of
cells. At the end of the tracheae, are the moist cell membranes across which respiratory gas exchange occurs. The blood (called
hemolymph) of flesh fly larvae is composed of liquid plasma and several different types of blood cells. The blood does not
transport oxygen.

4. Biology of Adult Flesh Flies

Adult flesh flies are segmented animals with a rigid exoskeleton and jointed limbs. The fly body is divided into 3 sections,
the first being the head, the second the thorax, and the third the abdomen. The well developed compound eyes are located
on the side of the head. Each compound eye is composed of thousands of individual units which can detect light but also have
lenses that focus light and form images. Two large antennae project from the head and function as sense organs. They are sensi-
tive to touch, smell, chemicals, moisture, and temperature. The mouthparts of the adult flies consist of an extendible beak-like
structure which liquid food is sucked. The thorax consists of three segments, each having a pair of legs. The thorax is almost
entirely filled with muscles that operate the legs and wings. The adult flies as well as the larvae have a gas exchange system
known as a tracheal system. The air enters through small openings in the body wall known as spiracles, and is carried from
the spiracles by a system of branching tubules called tracheae. The tracheae branch repeatedly until the finest tubules reach in-
dividual cells of groups of cells. At the end of the tracheae are the moist cell membranes across which respiratory gas exchange
occurs. The blood (called hemolymph) of flesh fly adults and larvae is composed of liquid plasma and several different types of
blood cells. The blood does NOT transport oxygen.

62 Tested Studies for Laboratory Teaching



Major Workshop: Locomotor Responses of Flesh Fly Larvae to Light

Light as a Stimulus

Light is a type of energy known as electromagnetic energy (radiation). Electromagnetic radiation travels in waves. The dis-
tance between the crests of electromagnetic waves is termed the wavelength and is measured in nanometers. The entire range
of radiation is known as the electromagnetic spectrum. Each type of radiation in this spectrum has a characteristic wavelength
and energy content. These two characteristics are inversely related; i.e. the longer the wavelength, the lower the energy content.
The portion of the spectrum which is detected as various colors by the human eye is referred to as visible light and ranges from
about 400 to 700 nanometers. White light is composed of all wavelengths (colors) in the visible light spectrum (Fig. 2).

Humans see colors because objects contain pigments that selectively absorb some wavelengths of visible light and reflect or
transmit others. What we recognize as an object’s color is composed only of those wavelengths of light that are transmitted or
reflected. If a pigment absorbs all wavelengths, it appears black.
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Figure 2. Electromagnetic Spectrum

Procedure
Observation of the Stages of Sarcophaga bullata Life Cycle
1. Adults

Obtain a petri dish containing a freeze dried adult flesh fly and observe it under a stereomicroscope. Make a labeled
sketch of an adult flesh fly.

Body Divisions: head, thorax segments, abdominal segments

Compound eyes

Mouth parts

Wings

Exoskeleton

Jointed appendages = legs, antennae, and bristles

2. Larvae

Place a living larva in a small plastic petri dish and observe it under a stereomicroscope. To increase contrast between
the specimen and the microscope stage, use the piece of black plastic as a background on the microscope stage. If you
need to move the larva to see a particular structure, use the small paint brush provided. Be careful not to damage the
specimen. Make a sketch of the living larva. Identify and label the following structures:

Anterior (= front)

Posterior = (rear)

Dorsal (= top/back) top surface

Ventral (= bottom/belly) surface
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Head region

Oral hooks = hook like structures within the oral (mouth) cavity.

Spiracles = yellow structures located both on the side of the head and also sunken in the cavity at the posterior
end of the larvae

Tracheal tubes = tiny, transparent tubes within the body of the larvae. Note: These tubes may be very

difficult to see unless the light illuminates the larva at just the right angle.

Partially digested food in digestive tract = visible as a black sac-like structure just below the skin at the
anterior end of the larva. Contractions of the digestive tract are often visible.

3. Larva Dissection (optional)

Using a pair of fine dissecting scissors make an incision on the dorsal portion of the head and cut toward the posterior
end of the larva. Place the dissection under a stereomicroscope and using a pair of fine tipped forceps, expose the tissues of the
larva. You should be able to observe the digestive tract and the masses of very fine tracheal tubes of the respiratory system.

4. Pupae

Obtain a petri dish containing a flesh fly pupa and observe it under a stereomicroscope. Make a sketch of the pupa.

5. Demonstration

Observe the living larvae, pupae, and adult flesh flies on display in the insect cage. Note the larvae feeding on the decaying
liver!

Laboratory Experiments
1. General guidelines for experiments

Each pair of students will carry out a series of experiments to test the locomotor response of Sarcophaga bullata larvae to

the presence or absence of white light and to different wavelengths of light. The following guidelines must be followed:

*  Handle the larvae with extreme care! Use a camel’s hair brush to transfer the larva from the culture (the container la-
beled “Experimental Larvae”) to a small plastic cup for transporting. When you have completed the experiments return
the larvae to the container marked “Used Larvae” on the instructor’s desk. At the end of the experiment, return the
cups to the instructor’s desk.

* Observations of larval behavior should be recorded during the experiments and reported as data in your lab report.

o Use the same 10 larvae in all experiments. If a larva is lost or stops responding during one experiment, replace it with
a new one.

2. Formulation of Hypotheses - Locomotor Response of Larvae to Presence or Absence of White Light

Based on your limited knowledge of the biology of flesh fly larvae (refer to introductory material at the beginning of the lab
outline), formulate a null and experimental hypothesis concerning the locomotor response of flesh fly larvae to the presence or
absence of white light. Write the following information on a 3x5 card and turn it into your instructor at the end of lab. Be sure
to put your name on the card.

e Null hypothesis:
*  Experimental hypothesis:
»  Ifthe null hypothesis is accepted, then you would predict that:

» If the null hypothesis is rejected, then you would predict that:

3. Control Procedure: (Work in Pairs)

a. Moisten a strip of cloth towel (available at the TA desk) by wetting under the faucet, then squeezing to remove excess
water. Place the cloth strip in the plastic racetrack so that its surface is evenly covered (Fig. 3). Keep the cloth strip
moist by wetting between experiments.

b. Place a moist piece of filter paper in the bottom of two cups and place one cup at each end of the racetrack. These
cups will serve to catch any larvae which reach the end of the track.
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c. Place 10 larvae in the center of the racetrack. The center is marked by a line on the top sides of the racetrack.
d. Place a light-tight box over the apparatus

e. After 3 minutes record the number of larvae found on either side of the center line and in the cups. If an animal is
directly on the center line, flip a coin to determine on which side to score it. Remember to include those larvae on
each side of the center line which ended up in the cups! Record your pair data in Table 1 and your class data in

Table 2.
- cloth towel i filter paper
j disc

cup racetrack cup

Figure 3. Racetrack: Control Set-up

4. Experimental Procedure (Work in Pairs)
a. Set up the racetrack as outlined in steps 1 and 2 above.

b. Cover one half of the racetrack with a piece of aluminum foil so as to make the track as light tight as possible without
interfering with the movement of the larvae on the track.

c. Cover the face of a high intensity light source with a white filter. Place a light source at one end of the racetrack (Fig.
4). Note: The white filter changes the light intensity but not the light quality (wavelength).

white filter

aluminum foil

J Light
) source

Figure 4. Racetrack: Experimental Set-Up

d. Turn the light source ON to the low power setting. Align the light source so that the face is level with the surface of
the track and the light is directed straight down the track. Adjust the distance between the light source and the track so
that the light intensity measured at the center of the track (marked with a black line) is approximately 9 foot candles
(fe).

NOTE: To operate the digital light meter, (1) place the sensor head facing the light source. (2) push the on/off switch
downward to the 199.9 position on the gray foot candle (fc) scale, (3) make sure the response time (fast/slow) switch
is set to the FAST position on the gray scale, (4) the light intensity to the nearest 0.1 fc will be shown on the LCD.

e. Measure the light intensity at the center of the track and at the lighted end of the track record the values in Table I in
the row labeled “Trial 1”.

f. Place 10 larvae in the center of the track. The center is marked by a line on the top sides of the racetrack.

g. After 3 minutes record the number of larvae found on either side of the center line and in the cups. If an animal is
directly on the center line, flip a coin to determine on which side to score it.
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5.

h.

a.

Record the number of larvae which ended up on the high light side of the race track and the number which ended up
on the no light side of the race track. Remember to include those larvae on each side of the center line which ended
up in the cups! Record your data in Table 3.

During the 3-minute trial, observe and record your observations of the locomotor behavior of the larvae. Do they
show a kinesis or taxis to light and is this response positive or negative?

At the end of the 3 minute trial, using the electronic thermistors provided, record the surface temperature (°C) at both
ends of the race track. Record these values in Table 3.

. Run another two, 3 minute trials, using the same 10 larvae. For each trial record the number of larvae which end up

on the light end of the racetrack and the # of larvae which ended up on the no light end of the racetrack. At the end of
each run record the light intensity (fc) at both ends of the racetrack at the end of each trial to the light intensity is
9 fc at the center of the racetrack before running the experiment, to record the surface temperature (°C) and light
intensity (fc) at both ends of the racetrack at the end of each trial. Record all data in Table 1.

Record your pair data in Table 3 and the class data in Table 4.

Locomotor Response to Different Wavelengths (colors) of Light Procedure: (work in pairs)

Using the equipment provided, carry out experiments which will allow you to determine how the locomotor response
of the flesh fly larvae varies with respect to four different wavelengths (colors) of light. For example, is the response
of the larvae the same for all wavelengths of light? Experiments testing the response of the larvae at different wave-
lengths should result in data that provides insight into the wavelengths that provoke the stronger positive or negative
locomotor response.

. There is no “correct” experimental design. However, those experiments with the best experimental design will be

the ones which produce data that will allow you to accept or reject your hypothesis and are repeatable. You will
accept or reject your hypothesis based on the data collected, NOT on what you think should have happened. Your TA
will lead the class in a discussion as to the best experimental design.

. General Guidelines:

» Before starting the experiments, consider the question you are asking and formulate your hypotheses - both null and

experimental. Write down the hypotheses to this second experiment on the same 3x5 card used for the light/no
light experiment. Turn the card into your TA at the end of lab. Be sure to put your name on the card.

» Use the same 10 larvae as were used in the light/no light experiments.

* Replace any larvae which are lost or stop responding during the experiments with new larvae.

» Keep the cloth towel moist at all times.

» In all experiments, maintain the light intensity at the center of the racetrack approximately 9 fc by regulating the

light intensity setting on the light source and the distance the light source is from the center of the race track. Re-
cord the exact light intensity at the center of the racetrack used for each experiment.

» In all experiments, the light intensity at both ends of the racetrack should be relatively similar. Why? Record these
values for each experiment.

» Record the temperature at the center and at both ends of the racetrack for each experiment.

* Be sure your experimental approach includes the appropriate controls and that you minimize the effects of other
variables or stimuli.

* Record your observations of the larval locomotor behavior during the experiments.

* Run 3, 3 minute trials for each experiment. The number of trials you complete will be based on the amount of time
you have to complete the experiment. The more trials you are able to run will increase the precision of your results.

» Record your pair data in Table 5 and the class data in Table 6.

6. Assignment

66

Next week in lab you will be analyzing and graphing the data which you collect in this week’s lab. These results will be
the basis for a formal lab report worth 30 points that you will submit in three weeks. Therefore it is essential that you
begin to search library resources for information concerning the biology of flesh flies. This information will be required
for the Introduction section of your report as well as the Discussion section. You should focus on finding the answers to
the following questions:
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a. Where are flesh flies found in the “wild”?

b. The importance of flesh fly larvae to humans.

c. How are flesh fly larvae used in forensics?

d. Can flesh fly larvae detect light through specialized cells or organs?

e. Is the rate at which flesh fly larvae develop influenced by environmental factors such as light and temperature?

f. What is the diet of flesh fly larvae? Does the diet of members of the genus Sarcophaga vary? If yes, describe their
diets.

g. Are Sarcophaga larvae parasitized and preyed upon by other insects?

Table 1. Locomotor Response of Sarcophaga bullata Larvae to No Light Gradient (Control): Pair Data

Trial # larvae on left # larvae on right Temperature (°C)
side of center line | side of center line left side right side
1
2
3
Total = =

Table 2. Locomotor Response of Sarcophaga bullata Larvae to No Light Gradient (Control): Class Data

Student Pair Left End of Racetrack Right End of Racetrack

# larvae

% larvae

x? temp.
(C)

#larvae

% larvae

¥2 temp.
(O

R[N N B W N

O

—
(e}

—
—_—

—
[\S]

Total
Range
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Table 3. Locomotor Response of Sarcophaga bullata Larvae to Presence or Absence of White Light: Pair Data

Trial # larvae on left # larvae on right Temperature (°C)
side of center line | side of center line left side right side
1
2
3
Total = =

Table 4. Locomotor Response of Sarcophaga bullata Larvae to Presence or Absence of White Light: Class Data

Student Light End of Racetrack No Light End of Racetrack
Pair # larvae % larvae ¥ light ¥* temp. # larvae % larvae ¥ light ¥? temp.
intensity (°C) intensity (°C)
(*fc) (“fc)
1
2
3
4
5
6
7
8
9
10
11
12
Total
Range

Table 5. Effect of Light Wavelength on the Locomotor Behavior of Sarcophaga bullata. Pair Data

Trial | #larvae red end | # larvae blue end Temperature (°C) Light Intensity (fc)
red end blue end red end blue end

1

2

3

Total = V= V= =

7 .
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Table 5, cont. Effect of Light Wavelength on the Locomotor Behavior of Sarcophaga bullata. Pair Data

Proceedings of the Association for Biology Laboratory Education, Volume 33, 2012

Trial | #larvae red end |# larvae green end Temperature (°C) Light Intensity (fc)
red end green end red end green end
1
2
3
Total = V= V= =
" ]
Trial | # larvae blue end | # larvae green end Temperature (°C) Light Intensity (fc)
blue end green end blue end green end

1
2
3
Total X = X = X = X =
" ]
Trial | # larvae red end # larvae orange Temperature (°C) Light Intensity (fc)

end red end orange end red end orange end
1
2
3
Total = V= V= V=
" ]
Trial | # larvae green end | # larvae orange Temperature (°C) Light Intensity (fc)

ende green end orange end green end orange end
1
2
3
Total = = = =
" ]
Trial | # larvae blue end | # larvae orange Temperature (°C) Light Intensity (fc)

end blue end orange end blue end orange end
1
2
3
Total V= V= = =
" ]

6

O
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Table 6. Effect of Light Wavelength on the Locomotor Behavior of Sarcophaga bullata. Class Data

Student Red Blue
Pair # larvae % larvae ¥* light x* temp. # larvae % larvae ¥ light ¥* temp.
intensity (°fc) (°C) intensity (°fc) (°C)
1
2
3
4
5
6
7
8
9
10
11
12
Total
Range
Student Red Green
Pair # larvae % larvae x> light ¥ temp. # larvae % larvae x* light ¥ temp.
intensity (°fc) (°C) intensity (°fc) (°C)
1
2
3
4
5
6
7
8
9
10
11
12
Total
Range
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Table 6, cont. Effect of Light Wavelength on the Locomotor Behavior of Sarcophaga bullata. Class Data

Student Green Blue

Pair # larvae % larvae ¥* light x* temp. # larvae % larvae ¥ light ¥* temp.
intensity (°fc) °C) intensity (°fc) (°C)

O ||| AN N[ W=

—_
(=]

11

12
Total
Range

Student Red Orange

Pair # larvae % larvae x> light ¥ temp. # larvae % larvae x* light ¥ temp.
intensity (°fc) (°C) intensity (°fc) (°C)

O |00 | Q|| WD |k | W N |

—_
=)

—_
—_

—
\S]

Total
Range
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Table 6, cont. Effect of Light Wavelength on the Locomotor Behavior of Sarcophaga bullata. Class Data

Student Green Orange
Pair # larvae % larvae ¥* light x* temp. # larvae % larvae ¥ light ¥* temp.
intensity (°fc) °C) intensity (°fc) (°C)
1
2
3
4
5
6
7
8
9
10
11
12
Total
Range
Student Blue Orange
Pair # larvae % larvae x> light ¥ temp. # larvae % larvae x* light ¥ temp.
intensity (°fc) °C) intensity (°fc) C)
1
2
3
4
5
6
7
8
9
10
11
12
Total
Range
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Table 7. Results of chi-squared tests. Use class data for each test.

Experiment Total # larvae Total # larvae 12 Interpretation
1st condition 2nd condition

Accept Hypothesis | Reject Hypothesis

Response to no light
gradient (Table 2)

Presence vs. absence
of light (Table 