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should be indicated within the body of the manuscript. Figures include both graphs and images. All

figures should be accompanied by a descriptive legend usitiglliheing format:
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Influence of Population Density on Offspring Number and Size
in Burying Beetles

Claudia M. Rauter

Department bBiology, University Nebraska at Omaha
Allwine Hall 114, 6001 Dodge Street, Omaha, NE 680820

E-mail: crauter@unomaha.edu

Abstract: This laboratory exercise investigates the influence of population densif§spnimg number and size in

burying beetles. Students test the theoretical predictions that brood size declines and offspring size increases when
competition over resources becomes stronger with increasing population density. Students design the experiment
collect and analyze the data, and discuss the results in the context of adaptive phenotypic plasticity.

Keywords:Population density, contests, brood size, offspring size, burying beetles

Introduction

Some animals have only a few large
offspring at @&ime, whereas others have many small
offspring. This negative relationship between
offspring number and size can be observed not only
among species, but also within many species (Roff,
2002). Negative relationships between offspring
number and size aregttonsequence of mechanical
constraints or limited resource availability (Roff,
1992, 2002). For example, body size of a female
limits the number and size of offspring she can
produce. For a given body size, a female can either
produce many small or a felarge offspring. When
resources are limited, a trad# between offspring
number and offspring size may occur. How females
solve this dilemma when resources are limited, may
be a function of the intensity of competition over
these resources, especiallyemiarge individuals are
more likely to prevail (Leips and Travis, 1999; Both,
2000; Creighton, 2005; Goubault et al., 2007). If high
population density results in more intense
competition over resources and large individuals are
more successful in monofrihg resources, females
should have fewer, yet larger offspring (Mestefton
Gibbons and Hardy, 2003). This would ensure that
their offspring have a higher probability of gaining
access to resources necessary for reproduction.
Reciprocally, if population desity is low and thus
competition over resources is weak, females should
have many small offspring (Mestert@ibbons and
Hardy, 2003).

This laboratory exercise tests the theoretical
predictions that offspring number declines and
offspring size increasesh&n competition over
resources becomes stronger with increasing
population density.

Burying Beetles

In the United States, there are 15 species of
burying beetles (Coleoptera: Silphid&icrophorus
sp; for distribution, natural history, and keys for
identification of each of these species see: Anderson
and Peck, 1985; Peck and Kaulbars, 1987; Ratcliffe,
1996). These species are widely distributed and occur
in many habitat types (e.g. forests, prairie,
mountains). The most widespread speciés. is
marginauswhich can be found in open fields,
prairie, open woods, or other open habitats. Most
burying beetle species are active at night and
reproduce in spring or early summer.

Burying beetles use carrion as a food
resource for their offspring (for reviews barying
beetle biology see: Ratcliffe, 1996; Eggert and
Muller, 1997; Scott, 1998). Carrion is a high quality,
but rare, resource. Contests (i.e. fights) over carrion
are common, especially when population density is
high. The largest individual of eitheex usually wins
in a contest, thus gaining access to the carrion.
Generally, a male and a female beetle bury the
carrion. While burying the carrion, the beetles
remove fur or feathers. As early as 12 hours after
encountering the carrion, the female lagg®in the
surrounding soil. About two days later, the larvae
hatch and crawl to the carrion. During the first two to
three days on the carrion, the larvae are fed by the
parents. Subsequently, the larvae feed by themselves
from the carrion. The larvae afany species can
survive and grow without being fed by the parents,
although less well (e.g\N. defodiensN. marginatus,

N. pustulatusandN. vespilloides Larvae ofN.
mexicanus, N. orbicolli@ndN. sayj however,
require parental feeding for survivéfter the

carrion has been consumed, typically 6 to 10 days
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after the larvae have hatched, the larvae disperse and
pupate in the surrounding soil, emerging as adult
beetles four weeks hence. Beetles reach sexual
maturity after an additional three moreeks. The
majority of species overwinters as adults (&lg.
defodiensN. marginatus, N. pustulatyandN.
vespilloide}. Some species overwinter in the third
larval stage as prepupae (é\g.tomentosus, N.

vespillg.

Materials and Methods

PreparationBefore Class

In summer, two months before the students
conduct the experiment, approximately 30 burying
beetles are collected using pitfall traps baited with
decaying ground beef. A widmouth jar (at least 200
ml.), plastic bucket, or similar containearcbe used
as pitfall trap. The trap is filled with about 2 to 5 cm
of moist soil or leaves which provide hiding places
and humidity for the trapped beetles thus reducing
mortality due to aggressive interactions among the
beetles or heat stress, respedyivAs bait any wel
aged meat (e.g. ground beef, chicken liver, or fish
exposed to room temperature for two to three days)
will attract beetles. The bait is placed in a small
container (e.g. 30 ml plastic cup) that can be closed
tightly with a lid to keegbeetles and flies off the bait.
To release the smell of the bait, small holes are
punched into the container or the lid. The container
with the bait is placed onto the soil or leaves in the
trap. The trap is buried in the soil with the rim of the
trap lewel with the surface of the ground. A rain cover
or sun shield should be placed over the trap. A plastic
plate secured with three large nails can serve as a rain
cover and sun shield. A ofieot square piece of one
inch mesh screen wires placed over th&apitrap
and staked down securely will keep scavengers out.
Instead of burying the traps, they can be hung, at
least 3 feet above ground, from tree branches or
stakes. Trapping rates are improved by avoiding
dense vegetation, with the placement of traps i
prairies, open woods, or less dense parts of forests.
Additional information on trapping of burying beetles
can be found in Ratcliffe (1996), Trumbo (1996), and
Bedick et al. (2004). Traps should be checked daily,
especially on hot or rainy days. Beettegight in the
pitfall traps are transferred to containers filled with
moist peat or soil and transported to the lab.

The beetles are sexed in the lab by
comparing the tarsi of the front legs and the last
segments of thabdomen (Figur&). Ten to 15 pairs
of beetles are placed individually into clear plastic
containers of sufficient size to accommodate a mouse
carrion (e.g. 17 x 12 x 6 cm). The containers are
filled with about 2 cm of moist peat and supplied
with a previously frozen mouse available front pe
food supply sources. Mice weighing approximately
20 to 30 g work best. Burying beetles rear very small
broods on lighter mice and they have difficulties
keeping larger mice carrion clean of bacteria and
mold. The containers with the beetles and the mouse
carrion are kept in a darkroom. Containers are
checked daily for eggs that are easily visible on the
bottom of the containers. The day after the first eggs
are visible, the beetles and the carrion are removed.
The peat is carefully searched for eggs uéimgeps.
Eggs are transferred onto a small piece of wet paper
towel. The paper towel with the eggs is afterwards
placed into a container that can hold a mouse (e.g. 17
x 12 x 6 cm), filled 1 cm deep with moist peat and
containing a previously frozen moudeo facilitate
consumption of the carrion by the larvae, a small
incision with scissors is made in the back of the
mouse. The containers with the eggs are kept in a
dark room at room temperature. About two days
later, the larvae hatch. When the larvaeehav
consumed all or most of the carrion and are crawling
along the container walls, they are transferred to a
new container of the same size filled to the top with
moist peat. No more than 15 larvae are placed in a
single container (17 x 12 x 6 cm). If snaalbr larger
containers are used, the number of larvae should be
adjusted accordingly. The containers are kept in a
darkroom at room temperature until the new beetles
emerge about four weeks later. The rearing of larvae
without the parents reduces trangfémites and
parasites carried by all fielcaught beetles. Parasites
and mites introduced by fieldaught beetles can
cause problems with laboratory exercises (e.g. brood
failure). This procedure works well for burying
beetles that overwinter as adultglahe larvae can be
reared without parents (e . defodiensN.
marginatus, N. pustulatusndN. vespilloidesPeck
and Kaulbars, 1987; Trumbo, 1992; Eggert and
Miller 1997).

Influence of Population Density
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Figure 1. Dorsal view of tarsi of front legs
and last segments of abdaomef adult female and
male burying beetled\icrophorus pustulatus

The newly emerged beetles aexed
(Figurel) and can then either be used to establish a
laboratory colony (see below) or for laboratory
exercises. Beetles used for this laboratory @ser
are randomly assigned to the kpepulation density
treatment or the highopulation density treatment.
Low-population density beetles are placed
individually in containers (about 17 x 12 x 6 cm;
much smaller containers do not work as well with the
high-population density treatment) filled with 1 cm of
moist peat. Beetles assigned to hagnsity
population treatment are kept in groups of four
beetles in containers of the same size. Beetles are
kept in these containers for at least three weeks at a
1529 h light:dark cycle at room temperature, and are
fed wet cat food or decapitated mealworms twice
weekly.

To establish a laboratory colony, the newly
emerged beetles are maintained either individually or
in singlesex groups. Up to six beetles can be lept
containers of about 17 x 12 x 6 cm. For smaller or
larger containers the number of beetles should be
adjusted. The containers are filled with 2 to 3 cm of
moist peat or soil. The beetles are kept at 15:9 h
light:dark cycle at room temperature (i.e. suenm
conditions) and fed wet cat food twice weekly. Small
pieces of liver, fly maggots, decapitated mealworms,
or dead crickets are also suitable as food. Three to six
weeks after emergence of the adult beetles, the next
generation of beetles is producedpbgcing a male
and female beetle in a container able to hold a mouse,
filled about 1 cm with moist peat or soil, and

containing a previously frozen mouse. The parent
beetles are removed when the larvae are about five
days old, to prevent that the parentthes eat the
larvae after the carrion has been consumed.
Dispersing larvae are transferred to new containers
filled with moist peat or soil for pupation.

In Class (Week 1)

Introduced to the ecological concept of
reproductive strategies including the teaaff
between offspring number and size, students are
asked to design an experiment that tests whether
population density influences offspring number and
size in burying beetles. While designing the
experiment, the students are directed to consider: 1)
thenull hypothesis and alternative hypotheses, 2) the
factor they have to manipulate (i.e. population
density), 3) the measurements they should take (i.e.
number and weight of larvae), 4) the factors they
must control for or measure (e.g. carrion size, room
temperature, light cycle, number of parents providing
care), and 5) sample size. Students work in small
groups to draft the experimental design that is
subsequently subject to review and criticism by the
whole class. Once the class has decided on an
expermental design, all students establish together a
protocol for the experiment and prepare data sheets.
With the protocol set and the data sheets ready, the
students start the experiment.

The experiment begins by filling 40
containers that are able to holdhause (e.g. 17 x 12
x 6 cm) with about 2 cm of moist peat and by placing
a previously frozen mouse on top of the peat. Female
and male beetles are added to these prepared
containers as follows: ten containers receive each one
high-density female and onegh-density male; into
ten additional containers one higlnsity female and
one lowdensity male are placed; to ten containers
one lowdensity female and one higlensity male
are added and the last ten containers receive each one
low-density female andne lowdensity male. The
containers with the beetles are maintained in a
darkroom at room temperature for the next two
weeks. It takes approximately two weeks from the
time the females encounter the carrion until the
larvae have consumed the carrion areldispersing,
i.e. crawling along the container wall. To simplify the
system, males are removed two days after the
matings have been initiated. To avoid cannibalism of
dispersing larvae by the females, the female beetle is
removed when the larvae are figays old. If no dark
room is available, a black cloth can be placed over
the containers.

In Class (Week 3)
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Two weeks after the experiment has been
started, the larvae of each brood are counted and the
weight of the whole brood is determined. Average
larval weight for each brood is calculated by dividing
the weight of the whole brood by the number of
larvae in the brood. Several minutes are required to
count the larvae of a brood and to weigh the whole
brood. During a short break the instructor compiles
the data that the students will use to calculate means
and standard errors, graph the results, and conduct
statistical analyses in class.

At the end of class, all the larvae are
collected and used to start a new laboratory colony or
added to a previously edtlished laboratory colony
of burying beetles. Burying beetles are also regularly
used for additional behavioral laboratory exercises
such as studies of mating systems or conflicts
between individuals over resources (Trumbo, 1996;
Scott, 2003).

Results ard Discussion

This laboratory exercise allows students to
design and conduct an experiment and to perform
statistical data analyses. | use this laboratory exercise
as the first laboratory exercise in my behavioral
ecology course for junior and senior bigjomajors
to reinforce the concept of traadfs and to prepare
the students for their lab research project in the
second part of the course. The week between the first
and second part of the experiment is used to
introduce the students to statistical gsak, in
particular to linear regression analyses as well as to
onetailed and twetailed ttests (e.g. Sokal and
Rohlf, 1995). Using linear regression analysis,
students can test for the trad# between number
and size of offspring, while the ottailedt-test
allows to test whether higtensity females have
fewer, but heavier offspring than leskensity
females.

Typical results from this exercisge shown
in Figures 2, 3, and 4. Average larval weight
decreases with increasing brood size (equation for
linear regression line: Y = 368.8.4 X; R g0 =
47.51; P < 0.0001igure?). Brood size is
significantly smaller for highdensity females than
for low-density females (ontailed ttest: t = 2.3; d.f.
= 67; P = 0.01Figure3), but the larvae of high
dersity females are heavier than those ofdensity
females (one tailedtest: t =-1.8; d.f. = 56; P = 0.04;
Figured). These results illustrate the traafé

between offspring size and number, corroborating the
findings of Creighton (2005) iN. orbicollis. These
results also support the prediction of the theoretical
model by Mestertoitsibbons and Hardy (2003) that
brood size should decrease when contests over
resources become more frequent.

Larval welght (mg)

100

0 5 10 15 20 25
Brood size (Number of larvae)

Figure 2.Average larval weight in
relationship to brood s&zinN. putsulatus
Open circles: lowpopulation density

beetles. Filled circles: highopulation

density beetles.

(N=37) (N=34)

15

10

Brood slze (Number of larvae)

low high
Population density

Figure 3.Brood size in relationship to
population density ifN. pustulatus Means
and standard errors are shown. Sample
sizesare given in parentheses

Influence of Popuktion Density
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N=37) (N=34)

Larval welght (mg)
g

low high
Population density

Figure 4 Average larval weight in relation
to population density ifN. pustulatus

. Means and standard errors are shown

. Sample sizes are given in parentheses.

Students discuss in class the importance of
the ability of £males to adjust offspring number and
size in relation to environmental conditions so that
they maximize their fitness. This discussion
introduces the students to the concept of phenotypic
plasticity (i.e. capacity of a genotype to produce
different phenotpes depending on the environmental
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population densjtand including the weight of the
mouse as covariate in the experiment.
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Abstract A programlevel assessment of the biology curriculuna@mall liberal arts college validates a previous

study demonstrating success in achieving learning outcomes related to content knowledge and communication skills.

Furthermore, research opportunities have been provided to complement pedagogicasaategive students a

more complete science education.

Keywords Programlevel assessment, content knowledge, primary literature, communication skills, undergraduate

research
Introduction

Davis & Elkins College (D&E) is a private,
four-year, comprehegive liberal arts college that
stresses small class sizes and strong fastiltgent
interaction. The Department of Biology and
Environmental Science offers a curriculum designed
to promote science as a process of inquiry and instill
within students an ggueciation of the underlying
unity and diversity of life. To meet the needs of
students with diverse career interests, three degree
options are offered: the Bachelor of Science (B.S.) in
Biology, the Bachelor of Science in Environmental
Science, and thedhelor of Arts (B.A.) in Biology
and Environmental Science.

In 2004, we published a prograevel
assessment of the B.S. in Biology degree (Stover and
Mabry, 2004). We focused on student competence in
the five areas outlined by our 2001 departmental
asessment plan: 1) content knowledge, 2) writing
skills, 3) speaking skills, 4) ability to interpret
primary literature, and 5) research skills (laboratory
and/or field).

As we indicated in the previous study, the
interpretation of biological data requiraspecific
knowledge base. To comprehend and integrate
information from different areas of biological
inquiry, students should be familiar with fundamental
concepts associated with each area, including the
molecular basis of heredity, cell structure and
function, biological evolution, and the
interdependence of organisms. Furthermore,
communication skills are essential for biologists as
they generate data, share their findings, and build on
the work of others. Successful communication

depends on both ttability to effectively convey
information (written and oral) and the ability to
interpret and evaluate information presented by peers
(Feldmaret al, 2001). Analyzing primary literature
allows students to enhance their critical thinking
skills as they prticipate in the dissemination of
scientific information (Houde, 2000; Smith, 2001).
Finally, to fully understand and appreciate the
scientific process, biology students should be
engaged in handsn, investigative activities (Glasson
and McKenzie, 1998;ewiset al, 2003).

In addition to math, physics, and chemistry
requirements, biology majors at D&E must take five
core content course®rinciples of Biology (BIOL
101) introduces firssemester biology majors to cell
structure and function, geties, and developmental
biology, whilePrinciples of Biology I[(BIOL 102) is
taken in the second semester and deals primarily with
the ecology and evolution of organisniSenetics
(BIOL 205) is a survey of prokaryotic and eukaryotic
inheritance Cell andMolecular Biology(BIOL 302)
investigates metabolism, gene expression, and
differentiation of eukaryotic cell€volution(BIOL
305) emphasizes the evidence, mechanisms, and
genetics of organic evolution.

All D&E students are required to take the
College Basic Academic Subjects Examinaii@n
BASE; Assessment Resource Center, University of
Missouri) prior to graduation. As indicated by the
departmental assessment plan, biology majors are
expected to score fimedi
Fundamental Conceptd bife Science&omponent of
the GBASE. This component of the exam assesses
knowledge of basic biology, botany, zoology, and
ecology. Scores are reported by the Assessment
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Resource Center as low, medium, or high
based on
related questions. Although the exam is used
primarily to evaluate
curriculum, results of the life science section
complement course grades as an external,
standardi zed measure of
content knowldge.

With the exception of BIOL 305, all core

st udent siblogg u c c e s couisas requireswniteem laborgtorybreports (BIOL 305

requires a term paper). Biology majors are

t h e intraducédaodabddiasory geponteimBAAL 1, duc at i on

allowed to hone their skills in BIOL 102, and
expected to demonstie competence in scientific

b iwdtihgoby scoringeb¢tveeens80 and 14@% om all

reports required for BIOL 205 and 302. Figure 1
provides a sample laboratory report format.

BIOL 30%, Cell & Molecular Biology

Abstract(8 points)

Briefly summarize theeport. Include basic aspects of each section in the summary. Start with an introductory sentence or two to desc!
underlying question. In a few sentences, describe the experiments you performed to address the question. What werelj®andbow

do they compare with information you found in the literature?

Introduction (20 points)

The introduction should consist of general background information. Basic concepts associated with the topic should Beledwere should
not discuss the etual experiments you performed. Reference all material you obtain from outside sources in the body of the text (authd

date).

Methods(8 points)

Write out, in complete sentences, the procedures that you followed to perform each experiment.

Resuls (12 points)

Write out the result of each individual experiment. Include graphs and/or tables, as well as text, to present your datainf@opret data in

this section; simply present your findings.

Discussiorf40 points)

This is the most imptant section. In the discussion, you should attempt to interpret the data you have collected. Analyze the result of
experiment individually. How do these results compare to information found in the literature? Does the literature suppmrtradict your
results? Offer potential reasons for conflicting results. Suggest alternative orfgtigocedures to further analyze the question. Referen

any information you find to help explain your results.

Miscellaneoug12 points)

Lab reports bould be written in paragraph form (doublpaced). Check spelling and grammar. Each section should have its own headir|
82dz 2001 Ay FNBY 2dzidaARS
Items in the literature cited section should contain the following information: Author(s). Year of Publication. Titielef Aitle of Journal

must referenceallA Y F2 NY I G A2y

Volume: Page Numbers.

42dNDSa dofitie repatOt

Figure 1. Laboratory Report Format for BIOL 302.

To fulfill departmental requirements,
biology majors must completeurrent Topics in
Biology (BIOL 335), a onecredit course that
involves the analysis and discussion of current
research articles. As described in the 2004 study,
students in BIOL 335 carefully analyrecent journal
articles, which are given to them one week prior to an
in-class discussion. Students and a faculty facilitator

then discuss the paper and compare notes. The goal
is for students to become comfortable with graphical
representations of datend the interpretation of
experimental results. The instructor usually selects
articles with a common theme. Figure 2 contains
instructions for analyzing journal articles, while
Figure 3 provides citations of representative articles.

Biomedical Research Experiences
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BIOL 3357 Current Topics in Biology

1. Citation
Include authors' names, year of publication, title of article, name of journal, volume of journal, first & last pagele of arti

Example:
Cunningham, P., Geary, M., Harper, R., Pendleton, A., and Stov2005. High intensity sprint training reduces lipid peroxidation in fast
twitch skeletal muscleJournal of Exercise Physiology OnliBé6): 1825.

2. Research guestion
What biological question does this research address? What was known & unkneovwm thioresearch? This information is generally foun

the Introduction of the paper.

3. Hypothesis
A hypothesis is a statement of explanation to a question concerning some biological phenomenon. A hypothesis maylpactdtedlexou

may haveo infer what the hypothesis is, based on the procedures being used to address the research question.

4. Prediction
An "1 fé, thené" statement. I'f the hypothesis st aheeerperimaes st e
conducted should test these predictions, leading to data that either soppeftites the overall hypothesis.

5.  Experimental approach
What, specifically, was measured or determined? Summarize the approach in your own words.

6. Results
What new iffiormation was produced? Summarize the results in your own words.

7. Conclusion
What do the authors make of the data? Are their conclusions valid? Is there any other possible interpretation? Bapiherttia
hypotheses? Are there any alternatiyypotheses?

8. Now what?
A good paper may generate more questions than it answers. After reading this paper, what is the next question tHes@tugth@searcher
in this field) should address?

Figure 2. Instructions for Analyzing Journdlrticles (based on an instrument created by Dr. Catherine Gardiner,
University of Northern Colorado).

BIOL 33% Current Topics in Biology

Diet and Exercise
Halberg, Net al. 2005. Effect of intermittent fasting and refeeding on insulin action aithg men. Journal of Applied Physiolog9: 2128
2136.

Williams, N.let al 2001. Longitudinal changes in reproductive hormones and menstrual cyclicity in cynomolgus monkeys during stren
exercise training: Abrupt transition to exerciselucedamenorrhea.Endocrinology42: 23812389.

Alternative Medicine
Schwartz, Eet al. 2002. Oral administration of freshly expressed juidéatfinacea purpurdaerbs fail to stimulate the nonspecific immune
response in healthy young men: Results dbable-blind, placebecontrolled crossover studyJournal of Immunotherap85(5): 413420.

Solomon, P.Ret al. 2002. Ginkgo for memory enhancement: A randomized controlled ddeirnal of the American Medical Associat&3:
835-840.

SexuaReproduction
Mabry, M. and P. Verrell. 2003. All are one and one is all: Sexual uniformity among widely separated populations of thadtmdn seal

salamanderPesmognathus monticolaBiological Journal of the Linnean Sociéy 1-10.

Mack, P.Det al. 2002. Sperm competitive ability and genetic relatednes®msophila melanogasteSimilarity breeds contemptEvolution
56(9): 17891795.

Figure 3. Representative Journal Articles for BIOL 335.
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To demonstrate an ability to communicate interestto them, use the skills acquired in BIOL 335

information related to biological research, biology to analyze the articles, and present the data (using
majors are also required to participat&Senior Microsoft PowerPoint) to their peers and a faculty
Seminan(BIOL 397). Satisfactory completion of facilitator. Figure 4 shows the presentation analysis
BIOL 397 involves oral presentations of research form utilized by the course instructor.
data. Students select scientific journal articles of
BIOL 397 - Senior Seminar
Student
Poor Acceptable GoodExcellent

Content

Research Question: 1 2 3 4

Overall Hypothesis: 1 2 3 4

Prediction: 1 2 3 4

Methods: 1 2 3 4

Resuls: 1 2 3 4

Conclusion: 1 2 3 4

Personal Interpretation: 1 2 3 4

Follow-up Studies: 1 2 3 4
Presentation Style

Eye Contact: 1 2 3 4

Articulation/Volume: 1 2 3 4

Movement/Interaction: 1 2 3 4

Fielding Questions: 1 2 3 4

Score

Figure 4. Presentation Analysis Form for BIOL 397.

Finally, biology majors are expected to the five core content courses. See Figure 5 for an
demonstrate competence in basic biological research ~ example of a laboratory skills checklist.
methods associated with laboratory components of
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BIOL 205 Genetics

Student

Biology majors must demonstrate competency in the following areas:
1. Basicstatistics

e  Probability
. Chisquare test

2. Laboratory technigues

e  Slide staining/light microscopy
Use of micropipette
Restriction enzyme digestion of DNA
Gel electrophoresis
Culture maitenance
Bacterial transformation

3. Experimental protocols

e  Testing hypotheses
e Interpreting results

Figure 5. Laboratory Skills Checklist for BIOL 205.

The 2004 study tracked the progress of the Biomedical Research Excellence (WNMBRE). The

five biology majors who completed each of the core WV-INBRE is a consortium of institutions of higher

content courses, the BASE, BIOL 335, and BIOL education in West Virginia, organized under the

397. All five student s s dicectiendfthe MarshallWninersity Bchodllofi gh o o n

theFundamental Concepts of Life Science Medicine (MUSOM) and the West Virginia

component of the BASE, scored 80% or higher on University Health Sciences Center (WVUHSC). The

all laboratory reporté BIOL 205 and 302, consortium is funded through the National Institutes

successfully completed bo@urrent Topicsand of Health (NIH) to deviop biomedical research

Senior Seminar, andemonstrated competence in all programs at the statebds predo

core course laboratory skills. institutions (PUIs) and to stimulate student interest in
We found that the greatest weakness of the graduate training in the biomedical sciences. WV

assessment plan was the evaluation of research skills. INBRE provides equipment grants and pilot research

Partcipating in laboratory exercises may reinforce grants to investigatsrat PUIs to fund undergraduate

biological concepts, and students may pick up some research. Furthermore, students at PUIs have the

valuable skills in the process. Ultimately, however, opportunity to work in biomedical research

students must be actively involved in scientific laboratories during the summer, under the direction

research to fully understand it. In the 2004 paper, we  of mentors at MUSOM and WVUHSC.

outlined a plan to implement and expand In the current study, we reassess the content

experimental systems developed as paRedearch knowledge, communication skills, and research

Link 200Q a project initiated by the National Science experiences of our B.S. in Biology graduates, five

Foundationds Council f or ead afterghe ariginabassessniepts ear ch t o

provide convenient model systems for undergraduate

teachilg and research. We hoped that the Methods

experimental systems would facilitate the We tracked the progress of the 10 students

introduction of researchased laboratory activities in the B.S. Biology program (from 2005 to 2009)

into the undergraduate curriculum. who completed the e core content courses, the C
Unfortunately, budgetary constraints and a BASE, BIOL 335, and BIOL 397. Student

lack of release time prevented implementatibthe competence was evaluated according to criteria

proposed plan. However, we were able to capitalize outlined in the 2001 departmental assessment plan.

on another opportunity. D&E was recruited to Five of the students participated in \WMBRE-

participate in the West Virginia IDeA Network of sponsored undergraduate research on 8 D
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campus or as a summer intern at MUSOM
or WVUHSC (Figure 6). Two of the five
participated in research both at D&E and as summer
interns at WVUHSC. One of the five interned at
WVUHSC for two consecutive summers. Research
projects spanned various biodieal disciplines,
including cell biology, immunology, neuroscience,
physiology, and toxicology. Research on the D&E
campus required students to spend approximately

nine hours per week in the laboratory, for a total of
24 weeks, during the school yeamunSmer interns
worked, on average, about eight hours per day, five
days per week, for a total of nine weeks. Students
participating in research were given up to four credit
hours of BIOL 390 (Undergraduate Research in
Biology) and were required to orallygsent the
results of their work in a public forum.

Figure 6. A D&E student at work in a toxicology lab at MUSOM.

Results

Al 10 students
on theFundamental Concepts of Life Science
component of the BASE (since 2005, gt under
60% of nonscience majors at D&E have scored
Amedi umo or fhigho on
scored 80% or higher on all laboratory reports in
BIOL 205 and 302, successfully completed Current
Topics and Senior Seminar, and demonstrated
competene in all laboratory skills associated with
core courses. All 10 students graduated with the B.S.
degree in Biology. All five research participants put
in the required workload and presented their data,
first in poster format at a WWMNBRE research
sympasium (Figure 7), then as an oral presentation,

either as part of D&EOGSs

s ¢ 0 r e dEnViramenéntallSoience ¢-arumiidn as gpdrt &@f the Chi

Beta Phi (a national science honorary) National
Conference. Of the five research participants, two
went to medicaschool, and three entered graduate

t hi grogramnm(n diotecimology éxertisk physolngy, mnd,

neuroscience). Of the five students who did not
participate in undergraduate research, one is
completing a graduate degree in sports medicine, one
has graduated fromptometry school, one is

currently in pharmacy school, one has a hospital
administrative position (she was a double major in
biology and business), and one is working as a
veterinary technician and is planning to apply to
veterinary school.

Bioemedical Research Experiences
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Figure 7.A D&E student participating in a WANBRE research symposium.

Discussion

In many ways, a small liberal arts college
can provide the ideal setting for learning science.
Classes are generally small, and active learning is
often encouraged. Previous seglhave
demonstrated that a small group dynamic (even in a
large enrollment class) can improve student learning
and performance in the science classroom (Tessier,
2007). Furthermore, class discussions can be utilized
to stimulate critical thinking (Stovemnd Mabry,
2005), and case studies can be employed to address
studentsd prior
them to develop experimental procedures (Dinan,
2005). Finally, it is sometimes possible to integrate
the lecture and laboratory sectiorisascience
course. Recent research has demonstrated that this
iseaml esso
influence on both conceptual understanding and
academic achievement (Burrowes and Nazario,
2008). The Department of Biology and
Environmenal Science at D&E has been able to
incorporate all these pedagogical strategies into the
curriculum.

Handson, independent research, as
indicated by previous studies, allows students to hone
the skills necessary to do science (in both laboratory
and fiel), nurture a deeper appreciation of science,
and sample scientific research as a career choice
(Lopatto, 2004; Seymout al., 2004;Clerkin, 2007).
However, while it is always encouraged, actual
scientific research may not be emphasized (or even
possibk) at a small liberal arts college. \AIMBRE
has made it possible for some biology students at
D&E to experience the best of both worlds: the

knowl edge

informal, studententered environment of the small
liberal arts college and the high tech, hands
environmenbof the biomedical research laboratory.
While individual research experiences were certainly
unique, each student who completed theegk
internship and presented
grade for BIOL 390. Presentations varied in terms of
quality. Somest udent s presented
research puzzle, while others attempted to explain the
Aibig picture. oo However,
that could not have been provided without the WV
INBREAdgrahtucci , 2006) and
It should be noted that the biology
curriculum at D&E is quite rigorous (as it is at other
institutions). Students who survive the gauntlet of
biology, chemistry, and physics courses are, in

students in graduate and professional programs is
consistentlybetween 85 and 90%. However,
personal communications from representatives at
various graduate and professional programs suggest
that research experiences can dramatically improve
an applicantds
interested in attendingraduate programs in the
sciences, in particular, can strengthen their
applications significantly by participating in
undergraduate research. Previous studies have

suggested that students participating in undergraduate

research have a higher likelihoofjpursuing
advanced study and, ultimately, a career in research
(Nagdaet al 1998;Bauer and Bennett 2003).

We are still not completely satisfied with the
B.S. in Biology program. Because the WNBRE
internships are competitive, we cannot guarantee a
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research experience for every biology
student. Furthermore, not every biology student is
interested in doing biomedical research. We recently
obtained funding to support a few undergraduate
research projects in the ecological and environmental
sciences, rrd we will continue to provide our
students with as many opportunities for experiential
learning as possible. Although we still have a long
way to go, our ultimate goal is to provide an
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An Inexpensive Method to Simulate a Monohybrid Cross Using
Wild -Type Zebrafish (Danio rerio)

Christopher S. Lassiter

Department of Biology, Roanoke College, 221 College Lane, Salem, VA USA 24153

Abstract:Monohybrid crosses are taught in biology labs across the country using peas and corn. Students studying

monohybrid crosses using zebrafi§rafio rerio) would encounter a new model organism, and those interested in
human or veterinary medicine wiol have increased interest. To this end, our college has implemented a laboratory
exercise at the introductory level using wilgbe and nofpigmented zebrafish embryos to simulate a monohybrid

cross. By usind-phenyl2-thiourea (PTU) to generate npigmented fish, the necessity of maintaining a separate

albino line of fish is eliminated. Live embryos are preferable for generating student excitement; however, the option

to use preserved embryos allows fowuse of fish over multiple years withoutyilg on embryo production on a

particular day.
Keywords Mendel, zebrafish, monohybrid, genetics
Introduction

In the classroom, we are often challenged
with presenting material in new and exciting ways.
Monohybrid crosses in particular can be difi to
present in a novel way in an introductory college
biology course for either majors or namjors.

Mendel famously used the pdisum sativumto
discover the 3:1 phenotypic ratio of
dominant:recessive traits (Mendel, 1866). Many high
schools andolleges continue to use this model
organism, as well as corn, to exemplify genetic
crosses. In our introductory biology course serving a
population of approximately 120 students per year,
we have used corn to demonstrate both monohybrid
and dihybrid creses (Genetics of Corn Kit, Carolina
Biological).

Students often have preconceived notions
brought into the classroom and laboratory
environment (Lazarowitz and Lieb, 2006). While not
the intent of educators, some students may receive
the impression thianonohybrid genetic crosses are
the domain of plants after exploring the concept
exclusively in corn. Those students with prior
exposure to Punnett squares and Mendelian genetics
would benefit from new examples. In addition,
critical thinking skills carbe developed in laboratory
exercises through their inquiyased nature (Howard
and Miskowski, 2005). Here | will describe a
laboratory exercise involving a simulated
monohybrid cross in zebrafisB#énio rerio) to
complement common Mendelian laboratorgexses
involving corn.

This laboratory exercise emphasizes that the
phenomenon of 3:1 phenotypic ratios can be found in
animals as well as plants. In addition, the exercise

introduces a common model organism to students.
Finally, the exercise simulatetbino zebrafish
without the instructor having to maintain a line of
albino fish. Therefore, the exercise is adapted for
high schools and colleges having minimal zebrafish
facilities and circumvents the need to maintain
multiple genetic lines. While livembryos are the
most advantageous for student interest, preserving the
embryos ahead of the lab exercise allows for
specimens to be used multiple years and without
relying on embryo production on a particular day.

Materials and Methods

Wild-type zebrafh adults Danio rerio)
were purchased from Carolina Biological and housed
in ten gallon tanks. Adults were kept on a 14h:10h
day:night cycle at 28.5°C and fed a diet of Tetramin
flakes and freezdried brine shrimp (Omega One).
Approximately 20 fish wer bred over a collecting
tray and embryos were collected 2 hours after
simulated dawn. Embryos were transferred to 60 mm
Petri dishes with 0.3x Danieau solution (Table 1) and
kept at 28.5°C (Nasevicius and Ekker, 2000).

At 7 hours post fertilization (hjpfclutches
of embryos were placed into either a new Petri dish
of 0.3x Danieau or 0.3x Danieau containing 0.2 mM
1-phenyt2-thiourea (PTU). PTU blocks melanin
synthesis resulting in embryos that appear albino
(Karlssonet al, 2001). Over the course & weeks,
approximately 75% of embryos were placed into 0.3x
Danieau and 25% of embryos were placed into the
solution containing PTU (Figure 1). Mating of adult
zebrafish was continued until approximately 200
embryos were obtained for each student group in
lab section. For our class of 120 students, no more
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than four lab groups were in a session at any one time, so 800 embryos were needed.

Table 1. Recipes used in zebrafish Mendelian genetics laboratory exercise

Reagent Recipe

50x Danieau bufferteck 2.9 M NaCl
35 mM KCI
20 mM MgSQ

30 mM Ca(NQ);
250 mM HEPES
pH 7.6

100x kphenyt2-thiourea (PTU) stock

120 mg PTU in 40 mls 0.3x Danieau buffer (20 mM)
Freeze in 5 ml aliquots

0.3x Danieau buffer

3 mls 50x Danieau buffer
497 mls HO

0.3x Danieauuffer with 1x PTU

3 mls 50x Danieau buffer
5 mis 100x PTU stock
492 mis HO

4% Paraformaldehyde (PFA)

0.4 g PFA
1 ml 10x Phosphate Buffered Saline (PBS)
9 mls HO

PBT wash

5 mls 10x PBS
50 ul Tween 20
45 mls HO

Figure 1. Clutch of 72 hpf embryegth approximately 25% treated with PTU. A ratio of approximately 3:1-wild
type:nonpigmented embryos is used to simulate a monohybrid cross betweetypéldnd albino zebrafish.

At 24 hpf, dead embryos were removed

washed three times for 5 minutes each in PBT at

from Petri dishes to maintaincéean environment for room temperature (Table 1). Embryos were sorted
surviving specimens. This removal of dead embryos into an approximate 3:1 phenotypidicaof wild-

is common in the zebrafish field. Mortality in type:nonpigmented and stored at 4°C in glass vials.
zebrafish embryos is variable depending upon egg To accurately simulate a natural mating, the ratio was
and sperm quality. PTU did not affect mortality. At not exactly 3:1. Immediately before the laboratory

72 hpf, embryos were transferreda glass vial and procedure began, embryos were transferred to

fixed in 4% paraformaldehyde in phosphate buffered covered 60 mm Petri dishes containfPigT
saline (PBS) overnight at 4°C. Embryos were then
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Laboratory Procedure

The first exercise in the laboratory (not
shown here) introduced the terminology of dominant
and recessive alleles using the Genetics of Corn kit
from Carolina Biological mentioned above. In brief,
students examined purple apellow corn kernels
and counted to find an approximately 3:1 phenotypic
ratio of purple:yellow corn kernels. Students were
asked if their observed values were near expected
values, and introduced to the EBjjuare test for
Goodnes®f-Fit. Students theproceeded to the
zebrafish exercise described below.

The zebrafish exercise began with students
observing a wiletype adult fish. Then, using a
stereomicroscope, students were asked to observe a
preserved wiledype zebrafish embryo. Both of these
observéions allowed us to introduce students to the
zebrafish model organism, use of a stereomicroscope,
and basic embryo anatomy (head, eye, tail, yolk sac).
After this familiarization was complete, students used
the stereomicroscope to count approximately 200
embryos (in one Petri dish) for witype and non
pigmented phenotypes. Results were then analyzed
by the ChiSquare test for Goodnes§Fit. The
laboratory exercise lasts 3@ minutes. Students
then proceeded to dihybrid crosses using the Genetics
of Corn kit mentioned above.

For the purposes of the assignment,-non
pigmented embryos were called albino. Instructors
may or may not choose to communicate the melanin
inhibition to students. If the instructor does not, he or
she should make sure to indie that these fish are
phenotypically albino but not genetically albino. A
Chi-Square table was provided with the exercise.

Student Assignment

1. You have tested one of
plant. Does his Principle of Segregation also apply to
animals? You will test this question using pigmented
and albino zebrafish. Obtain a live zebrafish adult,
representing the;eneration of a cross between a
true-breeding pigmented fish and a tioeeding

albino fish. Which phenotype is dominant?

2. Draw a Punnett square showing the cross of a true
breeding pigmented fish (AA) with a trireeding
albino fish (aa). What genotype does thdish

have?

3. Draw a Punnett square showing a cross between
two F, fish. What are the expected genotypesl(a
ratios)? What are the expected phenotypes (and
ratios)?

4. Obtain 3day old preserved zebrafish embryos
from your instructor. The Petri dish contains a clutch
of embryos, all siblings. Observe the embryos. Can
you see the eye? The heart? Retbedembryo
pigment phenotype counts in Table 2 under the
Afobservedo col umn.

5. Calculate the expected number for each phenotype
based on the ratio in part 3. For example if you
expected a ratio of 8 pigmented:1 albino and counted
180 embryos, you wouldxpect (8/9)*180 embryos

to be pigmented (160 embryos) and (1/9)*180
embryos to be albino (20 embryos). Record the
expected numbers in Table 2 and complete the Chi
Square calculation.

Table2. ChiSquare calculation of,zebrafish pigmentation phengigs

observed expected observedexpected (observedexpected} (observedexpected§
/expected /expected calculated
Pigmented
Albino
Sum

6. State your null hypothesis before checking yeur p
value.

7. Check the Chsquare table forqur pvalue and
interpret your results. Write a well developed
paragraph that addresses the following: What are
you testing (what was your expected phenotypic ratio
and why)? What is the observed phenotype ratio? Is

it near your expected? Do you accepteject your
hypothesis? Why or why not? Explain your
reasoning.

Laboratory Evaluation

Approximately 85% of students either
thought the laboratory exercise was fine or liked it a
great deal (Figure 2). Students felt that both
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zebrafish and corn we equally effective in four
areas assayed (Figure 3), but enjoyed the zebrafish
portion of the exercise more than the corn portion
(Figure 4). Only 11% of students had used a
vertebrate in a high school genetics lab exercise. A
freeform question askedhat students liked best and
least about the complete laboratory exercise, which
included corn and zebrafish exercises. The highest
percentage #fdliked besto
(40.5%), while 14.4% liked corn the best. In
contrast, 7.6% liked zebrafisbdst, while 8.7% liked
corn | east. The
| e a s tfaym dnswerevas the Chi Square test at
29.3%.

hi ghest

% students

an

N .
0 . .

Did not Like

o i ked
Liked Great Deal Fine

Figure 2. Assessment of student enjoyment of the

complete laboratory exercise, including both

zebrafish and corn portiondMost students liked the

lab a great deal or thought the lab exercise were fine.

60

50

40 A

30 A

% students

20

10 A

Reinforcing Providing
Genetic Hands-On Genetic
Concepts Learning Variation

Figure 3. Assessment of laboratory exercise effectiveness, as reported by students.

zebrafish laboratory exercises as equally effective.

m Zebrafish - Ineffective
B Corn - Ineffective
m Zebrafish - Moderately Effective
m Corn - Moderately Effective
m Zebrafish - Effective
Corn - Effective

Demonstrating Practicing Chi

Square

Students rated the corn and
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microscope. Zebrafish embryos have readily
identifiable organs, such as the eye and heart, which
students were able to identify once they engagde wi
the provided materials. The use of zebrafish embryos
in introductory biology courses has become more
widespread (D'Costa and Shepherd, 2009). Another
common problem was unfamiliarity with the Chi
Square Goodness of Fit test, the least liked portion on
the qualitative portion of the survey. Students did
perform the test once before (a monohybrid corn
cross used immediately before the zebrafish
exercise), and the exercise discussed here increases
familiarity with the test by repetition. Students go on

Figure 4. Assessment of student enjoyment of the to perform the test on sdixked Drosophilacrosses
zebrafish and corn portions of the laboratory to find other genotypic ratios and to discover parental
exercise. Students rated the zebrafish exercise as genotypes the following week. By repetition and
fihigh enjoymentd near |y t WBIHGIONMOSt sidents argable to grasp theChip
exercise. Square test by the end of the two weeks oiegie

laboratory exercises.
Active learning exercises such as
laboratories are important in introductory biology

Discussion c |
courses (Smitlet al, 2005). Laboratory exercises

For many students, Mendeligenetic are almost_ alwgy_s acti\_/g Iearn_iryg exp_eriences and are
principles, when combined with GBiquare important in building critical thlkn_ng skills. T_hese A
calculations, are daunting. While the oftesed corn skills are desired in Bloomos
laboratory exercise provides an invaluable method thinking and can help students perform better on
for introducing monohybrid and dihybrid crosses, our ~ €xams (Chaplin, 2007). In addition, the exercise
college wants to stimulate student interesyémetics described here integrates mathematics and statistics
by using an animal model. Many of our prospective into _the biology classroom, whidh often deswable
undergraduate biology majors are interested in (White and Carpenter, 2008). Asking questions and
careers in human or veterinary medicine. Introducing ~ USing statistical tests begins the important process of
zebrafish as a model system at this level engages incorporating inquiry and research into the
those students. In addition, this encoumtith curriculum. _ _
embryos is often the first for many students. In conclusion, our college has implemented
Reigniting the spark of curiosity in students is a a zebrafish laboratory ex@se to complement a well
primary concern for educators. estab!lsheq corn genetics Iaborgtory. This Iaboratqry

Students participating in the laboratory exercise S|m.ulates a monohybrld cross betw_een wild
exercise were excited about using an animal model. type and albino zebrafish using PTU to inhibit
We found that 89% of ourstients had not worked melanin synthesis. Because the cross is simulated,
with a vertebrate animal model in a genetics this exercise can be dofa low cost (only the cost
laboratory setting during high school. In the of PTU) compared with maintaining an albino line of

qualitative portion of the survey, one student enjoyed ~ Z€brafish. Students enjoyed the handsaspect of
learning about Mendelian concepts in animals rather ~ WOrking with a vertebrate in a genetics laboratory.
than plants. Another indicated ttrebrafish were Finally, the preserved embryos can be used over
the primary reason that the lab held his or her multiple laboratory setions and for many years.
attention. Students did not rank the zebrafish as more

effective than the corn examples provided during the ~ Acknowledgments
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