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300 dots per image (dpi) and grayscale images should be
scanned manually at 450 dpi.
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can be saved to a PC formatted disk in the RTF format without
any complications. Use the Save As command and save as
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11"). These hard copies should show you how you want to
represent any special characters, equations, tables, etc. The
manuscript is to be assembled in the following order: Title,
Author(s) name(s) and affiliation, Abstract, Key words, Text,
Figures. Please number your pages. Please use the common
and binomial Latin name(s) of an organism when first
mentioned. The text must match the document file text exactly.
Distinguish between similar looking, but different symbols such
as the letter "x", a multiplication sign (x), and the Greek Letter
Chi (X, x). Similar problems occur with minus signs, hyphens,
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Hyperspectral Reflectance
Monitoring of Rice
Varieties Grown
Under Different
Nitrogen Regimes
Michael Aide and Donn Beighley, Southeast Missouri State University, Cape Girardeau,
MO 63701
*Corresponding Author Dr. Michael Aide (mtaide@semo.edu)
Abstract:

Hyperspectral reflectance (HR) is a
remote sensing technology that measures and
analyzes the light distribution reflected from a
plant to determine plant performance and the
potential yield. HR technologies have not been
extensively applied to assessing the nitrogen (N)
status of rice (Oryza sativa). This two year
investigation focused on estimating the N status
offour rice varieties grown in the field using a
randomized block design having three different
N treatments. Nitrogen fertilization promoted
greater yields, increased plant heights and
intensified the amount of tillering; however, the
mean number of seeds per panicle and the mean
weight of I 00 seeds were not influenced by the
various nitrogen treatments. HR curves were
able to discriminate between the 0 (control) and
the 75 lbs N I acre plots; however, HR curves
were not always able to discriminate between the
75 and 120 lbs N I acre plots. The lack of
sensitivity of the HR curves to detect changes
between sub-optimum and optimum N
fertilization treatments (I) limits its use.fitlness to
commercial rice production, and (2) was
attributed to the greater tillering capacity of the

optimally fertilized N plots, which reduced the N
leaf tissue concentrations.

1. Introduction
Hyperspectral reflectance (HR.) is a
remote sensing technology that measures and
analyzes the light distribution reflected from a
plant to determine plant performance and the
potential yield. HR. technologies generally
operate within the realm of the visible (380 to
720 nm) and infrared (720 to 106 nm)
bandwidths. Most commonly, plant agriculture
studies use the blue (380 to 500 nm), green (500
to 600 nm), red (600 to 720 nm) and near
infrared (NIR) (720 to 1300 nm) bandwidths.
Because the total reflectance is partially
dependent on climatic and plant canopy
parameters, wavelength ratios provide useful
information related to plant pigment contents and
nutrient concentrations.
The green and red bandwidths are
influenced by the chlorophyll and carotinoid
pigments, which are primarily influenced by the
leaf nitrogen content (Ma et al., 2001; Osborne et
al., 2002; Shanahan et al., 2001). The NIR region
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is more responsive to the presence of cellular
structures created by air - cell wall - protoplasm chloroplast interfaces. Leaf hyperspectral
reflectance curves are influenced by crop
selection, variety, growth stage, soil water
availability, nutrient status, plant pathogens,
insect damage, crop protection chemicals, and
environmental conditions not associated with the
main treatment to be investigated.
A typical normalized reflectance curve
demonstrates two minima, located near 490 nm
and 670 nm, and one maximum, located near 550
nm (Fig. 1). The NIR region typically shows a
broad, relatively flat, plateau between 750 and
950 nm. Two vegetative indices (GNDVI =R820
- R550 I R820 + R550 and GVI=R820 I R550)
have been proposed using the NIR and green
portions of the visible spectrum and two
vegetative indices have been proposed using the
NIR and red portions (RNDVI=R820 - R670 I
R820 + R670 and RVI=R820 I R670) of the
visible spectra, where R is the relative plant
reflectance.
The purpose of this investigation is to
determine if HR may indicate the health and
vigor of rice in farm situations and to determine
if HR may predict yield.

2. Materials and Methods
A field experiment involving rice
(Oryza sativa) was performed to determine if
three nitrogen fertilization levels for four
commonly used varieties (Cocodrie, Wells,
Francis, Cheniere) could be correlated with
hyperspectral reflectance.
A randomized
complete block design (four replications) was
developed at the Missouri Rice Research Farm
using a Crowley silt loam soil. Nitrogen rates in
2004 were control (0 lbs N I acre), low (90 lbs N
I acre) and high (150 lbs N I acre), whereas Nrates in 2005 were control (0 lbs N I acre), low
(75 lbs N I acre) and high (120 lbs N I acre).
Flood application was within 24 hours of the
fertilizer application. All plots received 45 lbs N
two weeks after internode elongation. HR
measurements were made approximately twothree weeks prior to internode elongation,
internode elongation and three weeks post
internode elongation. Plant tissue samples and
biomass estimates were also performed at these
times. Final yield by plot combine, days to
heading, plant height, the mean number of seeds
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other environmental constraints (Bronson et al.,
2003; Cassanova et al., 1998; Hussain et al.,
2000; Ma et al., 2001; Osborne et al., 2002;
Shanahan et al., 2001; Takebe et al., 1990;
Tarpley et al., 2000). Thus, proper experimental
protocol requires standardizing conditions to
minimize the variance of genetic, cultural and
per panicle (1 0 samples/individual replication)
and mean seed weight (1 0 samples/ individual
replication measurements were also performed.
Plant tissue analysis involved Kjeldahl N and
inductively-coupled
plasma-emission
spectrometric determination of acid-dissolved
plant tissue for P, S, Ca, Mg, Na, K, Fe, Mn, Cu,
Zn, and B and was performed by Mid-West
Laboratories (Omaha, NE).
A Spectron Engineering SE-590
spectroradiometer was operated indoors in a
darkened room to obtain spectral measurements.
The instrument was placed in a stand and
mounted a measured distance above a photolab
layout table to give a sensor field of six degrees.
Samples were consistently placed in a circular
mound (about 0.5 em thick and 15 em diameter),
flattened to totally fill the viewfield and
illuminated from opposite sides with four quartz
halogen lamps. The spectrometer was first
calibrated using a Spectralon reflectance panel,
then two measurements per sample were
averaged to generate a hyperspectral reflectance
curve. The hyperspectral response curves were
ratioed with the white-plate reflectance curve to
generate a normalized hyperspectral reflectance
curve (NHRC).

3. Results
Plant Biomass, Yield Components and
Nutrient Concentrations

Tillering was generally very poor to
poor for the control plots and tillering was
generally normal for the low and high N
fertilization rates (Table 1). Similarly the days to
50% heading increased with increasing N
fertilization rate in 2004, inferring the N
fertilization delays maturity. Days to 50%
heading in 2005 showed no N fertilization
interaction. Plant height was proportional to the
N fertilization rate in both 2004 and 2005,
illustrating the effect of N on vegetative
development.
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The mean number of seed I panicle and the
seed weight did not exhibit any significant
differences because of the N treatments, a feature
generally attributed to the large variance in the
number of seed I panicle. Yield was significantly
influenced by the N fertilization rate, with the low
and high N fertilization rates having substantially
greater yields than the control for all varieties. In
2004, the yields for Wells and Francis were not
significantly different between the low and high N
fertilization rates; however the highest yields for
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Cocodrie and Cheniere were associated with the
highest N fertilization rates. In 2005, the yields for
Wells and Cocodrie were not significantly different
between the low and high N fertilization rates;
however, the highest yields for Francis and Cheniere
were associated with the highest N fertilization rates.
Plant biomass was significantly smaller in
the control plots compared with all plots receiving N
fertilization (Table 2). The varieties Wells, Cocodrie
and Cheniere showed no significant biomass

Table 1. Yield component estimates for four rice varieties cultured at three nitrogen rates.

Variety

Treatment
Lbs N I Acre

Seed/Panicle

Tillering

50% Heading
days
------------2004------------very poor
86
normal
87
normal
94

Height
em

Yield
Bu/Acre

68
82
91

73a
138b
140b

Wells

0
90
150

125
114
116

Francis

0
90
150

151
117
165

poor
normal
normal

85
88
93

65
81
84

85a
147b
153b

Cocodrie

0
90
150

133
135
119

poor
normal
normal

84
87
92

69
76
91

83a
132b
148c

Cheniere

0
90
150

141
135
172

89
90
94

58
68
79

71a
113b
129c

Wells

0
75
120

111
124
165

88
87
89

78
93
98

119a
172b
182b

Francois

0
75
120

142
106
139

poor
normal
normal

88
98
89

82
90
93

133a
180b
202c

Cocodrie

0
75
120

102
113
142

poor
normal
normal

89
90
90

78
85
90

85a
150b
163b

Cheniere

very poor
normal
normal
------------2005-----------very poor
normal
normal

0
221
poor
90
75
121a
75
164
normal
90
82
157b
120
173
normal
90
90
189c
Each treatment consists of five typical panicles selected from ten panicles from each plot with a total of four plots
(20 panicles).
Identical letters within a column imply mean equivalence at 0.05 probability, whereas different letters imply mean
differences at 0.05 probability.
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Table 2. Biomass, chlorophyll, nitrogen and hyperspectral reflectance indices for 2004.
--------------Hyperspectral Reflectance Indices--------------Variety
RVI
Wells
10.4
12.3

Treatment

Biomass

Chloronhyll

Nitrogen

GNDVI

GVI

0
90

g
0.46a
0.92b

32a
40b

2.71a
3.63b

0.57a
0.65b

3.67a
4.78b

0.82a
0.85a

120

0.87b

SOc

4.13c

0.62b

4.2lb

0.73b

0

0.60a

33a

3.03a

0.63a

4.46a

0.85a

90

0.67b

38b

4.02b

0.66a

4.89a

0.85a

120

0.93c

37b

3.89b

0.63a

4.45a

0.84a

0

0.6la

34a

2.78a

0.60a

4.08a

0.83a

90

0.63a

46b

3.33b

0.67b

5.llb

0.85a

120

0.85b

39c

4.28c

0.65b

4.66b

0.82a

0

0.48a

33a

3.22a

0.63a

4.46a

0.84a

90

0.6lb

39b

3.86b

0.69b

5.64b

0.86a

120

0.60b

36b

3.86b

0.68b

5.25b

0.86a

RNDVI

6.5
Francis
12.1
12.7
11.2
Cocodrie
11.2
12.8
9.8
Cheniere
11.9
13.9
13.0
Identical letters within a column imply mean equivalence at 0.05 probability, whereas different letters imply mean differences at 0.05 probability.
Vegetative indices determined July 15,2004.

differences between the 90 and 150 lbs N I acre,
whereas Francis showed significantly greater
biomass at 150 lbs N I acre. In 2004, leaf N
contents were greater for plots receiving 90 and
150 lbs N I acre than the control plots, whereas
leaf N content in 2005 did not reflect significant
differences because of the N fertilizer treatments.
In 2004, Wells and Cocodrie showed significant
leaf N content increases on transition from 90 to
150 lbs N I acre, whereas Francis and Cheniere
showed no significant leafN differences between
the 90 to 150 lbs N I acre treatments.
In 2004, SPAD (chlorophyll meter)
readings reflected significant differences
between the control and the 90 and 150 lbs N I
acre treatments, with Wells and Cocodrie
showing significant SPAD differences at 120 lbs
N I acre. In 2005, SPAD readings reflected
significant differences between the control and
the 75 and 120 lbs N I acre treatments for
Cocodrie and Cheniere, with Wells showing
significant SPAD differences only between 75
and 120 lbs N I acre. For all varieties at each N
fertilization rate, the tissue concentrations of P,

S, Ca, Mg, Na, K, Fe, Mn, Cu, Zn, and B were
considered normal for that stage of growth (data
not shown).
Normalized Hyperspectral Reflectance
Curves
In 2004, the green normalized
difference vegetative index (GNDVI) and the
green vegetative index (GVI) significantly
discriminated between the control and the
low/high N fertilization rates for Wells, Cocodrie
and Cheniere; however, these indices did not
discern differences because of N fertilization for
Francis. In 2005, the GNDVI did not show any
significant differences attributed to the Nfertilization rates for Wells, Cocodrie and
Cheniere; however, the GNDVI did discern
differences between the control and fertilization
(75 lbs N I acre) for Francis. In 2005, the green
vegetative
index
(GVI)
significantly
discriminated between the control and the 75 lbs
N I acre treatments for the varieties Francis and
Cheniere. The RNDVI and RVI indices were not
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able to discern differences attributed to N
fertilization. In 2004 and 2005, the SPAD
readings (chlorophyll meter) were equal to or
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better than hyperspectral reflectance
predicting N content and the final yield.

in

Table 3. Hyperspectral measurements, chlorophyll meter and Nitrogen contents in 2005.
---GNDVI----

Varieties

Treatment
LbsN/A

Chloronhyll Meter

Wells

0
75
120

33.0a
34.9a
4l.lb

Francis

0
75
120

Cocodrie

Cheniere

Nitrogen

#1

#2

2.97a
2.95a
2.78a

0.63a
0.64a
0.64a

36.9a
35.4a
36.5a

3.11a
2.97a
3.34b

0
75
120

29.6a
36.2b
35.lb

0
75
120

3l.la
36.6b
36.2b

-----GVI-----

#1

#2

0.67a
0.73a
0.69a

4.36a
4.62b
4.49a

5.19a
6.45b
5.50a

0.62a
0.66b
0.68b

0.67a
0.68a
0.68a

4.40a
4.92b
5.25b

5.22a
5.27a
5.25a

2.83a
3.04a
3.25b

0.63a
0.65a
0.67a

0.67a
0.68a
0.72b

4.58a
4.78a
5.1lb

5.15a
5.24a
6.06b

3.07a
3.20a
3.05a

0.64a
0.65a
0.65a

0.71a
0.7la
0.72a

4.62a
4.74b
4.76b

5.57a
5.72a
6.22b

%

N-tissues determined 1 June 05, first and second hyperspectral readings were on 1 June 05 and 24 July 05.

4. Discussion
Hyperspectral reflectance instruments
are designed to detect small changes in the
reflectance of light from a leaf surface, a feature
that may be attributed to differences in the
amount of pigments in the leaf. Similarly, SPAD
meters (chlorphyll meters) are designed to
measure the amount of light that may be
transmitted through leaf tissue, a feature
inversely related to the leaf tissue chlorophyll
content. In both cases, it is assumed that plant N
is the primary factor associated with chlorophyll
production.
Both hyperspectral reflectance and
SPAD meters are reasonably able to detect
differences between the control plots and plots
receiving low N applications. However, neither
is able to effectively discern differences in N
content between plots receiving less than optimal
and optimal N, thus limiting their usefulness in
commercial rice production. Although these
techniques are useful in com and cotton

production, rice production is different because
of the rice plant's response towards N. Rice
effectively responds to N applications by
increased tillering, resulting in a substantial
vegetative growth that correspondingly reduces
the N content. Thus, poorly N-fertilized and
optimally N-fertilized rice plants may have
similar N contents.
In the present field experiment, the N
content differences in the rice plant prior to
internode elongation were not dramatically
different; however, the extent of tillering and the
harvest yield were substantially different. The
amount of seed per panicle and the seed weight
were not significantly different because of N
applications and appear to be more variety
dependent. The number of panicles per unit area
appears to be the dominant yield component, a
feature not easily measured. Future research
using hyperspectral measurements should be
field based and intended to measure canopy color
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differences associated with the degree of canopy
closure.

5. Conclusions
(1)
Hyperspectral reflectance curves from
four varieties of rice were able to effectively
diagnose severe early season N deficiencies;
however, hyperspectral reflectance was not
uniformly able to discriminate between suboptimal and optimal N application rates. Thus,
the use of hyperspectral reflectance using rice
tissue appears limited.
(2)
The rice plant responded to N
application through increased tilling, effectively
reducing the leaf tissue nitrogen contents. Thus,
measurements associated with tillering may be
more effective in predicting the influence of N
on rice yield.
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Use of Parotid Lymph
Node Tissues For Chronic
Wasting Disease
Surveillance in HunterKilled and Live WhiteTailed Deer
Jeff Beringer, Missouri Department of Conservation, 1110 South College Avenue,
Columbia, MO 65201, USA, Jeff.Beringer@mdc.mo.gov
Joshua J. Millspaugh, Department of Fisheries and Wildlife Sciences, University of
Missouri, 302 Natural Resources Building, Columbia, MO 65211, USA
Tamara Meyer, Missouri Department of Conservation, 1110 South College Avenue,
Columbia, MO 65201, USA
Kurt C. VerCauteren, United States Department of Agriculture/Animal and Plant
Health Inspection Service/Wildlife Services/National Wildlife Research Center, 4101
LaPorte Avenue, Fort Collins, CO 80521, USA
Abstract:

Most state wildlife agencies have
enacted surveillance efforts to determine if
chronic wasting disease (CWD) is present in
North American deer (Odocoileus sp.). Brain
stem and retropharyngeal lymph node (RLN)
samples are commonly collected from sick or
hunter-killed deer. Testing live deer for CWD
has been accomplished using tonsillar biopsy
tissues.
Parotid lymph nodes (PLN) offer
another potential alternative for CWD testing
during hunter-killed deer surveillance and as an

antemortem test. We describe PLN collection
procedures from hunter-killed and captive whitetailed deer and discuss the merits of PLN
collections for CWD surveillance.
Our
evaluation took place in three stages: we
collected PLN tissue samples 1) at check stations
during the 2004 Missouri firearms deer season;
2) from subsets of hunter-killed and road-killed
deer to identify the location of the PLN and
evaluate biopsy tools to refine sampling
techniques that could be used on live deer; and
3) from 10 captive white-tailed deer. Collections
ofPLNs at check stations were efficient and
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required less time than on-site collections of
RLN or obex brain tissue or tissue collections at
a centralized location, and all PLN samples were
usable. During stage two, we developed a
template to find the location of the PLN and
observed that a scalpel/scalpel combination and
scalpel/punch combination provided the most
usable samples. After immobilization, it took on
average 14.5 minutes to collect a PLN sample
from live animals. Of the 28 PLN tissue samples
obtained from live deer, all were usable.
Advantages of collecting PLN samples included:
I) less time resulting in less agency personnel
investment and reduced inconvenience to
hunters; 2) ease of locating and collecting
parotids from hunter-killed deer, which should
result in fewer erroneous tissues collected; and
3) overall cost savings; our estimated cost per
collected sample was $33-62 for live animals
and $12 for hunter-killed deer samples
(including labor). Because of these factors,
agencies
conducting
large-scale
CWD
surveillance efforts should consider PLN
collections to reduce costs and increase the
number of samples that can be collected with
limited personnel. For live animals, collection
of PLN samples is a viable alternative. More
studies are needed to explore the staging of
CWD progression to PLNs and other superficial
nodes
Key Words: antemortem test, chronic wasting
disease, Odocoileus virginianus, parotid lymph
node, surveillance, white-tailed deer

1. Introduction
Chronic wasting disease (CWD), an
infectious neurological disease of North
American deer (Odocoileus sp.) and Rocky
Mountain elk (Cervus elaphus nelsoni), belongs
to a family of infectious diseases known as
transmissible
spongiform
encephalopathies
(Williams and Young 1980, 1982, 1992).
Williams et al. (2002) linked the distribution of
CWD in farmed elk to market-driven movements
of infected elk among cervid facilities. Recent
discoveries of CWD in captive white-tailed deer
(Odocoileus virginianus) in Wisconsin and New
York suggest interstate movements of captive
white-tailed deer increase the risk of introducing
CWD (Samuel et al., 2003).
The natural
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expansion of CWD in free-ranging animals is
slow (Williams et al., 2002); however, individual
cervid movements can be significant (e.g.,
Petersburg et al., 2000, Mackie et al., 2003) and
natural geographic expansion through cervid
populations occurs.
Early detection of CWD is essential to
its management and most states have enacted
surveillance efforts to determine if the disease is
present. Chronic wasting disease surveillance
most often involves targeted surveillance
(Williams et al., 2002), geographically stratified
random testing (Conner et al., 2000), or both.
Despite reported inefficiencies associated with
hunter-killed deer surveillance (Diefenbach et
al., 2004) the technique has detected CWD foci
in a number of states and represents a reasonable
alternative for many state agencies. Brain stem
(obex of the medulla oblongata), and
retropharyngeal lymph node (RLN) samples
from sick or hunter-killed deer are tested using
an immunohistochemical (IHC) test for
proteinase-resistant prion proteins (Miller and
Williams, 2002). Prions were especially high in
RLNs and mesenteric-portal lymph nodes, which
originally justified their use (Hadlow et al.,
1982). Testing live deer for CWD has been
accomplished with collection of tonsillar biopsy
tissues (Wild et al., 2002; Wolfe et al., 2002,
2004). Regardless of the technique used, live
deer detection protocols require that a substantial
. number of animals be tested if the desired goal is
to detect the disease at low prevalence rates.
Parotid lymph nodes (PLN) offer
another potential alternative for CWD testing
hunter-killed deer for CWD and as an
antemortem test for white-tailed deer. The PLN
is located on the lateral surface of the head just
ventral to the temporomandibular joint.
It
receives drainage from many external and
internal structures of the head, including portions
of the nasal and oral cavities, eyes and ears; the
skin; several bones; and most of the muscles. It
drains into the lateral retropharyngeal lymph
node (Saar and Getty, 1975; Schummer et al.,
1981). Parotids can reveal CWD infections at
least as early as obex brain tissues (Beth
Williams,
Wyoming
State
Veterinary
Laboratory,
personal
communication).
Collections of obex brain tissues and RLNs can
be labor-intensive but PLNs might be more
easily obtained from hunter-killed deer.
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We describe PLN collection procedures from
hunter-killed and captive white-tailed deer and
discuss the merits of PLN collections for CWD
surveillance and as an antemortem test. Our
objective was to determine the feasibility of PLN
collection from hunter-killed deer and assess
whether PLN sampling was possible from live
animals.

2. Study Area and Methods
We conducted field evaluations of the
technique at the Dutch Mill, Mid-Missouri
Taxidermy, and Sinclair deer check stations in
Gasconade, Randolph, and Howard counties,
Missouri, respectively. We measured distances
from deer facial features to PLNs and collected
samples from hunter-harvested deer at the
Resource Science Center, located in Columbia,
Missouri.
Live-deer evaluations were conducted at
the Olympia, Washington field station of the
United States Department of Agriculture, Animal
and Plant Health Inspection Service, Wildlife
Services, National Wildlife Research Center
(NWRC). The NWRC maintains a captive herd of
white-tailed deer at the facility for research
purposes.
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notch; Zn"). In most deer a shallow groove can be
palpated running between the "notch" and the
ramus of the mandible. Holding the thumb against
the notch, we cut from just behind our thumb to
5-7 em ventrally along the groove. This procedure
almost always transected the PLN; if not, we
explored the tissue to either side of the cut to locate
the node (Figure 1).
After locating the PLN, we used a forceps
and scalpel to remove a 5- x 5-mm piece of node
tissue and placed it into a formalin-filled vial. We
recorded time required to remove PLNs starting
when a tissue collector first positioned a deer until
the tissue was placed into the vial.
Figure 1. Parotid lymph node (PLN) removal from
an adult male white-tailed deer (Odocoileus
virginianus) at Missouri hunter check station. The
scalpel blade points to transected PLN.

a. Field evaluations of PLN collections

To evaluate and compare the costs and
efficiency of PLN collections from hunter-killed
deer we collected PLN tissue samples during the
Missouri firearms deer season, 13-23 November
2004. We compared these data to collection
procedures, time requirements, and costs for RLN
and obex tissue collections that we previously
reported (Beringer et al., 2003). Three biologists
collected PLN samples and 51 different biologists
collected RLN samples. All individuals received 4
hrs of field training.
Collection procedures for PLN tissues
from hunter-killed deer were as follows: we
positioned the deer so one side of the head was
exposed. Using a scalpel, we made a 2-cm-deep,
5-7-em-long cut through the skin and subcutaneous
tissues in the area of the PLN. To determine where
to make the incision, we used our thumb to locate
the notch on the ventral surface of the zygomatic
arch at the mandibular fossa (we termed this the
"zygomatic

b. Measuring distances to PLNs relative to facial
landmarks in hunter-harvested deer

Collection of PLNs from live deer
requires that tissue collectors be able to accurately
locate the PLNs prior to surgical removal to
minimize the technique's invasiveness and to
ensure that at least 6 follicles are obtained for IHC
analysis. To enhance our ability to accurately
locate incision sites for PLN sampling from live
deer we measured the distance to PLNs relative to
identifiable skull or facial landmarks using a
second set of hunter-killed deer (Figure 2). In
domestic ruminants there is some individual
variation in size, shape, number, and location of
PLNs (Schummer et al., 1981); we were interested
in determining whether the PLN location in deer is
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sufficiently consistent to accurately place a biopsy
tool without the larger incision required to see the
node. On this set of hunter-killed deer we measured
both sides of each head except those on which
landmarks had been damaged by bullet wounds or
processing. We used several types of metric-scale
scientific and architectural rulers, protractors, and
calipers to make the measurements. We dissected to
the PLN with scalpel and forceps. Measurements
using landmarks that were difficult to consistently
palpate through the skin or otherwise proved
unreliable were discontinued.
We also identified nearby sensitive
structures that could complicate removal of the PLN
in a live animal: the transverse facial artery and
vein, the auriculotemporal and dorsal buccal
branches of the facial nerve, and the parotid salivary
gland and duct (Figure 3). The vessels and nerves in
the area ran medial to the PLN and could be seen
emerging from beneath its periphery. The parotid
salivary gland lies just caudal to the PLN and its
rostral edge overlaid the caudal surface of the node
in some deer; its duct left the ventromedial aspect of
the salivary gland and ran ventrally along the
angular process of the mandibular ramus and so was
not within the PLN surgical field.
Margin of error for live animal evaluations
was small so we developed a template that could be
positioned on the deer's head to identify the location
of the PLN (Figure 4). Because of differences
between males and females and age of the animal
(i.e., fawn [1 year of age], yearling [> 1 year and < 2
years of age], and adult [ 2 years of age]) we report
mean measurements and their standard deviation
separately by age and gender. To develop the
template we considered the measurements
mentioned above and their consistency as measured
by their standard deviation. We viewed those
measurements that were easy to obtain and most
consistent as potentially good indicators of PLN
location. From these data we developed 6 templates
(by sex and age group combinations) that could be
used to locate the PLN during live-animal sampling.
We also developed templates to facilitate efficient
collection of PLNs from hunter-killed deer during
the initial stages of sampling when people were less
familiar with the location of the PLN (see below).
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Figure 2. Mapping the location of the parotid lymph
node (PLN) on a white-tailed deer head. Be = back
of eye; Zn = zygomatic notch; Mr = ramus of the
mandible; and Fe= front of the eye; En= ear notch;
and Vcaw = ventrolateral comer of the atlas wing.

Figure 3. The left parotid lymph node (PLN) in a
white-tailed deer with skin and superficial tissues
removed. 1 = transverse facial artery and vein; 2
and 3 = auriculotemporal branch and dorsal buccal
branch of facial nerve; 4 = parotid salivary gland,
separated from PLN; and Zn = location of
zygomatic notch.
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Figure 4. The parotid lymph node template
positioned on adult white-tailed deer head. One
comer of the template was positioned on back of the
eye (Be) and another aligned with the zygomatic
notch (Zn). The location of the parotid lymph node
is indicated by the arrow labeled "Parotid" on the
template.

c. Evaluating techniques for collecting PLN
samples using hunter-killed deer

We considered appropriate sample
collection options for the live-animal PLN
collection technique using a third set of hunterkilled deer. During this phase of the project we
attempted to mimic live-animal collections (e.g., we
limited incision length). To collect PLN tissues we
used electric clippers to shave an approximately 12cm-sq area on each side of the head; we aligned the
appropriate template with the back of the eye and Zn
and marked the predicted location of the PLN
We evaluated the following tool
(Figure 4).
combinations for making the skin incision and
collecting PLN tissues: biopsy punch/biopsy punch,
scalpel/biopsy punch, and scalpel/scalpel.
We
measured the proportion of usable PLN samples for
each combination. We fixed tissue samples in a
10% buffered formalin solution and sent them to the
Wyoming State Veterinary Laboratory to determine
if the tissues had adequate follicles for IHC analysis.
We considered a usable sample to have at least 6
lymphoid follicles.
d. Live-animal PLN collection

A veterinarian collected biopsies of PLNs
on 20-21 January 2005. We fasted the deer for 12
hrs in order to reduce the risk of bloat, regurgitation
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or aspiration of regurgitated material during
anesthesia (Lin and Pugh, 2002; Allen and
Borkowski, 1999). We then herded individuals into
a handling system with a squeeze chute, where they
were restrained, blindfolded, and sedated. We
immobilized deer with tiletamine hydrochloride
(HCl) -zolazepam HCl (Telazol®, Fort Dodge
Animal Health, Fort Dodge, Ia.), xylazine HCl
(Rompun®, Bayer Corporation, Shawnee Mission,
Kans.) and ketarnine HCl (Ketaset®, Fort Dodge
Animal Health, Fort Dodge, Ia.) in one of 3 drug
combinations: Telazol 4.4 mg/kg + xylazine 2.2
mg/kg IM, ketarnine 4 mg/kg + xylazine 3 mg/kg, or
We tailored drug
xylazine 3 mg/kg IM.
combinations to individual deer based on weight.
We transferred deer to a table and placed them in
sternal or right lateral recumbency once they were
immobile.
We prepared the incision site by shaving an
approximately 8-cm x 8-cm area, performed a
standard scrub with chlorhexadine (The Butler
Company, Columbus, Oh.) and alcohol, and applied
a povidone-iodine solution (Betadine®, Purdue
Frederick, Stamford, Conn.). Initial incisions were
2.5 em long and made with #22 scalpel blades; they
were centered over the PLN location as determined
from our previous experience with dead deer. If
necessary, we enlarged incisions (max. 5 em) as we
located and dissected to the PLN. We collected the
biopsy with either a #15 scalpel (wedge biopsy) or a
5-mm dermal biopsy punch, severing the base of the
plug with a scalpel; we took 2 samples per node,
with an attempt to obtain one from each pole. We
then flushed incisions with sterile saline. We closed
incisions subcutaneously (if deeper than 0.5 em and
longer than 2.5 em) with an absorbable suture and
placed 1-2 absorbable subcuticular sutures.
Additionally, on the second day we applied n-Butyl
cyanoacrylate skin glue (Vetbond®, 3M Animal
Care Products, St. Paul, Minn.) over the site except
for the ventral 0.5 em to allow for drainage.
To reverse immobilization we injected deer
with 2 mg/kg tolazoline HCl (Tolazine™, Lloyd
Laboratories, Shenandoah, IA), by administering Yz
IV and Yz IM. Finally, as a prophylactic antibiotic,
each deer received 6.6 mg CE/kg of ceftiofur
(Excede®, Pfizer Inc., New York, NY) injected
subcutaneously into the ear before the animal was
carried to a stall for recovery. Staff monitored deer
for post-operative complications during the
following 2 weeks and observed them for signs of
capture myopathy for 30 days. All procedures with
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live deer were approved by the NWRC's
Institutional Animal Care and Use Committee.

3. Results
a. Field evaluations on PLN collections

Collections ofPLNs at check stations from
hunter-harvested deer were efficient and required
less time than on-site collections of RLN or obex
brain tissues or tissue collections at a centralized
location. Times to remove PLN tissues and place in
formalin for Dutch Mill, Mid-Missouri Taxidermy,
and Sinclair check stations averaged 35.2 sec (SD =
14.9, range= 19- 80, n = 35), 28 sec (SD = 18.4,
range = 8 - 110, n = 32) and 16.8 sec (SD = 5.4,
range = 7 - 29, n = 62), respectively. All P~Ns
collected at check stations were usable samples (1.e.,
had at least 6 follicles). On-site RLN collections
averaged 121 sec (SD = 56.2, range= 64- 375, n =
81) and previously reported tissue collections at a
centralized location (Beringer et al., 2003) took over
350 sec per sample. Our state-wide RLN collection
effort averaged 97% usable samples with most
unusable samples consisting of salivary gland or
skeletal muscle.
Equipment start-up costs for
collecting PLN and RLN tissues were similar. Also,
because of the location of PLNs they were
unaffected by neck-shot deer and were unlikely to
be confused with other tissues.
The increased collection efficiency of
PLNs resulted in labor time savings and was more
convenient for hunters. In our setting we were able
to collect PLN tissues from even high-volume check
stations (i.e., up to 400 deer per day) with 2 people,
whereas we used 4 persons per check station to
collect RLNs (Beringer et al., 2003). Missouri
check stations are busiest on the opening weekend
of frrearms season and during the 2-hr period
following sundown. Surveillance efforts are geared
to handle these high-volume days and efficient
tissue collections are important. We collected
approximately 10 RLN and 20 PLN samples per
scalpel blade.
b. Measuring distances to PLNs relative to facial
landmarks in hunter-harvested deer

We measured distances to PLNs relative to
facial landmarks on 222 hunter-killed and roadkilled deer, including 123 adults, 91 yearlings, and 8
fawns; 136 were female and 86 were male (Table 1).
Of the 17 different measurements, 3 had low
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standard deviations and were used to develop our
template. These included Zn-P, Angle Zn-P to BeZn, and Be-p P/Be-Mr (Table 1).
c. Evaluating techniques for collecting PLN
samples using hunter-killed deer

We collected 61 PLN samples from hunterkilled deer using our template and surgical
techniques with combinations of a biopsy punch and
scalpel. Of those, we located the PLN 95% (58/61)
of the time based on the template developed from
Table 1. All samples (n = 22) collected with a
scalpel/scalpel combination were usable (i.e.,
parotid cortex with at least 6 follicles) while 15 of
16 or 93.7% were usable when collected with the
scalpel/biopsy punch combination. When using the
punch for the initial incision and for collecting the
PLN only 8 of 23 samples or 34.8% collected were
usable. Scalpel cuts facilitated locating the PLN
after the initial incision. The biopsy punches we
used were too small to determine whether we had
collected a portion of PLN. The biopsy punch was
quick and less invasive than scalpel cuts, but the low
proportion of usable samples collected with biopsy
punches made the technique inefficient.
d. Live-animal PLN collection

We performed biopsies on 10 deer (6 male,
4 female; ages 0.5 - 4.5 yrs); the left PLN was
sampled on 8 deer and right PLN on 2 deer. We
obtained 2 tissue samples per node. It took on
average 14.5 minutes (SD = 3.59, n = 10) to collect
PLN samples once animals were sedated. We
obtained at least 1 usable sample from all deer.
Even though we had experience fmding PLNs from
the dead deer we still collected some pieces of other
tissues along with the PLN tissue in 2 deer; one
included a piece of salivary gland and the other a
All samples yielded a
fragment of muscle.
sufficient number of follicles (6) for an official test.
Our PLN samples averaged 64 follicles (SD = 43.4,
range= 149, n = 10). The sample obtained with a
biopsy punch contained 26 follicles.
We had no serious complications from the
anesthesia or surgery. There was no significant
hemorrhaging, but minor bleeding increased the
time required to locate the PLN. Bleeding did not,
however, present a direct danger to the animal; most
bleeding was from small capillaries that crossed the
incision line which coagulated by the end of the
procedure, or were clamped and then ligated during
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wound closure. Branches of the facial artery, vein
and nerve were seen near the incision site in some
deer and were easily avoided. We encountered the
parotid salivary gland in all deer, and dissected
beneath it where necessary to expose the PLN.
Most PLNs were about 1 em diameter. One year
after surgery, no deer had died as a result of the
biopsies.
Expenses for our live-animal tests included
anesthesia, standard surgical supplies and disposable
instruments. Anesthetic cost was the main variable
expense and ranged from approximately $7 to 28
per animal, with ketamine + xylazine being lowest
and Telazol + xylazine the highest. Fixed costs
included such standard surgical items as scrub
solutions, sponges, instruments, sutures, skin glue
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and antibiotics; they totaled $14 per animal.
Although we used a separate pack of reusable
forceps and needle-holder for each deer in this
captive research herd, we recommend using only
disposable instruments in practice applications in
order to reduce the possibility of prion transfer
among animals; these would cost $8.50 per animal.
The total cost per live deer was $33-62 and $12 for
hunter-killed deer samples (including labor). The
range in cost estimates accounts for variation in size
of different deer, corresponding differences in
amounts of drugs used, and variation in length of
time required for procedure. Initial start-up costs, to
purchase all instruments, surgical supplies and
anesthetic agents would total $215 if using
disposable instruments or $249 if purchasing
reusable instruments.

Table 1. Summary of measurements (mean and standard deviation) used to develop a template to identify the
location of the parotid lymph node (PLN).

Females

Males

Measurement

Fawn

Yearling

Adults

Fawn

Yearling

Adults

Zn-P 1

1.86
(0.39)

1.96
(0.28)

2.05 (0.38)

1.79 (0.42)

2.09 (0.98)

2.01 (0.44)

AngleZn-P
to Be-Zn2

90 (6.02)

100 (7.39)

98 (8.04)

96 (3.54)

99 (9.41)

102 (7.64)

Be-p P/Be-

4.23
(0.54)

4.85
(0.47)

5.34 (0.52)

5.25 (0.63)

Mr3

5.11 (0.61) 4.76 (0.38)

1 Distance in em from Zn ("Zygomatic notch": notch on ventral surface of Zygomatic arch at the mandibular
fossa) to center ofPLN.
2 Angle (0)between Zn-P and Be-Zn (Back of eye; measurement point taken on caudal side of orbital bone at the
lateral canthus, at the suture between the zygomatic process of the frontal bone and the frontal process of the
zygomatic bone), to nearest degree.

3 Distance in em as measured along line Be-Mr (Back of eye to Mandibular ramus; measurement point taken on
furthest dorsal and caudal edge of angular process of mandibular ramus); distance is taken from Be to where the
perpendicular from En (ear notch) intersects Be-Mr with the head maximally extended so it is nearly parallel with
the neck.
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4. Discussion
Advantages of collecting PLN samples
included: 1) less time resulted in less agency
personnel
time
investment
and
reduced
inconvenience to hunters; 2) ease of locating and
collecting parotids from hunter-killed deer should
result in fewer erroneous tissues collected; and 3)
overall cost savings; estimated cost per collected
sample from live deer was $33-62 and $12 for each
hunter-killed deer sample (including labor).
Because of these factors, agencies conducting largescale CWD surveillance efforts might consider PLN
collections to reduce costs and increase the number
of samples that can be collected. Larger sample
sizes would increase confidence that CWD is
detected at low prevalence.
The utility of PLNs for detecting CWD is
also dependent upon when PLNs reveal infection
relative to other lymph tissues. The few studies that
have evaluated the presence of CWD prions in
superficial nodes had small sample sizes and
observed considerable variation in rates of
rnfectivity. Studies are needed to explore the
staging of CWD progression to PLNs and other
superficial nodes. Spraker et al., (2002) evaluated
PLNs and other tissues in mule deer (Odocoileus
hemonius) and found PLNs from infected dead wild
and captive deer stained positive in 79% (n = 14)
and 67% (n = 9) of cases, respectively; similar
research with adequate samples should be conducted
on white-tailed deer.
The PLN was an accessible tissue for
obtaining samples from live animals. The amount
of time required for collection was extended
primarily due to anesthetic induction, clip~ing
during
surgical
preparation,
and
mmor
hemorrhaging obscuring vision of the node. When
performing surgery on multiple animals, delays can
be reduced by beginning preparatory clipping in the
squeeze chute as soon as the deer is sufficiently
sedated. Also, administering anesthetic to a 2nd
animal while the procedure is underway in the first
would increase surgical efficiency. We recommend
using a formulation of lidocaine that in~lud~s
epinephrine to reduce hemorrhage at the s1te m
order to facilitate identifying and biopsying the
node.
As field conditions c~ make aseptic
techniques difficult and as deer hair sheds easily,
use of an adhesive drape is suggested.
We
recommend practicing on dead deer prior to
performing the procedure on live animals. The PLN
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area could be located with a template and marked
with a surgical marker during preparation to
facilitate correct placement of the incision on live
deer.
In addition to time required to obtain the
sample, operator experience required, and costs, the
likelihood of obtaining suitable tissue for CWD
analysis, and degree of PrPCWD accumulation in
the tissue during pre-clinical infection are important
considerations. Previous studies of tonsillar biopsy
in preclinical deer showed varied effectiveness of
collecting adequate follicles, with a significant
proportion of samples containing no or few follicles
even when done by experienced persons (Wild et
al., 2002; Wolfe et al., 2002, 2004). In ilieir initial
development of tonsillar biopsy in mule deer and
white-tailed deer, Wild et al., (2002) reported that an
early technique produced many samples without
lymphoid follicles and some with >25, while their
later technique more consistently produced samples
with ~3 follicles. Wolfe et al., (2002) experimented
with various techniques in mule deer and found that
when using a mouth gag and a 6-mm biopsy cup and
collecting from ilie rostral rim of the sinus, 155/161
(96%) had ~1 follicle. Wolfe et al., (2004) collected
201 biopsy samples from mule deer; 10% contained
no follicles, 20.1% had 1-8 follicles, and 69.9% had
>9 follicles.
The number of tonsil follicles
~onsidered necessary for a negative CWD diagnosis
in individual deer was ~3 in Wild et al.,'s (2002)
study and ~9 by Wolfe et al., (2002). A minimum
of 6 follicles is considered necessary for accurate
CWD testing of RLNs or PLNs (T. Cornish,
Wyoming State Veterinary Laboratory, personal
communication).
Wolfe et al., (2002) reported that in tonsil
samples with CWD-positive tissue, the percentage
of follicles that stained positive varied from 30100% (average 83%) in post-mortem sampling and
from 40-100% in live-animal sampling, while Wild
et al., (2002) found that all follicles within a sample
stained uniformly positive or uniformly negative in
74 of 75 usable samples. These differences are
explained by lower PrPCWD accumulation early in
the course of disease and of natural variation in the
pathogenesis of CWD (Miller and Willia~s, 2002).
Variation in staining of lymph node follicles and
localization of prion accumulation to one pole of the
node has also been observed in RLNs of CWDpositive animals (Hibler et al., 2003).
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5. Conclusions

disease via sampling hunter-killed white-tailed deer.
Wildlife Society Bulletin 32:267-272.

Our evaluations indicate that PLN
collection is efficient for hunter-harvested and liveanimal collections. In addition to reducing time in
contrast to RLN collection, supplies and training
required were minimal and success of collecting
usable samples was high. For live animals, we
noted some difficulties with sample collection (e.g.,
Despite those
collection of nontarget tissue).
drawbacks, we collected useable PLN tissue
samples from our procedures in live deer. There is a
need for studies of PrPCWD presence in PLN at
various stages of CWD to better understand the
Other less-invasive
utility of this procedure.
techniques, such as the testing of blood and urine,
should continue to be explored for live-animal CWD
surveillance efforts (Hunter et al., 2002; Schmerr et
al., 1999, Schmerr 2002; Shaked et al., 2001).

Hadlow, W. J., R. C. Kennedy, and R. E. Race.
with
1982. Natural infection of Suffolk sheep
scrapie virus.
Journal of Infectious Diseases
146:657-664.
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Determination of
Environmental
Conditions of Four
Greene County Caves
DeVore, M.S., L.N. Foresee, N.M. Michna, and S.A. Badger. Department of Science and
Technology, Evangel University.
Abstract:
To enhance awareness of environmental
cave conditions, several soil and water samples
were taken from each of four Greene County,
Missouri, caves. The samples were analyzed for
Cd, Cr, Cu, Fe, Ni, and Pb using flame atomic
absorption spectrometry. All metals except nickel
were found to have concentrations below Illinois'
suggested maximum concentration levels in
sludge and the Environmental Protection
Agency's maximum contamination limits in
drinking water. The cave streams were analyzed
for the presence of raw sewage by testing for the
presence of optical brighteners, and total
phosphate concentrations were determined by
spectrophotometric assay. Optical brighteners
were not found in any cave streams indicating no
sewage contamination, and total phosphate
concentrations ranged from 12. 7 to 65.1 11g!L.
With respect to these metals (except nickel),
sewage, and phosphate, the examined caves are in
pristine condition.

1. Introduction
J. Haden Bretz defmed a cave as "a
natural roofed cavity in a rock which may be
penetrated for an appreciable distance by a
human" (Bertz, 1956). Missouri has thousands of
caves that have served many purposes over the
years. Before America became a more
conservation-conscious
society,
destructive

human activities deteriorated many of these
unique cave environments (Unk1esbay and
Vineyard, 1992). Restoring Missouri's caves to a
healthy condition has been an ongoing challenge.
is
Preserving cave environments
important because of their unique geological and
biological features. The cave ecosystem may
contain cave salamanders, bats, blind cavefish,
and organisms that survive only in a healthy cave
environment.
Missouri streams and lakes are routinely
analyzed for heavy metals, raw sewage, and
phosphates. However, these tests have seldom
been performed in cave environments. The
objective of this study was to obtain a general idea
of the environmental condition of Greene County
caves with respect to these parameters.

2. Materials and Methods
Locations of Caves Studied

Matt Forir, president of the Missouri
Speleological
Survey,
suggested
Doling,
Riverbluff, Sequiota, and Ward Branch II Caves
for this study based on their proximity to Evangel
University in Springfield, Missouri. As Forir
requested, the specific locations of these caves are
not disclosed for conservation purposes.
Doling Cave in north-central Springfield,
once a public access cave, is now gated and
maintained by the Springfield Greene County
Parks
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Department. It is currently recovering from an
unknown aggregate contamination that occurred
around March 17, 2006. We collected samples
for this study after the contamination. Risk for
further contamination is relatively low.
The recently discovered Riverbluff
Cave has no natural entrance and is almost
completely undisturbed by humans. The cave
contains beautiful calcium carbonate formations
as well as an abundance of fossils. Since it is
closed to the public, this cave has little chance
for direct human contamination.
Sequiota Cave and Ward Branch II
Cave are readily accessible by the general public
and are at high risk for contamination. Sequiota
Cave is located in east-central Springfield. A dye
trace in October 1973 performed on a men's
restroom at a nearby elementary school revealed
that raw sewage was leaking into Sequiota Cave.
Since that time, the city sewage system has been
renovated, eliminating the contamination. Ward
Branch II Cave is much smaller than Sequiota
Cave and is located off a walking trail in
southern Springfield. Teenagers, some of whom
have little regard for the cave's environmental
condition, frequent this cave.
Analysis for Heavy Metal Contamination

For each cave, a minimum of two soil
colunms was collected with a core sampler to
depths ranging from six to twelve inches
depending on the depth of soil at each sampling
location. Soil was selected from the colunm by
removing every other one-inch portions and
mixing these together with mashing action using
a spatula. Three 1.50 g soil samples were taken
from each colunm. The samples were digested
for seven hours using Standard Methods (1995)
Procedure 3030E for Nitric Acid Digestion. The
remaining sediment was filtered using Kimax
30F or 40F filters. The. samples were diluted to a
volume of 100 mL in a volumetric flask with
distilled water. (Although Procedure 3030E is
intended for water samples, it also mentions

digesting solid samples; further, it is virtually
identical to the method for the digestion of soil
samples for metals by the U.S. Fish and Wildlife
Service, Analytical Control Facility, Division of
Environmental Quality. The U.S. Fish and
Wildlife Service procedure is available on the
Internet at:
www.fws.gov/chemistry/methods_let_lab.htrn#
MethodCode004).
Water was collected from multiple sites
in each cave. The number of sites sampled
depended on the volume of water flowing in the
stream. Three samples were taken from each site
for metal analysis. These samples were then
acidified with concentrated nitric acid to a pH <
2.0 (Standard Methods for the Examination of
Water and Wastewater, 1995, Method 3010B).
All soil extracts ·and water samples were
analyzed on a Varian SpectraAA 220 atomic
absorption spectrometer set up according to
Varian's
Flame
Atomic
Absorption
Spectrometry Analytical Methods (1989). The
samples were tested for cadmium, chromium,
copper, iron, nickel, and lead using the Direct
Air-Acetylene Flame Method 3111B (Standard
Methods, 1995). In each case, the most sensitive
wavelength was used unless another wavelength
was specified for optimum elimination of
interference (see Table 1). Our lower detection
limit was assumed to be the lower optimum
detection limit stated in Flame Atomic
Absorption Spectrometry Analytical Methods
(1989).
Calibration curves were prepared using
standards from Acros Organics 1000 mg/L stock
solutions with concentrations based on expected
sample concentrations (see Table 2). Samples
were run sequentially, and the calibration was
checked after 50 consecutive samples. Varian
SpectraAA version 4.10 software calculated and
reported sample concentrations in mg/L.

Table 1. Wavelength and Concentration Ranges
wavelength, nm
optimum range, mg/L

Cd
228.8
0.02-3

Cr
357.9
0.06-15

Cu
324.7
0.03-10

Fe
386.0
1.5-200

Ni
232.0
0.1-20

Pb
217.0
0.1-30
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Table 2. Concentrations of Standards for Atomic Absorption Analysis

Cd
Cr
Cu
Fe
Ni
Pb

Standard 1
mg/L
0.10
0.50
0.50
80
0.50
0.40

Standard2
mg/L
0.50
1.00
1.00
120
1.00
0.80

Standard 3
mg/L
1.00
2.00
2.00
160
2.00
2.00

Analysis for Sewage Contamination
Streams located inside the caves were
tested for the presence of optical brighteners
using fluorescence. Their presence in a cave
stream indicates raw sewage contamination.
Swatches of untreated cotton cut into 6-inch
squares were placed in an apparatus constructed
with 3-inch diameter PVC and secured with a
piece of copper wire (see Figure 1). The
apparatus were submerged in streams in
Sequiota, Ward Branch II, and Doling Caves;
Riverbluff Cave was not included because the
cave lacked sufficient stream flow. Two
apparatus were placed in each cave for quality
control.
Figure 1. Sampling Apparatus.

The sample holders were positioned so
that water flowed freely through them and were
left in the cave streams for 8 to 9 days. The
apparatus were collected and placed in plastic
bags to prevent sample contamination. The
cotton squares were removed in the lab, rinsed
with distilled water, and placed in a dark
cupboard to dry (White, 2006). The dry cloth
squares were then examined for fluorescence

Standard4
mg/L
1.50
5.00
5.00
200
5.00
6.00

Standard 5
mg/L
2.00
7.00
7.00
240
7.00
10.0

Standard 6
mg/L
3.00
10.0
10.0
280
10.0

Standard 7
mg/L

using a hand-held dual wave ultraviolet lamp
operating at 254 and 366 nm, the wavelength at
which the brighteners fluoresce. A positive test
was recorded as the appearance of fluorescence
and a negative was recorded as no fluorescence.
Analysis for Phosphate Contamination
Standard Methods (1995) test method
4500-P E was modified for use with the
Malachite Green Reagent from BioAssay
Systems' Malachite Green Phosphate Assay Kit
POMG-25 (www.bioassaysys.com).
All glassware used for the total
phosphate test was triple-rinsed with 5% aqueous
hydrochloric acid and rinsed five times with
deionized water to remove all presence of
hydrochloric acid, which interferes with the
analysis. Approximately 0.25 L of water was
collected from each water collection site for total
phosphate determination. These samples were
stored at 4oc and analyzed within two days of
collection. Each sample was then divided into
three 60 mL portions for analysis. Six standard
solutions were made with concentrations of 10,
20, 50, 100, 150, and 200 flg K.H2POJL. The
samples, standards, and deionized water blank
were digested in a boiling water bath for one
hour after the addition of 10 mL of 5%
potassium persulfate. All volumes were then
adjusted to 75 mL with deionized water. A 50
mL aliquot of the solutions was tested for acidity
using phenolphthalein indicator. None of the
samples were basic so the pH was not adjusted,
and 800 flL of the 25 mL remaining portion of
the solutions were combined with 200 flL of
Malachite Green Reagent. After a 10 minute
reaction period, the standards, samples, and
blank were placed into reduced volume (1 mL)
cuvettes, and the absorbance was measured on a
Unico-11 00 spectrophotometer at 655 nm. The
absorbance of the phosphomolybdate complex is
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directly proportional to the concentration of
orthophosphate in the solutions.
This procedure was performed twice,
first with the samples from Sequiota Cave and
Ward Branch II Cave, and then with the samples
from Doling Cave (the calibration curve for
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Doling Cave is in Figure 2). An additional
sample from the back of Doling Cave was spiked
to raise the phosphorous concentration by 100
Jlg/L. The recovery of phosphorus from the
spiked sample was 100%. (Riverbluff Cave was
not included because the cave lacked sufficient
water flow.)

Figure 1. Doling Cave Phosphate Calibration Curve
y = 0.0019x- 0.0073
R2 = 0.999
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3. Results
Analysis for Heavy Metal Contamination
The state of Illinois published
regulatory limits for ten heavy metals in soil and
sludge (Soil Quality, no date). They include all
but one (iron) of the six examined in this study.
See Table 3 below.
The concentrations of heavy metals
found in the acid digested soil extracts are
summarized in the following table (Table 4).
The data above were used to calculate
the concentration (mg/Kg) of these metals in the
original soil sample. These calculations are
tabulated below.
Larry Pierce, Jr. (1992) analyzed
sediment from Wilson Creek near the Southwest
Wastewater Treatment Plant (Greene county,
Missouri). Some of his findings are summarized
in the table below for comparison.

Nickel was the only metal found in
relatively high concentrations. Doling Cave had
146 mg Ni/kg soil-nearly double the suggested
Illinois maximum level. Sequiota Cave had 72
mg Nilkg soil, which was about equal to the
level. Furthermore, all of the nickel
concentrations were more than double the
average concentrations found by Pierce (1992) at
Wilson Creek.
The amount of cadmium found in the
caves was very close to the average
concentration Pierce found at Wilson Creek.
However, all of these concentrations are far
below the Illinois suggested concentration
maximums. Overall, the data show that the soil
in the four caves were not heavily contaminated
with the possible exception of nickel.
It is interesting to note that Riverbluff
Cave contained the lowest levels of all the metals
except iron (in which it had the second lowest)
and cadmium (in which it equaled Ward Branch
II Cave's level). The low levels may be due to
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Table 3. Illinois Regulatory Limits of Heavy Metals in Soil and Sludge
Metal
Cd
Cr
Cu
Fe
Ni
Pb

mg/Kg
85
3000
4300
75
420

Table 4. Average Concentrations (mg/L) of Heavy Metals in Aqueous Extracts of
Soil
Doling
Riverbluff
Sequiota
Ward Branch II

Cd
0.04
0.02
0.03
0.02

Cr
0.40
0.27
0.28
0.31

Cu
0.20
0.12
0.15
0.14

Fe
283
194
138
208

Ni
2.19
0.81
1.08
0.85

Pb
0.85
0.26
0.28
0.43

Cu
13.3
8.0
10.0
9.3

Fe
18867
12933
9200
13867

Ni
146
54
72
57

Pb
56.7
17.3
18.7
28.7

Table 5. Concentrations of metals (mg/Kg soil)
Doling
Riverbluff
Sequiota
Ward Branch II

Cd
2.67
1.33
2.00
1.33

Cr
26.7
18.0
18.7
20.7

Table 6. Heavy Metal Concentrations in Sediment in Wilson Creek (mg/kg)
Metal
Cd
Cr
Cu
Fe
Ni
Pb

Creek
1.38
50.86
13.48
42527
20.53
81.66

Upstream
1.36
40.73
9.46
42447
18.94
77.4

the fact that Riverbluff has never been open to
the public and professional exploration has been
minimal and recent.
Since we have found no suggested
levels for metals in cave water, we compare our
results to those mandated for drinking water. The
Environmental Protection Agency (EPA) has
published maximum contaminant level goals for
some metals in drinking water and secondary

Downstream
1.41
60.39
17.26
42603
22.02
85.66

Average
1.4
50.7
13.4
42526
20.5
81.6

(but non-enforceable) contaminant level goals
for a few other metals (see Table 7).
The levels in the samples collected from
the three caves were all below detectable limits
(BDL), except for nickel, which was above the
0.1 mg/L that the EPA suggests for a maximum
contaminant level goal for drinking water. The
table below summarizes our findings.
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Table 7. EPA's Maximum Contaminant Level Goal for Drinking Water
Metal
Cadmium
Chromium (total)
Copper
Iron
Lead
Nickel

mg/L
0.005
0.1
1.3
0.3 *
zero
0.1

*Fe is on the EPA's "National Secondary Drinking Water Regulations" (non-enforceable)

Table 8. Average Concentrations (mg/L) of Heavy Metals in Water

Water Averages (mg/L) Cd
Doling
Sequiota
Ward Branch II

0.00
0.01
0.00

Cr

Cu

Fe

Ni

Pb

-0.06
-0.04
-0.08

0.00
-0.01
0.00

0.68
0.06
0.07

0.16
0.48
0.60

-0.14
-0.09
-0.05

Table 9. Concentration (Jlg/L) of Phosphate in Water
Sample Sites

Concentration

Doling Stagnant
Doling Back
Sequiota Front
Sequiota Back
Ward Branch II

65.1
21.4
12.7
26.9
32.7

The data shows that the waters in
Doling, Sequiota, and Ward Branch II are not
contaminated with five of these six metals.
Nickel was the only metal found to be above the
EPA mandated levels for drinking water.

Analysis for Sewage Contamination
All sampled sites tested negative for the
presence of optical brighteners. This indicated
sewage was not present in any of the steams in
these three caves. (A lack of running water
prevented us from testing Riverbluff Cave for
optical brighteners.)

Analysis for Phosphate Contamination
Samples of water were collected from
three caves for phosphate analysis. Riverbluff
Cave was not tested because it lacked sufficient

flow. Results are tabulated above. The observed
range of 12.7 J.Lg/L to 65.1 J.Lg/L falls within the
normally observed concentrations of phosphates
in other Springfield lakes. According to Rey
Gumucio at Blackman Lab (City Utilities,
Springfield, Missouri), the average phosphorous
level at Fellows Lake is typically about 10 J.Lg/L
and at McDaniel Lake about 32-35 J.Lg/L
(personal communication).
The stagnant water sample taken from
Doling Cave had the highest concentration of
total phosphate at 65.1 J.Lg/L. It was taken from a
small volume of water caught in a small alcove
where the stream changes direction. Because the
water was stagnant, murky, and contained a
slimy substance, a higher level of total phosphate
was expected.
The samples taken from Sequiota Cave
show a decrease in concentration from the back
of the cave, near the water's source, to the front
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of the cave downstream. This is due to two
streams merging in the cave. The back sample
was taken before the confluence, and the front
sample was taken at the confluence. The
difference in the phosphate concentrations is
probably due to dilution.
An SPSS test performed on the data
shows no significant difference in the average
absorbance of phosphate among the five sites
sampled within Doling, Sequiota, and Ward
Branch II Caves (p = 0.119) and shows no
significant difference in the average means
among the three caves (p = 0.496). The
variations seen in concentrations among the three
caves, statistically, fall within the same range.

4. Discussion
Doling, Riverbluff, Sequiota, and Ward
Branch II Caves all have metal concentrations in
soil that are below suggested maximum
concentration limits with the exception of nickel
and similar concentrations to those found by
Pierce in nearby Wilson Creek about 14 years
ago. Water from the caves appears free from
heavy metals, except nickel, and optical
brighteners. Their phosphate concentrations are
typical for local bodies of water.
This supports the idea that the location
of the caves and their level of access to the
public does not excessively affect the caves'
water or soil quality, and they are in pristine
condition with respect to heavy metals, raw
sewage,
and
phosphate
concentrations.
Interestingly, there was no noticeable difference
between heavy metal and phosphate levels in
Doling Cave versus Riverbluff, Sequiota, and
Ward Branch II Caves despite its recent
aggregate contamination.

5. Further Research
Further research would be welcome in
this area of study because we have not found
similar projects in literature. The procedures
used could be refined for better applicability and
data. Standard deviations in this project were
high and further research might consider greater
sample size. Another refinement that could be
made is in the uniformity of soil samples. The
spatula mashing action used to mix the samples
may have been somewhat ineffective leading to
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the large standard deviations in some of the soil
column samples.
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The Mammals of Swan
Lake National Wildlife
Refuge
Kevin G. Eulinger, Peggy S. Luensmann, and M. Scott Burt
Truman State University. 100 E. Normal St., Kirksville, MO 63501
Abstract:

Small mammals, carnivores, and bats
were surveyed at Swan Lake National Wildlife
Refuge during the summers of 2002 and 2003.
All mammal species captured and observed were
recorded.
Of the 48 species that could
potentially be found on this refuge according to
Schwartz and Schwartz (2001), 33 mammal
species were either captured or observed; 1
marsupial, 7 chiropterans, 5 insectivores, 1
lagomorph, 13 rodents, 6 carnivores, and 1
ungulate. Survey methods included museum
special snap traps, Sherman folding live traps,
Havahart live traps, pitfall arrays, mist nets,
We report the
spotlights and observation.
number of each species captured at Swan Lake
National Wildlife RefUge and describe the
habitat where each species was captured.
Key Words: Missouri, mammals, Swan Lake
National Wildlife RefUge

1. Introduction
Swan Lake National Wildlife Refuge
(SLNWR) is located in the northwest comer of
Chariton County, approximately three miles
south of Sumner, Missouri. The U.S. Fish and
Wildlife Service has managed SLNWR since it
became a refuge in 1937. The 10,795 acres of
SLNWR have been managed to provide habitat
primarily for migrating waterfowl and a large
portion of the refuge has been managed as a
farming operation to provide an adequate food
supply for these birds. Swan Lake National
Wildlife Refuge was also the first Missouri

release site for river otter beyond southeast
Missouri in the 1980's, which helped return river
otters back into their state historic range.
Management strategies incorporated at
SLNWR have created a wide range of habitat
types throughout the refuge such as: a virgin
bottomland forest that is subject to frequent
flooding; a grassland that is periodically
managed by fire; old fields in early stages of
secondary succession that are subject to fire and
flooding; and an abundance of agricultural fields
and woody corridors. The mosaic of habitats
found at SLNWR has potential to support a large
diversity of mammalian species. Prior to 2002
there had not been an official mammal survey
conducted at SLNWR; therefore the mammal
fauna on this refuge is largely unknown. The
objective of this study was to conduct an
inventory of mammal species inhabiting
SLNWR. Five sites were selected that were
most representative of the major habitat types
found on the refuge: grassland, agricultural field,
old-field, cover crop and bottomland forest and
were surveyed from May through August in
2002 and 2003.

2. Methods
Grassland: The grassland site is one of the
largest and least disturbed sites at SLNWR. The
grassland site consists of approximately 115
acres of mixed native warm season grasses such
as: big bluestem (Andropogon gerardii),
goldemod (Solidago sp.), sedges (Carex sp. ), and
non-native species such as serecia lespedeza
(Lespedeza cuneata), tall fescue (Festuca
arundinacea) and multiflora rose (fiosa setigera)
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(Eulinger 2003). Prior to 1983 this field was
terraced, cultivated, grazed, and mowed but has
been out of production for the past 20 years.
Since that time, efforts have been made to restore
this grassland to native vegetation.
Agricultural Field: The agricultural
field selected for this study is approxlln.ately 70
acres.
This site consisted of smartweed
(Polygonum sp. ), fallow com (Zea mays.), clover
(Trifolium sp.) and forbs in the sunflower family
(Asteraceae) (Eulinger 2003). Like many of the
crop fields on SLNWR, this field is bisected by a
narrow forest corridor. In 2002, the south side of
the forest corridor was planted to com. The
north side of the corridor was a fallow cornfield
that had been harvested in the fall of 200 1 and
seeded to clover in 2002. In 2003, the south
cornfield had been harvested and the ground was
left fallow. The north field was in its second
fallow season but was predominately seeded to
clover as a cover crop.
Old Field: The 90 acre old-field was
historically farmed and annually disturbed but
was taken out of production and is now in early
stages of natural secondary succession. The
vegetation consists predominately of sedges
(Carex sp. and Scirpus sp.) and smartweed
(Polygonum sp.), but many grasses such as wild
rye (Elymus sp.), forbs and woody shrubs are
abundant (Eulinger 2003). This field is burned
every three to four years and is subject to random
flooding. Being located on one of the lowest
areas of the refuge this field remains wet during
the spring and early summer.
Cover Crop: This particular habitat
type is similar to the agricultural field described
earlier.
The agricultural field previously
mentioned was at the end of crop production and
entering a fallow phase, but this cover crop field
was at the end of a fallow phase, tilled and
planted back into crop production. Unlike the
agricultural site this field lacks a forest corridor.
In 2002 this 30-acre field was a fallow cornfield
harvested the previous year. It was seeded to
clover and mowed once in June. In addition to
clover it was also dominated by water smartweed
and forbs in the sunflower family. In 2003, the
field was returned to crop production and planted
to com. Between the summers of 2002 and 2003
this field was disked, cultivated, and planted to
com in late May.
Forest: The fifth site selected for this
study is virgin bottomland forest. The forest is
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over 1000 acres and comprises the entire
southern border of SLNWR. It is predominantly
an oak/hickory forest typical of the region, and it
contains a large diversity of other tree species
such as walnuts, maples, elms, cottonwoods,
sycamores and willows.
The under story
consists mainly of water smartweed, wood nettle
(Laportea sp. ), false nettle (Bochmeria
cylindrica), sedges, and in smaller abundances a
variety of grasses and other forbs (Eulinger
2003). To the knowledge of refuge personnel,
this forest has never been cut or thinned;
however, there is a narrow patrol road running
along the northern border of the forest. Refuge
personnel report that the forest on SLNWR
floods about once every five years.
Small Mammal Trapping: Mammals
at SLNWR were trapped using four linetransects modeled after Clark et al. (1998). Four
transects were evenly distributed in each study
site and each transect consisted of five stations,
spaced at 15m. Each station consisted of four
traps: two Sherman folding traps (3"x 3-1/2"x
9") and two museum special snap traps (5-1/2"x
2-3/4") baited with peanut butter and rolled oats.
In addition to the four transects, two pitfall
arrays were established at each habitat site
(Wilson et al. 1996). The array was constructed
of aluminum flashing (Mitchell et al. 1995) and
wood lathe stakes and each array was
approximately 5m in length. The pitfalls were
designed with one, five gallon bucket in the
center of a Y configuration, and one five gallon
bucket buried at each distal end of the three 5m
arrays.
Each transect contained 20 traps and
each habitat site totaled 80 Sherman and snap
traps combined. Each of the two pitfall arrays
contained 4 buckets (traps) with a total of 8
pitfall traps per site. Trapping sessions ran for
four nights with a total of 352 trap nights per
session. Each of the five habitat sites was
trapped four times; twice in the summer of 2002
(May-August) and twice in the summer of 2003
(May-August) and totaled 7040 trap nights for
the entire study.
Species, sex, and age
information was recorded for each capture. All
captured mammals were euthanized via thoracic
compression, prepared as voucher specimens and
deposited in the Truman State University
Mammal Collection. All handling methods were
conducted in accordance with Truman State
University Animal Care and Use Committee
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and the American Society of Mammalogists
(ASM) animal care and use guidelines
(American Society ofMammalogists, 1998).
Live trapping: Fur-bearing mammals
were sampled with medium-sized Havahart live
traps (32"x lO"x 12"). In each of the five habitat
sites 1-4 traps were set and baited with Louisiana
Hot Sauce flavored sardines.
Traps were
initially set near each small mammal transect
but were later placed closer to roads, fores~
corridors, and ditches to target areas most
frequently traveled by carnivores. Each trap was
covered with litter and debris and closed during
the day. This method of trapping generated 86
trap nights. Initially, captured carnivores were
euthanized with a Ruger .22 caliber semiautomatic pistol for museum voucher specimens.
After two vouchers of each species were
obtained all captured animals were released
unharmed.
Mist netting: Sampling occurred from
June to August in 2002 and 2003. One, two and
three-tiered mist nets (Avinet, Inc., Dryden, New
York) were erected across and parallel to a
service road in the forest site. One-tiered nets
were 2.6m in height; two-tiered nets were 4.25m
high; and three-tiered nets were 6.0m. All nets
used were 6.0m in length. The number of net
nights for each height was 12, 18, and 23
respectively for a total of 53 net nights. A total
of 18 sites were sampled for 1-9 days, depending
on capture success, with an average of 2.5 nights
per site (Luensmann, 2004).
Sampling began at sunset and lasted
until bat activity became infrequent as shown by
an Anabat II detector (Titley Electronics, Ballina
NSW, Australia).
When the detector was
detecting only one echolocation call every 4-5
minutes for at least a 30-minute time span the
nets would be closed for the night. Nets were
generally
collapsed
before
1:30
am.
Geographical data (latitude and longitude) and
environmental data (habitat type, cloud cover,
moon phase, wind speed, temperature, and
precipitation) were recorded for each capture site
on each night sampled. Basic bat data (species,
age, sex, reproductive status, forearm length,
mass, and time of capture) were recorded for
each capture.
Age was determined by
backlighting the wing to examine the amount of
epiphiseal fusion in the finger joints (Anthony,
1988).
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Observations: All mammal species
that were observed on SLNWR were recorded
throughout the duration of this study. Mammals
seen while driving refuge roads, hiking to and
from trapping sites, and seen while spotlighting
at night were recorded as present on SLNWR.
Also, mammal sign that was positively identified
(scat, tracks, etc.) was included in the total
species count for SLNWR.

3. Results and Discussion
Schwartz and Schwartz (2001) was used
as a reference for determining the number of
mammal species that could be found at Swan
Lake National Wildlife Refuge based on reported
distribution and range maps. Of the 48 mammal
species that potentially could be found at
SLNWR (Schwartz and Schwartz, 2001), 33
species were either captured or observed in this
study. Each species captured or observed in this
study were found in habitats that are consistent
with descriptions provided by Schwartz and
Schwartz (2001).
Small mammals: In two summers of
trapping, 1218 small mammals representing 12
species and 9 genera were captured in 6018 trap
nights. Sprung but empty traps were deducted
from the total trap night count. Small mammal
trap success was 20%. Captured small mammals
include: white-footed mouse (Peromyscus
deer
mouse
(Peromyscus
leucopus),
western
harvest
mouse
maniculatus),
(Reithrodontomys megalotis), house mouse (Mus
musculus), prairie vole (Microtus ochrogaster),
meadow vole (Microtus pennsylvanicus), Elliot's
short-tailed shrew (Blarina hylophaga), least
shrew (Cryptotis parva), southeastern shrew
(Sorex longirostris), masked shrew (Sorex
cinereus), meadow jumping mouse (Zapus
hudsonius), and southern bog lemming
(Synaptomys cooperi). Capture totals for each
habitat site are shown in Table 1.
Four small mammal species were
captured in all five habitat sites sampled at
SLNWR (western harvest mouse, white-footed
mouse, meadow vole, and prairie vole). The
white-footed mouse was the most common small
mammal captured at SLNWR with 532 captures,
but was primarily captured in the forest and
agricultural field sites with 310 and 216 captures
respectively. The southern bog lemming was the
rarest species with four captures which came
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solely from the grassland site.
Capture success and species richness
varied between each of the habitat sites sampled
at SLNWR (Table 1). Raw capture data and
Simpson's diversity indices (Krebs, 1999) were
used to compare each of the habitat sites. The
forest site generated the most captures (503) but
was one of the least diverse sites with a
The
Simpson's diversity index of 0.187.
grassland was the most diverse site with a
Simpson's index of 0.638, but had the second
lowest capture total with 179 captures. The old
field site generated the least number of captures
with only 24 animals captured in two years of
sampling and the Simpson's diversity index was
0.300, one of the least diverse sites on the refuge.
The agricultural field and cover crop field were
similar in habitat structure and capture success
was similar between the two sites. The capture
total in the agricultural field was 362 and the
capture total for the cover crop site was 333 and
the Simpson's diversity indices were 0.501 and
0.546 respectively.
Changes in the small
mammal community structure at SLNWR
between trapping sessions and between the two
field seasons are described in detail in Eulinger
(2003).
Captures of the meadow vole in
Chariton County represent a new county record
for this species in the state of Missouri. Meadow
voles captured in Chariton County also
establishes the southernmost known extent of the
meadow vole's range.
Previous literature
indicated the range of the meadow vole to be
along the Missouri/Iowa border (Schwartz and
Schwartz 2001), but recent documentations of
meadow voles in additional counties south of the
Missouri/Iowa border indicate their range may
extend as far south as the Missouri River
(Eulinger and Burt, 2006).
Live trapping: Between the two field
seasons, 19 furbearers and one lagomorph were
captured representing three species in 86 trap
nights. Trap success for Havahart trapping was
23.3%. The three species captured were Virginia
virginiana),
eastern
opossum (Didelphis
cottontail rabbit (Sylvilagus jloridanus) and
raccoon (Procyon lotor). The capture totals for
furbearers are reported in Table 1.
The agricultural field site generated the
most captures of opossums (6) and the forest site
generated the most captures of raccoons (4). The
wooded corridor in the agricultural field site
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generated 9 of the 19 captures throughout this
study and indicates the importance of wooded
corridors (particularly corridors that are adjacent
to agricultural fields) for providing travel lanes
and suitable habitat for small carnivores.
Bats: A total of 163 bats were captured
at SLNWR, representing seven species from five
genera.
These species were: evening bat
(Nycticeius humeralis), red bat (Lasiurus
borealis), big brown bat (Eptesicus fuscus),
Indiana bat (Myotis soda/is), eastern pipistrelle
(Pipistrellus subjlavus), northern long-eared bat
(Myotis septentrionalis), and little brown bat
(Myotis lucifogus). The capture totals for all bat
species are shown in Table 1.
Evening bats were the most common
bat species captured at SLNWR with 62
captures.
Red bats were the second most
commonly captured species with 58 captures.
Both of these species roost in mature forests
(Schwartz and Schwartz, 2001) and the
bottomland forest at SLNWR provides adequate
roosting sites for these species. The little brown
bat, northern long-eared bat and eastern
pipistrelle were the rarest species captured at
SLNWR with 1, 1, and 3 captures respectively.
Two bat species captured at SLNWR
are on the list of Missouri Species of
Conservation Concern. The Indiana bat is state
and federally endangered and populations are
critically imperiled throughout their range
(Missouri Department of Conservation 2006).
Indiana bats prefer to roost in trees throughout
the summer (Callahan et al., 1997) and the large
bottomland forest site at SLNWR provides
suitable habitat for the Indiana bat. The northern
long-eared bat is also a rare species in Missouri
and is considered vulnerable throughout the state
(Missouri Department of Conservation, 2006).
The northern long-eared bat also prefers mature
forest for summer roost sites (Harvey et al.,
1999).
Observed mammals: There were 12
species of mammals observed but not captured at
SLNWR. They include eastern mole (Sea/opus
aquaticus), eastern gray squirrel (Sciurus
carolinensis), fox squirrel (Sciurus niger),
southern flying squirrel (Glaucomys volans),
beaver (Castor canadensis), muskrat (Ondatra
zibethicus), coyote (Canis latrans), red fox
(Vulpes vulpes), long-tailed weasel (Mustela
frenata), river otter (Lutra canadensis), bobcat
(j.ynx rufUs), and white-tailed deer (Odocoileus
virginianus).
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White-tailed deer, raccoons, opossums
and fox squirrels were the most common
terrestrial mammals observed on SLNWR. They
can be seen in all areas of the refuge and are
regularly seen day and night. Southern flying
squirrels were seen and heard at night while mist
netting bats in the forest site. Two individuals
were captured in mist-nets, but their high-pitched
"peeps" could be heard throughout the night.
Gray squirrels, coyotes, red foxes, long-tailed
weasels, river otters and bobcats were very
seldom seen on the refuge and each was
observed less than five times in two years.
Recent sign of eastern moles was observed near
the SLNWR visitor's center and on the easternmost part of the refuge. Due to the abundance of
aquatic resources at SLNWR, muskrats and
beaver are common throughout the refuge.
Mammals not observed: There are
many species that have been reported to inhabit
SLNWR according to refuge personnel but were
not recorded in this survey. The species not
observed in this study but have been previously
identified by SLNWR personnel include: hoary
bat (Lasiurus cinereus), woodchuck (Marmota
monax), mink (Mustela vison), badger (Taxidea
taxus), and striped skunk (Mephitis mephitis)
(pers. comm.). Species that were not identified
in this study or not recently identified by refuge
personnel and presumed absent include: gray bat
(Myotis
grisescens),
silver-haired
bat
(Lasionycteris noctivigans), eastern chipmunk
(Tamias striatus), thirteen-lined ground squirrel
(Spermophilis tridecemlineatus), Franklin's
ground squirrel (Spermophilis franklinii), plains
pocket gopher (Geomys bursarius), woodland
vole (Microtus pinetorum), Norway rat (Rattus
gray
fox
(Urocyon
norvegicus),
cinereoargentius), and eastern spotted skunk
(Spilogale putorius).
Although SLNWR has been managed
primarily for migrating waterfowl, the refuge
supports a large diversity of mammalian species.
The federally endangered Indiana bat and the
vulnerable northern long-eared bat were both
found on this refuge which indicates the
potential for SLNWR to support rare and
endangered species. SLNWR also represents the
southernmost extent of the known range of the
meadow vole where this species has become well
established in
multiple
habitat
types.
Management strategies incorporated at Swan
Lake have resulted in a variety of habitat types
that are beneficial to birds and mammals alike.
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This refuge was originally purchased because of
its low agricultural productivity and now
supports a high diversity of mammalian species.
Much of Missouri's land north of the Missouri
River has been converted into agricultural
production and mammalian diversity has
probably suffered as a result.
Areas like
SLNWR help maintain biological diversity and
provide suitable habitat for mammals to thrive.
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Table 1. Occurrence of mammals in five major habitat types and total number of each species captured at
SLNWR. Note: Unequal sampling effort between all mammal species captured. "X" indicates observed
with no capture total.
Species

Grassland

Agrcltrl
Field

Old
Field

Cover
Crop

Forest

Observed

Total

Opossum
Southeastern Shrew
Masked Shrew
Sorex Sp. (not identified)
Elliot's Sort-tailed Shrew
Least Shrew
Eastern Mole
Little Brown Bat
Northern Long-eared Bat
Indiana Bat
Eastern Pipistrelle
Big Brown Bat
Red Bat
Evening Bat
Eastern Cottontail Rabbit
Eastern Gray Squirrel
Fox Squirrel
Southern Flying Squirrel
Beaver
Western Harvest Mouse
Deer Mouse
White-footed Mouse
Meadow Vole
Prairie Vole
Muskrat
Southern Bog Lemming
House Mouse
Meadow Jumping Mouse
Coyote
RedFox
Raccoon
Long-tailed Weasel
River Otter
Bobcat
White-tailed Deer

1
1

6

1

-

-

1
2

-

3

-

5
2
5

-

-

-

-

9
3
3
5
9
12
0
1
1
10
3
28
58
62
1
0
0
0
0
100
175
532
51
163
0
4
155
6
0
0
10
0
0
0
0

Total Captures

-

-

1

78
11

2
13
54

-

-

5

-

-

-

7

5

6
155
3
15
66

-

-

310
5
14

-

-

-

80
1

1

-

10
9
216
8
23

-

1
10
6

-

-

-

-

74
5

-

-

2

3

1

-

-

-

-

179

362

24

333

4

2

1
1
10
3
28
58
62

1

-

-

X

-

X
X
X
X

-

X

X
X

4

-

-

X
X
X
X

503

1401
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Travertine Deposits and
Seep Wetlands Along the
Lower Meramec River
Hills, Missouri
S. George, MACTEC Engineering and Consulting, Inc. and C. Bourne, University of
Missouri-St. Louis
Abstract:

Several rapidly growing travertine
(calcium-carbonate) deposits and groundwater
fed wetlands have been documented along the
stair-step bedrock outcrops of 1-270 (St. Louis
County). These features are caused by
groundwater seepage from a dolomitic claystone
of the Salem Formation, which acts as an
aquitard to groundwater flow from the overlying
closed karst aquifer.
A rock-cut created in 1964, presented
an opportunity to estimate coldwater travertine
growth rates. Seep A has approximate maximum
dimensions of 2-m wide, 4-m in length and 0. 6 m
thick.
The maximum growth rate is
approximately I 0 em per year, with an average
closer to ~6 em/year. Seep B has an estimated
growth rate of 5 em/year.
Sandy moss (Didymodon tophaceus), a
typical travertine forming species, covers much
of the deposit. The blue-green algae
(Cyanobacterium), Gloeocapsa, and the pennate
diatoms Navicula were common at these sites.
Bryophytes, algae and vascular plants provide
surfaces for new growth and are significant
contributors to the rapid growth rate. Seep B has
"hair-like" structures, due to calcified
filamentous algae. With time, the plants become
encased or "fossilized" by the growing
travertine.
Geochemical analysis of the seeping
groundwater indicates a calcium-magnesium

bicarbonate type water, with substantial sulfate
and chloride levels. The site is within a liner
band of highly mineralized groundwater along
the Lower Meramec River Hills, which is likely
caused by groundwater flow
through
Pennsylvanian cyclothems. Travertine deposits
have typically been related to bedrock faulting.
In this case, it may be due to highly mineralized
groundwater flow through intensively fractured
bedrock.
Key Words: Travertine,
Depositing Groundwater

Tufa,

Carbonate

1. Introduction
Travertine is a freshwater deposit
formed by the rapid chemical precipitation of
calcium carbonate from solution by surface
water or groundwater. Typically the deposits are
formed at hot or cold water springs because of
C02 outgassing and facilitated by organic
processes (bacteria and algae) (Herman and
Hubbard, 1990). The soft, spongy, friable variety
of travertine formed around the nuclei of algae,
mosses, leaves and other plants is referred to as
"tufa."
Travertine can be divided by the spring
water temperature into either thermal or cold
water deposits (Chafetz and Folk, 1984). The
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thermal deposits consist of: (1) lake fill deposits
formed by sulfur rich, hot springs; (2) fans and
cones, formed on sloping ground; (3) terrace
deposits similar to rimstone pools; and (4)
fissure ridges. Hot springs differ from coldwater
springs by having different biota and water
chemistry with bacteria having an important role
in thermal deposit formation (Chafetz and Folk,
1984).
The cold water deposits are formed
where rapids or waterfalls increase agitation,
causing C02 outgassing leading to tufa
deposition. The I-270 travertine are cold-water
deposits and are similar to the coldwater
travertine deposits of Virginia (Herman and
Hubbard, 1990), Oklahoma (Emig, 1917) and the
Ozarks; Tufa Creek (Schaper and Wicks, 2002)
and Falling Springs (Davis, et. al, 1989).
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in approximately 100 ft of stair step rock cuts
with seep/wetland elevations in 520-530 ft range.
The seep recharge area is largely urbanized, but
natural areas in the vicinity include the Powder
Valley Conservation Area, and Emmenegger
Nature Preserve.
Figure 1. Study Area Location.

2. Study Area Setting
The I-270 travertine deposits are at the
northeast edge of the Ozark Salem Plateau
(Figure 1). This zone is within the Outer Ozark
Border eco-region and the Lower Meramec Oak
Mixed-Hardwood Woodland Forest Hills Land
Type Association, which occupies the hills
flanking the lower 15 miles of the Meramec
River (MDC, 2002). The local relief exceeds
200 feet (Figure 2). The broad, loess-covered
ridges (~600 650 ft.) are dissected by steep
stream valleys that lead to the near-by Meramec
River (~400 ft.). Highway construction resulted
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Figure 2. Study Area Topography (Source: Kirkwood, MO 6.5' USGS Topographic Map, 1993).
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3. Geology and Hydrology
The road-cut bedrock stratigraphy
includes reference sections for the Mississippian
System, Meramecian Series; Salem and Warsaw
Formations (Thompson, 1986, Rankey et al.,
2004). The Salem Formation consists of
interbedded limestone (packstone to grainstone),
dolomite (packstone), dolomitic mudstone, and
claystone (Figure 3). The bedrock stratigraphy is
complex with thin beds of differing lithology
representing
several
transgressions
and
regressions of a shallow sea. Many of the beds
are cross bedded.
A thick (~2m) claystone forms the base
of the Salem Formation and acts as an aquitard
for vertical groundwater flow from the overlying
karst aquifer. The lateral groundwater movement
(to the west) has been severed by the road-cuts,
causing the seeps. The claystone bed was cut into
a narrow (~2 m wide), long (~ 300 m) bench
providing the wetland substrate. Solution
enlarged vertical fractures are well developed in
the carbonate units above the claystone and are
clearly visible where erosion has removed the
residuum infilling.
The extreme intrabed-scale lateral
heterogeneity of the Salem Formation (cross
bedding, thickening or thinning of beds, pinch
outs), results in complex compartmentalization
of individual units (Kharusi et al., 2004). Each of
these "units" have well developed fracture
systems resulting in an intensely fractured source
rock for the seeps (Kharusi et al., 2004). A
photograph of ice formation in the bedrock
above the seeps gives an indication of the
intensity of the fracturing (Figure 4). The
fracturing increases the surface area available for
bicarbonate dissolution in groundwater.
The study area bedrock is within the
Post Maquoketa (Group 1) aquifer, consisting of
the Mississippian and Pennsylvanian formations
above the Ordovician Maquoketa Shale (Miller
et al, 1974). This aquifer is stratigraphically
equivalent to the Ozark Aquifer, but is
hydrologically isolated (Miller and Vandike,
1997; Imes and Emmett, 1994).

4. Travertine Descriptions
Six travertine forming seeps (A to F)
were mapped with two (A and B) forming large

deposits. Seep A has estimated maximum
dimensions of 2-m wide, 4-m in length and 0.6m thick (Figure 5). Seep A is approximately 0.3m wide where it starts at the top of the claystone.
Near the base of the claystone, the deposit
spreads-out to about 2 m on a rock ledge, then
drops down a vertical (approximately 4 m)
limestone/dolomite rock face. Water trickling
across the rock face (west aspect) has resulted in
stalactites (approximately 1-1.5 m long), and
stalagmites (approximately 1 m tall). Peak
discharges in the 10 gallons per minute (GPM)
range were estimated after precipitation events,
but typical flows are less.
Tufa Seep B consists of a single
stalactite approximately 2 m long and 0.3 m
wide. Seep B has "hair-like" structures, which
we attribute to the calcification of filamentous
algae (Figure 6). Seep C has become covered
with vegetation (mostly Festuca sp.), with
abundant calcified plant roots. Seeps D and E are
small encrustations on the rock wall. Seep F is
larger (approximately 1 m by 1 m) and has a well
developed "spongy" appearance.
Sandy moss (Didymodon tophaceus)
covers much of the deposits, a known tufa
forming species. This forms a structural
framework and creates new surfaces for growth.
(Cyanobacterium)
The
blue green
algae
Gloeocapsa and the pennate diatom Navicula are
common. One species of ant (Temnothorex
texanus) was identified (Trager, 2004). This
seldom seen species typically inhabits "sandy"
open areas. Algae and/or ferrous iron (Fe+3)
precipitation may be responsible for the orange
(lepidocrocite) and red (hematite) colors
observed at some seeps.
As the tufa grows it assimilates
bryophytes and vascular plants, which are
significant contributors to the rapid growth rate.
This creates recent (Holocene) "fossils" (Figure
7) and complex shapes (Figure 8).
Growth Rates
Historical aerial photographs were
obtained for: Feb. 12, 1960; Feb. 29, 1964; and
April 22, 1967. The 1964 photo shows the seep
area under construction, .with some of the west
side of road-cut still in place. Thus, a reasonable
estimate for the start of the tufa growth is the
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Figure 3. Bedrock stratigraphy of the seep area (Source: Modified from Rankey et al., 2004)

Skeletal Packstone to Grainstone

Skeletal Packstone to Grainstone

Dolomitic Mu<:h;tone to Wackstone
Start of Seep A

Packstone to Grainstone

1-270 Road level (Approx.)

Figure 4. Ice flow originating from intensity fracture rock above seeps (Jan. 17, 2005).
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Figure 5. Seep A (Aprill2, 2005).

Figure 6. Seep B "hair-like" structures (April9,
2005).

Figure 7. Seep A fossil leaf imprint (2004).

Figure 8. Travertine sample detail (Jan. 30,
2005).
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first of 1964. Seeps A and B were measured
Nov. 13, 2003. Thus, the growth period is
approximately 40 years.
Based upon the Seep A dimensions, the
maximum growth rate is approximately 10 em
per year in length, but an "average" value (using
the base of the claystone as a staring point), is
about 6 em per year. The Seep B growth rate is
about 5 em/year.
Growth rates of the similar (waterfalltype) travertine of Oklahoma were determined
by Emig (1917) by submerging test objects
(wood, cloth, stone, etc) in the spring water,
followed by periodic measurements. The average
was approximately 2 mm a month or 2.3 em/year
(Emig, 1917). In one optimum location; an
increase of 7.6 to 12.7 em of cavernous
travertine (along with mosses) was observed
during a summer season (Emig, 1917). Thus, the
1-270 tufa has an estimated average growth rate 2
times the Oklahoma average.
Given the western aspect, evaporation
may be a significant contributor to the deposit's
growth rate. The additional groundwater
constituents (i.e., chloride, sodium) may also
contribute to growth during periods of high
evaporation. These constituents, however, would
tend to be "flushed" from the deposits during
periods of high flow.
It is not practical to compare cold water
deposition rates, based on mass transfer
calculations (moles per square centimeter per
second) (Lorah and Herman, 1990, Schaper and
Wicks, 2002) to observed rates due to the
irregular surface areas and the significant input
ofbiogenic sources.

5. Groundwater Geochemistry
Groundwater samples were collected
from the Seep A discharge to characterize the
water chemistry and compare it with other tufa
water geochemistry studies. The water data is
presented in Table 5-1.
The Seep A sample was collected after
an extended period of precipitation resulting in a
relativity high discharge. Thus, dilution by
rainwater recharge may have influenced the
results. A sample collected under dryer
conditions (11.26.04), however, had similar total
calcium (130 mg/L) and total magnesium (38
mg/L) levels.
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The results were plotted on a piper
diagram and fall within the Ca + Mg, Na +K
hydrogeochemical facies (Drever, 1997) (Figure
9). The study groundwater has higher chloride,
sodium, sulfate levels as compared to typical
Ozark springs and plots closest to the Osage
River basin springs (Wicks, 1999; Vineyard and
Feder, 1982). The study area (Group 1) aquifer
typically has elevated chloride, sulfate, and
dissolved solids levels (Miller et al., 1974)
representing the edge of the "saline"
groundwater provinces which border the Ozarks
(Imes and Emmett, 1994). The high salt content
may be due to groundwater circulation through
the Pennsylvanian cyclothems, which contain
pyrite and gypsum. The St. Louis Limestone also
has thin stringers of gypsum, which could
contribute sulfate (Miller et al., 1974). Several
springs in the lower Meramec River basin have
high sulfate levels (Vineyard and Feder, 1982).
The calcite Langelier saturation index
(SI) was calculated based on the bicarbonate
alkalinity and water pH (Deaver, 1997). The SI
was 0.7; indicating the water was supersaturated
and will tend to precipitate calcite. Seep A
groundwater had similar pH, alkalinity, and
calcium concentrations, and a similar calcite
saturation indices, as compared to Tufa Creek
(Schaper and Wicks, 2002). Seep A had higher
chloride and sulfate levels but a lower
magnesium level as compared to Tufa Creek.

Wetland Description
Several "seepage" or perched wetlands
have developed with the travertine deposits. The
wetland flora provides an important substrate for
travertine growth. The largest wetland has
developed along a narrow (2 m), but long (~300
m) bedrock bench (Figure 2). Wetlands have also
developed at the base of Seeps A, B and C.
The wetland vascular flora is composed
of typical early successional species (Table 5 2).
Tree height is in the ~ 3 to ~ 6 m range,
thus some areas of the bench could be classified
as palustine scrub-shrub (PSS) wetlands
(USFWS, 1979) or isolated slope wetlands per
the hydrogeomorphic method (HGM) (USACE,
1995). A few small (~1 m) sections could be
considered "fens", because they have perennially
saturated
substrates
from
groundwater
discharged. Typha angustifolia may dominate the
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Table 5-1. Groundwater Analytical Results (Sample collected 1.09.05)
Parameter

Results (mg/L)

Millequivalents/Liter

Methods*

Alkalinity bicarbonate

320

Alkalinity carbonate

8DL

310.2

Total Dissolved Solids (TDS)

500

160.1

Total Calcium

120

60108

Dissolved Calcium

110

Total Magnesium

30

Dissolved Magnesium

30

+2.47

60108

Sulfate

32

-0.66

9056

Chloride

94

-2.65

9056

Sodium

60

+ 2.61

60108

Potassium

0.75

+ 0.02

60108

Nitrate

0.59

-0.001

9056

Total Phosphorus

8DL

365.2

Silicon I Silica (Si02)

9.0/19.3

60108

pH (SI): field/lab.

7.82/7.8

9040A

1688/1000

9040A

Conductivity (milliomhos): field/lab
Temperature (C)

13.1

* Analysis performed by Environmental Science Corp.
8DL

=below detection limit

-5.25

+ 5.48

310.2

60108
60108

Field
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Figure 9. Piper diagram of seep A and Missouri spring groundwater (modified from Wicks, 1999).
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Table 5-2. Wetland Flora
Scientific Name

Common Name

Wetland Indicator Status

Cyperus strigosus

Umbrella sedge

Facultative Wetland

Platanus occidentalis

American sycamore

Facultative Wetland

Polygonum pennsylvanicum

Pink smartweed

Facultative Wetland

Populus deltoides

Eastern cottonwood

Facultative +

Salix amygdaloides

Peach leaf willow

Facultative Wetland+

Salix exigua

Sandbar willow

Obligate Wetland

Salix nigra

Black willow

Obligate Wetland

Typha angustifolia

Narrow leaf cattail

Obligate Wetland
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Table 5-1. Groundwater Analytical Results (Sample collected 1.09.05}
Parameter

Results (mg/L}

Millequivalents/Liter

Methods*

Alkalinity bicarbonate
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Alkalinity carbonate

8DL

310.2

Total Dissolved Solids (TDS)

500

160.1

Total Calcium

120

60108

Dissolved Calcium

110

-5.25

+ 5.48

310.2

60108

Total Magnesium

30

Dissolved Magnesium

30

+ 2.47

60108

Sulfate

32

-0.66

9056

Chloride

94

-2.65

9056

Sodium

60

+ 2.61

60108

Potassium

0.75

+ 0.02

60108

Nitrate

0.59

-0.001

9056

Total Phosphorus

8DL

365.2

Silicon I Silica (Si02)

9.0/19.3

60108

pH (SI): field/lab.

7.82/7.8

9040A

1688/1000

9040A

Conductivity (milliomhos): field/lab
Temperature (C)

13.1

* Analysis performed by Environmental Science Corp.
8DL =below detection limit
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Field
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Figure 9. Piper diagram of seep A and Missouri spring groundwater (modified from Wicks, 1999).
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wetlands because it is tolerant of saline
conditions (Yatsktevych, 1999). The wetlands
are interspersed with dry to xeric areas with
broom sedge (Andropogon virginicus), red
cedars (Juniperus virginiana), and bush
honeysuckle (Lonicera maackji).
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Analysis of Weather Data
Collected From Two
Locations in a Small
Urban Community
Kurt Grathwohl, Steven Scheiner, La Roy Brandt, State Fair Community College, 3201
W 16th Street, Sedalia, Missouri 65301-2199, and Anthony R Lupo, Department of Soil,
Environmental, and Atmospheric Sciences, 302E Anheuser Busch Natural Resources
Building, University of Missouri-Columbia, Columbia, Missouri 65203
Abstract:
The heat island effect is a well known
feature in the microclimate of urban areas, and
is considered to be the difference between the
urban area and its surroundings. While this
study only employs two instruments, the authors
are not aware of any studies which examine the
differences in temperature between an
instrument inside a town the size of Sedalia and
its
surroundings
by
collecting hourly
information. We attempt to irifer here the impact
of Sedalia, Missouri, the State Fair Community
College campus, and the state fairgrounds on the
temperature patterns for a small region of westcentral Missouri. The two stations, one on the
grounds of State Fair Community College and
the other at the Sedalia Airport were used.
Temperature, precipitation, cloudiness, and wind
information were gathered hourly between 1
February and 31 March, 2005. The weather
station at the regional airport was located 11 km
(7 miles) northeast of the campus instrument.
Our results indicate that the city has no
discemable impact on the distribution ofmonthly
precipitation totals. We found a distinct
difference
between
the
local
surface
temperatures as recorded by each instrument.
For the Sedalia area, the temperature
differences between the town center and the

outside location were approximately 2- r!'F (1.0
-3.3° C) warmer, typically, than the surrounding
environment, as inferred by these instruments.
This difference was as much as 1 F (r!'C) when
comparing hourly temperature information.
Additionally, the difference was larger for clear
days and days during which there was little
wind.

r

Key Words: Heat island effect, climatology,
microclimate, urban influences

1. Introduction
The effect of urban environments on
local temperature and precipitation distributions
have been examined for large communities in the
past (e.g., Changnon, 1981; Segal and Arritt,
1992; Karl and Knight, 1997; Melhuish and
Pedder, 1998; Pinho and Manso-Orgaz, 2000;
Baik and Kim, 2001; Rozoff and Cotton, 2001;
Shepherd et al., 2002; Akyuz et al., 2004) and
usually for cities that have very large
populations. Melhuish and Pedder (1998), Pinho
and Manso-Orgaz (2000), and Akyuz et al.
(2004) however, examine the heat island effect
in smaller urban areas. However, none of the
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urban areas studied above are as small as that of
Sedalia, MO, which has a population of 20,00025,000 residents.
The heat island effect is produced by
many factors, which result in a change in the
underlying energy budgets in the boundary layer
due to urbanization. These include such effects
as (e.g., Oke, 1982); an increase in sensible
heating (e.g., due to changes in surface
albedoes), an increase in thermal storage
capacity of the underlying surface, decreased
evapo-transpiration, and heat given off
(generated) by urban structures. These processes
then can have a large impact on the temperature
field (see references above) and the precipitation
field (e.g., Shephard et al., 2002). A few studies
examined also the climatological (long-term)
impact of heat islands including their variance by
season (e.g., DeMarrais, 1975; Ackerman, 1985;
Akyuz et al., 2004).
Published work (e.g., Melhuish and
Pedder, 1998; Pinho and Manso-Orgaz, 2000;
Akyuz et al., 2004) recently demonstrated that
medium-sized and small urban areas may also be
responsible for heat-island effects. Heat islands
associated with medium-sized and smaller urban
areas would not be expected to be as pronounced
as those oflarger cities, however, the heat island
effect in the latter two studies was shown to be
quite substantial (up to 7.5° C). Akyuz et al.
(2004) demonstrate that the heat island effect
was larger in the summer and during the daytime
in their study, but smaller during the winter
season, with the maximum difference found near
morning. Sedalia, Missouri would be smaller
than what most people consider to be an urban
area in the United States. The town is composed
of a downtown area, the State Fair Community
College, and the State Fairgrounds.
The objective in this study was to infer the
extent to which Sedalia, and the State Fair
Community College may produce a heat-island
effect. Two existing instrument sites were used;
a unit which measures temperature, rainfall, and
wind speeds deployed on the grounds of State
Fair Community College (SFCC) and the
Automated Surface Observation Station (ASOS)
at the airport outside of the city, in order to
measure the urban impact on the microclimate
and the variation in the strength of the heatisland effect over a six-week period. In section
two, we discuss the data and methodologies
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used, and we describe and discuss the study
results in section three. In section four, the main
conclusions are presented.

2. Data and Methods
The hourly data was collected at two
sites within and near Sedalia, MO (Fig. 1) from
1 February to 31 March, 2005. One was located
at Sedalia Memorial Airport (KDMO) on the
northeast side of town (Fig. 1). This ASOS
instrument was the National Weather Service
observation station and data were collected
of
the
NWS
website
courtesy
(www.crh.noaa.gov/data/obhistory/KDMO.html,
2005). From this site we collected temperature,
precipitation, wind speed, and cloud cover. The
second location was at SFCC, which is on the
southwest side of Sedalia (Fig. 1). The frrst
author was able to connect a computer to the
weather station at the college in order to obtain
the data. Temperature data were collected on an
hourly basis, and the unit is similar to that of a
Campbell Scientific surface station, but the
manufacturer is not known. The station has been
in operation for many years on the SFCC
campus. The precipitation data were collected in
a plastic raised edge four-inch rain gauge.
The college and airport were
approximately 11 km (7 miles) apart. The
relative elevation between the two stations also
was fairly comparable. Unfortunately, however,
the SFCC site was stationed on top of a building.
We carmot be certain how much the readings
may have been influenced by heat released from
the building. However, we felt that the influence
may be similar to that of an instrument placed
over a primarily asphalt or concrete surface
inside a typical larger city, or even inside a town
like Sedalia. Additionally, as only two
instruments were used in this study, it is difficult
to truly establish that we are measuring a true
heat island effect. However, by comparing these
results to other studies, and expected values for a
heat island for a city of this size, we can infer the
character of any potential heat island produced
by Sedalia.
However, the placement may
exaggerate the effect that would be observed at a
more representative (standard) site in the city.
Finally, all temperature and precipitation data
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recorded here was reported in degrees Fahrenheit
and inches, respectively, since these units are
still the standard for surface data information in
the United States.

Figure 1. A map of Sedalia, MO. This map is not
drawn to scale. The red letters "X" show the
locations of the two instruments.

The temperature data were first
compared between the two stations hourly in
order to determine if any significant differences
could be detected in the daily temperatures and if
there was a diurnal signal in the hourly data.
While using only two stations is not ideal, the
station data was readily available and there was
no budget for more instrumentation. However,
other published studies have used only two
stations for their study (e.g., Ackerman, 1985).
Here, the difference was calculated by simple
subtraction following Akyuz et al. (2004)
calculation for the heat island;
HI= Temp(SFCC)- Temp (KDMO)

(1)

Following the above analysis, HI was
then compared with wind speed, direction, and
cloud cover in order to determine if these
variables impacted the strength of the
temperature difference. Akyuz et al. (2004)
found that for Columbia, MO, clear days with
little wind showed the largest values of HI, while
cloudy, windy days showed no significant
differences. They also demonstrated that the
impact of wind direction was to "advect" the
heat island effect into the quadrant downwind.
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3. Results and Discussion
a. Temperature Variations

The mean value of temperature
difference over the 6-week period of study was
2.6° F (1.5°C) and this is smaller than the
maximum values for HI of 3- 6° F (2.1 - 3.3°
C) found for Columbia, MO (Akyuz et al.,
2004). This is also smaller than the HI for
Columbia (3 - 3.6° F, 2.1 - 2.5° C) when just
using the February and March data. However,
the value found here for Sedalia is still larger
than the sensitivity for the type of
instrumentation used in the study (see Akyuz et
al., 2004). However, the temperature difference
found here was consistent with Fig 14.8 in
Aguado and Burt (2004, p 428) for an urban area
with the population of Sedalia, MO. Thus, the
inference of a heat island effect found here even
for a town the size of Sedalia, is likely real.'
An examination of the differences for
the hourly readings was then performed (Table
1). While the daily data could vary for the time
of day when the largest and smallest HI values
occurred, we discovered certain patterns
emerged. These results showed that between
10:00 am and 12:00 pm, the hourly temperatures
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tended to run the closest together. This was a
surprising result since, at this time, we felt that
the building would have played a greater
influence on the temperatures. However, it is
possible that boundary layer mixing during the
morning hours could provide for a similar
temperature profile at each location. More
information would be necessary to confirm this
hypothesis. We also found that the greatest
differences were most common between 6-7 am
and between 8-9 pm. While the Akyuz et al.
(2004) study did not have the time resolution to
identifY an early evening maximum in Hl such as
was found here, their study did identifY a larger
Hl for the morning hours in general.
Additionally, there is anecdotal evidence to
suggest that there may be a large Hl during the
evening hours when looking at the difference
between temperatures at Lambert Airport in
Saint Louis versus temperatures in St. Charles,
MO (on the order of 10- 15° F, Lupo, personal
communication).

classification of sky conditions than Akyuz et al.,
(2004). A day was considered to be cloudy
(sunny) if 75% or more of the hourly
observations were overcast (clear). The rest of
the days were considered to be "mixed"
cloudiness. During these two months it was
found that there were 15 cloudy days, 26 sunny
days, and 18 days ofboth sun and clouds.
With the 26 days of sunshine, we found
that the average temperature difference was
6.3°F. This difference was as large as the
maximum monthly means found for Columbia
by Akyuz et al., (2004), but not as large as the
maximum differences for sunny days in their
study. For the 15 days of cloud cover, the
average difference was only 3. 7° F, while for the
18 days with a mixture of the sun and clouds, the
difference was about 3.8° F. The overall mean
daytime temperature difference was 4.9° F.
Thus, not surprisingly, cloudy skies mitigated the
temperature difference between Sedalia and its
surroundings.

Table 1. The number of observations in which a
particular hour (top row) represented the
maximum daily temperature difference (middle
row) or the minimum daily temperature
difference (bottom row).

c. Wind Speed vs. Temperature

jMorning (am)
Time 12 1 ~ 3 ~
LlTx 7 7 5 5 5

5 6 7 8 9
5 9 8 ~ 2

10 11
4 1

"F)

LlTn 2 0 ~

5 7

~ 1 2 ~ ~ 17 15

"F)

jAfternoon (pm)
Time 12 1 ~ 3 ~ 5 6 7 8 9 10 11
LlTx 1 2 0 1 0 0 ~ ~ 10 10 3 8
"F)

LlTn 12 7 7 5 7 7 ~
"F)

1 1

0 3 ~

b. Sky Cover vs. Temperature

In this part of the study, the influence of
cloudiness was examined, and only during the
daytime hours. This study used a simpler

As with the cloud cover data, the
KDMO wind speed data was stratified using a
simpler scheme than Akyuz et al. (2004). The
results were organized based on these three
categories; a) daily wind speeds of generally less
than 10 mph, b) daily wind speeds between 1020 mph, and c) daily wind speeds that varied
between the categories. The results found here
were consistent with those of Akyuz et al.,
(2004) as well. When the speed of the wind was
less than 10 mph at least 75% of the time, the
average Hl was 2.8° F. When, the wind was
between 10-20 mph 75% of the time, the
difference was smaller, or about 2.1° F. If the
wind speed varied throughout the day, the
difference was about 2.8° F. These data were not
correlated versus the sky cover data due to the
small sample size, but a similar pattern to Akyuz
et al. (2004) emerged in that it is likely that clear
and less windy days would reveal the largest
temperature differences for Sedalia, MO. Such
behavior for the temperature differences here is
consistent with that of the heat island effect.
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d. Wind Direction vs. Temperature

Here, we wanted to determine how the
temperature differences were affected by the
direction of the wind. This evaluation stratified
the data into three categories based on wind
direction in a given day. The first category was
days with wind direction coming from the south
or west at least 75% of the time. The second
category was days with wind direction coming
from the east or north. The third and fmal
category was days with no set pattern of wind
direction, but not including days where the wind
speeds were calm. The results show here that
wind direction did not produce as great a role in
temperature differences as wind speed or cloud
cover. When wind direction was coming from
the south or west, the average temperature
difference was about 1.9° F. When the wind
direction was from the east or north, the average
difference was about 1. 7° F. If there was not a
set wind direction, the average difference was
approximately 1.9° F. This experiment, however,
is likely complicated by the lack of station
coverage around Sedalia.
e. Precipitation

An evaluation of precipitation data was
also carried out here. The goal here was to
determine what the differences, if any, there may
be in precipitation amount between the two sites.
Table 2 below shows the precipitation amounts
for rainfall during three days of substantial
rainfall during the period of study. There were no
substantive differences found for these three
events, and this may be expected as these events
produced mainly stratiform rain. The same
experiment performed during the convective
season would likely yield larger differences, but
as in Akyuz et al., (2004) there would be little
evidence available to attribute such differences
to an urban impact.

4. Summary and Conclusions
A study of the temperature difference
between two instruments located in Sedalia, MO
and outside the town was conducted between 1
February and 31 March 2005 using data
collected from State Fair Community College
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Table 2. The precipitation amounts (inches) at
SFCC and KDMO for the three largest rainfall
events that occurred during the study period.

Day

Precipitation at
SFCC (in)

Precipitation at
KDMO

Feb. 12-13
March 7
March 2122

1.53
0.91
0.57

1.51
0.91
0.42

and the Sedalia Airport National Weather
Service station. This study followed similar
procedures to Akyuz et al. (2004) for their study
of the Columbia, MO heat island effect.
Unfortunately, only two stations were available
for this study, and this is similar to the Ackerman
(1985) study. Thus, our conclusion was that
there is a significant difference in the observed
temperatures at a site within the city and one
outside.
This study demonstrates that even a
smaller community may exhibit small-scale
variations in temperature observations much like
their larger counterparts. Even though for the
most part, the temperature readings only varied
between 2-6°F, there was one hourly reading that
showed an 11 °F difference during the collection
period. These values are consistent with those of
Akyuz et al., (2004) and even more consistent
with Aguado and Burt (200 1) for an urban area
with the population of Sedalia, MO.
Also, cloud cover and wind can play a role in
temperature differences even in communities of
fewer than 25,000 people. It was shown here that
sunny and less windy days exhibited larger
temperature differences, while cloudy or windy
days were associated with smaller differences.
Thus, the magnitude and temporal
behavior of the Sedalia, MO temperature
differences found here were consistent with
those in studies of the heat island effect. Finally,
the precipitation study showed no substantial
differences here. It is our intention to use this
project as a basis toward a more in depth study in
the future.
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Abstract:
Scale is widely recognized as an
important issue in investigations of wildlifehabitat relationships. However, the relationship
between scale, digital land cover image
resolution, and model predictions of habitat
quality has recieved little attention.
We
investigated issues of scale surrounding the
application of a Northern Bobwhite (Colinus
virginianus) winter habitat model by varying the
data resolution in land cover input maps and the
scale of analysis (i.e., scale at which the model
calculated habitat quality). Two land cover base
maps (classified from 1-m and 30-m resolution
images) were obtained or created for survey
routes (n=268) in northeast Missouri, and the
model was applied to each landscape (n=536).
We varied scale by altering the size of the
model's analysis window (13, 25, and 38 ha
circles), which was analogous to a home range.
Additionally, call count data collected on each
route was used to evaluate accuracy of habitat
quality predictions based on the winter model (1-

m and 30-m data) and a summer model (1-m
data only). The 1-m data predicted a much
larger proportion of highly suitable habitat than
the 30-m data. Further, resolution of the land
cover data had a greater impact on model
predictions than varying model scale. However,
we found no relationship between call counts
and model predictions from either data set.
Each land cover data set has its advantages and
caveats for particular uses; 30-m data is
preferable for assessments of large extents (e.g.,
state-wide) and the 1-m data is preferable for
assessing small areas (e.g., farms). However,
neither data set is capable of capturing all the
factors affecting bobwhite habitat quality. Thus,
researchers, managers, and planners should
critically assess their needs, choose data sources
appropriate to the scale of their efforts, and be
cautious not to over-value the results of GISbased habitat analyses.
Key Words: Colinus virginianus, geographic
information system, GIS, habitat model, land
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cover, northern bobwhite, resolution, scale,
quail

1. Introduction
Large scale conservation efforts are
becoming more prevalent. From local-scale
watershed
plans,
to
the
state-level
Comprehensive Wildlife Strategies (CWS)
mandated by congress, to regional plans like the
Northern Bobwhite Conservation Initiative
(Dimmick et al., 2002), and national plans such
as the North American Landbird Conservation
Plan (Rich et al., 2004), these efforts share the
common goals of conserving habitats for a
variety of wildlife species. Given the inherent
need for these plans to apply across vast areas
under different ownerships, those charged with
developing and implementing these plans rely
heavily on the use of Geographic Information
System (GIS) databases. GIS is advantageous
because it allows relatively quick and
inexpensive assessments of large areas. GIS is
particularly well suited for developing and
applying models of wildlife-habitat relationships.
Such models might be utilized to predict species
distribution (e.g., Jennings et al., 1997), to
identify key habitats or biodiversity hotspots
(e.g., Beazley et al., 2005), to evaluate
alternative management actions (e.g., Rickerl et
al., 1999), or to identify potential sites for
reintroductions (Niemuth, 2003; O'Brien et al.,
2005). Unfortunately, GIS-based habitat models
can be as misleading as they are compelling
(Niemuth, 2003), and a full understanding of
their strengths and weaknesses is required before
they can be used effectively.
Users of GIS-based habitat models are
faced with 3 important issues: predictive
accuracy of the model, model sensitivity, and
input data resolution. It is widely understood
that most models are used without sufficiently
testing their accuracy and reliability (Morrison et
al., 1992; Johnson, 2001), but independent
evaluation is occurring more often (e.g., Duncan
et al., 1995; Dettmers et al., 2002; Kilgo et al.,
2002). Such testing is important because models
may not have good predictability outside of the
region where they were developed (e.g., Burger
et al., 2004). Testing a model's sensitivity to
input parameters is an important part of model
evaluation (Johnson, 2001). Such tests typically
involve altering values of input parameters (e.g.,
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White et al., 1997), but tests of a model's
sensitivity to scale of development and
application also are important because apparent
landscape pattern is influenced by the scale of
investigation (Wiens, 1989). McCoy (2000)
examined correlations among variables measured
for nested landscapes (0.5 to 5.0-km radius
around study sites) to determine the best
landscape size for building models predicting
avian use of grasslands, but for most studies
landscape size is an arbitrary decision. Likewise,
decisions on what input data resolution to use
(e.g., 1-m vs. 30-m vs. 100-m land cover
imagery) are often made under the assumption
that higher is better (i.e., 1-m is better than 30-m
data because it captures more small features such
as roads, streams, and fence lines) without
consideration of how such decisions could affect
model predictions and study conclusions (Divine
et al. 2000). Higher resolution data sets provide
more detail, but are expensive to produce when
they do not exist. When they do, they often cover
small extents and may not be consistent with
other data sets in terms of classification
categories. On the other hand, lower resolution
data sets can be widely available and consistent
across large areas, but may not capture sufficient
detail to accurately capture differences an
organism perceives its environment.
We examined these interrelated issues
(model accuracy, model scale, and input data
resolution) related to application of habitat
suitability models for Northern Bobwhite
(Colinus virginianus, hereafter bobwhite).
Burger (unpublished data) developed models
predicting breeding season and non-breeding
season habitat quality based on telemetry
locations (Burger 1993) and land cover maps
digitized from 1-m resolution aerial photographs
for study sites in 2 counties of northeast
Missouri. Barnett (2002) incorporated these
models into an internet-based tool aimed at
allowing landowners and managers to estimate
the quality of their land for bobwhite anywhere
in Missouri. We used a modified version of the
tool to investigate the impact of varying model
scale and land cover map resolution on model
predictions of bobwhite habitat quality. We
varied model scale by altering the size of the area
used by the model to generate a prediction at a
particular point (i.e., the analysis window). We
applied the model at 3 scales to 1-m and 30-m
land cover data sets for survey routes in 4
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northeast Missouri counties (Knox, Macon,
Monroe, and Ralls) including the 2 (Knox and
Macon) used by Burger (1993). Further, we
evaluated model accuracy by comparing model
predictions to survey results.

2. Study Area
We applied the models to survey routes
conducted by the Missouri Department of
Conservation (MDC) under their Openlands
Initiative, a research project to improve upland
habitat for bobwhite, eastern cottontail rabbits
(Sylvilagus floridanus), and grassland and
shrubland songbirds (Missouri Dep. Conserv.
1997). The sample included 272, 1-mile survey
routes randomly selected from county gravel
Bobwhite populations in
roads (Figure 1).
Missouri have been steadily declining since the
early 1980s, but have · been more stable in
northeast Missouri than in most other sections of
the state (T. V. Dailey, Missouri Department of
Conservation, personal communication).
Figure 1. Location of survey routes in northeast
Missouri used to test Burger's (1993) habitat
suitability index models for northern bobwhite.
Land cover data within an 800-m buffer was
available (from classified 1-m images) or
extracted (from classified 30-m images) for each
route.
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3. Methods
Existing HSI Models
Burger (unpublished data) developed
logistic regression models separately for the
breeding and non-breeding seasons (hereafter
summer model and winter model, respectively)
through comparison of bobwhite home ranges to
random circles of mean home range size. The
best approximating summer model contained 5
variables including, the number of grass
waterway patches (GRA_NUMP), the number of
all landscape patches (LAN_NUMP), the mean
patch edge for CRP patches (CRP_:MPE) in
meters, the landscape edge density of all
landscape patches (LAND_ED) in meters per
hectare, and the mean perimeter to area ratio of
fallow patches (FA_:MPAR). These variables
were combined as:
Y = -19.1142 - 0.2277*GRA NUMP +
0.1471 *LAN- NUMP + 0.00261 *CRP- :MPE +
0.0440*LAND- ED- 0.00344*FA- :MPE
The best approximating winter model
contained 3 variables including, the shape index
of row crop fields (RC_LSI), the edge density of
woody patches (WOOD_ED) in meters per
hectare, edge density of CRP fields (CRP_ED) in
meters per hectare. Burger (unpublished data)
estimated correCt classification rates of this
model for home ranges at 95.2% and for random
areas at 90.5%. The winter model variables were
combined as:

LEGEND

-Lakes

N
D
D

Survey Routes
Land cover buffer
County boundary

Y = -13.9995 + 3.1823* RC LSI + 0.0542*
WOOD- ED + 0.0629* CRP- ED
Barnett (2002) programmed Burger's winter and
summer models using ArcView IMS software
and Avenue scripting language (ESRI, Redlands,
CA) for use in an internet-based decision support
system. The program is no longer operational
because of changes in server technologies, but
images illustrating the process can be viewed at:
http://www.cares.missouri.edu/proj ects/complete
d/irms/interface.html.
The program used a
moving-window approach whereby an analysis
grid ofuser-defmed cell size was placed over the
land cover map and the center point of each cell
was calculated. In succession, each grid-center
point was buffered with a circle equal in size to
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Burger's average home range size (38 ha in
winter, 90 ha in summer), and land cover
polygons intersected by the circle were used to
calculate the model parameters. The model of
interest was solved for Y, and a habitat
suitability index (HSI) value of the cell was
calculated by scaling the Y value through the
equation:
HSI = EXP(Y) I (l + EXP(Y))
Calculating an HSI score for every grid
cell in the user-defmed study area produced a
suitability map containing values ranging from 0
to 1. Barnett's program scaled HSI values to
integer values ranging from 0 to 100 and
displayed them in 4 classes: unsuitable (< 25),
marginally suitable (26 - 50), moderately
suitable (51 - 75), and highly suitable (> 75).
Whereas these categories are rather arbitrary, we
had no data on which to justify changing them
for our analysis. The program produced maps of
winter, summer, and overall suitability
simultaneously; overall (i.e., annual) suitability
was calculated as the average of the summer and
winter scores for each cell. User-defined values
for study area extent and grid cell size
determined processing time. In a pilot study, we
tested the effects of grid cell size on model
outputs (D. T. Jones-Farrand and J. J.
Millspaugh, unpublished data). We detected no
effect of cell size, provided it was smaller than
the 38-ha window used for the winter model;
using cell sizes larger than the analysis window
assigns model outputs to areas not actually
evaluated by the model. Thus, we used a 200-m
grid for all analyses to minimize processing time
without exceeding the smallest window size in
our analyses.
GIS Analyses

We obtained a copy of the modeling
scripts to eliminate the need to run the model
over the internet and allow for modifications. As
detailed below, we modified the land cover
inputs and the size of the analysis window (i.e.,
model scale). Apart from these changes, we did
not alter Barnett's program or Burger's models.
Our intention was to test the models as they were
made available for use.
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We obtained GIS layers describing the
survey routes from MDC, including surveyed
road segments, 800-m buffers around each route,
and land cover for each route digitized from
aerial photographs (1992 Digital Orthophoto
Quadrangles, 1-m resolution). MDC's digitized
land cover was partitioned into 13 classes (Table
The digitization process resulted in a
1).
minimum mapping unit (i.e., the smallest feature
that could be delineated) of approximately 0.001
ha.
MDC estimated classification accuracy
based on ground and aerial reconnaissance at
87.7%. We used the route buffers to create a
second land cover data set for each route from a
state-wide GIS layer developed by the Missouri
Resource Assessment Partnership (MORAP)
from 1992-93 LANDSAT TM data (30-m
resolution). MORAP's 30-m land cover was
partitioned into 16 classes (Table 2). Because
the land cover data sets differed in how
vegetation types were classified, we reclassified
each map for analysis (Tables 1 and 2).
To examine the effect of model scale,
we used 3 sizes of the analysis window to
produce winter HSI maps from 1-m and 30-m
data for our study area. First, we used the
original 38-ha (345-m radius) window
corresponding to Burger's (1993) average homerange size. Second, we used a 13-ha (200-m
radius) window (33% of the original) that
corresponded to the 20-40 acre (8-16 ha) covey
range promoted for land management in
Missouri (Missouri Dep. Conserv., 2000).
Finally, we used a 25-ha (280-m radius) window
that represented a midpoint between the first 2
(66% of original). The latter window size was
admittedly somewhat arbitrary, but we wanted
another window size for comparison.
The
obvious alternative would have been to use the
average summer home range size observed by
Burger (90 ha), but this was larger than the
landscapes we were comparing (see below). We
calculated winter HSI for each survey route
using the 3 analysis windows applied to land
cover data sets. Recognizing that HSI values
could be underestimated for cells near the edge
of the each route's land cover data because of
missing data (i.e., outside the 800-m buffer), we
estimated the mean HSI value for each route
from the 500-m buffer around the survey point
(see Table 1 and 2).
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Table 1. Land cover classifications in the 1-m data set produced by Missouri Department of Conservation
(MDC) and the reclassification schemes used as input for the summer and winter bobwhite models. To the
extent possible, we grouped the MDC classification to match that used by Burger for classes used in the
models. All classes not used in a model were lumped in the "Other" category for simplicity.
Reclassifications
Code

Class

Description
Winter

Summer

1

Row crop

Any plowed barren ground

Rowcrop

Other

2

CRP

Conservation Reserve Program

CRP

CRP

3

Woods

Closed canopy woodlands

Woody

Other

4

Old field

Pastures with cedar invasion

Woody

Fallow

5

Pasture or Hay

Area dominated by grass

CRP

Other

6

Pond

Impounded or natural water bodies

Other

Other

7

Farm Yard

Active homesteads

Other

Other

8

Grass Buffer

Grass strips between other classes

CRP

Waterway

9

Wetland

Sustained but not permanent water

Other

Other

10

Road

Gravel, dirt, or paved, plus railroads

Other

Other

11

Wooded
Line

Narrow, linear woods regardless of canopy
cover; Can't brush-hog

Woody

Other

12

Wooded Pasture

Grove lacking a mid-story layer

Woody

Other

13

Streams

At least 4 m wide, includes banks

Other

Other

Fence
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Table 2. Land cover classifications in the 30-m data set produced by Missouri Resource Assessment
Partnership (MoRAP) and the reclassification schemes used as input for the winter bobwhite model. To the
extent possible, we grouped the MDC classification to match that used by Burger for classes used in the
models. All classes not used in a model were lumped in the "Other" category for simplicity.

Code

Class Description

Winter

1

Urban Impervious

Other

2

Urban Vegetated

Other

3

Barren or Sparsely Vegetated

Other

4

Row & Close-grown Crops

Rowcrop

5

Cool-season Grassland

CRP

6

Warm-season Grassland

CRP

7

Glade Complex

Other

8

Eastern Red Cedar and Red Cedar-Deciduous Forest and Woody
Woodland

9

Deciduous Woodland

Woody

10

Deciduous Forest

Woody

11

ShortleafPine-Oak Forest and Woodland

Woody

12

Shortleaf Pine Forest and Woodland

Woody

13

Bottomland Hardwood Forest and Woodland

Woody

14

Swamp

Other

15

Marsh & Wet Herbaceous Vegetation

Other

16

Open Water

Other

HSI model Validation

To evaluate model accuracy, we
obtained survey data from MDC for comparison
to model predictions. Surveys were performed
on each route during fall and spring. The fall
survey focused on bobwhite, ring-necked
pheasant (Phasianus colchicus), and rabbit

abundance, while the spring survey focused on
the abundance of a variety of breeding birds.
Due to a virtual absence of bobwhite in the fall
survey, we restricted our analysis to the spring
counts, which were performed 3 times in June at
the midpoint of the route. Routes were visited in
the morning, and all birds seen or heard were
recorded. For these surveys, MDC assumed the
maximum distance an observer could hear a bird
was 500 m. Thus, we calculated an average HIS
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value for the area within a 500-m (78.5 ha)
buffer around the survey point. We generated
average winter, summer, and overall HSI values
for each route from the 1-m data, as well as
average winter HSI values from the 30-m data.
We did not apply the summer model to the 30-m
data because some parameters or suitable
surrogates could not be estimated. To determine
the accuracy of each habitat model, average
bobwhite abundances (1998-2000) were modeled
as a function of average HSI values for each
route using poisson regression models.
Likelihood ratio tests were used examine the fit
of each model.

4. Results
As expected, using different land cover
data inputs for the winter model produced
different predictions about the quality of
bobwhite habitat. Each data set captured relative
differences in landscape composition and
structure between the counties (Figure 2). For
example, Knox County has the highest
proportion of "highly suitable" routes and the
lowest proportion of "unsuitable" routes of any
county according to both data sets. However, the
winter model consistently predicted higher
quality habitat from the 1-m data than the 30-m
data (paired-sample t test= 32.39, df = 267, p <
0.0001). Varying model scale (i.e., the analysis
window) had an effect on the proportion of
routes classified into each suitability category
(Figure 3), with the smaller widows predicting
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different frequencies of routes in each suitability
category from the 1-m data (25-ha window: x2 =
16.90, df = 3, p = 0.0007; 13-ha window: x2 =
50.82, df= 3, p < 0.0001) and the 30-m data (25ha window: x2 = 11.70, df= 3, p = 0.0085; 13-ha
window: x2 = 21.58, df = 3, p < 0.0001). HSI
scores calculated by the winter model for both
land cover inputs were reduced by reducing the
size of the analysis window. For the 1-m land
cover data, this resulted in fewer routes in the
"highly suitable" and "unsuitable" category and
more in the moderate and marginal categories,
whereas the 30-m data had fewer routes rated
"highly suitable" and more routes rated
"unsuitable" (Figure 3).
Average annual counts were low for
most routes with 104 of272 (38%) routes having
no bobwhite recorded in at least 1 year.
Bobwhite were not recorded in any year on 12
routes (4%). Differences in average counts
across the 3 years existed among counties (Table
3) with 1 county showing a decline in the
number of bobwhite recorded per route over the
3 years of the survey. At the county level,
average HSI score did not track differences in
average call count or count trends; the county
with the highest average count and trend (Macon
County) did not have the highest average HSI
score regardless of model or land cover input
(Table 3). Similarly, poisson regression models
fit poorly (Table 4), suggesting no relationship
between route-level model predictions and
average call counts.

Figure 2. Proportion of survey routes in northeast Missouri counties in each suitability class as predicted
by the winter habitat model applied to classified 1-m and 30-m land cover images.
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Figure 3. Proportion of survey routes in northeast Missouri in each suitability class as predicted by the
winter habitat model applied to classified 1-m and 30-m land cover images at 3 model scales: a 38-ha
analysis window, a 25-ha analysis window, and a 13-ha analysis window.
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Table 3. County-level means and standard errors (SE) of call count data and average Habitat Suitability
Index scores for survey routes in northeast Missouri.
Average

Average

Average HSI Score c

County

Count a

Trend b

1-m Winter

1-m Summer

Knox

1.3

(0.08)

0.06

(0.15)

56.9

(3.77)

87.5

Macon

1.7

(0.13)

1.00

(0.35)

38.5

(3.42)

Monroe

1.3

(0.08)

-0.15

(0.17)

44.6

Ralls

1.1

(0.08)

0.48

(0.14)

39.5

a Counts
b

1-m Overall

30-m Winter

(2.55)

72.1

(2.73)

40.7

(3.58)

77.5

(3.08)

57.8

(2.81)

24.5

(2.92)

(3.32)

71.3

(3.85)

57.7

(3.24)

27.8

(2.90)

(4.31)

68.2

(5.05)

53.6

(4.30)

26.4

(3.80)

were performed 3 times in June in each of3 years, 1998-2000.

Trend is calculated as the change between the 1998 average count and the 2000 average count.

c Average HSI scores were calculated with each model for the area within 500 m of each survey point
representing the assumed maximum distance a bird could be heard.
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Table 4. Likelihood Ratio Tests of Habitat Suitability Index scores for survey routes as a predictor of
bobwhite call-count data in northeast Missouri.

Map
Model

Log

Likelihood Degrees

of

2

Pr>x

Resolution Likelihood Ratio Test

Freedom

Winter

30 rn

-247.806

0.9999

1

0.3173

Winter

lrn

-247.789

0.9998

1

0.3174

Summer

lrn

-247.818

0.9999

1

0.3173

Year

lm

-247.789

0.9998

1

0.3174

Null

lm

-247.836

5. Discussion
Burger's summer and winter bobwhite
habitat suitability models were developed using
high resolution images, but Barnett's tool could
only apply them to other areas of the state using
a state-wide land cover classification based on
30-m images. This mismatch of scales gave us
the perfect opportunity to investigate what are
becoming pervasive issues in conservation
science. Increasingly, habitat models are being
developed for a wide array of species without
any attempt to determine if the models can
accurately assess differences in habitat quality.
Many of these models are taking relationships
gleaned from small-scale studies and applying
them across broader (and sometimes completely
different) regions. Thus, data not intended for
is
being
used
large-scale
planning
indiscriminately for this purpose without a clear
understanding of how different data sources
affect model predictions. Despite the lack of
attention to these issues in research and planning,
our research demonstrates that they are
important.
High resolution (i.e., fine grain) GIS
data is attractive because it provides more
detailed information about the area of interest.
However, gains in measurement precision
afforded by using finer grained data are
meaningful only if the study organism perceives
differences at that resolution (Divine et al.,

2000). Utilizing finer-grained data is probably
justified for species like bobwhite that utilize
edges and small patches that are typically lost in
more course-grained data. For most researchers,
the ability to use fine grain data is dependent
This is
upon their ability to generate it.
somewhat easier for land cover data than for
other types (e.g., digital elevation), but the cost
and effort required to do so prohibits
examination of large areas. Thus, it is important
to know whether or not predictions from [mergrained data are superior to those from more
widely-available coarse-grained data.
As expected, our investigation revealed
a considerable effect of land cover data
resolution on model predictions. Predictions of
habitat quality from the winter model based on
the classified 1-m images were much higher than
those based on the classified 30-m images, with
the proportion of routes in each suitability class
nearly inverse between the data sets. This result
is due to the superior ability of 1-m data to
capture small patches of useable vegetation,
rather
than
inconsistencies
between
classifications of vegetation types between the
data sets. Although Burger's original model
included edge density of CRP fields rather than
all grasslands, re-classification of all grasslands
in the 30-m data to CRP was justified because
bobwhite use a variety of grass vegetation types
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(Guthery, 2000) and total grassland has been
found to be an important predictor of bobwhite
abundance in Illinois (Roseberry and Sudkamp,
1998). Further, we re-classified as CRP all
grass-dominated vegetation types except old
fields in the 1-m data to level the playing field.
The old field class included a woody component
variable enough that we could not guarantee that
all patches were grass dominated.
Reclassification will be an issue any time a GISbased habitat model is built in one study using
self-generated resolution land cover data and
applied in another because classification
standards do not presently exist and researchers
generate only what they need. Researchers must
simply note this potential source of error in their
predictions.
Land cover data resolution had a greater
effect on predictions of habitat quality than the
model scales we examined. Model scale had
little effect on predictions from the winter model
because model parameters were relative
measures (e.g., edge density) rather than absolute
measures, which would be more sensitive to the
size of the analysis window. Although we did
not examine the effect of model scale on the
summer model, we would expect a greater
impact of window size on habitat quality
predictions from this model because 3 of the 5
variables were absolute measures (e.g., number
of landscape patches is likely to be higher in a
larger window).
The issue of model scale has important
management implications because the analysis
window equates to home range size, and
therefore, the area in which a covey of bobwhite
can meet its resource needs. MDC recommends
that land owners manage 20-40 acres per covey
of bobwhite (Missouri Dep. Conserv., 2000).
Bobwhite populations have declined 3% per year
since 1966 across their range (Sauer et al., 2005),
and some may argue that the MDC target is not
achievable across most of the bobwhite range
given the economic pressures on modern
agriculture. However, the MDC targets can be
achieved, even surpassed in some areas (B.
White, Missouri Department of Conservation,
personal communication), and ambitious
population restoration goals (Dimmick et al.,
2002) may justify using smaller analysis
windows to generate more conservative
estimates of the spatial distribution of higher
quality habitats.
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Differences in model predictions based
on input data resolution and model scale are of
little consequence if the model predictions of
higher quality are not correlated with higher
survivability and population persistence. We
used call count data to estimate these
demographic parameters. Studies examining
bobwhite call counts have focused on their
relationship to bobwhite abundance rather than
habitat quality per se (Elder, 1956; Rosene,
1957; Robel et al., 1969; Hansen and Guthery,
2001; Seiler et al., 2002). These studies have
found conflicting results concerning the effect of
various weather variables on calling activity.
Further, Hansen and Guthery (2001) concluded
that call counts may yield good comparisons
among sites within years but may not yield
reliable annual trends because calling activity
varied seasonally between years. Thus, counts
generated from regular annual surveys on
specific dates can be expected to vary
considerably because of differences in weather
patterns between years. We recognize that 3
years of surveys may not be a sufficient data set
to yield an indication of population persistence
in such a temporally variable system. We used
call count data to test the models despite these
shortcomings because it was the only data
available and the survey protocol was similar to
that used by the widely accepted Breeding Bird
Survey (Sauer et al., 2005) to generate long-term
population trends.
Further, we sought to
minimize the variation in the call count data by
using average values instead of trends.
We found no relationship between
average bobwhite call counts and habitat quality
as predicted by any model. In addition to the
limitations of using call counts to test the models
discussed above, the use of average June counts
may not be an accurate measure of over-winter
survival. We expected predictions from the
summer or overall models to be better correlated
with the survey data than the winter model, but
using old fields as a surrogate for fallow fields
may have reduced predictive ability of the
summer model. We averaged the predictions
from the summer and winter models to obtain
estimates of year-round suitability (i.e. overall
model). Thus, our test remained true to the
original intentions of the model's creator.
However, a minimum function (i.e. taking the
minimum value from either the winter or
summer model) may be more appropriate
because it would emphasize limiting factors on
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bobwhite populations. Alternatively, as one
reviewer suggested, a maximum function could
be used to reflect the ability of bobwhite to move
around the landscape to fmd resources.
Other issues with using call counts are
detectability of bobwhite, the age of the images
used to derive the land cover maps, and MDC' s
survey protocols assumed a 500 m maximum
detection distance for every point surveyed.
Detectability of bobwhite likely varies among
sites due to differences in topography and the
spatial configuration of vegetation types
(Buckland et al., 2001) in addition to climatic
differences during the surveys (Hansen and
Guthery, 2001; Seiler et al., 2002). Age of the
land cover maps was an issue because we used
call count data from 1998-2000 to test model
predictions based on land cover data generated
from remotely-sensed data dating from the early1990's.
Changes in land cover, especially
removal of fencerows and other small woody
patches that could be reflected in MDC's land
cover, likely occurred between the dates of
image acquisition and the call count surveys.
Consistency of data sets used to develop and test
models is important for proper model evaluation
(Duncan et al., 1995), because discrepancies can
exacerbate errors. Whereas the above criticisms
of the study design may be valid and might
contribute to a weaker relationship between
model predictions and counts, they do not
adequately explain why we found no
relationship.
Another possibility is that the models
cannot accurately reflect differences in habitat
quality perceived by bobwhite. Although the
models were partly based on actual home ranges,
they were also based on areas where Burger
(1993) did not fmd bobwhite. Comparison of
used and unused areas has been debated in the
literature (Keating and Cherry, 2004), and lack
of detections does not necessarily imply the
habitat is unusable.
Some wildlife-habitat
relationships are known to vary by region (e.g.
Winter et al., 2005), but the models should have
functioned well because our study area included
Burger's (1993). Still, it is difficult to accept the
winter model's prediction from the 1-m data set
that 63% of our study area is highly suitable
given that populations are declining. Even if the
models accurately measure landscape factors
related to bobwhite habitat quality, GIS-based
models in general are limited in their ability to
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capture the true quality of a given area for any
species because they cannot capture microhabitat
conditions. Roseberry and Sudkamp (1998)
hypothesized that bobwhite may not be abundant
in suitable landscape matrices but would rarely
be abundant in unsuitable landscapes. Guthery
(1997)
advocated
bobwhite
population
restoration by increasing ''usable space" over
attempting to increase the quality of currently
used areas. We concur with these arguments and
believe that Burger's models are useful for
identifying areas to focus management efforts in
northern Missouri and similar agriculture
dominated landscapes despite the lack of
relationship to this set of survey data.

6. Implications
Conservation planners and local habitat
managers should heed the adage, "All models are
wrong; some models are useful." GIS-based
habitat models are one tool and care should be
taken to use it properly and in concert with other
available tools. Burger's models, as with all
habitat models, are most useful in an adaptive
management framework. That is, they should be
applied, their results should be compared to
monitoring data, and the sources of their errors
investigated. Then they should be revised and
re-applied. Model's such as Burger's should be
treated as hypotheses to be tested. Such tests
will guide our learning and lead to effective
conservation. Topics for which these models are
particularly insightful include the appropriate
scale for investigating habitat relationships,
regional variation in habitat use, and monitoring
objectives and protocols.
Burger's models were developed at a
local scale (i.e., home range size) and were based
on fine grain land cover data. As such, they are
most appropriately used for farm-scale or small
watershed analyses. However, it is not possible
to examine many areas without significant
investments in time and labor costs to process
high resolution images. Large-scale initiatives
such as the Comprehensive Wildlife Strategies
and Northern Bobwhite Conservation Initiative
(Dimmick et al., 2002) could not produce 1-m
data for their entire area, but a 2-tier approach
using fme grain data to examine habitat quality
within focal areas identified using coarse-grained
data (Roseberry and Sudkamp 1998) is possible.
Burger's winter model identified routes in Knox
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County as higher quality on average than other
counties based on both land cover data sets
suggesting such a 2-tier approach is valid:
However, an investigation of larger-scale habitat
relationships (e.g., Burger et al., 2004) may
provide a better course grain filter than the
models examined here.
Bobwhite habitat varies across the
species' range from areas dominated by cropland
to areas dominated by grassland to areas of
early-successional
forests
and
savannas
(Guthery, 2000). It is likely, therefore, that
Burger's models will perform better in cropland
dominated landscapes similar to the areas in
which it was developed. We would expect the
models to perform poorly in other areas of
Missouri (e.g., Ozark Highlands) as well as in
the southeastern and western portions of the
range, regardless of the input data resolution.
Such discrepancies will necessarily need to be
identified via comparison of model outputs to
one or more population measures.
Developing monitoring objectives I
protocols and habitat models at consistent scales
may create a feedback loop that would provide
data for adaptive improvements in both tools
simultaneously. Although habitat quality is
intimately tied to survival and reproductive
success, these population parameters are difficult
to obtain and much more realistically used to test
fine-scale habitat models. Other measures, such
as relative abundance and density, are more
appropriate for large scale models and planning
efforts. Although bird calls may be useful
indices for some species, bobwhite call counts
may be too variable and too dependent on factors
unrelated to landscape conditions to be useful for
testing habitat models.
Development of
protocols that test model outputs based on
percent occurrence or density may result in better
models and population estimates than currently
obtainable.
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Chemical Separation and
Characterization of
Compounds
In the Organic Laboratory
Sequence: An Investigative
Exercise
Scott McKay*, Jason Holland, Ashley Millham, and Deb/ina Pakhira,
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Warrensburg, Missouri, USA.
Abstract:
We describe an investigative based
laboratory that is compatible with the organic
chemistry I laboratory. The principles and concepts
of chromatography, melting point, solid I liquid
extraction, and liquid I liquid extraction techniques
are targeted This laboratory has been developed to
replace the traditional extraction laboratory of an
acid/base/neutral organic mixture. The targeted
organic concepts and techniques are investigated in
the context of a possible crime investigation.
Students are required to extract, characterize, and
identifY a sample found at a possible crime scene.

Keywords: Laboratories and Demonstrations,
Organic laboratories, Investigatory

1. Introduction
Forensic chemistry is receiving a great deal of
interest among university students throughout the
United States (Almirall and Furton, 2003). There
have been many reports focusing on labs that may
have greater interest to the student due to their focus
on forensic science (e.g. Kniesel and Bellamy, 2003;

Jones, 2003; Bender and Lillard, 2003; Millard and
Pilon, 2003; Tarr, 2001; Sodeman and Lillard, 2001;
Blackledge, 1974; Warnke et al., 2005). These
laboratories often contain significant discovery
elements by design and may have increased benefits
to students. Forensic science activities have been by
and large the province of upper division courses such
as analytical and instrumental analysis or in a
forensic science course. Herein, we describe a
manageable sophomore chemistry lab that utilizes
liquid I liquid extraction chromatography techniques
to analyze a sample of bodily fluid left at a possible
crime scene. Whereas the lab herein is not a forensic
science laboratory per se it does utilize an
investigative methodology.
In order to help profile the subject we
needed compounds or metabolites that when found in
excessive levels in bodily fluid samples might
provide some clues about the suspect's health and
habits. The compounds isolated from the residues
might suggest lifestyle habits such as smoking,
drinking, drugs, or steroid use etc .... They could also
uncover medical maladies such as diabetes, or high
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blood pressure. In this laboratory we have selected to
use the compounds caffeine, cholesterol, and salicylic
acid. The selection of these compounds was based
on chemical nature (acid/base/neutral), cost, toxicity,
and biological or medicinal importance. Although
many other compounds were considered such as
nicotine and anabolic steroids, due to their high cost
and or toxicity we chose more routine compounds.
Cholesterol is a lipid, and are biological
molecules that are insoluble in water. Cholesterol is
composed of four non-planar fused rings, an alcohol
group, two methyl groups and a chain containing
eight carbons. Although cholesterol gets a lot of bad
publicity for increasing an individual's chance of
suffering a stroke or heart attack, mammalian cells
require a certain level of cholesterol to function
properly (Tabas, 2004). Cholesterol can account for
up to 30-40% of the lipid content of some cellular
membranes. Cholesterol can modulate the fluidity of
membranes and is required for the proper function of
some integral membrane proteins (Tabas, 2004; Voet
et al., 2006). Cholesterol is also required for the
production of mammalian sex hormones and bile
salts (Voet et al., 2006).
As previously mentioned cholesterol is a
factor for several health problems, especially when
its levels are elevated.
The American Heart
Association places total blood cholesterol levels into
three categories: Desirable - Less than 2.00mg/mL,
Borderline high risk - 2.00-2.39 mg/mL, and High
risk - 2.40 mg/mL (American Heart Association,
2006). In order to reduce one's cholesterol levels an
individual should reduce their cholesterol intake by
cutting down on the consumption of animal fat, red
meat, cream, cheese, butter and egg yolks (all are
foods that taste good). Unfortunately, cholesterol is
synthesized in the liver so the removal of cholesterol
in the diet may not cause the desired reduction
(Eubanks et al., 2006). A person's genetic make up
will largely dictate their cholesterol levels. Some
people have the genetic disease familial
hyperchoesterolemia, which can lead to these
individuals having cholesterol levels approximately 3
times normal levels (Pratt and Comely, 2004).
The extraction of cholesterol based
molecules is accomplished through their high
solubility in nonpolar organic solvents. Once these
molecules are extracted from an aqueous solution
they may be further purified through more
sophisticated analytical techniques. The amounts of
cholesterol found in the experimental sample would
be indicative of someone who is suffering from very
high cholesterol.
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Aspirin, acetylsalicylic acid, is as a
salicylate that shows anti-inflammatory, analgesic,
antipyrectic and anti-rheumatic activity (RxList Inc.,
2006). Aspirin is able to reduce pain caused by
headaches, muscle and joint aches. The mechanism
through which aspirin reduces pain appears to be
inhibition of the enzyme cyclooxygenase (Roberts,
2000). This enzyme is involved in the production of
prostaglandins, chemicals required for the perception
of pain. The recommended amount of aspirin that
can be consumed for an adult is 325 - 650 milligrams
every 4 hours, not to exceed 4000 milligrams in a 24
hour period (Liska, 2004). Upon ingestion, aspirin is
quickly hydrolyzed in the liver to acetate and
salicylate. Blood plasma levels of aspirin rarely
exceed 20 micrograms/mL as a result of hydrolysis,
while salicylate blood plasma levels can reach toxic
At 200
levels of 200-400 micrograms/mL.
micrograms/mL salicylate causes a ringing in the ear,
called tinnitus, which is an early sign of salicylate
Because aspirin is
toxicity (Drugs.com, 2006).
quickly hydrolyzed to salicylate and acetate, the
estimation of aspirin consumption can be based on
the amount of salicylate in an individual's blood.
The extraction of salicylate from a blood
sample is based on the acidic property of the
molecule. In acidic conditions the molecule is in its
protonated form, salicyclic acid. Salicylic acid a
neutral molecule and has a low solubility in water. If
a solution is made basic the salicylic acid loses its
proton to become the negatively charged salicylate
ion. Due to the negative charge salicylate is highly
soluble in water and can be extracted from a nonpolar
organic solvent. The amounts of salicylate found in
the experimental sample would be indicative of
someone who is suffering from pain and taking more
than the recommended dosage of aspirin.
Caffeine is a central nervous system
stimulant that Americans consume on a daily basis.
The amount of caffeine found in products ranges
from 120-150 mg per 2 fl. oz. of espresso, 72 mg
maximum in a 12 fl. oz. cola beverage, to 200 mg per
tablet of Vivarin, a common anti-sleep pill (Liska,
2004). Caffeine is used for both recreational and
medical reasons to reduce drowsiness. Caffeine
stimulates the brain resulting in clearer thinking,
increased sensitivity to stimuli, wakefulness, and
better physical coordination making caffeine a choice
drug to reduce the drowsiness effects associated with
antihistamines or late night studying (Wikipedia,
2006). Individuals are able to start feeling the effects
of caffeine at doses of 150-200 milligrams
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(Wikipedia, 2006). When taken with nonprescription
analgesics, such as aspirin or acetaminophen,
caffeine enhances their pain relieving ability (Liska,
2004). People who regularly consume caffeine can
build up a tolerance to its effects, requiring them to
increase the amounts consumed to feel the same
effects. It is not uncommon for heavy users to suffer
from headaches, nausea, anxiety and drowsiness if
they stop consuming caffeine (Wikipedia, 2006). The
extraction of caffeine is accomplished through the
partitioning of caffeine. In a neutral or acidic
solution caffeine will have a high solubility in
nonpolar organic solvents. The amounts of caffeine
found in the experimental sample would be indicative
of someone who has recently consumed an extremely
large amount of caffeine.

2. The Laboratory
A crime scene is investigated in a small
town in the Midwest. An investigator at the scene
collects a small amount of solid or semi solid at the
scene. The investigator finds by DNA testing that the
sample found close to where the victim was found is
not the victims. As a chemist it is your job to identify
some of the compounds in the sample. Residues
found in the bodily fluids can help in profiling a
Often organic soluble compounds can
suspect.
accumulate for relatively short periods of times from
foods, drinks, medicines, or molecules that buildup
due to diseases or ailments. These compounds will
often metabolize but can be insightful if the
compounds or the metabolites are found in higher
than normal concentrations.

A "to do list" for the Student Investigators
•

The investigators review materials on the
following
principles:
thin
layer
chromatography, melting points, infra-red
spectroscopy, mass spectroscopy, solidliquid and liquid extractions.

•

The investigators provide a flow diagram of
a typical acid/base/neutral liquid/liquid
extraction as a pre-laboratory assignment.

•

The investigators perform a solid/liquid
extraction on the sample.

•

The investigators separate the compounds
by their extraction scheme.

•

The investigators fmd a suitable solvent for
recrystallization by performing solubility
tests.

•

The investigators characterize each sample
by TLC, mp, and Infra-red spectroscopy.

•

The investigators collect data (mp, Rf, IR
spectra) from the purified samples and
compare it to literature sources aided by a
list of common candidates.

•

The investigators use double spot TLC and
mixed mp techniques to confirm the identity
ofthe compounds.

•

The investigator writes a report of their
findings including a summary statement and
extraction-characterization road map.

3. List ofMaterials
Concentrated HCl, 10% NaOH, methylene
chloride, anhydrous magnesium sulfate, brine,
ethanol, caffeine, cholesterol, salicylic acid, TLC
developing chamber, UV visualization lamp,
separatory funnel, graduated cylinder, TLC silica
plates, conical funnel and filter paper, rotoevaporator,
melting point apparatus, balance.

4. Typical Student Procedure
One gram of the solid sample was dissolved
in 50mL of methylene chloride with vigorous stirring
(solid-liquid extraction). The sample was gravity
filtered to remove any insoluble substances.
This organic layer (organic layer 1) was
extracted using a separatory funnel with 10% NaOH
(2 x 25 mL) or until the aqueous layer was basic.
The aqueous layer was neutralized with concentrated
hydrochloric acid. The addition of HCl(aq) afforded
a white precipitate in the aqueous layer. The aqueous
layer was then extracted with methylene chloride (2 x
25mL organic layer 2) and washed with brine (1 x
25mL). The organic layer was then dried with
anhydrous MgS0 4 and the solvent removed in vacuo
to provide a white powder for the organic acid
(average recovery 94%, mp 155-157° C).
Recrystallization of the organic acid afforded white
crystals (84% recovery, mp 158-160°C).
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E xpected results
Lit.l*J mp
Compound
Crude % recovery, mp
Recryst. % recovery, mp
Recryst. solvent
84 %, 158-160 °C
159 oc
Water
Salicylic acid 94%, 155-157 °C
Cholesterol
91%, 147.0-149 °C
77%, 150-151 °C
148.5 °C
Ethanol
68 %,235-238 °C
Caffeine
85%, > 230 °C
238 oc
Ethanol
*CRC Handbook of Chennstry and Physics 1981
searching, and melting point determinations. This
The first organic layer (organic layer 1) was
laboratory further provides the student an opportunity
then extracted with 10% HCl (2 x 25mL) using a
to apply simple acid/base chemical theory when
separatory funnel. The organic layer was washed
developing their procedure and methods.
The
with brine wash and dried over anhydrous
students are introduced to both hardcopy and online
magnesium sulfate. Removal of the solvent in vacuo
sources of information and databases. Students must
provided organic neutral as a white solid (91%
extract and collect several pieces of data (mp, TLC).
recovery, mp 147-149° C). The neutral product was
Upon collection of the data, they must cross reference
recrystallized with ethanol that provided white
compounds found in the CRC, The Merck Index, and
crystals (77% recovery, mp 150-151° C).
common vendor's literature catalogues (Aldrich,
The remaining aqueous layer was
Acros, etc.) with on-line sources such as the NIST
neutralized with 20% NaOH. The mixture was
website (National Institute of Standards and
extracted with methylene chloride (2 x 25mL). The
Technology, 2005) to determine chemical identity.
resulting organic layer was washed with brine and
The student will be provided several standards to
dried over anhydrous magnesium sulfate. Removal of
help identify the analytes. This laboratory is suitable
the solvent in vacuo provided the organic base as a
for the beginning organic student. However, the
white solid (recovery 85%, mp >230° C). The organic
standards can be replaced by spectroscopic methods
base product was recrystallized with ethanol that
of Nuclear Magnetic Resonance (NMR), Infra-red
provided white crystals (68% recovery, mp 235-238°
(IR) spectroscopy, and Mass Spectrometry (MS) to
C).
provide a second semester organic laboratory
Use the student edition of the Handbook of
exercise. We introduce IR very early so its use is
Chemistry and Physics (CRC) and other literature
appropriate for either semester.
including on-line databases to find likely candidates.
This laboratory was designed to meet
Provide a name and molecular structure for your
several goals in the areas of knowledge, analytical
candidates and justify your selections. In the CRC
skills, communication skills, and research skills
use the sections on molecular formula, structural
(table 1). A survey (table 2) was conducted after the
formula, and physical constants of organic
completion of the experiment to surmise the student's
compounds. Vendor's literature (Aldrich or ACROS
satisfaction, attitudes towards the laboratory, and
catalogs) are also a good source of information.
selected skills.
Finally, compare your spectra to the NIST database
http://webbook.nist.gov (National Institute of
6. Results
Standards and Technology, 2005).
Questions 1,3,4,5,6 had a response average
ranging from 4.3-4.7 (Graph 1). This shows that the
5. Discussion
students either agreed or strongly agreed that they
were more confident in their ability to perform
Our typical sophomore organic lab enrolls
extractions, the nature of the lab added to the interest
approximately 15-25 students. Each student will
level of the lab, the lab gave some sense of
provide a reasonable extraction scheme for a typical
interdisciplinary nature of science fields, and this
acid/base/neutral mixture of compounds. Many of
particular lab met with more overall favorability than
more traditional organic labs.
the students have some acquaintance with extractions
from former freshman and high school laboratories
and can therefore pick up on partition coefficients,
Instructor Notes
solubility, and thin layer chromatography (TLC).
Students in this lab will be introduced to and
i. The students should always chill precipitates before
learn about several skills and concepts. They will
extraction. The heat of neutralization can increase
learn chromatographic principles, liquid/liquid,
solubility of polar organic molecules in aqueous
liquid/solid
extraction
techniques,
literature
media.
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Table 1. Goals of Extraction Laboratory (Wisconsin Center for Education Research 2006)
List of Goals
!Knowledge

!!Demonstrates basic knowledge of facts and terms

l

I

~Develops skill in using materials, tools, and
technology central to subject

~~Learns techniques and 1llethods used to gain new knowledge in subject

1

!Analytical Skills

~~~alyzes and interprets experimental data
effectively
!!organizes information into meaningful categories
!Communication Skills

IICommunicates in. writing effectively

-----

!Research Skills

I

~~esi~s an appropriate experiment to ans~er a questiOn

r-lcarries out a designed experiment

~-~~rings in relevant information from outside
sources

I

~~ses computer-based and other resources
effectively
1Seeks
1

information on problems from multiple
resources.

~~~ses appropriate synthetic/analytic methods to
solve problems

I

~~ ses instrumentation appropriately and
effectively

I I
ii. The scale of the extraction can be varied with
the technique and experience of the students.
Micro extraction and spectroscopy techniques
can be utilized in further development of this
laboratory.

7. Conclusion
We have provided an alternative to the
standard organic acid, base, and neutral
extraction laboratory. The investigative nuance
appears to be more appealing to the students and
most importantly the same outcomes can be
realized for this procedure. The compounds are

fairly non-toxic and can fit even the most
nominal budgets. The compounds also provide
good recoveries and melting points for novice
experimentalists.
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Table 2. Forensics Extraction Lab Survey
1 d'1sagree
1 agree, 4 =agree, 3 =neutrl2
a, = disagree, 1= strong1y
5 = strong1y
1
I am more confident in my ability to perform extractions and separate organic
compounds.
2
I have a better appreciation of how chemical methods and techniques can apply to
other fields.
3
I thought the forensic overtones of this lab provided a high level interests in
learning basic organic techniques.
4
The forensic extraction lab allowed me to use multiple resources to collect data.
5
This activity gave me a better understanding of the inter-disciplinary nature of the
sciences.
6
I enjoyed this lab more than most of the traditional laboratories we have performed.

Graph 1. Results of Laboratory Survey
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Experiments With A
Magneto Electric Generator
John E. Shaw, Department of Chemistry and Physics, Northwest Missouri State University,
Maryville, Missouri 64468
Abstract:
A simple Atwood machine can be used to
drive electric generators that have pulleys attached
to the armature. This allows for quantitative
experiments on the behavior of electric generators.
Computer interfaced sensors can be used to measure
the position and velocity of the falling mass as well
as the voltage output of the generator. From this data
three important properties of generating electricity
can be observed: Faraday's law of induction, the
back torque produced in the generator, and the fact
that a generator is an energy transformation device
rather than an energy creation device. Data is given
for magneto AC generators currently available from
Frey Scientific Co. and PASCO scientific.
Key Words: Magneto electric generator; Faraday's
law; Lenz 's law

1. Introduction
Apparatus are currently available from Frey
and PASCO scientific companies that allow for
driving a magneto electric generator with an Atwood
machine. This arrangement allows for a number of
quantitative
measurements
that
demonstrate
important features of generating electricity:
1. Faraday's law of induction determines the
voltage output of the generator.
2. Lenz' law states that once a generator
armature starts to rotate in a magnetic field there is a
back-torque in the generator due to interactions
between the magnetic field and the induced current in
the armature.
3. The generator is an energy transformation
device, not an energy creation device.

been

A number of laboratory experiments have
reported which allow for quantitative

of electromagnetic
induction
measurements
(Kingman et al., 2002; Carpena, 1997; Manzanares et
al., 1994; Nicklin, 1986; Fox, 1965; Fredrickson and
Moreland, 1972; Jones, 1987; Eagleton, 1987;
MacLatchy et al., 1993; Chiaverina, 1988). The
majority of these experiments have focused on
moving a magnet through a coil or past a coil. All
but two of these articles have focused solely on a
quantitative demonstration of Faraday's law of
induction. MacLatchy et al. (1993) focus on a
quantitative demonstration of magnetic braking.
Chiaverina (1988) lists a number of demonstrations
that can be done with the Genecon generator but only
of energy
one
quantitative
demonstration
transformations in a generator-motor pair. The
experiments described in this article will allow for
quantitatively demonstrating all three of the
aforementioned features of generating electricity.

2. Materials and Methods
The Frey magneto generator, Model
15592554, has a two-pole armature coil rotating in
the magnetic field of a permanent magnet. The
PASCO generator, Model ET-8771, has a
neodymium magnet rotating inside stationary coils.
Figure 1 shows a diagram of the Frey generator with
the Atwood machine used to drive it. The output of
the Frey generator goes to a light bulb. The apparatus
has been mounted to a board and wires have been
attached to the output of the generator to allow for
attaching voltmeter clip leads. The generator has a
pulley attached to it with three different radii. The
masses used in the Atwood machine are 270 g and
100 g and the cord is wrapped around the middle
pulley with diameter 2.2 em. Other masses and use of
the smaller pulley result in slippage between the cord
and the pulley. The speed of the falling mass in the
Atwood machines is measured by an Eyethink
computer-interfaced distance probe which reflects an
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Fig. 1. Diagram of apparatus setup with Frey generator.

Distance probe
Frey generator

ultrasonic pulse from a piece of cardboard attached to
a falling mass. The voltage output of the generator is
measured with an Eyethink computer-interfaced
voltage probe.
The PASCO generator also has a pulley
attached to the rotor with three different radii. This
pulley has slots to which one end of the cord can be
tied so that a single falling mass is used to accelerate
the generator. The middle pulley with a diameter of
3 .2 em was used. The cord is passed over the large
pulley on a PASCO rotation sensor, as shown in
Fig. 2. Diagram of apparatus setup with the PASCO generator.

PASCO
generator

Rotation
sensor

Figure 2, so that the velocity of the 10 g falling mass
and the distance it travels can be measured. The large
pulley of the PASCO rotation sensor has a diameter
of 4.8 em. The rotation sensor will exceed the
rotation rate at which it gives reliable measurement if
a mass greater than 10 g is used. The voltage output
was measured with a PASCO computer-interfaced
voltage probe. A 10 ohm resistor was used as a load
on the PASCO generator.

MISSOURI ACADEMY OF SCIENCE: SHAW

is equal to the rate of change of magnetic flux with
respect to time. The induced voltage, V, in the
generator accelerating from rest is then

3. Experiment on Faraday's
Law of Induction

V=

If the generator has no load on it, the falling
mass should fall with constant acceleration and the
angle between the magnetic field and the normal to
the coil, (), will vary with time, t, as

1 2
() = -at

where a is the angular acceleration of the generator.
For a generator accelerating from rest, the magnetic
flux through the coil, <1>, is given by

<D

=

NBAco{~ at

2)

NBAatsin(~ at

2}

(3)

A graph of theoretical voltage vs. time for a
generator accelerating from rest is shown in Figure 3.
Experimental measurements of the voltage vs. time
with no load on the generator are shown in Figure 4
for the Frey generator and Figure 5 for the PASCO
generator. The PASCO generator comes closest to
the theoretical graph. The theoretical voltage assumes
a uniform magnetic field. This is not the case for the
Frey generator. The general behavior of the graph,
however, is similar to that predicted by the uniform
field theory. The student should note that there are
times when the voltage is zero even though the
magnet and coil are moving with respect to one
another. Faraday's law explains this result as there
can be motion between a coil and magnet without a
changing magnetic flux.

(1)

2
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(2)

where N is the number of turns of wire in the
generator coil, A is the area of the coil and B is the
magnetic field strength in the region of the coil.
Faraday's law of induction says the induced voltage

Fig. 3. Theoretical value of voltage vs. time for a generator accelerating from rest with constant acceleration.
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Fig. 4. Voltage vs. time for the Frey generator with no load.
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Fig. 5. Voltage vs. time for the PASCO generator with no load.
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4. Experiment on Back-torque
in a Generator
With no load on the generator, the Atwood
machine should fall with constant acceleration, which
is what is observed when the velocity vs. time is
graphed. When the generator is under load then a
sizable current will be induced in the generator. The
magnetic field produced by the magnet will now
exert a force on this induced current. Lenz's law

states that the induced current is in a direction such
that the force will oppose the motion that produced
the current. Therefore there is a back-torque in the
generator that increases with increasing current.
Figure 6 shows the output of the Frey generator under·
no load and with the light bulb as a load. Figure 7
shows the output of the PASCO generator under no
load and with a 10 ohm load. Both graphs show a
decreasing acceleration with time when the generator
is under load.
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Fig. 6. Velocity vs. time for the Frey generator with no load (straight line) and with the light bulb as a load.
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The output of the PASCO generator also
shows an oscillation in the velocity. To understand
this feature the back-torque needs to be calculated.
The torque, r-b, on a magnetic dipole in a uniform
magnetic field is given by

rb = jJBsin()

(4)

where p. is the magnetic dipole moment of the
rotating magnet. In the case of the PASCO generator
the magnetic field of the coils is proportional to the
current in the coil. The current in the coil is
proportional to the induced voltage in the coil.

B oc !!_(cosO)

dt

=> B oc d() sin()
dt

(5)

. 2 ()
= C -d()
Sill

dt

(6)

where C is a constant of proportionality which
depends on the magnetic dipole moment of the
magnet and the geometry of the coils.
Figure 8 shows a free-body diagram for a
mass, M, accelerating the generator. The net force on
the falling mass is given by

F

d2()

&t

T"

"et

= Tr -

d2()

Tb

= I a =I df2-

=Mg-T=Ma=Mar=Mr-(7)

dt2

(8)

Equations 6, 7, and 8 can be combined to give the
following differential equation of motion for the
rotation of the generator:

d 2 ()

d() .

2
(I +Mr 2 ) 2 +C-srn B-Mgr = 0
dt
dt

(9)
This equation can be written in the form

d 2 () +A dB sin 2 ( ) - D
dt 2
dt

The back-torque is then given by the following
relation:
Tb

where T is the tension in the string and r is the radius
of the pulley driving the generator. The net torque of
the generator with moment of inertia, J, is given by:

=0

(10)

where A and D are constants. This is a non-linear
differential equation that can be solved numerically
using Euler's method on a spreadsheet. The constants
A and D depend on the accelerating mass, the radius
of the pulley, the moment of inertia of the generator,
the magnetic dipole moment of the rotating magnet
and the geometry of the coils. Not all of these
parameters are known so values of A and D will have
to be estimated to model the motion of the generator.
An upper limit can be placed on the constant D for
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generator the accelerating masses are much larger
and as a result the oscillations in the velocity are not
as noticeable. Figure 10 shows the results of solving
equation (10) numerically with A= 1 and D = 110.
This graph is very similar to the experimental result
on the Frey generator, i.e. in Figure 6. The student
should note that the graph displays two features: the
slope of the graph decreases since the back-torque
increases with velocity and the graph oscillates since
the back-torque also depends on the sine of the
angular position of the magnet. Note that friction is
assumed to be negligible.

the PASCO generator. If the moment of inertia is
taken to be zero then Dis g/r, which is about 600. A
non-zero moment of inertia will cause D to be
smaller than this. Once equation (10) is solved for the
angular velocity this can be multiplied by the radius
of the generator pulley to obtain the linear velocity.
Figure 9 shows the results of solving equation (10)
using Euler's method with A= 7 and D = 180. The
general behavior of the graph is very similar to what
is observed experimentally with the PASCO
generator, i.e. in Figure 7. In the case of the Frey

Fig. 7. Velocity vs. time for the PASCO generator with no load (straight line) and with a 10 ohm load.
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Fig. 8 Free-Body diagram of a falling mass rotating the generator.

T

M

Mg
Fig. 9. Numerical solution of equation (10) showing linear velocity vs. time for A=7 and D=180.
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Fig. 10. Numerical solution of equation (10) showing linear velocity vs. time with A=l and D=llO.
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5. Energy Transformation in a
Generator
It is important that the student understand
that an electrical generator is an energy
transformation device and not an energy creation
device. Using an Atwood machine to drive the
generator, the energy input is the change in
gravitational potential energy of the Atwood
machine. The change in gravitational potential energy
for the system is converted into the following forms
of energy:
1.

Translational kinetic energy in the masses.

2.

Rotational kinetic energy in the rotor.

3.

Heat energy due to friction and Joule
heating ofthe generator coils.

4.

Electrical energy in the circuit.

5.
Electromagnetic radiation produced by a
spinning magnetic dipole.
The instructions that come with the PASCO
generator have the student measure the power output
of the generator when the mass is dropped through a
known height. By taking the area under the curve the
electrical energy produced can be calculated.
Comparing this to the change in gravitational
potential energy, the efficiency of energy

transformation can be calculated. This only shows
that the electrical energy produced is less than the
energy input. By measuring the velocity of the falling
mass the translational kinetic energy of the masses
can also be calculated. The student can then observe
a corresponding decrease in the translational kinetic
energy of the masses when comparing the generator
output under load to that with no load since a
decrease in linear velocity will correspond to a
decrease in rotational velocity. Table 1 shows
measurements for the Frey generator and Table 2
shows measurements for the PASCO generator. The
student does not need to calculate the rotational
kinetic energy to know that it decreases under load
just as the translational kinetic energy decreases
under load. It is observed that the percentage of
energy input that appears as translational kinetic
energy is smaller when the generator is under load.
This demonstrates that energy is being converted to
electrical energy when the generator is under load
even if the electrical energy output is not measured. It
should fmally be noted that the amount of
electromagnetic radiation produced in these
generators is negligibly small.

6. Summary
Though
the
magneto
generator
manufactured by Frey is intended only to
demonstrate a generator lighting a light bulb it can be
used for introductory physics experiments
demonstrating Faraday's law of induction, the backtorque in a generator due to Lenz's law, and the fact
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Table I: Energy changes in the Frey generator.

Height thru which mass falls
Velocity at start
Velocity at finish
Change in gravitational potential energy
Change in translational kinetic energy
Change in rotational kinetic energy
Electrical energy produced
Total of kinetic and electrical energy
% energy input converted to electric energy
% energy input converted to translational kinetic energy

No load

Light bulb

0.639m
0
1.641 m/s
-1.065 J
0.498 J
?
0
0.494 J
0%
46%

0.642m
0
0.892 m/s
-1.069 J
0.147 J
?
0.383 J
0.529 J
36%
15%

No load

10
load

0.765 m
0
2.21 m/s
-0.075 J
0.0244 J
?
0
0.0244 J
0
33%

0.760m
0
0.79 m/s
-0.0774 J
0.0031 J
?
0.02 J
0.0231 J
26%
4%

Table II: Energy changes in the PASCO generator.

Height thru which mass falls
Velocity at start
Velocity at finish
Change in gravitational potential energy
Change in translational kinetic energy
Change in rotational kinetic energy
Electrical energy produced
Total of kinetic and electrical energy
% energy input converted to electric energy
% energy input converted to translational kinetic energy
that a generator is an energy transformation device
and not an energy creation device. These same
experiments can be done with the magneto generator
manufactured by PASCO though the instructions
provided by PASCO only call for measuring the
efficiency of the generator's energy conversion. If the
experiments are done in a calculus-based physics
course, the students can also model the effect of the
back-torque on the PASCO generator by solving a
non-linear differential equation using Euler's method.

ohm
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Agriculture, Senior Division
Section Chair: F anson Kidwaro
*Aide, M. and K. Davidson. Department of Physics
and Engineering Physics, Southeast Missouri State
University. PHOSPHORUS, LEAD AND EDTA
INTERACTIONS
IN
SPODOSOL
SOIL
HORIZONS. Phosphate-bearing materials have
been employed to precipitate Pb2+ in soils, reducing
the Pb mobility and biological availability.
Spodosols are a soil order consisting of mineral
soils having an illuvial accumulation of noncrystalline Al and organic carbon, resulting in a
subsurface horizon with an enhanced chemical
reactivity. We desired to assess the relative
reactivity of the E and Bs (spodic) horizons from
two Spodosols to Pb addition in the presence of aphosphate and various organic acids. EDTA
maintained elevated aqueous Pb concentrations·
however, the estimated Pb2+ activities were ve~
low because of EDTA-Pb complexation. In the
absence of EDTA, the Pb concentrations were
substantially reduced and Pb2+ was the dominant
aqueous species. The presence of P effectively
reduced the Pb concentration. In systems lacking
EDTA,
saturation
indices
imply
that
plumogummite
precipitation
was
thermodynamically
favored,
whereas
hydroxyapatite exhibited negative saturation
indices because of a low Ca2+ activity. The data
suggests that o-phosphate may be effective in
reducing the soil Pb 2+ activity provided the amount
of dissolved organic carbon does not mimic the
capacity of EDTA to complex Pb and hinder Pb-P
mineral precipitation.
*Loman, L. and F. Kidwaro. Department of
Agriculture, Central Missouri State University.
THE EFFECT OF RENOVATION AND/OR
FERTILIZER ON YIELDS OF TALL FESCUE.
A two year study was conducted at CMSU
university farm to evaluate the effect of renovation
and fertilizer application on the yields of tall fescue
in Missouri. Sixteen 10 ft by 20 ft plots were
established on a Macksburg silt loam in
Warrensburg.
Four treatments (Renovated
Fertilized- RF, Renovated Not Fertilized- RNF
Not Renovated Fertilized - NRF, and No~
Re~ovated Not Fertilized- NRNF) were randomly
ass1gned to plots and replicated four times in a
randomized complete block design. Our results
show height advantage in plots that were renovated
and fertilized. The highest yields (.78 tons/acre)
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were also observed in plots that were renovated
and fertilized during both study years. Total
digestible nutrients (TDN) exhibits an opposite
trend to yields with the highest TDN (53%) being
recorded in plots that were renovated but not
fertilized. These RNF plots recorded the lowest
yields. The lowest TDN (48%) was recorded in
plots that were renovated and fertilized. These
results show that renovation and fertilization is a
good management practice for a high yield and
quality forage crop.

Atmospheric Sciences, Senior
Division
Section Chair: Marc Singer
*Birk, K., B. Smith, A.R. Lupo, P.E. Guinan.
Department of Soil, Environmental, and
Atmospheric Science, University of MissouriColumbia. THE INTERANNUAL VARIABILITY
OF MIDWESTERN TEMPERATURES AS
RELATED TO THE ENSO and PDO. Long period
temperature and precipitation records in the
Midwest are examined in order to determine how
longer-term variations have resulted in changes in
short-term (ENSO- related) variability using longterm records for several surface stations. This data
was acquired from the Missouri Climate Center
and some of the data for eastern Kansas was
obtained from the Kansas State University Konza
Prairie records. Initial results show that across most
of the Midwest and plains, the ENSO variations
were stronger during the years 1977 - 1999, which
was one period of the Pacific Decadal Oscillation.
During the years 1947- 1976 and from 2000 to the
present, there is less ENSO variability. ENSO
variability was stronger during the winter seasons
than during the summer seasons, and this is
especially true for precipitation. However, during
the summer months, there is strong La Nina-related
variability in the timing of heavy precipitation.
These results have strong implications for longrange weather forecasts in this region.
Additionally, there were only weak trends in
temperature and precipitation over the region and
these do mirror global climate trends.
*Davis, N., J. M. Glisan, J.P. Burkhardt, B. Smith,
T. E. Hagen, and A. R. Lupo. Department of Soil
Environmental,
and Atmospheric
Science:
University ofMissouri-Columbia. AN
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ANALYSIS OF THE IMPACT OF BLOCKING
ON NORTH AMERICAN SUMMERS: AN
UPDATE. The summer of 2004 in the central part
of North America was unusually cool. During
August, temperatures were 5° - 7° F cooler than
normal across most of Missouri, and in Columbia
this was the third coolest summer since 1889. The
cool summer can be linked directly to unusually
strong and persistent blocking in the East Pacific
and Alaskan Sector. In North America, historically
cooler and/or wetter summers can be linked to
unusual summer blocking activity over the East
Pacific region. Treating temperature and
precipitation as bivariates shows that the
correlation is statistically significant. However,
there is little to suggest that these events are related
to interannual variations such as the El Nino and
Southern Oscillation. Thus, the role of blocking
plays a larger role in influencing summer season
temperature and precipitation regimes than sea
surface temperature anomalies.
*Lupo, A.R., P.S. Market, and A.R. Kunz.
Department of Soil, Environmental, and
Atmospheric Science. University of MissouriColumbia.
WEATHER
FORECASTING:
GETTING ORDER OUT OF CHAOS? During the
past 40 years, there has been a great deal of
discussion about Chaos theory and its applications
in meteorology. Chaos is described as "order
without periodicity" and one key characteristic of
chaotic systems is a quantity known as "sensitive
dependence on the initial conditions". Chaotic
systems are those in which two nearly identical
systems diverge rapidly over time. The
development of ensemble forecast systems are a
recent example of a tool that has been developed in
order to take advantage of the characteristics of
chaotic systems. However, there are simple
quantities that have been developed by researchers
and these can be used in everyday analysis that can
also provide the forecaster with relative measures
of predictability These quantities are shown to be
directly linked to Lyapunov exponents, which are
direct measures of system stability or
predictability. We will demonstrate successfully
the use of these quantities in both smaller and
larger scale forecast problems, and these tools do
not necessarily require the need to examine
previous data in order to become familiar with the
evolution of the system.
*Redburn, R.N., A.R. Lupo, and P.E. Guinan.
Department of Soil, Environmental, and
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Atmospheric Science, University of MissouriColumbia. THE FREQUENCY OF TROPICAL
CYCLONES IN MISSOURI AND THE
SYNOPTIC ENVIRONMENT. Data acquired
from the National hurricane Center Archives
(http://weather.unisys.com)
demonstrate
that
tropical cyclones impact Missouri approximately
once every three years. Of the 33 storms that have
come into Missouri, 27 have been tropical
depressions and only six tropical storms. During
the 2005 season, two tropical cyclones moved into
Missouri. Years in which there were more tropical
cyclones did not correlate strongly to the ENSO or
PDO cycles. Most storms that impacted Missouri
were of Gulf of Mexico or Caribbean Sea origins.
Additionally, there were two synoptic regimes that
favored these cyclones making the journey to
Missouri. Either the storm became caught up in the
jet stream and moved rapidly across the state from
southwest to northeast, or they moved into
Missouri from the south or southeast under a warm
unstable air mass, with the center of high pressure
sitting east of Missouri.

Biology, Senior Division
Section Chair: Joseph Ely
*Aldridge, R.D., A.P. Bufalino and A. Reeves.
Department of Biology, Saint Louis University.
PHEROMONE COMMUNICATION IN THE
WATERSNAKE, NERODIA SIPEDON: A
MECHANISTIC DIFFERENCE BETWEEN
SEMI-AQUATIC
AND
TERRESTRIAL
SPECIES. The mating season in the watersnak:e,
Nerodia sipedon, occurs in the spring during
vitellogenesis. Courtship and mating occur
primarily in trees and bushes which overhang the
water. Watersnak:es access these basking/mating
sites from the water. Thus, the terrestrial trailing of
a female, typical of most of the snakes studied,
cannot occur. Based on field observations, only
about 10% of female N sipedon are in estrus
(attractive to males via pheromones) on days with
appropriate temperatures from late April to midJune. Females in estrus vary in attractiveness and
receptivity to males. In field experiments, males
are able to locate caged females apparently via
volatile pheromones. We suggest that watersnak:e
pheromones are heavy, volatile compounds that
accumulate in the air above the surface of the water
and that males climb branches and systematically
search for females in the vicinity of pheromones.
Courtship may last from several minutes to more

MISSOURI ACADEMY OF SCIENCE: COLLEGIATE AND SENIOR DIVISIONS
than 2 h. Most courtships that occur late in the
mating season do not result in copulation.
*Cowden, S.M., J. Gole, A Oller, and S. Cairns.
Department of Biology and Earth Science, Central
Missouri State University. SALIVARY ALPHAAMYLASE AS A PUTATIVE BIOMARKER OF
ACADEMIC STRESS IN UNDERGRADUATE
STUDENTS. Psychological stress has long been
known to influence levels of the adrenal hormone
cortisol. Academic stress is among the most
common form of stress experienced by actively
emolled college students and studies have shown
that written examinations can elicit distinct cortisol
responses in this population. It has recently been
demonstrated that the salivary enzyme alphaamylase responds to certain types of psychological
stress in a fashion similar to that of cortisol.
However, no studies to date have established a
relationship between alpha-amylase and academic
stress. Using ELISA and kinetic enzyme reaction
techniques, this research assessed and compared
salivary alpha-amylase and salivary cortisol levels
in response to academic stress. Although salivary
cortisol levels were higher prior to the
administration of the written exam (source of
stress) as compared to levels prior to a normal
lecture period, the difference was not significant (p
= 0.067). Salivary alpha-amylase levels increased
significantly in response to the written exam (0.05
> p > 0.02). The minimal detectable difference in
cortisol levels (n = 18) was determined to be
4,351.66 pg/mL; minimal detectable differences for
alpha-amylase levels was 40.723 U/mL. This
research was supported by the Willard North
Graduate Research Award.
Dunham, C.D. and J.S. Ely*. Department of
Biology and Earth Science, Central Missouri State
University.
INTERSPECIFIC COMPETITION
AMONG THREE CORE PRAIRIE GRASSES.
Studies involving interactions between one or two
species of prairie grasses were extensively
researched in the past, but few studies involved
multispecies interactions. This research analyzed
growth and biomass production of Schizachyrium
scoparium (Little Bluestem), Andropogon gerardii
(Big Bluestem), and Sorghastrum nutans (Indian
Grass) when grown among one another. Plants
were grown in flats for two weeks and then
transplanted into individual pots of two densities
and varying mixtures consisting of monocultures,
pair-wise, and equal ratios. Initial height and tiller
numbers were recorded at week zero; plant height
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(HT), tiller numbers (TN), and leaf numbers (LN)
were recorded at two-week intervals; and biomass
(BM) was measured at week ten. Data was
analyzed through the General Linear Model (GLM)
procedure of Statistical Analysis Software (SAS).
All statistical models were significant (p < 0.05).
Little Bluestem was dominant in regards to mean
TN and LN. Big Bluestem was dominant in mean
HT. In regards to biomass, Little Bluestem
dominated in ratios with low densities while Big
Bluestem was dominant among high density
combinations. Intraspecific competition affected
individual plant productivity
more
than
interspecific
competition.
There was
no
relationship among TN, LN, BM, the growth rate,
and the size of the adult plant. A relationship was
observed among HT, the growth rate, and the size
of the adult plant.

*Eichman, C.E. 1, S.H. Caims 1, and J.K. Eichman2 .
1Department of Biology, Central Missouri State
University and 2EcoAnalysts, Inc. PREFERENCE
OF
PHYSA
GRAZING
ON
DIATOM
ASSEMBLAGES. Algal grazing by snails has been
the focus of several environmental studies in
ponds, lakes, streams and rivers that focused on the
interaction of grazing snails and the group of algae,
diatoms. The objective of this project was to
determine the grazing habits of a snail on diatom
assemblages in standing water on an artificial
substrate. Six PVC cages were created to house the
substrates. They were placed in the lake for three
weeks then snails from the genus Physa were
introduced into three of the six cages. The cages
were then left for three weeks. Results indicated a
preference for specific taxa during the grazing
process and not random foraging. Comparing the
plates from the grazed and ungrazed communities
and comparing those plates to the results from the
snail guts determined the preference. The
Achnanthes minutissima Disturbance Index showed
a difference between the ungrazed community and
the grazed community. The dominant species
found in the ungrazed cages was Fragilaria
capucina var. mesolepta. This was the most
dominant species in the snail guts, but these taxa
found in low numbers on the grazed plates.
*Ely, J.S. 1 and T. Smith2 . 1 Department of Biology
and Earth Science, Central Missouri State
University and 2Missouri Department of
Conservation. . DEMOGRAPHIC ANALYSIS OF
GEOCARPON MINIMUM
(CARYOPHYLLACEAE): A FEDERALLY
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THREATENED SPECIES IN SOUTHWEST
MISSOURI A Geocarpon minimum population on
a sandstone glade in Dade County, Missouri was
monitored for ten years (1994-2003). Numbers of
plants were counted annually in eight permanent
plots at two scales (0.1 and 1.0 m2) to determine
population fluctuations through time. Soil depths
and cover of bryophytes, lichens, vascular plants,
and bare rock/soil were recorded in subplots
between 1994 and 2000 to determine any possible
association with G. minimum numbers. The
number of G. minimum plants in eight plots varied
from 1 to 4230, with a mean of 1332. Mean soil
depth of subplots containing G. minimum was 19
mm. There was a weak association (rs = 0.16, p <
0.001) between soil depth and Geocarpon density.
Regression analyses show that G. minimum
numbers tends to increase with increasing soil
depth to about 20 mm and declines thereafter. In
addition, there were significant differences among
vegetation types (p < 0.05) with the exception of
lichens (p > 0.05). A significant difference
between G. minimum population numbers and year
(p < 0.05) was evident. There was discontinuity
with scale and the Spearman rank correlations,
however, when ecological groups were combined
into larger categories (i.e. lichens and bryophytes
were lumped into larger categories such as
cryptogams), patterns were more clear across
scales. Documentation of bare rock areas indicates
a dynamic process of soil movement into and out
of plots, but cover data did not indicate a consistent
increase in coverage of moss, vascular plants, or
lichens during the ten years of the study. It is
concluded that G. minimum utilizes habitats with
periodic soil disturbance and with minimal
competition from bryophytes or perennial vascular
plants.
*Everhart, S.E. and H.W. Keller. Department of
Biology, Central Missouri State University.
ECOLOGY OF CANOPY MYXOMYCETES ON
GRAPEVINES. Corticolous myxomycetes (true
slime molds) are species that form plasmodia and
fruiting bodies on living trees and vines. Species
of Juniperus, Ulmus, Vitis (grapevines), and Malus
have high species diversity and abundance of
corticolous myxomycetes. Myxomycete species
from all endosporous orders occur on Vitis, which
represents 33 of 262 species or 13% of the species
documented in Ohio. Rare myxomycete species
that occur on Vitis are: Badhamia rugulosa,
Clastoderma debaryanum var. imperatorium,
Echinostelium coelocephalum, Minakatella
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longifila, and Perichaena minor var. minor.
Preliminary results show grapevines have a pH
about 6.7, similar to Juniperus virginiana and
Fraxinus americana.
Accordingly, Cribraria
violacea, a corticolous myxomycete associated
with bark pH of 6.0 to 7.0, has been observed in
high numbers and frequency on Vitis.
Nevertheless, there are few published records of
myxomycetes in Kentucky or Missouri, and no
study of corticolous myxomycetes on grapevines
exists. The purpose of this project is to conduct a
comprehensive study of myxomycetes on
grapevines. Bark samples will be taken in the
summer of 2006 from Daniel Boone National
Forest in Kentucky, Great Smoky Mountains
' National Park in Tennessee and North Carolina, Ha
Ha Tonka State Park in Missouri, and Shawnee
National Forest in Illinois. Field methods include
using the double-rope climbing technique along
vertical transects up to 20 meters to access the vine
canopy.
Data collected will quantify the
association of relative species composition,
abundance, and diversity of these assemblages with
environmental characteristics, such as tree species,
height in canopy, and bark pH. This study will
examine grapevines for new records, myxomycete
species new to science, and investigate distribution
patterns in what E.O. Wilson called "the last
frontier" of biological research on Earth, the tree
canopy.

*Fanning, E.F., J.S. Ely, H.W. Keller and H.T.
Lumbsch. Department of Biology and Earth
Science, Central Missouri State University.
GREAT SMOKY MOUNTAINS NATIONAL
PARK:
VERTICAL DISTRIBUTION OF
LICHEN GROWTH FORMS IN CANOPIES OF
SELECTED TREE SPECIES. There are few
studies devoted to the spatial distribution and
ecological adaptations of lichens. This study was
conducted to determine the vertical distribution of
lichen growth forms on different tree species in
Great Smoky Mountains National Park. This area
has a high number of tree species and is considered
a hotspot for biodiversity in North America.
Specifically, lichens were collected and analyzed
based on their vertical distribution on Abies fraseri,
Fraxinus americana, Liquidambar styraciflua, and
Tilia heterophylla. Two individuals from each
species were sampled using the double rope
climbing technique. This technique was used to
reach heights up to 100 feet to sample lichens that
are found in the tree canopy. Lichen species
tended to be faithful to host tree species as shown
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by an Indicator Species Analysis (p < 0.05).
Analyses also showed that foliose lichens had the
highest diversity among the three growth form
types. A Multi-Response Permutation Procedure
showed that height did have an effect on the
vertical distribution of growth forms. Mean and
standard error bars also showed that lichen growth
forms varied according to host tree species and
differed with respect to height classes. During this
study, eight lichen species were discovered as new
records for Great Smoky Mountains National Park:

Educational sources highlighting myxomycetes are
available as videos, field guides with color images
written for the general public, and monographic
books. A list of selected educational references
from the elementary school age level, which
includes the comic strip "The Adventures of Mike
the Myxo" and "Slime Sleuths", as well as books
with identification keys and experimental protocols
for high school and college students will be
available for attendees.

Aspicilia caeswcznerea, Gyalecta jlotowii,
Lecanora casuarinophila, Placynthiella icmalea,
Pyrenula pseudobufonia, TrapeZia involuta,
TrapeZia placodioides, and Trapeliopsis flexuosa.
Funded in part by the National Science Foundation
DEB Award #0343447 and Sigma Xi Grant-in-Aid
of Research Award #3040094.

*McCauley1, J., J. Raveill, K. McC~ and J. S.
Ely1. 1Department of Biology, Central Missouri
State University and 2Missouri Department of
Natural Resources. VEGETATION
MONITORING OF A SAVANNA
RESTORATION, KNOB NOSTER STATE
PARK, JOHNSON COUNTY MISSOURI. A
vascular plant survey and quantitative monitoring
of an oak savanna restoration were conducted in
2000-2001 at Clearfork savanna, Knob Noster
State Park, Johnson County, Missouri. Prior to
1982 the area showed degradation by the
encroachment of woody vegetation and associated
herb layer.
The floristic study recorded 470
species, which included 119 new records for the
park. In addition, there were 52 non-native species
encountered. Savanna restoration was initiated in
1982 with treatments of prescribed burning (B),
and burning combined with canopy thinning (BT).
When prescribed burning was implemented, the
vegetation initially changed compositionally to a
transitional prairie-forest system.
Quantitative
vegetation analyses of control (C) and treatment
groups were used to assess the progress of the
restoration. Specific quantitative analyses used
were conservation coefficient numbers (CC) and
CC indices, indirect ordination (Principal
Components Analysis, PCA) and multivariate
techniques (Discriminant Analysis, DA; MultiResponse Permutation Procedure, MRPP; and
Indicator Species Analysis, ISA). The CC data
showed little difference but CCI gave a better
representation of the treatments. The CCI showed
differences between treatment areas and control.
The burned/thinned area had the highest CCI
values. Although PCA showed limited separation
among treatments, it was the DA (p < 0.005) and
MRPP (p < 0.05) that showed clearer separation
among treatments and control groups. The ISA also
showed significant differences (p < 0.05) among
treatment and control groups. The burned and
thinned area at Clearfork savanna has been
progressing towards a restored site that is

*Keller, H.W. and S.E. Everhart. Department of
Biology, Central Missouri State University.
MYXOMYCETES (TRUE SLIME MOLDS):
EDUCATIONAL SOURCES FOR STUDENTS
AND TEACHERS.
Myxomycetes (true or
plasmodial slime molds) are an ideal group of
organisms for use in educational settings. The life
cycle consists of animal-like, plant-like, and
fungal-like phases, posing a taxonomic puzzle for
more than 250 years. Consequently, myxomycetes
have been classified in the Kingdoms Animalia,
Plantae, Fungi, and Protista, with recent molecular
evidence favoring Protista. Many myxomycete
species produce colorful fruiting bodies that are
seen with the naked eye in natural or man-made
habitats such as decaying wood, leaf litter, garden
mulching, lawns, and the bark of living trees and
vines. Students, teachers, and the general public
quickly learn where and how to collect
myxomycetes and recognize up to 50 species using
picture key field guides. The materials needed for
the collection and preservation of myxomycete
fruiting bodies are readily available as homemade.
Identification of myxomycetes can be learned
quickly because fruiting body terminology is
relatively simple. Specimens can be examined
using tools such as dissecting needles, handheld
blowers, and hand lenses that are inexpensive to
purchase or are homemade. Microscopic slide
preparations do not require complex chemicals, tap
water is sufficient. Moist chamber bark cultures
are simple to prepare using materials available at
hardware stores. Bark cultures yield plasmodia,
plasmodial tracks, and developing fruiting bodies
easily observed at 10 to 100 times magnification.
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THREATENED SPECIES IN SOUTHWEST
MISSOURI A Geocarpon minimum population on
a sandstone glade in Dade County, Missouri was
monitored for ten years (1994-2003). Numbers of
plants were counted annually in eight permanent
plots at two scales (0.1 and 1.0 m2) to determine
population fluctuations through time. Soil depths
and cover of bryophytes, lichens, vascular plants,
and bare rock/soil were recorded in subplots
between 1994 and 2000 to determine any possible
association with G. minimum numbers. The
number of G. minimum plants in eight plots varied
from 1 to 4230, with a mean of 1332. Mean soil
depth of subplots containing G. minimum was 19
mm. There was a weak association (rs = 0.16, p <
0.001) between soil depth and Geocarpon density.
Regression analyses show that G. minimum
numbers tends to increase with increasing soil
depth to about 20 mm and declines thereafter. In
addition, there were significant differences among
vegetation types (p < 0.05) with the exception of
lichens (p > 0.05). A significant difference
between G. minimum population numbers and year
(p < 0.05) was evident. There was discontinuity
with scale and the Spearman rank correlations,
however, when ecological groups were combined
into larger categories (i.e. lichens and bryophytes
were lumped into larger categories such as
cryptogams), patterns were more clear across
scales. Documentation of bare rock areas indicates
a dynamic process of soil movement into and out
of plots, but cover data did not indicate a consistent
increase in coverage of moss, vascular plants, or
lichens during the ten years of the study. It is
concluded that G. minimum utilizes habitats with
periodic soil disturbance and with minimal
competition from bryophytes or perennial vascular
plants.
*Everhart, S.E. and H.W. Keller. Department of
Biology, Central Missouri State University.
ECOLOGY OF CANOPY MYXOMYCETES ON
GRAPEVINES. Corticolous myxomycetes (true
slime molds) are species that form plasmodia and
fruiting bodies on living trees and vines. Species
of Juniperus, Ulmus, Vitis (grapevines), and Malus
have high species diversity and abundance of
corticolous myxomycetes. Myxomycete species
from all endosporous orders occur on Vitis, which
represents 33 of 262 species or 13% of the species
documented in Ohio. Rare myxomycete species
that occur on Vitis are: Badhamia rugulosa,
Clastoderma debaryanum var. imperatorium,
Echinostelium coelocephalum, Minakatella
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longifila, and Perichaena minor var. minor.
Preliminary results show grapevines have a pH
about 6.7, similar to Juniperus virginiana and
Fraxinus americana.
Accordingly, Cribraria
violacea, a corticolous myxomycete associated
with bark pH of 6.0 to 7.0, has been observed in
high numbers and frequency on Vi tis.
Nevertheless, there are few published records of
myxotnycetes in Kentucky or Missouri, and no
study of corticolous myxomycetes on grapevines
exists. The purpose of this project is to conduct a
comprehensive study of myxomycetes on
grapevines. Bark samples will be taken in the
summer of 2006 from Daniel Boone National
Forest in Kentucky, Great Smoky Mountains
National Park in Tennessee and North Carolina, Ha
Ha Tonka State Park in Missouri, and Shawnee
National Forest in Illinois. Field methods include
using the double-rope climbing technique along
vertical transects up to 20 meters to access the vine
canopy.
Data collected will quantify the
association of relative species composition,
abundance, and diversity of these assemblages with
environmental characteristics, such as tree species,
height in canopy, and bark pH. This study will
examine grapevines for new records, myxomycete
species new to science, and investigate distribution
patterns in what E.O. Wilson called "the last
frontier" of biological research on Earth, the tree
canopy.

*Fanning, E.F., J.S. Ely, H.W. Keller and H.T.
Lumbsch. Department of Biology and Earth
Science, Central Missouri State University.
GREAT SMOKY MOUNTAINS NATIONAL
PARK:
VERTICAL DISTRIBUTION OF
LICHEN GROWTH FORMS IN CANOPIES OF
SELECTED TREE SPECIES. There are few
studies devoted to the spatial distribution and
ecological adaptations of lichens. This study was
conducted to determine the vertical distribution of
lichen growth forms on different tree species in
Great Smoky Mountains National Park. This area
has a high number of tree species and is considered
a hotspot for biodiversity in North America.
Specifically, lichens were collected and analyzed
based on their vertical distribution on Abies fraseri,
Fraxinus americana, Liquidambar styraciflua, and
Tilia heterophylla. Two individuals from each
species were sampled using the double rope
climbing technique. This technique was used to
reach heights up to 100 feet to sample lichens that
are found in the tree canopy. Lichen species
tended to be faithful to host tree species as shown
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by an Indicator Species Analysis (p < 0.05).
Analyses also showed that foliose lichens had the
highest diversity among the three growth form
types. A Multi-Response Permutation Procedure
showed that height did have an effect on the
vertical distribution of growth forms. Mean and
standard error bars also showed that lichen growth
forms varied according to host tree species and
differed with respect to height classes. During this
study, eight lichen species were discovered as new
records for Great Smoky Mountains National Park:
Aspicilia caesiocinerea, Gyalecta jlotowii,
Lecanora casuarinophila, Placynthiella icmalea,
Pyrenula pseudobufonia, Trapelia involuta,
Trapelia placodioides, and Trapeliopsis jlexuosa.
Funded in part by the National Science Foundation
DEB Award #0343447 and Sigma Xi Grant-in-Aid
of Research Award #3040094.
*Keller, H.W. and S.E. Everhart. Department of
Biology, Central Missouri State University.
MYXOMYCETES (TRUE SLIME MOLDS):
EDUCATIONAL SOURCES FOR STUDENTS
AND TEACHERS.
Myxomycetes (true or
plasmodial slime molds) are an ideal group of
organisms for use in educational settings. The life
cycle consists of animal-like, plant-like, and
fungal-like phases, posing a taxonomic puzzle for
more than 250 years. Consequently, myxomycetes
have been classified in the Kingdoms Animalia,
Plantae, Fungi, and Protista, with recent molecular
evidence favoring Protista. Many myxomycete
species produce colorful fruiting bodies that are
seen with the naked eye in natural or man-made
habitats such as decaying wood, leaf litter, garden
mulching, lawns, and the bark of living trees and
vines. Students, teachers, and the general public
quickly learn where and how to collect
myxomycetes and recognize up to 50 species using
picture key field guides. The materials needed for
the collection and preservation of myxomycete
fruiting bodies are readily available as homemade.
Identification of myxomycetes can be learned
quickly because fruiting body terminology is
relatively simple. Specimens can be examined
using tools such as dissecting needles, handheld
blowers, and hand lenses that are inexpensive to
purchase or are homemade. Microscopic slide
preparations do not require complex chemicals, tap
water is sufficient. Moist chamber bark cultures
are simple to prepare using materials available at
hardware stores. Bark cultures yield plasmodia,
plasmodial tracks, and developing fruiting bodies
easily observed at 10 to 100 times magnification.
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Educational sources highlighting myxomycetes are
available as videos, field guides with color images
written for the general public, and monographic
books. A list of selected educational references
from the elementary school age level, which
includes the comic strip "The Adventures of Mike
the Myxo" and "Slime Sleuths", as well as books
with identification keys and experimental protocols
for high school and college students will be
available for attendees.
*McCauley1, J., J. Raveill, K. McCarti and J. S.
Ely1. 1Department of Biology, Central Missouri
State University and 2Missouri Department of
Natural Resources. VEGETATION
MONITORING OF A SAVANNA
RESTORATION, KNOB NOSTER STATE
PARK, JOHNSON COUNTY MISSOURI. A
vascular plant survey and quantitative monitoring
of an oak savanna restoration were conducted in
2000-2001 at Clearfork savanna, Knob Noster
State Park, Johnson County, Missouri. Prior to
1982 the area showed degradation by the
encroachment of woody vegetation and associated
herb layer. The floristic study recorded 470
species, which included 119 new records for the
park. In addition, there were 52 non-native species
encountered. Savanna restoration was initiated in
1982 with treatments of prescribed burning (B),
and burning combined with canopy thinning (BT).
When prescribed burning was implemented, the
vegetation initially changed compositionally to a
transitional prairie-forest system.
Quantitative
vegetation analyses of control (C) and treatment
groups were used to assess the progress of the
restoration. Specific quantitative analyses used
were conservation coefficient numbers (CC) and
CC indices, indirect ordination (Principal
Components Analysis, PCA) and multivariate
techniques (Discriminant Analysis, DA; MultiResponse Permutation Procedure, MRPP; and
Indicator Species Analysis, ISA). The CC data
showed little difference but CCI gave a better
representation of the treatments. The CCI showed
differences between treatment areas and control.
The burned/thinned area had the highest CCI
values. Although PCA showed limited separation
among treatments, it was the DA (p < 0.005) and
MRPP (p < 0.05) that showed clearer separation
among treatments and control groups. The ISA also
showed significant differences (p < 0.05) among
treatment and control groups. The burned and
thinned area at Clearfork savanna has been
progressing towards a restored site that is
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characterized by a oak savanna community. This
suggests that prescribed burning and woody tree
removal efforts have helped to restore this site to
more of the natural state that is believed to have
existed prior to European settlement.
*Myers, A. and K. Dean, Department of Biology
and Earth Science, Central Missouri State
University. HABITAT SELECTION OF
MIGRANT BIRDS IN WEST CENTRAL
MISSOURI.
Declining bird populations,
especially migrant, have been well documented by
researchers. Habitat loss and fragmentation of
breeding, wintering, and stopover sites are
considered a possible cause for these declines.
Understanding what types of habitat bird species
are utilizing throughout the year is crucial to
developing a conservation strategy to preserve bird
populations. One objective of this study was to
determine if there is a difference in species
richness and abundance for migrant birds using
riparian and upland forest. Bird communities were
surveyed using point counts of unlimited distance
during winter and spring migration for both upland
and riparian forest. Preliminary data shows that
species richness for migrants in the riparian forest
during the winter was higher (22 species)
compared to the upland forest (12 species). One
species of particular interest was the Red-headed
Woodpecker, Melanerpes carolinus, which was
abundant at the riparian site (0.463 birds/point) and
absent from the upland forest site. During spring
migration species richness for the upland forest
was higher at 51 compared to the riparian forest
with 38. Several species such as the Tennessee
Warbler, Vermivora peregrine, were found
exclusively in the upland forest (0.258 bird/point).
Common Yellowthroat, Geothlypis trichas, was the
only migrant found in riparian forest at high
numbers (0.081 birds/point), and was completely
absent from the upland forest. Our data indicate
that a number of migrant species have very specific
habitat needs during both winter and migration.
Conservation strategies will need to focus on these
seasonal variations in habitat use and need.
*Schillebeeck, M. and R.D. Aldridge. Department
of Biology, Saint Louis University. MATING
BEHAVIOR IN CAPTIVE AFRICAN BROWN
HOUSESNAKES~AMPROPHIS

FULIGINOSUS). Successful mating in snakes
involves specific male behaviors including the
ability to track and follow female trails. Snakes
have been found to generate pheromone trails as
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markers or maps to locate one another. This
research focused on the ability of male brown
house snakes to follow pheromone trails of
females. The snakes used are part of a breeding
colony at Saint Louis University. Females were
allowed to crawl across a paper substrate in the test
arena. With the female removed, the male was
then released in the arena to determine if he was
able to follow the female's trail. Females were then
placed in an aquarium with two different males to
determine if she was attractive to male snakes at
the time if the trial. Males were able to track the
female's scent independent of the female's
attractiveness. In addition, males who found a
female attractive followed the trail in three of three
cases, whereas males who were not attracted to a
female failed to follow the trail in three of four
cases.
*Walter, A.M. and A.R. Oller. Department of
Biology and Earth Science, Central Missouri State
University. ENVIRONMENTAL SURVEY OF
IXODID TICKS IN JOHNSON COUNTY,
MISSOURI. Ixodid (hard) ticks (Acari: Ixodidae)
are obligate ectoparasites that have been described
as having no predators to control their populations.
Environmental conditions that dehydrate ticks are
not well understood. The goal of this study was to
collect ticks and environmental data every two
weeks beginning in March 2005, to determine the
influence of the environment on tick populations.
Tick drags along marked transects of grassy,
border, and forested areas were conducted at three
sites at Knob Noster State Park and Pertle Springs.
Ticks were collected, and placed in tubes
containing isopropanol for further studies, and
labeled. Abiotic factors of temperature, relative
humidity, and wind speed were also collected at
each area ticks were collected on the day they were
collected. The four types of ixodid ticks collected
included Amblyomma americanum, Dermacentor
variabilis, Ixodes scapularis, and Haemaphysalis
leporispalustris. Over the 22 collection weeks,
2769 adult and nymph ticks were captured, with
1541 at Knob Noster State Park and 1228 at Pertle
Springs, with the borders giving the highest peaks.
Amblyomma and Ixodes numbers peaked in Spring
and Fall, whereas Dermacentor peaked in the
summer. Over 6300 larvae were collected at Knob
Noster and over 3000 larvae were collected at
Pertle Springs, occurring in Summer. Between
collection sites, tick numbers in grass peaked in
April-May, whereas Knob Noster peaked in MayJune. Forest transects for both sites also had peaks
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in August-September. The project was funded by
CMSU.

Biomedicine/Biotechnology,
Senior Division
Section Chair: Colette Witkowski
*Eaves, C.E. and C. M. Witkowski. Biomedical
Sciences,
Missouri
State
University.
ENGINEERING OF A COLLAGEN IV: GFP
FUSION PROTEIN USING POLYMERASE
CHAIN REACTION. Collagen type IV, a
component of the basement membrane, has been
linked to several human diseases. These diseases
include the hereditary disease Alport's syndrome
and the autoimmune disease Goodpasture
syndrome. The nematode Caenorhabditis elegans
has been shown to be a good model system in
which to study the function and location of
collagen type IV in vivo. Previously, these studies
have been accomplished by inununofluorescent
staining requiring fixation and sacrificing of the
worms which can introduce artifacts. In order to
fully study the true localization and dynamics of
collagen type IV the worms should be living. This
can be accomplished by the production of a
collagen type IV protein tagged with a reporter
gene such as green fluorescent protein (GFP). This
experiment will focus on the production of a
collagen type IV GFP fusion protein that will
enable collagen type IV to be visualized in vivo.
The fusion gene will be produced using a
specialized PCR technique that enables the
production of long PCR products. The technique
will involve sequential PCR reactions, which use
heterologous primers to produce overhangs on the
emb-9 gene that will be used to insert the gfp gene
in the desired location. The location on the emb-9
gene that will be focused on is near the middle of a
13 amino acid interruption in the Gly-X-Y region
near the 7S domain. The resulting fusion gene will
have the complete gfp gene inserted between
nucleotides 1842 and 1843 of the emb-9 gene. The
fusion gene will then be microinjected into a strain
of C. elegans that is heterozygous for a collagen
type IV null mutation which, when in a
homozygous state, results in embryonic lethality. If
functional, the fusion protein should rescue the
homozygous lethal phenotypic class and the GFP
will allow the location of collagen type IV to be
viewed using epifluorescent microscopy in live
worms.
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Srilatha Nalluri, Witkowski C.M., Biomedical
Sciences,
Missouri
State
University.
IDENTIFICATION AND ANALYSIS OF A
PUTATIVE CELL ADHESIVE SITE ON
C.ELEGANS COLLAGEN TYPE IV BY USING
AN RNAi MECHANISM. Basement membranes
are thin layers of extracellular matrices which lie
beneath the epithelial and endothelial cells which
function mainly in influencing the cellular
behavior. Collagen IV is an abundant basement
membrane protein which forms a polygonal net
type structure with the lateral association of its Cterminal and N-terminal domains providing support
and stability to the basement membrane against
mechanical forces. Although the structure of
collagen IV is conserved in all organisms, there are
six different isoforms of collagen IV molecules in
humans. Mutations in collagen IV cause human
genetic diseases such as Good Pasture syndrome,
an autoimmune disorder targeted to collagen IV
and Alport's syndrome caused because of
mutations in a3-a5 collagen IV molecules. In
C.elegans al and a2 chains are present. Some
mutations in these chains cause embryonic
lethality. This research has attempted to identify a
receptor for collagen IV in C.elegans using the
RNA interference mechanism. Microinjection was
chosen to deliver the dsRNA for RNAi to produce
phenocopies. Standard C.elegans control genes
(unc-22, unc-54 andfem-1) were used to establish
the technique. Bioinformatics was used to identify
three potential putative collagen IV cell surface
receptors, proteins F35D2.3, C37C3.7, T25Fl0.3.
Clustral multiple sequence alignments and BLAST
searches were used to identify a possible functional
similarity in uncharacterized proteins to known
adhesive proteins that interact with collagen IV.
Potential gene sequences were identified based on
homology to known collagen IV adhesive proteins
using PDB, PSI BLAST, Motif scan, the worm
base database, and recently published literature
searches. These hypothetical proteins were found
to have potential domains like EGF like domain Ctype lectin domains, fibronectin domains fuat
recognize and bind to collagen IV. These putative
proteins are being screened with RNAi for
mutant
phenotypes similar to collagen IV
phenotypes.
*Pacheco, J.M., M. Oltman and R.C. Garrad.
Biomedical Sciences Department, Missouri State
University. CHARACTERIZING P2
RECEPTORS ONMDA-MB-231 BREAST
CANCER CELLS AND IMPLICATIONS IN
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APOPTOSIS. P2 receptors are membrane proteins
that respond to nucleotides. Depending on the cell,
these receptors have been found to induce
apoptosis or stimulate proliferation. Since MDAMB-231 cells have not been characterized for P2
receptors, this study attempted to identify the P2
receptor types present in these cells and then
investigate apoptosis pathways in these cells
through P2 receptor stimulation. Calcium assays,
using Fura 2-AM, were conducted to determine
functional P2 receptor expression. These assays
were performed using different agonists and pH
conditions. Rt-PCR was employed to confirm P2
receptor expression. Affects of 104 M ATP on cell
proliferation
were
determined
using
a
hemacytometer. Genomic DNA isolation and
Hoechst 33342 staining were utilized to look for
DNA fragmentation in treated cells. Caspase
activation in treated cells was tested for using the
fusion protein MR-(DEVD) 2 • These cells appear to
express a calcium channel, as intracellular calcium
increases decrease by more than a factor of 20 in a
Ca-free buffer. Calcium assays performed with
Bz-ATP and in acidic buffers, suggest no
functional P2X7 or P2X2 receptors. EC50 values
for ATP suggest presence of the P2X4 receptor;
however, expression ofP2X1 and P2X3 can not be
ruled out. Interestingly, UTP and UDP cause
significant increases in intracellular calcium,
suggesting P2Y receptor expression. It is likely
this expression is minute, as Ca removal from the
buffer drastically decreases intracellular calcium
mobilization in response to these nucleotides.
Identification of P2 receptor types in MDA-MB231 cells, will allow the study of pathways to
induce apoptosis through P2 receptors. Supported
by NIH R15GM068547.

Computer Science, Senior
Division
Section Chair: David Naugler
*Naugler, D. R. Department of Computer Science,
Southeast
Missouri
State
University.
FUNCTIONAL PROGRAMMING IN NONFUNCTIONAL
LANGUAGES.
Multiparadigmatic programming is increasingly possible
in modem programming languages.
Object
orientation was often grafted onto procedural
languages giving Oberon from Pascal and Modula2, C++ from C and, more recently, Unicon from
Icon. Versions ofProlog were implemented as
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Lisp functions, Lisp (and Scheme) provided several
object oriented systems. Java classes are available
to allow a version of Prolog programming in Java.
Language features created to one use may allow
other programming paradigms to be used. Both
Java and C# allow a functional programming style
to be used and the latest versions, Java 5.0 and C#
2.0, both have new features introduced for other
purposes that make such programming easier.
Classes in these languages which allow a
functional style programming are compared and
contrasted with emphasis on the language features
used. Examining the construction of these classes
shows the elegance and power of features in Java
5.0 and C# 2.0. The main application of this is
pedagogical, allowing Computer Science students
to use a functional style learned in a functional
language in Java and C# and to develop a
profounder appreciation of important language
features.
*Saquer, J. M. Computer Science Department,
State
University.
SMOOTH
Missouri
TRANSITION FROM HTML TO XHTML.
Topics taught in a Web programming course
include HTMLIXHTML, Cascading Style Sheets
(CSS), JavaScript, Dynamic HTML (DHTML),
XML, and a server side scripting language such as
PHP, PerVCGI, JSP, ASP or ASP.NET. A Web
programming course usually starts with HTML or
XHTML. Starting with XHTML means that
students need to understand the meaning of the
following three lines, which every XHTML
document begins with:
<?xml version= "1.0" ?>
<!DOCTYPE htrnl PUBLIC "-/IW3C//DTD
XHTML 1.1//EN"
"http://www.w3 .org/TR/xhtrn11/DTD/xhtrn111.dtd"
>
<htrnl xmlns = "http://www.w3.org/1999/xhtml">
Many students though fmd it hard to understand
the meaning of these lines without prior knowledge
of XML. Since XML is an integral part of the
course and XHTML is considered an application of
XML, I believe that it is better to start the course
with talking about HTML. After students learn
XML, teachers can spend little time to make the
switch from HTML to XHTML. At that stage
students only need to stick to the rules of XML
when writing their XHTML code and to be aware
of the few differences between HTML and
XHTML.
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*Wang, Y. Department of Computer Science,
Missouri State University. WHO IS TEACHING
COMPUTER SCIENCE IN THE HIGHER
EDUCATION INSTITUTIONS IN THE STATE
OF MISSOURI.
The growth of the global
economy in the past decade has been well
observed. It seems that global education would be
a natural next step in the progression. Given the
importance of the computing realm to the modem
economic system, perhaps the shift in the origins of
the current computer scientists in the institutions of
higher education has some significant bearing on
this trend. Various demographic data about the
professors who are teaching in a computer science
program in a four-year college in the state of
Missouri are collected. The data presented in this
paper supports the conjecture of the author that
Missouri's educators are increasingly coming from
beyond the United State's borders.

Conservation, Senior Division
Section Chair: Cary Chevalier
*Hedrick, M.M. and S.H. Cairns. Department of
Biology, Central Missouri State University.
VISIBILITY
AND
SHORT-TERM
TAG
RETENTION RATE OF VISIBLE IMPLANT
(VIE)
FLUORESCENT
ELASTOMER
MARKING MATERIAL IN BLUE CATFISH.
Fish tagging technology is an important part of
fisheries research because of its value in
monitoring and managing fish populations. The use
of new tagging techniques require studies to
determine tag retention rate and tag visibility, as
well as post-tagging mortality, infection, and
growth rates. Tagging studies are particularly
needed on blue catfish (Ictalurus furcatus), a
species in danger of being overexploited in
Missouri because of its popularity among
fishermen. Visible Implant Fluorescent Elastomer
(VIE) marking material has not been used on any
species of Ictalurid (catfish), but has been shown to
be biocompatible and have a high retention rate in
other studies. The purpose of this study was to
determine short-term tag retention (270 d) and tag
visibility of VIE in blue catfish, as well as their
physical responses to tagging, such as post-tagging
mortality, infection, and growth. VIE was injected
into one of three body locations, including the
upper lip, in the cheek, and the base of the pelvic
fm, in sixty advanced fmgerling (152 mm) blue
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catfish. Twenty additional fish served as the
control. Results show that short-term tag retention
rate after 270 days for fish tagged in the upper lip,
at the base of the pelvic fin, and inside the mouth
in the cheek were 94.7%, 100%, and 100%,
respectively. The mortality and infection rates over
the post-tagging period were both 11% and were
caused by handling rather than the tag. Although
retention rates and visibility rates were high
overall, VIE exhibited tendencies to fragment or
migrate.
*Katz, R. A Department of Science, Truman State
University.
HOW
MANAGEMENT
AFFECTS
ON
CONSERVATION
GRASSLAND
BIRDS
RESERVE
PROGRAM
(CRP)
FIELDS
IN
NORTHEAST MISSOURI. Many grassland birds are
declining rapidly and the management of CRP land could
contribute to their recovery and conservation. This study
compared burning and mowing of CRP fields with three
different types of cover: warm season grasses, cool
season grasses, and early successional "old field". CRP
fields that were burned had more and a higher diversity
of birds, but mown fields had a greater proportion of
birds that are of conservation concern. Bird abundance
and diversity correlated with tall and woody vegetation
and forbs. Additionally bird abundance, diversity and
the conservation value of the bird community were
highest on old fields . Artificial nests were more likely
to survive on burned fields. However, nests with small
eggs were at greater risk on burned fields. Peromyscus
abundance was also greater on burned fields, indicating
mice may be important predators. This study supports
the advice that most CRP fields should be burned, with
long periods between interventions to allow earlysuccessional vegetative growth, and less time when the
habitat is simplified and bird populations are low directly
following treatment.
However, a diversity of
management schemes locally and regionally will provide
a diversity of habitats that will support a wider range of
species.

Miller, L. M. and J. W. Rushin*. Biology
Department, Missouri Western State University.
FLOODPLAIN FLORAL CHANGES WITH THE
RE-ESTABLISHMENT OF A RIVER CHUTE.
As part of a joint project of the Missouri
Department of Conservation and the U.S. Army
Corps of Engineers, a chute was reopened through
a Missouri River floodplain area to form sloughs
and backwater areas. Within this study area
permanent sampling plots were used to sample
vegetation. All sampling was done in June and July
of 2002, 2003, 2004 and 2005. The chute was
completed in 2004. This study describes 102
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species of herbaceous and woody plants collected
from all of the study plots. It compares Importance
Values of the top species in all four years, before
and after opening of the chute. It was found that
most of the plants sampled during the plant surveys
were introduced and/or generalist species. The
surveys also show evidence that Eastern
Cottonwood (Populus deltoides) was the primary
woody species that survives to maturity. Black
Willow (Salix nigra) showed dramatic increases in
seedling and saplings, but showed a decrease in
over-story trees during this study. Sandbar Willow
(Salix interior) demonstrated its typical role as a
pioneer species by having high overall importance
values during the first year of the study (2002) and
showing dramatic decreases in importance values
in 2003, 2004 and 2005. It is expected that native
wetland species will increase as the marsh habitat
expands now that the river chute is reopened and
backwater areas are established. Support from the
Missouri Department of Conservation.

Engineering, Senior Division
Section Chair: Bijan Pashaie
Busby, E., C. Cason, D. Johnson, E. Lynch, T.
Morimoto, N. Sprague* and B. Pashaie.
Department of Physics and Engineering Physics,
Southeast Missouri State University.
AN INTELLIGENT GOLF CLUB IS BEING
DESIGNED
AND
CONSTRUCTED
AT
SOUTHEAST THIS SPRING. The ADXL202
Analog Devices Accelerometer is custom designed
to indicate the tilt and acceleration of a golf club
head. The accelerometer output signal is analyzed
using an FFT algorithm and the algorithm is
implemented using an AL TERA DSP starter kit.
The PIC microcontroller computer interfacing is
being accomplished. The CoventorWare MEMS
software is being used to design a MEMS
accelerometer custom designed for a golf club. The
result is to be tested as a teaching tool at a local
country club in Southeast Missouri. We report the
state of the project. This work is being completed
as the project component of the Capstone
Experience II in Engineering Physics at Southeast
Missouri State.
Civil and
Fricke, B.A., and *S. Anupindi.
Mechanical Engineering, University of MissouriKansas City. USING ACOUSTIC MICROSCOPY
TO DETERME THE ELASTIC PROPERTIES OF
HYDRATED AND DEHYDRATED DENTIN.
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The bulk material of the tooth is dentin, a calcified
tissue consisting of a collagen matrix reinforced by
calcium phosphate mineral particles. The elastic
properties of dentin depend on various
characteristics such as composition and orientation,
as well as moisture content.
A number of
processes and conditions have been attributed to
causing dehydration of dentin, including radiationinduced xerostomia, endodontic treatments and
resin bonding procedures. Hence, there has been
great interest in studying the effect of moisture
content on the elastic properties of dentin. In
contrast to the mechanical testing techniques used
by previous researchers, non-invasive scanning
acoustic microscopy (SAM) was used in this study
to determine the elastic properties of hydrated and
dehydrated dentin. B-scan images of hydrated and
dehydrated dentin specimens were obtained with
SAM using 30 MHz and 110 MHz transducers.
From the SAM images, longitudinal sonic velocity,
acoustic impedance and elastic modulus were
determined for both hydrated and dehydrated
dentin. It was found that dehydration increased the
longitudinal sonic velocity of dentin by
approximately 7% and increased the elastic
modulus of dentin by approximately 33%. It is
anticipated that the results of this study will
provide a better understanding of the effects of
moisture content on the mechanical properties of
dentin, thus leading to the development of
improved preventative and restorative treatments
for teeth. This research was supported by the
University of Missouri Research Board.
Shakir\ S., S. Mynampati 1, B. Pashaie2 *, and S. Dhali 1•
'Department of Electrical and Computer Engineering,
Southern Illinois University, 2Department of Engineering
Physics, Southeast Missouri State University.
AMBIENT -AFTERGLOW PLASMA. Atmosphericpressure plasmas have gained in importance due their
potential applications in polymer surface treatment,
surface cleaning of metals, thin film deposition and
destruction of biological hazards. In this paper, a radiofrequency driven atmospheric-pressure afterglow plasma
source in Argon and Helium is discussed. The light
intensity measurement shows that the discharge is
continuous in time unlike low frequency dielectricbarrier discharges, which are intermittent in nature. The
discharge, under ambient conditions, can be generated in
Argon, Helium and Nitrogen.
Spectroscopic
measurements show that metastables are capable of
producing oxygen atoms and other excited
species. Argon afterglow in particular is capable of
dissociating oxygen molecules. An afterglow model
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has been developed to study the interaction of the
plasma with the ambient gas. Results from
application of the plasma to surface treatment of
metals and polymers, and killing of microorganism
are briefly discussed.

Geography, Senior Division
Section Chair: Gary Cwick
*McCray, T. R. Department of Geography,
University of Missouri-Columbia.
MIDDLE
ASIA'S
RE-EMERGENCE
AS
A
GEOPOLITICAL
EPICENTER.
The
former-Soviet Central Asian republics have
emerged into a newly rediscovered and contentious
region called Middle Asia. These states are now
entering their second generations of political
leadership and their second decades of economic
development. Regional trends include a confirmed
disavowal of the Gorbachev-Yeltsyn glasnost
revolution, a widespread adoption of limited
democracy, and difficulties in containing
pan-regional cultural trends. Central Asian ties are
still strongest with Russia, but Chinese vital
interests are increasingly understood here. Turkey
and Iran offer certain, if difficult, opportunities.
Afghanistan and Pakistan are problematic partners.
Situated at the core of an increasingly functional
region, Central Asia's economies will gravitate
toward, and ultimately complement, its strongest
peripheral constituents. Relative to societies of the
Caucasus Region or the Balkans, Central Asians
have generally been patient with their sovereign
leaderships. But demographic and social
imperatives put that relationship increasingly at
risk. This paper recalls the resources of Central
Asia, and the emerging prospects for development
at this core of Middle Asia - a region defmed in
part by its intense volatility.

Geology/Geophysics, Senior
and Collegiate Division
Section Chair: Bruce Stinchcomb
*Boongird, P., S. Dunn-Norman and D. J.
Wronkiewicz. Department of Material Science and
Engineering, University of Missouri-Rolla.
FORMATION
CHARACTERIZATION
OF
LAMOTTE SANDSTONE FOR CARBON
DIOXIDE SEQUESTRATION. The Lamotte
Sandstone covers large portions of Southwest
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Missouri, and is being considered as a reservoir for
carbon dioxide (C02) sequestration. Carbon
dioxide is a hi-product of combustion processes,
predominantly generated by power plants. To
determine the feasibility of C0 2 sequestration in
the Lamotte sandstone, core from an evaluation
well, NS-3, was evaluated at pore level to identify
typical reservoir characteristics which affect
storage capability. The characteristics evaluated
include regional geology, lithology, thickness,
porosity, permeability, pore morphology and clays
present in the formation. The analytical methods
employed were standard core description, whole
core analysis, thin section analysis, XRD, XRF,
and SEM. This presentation provides results of the
Lamotte sandstone study and compares the
Lamotte reservoir characteristics to other typical
C02 sequestration reservoirs.
*Davis, J. G., J. G. Schumacher and D. J.
Wronkiewicz. Department Geological Sciences and
Engineering, University of Missouri-Rolla and
USGS
Missouri
Water
Science
Center.
GEOCHEMICAL EVOLUTION OF WATER
QUALITY INSIDE AN ACTIVE LEAD/ZINC
MINE TAILINGS PILE. The objective of this
project is to investigate the near surface aqueous
geochemistry and mineralogy of an active lead/zinc
mine tailings pile in the New Lead Belt. The
facility is located near Bunker, Missouri, and
produces mainly lead and zinc from the Bonneterre
An evaporate crust of
Dolomite Formation.
epsomite (MgS04) has formed on the surface of the
pile, which suggests that sulfide oxidation,
dissolution, and evaporative concentration are
occurring. As a result of the epsomite formation
and high specific conductance levels, it is believed
that the oxidation of sulfides is the driving
mechanism affecting the near surface geochemistry
of the pile. Ground water-quality data were
collected through a series of monitoring wells
within the active pile and within an inactive pile
(last used in thel950s), in the Old Lead Belt near
Park Hills, Missouri. These data show higher
specific conductance values at the active pile, as
well as elevated concentrations of lead, zinc, and
iron as compared to the data collected from the
inactive pile. The inactive pile is associated with
an abandoned mine that also produced primarily
lead and zinc from similar ore. Its inclusion into
this project is for comparative purposes because it
is much older than the active pile, but has similar
characteristics.
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*Dudley, M.A., and Nold, J.L.
Department of
Earth Science, Central Missouri State University.
MINERALOGY AND TEXTURES OF ORES
FROM THE PILOT KNOB MAGNETITE
DEPOSIT,
ST.
FRANCOIS
TERRANE,
SOUTHEAST MISSOURl. The Pilot Knob
Magnetite Deposit represents one of eight major
iron deposits characterizing the St. Francois
Mountains Igneous Terrane of SE Missouri.
Active mining occurred from 1968 to 198lunder
the town of Pilot Knob, Missouri. Recently
acquired diamond drill core from the deposit is
being utilized for a thorough petrographic and
stratigraphic examination of ore and associated
gangue mineralization to gain further information
about the mineralogy, ore textures, ore-gangue-host
relationships, and ultimately, the genesis of the
deposit. The main ore mineral is magnetite with
minor amounts of pyrite and hematite. In some
locations within the orebody the main gangue
mineral is quartz, while at some locations the
gangue is almost entirely albite plagioclase. Other
gangue minerals noted are fluorite, apatite, chlorite,
sericite, calcite, and zircon. Much of the ore is
present as ore breccias, with the fragments floating
in a matrix dominated by magnetite-quartz-albite.
The breccia fragments are composed both of
rhyolitic wall rock, and of magnetite ores of
various grades, with these ore fragments being very
similar in mineralogy and texture to the magnetitequartz-albite matrix which surrounds them. We
believe the ore breccias to be autobreccias, i.e.,
originating during the later stages of intrusion of a
nearly solid iron-rich magma.
*Forir, M. and N. Ryan. The Natural History
Museum of the Ozarks. THE GIANT SHORT
FACED BEAR (ARCTODUS simus) IN THE
RlVERBLUFF CAVE SITE, GREENE COUNTY
MISSOURl. The Riverbluff cave site of Greene
County Missouri contains numerous non bone
remains of the Giant Short Faced Bear. Evidence
in the form of claw marks, beds and dung suggest
that these bears were using the cave as a
hibemaculum and also as a den for the raising of
young. Based on this evidence it is also believed
that only females would normally inhabit the cave,
since cubs were in the cave. The females would
have probably defended the cave and their cubs
from males that would consider the cubs a food
source. Claw marks in the cave show the animals
technique for "feeling" their way up clay slopes
and ledges within the cave. The beds also contain
claw marks that are the leftover evidence of the
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digging process. Each bed contains the remains of
dung. The dung is in two forms. One form is the
actual dung pile usually located in the center of the
bed. The other is a layer of silt clay containing
bone fragments that have been pushed up against
the sides of the beds. This may also suggest dung
from cubs being pushed out of the bottom of the
bed in an attempt to keep the bedding area clean.
The adult dung was probably also used as a
location device to find their way back to the beds.
It is also possible the urine would have been used
in conjunction with dung to keep away other bears
·entering the cave.
*Hogan, J.P., Department of Geological Sciences
and Engineering, University of Missouri-Rolla.
ROCK OF THE WEEK (ROTW) - BUILDING
CONFIDENCE AND SCIENTIFIC SKILLS IN
UNDERGRADUATE GEOLOGY STUDENTS.
Throughout a geology student's career other
professionals, the general public, and relatives will
place in their hands a rock! Attached to this "gift"
will be the question "What do you make of this?"
Now you are on the hot seat. What do you say?
Surprisingly, a large number of geoscientists and
engineers experience a great deal of angst when
they come face-to-face with a rock presented to
them in the lab or in the field and are expected to
say something intelligent. After all we had classes
in geology at the university. As professionals we
should be confident in being able to provide an
accurate verbal description of the essential
characteristics of any rock using proper
terminology. We should also be able to prepare a
written description suitable for a professional
report. The "Rock of the Week" exercise is
designed specifically to help students develop the
necessary skills and confidence to meet the
challenge of providing a professional quality verbal
and written description of any rock that is handed
to them. Each week of the semester I feature a
different "Rock of the Week" that illustrates topics
discussed in lecture. For each sample students will
prepare a hand-sketch and hand written description
of the rock of the week, which they keep in a
bound composition book. At the end of the week
one student is picked at "random" to lead a
discussion of the rock of the week without the
benefit of their notes. Other students are welcome
to contribute to the discussion, and there is much
applause at the end. This exercise improves
scientific skills such as observation and analysis,
recording information (e.g., sketching) and verbal
and written communication. More importantly
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students build confidence in their ability as a
geologist once they feel comfortable in being able
to intelligently discuss something we all love ROCKS!
*Lasco, D., A. McEUen and J. Hogan. Department
of Geology and Geophysics, University of
Missouri-Rolla.
SIGNIFICANCE
OF
PEGMATITES TO THE CRYSTALLIZATION
OF
THE
MT.
SHERIDAN
GABBRO,
OKLAHOMA. Three texturally distinct rock types
in the Mt. Sheridan Gabbro suggest distinct modes
of crystallization. The vertically stratified pluton is
composed of layered gabbro (crystallized cumulate
pile), homogenous quartz gabbro, and felsic
pegmatite. These three rock types are linked by
dynamic crystallization processes. Reverse zoning
in plagioclase and repetition of olivine and quartz
vertically within the pluton is evidence that the
magma chamber received multiple mafic
replenishments during crystallization (Lasco et al.
2004). Isolation and extreme fractionation of the
mafic magma could produce a felsic melt that, if
kept isolated from the active chamber, would be
preserved as pegmatite.
Compaction of the
cumulate pile by replenishments or by seismic
shaking would allow isolated interstitial melt to
migrate and collect. Field evidence suggests that
felsic melts did move through the cumulate pile as
dikes of pegmatite and could have reached the
active magma chamber. Felsic melts that reached
the active magma chamber were remixed into the
remaining magma. Felsic melts that did not reach
the active portion of the magma chamber were
preserved as pegmatite pods and dikes within the
cumulate pile.
Incorporation of a significant
amount of this highly fractionated melt into the
active magma chamber could drastically change
the composition of the magma, resulting in the
crystallization of homogenous quartz gabbro.
*Ryan, N. and M. Forir. The Natural History
Museum of the Ozarks. OCCURRENCE OF NEW
FOSSIL MILLIPEDES FROM RIVERBLUFF
CAVE SITE, GREENE COUNTY MISSOURI.
Pleistocene fossil millipedes have been found
recently in Riverbluff Cave. The millipedes all
occurred under flowstone dating back to at least
10,280 years, based on uranium-thorium dating
methods. These dates are conservative based on
additional growth of undated flowstone, hinting at
a much older age. The fossils are found within
their burrows in cave sediment that is in direct
contact with flowstone. The fossils are preserved
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through calcification. In one occurrence it is
believed that the internal organ, possibly the gut, is
present. In other occurrences the legs are present,
two to each segment. Another specimen not only
has legs but the antennae are preserved as well. At
this time two theories are being discussed that
would determine why the cave contains the
remains of so many fossil millipedes. The first and
simplest is that they died of natural causes. Simply
the environment was conducive to millipede use of
the cave. Over a long period of time it would be
easy to accumulate the vast number of specimens
found in the cave. The second theory would be
that an abundant occurrence of millipedes was
using the cave at the same time the cave was
flooding causing the millipedes to die in place.
*Sharko, C.J., and J.P. Hogan. Department of
Geological Sciences and Engineering, University
of Missouri-Rolla.
INVESTIGATION
OF
SEDIMENTARY STRUCTURES IN THE
USING
LUCERNE
GRANITE,
MAINE,
FELDSPAR CRYSTALS. This study is examining
modal mineralogical layering and crystal size
layering, exhibiting sedimentary structures (e.g.,
ripple marks, cross bedding, crystal size sorting), in
the Lucerne Granite, Maine. The extent to which
this layering formed in situ in a static environment
during crystallization or was enhanced by
mechanical sorting of preexisting crystals during
flow and emplacement of the magma is being
tested. Layers within the granite are composed of
mafic-rich bottoms with abundant fme grained
biotite and accessory minerals overlain by
leucocratic quartz and feldspar rich zone showing a
coarsening upwards of feldspar crystals some of
which are oriented presumably to a flow direction.
Petrographic analysis of the feldspar crystals was
conducted based on placement in the coarsening
upward sequence. The feldspar phenocrysts are
relatively undeformed, while the matrix is
deformed.
Petrographic
observations
are
interpreted to indicate that the matrix was
deformed as it crystallized, after the phenocrysts
had already formed. Throughout the layers,
feldspar phenocrysts exhibit a zoned and twinned
core ringed by a zone with abundant quartz
inclusions, followed by an outer margin of feldspar
that merges into the matrix. This unique quartz
inclusion texture is evidence for a crystallization
event that all the feldspar phenocrysts have in
common marking a point of in situ crystallization possibly due to the melt reaching vapor saturation.
A chemical analysis of the feldspar cores, which
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formed prior to this event, will be conducted to test
the model. If the core c~mpositions are all similar
this would be consistent with the insitu
crystallization model. If the cores show different
and unique compositions this would suggest their
crystallization under varying conditions followed
by transport and mechanical size sorting prior to
and during arrival at site of emplacement and fmal
crystallization.
*Stinchcomb, B. L. Geology Department, St. Louis
Community College. POSSIBLE BIOGENIC
STRUCTURES IN PREBATHOLITHIC TUFFS
THE
MISSOURI
PRECAMBRIAN.
OF
Recognition of monerans as the dominant
expression of life for the first 80% of earth's
history has explained many sedimentary
Precambrian enigmas. A progression of structures,
considered to be moneran mat induced and
associated with tuffs of the Mesoproterozoic of
Missouri will be discussed and illustrated. Secure
as to its biogenicity is the distinctive laminar
stromatolite Ozarkcollenia laminata. Second place
is to epidote Ozarkcollenia-like forms. Thirdly are
distinctive mottled patterns in bedding referred to
as occult moneran? mats, forth are thin tuffaceous
laminae with a stromatolitic signiture and fifth are
hematite rich tuffs and/or hematite-jasper layers.
Biogenicity is provable only with Ozarkcollenia
where cyanobacteria filaments have been observed.
Mottled laminae may be from ferric iron reduction
by cyanobacterial mats and the thin, tuffaceous
laminae may be from bacterial mats. Absence of
life is part of the model usually associated with
these prebatholithic rocks in Missouri, however life
in the Precambrian was just as opportunistic as it is
today and as today, any suitable wet or water
covered surface could have been a medium for
growth of prokaryote mats.
*Story, S. L.\ F. E. Oboh-Ikuenobe\ K. C.
Benison2 , M. R. Mormile. 3, B. B. Bowen2 , B.
Hong3 and E. A. Jagniecki2 . 1Department of
Geological Sciences and Engineering, University
of Missouri-Rolla, 2Department of Geology,
Central Michigan University and 3Department of
Biological Sciences, University of Missouri-Rolla.
PALYNOMORPH AND ORGANIC MATTER
PRESERVATION
IN
EXTREME
LAKE
ENVIRONMENTS, WESTERN AUSTRALIA.
The hostile environments of modem shallow and
ephemeral acidic salt lakes in Western Australia
present an unusual and unique opportunity to study
palynology. Despite ranges in pH from
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approximately 4.0 to 1.5 and oxidizing conditions,
the siliciclastic sediments and salt crusts in these
lakes contain varying amounts of well to poorly
preserved
organic-walled microfossils
and
dispersed organic matter. Pollen of herbs and
shrubs, such as Asteraceae (daisy), Poaceae (grass),
and Chenopodiaceae (salt bush), dominate the
palynomorphs recovered from lake and shoreline
sediments. Tree pollen and algal zygospores are
comparatively few, and examples include
Mimosaceae (Acacia), Eucalyptus and ground pine.
Colonial green algae appear to absent.
Palynological data will yield information about
past and modem vegetation and climate changes,
and upon integration with sedimentological and
geochemical data will ultimately be used to
interpret overall environmental changes affecting
the lakes.
*Zacher\ C.A., J. Encamacion2, B.L. Stinchcomb3,
and P.G. Zacher 1. 1AERO Research, 2Department
of Earth and Atmospheric Sciences, St. Louis
University and 3 Geology Department, St. Louis
PROCESSES
OF
Community College.
FORMATION AND DYNAMIC FLUX PULSES
WITHIN
A
LARGE
FULGURITE
THERMOSTRUCTURE. Fulgurites are usually
relatively small, thin, and axisymmetric about a
hollow glass-lined interior void, but are
insufficiently complex to tell much of their genesis.
A large anomalous specimen from Spanish Lake
near St. Louis however shows quite distinct
exceptions in each of these ways. The fulgurite
formed in a loessial soil substrate with its diameter
(9cm max) and cross section area giving evidence
from the core electrical resistance, of some extreme
lightning currents. The whole interior is solidly
congested with spongiform vitrified material. The
outer sheath is covered with cinder-like lmm-lcm
grains partly fused. One of these beads was
subjected to a high temperature oxyacetylene flame
and melted near the range of maximum torch
temperature (Tmax = 3160°C). A part of the
fulgurite was sectioned vertically and bilaterally,
which shows the distortion of internal thrust
boundaries and axial layering. Directed internal
flow is also exhibited from bubbles and concentric
annular rings. Compression and rarifaction is also
indicated in an accompanying large vug.

MISSOURI ACADEMY OF SCIENCE: COLLEGIATE AND SENIOR DIVISIONS

Physics, Senior Division
Section Chair: Martin Nibol
Lin 1,2, E.R., N. L. Pai 1•2, and *p. Yu1. 1Department
of Physics and Astronomy, University of MissouriColumbia and 2Hickman High School. SPECKLE
PATTERNS OF POLYSTYRENE BEADS IN
TURBID MEDIA. Light in the near infrared is not
strongly absorbed as it propagates through most
biological tissue. This fact has produced two recent
technologies that use near infrared light to image
through tissue: frequency-domain photon diffusion
and coherence-domain imaging. Coherencedomain imaging can achieve high spatial resolution
down to microns although it is limited to near
surface imaging in biological tissues. We have
used a coherent domain technique based on low
coherence interferometry and optoelectronic
devices to acquire in vivo depth resolved images in
small tumors. Speckle patterns of such small
tumors provided quantitative measures of the
health, necrotic, and poisoned tissues. However,
the origins of these speckle patterns are not clear.
Although the nuclei, mitochondria and other
organelles inside cells are responsible for the
speckle under the illumination of low coherence
light source, these patterns at the imaging plane are
related to the photon pathways both inside and
outside the turbid media. We report systematic
experiments of the speckle patterns from
polystyrene beads (with diameter of 0.5, 1.0, 3.0,
6.0, and 10.0 microns), in turbid medium (mean
free path of 2, 4, and 6) for simulation of
heterogeneous inside cells. The results reveal that
the speckle patterns are dominated by the scattering
properties of the tissue, which is characterized by
the mean free path of the photons, and the
collection geometry of the backscattered light
photons. We'd like to thank Prof. Meera
Chandrasekhar for her support and discussion. This
work was supported by a University of Missouri
Research Board grant URB-04-072.
Pai 1•2, N.L., E.R. Lin1•2 , and *p. Yu1. 1Department
of Physics and Astronomy, University of Missouri2Hickman
High
School.
Columbia
and
SIMULATION OF OPTICAL SCATTERING OF
MITOCHONDRIA AFTER CELL APOPTOSIS.
The study of programmed cell death or apoptosis in
tumors has attracted increased interests because
apoptosis has a direct relationship with cancer
cells. Recent research has shown that whether a
cell lives or dies is related to its three dimensional
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environment such as the organization of cells and
the surrounding extracellular matrix. Therefore, it
is important to detect apoptotic cells and monitor
their response to drug treatment in the three
dimensional tissues. One phenomenon of apoptosis
in cells is the mitochondria loss control by the
nucleus. This may provide a way to experimentally
monitor the apoptosis by measuring the angular
distribution of optical scattering of the biological
tissue. In addition, combined with coherence
domain imaging technique, depth resolved
information can be achieved as well as angular
information. In this work we provide a simulation
of Mie scattering changes after cell apoptosis in a
turbid medium. We compare the theoretical
calculation (Mie scattering in a given density and
size of scatters) with experimental angular
scattering data acquired in the goniometric
measurements. The results can be used for
designing coherence domain optical scattering
imaging technique to monitor cell apoptosis in
tissue level. We'd like to thank Prof. Meera
Chandrasekhar for her support and discussion. This
work was supported by a University of Missouri
Research Board grant URB-04-072.
*Shaw, John E. Department of Chemistry and
Physics, Northwest Missouri State University.
THE MEANING OF ENTROPY AS IT RELATES
TO HEAT ENGINES. Entropy is frequently
defined as a measure of disorder but this definition
is difficult for students to grasp. Students
frequently confuse disorder with homogeneity.
Entropy is also defmed as a measure of a system's
ability to do useful work. This comes from the
thermodynamic definition of the change in entropy
as the heat input or output divided by the absolute
temperature. This defmition is somewhat vague.
How does this defmition describe the differences
between reversible heat-engines since all reversible
heat-engines have a zero net change in entropy?
For reversible heat-engines the increase in entropy
during heat input is equal to the decrease in entropy
during heat output. Three reversible heat-engines
will be compared: the Carnot cycle, the Otto cycle
and the idealized Diesel cycle. It will be shown that
the change in entropy during heat input is smaller
when the efficiency of the reversible cycle is
greater. This clarifies the defmition of entropy as
the measure of a system's ability to do useful work.
Illustrative examples will be given which further
demonstrate that the greater the efficiency of the
heat-engine, the greater the compression ratio.
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*Sim, Y., P. C. Gibbons, J. F. Wiegers. Department
of Physics, Washington University. DESIGNING
A PROFESSIONAL DEVELOPMENT COURSE
-LIGHT AND SOUND. The focus of this study is
a professional development (PD) course on light,
sound and waves - a course offered through the
Washington University Science Outreach Program.
Many elementary teachers lack a scientific
background and their incomplete knowledge in this
subject limits their effectiveness in class. Their
alternative conceptions in physics also transfer into
children without their awareness and create or
reinforce the children's misconceptions.
This
course is designed to develop elementary school
teachers' scientific knowledge beginning from their
preconceptions, and improve the PD providers'
teaching practice. The methods used were 1)
revealing and building on learners' present
knowledge 2) the process of inquiry through
specific activities and frequent formative
assessment tools
relevant
to
conceptual
understanding, and 3) monitoring the process of
learning through pretest, posttest, journals and
activity sheets. Individual prediction and group
discussion helped teachers be aware of prior
knowledge and ongoing thinking. Observations in a
set of activities were organized using simple
mathematical models to try to explain the
phenomena. In this study, there is an example of
the learning progress for several elementary school
teachers who teach light units in their classrooms,
addressing the learners' development in conceptual
understanding. We have learned what the PD
providers should change to increase their
effectiveness. A study about what teachers take
from the PD course into their classrooms is
underway.

Science Education, Senior
Division
Section Chair: Gouranga Saha
*Mills, S.H. Department of Biology, Central
Missouri State University PRE-MEDICAL
SERVICE LEARNING: JAMAICA MEDICAL
EXPERIENCE. Pre-med students join physicians,
nurses, and pharmacists in operating a free medical
clinic and pharmacy in Falmouth, JA. During each
of the past 5 years, students have assisted and
observed in the clinic and at the government
infirmary. To date, 25 Central students have
combined community service with preparation and
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reflection on the experience. The provision of
health services is not the most important factor. In
service-learning, students place their roles as future
health professionals and citizens in a larger societal
context. The main objective is to observe and
develop community health awareness in places
where resources and supplies are extremely
limited. Reflections facilitate the connection
between practice and theory and fosters critical
thinking. The exchange of information provides an
invaluable experience for participants, the patients,
and the medical team. The program's goals include
developing cultural competency, a sense of
community,
clinical skills, public health
knowledge, problem solving, service, and
promoting medical supply conservation. This
program is unique in integrating formal study with
service to the local community in an intercultural/
international setting. Students reflect on the social
conditions that make service necessary, the reasons
people do service, and the effect service may have
on a local or even national community.
*Saha, G. Department of Education, Lincoln
University. MAKING SCIENCE ACCESSIBLE
TO STUDENTS THROUGH INQUIRY. While
still many of our science classroom practices are
traditional, the reform-based science instruction
emphasizes teaching science by inquiry method.
Unfortunately, a greater number of science teachers
who are already in the classroom, do not only have
inadequate science content background but also
most of them feel incompetent when asked to teach
science by inquiry. This study developed a
research-based science teaching model for science
teachers that can effectively be used for their
science professional development needs. This
science instructional model is grounded in
emerging science of learning and supported by
technology. Consequently it offers teachers the
of inquiry-based
instructional
conceptions
strategies that can help support their students in
making science accessible to them (students).
Supported by data, details of the model and its
effectiveness
are
discussed.
Implications,
limitations and opportunities for further research
are argued.

Speleology, Senior Division
Section Chair: David Ashley
*Gaunt, D.A., K. Thomson, C. Rovey and G.
Balco, Department of Geology, Geography, and
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Planning,
Missouri
State
University.
PRELIMINARY
CLASSIFICATION
AND
DATING OF RIVERBLUFF CAVE SEDIMENT.
The sediment within Riverbluff cave generally
consists of well-stratified continuous layers. This
sediment was washed into the cave during flooding
events of the adjacent James River and its Ward
Branch tributary. We have focused dating attempts
on the Cave's main room where the sediment is
divided into eight distinct layers (L-1 through L-8,
youngest to oldest), some of which contain
disarticulated (detrital) bone fragments of large
Pleistocene-age mammals. Attempts at 14C dating
were unsuccessful, but indicate that the entire
sediment sequence is older than ~55Ka. Therefore,
we have begun dating these layers with the
paleomagnetic and cosmogenic-isotope techniques.
L-8 (oldest layer currently exposed) is a poorly
sorted slackwater facies. Portions of L-8 are
reversely magnetized, indicating deposition prior to
0.78 Ma.
Consistent with the magnetization,
quartz grains within this layer gave a burial
(depositional) age of 0.83 Ma +/- 0.07 Ma. L-7
and L-6 are the lower and upper subdivision,
respectively, of a coarse-grained (gravel), channel
facies containing the bone fragments of interest.
This gravel facies gave a burial age of0.63 +/- 0.06
Ma. Younger slackwater deposits (L-5 through L1) remain undated, but are normally magnetized.
We thank the Graduate College, Missouri State
University for funding.
*Taylor\ S.J., M.E. Slay2, S.R. Ahler3, and W.C.
Handel 1. 1lllinois Natural History Survey, 2The
Nature Conservancy, Ozark Highlands Office and
3lllinois State Museum Society. PATTERNS OF
CAVERNICOLE
DIVERSITY
AND
ABUNDANCE
IN
PULASKI
COUNTY,
MISSOURI.
Beginning in 2003, we have
conducted a bioinventory of caves and karst
features at Fort Leonard Wood, a military
installation in the northern Ozark region. We
inventoried 43 caves, 14 shelters, and 7 springs
using a variety of sampling techniques. Of the
more than 154 taxa recorded, 25 are cave-limited,
and 101 are cavernicoles. We recorded 13 classes,
42 orders, and 89 families of animals, including at
least two undescribed species of cave-adapted
invertebrates. Taxa richness varied with cave size
and degree of adaptation to the cave environment,
and data on microclimatic and habitat associations
of taxa are reported. Larger caves tended to
contain more cavernicoles as well as the richest
fauna of cave-limited taxa. Using species a
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accumulation curves and richness estimators (ICE,
Choa 1, Jacknife 2, & Bootstrap), we estimate that
we recorded between 85 and 95 % of the
cavernicole taxa present at Fort Leonard Wood.
Evaluation of the distribution and abundance, and
diversity of taxa m relation to habitat,
microclimate, and cave size provides an
opporttmity to provide informed recommendations
for resource protection to land managers.

Agriculture, Collegiate
Division
Section Chair: Martin Kaps
*Paynter, C., E. Magrowski, C. Hicks, J. Wetzel,
and K. Lee. Department of Biology, Lincoln
EVALUATION
OF
University.
HEXADECYLTRIMETHYLAMMONIUM(HDT
MA) TREATED ZEOLITE AS A FILTRATION
COMPONENT
IN AN
AQUACULTURE
WATER REUSE SYSTEM. Zeolite, consisting of
a metamorphic silicate tetrahedron of silicon oxide
(Si04) and aluminum oxide (Al04), is often used as
a filtration medium for drinking water. Natural
zeolite is negatively charged with a high affmity
for particles with a positive surface charge,
therefore, zeolite has little affmity for most viruses
and bacteria with a negative surface charge. A
recently patented modification of the zeolite with
hexadecyltrimethylammonium (HDTMA) results
in a positively-charged surface. Potential uses of
the HDTMA treated zeolite include odor removers,
air filters for air conditioning systems, soaking up
spills in various places, litter boxes for animals,
eliminating ice build up in freezers, reducing fly
infestation around animal cages, and reducing
mold mildew and bacterial build up. We
inves~igated the use of HDTMA treated zeolite in a
water reuse system for aquaculture of bluegill
(Lepomis macrochirus). Twelve filtration subsystems with different amounts of HDTMA treated
zeolite (0, 2480, 4960, and 7440 grams; three
replicates each) inside PVC tubes (15.3 em inside
diameter x 122 em height) were assembled to
operate in parallel with waste laden water from the
water reuse system sump flowing at a rate of
approximately 2650 mllmin through each tube.
Afferent and efferent water samples of each tube
were collected for total bacterial counts and the
levels of ammonia. Preliminary data suggest that
the HDTMA treated zeolite significantly reduced
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the total number of bacteria and the ammonia level
in the effluent by 77%, and 91%, respectively.

Biology, Collegiate Division
Section Chair: Larry Reichard
*Dreyer, C.L., R. A. Kazmierczak and A.
Eisenstark Cancer Research Center, University of
Missouri-Columbia. EFFICIENT SCREENING
OF ROUGH COLONIES IN SALMONELLA
TYPHIMURJUM
Developing a strain of
Salmonella that can be safely used for cancer
treatment is the top priority of the Cancer Research
Center. Recently, strains have been developed
elsewhere that have been effective at fighting
cancer in mice, but have been harmful to patients'
health in clinical testing. The CRC has been
working
on identifying
and
eliminating
characteristics that make the Salmonella toxic
while preserving its tumor-fighting phenotype. It
has been shown that removal of the Lipid A
carbohydrate from the cell membrane of
Salmonella reduces its toxicity. When this is
removed, the cell membrane is disrupted and the
Salmonella colony grows with jagged outer edges,
typically described as "rough". In order to select
for rough phenotypes quickly and easily, P22
virulent phage was co-incubated with our
CRC1674 Salmonella typhimurium LT2 and grown
overnight at 37°C. Salmonella colonies that grew
were selectively resistant to P22 attachment and
infection at the cell membrane, thus being putative
rough phenotypes. To confirm the rough
phenotypes, the P22-resistant Salmonella were
grown overnight on Waterblue plates. Different
concentrations of aniline blue dye were used in the
Waterblue plates to determine which concentration
was optimal for clear detection of rough mutants.
EBU ("green") plates were also tested for the
ability to quickly screen putative rough mutants.
Colony morphologies of putative rough mutants
and recently constructed rough mutants
(LT2rfaH::pKD4 and LT2ArfaD-G::pKD4) on
W aterblue and EBU plates are shown and
discussed below.
* Dwilewicz 1, A.B., R. Brown 1, M.N. Rahaman2.
Departments of Biological Sciences 1 and Ceramic
Engineering2, University of Missouri-Rolla.
GROWTH OF MC3T3-El PRE-OSTEOBLASTS
ON BORATE CONTAINING GLASSES. Boratebased glasses in the B20rSiOrNa20-CaO-P20s
system were recently developed at this institution
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for possible use as scaffolds in bone tissue
engineering. In this study, three of the borate-based
glasses, compositions designated lB, 2B, and 3B,
with B20 3 levels of 15, 31, and 46 mole percent,
respectively, were tested for their effects on the
growth of MC3T3-El mouse preosteoblast cells.
Silicate 45S5 glass was used as the control for
comparison. Contact assays of cell growth at the
glass interface revealed that over three days the cell
density was especially low of the 3B glass
compared to the 45S5. Similarly, a quantitative
fluorescence assay of total cellular DNA in cultures
incubated for four days, revealed the total cell
density as compared to the 45S5 glass was 95%,
93%, and 50% for lB, 2B, and 3B (33mg samples)
glasses, respectively. The reduced level of growth
in the cultures incubated with the 3B glass appears
attributable to release of elevated levels of borate
into the culture medium. Chemical analysis of
borate, released into the medium, revealed that lB,
2B, and 3B released 1.296 mM, 2.886 mM, and
16.524 mM borate, respectively. Scanning electron
microscope imaging showed that MC3T3-El cells
exhibit the same morphology on the borate glasses
and the 45S5 control glass. Collectively, the results
obtained suggest that lB and 2B glasses permit a
satisfactory level of MC3T3-El cell growth and
appear promising for possible use in bone tissue
engineering.
*Eichman, C.E. 1, S.H. Cairns 1, and J.K. Eichman2 .
1Department of Biology, Central Missouri State
University and 2EcoAnalysts, Inc. PREFERENCE
OF
PHYSA
GRAZING
ON
DIATOM
ASSEMBLAGES. Algal grazing by snails has been
the focus of several environmental studies in
ponds, lakes, streams and rivers that focused on the
interaction of grazing snails and the group of algae,
diatoms. The objective of this project was to
determine the grazing habits of a snail on diatom
assemblages in standing water on an artificial
substrate. Six PVC cages were created to house the
substrates. They were placed in the lake for three
weeks then snails from the genus Physa were
introduced into three of the six cages. The cages
were then left for three weeks. Results indicated a
preference for specific taxa during the grazing
process and not random foraging. Comparing the
plates from the grazed and ungrazed communities
and comparing those plates to the results from the
snail guts determined the preference. The
Achnanthes minutissima Disturbance Index showed
a difference between the ungrazed community and
the grazed community. The dominant species
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found in the ungrazed cages was Fragilaria
capucina var. mesolepta. This was the most
dominant species in the snail guts, but these taxa
found in low numbers on the grazed plates.
*Elmer1, J.J., J.L. Jacobi\ K.L. Russell 1, R.
Sondur, D.M. Porterfield2•3 1Department of
Biological Sciences, University of Missouri-Rolla,
2Department
of Agriculture and Biological
Engineering and 3Department of Horticulture and
Landscape Architecture, Purdue University. THE
ROLE OF NITRIC OXIDE AND CGMP IN
ROOT GROWTH. Previous experiments have
shown that NO and cGMP are involved with
diverse functions in plants, including Ca++
dependent polar cellular development in pollen
(Prado et al., 2004, Development: 131: 27072714). In these experiments, we used a
pharmacological approach to determine if a
NO/cGMP dependent signaling pathway was active
in regulating vertical root growth in Arabidopsis
thaliana. Our hypothesis was that a NO/cGMP
dependent signaling pathway is activated by auxin
to direct cell elongation in the root. Arabidopsis
thaliana plants were initially grown on agar/MS
media and then transferred to media containing
experimental drugs. Then the plates were scanned
at two hour intervals until 8 hours had elapsed, and
again at 24 hours. Root lengths were measured
from the digital images using Scion Image
software. Artificial NO donors (DEA and
spermine NONOates) were shown to enhance root
elongation at low concentrations, whereas high
concentrations
inhibited
root
elongation.
Pharmacological accumulation of cGMP by adding
dibutryl cGMP or by blocking cGMP specific
phosphodiesterase activity, using the drug Viagra,
also enhanced root elongation. The nitric oxide
synthase inhibitor L-NAME also promoted root
elongation in a dose- dependent manner. The NO
scavenger and NOS inhibitor cPTIO had a positive
effect on root growth. Meanwhile PTIO, which is
solely a NO scavenger, had a negative effect.
*Erickson, M.A., Kazmierczak and A. Eisenstark,
Cancer Research Center, University of MissouriColumbia. PROFILING THE INTERACTION OF
SALMONELLA TYPHIMURIUM AND HUMAN
PROSTATE CANCER CELLS USING RANDOM
TN5 INSERTIONS. The Cancer Research Center
(CRC) currently possesses a unique collection of
Salmonella typhimurium strains, which previously
have been sealed and stored in agar stabs for about
forty years. After subjecting these strains to
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various metabolic and genomic tests, archival
strains were screened for the ability to adhere and
invade prostate cancer (PC-3) cells. One strain in
particular, CRC1674, displayed the ability to
selectively bind and invade PC-3 cells. This
suggested potential of CRC1674 as a possible
therapeutic agent for prostate cancer. Our current
goal is to test whether specific genes occur in the
CRC1674 genome that are critical to either the
adhesion or invasion process. We plan on
generating Tn5 knockout pools using our tumortargeting strains, tagging them with a fluorescent
protein for tracking, and co-culturing them with
PC3 cells. Interactions between cells may then be
monitored using confocal fluorescence microscopy.
We will screen for knockouts of 1674 that are
unable to adhere or invade the PC3 cells. Findings
of specific knockouts that display this loss of
ability imply the loss of genes essential for tumor
targeting and invasion. By pinpointing where the
Tn5 insert occurred in the deficient knockout
genomes (by means of sequencing or other
methods), we can identify necessary genes for
adhesion and invasion of human prostate cancer
cells. This knowledge would be of vast importance
to those who are interested in engineering tumortargeting bacteria.
Hilton, S. L., K. M. Moriuchi, B. N. Welch and T.
M. Carroll. Department of Biology, Drury
University. FEEDING HABITS OF BANDED
AND FOUREYE BUTTERFLYFISH. This study
investigated feeding preferences of two species of
butterflyfish, banded butterflyfish ( Chaetodon
striatus), and foureye butterflyfish (Chaetodon
capistratus), found native on Bari Reef, Bonaire,
Netherlands, Antilles in January 2006, and their
average home ranges. Feeding preferences were
observed for each fish at a depth no greater than
thirty-five feet in ten-minute intervals over a period
of four days. The number of bites taken in four
predetermined categories (star coral, brain coral,
coral rubble, other) was recorded for each fish in
ten-minute intervals. Home ranges were
determined by measuring the distance the fishes
traveled from their initial position to their fmal
position during the observational period. Our
results demonstrated a significant difference in
number of bites taken between the two species of
butterflyfish. Moreover, there was an obvious
feeding preference in coral type. Bites taken by the
foureye butterflyfish were nearly double those
taken by the banded butterflyfish, and it was found
that the foureye butterflyfish were more active
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swimmers with a greater home range.
Relationships were also defined for number of bites
and home range. While both species preferred coral
rubble to other feeding categories, the banded
butterflyfish did so at approximately a 20% greater
margin. This is intriguing because the primary food
source for butterflyfish is coral polyps and coral
gametes, which leads to further possible areas of
study involving coral growth and reef
rehabilitation.
*Jacobi, J.L., R.S. Aronstam, and A. Martin,
Department of Biological Sciences, University of
Missouri - Rolla. MODIFICATION OF A
VECTOR
TO
IMPROVE
SCREENING
EFFICIENCY DURING GENE CLONING. The
ligation reaction is frequently the most limiting and
costly step dming DNA cloning. One reason is the
inability to detect successful double digestion of
the vector's multiple cloning site (MCS) at the
desired site of insertion. In the MCS of the plasmid
(pcDNA3.1 + 3xHA) we use to introduce
hemagluttinin epitope tags, only 21 nucleotides
separate the EcoRV and Xhol restriction sites used
for gene insertion. Thus, it is virtually impossible
to identify plasmids that have been effectively
digested; doubly digested plasmids are virtually the
same size as singly cut plasmids. To eliminate this
problem, a modified version of the plasmid was
created that contains a 1,407 nucleotide insert
between the EcoRV and Xhoi sites. Now, double
digestion results in a significantly smaller plasmid
that can be easily visualized. A second problem has
been ligation-induced destruction of an EcoRV site
in the MCS. To circumvent this problem, a primer
was designed that re-creates the EcoRV site. This
primer also inserts an EcoRI restriction site
immediately following the EcoRV site. Thus, this
modified plasmid accelerates cloning by decreasing
the likelihood of incompletely cut plasmids
reaching the ligation reaction stage. Moreover, the
inserted EcoRI site permits "double sticky" EcoRI
and Xhoi/Xbai tagging reactions. This approach
has wide applicability in the production of unique
plasmids for specific cloning uses.
*King 1, T., R. Brown 1, R. Brow2 . Departments of
Biological Sciences 1 and Ceramic Engineering2 ,
University
of
Missouri
Rolla.
BIOCOMPATIBLIY OF BIOACTIVE GLASS
COATINGS FOR IMPLANTS. Several boratebased glasses were recently developed at the
University of Missouri-Rolla as alternatives to
silicate-based bioactive glass for use as coatings on
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titanium orthopedic implants. Two of these boratebased glasses, compositions designated B 18 and
H12, adhere very firmly to the surface of titanium
and initiate the formation of a bioactive surface
layer. This in vitro investigation was conducted to
assess the effects of Bl8 and H12 glasses on the
growth and function of bone cells with 45S5
silicate glass used as a control for comparison. Two
established cell lines, MC3T3-El mouse preosteoblastic cells and SaOS human osteosarcoma
cells, were used in the in vitro tests with these
glasses.
For the assessment of cell growth,
MC3T3-El cells were inoculated at a density of
20,000 cells/em onto the borate and silicate glasses
and incubated for two to six days. The cultures
were subsequently stained with Hoechst 33258 to
Photomicrographic
fluorescently label nuclei.
images obtained revealed that MC3T3-El cells
firmly adhere and proliferate on the borate glasses,
although not quite as rapidly as on the control
silicate glasses. Formation of alkaline phosphatase,
an indicator of expression of osteoblast phenotype,
was assessed by inoculating SaOS cells on samples
of silicate and borate glasses.
Histochemical
analysis after two to six days of incubation
revealed alkaline phosphatase activity on the
silicate and borate glasses, as indication of
differentiation bone cell function. The overall
results suggest that borate-based glass, when
compared to the silicate control, is an
osteoconducive material that permits good bone
cell growth and differentiation.
McReaken, M. and J. Miller*. Department of
Science, Math and Agriculture, State Fair
Community College. POPULATION GENETICS
REGARDING BITTERNESS GUSTATION AND
THE CORRELATION OF BOILED CABBAGE.
Previous studies have suggested a correlation
between bitterness gustation and the preferences of
certain foods (e.g., boiled cabbage, brussel
sprouts). Human generational genetics hold
specific traits that can be measured for gestation
(P.T.C.) paper,
using Phenylthiocarbamide
Thiourea paper, and Sodium Benzoate papers. If
the current population of students at State Fair
Community College is tested, and questions are
asked regarding personal preferences of boiled
cabbage, then according to the Hardy-Weinberg
equation, the gustation for bitterness within the
student population will correlate with the
percentage of possibility due to allele traits.
Additionally, the preference for or against boiled
cabbage may also be correlated with the ability to
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taste P.T.C., Thiourea, and Sodium benzoate. In the
P.T.C. gustation recognition, 83% could taste,
while 17% did not. Of the non-tasters, 67%
preferred the taste ofboiled cabbage in comparison
to 45% of tasters. The Thiourea gestation
recognition, 87% could taste, making the nontasters 14%. These non-tasters had a 55%
preference toward boiled cabbage in comparison to
a 58% of tasters. Sodium Benzoate gustation had
an 80% ability to taste, while 20% of the tested
population held the non-taste. Of the non-tasting
group, 64% liked the taste of boiled cabbage, while
59% of the tasters held the same preference.
*Petry, A. and M. S. Burt. Science Division,
Truman State University. HOME RANGE SIZE
AND HABITAT USE OF THE BOBCAT (LYNX
RUFUS) IN NORTHEAST MISSOURI. Bobcat
(Lynx rufus) populations have rebounded in
northeast Missouri after being nearly extirpated
from the region in the early 1900's. Information
about bobcat home range size and habitat use in
highly agricultural settings is minimal and may
vary greatly from studies in more contiguous
habitats. We documented 5 cases as a pilot study
in which the mean 95% fixed-kernel summer home
range of an adult male bobcat (n = 3) was 42.5 km2
and habitat selection values showed preference for
deciduous (P = 1.133), mixed (P = 1.294), and
evergreen (P = 2.050) forests. Because each
individual bobcat varied in its selection for the 15
available habitat types, we used Bonferroni
simultaneous confidence intervals (P = 0.05) and
goodness-of-fit values to corroborate initial habitat
selection and avoidance. The results suggest that a
larger sample size (n = 10/15) is needed to increase
statistical power, while current comparisons of land
cover data and habitat use indicate self-sustaining
bobcat populations in only small portions of
northeast Missouri. With the statewide re-opening
of bobcat harvest in 2004-2005 (the first time in
over 30 years), it is recommended that further data
be collected before statewide bobcat management
regimes continue. Supported by the Truman State
Science Alumni Research Stipend/NSF STEP
Program.
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*Rangel, D.G., C. Falco and S. Sockanathan.
Department of Agriculture, Biology, Chemistry,
and Physics, Lincoln University. Department of
Neuroscience and Johns Hopkins University
School of Medicine. CHARACTERIZATION OF
SOD-1 IN CHICK SPINAL MOTOR NEURON
DEVELOPMENT. ALS (Amyotrophic Lateral
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Sclerosis) is a neurodegenerative disease involving
motor neurons. It can be divided into sporadic and
familial (FALS) forms, which exhibit similar
clinical symptoms. Five to ten percent of FALS
cases can be linked to mutations in the SOD 1 gene.
Most analyses have focused on adult transgenic
mouse models; however a potential embryonic
component has not been explored. Key events in
embryonic motor neuron development are
conserved between all vertebrate species including
man. Our study had two aims. The first was to
identify temporal and spatial expression patterns of
SOD-1 in relation to motor neurons in chick
embryos. The second was to assess the effects of
over expressing SOD WT (wild type) and mutant
proteins on motor neuron development. We found
that the expression of SODl is coincident with the
marker Islet 1/2. We show temporal and spatial
expression of SODl in relation to the post-mitotic
motor neuron marker Islet 1/2 at limb levels. We
show
different
motor
neuron
subtypes
distinguished by cell body position, axonal
projection, and molecular marker expression.
Continued exploration of the chick as a model is
justified.
*Scarborough, A.R. and H.W. Keller. Department
of Biology, Central Missouri State University.
TREE CANOPY MYXOMYCETES (TRUE
SLIME MOLDS): SPECIES ASSEMBLAGES
AND DIVERSITY IN RELATION TO BARK PH.
Air pollution from acid rain and dry acid
deposition contributes to tree injury and death at
high elevation sites in Great Smoky Mountains
National Park (GSMNP). My working hypothesis
is that a relationship exists between species
assemblages of corticolous myxomycetes and bark
pH of different tree species. The study sites were
located in GSMNP and Pertle Springs,
Warrensburg, Missouri. In addition, myxobiota
will include any rare or new species. Abies fraseri,
Picea rubens, Juniperus virginiana, and Quercus
alba were climbed using the double rope climbing
technique and sampled for bark at approximately 3
m increments up to 12 m. Laboratory moist
chamber cultures were prepared using bark from
living trees, measured for pH, and microscopically
scanned for myxomycete plasmodia and fruiting
bodies. Seven rare and one possible new species
were found. Thirty-four species represent new
records for the state of Missouri, two for GSMNP
and a possible new species. Results indicate some
myxomycete species assemblages are restricted to
an acidic pH range (3.0 to 4.0); others to a near
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neutral pH (5.5 to 7.0); still others span a pH from
4.0 to 7.0. Juniperus virginiana had the highest
mean pH at 6.76, and Picea rubens_had the lowest
mean pH at 3.72; both had a distinctive assemblage
of myxomycete species. No myxomycete species
were observed in moist chamber bark cultures from
Abies fraseri, collected at nearly 1,830 m. The
results of this study suggest that myxomycetes may
be bio-indicators of air pollution at this high
elevation site near Clingman's Dome in GSMNP.
*Scarborough, A.R. and H.W. Keller. Department
of Biology, Central Missouri State University.
VERTICAL DISTRIBUTION PATTERNS OF
TREE CANOPY MYXOMYCETES IN GREAT
SMOKY MOUNTAINS NATIONAL PARK AND
PERTLE SPRINGS. Myxomycetes have been
classified in the Kingdoms Animalia, Plantae,
Fungi, and Protista, with molecular evidence
favoring the Protista. Known as true slime molds
because of their plasmodial stage, myxomycetes
produce small, spore-forming fruiting bodies which
often go undetected in tree canopies. Resting
stages (spores, microcysts, and sclerotia) enable
corticolous myxomycetes to grow on the bark
surface of living trees and vines. The objectives
were to tabulate the frequency distribution of
canopy myxomycetes along a vertical transect up
to 12 meters; to quantify and compare the presence
or absence of canopy myxomycetes with those
found on ground sites; to search for new and rare
myxomycete species; to determine if any
myxomycete species are restricted to canopy
heights above 3 meters. The working hypothesis
states that no myxomycete species are restricted to
the upper canopy since none are presently known
based on the approximately 1000 species recorded
worldwide. Bark samples were collected from
living tree canopies in Great Smoky Mountains
National Park, Tennessee and Pertle Springs,
Missouri using the double rope climbing technique.
Bark samples collected from Juniperus virginiana,
Picea rubens, Quercus alba were placed in moist
chamber cultures where plasmodia and fruiting
bodies
were
observed
and
identified
microscopically. A total of 54 myxomycete taxa
were identified for both GSMNP (two new records)
and PS (34 new records), including seven rare
species (Clastoderma microcarpum, Diachea

arboricola, Echinostelium coelocephalum, Licea
inconspicua,
Macbrideola
declinata,
and
Physarum synsporum). Diachea arboricola is a
new species restricted only to the upper tree
canopy.
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Chemistry, Collegiate Division
Section Chair: James Gordon
*Boyd, V.L. and S. Sarkar.
Department of
Chemistry and Physics, Central Missouri State
University.
SYNTHESIS
AND
CHARACTERIZATION OF MONO AND
DIMETHYL SUBSTITUTED BENZHYDROLS
AND
BENZOPHENONES
FOR
ANTIMICROBIAL ACTIVITY STUDIES. Our
initial antimicrobial activity studies of a select
group of methyl substituted benzhydrol and
benzophenones have shown promise as effective
inhibitory agents for a variety of microorganisms.
In order to broaden the scope of this antimicrobial
study, eighteen different mono and dimethyl
substituted benzhydrols and benzophenones were
synthesized and characterized using spectroscopic
techniques. The mono and dimethyl substituted
benzhydrols were synthesized using a standard
Grinard reaction with the respective bromotoluenes
and benzaldehyde derivatives. The benzophenones
were synthesized with a silica gel supported-Jones
Oxidation reaction using the corresponding mono
or dimethyl substituted benzhydrol. The silica gel
supported-Jones Oxidation resulted in the
benzophenones with yields ranging from 76 to
100%. The dimethyl substituted asymmetric
benzhydrols and the monomethyl substituted
benhydrols were obtained as racemic mixtures. All
products were characterized using Thin Layer
Chromatography (TLC), proton and carbon
Nuclear Magnetic Resonance (NMR), infrared
spectroscopy (IR), and melting points where
applicable.
*Bramon, J., J.Kyger, J. Guthrie, B. Higgins, L.
Hillman, J. D. Robertson and D.Grev. Chemistry
Department, Columbia College. ANALYZING
THE EFFECTS OF LACTOSE ON CALCIUM
ABSORPTION IN PREMATURE INFANTS
USING HIGH RESOLUTION INDUCTIVELY
COUPLED PLASMA-MASS SPECTROMETRY
(HR-ICP-MS). Concerns have been noted in the
scientific community regarding lactose intolerance
especially in premature infants, as lactase, the
enzyme responsible for lactose digestion, is most
readily detectible during the third trimester of
pregnancy. In this study, in conjunction with Dr.
Laura Hillman of the University of Missouri
Hospital, each infant was fed lactose and maltose
formulas during different weeks using a dual tracer
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method in which two calcium isotopes were
administered, 44 Ca orally and 46 Ca intravenously.
Urine samples were collected after 24 hours.
Analysis related natural abundances of calcium
isotopes to the measured values in the urine.
Polyatomic ion interferences were differentiated
from the calcium peaks by analyzing the samples at
a resolution of 4000. Mathematical corrections for
interferences caused by titanium and doubly
charged strontium were determined by measuring
the specific isotopes 47Ti and 87 Sr++ and using
known natural abundances of the interfering
isotopes to correct each calcium count rate.
Mathematical calculations relate the enriched
isotope ratio measurements of 44 Ca and 46 Ca to
calcium absorption. Analysis regarding the effect
of lactose on calcium absorption is ongoing. Our
data precision on the ICP-MS was acceptable with
percent relative standard deviations (%RSD) for
external precision over the course of a week at 1.4,
2.2, 0.71, and 1.4 for isotope ratios 42 Ca: 43 Ca,
42 Ca: 44Ca, 42 Ca: 46 Ca, and 42 Ca: 48 Ca respectively.
Daily internal precision (%RSD) values were .37,
1.3, .69, and 1.5. The precision shows the viability
of utilizing HR-ICP-MS analysis for calcium
isotope ratios.
DeVore, M.S., L.N. Foresee and N.M. Michno.
Department of Science and Technology, Evangel
University.
DETERMINATION
OF
ENVIRONMENTAL CONDITION OF FOUR
GREENE COUNTY CAVES. Soil or water
samples were analyzed for detergents, heavy
metals and phosphates using florescence, flame
atomic absorption, and spectrophotometric assay
for total phosphates, respectively. The presence of
optical brighteners was determined on cave
currents using two florescence apparatuses
resulting in a presence or absence reading,
commonly used as an indicator of raw sewage.
For atomic absorption, multiple soil and water
samples were taken from each cave and tested in
triplicates for six heavy metals: lead, iron, nickel,
cadmium, copper and chromium. Extra samples
were spiked to verify the recovery of pre-measured
standards. The Standard Methods procedure 4500p E. was modified to use the Malachite Green
Phosphate Assay Kit (POMG-25H) from BioAssay
Systems; two water samples from each cave were
run in triplicate to determine the average
concentration of total phosphate. The presence of
optical brighteners was negative for all cave sites at
this point. Atomic absorption indicates that the
concentration of heavy metals at each cave were
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below the established United States Environmental
Protection Agency maximum concentration levels.
This study indicates that the caves studied in
Greene County do not contain dangerous levels of
raw sewage or any of the six heavy metals tested.
The caves sampled represent caves in urban, rural,
and mid-urban locations. This allows for a broad
comparison of any differences in urbanization
levels.
*Holden, R.E. and K. E. Garrison. Department of
Chemistry,
College
of
the
Ozarks.
DEGRADATION STUDY OF AMOXICILLIN.
The amount of amoxicillin prescribed to patients
has more than doubled in recent history. These
molecules potentially pass through water waste
treatment processes such that the increase in
amoxicillin can be detrimental to water quality in
the environment. Issues of importance include an
increase in resistance to the antibiotics by bacteria
living in the natural systems. If the amoxicillin is
degrading, then it would not be a problem in our
waterways. The degradation of amoxicillin has
been observed in this study. Samples were divided
according to four sample storage subclasses:
storage on ice, with light present; storage at room
temperature, with light present; storage on ice,
without light present; storage at room temperature,
without light present. The mobile phase being used
consists of seventy-four percent methanol, twentyfive percent deionized water, and one percent
acetic acid with an acidic pH. The samples were
dissolved in the acidic mobile phase and analyzed
by the Buck !socratic HPLC system between 254
and 280 nm with 15 minute run times. The data
was then analyzed to show a clear trend in
degradation for all samples over time. Future
ramifications of this study could include showing
the trends of pharmaceuticals in the natural
waterways of Missouri. This research is currently
being supported by College of the Ozarks.
*McCartney C. and S. Sarkar, Department of
Chemistry and Physics, Central Missouri State
University.
SYNTHESIS
AND
OF
4
CHARACTERIZATION
NAPHTHYLOXYPHENOL
AND
A
DINAPHTHYLOXY BENZENE. Calixarenes are
macrocyclic phenolic molecules which contain
hydrophobic cavities to bind a variety of neutral
organic guests. Modification of the substituent on
the phenolic moiety of calyx [4] arenes can provide
unique cavities for specific guests of environmental
concern such as polyaromatic hydrocarbons. In
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order to increase the hydrophobicity and the size of
the cavity, we have synthesized 4-naphthyloxyphenol
with
a
70%
yield using
~
bromomethylnaphthalene and hydroquinone. In a
later step, 4-naphthyloxyphenol was reacted with a
second equivalent of ~-bromomethylnaphthalene to
produce 1,4-dinaphthyloxy benzene molecular clip
which will be used to study complexation of
neutral aromatic guests. This paper will describe
the reaction conditions
to produce
4naphthyloxypenol and 1,4-dinaphthyloxybenzene,
and the associated spectroscopic evidence used for
identification and characterization.
* Siebert, R.S and J. C. Easdon. Department of
Chemistry,
College
of
the
Ozarks.
PREPARATION OF 4-ACYL-5-CHLOR0-13DIMETHYLPYRAZOLONES. Previous resea:ch
has indicated that thiopyrazolones are useful to
extract lanthanide and actinide metals. If attached
to a polymer, an application of the thiopyrazolonepolymer complex is filtering water contaminated
with lanthanide and actinide metals.
This
presented research added acyl groups with reactive
functional groups so it can be attachment to a
polymer. The pyrazole ring was synthesized by
adding ethyl acetoacetate to methyl hydrazine in
methanol. The pyrazole ring was then chlorinated
using POC13 . Bromination of 5-chloro-1 3dimethylpyrazole at the 4-position was achie;ed
using Br2 . All subsequent reactions were carried
out at the 15 mmole size. Using a cryocool
immersion cooler, the acylation reaction was
conducted at -60°C and under inert atmosphere.
Using the procedure of DeWald and Butler, n-BuLi
is added to replace the bromine with a lithium atom
making the 4-carbon nucleophilic. Acid chlorides
of interest were added to acylate the 4 position.
Purification of the resulting reaction mixture
included aqueous and organic separation followed
by vacuum distillation. Further purification
included TLC and flash chromatography using the
FLASH40i chromatography unit from Biotage. The
resulting products were analyzed by IR, GC-MS,
and H-NMR. The three-acyl groups attempted to
be added to the pyrazole ring were decanoyl, 3,3dimethylacroyl, and 4-flurobenzyoyl. Future
research must be conducted in order to add the thio
group and then the acylthiopyrazolone can be
attached to a polymer. This research was supported
by College of the Ozarks.

107

Mathematics, Collegiate
Division
Section Chair: Daniel Marsh
*Tran, K. Division of Mathematics and Computer
Science, Truman State University.
REFINEMENTS
IN
THE
NEGATIVE
SOLUTION OF HILBERT'S TENTH PROBLEM
FOR RATIONAL INTEGERS AND GAUSSIAN
INTEGERS. In 1900 David Hilbert delivered a
famous lecture at the International Congress of
Mathematicians in Paris. He identified 23 unsolved
problems in mathematics. His tenth problem in the
list asked for devising a process with a fmite
number of operations to determine whether a given
Diophantine equation is solvable in rational
integers. With the culmination of the work of
several mathematicians, a negative solution was
completed by Yuri Matiyasevich in 1973. This
solution required the proof of the equivalence
between recursively enumerable sets and
Dio~hantine sets, which was achieved in 1961 by
Dav1s, Putnam, and Robinson. Matiyasevich
completed the problem by showing the equivalence
between exponential Diophantine sets and
Diophantine sets. After completing the negative
solution for Hilbert's tenth problem in rational
integers, mathematicians turned to establishing
negative solutions of Hilbert's tenth problem in
other domains, including Gaussian integers (i.e.
there is no algorithm to determine whether a
Diophantine equation is solvable in Gaussian
integers). The proof for Gaussian integers is based
on a reduction to the original Hilbert's tenth
problem in rational integers. Some refinements can
be made in the negative solutions of Hilbert's tenth
problem in both rational integers and Gaussian
integers.
This presentation will give the
background concerning Hilbert's tenth problem
and explore these refinements.

Social and Behavioral
Sciences, Collegiate Division
Section Chair: Mara Aruguete
*Anhalt, R., M. Brown and C. Saxon. Psychology
Department,
Westminster
College.
THE
INFLUENCE THAT VIOLENT CONTENT IN
VIDEO GAMES HAS ON COLLEGE

MISSOURI ACADEMY OF SCIENCE: COLLEGIATE AND SENIOR DIVISIONS
STUDENTS. As video games have increased in
popularity the concern over their influence has also
increased particularly in conjunction with the
violent content that is becoming more graphic. We
wish to study the extent of influence that violent
content in video games has on college students.
Our participants will consist of 48-college students,
half male and half female age 18-24 years old. We
will collect data via two aggression tests to
determine the participant's level of aggression
before and after the experiment, a demographic
questionnaire to determine a history of playing
violent video games and the amount of time spent
playing video games, and observation of aggressive
behavior during the experiment. The experiment
will consist of random assignment into pairs
playing either a violent competitive game or a nonviolent competitive game; pairs will be same sex.
*Blanchard, C. and C. Crawford. Psychology
Department, Westminster College. GENDER AND
PROBLEM SOLVING. In the workplace or at
home, communication is a necessary part of
everyday life. Differences in the way males and
females communicate is seen most clearly when
both are engaged in disputes or arguments. To
observe these differences, student volunteers from
Westminster College will be asked to complete two
questionnaires that will · indicate levels of
masculinity and femininity. Participants will then
be asked to partake in a role-playing situation in
which problem-solving behaviors will be observed
and evaluated by two members of the Department
of Psychology at Westminster. An experimenter
will randomly assign each participant to a roleplaying partner. We hypothesize that males who
exhibit traits of masculinity will also exhibit more
signs of anger and will be more aggressive while
trying to solve a problem while females who
exhibit traits of femininity will subdue their anger
and be less aggressive.
*Winslow, J., R. Davis and T. Olendorf£
Psychology Department, Westminster College.
OF
EYEWITNESS
THE
VALIDITY
TESTIMONIES DUE TO THE CREATION OF
FALSE MEMORIES. There has been a growing
concern with the validity of eyewitness testimonies
due to the creation of false memories. A false
memory is an event that did not happen or is a
distortion of an event that did occur as determined
by externally corroborated facts (Wikipedia, 2006).
This study is designed to test the effects of
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ethnicity on the creation of false memories. Fortyfive Westminster College African American,
Caucasian, and Asian students aged 18-22 years
old of both sexes will be presented with a series of
pictures of faces from different ethnicities. It is
hypothesized that the creation of false memories
are more likely to form when different ethnicities
are present. We believe that people of different
ethnicities will have a harder time remembering the
facial features of someone of a different ethnic
background. The researchers want to fmd out if
one's ethnicity has any influence on facial
recognition.
*Wobken, J.D. and Ghinescu, R. Department of
Social and Behavioral Sciences, Lincoln
University. DEATH IN POLITICS: THE EFFECT
OF MORTALITY SALIENCE ON POLITICAL
PREFERENCE. Terror management theory posits
that reminders of death increase both positive
evaluations of people that support one's views and
negative evaluations of people that threaten one's
views. In the present study we will investigate
whether reminders of death (mortality salience)
would increase De:tnocrats/ Republicans' positive
evaluations of a same affiliation candidate and
negative evaluations of an opposite affiliation
candidate.
All participants will complete a
questionnaire packet which will include basic
demographic information, political preferences,
and two filler questionnaires (the social desirability
scale, Crowne & Marlowe, 1960 and the L, F, and
K scales of the Minnesota Multiphasic Personality
Inventory, (MMPI), Hathaway & McKinley, 1967).
Participants will be divided into two groups on the
basis of their political affiliation: Democrats and
Republicans. Participants will then be randomly
assigned to two conditions: in one condition,
participants will be asked to write an essay about
their own death (mortality salience condition). In
the second condition, participants will be asked to
write an essay about a neutral topic, such as
watching television (control condition). As a
dependent measure of worldview defense, all
participants will evaluate essays describing either a
Democrat or a Republican candidate.
This
dependent measure will consist of two questions
about liking and wanting to meet the candidate
described in the essay. Data will be analyzed in a 2
(mortality salience: death vs. television) X 2
(political affiliation: Democrat vs. Republican)
ANOVA on target liking.

