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SPRING MORELS AND FALSE MORELS
OF MIDCONTINENTAL U.S.
Donald M. Huffman1 and Lois H. Tiffany2
1

Biology Department,
Central College
Pella, IA 50219,
Email: huffmand@central.edu

2

Botany Department
Iowa State University
Ames, IA 50010
Email: tiffanyl@isu.edu

ABSTRACT: The sponge mushrooms (morels and false morels) are among the early spring
arrivals throughout most of the Northern Hemisphere. Most college and university biology
teachers in the mid-continent and adjacent regions are familiar with these fungi, but without
mycological training are unable to identify most of them with any degree of confidence. Some of
these species are choice edibles; whereas, others possess different degrees of toxicity. Thirteen of
the more common species of these sponge mushrooms are described and discussed. These fungi
are recommended to undergraduate biology teachers for use as an introduction to taxonomic keys
and the traditional and modern concepts of species. Photographs illustrate the distinctions
between edible and toxic mushrooms. A taxonomic key and descriptions of the species are
provided.
KEYWORDS: fungi, morel, false morel, mushrooms, taxonomic key, toxic

INTRODUCTION
Many of us know and have collected morels and
related fungi for instructional and/or culinary use, but
few of us feel confident about species distinctions,
edibility, and distribution of many of these “sponge
mushrooms.” Even though morels can now be grown
from spawn and commercial morels are available on
the market, those of us who consider ourselves
“shroomers” continue our forays in search of the
harbingers of spring considered by many to be choice
edible fungi. To be able to identity these fungi, it is
necessary to have some basic information to avoid the
poisoning associated with some of the false morels.
Morels frequently occur in a variety of habitats,
many of these following disturbances such as road cuts,
excavations, deer trails, orchards, sand bars of rivers
and burned over areas. Many persons report an
increased frequency of Morchella esculenta in the
vicinity of elm trees destroyed by fire or disease. In
the Northwest mountains, forest fires are commonly
followed by massive fruiting of M. elata. The authors
have collected morels from coal mine spoil banks,
lawns, compost piles, wooded paths, and bike and
hiking trails. Our vote for the most unusual habitat
includes the floor of a storage shed and a wet carpet in
an unfinished basement. Certainly the most common

habitats are in deciduous and mixed woods and forest
plantations.
Reports abound of phenological associations with
morel and false morel fruiting. Many of us have heard
the conventional wisdom that morel season occurs
when white oak leaves are the size of a squirrel’s ear,
or when mayapple or spring beauty flower. As
expected, seasonality of morels varies in different
geographic areas. The season begins in late February
in the southern part of the Mid-continent, from about
late March to mid-June in the Midwest, and later in the
summer in higher elevations and the northern tier of
states.
Phenological factors are important but obviously
associated with other factors such as soil type, slope
orientation, etc. Now that the regime used to cultivate
morels is known, it is evident that a most important
factor is the formation of sclerotia from mycelia.
Sclerotial formation is mandatory for the initiation of
the fruiting process in the field and in laboratory
culture. The precise factors underlying sclerotial
formation are only partially understood (Volk, 1991).
It has been suggested that morel mycelia are
established as a secondary mycorrhizal partner with
other mycorrhizal fungi on tree roots.
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There are several field guides and publications
listed in the references, which provide general
information about species distribution. Most do not
provide comprehensive prevalence and specific
distribution information. The 10-year survey of morels
and false morels in Iowa (Tiffany et. al, 1998) is one of
the more useful and dependable sources of species
description, seasonal occurrence, and habitat of the
common sponge mushrooms; it also includes
identifying photographs. We have developed the
present taxonomic key using field characteristics as a
dependable means of species determination. We have
included only 13 species of sponge mushroom, but
these are the most frequently encountered ones in the
ACUBE regional habitats. We have omitted some
species that are fall season species because these are
not usually confused with morels and false morels
encountered in the spring season.

All species of true morels are in the genus
Morchella and are characterized by a head (or cap)
with pits completely surrounded by distinct ridges
supported by a hollow stalk. The head is attached
along its whole length or just at its upper portion to the
stalk (fig. 1). False morels in the genera Gyromitra,
Helvella, and Verpa have a variably wrinkled,
undulated to saddle-shaped head, which lacks well
defined pits with distinct surrounding ridges. The
stalks of false morels are not hollow, but are stuffed
with cottony or solid tissue (fig. 2). The heads of false
morels in the genus Verpa are attached only at the tip
of the stalk (fig. 2a). This distinguishing feature is
easily determined by cutting the fruiting body
longitudinally. Heads of the false morels of the genus
Gyromitra are lobed, wrinkled or saddle-shaped (fig.
2b).

Figure 1. External and internal structure of true morels of the genus Morcella.
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Figure 2. False Morels. 2a (on left) illustrates the genus Verpa. Note the stalk is not hollow and the cap is
attached only at the tip of the stalk. 2b (on right) illustrates the genus Gyromitra. Note the head is lobed, wrinkled
or saddle-shaped.

KEY TO THE SPONGE MUSHROOMS
1a.
1b.
2a.
2b.
3a.
3b.
4a.
4b.
5a.
5b.
6a.
6b.
7a.
7b.
8a.
8b.

Head or cap characterized by pits completely surrounded by distinct ridges
supported by a hollow stalk (fig. 1)
Head not possessing distinct pores but possessing wrinkles and stalk is filled with
cottony or solid tissue (fig. 2)
Head of the fruiting body attached about half way up in the interior of a short,
conical cap (fig. 3)
Elongated head attached directly to the stalk
Pits radially oriented on a brown to black head
Yellow to light brown pits arranged in an irregular pattern on the head
Spindle-shaped, thin, gray to black head less than one inch wide at the base with
white to gray pits (fig. 4)
Tapering head with a 2 to 3 inch base, brown to black and 2-4 inches long (fig. 5)
Head cylindric to conic, 2-3 cm long and 1-2 cm wide with cream-white ridges
surrounding brownish pits (fig. 6)
Head larger than 3 cm long and 2 cm wide, ridges and pits both yellow-brown
Head 3-9 cm long and 2-5 cm wide, grayish to yellow brown with the ridges lighter
than the pits (fig. 7)
Head 5-18 cm long, 2-8 cm wide, ridges and pits yellow-brown with the pits
producing a sponge-like appearance, stalk is 6-13 com long and 3-6 cm wide pale
to cream with reddish stains at the base (fig. 8)
Head bell-shaped, smooth or with shallow ridge-furrow system, stalk attached at
very tip of cap, interior of stalk loosely packed with cottony material
Head lobed, wrinkled or saddle-shaped
Head bell-shaped, 2 cm long and 1-3 cm wide, short in relation to stalk and
attached only at tip, brown in color (fig. 9)
Head conical to bell-shaped, 2-5 cm long and 2-4 cm wide, with longitudinal
ridges, pits tan-brown with darker ridges, stalk 6-12 cm long and 1-2.5 cm wide
attached to the interior tip of head (fig. 10)
Morels and False Morels
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7
Morchella semilibera
3
4
5
Morchella angusticeps
Morchella elata
Morchella deliciosa
6
Morchella esculenta
Morchella crassipes
8
9
Verpa conica
Verpa bohemica
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9a.
9b.
10a.
10b.
11a .
11b.
12a.
12b.

Head wrinkled and lobed, brain-like in structure, tan to dark reddish-brown, turning
dark brown or red in old age.
Head wrinkled and irregularly; lobed, chocolate brown to red-brown
Head 4-15 cm wide, deeply wrinkled yellow-brown to tan and dark reddish brown
in old age, stalk 5-10 cm long and about the same width (fig. 11)
Head less deeply wrinkled, often rounded and convoluted, red-brown at all ages
(fig. 12)
Head saddle-shaped, sometimes with additional lobes, creamy to dark red-brown
Head 3-11 cm broad, irregularly round lobes, usually reddish brown but yellowbrown in some forms (fig. 13)
Head 7.5-15 cm broad irregularly lobed to saddle shaped, reddish to dark brown
(fig. 14)
Head distinctly saddle-shaped, 0.5 cm long and 3 cm wide, attached to end of stalk,
white to medium gray (fig. 15)

SPECIES DESCRIPTIONS
Morchella semilibera. (fig. 3). Common name,
Half-Free Morel or Snake’s Head. Head is 2-4
cm long, 1.5-3 cm wide, bell shaped or conic,
yellowish when young to brownish or olive
brown at maturity. It is free from the stalk for
about half its length; its pits are longer than
broad reaching a diameter of 4-10mm with its
ridges well developed. Stalk is 6-15 cm long and
2-3 cm wide somewhat enlarged at the base,
white to yellow, often irregular and granulose to
mealy and hollow. Asci are 250 x 20-25 um and
cylindrical and contain 8 elliptical ascospores
24-34 x 15-21 um, hyaline to lightly colored
which produce a light yellow spore print. Not a
favorite of some people but it is edible. Some
people have gastrointestinal disturbances after
eating this morel, but this can be said for most
morels.
Morchella angusticeps. (fig. 4). Common
name, Black Morel. Head is 2-9 cm long, 1.5-5
cm wide, narrowly conic to broader conic in age,
spongy, its pits are elongate and brownish gray
to grayish black with its ridges dark brown to
black. Stalk is 1.5-6 cm long and 0.5-3 cm wide,
whitish to creamy to pinkish tan and mealy on
the surface and hollow. Asci are 200-300 x 1622 um and contain 8 elliptical ascospores 21-24
x 12-14 um which produce a cream spore print.
Considered edible and choice by some, but mild
poisonings have been reported.
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10
11
Gyromitra gigas
Gyromitra caroliniana
12
Gyromitra esculenta
Gyromitra fastigiata
Helvella elastica

Morchella elata. (fig. 5).
Common name,
Black Morel. Head is 5-10 cm long, 2-5 cm
wide, ovoid to conical and even sharply conical
in mature specimens and dark brown to black
with vertical, elongate pits. The stalk is 4-10 cm
long and 1.5-5 cm wide, often swollen at the
base, white to yellowish, roughly granular on the
surface and hollow. Asci are 200-300 x 15-22
um and contain 8 elliptical ascospores 24-28 x
12-14 um which produce a cream spore sprint.
Considered edible, but there are reports of
gastrointestinal upset when eaten in quantity.

Morchella deliciosa (fig. 6). Common name,
Gray Morel or White Morel. Head is 2-3 cm
long, 1.0-2 cm wide, cylindrical to conic with a
blunt apex; its pits are elongate and grayish to
black within with the ridges regularly
anastomising and whitish to gray. The stalk is 24 cm long and 1-2 cm wide, color whitish to
cream and hollow. Asci are 200 x 12-15 um and
contain 8 cylindrical, hyaline ascospores 20-24 x
10-12 um, which produce a light yellow spore
print; paraphyses are numerous, lightly colored
and enlarged at the apex. Considered a choice
edible. Some think it is merely an early form of
M. esculenta.

Morchella esculenta (fig. 7). Common name,
Sponge Mushroom or Yellow Morel. Head is
3-9 cm long, 2-5 cm wide, subglobose to
elongate; its pits are irregularly arranged to
radially elongate and grayish to yellow brown
with the ridges paler. Stalk is 4-6 cm long and
1.5-3 cm wide usually not more than 2/3 that of
the head; it is slightly larger at the base,
longitudinally depressed in places, dry to
granulose on the surface, cream to white and
hollow.
Asci are 220-230 x 18-22 um,
cylindrical and operculate and contain 8 smooth,
elliptical, hyaline ascospores 20-25 x 12-16 um,
which produce a light yellow spore print;
paraphyses are numerous, faintly colored and
enlarged above. The most common of the edible
and choice morels; some have had
gastrointestinal upset from this species.
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Morchella crassipes (fig. 8). Common name,
Thick-Footed Morel or Bigfoot. Head is 5-18
cm long, 4-8 cm wide, subconical; its pits are
somewhat rounded to irregularly elongate,
grayish becoming tan with age with the ridges
pallid to cream or darker with age. Stalk is 6-13
cm long and 3-6 cm wide, massive and often
columnar to folded at the base, pale to cream
with reddish stains at the base with age and
hollow.
Asci are 225-235 x 18-22 um,
cylindrical containing 8 elliptical ascospores 2022 x 12-14 um which produce a cream spore
print. Individual fruiting bodies of this sponge
mushroom have been reported in excess of 4
pounds. It is edible and choice, but like the other
morels there have been reports of gastrointestinal
upset.

Verpa conica (fig. 9). Common name, Thimble
Cap. Head is 2 cm long, 1-3 cm wide,
subconical to bell shaped, brown with white
underneath, smooth or with faint furrows near
the margin and attached only at the interior top
of the head. Stalk is 5-11 cm long and 1-1.5 cm
wide tapering upward, smooth to granular
exterior, white to cream and loosely stuffed
becoming hollow with age. Asci are 350 x 23
um, cylindrical containing 8 elliptical, smooth,
hyaline ascospores 20-26 x 12-15 um, which
produce a light yellow spore print; paraphyses
are numerous and gradually clavate. Edibility
unknown, but may be toxic.

Verpa bohemica (fig. 10). Common name,
Early Morel. Head is 2-5 cm long, 2-4 cm
wide, conical to bell shaped, folded into
longitudinal ridges that anastomose frequently,
yellow-brown to brown or darker and attached
only at the interior top of head. Stalk is 6-12 cm
long and 1-2.5 cm wide, tapering upward,
smooth to wrinkled exterior, white to cream and
loosely stuffed becoming hollow with age. Asci
are 250-350 x 25-27 um, containing 8 elliptical,
smooth, hyaline to yellowish ascospores 60-80 x
15-18 um, which produce a yellow spore print;
paraphyses are numerous and enlarged to 7- 8
um in diameter at apex. Some people eat this
species, but it may cause gastrointestinal upset
and lack or coordination if eaten in quantity. We
cannot recommend it.
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Gyromitra gigas (fig. 11). Common name,
Snowbank Fungus or Snowbank False Morel.
Head is 4-15 cm in diameter, convoluted and
almost brain-like on the surface, yellow brown to
tan becoming dark reddish brown with age.
Stalk is 5-10 cm long and about the same width,
surface whitish, ribbed or wrinkled with the
interior multichanneled or folded. Asci about
250 x 24-26 um cylindrical containing 8
elliptical, smooth to finely warted ascospores
with short projections at each end. We cannot
recommend this as an edible fungus.

Gyromitra caroliniana (fig. 12).
Common
name, Big Red. Head is 10-20 cm broad, 5-25
cm high, deeply wrinkled and convoluted to
rounded, and light reddish brown to darker
brown with age. Stalk is 8-10 cm long and 3-5
cm wide, furrowed, enlarged at the base and
white to cream. Asci are 25-30 x 12-14 um
containing 8 elliptical, hyaline finely warted
ascospores 25 x 13 um with one to several short
apiculi at the ends and containing at least 2 large
oil drops produce a light yellow spore print;
paraphyses are numerous, and pigmented. There
are common in southern states, in southern Iowa
and upper Midwest. They are widely eaten, but
some specimens have moderate levels of the
toxic compound Monomethylhydrazine (MMH),
which makes it somewhat risky to consider this
species as edible.
Gyromitra esculenta (fig. 13). Common name,
False Morel. Head 3-11 cm across, convoluted,
lobed, irregularly rounded, and reddish brown or
darker, yellow brown in some forms. Stalk 2-3
long and 1.5-4 cm in diameter, equal in diameter
or expanded at base, smooth or faintly grooved,
pale pinkish-white and stuffed becoming hollow
in chambers when mature. Asci about 250 x 25
um, cylindrical containing 8 ellipsoid, smooth
ascospores 18-22 x 9-13 um containing 2 or
more oil drops and producing a yellow-tan spore
print. Contains large amounts of MMH; they are
considered toxic and even deadly poisonous by
some individuals.
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Gyromitra fastigiata (fig. 14). Common name,
Beefsteak False Morel or Rooster’s Comb.
Head is 5-12 cm broad and high, irregularly
lobed to vaguely saddle-shaped, and reddish to
dark brown becoming darker with age. Stalk is
6-9 cm long and 2-5 cm wide, slightly enlarged
at the base, white, ribbed or fluted, sometimes
with anatomizing ridges and usually loosely
stuffed. Asci are about 250 x 25 um containing
8 elliptical ascospores 28-30 x 12-15 um with
sculptured wall with fine warts or faint
reticulations, containing two to three large oil
drops at maturity and producing a light yellow
spore print; paraphyses are numerous,
pigmented, and enlarged at the apex. This
species has been interpreted as Gyromitra
brunnea in its American form. It probably
occurs only east of the Rocky Mountains. This
species while eaten by some individuals may
cause very severe gastrointestinal upset in other.
It contains the toxic compound MMH; a known
carcinogen when eaten over a number of years.
Helvella elastica (fig. 15). Common name,
Saddle Fungus or Gray Saddle. Head is
distinctly saddle-shaped, 0.5-5 cm long and 3 cm
wide, 2-3 lobed, centrally attached to the stalk,
whitish to medium gray or gray tan and drying
darker with age. Stalk is 5-10 cm long and 3-10
mm wide, cylindrical, smooth and white to
yellowish.
Asci are about 220 x 22 um
containing 8 elliptical, smooth, hyaline
ascospores 18-20 x 10-13 um each containing
one large oil drop; paraphyses are numerous, and
clavate to occasionally branched.
Edibility
unknown.
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If you wish to contribute to the John Carlock Award fund, please send check to: Dr. Pres Martin,
Executive Secretary, ACUBE, Department of Biology, Hamline University, 1536 Hewitt Ave., St. Paul,
MN 55104.
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A Project-Based Approach to Teaching Complex
Population Genetics to Undergraduates.
Richard M. Kliman
Department of Biological Sciences
Kean University
1000 Morris Avenue
Union, NJ 07083
e-mail: rkliman@kean.edu
ABSTRACT: In today's cramped undergraduate biology curriculum, adequate coverage of
population genetics is difficult. Yet, this field is becoming increasingly important in areas as
diverse as anthropology and medical genetics. Educators also face the challenge of teaching
students to develop and test hypotheses, and to understand stochastic processes. I describe an
approach to teaching population genetics that allows students to gain an appreciation for the
breadth of the field, while also developing and testing specific hypotheses. The keys to the
approach are a computer simulation (available by download), group exercises, and individual
projects followed by class presentations.
KEYWORDS: Population genetics, evolution, computer simulation, hypothesis testing.

INTRODUCTION.
As the emphasis in undergraduate general
genetics courses shifts increasingly from classical
genetics to molecular genetics, adequate coverage of
population genetics becomes more difficult. This is
unfortunate, because (i) a proper understanding of
microevolutionary
processes
requires
some
understanding of population genetics beyond HardyWeinberg equilibrium; (ii) population genetics offers
opportunities to generate and test hypotheses using
quantitative methods; and (iii) population genetics is
one of the few subjects that introduces students to
stochastic processes. Also, with the arrival of the
"post-genome" era, population genetics methods are
increasingly important in medical genetics research
(Reich et al., 2001).
Misunderstanding of population genetics is
widespread, and part of the problem can be attributed
to a lack of appreciation of stochastic processes. For
example, highly publicized work by Vigilant and coworkers (1991) indicated that extant human
mitochondria arose from a common ancestor living
about 200,000 years ago. However, the coupled
processes of recombination and meiosis generate
stochastic variance in gene histories. The time back to
the most recent common ancestor (MRCA; see Box 1
for this and other abbreviations/symbols used in this
paper) of the autosomal PDHA gene seems to be an
order of magnitude greater (Harris and Hey, 1999).
These findings are perfectly compatible. While gene
histories are influenced by population histories, the

time to the MRCA of a given gene clearly does not tell
us when a population or species arose.
Box 1. Important abbreviations and symbols used in
this paper.
MRCA: Most Recent Common Ancestor.
N: Population size.
Ne: Effective population size.
f:
Ploidy.
µ: mutation rate.
s:
selection coefficient.
Consider, also, two ways in which a
misunderstanding of population genetics affects our
understanding of medical genetics. First, nonrandom
associations (i.e., linkage disequilibrium) between
alleles of different genetic loci are often used to map
“disease” genes. However, linkage disequilibrium
arises for reasons other than physical linkage, including
nonrandom mating and natural selection on
epistatically
interacting
genes,
and
proper
interpretation of association studies must take this into
consideration (Nordborg and Tavaré, 2002). Second,
while the persistence of disease-causing alleles is often
attributed to stabilizing selection (e.g., on β-globin for
malaria resistance), some form of selection-mutation
balance may be a better explanation in certain cases.
This is particularly reasonable when selection is weak
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and mutations can occur in many locations along the
relevant gene(s).
MORE
ON
STOCHASTIC
PROCESSES:
GENETIC DRIFT AND COALESCENCE
In
addition
to
addressing
common
misconceptions, teaching population genetics provides
the opportunity to reinforce other skills important for
biology majors: applied mathematics and appreciation
for stochastic processes. The classic example is
genetic drift. Consider a population in which the A
allele is at a frequency of 0.6. If the population is
closed and of finite size, and if all other HardyWeinberg assumptions are met, then the fixation
probability for the A allele is 0.6. This can be shown
mathematically and by computer simulation.
A
simulation must be run many times to demonstrate this;
the estimate of the probability will approach 0.6, and
the standard error will approach 0.0, as the number of
iterations approaches infinity. The ramifications of this
are two-fold. First, to accurately estimate probabilities,
simulations must be run a sufficient number of times.
A few years back, when doing some Monte Carlo
statistics, I settled on 10,000,000 iterations. No one
questions 10,000,000 iterations.
Second, while
simulation can provide insight into the often broad
distribution of population histories under a given set of
assumptions, the actual history, being analogous to a
single iteration, can not be inferred with much
confidence. In fact, ignoring this point will lead to
overconfidence in the placement in time of an MRCA
(see Templeton, 1993).
A slightly more advanced example of applied
probability involves the fate of a new mutation. There
are three possible scenarios, the one most applicable
determined by the joint influence of natural selection
and population size (Hartl and Clark, 1997; Li, 1997).
• If the mutation is selectively neutral and if all of
the Hardy-Weinberg assumptions (other than
infinite population size) are met, the mutant allele
has a 1/fN chance of being fixed, where N is the
census population size and f is a scaling factor
associated with the effective ploidy of the gene.
[For an autosomal gene, f is 2. For an X-linked
gene, f is somewhere between 1 and 2, depending
on the sex ratio of the population. For a Y-linked
or organellar gene, f is between 0 and 1.] If the
gene is autosomal, the probability of fixation
assuming selective neutrality is 1/2N; it will
usually be lost to genetic drift.
• If the mutation is deleterious, its probability of
fixation is above 0.0 and no more than 1/2N. This
depends on two parameters: the selection
coefficient, s, and the population size. If selection
is effective, the allele will likely be removed
quickly from the population. If selection is
ineffective (because the product of s and N falls
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below 1.0), the mutation is effectively neutral and
its probability of fixation is 1/2N.
• If the mutation is beneficial, its probability of
fixation is below 1.0 and no less than 1/2N.
Again, this depends on s and N. If s is small and
selection is effective, the probability of fixation is
approximately 2s. At higher values of s, the
probability of fixation drops below 2s,
asymptotically approaching 1.0. If the mutation is
effectively neutral due to the joint values of s and
N, the probability of fixation is 1/2N.
While all of this can be derived mathematically, it is
not reasonable to assume that an undergraduate biology
major will have the requisite background.
Another advanced concept deals with the time to
fixation of a single gene copy. "Coalescence theory"
deals with the time depth of genealogies, particularly
with respect to estimating the number of generations
back to the single gene copy that serves as the MRCA
of all extant gene copies (Hudson, 1990). While the
mathematics of coalescence theory are often beyond
undergraduates, predictions based on the theory can be
confirmed by means of computer simulation.
Similarly, we can assess how certain factors influence
effective population size (Ne) and, by extension, the
time to fixation of gene copies in a population. The
results are often counterintuitive, all the more reason to
encourage students to investigate this area.
We are starting to consider some pretty hairy
issues in population genetics. Still, students can gain
insight into these problems, and we can achieve this
goal with a surprisingly small time investment. Central
to this is (i) the use of a computer simulation developed
specifically for the instructional goals, and (ii) class
presentations of individual research projects.

METHODS.
A. AN EMPIRICAL APPROACH TO COMPLEX
CONCEPTS IN POPULATION GENETICS.
Even if a student has had no prior exposure to
population genetics, it takes little time to explain
Hardy-Weinberg equilibrium. I use a simple gamete
pool approach that gets the point across in about 15-20
minutes.
Following the math, we proceed to a computer
simulation I specifically designed for this laboratory
exercise. EvolGenius can be downloaded along with
an HTML-based manual from http://www.kean.edu/
~rkliman/evolgenius.htm. [EvolGenius is currently
compiled to run in a MS-DOS window, and is not
currently designed to run efficiently on a MacIntosh
computer.]
The students perform three group
exercises: (1) genetic drift; (2) fixation of a new
beneficial mutation; and (3) mutation-selection balance
assuming no dominance. These exercises are described
later. The third exercise requires that students import
the EvolGenius output into a spreadsheet program, thus
ensuring that each student has had the opportunity to
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work with the data in this manner before proceeding
with an independent project.
Over the next several weeks, individual students
(or pairs) choose a more sophisticated project. In
general, I supply several suggestions (see Box 2), but
students are free to come up with their own ideas. One
rule is that no student work on a project too similar to

that of another. The students consult relevant literature
and present their findings in standard format
(introduction, methods, results and discussion) to the
class. Thus, while individual students carry out just
one study, they are exposed to a variety of population
genetics problems through the presentations of their
peers.

Box 2. Some suggested independent projects using EvolGenius.
• Influence of population size on the effectiveness of natural selection. Population genetics theory shows that the
probability of fixation of a beneficial mutation depends on population size (N) and the selection coefficient (s). Selection will
not be effective if the product of N and s is below 1.0. The student should begin with one copy of the beneficial allele (see
Exercise 2 in text). A few different values of N can be chosen (e.g., 20, 50, 100 and 500) and each used with a few different
values of s (e.g., 0.005, 0.01, 0.05 and 0.1). Note that the neutral probability of fixation is 1/2N.
• Mutation-selection balance with complete dominance. The equilibrium deleterious allele frequency for complete
dominance (where the deleterious allele is recessive) is (µ/s)0.5. The student can essentially follow the methods used in Group
Exercise 3 (see text).
• Number of generations needed to achieve equilibrium allele frequencies under selection-mutation balance with no
dominance. This could depend on (a) the starting allele frequency, (b) the equilibrium deleterious allele frequency and (c)
the selection coefficient. Following Exercise 3, the equilibrium deleterious allele frequency can be calculated from µ and s.
For a given initial deleterious allele frequency and a given combination of µ and s, the simulation can be stopped at a set of
arbitrary times (e.g., 25, 50, 75, 100 generations, etc.). Deleterious allele frequency can be plotted against time, providing
some insight into the time required to reach equilibrium. A more objective measure might be the time it takes for 50% of the
iterations to reach equilibrium.
• Influence of selection on one gene on the fixation rate of another gene (2 different projects). 1. For a given selection
coefficient for gene A, how does the fixation rate of gene B respond to changing linkage map distance? 2. For a given linkage
map distance, how does fixation rate of gene B respond to changing the selection coefficient on gene A? The problem can be
addressed in a few different ways, depending on whether or not mutation is allowed. If mutation is allowed, the problem can
be simplified slightly by starting at the expected equilibrium allele frequencies of the gene subject to selection. Regardless,
the deleterious allele (e.g., a) should be present at fairly high frequency at the start of the simulation. Note that for a given
value of N, the average Beta gene copy fixation time is expected to be 4N. Thus, the effective population size of the Beta
gene can be estimated from the average fixation time (i.e., fixation time divided by four). The results of this exercise can be
counterintuitive. For example, weaker selection will allow deleterious alleles to reach a higher frequency; this decreases the
number of individuals lacking the deleterious allele and, by extension, effective population size. For this reason, the fixation
time of Beta gene copies may be shorter when selection on Alpha is weaker, but still effective.
• Evolutionary advantage of sexual reproduction. In the absence of recombination, novel genotypes can arise only by
mutation. In the presence of recombination, novel genotypes can arise without new mutation. Start with a population 50%
AAbb and 50% aaBB. Relative fitnesses can be set such that, for a given value of s, relative fitness is 1.0 minus s times the
number of lower-case alleles. Thus, the AABB genotype, which is not present at the start, confers maximum fitness. In one
set of simulations, mutation rates can be set to zero and recombination rates can vary (e.g., from 0.001 to 0.01). In another set
of simulations, recombination rates can be set to zero and mutations rates varied (perhaps using the same set of values). It
should be noted that, for a given value, mutation often "beats" selection; that is, the time to fixation of the AABB genotype
takes less time with mutation. However, it should also be noted that a mutation rate of 0.001 mutations/gene/generation is
several orders of magnitude higher than occurs in nature, while a corresponding recombination map distance of 0.001 (0.1
cM) is quite low. For most randomly chosen genes, the recombination map distance will be 50 cM, since it is unlikely that
the genes are syntenic. With this in mind, it is easy to show that adaptive evolution is facilitated better by recombination than
by recurrent mutation.
• What is the probability that an individual is the MRCA for gene B if it carries a deleterious allele at gene A? Under
strict neutrality, all individuals have an equal chance of being the MRCA for a gene. Obviously, if an individual has a
deleterious allele for that gene, it is less likely to be the MRCA for that gene. However, does this affect its ability to be the
MRCA for another gene? One approach to this problem is to start with a population 50% AABB and 50% aaBB. Thus, the
only haplotypes present at the start are AB and aB, and the expectation from neutrality is that, for i iterations of the
simulation, the MRCA for the Beta gene should be AB i/2 times and aB i/2 times. Relative fitnesses can be set to 1.0 (AABB),
1.0−s (AaBB) and 1.0-2s (aaBB). A range of values for s, each used with recombination map distances of 0.0, 25.0 and 50.0
cM, can be tested. The result of interest is the fraction of times the MRCA of the Beta gene had the aB haplotype.

The point of this exercise is not to make the
students population genetics experts. Rather, the goal
is to teach some basic population genetics and to foster
an appreciation for more complex principles

B. A DESCRIPTION OF THE COMPUTER
SIMULATION.
The program allows the student to run thousands
of iterations of a given simulation in a fairly short
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period of time. [The program, like others, can be set to
show allele and genotype frequencies at fixed intervals,
but this is not its strength.] It tracks the histories of
two autosomal genes, Alpha and Beta, in a diploid,
hermaphroditic population of constant size N; selffertilization is allowed. Thus, for a population of N
individuals, there will be 2N copies of each gene in the
population. Each gene can have one or two distinct
alleles. Each gene copy gets a unique identifier at the
start of the simulation, so the program can track the
fate of each starting gene copy and determine when all
copies of a gene are descended from a single copy that
existed at generation 0. The student sets the number of
individuals with each of the nine possible genotypes up
to a combined total of 1000 individuals. The student
can also set the following:
• The relative fitness of each genotype, ranging
from 0.0 to 1.0.
• The mutation rates/generation of A to a, a to A,
B to b and b to B.
• The linkage map distance between the Alpha
and Beta genes, from 0.0 to 50.0 cM.
• The maximum number of generations that the
simulation will run. Fixation of a neutral gene
copy is expected to take 4N generations on
average, and it is extremely unlikely that the
simulation will ever require 30,000 generations
(the default maximum) to complete, given a
maximum N of 1000. An exception, and the
motivation for a limit, is when the user creates
some form of mutation-selection balance, such
that neither allele of a particular gene is fixed.

• The number of iterations using the same starting
conditions and parameters. The student can run
the same simulation thousands of times, with the
output of each iteration listed sequentially in a
file suitable for import into a spreadsheet
program.
Figure 1 shows the main menu page of EvolGenius.
The program output (see Figure 2 for an example) will
include a list of the parameters at the top of the file. It
will also report the following in table format:
• the iteration number;
• the allele (A or a) of gene Alpha fixed (if any);
• the final frequency of the A allele;
• the number of generations required to fix an
allele of gene Alpha;
• the number of generations required to fix an
ancestral gene copy of gene Alpha, as well as the
following information: the ID number of the
MRCA, the haplotype to which the MRCA was
initially linked (AB, Ab, aB or ab) and the
diploid genotype in which it was initially found;
and
• the analogous data for gene Beta.
Means and standard deviations are given for the
fixation times. The program also reports the number of
times that a given allele is fixed. While some of this
output is usually unnecessary, there are a few
conceivable exercises when the data would be required.
The program keeps track of the information regardless,
so there is no point in discarding it.

Figure 1. Main menu of EvolGenius.
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OUTPUT FILE: c:\temp\demo02.evg
RANDOM NUMBER SEED: 965
POPULATION:
Total: 100
Frequency
FITNESS:

AABB
24

AABb
1

AAbb
0

AaBB
50

AaBb
0

Aabb
0

aaBB
25

aaBb
0

aabb
0

0.2400 0.0100 0.0000 0.5000 0.0000 0.0000 0.2500 0.0000 0.0000
0.9000 0.9500 1.0000 0.9000 0.9500 1.0000 0.9000 0.9500 1.0000

MUTATION RATES:
A to a: 0.00000
a to A: 0.00000
B to b: 0.00000
b to B: 0.00000
LINKAGE BETWEEN A & B GENES: 50.000 cM
MAXIMUM NUMBER OF GENERATIONS PER ITERATION: 30000
.....
.....
.....
.....
.....
.....
Iteration
----0001
0002
0003
0004
0005
0006
0007
0008
0009
0010

......
......
......
Allele
of....
Gene..
Alpha.
fixed.
-----A
a
a
a
a
a
A
a
A
a

NUMBER
MEAN
STD. DEV.

......
......
......
Gens..
to.fix
Gene..
Alpha.
Allele
-----54
329
94
223
439
677
43
258
167
89

......
......
......
......
......
......
Final.
f(A)..
-----1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
1.0000
0.0000

......
......
ID#.of
Gene..
Alpha.
copy..
fixed.
(MRCA)
-----49
183
131
91
111
89
11
170
42
81

10
237.3
200.5

......
......
......
Gens..
to.fix
Gene..
Alpha.
copy..
-----146
329
156
501
439
677
202
258
336
269

Haplotype..
from..
which.
fixed.
Alpha.
copy..
arose.
-----Ab
aB
aB
aB
aB
aB
AB
aB
AB
aB

Genotype.
from.
which
fixed
Alpha
copy.
arose
----AABB
aaBB
AaBB
AaBB
AaBB
AaBB
AABB
aaBB
AABB
AaBB

10
331.3
167.0

......
......
......
Allele
of....
Gene..
Beta..
fixed.
-----b
B
B
B
B
B
B
B
B
B

......
......
......
Gens..
to fix
Gene..
Beta..
Allele
-----152
1
1
1
6
6
7
1
5
2
10
18.2
47.1

......
......
......
......
......
......
Final.
f(B)..
-----0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

......
......
ID#.of
Gene..
Beta..
copy..
fixed.
(MRCA)
-----49
58
174
186
183
48
72
52
56
184

......
......
......
Gens..
to fix
Gene..
Beta..
copy..
-----152
493
176
381
242
224
371
636
292
845

Haplotype..
from..
which.
fixed.
Beta..
copy..
arose.
-----Ab
AB
aB
aB
aB
AB
AB
AB
AB
aB

Genotype.
from.
which
fixed
Beta.
copy.
arose
----AABB
AaBB
aaBB
aaBB
aaBB
AABB
AaBB
AABb
AaBB
aaBB

10
381.2
220.9

A allele fixed 3 times.
a allele fixed 7 times.
Neither allele fixed 0 times.
B allele fixed 9 times.
b allele fixed 1 times.
Neither allele fixed 0 times.

Figure 2. Sample EvolGenius output file.
C. GROUP EXERCISES FOR WEEK ONE.
Following derivation of Hardy-Weinberg
equilibrium, each student participates in three group
"experiments," one of which requires that the
EvolGenius output be exported to a spreadsheet
program for further analysis. To be efficient, I provide
a handout listing the values that each student will enter
in the program.
1. Genetic drift using a constant N neutral model
with no mutation.
Students estimate the probability that an allele
will be fixed as a function of its initial frequency. The
only exception to the assumptions of Hardy-Weinberg
equilibrium is finite population size.
Selective
neutrality is obtained by setting the relative fitnesses of
all nine genotypes to 1.0 (the default). Mutation rates
are also left at 0.0; if this were not the case, allele
fixation probabilities would also be a function of

mutation rates. Linkage map distance is set to 50 cM;
that is, the Alpha and Beta genes are independently
assorting. The number of iterations is set arbitrarily
high (e.g., 200) to allow for the calculation of standard
deviations and standard errors of fixation times. While
N is the same for each student (100 in this case), the
genotype frequencies differ (see Table 1). Note that
the allele frequencies for students 1 through 5 differ.
The initial allele frequencies for student 3 and students
6-9 are the same (50% each allele), but arranged into
different initial genotype frequencies. This exercise
shows students that, under this neutral model, (a) the
probability of an allele's fixation is its initial frequency
and (b) it doesn't matter how the alleles are initially
apportioned into genotypes. Of course, the estimates
of the probabilities are not likely to be perfect. This is
an additional take-home message from the exercise:
computer simulations give estimates, not precise
values.

Teaching Population Genetics

Bioscene 17

Table 1. Genotypes for Exercise 1.
Student
1
2
3
4
5
6
7
8
9

AABB
90
70
50
30
10
0
0
25
0

AABb
0
0
0
0
0
0
0
0
25

AAbb
0
0
0
0
0
0
50
25
0

AaBB
0
0
0
0
0
0
0
0
25

This exercise also shows that, regardless of initial
allele frequencies, the time to fixation of single gene
copies is approximately 4N generations for an
autosomal gene in a diploid organism (assuming a
constant N neutral model). Since all nine simulations
have N set to 100 individuals, gene copy fixation takes,
on average, approximately 400 generations. There will
be considerable variation, but in most cases the mean
will be within the standard error of 400. This provides
an opportunity to discuss means, variance and
statistical confidence.
2. Probability of fixing a new, beneficial mutation.
Population genetics theory predicts that the
probability of fixing a new, beneficial mutation is
approximately twice its selective advantage (s), at least
when s is low. All students begin with the same
genotype frequencies: 99 AABB and 1 AABb; all other
genotype frequencies are set to 0. The single b allele
represents the new beneficial mutation. Notice that
gene Alpha is irrelevant if the A allele is fixed in the
population and the mutation rate from A to a is set to
0.0. The mutation rates for the Beta gene must be set
to zero, so that the novel allele enters the population
only at the start of the simulation. Again, an arbitrarily
high number of iterations is chosen.

AaBb
0
0
0
0
0
100
0
0
0

Aabb
0
0
0
0
0
0
0
0
25

aaBB
0
0
0
0
0
0
50
25
0

aaBb
0
0
0
0
0
0
0
0
25

aabb
10
30
50
70
90
0
0
25
0

The simplest way to model this problem is to
assume no dominance; that is, the heterozygote has a
fitness intermediate to either homozygote. For a
selection coefficient of s, the fitnesses of the three
genotypes should be set to 1.0 (AAbb), 1.0−s (AABb)
and 1.0−2s (AABB).
[In higher-level population
genetics, the relative fitnesses would be 1.0, 1.0−0.5s
and 1.0−s, respectively. However, defining s as we
have done here works just as well and simplifies
matters somewhat.] The settings shown in Table 2
show values of s ranging from 0.00 to 0.16 in
increments of 0.02. The last six genotypes never occur
in the simulation, so their relative fitnesses are
irrelevant. The linkage distance between the two genes
is also irrelevant, though setting this to 0.0 cM will
speed the simulation.
With a population size of 200 gene copies,
population genetics theory predicts that selection
should be effective with all non-zero selection
coefficients used in this example. That is, 2Ns ranges
from 4.0 to 32.0, and selection should be effective if
2Ns is sufficiently greater than 1.0 (Ohta, 1996).
Because there is no selection, the probability of
fixation for student 1 should be 1/2N, or 0.005 in this
case.

Table 2. Relative fitnesses for Exercise 2.
Student
1
2
3
4
5
6
7
8
9

18

AABB
1
0.96
0.92
0.88
0.84
0.80
0.76
0.72
0.68

AABb
1
0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
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AAbb
1
1
1
1
1
1
1
1
1

AaBB
1
1
1
1
1
1
1
1
1
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AaBb
1
1
1
1
1
1
1
1
1

Aabb
1
1
1
1
1
1
1
1
1

aaBB
1
1
1
1
1
1
1
1
1

aaBb
1
1
1
1
1
1
1
1
1

aabb
1
1
1
1
1
1
1
1
1

3. Selection-mutation balance with no dominance.
Here, students examine an equilibrium situation,
where deleterious alleles enter the population by
mutation at rate µ and are removed by selection of
intensity s.
The equilibrium frequency of the
deleterious allele is µ/s. [For one independent project,
a student might study the analogous problem assuming
complete recessiveness of the deleterious allele. In this
case, the equilibrium frequency is (µ/s)0.5.]
Every student begins with a population of 50
AABB, 100 AABb and 50 AAbb. That is, the B and b
alleles are present at initial frequencies of 0.5 each.
The relative fitnesses of the three genotypes are set to
1.0 (AABB), 0.95 (AABb) and 0.90 (AAbb); that is, s =
0.05. Students will vary the mutation rate of B to b, as
shown in Table 3. Since µ ranges from 0.005 to 0.045,
the estimates of equilibrium b allele frequency range
from 0.1 through 0.9. I find that 100 iterations is
sufficient to make the point.
To make the problem a little more interesting, the
linkage map distance between genes Alpha and Beta
can be set to 10 cM. By doing so, one can see how
selection on one gene affects the fixation rate of gene
copies of a partially linked neutral gene. The results
can be surprising.
In most cases, the students' initial allele
frequencies differ from the expected equilibrium
frequencies, so the simulation must run through several
generations to reach equilibrium. However, if too
many generations pass, allele fixation will still occur
by drift. A compromise is necessary, and it depends on
the population size. For the values described above
and in Table 3, stopping each iteration at 250
generations seems to alleviate the problem.
Table 3. Mutations rates for Exercise 3.

Student

Mutation Rate

1
2
3
4
5
6
7
8
9

0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
0.045

Unlike the first two exercises, the program output
must be entered into a spreadsheet program to obtain
estimates of equilibrium b allele frequencies. The
EvolGenius output includes the final frequency of the B
allele. The spreadsheet program can be used to
calculate the mean, variance and standard deviation of
this value.
Note, however, that this gives the
equilibrium frequency of the favored allele, not the
deleterious allele. One solution is to reverse the
relative fitnesses in the simulation, such that B is the

deleterious allele. Alternatively, it can be noted that,
since f(b) is simply 1−f(B), the variances, standard
deviations and standard errors are the same. All that
must be calculated is mean f(b), which is trivial.
D. INDEPENDENT STUDENT PROJECTS.
Over the next few weeks, students carry out
independent projects to explore somewhat more
complicated problems. I provide a list of ideas from
which the students may choose (see Box 2), though
more confident students might develop a different
project altogether.
Two of the goals of the overall exercise, better
appreciation of hypothesis development/testing and
stochastic processes, could be satisfied without
independent projects.
However, the third goal,
increased appreciation of population genetics, requires
greater exposure to the breadth of the field. While
performing an independent project works toward the
first two goals, it does not on its own do much to
address the third goal. However, I require students to
give oral presentations on their projects. They must
describe the hypotheses they are testing, explain why
the particular approach is valid, and carefully describe
and discuss their results. Thus, all of the students are
exposed to a broad range of projects. Even if they do
not ultimately understand everything to which they are
exposed, they should gain an appreciation for the
breadth and complexity of the topic. The goal is not to
make the students experts in population genetics.
Rather, it is to drive home the point that there is much
more to know than Hardy-Weinberg equilibrium.

DISCUSSION
This exercise is not a substitute for a population
genetics course, but such a course is rarely offered at
the undergraduate level. The problem of insufficient
coverage is, of course, not limited to the teaching of
population genetics. And cases can be made for
increased emphasis on other areas of genetics,
particularly with respect to gene regulation and
development. However, genetics as a field has
progressed to the point where formerly distinct
subdisciplines are clearly integrated.
Many human disease states reflect a complex
interaction of multiple genes and the environment, a
problem historically in the territory of quantitative
genetics. Today's "association analyses," whereby the
presence/absence of a disease state is correlated with a
particular mapped genetic marker, are an extension of
quantitative genetics. The difference is that the
markers can, in principle, lead to the identification of
actual genes, variants of which contribute to the disease
state. However, a particular variant may only be
associated with the disease state in certain genetic
backgrounds and in certain environments, and the
likelihood of the allele appearing in a certain genetic
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background is historically the concern of population
genetics.
In addition to familiarizing students with an
important, and often under-appreciated area of
genetics, the exercises described here help students
develop other strengths associated with a well-rounded
scientist. The project requires students to develop and
test hypotheses, and to seek out relevant information in
the primary and secondary scientific literature.
Students are asked to test hypotheses throughout their
course work, but we don't often ask them to develop
hypotheses. Because there is a large literature in
population genetics, with theory relevant to most
projects developed to some extent, students may often
be able to compare their results to those expected from
theory. If the findings are consistent with theory, this
can be reported.
If the findings appear to be
inconsistent with theory, then the student can be
challenged to account for the discrepancy. Usually, the
fault is not with the theory, nor even the hypothesis,
but with the predictions. It is useful, in fact, to have
some students tackle a project that produces seemingly
incongruous results, in order to foster discussion about

the actual nature of hypothesis testing: namely, that a
mismatch between observed results and expected
results may reflect error in determining the latter, and
not error in the hypothesis itself.
Finally, all of the exercises provide insight into
stochastic processes. All too often, material in biology
courses becomes a series of related facts, and it is easy
for students to think that the scientist is seeking to
describe, at increasingly high resolution, a static,
deterministic world. It only takes a few runs of a
population genetics simulation to show that, for purely
stochastic reasons, the outcome can vary dramatically.
We may say we "expect" fixation of a gene copy to
take 2fN generations, but this isn't really what we
anticipate. If we understand stochastic processes, we
anticipate that our result will probably differ from the
expected result. If the student learns nothing else, let it
be this.
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ABSTRACT: In an attempt to create a better learning environment for our large (100-300 student)
junior level introductory microbiology course we introduced several methods to foster a more
interactive classroom. These included student participatory demonstrations, student discussions of
microbiology in the news, a variety of extra credit assignments, and the use of small groups. Small
group activities include forming six-person groups early in the semester, completing four in-class
group examinations, and submitting a poster describing a disease of their choice at the end of the
semester. The results of our analysis show that the vast majority of students felt that they had
benefited from the various active learning strategies and appreciated these innovations as active
and creative extensions of their learning even though it required initiative and creative teamwork.
This requires increased workload for the instructors, but the benefits seem worth the additional
time and effort. This paper describes the methods used and provides a summary of students’
responses to the activities.
KEYWORDS: active learning, microbiology course, learning strategies

INTRODUCTION
Colorado State University, like many universities
all over the nation, is coping with increased enrollment
in the life sciences by enlarging lecture sections and
decreasing the number of sections provided for lectureonly courses. Accordingly, our microbiology course
(MB300) has seen a dramatic increase in the number of
students enrolled. Prior to Fall 1997, MB 300 was
delivered in a traditional large lecture format where
students typically took down everything said in class to
enable them to perform well on multiple choice exams.
In these large lecture courses students often reported
that they felt isolated, anonymous, and passive.
Furthermore, although some students may thrive in a
traditional lecture course, others possess learning
styles, which benefit from other course structures
[Timpson, Bendel-Simso 1996]. Tobias [1990], for
example, has described the loss of talented students
from science because of their unhappiness with
traditional lecture instruction and courses graded on a
curve, preferring more cooperative and supportive
structures. A series of reports from the Carnegie

Commission on Higher Education [Boyer 1990;
Glassic et. al, 1997; Kenny 1998] have called for
innovations to address longstanding problems with
undergraduate education generally.
In restructuring we wanted to cover essential
material and add opportunities for students to
participate in the learning process during the class
period. We believe the poster, group examinations, and
extra credit assignments we use in MB 300 are viable
ways to involve undergraduates in a large lecture
course in inquiry-based course assignments, activities
which require some measure of individual initiative,
critical thinking and creativity. These assignments
also attempt to address the two primary factors in
effective postsecondary instruction as identified by
Lowman (1995), intellectual excitement and rapport.
Creating a poster or science based work of art for
public display added a level of performance that tended
to heighten student motivation and participation
(Timpson et. al., 1997). Our requirement for group
exams and the poster project in which students work in
teams expanded on Lowman’s (1995) notion of
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teacher-student rapport to include student-student
rapport.
Finally, redesign of MB300 was guided by
Tobias’s (1990) groundbreaking work in reporting the
discouragement which talented students experienced in
large science classes when the instructor focus was on
information transmission within an individualized and
competitive course design. Noting the large proportion
of women and minority students who went onto
successful careers in other fields, Tobias labeled the
problem as one of “cloning,” where teachers (primarily
white and male) replicated themselves and their own
preferences for learning.
After creating these interactive activities we
wanted to know if the students realized the benefits of
these types of activities, particularly because they were
being carried out in a large lecture course, and required
more time and commitment from the students and

instructors.
Although the research shows these
activities benefit student learning, that does not
necessarily translate to student feelings of benefit.

MATERIALS AND METHODS
Class characteristics: Our course is an
introductory Microbiology course in which 10% of the
students are microbiology majors. Students are from
approximately 30 different science majors across the
campus. Eighty percent of the class are juniors or
seniors, and the course is taught at a junior level.
Prerequisites include general biology and organic
chemistry. The course consists of three one-hour
lectures per week, and 46 hours are available for
instruction, including a two-hour final examination.
Grades are determined based on the percentage earned
from a 600 point total, as described in Table 1.

Table 1. Point distribution for General Microbiology
Examinations:
Midterm 1
Midterm 2
Midterm 3
Comprehensive final exam
Group exams
3 Graded group exams, 20 points each, lowest score dropped
Poster project
Mandatory Preparation meeting
Group grade
Individual grade
Student’s evaluations

Total

40
5
10
35
10

10
10

Graduate teaching assistants are generally not
assigned to this course, but up to three undergraduate
teaching assistants are available.
Extra Credit Assignments: One time during the
semester students are given the opportunity to raise
their score in the course by participating in an extra
credit assignment designed to encourage them to "think
outside of the box" about microbiology. Students can
earn up to 10 points by completing one of three to four
alternative projects, such as reading a given research
article, performing a library search of a specific topic,
searching for specific information on the web, or
creating a 3-D model, or poster of a complex biological
process such as DNA replication, translation, or
conjugation. Each semester the options change.
Volume 27(4) December 2001

100
100
100
200

600

Possible extra credit
1 extra credit assignment
Microbucks
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Points

Microbiology
in
the
News
Extra
Credit/Microbucks: We believe that showing students
the relevance of microbiology to their everyday lives
will motivate them to learn microbiology. We decided
to give students “microbucks” (worth one point of
extra credit) for finding interesting and relevant articles
in the paper, and sharing them with the class. Studies
on information processing indicate that student ability
to sustain their attention and recall new material is at
its lowest at the midpoint of a lecture. In general,
students need to periodically work with new material to
prevent a rapid learning loss (Craik & Hockhart, 1972,
Woolfolk, 1995). Therefore, 20 minutes into class we
stop and choose students to discuss articles they found
in a recent newspaper. This process takes about 5
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minutes of class time. Only 3 stories are discussed
each lecture, and students are not required to have
earned microbucks for any specific grade.
Student Participatory Demonstrations: Students
can earn extra credit by participating in demonstrations
that illustrate difficult microbiological concepts. Each
demonstration takes no more than 10 minutes, involves
up to 6 students and illustrates flagella movement, Hfr
interrupted mating genome mapping, transduction,
cloning, the Ames test, replica plating for mutant
isolation, transcription, or translation.
Small group in-class examinations: In the third
week of class students are given a practice examination
where they are asked to form six-member groups and
complete a non-graded in-class exercise. This exercise
requires them to synthesize information from lectures
and text to complete a simple task relevant to the
subject matter in lecture. The practice exercise in the
3rd week is not graded, and a general discussion (20
minutes) is conducted to summarize the class activity.
Three graded in-class examinations are given later in
the semester and cover metabolism; transcription,
translation and mutations; and viral life cycles and antiviral drugs. During the second group examination
(after the drop deadline), students form permanent sixmember groups. We found it important to form
permanent groups after the drop deadline, to eliminate
fragmented groups that result from students dropping
the course. The students are each given the in-class
examinations 1 week before they are to meet. On the
day of the in-class examination, groups meet to
compile a common answer. During the class period,
the instructor circulates to answer questions, observe
progress, and attendance. Groups compile a common
answer to the in-class examination, and turn it in for
credit. Each graded in-class examination is worth 20
points for each student, and the lowest score for the
three examinations is dropped. This eliminates makeup examinations for students who miss one
examination. Due to the difficulty we experience in
writing really good critical thinking questions, we do
not allow students to keep graded exams. However,
correct answers are posted, and students can look at
their exams during office hours.
Small group poster projects: Student groups are
given a handout that describes the poster project. Each
group selects a unique infectious disease. Each poster
must describe the disease, the microbe, epidemiology
of the disease, treatment, prevention, and diagnosis.
Each student selects one section that is his/her
responsibility, and the group is responsible for a
format, editing, references and accuracy. Students are
given expectations, a suggested layout, recommended
reference styles and a grading rubric. One week before
posters are due one class session is devoted to an
exchange of draft materials, and group members
evaluate and guide each other's materials. Posters are
hung in the microbiology building using inexpensive

runners and large paper clasps. Posters are graded on
the quality of the input from each student and the
appearance of the poster. Posters remain on view for
the rest of the semester. The instructors generate a set
of questions from the posters, and two class periods are
dedicated to poster viewing and answering the
questions posed. Students are told that 10 of these
questions will appear on the final. Each student peer
evaluates his or her fellow group-members on the
quality of their contribution to the groups efforts. Peer
evaluation helps motivate students who might
otherwise be tempted to allow other members to do all
the work.
Evaluating Student Responses: Two formal
evaluations are conducted each semester. During the
eighth week, a faculty member of the Center for
Teaching and Learning (William Timpson) is invited in
as an expert in postsecondary instruction and learning
to facilitate a class meeting. Drawing on the work of
Glasser (1969 a & b, 1992) and others (Timpson &
Bendel-Semso, 1996), Timpson uses the standard
University student course evaluation form and a
structured process to solicit student appreciation,
concerns and recommendations for improvement.
This evaluation takes 20 minutes of class time, and
generates a written student evaluation of the class to
the midpoint of the course. At the end of the semester
students are then provided the same university-wide
form to complete. Instructor-asked questions are
permitted, and are used to evaluate many of the
innovations that we have introduced. During the fall,
1998 semester, additional evaluation was provided by
one of the authors (Sylvia Ahermae), a teacher-inresidence who attended class daily. She observed
student participation, the pattern and frequency of
student questions, and circulated around the room to
observe and listen to student concerns and comments.
In addition another of the authors (Kathleen Linch), an
undergraduate student majoring in math education was
hired to conduct student consultation groups during the
semester. Three groups were targeted: one involved
students currently enrolled in the course; a second
involved students who had identified their interest in
K-12 or higher education; and a third group involved
students who had taken the course within the past two
years. Between seven and ten students participated in
each consultation group. Student consultation groups
met outside of class, filled out a questionnaire designed
by the instructors, and engaged in free-flowing
conversation facilitated by Ms. Linch. Their
discussions were recorded on tape or teaching
assistants were present to transcribe student comments.

RESULTS
We wanted to make the large lecture setting seem
smaller, to create a more diverse learning environment
that would foster learning and retention in students
with different learning styles, and to have students take
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a more active role in their own education and develop
teamwork skills. In general, we expected these
strategies to improve student morale and deepen
student learning.
To determine if students felt these activities were
achieving these goals, during the end of semester
evaluations students were asked about the benefit of
specific active learning strategies. We analyzed the
responses of all responding students in the last four
semesters, for both Dr. Smith's and Dr. Suchman's
sections. The questions we asked included:
1.
2.
3.

Did Microbiology in the News added to your
understanding
and
appreciation
of
Microbiology?
Did lecture demonstrations help you visualize
microbial concepts?
Did extra credit exercises expand your
knowledge?

4.
5.
6.

Did the group projects benefit you?
Did the poster project help you learn about
diseases?
Did the group exams help improve your
learning?

For each of the questions the majority of students
(greater than 70%) responded that they agreed or
strongly agreed that it did (Table 2). The microbiology
in the news and extra credit options were particularly
popular. Many students commented on their end-ofthe semester evaluations how much they appreciated
both the break in lecture and hearing about real world
applications of microbiology. The extra credit exercise
is the most popular active learning strategy we use,
primarily because students feel they can prove their
abilities outside of examinations and recoup points lost
on examinations.

Table 2: Student Course Evaluations of Active Learning Strategies
Question
Microbiology in the News
added to my understanding &
appreciation of Microbiology
Lecture Demonstrations helped
me visualize microbial concepts
Extra Credit Exercises
Expanded my Knowledge
The poster project helped me
learn about diseases
The group exams helped
improve my learning

% Marking Agree or
Strongly Agree
Dr. Suchman a 87.7
Dr. Smith b
89.5

% Marking Neutral
Dr. Suchman 7.7
Dr. Smith
7.6

% Marking Disagree
or Strongly Disagree
Dr. Suchman 4.6
Dr. Smith
2.9

Dr. Suchman c
Dr. Smith d
Dr. Suchman e
Dr. Smith f
Dr. Suchman g
Dr. Smith h
Dr. Suchman g
Dr. Smith h

Dr. Suchman 12.6
Dr. Smith
6.6
Dr. Suchman 4.5
Dr. Smith
2.7
Dr. Suchman 17.6
Dr. Smith
14.0
Dr. Suchman 11.8
Dr. Smith 14.0

Dr. Suchman 1.7
Dr. Smith
1.9
Dr. Suchman 1.5
Dr. Smith
1.7
Dr. Suchman 11.8
Dr. Smith
7.0
Dr. Suchman 11.8
Dr. Smith 15.0

85.7
91.5
94.0
95.6
70.6
79.0
76.4
71.0

a: 284 students surveyed, b: 659 students surveyed, c: 175 students surveyed, d: 590 students surveyed, e: 67 students surveyed,
f: 293 students surveyed, g: 51 students surveyed, h: 114 students surveyed.

During the student consultation meetings students
were also asked about the benefit of specific active
learning strategies. The questions we asked included:
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1.

Did the group exams help you understand the
concepts?

2.

Did the group exams help you learn how to
work with people?

3.

Did the people in your group contributed
equally?

4.

Did you enjoy the group projects?

5.

Do you prefer to work alone rather than in
groups?
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6.

Would you rather learn about diseases from
lecture than from posters?

On questions 1-4 the majority of students (greater
than 51%) responded agree or strongly agree (Table 3).
On the last two questions more students disagreed than
agreed, although a large percentage were neutral. This
indicates that a large percentage of students would
prefer to have active learning strategies utilized in their
courses. Interestingly, only 53.9% of the consultation
group members indicated they enjoyed the group
projects but 80.4% or Dr. Suchman’s and 69.8% of Dr.
Smith’s students indicated they benefited on end of
semester evaluations, showing they realized the benefit
even if they did not enjoy the process.
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Table 3: Student Consultation Group Results Evaluating Group Activities
Question

% Marking Agree or
Strongly Agree

The group exams helped me understand the
concepts a
The group exams helped me learn how to
work with people a
The people in my group contributed
equitably a
I enjoyed the group projects a
I prefer to work alone, not in groups a
I would rather learn diseases from lecture
than posters b

% Marking
Neutral

% Marking
Disagree or
Strongly Disagree
25.0

63.5

11.5

51.9

21.2

26.9

51.9

15.4

32.7

53.9

19.2

26.9

32.7
28.6

21.2
23.8

46.1
47.6

Table 3. a: 52 students surveyed, b 21 students surveyed

Furthermore, one of the authors (William
Timpson) facilitated 20-minute interactive whole class
debriefing sessions and found clear evidence of
growing student support for these group projects
despite the challenges associated with this kind of
graded teamwork. Impressively, students were nearly
unanimous and clear about the benefits to them of
using microbiology content in creative ways on the
posters. Furthermore, the teacher in residence (Sylvia
Ahermae) noted in her final analysis of our courses that
most students she spoke with felt that group projects
were a positive experience. Many noted the pride they
felt when viewing their creative works displayed in the
hallways of the Microbiology building and when they
saw how professional the posters appeared.
Admittedly, some students felt that the posters were not
college-level work. Therefore, we now spend more
time discussing the use of posters as a method of
communication at professional meetings, and how this
project will help prepare them for these types of
activities.

DISCUSSION
From our analysis, the majority of students found
these innovations to be beneficial. One concern we
had about demonstrations and some of the more artistic
projects in this course, was that students would find
them childish or beneath them. However, the students’
overwhelming agreement with the benefit of extra
credit assignments, demonstrations, and "Microbiology
in the news", reassures us that this is not a problem. In
fact, students seem to appreciate the extra effort to help

them visualize these concepts. Moreover, we feel that
we now ask questions on examinations that demand a
greater level of critical analysis than we could before
we added these active learning strategies. However,
we have not conducted any formal research into this
area. Furthermore, it would be of interest in future
studies to determine how student self-assessment and
course assessment correlates with measures of student
learning such as examination scores, poster grades,
group exam scores, and final course grades. In
summary, we believe that while adding active learning
strategies to our course resulted in a dramatically
increased workload for the faculty involved, it was
worth the effort since student enthusiasm and learning
in our course has increased. Furthermore, students
recognize the benefits of these activities and feel they
are helping them to learn, even though they are being
conducted in a large lecture course. Therefore, we plan
to continue the use of the active learning strategies in
our large lecture course.
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ABSTRACT: In this exercise, students will be exposed to the theory of genetic regulation by
examining the ability of bacteria from the genus Bacillus to utilize starch as an energy source. By
presenting the organism with different sugar sources, genetic control of the gene encoding amylase
can be examined. This experiment is easy to perform, inexpensive, and provides a way to
demonstrate various scientific principles in a single experiment. Equipment and materials
required and their sources and cost are included.
KEYWORDS: genetic regulation, Bacillus, amylase, starch

INTRODUCTION
Bacterial growth requires a source of energy in
order to assemble the various constituents comprising
the cell. The energy supply is derived from the
controlled break down of various organic substrates
present in the external environment, such as
polysaccharides, lipids, and proteins. Some members
of the genus Bacillus are able to break down starch and
utilize it as an energy source (1). Organisms unable to
produce amylase cannot utilize starch as an energy
source.
In this experiment, students will examine the
ability of Bacillus subtilis, Bacillus polymyxa, and
Bacillus thuringiensis to genetically regulate amylase
production. An attempt will be made to determine if
the gene for amylase is constitutively expressed or only
turned on as the need occurs.
Growth of these
organisms in bacteriological media containing various
sugars permits genetic regulation of the amylase gene
to be examined. Thus, classroom discussions centering
on bacterial growth, enzyme activity, metabolism, and
gene regulation can be emphasized with this single
experiment.

PROCEDURE
Table 1 lists materials needed to perform this exercise.
1. Pure cultures of Bacillus subtilis, Bacillus
polymyxa, and Bacillus thuringiensis are
aseptically inoculated into 3 ml of tryptic soy

2.
3.
4.

5.

broth with and without various sugars (final
concentration 2%) in 15 ml sterile disposable
conical tubes.
Incubate the inoculated cultures at room
temperature for approximately 16 hrs.
Place the conical tubes in a table top
centrifuge and centrifuge for 10 min at 4,000
rpm to pellet the bacterial cells.
Using a vacuum aspirator, create 3-4 mm
sized wells in a starch agar plate. Place one
drop (~100 µl) of culture supernatant into the
wells using a disposable Pasteur pipette and
let the plate incubate overnight (~16 h) at
room temperature.
After the incubation period, flood the plate
with Gram's iodine. A clear halo forming
almost immediately around the well indicates
starch was digested by amylase.

RESULTS AND DISCUSSION
The ability of various Bacillus species to regulate
expression of the enzyme amylase was investigated.
This was done by growing the organisms in the
presence of different sugars. Table 2 illustrates how
amylase production in different Bacillus species was
affected by the presence of various sugars. Figure 1
illustrates how the presence of amylase activity was
assayed on a starch plate.
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Table 1. Material list .
SUPPLIES

CATALOG NUMBER

PRICE

Bacterial cultures

various suppliers
14-95-9-49B

$0.00 - $10.00
$134.20/125 tubes

A406F-1GAL

$61.37/1 gal

L-95-500

$52.12/500 g

G1-100

$53.11/100 g

BP-656

$48.22/500 g

Conical tubes(15 ml)
Ethanol

b

D-fructose

b

D-galactose
Glucose

b

b

Gram's iodine
Iodine

b

b

b

Inoculating loop
D(+)-maltose
Petri dishes

a

b

a

Potassium iodide
Starch agar
D-sucrose

b

b

b

Tryptic soy agar

b

Tryptic soy broth

b

LC14900-1

$13.32/500 ml

I35-100

$79.96/100g

AA-70-3060

$1.75

BP684-500

$47.22/500 g

AA-74-1250

$4.45/20-100x15 mm

P412-500

$148.42/100 g

AA-79-06200

$31.70/100 g

BP220-1

$26.83/1 kg

DF0369-15-8

$18.30/100 g

DF0370-15-5

a

Carolina Biological Supply Company (1999).
needed to perform this experiment.

b

$11.50/100g

Fisher Scientific (1999).

c

This is a comprehensive list of materials and not all items listed are

Table 2. Genetic regulation of amylase activity.
MEDIA
ORGANISM
Bacillus polymyxa
Bacillus subtilis
Bacillus thuringiensis
a

TSB

+
+
+

Monosaccharides
TSB-gal
TSB-fru

+
+
+

+

A

TSB-glu

+

Disaccharides
TSB-mal

+

TSB-suc

+

Tryptic soy broth (TSB) was used alone or supplemented with various sugars at a final concentration of 2%: gal = galactose; fru = fructose; glu
= glucose; mal = maltose; suc = sucrose. A (+) sign indicates amylase activity whereas a (-) sign indicates no amylase activity. Sterile TSB was
used as a negative control which tested (-) for amylase activity.

Figure 1. Starch plate showing a comparison between
positive amylase activity (well 1) and the absence of
activity (well 2).
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Bacillus polymyxa and Bacillus subtilis
demonstrated identical amylase patterns, suggesting
similar modes of gene regulation. Amylase production
in Bacillus thuringiensis resulted in a different pattern,
which appears to be regulated by a different and
distinct mechanism. In Bacillus polymyxa and Bacillus
subtilis the gene coding for amylase activity was turned
off (enzyme repression) when glucose or fructose was
present, either in the form of a monosaccharide or
disaccharide.
Galactose does not function as a
corepressor and the system remains on. Thus, these
bacterial cells given an easily obtainable sugar source
such as glucose or fructose do not need to waste
valuable energy in the biosynthesis of amylase;
therefore, the gene for amylase is turned off. Amylase
expression in Bacillus thuringiensis appears to be
constitutive, as amylase production was never
repressed, regardless of the sugar used. Tryptic soy

Nickless et al

broth, a chemically undefined media, was used in all
the growth media. To rule out the possibility that a
component of this undefined media was inducing
amylase gene expression, the experiment was repeated
in minimal growth media (2) with the same results
(data not shown).

ADDITIONAL EXERCISES
Many modifications of the experiment outlined in
this paper can be performed. Other sugars, salts, etc.
may be added in varying concentrations. Other media
and growth temperatures can be used as Bacillus
species grow under a wide array of conditions. The
experiment can be quantitated by measuring the starch
depleted zones. Soil samples obtained from diverse
locals can be inoculated into bacteriological media and
the supernatants tested for amylase activity. In general,
many variations can be tested since the ability to detect
amylase activity is easy and straightforward.

SUPPLIES NEEDED AND COST SAVING
MEASURES
Considerable effort was expended to make this
experiment feasible in a wide array of laboratory
settings. Table 1 provides a listing of materials and
equipment needed for the experiment outlined. This
procedure is relatively inexpensive and several
alternatives are available to cut costs even further.
Whenever bacteria are used, an autoclave is required to
sterilize bacteriological media and properly dispose of
contaminated bacterial cultures. Alternatives to an
autoclave include a portable steam pressure sterilizer

(Fisher, AA-70-1696; $285.00) or a home canning
pressure cooker that can reach 15 pounds per square
inch at 121C. We have also been able to sterilize
media sufficient for this experiment by bringing it to a
boil for 10 min using a hot plate. Melted and cooled
(45C) agar (20 ml) is poured into an empty Petri dish
and allowed to solidify. Prepared media are also
available, reasonably priced, and eliminate the need for
autoclaving. Prepared disinfectants can be purchased
for clean up of bacterial cultures, but a good alternative
is a 20% Clorox solution.
Upon arrival, bacterial cultures need to be
transferred to nutritive media using aseptic techniques.
Carolina Biological Supply Company offers various
organisms at reasonable prices. For example, various
Bacillus cultures purchased through Carolina
Biological Supply Company are under $10.00. Most
diagnostic laboratories are willing to send out routinely
cultured organisms free of charge. Additionally, the
worldwide web is a good source of information
regarding bacterial culture suppliers. A vacuum
aspirator can easily be constructed using a side-arm
flask, rubber tubing, Pasteur pipette, and an air supply.
Gram's iodine can be purchased from Fisher Scientific
or can be made using ethanol (10 ml), iodine (1 g)
potassium iodide (2 g), and distilled water (300 ml).
Add the ethanol and iodine to a container and the
potassium iodide and distilled water in a separate
container. The two solutions are then mixed together
in a brown bottle or a clear bottle wrapped in
aluminum foil.
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Call for Nominations

President-Elect & Steering Committee Members
ACUBE members are requested to nominate individuals for the office of President-Elect and two at large
positions on the ACUBE Steering Committee. Self-nominations are welcome.
If you wish to nominate a member of ACUBE for a position, send a Letter of Nomination to the chair of the
Nominations Committee:
Dr. Lynn Gillie, Dept. of Biology, Elmira College
One Park Place, Elmira, NY 14901
Voice –(607)735-1859, E-mail – lgillie@elmira.edu
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A Message from Our Past President
Seeing the NEED for ACUBE
What have we seen with ACUBE in the past 5 years? We have seen an increase in membership, an increase in
contact via email newsletters with the membership, and an increase in submission of articles to Bioscene for
publication. People continue to come to our annual meetings because of the group’s friendliness, collegiality and
reasonable cost. Others enjoy meeting with other dedicated biology teachers, learning from them and stealing their
ideas for their own classroom. The informal presentations with discussion afterward are very useful to classroom
teachers at these meetings because we face similar challenges in our classrooms daily. It is an energetic group that
is run by enthusiastic volunteers that have fun together. Many people find ACUBE an encouraging group to meet
with and learn from.
All these encouraging signs say to me that there is an increasing NEED for this organization in today’s
college biology educational system. We are the ONLY group in the country that specializes exclusively in helping
people teach biology in college more effectively. The need IS out there and in my opinion, we need to respond by
increasing the accessibility and visibility of our organization to all biology educators.
We need people to know that when they decide to do something different in their classes that there is a
group that can help them with taking that risk, with solving new problems, with finding a better way to teach more
effectively. We as a group and as individuals must encourage people to move out of their “little teaching boxes”
into our community of people in this group, of their colleagues who have tried new things with various levels of
success but have learned some valuable lessons along the way.
ACUBE can be and should be THE lead group in college biology education. We should be talking
constantly among ourselves about how ACUBE can foster and promote teaching effectiveness. How can we open
up to include more people in the discussion? Here are some of my wild ideas:
1.

2.
3.

Maybe we should try regional meetings at set locations so everyone goes to the same place
every other year and then have these big meetings on alternating years at larger universities or
cities that have easy transportation access (like Chicago will next year)? Would that
encourage more participation and access? I think it would.
Or maybe we should sponsor traveling teaching workshops like Bioquest does where a
team of biology educators could sponsor workshops on various topics across the country?
Would this encourage participation and access? I think it would.
Maybe we could select 4-5 “Master Educators” from our group that get some money from
this group to travel around the country to various college classes of ACUBE members (or not)
and observe, consult, steal ideas, solve problems and have the give their reports at our annual
meetings. What did they see, what were some problems, what are the current, essential needs
for biology educators right now and how can ACUBE help them? Would this increase
accessibility? I think it would.

I continue to encourage you to spread the word about ACUBE and help us build this group for the future.
This group has been a tremendous help for me in my teaching. I am constantly asking myself is my teaching
helping them learn? How do they learn best? What do I have to give up or change to induce some student
enthusiasm and ownership of class material and experiences? So, I have offered some ideas and I hope to
continue to help this organization be an effective player in the game of biology education. Thanks for everyone’s
help in the last year to help get ACUBE where it is today.
Tom Davis
Past President, ACUBE 2000-2001
Dept. of Biology, Loras College,
Dubuque, IA tdavis@loras.edu
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A Message from Our New President
Future of ACUBE
The future of ACUBE is an often-discussed topic. As the incoming president I presented a few remarks during
the 45th Annual Meeting at the University of Nebraska at Kearney. However, before addressing the topic, I first
must thank all of the individuals who served as officers, Steering Committee members, and the editors of Bioscene
during the past year and to welcome the new officers and Steering Committee members to their respective duties
and thank the editors for their continuing work on our journal. The Steering Committee and the officers of ACUBE
have the task of guiding the organization through the 46th Annual Meeting. We would appreciate your input. As
you may remember, I touched briefly on three basic issues.
First, my comments reflected upon what we might do as educators who want to make biology a more active and
engaging process for our students. I suggested that we live in a rapidly changing world in an important time and
that a basic knowledge of the biological sciences is critical to a quality global future. We have the ability to make
our courses more relevant to societal issues without losing sight of course goals and objectives. I believe that there
is a need to make our curriculum transparent to our students. They need to understand that what they learn in
biology is significant in solving problems we encounter in everyday life. In my original remarks I suggested that
teaching environmental issues, the topic of our 46th annual meeting, is a topic relevant to nearly all the courses in a
biological sciences curriculum. I ask you to consider the following:
•
•
•

What does bioterrorism have to do with ecological concepts? With the spread of a densitydependent disease?
What are the implications of large differences in the gene frequencies among human populations
for the recessive trait that confers resistance to the HIV1?
What is the relationship between doctors prescribing antibiotics for viral infections or the
relationship between patients failing to complete the prescribed treatment and the resistance of
bacteria to many of our antibiotics?

These examples are environmental issues, speaking broadly, and they are relevant to courses in cell biology,
ecology, genetics, evolution, microbiology, immunology, etc. The questions posed and the courses listed could be
greatly expanded. I would like to encourage ACUBE members to share their teaching methods and their ideas this
fall by making presentations, delivering workshops or presenting a poster, especially with regard to how their
teaching relates to environmental issues.
Second, I remarked on our membership. In 2000, ACUBE had about 450 members. Currently, our paid
membership has fallen to about 200. I believe that our organization has a great deal to offer our colleagues.
ACUBE members need to bring their colleagues back into the organization and we need to recruit new members. I
am not looking for growth for growth’s sake; I am looking to share ideas that make us better teachers and I believe
that a somewhat larger organization brings us more diversity. This organization belongs to all of us and we have
profited from being ACUBE members over the years. So I ask:
•
•
•
•
•

What would bring you to the annual meeting regularly?
How can we help each other professionally?
Won’t you consider getting more involved?
What would you like to see ACUBE do that we are not doing? You can help guide the organization.
What would you like to do to help ACUBE address your suggestions?

Third and last, I believe that we need to develop a multi-faceted approach to increase the visibility of our
organization and to facilitate an interest in ACUBE by exposure to new venues and prospective members. The
Steering Committee and I welcome suggestions. You can contact me by e-mail, levin.malcolm@uis.edu .
Malcolm P. Levin
President, ACUBE 2001-2002

New President’s Message
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Call for Abstracts
Association of College and University Biology Educators (ACUBE)
46th Annual Meeting
Columbia College – Chicago, Illinois
Thursday, September 12 – Saturday, September 14, 2002

Visualizing and Communicating Environmental Issues
Paul Ehrlich and John Holdren proposed that a powerful tool for understanding environmental issues is through a
very simple equation,
Human Impact = Population x Affluence x Technology

(I = P x A x T)

How can the perspectives of the arts, communications and media, the social sciences and others regarding these
factors inform biology and biologists in identifying problems and reaching solutions?
Presentations and workshops addressing other topics are welcome. Below are some examples of potential
presentations:
• Curricula – Environmental Studies/Environmental Sciences – content/method/delivery
• Sampling and Reconstructing Environments: What the past and the present tell us
• Imaging/Digital Video/GIS as Forms of Communication
• Environmental Ethics
• Teaching Identification/Taxonomy: why/how
• Interdisciplinary Problem Solving
• Global Change/Global Change Research: State of the World, 2002
Many of you have addressed these issues in creative ways. Please consider sharing your ideas and techniques at the
ACUBE 46th Annual Meeting at Columbia College in Chicago in 2002.
Please email your abstract AND mail a hard copy of the abstract with the completed form BEFORE June 1, 2002 to:
Robert Wallace, Department of Biology, 300 Seward St., Ripon College, Ripon, WI 54971
Ph: 920-748-8760
Fax: 920-748-7243
email: WallaceR@Ripon.edu

Proposed Title:_________________________________________________________________________________
Presentation type _______ 90 minute workshop
Equipment/facility needs:

_______ 45 minute paper

________ Poster

_____35 mm slide projector
_____Overhead projector
_____Macintosh projection system _____Macintosh computer lab
_____PC projection system
_____PC computer lab
_____Other: (explain)

Name of presenter:_____________________________________________________________________________
Work address of presenter: ______________________________________________________________________
_____________________________________________________________________________________________
Phone No. presenter:__________________________ email_____________________________________________
Please include names and contact information for additional presenters on back.
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REAR VIEW MIRROR -A LOOKING BACK
Edward Kos,
ACUBE Historian
The 2002 meeting of ACUBE will be held in Chicago this fall, at Columbia College, right in the heart of
Chicago’s Downtown district. Put this on your to do list for next fall and be sure to come as there will be
much to do. Further details will become available in Bioscene.
In looking back at past meetings, our Midwestern roots show up in our meeting sites for each 10-year
interval going back to 1962. The 1962 Meeting, the 6th Annual, was held at Marquette University, Milwaukee,
WI, on October 5-6, 1962. It followed the pattern set in motion in the first few meetings of having a series of
Panels, each of which was divided into different Topics. Panel 1: Recent Advances in Biology, dealt with the
latest findings in various aspects of Biology: Growth and Development; Genetics, and, Protozoology. Panel 2:
Approaches to Learning, honing our educational concerns looked at General Biology Research Projects;
Undergraduate Honors, and; Research as a Teaching Method for the Gifted. Panel 3: Problems of Teachers
and Teaching Training, looked at more educational concerns, such as-Another look at Advanced Placement;
Meeting the needs of Future Science Teachers, and; Some Guidelines for the study of Faculty Load.
The 1972 meeting of AMCBT (ACUBE to be) was held at Rock Valley College in Rockford, IL, October
6-7, 1972. This meeting was held in conjunction with the Illinois Association of Community College
Biologists, and was the first major effort to articulate with Community Colleges. The theme for the meeting
was “Better Biology for the Buck: Or, More for the Dough”. The meeting had a Film Festival, something that
was organized by a departed faithful member, Ben Olson. There were a series of Special Topics, sessions
designed to give some suggestions for possible student research involvement. The rest of the meeting was
organized around three Phases, each of which had a Panel of Pro and Con position presenters. Group
Discussions broken out under assigned chairs then followed each panel. At the conclusion of the three panels,
the Chairs of each Discussion group reported the results to the assembled participants. The three Program
Phases were: Behavioral Objectives—Help or Hoax?; Articulation to Conserve Students and Money, and;
Program Evaluation and Fiscal Stress.
The 1982 meeting was held at Central College in Pella, IA, October 8-9, 1982. This meeting was a
serious effort to showcase and introduce new technology to the membership. Video teaching techniques and
computers were introduced in educational situations. Harold Peters of the CONDUIT program at the
University of Iowa, Iowa City, Iowa, gave the principal address. There was a computer fair held by various
computer dealers. Discipline sections featured presentations of Teaching Using Computers. Various
Orientation Workshops on Microcomputers were held. In keeping with past tradition there were sessions
dealing with educational issues. Session A had presentations on: Recruitment and Retention; Science
Grantsmanship; Career Advisement; Library Acquisitions and Services. Session B’s presentations were:
Articulation of Community Colleges and 4 Year Institutions; Developments in Immunology; Noncomputerized
Filing System; Understanding Evolution.
1992 brought us to Chicago, to St. Xavier College (now University). The meeting dates were October 810, 1992. The theme of the meeting was “Biology Teaching: A Scholarship”. The first day had its usual field
trips, Workshops: Human Population Growth; Simulated Blood Typing; Writing about Biology. Also featured
were Poster sessions—a now popular feature. Sessions on Teaching filled time slots throughout the day:
Vertebrate Physiology; Field Studies; Cell Biology Labs; Science Workshops for Girl Scouts. Panels were
also held on: Ecology; Field Biology; Using Sci-Fi films to teach Science; Microbiology. On the second day,
the first session had sections on : Limits of Quantification in Biomedical Sciences; Identification of Common
Birds; Biology as part of a Women’s Program; Science as a Process—For Elementary Ed majors; Bioethics.
The second session of the day had presentations on: Scholarship for Teacher-Scholars; Identification of Birds
of Prey; Attitudes in Science; Attrition Rates; AIDS—A Lab Approach; Botany—A Cooperative Approach.
2002 brings us right around again to Chicago. At ten year intervals we slowly revolved around this city,
drawing vigor from our Midwestern roots. Come get your batteries charged up again. See you in Chicago.
Rear View Mirror
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ACUBE Steering Committee Minutes
First Fall Meeting
Thursday, October 11, 2001
Location: Room 304, BHS, University of Nebraska, Kearney
Time:
9:35 p.m.
Present: Charlie Bicak, Austin Brooks, Tom Davis, Ben Dolbeare, Lynn Gillie, Mary Haskins, Buzz Hoagland, Ed
Kos, Malcolm Levin, Pres Martin, Robert Wallace, Margaret Waterman.
I. Called to order by President Davis
II. Announcements
Local Arrangements updates
Editorial Board needs to replace four retiring members
III. Approval of Agenda
Motion to approve agenda and send to Bioscene m/s/a
IV. Report of Officers of Standing Committees
A. Executive Secretary. Presley Martin.
ACUBE has about $9500 in its bank account. A substantial portion of this is the Carlock fund and is not
available for expenses. Pres warned the steering committee that the organization is NOT meeting its
expenses.
Re: 2000 meeting at ISU. All monies from registration were used to pay for the costs of the meeting.
According to custom, no accounting report was expected or rendered
Motion: The Steering Committee asks the Executive Secretary to request a written expense accounting
from local arrangements by December first following the meeting. m/s/a
Membership shows 390 people on the rolls, but only 186 have paid to date. The following plan was
agreed upon: An addition letter will be sent in November as a dues notice and with a notice of intent to
implement the plan agreed upon at the Feb. 3, 2001 Steering Committee meeting. To quote from those
minutes
•
•
•
•
•

The scheduling of dues collection was discussed and the following was agreed upon:
Do not try to collect past dues
The dues year is the calendar year.
Any dues paid at the annual meeting is for the upcoming year
Dues notices will go out before and after the annual meeting, however, a special dues notice for the
current year (2001) will be sent out by the executive secretary this spring.
• If dues are not paid by 2/15 then the member will no longer receive Bioscene
• As soon as dues are paid, the member’s subscription to Bioscene will again commence. No back
issues will be provided as this is not feasible and the issues are on line within a few months of
publication.

Executive secretary’s report approved: m/s/a
B. Membership. Tom Davis
There was not much increase in membership this year.
This spring, another attempt will be made to get a link to ACUBE put on the McGraw-Hill website.
The new email newsletter was initiated. Not a single member has requested that their name be removed.
Tom would like to step down as Membership chair.
C. Nominations. Lynn Gillie
The email newsletter was a help in getting names for nominees.
Nominees: President: Margaret Waterman, Marc Roy
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Secretary: Nancy Goodfellow
Steering (2): Bob Wallace, Janet Cooper, Ross Jilk, Arbour Cherif, Gary Lange, Karl
Caster
The election process will be as follows: Call for nominations from the floor at the first business
meeting. Vitae of candidates posted at social Friday evening. Candidates make mini speeches
before dinner. Ballots will be given to members. Vote before dinner. During program, ballots
will be counted, results announced after the program.
D. Honorary Life Membership and Carlock Awards
No nominations for Carlock
The Honorary Life award will be presented to the selected member at the 2002 meeting.
E. Web Committee - Buzz Hoagland
The web committee has been changed to a standing committee of the organization called the
“Internet Committee” Since this is a constitutional change, then the membership needs to vote.
The change will be presented, discussed and voted upon at the first business meeting tomorrow.
Current membership of the committee is Hoagland, Karen Klyczek, Ethel Stanley, Tim Mulkey,
Bill Brett. The membership and mechanism for reporting to the steering committee need to be
finalized.
F. Historian - Ed Kos.
Work on the ACUBE history is ongoing.
G. Resolutions
Buzz Hoagland agreed to do the honors this year. Steve Brewer will assist.
V. 2002 Program Planning –Malcolm Levin reporting on his correspondence with Abour Cherif
Dates: September 12-14 2002
Potential theme: Visualizing and Communicating Environmental Solutions
Has a letter of agreement
Registration approximately $85
Rooms approximately $110-150/ double
Banquet will be at the Congress Hotel.
Lots of great field trip locations.
Program Chair: Bob Wallace
VI. Old Business
A. Future meetings
2003 Truman
2004 Wabash
2005 Westfield
2006 Cape Girardeau
B. Logo – Tom Davis. No progress.
Malcolm’s daughter does graphics and he will discuss with her.
C. Email Newsletter
Sent in May, Sept. and January. Pres will send the updated email list.
D. Tax exempt status
ACUBE is now set up at Hamline. AIBS consultant never got back to Pres, nothing has been done about
the paperwork
VII. New Business.
There are many extra copies of the booklet “Evolution and the Fossil Record” and we will try to sell
them for $4 each at next meeting.
Adjourn 10:35 p.m. p.m.
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First Business Meeting
Friday October 12, 2001
Place: Cedar Room, Nebraskan Student Union
Time: 12:55
Called to order by President Tom Davis
I. Announcements
a. Dues can be paid at the registration desk . These are for calendar year 2002.
b. Please propose themes for future meeting
c. Next year’s meeting is in Chicago at 600 Michigan Ave South.
d. Future meeting sites
e. Please consider writing up your presentations as Bioscene articles.
f. There is a nice list of web links on teaching evolution available at the registration desk
g. The mobile environmental lab in the parking lot is open for tours
h. Call for people to consider serving on the Bioscene editorial board.
II. Nominations - Lynn Gillie
Nominees announced.
Nominations from the floor requested.
Kathleen Marr for secretary.
Nominations closed.
Voting procedure announced.
III. Constitutional Change: Creation of standing committee “Internet Committee” Buzz Hoagland
a. Buzz will chair during the “transmogrification” from ad hoc web committee to formal
committee
Discussed by membership
IV. Resolutions – Buzz Hoagland
a. Host resolution read
b. Call for other resolutions (none suggested)
V. Luncheon Program
c. Speaker Leon Higley “BRAINS VS BUGS”
Adjourn 2:10 pm.

Second Business Meeting
Friday October 12, 2001
Place: Cedar Room, Nebraskan Student Union
Time: 7:20 pm
Called to order by President Tom Davis
I. Elections
a. Candidates who were present gave 2 minute speeches
b. Voting
c. Outcome: President Elect: Margaret Waterman
Secretary: Kathy Marr
Steering Committee: Bob Wallace, Janet Cooper
II. Announcements
a. Theme for upcoming meeting
b. 2002 meeting is ONE MONTH EARLIER than usual
c. Call for presentations
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d.

Call for members of editorial board

III. Program: Kenneth Nickerson “Quorum Sensing”
Adjourn 9 pm.

Third Business Meeting
Saturday October 13, 2001
Place: Cedar Room, Nebraskan Student Union
Time: 11:35 am
Called to order by President Tom Davis
I. Announcements
a. Field trip this afternoon
b. Call for abstracts for 2002 meeting – Bob Wallace
c. Dates for next year 9/14-16/02
II. Resolutions – Buzz Hoagland
a. Host resolution thanking local organizers, school officials and program chair
Motion to accept: M/S/A
III. Executive Secretary Report – Pres Martin
a. $9588 in assets, $7474 in income, $12,060 in expenses. This trend is a problem
b. 392 members on rolls, only about 190 paid dues for 2001. Starting in Jan. 2002, only those who
have paid their dues will receive Bioscene.
IV. Bioscene - Ethel Stanley
a. Delays in publication of Bioscene occur when the steering committee members fail to submit
required information in a timely manner. The editors have changed the policy and will go to
press even if the required data is missing.
b. Have about 20 articles in various stages of editorial review.
c. Bioscene on the web receives about 10,000 hits a week. Bioscene is indexed in ERIC and has
citations to Bioscene articles which have been appearing in bibliographies. All of these are good
signs.
d. Bioscene is the only journal to focus exclusively on college biology teaching.
e. The increase from 3 to 4 issues a year will be continued. The $5 raise in dues was approved by the
membership last year to support this.
f. Cover art is needed!
V. Outgoing President’s Remarks – Tom Davis
Where we have been in the last five years. Perception of an increasing need for an organization that
focuses exclusively on college biology teaching.
VI. Incoming President’s Remarks – Malcolm Levin
Increasing membership, recruiting lapsed members, increasing ACUBE in the professional public eye,
increasing sharing of teaching ideas.
Adjourn 12:15.
Respectfully submitted,
Margaret A. Waterman
Secretary 1997-2001
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ACUBE 2002
Columbia College Chicago, Illinois
September 12-14, 2002
Columbia College Chicago is located in downtown Chicago, in the south Loop area, at the hub of America’s
heartland, and easily accessible by air, rail and road. Columbia is within walking distance of the lakefront, and three
world-class museums; the Field Museum of Natural History, the John G. Shedd Aquarium, and the Art Institute of
Chicago. Columbia College Chicago is itself the home of the Museum of Contemporary Photography, and
numerous other museums, cultural and shopping venues are readily accessible via public transit or automobile.
Because of our downtown location, Columbia College Chicago can be conveniently reached using private vehicles,
or public transportation from anywhere in the metropolitan area, in particular from O’Hare International Airport and
Midway Airport.
Columbia College Chicago
Columbia College Chicago is an independent liberal arts college in downtown Chicago. With an enrollment of
over 9,400 students, it is the country’s largest arts and communications college. For additional information, visit our
website at www.colum.edu.
Science and Mathematics Department
Since its inception, the Science and Mathematics Department has served as an important extension of the
professional development of Columbia’s students. The curriculum, designed specifically for those concentrating in
performing, visual, and communications arts, provides basic scientific instruction and a mastery of mathematics
fundamentals.
The primary objectives of the department are to provide students with a comprehensive scientific and
mathematical background, the adaptability and flexibility they will need in order to evolve with continuing changes
in the world, and the ability to deal effectively with specific changes in their professional disciplines. Thus, critical
thinking and problem solving are major objectives of the various departmental programs.
The Department also seeks to fill in the knowledge gap between scientific and political decision-makers and
the lay public on current issues such as energy policy, global warming, the economy, education, genetic engineering,
and nuclear energy. The curriculum is designed to educate students so that they may participate intelligently in the
national debates of such survival concerns. In order for every citizen to understand and participate in discussions of
such issues, they must have some level of scientific literacy.
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Manuscript Guidelines for
Bioscene: Journal of College Science Teaching
A publication of the Association of College and University Biology Educators
Manuscripts submitted to the Bioscene should primarily focus on the teaching of undergraduate biology or the
activities of the ACUBE organization. Short articles (500-1000 words) such as introducing educational resources
provided by another organization, reviews of new evolution software, suggestions for improving sampling methods
in a field activity, and other topics are welcome as well as longer articles (1000-5000 words) providing more in
depth description, analyses, and conclusions for topics such as introducing case-based learning in large lectures,
integrating history and philosophy of science perspectives into courses or initiating student problem solving in
bioinformatics.
Please submit all manuscripts to editor(s):
Timothy Mulkey
Department of Life Sciences
Indiana State University
Terre Haute, IN 47809
mulkey@biology.indstate.edu
FAX: (812) 237-2418

Ethel Stanley
Department of Biology
Beloit College
700 College St.
Beloit, WI 53511
stanleye@beloit.edu
FAX: (608)363-2052

We prefer receiving manuscripts as Rich Text Format or RTF files to facilitate distribution of your manuscript to
reviewers and to work on revisions. You can mail us a disk or attach your file to an email message with the subject
line as BIOSCENE. All submissions should be double-spaced and may follow the style manual for publication you
are currently using such as APA. You will also need to include:
title
author(s) information:
full names
name of your institution with the address
email address, phone number, and/or fax number
brief abstract (200 words or less)
keywords
references in an appropriate format
Please refer to issues of the Bioscene from 1998 or later for examples of these
items. You can access these issues at: http://acube.org/bioscene.html
Graphics are desirable! Lengthy sections of text unaccompanied by tables,
graphs or images may be modified during layout of the issue by adding ACUBE
announcements or other graphics. While tables and graphs may be included in the manuscript file, images should be
submitted as individual electronic files. If you are unable to provide an image in an electronic format such as TIFF
for Macintosh or BMP for Windows, please include a clear, sharp paper copy for our use. At this time, graphics will
be printed as grayscale images with a minimum resolution of 300 dpi and a maximum resolution of 1200 dpi. Cover
art relating to an article is actively solicited from manuscript contributors.
Upon receipt of your manuscript, an email or fax will be sent to the author(s). The editor will forward your
manuscript to the chair of the editorial board. Within the next two weeks or so, your manuscript will be sent to two
reviewers. You should receive comments when changes are recommended from the reviewers prior to publication
of the article. Manuscript format is usually retained as accepted; however, limits of publishing the issue may affect
the length of an article. Graphics may be added by the editors when lengthy sections of text are unaccompanied by
tables, graphs or images. Previously published work should be identified as such and will be reviewed on a case-bycase basis. Your article will appear in the Bioscene and then on the ACUBE website: http://www.acube.org shortly
after the issue date.
Manuscript Guidelines
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ACUBE
Association of College and University Biology Educators
NAME: ___________________________________________________ DATE: ___________________
TITLE: ______________________________________________________________________________
DEPARTMENT: ______________________________________________________________________
INSTITUTION: _______________________________________________________________________
STREET ADDRESS: __________________________________________________________________
CITY: __________________________________ STATE: ______________ ZIP CODE: ____________
ADDRESS PREFERRED FOR MAILING: _________________________________________________
_____________________________________________________________________________________
CITY: _______________________________ STATE: _____________ ZIP CODE: ________________
WORK PHONE: ___________________ FAX NUMBER: ____________________________________
HOME PHONE: ___________________ EMAIL ADDRESS: __________________________________
MAJOR INTERESTS
( ) 1. Biology
( ) 2. Botany
( ) 3. Zoology
( ) 4. Microbiology
( ) 5. Pre-professional
( ) 6. Teacher Education
( ) 7. Other ________________

SUB DISCIPLINES: (Mark as many as apply)
( ) A. Ecology
( ) H. Molecular
( ) B. Evolution
( ) I. Developmental
( ) C. Physiology
( ) J. Cellular
( ) D. Anatomy
( ) K. Genetics
( ) E. History
( ) L. Ethology
( ) F. Philosophy
( ) M. Neuroscience
( ) G. Systematics
( ) N. Other _______________

RESOURCE AREAS (Areas of teaching and training): ________________________________________
_____________________________________________________________________________________
RESEARCH AREAS: __________________________________________________________________
_____________________________________________________________________________________
How did you find out about ACUBE? ______________________________________________________
Have you been a member before: ______________ If so, when? _________________________________
DUES (Jan-Dec 2002)

Regular Membership $30 Student Membership $15 Retired Membership $5

Return to: Association of College and University Biology Educators, Attn: Pres Martin, Executive Secretary,
Department of Biology, Hamline University, 1536 Hewitt Avenue, Saint Paul, MN 55104
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