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AGRICULTURAL/Son. SCIENCE

·

Saturday, April 2 7

Robbins 203
9:00

INDIGENOUS SOIL FERTILITY MANAGEMENT
PRACI1CFS IN KA111MANDU VALLEY, NEPAL

Stephanie Boehmer, Maca/ester College, 1600 Grand Ave., St.
Paul, MN 55105
Soil fertility management is a prime concern for farmers, who
comprise ninety percent of the population of Nepal. During a
month-long survey and study of farmers in the Kathmandu
Valley, I observed three distinct categories of soil fertility
management practices: traditional, chemical, and alternative.
Methods of analysis of these three categories included farmer
interviews and review of pertinent research, largely from
within Nepal. This research indicated that farmers possess a
vast and scientifically viable traditional knowledge of soil
fertility. It was also found that farmers incorporate new
techniques into traditional systems to augment soil fertility.

9:20

SORPTION AND DESORPTION OF METSULFURONMETIIYL ON A 0AY l.oAM SOIL

Kristin A. Norberg, Department of Soil, Water, and Climate,
University of Minnesota, 1991 Upper Buford Circle, St. Paul,
MN55108
Sorption studies are important for determining a herbicide's
persistence, mobility and plant availability in soils. Sorption
data is lacking on the newly-developed sulfonylurea group of
herbicides. Laboratory studies were conducted to determine
the sorption and desorption of metsulfuron-methyl on a clay
loam soil. Sorption studies were conducted using the batch
equilibration method: in brief, soil samples were spiked with
four different concentrations of 14c metsulfuron-methyl,
shaken for different time intervals, centrifuged, and solutions
were analyzed by liquid scintillation counting. Desorption
was determined on the same samples after sorption using
0.01N CaClz. Kinetic studies indicate that sorption
equilibrium is achieved after a 12-hour period. Sorption data
were fitted to the Freundlich equation. The Freundlich K
value was low, 1.71, indicating a high potential mobility.
Herbicides with low sorption and high mobility can leach
and cause ground water pollution if their degradation times
are sufficiently long. Desorption results indicate that the
metsulfuron-methyl that is sorbed, however, will not desorb.
It appears from this research that ground water pollution
could occur if the degradation time of metsulfuron-methyl is
long. Therefore, additional studies on degradation are
necessary to fully predict the environmental impact of
metsulfuron-methyl in this soil.

9:40

CAl.mRATION AND USE OF A MICROCALORIMETER

Kristian M. Roth and James M. Olson, Department of
Chemistry, University ofMinnesota, Morris, Morris, MN, 56267
A microcalorimeter was designed to measure the heat of
reaction of various solid and liquid pesticide residues in a
stainless steel cell. Reaction heat was measured ·as a voltage
change with time using solid state heat flux plates (Melcor™).
This presentation will illustrate design problems and solutions
for signal detection, amplification, and data collection.
Development of appropriate calibration reactions and
techniques for analyzing a variety of clay mineral/pesticide
reaction will be presented. Data from these interactions will
also be discussed.
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10:00

THE AGRoEcoLOGICAL SYSTEM oF nm SAN Jose.
FARM, Pul!RTO AYACUaIO, VENEZUELA
Clea D. Rome, Macalester College, 1600 Grand Avenue, St.
Paul, Minnesota 55105
The agroecological system of a farm in southwestern
Venezuela was analyzed in order to draw conclusions about
the sustainability of the farming- system. Biological, physical,
social, and economic components of the farm were
researched through field sampling of vegetation, and
interviews with government officials and farm owners. Using
three indices of diversity, a comparison of two areas inside
the farm was made with the uncultivated savanna outside the
boundaries of the farm. The cropping system was found to
be highly adapted to the harsh conditions of the savannah.
The polyculture contained many native crops and legumes.
The greatest diversity on the farm was found in the home
garden, an area of the farm characterized by mature fruit
trees and lush undergrowth. The high diversity of the
cropping system had positive effects on nutrient cycling,
stability, and pest management of the ecosystem. The farm
proved to be economically profitable, fulfilling the
subsistence needs of the seven people supported by the
farm. Many of the inputs to the system were endogenous,
resulting in a system that was circular and nearly selfsupporting. The farm proved to be environmentally sound,
economically profitable, and socially equitable. Therefore, the
agroecological system of the San Jose farm is sustainable.
10:20 - 10:40 BREAK
10:40

A MODEL FOR PREDICTING UACIIlNG OF NITRATENITROGEN

Colin Sweeney, Alan Olness2, Dian wpezl, Jason Cordes3,
and W. B. Voorhees 2 1universi1J, of Minnesota-Morris,
Department of Computer Science; USDA-ARS North Central
Soil Conservation Research Laboratory, Morris, MN 56267;
3MTS Systems Corporation 14000 Technology Drive, Eden
Prairie, MN 55344.
Nitrogen (N) is the major limiting factor in most crop
production. Microorganisms in soil can produce nitrate-N
(N9 3--N) and this capacity is affected by certain soil and
climatic conditions. Accurate prediction of NOf-N production
in soil would improve N use efficiency and decrease the
amount of excess N-fertilizer added to crops, thus minimizing
groundwater pollution due to excess N-fertilizer and reducing
costs for crop producers. The Cordes model predicts natural
soil NO 3--N formation by use of air temperature, soil pH, soil
clay content, soil organic matter, and rainfall data. It
accurately predicts NO 3--N formation in many cases, but
under very wet conditions, agreement between observed and
predicted concentrations of No3--N are much poorer. In
these cases, infiltrated rainfall leaches a portion of the NOf-N
into the subsoil with the excess rainfall. A leaching function
which partitioned rainfall between infiltrated water and
surface runoff water was incorporated in the Cordes model.
Incorporation of a leaching function produced closer
agreement between predicted and observed field results.
Field values of the change in soil NOf-N were obtained from
five farms in West-Central and Southwestern Minnesota.
Mean values of observed changes in No 3--N ranged from
0.37 to 5.83 ug g-'; mean predicted changes ranged from 2.21
to 7.43 ug g-' without leaching and from 2.02 to 6.43 ug g-'
with leaching. The model predicts leaching of about 10 to 15
% of the NO 3--N produced. The revised model produces a
more accurate prediction of NOf-N formation under a wider
range of climatic conditions.
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11:00

EVALUATION OF CAPAOTANCH PROBE FOR SITES IN
MINNEsoTA

Princesa P. V. VanBuren, University of Minnesota-St. Paul,
Department ofBiosystems and Agricultural Engineering, 1390
Eckles Ave., St. Paul, MN 55108
Measurement of soil water content is fundamental to
hydrologically characterize soil and water management
projects. Gathering moisture data is labor intensive and
expensive. This project focused on an innovative way of
measuring soil water content. Two commonly accepted
methods of measuring in-situ soil moisture, neutron probe
(N-probe) and time domain reflectrometry (TDR), were
compared to a new instrument called a capacitance probe (Cprobe). The project involved installation of C-probe and Nprobe tubes to gather data for calibration. The following
points were addressed:
• C-probe accuracy to the accuracy of the N-probe.
• Silt loam soil results to those found in study of sandy soil.
• Accuracy in wooded areas to accuracy in agricultural
land.
• C-probe installation feasibility.
Results indicate that the C-probe does not respond well
except in homogeneous soils. Calibration results were not
able to accurately portray the soil moisture profile.
Additionally, there was little variation in results obtained in
agricultural or forested sections.

I

CELLULAR AND MOLECULAR BIOLOGY

Saturday, April 2 7

Robbins 130
9:00

1im EFFECT OF SUBSTANCE P

ON M210B4 MURINE
BoNE MARR.ow SmoMAL CEI.15

Erin L. Sullivan, University of St. Thomas, 2115 Summit Ave.,
St. Paul, MN 55105
It has been reported that the neuropeptide Substance P (SP)
has immunomodulatory activity. Previous studies have shown
that SP has stimulatory effects on primary cultures of murine
bone marrow stromal cells. Because these cultures were most
likely a heterogeneous population of cells, it is possible that
SP may affect only an especially responsive small population
of progenitor cells. To determine if SP has a stimulatory effect
on a homogeneous population of bone marrow stromal cells,
the murine bone marrow stromal cell line M210B4 was
studied. SP's effect on protein synthesis and Stem Cell Factor
(SCP) levels was examined. SP incubation stimulated protein
synthesis in a dose dependent manner. When SCF levels
were monitored, surface SCF levels were higher following
2hrs of SP incubation than after 48hrs of SP incubation.
Interestingly, supernatant SCF levels were significantly greater
following 48hrs of SP incubation in comparison to 2hrs of
incubation (p<0.05), suggesting that SCF had been secreted
into the media. These findings are consistent with previous
observations of SP's effect on primary stromal cell cultures
and suggest that SP has as immunoregulatory effect on bone
marrow stromal cells leading to enhancement in the production and/or secretion of regulatory cytokines such as SCF.
9:20

INTERACllON OF 11IE THYROID REsPONSE ELEMENT
AND A NUCLEAR FACTOR I BINDING SITE IS
llEQUIRED FOR ENHANCED MYELIN BASIC PROTEIN
GENE ExPlmssION

Julie K. Zoch, Hamline University, 1536 Hewitt Ave., St. Paul,
MN 55104-1284
Myelin basic protein (MBP) is a structural component of the
myelin sheath made by oligodendrocytes of the central
nervous system. Expression of the MBP gene is enhanced
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during active myelination by thyroid hormone (T3) at the
thyroid response element (TRE), -186/-169 bp upstream of
the transcription start site in the mouse. It was investigated
whether the TRE interacts with a nuclear factor 1 (NF-1) site,
-127/-106 bp, for T3 activated MBP expression. The NF-1 site
was deleted from the MBP upstream region and NF-1
deletion mutants were fused to luciferase reporters to assess
transcriptional activity in vitro. Transfections in Neuro 2A
cells demonstrated a synergistic interaction between the TRE
and NF-1 site for T3 induced transcription and the
requirement of the NF-1 site for MBP promoter function. An
electro-mobility shift assay using rat brain nuclear extracts
gave evidence that binding activity occurs at the NF-1 site
during pre-myelination and active myelination. This suggests
the NF-1 site binds proteins potentially accounting for the
relationship between the TRE and NF-1 site in brain
development
9:40

DEVELOPMENT OF MEmODS FOR SCREENING AN
INTRAGENIC 2.7KB DELETION OF mE P-GENE IN
INDIVIDUALS Wlffi OCULOCUTANEOUS ALBINISM

TYPE II (OCA2)
Jacqueline Arciniega, Macalester College, 1600 Grand
Avenu~ S~Paul,MN55105
Individuals with Oculocutaneous Albinism Type II (OCA2)
produce minimal pigment in all body tissues and have
several visual abnormalities. In the United States OCA2 is
found in 1:10,000 of African-Americans and 1:36,000 of
Caucasians. It is also the most prevalent form of albinism
throughout the world. Researchers have noted that OCA2 has
a varied phenotype which seems to be dependent on the
ethnic background of the individual. This phenotypic
variation may indicate that OCA2 is the result of a multiplicity
of mutations on different locations of the gene responsible
for OCA2.
Different mutations of the P-gene, located on
chromosome 15, have been found to result in OCA2. Of
particular interest to this project is an intragenic 2.7kb
deletion of the P-gene. This deletion was found in unrelated
African and African-American individuals clinically diagnosed
with OCA2, but not in any Caucasian OCA2 individuals,
leading researchers to speculate that this mutation has African
origins.
For this project genomic DNA of forty-eight OCA2
individuals from varying ethnic groups was analyzed using
three oligonucleotide primers: MHB71, MHB72, and MHB107.
Only nine individuals with African origins were found to
carry the deletion supporting the hypothesis that this
intragenic deletion has African origins.
10:00

A CYToGENE11C ANALYSIS OF 11IE MATING MUTANT
BCD IN TETRAHYMENA THERMOPHILA

A. Ramesh, Department of Biology, St. Olaf College, Northfield,
MN55057
During conjugation, wildtype Tetrahymena thermophila have
two pronuclei which are exchanged and fused to promote
post-zygotic development. When two bed mating mutants are
mated, they do not undergo normal pronuclear fusion and
post-zygotic development; however, when a bed cell and a
wildtype cell are mated, normal pronuclear fusion and postzygotic development occurs in a certain percentage of the
progeny. To study this phenomenon, a bed and a wildtype
cell line were mated with drug resistant alleles and mated.
The results showed three things: 1) In approximately 50%1 of
the progeny, normal pronuclear fusion and post-zygotic
development occurred. 2) In 20%, of the sample, pronuclear
fusion occurred on one side only (the wildtype side) but
post-zygotic development occurred on both sides. 3) In the
cases where pronuclear fusion occurred on one side only but
normal post-zygotic development occurred on both sides, the
bed drug marker was the only marker expressed, possibly
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suggesting that bed has a developmental bias for preserving
the resident pronucleus and discarding the ti:;ansferred
pronucleus.
10:20 - 10:40 BREAK
10:40

AN ANALYSIS OF TIIE EFFECTS OF fflE PROTEIN
KINASE INHIBITOR KTS926 ON NE,VE CELL

GRowm CoNE ACTIVlTY
Joel V Oberstar, Hamline University, 1536 Hewitt Avenue, St.
Paul, MN 55104
The effects of the protein kinase inhibitor K'.1'5926 on
neuronal outgrowth was studied using chick embryo sensory
nerves grown on Laminin and Fibronectin substJ'.ata. Using
time lapse video microscopy, it was determined that dorsal
root ganglia neurons respond to KT5926 in a dose ~ependent
manner. KT5926 acts to stimulate neurite outgrowth as well as
to increase the rates of growth cone migration and
lamellipodial formation. Neurite stimulation was relatively
more pronounced on the Fibronectin substratum than on
Laminin.

KT5926 at (500 nM) increased neurite outgrowth by 271%
on Laminin; a concentration of (500 nm] KT5926 increased
outgrowth on Fibronectin by 340% as compai:ed to the
control. It was determined that the velocity of growth cone
migration on Laminin increased from 0.7 microns per minute
to 1.2 microns per minute after the addition of [500 nM]
KT5926. Migration rates on Fibronectin increased from 0.5
microns per minute to 1.2 microns per minute on Fibronectin
after the introduction of [500 nM] KT5926. Lamellipodial
formation was also stimulated maximally at [250 nM) KT5926
on Laminin and at [500 nM] KT5926 on Fibronectin. These
results implicate protein kinases in regulating the cytoskeletal
machinery that is responsible for growth cone migration.
11:00

Tim EvoumoN OF MELATONIN AS

A TiiANsDUCER

with the cannabinoid receptor gene. The antibody showed
significantly higher levels of binding to cells of the latter
group than to those of the former. ELISA was also performed
using antibody preabsorbed ·with soluble peptide identical to
that against which the antibody was raised. This absorption
was able to curtail antibody binding to cannabinoid receptor
expressing cells, while absorption with an irrelevant peptide
was not. This monoclonal antibody should aid future research
by providing a reliable means of specifically identifying the
receptor and interfering with its function.
11:40

DISTRIBUTION OF BETA- AND GAMMA-TUBULIN IN
TEIRAHYMENA mERMOPHILt DuRING SEXUAL AND
AsEXUALDMSION

Robert C. De Ward, St. Olaf College, 1500 St. Olaf Ave.,
Northf"ield, MN55057
Microtubules are a group of cytoskeletal filaments which play
numerous roles· in cellular motility and organization. A minor
form of tubulin, called gamma-tubulin, has recently been
identified in the centromeres of a wide variety of oi:ganisms.
Assembly of centromeres, and microtubule polymerization,
are inhibited in cells whose gamma-tubulin gene has been
disrupted, suggesting that gamma-tubulin plays a vital role in
the initiation of microtubule assembly at the centrosome.
Fluorescently labeled antibodies were used to verify that
gamma-tubulin was present in Tetrahymena. and
immunofluorescence microscopy revealed the distribution of
both gamma- and beta-tubulin during the sexual and asexual
cell cycles. In non-mating cells, gamma-tubulin is found in a
T-shaped structure just posterior to the oral cavity, however,
the protein does not appear to be associated with the mitotic
spindles or their centromeres during vegetative division.
Similarly, microscopic evidence also indicates that gammatubulin is not associated with the meiotic spindles or
centromeres of conjugating pairs.

OF ENv!RONMENTAL DARKNESS

Anna Kay McGaw, Macalester College, 1600 Grand Avenue,
St. Paul, MN 55105
This study was conducted to determine whether ~elatonin is
found in a prokaryote. Such a finding would indicate that
melatonin appeared very early in life's evolution and may
suggest a phylogenetically-conserved function. We used a
radioimmunoassay and thin-layer chromatography to
determine the presence of melatonin in Erythrobacter longus.
an aerobic, photosynthetic bacteria. We found melatonin in
homogenates of this bacteria, and dark-grown samples
produced significantly higher levels than light-grown samples.
Dark-grown homogenates also retained enzymaHc activity
resulting in melatonin production during ~xtraction
procedures. This work not only demonstrates the gresence of
melatonin in a prokaryote, but also argues that its association
with scotophase evolved ·1ong before the appearance of
eukaryotes.
11:20

CHARACTERIZATION OF A MONOCLONAL ANTIBoDY
TO fflE CANNABINOID RECEPTOR.

Colin Martin, Macalester College
Understanding the endogenous brain cannabinoid receptor
promises many benefits for medical science. The:se include
reduction of high intra-ocular pressure caused by glaucoma
and suppression of nausea brought on by radiation and
chemotherapy. In order to effectively employ c~nnabinoid
compounds it is important that a specific way of identifying
the receptor and disrupting ligand binding be developed. We
report the successful production of a monoclonal antibody
specific for the mouse cannabinoid receptor, made via
immunization with a 13 amino acid peptide corresponding to
an extracellular domain in the protein's primary' structure.
ELISA was employed using a cell line which did riot express
the cannabinoid receptor and the same cell line transfected
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CHEMISTRY/BIOCHEMISTRY
Saturday, April 27

Drew 19
9:00

CHEMICAL CROSS-LINKING TO STIIDY TIIE EFFECTS
OF PHOSPHORYLATION, PH AND CALOUM ON CAsEIN
MICEILE FORMATION

Katy Durfee, Biochemistry Program, Gustavus Adolphus
College, 800 W College Avenue, St Peter, MN 56082
Micelle formation plays a crucial role in the biophysical
properties of milk proteins. This work studied the effects of
IC-Casein, phosphorylation, Ca 2• and pH on aggregation of
a.- and P-caseins. Cross-linking using dimethylsuberimidate
and SOS-PAGE, at pH 8, demonstrated phosphorylation of
either a. or P casein increased aggregation. IC-Casein
potentiated aggregation irrespective of the state of
phosphorylation. Light scattering showed that with
phosphorylated a. casein greatly increased aggregation was
observed at low pH. Calcium had little effect. With
dephosphorylated a. casein aggregation occurred at even
lower concentrations at pH 5, but calcium impeded the
process. Phosphorylated p caseins showed increased
aggregation at_ pH 5.0, but contrary to a. casein, it was
potentiated by the presence of calcium. Dephosphorylated p
casein showed little aggregation at pH 8 or 5.
9:20

THE EFFECTS OF PHOSPHORYLATION ON THE
CONFORMATION OF (l AND ~ CAsEINS

Brian L. Olson, Gustavus Adolphus College, St. Peter, MN
56082-1498
The Caseins are the major class of proteins in human and
bovine milk. Aggregation into well defined micelles
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potentiates their biological activity and is affected by
phosphorylation, calcium, and pH changes. The
conformation of a and P Caseins were studied to establish
differential behavior. The uv absorption peak of a Casein was
red shifted and increased upon phosphorylation while that of
P Casein was red shifted, decreased, and broadened. All
forms of Caseins were rapidly degraded by trypsin and
chymotrypsin but dephosphorylation of P Casein decreased
the rate of digestion indicating phosphorylation of p Casein
leads to a more compact conformation. Calcium induced
changes in the intensity of uv absorption of dephosphorylated a Casein and, to a greater extent, in phosphorylated p
casein. Phosphorylated a and dephosphorylated p Casein
appeared unchanged after calcium addition. A pH titration
followed by uv absorption yielded a single pK value for
phosphorylated a Casein while dephosphorylation led to two
observed pK values. Phosphorylated p Casein, however,
yielded two pK values while dephosphorylation led to a
single pK value. These results indicate that phosphorylation
and calcium have different effects on the structure of a and p
Caseins.

9:40

PREPARATION AND

CHEMISTRY OF

STABLE

AzlDoIODINANES

Jessica K. Woodward, Department of Chemistry, University of
Minnesota-Duluth, Duluth, MN 55812
The combination of a hypervalent iodine compound and
trimethylsilyl azide, PhlO/fMSN3 or PhlX2/fMSN 3, is a wellknown, efficient reagent for the introduction of the azido
functional group into organic molecules. Azidoiodinanes,
PhI(N 3)X or PhI(N~) 2, were proposed as reactive
intermediates in the azidonation reactions; however, attempts
to isolate these species always resulted in fast decomposition
at -25 to 0°C with the formation of iodobenzene and
dinitrogen. We wish to report the first preparation of stable,
crystalline azidoiodinanes 2 and 4 from benziodoxols 1, 3
and trimethylsilyl azide. The structure of azide 2a was
unambiguously established by a single-crystal X-ray analysis.
Compounds 2 and 4 are useful reagents for azidonation of
organic substrates, such as alkanes or alkenes, under radical
conditions.
OH

o:!b

Mo,SiN,, CHzClz
r.l, 2-18 h

RR
1

~

o=;;o
R R
211, R = CfJ (92%); X-ray
2.b, R = CH3 (87%)

OH
I

r'1r'I,
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10:00

10-15 h

0

INTERACTION OF SUBSTRATES WIIB GLUTAMATE
DEHYDROGENASE

Stephanie Lathrop Biochemistry Program, Gustavus Adolphus
College, 800 W College Avenue, St Peter, MN 56082
Glutamate Dehydrogenase catalyzes the oxidative
deamination of glutamate using NAD+ or NADP+ as cofactor.
Previous studies demonstrated the importance of the 1 and 5position carboxyl groups, as well as the 2-position substituent
to both catalysis and subunit interactions. This study focuses
on the role of the 2 and 3 positions in the affinity of the
substrate. Comparison of the affinities of glutamate and
glutarate indicate that the charged nature of the NH 3+ 2
position group actually lowers. the affinity of the natural
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substrate, glutamate. Ionic strength and temperature
dependence have been used with two inhibitors of GDH,
glutarate, and 3,3-dimethylglutarate, to determine the type of
interactions important in the 3-position. The 3-position of the
substrate is capable of hydrophobic interactions with the
binding site. Increasing ionic strengths resulted in decreased
affinities for glutamate and glutarate, suggesting that
predominantly charge-charge interactions involving the
carboxyl groups govern their binding. However, 3,3dimethylglutaric, with its bulky hydrophobic 3-position
substituents, is dominated by hydrophobic interactions with
the binding site, as shown by its resistance to changes in
ionic strength. Therefore, it is concluded that the 3-position's
role in binding the substrate is one of hydrophobic
interaction.

10:20 - 10:40 BREAK
10:40

SOLVATOCHROMIC STUDIES OF SURFACTANT

MICE.LES
Valdemia Dema, Mark Vitha, Peter Carr, University of
Minnesota, Department of Chemistry, Kolthoff and Smith
Halls, 207 Pleasant Street S.E., Minneapolis, MN 55455-0431.
Micelles are aggregates of surfactant molecules. Surfactants
are important because they are used as detergents, catalysts,
solubility enhancers and emulsifiers. The ability of micelles to
function efficiently in these applications depends on their
interactions with dissolved solutes. These interactions depend
on the ability of micelles to interact with solutes through
London dispersion forces and hydrogen bonding. To quantify
the ability of micelles to participate in these interactions, we
measure 1t•, a, and p which are empirical parameters
describing dipolarity/polarizability, hydrogen bond acidity,
and hydrogen bond basicity respectively. These parameters
are measured using solvatochromic indicator molecules such
as p-nitrophenol, p-nitroaniline, and p-ethylnitrobenzene
which have UV-visible spectra that are sensitive to the
polarity and hydrogen bonding ability of their environment.
Results from the solvatochromic studies of sodium dodecyl
sulfate (SDS) micelles will be presented. From these studies
we conclude that the environment of the indicator molecules
in SDS micelles is quite polar and capable of hydrogen
bonding, meaning that the indicators are located in the outer
hydrated region of the micelle rather than in the non-polar
core.
11:00

THE EFFECT OF DIHYDROWYERONE ON RED BEET
TONOPIAST VESICLES.

Anthony P. Sexton, St. Olaf College, 1500 St. Olaf Avenue,
Northfield, MN 55057
Phytoalexins are relatively low molecular weight molecules
that are produced when some plants are challenged by
pathogenic organisms (Spessard et al. 1994). Tissues of broad
and field bean plants ( Vicia faba L.) produce several
furanoacetylenic phytoalexins when challenged by species of
Botrytis (Mansfield et al. 1980). The goal of these
experiments was to determine if dihydrowyerone causes
inhibition of proton transport and if so, by what mechanism.
Dihydrowyerone (a derivative of wyerone) isomers were
synthesized for use in this study. Dihydrowyerone was found
to inhibit proton transport. The next step was to identify its
mode of action. Two modes of action were possibleInhibition of proton transport was either caused by inhibition
of the ATPase or it was caused by lipid bilayer damage. Both
isomers of dihydrowyerone appear to inhibit proton transport
in tonoplast vesicles of red beets. We found that
dihydrowyerone isomers appear to cause an increased
conductance of protons across the tonoplast membrane.
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ECOLOGY

I

Saturday, April 27
Robbins 9
9:00

AVIAN DlvERsnY AND VEGETATION STRUCTURE ON
MINNEsoTA OAK SAVANNAS

Michelle Crozier, Macalester College, Dept. of Biology, 1600
Grand Ave., St. Paul, MN 55105-1899.
Development in natural areas is increasing pressure to
preserve biodiversity. Concurrently, there has been a general
decline in bird populations both within Minnesota and
worldwide. We examined the relationship between breeding
bird populations and the structure of woody vegetation on
oak savanna, a threatened habitat in Minnesota. This
research, conducted at Cedar Creek LTER in East-central
Minnesota, during June of 1995, consisted of a bird census in
areas with varying degrees of canopy cover (closed,
intermediate, and open). We also sampled woody vegetation
on the same sites, and estimated live and dead tree density
within the area. We found a significant negative correlation
between avian species richness and canopy cover. There are
also correlations between some guilds and vegetation factors,
such as generalist density with tree density and woodpecker,
ground feeder and generalist species richness with canopy
cover. Overall avian diversity and density did not vary
significantly between plots, but avian diversity was generally
greater in intermediate plots than in very open or heavily
wooded areas plots (p<0.08). If this trend could be
substantiated by more research, it could support the theory
presented by Cody (1975) that animal richness is positively
correlated with plant spatial heterogeneity.

9:20

AN INVESTIGATION OF TWENTY NATURAL
WATERHOLES IN SANTA ROSA NATIONAL PARK,
CosTARICA

Daniel Moore, Macalester College, 1600 Grand Ave., St. Paul,
MN55105
Twenty natural waterholes were studied in Parque Nacional
Santa Rosa, Guanacaste, Costa Rica, during the dry season,
December 1994 to April 1995. Four characteristics ,were
studied: a) number of waterholes over time, b) water depth,
c) wildlife, and d) vegetation.
Eight waterholes remained at the end of the dry season,
and the total depth of all waterholes decreased from 1,555
cm in January to 894 cm in April. Twenty species of animals
were observed at or within ten meters of waterholes. The
majority of the waterholes (12) were surrounded by either
semi-deciduous or evergreen forest. Twenty-one plant
species were identified at waterholes.

9:40

HEAVY METALS IN BLUE-GREEN ALGAE AS FOUND
IN ST. PAUL'S WATER SUPPLY: A ScANNING
ELECTRON MICROSCOPE (SEM)/X-RAY
MICROANALYSIS STIIDY

James M. Hafner, Jr., University of Minnesota, College of
Natural Resources, 2003 Upper Buford Circle, St. Paul, MN
55108-6146
Algae are commonly used as a tool to measure heavy metal
toxicity in aquatic ecosystems. Blue-green algae
( Cyanophyta) found in nutrient rich lakes affect the water
quality. Their cyclic blooms often alter the water by
producing offensive tastes and odors. Such is the case with
St. Paul's reservoir, Lake Vadnais. We have hypothesized that
a relationship exists between the seasonal occurrence of
tastes and odors in St. Paul's drinking water and heavy metal
concentrations in the Cyanophyta found in Lake Vadnais.
Water samples were obtained from four different locations on
the lake once per week from July 1 to September 30, 1995. A
scanning electron microscope (SEM) was used for
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identification of genera and x-ray microanalysis measured
levels of metal absorption in the algae. Analysis based on
spatial and temporal distribution of algae and metals
indicates there is no correlation between metal absorption by
the Cyanophyta and tastes and odors in the water of Lake
Vadnais.

10:00

THE EFFECTS OF VARYING PRESSURE ON THE
GROWTII OF A ME'l'HANOGEN, MBTHANOBACTBRIUM
WOLFEI

Connie (Yan-Shun) Chan, Hamline University, 1536 Hewitt
Ave., St. Paul, MN 55104.
While the Viking Lander Missions to Mars in 1976 did not
find evidence for biological activity at lander sites, data was
collected showing that water was present on Mars in the past,
and might still be present on or below the surface.
Speculations therefore remain as to whether microbial life
could exist below the surface, possibly resembling
methanogenic bacteria found on Earth. Such methanogens
could use a geothermal source of H2, CO2 and subsurface
water for metabolites. If they exist, Martian life forms would
have to be adapted to the higher environmental pressures
found on that planet. This experiment examined the growth
of M wolfei at 300, 200, 105, and 20 kPa absolute pressure.
Growth was measured by monitoring methane production by
gas chromatography and culture turbidity by spectrophotometry. M. wolfei displayed the highest methane production
rate at 300 kPa, and decreased as a function of decreasing
absolute pressure. There was an exponential correlation between methane production and culture density. Logarithmic
correlations were observed between rates of H2 utilization
and culture density, and between methane production and H2
utilization.

10:20 - 10:40 BREAK
10:40

THE MEIOFAUNA OF THE CLOQUET RlvER

Jennifer K. Dean, Department of Biology, Gustavus Adolphus
College, St Peter, MN 56082
Meiofauna are microscopic animals that inhabit the spaces
between substrate particles in various aquatic environments.
Much is known about meiofauna in marine environments but
little is known about them in freshwater systems, particularly
large rivers The Cloquet River was selected for study as one
of three rivers in a larger project dealing with industrialized
rivers in Northern Minnesota as it is believed that meiofauna
may be useful as indicators of environmental conditions The
industrialized rivers were the Rainy River and the St Louis
River The Cloquet River has possibilities of serving as an
environmental control as it is devoid of industrial effluent
Replicate samples were collected on June 9 and July 14, 1995
from six sites along the river to define the taxonomic
composition and horizontal and vertical distribution of the
meiofauna Eight taxonomic groups were recognized with
Copepoda, Nematoda, Rotifera, and chironomid larva being
the most common No significant statistical differences in
longitudinal and transverse distribution were found
Significant differences were found in the vertical distribution
of meiofauna communities For all three sites combined,
significant differences occurred between 0-1 cm and 4-5 cm
and between 1-2 cm and 4-5 cm but not between 0-1 cm and
1-2 cm There also were a number of significant differences
between depths for each site separately and among
taxonomic groups Overall, the densities, averaging about
2800/10 cm2 and the vertical distribution of meiofauna found
in the Cloquet River agree with the findings reported for
other freshwater systems. Estimates of total meiofauna
densities and species richness in the Cloquet River appear to
be greater than those in the St. Louis River and the Rainy
River Results such as these suggest that meiofauna may be
used as indicators of sediment pollution with unpolluted
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rivers serving as a basis for comparison. This data may also
serve as a baseline for further monitoring of river conditions

11:00 THE MEIOFAUNA OF nm RAINY RlvER
Nat Hemstad, Department of Biology, Gustavus Adolphus
College, St. Peter, MN 56082
Meiofauna, microscopic multicellular animals that live in the
interstitial spaces among bottom substrates of aquatic
habitats, from the Rainy River in northern Minnesota were
studied as part of a larger project that also dealt with
meiofauna of the Ooquet and St. Louis Rivers also located in
northern Minnesota. The Rainy River is industrialiZed having
two paper mills near International Falls, MN. Samples were
collected from four different sites along the river, one above
the paper mill and three below it. The meiofauna were
analyzed in order to describe taxonomic composition,
patterns of horiZontal distribution in the upper sediment layer
and along a longitudinal and transverse gradient, and to
investigate their possible use as bioindicators of pollution.
The density and species richness of meiofauna were less
below the paper mills than above it, and steadily increased
16 kilometers downstream from the mills.
11:20

SMALL MAMMAL COMMUNITY STRUCTURE OF A
WESTERN MINNEsOTA GRAVEL QUARRY

Jacquie R. Gerads, Lowell E. Schmitz, Mickie L. Dik, and
Donna M. Bruns Stockrahm, Department of Biology,
Moorhead State University, Moorhead, MN 56563
Small mammal community structure was studied in a western
Minnesota gravel quarry during the summer of 1995. The
quarry had both excavated and ,unexcavated areas with
interspersed grasslands. Trapping was done on 4 plots, each
a 10-by-10 grid with 10 m between traps along a transect and
10 m between transects. Traps were set at sunset and
checked at sunrise for 4 consecutive days. Animals were
trapped on Plots 1, 2, and 3 in June and on Plots 3 and 4 in
August. Data collected on each small mammal included:
species, gender, age, weight, reproductive condition, capture
location, and habitat. Each animal was toe-clipped for
individual identification and released at the capture location.
Animals captured included: Microtus pennsylvanicus (n =
72), Peromyscus maniculatus (n = 46), Microtus ochrogaster
(n = 15), Zapus hudsonius (n = 16), Onychomys leucogaster
(n = 2), Sorex arcticus (n = 2), S. cinereus (n = 2), Blarina
brevicauda (n = 2), Spermophilus tridecemlineatus (n = 2),
and S. franklinii (n = 2). Meadow and prairie voles were
associated with grasses and thick grass litter, northern
grasshopper mice with sparsely vegetated hillocks, shrews
with disturbed soils, and ground squirrels with dense ground
cover. Small mammal diversity was high probably due to the
great heterogeneity of the habitat.

ECOLOGY

II

Saturday, April 2 7

Robbins 10
9:00

DIFFERENCES IN HERBIVORY AND PHENOLIC
CONTENT RELATED TO LIGHT AND NITROGEN
AVAIIABILITY IN Two OAK SPECIES IN MINNEsoTA.

Toni Schaeffer, Carolyn Muermann, and Mark Davis,
Maca/ester College 1600 Grand Avenue, St. Paul, MN 55105
Rates of leaf herbivory by insects were measured for two
species of oak seedlings, Quercus macrocarpa and Quercus
ellipsoidalis, growing under different light and nitrogen
regimes in east central Minnesota. Seedlings sampled
included those growing naturally in old fields and oak
savannas as well as planted seedlings under experimentally
manipulated treatment combinations of light levels and
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nitrogen availability. One hundred leaf samples covering the
range of habitats and treatment conditions were analyzed for
chemicals theoriZed to have an effect on insect herbivory.
Levels of total phenolic activity, condensed tannins,
hydrolyzable tannins, and protein were measured. The results
showed that total phenol content was significantly correlated
with damage by herbivores. Variation among total phenol
and hydrolyzable tannin content explained approximately
40% of the variation among herbivory levels among the
seedlings sampled for chemical analyses. Quercus
macrocarpa is a white oak and Quercus ellipsoidalis is a red
oak. Previous research has shown some differences in tannin
production between the two sub-genera. Observed patterns
of herbivory and chemical constituents are discussed in terms
of the theory of plant apparency and the resource availability
theory. Possible ramifications pertaining to the shikimate acid
or shikimate biosynthetic pathway are also discussed.

9:20

DISTRIBUTION OF GAIL-FORMERS ON HACKBERRY

1'REEs
Wade Hammer, St. Olaf College
Distribution of gall forming insects on plants often reflects
ovipositional choices or differences in survival. Celts
occidentals (hackberry) is a common tree throughout the
upper Midwest. Galls formed on trees were the subject of my
study. During the summer of 1995, 1723 leaves were
collected from 13 trees in Northfield, Minnesota. Seven
separate morphological classes of galls were identified. With
one exception, all seven gall-types were present on the 13
trees. Gall distribution within trees was not significantly
related to either height or compass direction. Galls were most
abundant on leaves located in the middle of the current
year's growth. Gall-types were negatively associated with
each other on individual leaves. These results suggest 0) that
gall formers are widely dispersed, and (2) that distribution of
galls is influenced by both the timing of leaf flush and the
presence or absence of other species.

9:40

THE EFFECT OF HERBIVORY BY DIABROTICA
BARBERI ON THE VIGOR OF FOUR PRAIRIE
CoMPOSITAE SPECIES

Aaron]. Gassmann, University of Saint Thomas, 2115
Summit Avenue, Saint Paul, MN55105-1096.
Herbivory by the northern com rootworm Diabrotica barberi
(Smith and Lawrence) occurs frequently on Compositae
species in rural areas. This study examined how the vigor of
Compositae species growing in rural prairies is affected by
the additional stress of D. barberi herbivory. Although rural
prairies are often exposed to D. barberi, urban prairies are
isolated from D. barberi. By comparing Compositae species
found in rural and urban prairies, it was possible to observe
the effect of D. barberi herbivory on plant vigor. The species
studied included: Black-eye Susan Rudbeckia hirta, Canadian
Goldenrod Solidago canadensis, Heath Aster Aster ericoides,
and Ox-eye Daisy Heliopsis helianthoides. The study
determined that herbivory by D. barberi had no significant
effect on the vigor of Compositae growing in rural prairies as
compared to urban prairies. Consequently, the proximity of
prairie fragments to cornfields may not need to be an area of
concern for prairie management and restoration.

10:20 - 10:40 BREAK
10:40

MATING BEHAVIOR AND PARENTAGE IN THE
AMERICAN GoLDFINCH CARDUELIS TRlS11S

Daniel W. Louvar, University of St. Thomas, Mail #5031 2115
Summit Ave., St. Paul, MN 55105-1096
The American Goldfinch (Carduelis tristis) is a passerine
species that exhibits semi-territorial behavior. They have
been considered to have a monogamous mating system.
Observations of behavior displayed by color banded
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individuals living in a colony at the Black Dog Science and
Nature Area, Burnsville, MN appear to indicate high
opportunity for extra-pair copulations (EPCs). Data on
distance between male and female mates show that male
attentiveness to his pair bonded mate throughout the nest
building, breeding and incubation stages is not strictly
present. Though males perform looping flights over the nest
sight, territories tend to overlap, forming a loose aggregate of
nests. Antagonist encounters between males have been
observed, however, between males in close proximity.
During the summers of 1994 and '95 whole blood samples
were obtained from nesting individuals and their chicks. DNA
was isolated, purified and amplified with the polymerase
chain reaction using arbitrary primers. Parentage analysis
(using randomly amplified polymorphic DNA or RAPD
obtained from the PCR) reveals that EPCs and subsequent
extra pair fertilizations occurred in several nests. These
results reveal a mating system that is not purely monogamous
for this species.

11:00

NEST ENVlltONMENT AND TIIERMOREGULATION IN
NESTLING TREE SWALLOWS (TACHYCINETA
BICOLOR)

Mora L. Cervenka, University of St. Thomas, 2115 Summit
Ave., St. Paul, MN 55105
Tree Swallow nestlings, like those of many other altricial
passerines, are unable to thermoregulate during the early part
of their development (Marsh, 1980). Several studies have
been done to estimate the age that individual nestlings of
Tree Swallows and related species can thermoregulate (Dunn
1979, Marsh 1980, Marsh 1979, and Stoner, 1935). However,
few studies (Dunn, 1979) have examined the thermoregulatory abilities of the nest as a unit under natural conditions. To
investigate the nest environment, air and nest temperatures
were monitored throughout the nestling period with a
datalogger. Data was standardiZed by expressing actual nest
temperatures for all ages as a percentage of the nest temperature of thermoregulating nestlings. It was found that nests
exhibited significantly higher percentages on average
beginning at age day 5 (P-values from 0.0013 - 0.0068). These
results indicate that the nest unit was able to effectively
thermoregulate beginning at this age, which is approximately
five days earlier than Tree Swallow nestlings as individuals
have been found to be endothermic (Marsh 1980, and Dunn
1979). The functional significance of having this warm nest
environment, before nestlings as individuals can
thermoregulate, may be advantageous for the rapid nestling
growth that occurs during this time.
11:20

llIOINESS, DIVERSilY, AND DISTRIBUI'ION OF nm
MOLLUSC COMMUNITY OF MANUEL ANTONIO
NATIONAL PARK, CosTA RICA

columellaris, Strombus peruvianus, Neasimnia sp., Cypraea
cervinetta, and Cypraea robertsi, not found in the present
study.

ECOLOGY .III
Saturday, April 27
Robbins 911
9:00

THE EFFECTS OF VEGETATIVE STRUCTURE ON nm
RICHNESS, DIVERSITY, AND ABUNDANCE OF
BREEDING BIRD CoMMUNI11ES IN EAST-CENTRAL

MINNEsOTA

Paul Bazakas, Maca/ester College, 1600 Grand Ave., St. Paul,
MN55105
We conducted a census of breeding bird communities in an
oak savanna/woodland in east-central Minnesota. A gradient
of habitats was chosen among available bum units which
covered areas ranging from widely spaced woody plants to
densely packed woody vegetation. We tested the hypothesis
that breeding bird communities would change in richness,
diversity, and density with changing degrees of complexity in
woody habitat structure. Habitat complexity was measured
using five characteristics of woody vegetation: canopy (above
5 m tall), sub-canopy (1-5 m), and ground covers (below 1
m), basal area, live tree density, and dead tree density. We
analyzed our data by comparing these characteristics with
total species composition and feeding-guild membership. Our
results showed that species richness was negatively
correlated to percent canopy cover, live tree density, and
woody cover below 1 m. In addition, the richness of
woodpecker, ground feeder and generalist guilds were all
negatively correlated to percent canopy cover. No
correlations were found between bird species diversity or
density, and vegetative structure. Our results suggest that
certain aspects of habitat structure affect the richness,
diversity, and density of breeding bird communities in
Minnesota oak savanna/woodland.
9:20

Tim FORAGING HABITS OF MALE ELEPHANTS IN 1111!
0KAVANGO DELTA

Erin Schlotterbeck, Hamline University, 1536 Hewitt Ave, St
Paul, MN 55104-1284
Elephants in Botswana are facing an interesting situation:
world opinion sees the elephant as an endangered species
while the Botswana are continually having to deal with them
on an every-day basis. Because of the conflicts there as well
as the problems in studying them (leading to contradictory
views) management decisions are difficult to make. This
study was a simple one designed to see if there is any one
vegetation species that is more impacted by elephant
foraging habits and also to determine if there is one group in
the male population that seems to have more of an affect on
their habitat than another group. It involved observing
elephants and recording such things as the time of day,
weather condition, what the animal was doing (eating), age
of the individuals, and company (group siZe).

Samuel V. Willis, Maca/ester College, 1600 Grand Avenue, St.
Paul, MN 55105
A study was undertaken during March and April of 1995 to
document the species richness, diversity, and distribution of
the molluscs of Manuel Antonio National Park on the central
Pacific Coast of Costa Rica. The study focused on the rocky
intertidal zone; however, it also included observations of the
mangrove, beach, and marine habitats. Significant members
of the intertidal community include 7bais me/ones, Thais
brevidentata, Sipbonaria gigas, Plicopurpura patula pansa,
Nerita scabricosta, Nodi/ittorina modesta, Nodilittorina
aspera, and Planaxis planicostatus. Seventy-eight mollusc
species were identified, not including thirty rnicromollusc

Alycia Kluenenberg, Hamline University, 1536 Hewitt Ave., St.
Paul, MN55104
This study compared the biodiversity and seasonal fluctuation

species that were collected but not yet identified. A previous

of mycorrhizal spores from two different wetlands: one

preliminary survey of the mollusc community in this area
during late July (Bakus, 1968) suggests that there may be
seasonal variation in the mollusc community or that species
ranges have changed since 1968. The study by Bakus
indicates the presence of five species, Plicopurpura

disturbed and in the process of being restored, and the other
undisturbed. Little is known about the seasonal fluctuations
of mycorrhizae in wetlands. Arbuscular mycorrhiza is a
symbiotic relationship between a plant and a fungus.
Through this association, the plant receives phosphorus and
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9:40

SuCCESSIONAL DEVELOPMENT OF WETI.ANDS: A

YEAR STUDY
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micronutrients from the fungus, while the fungus receives
sugars from the plant. Soil samples were cored from two
wetland sites adjacent to roadways near Cambridge,
Minnesota, at five time periods. Mycorrhizal spores were
isolated from dried soil and quantified according to size and
color, which is correlated with species. The undisturbed
wetland had a considerably greater fluctuation of mycorrhizal
spores per gram of dried soil than the newly created wetland
had. Fall was the peak time for spore numbers at the
undisturbed wetland, but no significant difference between
time periods was present at the newly created one. A high
level of diversity was found at both sites. The lack of
difference in spore biodiversity between the two sites could
be explained by the creation of the wetland from the topsoil
of the original wetland at that site.

10:00

Tm! ABUNDANCE AND DIS11UBUI1ON OF TRIDACNA
and T. MAXIMA oN FlvE PATCH llEEFs IN

CROC1IA.
PAIA.U

Jennifer Opdyke, School for Field Studies, Ngaraard State,
Palau 96940 & Macalester College, St. Paul, MN 55105
aams have been an important part of the diet of Inda-Pacific
peoples for centuries. In recent decades, over harvesting in
conjunction with other factors such as dredging and
urbanization have threatened many clam populations to a
point where some have become extinct in certain regions.
Palau is one of the only places in the world where most
species of giant clams still exist. Management plans need to
be set up to ensure that clams are available for future
generations. Baseline population counts for different clam
populations do not yet exist for Ngaraard State. I studied five
reefs on the west side of Ngaraard State to establish
population estimates, density coverage, and size distribution
for T. crocea and T. maxima. There is a significant difference
in the mean size on the varying reefs but the cause for this is
unknown. The baseline population counts established in this
project could serve as a springboard for future studies and as
a means for monitoring population changes and fluctuations
overtime.

10:20 - 10:40 BREAK
10:40

A STIJDY OF MEIOFAUNA IN nm ST.

LoUIS RlvER

Amy Dewey, Department of Biology, Gustavus Adolphus
College, St. Peter, MN 56082.
Meiofauna are microscopic, multicellular organisms which
inhabit the interstitial spaces between substrate particles in
various aquatic systems. Research has shown that meiofauna
may act as bioindicators of water quality. Much research is
still needed to determine the importance of meiofauna in
their freshwater environment. Sediment samples were
extracted from the industrialized St. Louis River to analyze
population densities, taxonomic diversity, and distribution
patterns of meiofauna. Along with the St. Louis River, where
effluents have been diverted to a sanitary district for
approximately twenty years, two other rivers were also
studied as a larger project on Northern Minnesota rivers: the
industrialized Rainy River, where effluents are directed into
the river, and the more pristine Cloquet River which lacks
industrialization.
Sites selected along the St. Louis River included areas
above and below the industrialized regions near Cloquet
Minnesota. The most dominant group at all locations was
Nematoda. Other groups present were Oligocheata, Rotifera,
Copepoda, Ostracoda, Tardigrada, Cladocera, and larva of
Chironomidae. Samples were taken twice during a three
month period in the summer of 1995. Results showed no
difference in meiofauna abundance between sites above and
below the industrialized region with one exception. A greater
abundance of meiofauna was recorded in the top 0-3
centimeters of sediment layers than was found in the lower
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4-6 centimeters. Total densities and species richness of
meiofauna were less than those in the Cloquet River and
somewhat higher than in the Rainy River. These results,
when compared to the results of the larger study, suggest
that meiofauna may be used to indicate water quality. Results
may also serve as baseline data for further studies monitoring
river water quality.

11:00

EVALUATION OF nm USE OF RAl>IOTELEMETRY AS A
TOOL FOR MONITORING MOVEMENTS OF NORlllEllN
GRASSHOPPER MICE (ONYCH0MYS LBUCOGASTER)
IN WESTERN MINNEsOfA

Jamie L. Stegeman, Bryan K. Watters, Lowell E. Schmitz,
Jacquie R. Gerads, and Donna M. Bruns Stockrahm,
Department of Biology, Moorhead State University, Moorhead,
MN56563
During the summer of 1995, we used radiotelemetry
techniques on an experimental basis to determine their
efficacy as a means for monitoring northern grasshopper
mice (Onychomys leucogaster) movements in a western
Minnesota gravel quarry. Five adult northern grasshopper
mice were live-trapped, 2 of which were fitted with radio
collars. Powdertracking and further live-trapping
supplemented the radiotelemetry data. All three methods
complemented each other. Powdertracking was useful to
detect short-range movements, but radiotelemetry detected
long-range movements, timing and sequence of movements,
and the interactions of animals. Furthermore, radio collars
potentially last for weeks whereas powder adheres on the
animal for only hours. Live-trapping detected movements of
animals within the study plot, but chances of retrapping
northern grasshopper mice were small because their home
ranges were larger than the study plot. Radiotelemetry had
some shortcomings, however. Securing the radio collars to
the animals was difficult, partly due to collar design. One
animal lost her collar within several days, possibly due to a
poor initial fit. Battery life was estimated to be 6o days, but
an erratic signal was emitted from the male's collar within 30
days. In spite of its imperfections, radiotelemetry holds
promise as a method for studying movements of a species
with a large home range, such as the northern grasshopper
mouse.

11:20

l'RANSLOCATION AS A TOOL IN FRESHWATER MUSSEL
CoNSERVATION: AN ExAMINATION OF nm EFFEcrs
OF MUSSEL DENSITY ON MORTALITY IN fflE ST.
ClloIXRlvER

Dan Schibel, Macalester College, 1600 Grand Ave., St. Paul,
MN 55105-1899
Many freshwater mussels (Unionidae) are threatened with
extinction. Zebra mussels (Dreissena po/ymorpha) invading
continental rivers is causing an irreversible effect on
freshwater mussels. Mussels serve as monitors of water
quality, environmental pollution, and links in the food chain.
A possible solution to save mussels is to transplant them from
zebra mussel infested waters to uninfested waters. This study
was used to determine optimum transplantation densities.
Twenty 0.25 m 2 quadrat cages were placed by divers.
Mussels in the quadrats were identified, measured, and
labeled. The mean density was 7 mussels/0.25 m 2 quadrat.
The 20 cages were randomly divided into 4 groups - controls
(7 mussels/cage) and groups of 2x (14), 3x (21), and 4x (28)
the average density. Amb/ema plicata were used to make
these densities. Mussels were placed in cages in July and
revisited on August 16, checking for immediate mortality, and
October 12 to examine mortality, growth, immigration and
emigration. Results indicate little mortality ( I dead of 280
mussels), measurable growth, and both immigration and
emigration.
Early indications are that translocation may be an
effective means of mussel conservation and density has little
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acute effects on mortality. Further study is needed to
determine effects over a longer time period.

11:40

THE EFFECTS OF NITROGEN MANIPULATION AND
BELOW-GROUND llERBIVORY ON TIIE SYMBIOSIS

Bl!TWEl!N TALL Fl!SCUE (FESWCA ARUNDINACEA)
AND THE FUNGAL ENDOPHYTE ACREMONIUM
COENOPHIALUM

Benjamin E. Nomann and Michael I. Ke/rick, Macalester
College, 1600 Grand Avenue, Saint Paul, Minneso(a 55105
The relationship between the perennial grass tall fescue
(Festuca arundinacea) and its fungal endophyte
Acremonium coenophialum is purported to be a mutualism
where endophyte-infected plants (E+) are more fit than
uninfected individuals (E-). Previous studies have shown that
E+ individuals deter herbivores, tolerate drought and flood,
produce more biomass and seeds, and are better competitors
when compared to E- plants. However, the fact that E- plants
are found in most natural populations suggests that there
may be advantages to being endophyte-free. These benefits
might include superior performance under nitrogen limitation
and root herbivory. In order to test the hypothesis that under
some conditions E- may outperform E+ individuals, E- and E+
plants were subjected to three nitrogen levels and artificial
and natural root herbivory. The results showed that both
types of herbivory decreased all the biomass m~sures and
increasing nitrogen availability increased total and shoot
biomass while decreasing root biomass of both E+ and Eindividuals. A cost of infection, as exhibited by the
significantly greater biomass of E- compared to E+ plants,
was observed. Significant three-way interactions .existed for
all biomass measures, suggesting the benefit of being
endophyte-free is contingent upon environmental conditions.

ECONOMICS, GEOLOGY AND MATH

Saturday, April 27
Drew4
9:00

AN EMPIRICAL CRITIQUE OF TIIE BoRDO-JONUNG
INSTITUTIONAL THEORY OF MONEY VELOCITY
DETERMINATION

Nathan Grawe, St. Olaf College, 1500 St. Olaf Avenue,
Northfield, MN55057
The erratic behavior of money velocity since the 1940's has
generated considerable economic research. Michael Borda
and Lars Jonung propose the hypothesis that the velocity of
money is determined by the counter-acting institutional
forces of monetization and financial sophistication. They
propose this theory based on long-term data from five
industrial countries which show velocity to have a secular Usha ped pattern. They also note that data from Japan,
Germany, and Italy do not conform to their theory, but
ignore these deviations as aberations due to countries' status
as losers of World War II.
In this paper, the long-term velocities f1pm fifteen
countries are examined. In addition to the M2 velocity
studied by Borda and Jonung, this study incorporates
monetary base velocity and Ml velocity data to further test
the hypothesis that the velocities of more nan:ow money
stocks are affected by the public's substitution into holding
wider money stocks. An examination of the data shows that
increasing velocities have not been uniformly observed in
recent periods. Further, contrary to the institutional theory,
minimum velocity is is coincident for all money measures in
most of the countries. In conclusion, the data indicate that
institutional factors are not the most fundamental velocity
determinants.
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9:20
A STUDY OF ECONOMIC GR.OW111 IN EAsT AsL\
Darin J. Genning, Saint Olaf College, 1500 Saint Olaf
Avenue, Northfield, MN 55057
Tremendous economic development in East Asia has
prompted many studies of the region. This study uses
econometric modeling to gather insights into development in
East Asia. Growth in real, per-capita GDP over 21 years
across nine regions including the Republic of Korea,
Singapore, Hong Kong, Taiwan, Malaysia, Indonesia,
Thailand, India, and the Philippines is analyzed. Possible
influences on economic growth such as investment share,
government share, export share, secondary-school enrollment
rates, and initial real GDP are tested for statistical significance
in determining growth in real GDP. Investment share and
export share are both strongly and positively correlated to
economic growth. Initial real GDP is strongly and negatively
correlated to economic growth. Development theories,
related studies, regional background, procedures, and
statistical conclusions are described. Interpretations, policy
suggestions, and graphs are also included. 15 references.
9:40

GR.APB COLORINGS EXPRESSED AS SYMMETRIC
F'UNCI1ONS

Michael Wolfe, Macalester College, 1600 Grand Ave, St. Paul,
MN55105
A graph G with d vertices has an associated symmetric
function of degree din variables x 1, x 2 , .... This function is
related to the chromatic polynomial of G in that if we set x 1. . . = Xn = 1 in the symmetric function, we obtain tlie
chromatic polynomial of G evaluated at n. The purpose of
this paper is to investigate the symmetric chromatic
polynomials of graphs as expressed in terms of the standard
bases for the symmetric functions. In particular, expressions
in terms of the elementary symmetric functions are examined.
New expressions are proven for previously characterized
graphs, and conjectures are made regarding uninvestigated
classes of graphs.
10:00 "Tim 'CITY' FAMILY TREE"
Theresa E. Crofts, Victoria L. Field, and Aaron T. Holt,
Winona State University, Mathematics/Statistics Department,
Winona, MN 55987
A data set consisting of 22 variables recorded for 77 cities
whose 1990 population exceeded 200,000 was analyzed
using various multivariate statistical techniques. The variables
covered topics such as economics, population, pollution, and
climate. The analysis was exploratory in nature; however,
finding similar groups of cities, ranking the cities, and finding
outlying cities were of particular interest. Hierarchical cluster
analysis, discriminant analysis, principal component analysis,
multidimensional scaling, Chernoff faces, and geographical
mapping were used to analyze the data set. Excluding five
outlying cities, six homogeneous groups of cities were
discovered. A ranking of the cities was also achieved through
an analysis of economic variables.
10:40

TRANSPORT OF BOULDERS DURING THE
CATASTROPHIC DRAINAGE OF AN ICE-DAMMED
LAKE, PIONEER MOUNTAINS, IDAHO

Andrew L. Bobst, Geology Discipline, University ofMinnesota Morris Morris, MN 56267
Catastrophic drainage of ice-dammed Glacial Lake East Fork
resulted in the transport of large boulders (up to 2 meters in
diameter) for distances of 10 km downstream of the ice dam.
Paleohydraulic calculations based on these boulders have
been done to constrain the maximum discharge developed
during the flood. Average flood velocity Yav was calculated
by a relationship derived by Costa (1983) relating velocity to
boulder size di such that Vav = 0.18di 0487• A second empirical
relationship between flow depth and boulder size (Costa,
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1983) was used in conjunction with topographic maps to
determine cross-sectional areas A of the flow along the flood
route. The discharge is thus found by YavA Discharge
calculations, with appropriate uncertainties, yielded values of
20,000 to 30,000 m 3s-1• These discharges are an order of
magnitude larger than those obtained by hydraulic modeling
of ice-dam failure for Glacial Lake East Fork as it is thought
to have existed during the Pleistocene (Brugger, 1995), and
may therefore suggest that ice dam failure and consequent
flooding occurred during a transient high stand of the lake.

MEDICAL SCIENCE/PHYSIOLOGY

I

Saturday, April 27
Robbins 7

9:00

CHARACTERIZATION OF TIIE NHE-1 ISOFORM OF
THE NA-H ANTIPORTER TRANSFECTED INTO
CHINESE HAMSTER OVARY (AP-1) CEW!

Kristine Carlson, Shelby L. l.ewis, Stefanie Gefroh, and Mark
Wallert, Department of Biology, Moorhead State University,
Moorhead, MN 56563
The Na-H exchanger isoform designated NHE-1 was
transfected into a mutant strain of Chinese hamster ovary
cells (APl) which was lacking Na-H antiport activity. Cells
expressing the antiporter were selected by exposure to
prolonged intracellular acidity levels lethal to those lacking
Na-H antiport activity. Following stable transfection and
selection, changes in the ability of the cells to regulate
intracellular pH (pHi) was measured using the pH-sensitive
fluorescent dye 2', 7'-bis (2-carboxyethyl)-5(6)-carboxyflourescein (BCECF). Following intracellular acidification, PHi
recovered to resting levels in a Na-dependant, amiloridesensitive manner indicative of the presence of an active Na-H
antiporter. Antiport activity was then characterized to
determine whether the expressed antiporter maintained the
functional properties of NHE-1 The sensitivities of recovery
from acid load to cimetidine and clonidine, known inhibitors
of the Na-H antiporter, were tested. Consistent with the
expression of NHE-1, cimetidine showed a greater inhibitory
potency than clonidine. Additionally, activation of antiport
activity by pHi was measured and shown to be consistent
with that of NHE-1 expressed in wild-type Chinese hamster
ovary cells.

9:20

PH SENSITIVITY THRESHOLDS IN MEMBRANE
ATPASES OF THE YEAST SACCHAROMYCES
Cl!REVISIAE

Robert W. Gilkerson, Ham/ine University, 1536 Hewitt Ave. St.
Paul, MN 55104
pH regulation is important to the growth and reproduction of
yeast cells. Much of the regulation of pH is accomplished by
protontranslocating ATPases in various cellular components.
The yeast vacuolar ATPase is responsible for acidification of
the vacuole and consists of eight polypeptide subunits,
consisting of an integral membrane, or Vl, and a peripheral,
or Vo, sector. The plasma membrane ATPase is comprised of
a single integral membrane 100-kDA catalytic protein. We
examined the growth phenotypes of ATPase mutants in both
the vacuolar and plasma membranes. The vacuolar mutant
ATPase (vma) strains vma6 and vma2 showed a rapid drop
in growth as pH increased above 6.4, while the plasma
membrane ATPase (pma) strains SH91, SH102, and XZ761
displayed an intolerance for pHs below 3.5. Using the data
generated, we wish to conduct further research on pH
sensitivity thresholds in the interest of generating a
theoretical model of pH regulation in yeast.
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9:40

METABOLIC AND BLOOD LIPID RESPONSES OF
RICHARDSON'S GROUND SQUIRRELS (SPERMO•
PHILUS RICHARmONII) TO A HIGH FAT Durr

Chad A. Haroldson and Krysta L Morgenthaler, Concordia
College, Moorhead, MN 56562
Richardson's ground squirrels (RGSs) experience varying
degrees of hyperlipidemia even though eating a low fat diet
This hyperlipidemia correlates with rapid increases in body
fatness as RGSs prepare for seven months of hibernation.
Previous work in this laboratory suggested that RGSs may be
resistant to developing arteriosclerosis in spite of possessing
a blood lipid profile that is atherogenic for many mammalian
species. This study documents RGS metabolic responses to a
high fat diet
Young RGSs were trapped in early June, 1995 (body
mass, 150-180 g). An equal number of males (25) were
placed on regular diet (RD = 4 5% fat, 0%, cholesterol) and
high fat diet (HFD = 15% fat, 2% cholesterol). Body weights
and metabolic rates were determined continually from June
to October, 1995 On three occasions (7/14, 8/14, and
10/2/95), a total of eight (8) RGSs from each group provided
blood for analysis of serum lipids [total cholesterol (TC), total
triglycerides (TG), HDL-cholesterol, LDL-cholesterol, VLDL +
chylomicron cholesterol, LDL-TG, LDL-TG and VLDL +
chylomicron TG]. Animals dying during procedures were
necropsied for histological examination.
Both RD and HFD RGSs gained weight rapidly, from 250
g (mean) on 6/14, to 630 g by 10/2/95. Weight-gain curves
for both groups were similar. Average minimum-recorded
metabolic rates (MR) varied inversely with body mass. On
6/14, 7/14, 8/14, and 10/2/95, MRs for both groups averaged
close to 22, 11, 10, and 9 mL 0 2 •kg body wt-1•min-il,
respectively.
Average serum TC for RD-RGSs increased from 216, to
508, to 707 mg/dL, respectively; while average TC for HFDRGSs increased from 1455, to 2162, to 2944 mg/dL,
respectively. Average serum TG increased from 314, to a
maximum of 4400 mg/dL for RD-RGSs; while TG increased
from 1589, to a maximum of 2266 mg/dL for HFD RGSs.
Further details of serum lipid profiles will be presented.
HFD-RGSs revealed extensive liver pathology.
Hepatomegaly, vacuolation of hepatocytes, cholangiohepatititis and considerable cholelithiasis were noted. As of
3/10/96 (after 9 months on HFD), we have found only
limited evidence of atherosclerotic plaque formation in the
aortae of these animals. [fhis study was supported by a grant
from the Howard Hughes Medical Institute.]

10:00

GRADED ATTENUATION OF PuRINE METABOUTE
ACCUMULATION DURING ISCHEMIA (ISC)
DEPENDENT UPON DURATION OF PRECONDffiONING

Colin M. Zimmer. CM. Reiling, and D.G.L. Van Wylen, St.
Olaf College, Northfield, MN 55057
Introduction: Ischemic preconditioning (PC) is known to
attenuate ATP breakdown and delay the accumulation of
purine metabolites in the interstitial fluid (ISF) during
prolonged ISC. The purpose of this study was to determine if
the attenuation of ISF purine metabolite accumulation during
prolonged ischemia is graded with respect to the duration of
the PC episode. Methods: Regional myocardial ISC was
induced by occluding a branch of the left coronary artery of
anesthetized rabbits. Cardiac microdialysis probes were
implanted in the myocardium to assess ISF levels of
adenosine (ADO), inosine (INO), and hypoxanthine (HYPO).
Dialysate levels of purine metabolites, used as indices of ISF
levels, were compared in non-PC (n=7), 1 min PC (n-7), 2.5
min PC (n=6), and 5 min PC (n=7). Following PC, 10 min of
reperfusion was allowed prior to 30 min ISC. Results: In the
non-PC group, there was a progressive increase in dialysate
INO and HYPO during the 30 min ISC; dialysate ADO
increased until 20 min of ISC and thereafter decreased. In all
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PC groups, the !SC-induced increase in dialysate ADO was
attenuated, although the attenuation was graded according to
the duration of the PC (dialysate ADO at 10 min ISC: nonP C= 1. 97 ±0, 55 µM; 1 min PC=l.64±0,29 µM; 2.5 min
PC=I.47±0.40 µM; 5 min PC=l.16±0,23 µM); a similar pattern
of attenuation was evident in dialysate INO (dialysate INO at
20 min: non-PC=35.7±8.5 µM; 1 min PC=27.9±9.8 µM; 2.5 min
PC=24.6:t6.9 µM; 5 min PC= 18.5±4,8 µM). There was no
difference between the groups in the !SC-induced increase in
HYPO. Conclusion: These data suggest that the PC-induced
energy sparing precedes the presumed tissue protection of
preconditioned hearts. Supported by NIH HL-4602 7 and an
AHA F,stablished Investigator Award.

10:20 - 10:40 BREAK
10:40

DUAL CARDIAC MICRODIALYSIS

S.A. Manthei. CM. Reiling. and D.G.L. Van Wylen, St. Olaf
College, Northf'ield, MN 55057.
The purpose of this study was twofold: 1) to evaluate a dual
microdialysis technique coupled with local drug administration in the regionally ischemic rabbit heart, and; 2) to
compare the ischemia (ISC)-induced changes in interstitial
fluid (ISF) adenosine (ADO) during inhibition of adenosine
deaminase (ADA) versus adenosine kinase (AK). Two
microdialysis probes were implanted parallel to each other
and separated by 5 mm in the myocardium perfused by a
branch of the left coronary artery. Probes were used to
sample myocardial ISF as well as to deliver drugs locally to
the surrounding tissue; purine metabolite concentrations in
the collected dialysate were used as indices of ISF levels.
Three groups of pentobarbital-anesthetized rabbits were
studied. In a control group (n=7), both probes were perfused
with Krebs-Henseleit buffer (KHB). In the second and third
groups, one probe was perfused with KHB, whereas the
other probe was perfused with KHB containing 1 mM
erythro-2-(2-hydroxy-3-nonyl)adenine (EHNA) (n=4), an ADA
inhibitor, or 10 µM iodotubercidin (IODO) (n=3), an AK
inhibitor. After collecting baseline dialysate samples, all
animals were exposed to 30 min of regional myocardial ISC,
induced by occlusion of the coronary artery, followed by 60
min of reperfusion. In the control group, similar changes in
dialysate purine metabolites during ISC were observed in
both probes: inosine (INO) and hypoxanthine (HYPO)
increased progressively during ISC, whereas ADO increased
transiently. Locally administered EHNA or IODO increased
dialysate ADO prior to ISC. With EHNA, this was associated
with a decrease in dialysate INO and HYPO, whereas pre-lSC
INO and HYPO levels were not changed with IODO. With
EHNA, the increase in dialysate ADO was markedly
augmented during ISC, while the increases in INO and HYPO
were attenuated. However, inhibition of AK with IODO did
not augment dialysate ADO during ISC. These data illustrate
the beneficial use of dual microdialysis with locally
administered drugs to assess the regulation 6f purine
metabolism before and during ISC. Supported by NIH HL46027 and an AHA Established Investigator Award.

MEDICAL SCIENCE/PHYSIOLOGY

II

Saturday, April 2 7
Robbins 12
9:00

ACTIVATION OF fflE PITUITARY-ADRENAL AXIS
DURING FASTING IN RATS

whether fasting acts as a stress to stimulate pituitary-adrenal
activity, adult male rats were completely deprived of food for
24 or 48h and pituitary-adrenal activity was analyzed. After
fasting or ad libitum feeding, blood and adrenal glands were
collected from groups of rats (n=5-6/group). Plasma ACTH
and plasma and adrenal corticosterone were measured by
radioimmunoassay and data were analyzed by ANOVA.
Plasma ACTH increased at 48h, but not at 24h (p<0.01). In
contrast, plasma corticosterone increased both at 24 and 48h
vs controls (p<0.01). In addition, adrenal corticosterone
content, a direct index of activation of the adrenal gland,
increased at 24 and 48h (p<0.01). These data show that
pituitary-adrenal activity increases during fasting. Plasma
corticosterone increases early in response to fasting, despite a
delay in the increase of plasma ACTH. These findings suggest
that the response of the adrenal cortex to ACTH may be
modulated during fasting. Factors other than ACTH such as
adrenal innervation may play a role in increasing adrenal
responses to food deprivation.

9:20

Tm! EFFECTS OF MEIATONIN AND SEROTONIN ON
1111! REGENERA11VJ! CAPACITY OF 1111! PIANAllIAN
WORM, DUGESIA DOROTOCEPHALA

Valerie Vadnais and Peter Saros, Hamline University, 1536
Hewitt Ave., St. Paul, MN 55104
Dugesia dorotocephala were cut anterior to the pharynx and
placed in 1.0 mM, 0.5 mM, 0.1 mM, 0.05 mM and O.Ql mM
concentrations of melatonin and serotonin. The transected
worms were kept in these solutions for the duration of the
regenerative process. In subsequent studies, transected
planarians were subjected to "switching" experiments where
worms were transferred from drug to water and vice versa at
12, 24, and 48 hour intervals. Higher concentrations (1.0 mM,
0.5 mM and 0.1 mM) of both serotonin and melatonin
resulted in a delay of regeneration. Mortality at these higher
concentrations was excessive in the initial trials; therefore,
lower concentrations (0.05 mM and 0.01 mM) were used to
minimize death during treatment periods in the switching
experiments. Serotonin and melatonin had no significant
effect on the regenerative capacity of Dugesia dorotocephala
at the lower concentrations although the observed
morphological abnormalities may have significant
implications.

9:40

MELATONIN PRODUCTION IN CULTURED PINEAL
GLANDS FROM RED-SIDED GARTER SNAKES,
1iIAMNOPIIlS SIRTAUS

Paul Rasmussen, Macalester College, 1600 Grand Ave., St.
Paul, MN 55105
Many reptiles have photoreceptive pineal glands which
remain entrained to photoperiod in vitro. Histological studies
suggest that snake pineals do not contain photoreceptive
cells, and that they receive light/dark information from the
retina (as mammals do). Nine T. sirtalis were acclimatiZed to
a 121: 12D photoperiod and 20°; then pineals were removed
and maintained in culture with the same environmental
parameters. On the third and fifth days of culture, we
replaced culture medium every 3 hr over 24 hr. Melatonin in
the removed medium was measured with a
radioimmunoassay. A distinct melatonin cycle was observed
during the first examination period (day 3), but this cycle
drifted and/or decreased in amplitude during the second
examination period (day 5). This suggests that while the
pineals can maintain a cycle of melatonin production in vitro,
they are not directly photoreceptive.

Michelle Bland, Hamline University, 1536 Hewitt Avenue, St.
Paul, MN 55104
Fasting induced increases in plasma corticosterone have been
ascribed to decreases in steroid metabolism. To determine
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10:00

CIRCADIAN RHYTHM OF MELATONIN IN THE
EYESTAIXS OF 11IE FIDDLER CRAB UCA. PUGILATOR

Scott Furlan, Jessica Goldstein, Mike Palsgrove, and Angeline
Sauer, Macalester College, 1600 Grand Avenue, St. Paul, MN
55105
Melatonin, a vertebrate pineal hormone involved in the
entrainment of circadian rhythms, has recently been detected
in various invertebrates. In arthropods, the optic lobes appear
to produce melatonin; therefore, we examined melatonin
production in the eyestalks of Uca pugilator entrained to
either a 121: 12D photoperiod or constant darkness. Melatonin
levels were measured with a radioimmunoassay. Eyestalk
melatonin cycled in the 121: 12D photoperiod, with a peak
occurring near mid-photophase and another near midscotophase. This bimodal melatonin cycle persisted in the
dark-acclimated crabs; however the peaks were out of phase
with those of the photoperiod-acclimated crabs, occurring
approximately 3 hours later. This is the first demonstration of
a bimodal cycle of melatonin in any animal; in addition, a
photophase peak of melatonin is rare in animals.

10:20 - 10:40 BREAK
10:40

USE OF A TYPE IV CoLI.AGEN PEPTIDE TO INHmIT
FmROBIAST PllOUFERATION AND ScAluuNG

Keegan Maxwell, Maca/ester College, 1600 Grand Ave., Saint
Paul, Minnesota 55105
Glaucoma, a disease that compromises vision is commonly
associated with increased intraocular pressures. One common
surgical treatment for glaucoma is lowering intraocular
pressure by creating an opening in the sclera (the thick inner
layer of the eye). This allows the aqueous humor from inside
the eye to drain through this opening to a space between the
sclera and the conjunctiva (the thin outer covering of the
eye) called a bleb. From this bleb the fluid can be reabsorbed
into the blood stream. In order to prevent the bleb from
scarring, to the sclera, rnitomycin-C and 5-fluorouracil have
been used to prevent fibroblast proliferation. Because these
drugs have many undesirable side effects such as corneal
toxicity, alternatives have been sought. The Hep II peptide
has been shown to slow the proliferation of rabbit fibroblasts
in vitro and slow the scaring of rabbit blebs in vivo. The in
vitro effects of this peptide on human fibroblasts were tested
using a tritiated thymidine proliferation assay. While the
inhibition caused by the peptide is less than that caused by
mitomycin, it is still very pronounced. The use of ~polybutene acid as a delivery vehicle for this peptide in vivo
was also studied.

11:00

WATER BALANCE IN HEAT ACCLIMATED GERBILS
( GERBIi.I.US GERBIi.I.US)

Michelle M. Riehle, University of St. Thomas, 2115 Summit
Ave., St. Paul, MN 55105
Desert mammals can process salt water in order to remain in
water balance. In order to test whether heat acclimation,
associated with desert existence, improved water
conservation of a native desert species, food and water
consumption, body weight, and concentrations of urine
constituents were measured in room temperature and heat
acclimated gerbils. Both sets of treated gerbils imbibed tap
water for two days and Z0/4 (.34M) saline for four days. After
four days on saline, room temperature acclimated gerbils had
a positive water balance of 14.161.± 1.359 ml as a result of a
significant rise (p<.0001) in water intake. Heat acclimated
gerbils remained in water balance throughout the study, with
a slight positive water balance of 1.052 .± .817 ml after four
days on saline. Increases in urine osmolarity, urine urea and
electrolyte concentrations made this water balance possible.
Both heat and room acclimated gerbils significantly increased
their urine osmolarities when they drank saline (p<.0001 and
p=.0344). Both also showed significant rises in urinary
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chloride ion (p<.0001). Overall, the heat acclimated gerbils
were superior in their ability to continue eating, drinking and
concentrating their urine to remain in water balance.

METEOROLOGY

Saturday, April 27
Drew2

9:00

SOUTHWESTERN LAKE SUPERIOR TEMPERATURE
INFLUENCES

Peter J Boulay, Department of Earth Science, St Cloud State
University, 720 Fourth Avenue South Saint Cloud, MN 563014498
Forecasting high temperatures for the Duluth Metropolitan
Area can be difficult due to the effects of nearby Lake
Superior. This project looked at temperature patterns in the
southwestern region of Lake Superior. High temperatures
were used from 13 stations around the southwest shore.
Wind speed and direction were used from the Duluth
National Weather Service. Two wind directions were
considered, lake fetch (70 to 120 degrees), and non-lake
fetch (250-300 degrees). Wind speeds greater than 5 m/s (9
knots) were used
Some lake influenced air was observed the entire year. It
was found that the greatest lake effect on average high
temperatures was during May and June centered at the city of
Superior, Wisconsin. Some funneling effects were observed
in the lower elevations of the Superior flats and the St Louis
River Valley. In May and June, easterly winds caused lake
influenced air to penetrate as far west as Moose Lake (64
kilometers from the lake)
9:20

INFLUENTIAL PARAMETERS OF LAKE EFFECT SNOW
FOR SAULT STE. MARIE, MICHIGAN DURING THE
1995-96 WINTER SEASON

David Boyer, St. Cloud State University, 720 4th Avenue
South, St. Cloud, Minnesota
The lake-effect snow phenomenon frequently produces
localized heavy snow downwind of the Great Lakes during
the late fall and winter months. The conditions necessary to
produce lake-effect snow have been outlined by Wiggins
0950) and NiZiol (1987). However, their research has been
limited to the eastern ends of Lake Erie and Lake Ontario.
Very little research has been conducted to confirm whether
or not the conditions for lake-effect snow are the same for
the eastern end of Lake Superior.
The 1995-96 winter season for Sault Ste. Marie, Michigan
resulted in the snowiest winter on record. The area received
over 180 inches of snow. Much of the snow for the season
was the product of the lake-effect snow phenomenon.
This paper documents lake-effect snow for Sault Ste.
Marie and analyzes the conditions associated with it. The
conditions and variables that are the focus of the study are:
1) The temperature difference between the lake, 850 mb,
and 700 mb.
2) Directional shear from the surface to 700 mb.
3) Upper Level conditions right to allow for lower
tropospheric northwest flow.
4) Orientation of the fetch over Lake Superior.
These parameters are analyzed for the 1995-96 season in
order to compare and contrast the results of previous studies
(NiZiol et al. 1995) with actual conditions of the season.

25

Winchell Papers
9:40

AN

EVALUATION OF Two-DIMENSIONAL F'RONI'OGENESIS IN TIIE OCTOBER 23, 1995 WINTER
STORM

Robert T. Hoschka, Department of Earth Sciences, Saint Cloud
State University, Saint Cloud, Minnesota
On October 23, 1995, the first major winter cyclone of the
season affected nearly the entire Northern Plains, dumping
up to 41 cm (16 inches) of snow in southeastern South
Dakota and over 3 cm (greater than 1 inch) of rain in
portions of eastern Minnesota. Thunderstorms, thundersnow,
and high winds were reported during the event in
southeastern Minnesota and southeastern South Dakota,
respectively.
Q-vector analysis at 1200 UfC from 850-700-mb revealed
weak quasigeostrophic vertical motion in Minnesota,
suggesting further studies on the role of upper-level
frontogenesis need to be made. This paper will examine the
magnitude of Miller's 0948) two-dimensional frontogenesis
function at both the surface and aloft relative to the
precipitation in the Northern Plains.
Tentative conclusions found the magnitude of surface
frontogenesis to be large in regions where precipitation
occurred in the Northern Plains.

10:00

THE EFFECT OF LIQUID AND FREEZING
PllEClPITATION ON A PROPEUER TYPI! ANEMOMETER

Chris A . .Levine, Department of Earth Science, Saint Cloud
State University, 720 Fourth Avenue South, St. Cloud, MN.
56301-4498
For many years anemometers have provided reliable reports
of wind speed. Anemometers can withstand many kinds of
weather conditions. When an anemometer is calibrated
properly high accuracy can be attained. When precipitation
falls on an anemometer the accuracy of the readings lies in
question. This project looked at the effect of liquid and
freezing precipitation on a propeller type anemometer.
Results were compared based on intensities of precipitation
and wind speed for the liquid precipitation experiments.
Results for freezing precipitation were compared based on
wind speed and temperature. It was discovered that liquid
precipitation had virtually no effect on the performance of
the anemometer at light to moderate intensities and a small
effect at heavy intensities. The freezing precipitation had a
significant effect on propeller rotation; in some cases
resulting in total loss of propeller rotation.

10:20 - 10:40 BREAK
10:40

CIJMATOI.OGY OF Low-LEvl!L INvERSIONS AT SAINT
CLOUD AND INTERNATIONAL FALLS, MINNESOTA,

1948-1992
Dan Lilledahl, Department of Earth Sciences, Saint Cloud
State University, 720 Fourth Avenue South, Saint Cloud, MN
56301-4498
Low-level inversions (LLI's) at Saint Cloud (STC) and
International Falls (INL), Minnesota, from a data set spanning
the period 1 January 1948 to 31 December 1992, are analyzed
for their seasonal and diurnal frequencies The LLI's are
categorized into three types Type I LLI's are surface-based,
while both Type II and Type III LLI's are elevated inversions
Overall, a large percentage of the soundings contain LLI's
(70% at STC and 65% at INL) LLI's are more common in the
winter (92% of soundings at STC have LLI's, while 90% of
soundings at INL have LLI's), and least common in the
summer (56% at STC and 49% at INL) Mornil}g soundings at
both sites have a higher percentage of LLI's than evening
soundings (6()oA, and 62% of morning soundings at STC and
INL have LLl's, respectively) Surface-based inversions
comprise slightly higher than one-half of the LLI's at both
sites.
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11:00

PRECIPITATION DISTRIBUTION FOR INVERTED
TROUGHS IN TIIE O!NTRA.L U.S.

Keith G. McGregor, St. Cloud State University, Saint Cloud,
Minnesota 56301
The Norwegian Front Model has been a helpful tool for
forecasters since it was first introduced in the early 1920's
(Bjerknes 1919). However, since its introduction, exceptions
to the model have been found. One of these is the inverted
trough, an extended area of lower pressure found on the
northern flank of the surface cyclone. Inverted troughs cause
frequent forecast problems and have been associated with
heavy precipitation, high winds, blizzard conditions, and
significant wind shifts (>30 degrees); (Keshishian et al. 1994).
Six years of inverted trough cases were collected from
September to April between 1989-90 to 1994-95. The data
were then stratified according to the location of the
precipitation relative to the inverted trough. Results showed
42% of the cases had precipitation north and east (ahead) of
the inverted trough and 9% of the cases had precipitation
south and west (behind) of the trough. However, the behind
cases included significant events such as the Halloween
storm of 1991, which dropped 13" of snow in St. Cloud, 28"
in Minneapolis, and 37" in Duluth. The remainder of the
cases were dry or a combination of both behind and ahead
cases.
This study also involved a closer look at two inverted
trough cases: one with precipitation primarily ahead of the
trough and one case with precipitation primarily behind the
trough. Upper-level frontogenesis, vorticity advection at 500
mb, and temperature advection at 850 mb were computed for
the two case studies (the Halloween blizzard and 182 Feb.
15, 1990 - 152 Feb. 16, 1990) in an attempt to find the
significance of upper level support for the two different
precipitation signals during inverted trough cases.

PHYSICS

Saturday, April 27
Learning Center 203

9:00

DETERMINATION OF TIIE QUANTUM EFFIOENCY OF A

PMT BY INmvIDUAL PHOTON DETECTION

Brad Johnson, Department of Physics, Bethel College
The photomultiplier tube (PMT) is capable of detecting an
individual photon by converting the photoelectron which
results from the photoelectric effect into a current pulse. The
PMT's quantum efficiency is the percentage of incident
photons which successfully produce a signal for any given
photon wavelength. The Hamamatsu R4632 PMT was
determined to have a quantum efficiency of 0.25 at 632.8 nm
by comparing the calculated number of incident photons to
the number of photons detected by the PMT.

9:20

STABILITY ANALYSIS OF A SIMPLE NONLINEAR
0sOI.IATOR

Jon Bougie, Dick Elliott, and Tyler Rooker, Department of
Physics and Astronomy, Carleton College, Northfield, MN
55057
We have explored the free response of a conservative,
nonlinear system with two degrees of freedom. This
frictionless system consists of a horizontal "pendulum" with a
linear Hooke's Law spring replacing the rigid rod which
connects the bob to the pivot point, along the radius. To
avoid gravitational coupling between the radial and
tangential motions, gravity is replaced by a tangential return
force provided by a torsional Hooke's Law spring at the
pivot. After finding the dimensionless Lagrangian equations
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of motion for this system, we analyzed it using both
analytical and numerical techniques.
We linearized the system by examining it in the
neighborhood of its equilibrium. Using Floquet theory we
then analyzed the stability of the angular motion and found
the condition for instability for vanishingly small amplitudes
of the radial motion. Utilizing a numerical solution of the
original nonlinear governing equations, we evaluated the
time evolution of the Lyapunov exponent for several
representative initial conditions. Finally, we correlated these
results to graphical depictions of the system response in two-,
three-, and four-dimensional phase space. Further progress
toward an analytical solution for this system seems to be
confined to the quasiperiodic regime.

9:40

OPl'O-ELECI1l0NIC PROPERTIES OF DC MAGNETRONSPUITl!Rl!D A-GE:H THIN FIi.Ms

Daryl Dagel, Department of Physics and Astronomy,
Macalester College, 1600 Grand Ave., St. Paul, MN 55105
Hydrogenated amorphous germanium (a-Ge:H) thin films are
of interest for both fundamental reasons and possible
applications (e.g. solar cells). In this work the effects of ion
bombardment on the properties of a-Ge:H deposited by
reactive de magnetron sputtering are studied. Ion flux and
energy are varied by the application of a capacitively coupled
radio frequency (13.56 MHz) voltage to the substrates.
Substrate temperature (150° C), gas pressure (5 mTorr argon
+ 1 mTorr hydrogen) and magnetron power (30 W) were
held constant while the rf power was varied to produce
substrate de biases in the range O to 80 V. Films are
characterized by conductivity and optical transmission
measurements. The dark conductivities of the samples are in
the range 102 - 1ry (O-an)-1, with a weak inverse dependence
on substrate de bias. This decrease in dark conductivity is
correlated with a decrease in the optical band gap as implied
by the optical transmission results. Photosensitivities however
showed no clear trend with de bias. The implications of these
results for the effect of ion bombardment on the a-Ge:H
electronic density of states will be discussed.
10:00

CHARACTERIZATION OF AMORPHOUS CARBoN THIN
FILMS USING RAMAN SPECTROSCOPY AND 0111ER

TECHNIQUES

Evan Murdock, Department of Physics and Astronomy,
Macalester College, 1600 Grand Ave, St Paul, MN 55105
Amorphous carbon thin films are of great interest due to their
high hardness. Because of this feature, these films are used as
protective coatings on computed hard drives and other
sensitive equipment. There is, however, much that remains
unknown about their growth and microstructure. We have
grown a series of amorphous carbon films using Plasma
Deposition under a variety of conditions. We are examining
these films with a variety of optical techniques including
Raman Spectroscopy, Fourier Transform Infrared
Spectroscopy (FTIR), and Diode Array Spectrophotometery.
These data allow us to study the effects of growth conditions
on the hydrogen content, band gap, and microstructure of
the films. We observe a correlation between the bandgap of
these films and argon dilution of the methane feed gas.
Preliminary measurements indicate a correlation between the
hydrogen content of the films and the discharge power.
10:20 - 10:40 BREAK
10:40 DEMONSTRATION OF SHS FOR OH SPECTROSCOPY
Huan T. Tran andJohn M. Harkmder, Department ofPhysics,
Astronomy, and Engineering Science, Saint Cloud State
University, Saint Cloud, MN 56301
The hydroxyl radical OH plays a critical role as a catalyst in
the destruction of ozone in the stratosphere and mesosphere.
A global distribution map of OH in the middle atmosphere is
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required for a more complete understanding of the depletion
of the ozone layer. We have proposed the use of a spaceborne Spatial Heterodyne Spectrometer (SHS) to obtain high
spectral resolution observations of the OH solar resonance
spectrum, which can be used to acquire the global
distribution map. SHS is a novel, high sensitivity
interferometer which is particularly suited to space
applications.
In support of our proposal, we have successfully
demonstrated performance of a prototype OH-ultravioletSHS. The OH tests were performed in the near ultraviolet
over a 14 Angstrom spectral section centered on 3080
Angstroms. Both a laboratory OH lamp and the Sun have
been used to verify our expectation of performance. The 14
angstrom section corresponds to strong band structure
emission from OH. Our solar spectrum agrees well with
previously published data from the National Solar
Observatory at Kitt Peak. The paper will include a description
of the experimental setup, data acquisition strategy and data
analysis methods.

11:00

Eu!CI'R.oDEPOSmoN oF cu2
PHOTOVOLTAIC APPLICATIONS

o

AND

CulNSE2

FOR

Amanda VanderVenter, Department of Physics and
Astronomy, Macalester College, 1600 Grand Avenue, Saint
Paul, MN 55105
Electrochemical deposition is a well established method of
producing thin films. This technique is of particular interest
to the photovoltaic community as an inexpensive and
efficient method to produce large area photosensitive films.
We have studied the electrodeposition of Cu 2O and CuinSe2
and characterized the films using electrical conductivity, x-ray
diffraction (XRD), and scanning electron microscopy (SEM)
measurements. Cu 2O films grown on Cu substrates have a
crystallite size of about 5-10 microns as determined by SEM,
and a preferred crystallite orientation as determined by XRD.
The resulting Cu 2 O-Cu Schottky barriers are found to be
weakly rectifying and photoconductive. As deposited CuinSe2
films on titanium substrates have very small crystallite sizes,
but annealing in a nitrogen atmosphere at 400°C results in
significant grain growth. These films also exhibit preferred
orientation. In both cases the film properties depend strongly
on deposition conditions such as pH and current.

PSYCHOLOGY, TEACHING OF SCIENCE, Ai',D
ANTHROPOLOGY
Saturday, April 27
Robbins 220
9:00

NEURAL CORRELATES OF INFANT MEMORY
DEVELOPMENT: A CoMPARISON STUDY OF NICU
GRADUATES AND Full-TERM IIEAL111Y INFANTS

Michelle R. Ellefson, University ofMinnesota, College of Liberal
Am, 214 Johnston Hall, 101 Pleasant Street SE, Minneapolis,
MN55455
This study examined the neural and behavioral correlates of
infant habituation and visual recognition memory in 4-month
old infants from full-term healthy and perinataly
compromised full-term and pre-term populations. The goal of
the study was to examine the differences between and within
these groups for early identification of later cognitive
difficulties using the measures mentioned above. Infants were
habituated to a familiar stimulus until looking time
significantly decreased. Event related potentials (ERPs) were
recorded from the scalp as the infant watched the familiar
and novel stimuli. The two conditions were compared within
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and between both groups. Full-term infants habituated to the
familiar stimulus before NICU (Newborn Intensive Care Unit)
graduates. There were differences in ERP activity of the novel
and familiar conditions and between the NICU graduate
sample and the full-term healthy infant sample. For both
groups there were no differences in temperament. The fullterm group demonstrated a normative response to, the novel
stimuli, while the NICU sample contributed an abnormal
response for this age group (related to past research). Results
indicated that infants in both groups were able to partially
update working memory. NICU populations may be better at
detecting novelty and may have more mature neural
pathways.

9:20

ELECTROPHYSIOLOGICAL INDICES OF CATEGORI·
ZATION: DIFFERENTIATION BETWEEN EMOTIONAL
AND NON-EMODONAL CA11!GOIUZADON TASKS

Shawna L. Ehlers, University of Minnesota, Department of
Psychology, Minneapolis, Minnesota 55455
Carver, Realmuto, and Nelson 0995) studied the EventRelated Potential correlates of categoriZation of 'emotional
stimuli. They found that ERP wave amplitudes varied by
emotional condition. Specifically they found a negative
potential over the left temporal lead. These findings suggest a
possible electrical source related to the categorization of
emotional stimuli in the left temporal pole or dorsolateral
prefrontal lobe structures anterior to the temporal pole. The
current study tested whether these findings may be attributed
to emotional processing or to the cognitive demands of the
task. An identical procedure to Carver et. al. (1995) was used.
In the current study categoriZation was by the color of nonemotional complex stimuli rather than by emotional content
as in Carver et. al. (1995). The negativity over the temporal
lobe found by Carver et al was not found in the current
study. Thus it appears that this negativity was due to
emotional processing and not to the categoriZational aspect
of the task.

9:40

EFFECT OF PEER MEDIATION IN RESOLVING
CoNFIJCI' BETwl!EN CoLLEGE

S11JDEN'nl
Mary K. Ness, University of Minnesota, Duluth, 10 University
Drive, Duluth, MN 55812
Mediation is a nonadversarial method of resolving conflicts
through the use of a trained, third party in a ~tructured
process. This study measured college students' perception of
resolution/satisfaction of conflicts with and without the
presence of a trained peer mediator. Thirty-two subjects
journaled "scripts" of a recent conflict in which they were
involved. This review of personal experience served to add
immediacy and depth to the conflict being mediated. Subjects
also completed pertinence and intensity ratings on conflict
areas in a Likert type questionnaire. Conflicts areas were
limited to commonly experienced topics such as broken
promises, annoyance, and illegitimate demand. Utilizing these
results, subjects were paired and assigned scenarios to role
play in conflict dyads. To create investment and realism,
subjects were assigned to role play a stance in the most
personally relevant conflict scenario possible. In experimental
group dyads, mediators utilized a conflict resolution process
that explores disputants perceptions and feelings, checks for
understanding and generates solutions. The control group
resolved the conflict without assistance, mediators were
present as observers only. Subjects then coiµpleted a
satisfaction/ resolution survey. Compared to the control
group, subjects in the experimental group were significantly
more satisfied with how the conflict was resolved.
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10:00

FACTORS

AFFECTING

THE

RETENTION

OF

INTRooucroRY PIIYslcs S11lDENI'S
Jennifer Hunter, Concordia College, Moorhead, MN 56562
This study investigated the relationship between teaching
techniques and retention of introductory physics students. It
was hypothesized that the use of non-traditional classroom
instruction contributes to better retention of students in
general, and under-represented students in particular. Surveys
addressing a number of questions about classroom activities,
attitudes towards physics, and demographic information were
distributed to 321 students who were completing introductory
physics. The classes surveyed were categorized as traditional,
non-traditional, or mixed, according to the types of
instruction used. Development and content of the survey will
be discussed, and results analyzed. The results show that
classes in the mixed and non-traditional categories had
significantly fewer students who dropped the course than
traditional classes. Students in the mixed classes were found
to be the most satisfied with their experience in introductory
physics. In addition to analysis of the data, future
implications of this study will be addressed.

10:20 - 10:40 BREAK
10:40

NA11VE AMERICAN Vmws OF THE EARm: A PRECoLOMBIAN PERsPECTIVE

Steven M. Otto, Geology Discipline, University of Minnesota,

Morris, MN 56267
I am engaged in an ongoing project exploring Native
American perspectives of the earth as expressed in tribal
myths and legends. The goal of this project is to bring
attention to Native American explanations of the origin of the
various features of the earth prior to development of modem
geological thought. Resources used to this date include
university libraries (University of Minnesota, Morris, St. John's
University, Northern Illinois University, South Dakota School
of Mines and Technology, and the University of Minnesota,
Twin Cities), the World Wide Web, and personal interviews.
Major themes expressed in these myths and legends include
the creation of the world, mountain building, and the
interrelationship between people and the natural world. An
extended goal of this project is the creation of a sourcebook
which will be available to educators on the K- 12 and college
level.
Support for this project has been provided by the Morris
Academic Partnership program of the University of
Minnesota, Morris.
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