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CESIUM-137 

(Received June, 1996; revised November, 1996) 

Haijo Jung, Nuclear Engineering Program 
University of Missouri, Columbia, Missouri 65211, and 

Jay F. Kunze, College of Engineering, 
Idaho State University, Pocatello, ID 83205 

Abstract: Growing plants and trees preferentially adsorb and concentrate alkali metals from the soil. 
Cs-137, a man-made radioactive isotope found in the geosphere has been found to be present in 
unusually high concentrations in some wood ash, particularly in the New England area (Farber, HPS 
Newsletter, April 1990). Some of these radioactive levels have been above what is considered within the 
regulations for disposal of low level radioactive waste in landfills. These levels are generally so low that 
radiation dose to the population is negligible (well below normal background), but the concern is that the 
presence of such radiation would be interpreted incorrectly as a release from a nuclear power plant or 
other nuclear facility or hospital. The atmospheric levels of Cs-13 7 exist primarily from nuclear bomb 
testing and the fallout from the Chernobyl disaster in 1986 in the Ukraine. We obtained and analyzed 
eight samples of a variety of wood and charcoal in Missouri, burned these to ash, and measured the low 
levels of Cs-137, as well as of naturally occurring K-40. Our K-40 results are similar to those reported 
for the ash in New England, but the Cs-13 7 levels are about an order of magnitude less in Missouri (200 
to 1,100 pCi kg-1 of ash) compared to results as high as 15,000 pCi kg-1 in New England. The natural 
potassium radioactive levels found in Missouri are less than the natural K-40 content in the human body. 

Key Words: Wood Ash, Radioactive, Cesium-137 

Introduction 

Radiocesium (Cs), one of the radionuclides contaminating the earth's 
surface and biosphere, is ubiquitous in the environment as a result of fallout from 
nuclear. test explosions (atmospheric weapons test) conducted primarily between 
1946 and 1958, and again in the early 1960's. Because Cs-137 has a large fission 
yield and long half-life (30 years), it remains persistent in the environment and can 
be a long term ground contamination hazard. Radioecologists have studied 
movement of cesium through natural food chains in many environments. After 
radioactive elements have reached the biosphere, they can affect humans in different 
ways. Radioactive elements can be ingested into the body either by eating, 
drinking, or breathing. Knowledge of the transport and contamination of 
radioactivity in the food chain is therefore important. Particular attention has been 
paid to food chains leading to man, such as the lichen-reindeer food chain. A 
number of studies related to the Chernobyl accident of 1986 have studied the 
migration and concentration of Cs-13 7 in edible plants and subsequently into 
humans [ 1, 2, 3]. Our study focuses on the uptake and concentration by trees and 
shrubs in Missouri. Ashes from the burning of these natural woods are often 
deposited in gardens for "fertilizer." 
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Most wood ash contains in excess of 10% potash (present as K20) by 
weight. If wood ash contained a significant quantity of potassium (K), it would be 
expected also to contain an unusual concentration of fallout Cs-13 7. Cesium and 
potassium tend to move together in biological systems since both of these elements 
are alkali metals. Wood ash from domestic use and from wood-burning power 
plants is casually disposed of without regulatory concern in landfills or is used as 
fetilizer in gardens, enriching the soil, and eventually crops grown in that soil, in 
Cs-137 and K-40 content. Wood ash acts as a source of body burdens of Cs-137 
and K-40 via pathway of exposure (i.e., wood-ash to soil to vegetables to humans). 

Renewed interest in the behavior of Cs-13 7 has been generated by the 
recent release of fission products from an accident in the USSR On 26 April 1986, 
the worldwide inventory of Cs-13 7 increased by 5% following the release of about 
7 x 1016 Bq (200 x 106 Ci) of Cs-13 7 during a reactor explosion at Chernobyl, 
USSR [4]. However, little of it found its way to the western hemisphere, where the 
bulk of the Cs-137 in the soils is from atmospheric testing fallout in the 1950's and 
l 960's. Wind patterns in the U.S. generally were such that the Nevada test took 
most of the fission product cloud north of Missouri. One of the chief fall-out 
locations from a 1953 test was at Troy, NY, where a rainstorm caused the fallout .. 
The resulting estimated dose to the population of Troy was about 100 mRad, about 
1/3 of the annual background radiation dose to the U.S. population [5]. 

This study was prompted by unusually high levels of Cs-137 measured in 
wood ash in Vermont in 1989-90 [6]. Some as high as 15,000 pCi kg-1 ash'. It is 
reported that some landfills have rejected similar wastes with levels as low as 200 
pCi kg-1

. 

History of Cesium-137 and Potassium-40 in Environment and in Man 

Cs-13 7 has a relatively high fission yield (about 6 atoms per hundred 
fissions) and a physical long half-life (30.17 years) and is one of the more 
ubiquitous man-made radioactive nuclides. Cs-13 7 decays by beta emission to the 
metastable 137Ba (half-life 2.6 minutes), which in turn decays by emitting a 0.66 
MeV gamma-ray (84% abundance). Cesium-137 is both commonly released to the 
atmosphere in trivial quantities (i.e., order of µCi year-1

) [7] from all nuclear plants 
and is residual in soil in the northern hemisphere (approximately 105 pCi m-2

) [8,9] 
from open-air testing of nuclear weapons in the 1950's and 1960's. Cs-137 in 
terrestrial vegetation comes both from direct deposition on plant surfaces and from 
accumulation from the soil in which the plants grow. In general, direct foliar 
absorption is the predominant mode of plant contamination. Evaluations of 
measurements in the Ukraine after the Chernobyl accident indicated that cesium is 
tightly bound by soil and thus is not readily metabolically incorporated into land 
plants [2]. However, contrary results have been found in the USA from crops 
grown on contaminated soils at the Savannah River Lab in South Carolina [10]. 
Thus, the effects observed in the Ukraine, where cesium appeared to be bound so 
tightly in soil, led to the conclusion that the Cs-13 7 content of land-grown food is 
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generally dependent on the rate of fallout rather than on the cumulative deposition. 
This is not considered to be the case for trees and bushes grown over many years in 
the areas sampled in the USA, in particular for this Missouri study. In plants, the 
relative uptake of various radioelements from soil is K, Sr>>I>Ba>Cs, Ra>Ce>Y, 
Zr> Pu [ 11]. The uptake of cesium from soil has been shown to be inversely 
proportional to the potassium content in soils, with the highest uptake of cesium 
being in soils with a potassium deficiency [ 10]. 

When Cs-13 7 is ingested by man, about 80% is deposited in muscle and 
8% in bone, mainly inside cells. The human body burden of Cs-13 7 is closely 
related to the level of Cs-13 7 in the diet because of the rather short biological half
life of cesium in man. The biological half-life of cesium in adults depends on body 
weight, sex, and dietary habits and has been shown to vary from 15 ± 5 days in 
infants to 100 ± 50 days in adults [5]. A uniform Cs-137 concentration of 1 ~tCi 
kg-1 body weight in adults is about 13 mrad dai1 from the beta particles and 12 
mrad dai1 from photons, for a total of 25 mrad da/ [12]. 

Of the three naturally occurring potassium isotopes, only K-40 is 
radioactive, having a half-life 1.3 x 109 years. It decays by beta-emission to Ca-40, 
or followed by K electron capture to an excited state of 40 Ar, and gamma-emission 
to the 40 Ar ground state. K-40 occurs to an extent of 0. 011 7% in natural 
potassium, thereby imparting a specific activity of approximately 800 pCi gm-1 

potassium. The potassium content of soils of arable lands is primarily the result of 
the use of fertilizers. 

The principal source of internal terrestrial exposure is from primordial K-
40. A man weighing 70 kg contains about 140 gm of potassium, most of which is 
located in muscle. From the specific activity of postasium, it follows that the K-40 
content of the human body is of the order of 0.1 µCi. This isotope delivers a dose 
of about 20 mrem yea(1 to the gonads, and other soft tissues and about 15 mrem 
yeaf1 to bone [5]. Because of its relative abundance and its energetic beta
emission (l.33 MeV), the radioactivity of K-40 is easily the predominant 
component in normal foods and human tissues. 

Recent Interest and Comparison of Cs-137 and K-40 in Wood Ash 

Radionuclides reaching the biological environment, either by transport 
through the geosphere or direct emission from a power plant, become a part of the 
natural cycle and thus may be transferred to plants, animals, and humans. If a 
major release of radioactivity from a damaged reactor were to occur, however, 
biological and ecological damage could be severe. In particular, the contamination 
of agricultural land by cesium-13 7 is a major concern addressed in accident 
consequence studies [1,3]. 

Wood ash is primarily the inorganic constituents of wood left after 
combustion. The ash is alkaline and composed predominantly of the oxides of Ca, 
K, Mg, Na, P, Si, and small amounts of trace elements. When applied to soil, 
wood ash can serve a good source of nutrients for plants. Wood ash generally 
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contains K-40 levels between 80,000 and 240,000 pCi kg-1 ash. Even though the 
metabolism of both stable and radioactive cesium is generally similar to that of 
potassium, the Cs/K ratio is not constant in the biological system [10]. 

Wood-derived boiler ash is a by-product of wood-fired electricity 
generating plants and large paper mills. There are already a number of plants in the 
Northern U.S., and the number of these facilities will increase, so will the amount 
of ash requiring disposal. A single wood-burning plant generating 100 MW of 
electricity will produce approximately 12,000 metric tons of wood ash per year. 
Wood, used for heating in :fireplaces and charcoal for barbecue, is burnt to ash and 
its ash is casually disposed of without regulatory concern in landfills or is used as 
fertilizer in gardens, enriching the soil and crops grown in its Cs-13 7 and K-40 
contents. 

If elevated levels of Cs-13 7 exist in vegetation grown using wood-ash 
fertilizer, then health physicists would have need to determine the likelihood that 
some nuclear plant workers, who show elevated body burden of Cs-137, could 
have obtained this internal contamination by ingesting significant quantities of Cs-
13 7 from their home gardens via a previously unrecognized anomalous pathway of 
exposure. If so, this may be a factor in whole body counting that must be 
considered in more detail relative to nuclear plant work-related uptake. 

Materials and Methods 

Four wood ash samples were collected from home fire places (Kunze; 
mostly rose bushes, Jang; unknown, Miller; unknown, Jung; oak tree) and one 
wood ash sample (elm tree) was obtained by combustion in the open air. Two 
kinds of charcoal sold at general market for barbecue were burnt to ash in the open 
air and one charcoal ash sample was collected from various :fireplace/barbecue sites. 
When wood is burned, wood ash is about 0.6 - 0.8% of initial wet wood weight. In 
the case of charcoal, its ash is about 18% of initial weight. 

All ash samples were placed intv plastic containers (volume; 4. 7 liter), 
shown in Figure 1, and were analyzed by a high resolution Ge(Li) detector at the 
University of Missouri Research Reactor (MURR). The "standard" detection 
geometry efficiency initially specified for the built in analysis program was for a 
point source at 1 inch spacing from the face of the detector.. We then developed a 
simple program, written in BASIC, to correct the point source result to the "true" 
activity of the extended source by geometric efficiency corrections for distance and 
absorption. Both self absorption and adsorption of background radiation were 
included in the correction calculations. The attenuation coefficient for the 
absorption assumed components of ash similar to those of concrete, in determining 
mass attenuation coefficients. Therefore, true activity is calculated by the following 
equation: True Activity = (gross activity of sample - corrected background 
activity)/(geometric efficiency conversion ratio). 
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Figure 1. Ash container for gamma spectroscopy measurements. 

Conclusions and Recommendations 

In total, we collected 8 ash samples for analysis by gamma spectroscopy. 
The Cs-137 concentrations (Table 1 and 2) in wood ash and charcoal ash ranged 
from 210 to 1,130 pCi kg-1 ash. This concentration is significantly lower than the 
results reported by Farber [6] for Vermont (i.e., 1,500 to 15,000 pCi kg-1 ash) and 
in other studies [13,11]. The concentration of K-40 (Table 1 and 2) in wood ash 
and charcoal ash ranged from 16,000 to 85,000 pCi kg-1 ash. These concentrations 
of K-40 are of the same order in comparison with other studies (i.e., 41,000 to 
94,000 pCi kg-1 ash) [6,13]. In order to determine Cs-137 and K-40 levels in trees 
prior to burning, we have to perform careful studies of combustion losses. Farber 

· [ 6] discusses this question, and tentatively concludes that the losses are probably 
negligible. 

Nuclear plants, hospitals and industrial operations have trouble disposing 
of low level radioactive waste (LL W), which can be discharged into the 
environment under controlled conditions without violating applicable regulations. 
There are more than 1,000,000 metric tons of wood ash generated each year in 
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Table 1. Radioactivity of Cs-137 and K-40 measured in wood ash of fireplaces. (I) is 
net weight (gm). (2) is density (gm cm-3). (3) is attenuation coefficient (cm-1

). (4) is gross 
activity (~LCi). (5) is background activity (µCi). (6) is corrected background activity (µCi). 
(7) is net activity (~tCi). (8) is geometric efficiency. (9) is true activity (pCi kg-1

). 

(a) Radioactivity of Cs-1 3 7 

Sample 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(7) 
(8) 
(9) 

Kunze 

1,253 
0.264 
0.021 

17.00xl0-5 

2.25x1Cr5 

l.9lxl0-5 

15.09x 10-5 

0.2004 
601 

Jang 

726 
0.291 
0.023 

9.57xl0-5 

2.25x10-5 

l.88x!0-5 

7.68x1Cr5 

0.3367 
314 

(b) Radioactivity ofK-40 

Sample Kunze 

(I) 1.253 
(2) 0.264 
(3) 0.014 
(4) 1.141xl0-2 

(5) 6.747x10·4 

(6) 6.052x 10-4 

(7) 10.80x 10-3 

(8) 0.2060 
(9) 41,840 

Jang 

726 
0.291 
0.015 

1.889x10-2 

6.747xl0-4 

6.005x10-4 

18.29xl0·3 

0.3457 
72,480 

Miller 

2,550 
0.573 
0.042 

I0.88x1Cr5 

l.47xl0-5 

l.06xl0-5 

9.82x 10-5 

0.1844 
209 

Miller 

2,550 
0.573 
0.028 

0.825x10-2 

4.233xHr4 

3.403x10·4 

7.91x10·3 

0.3164 
15,920 

Jung 

1,371 
0.289 
0.023 

19.15xl0-5 

l.79x!0-5 

l.50xHr5 

17.65xHr5 

0.1988 
648 

Jung 

1,371 
0.289 
0.015 

2.421xW-2 

4.413x10·4 

3.928x10-4 

23.82x10·3 

0.2052 
84,670 

Elm Tree 

1,246 
0.262 
0.020 

8.79x!cr" 
l.79x1Cr5 

l.53x1Cr5 

7.25x1Cr5 

0.2012 
289 

Elm Tree 

1,246 
0.262 
0.014 

l.674xl0-2 

4.413xW-4 

3.958xHr4 

16.34x10·3 

0.2060 
63,660 

North America for different purposes. Wood ash is a significant pathway for Cs-
137 and K-40 movement in the environment. NRC title 10 part 20.2003 (revision 
of 1991) allows a quantity of radioactive material, which a licensee may release as 
follows: a) into the sewer, monthly average: 1x10-5 ~tCi mf1 for Cs-137, b) to the 
environment, in water: I x 10-6 ~tCi mr1 for Cs-13 7 on a yearly average basis for 
continuous release. 

The normal equivalent of 15,000 pCi kg-I ash is 1.5 x 10-5 µCi gm-I (0.5 
Bq/gm). These levels of Cs-137 and K-40 nuclide in ash are about half of the 
natural background level of radiation in the human body (from K-40) and well 
below what is normally considered the level for regulatory concern, i.e. a source 
strength of 37 Bq/gm (some have indicated that twice this is the "below regulatory 
concern" value). Thus, even these high levels of some New England ashes would 
not require monitoring and control under existing regulations. The Missouri ash 
samples measured in this study are about an order of magnitude lower than those 
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reported by Farber [6] for New England ashes. Thus, Missouri's Cs-137 levels 
appear well below regulatory concern. 

Table 2. Radioactivity of Cs-137 and K-40 measured in charcoal ash. (1) is 
net weight (gm). (2) is density (gm cm-3

). (3) is attenuation coefficient (cm·\ (4) 
is gross activity (~LCi). (5) is background activity (µCi). (6) is corrected 
background activity (~tCi). (7) is net activity (µCi). (8) is geometric efficiency. (9) 
is true activity (pCi kg"\ 

Cs-137 K-40 

Grocers Mixed Kin sford C'rrocers Mixed 

( 1) 2,917 3,243 2,287 2,917 3,243 2,287 
(2) 0.614 0.683 0.481 0.614 0.683 0.481 
(3) 0.048 0.053 0.038 0.033 0.036 0.025 
(4) 27.28x10-5 65.94x10-5 34.95xl0-5 l.236xl0-2 1.855xl0-2 1.162x10-2 

(5) l.84xW-5 l.79xW5 l.79x10-5 4.2lx10·4 4.4lx1Cr4 4.4lx10·4 

(6) 1.27x10·5 1. l 9x10-5 l.33xl0-5 3.25xW-4 3.33x10-4 3.63x10-4 

(7) 26.0lxl0-5 64.76x1Cr5 33.62x10-5 12.03xW-3 18.22xl0-3 1 l.26xl0-3 

(8) 0.1800 0.1764 0.1872 0.1908 0.1888 0.1972 
(9) 495 1,132 785 21,610 29,760 24,970 
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Abstract: Three soil series from Taum Sauk Mountain in the St. Francois Mountains of Southeast 
Missouri were investigated to determine if the soils evolved from the underlying rhyolite and if hydroxy
Al interlayered vermiculite in the clay fraction of the pedons originated from the same parent matefial. It 
has been generally accepted that vermiculite is a weathering product of micaeous parent materials and K
feldspar typically weathers to either smectite or kaolinite. Loess deposits frequently possess suffic!ent 
micaeous materials to produce significant quantities of ~ermiculite. Typically however, soils having 
loess mantles over residuum usually show significant quantities of vermiculite in the epipedon with little 
vermiculite in subsurface horizons. However, in this study, unexpectedly high concentrations of 
vermiculite were isolated from subsurface soil horizons where kaolinite would be expected to be the 
dominate phyllosilicate mineral. Thus, a thesis was proposed to assess whether the presence of 
vermiculite arises from a thin loess deposit or as a product of orthoclase weathering. The soil profile 
characterization data and the interpretations of the X-ray diffraction spectra indicates that vermiculite 
may be forming progressively as the soil weathers the orthoclase and that soil formation may be in near 
equilibrium with surface erosion. 

Key words: Saprolite, Irondale, Knobtop, Taumsauk, orthoclase 

Introduction 

Saprolite is thoroughly decomposed rock formed in place by chemical 
weathering of igneous or metamorphic rocks (Am. Geol. Inst., 1976). The depth of 
saprolite is commonly controlled by the nature of the parent material, the intensities 
of the physical and chemical weathering processes, the present and paleoclimates, 
the local topographic aspect and relief, and the local pore-water chemistry (Calvert, 
et al., 1980). Commonly, saprolite involves an isovolumetric weathering scheme, 
suggesting that the weathering products are either the result of the direct 
conversion of the parent materials or are the result of recrystallization or 
precipitation reactions. Stolt and Baker (1992) also demonstrated for many regions 
that the rate of isostatic rebound is in near equilibrium with the rate of saprolite 
formation. 

Feldspars reportedly weather directly to noncrystalline materials and 
gibbsite (Calvert, 1980), to halloysite (Eswaran and Bin, 1978) or kaolinite (Exley, 
1976). DeVore (1959), Fields (1966), Stoch and Sikora (1976) and Calvert et. al. 
(1980) discussed the possibility that micaeous minerals may be produci;s of K
feldspar transformations and that vermiculite could be the weathering product of 
these micaeous minerals. Karathansis and others (1983) related that both hydroxy-
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Al interlayered vermiculite (HIV) and kaolinite were relatively stable and resistant 
to alteration in humid climates. 

In previous investigations of the Taum Sauk Mountain area of Southeast 
Missouri, (Aide and Tibbs, 1987; Aide et al. 1992) determined that the soil 
horizons of the area contained unusually high percentages of hydroxy-Al 
interlayered vermiculite (HIV). The source of this clay mineral was previously 
believed to have altered from thin loess deposits, however, the estimated quantities 
of loess were inadequate to account for the quantities of vermiculite. 

The objectives of this investigation were (1) to investigate the thesis that 
hydroxy-Al interlayered vermiculite is the weathering product of orthoclase, and 
(2) that soil formation from the saprolite, derived from the underlying rhyolite, is in 
near equilibrium with erosional forces. 

Materials and methods 

Study Area 

Taum Sauk Mountain is part of the St. Francois Mountains in Southeast 
Missouri, located approximately 7 km west of Ironton, Missouri. These mountains 
are composed of Precambrian rocks, the oldest being felsics, that are intruded with 
granites and mafics. Taum Sauk Mountain, the highest of these peaks, is composed 
of rhyolitic lava and ash flow of the Van East Group that was ejected from volcanic 
vents. The structure of these peaks is relatively unaltered from their original form 
except for stream cut narrows and talus slopes (Bretz, 1965). A typical mineral 
composition for the rhyolites of the Van East Group includes orthoclase and quartz 
phenocrysts in an orthoclase groundmass. Accessory minerals include magnetite, 
chlorite, fluorite, zircon, and apatite (Tolman and Robertson, 1969). 

Soils of the ultisol and alfisol orders dominate the area, including Taum 
Sauk Mountain (Brown, 1981 ). Typically, these soils present a deep to somewhat 
deep, well drained, strongly acid to extremely acid, silt loam to clayey textured A -
E - Bt - lithic contact horizon sequence. A thin loess mantle covers portions of the 
area, however, its extent in the study area has not been intensively studied. Three 
soil series have been described in the study area: Knobtop (Fine-silty, mixed, mesic 
Aquic Hapudults ), Irondale (Loamy-skeletal, mixed, mesic Typic Hapudults ), and 
Taumsauk (Loamy-skeletal, mixed, mesic Typic Hapudults). 

The climate is hot and humid with July temperatures averaging 25°C and 
the January temperatures averaging 0°C. Rainfall averages over 100 cm and is 
evenly spread throughout the year, causing the upland soils in. the study area to 
maintain a udic soil moisture regime (Brown 1981 ). Generally, the soils of the 
study area maintain a mesic temperature regime; however, south facing slopes may 
develop thermic soil temperature regimes (Brown, 1981). 

Deciduous forests form a closed canopy cover over much of the study 
area, with vegetation composed mostly of white oaks (Quercus alba L. ), red oaks 
(Quercus rubua L.), and an assortment of grasses and mosses. Much of the forest 
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canopy is stunted because of summer dryness associated with the shallowness of 
the soil base and poor soil fertility. 

Laboratory Protocols 

Pedons of each soil series were selected, sampled, and described by 
horizon according to the Soil Survey Manual (SCS 1981). The Irondale and 
Taumsauk series were described using clean roadside exposures that represented 
side slope positions. A soil of the Knobtop series was obtained from an excavated 
soil pit on a summit position of Taum Sauk Mountain. 

Samples were oven dried, pulverized, and sieved to remove materials 
greater than 2mm. The particle size distribution was determined by the bouycous 
hydrometer method and sand sieving (Carter, 1993). Soil reaction, the ammonium 
acetate extraction of exchangeable bases, the KCl extraction of neutralizable 
acidity, and the Walkley-Black method for organic carbon were performed (Carter, 
1993). The partitioning of free iron oxides into noncrystalline and crystalline 
fractions was after Shuman (1980). All metals were determined by flame atomic 
absorption spectrophotometry. 

Oriented whole clay ( <2 µ m) samples were prepared for x-ray diffraction 

(XRD). Potassium saturated and Mg saturated glycerol-solvated samples were air
dried by sedimentation onto glass-slides, producing oriented mounts. X-ray 
diffractograms were obtained with a Scintag diffractometer using CuK a radiation. 

Spectra were scanned from 2 to 30° 2 0 at 0.02° s-1 and mineral identification was 
assisted using a computer search of d/I data. Potassium saturated specimens were 
heat treated at 150 and 300°C to estimate the extent of the hydroxy-Al interlayer 
material. Peak areas were used to compare clay mineral differences among soil 
horizons. Peak areas for an individual phyllosilicates were based on a percentage of 
total peak area. Peak area was determined after background removal and was 
calculated from the product of peak height and half-height peak width. 

X-ray diffraction of the fine silt separate was determined by scanning air-
dried sedimentation mounts from 2 to 120° 2 0. Mineral identification determined 
as above, with estimates of relative abundance based on peak height. 

Results 

Soil Description 

The moderately well drained Knobtop series (Fine-silty, mixed, mesic 
Aquic Hapludults) exhibits an extremely acidic A - E - Bt - BC -R horizon 
sequence. The pale brown gravelly BC horizon shows extensive yellowish red 
mottling, typical of a seasonally pearched water table. The moderately deep and 
well drained Irondale series (Loamy-skeletal, mixed, mesic Typic Hapludults) 
presented an A - Bt - BC - R horizon sequence. The excessively drained and 
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somewhat shallow Taumsauk pedon (Loamy-skeletal, mixed, mesic Lithic 
Hapludults) presented an A - E - Bt - BC - Cr horizon sequence. The presence of 
saprolitic material in the Taumsauk pedon was relatively thin, ranging from 10 to 
40 cm, and displayed flow structures apparently inherited from the rhyolitic parent 
material. No evidence of oriented clay illuviation was observed in the Taumsauk 
saprolite. This very hard, dense saprolitic Cr horizon was classified as a Massive 
Volaraps (Buol, 1994). 

The profile descriptions and physical data (Table 1) and the associated 
chemical characterization (Table 2) confirms the soil survey classifications of these 
soils. One exception is that the base saturation of the Taumsauk pedon is 
sufficiently high to reclassify the soil as an alfisol. The Taumsauk pedon did exhibit 
some lateral water flow within the argillic horizon, raising the spector of some 
degree of base enrichment. The ECEC on a pure clay basis (Table 2) demonstrates 
an exceptional consistancy, suggesting that the clay mineralogy is somewhat 
uniform across the soil horizons of each pedon. The particle size distribution and 
ECEC of the saprolitic material was similar to the overlying argillic horizon. 

The composition of the free Fe-oxide fraction indicates that these soils 
have experienced a significant degree of chemical weathering, especially when 
considering the very low active Fe ratios (Table 3). The amounts of crystalline Fe 
generally are greater in the argillic horizons. However, the amounts of Fe-oxide on 
a unit clay basis are somewhat diluted by the proportionally greater quantities of 
clay in the argillic horizons. 

Clay Mineralogy 

Peak areas are inadequate quantitative indicators of phyllosilicate content; 
however, peak areas may be used, with caution, to infer relative changes in 
phyllosilicate expression within a pedon. If the crystallinity of kaolinite may be 
assumed to be constant within an individual soil, then the ratio of peak area of a 
particular phyllosilicate to that of kaolinite might be a good indicator of clay 
mineral enrichment. Karathanasis and Hajek ( 1982) used kaolinite's peak area as an 
internal standard to derive an expression for reporting the quanthy of HIV. 

Peak area expressions for vermiculite, hydrous mica, and kaolinite 
indicates that both vermiculite and kaolinite are significant clay minerals within the 
whole clay separate. Using the method of Karathanasis and Hajek (1982) to 
estimate the amount of HIV relative to kaolinite demonstrates that HIV is relatively 
more abundant within the argillic horizons than the corresponding efovial horizons 
(Table 4). Smectite was a trace clay mineral for all horizons, except for the poorly 
drained Knobtop BC horizon. 

Peak height analysis for the XRD difilactograms of the silt separate reveal 
a mineral mixture almost entirely composed of quartz. Secondary minerals 
included: orthoclase, microcline, albite, and sanidine. 



Table I. Soil profile characterization· '° '° -.J 

organic 
Horizon DeEth Clay Silt Classification EH mattec Munsell Color 

cm % % % 

Knob toe 
A 5 12 65 silt loam 4.2 2.4 lOYRS/3 
E 18 17 63 silt loam 4.2 0.4 10Y~5/6 if 
Btl 28 29 47 clay loam 4. 0 0.2 10YR4/6 ::::! 

"' Bt2 36 34 48 silty clay loam 3.9 0.1 10YR4/6 P> 
g. 

Bt3 48 29 46 clay loam 4.0 0.1 10YR4/6 ::;· 
~ 

BC 71 27 43 grave 11 y loam 3.8 0.1 10YR6/3 & 5YR5/6 

f 
Irondale g 
---- ::L 

>-
A 15 13 55 cobbly silt loam 4.5 1. 3 10YR3/2 0 

P> 
0... 

Btl 33 30 44 cobbly clay loam 4.0 0.2 10YR4/6 ~ 

Bt2 46 33 44 cobbly clay loam 3.9 0.1 7.5YRS/6 ·~ 
0 

BC 64 39 40 cobbly clay loam 3.9 0.1 7.SYRS/6 ......., 
J1 
0 
Ci)' 

Ta urns auk ::::! 
0 ---- ~ 

A 10 8 45 cobbly loam 4.7 1. 8 10YR2/l 
E 18 15 41 cobbly loam '1.1 0.2 10YR6/3 
Bt . 30 20 49 cobbly loam 4.1 0. 1 lOYRS/4 
BC 61 20 48 cobbly loam 3.9 0.1 10YR6/4 & 7.5YR6/8 
Cr 80 27 12 cobbly loam 4.3 0.0 rhyolite structure 

-------

-w 



Table 2. Selected soi.I chemical properties 
........ 
~ 

---------Exchangeable bases------- Neutralizable 
Horizon Ca Mg K Na acidity ECEC! BS! ECEC/Clay 

------------------- --crnolrl•J /kg-soi 1------------------- % 

Knob top ....:i 
j;;f 
~ 

A 1.54 0.91 0.38 0.11 3.4 6.3 46 53 ll> 
(") 

E 0.57 0.49 0.16 0.11 3.2 4.5 29 27 ~-
Btl 1.17 1. 66 0.22 0.14 5.3 8.5 38 27 

~ Bt2 1.23 3.00 0.26 0.15 5.3 9.9 47 29 
"' Bt3 0.89 1.27 0.21 0.15 5.1 7.6 33 26 0 

§. 
BC 0.84 1.55 0.22 0.16 5.2 8.0 35 30 :i:-

Cl 
ll> 
0... 

Irondale ~ 
0 

A 1.91 0.68 0.37 0.12 2.1 5.2 59 40 
......, 
Cl.l 

Btl 0.93 0.60 0.25 0.15 5.8 7.7 25 26 i• 
Bt2 0.91 0.48 0.30 0.13 7.2 9.0 20 27 (ll 

BC 1. 01 0.63 0.33 0.13 6.3 8.4 25 22 

Taumsauk 

A 2.03 0.08 0.37 0.16 1. 3 3.9 68 49 

E 0.74 0.50 0.20 0.13 2.1 3.7 43 24 
Bt 1.04 0.73 0.20 0.13 2.7 4.8 43 24 
BC 1.09 0.76 0.22 0.12 2.9 5.1 43 26 
Cr 0.68 1. 28 0.16 0.15 3.0 5.3 43 20 < g. 

w ...... 



Table 3. Composition of the free mm oxide fraction ~ 
ID 
-...) 

---noncrystalline--- --------crystalline------
Horizon Fe Mn Fe Hn Al Active Fe ratio! Fe/clay 

--------------mg-metal I kg-soil---------------

KnobtoE 

~ 
A 390 360 6170 150 2300 0.06 51440 ::I 

r;f.l 

E 350 150 6880 140 2230 0.04 40450 
!:» 

Btl 390 20 11360 20 3780 0.03 39170 ~· 
r;f.l 

Bt2 420 20 10730 20 3300 0.04 31610 ~ Bt3 400 20 9920 30 3750 0.04 34200 
BC 970 10 10800 10 2120 0.09 40000 ~. 

> 
Irondale 

0 
!:» 
0.. 

A 460 210 6520 280 2050 0.07 50130 ~ 
12., 

Btl 530 20 10530 40 2810 0.05 35100 (/.l 

Bt2 690 10 11540 30 3100 0.06 34970 §· 
BC 750 10 16700 30 5060 0.04 42840 8 

Taumsauk 

A 400 360 5360 350 2160 0.07 67050 
E 310 90 7560 80 2750 0.04 50400 
Bt 290 10 7070 10 3080 0.04 35370 
BC 370 10 6880 20 3780 o~os 34380 
Cr 340 10 6910 10 5580 0.05 25620 

....... 
! active ratio is the ratio of noncrystalline Fe to crystalline Fe l.l'I 



Table 4. X-ray diffraction spectra interpretations of the whole day separate 

-----------------RelaTlv-e-Peak Areas---------
Horizon Vermiculite Hydrous Mica Kaolinite Smectite Vermiculite/kaolinite! 

% % % % 

Knob top 

E 53 13 34 0 1. 65 
Btl 58 8 34 trace 1. 81 
BC 41 2 14 43 3.13 

Irondale 

Btl 46 4 49 trace 1. 00 
BC 50 9 41 trace 1. 31 

Taumsauk 

E 42 10 '18 trace 0.94 
Btl 39 14 47 trace 0.88 
BC 43 8 49 trace 0.94 
Cr 34 14 52 trace 0.64 

~vermiculite/kaolinite is the ratio of each minerals respective peak area X 1.07 
(Karathanasis and Hajek, 1982) 

O'\ 

~ 
5l 
P= 

a. 
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~ 

f. 
0 
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Discussion 

The saprolite in this study is an apparent result of isovolumetric 
weathering of rhyolite, yielding a loamy textured material with a clay mineralogy 
dominated by HIV and kaolinite. Because the saprolite contains flow structures 
typical of the underlying rhyolite and since it does not exhibit any evidence of 
oriented clay, the phyllosilicates are apparently the alteration of orthoclase. 

The alteration of orthoclase to kaolinite, frequently with smectite as an 
intermediate product, is a common observation (Dixon, 1989). Alternatively, 
vermiculite is frequently the direct product of the transformation of micaeous 
minerals. However, the rhyolite does not contain sufficient chlorite to explain the 
quantities of HIV observed in the saprolite and the soils. Loess, if present as a 
surface mantle on the rhyolite residuum, many have contributed some micaceous 
minerals. However, the presence of HIV would be expected to be mainly 
expressed in the eluvial horizons, with only minor quantities of HIV in the argillic 
horizons. 

Smectites form readily in volcanic rocks rich in Mg provided the 
environment does not leach Mg. Such an environment apparently exists in the BC 
horizon of the Knobtop series. Borchardt ( 1989) reviewed smectite neogenesis. 
Vermiculite neogenesis may be postulated given the K rich environment of the 
orthoclase groundmass and the abundance of Al and Si available in the slowly 
leached saprolite material. Precedents for such a mechanism may be found in 
Douglas ( 1989). Thus, clay mineral synthesis appears to be initiated at the soil-lithic 
interface. The Al interlayering of the vermiculite would provide stability against 
subsequent weathering to kaolinite. 

The extreme resistance of the rhyolite limits soil development, resulting in 
the development of shallow to moderately deep soils. Additionally, geologic 
erosion and mass wasting on the steep slopes further limits soil depth. Alternatively, 
however, the development of an argillic horizon and the extreme weathering of the 
pedons does indicate a degree of landscape stability. Therefore, these soils 
represent a soilscape whose characteristics are dominated by the soil forming 
factors of time, parent material, and relief. 
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Abstract: We documented the benthic insect community in a 4 km reach of an Ozark stream in June of 
1993. Eleven different instream habitat types were quantitatively sampled using a vacuum benthos 
sampler. One hundred and eight samples yielded almost 30,000 invertebrate specimens representing 
139 taxa. Mean abundance per sample (0.1 m2

) was 274. Chironomids ranged from 13 to 88% of total 
abundance within the different habitats. Communities differed substantially among habitats. Vegetated 
edgewaters had the highest richness (81 taxa). Low gradient riffles had the highest mean abundance 
(498 per 0.1 m2

). High gradient rifiles had the highest diversity. Environmental parameters such as 
depth, current velocity, substate type, and organic matter were measured with each sample, and ranges of 
these data are tabulated along with a presence/absence table of the taxa and their associated habitats. 

Key Words: Benthic insect community, Jacks Fork River, habitat, diversity index. 

Introduction 

The Jacks Fork River is a part of the Ozark National Scenic Riverways 
and is listed as one of the Nature Conservancy's "Last Great Places." It is also the 
location of Jamup Cave, a high quality natural community included within the 
Missouri Natural Areas System. While the headwaters of the Jacks Fork are in 
private control, the majority of the stream along with a 1/4 mile wide natural 
riparian corridor is maintained in a natural state under federal and state jurisdiction. 
This unique river system, that is arguably the most pristine river within the state of 
Missouri, represents a valuable reference condition against which other Ozark 
streams may be compared. 

Previous works on the invertebrates of the Jacks Fork River have focused 
on particular groups within the community (Poulton and Stewart 1991) or sampled 
only a small portion of the total habitat (Duchrow 1977). This study represents an 
attempt to thoroughly census and document the insect fauna of a relatively 
unimpacted Ozark stream. 

Materials and Methods 

An intensive sampling effort was made on a 4 km reach of the river in June 
of 1993. The designated reach was immediately upstream of state highway bridge 
106 in an area known as "Burnt Cabin" (Fig. 1). Eleven discrete habitat types were 
defined based upon their characteristic fluvial hydraulics and geomorphology 
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Figure 2. Stream reach included in Burnt Cabin site showing the habitat units. 
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(Rabeni and Jacobson 1993; Fig.2). The habitat types sampled were: bluff pools 
(BLP), lateral pools (LAP), obstruction pools (OBP), forewaters (FOW), 
backwaters (BA W), non-vegetated edgewaters (NEW), vegetated edgewaters 
(VEW), fine runs (FIR), coarse runs (COR), low-gradient rifiles (LGR), and high
gradient rifiles (HGR). One hundred and eight samples (0.1 m2

) were taken from 
replicates of the habitat types using "Brown" samplers, a vacuum benthos type of 
sampler (Brown et al. 1987). Our operators used a hand rake to dig down 
approximately 10 cm into the substrate while running the vacuum pump for 1 
minute. To minimize damage to the specimens the 425 micron mesh bag was then 
replaced and the remaining materials were sampled for an additional 3 minutes. 
Both samples were placed in a labeled container and put on ice until processing. 
For habitats that were deeper than the sampler, a canvas cap with an elastic sleeve 
was used to allow scuba personnel to perform the sampling. 

Depth was measured with a metric yardstick. Current velocities were 
taken with a Marsh McBirney flow meter at a depth of 0. 6 of the total distance 
from the surface. Both substrate size composition and organic matter percentage 
were assessed independently by two technicians. Each inspected a 2 x 2 ft square 

·on the benthic surface about to be sampled. They then estimated the relative 
percentage of organic matter covering this area and relative percentages of the 
different substrate sizes (Cummins 1962) within the square. Averages of the two 
assessments were used. 

All insect specimens were identified to the lowest practicable level 
depending on their development, condition, and the available identification keys 
(Johannsen 1934, 1935, Burks 1953, Needham and Westfall 1955, Allen and 
Edmunds 1963, Stone and Snoddy 1969, Brown 1972, Lewis 1974, Flowers and 
Hilsenhoff 1975, McCafferty 1975, White 1978, Bednarik and McCafferty 1979, 
McAlpine et al. 1981, Pescador and Bemer 1981, Merritt and Cummins 1996, 
Provonsha 1990, Poulton and Stewart 1991, Moulton and Stewart 1996). 
Specimens that could not be identified beyond the family level were classifeid as 
"unspecified." The exception was the chironomids, which were first identified and 
counted at the family level. Then the specimens from each habitat were randomly 
subsampled until at least 10% were retrieved. These were slide mounted and 
identified to the genus level. Finally, any remaining chironomid specimens that 
were believed to be from unrecorded genera were slide mounted and identified to 
the genus level for use in the presence/absence table. Taxa diversity was calculated 
using the Simpson Diversity Index: 

D = ,L (ni(ni -1)/N(N -1)) 

where ni = the number of individuals in the ith species, N = the total number of 
individuals, and D is experessed as 1/D. 
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Results and Discussion 

Almost 30,000 insects were collected and identified. They were 
represented by 10 orders, 56 families, and 139 taxa of which 36 were chironomid 
genera (Table 1 ). Chironomids ranged from 13 to 88% of the samples from any 
one habitat and totaled 46% of all collections. Additional collections in the same 
location in October of 1992 yielded an additional 8 families and 33 taxa (Table 2). 
However, chironomids made up less than 14% of the fall insect collections This 
was a seasonal trend found throughout our studies of the Jacks Fork River. Other 
families such as the Heptageniidae, Tricorythidae, Baetidae, Hydropsychidae, and 
Elmidae frequently ranked as one of the five dominant taxa within the different 
habitats (Table 1 ). Total richness was 139 taxa. Fifty-two of the taxa were either 
Ephemeroptera, Plecoptera, or Trichoptera (EPT, Table 3). These orders are 
usually more sensitive to pollutants or other perturbations. The Simpson Diversity 
Index, a measure of the proportional abundance of the taxa, was 4.21 for the 
location. This can be interpreted to mean that approximately four taxa dominated 
this community. This relatively low value is a result of the chironomids' abundance 
being calculated at the family level since only 10% were identified to genus. When 
chironomids are left out of the diversity calculation, the index more than doubles to 
10.98. Using the 10% chironomid subsamples to estimate the relative proportion 
of each chironomid genus resulted in a Simpson index of 11.42. These 
discrepancies, as a result of the level of chironomid identification, highlight the 
problems with comparing data sets. Differences in the levels of identification can 
result in spurious conclusions. Due to the intensive effort required to identify 
chironomids to the genus level, we've reported the Simpson index with the 
chironomids identified either to the family level or excluded them from the 
calculations (Table 3). 

Of particular interest were the collections of one specimen of 
Haideoporus, a dytisicid beetle previously found only in artesian wells near San 
Marcos, Texas (Young and Longley 1976), and a larva of Ceratopsyche 
(previously Hydropsyche) piatrix which is currently on the Missouri rare and 
endangered species "watch" list (Anonymous 1995). This specimen was collected 
in a coarse run upstream from the high volume springs they are believed to inhabit 
(Moulton and Stewart 1996). Fall collections yielded a small number of Baetisca 
gibbera, a mayfly previously found only in the southeastern coastal plains and in the 
mountain streams of Virginia and Tennessee (Pescador and Bemer 1981). 

Differences in the amount of vegetation present had an effect on all 
habitats. The water willow Justica sp. appeared to act as an additional substrate 
and food source. Richness was highest in the vegetated edgewaters (81 ), followed 
by the obstruction pools and coarse runs (Table 3). As might be expected these 
habitats also had the highest numbers of EPT taxa. Backwaters had the lowest 
richness but the second highest mean abundance after low gradient riffles. 
Commuity diversity, as measured by the Simpson Diversity Index, was greatest in 
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Table 1. Tum collected from the Burnt Cabin site of the Jacks Fork River in June 1993. "P" indicates the presence of a ~ 

taxon in that habitat type. Numbers in parentheses indicate the rnnk of the five dominant families within a habitat 
type*. 

BLP LAP OBP FOW NEW YEW FIR COR LGR IIGR BAW 

Collcmbola 
Entornobryidae p p p p 

Sminthuri<lac p 

~ Ephcmcro11tcra 
::s 

Baelidae (-4) (-4) (.t) (I) (I) "' "' Unspecified p p p p I' I' p I' p p a c. 
Acenlrella Benglsson I' p p p p I' p 0 

~ Baetis Leach p p p p I' p I' p 

f Isonychiidae 
Jsonychia Eaton r I' p p p 

0 
lleplageniidae (2) (3) (.t) (3) (J) (5) (5) (5) i:: 

::1. 
Unspecified p p p p p p p p p p > 
Le11crocr1fa Flowers p p p p p p p p p p a 

"' Rlrilhrogena pellucida Daggy p p p p c.. 
(J) 

Stenacro11 i11ferp1111ctat11111 (Say) p p p p p I' ~ 
Stenonema spp. Traver p p p p p p p p p 0 ......., 
Stenonema bednariki McCalferty p p p p p p p C/J 

a 
Ste11011e111afemoral11111 (Say) p p p p p p p p p 0· 
Stenonema mediop1111ctat11111 (McDunnough) p p p p p p p () 

(j) 

Ephemerelli<lae 
Serratella sordida (McDunnough) p 

Tricorythidae (3) (2) (5) (3) 

Tricorythodes Ulmer p p p p p p p p p p 

Caeni<lae (5) (.t) 

Draclryccrus jlavus Traver p 

Cacrris Stephens p p p p p p p p p p p 

Caenis anceps Traver p p p p p p p p p p 

Leplophlebii<lae 
Clrorolerpes Eaton p p p p 

Polamanlhi<lae < 
Anthopotamus verticis (Say) p p p p p 2.. 

'..H 
Ephemeridae (J) 

1.!, ... phemera Linnaeus p p p 



Table 1. Continued. 
IJLP LAP Olli' FOW NEW VEW FIR COR LGR HGR lJAW 

llexagenia limbata (Serville) p p p p p p p 
'° Odonata '° -.J 

Gomphidae Rambur p p p p 

Dromogomphus spinosus Selys p 

llagenius brevistylus Sclys p p 

Styfogomphus albistylus (llagcn) p p p p p p p p p 

Acshnidae 
Boyeria Maclachlan p p 

Libellulidae Rambur p p p 

Coenagrionidae Kirby p 

Argia Rambur p p p p p p p p p p ~ 
:0:: 

Plccoptera ~ 
Pteronarcyidae p, 

&. Pteronarcys pictetii Hagen p p p c 
Leuctridae ~ 

Leuctra Stevens p p p p p p p p p p f. Perlidae (.t) (5) 

Unspecified p p I' p c c 
Acrone11ria friso11i (Klapalck) p p I' p ;:!. 

>-Neoperla Needham p p p p p p p I' I' p () 
p, 

Neoperfa catharae Slark & Baumann p p I' p p I' p I' p p p.. 
C1l 

Neoperla harpi Ernst & Stewart p I' r p 
~ Perlesta slmbata Slark ·P p c 

Perlinella ephyre Newman p ......, 
VJ 

Hcmiptcra () 

Ci)" 
I Iydromelridae ::i 

() 

l!ydrometra Latriclle p C1l 

Veliidac 
Rhago\'e/ia Mayr p p 

Gcrridae 
Rlre11111atobates Bcrgroth p 

Trepobales Uhler p 
Corixidac Leach p (5) 

Mcsovcliidae 
Afeso~·elia Mulsanl & Ray I' 

Mcgaloplcra 

N 
Ul 



TBhh> 1 _ r.emtimN'!l!f_ N ., 0\ 
UP mw FOW NEW VEW Fiil COR LGR HGll BAW 

me 
Sia/is Lalreille p p p p p p p p 

Corydalidae 
Corydalus cornutus (Linnaeus) p p 

Nigronia Banks p p p p p p 

Trichoptera 
Philopotamidae (1) (5) 

~ Chimarra obscura (Walker) p p p p p p p p p 

Psychomyiidae ~ .., 
Psychomyiaflavida Hagen p p p p p &. 

Polycentropoclidae p p p p p p p p 
~ Cernolina Ross p p p p p p 

Polycenlropus Curtis p p p p p p f Hydropsychidae (2) (2) (2) 0 
Unspecified p p p p p p p §. 
Ceralopsyche morosa (llagcn) p p p p >-
Ceralopsyche piatri:c (Ross) p () .., 
Cheumalopsyche Wallcngren p p p p p p p p p 0.. 

(1) 

Glossosomatidae ~ 
Protopti/a Banks p p 0 

H-, 

Hydroplilidae (-1) C/). 

Unspecified p p p s. 
(1) 

llyclroptila Dalman p p p p p p p p p p :::3 
() 

Oxyetliira Eaton p p p p p (1) 

Brachycenlridae 
Brachycenlrus n11111eros11s (Say) p 

Lepidostomatidae 
Lepidosloma Rambur p p p p p p p p 

Odontoccridac 
lHariliaflexuosa Ulmer p p p p 

Helicopsychidac 
Helicopsyche Von Siebold p p p p p 

/le/icopsyche piroa Ross p 

Lcptoceridae < 
J.-~s-~ (Walker) p p g. 

N~Mutb p 
(.;.> 



Table 1. Continued. 

BLP LAP OBP FOW NEW VEW FIR COR LGR JIGR BAW ~ 
Oecetis Maclachlan p p p [> '° --.:i 

Triaenodes Maclachlan p [> p 

upidoptcra 
Pyralidae 

Parapoynx Hubner p p 

Pelrophila Guilding p 

Coleoptera 
Gyrinidae 

Dine11t11s Maclcay [> p p p 

~ Haliplidae 
Peltodytes Rcgimbart p 51 

po 
Dytiscitlae a 

;::t. 
/laideoporus Young & Longley p 0 

::i 
Hydrochidae i:r. 

llydroclms Leach p f. Pscphcnidac (5) 
0 

Psephe1111s herricki (DcKay) p p p p p I' p p p p p §. 
Ectopria 11ervosa (Melsheimer) p p p p p p p p p p 

::i>-
Dryopidac 0 

po 

llelichus lithophilus (Germar) p p_. 
(!) 

Elmidac (-') (3) (2) (3) (2) (2) (2) (J) (3) (-') (2) ~ 
Ancyro11yx wiricgata (Gcrmar) p 0 

Dubiraphia Sanderson p p p p p p p p p p 
....., 
[/J 

Dubiraphia \'illnta (Melsheimer) p p 8. 
0 

Aficrocylloep11s pusillus (LeConlc) p p ::i 
0 

Oplioscrvus sn11dcrsu11i Collier p p p p p p p (!) 

Ste11e/111is Dufour p p p p p p p p p p p 

Stc11el111is crc11nta (Say) p p p p p p p 

Stt:nclmis lateralis Sanderson p p p p p p p p p 

Lulrochidac 
L11trvch11s laticeps Casey p I' p I' p 

Curculionidae p 

Dip I era 
Ccralopogonidac (-') 

Culicoides lalrcillc p I' I' I' p I' p I' p p p 

Chironomidac (I) (I) (I) (2) (I) (I) (1) (I) {I) (J) (I) 
~ 
.......J 



N 
Tablt> 1. Continued. 00 

BLP LAP OBP FOW NEW VEW FIR COil LGR llGR IlAW 
Unspecified p p p p p p p p p p p 

Tanypodin:ie 
Procladius Skuse p p p p p 

Ab/abesmyia Johannsen p p p p p p p p p p 

Labrzmdinia Fillkau p 

Nilofanypus Kieffer p p p 
~ Penlaneura Philippi p Pl 

Thienemannimyia grp. p p p p p p p p p p ~ 
Pl 

Orthoclml ii nae &. 
Corynoneura Winnertz p ~ 
Bri/lia Kieffer p p 

Nanocladius Kieffer p p p ~ 
Cricolop11s!Ortlrocladi11s p p I' p g 
Eukie.fferiella Thienemann I' ::1. 
Para111elriocne11111s Thienemann p p > 
Rlreocricolopus Thienemann & Harnisch p p p p p p 0 

Pl 

Synorthocladi11sThieneman11 p p p p 0.. 
(!; 

Tvelenia Kieffer p s 
·~ 

Chironominae 0 -, 
Apedi/11111 Townes p p I' I' I' p p p p (/; 

0 
Chironomus Meigen p (ii" 

Cryploc/1iro1w11111s KielTer I' p p ::l 
0 
(!; 

Cryplolendipes Lenz p p 

Dicrolemlipes Kieffer p p I' p p p p p p 

Alicro/cJl{/ipes Kieffer p p p p p p 

Nilot!rauma Kieffer p 

Pagasliella Brundin p 

Paracladopclma 1 larnisch p 

Phacnopsecfralfribelos r p I' I' 

Po(vpedi/11111 Kieffer p p p I' I' I' p I' p 

Stenoclrironomus Kieffer p p I' 

Stlclochiro11011111s KielTer p p 

Pse1u/oc/1iro11omus Malloch p p p p p < 
C/adolanylarsus Kic!Tcr I' 2.. 

w 
Cladotanylarsus (Lcnziella) p p I' p 

Para/anylarsus 13ausc p p p I' I\ p p 



Table 1. Continued. 

BLP LAP OBP FOW NEW YEW FIR COR LGR HGR 
Rheotanytarsus Banse p p p p p p p p p p 

Stempellinefla Drumlin p p p p p I' p p 
Sub/e/fea Roback p p p p p 

Ta11ytarsus van der Wulp p p p p p p p p p p 

Psychodidae 
Psychoda Latreille p 

Simuliidae (5) 
Simulium Lalreille p p p p p p 

SiR1uli11111 ve1111stu111/verec1111d11111 p p 

Simulium luggeri Nicholson & Mickel p 

Tanyderidae 
Protaplasajitchii Osten Sackcn p p 

Tipulidae p p p p p p 

Tipu/a Linnaeus I' 
Dolichopodidae p 

Empididae (5) 
llemerod/·omia Mcigcn p p p p p p p p p p 

S!ratiomyidae 
Calopmyplr11s James p 

Tabenidae 
Chrvsoe.s Mcigen p p 

* Habilal lypcs: OLP= bluff pool, LAP= laleral pool, 013P = obslrnction pool, fOW = forcwalcr, NEW= 11011-\'cgclatcd cdgcwatcr, 
VEW =vegetated cdgewa1cr, FIR= fine run, COR =coarse nm, LGR = low gradient rilTle, I IGR = high gr:idicnl rinlc, BA W = backwaler. 

BAW 

p 

p 

p 

\0 
\0 
-...J 

>-3 
PS 
l:l 
'-" 
I>' 

&. 
0 
f;l 

f 
0 

§. 
;t:> 
0 
s:o 
p.. 

~ 
0 -. 
\fl 
0 

§" 
0 
CP 

N 

'° 



Table 2. Additional taxa collected from the Burnt Cabin site of the Jacks Fork River in October 1992. 

E11hc111croptcra 
Baclidac 

l'roc!oeon Dcnglsson 
Ephcmcrclliclac 
Alfene/la Ecl1111111ds 
E11rylopliel/a Tiensuu 

Bacliscidae 
!Jaetisca gibbera Berner 

Leplophlcbiidac 
Paraleptophlebia Lcslagc 

Odon a ta 
Caloplerygidae 

Calopte1:ix aequabi/e (Say) 
l letaeri11a I lagcn 

Cocnagrionidac 
E11allagma Charpentier 
/sc/11111ra Charpentier 
Nelrnlc:1111ia Sclys 

Gomphidac 
Arigo111pl111s Needham 
Ji:rpelogo111p!t11s cli:sig11al11s I l;igen 
l'rogompltus Sclys 

Corduliidac 
Afacro111ia Rambur 
Ne11rocord11fia Sclys 

l'lccoptcrn 
Pcrlidac 
Ag11eli11a jlcwescen.v (Walsh) 
Neoperlafafaya!t Sla1k and Lcnl.r. 

Ncurnptcrn 
Sysridac 

Climacia Maclachlan 

Trichoptcrn 
Polyccnlropidac 

l'aranyctiophlax Tsuda 
Phrygancidac 
Lcploccriclac 
Setocli:s oxapiu.\· (!loss) 

Colcoplcrn 
I !ydrophilidac 

/Jcro.rns Leach 
Scirtidac 

Scirles llligcr 
Elmidac 
,\/acro11ycl111s glahratus Say 

Diptcra 
Ccralopogonidac 
Atric/10pogo11 Kieffer 

Chirnnumidac 
Ori hocladi inac 
Thie11c11w1111iel/a Kidl\:r 

Dixidac 
f)ixella Dyar & Shannon 

Tip11lidac 
,-111/ocha Oslcn Sackcn 
Ci:vptolabis (0>irn Sackcn) 
1Jicrm10ta Zcl!crslcdl 
/lexaloma Latrcillc 
l'etficia Lalrcillc 

Athcricidac 
Atherix Mcigcn 

w 
0 

~ 
~ 
po 

~ 
~· 

~ 
g 
::i. 
~ 
0 
i:.i 

! 
0 ......., 
f/l 
0 

~f 
0 
(1) 

e: 
w 



Table J. Community measures of the different habitat types (ranks in parentheses). 

Habitat type Number !\-lean abundance T;ixa EPT 
or samples Eer s:1mple + SD rich11ess lax;i 

Bluff pool 12 126 I 77 (10) 51 ('J) 28 (6) 

Lateral pool 6 288 ±_ 114 (6) 54 (8) 23 (9) 
Obstruction pool 15 78-t_80(11) 73 (2) 37 (1) 

Forewaler 6 -155 ± 4-13 (3) 63 (5) 2.J (8) 

Backwater 12 483 ': 203 (2) 35 (11) 7 (I I) 

Non-vcgcl;iled edgcwalcr 9 :l7o + n (-l) 6·1 (4) 26 (7) 

Vegetated edgcwaler 9 213_+ 98 (8) 81 (I) 32 (3) 

Fine nm 6 212 ± 111 (9) 49 (10) 22 (10) 

Coarse rnn 12 310 :f· 156 (5) 66 (3) 35 (2) 

Low gradient rime 6 ·198-!:298(1) 60 (6) 32 (3) 

High grmlie11t ri01e 15 22'J t 235 (7) 55 (7) 29 (5) 

Total for all habilal IYECS l!J8 274 139 52 

* Calculaled with chironomids identified to !he f:1111ily level. 
** Calcul;11ed with chironomids remorcd from c:ilculalions. 

Simpson 
DiYersily 

Index 
1.97 (R)• 

1.79 ('J) 

6.62 (4) 
4.82 (6) 
1.29 (I I) 

·I.OJ (7) 
6.2·1 (5) 
1.65 (10) 
6.97 (2) 

G.91 (3) 

Hl.5-1 (I) 

4.21 

Simpson 
DiYersily 

Index 
12.84 (2)* 

8.74 (5) 
9.58 (4) 
3.83 (IO) 

5.47 (8) 
3.55 (11) 

12.92 (I) 

5.44 (9) 
8.()4 (6) 

G.93 (7) 

9.68 (3) 

10.98 

\0 
\0 
--i 

~ 
Qo 

::i 
CJ:l 
Qo 

~ c» 
~ 

~ 
0 

§. 
> (? 
Qo 
p_. 
(!) 

·~ 
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[/1 
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(p" 
::i 
(? 
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the high gradient riffle (10.54), followed by the coarse run (6.97) and low gradient 
riffle ( 6. 91). One finding of great practical significance in our study, was the 
discovery of quantifiable differences in the communities between non-vegetated and 
vegetated edgewaters, and fore- and backwaters (Table 3). Distinctions in these 
"slackwater" habitats are often overlooked in biomonitoring protocols. Failure to 
recognize these differences could introduce unnecessary variability. 

Although attempts were made to carefully control the selection of habitat 
replicates, some habitat types naturally exhibited a wider range of substrate types 
and hydraulic parameters (Tables 4 and 5). These habitats probably could have 
been even further subdivided to reduce variability in abundance (Table 3). 
Increased turbulence near the benthic surface appeared to reduce the invertebrate 
abundance of high gradient riffles, while decreasing turbulence near the water's 
surface appeared to have the same effect on invertebrates within low gradient 
riffles. Abundance in forewaters and backwaters appeared to vary depending on 
whether the site was either "permanent" or "temporary." Permanent sites remained 
flooded throughout the year and often had dense stands of vegetation. This type 
had far higher abundance than the temporary sites. The community within 
obstruction pools was found to change dramatically in abundance and richness, 
depending on the degree to which it was filled in with sand. 

Previous studies done on the Jacks Fork (Duchrow 1977) used bottom 
nets with a larger mesh size than the Brown sampler (20 per inch versus 
approximately 60). This may have allowed many smaller taxa to escape detection. 
In addition, sampling was restricted to riffle areas, and metrics were only reported 
for year round collections. Consequently, comparisons among these data sets are 
somewhat tenuous. The most reliable measure from these previous data for 
comparison with ours, would be the total number of mayflies and stoneflies 
collected. Our spring and fall collections for riffle areas yielded 29 of these taxa. 
The collections made in 197 4 at the same location reported a total of 23 mayfly and 
stonefly taxa. Superficially, this appears to be an indication that the water quality 
of this area did not decline from 197 4 to 1993. 



Table 4. Mean and standard deviation for the environmental parameters of the 11 habitat types (range in parentheses). 

Number. Depth Curren! % organic 

Habitat lype of samples Velocity mall er 
(Ill) (m/sec) present 

X+SD X+S.D. x: 
Bluff pool 12 1.49 ± 0.22 0.25 ± 0.00 

(l.20 - 1.82) (0.25 - 0.25) -
Lateral pool 6 1.30 ± 0.21 0.19 ± 0.00 

(l.06 - 1.52) (0.19 - 0.19) 

Obslrnction pool 15 1.07 ± 0.31 0.26 ± 0.13 0.34 
(0.60 - 1.58) (0.05 - 0.42) (0 - 5) 

Forcwalcr 6 0.17 ± 0.04 0.01 ±0.03 15.00 
(0.12 - 0.22) (0.00 - 0.(l7) ( 15 - 15) 

Backwater 12 0.50 ± 0.07 0.00 ±0.00 ·I0.00 
(0.39 - 0.60) (0.00 - 0.00) (90 - 100) 

Non-vegetated cdgcwater 9 0.1I±0.05 0.08 ± O.oJ 53.90 
(0.05 - 0.17) (0.02 - 0.12) (20 - 50) 

Vcgctalcd cdgcwatcr 9 0.12 ± 0.07 0.02 ± 0.02 60.85 
(0.05 - 0.27) (0.00 - 0.06) (10-100) 

Fine nm 6 0.76 ± 0.06 0.11±0.02 7.50 
(0. 70 - 0.86) (0.08 - 0.13) (40 - 80) 

Coarse rnn 12 0.4-1±0.12 0.55 ± 0.14 2.50 
(0.27 - 0.58) (0.33 - 0.82) (0 - 15) 

Low gradient rime 6 0.19 ± 0.08 0.53 ± 0.25 6.GG 
(0.07 - 0.27) (0.21 - 0.90) (0 - 5) 

High gradient rirtlc 15 0.39 ± 0.18 0.95 ± 0.22 97.93 
(0.16 - 0.82) (0.42 - I .JO) (IO - 15) 
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Table 5. Percentage occurrence of substrate sizes (in mm) within the l l habitat types. 

Very 

Habilat Silt Sand coarse sand Gravel Gra\'cl Gravel Pebble Pebble Cobble Cobble 

tr~* < 0.06 0.06 - I I - 2 2 - 4 4-8 8 - 16 16 - 32 32 - 64 6·J - 128 128 - 256 
BLP 0.00 0.00 0.00 0.00 15.81 ·1.18 26.67 ~(1.68 13.33 3.33 
LAP 0.00 0.00 (J.00 0.00 I 1.65 0.00 75.00 13.35 0.00 0.00 
OBP 0.00 0.00 0.66 6.14 7.00 21.66 22.84 17.84 17.34 6.34 
FOW 0.00 0.00 0.00 0.00 0.00 36.65 46.65 15.00 1.67 0.00 
BAW 57.50 l.40 4.73 8.90 I0.00 l0.00 3.35 3.33 0.83 0.00 
NEW 0.00 0.00 0.00 I.I I 9.47 10.00 17.23 41.67 20.50 0.00 
VEW 0.00 0.00 0.00 5.57 20.00 18.87 27.77 26.68 I.IO 0.00 

FIR 8.30 5.35 8.70 13.70 30.30 13.70 10.80 9. 15 0.00 0.00 
COR 0.00 0.00 0.00 0.83 7.50 4.98 I 1.70 34.58 40..10 0.00 

LGR 0.00 0.00 0.00 0.00 11.65 30.85 42.50 13.35 1.70 0.00 

HGR 0.00 0.00 0.00 0.00 !UHl 1.68 I 9.34 36.34 31.36 3.34 
* Habilal types: BLP = blulfpool, LAP= lalcral pool. OIJP = obstruclion pool. FOW = forcwatcr, NEW= 11011-vcgclaled cdgewaler. 

VEW = vcgclated cdgcwater, FIR= line n111. COR =coarse run. LGR = low gradient rime, I !GR= high gradient rime, BA W = backwaler. 

Dou Ider 
> 256 

0.00 
0.00 
0.00 
0.00 
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Abstract: The mammalian fauna of Tyson Research Center, St. Louis County, Missouri was found to 
consist of 38 species. Three additional species likely will be found there in the future. Storage and 
testing of military ammunition at Tyson apparently has not appreciably diminished the mammalian fauna 
of the center. 

Key words: mammals, Missouri, conservation. 

The Washington University Tyson Research Center (TRC) is a 2000 acre 
(809 ha) area devoted to the study of environmental issues. A major goal is to 
maintain and restore its biodiversity, as far as possible, to that level characteristic of 
conditions prior to European acculturation. 

The recent history and present conditions of TRC make TRC a model for 
the study of biodiversity in conserved areas becoming insularized by expanding 
metropolitan areas. TRC is located in western St. Louis County, Missouri (38 31' 
N; 90 33' W) in the lower valley of the Meramec River, one of the largest still 
undammed rivers in the Midwest. Prior to 1940, the area was rural. Local 
industries included farming, quarry operations and forestry. In the 1940's the 
federal government obtained 2600 acres for use as an ammunition depot. It built 
ammunition storage bunkers, road systems, and supporting facilities. Most of the 
property was relatively undisturbed although bison and elk were introduced at one 
time but were subsequently removed. The area was also surrounded by an 8 foot 
high (2.4 m) chain link fence which is still intact. Access was severly limited. 

Washington University obtained 2000 acres as excess property in 1963 
and continued to limit access. TRC is further buffered from direct perturbations 
because it is the core of an additional 5490 acres (2222 ha) of land reserved by five 
other agencies. This area of 7490 acres (3031 ha) is now becoming insularized by 
expansion of the Greater St. Louis metropolitan area, the sixteenth largest in the 
United States. 

The purpose for this paper is to record the known number of mammalian 
species at present at TRC. Published lists are available for amphibians, reptiles, 
birds, fungi, ferns and flowering plants. Such lists of species diversity provide the 
essential baseline upon which future management must be based. 
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Methods 

Description of the area. TRC is located within the Ozark Border Natural 
Division which consists of the area to the north and east of the Ozark Plateau (Nigh 
et al., 1992). TRC is referred to as the Crescent Hills in the Manchester 
Quadrangle of the United States Geological Survey. Depke (1973) has described 
the geology of this karst-dominated terrain. The maximum and minimum elevations 
are 233 m and 127 m, respectively. Decorah, Plattin, Kimmswick and Fernglen 
limestones and Keokuk and Burlington cherts are present. The soils have been 
mapped; red clays predominate. There are three permanent springs and 15 
intermittent ones. The largest stream on the property is an intermittent one which 
is a tributary of the Meramec River. Thirteen ponds have been excavated. There is 
at least one natural cave as well as a 2.5 acre (1 ha) cavern excavated into a 
limestone bluff during pre-1930 quarrying operations. 

Zimmerman and Wagner (1979) classified the woody vegetation. There 
are three components of the predominantly oak-hickory forest: bottom lands, 
protected slopes and exposed southerly-facing slopes. Main canopy trees are: 
white oak (Quercus alba), red oak (Q. rubra), black oak (Q. velutina) and pignut 
hickory (Cmya glabra). These authors concluded that, in spite of former 
disturbance, the forest is maturing. Hampe (1984) concurred and stated that 38 
species of tree were present. Average tree density in her study area was 1488 trees 
per ha. Eighty-five percent of TRC is forested. The remaining 15 percent is either 
open grasslands or service features. 

Climate for the area is characterized by warm summers and moderately 
cold winters. Record high and low temperatures at nearby St. Louis, Missouri, are 
41C and -28C. The yearly average temperature is 13C, average daily maximum 
temperature is l 9C, and average daily minimum temperature is 7 C (National 
Oceanic and Atmospheric Administration 1991, IT Corporation 1993). 

Mammals on Tyson Research Center were sampled throughout 1994 with 
a variety of traps and by shooting and netting. All voucher specimens are housed in 
the Tyson Biological Research Center Mammal Collection. The arrangement of 
species in the following list follows Wilson and Reeder (1993). Common names 
are from Jones et al. (1992). 

Results 

ORDER DIPELPHIMORPIDA 

Family DIDELPIDDAE-- opossums 
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Didelphis virginiana, Virginia opossum. Common. Many were seen 
throughout the center, especially in the deciduous woods throughout the center. 

ORDER INSECTIVORA 

Family SORICIDAE--shrews 

Sorex longirostrius, southeastern shrew. Rare. Two were trapped in "pit 
fall" can traps only in grassy habitats around small ponds. 

Blarina hylophaga, Elliot's short-tailed shrew. Common. Most were 
captured in grassy habitats. None were trapped in deciduous leaf litter. 

Clyptotis parva, least shrew. Uncommon. Most were captured in grassy 
habitats, and a few were collected in deciduous leaf litter. 

Family T ALPIDE--moles 

Sea/opus aquaticus, eastern mole. Common. Mole "runs" were found 
throughout the research area, but they were more abundant in the central valley. 

ORDER CHIROPTERA 

Family VESPERTILIONIDAE -- vespertilionid bats 

Myotis lucifugus, little brown bat. Common. A large colony inhabits the 
quarry cave. 

Myotis grisescens, gray bat. Uncommon. A small colony, less than 500 
inhabits the quarry cave in the winter. 

Eptesicus juscus, big brown bat. Common. Most were found in the 
quarry cave's entrance. Several were netted flying around lights in the central 
valley. 

Nyeticeius humeralis, evening bat. Rare. One was collected on Tyson 
Research Center. 

Lasiurus borealis, red bat. Common. Many were seen flying around the 
lights in the central valley or netted by the ponds in the research center. 
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Lasiurus cinereus, hoary bat. Rare. Two have been captured on Tyson 
Research Center. 

Pipistrellus subjlm1us, eastern pipistrelle. Uncommon. Two were found 
in the quarry cave and two were netted by one of the ponds. 

ORDER CARNIVORA 

Family CANIDAE -- canids 

Canis latrans, coyote. Common. Coyotes were observed throughout the 
research center. They are the most important predaor on the center. 

Vulpes vulpes, red fox. Uncommon. Only a few were observed in the 
deciduous woodland. At least one raised her young near the administration center. 

Urocyon cinereoargenteus, gray fox. Uncommon. Originally, this species 
was the more abundant of the foxes but it is less often observed now. One 
individual strangled itself in the 20 foot high fork of a wild cherry tree (Pnmus 
seratina). 

Lynx rzifus, bobcat. Rare. Only one was seen near the entrance of the 
quarry cave. 

Family MUSTELIDAE -- mustelids 

Mephitis mephitis, striped skunk. Common. Skunks were found 
throughout the research center. They were frequently observed looking for insects 
in the late afternoon and after rain showers. 

Family PROCYONIDAE -- procyonids 

Procyon lotor, raccoon. Common. Raccoons were found throughout the 
research center, but were abundant along the streams and ponds in the deciduous 
woodland. 

ORDER ARTIODACTYLA 

Family CERVIDAE -- cervids 
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Odocoileus virginianus, white-tailed deer. Abundant. In the absence of 
hunting pressure over the last twenty years, predators (coyotes and bobcats) have 
been unable to prevent overpopulation of the deer. A January, 1997 survey 
estimated the herd size to be 126 + 4.9 (Beringer et al., 1997). 

ORDER RODENTIA 

Family SCIURIDAE -- squirrels 

Tamias striatus, eastern chipmunk. Common. Chipmunks were found 
throughout the research center. Most were captured on hillsides with fallen hollow 
tree trunks. 

Marmota monax, woodchuck. Common. Woodchucks were found 
throughout the research center especially if boulders were present. 

Sciurus carolinensis, eastern gray squirrel. Common. Seen throughout 
the research center. 

Sciurus niger, fox squirrel. Abundant. Specimens were collected 
throughout the research center. 

Glaucomys volans, southern flying squirrel. Uncommon. They were only 
collected in deciduous forest near large dead trees with hollow tlunks. 

Family CASTORIDAE -- beaver 

Castor canadensis, North American beaver. Rare. A transient at 
constucted ponds where it feed upon Salix sp. 

Family MURIDAE -- voles, mice, and rats 

Microtus ochrogaster, prairie vole. Abundant. This species was the most 
common rodent in grassy habitats. Two percent were found to be infected with the 
Prospect Hills Virus. 

Microtus pinetorum, woodland vole. Common. Most were captured 
beneath leaf litter in the deciduous woodland. 
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Synaptomys cooperi, southern bog lemming. Uncommon. All specimens 
were captured in heavily overgrown fields. Often on runways being used by prairie 
voles. 

Ondatra zihethicus, common muskrat. Rare. This species is a transient at 
some of the constructed ponds. 

Mus musculus, house mouse. Uncommon. House mice were found 
around buildings and in piles of junk. A few were captured in open grassy fields. 

Rattus rattus, black rat. Rare. Specimens were captured around junk 
piles 

Peromyscus leucopus, white-footed mouse. Abundant. Specimens were 
collected throughout the research center wherever trees occur. Most were 
captured around tree stumps and fallen logs. Some were found to inhabit grassy 
areas around foundations of ruins and abandoned ammunition bunkers. This was 
the most common rodent captured in the deciduous woods. 

Peromyscus maniculatus, deer mouse. Abundant. This species was found 
in all grassy habitats and along the edge of wood lines. None were found to have 
the Ranta Virus or the Prospect Hill Virus. 

Ochrotomys nuttalli, golden mouse. Rare. One was observed but not 
captured climbing a tree near a pond. 

Reithrodontomys megalotis, western harvest mouse. Common. Most 
were caught near bushes in open fields or along the edges of fields or roads. A few 
were captured using prairie vole runways. 

Zapus hudsonius, meadow jumping mouse. Rare. Only one was captured 
in a "pit fall" trap near a small pond, used to collect salamanders. 

ORDER LAGOMORPHA 

Family LEPORIDAE -- hares and rabbits 

Sylvilagus floridanus, eastern cottontail. Abundant. Specimens were 
collected throughout the training area. Cottontails were more abundant on hill 
sides or along the edge of grassy fields. 
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Discussion 

Although Tyson Biological Research Center had been used as a year
round military ammunition storage and testing site for years, at least 38 species of 
mamls still occur there. Washington University acquired the land in 1963 and has 
used the site as a research center. Three additional species (northern myotis, 
Myotis septentrionalis, silver-haired bat, Lasionycteris noctivagns, and mink, 
Mustela vision likely occur on the center but have not been documented. Richness 
of the mammalian fauna of Tyson Research Center is neither exceptional nor 
depauperate, suggesting that the long-term use of the area for storage and testing 
of military ammunition has not had an appreciable effect on the mammalian fauna of 
the area. These finding are in line with the finding of a mammal survey conducted 
on Weldon Spring Military Training Area (Pitts et al., 1996). 

Acknowledgments 

G. Cogorno, G. Ellis, W. Benton, and R. Osowski assisted in collecting 
mammals at Tyson Biological Research Center. The Missouri Department of 
Conservation provided the collecting permits. 

Literature Cited 

Beringer, J., L.R. Hansen, and O.J. Sexton. 1997. Detection rates of white-tailed deer with a helicopter 
over snow. Jour. Wildlife }danagement. (in press) 

Depke, T.S. 1973. Surface and subsurface geology Manchester quadrangle, Missouri. M.A. Thesis 
(Earth and Planetary Sciences), Washington University, St. Louis. 

Hampe, C.L. 1984. A description of species composition, population structures, and spatial patterns in 
a Missouri oak-hickory. M.S. Thesis (Biology) University of Missouri, St. Louis. 

Jones, J.K., Jr., R.S. Hoffmann, D.W. Rice, C. Jones, R.J. Baker, and M.D. Engstrom. 1992. Revised 
checklist of North American mammals north of Mexico, 1991. Occas. Papers Mus., Tex. 
Tech Univ. 146:1-23. 

Nigh, T.A., W.L. Pflieger, P.L. Redfern, W.A. Schrneder, A. Templeson, and F.R. Thompson, III. 1992. 
The biodiversity of Missouri. Missouri Dept. of Conser., Jefferson City, Mo. 53 pp. 

National Oceanic and Atmopheric Administration. 1991. Local climatological data for St. Louis 
County, Missouri. 

Pitts, RM., J.R. Choate, and K.J. Daubel. 1996. Mammals of Weldon Spring Military Training Area, 
Missouri. Trans. Missouri Acad. Sci. 29: 18-22. 

Wilson, D.E., and D.M. Reeder. 1993. Mammals species of the world. Smithsonian Inst. Press, 
Washington, DC, 1206 pp. 

Zimmerman, M., W. Wagner. 1979. A description of the woody vegetation of oak-hickory forest and 
northern Ozark Highlands. Bull. Torrey Botanical Club. 106:117-122 



44 Transactions Missouri Academy of Science Vol 31 

THE OHIO SHRIMP, Macrobrachium ohione, 
IN THE UPPER MISSISSIPPI RIVER 
(Received October 21, 1997, accepted for publication decdmber 1, 1997) 

Lesly K. Conaway and Robert A Hrabik, 
Missouri Department of Cons.ervation Long Term Resource 

Monitoring Program, Open River Field Station, 
Jackson, Missouri 63755 

Abstract: The Ohio shrimp,. Macrobrachium ohione, was once common in the Mississippi River 
between St. Louis, Missouri and Cairo, Illinois. The population rapidly declined in the l 930's and 
l 940's presumably as a result of habitat destruction. The last known collection of this species was made 
near Cairo, Illinois in 1962. Through the intensive sampling of long-term monitoring projects, several 
recent collections ofJ\1. ohione were made in the upper Mississippi River between river miles 38-81. It 
is not clear if.M. ohione is making a come back or if it has persisted in low numbers in the Mississippi 
River for the past 50 years. 

Key Words: Macrobrachium ohione, Mississippi River, Missouri, lllinois, monitoring, endangered 
species. 

Over 100 species of Macroberachium (large river shrimp) exist 
worldwide. Thirty five species are known from the western hemisphere, but only 4 
occur in the freshwaters of the United States where Macrobrachium ohione is 
endemic (Hedgpeth, 1949; Pennak, 1989). The Ohio shrimp is found in large rivers 
along the eastern seaboard from Virginia to Florida, the Gulf coast from Alabama 
to Texas, and in the Mississippi and Ohio river systems from Oklahoma to Ohio 
(Page, 1985; Hobbs, 1952). It is the only species of Macrobrachium found in the 
Mississippi River (Page, 1985). 

Macrobrachium ohione was common in the open (unimpounded) 
Mississippi River between St. Louis and New Orleans until the 1930's (Page, 
1985), and according to Forbes (in Page, 1985) the species was "frequently eaten" 
by the residents of Cairo, Illinois. Indeed, females are rather large, growing to 100 
mm. The average size for the species is about 60 mm (Hunter, 1977). Commercial 
fisheries existed as far north as Chester, Illinois (Hedgpeth, 1949) where it was 
harvested primarily as bait for sport fishing (McCormick, 1934). Longtime 
residents of southeastern Missouri recalled catching large numbers of this species in 
the 1930's, but by the 1940's they were rare (William L. Pflieger, pers. comm.) .. 
Similarly, commercial fishermen in Kentucky and Illinois claim to have not seen 
Ohio shrimp since the mid-1940's (Taylor, 1992). The last known collection of M 
ohione from the upper Mississippi River was in 1962 near Cairo, Illinois (Page, 
1985). It has not been collected from streams within Missouri and no specimens 
were collected in Illinois during a 1972-1982 survey of decapods (Page, 1985). 

In June 1991, biologists from the Environmental Management Program, 
Long Term Resource Monitoring (LTRM) Field Station at Jackson, Missouri 
(Open River Field Station) began collecting shrimp from the Mississippi River as 
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part of a long-term biological monitoring program. In August 1991, .a Southern 
Illinois University graduate student notified the Missouri Department of 
Conservation that M. ohione was collected from the Mississippi River near Grand 
Tower, Illinois. Later that same month, M ohione was discovered in voucher 
specimens retained at the Open River Field Station. Monitoring efforts continued 
through October 1991 and resumed from June through October 1992. 

An account of the M ohione rediscovery was published by Taylor ( 1992). 
He collected two specimens on 16 July 1991 at Devil's Backbone State Park, 
Jackson County, Illinois. L TRM biologists collected two specimens with a minnow 
fyke net on 7 July 1991 from a wingdam on the Missouri bank at river mile (RM) 
61.5, 12.1 km north of Cape Girardeau, Cape Giradeau County, Missouri. A third 
specimen was collected by electrofishing on 13 August 1991 from a Missouri side 
channel at RM 61. 8. In 1992, 1, 114 shrimp were collected by L TRM biologists but 
only 4 were M. ohione, the others were Palaemonetes kadiakensis. Three single 
collections of 1v1 ohione were made from a wingdam on the Illinois bank at RM 
38.1 (Alexander County), 2.2 km south of Commerce, Missouri on 22 June 1992, 
14 July 1992, and 10 August 1992. The June and August specimens were collected 
at night by electrofishing and the July specimen was collected with a minnow fyke 
net. On 18 August 1992, two specimens were collected with a minnow fyke net 
from a wingdam on the Illinois bank at RM 70.1 (Union County), 1.6 km north of 
Trail of Tears State Park, Missouri. The 7 July 1991 record was the first known 
collection of M. ohione from the upper Mississippi River since 1962, and the first 
documented occurrence of M. ohione in Missouri. 

It is not clear why M ohione declined rapidly in the open Mississippi 
River during the 1930's and 1940's, but it does seem to correspond to the 
accelerated loss of riverine habitats of that time due to channelization, levee 
construction, and drainage of sloughs (Page, 1985). In the lower Mississippi River, 
which underwent similar habitat modifications, the Ohio shrimp catch declined from 
900,000 kg/yr in the 1930's to 1,500 kg/yr in the early 1970's (Mermilliod, 1976). 
However, no qualitative change has occurred in the shrimp population near Port 
Allen, Louisiana since the 1930's (Huner, 1977). Gunter (1937) did not believe 
that harvest alone could be responsible for a significant decline in Ohio shrimp 
populations. 

Habitat requirements for Mississippi River populations of M ohione are 
not well described (Mermilliod, 1976). Based on our observations, M. ohione seem 
to prefer quiet water. Interestingly, 6 of the 7 Ohio shrimp collected by L TRM 
biologists were from wingdam habitats. Quiet water is found along the 
downstream side of wingdams and perhaps crevices in the rip-rap provide suitable 
refuge and feeding habitat. Higher numbers of large shrimp (pressumably M 
ohione) have been observed while electrofishing at night, suggesting that feeding 
occurs in shallow water after sunset. 

Taylor (1992) speculated that M ohione has only recently returned to the 
upper Mississippi River due to favorable water quality conditions resulting from 
three consecutive years of low flows (reduced turbidity and higher concentrations 
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of ions). He cited that seasonal collections made in the Mississippi River at Grand 
Tower, Illinois, for 14 years (1977-1991) did not yield specimens of M. ohione. 
Although there is some evidence that M. ohione does not respond favorably to high 
turbidity (Hedgpeth, 1949), and because some populations of Ohio shrimp may not 
require high salinity to complete larval development (Huner, 1977), we feel that M. 
ohione has probably persisted in low numbers in the open Mississippi River since 
the population began to decline in the 1930's. Relatively intensive sampling efforts 
for M ohione in 1992 yielded only 4 specimens (less than 1 percent of the total 
catch). It is conceivable, given the small population size, that M ohione has simply 
been missed by previous investigators. 

One of the many benefits of a long-term resource monitoring program is 
that through intensive sampling, rare or unusual discoveries are made that provides 
information about the ramifications of habitat alterations and its effect on the native 
biota. Only through continued water quality and biological monitoring can we 
begin to determine the magnitude of such habitat alterations and population trends 
in the biota of an ecosystem. 

Acknowledgements: M.D. Petersen, D.P. Herzog and G.A. Lowes, Jr. collected 
shrimp while sampling fish populations. We wish to thank C.A. Taylor for alerting 
us to the rediscovery of M ohione in the Mississippi River and for assisting us in 
identifications. L.M. Page provided useful information and literature. 

Literature Cited: 

Gunter, G. 1937. Observations on the river shirmp, Macrobrachium ohione (Smith). American 
Midland Naturalist 18:1038-1042. 

Hedgpeth, J.W. 1949. The North American species ofMacrobrachium (river shrimp). Texas Joumal 
of Science 1 (3):28-38. 

Hobbs, H.H., Jr. 1952. The river shrimp, Macrobrachium ohione (Smith), in Virginia. Virginia 
Journal of Science 3 :206-207. 

Huner, J.V. 1977. Observations on the biology of the river shrimp from a commercial bait fishery near 
Port Allen, Louisiana. Proceedings of the Annual Conference of the Southeastern 
Association of Fish and Wildlife Agencies 31 :380-386. 

McCormick, R.N. 1934. 1\1acrobrachium ohionis, the large freshwater shrimp. Indimza Academy of 
Science Proceedings 34:218-224. 

Mermilliod, W.J. 1976. Life history and ecology of the large river shrirnp,Macrobrachium ohione 
(Smith). Unpublished Master's thesis. Louisiana State University, Baton Rouge, Louisiana. 
87pp. 

Page, L.M. 1985. The crayfishes and shrimps (decapods) of Illinois. Illinois Natural Hist01y Swvey 
Bulletin 33(4):335-447. 

Pennak, R.W. 1989. Fresh-water invertebrates of the United States. John Wiley and Sons, Inc. New 
York, New York. 280 pp. 

Taylor, C.A. 1992. The rediscovery of the Ohio shrirnp,Macrobrachium ohione, in Illinois. 
Transactions of the Illinois State Academy of Science 85:227-228. 



1997 Transactions Missouri Academy of Science 47 

NEW RECORDS OF FRESHWATER JELLYFISH 
Craspedacusta sowerbyi (LANKESTER) 

IN MISSOURI 
(Submitted May 7, 1997; accepted for publication October 18, 1997) 

William R. Mabee 
Fisheries Research Section 

Missouri Department of Conservation 
1110 S. College Ave., Columbia, MO 65201 

Abstract: Records on the occurerence and distribution of the freshwater jellyfish (Craspedacusta 
sowerbyi) in Missouri are few. Based upon collections of medusae gathered during 1991, two new 
localities were found to harbor C. sowerbyi. The new localities found positive for this unique freshwater 
invertebrate are Stockton and Pomme de Terre reservoirs. Both of these reservoirs are located within the 
Osage River Basin of southwestern Missouri. 

Key Words: Craspedacusta sowerbyi, Missouri distribution, invertebrate biogeography 

Although there is some evidence suggesting the original habitat of 
Craspedacusta sowerbyi is the Y ang-tse-kiang river valley of China, this species of 
freshwater jellyfish was first described from specimens collected in England in 1880 
(reviewed in Slobodkin and Bossert 1991). Since then, C. sowerbyi has been 
reported to occur throughout the world (Slobodkin and Bossert 1991 ), with 
records from the United States dating back more than 100 years (De Vries 1992). 

The fifteenth published record of freshwater jellyfish in America and first 
record for Missouri is provided by Bennitt (1930). Bennitt (1930) notes a single 
specimen of Craspedacusta was collected from a quarry-pit in St. Charles County. 
Seven years later Altwood and Steyermark (1937) report collecting six specimens 
of C. sowerbyi medusae from a quiet pool of Marble Creek in Madison County. 
The only other published Missouri records of C. sowerbyi are for a quarry pond 
located in Boone County (Fleming and Hazelwood 1967, 1971; Hazelwood et al. 
1970). Thus, there are only three published Missouri locality records for C. 
sowerbyi since the discovery of this species in the state over 60 years ago. 
Therefore, the primary purpose of this report is to add to the Missouri 
distributional information available for C. sowerbyi, based upon collections 
gathered during the years 1987-1991. 

The localities found positive for C. sowerbyi medusae in this study are 
Stockton and Pomme de Terre reservoirs. Both of these reservoirs are within the 
Osage River Basin of southwestern Missouri. Stockton and Pomme de Terre 
reservoirs are both relatively large impoundments, 10,072-ha and 3,167-ha, 
respectively. Both reservoirs were constructed and are operated by the U.S. Army 
Corps of Engineers. Stockton Reservoir is used for hydropower generation and 
flood control, while Pomme de Terre Reservoir is used for flood control. 
Limnological characteristics of both reservoirs are provided by Havel et al. (1995). 
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Samples were gathered from each reservoir weekly during May-June and 
biweekly during July-August of the years 1987-1991, using paired 500 urn mesh, 1-
rn2 frame trawls with an average towing speed of 1 mis (Michaletz 1997). The 
samples were preserved in either 10% formalin or 95% ethanol. A total of 36 
samples were collected on each sampling date at Stockton Reservoir, while 20-22 
samples were collected on each sampling date at Pomme de Terre Reservoir 
(Michaletz 1997). Although the primary priority of sampling was to collect 
ichthyoplankton, all rnedusae encountered in the samples were enumerated and 
measured. A total of 48 specimens of C. sowerbyi rnedusae were collected from 
the two reservoirs. Densities of jellyfish were not determined because it is likely 
some individuals were forced through the 500 urn mesh of the nets (De Vries 1992). 
No medusae were encountered in samples gathered during 1987-1990. Only 11 
medusae were found in samples collected from Stockton Reservoir during August 
5, 1991, while 37 jellyfish were found in material gathered from Pomme de Terre 
Reservoir during July 24, 1991. Medusae from both reservoirs ranged in size from 
6- l 5mrn in diameter, with specimens from Stockton Reservoir being larger (mean 
12mm diameter) than those from Pomme de Terre Reservoir (mean lOrnm 
diameter). Surface water temperatures at the time of collection were 26C for 
Stockton Reservoir and 27C for Pomme de Terre Reservoir. 

Because rnedusae of C. sowerbyi are zooplanktivorous (Davis 1955; 
Dodson and Cooper 1983 ), a species list of zooplankton found to co-occur with C. 
sowerbyi during the dates of jellyfish collection is provided in Table 1 

Table 1. Species ofzooplankton found to co-occur with C. sowerbyi in Stockton and Pomme de Terre 
reservoirs during August 5, 1991 and July 24, 1991, respectively. 

Taxon Stockton Pomme de Terre 
Cladocerea 

Daplmia lumholtzi + + 
D. retrocurva + 
Ceriodaphnia /acustris + 
Diaphanosoma birgei + + 
Bosmina liederi + + 

Copepoda 
Skistodiaptomus reighardi + + 
Jvfesocyclops edax + + 
Tropocyclops prasinus + 
Ergasilus chautauquaensis + + 

Rotifera 
Ascomorpha sp. + 
Asplanchna priodonta + + 
Brachionus angularis + 
B. havanaensis + 
Keratella cochlearis + 
Platyias patulus + 
Ploesoma hudsoni + + 
Polyarthra vulgaris + + 
Trichocerca longiseta + 
T. multicrinis + 
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In conclusion, the current study presents two new locality records for C. 
sowerbyi and adds to the Missouri distributional information available for this 
unique freshwater invertebrate. Because of the sporadic and unpredictable 
appearance of C. sowerbyi medusae within a given body of water, it is likely this 
species has a much more widespread Missouri distribution than is indicated in the 
literature. 
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NOTICE: The abstracts for the Computer Science Section of the 
1996 annual Meeting of the Missouri academy of Science were ac
cidently left out of Volume 30, 1996, of the Transactions of the 
Mmissouri Academy of science. The editor apologizes for the 
omission and has included those abstracts in this volume of the 
Transactions. Ollin J. Drennan 

Editor, Vol 30, Transactions 

Computer Science Section 

Ali, S.S. Department of Computer Science, Southwest Missouri State University. EXPLAINING 
SPREADSHEET DATA USING NATURAL LANGUAGE IN HUMAN-AGENT INTERAC
TIONS. We are concerned with knowledge interchange and med~tion for the human-agent inter
face. Our problem involves interpreting and possibly embellishing information that is extracted 
from an impoverished representation to produce natural language explanations for humans. Our 
eventual goal is to interact with human users using natural language to update the initial representa
tion. Our first problem is to develop a suitable interlingua that can represent information from an 
impoverished representation and enrich it with the types of information that humans possess and 
express with natural language. We also need to define a protocol that determines the content of 
sentences and conversational turns. As a testbed, our impoverished information source is SC (a 
standard Unix-based spreadsheet program) grade spreadsheets. We are attempting to process and 
explain the complex content of SC spreadsheets in natural language using a knowledge representa
tion and reasoning system, ANALOG, as an interlingua. 

Naugler, D.R. Department of Computer Science, Southeast Missouri State University. ANTIQUE 
LANGUAGES I: ALGOL60. Algol60 is perhaps the singly most influential programming lan
guage; its defining document is considered a model of clarity and brevity; it introduced several key 
features which have been adopted by most programming languages designed or modified since; an 
early object oriented language (Simula) is a superset; it is a direct ancestor of several important 
contemporary languages. Algol60 was never widely used in North America and because it is obso
lete and lacks some "essential" features, it is rarely learned today. It is, however, small, elegant and 
powerful and can be learned rapidly and thoroughly by students in the Programming Languages 
course. Actual programming experience allows informed judgement on such issues as the baroqueness 
of the for statement and the positive and negative aspects of call by name. Experiences teaching 
Algol60 and sample programmes used in this course using a DOS version of Eric Schoenfelder's 
Algol 60 interpreter are related. 

Sanderson, D.P. Department of Computer Science, Southwest Missouri State University. SOFT
WARE ME'IRICS FOR OBJECT-ORIENTED SYSTEMS. As object-oriented software develop
ment methods come into more widespread use, some basic questions of software quality assurance 
must be reconsidered. The characteristics of software product and process quality remain valid, but 
the metrics by which they are assessed must be appropriate to the development method selected for 
a particular project. This research focuses on metrics for design and code reusability, and system 
size estimation, for object-oriented systems. Both are heavily influenced by the design characteris
tics of object classes: the number and complexity of classes and their relationships to each other. 

Several metrics are proposed, and the measurements from two systems developed at NASA's Jet 

Propulsion Laboratory yield preliminary results. This research was funded in part by a NASA/ 
ASEE Summer Faculty Fellowship. 
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Aide, M.T., and J. Picker. Department of Agriculture, Southeast Missouri State University. THE 
INFLUENCE OF POTASSIUM AND PHOSPHORUS FERTILIZATION ON DRY SEEDED RICE. 
Rice is an emerging and important grain crop in southeast Missouri. Little research on the potas
sium and phosphorus nutrition on rice soils is available. An experimental design involving P and K 
fertilization on a Crowley silt loam was conducted at the Missouri Rice Research Farm in Dunklin 
County, Missouri. Phosphorus fertilization did not significantly affect either the yield or panicle 
development. Potassium fertilization at soil test recommendation levels and at higher rates signifi
cantly increased the number of spikelets per panicle and the final~ield. Interestingly, K did not 
affect tillering. We concluded that, based on these 1 year results, K fertilization rates greater than 
those previously acknowledged may result in profitable yield increases. 

Allen, B. and M. Aide. Department of Geosciences, Southeast Missouri State University. GEN
ESIS AND METAL SEGREGATION IN CONCRETIONS FROM SOILS HAVING A FLUCTU
ATING WATER TABLE. Soils having a seasonally fluctuating water table frequently contain, within 
the soil fabric, zones of Fe and Mn concentration. This study was conducted to determine whether 
naturally occurring zones of Fe and Mn are also zones of concentration of other metals and if these 
zones are a result of soil forming processes. Six soils were sampled and the concretions of Fe and 
Mn were size sorted. Metal concentrations were determined by a combination of AA and neutron 
activation analysis. Significant concentrations of Cu, Co, Ni, and Zn were found in these concre
tions. Soil horizons having an alkaline pH were more likely to have enhanced concentrations of 
these secondary minerals, suggesting that metal adsorption onto the surface of pre-existing oxides is 
an important soil process. Differences among soils are attributed to different oxidation-reduction 
intensities. 

Cummings, Mark, and Michael Aide. Department of Geosciences, Southeast Missouri State 
University. THE ADSORPTION OF CHROMIUM (VI) ON HYDROXY-ALUMINUM 
INTERLAYERED SMECTITE. Chromium(VI) is the more mobile and toxic species of chromium. 
Substrates that have a high affinity for Cr(VI) are able to preferentially remove Cr(VI) from aqueous 
phase, thereby reducing the potential migration. This investigation reports on the adsorption of 
Cr(VI) by smectites with two levels of hydroxy-Al interlayers and three pH levels. Cr(VI) adsorp
tion was significantly enhanced upon transition from pH 5 to pH 4. The presence of hydroxy-Al 
interlayer material increased Cr(VI) adsorption. Bonding mechanisms appear to be outer-sphere. 

Elledge, Ann, and Michael Aide, Department of Geosciences, Southeast Missouri State Univer
sity. PREDICTING NITRATE LEACHING IN IRRIGATED ALLUVIAL SANDS AND VALI
DATING THE NATIONAL NLEAP MODEL. In southeast, Missouri, potato production on sandy 
alluvial terraces is a common farming enterprise and the use of high rates of nitrogen fertilizer and 
center-pivot irrigation are employed to guarantee farm profitability. The purpose ohhis investiga
tion was to monitor soil nitrate leaching llllder high management schemes and to determine a dataset 
to validate the Nitrogen Leaching Economic Analysis Package (NLEAP). NLEAP is a national 
model used to predict nitrogen leaching and it is intended to assist growers in reducing their nitrate 
leaching rates. Nitrate leaching was determined to be significant and the NLEAP model accurately 
predicted nitrate leaching given the proper description of soil, climate and farm management. 

Holt, Brenna E., Ann L. Elledge, and Michael Aide. Department of Geosciences, Southeast 
Missouri State University. USING NLEAP TO PREDICT NITRATE LEACHING. Nitrate leach
ing is a major concern which affects farm profitability and productiori as well as groundwater qual-
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of groundwater. In Southeast Missouri potato farming is a highly profitabile enterprise on sandy 
alluvial terraces. This practice employs high rates of nitrogen fertilization, commonly dispersed 
through center pivot irrigation. The purpose of this investigation is to monitor nitrate leaching 
through soil under highly managed practices and also to validate the Nitrate Leaching and Eco
nmnic Analysis Package (NLEAP). NLEAP is a national model used to pre<lict nitrogen leaching 
given site-specific conditions such as: soil type, climate, and farm management practices. This 
model, as well as others, enables growers to devise ways of managing their fertilization practices 
better thus, reducing their rates of nitrate leaching. 

Pollman, W.H., T.M. Moore and F.D. Worman. Department of Agriculture, Central Missouri 
State University. FORAGE BERMUDAGRASS (Cynodon dactylon L.) ESTABLISHMENT, 
YIELD, AND WINTER SURVIVAL TO WEST CENTRAL MISSOURI. The five bermudagrass 
cultivars ('Hardie', 'Quickstand', 'Guymon', 'Tifton 44', and 'Midland') were plugged in a RCB de
sign at the Central Missouri State University Agriculture Farm (soil type BaB - Barco loam). Statis
tical analysis utilized ANOVA and LSD. 'Quickstand' established significantly (p<.05) faster than 
all other cultivars. 'Hardie' established faster than 'Midland', and 'Tifton 44' (p<.05). 'Guymon' and 
'Tifton44' established faster than 'Midland' (p<.05). Yield from single harvest at end of establish
ment year showed that 'Hardie' yielded higher than "Midland", 'Guymon', and 'Tifton 44' (p<.05). 
'Quickstand's' yield was higher than 'Midland' (p<.05). In conjunction with NRCS, Osage Valley 

RC&D, and Prairie Rose RC&D. 

Wamsley, C.S., J. W. Fairchild, M.L. Fairchild. Department of Agriculture, Northwest Missouri 
State University. USING INTEGRATED CROP MANAGEMENT (ICM) TO REDUCE 
NONPOINT POLLUTION WITHIN A WATERSHED: A FARM SYSTEM DEMONSTRATION. 
Nonpoint pollution has seriously jeopardized Missouri's surface water resources. These contami
nated waters eventually feed municipal water supplies, thereby placing them out of compliance with 
EPA standards. This whole-farm system has three components which afford solutions to this prob
lem. The information component is composed of: real-time weather data to drive pest prediction 
models, analysis of surface water, monitoring nutrients and chemicals used and animal wastes spread, 
and delivery of near real-time information to all persons in the agricultural community. The educa
tion component provides students hands-on experience for related college courses and research, and 
annual field days as a forum to demonstrate the effects ofICM. The demonstration component is the 
implementation of best managmeent practices on a watershed basis to document their effects on 
water quality. 

Atmospheric Science Section 

Leftwich, P.W. National Weather Service, Central Region Headquarters, Scientific Services Divi
sion. OPERATIONAL ESTIMATION OF THE PROBABILITY OF SEVERE CONVECTIVE 
STORMS FOR LOCAL AREAS. In an earlier study, prior probabilities of severe convective storm 
occurrence were calculated for Wichita, Kansas, and St. Louis, Kansas City, and Springfield, Mis
souri. Probabilities were estimated from past relative frequencies of events within the vicinity (30 
nm) of the selected cities. This study extended the calculation of prior probabilities to several other 
cities in the Midwest. Refinements were made to the probability estimates in order to develop a 
procedure for operational application. For example, the climatological probability for Kansas City 
reaches a peak of 16% during June, as compared to a value of 10% for the entire season. Also, if a 
Severe Thunderstorm Watch is issued within an outlook expressing a "slight" risk of a severe event, 
the probability beomces 39%, as compared to a value of 23% associated with the outlook alone. 
Examples of possible operational applications are also discussed. 

Olson, D.D., M.B. Trueblood, P.D. Whitefield. Cloud and Aerosol Science Laboratory, Univer
sity of Missouri-Rolla. THE DEVELOPMENT OF A NOVEL DILUTION TECHNIQUE FOR A 

SUB-MICRON PARTICULATE CHARACTERIZATION. Large concentrations of sub-micron 
particulates are a severe problem when sampling jet engine emissions. This paper will describe the 
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development and characterization of a novel particulate filter system, to be employed during ground 
sampling of aircraft engine particulate ernmissions. Tube/filter assemblies were fabricated and their 
dilution properties were characterized. Dilutions >30: lhave been achieved and dilution factors of 
up to 5000: 1 have been employed using these devices during Cloud and Aerosol Science Laboratory 
field programs. This unique technique has proved sufficiently reliable that it has had immediate 
application in several of CASL's externally sponsored environmental field programs. This paper 
specifically addresses the development and characterization of the diluters. Supported by Opp9rtu
nities for Undergraduate Research Experience, University of Missouri-Rolla. 

Schmid, Otmar, Don Hagen, Ray Hopkins, Max Trueblood, and Phil Whitefield. Cloud and 
Aerosol Sciences Laboratory, University of Missouri-Rolla. IN SITU MEASUREMENTS OF 
HYGROSCOPICITY OF AREOSOL PARTICLES. The hygroscopicity of aerosol particles plays 
an important role in their evolution in the atmosphere. The Cloud and Aerosol Science Laboratory 
of the University of Missouri-Rolla, has developed a device to perform airborne and ground based 
measurements ofhygroscopicity. This is accomplished by two Differential Mobility Analyzers (DMA) 
in series with a saturator betv,reen them. The first DMA selects a monodispersely sized dry aerosol 
sample which is exposed to a known relative humidity in the saturator. The resulting size spectrum, 
measured by the second DMA, characterizes the hygroscopicity of the sample aerosols. This talk 
presents a description of the device and the discus'sion of measurement results. 

Wilson, M.R., M.B. Trueblood, 0. Schmid, A.R. Hopkins, P.D. Whitefield and D.E. Hagen. 
Cloud and Aerosol Sciences Laboratory, University of Missouri-Rolla. PRESSURE EFFECTS ON 
THE COUNTING EFFICIENCY OF A COMMERICAL CONDENSATION NUCLEUS 
COUNTER. The CASL/UMR has been heavily involved in the measurement of combustion par
ticles in the plumes of jet aircraft. Intrinsic to this determination is the operating efficiency of our 
condensation nucleus counters (CNCs) under the varying conditions encountered during flight. At 
30-40 kft altitude, ambient pressures can reach 0.2 atm. The efficiency of a CNC for samples at this 
pressure was found to drop off to approximately 10% from its sea-level operating efficiency. Ther
modynamic considerations reveal that a grouping of independent parameters (pressure, flow rate 
through the CNC, physical dimensions of the counter's saturator, etc.) control the efficiency of the 
device. For example, one particular commercial CNC was found to have an optimum operating 
efficiency at 1.5 times the factory-recommended flow rate of 1.4 L/rnin at reduced pressures, a flow 
of 2.2 L/min actually doubles the counter's efficiency at 35 kft. 

Zacher, C.A., AERO Research. THE CG DISCHARGE AND PHYSICAL PROCESSES UPON 
IMPACT REVEALED IN A RARE FULGURITE OF ASH FROM CHARRED HEARTWOOD. 
Fulgurites are always uncommon as a curiosity of nature, but a detailed analysis has been made of 
an unusual one which met very critical and stringent survival conditions in its origins (genesis) and 
even its finding and preservation. About 10 years old, it is composed of cinder-like grains of ash 
lmm- lcm in size, forming a tubular crust. Believed to have formed in a young Walnut tree some 4.5 
- 6 m tall, its genesis resulted from a particularly vigorous and active nocturnal thunderstorm with 
heavy precipitation. It is of large size, 8. 3 cm max diameter, and 19 cm length indicating a large 
vigorous cloud-to-ground (CG) flash, but dimensions are similar to other large fulgurites. Fuller 
diagnostic conditions will be given, but it is recognized here, that for survival and continued exist
ence it was threatened by the conditions of its own generation; possibly cratering, exploding, or 
burning up completely. The composite grains, probably a moist, crumbly matrix originally, now are 
scorched and show a temperature range to be expected from inside to outside. Grateful 
acknowledgement is due Mrs. Addie Bosler, the owner, who lent it to me for examination, and H.J. 
McKenna, preparer and preserver who found it. 

Biology Section 

Andresen, W.F., J.L. Leighr and L.E. Evinger. Department of Biology, Missouri Western State 
College. THE EFFECT OF PROTEIN ON GROWTH AND MORPHOLOGICAL CHANGES 
SEEN IN TETRAHYMENA PYRIFORMIS CELLS IN AGING CULTURES. Replicate cultures of 
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and 1.0% glucose (1% PPG-1). The growth and morphological changes associated with culture 
aging were compared to replicate cultures initiated in a second medium consisting of 1.0% proteose
peptone #3 (Difeo) and 1.0% glucose (1% PPG-3). Replicate cultures grown in both media were 
sacrified daily, from culture initiation to culture death, and the cell population as well as the mor
phology of the living cells evaluated. 1be living cell density, in cultures grown in 1.0% PPG-1 and 
1.0% PPG-3, reached a maximum of approximately 50,000 cells/ml after 5 and 7 days respectively. 
Culture death was noted in the cultures in 1. 0% PPG-3 after 12 days and after 16 days in the cultures 
in 1. 0% PPG- I. The cells g rown in 1. 0% PPG-3 were more spherical with a length/width ratio of 
1.0-1.5 compared to a length/width ratio of about 2.0-2.5 in the cells in 1.0% PPG-!. The cells 
cultured in 1.0% PPG-3 were much smaller after th onset of cell death with a cell volume of about 
10,000 cubic micrometers compared to approximately 60,000 cubic micrometers with the cells cul
tured in 1.0% PPG-1. The accumulation of intracellular lipid was seen in old cultures with both 
media. 

Candrl, J.S. and J.F. Belshe. Department of Biology, Central Missouri State University. A SUR
VEY OF THE FISH COMMUNITES IN TWO MISSOURI RIVER FLOODPLAIN EROSION 

HOLES. With two major floods in recent years (1993 and 1995, the presence of floodplain erosion 

holes has increased immensely with more than 500 holes having been formed along the Missouri 
River from Kansas City to St. Louis in 1993. This study was conducted to survey the morphometry, 
physio-chemical variables, and fish communities in two uneven-aged floodplain erosion holes. One 
hole was formed in 1951 and the other in 1993. Hydrographic maps were constructed and morpho
metric data derived from the maps. Temperature, dissolved oxygen, free carbon dioxide, pH, alka
linity, and transparency were measured five times over a period of a year at 1 m intervals. Fish were 
captured by gill net, trammel net, seine, fyke nets, and angling. The 1951 hole had a surface area of 
0.44 acres and a maximum depth of 4.8 m while the 1993 hole a surface area of 9.05 acres with a 
maximum depth of7.6 m. For the 1951 hole, dissolved oxygen values ranged from 0.5 to 12.2 ppm, 
pH values from 7.19 to 8.5 and visibility from 0.55-0.95 m. The 1993 hole had dissolved oxygen 
values ranging from 1to15 ppm, pH values from 7 .. 7 to 8.72, and visibility from 0.5-1.2 m. There 
were 15 species offish captured in the 1951 hole and 14 species captured in the 1993 hole fora total 
of 20 diferent species. The three dominant species of both holes were Dorosoma cepedianum, 
Lelpomis macrochirus, andHypothalmichthys nobilis. 

Flaspohle1; Mark and D. Castaner. Biology Department, Central Missouri State University. 
SEASONAL VARIATION IN THE VEGETATION OF THE OSCEOLA LICHEN SANDSTONE 
GLADE IN ST. CLAIR COUNTY, MISSOURI. The Osceola Lichen glade is located at the extreme 
northern border of the Ozark Region's Springfield Plateau natural areas section. A 1995 species 
survey yielded a list of 99 species in 33 families. Average soil depth was 24.3 cm (2.4-45.5) and 
average soil pH was 4.4 (3.96-6.68). Using the same 40 one meter plots, spring and fall cover of 
individual species were compared. Except for a few species such as Schizacyrium scoparium, 
Sorghastrum nutans, Elymus virginicus, andAristida dichotoma, most species had less cover. This 
was attributed to a rather prolonged summer drought in 1995. Spring dominants by cover were 
Schizacyrium scoparium (23.7%, 29%), Erigeron sannus & strigosus (8.9%, 0%), Panicum 
sphaerocarpon (5.9%, 3. 7%), Rhus copa/lina (5.4%, 2.8%), Coreopsis grandiflora (5.1%,0.04%), 
Crotonopsis e/liptica (3.7%, 0.6%). Fall dominants wereSchizacyrium scoparium (23.7%, 29%), 
Panicum sphaerocarpon (5. 9%, 3. 7%), Rhus co pal/in a (5.4%, 2.8%), Bulbostylis capil/aris (l .54%, 
1.7%), Sorghastrum nutans (0.6%, 1.0%), and Elymus virginicus (0.5%, 0.8%). Other species of 
interest include Opuntia compressa, Lechea tenuifolia, Selenia aurea, Psoralea psoralioides, Setaria 
glauca, Cheilanthes lanosa, and Selagine/la rupestris. Overall average cover changed from 84.1 % 
in spring plots to 49.8% for fall plots. This project was funded in part by MDC and the Corps of 
Engineers Truman Lake district. 

Frazier, Shellaine and O.B. Mock. Department of Anatomy, Kirksville College of Osteopathic 
Medicine. HEINZ BODY STAINING TECHNIQUES FOR QUANTIFICATION OF 
NITROAROMATIC EXPOSURE IN SMALL MAMMALS. These studies tested all available 
techniques for demonstrating nitroaromatic-induced Heinz bodies (HB) in erythrocytes of selected 
small, wild mammals (least shrew and praire vole). Preliminary tests using vole blood collected 24 
h after IP injections with high does of 1,3-dinitrobenzene (DNB), dinitroanaline, and 1,3,5-
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trinitrobenezene compared with controls for all available HB tests. Whole blood mixed with 2% 
crystal violet stain in hypotonic (0.75%) saline, was the HB detection method of choice. All test 
animals showed HB positive readings >35%, (most 100%). Controls showed <l %. All other HB 
techniques gave false(-) or(+) results. Percent HBs at each concentration ofDNB/kg shrew diet 
was: 51%/20; 50%/5; 9%/1.25, <1%/0.3 andO(n=6/group). Supported by EPA CR823734010. 

George, J. and D. Castaner. Biology Department, Central Missouri State University. A COM
PARISON OF SPRING AND FALL VEGETATION ON THE SILVER MINE RIDGE ROAD LIME
STONE GLADE IN HICKORY COUNTY, MISSOURI. The Silver Mine Ridge Road Glade is 
located in the northern part of the Ozark Region's Springfield Plateau natural areas section. A 1995 
species survey yielded a list of 125 species in 51 familes. Average soil depth was 13.2 cm and 
average soil pH was 7 .6. Forty one meter plots were compared for total cover for apring and fall and 
found to very similar: 45.2% spring versus 44.3% fall. Dominants by cover were Schizacyrium 

scoparium (6.2% spring, 6.8% fall), Panicum virgatum (6.2%, 8.1 %), Rudbeckia missouriensis 
(5.0%, 7.1%), Liatris squarrosa (4.7%, 5.0%), and Si!phium terebenthkinaceum (4.4%, 3.9%). 
Other comon species were Fimbristylis puberu/a (2.1 %, 0.7%), Hedyotis nigricans (3.4%, 4.2%), 
Comandra umbellata (l.6%, 0.1%), Echinacea paradoxa (l.0%, 0.7%), and Viola pedata (1.8%, 
0.8%). Interesting but less conpicuous species included two carif.'.:es,'carex crawei and C. meadii, 
Caca/ia plantaginea, Buchnera american, Dalea purpurea, Linum sulcatum, and Agalinis 
skinneriana. Some species present in the spring, such as, Castilleja coccinea, Psoralidium 
tenuiflorum, Amorpha canescens, andAsclepias viridiflora were not found in the fall. This project 
was funded in part by the Missouri Department of Conservation and Dr. N. Babrakzai, CMSU. 

Gurer, H, R. Neal, C. Hemme, P. Yang, S. Oztezcan and N. Ercal Department of Chemistry, 
University of Missouri-Rolla. EFFECTS OF CAPTOPRIL ON LEAD-INDUCED OXIDATIVE 
STRESS. Lead is a pervasive environmental toxin known to induce a broad range of physiological, 
biochemical and behavioral dysfuctions in humans. At present, the only approved clinical interven
tion method for lead poisoning is chelation. Commonly used chelating agents were shown to have 
severe side effects. Lead's capacity to induce oxidative stress both in vivo and in vitro suggests that 
antioxidants might play a major role in the treatment oflead poisoning. Captopril (D-3 mercapto-2-
methylpropanoyl-L-proline), an angiotensin converting enzyme inhibitor, also acts as an antioxidant 
agent because of its free thiol group. In the present study, we examined the effects of captopril on 
various oxidative stress parameters which were altered in lead exposed Fisher 344 rats. Glutathione 
and glutathione disulfide levels, thiobarbituric acid reactive substances and catalese activities of 
brain, liver and kidney samples were measured as indicators of oxidative stress. The results of these 
parameters in treated and nontreated animals were compared. As a result, captopril has been shown 
to have a protective role against lead-induced oxidative stress. Supported by Turkish Scientific and 
Technical Research Council. Supported by NIH/R 15 ES08016-01. 

Hout, D.R. and N. Babrakzai. Department of Biology, Central Missouri State University. HIS
TOCHEMICAL CHARACTERISTICS OF THE POLAR RING COMPLEX IN HEPATOZOON 
SP (APICOMPLEXA: HAEMO-GREGARINIDAE) UNDER THE LIGHT MICROSCOPE. A 
diagnostic characteristic of the phylum Apicomplexa, is the presence of an Apical complex or Polar 
Ring Complex (PRC). Until recently it was assumed that this organelle could only be resolved 
under the electron microscope. However, Babrakzai (1989,Amer. Zoo/., 25 A) discovered that the 
PRC of H epatozoon sp. (in the erythrocyte of the frog Rana blairi), can be resolved under the light 
microscope, when subjected to the silver impregnation (Ag-NOR technique). This study was de
signed to throw some light on the macromolecular nature of the PRC with the use of specific dena
turing enzymes and Ag-NOR staining. Treatment of the PRC in trypsin, DNase, 8M Urea and a 
sequential administration ofRNase and trypsin did not diminish the ability of this organelle to stain 
with the Ag-NOR tecl)nique. Only a treatment of proteinase K inhibited silver staining slightly. We 
therefore, hypothesize that DNA and RNA do not play a significant role in the structure of the PRC. 
Numerous protein residues are present inthe PRC as well as some still unknown molecular entities 
which may be oxidized by silver nitrate. Supported by the Willard North, Sigma Xi, and biology 
department research grant. 
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Inselman, A.L., KM. Hummel, A.C. Gathman and W.W. Lilly. Department of Biology, South
east Missouri State University. KINETICS OF GROWTH, NU1RIENT UTILIZATION, AND 
PROTEIN SECRETION IN SUBMERGED CIB,TURES OF SCHJZOPHYLLU.iv!COMMUNE. S. 
commune homokaryons were grown in submerged liquid culture in standard minimal medium con
taining 1 g/l L-asparagine as the sole nitrogen source or in minimal medium supplemented with 1 g/ 
1 of gelatin. The mycelia showed typical logarithmic growth kinetics in both media, however growth 
rates were slightly higher in the gelatin-supplemented medium. The fungus lowered the pH of both 
media by nearly one unit over the course of 148 hours of growth. Glucose depletion was more rapid 
in media containing gelatin than in minimal medium. Substantial protein is secreted during growth 
on both media, with measurable amounts appearing by 60 hours. Acid phosphatase activity, a 
marker of general hydrolyticenzyme secretion, was generally only slightly elevated during growth of 
the mycelia in minimal medium; however, it was increased nearly 8-fold in media containing gela
tin. 

Humel, K.H., A.L. Inselman, A.C. Gathman and W.W. Lilly. Department of Biology, Southeast 
Missouri State University. EXTRACELLfilAR PROTEASE PRODUCTION IN SUBMERGED 
CfilTURES OF SCHJZOPHYLLUM COMMUNE. Fungi live by secretion ofhydrolytic enzymes 
into the growth substrate and subsequent adsorption of the products of hydrolysis by the mycelium. 
We have investigated protease secretion by the wood-decaying basidiomycete, S. commune, when 
grown submerged in a liquid minimal medium containing L-asparagine as the sole nitrogen source 
and in minimal medium supplemented with gelatin. A general pattern of protease accumulation in 
culture filtrates was found. As the colonies grow, generally larger amounts of proteolytic enzymes 
are found. These enzymes include serine and metallo-endoproteases as determined with the artifi
cial substrate azocasein. In addition, chymotrypsin-like and diaminopeptidase activities are se
creted. Activity of these enzymes increases faster than the mycelial growth rate. In addition, myce
lia grown in the presence of gelatin consistently show higher activites for all enzymes tests. The 
increases are not due to a general release of enzymes or to autolysis since the activity of another 
protease, APFl, is never detected in medium. SDS-gelatin PAGE shows a complex spectrum of 
proteases regardless of nitrogen source. 

Landewe, T., L. Newman, A. Green, W.W. Lilly and A.C. Gathman. Department of Biology, 
Southeast Missouri State University. CLONING AND SEQUENCE OF A POLYUBIQUITIN GENE 
FROM SCHJZOPHYLLUM COJvfMUNE. A cDNA library was prepared in lambda gtl 1 from 
Schizophyllum commune mRNAs. The library was screened with a probe made from theArabidopsis 
thaliana ubiquitin gene, and several positive clones were identified. After rescreening, phage from 
positive plaques were used as template in PCR reactions with lambda gtl 1 flanking primers. The 
amplified insert from one of these clones was ligated into pBluescript (Stratagene) digested with 
EcoRI and Notl. Nested deletions were prepared from pSE14 and sequenced from both ends using 
the T3 and T7 promoters as primers. The complete sequence obtained confirmed that the insert was 
a full-length cDNA for tetraubiquitin. The amino acid sequence of Schizophyllum commune ubiquitin 
was found to be identical to those of Coprinus cinereus and Phanerocheete chlysosporium, and to 
differ by one amino acid from those of Saccharomyces cerevisiae and Candid a a/bi cans 

Leyva, A., A. Freeman, L. Wetmore, and H. Kass. Hematology/Oncology Section, Children's 
Mercy Hospital; Kansas City, MO and CED Tech Ltd, Brooklyn, NY. ANTI-TUMORE POTEN
TIAL OF ALZIUM, AN ISRAELI HERBAL PRODUCT. Many cancer patients resort to alterna
tive medicines which have not been scientifically tested. Alzium is a proprietary product composed 
of alcoholic extracts of 11 herbs. 9 of these components were screened for growth-inhibitory effects 
in cultured human cells. A major component G had the most cytotoxic effect and was studied 
further. Cytotoxic effects were determined by the MTT assay during a 3-day drug exposure in leuke
mia, glioma, colon tumor, and lung tumor cell lines and normal fibroblasts. Similar studies were 
conducted using fresh tumor cells obtained from surgical specimens. Drug-induced DNA strand 
breaks were assessed by a fluorometric assay. Greater cytotoxicity was seen in tumor cells com
pared to fibro-blasts, also for tumors showing resistance to conventional drugs. DNA damage was 
also evident after 24 hr. These data show that Alzium has differential anti-tumor activity and is 
DNA-reactive 
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Leyva, A., L. Wetmore, E. Kostoryz, and D. Yourtee. Hematology/Oncology Section, Children's 
Mercy Hospital and University of Missouri-Kansas City, Kansas City, MO. IN VITRO CYTO
TOXIC EFFECTS OF A DENTAL BIOMATERIAL ON HUMAN TUMOR CELLS. Previous 
studies showed that the polymer initiator ( 4-octyl-oxyphenyl)phenyliodonium hexafluoroantimonate 
(OPIA) is a potent cytotoxic agent, when compared with other dental products. The present study 
examined the invitro effects of OPIA on 6 human tumor cell lines. Two leukemia lines, 2 glioma 
lines, 1 colon line, and l lung tumor line in logarithmic growth were continuously exposed to OPI A 
at various concentrations for 3 days. Resultant viable cell number was determined by the MTT 
assay. CEM leukemia cells were further examined for DNA strand breaks by a fluorometric assay 
after 24-hr drug exposure. 50% cytotoxic effect was seen at 0.4 to 1.8 ug/rnl OPIA, comparable to 
that with 25 ug/ml etoposide. OPIA is a potent cytotoxic agent that causes DNA damage and may 
be worth further study for anti-tumor potential. 

Wang, W., and S.H. Mills. Department of Biology, Central Missouri State University. THER
MOREGULATORY RESPONSES IN nJVENILE 13-LINED GROUND SQUIRRELS, S. 
TRIDECEldLINEATUS. Our previous studies evaluated seasonal variation in temperature regula
tory behaviors and vasomotion before and after hibernation in ground squirrels. This study was 
conducted on squirrels after weaning to examine weight-specific rate of oxygen consumption, body 
core temperature and body movement as the animals mature and prepare for hibernation. Beginning 
in mid-July, each juvenile was monitored weekly in a chamber at room, 25C, 20C, l 5C, 1 OC for 20 
minutes. There was a significant (p<05) effect of ambient temperature and age on weight-specific 
metabolic rate, body temperature, and activity. Decreased ambient temperature increased metabolic 
rate and activity but decreased body temperature. Squirrels were weaned and implanted with a 
transmitter on weeks 5 and 6. Metabolic rate increased after week 7 and returned to a lower level 
within 2 weeks. Body temperature peaked at week 9 and returned to a lower temperature within 2 
weeks. Activity decreased after week 9. Elevated weight-specific metabolic rate, body temperature, 
and activity was observed during weeks 8 and 9. In juvenile ground squirrels, metabolic rate, body 
temperature, and activity was lower (p<05) after hibernation compared to that observed just prior to 
hibernation. 

Yang, C.F., F.A. Einhellig and R.G. Rhodes. Department of Biology, Southwest Missouri 
State University. SESQUITERPENE LACTONES INHIBIT ALGAL GROWTH AND PHOTO
SYSTEM II EFFICIENCY. The mechanisms of action of compounds causing chemical interfer
ence (allelopathy) among plants are obscure. The aims of this research were to develop an algal 
bioassay for studies in allelopathy and to determine the effectes of sesquiterpene lactones on photo
synthesis. A variety of compounds, including several of the sesquiterpene lactones, have been im
plicated in allelopathy. In a 10-day growth bioassay, Chlorella pyrenoidosa and Selenastnm1 

capricomutumwe regrown at 23°C µ mole photons m-2 s-1 in BBM culture or medium amended 

with artemisinin (AR), santonin (ST), and parthenolide (PA). Cell counts were obtained at 2-day 
intervals and fluorescence data established the efficiency of photosystem II (PSII). Algal growth

inhibition thresholds were 1 µ M AR, 25 µ M ST, and 50 µ M PA with both species having a 

similar response. All compounds lowered the PSII efficiency as shown by a reduction in the Fv/Fm 
ratio suggesting that interference with photosynthesis is a major mechanism causing their growth 

inhibition. 

Yang, P., R. Neal, H Gurer and N. Ercal. Department of Chemistry, University of Missouri
Rolla. N-ACETYLCYSTEINE (NAC) ALSO PROTECTS OXIDCATIVE S1RESS IN LOW

LEVEL LEAD EXPOSURE. Low-level lead exposure (blood lead level, PbB, between 10 µ g/dl

-25 µ g/dl) is very common in United States. Although a PbB of 10 µ g/dl is considered to be toxic 

by Centers for Disease Control (CDC), treatment is usually not recommended unless the PbB in 

excess of 25 µ g/dl. In order to find out whether low-level lead exposure also induces oxidative 

stress and investigate the nature of NA C's protective effect, we performed series of experiments on 
Fisher 344 rats. Rats were administrated 2000 ppm lead acetate in their drinking water for five 

weeks, during the six week, one group received NAC treatment and others only received water. At 
the end of six week, rats were sacrificed. Blood and tissue sample were collected. PbB, glutathione 
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(GSH), Glutathione disulfide (GSSG), Malondialdehyde (MDA) and Catalase activity were mea
sured. Our results suggest that low-level lead exposure can also induce oxidative stress, and NAC 
might protect low lead induced oxidcative stress. Supported by Turkish Scientific and Technical 
Research Council. Supported by NIHIR 15 ES 08016-01. 

Yildiz, D., R. Neal, P. Yang, J Fitchel, H Gurer, and N. Ercal. Chemistry Department, Univer

sity of Missouri-Rolla. TIIB EFFECTS OF o -AMINOLEVULINIC ACID ( o -ALA) IN TIIB 

PRESENCE AND ABSENCE OF N-ACETYL-L-CYSTEINE (NAC), ON CHINESE HAMSTER 

OVARY (CHO) CELLS. o -ALA is a heme precursor accumlated in lead poisoning and acute 

intermittent porphyria. Although no single mechanism for lead toxicity has yet been defined, recent 

studies suggest at least some of the lead-induced damage may originate from o -ALA induced 

oxidative stress. In the present study, we investigated the pro-oxidative action of o -ALA in the 

presence and absence ofNAC, a well documented antioxidant, on CHO cells. Time dependency of 

o -ALA's effect was determined by time course study. Treatment of cells with different concentra-

tion of o -ALA showed a concentration dependent inhibition of colony formation which was allevi

ated by the presence of 1 mMNAC. Glutathione (GSH), glutathione disulfide (GSSG), thiobarbutiric 

acid reactive substances (TEARS) and ca ta lase (CAT) activity were measured in 1,3, and 5 mM o -

ALA and I, 3, and 5 mM o -ALA + I mM NAC treated cells as indicators of oxidative stress. We 

also measured lactate dehydrogenase (LDH) activity as a marker of o -ALA induced membrane 

damage. Our results indicate a state of oxidative stress and suggest that the o -ALA induced inhibi

tory effect on CHO colony formation may be due to its pro-oxidant effect.. Supported by Turkish 
Scientific and Technical Research Council. Supported by NIH/r 15 ES08016-01. 

Chemistry Section 

Ali, MH. Department of Chemistry, Southeast Missouri State University and W.C. Stevens. Nuclear 
Magnetic Resonance Facility, Southern Illinois University. AN EFFICIENT PROCEDURE FOR 
OXIDATION OF SULFIDES TO SULFOXIDES WITH MAGNESIUM 
MONOPEROXYPHTHALATE (MMPP) ON HYDRATED SILCA GEL SUPPORT. Due to the 
limited solubility ofMMPP in organic solvents, oxidation reactions employing MMPP are usually 
carried out in aqueous or alcoholic media. Reactions in aqueous media are often not efficient and 
also product isolation is often very cumbersome. We have developed a method for oxidation of 
sulfides with MMPP in methylene chloride. In this procedure, a heterogeneous mixture of hydrated 
silca gel, solid MMPP, and a sulfide in methylene chloride is stirred at room temperature until the 
oxidation reaction is over. Filtration of the reaction mixture followed by removal of solvent from the 
filtrate produces product which is often pure. This newly developed procedure is simple, applicable 
to a variety of sulfides, and produces excellent yields of sulfoxides without accompanied by any 
significant by-products. 

Neal, R., C. Collins, N. Ercal. Chemistry Department, University of Missouri-Rolla. OXIDA
TIVE STRESS AS A FUNCTION OF AGE IN RAT LENSES. Age-related cataract is a significant 
health problem throughout the world costing billions of dollars. Recent studies have shown that 
age-related cataract may be caused by oxidation, but the mechanism of oxidation is not yet fully 
understood. Lens proteins are exposed to oxidative stress promoters such as light and oxygen over 
a lifetime due to low protein turnover in the lens. The lens proteins are normally protected by 

gluthione (GSH), catalase (CA1), cysteine and other antioxidants. Studies have shown that a de
crease in GSH levels coupled with an increase in glutathione disulfide (GSSG) occur in the lens 
during the aging process. A significant increase in lipid peroxidation is also observed during the 
onset of cataract formation. In any of the previous studies, oxidative stress parameters were not 
monitored in the lenses as a function of age. Therefore the present study was undertaken to support 
oxidative damage-induced cataract formation in aging. 50 Fisher 344 rats were divided into 4 
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groups according to their age, and the removed lenses were analyzed to assess their oxidative status. 
Our preliminary results indicate significant deceases in antioxidant status of the lens in aging ani
mals. 

Computer Science Section 

Naugler, D.R. Department of Computer Science, Southeast Missouri State University. OBJECT 
ORIENTATION IN TIIE UNDERGRADUATE COMPUTER SCIENCE CURRICULUM: UP
PER LEVEL CLASSES. Over the past decade object oriented technologies have increased in im
portance in Computer Science to the point that Computer Science graduates should be proficient in 
their use. Although specific courses on Object Orientation (00) are valuable, 00 should also be 
integrated throughout the Computer Science curriculum. This talk focuses on experiences integrat
ing 00 in post CS2 Computer Sciene courses at Southeast Missouri State University. 

Sanderson, Peter. Department of Computer Science, Southwest Missouri State University. A 
SOFTWARE RISK MANAGEMENT MODEL. Software development is a complex process fraught 
with risks. Throughout the short history of computer science, developers have dealt with such risks 
in a mostly haphazard and reactive fashion. As a result, according to one recent study, only 2% of all 
development efforts produce operational software delivered on time. Given society's growing de
pendence on products and services either supported or controlled by software, such a situation can
not continue. This report documents efforts underway at NASA's Jet Propulsion Laboratory, and 
elsewhere, to integrate risk management into the software development process. Any such effort 
begins with a software risk management model. Few such models have been developed to date; we 
introduce three of them, followed by the model curently under development at JPL. Our risk man
agement model is designed to address a small number of pragmatic but critical questions that must 
be answerred before a project, usually involving spacecraft, can be placed into operation. The model 
considers many facets of software risk management: risk perspecitve, the kinds of risks to be man
aged, activities which comprise the risk management process and their relationships, and the soft
ware process and product measurements, or metrics, that must be collected in order to identify and 
assess risks. We also consider the application of software risk management models to systems 
developed using object-oriented technology. Supported by a NASA/ASEE Summer Faculty Fellow
ship. 

Shade, E. Computer Science Department, Southwest Missouri State University. COMPUTER 
SYNTAX AND HUMAN SEMANTICS. To enable programmers to solve large, complex prob
lems, modern programming languages need computer sytax and human semantics. A computer 
syntax is one that is easy to parse (thus enabling fast compilation), and easy to extend (so that 
programmers can add new syntactic features, such as new control structures). A human semantics 
is one that provides powerful features that are not tied to the von Neumann architecture. Most 
programming languages are designed with human syntax and computer semantics, i.e., they provide 
a complex, fixed syntax that is supposed to be "natural" for human readers, yet they provide semantic 
features that are not far removed from assembly language. ANSI C is a prime example ofthis; it has 
an enormously complex syntax and requires programmers to work with pointers, bitfields, and other 
primitive constructs. In fact, C is often referred to as a portable assembly language. C++ is in some 

respects even worse, because it adds useless syntactic complexity, and though it provides classes it 

still requires programmers to work at the level of C to implement them. Functional languages like 
Haskell provide excellent semantic power, yet have a syntax that is extensible only in trivial ways. 
-Lisp provides powerful semantic features and has supberb syntactic extensibility via its macrofacility, 
but many programmers find Lisp's fully-parenthesized prefix syntax unpleasant. The author's ESL 
programming language was designed with a proper balance of syntax and semantics. ESL has a 
simple sytax that permits one-pass compilation and can be extended by the programmer via regular 
expressions and dynamic linking, and it is a "mostly-functional" language with approximately the 
same semantic power as Lisp. 
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Conservation Section 

MAS-MONAC Symposium: Research In Missouri Natural 
Areas 

Ashley, D.C. Biology Department, Missouri Western State College. ESTABLISHMENT OF A 
PERMANENT LOCATION REFERENCE SYSTEM ON THREE PRAIRIES IN NORTIIWEST 
MISSOURI. Population studies are currently being conducted on the Prairie White Fringed Orchid 
(Platanthera praclara) at three prairies in northwest Missouri (Atchison, Holt, and Mercer coun
ties). A permanent reference system for plant locations was needed and a reference system was 
developed which provides a relatively permanent location marker but is not obvious to visitors to the 
prairie. Sections of 3 1/2 inch diameter steel pipe 3 feet long were threaded at one end and cut and 
welded at the other end to privide a point. These pipes were driven into the ground until the threaded 
end was even with the surface. A threaded end cap was screwed onto the upper end of the pipe when 
the reference marker was not being used. When a permanent reference point is needed to determine 
the specific location of an orchid on the prairie, the endcaps of the reference pipes were removed and 
a two meter length of smaller diameter galvanized pipe was inserted into the reference pipe. A 2 
meter extension of highly visible white PVC pipe was attached to the galvanized. pipe. A short 
length of pipe strapping was bent to fit loosely around the galvanized upright and a hook on the 
strapping holds the end of a 100 meter tape. Initial experience with these markers showed they were 
very successful. Distance and compass coordinates from each orchid to two separate reference 
markers should allow us to re-locate each plant during successive growing seasons. 

Callahan, Terrance R. Divison of State Parks, Missouri Department ofNatural Resources. A VIAN 
SPECIES COMMUNITY STRUCTURE WITHIN OAK-SAVANNAS AND UNBURNED 
WOOLDANDS. Avian species community structure was investigated within restored oak-savan
nas (n=3) woodlands in south-central Missouri, 1994-1995. Densities of species/30 ha were deter
mined using spot-mapping techniques. Vegetation structure within study areas and selected species' 
territories were determined to examine the effects of oak-savanna restoration on habitat and micro
habitat selections. Fourteen species were detected only within restored oak-savanna, while 10 spe
cies were restricted to unburned woodlands. Forty species occurred in both restored oak-savanna 
and unburned woodlands. Twelve of these species were more abundant, and 7 were less abundant 
within restored oak-savanna. Restored oak-savanna had a more open canopy, a higher vertical 
obsruction reading (VOR), fewer deciduous stems/ha, larger diameter trees, fewer trees/ha and a 
ground cover comprised of a smaller percentage oflitter and a greater percentage of graminoids and 
rock or bare ground coverage. The implications of the structural diversity of vegetation provided by 
restored oak-savanna communities and the possible benefits/detriments to songbird populations 
will be discussed. 

Currier, Michael P. Division of State Parks, Missouri Department of Natural Resources. MONI
TORING NATURAL AREAS AS BENCHMARKS OF NATURAL QUALITY. Ecological moni
toring employing coefficients of conservatism quantifies vegetative composition and species domi
nance patterns and provides a repeatable method of describing the quality of a site. It is critical to 
use methodology that makes efficient use of staff time while providing resolute trend data. At Ha Ha 
Tonka Savanna Natural Area twelve permanent 50 meter transects have been established in white 
oak dominated chert savanna and dolomite glade communities. Canopy data is recorded for an area 

of 0.1 hectare for each transect using a ten factor prism. Shrubs and saplings are identified along a 
1 meter wide belt parallel to each transect line. Ten randomly selected 114 M 2 quadrats are used for 
herbaceous data. In physiognornic terms both communities are dominated by perennial forbs. Pe
rennial grasses and sedges are of greater relative importance in glade transects. Based on analysis 
both communities exhibit relatively high natural quality. Data is pooled from other high quality sites 
within the region to capture variability based on soils. This provides a baseline against which to 
assess the effectiveness of management in preserving Missouri's native landscapes. 
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Eirvin, M.A., A. Shaefer, and A.J. Rebertus. School of Natural Resources, University of Mis
souri-Columbia. FILLING IN THE GAPS: STAND HISTORY AND SUCCESSION OF A MIXED 
MESOPHYTIC OLD-GROWTH FOREST. Since the onset of fire suppression, treefall gaps have 
become the dominant natural disturbance influencing successing in Midwest forests. We recon
structed stand history of Schnabel Woods Natural Area in Boone County by using 1817 Public Land 
Survey records and examining tree age structures. Future successional trends were modeled from 
Markov transition probabilities between gap-making and gap-filling species. The predominant trend 
over the last 180 years has been an increase in northern red oak and sugar maple and a decrease in 
bur oak. Age structures of oaks were trimodal, with major cohorts establishing circa 1875, 1890, 
and 1920. Maple establishment was concentrated between 1930 and 1965, probably in response to 
fire suppression, but there has been very little new recruitment in the past 30 years. Transition 
probabilities bet\veen gap-making and gap-filling species indicate that the composition will stabi
lize after one complete turnover of the canopy (100-200 years), with sugar maple increasing from 
38% to 67% and oak species dwindling from 34% to 5% of the overstory. Introducing prescribed 
fire to ridge tops would probably mimic native American burning patterns in river bluff communi
ties and restore high diversity. 

Greenlee, E.S., H.E. Ballard Jr. The Nature Conservancy-Missouri Chapter; Botany Department, 
University of Wisconsin-Madison. FIELD SURVEYS FOR POTENTIALLY RARE MISSOURI 
ORTHOPTERA. Intensive statewide field studies were conducted at a variety of natural areas to 
evaluate the distributional and endangerment status of 67 potentially rare species of Missouri's crickets, 
grasshoppers and katydids (Order Orthoptera). Prairies, glades, woodlands, wetlands and swamps 
were investigated by one-hour timed-meander searches at 40 sites over 14 days in August, 1994. 
Hundreds of new county records were established and nine new state records were documented. 
Thirty two of the 144 species documented in Missouri are proposed for watch list or rare status. Two 
of these are regionally rare and may desereve candidacy for federal listing. Supported by MDC and 
TNC. 

Jones, J. Michael. Department of Biology, Culver-Stockton College. A HERPETOFAUNAL 
SURVEY OF TED SHANKS CONSERVATION AREA IN PIKE COUNTY, MISSOURI. This 
survey completes the surveys of vertebrate fauna at Ted Shanks Conservation Area and provides 
important distribution information for Northeastern Missouri amphibians and reptiles along the 
Mississippi River (see The Amphibians and Reptiles of Missouri by Tom R. Johnson). The study 
was conducted during 1995 and 1996. No rare and endangered species were found. A total of 18 
reptile species were collected; 10 species and one subspecies were collected in Pike County for the 
first time. A total of 13 amphibian species were collected and dates of calling recorded; six species 
were collected in Pike County for the first time. Special attention is given to the western lesser siren 
(Siren intennedia nettingii). This northermost siren population is well established, but an opportu
nistic bacterial infection may threaten the survival at Ted Shanks C.A. A rich diversity of amphib
ians and reptiles has been documented; current management techniques are good. Supported by 
Missouri Department of Conservation. 

Leahy, M.J. and T.E. Smith. Natural History Division, Missouri Department of Conservation. 
EFFECTS OF PRAIRIE MANAGEMENT ON SPECIES COMPOSITION IN OSAGE PRAIRIE 
NATURAL AREA. Changes in plant species composition were evaluated after 12 years of manage
ment on a tallgrass prairie in southwest Missouri. Quadrat sampling was done in 1984 and 1995 to 
determine the effects of summer mowing for hay and spring prescribed burning on Osage Prairie. 
In 1984 species composition was on average 74% similar (Sorensen's coefficient) between the five 
different management units. By 1995 species composition had diverged with only a 39% average 
compositional similarity bet\veen the units. Within a unit, compositional similarity averaged only 
36% bet\veen 1984 and 1995. Schizachyrium scoparium, Andropogon gerardii, and Sorghastrom 
nutans were dominants across the prairie in 1984. By 1995 Andropogon virginicus had become a 
dominant across the hay units and Schizachyrium scoparium was relegated to subdominant status. 
Legumes decreased in frequency (p=0.05) across all hay units. Frequency of woody species in
creased (p=0.05) on all units disturbed less than annually. The data suggest that the frequency and 
type of management set the units of Osage Prairie onto disparate successional trajectories. 
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Magai, M.M., B. Schuette, and Ken J. McCarty. Missouri Department of Natural Resources, 
Jefferson City, MO. WHITE-TAILED DEER IMPACTS ONPICKERELWEED (Pontederia cordata 
L.) AT CUIVRE RIVER STATE PARK. Pickerelweed Pond Natural Area, named for the aquatic 
plant Pontederia cordata L. (Pickerelweed), is a half acre upland sinkhole pond located within 
Cuivre River State Park in Lincoln county. Since its nomination as a natural area in 1978, pickerel
weed numbers have drastically declined perhaps in part because it is a preferred browse species of 
white tailed deer. We studied the effect of excluding deer on the population dynamics of pickerel
weed in the pond. Two exclosures, each 5 x 5 meters were set up prior to plant emergence in July 
1995 and a third area exclosed in June 1996. During two growing sesons, it was observed that plant 
density, vigor and reproduction was higher inside the exclosure than outside. These results give an 
example of how profoundly deer can impact local populations of preferred plant species. They raise 
concerns about long term viability of Cuivre River's small, isolated pickerel weed population. More 
significantly, they raise questions about the functioning and vitality of the Natural Area when its 
plant dominance patterns are being so acutely influenced by deer browsing prressure. 

Miller, S.M. Missouri Department of Natural Resources. RECLAMATION AND RESTORA
TION OF ABANDONED MINE LANDS AT PRAIRIE STATE PARK. Coal mining in the l 920's 
had severely degraded environmental quality of Prairie State Park. Acid mine drainage, erosion and 
deposition of acidic minespoil, and invasion of Regal Prairie Natural Area by exotic plant and non
prairie animals required mitigation to begin restoration of the prairie ecosystem. Missouri Aban
doned Mine Land personnel conducted extensive field research characterizing minespoil, water and 
environmental resources to develop a reclamation plan. Reclamation of 106 acrees was completed 
in the fall of 1996. Missouri DNR personnel are continuing work, restoring native plant species to 
allow for the integration of the reclaimed minelands into the prairie ecosystem. 

Nash, Sean and John Rushin. Department of Biology, Missouri Western State College. MONI
TORING COMMONNESS CHANGES IN LOESS HILL PRAIRIE PLANTS AFTER A SPRING 
BURN. This study uses surveys ofloess hill prairie plants on private property in Atchison County, 
Missouri. The study area was burned only one time (April 1992) in recent years. Several of the 
plants found in the study area have been listed by the Missouri Department of Conservation as 
endangered, threatened, rare or watchlist species in Missouri. Quadrat surveys showed that 
Andropogon scoparius, little bluestem, was by far the most common species over the 6-year period 
of the study (1991-1996). Other common grases were Muhlenbergia cuspida, plains muly grass, 
Boutelous hirsuta, hairy grama, and Bouteloua curtipendula, side-oats grama. The tallgrass 
Andropogon gerardi, big bluestem, was very rare in the area prior to the 1992 burn but it became the 
second most common plant in the study area during all surveys (1993, 1994, and 1996) after the 
burn. 

Nigh, T.A. Planning Division, Missouri Department of Conservation. NATURAL AREAS AS 
IMPORTANT NATURAL COMMUNITY BENCHMARKS. Recent trends in Natural Resources 
Management are embracing concerns about the loss of biological diversity. Traditional Natural 
Resource Management agencies are being challenged to expand their focus from single species or 
resource outputs to all species and the natural communities and ecosystems they depend on. The 
banner for this expanded, more holistic focus has been called Ecosystem Management. 

In Missouri, Coordiinated Resource Management (CRM), is an interagency effort de
signed to embrace ecosystem management concepts. Most agencies with land stewardship respon
sibility are cooperating to develop plans for 10 ecoregions in Missouri. The mission of the effort is 
to conserve Missouri's native plants, animals and their habitats for the use and enjoyment of Mis
souri citizens. 

CRM and ecosystem management in general, focuses on the conservation of natural 
communities as a means of achieving its mission. Goals and objectives set long-term direction for 
the maintenance and restoration of natural communities. Consequently, Natural Areas, because 
they represent the least altered examples of natural communities, are viewed as important bench
marks for developing an understanding of their composition, structure and processes. Current and 
future research in Natural Areas will help us build this understanding. This paper will present a 
brief review of ecosystem management, CRM and the importance of natural areas in developing our 
own understanding of natural communities. 
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Reeves, C., A. Joumct, J. Hormann, S. Taylor, M. Williams, and B. Larson. Department of 
Biology, Southeast Missouri State University. EXPLORING FOREST COMMUNITY COMPO
SITION AND MANAGEMENT TECHNIQUES IN Tiffi BOTTOMLAND FOREST COMMU
NITIES OF BIG OAK STATE PARK, MISSISSIPPI COUNTY, SOUTIIEAST MISSOURI. Big 
Oak Tree State Park contains stands of towering old growth cypress and oaks. Studies of the current 
forest composition suggest that the understory of these stands is becoming increasingly occupied 
variously by boxelder, sugarberry, maples, ash and paw paw. The density of these species suggests 
that without intervention, the site will become 'Many Boxelder and Lots of Sugarberry State Park.' 
This paper will report on past and planned studies designed to assess the current composition of 
both the wetter cypress stands, and the dryer oak regions of the park, and a preliminary project 
asseessing how increased fire frequency might influence the dryer regions, and increased inundation 
frequency and extent might influence the wetter regions of the forest. The theoretical background to 
these management regimes will also be briefly addressed. 

Richards, Joseph M. Hydrologist, U.S. Geological Survey. Tiffi COLUMBIA/EAGLE BLUFFS 
WETLAND COMPLEX--A HYDRO LOGIC MONITORING PERSPECTIVE. The Missouri De
partment of Conservation and the city of Columbia, Missouri, have initiated a wetlands project that 
is anticipated to be a milestone in the reclamation of treated municipal sewage. Treated effluent 
from Columbia's sewage treatment wetlands will be used as a water source for managing 1,300 
wetland acres on the Missouri Department of Conservation's 3,656-acre Eagle Bluffs Wildlife Area, 
a restored riverine wetland in the Missouri River alluvium. Columbia's sewage treatment wetlands 
cover 90 acres and are designed to receive an average flow of 17.68 million gallons per day of 
blended primary. and secondary treated effluent. After tertiary treatment by these wetlands, the 
treated effluent will be pumped to Eagle Bluffs Wildlife Area. Wetland areas are sensitive to chemi
cal and physical changes in the hydrologic environment. Because changes are expected in the hy
drologic environment after the treated effluent is introduced into the 90-acre wetland, a monitoring 
network was established to observe changes so that problems could be identified before they become 
widespread or irreversible. Data to be collected from the monitoring network include soil and aqui
fer chemistry and minerealogy, water quality of ground and surface waters, sediment chemistry and 
accumulation rates, climatological data, and water level data. Data collected before the treated 
effluent is introduced will be used to establish a baseline from which changes can be detected. Data 
collected after introduction of the treated effluent will be used to evaluate changes in the hydro logic 
environment and to analyze trends. 

Schuette, Bruce. Division of State Parks, Missouri Department of Natural Resources. BUTTER
FLY MONITORING IN FIRE MANAGED AREAS OF CUIVRE RIVER STATE PARK. Butter
fly monitoring began in Cuivre River State Park in 1993. Since 1994 the monitoring has consisted 
of counting all individuals observed within a 40 foot wide corridor along a permanently designated 
route. Surveys are conducted at approximately the same time each year. Routes have been estab
lished through several prescribed bum units within the park that contain remnant upland prairie and 
limestone glade habitats. Early results from the first three years have not indicated strong trends in 
species diveristy or richness between years with burns and years without burns. This long term 
monitoring program will provide data on any trends as management of the prairies and glades con
tinue. 

Sowa, S.P. Missouri Resourcs Assessment Partnership. MISSOURI'S STREAM RESOURCES; 
UNIQUE CHALLENGES AND OPPORTUNITIES FOR Tiffi NATURAL AREA SYSTEM. In 
Missouri and throughout North America there is growing concern over the increasing rate at which 
aquatic biodiversity is diminishing. Our Natural Area System offers a mechanism for slowing or 
reversing this trend in Missouri, which harbors some of the most diverse aquatic communities in the 
nation. However, aquatic ecosystems, especially stream ecosystems, offer unique challenges. Un
like many terrestrial communities, we cannot simply put boundaries around a selected stream reach 
in hopes of preserving a unique biological community. Protection and restoration of high quality 
examples of Missouri's natural stream communities will require intense monitoring and manage
ment of entire watersheds. Without question, an enormous diversity of information is necessary for 
such efforts. Collection, management, and use of these data will require cooperation of many agen-
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cies and organizations. Fortunately, many efforts are underway that will enhance our ability to 
designate and protect rare or unique stream communities in Missouri. The Missouri Resource As
sessment Partnership (MoRAP) is conducting the first aquatic GAP Pilot Project in the nation. 
Information produced by this and other MoRAP projects, in conjunction with other initiatives such 
as the Missouri Watershed Information Clearinghouse, will provide the necessary tools for preserv
ing and showcasing our diverse stream resources in the Missouri Natural Area System. 

Thom, R.H. Missouri Department of Conservation (MDC), Jefferson City. USING PERMA
NENT PHOTO STATIONS TO DOCUMENT VEGETATIVE RESPONSE TO MANAGEMENT 
OF DOLOMITE GLADES ON CANEY MOUNTAIN NATURAL AREA, OZARK COUNTY. In 
1983 MDC established 10 permanent sampling stations on glades on Long Bald Natural Area (now 
part of the Caney Mountain Natural Area) in Ozark County to monitor changes to the vegetation. 
Each station, marked by a steel rod, is the reference point for nested plots for herbaceous and woody 
vegetation sampling, as well as a permanent photo station for the sample plots and their backgound 
landscapes. Photo sampling procedure is to take 35mm color slides of each cardinal direction from 
the permanent point, using a wide-angle lens. We took photos each year from 1983 to 1988, and 
also photographed several stations between 1989 and 1994. The result is a series of photographic 
records of changes within each sample plot to complement the woody and herbaceous plant sample 
data. The photo sampling provides dramatic visual documentation of vegetation changes resulting 
from active management of the glades with prescribed fire and red cedar cutting. Photography is a 
useful tool in monitoring changes in natural communties. 

Vineyard, Jerry D. Missouri Department of Natural Resources, Rolla, Missouri. GEOLOGY IN 
THE MISSOURI NATURAL AREAS PROGRAM. Geology is a recognized but frequently mini
mized component of all natural areas. A geologic classification system organizes individual fea
tures in each of five geologic divisions ofMissouri into 10 major categories: 1) Pluvial; 2) Weath
ering; 3)Solution/Groundwater; 4) Gravity (mass-wasting); 5) Glacial; 6) Eolian; 7) Ocean; 8) 
Igneous; 9) Tectonic (crustal movement); 10) Features of problematical origin. The major catego
ries are further subdivided by distinctive characteristics designed to encompass all geologic features 
likely to be encountered. While geology is a subtle but essential part of most natural areas, in some 
it is the primary reason for inclusion, such as Elephant Rocks, Earthquake Hollow, and Tower Rock 
Natural Areas. Geologic processes, as erosion, deposition and weathering, are prominently repre
sented in the system. As the system grows, geology may be expected to play a stronger role in 
management decisions. 

Waller, G.K, D. Zollner, B. Heumann. Missouri Department of Conservation. The Nature Con
servancy (AR Chapter), The Nature Conservancy (MO Chapter). HYDROLOGIC CONNECTIV
ITY AND STRUCTURE OF PONDS AND RELATED EOLIAN LANDFORMS OF SAND 
PONDS NATURAL AREA. Sand Ponds Natural Area, one of a series of eolian sand dunes on the 
Black River Alluvial Plain, contains shallow interdunal ponds with hydrophytic vegetation charac
teristic of the Mississippi Alluvial Basin, including the Federally Endangered Pondberry, Lindera 
melissifolia (Walter) Blume. Much of the surrounding alluvial plain is in row crop agriculture. 
Economic conditions currently favor precision leveling and conversion ofland to rice fields. Needed 
flood waters for the rice are supplied by pumping from shallow groundwater wells. The possibility 
of a hydrologic connectioµ between the shallow regional aquifer and the Natural Area ponds has 
raised concerns about long-term abilities to maintain the hydrologic integrity of the ponds. Compli
mentary data sets are being collected to determine sources and sinks (inputs and outputs) for pond 
waters. Thirteen paired groundwater wells, five staff gauges, and seven rain gauges are installed 
across the Natural Area and are measured weekly. If pond waters have hydro logic connection to the 
regional aquifer, then proximal groundwater pumping could have detrimental effects on the magni
tude, timing, duration, and frequency of pond flooding. 
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Engineering Section 

Carroll, Douglas R. Department of Basic Engineering, University of Missouri-Rolla. ENGINEER
ING FOR ELEMENTARY SCHOOL CHILDREN. A presentation has been developed to give 
elementary school children an introduction to engineering. A bridge kit is brought to the classroom, 
and the children work together as a team to build the bridge. When completed, the bridge is six feet 
long and two feet wide and structually sound. Chairs are used as abutments to raise the bridge off 
the floor, and the children take turns crawling across the bridge they have built. A picture album is 
then used to teach the children to identify different types of bridges, as well as some of the more 
famous bridges. The children gain a better understanding of what engineers do. Several engineer
ing groups in Missouri are giving this presentation to schools in their communities, and Dr. Carroll 
is continuing to expand throughout the state. Suppported by Institute for Instructional Develop
ment. 

Thomas, J.S. and D.R. Carroll. Department of Basic Engineering, University of Missouri-Rolla. 
FIBER ROLLING MODEL FOR PROCESSING RECYCLED PLASTICS INTO CONCRETE
REINFORCEMENT FIBERS. A fiber rolling process conceived and under development at the 
University of Missouri-Rolla has the potential of making recycled plastic fibers an economic alter
native to virgin-plastic fibers in concrete reinforcement. Toward this end, a preliminary mechanics 
model has been developed to better understand the basic science behind such a process. The model 
allows the prediction of roll torques and roll separation forces for various parameter inputs. The 
fiber-rolling model predicts higher roll torques and forces with similar trends to those of a standard 
flat-rolling model. This preliminary mechanics model is now ready to be used in further develop
ment efforts, with the goal of eventually making recycled plastic fibers a commercially available 
product. Supported by the National Science Foundation and the University of Missouri Research 
Board. 

Varma, V.K, R. Lynam, M Najati. Department of Engineering Technology, Missouri Western 
State College. REHABILITATION OF AN EXISTING ASPHALTIC CONCRETE PARKING LOT 
USING WHITETOPPING: A FEASIBILITY STUDY. Because of the repeated maintenance of an 
asphaltic concrete parking lot for the Learning Resources building at Missouri Western State Col
lege, a feasibility study was undertaken to compare the structural integrity and life cycle costs of two 
different techniqes of rehabilitation: 1. Doing an overlay of asphaltic concrete, and 2. Whitetopping 
the existing parking lot with ultra thin layer of concrete. The traffic data, and the traffic load (ESALs) 
were input using a commercial software package. The whitetopping alternate provided the best 
solution for the problem. Full scale plans and specifications will be developed to rehabilitate the 
parking lot. The project will be partially funded by the College, and some material suppliers. The 
input from the American Concrete Pavement Association has also been utilized, and has been ex
tremely useful in the project development. 

Williams, MK and N.R. Cox. Department of Electrical Engineering, University of Missouri
Rolla. EVALUATION OF THE EARTH'S SHEET RESISTANCE AS A POTENTIAL MEDIUM 
FOR THE WIRELESS TRANSMISSION OF DATA Billions of dollars are presently being spent 
on developing short-range wireless transmission schemes for digital information. Radio frequency 
(rt) links are the most prevalent, but other methods such as infra-red and ultrsonics are often used 
wheneverrftransmissions are deemed undesirable. To determine the feasibility of using the earth's 
sheet resistance as a transmission medium, we conducted field tests in localities having three differ
ent soil types. Audio signals were injected into the ground via copper-plated probes to determine 
driving-point impedances and transfer characteristics as functions of frequency and of probe spacing 
and depth. While transmission range depends upon many factors including transmitter power, probe 
depth, soil moisture and mineral content, it was found that, generally, reliable transmission can be 
expected for distances up to 40 times the spacing between the transmitting (or receiving) probes. 
Some amplification is also needed to boost the signal to levels required by conventional modulator
dernodulators (modems). 
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Geography Section 

Black, J. Department of Geography, Geology, and Planning, Southwest Missouri State University. 
WILSON CREEK; WATER QUALITY, MACRO INVERTEBRATE INDICES AND PLANNING 
IMPLICATIONS USING GIS. The city of Springfield, Missouri, has long used Wilson Creek, a 
losing steam in a karst area, as the depository for its wastewater treatment effiuent, and has periodi
cally polluted the stream due to over-capacity use. This ongoing study will compare lower Wilson 
Creek water quality before and after the December 1993 expansion of the Southwest Wastewater 
Treatment Plant, using macroinvertebrate indices, and will present planning implications based on 
water quality, karst features, and watershed landuse changes. The study consists of three parts: 1. I 
used a Surber sampler to collect macrovertebrates from five Wilson Creek sites and one control site 
every 2-3 weeks for over one year, and am assigning Hilsenhoff tolerance values and determining 
abundance, diversity, and %EPT taxa. 2. I will compare biological and chemical water quality 
before and after the 1993 expansion; 3. Using GIS technology, I will present planning implications 
based on changes in Wilson Creek watershed landuse, karst features, and water quality results. 
Preliminary macroinvertebrate populations, from July 1995 to January, 1996, indicate that Test Site 
4 exhibits the highest percentage of intolerant taxa, with Ephermercoptera=l9.3% of the popula
tion, and 26% EPT species. The control stream, however, shows the smallest percentage present of 
the most predominant taxa, Chironomids=32.6%. Using Arc-Info analysis, I mapped karst-related 
areas of the watershed susceptible to groundwater pollution related to land-use classification, using 
MSDIS DLG data, and will compare this analysis to a similar study using digitized 1995 land-use 
data. 

Carden-Jessen, M. Department of Geology, Geography, and Planning, Southwest Missouri State 
University. THE ROLE OF GEOGRAPHIC INFORMATION SYSTEMS AND VOLUNTEERS 
IN SOIL EROSION MANAGEMENT OF OFf-ROAD VEHICLE USE AREAS. Since the 1960s, 
soil erosion has been a focal area for environmentalists on the trails of the Chadwick Off-Road 
Vehicle Use Area in Southwest Missouri. This, despite the fact that erosion was severe on only one 
of 50 monitoring points from 1991 to 1994. The United States Forest Service-held lands are man
aged in accordance with "the multiple use and sustained yield" provisions of the management plans 
and are required to provide for aivariety of recreational and commercial activities, including off-road 
vehicle use. In the Chadwick Off-Road Vehicle Use Area, a geographic system analysis of slope 
and soil type will allow United States Forest Service Agents to maximize the use of volunteers to 
reroute or close trails on slopes greater than 35% and/or soil types rated as highly erodible. Eager to 
keep their riding area, groups such as the "Friends of Chadwick" have for years stood ready to lend 
support to trash removal or trail construction, maintenance, and closure. Using the tools provided 
by the geographic system analysis, riders, environmentalists, and even local schools could partici
pate in this pro-active land management approach which will allow agents to prevent, rather than 
stop soil erosion on Off-Road vehicle trails. 

Dodds, C.W. Department of Geography/Geology, Northwest Missouri State University. DEVEL
OPMENT OF THE MEXICAN HIGHWAY NETWORK AND NETWORK FLOWS 1981-1996. 
Data from the period from 1981-1996 has been analyzed to determine the structure of the highway 
network. High flow linkages and the nodes they connect have been identified and provide an indica
tion of how well the Mexican government has responded to the growth of the industrial and com
mercial sectors of the economy since the emphasis has shifted from rail to the highway as the pri
mary means of moving people and freight. Based on population and production statistics for the 
nodes in the network, some suggestions concerning expansion of capacity or construction of new 
linkages to improve the efficiency of the system will be presented. 

Kinman, Edward L. Department of Geography, University of Missouri-Columbia. UTILIZA
TION OF A PRIMARY CARE CLINIC IN CHILIMARCA, BOLIVIA. The under-utilization of 
cosmopolitan health services is a common dilemma in areas with relatively good physical accessi-

bility. In part, underutilization is due to the failure to incorporate adequately the concept of equity 
when designing or implementing health services. Inequities in access obstruct appropriate use, and 
hence, the effectiveness of health services. This paper will examine the nascent equity in health care 
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provided by a clinic in Chilirnarca, Bolivia, a community that was previously underserved by cos
mopolitan medicine. The overall usage indicates that the clinic was not very acceptable to the 
community. While members of over half of the households visited the facility during the study 
period, use tended to be concentrated in only a few blocks of Chilimarca. Additionally, community 
outsiders increasingly utilized the clinic, so that by the end of the study period, only 60% of the 
consultations were by people whom the clinic was ostensibly meant to serve. 

Salter, Christopher L. Department of Geography, University of Missouri-Columbia. THE GEO
GRAPHIC ISSUES OF A CONTESTED RESEARCH PARK DEVELOPMENT. In the Fall of 
1996, the Boone County Planning and Zoning Commission was presented with a request to change 
the zoning of a 224 acre parcel of land near the Columbia Regional Airport. The requested change 
was from "agricultural" to "planned industrial." In the 69 page document that was submitted by the 
property's owner to justify the change were included the outlines of a 3 9 building, 1,800 employee 
facility to be named Centre Point Research Park. For a geographer, the issues central to this request 
and its associated scenarios of either development or arrested development are legion. The contest 
between the city of Columbia and the rural outback of Boone County is traditional, but it has taken 
on new specifics. Concerns over utilities--especially water delivery and waste-water removal and 
treatrnent--and traffic have been the two most frequently cited problems. This paper deals with the 
nature and the geographic significance of the issues related to broad scale land use change in an 
unincorporated area adjacent to a rapidly growing city, utilizing field research, interviews, and so
cial development theory. 

Zhang, Yongwei. Department of Geography, Geology, and Planning, Southwest Missouri State 
University. USING THE INTERNET AND MULTIMEDIA TECHNOLOGY IN EARTH SCI
ENCE TEACHING: AN ASSESSMENT OF TEACHING AND LEARNING EFFECTIVENESS. 
The use of multimedia authoring software has greatly altered the conventional method of teaching. 
Earth science lectures prepared with Power Point or Astound have incorporated a wide array of mul
timedia effects, including sounds, images, animations, and videos. The use of a series of educa
tional CD-ROM computer programs, through the interaction with the World Wide Web, has greatly 
inspired students' learning interest. Greater teaching and learning efficiency has been achieved 
through the visualization effects of multimedia technolgy, as well as with an emphasis on the pro
cesses in which students engage in more interactive and hands on learning. Students have responded 
positively to the use of computer technology and the improvement of the overall performance of the 
earth science class as a result of the use of the instructional technology has been identified. 

Geology and Geophysics Section 

Baker, J.A., M Shoemaker, N. Anderson and T. Newton. Department of Geology and Geophys
ics, University of Missouri-Rolla. APPLICATION OF GROUND PENETRATING RADAR TO 
LOCATING HIDDEN MINING SHAFTS. Using the ground penetrating radar technique of sub
surface investigation, we have been able to delineate hidden mining features in the Joplin, MO area 
as part of a reserch project funded by the Missouri Highway and Transportation Department. Since 
the 1930's, several lead-zinc mining efforts have been concentrated in the area. These efforts have 
resulted in large chat and tailing piles spread over a tremendous area. It is suspected that several 
mine shafts may be hidden under such features. Using a 500 MHZ radar antenna at a range of 100 
nanoseconds, we were able to image the chat to soil boundary and the bedding features within the 
chat. We were also able to locate what is apparently a buried mine shaft, characterized by a discon
tinuity in the chat to soil interface and the existence of several promient diffi'action patterns. Penetra-

tion further into the soil is limited by a high moisture content, however we were able to penetrate 
approximately 2.5 meters into the subsurface on average, a depth more than adequate for the pur
poses of the survey. The average thickness of the chat layer in the area is 1.5 meters. Interpretation 
of the radar data supports a 45 degree bedding plane of the chat layers caused by cementation of the 
lime dust within the chat. Such bedding characteristics are visible in exposed sections of the chat 
layering. This is underlain by a ruble zone probably composed of waste mine rock, all resting upon 
several meters of soil 
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Berendsen, P. Kansas Geological Survey, University of Kansas. CRETACEOUS VOLCANIC 
ACTIVITY AT ROSE AND SILVER CITY DOMES, SOUTIIEAST KANSAS. Lamproite, an 
ultrapotassic mafic rock, occurs as dikes and sills at the Silver City and at the Rose Dome, 5 miles 
NE of Silver City Dome. The domes each measure about 3 mi in a NE direction and 1. 5 mi in a SE 
direction. They are essentially elliptical depressions exhibiting a subdued centrally located high. 
The intervening area is characterized by elongated, NE-trending linear ridges, suggesting a struc
tural connection between the two domes. Lamproite occurs at the surface only on the north side of 
the Silver City Dome. Seismic reflection studies indicate that the rocks at Silver City Dome and in 
the intervening area have been pervasively faulted. Drilling shows that the lamproite along the 
northern perimeter at the Silver City Dome did not come up along a steeply dipping NW-trending 
fault as once postulated. Instead, it must have been intruded as a sill originating from the center of 
the dome. Additional sills have been identified in the subsurface. These sills are abruptly termi
nated by NE- and NW-trending faults. Geological evidence, including the nature of the lamproite 
magma and the limited amount of overlying sedimentary rocks present at the time of emplacement, 
indicates that explosive volcanic activity probably accompanied the emplacement oflamproite. 

Ciftci, E. and R.D. Hagni. Department of Geology and Geophysics, University of Missouri-Rolla. 
MODES OF GOLD OCCURRENCES IN THE MINERAL DEPOSITS OF THE EASTERN 
PONTIDE TECTONIC BELT IN NORTH EASTERN TURKEY. The eastern Pontide tectonic belt 
is known as a polymetallic province because that region hosts tens of mineral deposits that vary in 
size and mineralogical composition. From Jurassic-Lower Cretaceous to Tertiary, the region has 
experienced: 1) basic volcanism that formed the so-called "Lower Basic Complex", 2) an acidic 
volcanism that produed most of the massive sulfide mineralization, and 3) a second phase of basic 
volcanism that constitutes the so-called "Upper Basic Complex". With regard to economically sig
nificant gold, there are four major types of mineralization in the region: 1) massive sulfide, 2) vein
type, 3) skarn, and 4) porphyry-type mineralization. Stratigraphically, the gold-bearing mineraliza
tions are mostly asociated with Cretaceous-age rocks. Preliminary results the present study indicate 
that massive sulfide mineralizations contain gold mostly in the form of electrum in grain sizes up to 
10 micrometers, usually attached to chalcopyrite or as free grains in quartz, and to a lesser extent as 
sylvanite in grain sizes up to 5 micrometers and locked mostly with tennantite-tetrahedrite. The 
occurrence of gold in the other three type of mneralization are currently under study. Supported by 
Nigde University in Turkey. 

Cornwell, K. Department ofEarth Sciences, Central Missouri State University, and J.J. Jr. Shroder 
and M.P. Bishop, Department of Geography-Geology, Univesity of Nebraska at Omaha. EVI
DENCE OF CATASTROPHIC FLOODING ALONG THE JORDAN RIVER VALLEY, NORTH
ERN ISRAEL. The failure of at least one landslide dam along the upper Jordan River valley north
ern Israel, has produced significant boulder fields and flood deposits throughout the Jordan gorge. 
Two different flood modeling programs were incorporated with field data in an attempt to better 
characterize the local and spatial hydraulic conditions associated with the dynamics of the flood. 
Specifically the BREACH module of the National Weather Service DAMBRK model was employed 
to reconstuct and then break the landslide dam. HEC-RAS (U.S. Army Corps of Engineers) soft
ware was then used to calculate water surface profiles of select reaches along the Jordan River valley 
and generate hydraulic characteristics. Converging results from the computer models as well as 
field evidence suggests that, under maximum discharge conditions, the largest flood likely produced 
a mean discharge value of about 58,000 m3s-1 and a failure time of under 2 .6 hours. Under minimum 
discharge conditions, a mean discharge value of about 36,000 m3s-1 and a failure time of over 23 
hours are produced. 

Elfrink, N.M. and M.A. Siemens. Missouri Department of Natural Resouces, Division of Geol
ogy and Land Survey, Rolla. THE OZARK UPLIFT: A QUATERNARY EVENT. Stratigraphic 
evidence and Ozark stream studies indicate that much of the Ozark Uplift occurred during the Qua
ternary. Meanders that formed when the Gasconade and Osage Rivers emptied into pluvial lakes are 
now incised up to 300 feet. Pluvial gravels deposited during interglacial high sea stands cling to 
interfluves up to 250 feet above present valley floors. Carbon dating of the Lambeth terrace suggests 
50 feet (0.3 nun/year) of uplift in Laclede County since the beginning of the Wisconsin Glacial 
Period. The Ozark Uplift profoundly changed Tertiary drainage patterns. Paleolandforms indicate 
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the Gasconade formerly drained a much larger basin. Uplift driven stream piracy resulted in the 
White River capturing much of the paleo-Gasconade drainage basin. The Meramec River captured 
other north-flowing streams. The barbed stream segments and pronounced asymmetry of these river 
systems testify to this piracy. Young sreams flow southeast on the south flank of the Ozarks. Their 
straight courses are controlled by pre-existing, northwest-trending structures. The scarcity of igne
ous detritus in Tertiary sediments indicates that erosion has only recently exposed the St. Francois 
terrane. Uplift may have resulted from forces acting along a northeast-trending intraplate boundary. 
Satellite and seismic data indicate that the Ozarks are bounded on the southeast by a zone of dextral 
slip. 

Gosnell, A.S. and R.J. Gentile. Department of Geosciences, University of Missouri-Kansas City. 
THE STRUCTURAL GEOLOGY OF CASS COUNTY, MISSOURI A 60 krn2 area underlain by 
cyclical sedimentary rocks of the Desmoinesian Series, Pennsylvanian System in south-central Cass 
County, Missouri was geologically mapped to determine the relationship of small, isolated areas of 
structural deformation to the regional geology. A combined vertical displacement of 23 m was 
recorded along high angle normal faults that bound structural blocks of a few hectares in areal 
extent. These small areas where the strata have been intensely faulted and folded contrast sharply 
with the surrounding region of west-central Missouri, where the strata have been gently folded and 
the regional dip is <2m/krn in a north-northwest direction. The faulting occurs along the southwest 
flank of the Ladue-Freeman anticline, a broad, low structure of regional extent, and is believed to 
have resulted from diastrophic movements which acted intermittently over long periods of geologic 
time that formed this structure. Dissolution of underlying Mississippian carbonate rocks may have 
led to the collapse of overlying Pennsylvanian strain along high angle normal faults. 

Hagni, R.D. Department of Geology and Geophysics, University of Missouri-Rolla. THE GE
NETIC SIGNIFICANCE OF ORE TEXTURES IN THE BORNITE ORES, VIBURNUM TREND, 
SOUTHEAST MISSOURI. The bomite ores in the Viburnum Trend, Southeast Missouri Lead 
District, exhibit an extremely interesting variety of textures. An examination of 235 polished sec-

tions has shown that the principal textural feature is that of sulfide spheroids, about 500 µ m in 

diameter, that locally are coalesced. Although some spheroids consist entirely of chalcopyrite or 
bomite, most exhibit internal textures that are characteristic of exsolution, replacement, and colloform 
intergrowths. Lenses of sulfides are present benveen spheroid-rich bands in bomite ores at the 
Castell mine. Locally, dolomite casts are lined by bomite and chalcopyrite replacements of a pre
existing platy mineral. Additional minerals present in the ores include: pyrite, gersdorffite, enargite, 
tennantite, fletcherite, carrollite, covellite, castaingite, digenite, anilite, djurleite, and chalcocite. 
Geochemically, the ores are characterized by concentrations of Cu, Fe, Ni, As, Co, Mo, and Ag. The 
Vibmnurn bomite ores have some mineralogical similarities to the copper deposits at Ruby Creek 
(Alaska), Kipushi (Zaire), Tsurneb and Kombat (Namibia), Mt. Isa and McArthur River (Austra
lia), and Tynagh (Ireland). The Viburnum bomite ores are interpreted to have formed from early ore 
fluids that were more areally restricted, relatively oxidizing, copper-rich, and hotter than the later ore 
fluids that deposited the lead-zinc ores in the district. 

Hagni, R.D., A.I. Kngut. Department of Geology and Geophysics, University of Missouri-Rolla, 
and G.I.C. Schneider, Geological Survey ofNamibia, Windhoek, Namibia. COMPARISONS OF 
TIIREE CARBONATITE-RELATED FLUORSPAR DEPOSITS AT OKORUSU, NORTH-CEN
TRAL NAMIBIA. Mining during the past nvo years at two new orebodies, the B and C orebodies, 
at the Okorusu mine in North-Central Namibia, have revealed significant geological contrasts with 
the previously mined A orebody. At the A orebody, metasedirnentary rocks have been pervasively 
altered by sodic fenitization to form a dark green, fine-grained, aegirine-rich fenite. In contrast, at 
the B orebody the host rock is predominantly a light green, coarse-grained aegirine-calcite-magne
tite femite that resulted from partial fenitization of marbles. With the formation of massive fluorspar 

replacement ores in the A orebody by replacement of sodic fenite, significant amounts of iron and 
titanium were released and redeposited as titaniferous magnetite at the margins of the fluorspar 
deposits. In contrast, massive fluorite replacement of partly fenitized marbles in the B orebody is 
characterized by the lack of magnetite rims about the fluorspar ores. Massive ores from the B 
orebody also contrast markedly with those from the A orebody with respect to the develomernt of 
strong local banding in the former. Unfenitized marble occurs as a host rock for fluorite ore only at 



72 Transactions Missouri Academy of Science Vol 31 

the C orebody. Late yellow fluorite occurs only in the B orebody, whereas purple, green, gray, and 
colorless fluorite are present at all three orebodies at Okorusu. 

Hockanson, E.A, Missouri Department of Natural Resources, Division of Environmental Quallity, 
Solid Waste Management Program, and J.L. Imes, U.S. Geological Survey, Water Resources Divi
sion, Rolla. SIMULATION OF GROUND-WATER FLOW NEAR FORT LEONARD WOOD, 
MISSOURI. Fort Leonard Wood Military Reservation (FLWMR) is situated between the Gascon
ade and Big Piney Rivers and Roubidoux Creek in south-central Missouri. The area has abundant 
karst features; there are several springs with discharges ranging from 0.2 to 35 cubic feet per second. 
Roubidoux Creek loses all of its flow to the subsurface for approxin1ately 20 miles in this area. 
There are more than 70 sinkholes on the FL WMR alone. Most of the karst features are in the Lower 
Ordovician Roubidoux Formation and Gasconade Dolomite. These formations are used locally as 
an aquifer for many domestic wells. The ground-water flow regime is complicated by the effect of 
the karst features. A three-dimensional finite-differnce model was used to simulate flow in the 
Roubidoux Formation and Gasconade Dolomite in the vicinity of FLWMR. Approximately 25 
percent of precipitation recharges the aquifers as ground water. The simulation indicates inflow into 
both formations is about 150 cubic feet per second. Outflow to streams and springs in about 130 
cubic feet per second, with 20 cubic feet per second discharging as boundary flow to the Gasconade 
River. The steady-state model calibration yielded estimates of the lateral hydraulic conductivity of 
both aquifers that range from 1 x 10-4 feet per second in areas with few karst features to 1 x 102 feet 

per second in areas of losing stream valleys and prolific karst. This project was completed with 
support from the U.S. Geological Survey and the cooperation of the U.S. Army, Fort Leonard Wood. 

Hoffmeister, A.P. and F.E. Oboh-Ilruenobe. Department of Geology and Geophysics, University 
of Missouri-Rolla. CYCLIC PATTERNS IN TERTIARY DINOCYSTS FROM ODP LEG 159, 
COTE D'IVORIE-GHANA TRANSFORM MARGIN: PRELIMINARY RESULTS. The distribu
tion ofliving dinflagellates is controlled by salinity, sea surface temperature, productivity and water 
depth which produce definite patterns observed in the oceans today. Similar distribution patterns 
have been recognized in Pliocene and Pleistocene sediments from the Atlantic Ocean and Mediter
ranean Sea. Investigation of the dinoflagellate cyst flora contained in upper Oligeocene and Lower 
Miocene sediments (diatomites, porcellanites and chalks) from ODP Leg 159 has shown a patteren 
of cyclic alternation of the dominant dinocysts between perdinialean and gonyaulacalean forms. 
This pattern may be indicative of changes in the water mass at this time. One of the aims of this 
study is to determine if this cyclicity is local or regional in extent. A regional pattern will have a 
significant impact on paleoecologic and paleocurrent reconstructions. Our results will be correlated 
and compared with samples from the western Atlantic Ocean and fue Gulf of Mexico, which contain 
a good record of sediments for this time interval, to determine the scope of this pattern. 

Lippincott, T.A., A.K. Drexelius, R. Dillon, M. Rourk, and N. Anderson. Department of Geol
ogy and Geophysics, University of Missouri-Rolla. THE GROUND PENETRATING RADAR 
METHOD UTILIZED IN IMAGING KARST COLLAPSE FEATURES OF SOUTH CENIRAL 
MISSOURI. During the month of July, 1996, a Ground Penetrating Radar (GPR) survey was con
ducted in the Fort Leonard Wood area. The objective of the survey was to use fue technique to 
develop structural/lithologic profiles of several sinkhole subsurfaces in the areas. The method's 
utility for mapping subsurface bedrock in karst terrain (which describes much of Soufu Central 
Missouri) has not been extensively researched. However, the data suggest that GPR is a useful 
method of mapping distinct features present within the sinkhole environment. Examples would be 
the location of the recharge point wifuin the sinkhole, and determinination of collapse karst features 
resulting in the loss of continuous bedding planes. 

Loch, J.D. Department of Earth Sciences, Central Missouri State University; and J.F. Taylor, 
Geoscience Department, Indiana University of Pennsylvania. REEF-ASSOCIATED TRILOBITES 
IN THE UPPER CAMBRIAN OF PENNSYLVANIA. Recent field investigations of the Ore Hill 
Limestone Member of the Upper Cambrian Gatesburg formation in central Pennsylvania yielded 

unreported stromatolitic and microbial bioherms. The dominant burrowed lime mudstone facies 
yielded typical Elvinia Zone taxa. Trilobite-bearing collections from the contemporaneous bioherm 
facies differ strikingly in their familial and generic composition, including several new species and 
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one new genus. Trilobites from the highest and lowest hioherms were dominated by dokimocephalid 
genera. The catillicephalidButtsia dominated the intermediate bioherms, foreshadowing later Cam
brian domination of the algal reefbiofacies by the Catillicephalidae. 

Maxwell, D. T. Department of Geology/Geography, Northwest Missouri State University. ROCK 
SPALLING FROM A HIGH TEMPERATURE FIRE IN PIKE NATIONAL FOREST, COLORADO, 
1996. A major forest fire in 1996 in Pike Forest Colorado provided the opportunity to examine the 
effect of high temperature fires on granite. The spalling found on granite was then compared to 
spalling on volcanic rock from the 1988 Yellowstone Park fire. A field study was conducted in 
summer 1996 in Pike Forest and found frequently occurring circles of flakes immediately surround
ing many granite boulders. These flakes were generally 5 to 10 times longer in two dimensions than 
in the third. They were covered by soot on one side but not both. The study was conducted in the fire 
area that experienced greatest heat. In the granitic area measured, 81 % of the boulders 1 foot or 
greater showed spalling. This is similar to the 79% of spalling for volcanic rock 1 foot or larger in 
a high temperature bum area measured earlier at Yellowstone Park. In the Pike Forest bum of 1996, 
spalling increased as rock size increased. This was also the case in the 1988 Yellowstone fire. For 
the two types of igneous rock examined, granite and volcanic, spalling was more a function of rock 
size rather than rock type. 

Peterson, B., N. Anderson, M. Roark, D. Lawson. Department of Geology and Geophysics, 
University ofMissouri-Rolla. STUDY OF QUATERNARY FAULTING AT EDGE OF SIKESTON 
RIDGE NEAR SIKESTON, MISSOURI USING REFLECTION SEISMIC METHODS. Sikeston 
Ridge is a flat-topped ridge oriented north-northwest located near Sikeston, in southeast Missouri. 
The ridge rises to a height of about 4 to 5 meters above the lowlands to the south. The land surround
ing the ridge is a relatively low relief area known as the Eastern Lowlands, part of the Mississippi 
Embayment. 

To better understand the developmental history of Sikeston Ridge, a reflection seismic 
profile was acquired across the southern edge of this feature. These data show evidence of Quater
nary faulting parallel to the ridge, which suggests the ridge is tectonic in origin, instead of being 
solely an erosional remnant of the ancestral Mississippi and Ohio rivers. Reflection seismic and 
trenching studies in the Benton Hills area, about 10 miles to the north of Sikeston Ridge provide 
similar evidence that Quaternary faulting has altered the region's topography. The conclusion these 
observations support is that Quaternary faulting and uplift is the dominant force behind Sikeston 
Ridge. Since there is greater chance (statistically) that a future earthquake will occur along an 
existing fault plane than elsewhere, evidence and an understanding of paleo-faulting is very impor
tant in terms of earthquake predictions and earthquake hazards assessment in the area. 

Shoemaker, M., N. Anderson, J. Palmer, D. Hoffman, and J. Baker. Department of Geology 
and Geophysics, University of Missouri-Rolla. IMPLEMENTATION OF THE HIGH RESOLU
TION SHALLOW SEISMIC METHOD TO LOCATE NEAR SURFACE COMPLEX FAULTING 
AT BENTON HILLS, SOUTHEAST MISSOURI. In the summer of 1995, two high resolution 
shallow seismic profiles were acquired in the Benton Hills area of southeast Missouri. The purpose 
of the seismic survey was to image the shallow subsurface geology to determine if past episodes of 
Quaternary faulting has occurred in this area and, if so, to what extent. This case study lies outside 
the New Madrid Zone of active seismicity. At Bento Hills, the goal was to image the subsurface 
seismic signature (expression) of recently identified Quaternary faults to a depth of about 250 rn. 
Two surface seismic lines were recorded in areas where faults have been mapped in newly excavated 
(summer 1995) shallow trenches by our colleagues D. Hoffinan and J. Palmer of the Missouri De-

partment of Natural Resources, Geological Land Survey Division. The seismic lines, which are 

approximately 600m each in length, were acquired in areas where complex faulting was expected. 
In addition to trench data, the site investigation locations were chosen based on surficial land clues. 
Based on deph approximations of the suspected faults and the thickness of the overburden (soil), 
appropriate data acquisition parameters were chosen. These included a receiver separation of 3m 
and a near-offset (source-to-nearest receiver distance) of 9 m. The data shows conclusively that the 
faults interpreted on the seismic profiles are near-vertical and deep-seated (sub-bedrock) structures, 
as opposed to being slump features that cross-cut the unconsolidated Quaternary strata. 
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Shoemaker, M., J. Baker, N. Anderson, and T. Newton. Department of Geology and Geophysics, 
University of Missouri-Rolla. IMPLEMENTATION OF THE HIGH RESOLUTION REFLEC
TION SEISMIC METHOD TO LOCATE NEAR SURFACE ABANDONED LEAD AND ZINC 
MINES AT JOPLIN, MISSOURI. In the fall of 1996, approximately 3.5 miles of near surface 
seismic data was acquired in Joplin, Missouri. The objective of the research was to image the 
subsurface (less than 100 m) with intentions of locating mining activity that occurred in the survey 
area prior to the l 960's. Southwest Missouri was the origin of one of the foremost mining areas of 
the world, known as the Tri-State Mining District, that included southeast Kansas and Northern 
Oklahoma. The major ore minerals mined were galena (zinc sulfide) and sphalerite (lead sulfide). 
Extensive mining has produced numerous underground voids and the assoicated hazards of shafts 
and subsidence pits. 

The ongoing seismic survey is being funded by the Missouri Highway and Transporta
tion Department in preparation for the construction of an expressway, traversing across areas of 
believed mining. Depth estimates of the mines, provided by limited documentation, aided in choos
ing appropriate data acquisition parameters. These included a receiver separation of 3 m and near
offsets (source-to-nearest receiver distances) of 6 and 12 m. The data successfully shows anoma
lous seismic signatures of near surface mining works which have been verified by surficial, geologi
cal and antiquated documentation constraints. 

Smith, D.C. and R.D. Hagni. Department of Geology and Geophysics, University of Missouri
Rolla OUTCROP-PATTERN ANALYSIS OF GEOPHYSICALLY DERIVED BASEMENT 
STRUCTURES, NEVADA 30 X 60 MINUTE QUADRANGLE, MISSOURI. A geophysically 
derived basement structural and lithologic map prepared for the Joplin 1 x 2 Degree Quadrangle 
identifies high-angle contacts between rock units characterized by contrasting density and magnetic 
properties. This map reveals a complex boundary between rocks accreted and metamorphosed dur
ing the Early Proterozoic Central Plains orogeny and the Middle Proterozoic Spavinaw anorogenic 
plutonic and volcanic rocks. In the northeast comer of the Nevada 30 x 60 Minute Quadrangle, 
Spavinaw volcanic rocks are brought into contact with Central Plains metamorphic rocks by down
to-the-northeast movement along the northwest-trending Bolivar-Mansfield Tectonic Zone. At the 
surface, Mississippian and Pennsylvanian rocks have moved down to the southwest along this tec
tonic zone and are in contact with Ordovician rocks exposed to the Northeast. These relationships 
demonstrate a billion year history of movement along the Bolivar-Mansfield Tectonic Zone. 

Stinchcomb, Bruce L. Geology Department, St. Louis Community College at Florissant Valley. 
POSSIBLE LATE PRECAMBRIAN ROCKS REPRESENTED BY ERRATIC BOULDERS IN 
ST. FRANCOIS MOUNTAIN AREA A huge unconformity exists between predominantly igneous 
rocks of Precambrian age and Paleozoic rocks in Missouri. Reported are occurrences of erratic 
boulders which might represent remnants of Precambrian sedimentary rocks deposited during part 
of the time period represented by this unconformity. One of these are highly lithified boulders and 
cobbles of black sandstone found sporadically among boulders in boulder bars deposited by the 
West Fork of Black River. These boulders represent a rock type unlike any of the Paleozoic rocks 
which occur in the drainage basin of the river and may have derived from an unknown outcrop of a 
post batholithic pre-Paleozoic sediment. Another occurrence of enigmatic boulders occurs on the 
southside of Grass Mt. southwest of Fredericktown, MO where boulders of hard ocherous siltstone 
lie upon Precambrian felsites. These, although of a different lithology than the Black river boulders 
are also possibly of Precambrian age as they appear to lie upon felsites but below dolomites of the 
Bonneterre Formation of Cambrian age which occurs nearby. Other reports of possible pre-Paleo
zoic sedimentary rock in the St. Francois Mountain are represented by erratics will also be dis
cussed. 

Sun, J., R.D. Hagni. Department of Geology and Geophysics, University of Missouri-Rolla. R.G. 
Dunn, Jr., Doe Run Company. ORE MICROSCOPY OF FINE-GRAINED "SHALE ORES" IN 
THE VIBURNUM TREND, SOUTHEAST MISSOURI. Unusually fine-grained lead-zinc and 
copper ores occur especially at the Casteel and #28 mines in the Viburnum Trend, Southeast Mis
souri Lead District. Because the ores have limited areal extent, they have not been the focus of 
previous geological studies, and the cause for their exceptionally fine-grained character is unknown. 
This ore microscopic study has been undertaken to investigate the mineralogy and textures of those 
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ores, and to attempt to gain a better understanding of their origin. These ores have been called "shale 
ores" because they typically are hosted by unusually shaly portions of the Bonneterre formation. 
Preliminary ore microscopic investigation indicates that the ores consist of the same minerals that 
are found in normal Viburnum ores: chalcopyrite, galena, sphalerite, marcasite, pyrite, dolomite, 
and quartz. Their distinctive feature is their very fine-grained texture in which the average grain size 

is 10 11 m. Interestingly, some of the ores exhibit extensive vuggyness in which the individual vugs 

are 0.5 mm across. Where the vugs are lined by successive coatings of sulfide crystals, they form 
miniture replicas of the megascopic vug linings that are so common in the district. One possible 
interpretation under consideration for the Viburnum shale ores is that they may have resulted from 
the replacement of shaly internal sediments present in a karst system formed either prior to or during 
the mineralization events. 

Wright, W.R., A.N. Mariano, and R.D. Hagni. Department of Geology and Geophysics, Univer
sity of Missouri-Rolla. CATHODOLUMINESCENCE MICROSCOPY AND GEOCHEMISTRY 
OF THE ELDOR CARBONATITE, LABRADOR TROUGH-QUEBEC. Based on field relations, 
petrography and geochemistry, the sequence of formation in the Eldor carbonatite complex is in
ferred as: 1) country rock, 2) syenites, 3) calcite carbonatite, 4) dolomite carbonatite, 5) ankerite 
carbonatite with late calcite carbonatite, 6) glimmerites and 7) breccias. Cathodoluminescence 
(CL) microscopy allowed differentiation of three separate generations of apatite, permitted identifi
cation of different carbonate species (without staining), helped discriminate between different units 
and aided in identification of country rock fenitization. REE abundance and La/Yb ratios of the rock 
units increase in the following order: 2) syenites, 1) country rock, 6) glimmerites, 5) ankerite 
carbonatite, 3) calcite carbonatite, 7) breccias and 4) dolomite carbonatite. Total rare-earth con
centrations are highest in the dolomite units (av. 3589 ppm). All the units show light REE enrich
ment. The glimmereite units contain the highest concentration of niobium (average of 1.8 wt%) in 
the complex. Positive Ce/Ce* anomalies, paired scatter plots of several elements and depletion of 
the heavy rare earth elements indicate a metasomatic or hydrothermal source for the glimmerites. Sr 
and Ba appear to exhibit reverse correlation in the carbonatite units. Geochemical results from the 
Eldor complex indicate formation of the rock units by hydrothermal processes, wall rock interac
tions and magmatic differentiation. Supported by GSA Grant 5967-96. 

Physics Section and the 
Missouri Association of Physics Teachers 

Anderson, R.A. Department of Physics, University of Missouri-Rolla. SUMMARY OF THE 
PHYSICS COURSE OFFERING SURVEY. A survey of physics course offerings was sent to 40 
community colleges, colleges, and universities. The results of this survey will be presented on the 
basis of the number of survey forms returned by March 1, 1997. The results of this survey should 
indicate any deviations in course offerings between institutions. 

Cannon, R.A. and S. L. Coleman. Department of Physics, Department of Chemistry, Southeast 
Missouri State University. A PHYSICAL SCIENCE COURSE FOR ELEMENTARY TEACH
ERS DEVELOPED BY A PHYSICIST AND CHEMIST. Elementary teachers are required to take 
an eight hour sequence of science. Three of those hours are in Physical Science. A course was 
developed by a physicist and chemist that is unique in both the teaching method and content. An 
effort was made to coordinate the presentation of the basic concepts from the viewpoint of both the 
physicist and chemist. Laboratory activities, learning cycle presentations and the use of the Internet 
will be discussed. 

Kapoor, Yogendra M., Paul Schmidt, Dan Voss and A. Venkatraman. Department of Natural 
Sciences and Mathematics, Lincoln University. STUDY OF THE PORE STRUCTURE OF CORN 
AND WHEAT CHARS ON LENGTH SCALE OF 10 TO 1 O,OOOA USING SMALL ANGLE X
RAY SCATTERING. In this investigation data is presented on the study of corn (maize) kernels, 
corn chars and wheat chars of porous carbons for chemical process applications. The pore structure 
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of these materials were studied using small-angle scattering on length scale of about 10 to 1 O,OOOA. 
In the range of q-values between 0.0006A-1 and 0.04A-1, the intensity I( q) was found to obey power 
law I= cq- a where a is a positive constant. For com kernels heated to 150°C, a = 4.0 and so 
pore boundaries are smooth. On length scale between 100 and 5000A. In the com chars pyrolyzed 
in nitrogen at 540°C, 720°C and 820°C, a = 3.6 and so on the same length scales, the pore surfaces 
are fractal, with a fractal dimension of 2.4. From the shoulder in the intensity cunre for q>0.2A-1 in 
samples pyrolyzed at 720°C and 820°C it was found that the pores in these chars have diameters 
between about 10 and 20A. 

Rolnick, P. Division of Science, Truman State University. GETTING TIIE MOST TIME TRAVEL 
FOR YOUR TIME. Many ways to invoke the time-honored (pun intended) twin "paradox" have 
been suggested and discussed over the years, in which the traveling twin experiences constant accel
eration, instantaneous acceleration, and various gravitational fields. However, there has been no 
attempt to systematically compare the amount of time-travel from one scenario to the next. In this 
talk I will parameterize the continuum between instantaneous acceleration and constant accelera
tion, and quantitatively demonstrate that, all other things being equal, the constant acceleration 
scenario results in a greater amount of time-travel. 

Sanchez Velasco, Eduardo. Physics Department, Science Division, Truman State University. 
BAYESIAN ANALYSIS OF THE SIMPLE GEIGER COUNTER. We present a pedagogical intro
duction to the use of Bayesian statistical methods in physics suitable for undergraduates. For this 
purpose we use Bayesian statistics to analyze the information from the results of a simple Geiger 
counter, re-derive some of the classical results of the analysis, and offer new insights about the 
statistical information that can be extracted from the count of events in a given time interval. 

Thomas, A.G., C. Garnier, D. Lane, D. Norfleet, T. Thomas, C. Wildsmith with J. Wiegers. 
School District of University City. PROPERTIES OF MATTER CURRICULUM DEVELOPMENT 
FOR K-5 IN THE SCHOOL DISTRICT OF UNIVERSITY CITY. A team of teachers from the 
School District of University City consisting of two high school science teachers, a middle school 
science teacher, two elementary school teachers and a science instructional aide developed a unit on 
properties of matter for all elementary school students in the district. The writing team envisioned 
four phases of development and implementation: 1) Curriculum Selection - planning, scheduling 
activities, and production of a handbook. 2) Professional Development - Saturday professional 
development workshops which provided both content instruction and practice with activities for the 
district's elementary school teachers. 3) Implementation ofcurriculum in elementary schools within 
district. 4) Assessment occurred through observation of activities, examination of student work, as 
well as teacher and student interviews. Supported by AIP /Edward R. and Judith H. Meggers Award. 

Science Education Section 

Berk.land, T.R. Department of Earth Science, Central Missouri State University. RESULTS OF 
THE NEW SCIENCE OLYMPIAD EVENT "FOSSILS" IN REGION IV. In the past, Science 
Olympiad has had an event, "Minerals, Rocks and Fossils." This event has been changed this year 
to "Fossils." Since this is a first year event, it is important to determine what these students know 
about the subject. Middle and high school students from the area were contestants at a local Science 
Olympiad and the results of the Fossils competition indicate that both groups of students are: 1) 
good at identification of most fossils, including dinosaurs; 2) unaware of the classsification systems 
of these ancient organisms; and 3) uncertain of the geologic time when individual dinasaurs lived 
and died. Also, high school students were better able to understand time-line diagrams than middle 
school students but middle school students generally scored higher than high school students. 

Carrel, J.E. Divison of Biological Sciences, University of Missouri-Columbia. COMMN1TY 
ECOLOGY: ANIMAL CRACKERS AS A TEACHING TOOL. Community ecology presents a 
major challenge to laboratory instructors in introductory biology courses. Real asemblages of ani
mals and plants have so many species and are so spatially variable that there is not time to train 
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students to identify different organisms and to have them collect and sort through many field samples 
in 1-3 week-long series of laboratory exercises. As an alternative, I use boxed animal crackers to 
model a real community. The entire assemblage of animal species (N = 24) can be easily discerned 
by inspecting the pictures painted on the outside of the cardboard cartons in which the crackers are 
packed. Most students instantly recognize these big vertebrates. Working in small groups, I ask 
students to identify each cracker and to sort crackers by species, treating each box as a sample of the 
entire community. They find that no single box contains all 24 species among the 21-26 crackers 
present; a typical box has 13 species. Moreover, some species shown on the carton (fox and rein
deer) are not present in any boxes sampled. Almost every box holds a different suite of species, so 
few samples are alike. Some species (monkey and kangaroo) are common, whereas other species 
(giraffe and elephant) are rare. Furthermore, species abundance do not fit one's expectations based 
on trophic-dynamic models: there are too many big, fierce predators and too few herbivores among 
the animal crackers. In fact, these outcomes are similar to those we obtain in our research on inver
tebrate and plant communities in forests, prairies, and scrnbby flatwoods. Hence, animal crackers a 
are good teaching tool. Also, they are tasty. 

Eckdahl, T. T. Department ofBiology, Missouri Western State College. DNA AMPLIFICATION 
THROUGHOUT 1HE CURRICfilUM. A project was designed to address the need for increasing 
undergraduate student exposure to new technology in the area of molecular biology. The impact of 
DNA amplification methodology on diverse fields within biology was emphasized by a series of 
laboratory investigations. Students discovered DNA amplification methods that continue to re
shape biology and used them to address discipline-specific questions in General Biology, Cell Biol
ogy, Genetics, and Microbiology .. The investigations were designed to build in their levels of sophis
tication and independent student work. Student investigations resulted in data concerning DNA 
amplification parameters, genetic diversity in prokaryotic and eukaryotic cells, and human genetic 
screening. Survey results showed a positive effect on student learning. Several of the investigations 
are based on independent student research projects, and future projects will likely stem from class 
activites. Students throughout the curriculum will continue to be actively engaged in the process of 
science as they design and conduct DNA amplification experiments. 

Hoffman, B.L. Department ofBiology, Park College. OVERCOMING FACULTY APPREHEN
SION ABOUT MULTICULTURALISM 1N 1HE COLLEGE SCIENCE CLASSROOM. Although 
much has been written about the benefits of multicultural approaches in the precollege science class
room, there is much faculty resistance to multiculturalism at the college level. The biggest source of 
resistance is the lack of a consensus definition of multiculturalism in regards to the sciences. 
Multiculturalism may be defined as the process of acknowledging the impact of cultural differences 
on scientific fact, application, discovery, education, and employment. Six other basic misunder
standings about multiculturalism cloud the picture of what multiculturalism means to the sciences 
at the college level. These misunderstandings are: Multiculturalism means a total reconstrnction of 
the science curriculum; multiculturalism means always having to apologize for past inequities; 
multiculturalism means "watering down" course material; multiculturalism means giving preferen
tial treatment to students in underrepresented groups; multiculturalism means justifying practices of 
other cultures; and multiculturalism is not important ifthe school does not have a significant num
ber of students in underrepresented groups. Providing a definition of multiculturalism that is mean
ingful to the sciences and addressing basic misconceptions provides a better model of what 
multicultural means to college science programs. 

Jargocki, C. Department of Physics, Central Missouri State University. IS IT POSSIBLE TO 
TEACH AN OBJECTIVE COURSE ON 1HE RELATIONSHIP BETWEEN SCIENCE AND 
RELIGION? The number of academic courses exploring the relationship between science and 
religion has been on the rise in recent years, partly due to the Science-Religion Course Program 
sponsored by the John Templeton Foundation. One such course, SCIENCE AND RELIGION: 

FROM CONFLICT TO DIALOGUE, was offered at CMSU in the fall of 1996. The goal of the 
course was to clarify the historical and philosophical issues that arise in the relationship between 
science and religion and to show a variety of interpretive viewpoints. The approach was explicitly 
nonjudgmental and nonconfrontational, and focused on helping each student develop his/her own 
personal point of view on the science/religion debate. In their evaluations the students felt the course 
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was objective or unbiased in that the instructor approached the issues from a sufficiently broad range 
of perspectivies, and did not force his personal point of view on his audience. Supported by the Jolm 
Templeton Foundation. 

Jones, J. Michael. Department of Biology, Culver-Stockton College. THE PROBLEMS ASSOCI
ATED WITH MULTIMEDIA PRESENTATIONS. Recent presentations in larger classes have made 
use of multimedia sofuvare (Astound). These classroom presentations have included the use of 
templates, textbook artwork, action and music. However, a number of problems have also been 
identified by students which have detracted from presentations. Results based on student evalua
tions have indicated problems in presentations; these have included the following: text size, time 
lines, background, text color contrast, graphs & tables, sound levels, and lighting. Students have 
reported greater interest and involvement during multimedia presentations. 

Powers, M.H. Department of Chemistry and Physics; N.J. Holmes. Department of Curriculum 
and Instruction, Central Missouri State University and G.L.Lewenczuk, Amrican Cyanamid. 
TEAMING AND COMPUTING: A K-12 SCIENCE TEACHER INSERVICE INITIATIVE. Data 
collected from more than 900 Teachers, Industry and Environment Workshop participants over the 
past 12 years, indicate that 72% of the participants have at least one microcomputer available for 
their science teaching. Only 46%, however, actually use the computer for their science teaching and 
only 20% use the computer as a measuring or data logging device. A teacher in-service workshop, 
Teaching Science by Teaming and Computing, was initiated to help science teachers utilize the 
computer(s) available for their teaching. Emphasis is placed on the use of teaming as a means of 
classroom management, because one computer may need to serve many students. Data from the 
first workshop indicate that a statistically significant increase (p<0.005) in student hands-on activ
ity, measured by the Holmes Taxonomy of Science Classroom Activity, resulted from the workshop 
as assessed by the students of the participating teachers. Supported by Dwight D. Eisenhower Cycle 
X, Chemical Manufactueers Association, Chemical Council of Missouri and CMSU. 
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Asuncion, .Y.T. Department of Science and Technology, Evangel College. EFFECTS OF COUGH 
SYRUPS AND LISTERINE BRAND MOUTHWASH ON STREPTOCOCCUS PYOGENES, 
STREPTOCOCCUS MUTANS, STAPHYLOCOCCUS AUREUS, AND ESCHERICHIA COLI. 
Research on the effects of cough syrups on organisms which inhabit the mouth has not been widely 
published. This study was conducted to investigate possible effects. The four organisms were 
exposed to five different cough syrups, Listerine, and sterile water treatments. Each oganism was 
grown in Trypticase soy broth, inoculated into agar in Petri dishes, and the treatments were applied 
individually using filter paper disks. Dishes wert( incubated at 37C for 48 hours. The zone of 
inhibition for each treatment disk was measured. A two-way ANO VA found a significant difference 
between the zones of inhibition of cough syrups (p<O. 0001 ), and between the zones of inhibition of 
organisms (p<0.001). Robitussin brand cough syrup had the largests average zone of inhibition, 
appearing to have the greatest inhibitory effects. 

Banks, Shawn M. and David C. Ashley. Biology Department, Missouri Western State College. 
PRELIMINARY STUDIES TO DETERMINE THE HEALTH OF LARGEMOUTH BASS 
(MICROPTERUS SALOIDES) FROM SMITHVILLE LAKE. Smithville Lake is an important fish
ing resource for northwest Missouri but anglers have recently expressed concern over the number 
and apperance of bass from the reservoir. This study was initiated to obtain information pertaining 
to the health of the bass. Our objectives were to use the Fish Health/Condition Assessment proce
dure to monitor the health of the fish, and to survey the bass for internal helminth parasites. A 
sample of 20 fish was collected in 1996 during May and again in September. Fish Health Assess
ment Indices (PHAI) were calculated yielding normality ratings of 77.5 (May) and 77.9 (Sept.). 
Seven different species of parasites were recovered. These were Proteocephalus ambloplitis (larvae 
and adults), Contracaecum sp., Camallanus sp., Posthodiplostomum minmum, Neoechinorhyncus 
cylindratus, Spinitectus sp., and Crepidostomum sp. Prevalence rates of Spinitectus sp., N. 
cylindratus, and P. minimum adults and P. ambloplitis larvae in May were significantly (p<.05) 
different from prevalence rates for these parasites in September. Overall, the bass at Smithville 
Lake appear to be in good health. This project was funded in part by the MWSC Undergraduate 
Research Summer Institute and the Missouri Department of Conservation. 

Bednarz, A. William Jewell College. R. Nagos.hi, C. Rodesch and E. Johnson, Biology Depart
ment, University oflowa. J. Dilts, Biology Department, William Jewell College. CONSTRUC
TION OF otu-GFP CHIMERA FOR USE IN SUBCELLULAR LOCALIZATION OF FUNC
TIONAL OTU PROTEINS. The mutations in the ovarian tumor (otu) gene in Drosophila 
melanogaster give rise to a range of ovarian phenotypes. The functions of this gene in later oogenic 
stages are not known thus methods are being developed to improve the in situ analysis of otu to give 
an insight into its function and its developmental timing. We present the first step of one such 
method which aims at subcellular localization of functional Otu proteins via internally fusing, within 
the otu gene, the gene for cnidarian green fluorescent protein (GFP), a fluorescent reporter protein. 
The GFP gene was fused in frame at the BamHI site of a fragment of the otu gene containing the 5' 
and ( exons l-6a) in vector pCa SpeRI700. Following that, the functional 3' end of the gene ( exons 7-
8) was cloned into the XbaI site at the boundary between the otu gene and the vector. Future 
analysis will involve introducing the construct into the Drosophila genome by germline transforma
tion and fluoreescent microscopic analysis. Supported by NIHRAl. 

Beussink, A.M. Departments of Biology and Geoscience, Southeast Missouri State University. 
MORPHOMETRIC DIFFERENTIATION OF PLIOCENE-PLEISTOCENE Chione cancellata 
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(MOLLUSCA: BIVALVIA): FLORIDA. Extinction of tropical American Atlantic and Pacific ma
rine species occurred toward the end of the Pliocene. The extinctions may be attributed to altered 
marine ecology of these regions created by modified ocean circulation patterns caused by uplift of 
the Isthmus of Panama, as well as to Northern Hemisphere climatic cooling that also occurred at this 
time. Chione cancel/ala has previously been thought to be one of the species surviving this extinc
tion. However, it is proposed that Chione cancellata before this extillction is significantly different 
from Chione cancellata after the extinction. Morphometric analysis of pre- and post-extinction 
Chione cancellata supports distinction between the two groups. An additional aspect associated 
with changing ecological conditions is that of predatory behavior of gastropods on bivalves. Mor
phometric analysis of predatory evidence in the form of drill holes made by gastropods on bivalves 
may indicate whether predatory behavior changes are correlated with the extinction as well. 

Blackwell, K.J. Department of Biological Sciences, University of Missouri-Columbia. NEIGH
BOR RECOGNITION AND ACOUSTIC HABITUATION IN THE NORTH AMERICAL 
BULLFORG, RANA CATESBEIANA. Individual recognition, or at last recognition of adjacent 
neighbors, is used by individuals of many species of higher vertebrates while defending potential 
mating territories. This study was to ascertain that the decrease in aggressive response after cessa
tion of stimulus and reinstatement of response is due to habituation. Synthetic advertisement calls 
were broadcast to bullfrogs. The stimulus was broadcast on a loop with a rest period until the frog 
abstained from calling for 3 complete stimulus/rest periods, then a novel stimulus was presented. 
The original stimulus was presented again, and a 3rd time 24h later. The number of encounter calls 
given per unit time was recorded to evaluate decrement in aggressive response. The mean number 
of trials for habituation was 22.5, 7.375 for the 2nd habituation, and 14.875 for the habituation 24h 
later. These results demonstrate that frogs habituate more quickly with each habituation stimulus 
after the initial presentation, showing a retention of the synthetic "neighbor's" calls. 

Borgmeyer, C. and C.T. Samudzi. Department of Biochemistry, University of Missouri-Colum
bia. STRUCTURE-FUNCTION STUDIES OF EC ORI DNA METHYLTRANSFERASE. Methyl 
transfer from the ubiquitous S-adenosyl-L-methionine (AdoMet) to either nitrogen, oxygen or car
bon atoms on DNA is frequently employed for regulatory purposes in diverse organisms ranging 
from bacteria to plants and mammals. The reaction is catalyzed by DNA methyltransferases. This 
study uses EcoRI methyltransferase (M.EcoRI), a bacterial sequence specific DNA methylase, as a 
model in the analysis of structural requirements for adenine methylation. The fully functional unit is 
a monomer with a molecular weight of 3 9 ,000 Daltons. M.EcoRI methylates the N6 position of the 
second adenine on the double stranded sequence 5'-GAATTC-3'. Two approaches are used in this 
study. The first is experimental, where high levels ofM.EcoRI are expressed, purified and crystal
lized. Diffraction data from the crystals are used to determine the 3-dimensional structure ofM.EcoRI. 
The second approach involves the use ofhommology modeling to propose the 3-dimensional struc
ture of M.EcoRI and/or M.EcoRI-AdoMet-DNA complex. Molecular modeling is based on the 
crystal structure of TaqI methylase (M.TaqI) [Labahn et al., Proc. Natl. Acad. Sci. (USA), 91: 10957~ 
10961]. M. TaqI is also an N6-adenine DNA methylase, and shares about 3 5% sequence homology 
with M.EcoRI. Milligram quantities of M.EcoRI have been purified from the overproducing strain 
of E. coli. Crystallization experiments have thus far yielded small crystals (not yet suitable for x-ray 
diffraction analysis). Molecular modeling efforts have provided insights into some important simi
larities and differences between M.EcoRI and other similar methylases. 

Broussard, J.E. and T. E. Phillips. Division of Biological Sciences, University of Missouri-Co
lumbia. PARADOXICAL EFFECTS OF RETINOIC ACID ON TUMER CELL GROWIR. The 
human colon adenocarcinoma-derived N2 cell line can grow as either a multilayer of undifferenti
ated cells or monolayer of highly differentiated mucin-producing goblet cells depending on culture 
conditions. Our goal was to characterize the effect of the Vitamin A analog, retinoic acid (RA) on 
differentiation of this cell line since vitamin A is essential for mucin synthesis in vivo and RA is 
known to induce differentiation of many tumor cell lines in vitro. Paradoxically, RA caused a dose-

dependent inhibition of mucin synthesis and promoted growth of undifferentiated multilayers. We 

hypothesized RA was causing increased autocrine growth factor stimulation ofN2 cells since it has 
previously been shown to cause an upregulation of the expression of the epidermal growth factor 
receptor (EGFR) in some other cell lines. Consistent with this hypothesis, we were able to show that 
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exogenous epidermal growth factor caused an increase in cell proliferation similar to RA's effect. 
Suramin, a drug which inhibits the binding of many growth factors to their receptors, was able to 
block RA's effect on cellular proliferation although not its effect on mucin synthesis. Anti-EGFR 
antibodies known to be able to block the autocrine stimulation of the receptor had no effect on RA's 
effect on mucin synthesis. We conclude that RA promotes the N2 cell proliferation via an EGFR 
dependent pathway but its modulation of mucin synthesis is mediated by another growth factor 
receptor .. 

Bryant, S. L. and J.C. Wallce1~ Division of Biological Sciences, University of Missouri-Colum
bia. SITE DIRECTED MUTAGENESIS OF RLK5, A RECEPTOR-LIKE KINASE. RLK5 is an 
Arabidopsis thaliana serine/threonine protein kinase consisting of three domains: the extracellular 
ligand-binding domain, the transmembrane domain, and the catalytic protein kinese domain. Upon 
binding of an extracellular signal molecule, the catalytic domain autophosphorylates itself: activat
ing a signaling pathway within the cell. We are creating site-directed mutations in RLK5 to change 
amino acids predicted to regulate activity. Mutations are created by a PCR based method using 
primers containing the desired base substitutions. PCR products are then sequenced to confirm the 
presence of the desired mutation. The effects of these mutations will be analyzed by in vitro phos
phorylation assays and by transgenic plants. Phenotypic observations of the plants, as well as the 
protein assays, should provide insight into plant signalling pathways. Supported by HHMI/MU. 

Burrus, J. W., H. Alexander, S. Alexander. Division of Biological Sciences, University of Mis
souri-Columbia. PLASMID CONSTRUCTION AND PROTEIN EXPRESSION OF THE NUCLE
OTIDE EXCISION REPAIR PROTEIN repE. Repair of damaged DNA from ultraviolet light or 
chemical agents is carried out by several repair mechanisms, one of which is Nucleotide Excision 
Repair (NER). In this process over thirty different proteins are involved in recognizing a lesion, 
incising the DNA, excising the damaged fragment, and repairing the gap. We have been concentrat
ing on studying the developmental roles of NER genes and have cloned three such genes named 
repB, repD, and repE (repair proteins B, D, and E). We are interested in identifying the proteins that 
interact with repE, and generating antibodies against it, which will allow us to further study this 
protein and its role in development. To this end we have generated two DNA fusion constructs 
which have allowed us to isolate the repE protein. This protein is now being used: 1) to make 
antibodies for localization studies, and 2) as a probe to screen cDNA libraries to identify proteins 

that interact with repE. Supported by the Howard Hughes Medical Institute and the NIH. 

Chapman, J,M. Department of Biology, Culver-Stockton College. MUTAGENIC EFFECTS OF 
MESTINON IN COMBINATION WITH DEET IN DROSOPHILAMELANOGASTER PROJENY. 
Speculation about the causative agents leading to Gulf War Syndrome prompted me to investigate 
the mutagenic effects of the combination of pyridostigrnine bromide (brand name Mestinon) and 
DEET. Drosophila melanogaster were exposed to varying proportions of these chemicals by mix
ing with fruit fly medium Drosophila melanogaster progeny were examined for physical muta
tions with the aid of a dissection scope. The experimentally treated groups had far more progeny 
with at least one mutation (47.1 to 84.6%) as opposed to untreated groups (8-9.2%). The group in 
which only the paternal parent was exposed to the chemicals also showed a higher mutation rate 
(37.5%). Mutations were of greater severity in treated versus untreated groups as well. This data 
indicates that the combination of Mestinon and DEET has a mutagenic affect of Drosophila 
rnelanogaster progeny. 

Crotchett, B.J., S. Falke, G. Adams, E.P. Gogol. School of Biological Sciences, University of 
Missouri at Kansas City. STRUCTURAL ANALYSIS OF PROTEASOME-ACTIVATOR COM
PLEXES. 20S proteasomes are large (700 kDa) proteasome complexes responsible for the degrada
tion of most cytosolic proteins. The core structure of the proteasome is a cylinder of four stacked 
rings of protein subunits. A large (700 kDa) activator protein complex has been shown to increase 
the proteolytic acitvity of 20S. We have visualized two different complexes between 20S and the 

activator with minimal dose electron microscopy of negatively stained specimens. The micrographs 
were digitized for computer aided image analysis. Well preserved particles were selected interac
tively and aligned to a single reference particle. Successfully aligned particles were identified by 
high value of correlation coefficient to the reference particle. These images were averaged, yielding 
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a clear and reproducible view of asymmetric structures at one or both ends of the 20S cylinder. 
Supported by UMRB #34076097 to E.P.G. 

Daniels, Shannon L. Department of Biological Sciences, University of Missouri-Columbia. RE
GENERATION OF DESCENDING AND ASCENDING PROPRIOSPINAL NEURONS IN TIIE 
LAMPREY. In larval lamprey, spinal coordinating neurons (i.e., propriospinal neurons) that coordi
nate locomotor activity do regenerate following spinal cord injury but the extent of this regeneration 
is unknown. The purpose of the project was to locate descending propriospinal neurons in normal 
and spinal cord-transected lamprey. In control lamprey, the spinal cord was completely transected at 
either 40% or 60% body level and horseradish peroxidase (HRP) was applied to label the descend
ing propriospinal neurons. After processing in Hanker-Yates and alcohols, the spinal neurons pro
jecting to the transection area were stained dark brown. In the experimental animals, transections 
were made at 50% body level and allowed to recover. As before, transections and HRP applications 
were made at 40% and 60% body level. Using a computer generating mapping system (CCS), the 
descending propriospinal neurons were digitally mapped to determine if they regenerated following 
spinal cord transection. Subsequent complementary experiments will be perfomed on ascending 
propriospinal neurons. 

Devitre, D.G., D. Xue, and G.Y. Sun. Department of Biochemistry, University of Missouri-Co
lumbia. THIMEROSAL INDUCES CELL DEATH IN ASTROCYTES. Thimerosal, a mercuric
thiol compound, possesses both antibacterial and antifungal properties and is a main ingredient of 
contact lens' solutions. It is becoming recognized that this compound has cytotoxic effects and can 
alter cellular metabolism resulting in cell death. In this study an immortalized astrocytic cell line 
(DITNC) was used as a model to examine the effects ofthimerosal on cell metabolism. Astrocytes 
were exposed to thimerosal for 30 minutes, washed with phosphate buffer saline, and resupplemented 
with fresh media. By microscopic examination and measuring the release oflactate dehydrogenase 
(LDH) in the culture media as a measure of cell death, we observed that thimerosal in low concen
trations (10-100 uM) causes morphological changes and increases (LDH) release in these cells. It 
has been suggested that mercuric-thiol compounds are, in general, potent oxidizing agents which 
target sulfyhydryl groups of proteins. Glutathione (GSH) and dithiothreitol (DTT) were used to 
reduce thimerosal's oxidative capacity. While GSH could partially reduce (LDH) release, DTT en
hanced (LDH) instead. Antioxidants such as vitamin C, vitamin E, resveratrol, and quercetin were 
also tested, but none were capable of preventing thimerosal's oxidative stress. We concluded that 
thimerosal has unique properties other than its oxidative capacity to induce cell death. 

Falke, S., G.M. Adams and E. P. Gogol. School of Biological Sciences, University ofMissouri
Kansas City. EFFECTS OF REGULATORY PROTEINS ON PROTEASOME STRUCTURE. 
Controlled and targeted degradation of most cytoplasmic proteins is performed by large proteolytic 
complexes (protasomes) in concert with a variety of regulatory proteins. One of these (PA700) 
increases the proteolytic activity up to 100-fold, and has been shown to form distinctive "caps" at 
one or both ends of the cylindrical proteasome. Another regulator (modulator protein) further en
hances the effects of PA700, without any direct effect on proteasomes alone. We have investigated 
the structural ramifications of modulator on proteasome-PA 700 complexes by electron microscopy 
of negatively stained specimens. Computer-aided image analysis of proteasome-PA700 complexes 
shows that modulator does not cause any visible structural change in the proteasome-PA 700 com
plex. Careful quantitation of electron micrographs revealed that modulator causes a significant in
crease in the number of complexes formed. These results indicate that the modulator has a kinetic or 
stabilizing effect on proteasome-PA 700 complexes, rather than a strutural role. Supported by UMRB 
#34076097 to E.P.G. 

Finder, D.F. and C.D. Hardin. Department of Physiology, University of Missouri-Columbia. 
GLYCOLYTIC FLUX IN PERMEABILIZED FRESHLY ISOLATED HOG CAROTID VASCU
LAR SMOOTH MUSCLE CELLS. We have previously reported that intermediates from glycogen 
and glucose utilization do not completely mix in the glycolytic pathway despite simultaneous flux (J. 

Mol. Cell. Cardiol 26: 1197-1210). To determine whether partitioning of glycolytic intermediates is 

due to either direct transfer or to free diffusion of intermediates between co-localized enzymes, we 
permeabilized freshly isolated vascular smooth muscle cells with dextran sulfate (DS)(l mg/2 ml of 
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cells, with 1. 7x 106 ± 8.5x 105 cells/ml). DS permeabilized cells allow passage of proteins as large 

as 400 KDa (Biochem. J.: 255:335-44) and did not exclude trypan blue (MW=---1000). Because the 
largest glycolytic intermediate has MW=406, freely diffusing intermediates should escape through a 
permeable plasmalemma. We incubated permeabilized and non-permeabilized cells at 37°C for 3 
hr. with 5 mM l- 13C-glucose. 13C-NMR spectra of the incubation medium were analyzed for the 
specific resonances of the 13C-glycolytic intermediates. We did not detect any 13C-glycolytic inter
mediates in the incubation medium (N=6) and 3-13C-lactate production was decreased only by 26% 
in permeabilized cells compared to intact cells. Peremeabilization did not fully disrupt glycolysis 
and no detectable intermediates were released, suggesting that the intermediates are directly handed 
from one glycolytic enzyme to the next. Support: NIH HL 48783 (CDH), a Grant-In-Aid from AHA 
(CDH), and NSF instrumentation Grant 8908304. 

Fink, J.M., W.O. McGuire and G.Y. Sin. Department of Biochemistry, University ofMissouri
Columbia. ETHANOL DECREASES Na+ DEPENDENT GLUTAMATE UPTAKE IN AS1RO
CYTES-IMPLICATIONS FOR COLLEGE DRINKING. Astrocytes make up greater than 80% of 
the total cell mass of the brain. They provide structural support and nutrient supply to neurons and 
are capable of modulating neuronal function by altering the synaptic environment. Glutamate is the 
main excitatory neurotransmitter in the brain. Its action is rapidly attenuated post-synaptically by 
removal of glutamate from the synaptic cleft by astrocytes. Glutamate uptake is essential to termi
nate neurotransmission and to prevent extracellular glutamate levels from reaching exitotoxic levels. 
If glutamate were allowed to remain, excitotoxicity and neuronal death would occur. The purpose of 
our study was to determine whether ethanol, at levels representing weekend binge drinking on col
lege campuses, adversely affected the ability of immortalized astrocytes (DITNC cells) to remove 
glutamate from extracellular media. Astrocytes were grown to 80% confluence and then incubated 
at 37°C for 8 h with 250 or 500 uM ethanol. Glutamate uptake was determined by replacing the 
media with buffer containing 0.1 uCi of 3H glutamate for one minute. After one minute the media 
was removed a-r..d the cells were washed twice with lmL increments of ice cold HBS with choline. 
The samples were then mixed with scintillation fluid placed in a scintillation counter. The cells were 
treated with 1 mL of ice cold methanol and then scraped. They were flushed with two more mL of 
ice cold methanol and placed in scintillation fluid and subsequently, the scintillation counter. We 
compared the amount of 3H glutamate taken up by the cells to the amount left in the media across 
the treatments. The presence of250 uM ethanol significantly decreased (p<0.001) the percentage of 
3H glutamate taken up by the cells over a 1 min. incubation. 

Goin, J.D., A. Hirano and D.M. Estes. Department of Veterinary Pathobiology, University of 
Missouri-Columbia. EFFECTS OF TYPE I (IFN ALPHA AND TAU) AND TYPE II (IFN
GAMMA) INTERFERONS ON B CELL GROWTH AND DIFFERENTIATION IN CATTLE. In 
these studies, we will determine the costimulatory conditions required for optimal B cell prolifera
tion and lg section mediated by interferons. Interferons are important soluble factors in immunity to 
viral infection and are a potential target(s) for cytokine therapy. In vitro culture conditions were 
designed to simulate costimulation ofB cells mediated via the antigen receptor (slg) or via slg and a 
second receptor CD40. Interferon gamma (IFN-gamma), a pivotal antiviral cytokine (tHI), is very 
limited in its ability to upregulate Ig synthesis via CD40 stimulation alone in humans and mice. In 
response to TI-2 signals such as anti-IgM coated beads of SAC, human and bovine B cells cocultured 
with IFN-gamma and IL-2 can proliferate and undergo isotype switching to non-IgM isotypes in
cluding IgG and IgA. IgM is the predominant isotype secreted under these activation conditions 
with minor amounts of IgG2 and IgA produced. These responses are highly dependent on the 
presence of IL-2. Coculture of bovine B cells under similar conditions but with the addition of a 
CD40 and sig cross-linking did not result in enhanced production of secretory Ig versus levels 
obtained with sig cross-linking alone. These studies suggest that the coactivation conditions neces
sary to achieve high levels of Ig scretion and class switching in response to IFN gamma are highly 
costimulus-dependent and differ from the requirements identified for the signature TH2 cytokine IL-
4. Interferon tau enhanced B cell growth in response to CD40 stimulation in the absence of IL-2 as 
a cofactor. In contrast, IFN-alpha required addition of IL-2 to the cultures to induce significant B 
cell growth. 
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Gottman, E.E. Department of Biology, Westminster College. VERNAL SUCCESSIONAL 
CHANGES IN EPILITHIC DIATOM COMMUNITIES. Epilithic diatoms were collected from 
March 1996 to May 1996 to monitor successional changes in diatom community structure. A 
diatometer containing eight glass slides was suspended in a Fulton clay pit on February 29, 1996. 
After an initial three week incubation period, two slides selected at random were collected on a 
biweekly basis. Permanent slides of the diatom species were prepared from each substrate. Six 
hlmdred diatoms from each slide sample were counted and identified to species to determine species 
distribution and richness. These data were used to compare samples collected on the same date with 
those collected on other dates. This analysis suggested that species diversity and species richness 
remained constant over time, but the community structure revealed dramatic changes from the initial 
collection date and the final collection date. 

Graeff, L.A. Science and Technology Department, Evangel College. YOGURT FOR YEAST 
INFECTIONS? THE TREATMENT OF CANDIDA ALBICANS WIIB LACTOBACILLUS ACI
DOPHILUS. Yogurt has been a popular home remedy for yeast infections, but little research has 
been done on yogurt's specific interactions. This study was conducted to determine if L. acidophi
lus would have a direct inhibitory effect on C. albicans (the organism responsible for most yeast 
infections) under different pH levels. Both cultures were grown at 37 C, together and apart, in a 
tomato juice broth aqjusted to five different pH levels ranging from 4.1 to 8.1. Counts of each 
organism were determined in each of four trials. A two-way ANOVA (p.:S0.05) was significant and 
suggested that L. acidophilus alone had a significant inhibitory effect on C. a/bi cans. However, pH 
alone did not appear to significantly inhibit C. albicans. Supported by Science and Technology 
Department, Evangel College. 

Hancock, KA., J.C. Simmons, and R.H. Freeman. Department of Biological Sciences, Culver
Stockton College. CAPTOPRIL-INDUCED CHANGES IN ARTERIAL PRESSURE AND RE
NIN RELEASE ARE ATTENUATED IN RATES BLOCKED OR NITRIC OXIDE PRODUC
TION FOR 24 HOURS WI1H L-NAME. Acute and chronic inhibition of nitric oxide production 
with arginine analogues, e.g., NG-nitro-L-arginine methylester (L-NAME), elevates systemic arte
rial pressure in animal models. Alterations in the renin-angiotensin system may modulate the hy
pertension induced by the arginine analogues. This hypothesis was tested in rats injected with L
NAME (185 umol/kg body wt., ip.) or saline vehicle. Rats were anesthetized 12-16 hours after the 
last injection of L-NAME or vehicle and prepared for hemodynamic measurements. Compared 

with vehicle treated rats, L-NAME treated rats exhibited elevated arterial pressure (107 ± 3 vs 

14 7 ± 3 mmHg, p ~ 0. 001) but basal levels of plasma renin activity were not different ( 4. 3 ± 0. 6 vs 

4.5 ± 0.5 ngAngI/mL/hr, p;:.; 0.05). Acute responses to captopril (10 mg/kg body wt., iv. bolus) 
were measured over a 45 minute period in sparate groups of these animals. Compared with the 
vehicle treated rats, L-NAME treated rats exhibited an attenuation of captopril-induced reduction in 
arterial pressure (-12 ± 2 vs -8 ± 1 mrnHg, p ~ 0.05) and elevations in plasma renin activity (41 ± 3 

vs. 26 ± 3 ng AngII/mL/hr, p ~ 0.001). These results suggest blockade of nitric oxide production 
with L-NAME produces sustained hypertension and attenuates captopril-induced changes in arte
rial pressure and plasma renin activity. 

Koch, J.M., G. Kracke and R. Shaon. Department of Anesthesiology, University of Missouri
Columbia. THE EFFECTS OF GENERAL ANESTHETICS ON THE OLFACTORY NERVES OF 
GARFISH. The mechanism by which general anesthetics affect the nerve at the cellular level is 
unknown. Potassium channels are important to the action potential and the setting of the membrane 
potential. Therefore, we tested the effects of anesthetics on K + effiuxes in ion channels. If anesthet
ics keep the channels open longer, we propose that there will be an increase in K + efilux. Garfish 
olfactory nerves, which serve as a model for sensory nerves, were loaded with K-42 isotope for one 
hour. Radioactive K-42 was measured on a gamma counter. When the nerve was exposed to the 
general anesthetics, 3% Halothane or 3% Isofluorane, a 15-20% increase in K-42 efflux was shown. 
When K-channel blockers, such as Barium, were added to the anesthetized nerve, the efflux the 
nervous system by opening K-channels and decreasing the exitability of the nerve. 
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K wee, Anthoney, Tacee Littrell and Ziaoming Zhang. Department of Biomedical Sciences, South
west Missouri State University. THE PATTERNING PROCESS OF HYDRA TENTACLES AND 
LATERAL INHIBITION. The patterning process in animals involves the generation of regularly 
spaced body structures such as the hair and feather patterns on the body surface and the branches of 
glandular organs. The regularity of the spacing and the mechanism to initiate and maintain it have 
been the questions of interest. In addition to the understanding that body structures form under the 
induction of other tissues and extracellular matrix, each individual structure may also exert an in
hibitory effect on its neighboring tissues, and hence inhibit a new structure formation within a neat 
distance. This has been referred to as "lateral inhibition" which is mediated through cell-cell inter
action. We studied the lateral inhibition question by following the patterning process of hydra ten
tacles. Hydra was used as a model system because of its unique body structure and its high capacity 
of regeneration. Two experimental approaches were employed: 1) the distance betwen each hydra 
tentcles were increased by expanding the animal's hypostome with larger diameter fish lines, the 
number of tentacles were followed after 72 hrs of expansion (the time length for a new tentacle to 
generate); 2) tentacles were removed in several different ways to disrnpt the spacing regularity and 
the regeneration of tentacle numbers were followed. Both experimental groups have shown signifi
cant increase of tentacle numbers when the distance between two neighboring structures are in
creased. The second group also showed decreased tentacle regeneration when there are two existing 
strnctures located close by. Our experiments indicate that lateral inhibition may be one of the mecha
nisms that are involved in hydra tentacle pattern formation. These experiments also provide us a 
unique system to study the question of lateral inhibition at cellular and molecular level. 

L'Hote, J.M., G.C. Johnson and D.B. Lubahn. Department of Biochemistry and Child Health, 
Department of Veterinary Pathobiology, University of Missouri-Columbia. WOBBLY, A NOVEL 
ATAXIC NEUROLOGICAL DEFECT IN MICE. Wobbly is a mouse model exhibiting a unique 
neurologically abnormal recessive phenotype characterized by ataxia (tremors), dysmetria (deliber
ate stepping), and myclonus (hiccups or jerking). Necropsy analysis revealed a reduced cerebellum 
size in the wobbly mouse. Data from morphometric measurements of the cerebellum suggests that 
significant Purkinje cell loss has not occurred, although there may be a loss of granular cells in 
wobbly mice. Analysis of wobbly mice in comparison to age-related controls has shown that the 
wobbly phenotype does not appear to progressively worsen with age. Microsatellite analyses of 23 
F2 generation offspring from outbred matings of wobbly female mice to male 1'11. castaneus are 
being used to map the wobbly gene mutation via linkage analysis. A known mouse mutation, 
tottering, exhibits a similarly reduced cerebellum size. The wobbly mutation is being further inves
tigated as a possible allele for the tottering mutation with a closely linked marker and by comple
mentation studies. 

McHugh, J. and T.E. Phillips. Division of Biological Sciences, University ofMissouri-Columbia. 
CYCLOSPORINE HAS A DIRECT EFFECT ON MUCIN SYNTHESIS BY COLONIC GOB
LET CELLS. Ulcerative colitis (UC) is an inflammatory bowel disease causing rectal bleeding, 
diarrhea, and abdominal pain. A hallmark of UC is depletion of intracellular stores of mucin glyco
proteins. Abnormalities in mucin glycoproteins have also been consistently linked to UC. The 
immunosuppressant drug cyclosporine A (CSA) has been used to treat UC but the treatment can 
lead to infections and kidney damage. We tested the effect of CSA on mucin synthesis by human 
colonic goblet cells in vitro using the N2 colonic adenocarcinoma cell line which can grow either as 
a multilayer of undifferentiated cells or a monolayer of mucin-filled goblet cells. Following a 2-

week exposure to the drug, we found 0.01-0.1 µ glml CSA had no effect but that 1.0 µ glml caused 

a 1.6-fold increase in intracellular mucin stores. Exposure to 10 µ glml CSA caused the majority of 

cells to die and the few remaining cells were highly vacuolated. When the effect of 1 µ glml CSA 

was examined at weekly intervals for 4 weeks, the drug was found to cause a 1.4 - 1. 8 fold increase 
in intracellular mucin stores at all time points. We conclude that CSA inceases the rate of differen
tiation, the percentage ofN2 cells expressing the goblet cell phenotype, and their degree of differen
tiation. Our results suggest that CSA's beneficial effect on UC may be partially due to a direct effect 
on intestinal goblet cells and not solely mediated via its imrnunosuppressant properties. 
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Oehrle, N.W., D.W. Emerich and D.G. Blevins. Department of Biochemistry and Department of 
Agronomy, University of Missouri-Columbia. CHARACTERIZATION OF ETHIONINE RESIS
TANT MUTANTS IN THE SYMBIOTIC NITROGEN FIXING SOIL BACTERIA 
BR4DYRH!ZOB!UM JAPONICUM. Soybeans (Glycine max (L.) Merrill) are a main food crop in 
the United States, mainly due to their realized value as a supplier of feed and food oil. Soybeans are 
high in protein, compared with other crops, but the quality of the protein is limited by the low level 
of Methionine (Met), an essential amino acid for the primary consumers of soybean meal. This 
apparent lack of Met in the soybean seed is due mainly to the plant's inability to reduce sulfate, 
which is present in the soil and in fertilizers. Therefore to improve the quality of the soybean seed 
products, Met must be added after the soybean meal has been processed. Prior reseach, done here at 
the University of Missouri's Department of Agriculture, suggests that supplemental Met added to 
the plant prior to the onset of seeds can be incorporated into the seed storage proteins, which have 
been shown to be devoid of Met. What we in the Biochemistry Department have proposed is that the 
additional Met could be supplied to the plant by the symbiotic nitrogen fixing soil bacteria which 
infests the roots and forms nodules, capable of supplying the nitrogen needed by the soybean. The 
Bradythizobium japonicum Strain 2-143, (the slow growers) were selected for resistance to L-Ethion
ine, a methionine analog, known to induce Met overproduction and known to cause the cell to 
excrete Met outside the cell. Three different mutants were isolated with resistance to three high 
concentrations of the drug, each behaving different when allowed to symbiotically associate with the 
plant. Genetic characterization of our mutants is currently being carried out basing our investiga
tions on the possibility that we have isolated either a met J or met K mutant. The enzymes involved 
in the Met metabolic pathway in our strain are receiving the most of our research efforts. Results 
from the genetic characterization of the mutants and their symbiotic association with the plant will 
be reported. 

Peck, A.K Department of Biology, Westminster College. THE DISTRIBUTION OF BELIZEAN 
MACROPHYTES IN TWO MARINE HABITATS. An analysis of marine macrophytic community 
structure was used to compare two sea grass beds within the lagoon side of the Belizean Barrier 
Reef. These beds are in approximately 2-3 meters of water, and are roughly one kilometer west of 
San Pedro Town, Ambergris Caye, Belize. The first bed, Hol Chan Marine Reserve (HC), is located 
near an opening in the reef and is a designated marine sanctuary: the second habitat, Shark Ray 
Alley (SR), is located approximately 1.6 kilometers north of HC. The areas were surveyed by estab
lishing five line transects in HC and four in SR. Each transect, secured to the sea floor with steel 
pins, was constructed using a twenty meter rope marked off at one meter intervals. All macrophytes 
within one meter on either side of the transect were identified and recorded. In total, seventeen 
different species representing five botanical divisions were identified in the study areas. HC and SR 
were each represented by 13 species of which 8 species were common to both habitats. The Infor
mation measure (H") for the pooled HC and SR transects was 2.69 and J .85, respectively. A simi
larity index indicated that the pooled samples from HC and SR were similar in respect to community 
structure parameters. 

Roth, J.C. and P.A. Tipton. Department of Biochemistry, University of Missouri-Columbia. EX
PRESSION AND PURIFICATION OF DIMETHYL-ALLYL PYROPHOSPHATE: 5'-AMP 
1RANSFERASE. Agrobacterium tumefaciens is a soil bacteria responsible for crown gall forma
tion in plants. Upon infection the bacteria transfer DNA that becomes incorporated into the plant 
genome resulting in expression ofbiosynthetic enzymes that produce plant hormones. Dimethylallyl 
pyrophosphate: 5'-AMG transferase (DMAT) is the enzyme responsible for the committed step in 
cytokinin biosynthesis. The inability to purify this enzyme from its native species has led research
ers to produce recombinant forms of the enzyme. We are attempting to produce fusion products of 
DMAT that will allow for selective purification strategies. Characterizing DMAT will provide in
sight into the plant's natural production of growth harmones and regulation of this biosynthetic 
pathway. 

Sawani, A.M., R.J. Grindstaff, M.J. Sullivan, J. T. Cunningham. Department of Physiology and 
DCRC, University ofMissouri-Columbia. FOS EXPRESSION INDUCED BY HYPERNA1REMIA 
IN RATS WI1H EXCITOTOXIC FOREBRAIN LESIONS. Previous studies have shown that cer-
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tain forebrain hypothalamic structures in the anteroventral third ventricle (AV3V) and basal hypo
thalamus contribute to the regulation of hypothalamic vasopressin release in response to 
hypematremia. In this study, the specific regions of the diagonal band of Broca (DBB), medial 
septum (MS), medial preoptic nucleus (MPO), and median preoptic nucleus (MnPO) were lesioned 
to assess their respective contributions to Fos-activation in the magnocellular neurosecretory cells of 
the supraoptic nucleus (SON) and the paraventricular nucleus (PCN). Male Sprague Dawley rats 

were injected with either phosphate buffered saline or the excitotoxin ibotenic acid (5 µ gl µ 1) in the 

DBB, MS, MnPO, and MPO. Both groups underwent subcutaneous injection of a 9% hypertonic 
saline solution ( 1 ml/l OOg body weight). A control group was injected with physiological saline. 
After perfusion with 4% paraformaldehyde and sectioning, Fos immunocytochemistry was used to 
determine neuronal activity in the SON and PVN. Fos expression was not induced by the physi
ological saline iajections. No significant change in Fos expression induced by hypernatremia was 
detected in rats with DBB or MS lesions. However, following MPO lesion, the hyperrnatremia
induced Fos expression was significantly reduced in the SON and PVN ipsilateral to the lesion. 
This reduction in Fos activity indicates that the MPO may be involved in the neural response to 
hypematremia. (Supported by Howard Hughes Fellowship and R29 HL55692) 

Schroeder, M.L., S.L. Johnson, J.A.D. Sanchez, and M.D. Kirk. Division of Biological Sci
ences, University of Missouri-Columbia. REGENERATION IN THE CNS OF APLYS!A FOL
LOWING BILATERAL CEREBRAL-BUCCAL CONNECTIVE LESIONS. Following bilateral 
crushes to the Cerebral-Buccal Connectives of Aplysia ca/ifomica, biocytin was ued to label axons 
regenerating toward the buccal ganglia. La be ling was performed at 0, 3, 7, 14, and 20 days postlesion 
(dpl) to determine the time course of regeneration and correlate it with recovery of rhythmic biting. 
Secondary labeling of the Biocytin with Liss amine Rhodamine conjugated to Strepta vi din allowed 
for examination of preparations with epif1uorescence and laser confocal microcopy. Results from 5 

preparations viewed at 7 dpl indicated an axonal regeneration rate of 215 µ m/day. At 14 dpl axons 

have extended into the buccal ganglia: axons branch within the neuropil and exit peripheral nerves 
of both the ipsilateral and contralateral ganglia. These results correlate with behavioral recovery 
seen within 14 dpl (Scott, et al., 1995), and with physiological evidence of synapse formation be
tween cerebral and buccal neurons beginning at 14 dpl. At 14 and 20 dpl axonal labeling is found in 
areas similar to those labeled in control preparations, however regenerated axons differ from control 
axons in that they are more numerous, smaller in diameter, and more varicose. Currently, efforts are 
underway to quantify these differences at various times postlesion. Supported by NIH grant NS30832 
to MDK and Arts and Sciences and Howard Hughes Undergraduate Research Internships to MLS. 

Seda, M. and A.D. McClellan. Department of Biological Sciences, University of Missouri-Co
lumbia. RESTORATION OF ASCENDING MOTOR INITIATION PATHWAYS IN THE LAR
VAL LAMPREY. This study was conducted in two separate stages. The first stage studies the 
recovery of locomotor behavior at 0, 1 wk., 2 wks., 4 wks., 6 wks., and 8 wks. (n=S-7 for each 
group) following transection of the caudal spinal cord oflarval lamprey. Animals with only a 10% 
transection were used as a control group. During this stage, the spinal cord was transected at 70% 
BL, allowed to recover for the previously mentioned time, then transected at 10% to prevent any 
signals from descending brain pathways. Muscle recording electrodes were placed at 20% BL, 40% 
BL, and 60% BL to measure locomotor activity elicited by the ascending "command" pathways from 
the tail. After 1 wk., slight motor activity was observed at 60% BL, with gradual improvement over 
time. After 6 wks., undulatory movement was observed at 60% BL and activity at all levels of the 
body. After 8 wks., activity similar to the control group was observed. For stage two, an anatomical 
study is being done to correlate the extent of regeneration of ascending neurons and the amount of 
locomotor behavior. This is being done using horseradish peroxidase (HRP), an anatomical tracer. 

Sederquist, A. William Jewell College. J.F. Manning, M.E. Fuller, L. Wing and J. Ullian. 
Environmental Reserch Division, Argonne National Laboratory. J.A. Dilts, William Jewell Col
lege. MICROBIAL ECOLOGY OF THE BIOSLURRY REACTORS. Research concerning the 
effects of 2,4,6-trinitrotoluene (TNT) on microorganisms suggested that gram-positive bacteria are 
inhibited by TNT. Previous studies have shown that co-metabolism of TNT by native soil bacteria 
accelerates in the presence of molasses, a carbon substrate. A bioslurry reactor experiment was 
conducted to determine the population diversity in the slurries at the initial TNT concentrations 
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during biodegradation. Molasses was added to experimental bio-reactors and a myriad of assays 
were completed at regular intervals. The data collected supports the expected results of an inversely 
proportional relationship between the gram-positive bacteria and the concentration of TNT. No 
negataive impacts on the bacterial diversity due to molasses treatment were observed. 

Strawn, L.A. and S.F. Nothwehr. Department of Biological Sciences, University of Missouri
Columbia. Vps35p IS REQUIRED FOR GOLGI MEMBRANE PROIBINLOCALIZATION AND 
VACUOLAR PROIBIN SORTING IN YEAST. Vps35p is required for the retention of dipeptidyl 
aminopeptidase A (DPAP A), a resident Golgi membrane protein, and the sorting of carboxypepti
dase Y (CPY) in the yeast Saccharomyces cerevisiae. In mutant cells deleted for VPLS35 the late
Golgi protein DPAP A is mislocalized to the vacuole and the vacuolar hydrolase CPY is aberrantly 
secreted. The structural domains of Vps35p required for DPAP A retention and CPY sorting are not 
entirely overlapping since we have identified a vps35 mutant allele defective in DPAP A retention 
but not CPY sorting. We are currently investigating whether Vps35p is involved in the retrieval of 
DPAP A from a later compartment of the secretory pathway, such as the prevacuolar compartment, 
or whether it acts to slow the exit of DPAP A from the late-Golgi. Wildtype and retention signal 
mutant forms of A-ALP (a fusion protein that serves as a marker for DPAP A) will be expressed via 
plasmids in both wildtype cells and cells lacking VPS35. The processing kinetics of the various 
strains will be determined by immunoprecipitation of A-ALP at multiple timepoints. Also, the 
pathway by which A-ALP reaches the vacuole in cells lacking VPS35 will be determined by impos
ing a block of the early endocytic pathway. Finally, we will investigate whether direct interaction 
between Vps35p and the cytosolic domain of DPAP A occurs by epitope tagging Vps35p and as
sessing binding betwen the two proteins. 

Subramanian, Geetha and Tobias Baskin. Divison of Biological Sciences, University of Mis
souri-Columbia. STUDY OF ANCYMIDOL'S MECHANISM OF ACTION ON ROOT CELLS. 
Plant morphogenesis is regulated by growth regulators and harrnones. These regulators and harmones 
are thought to act by influencing cytoskeletal structures called microtubules. Microtubules help 
control cell shape. Plant cortical microtubules ae found near the cytoplasmic face of the plasma 
membrane, and are known to be arranged in a specific order. This arrangement is specific for groups 
of cells depending on cell age. For instance, in most elongating cells the cortical microtubules are 
arranged transversely to the axis of maximum growth of the cell. One compound called ancymidol, 
a known growth harmone inhibitor, causes ·the shape of root cells to become abnormal. Specifically, 
it causes the rate of elongation to slow and also stimulates radial expansion. However, ancymidol's 
mechanism of action in stimulating radial expansion is unknown. To understand the mechanism, 
microtubules were studied in the ancymidol treated root cells. These experiments were conducted 
with 7-day old seedlings of the plantArabidopsis thaliana, which were transplanted onto agar con

taining 10 µ M of ancymidol. After a period of 4 or 14 hours, the seedlings were fixed, their roots 

embedded in plastic and 1. 7 µ m thick sections were cut using an ultramicrotome. Microtubules 

were then localized by using immunofluorescence. Results indicate that ancymidol neither altered 
the microtubule orientation in the cell, nor caused the rnicrotubules to dissociate and disappear. 
Thus, results suggest that the morphological changes induced by ancymidol were not caused by an 
action on microtubules. 

Rhodes, K.L.,P.J. Tompkins, T.A. Cullen, M. Nowland, W. Bobo and P.A. Lizotte. Department 
of Biology, Northwest Missouri State Univesity. THE EFFECTS OF ELEC1ROMAGNETIC 
FIELDS ON MILK PROTEIN CONTENT IN RATS. Virtually every area of our lives is surrounded 
by electricity and supported by it. Within the last two decades, public alarm has increased with the 
news of possible links between electromagnetic fields (EMFs) near homes and schools, and the 
occurrence of cancer clusters at these same sites. In an effort to determine which component, 
magnetic or electric, might be causing these effects, we exposed two groups of rats to either an 
electric (30,000 volts/meter) or magnetic (4.5 gauss) field. Total protein content in milk samples 
from control rats were compared to that taken from animals raised in either of the two experimental 
fields. Statistical analysis showed a significant difference between the means of the control and both 
experimental groups. Further analysis showed the magnetic and electrical groups' milk to have a 
greater protein contentthan the control group milk. Implications of these results were discussed. 
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Generous support was provided by the Undergraduate Research program of the College of Arts and 
Sciences at NWMSU. 

Varma, T. Department ofBiology, Missouri Western State College. COMPARISON OF ENDOT
OXIN LEVELS IN TAP WATER AND WELL WATER FROM FIVE COUNTIES. Endotoxins are 
fever causing toxins that are found on the outer cell walls of gram negative bacteria. The toxins can 
be lethal to humans when injected parenterally. However, oral ingestion of toxins is only known to 
cause fribilation from onset of fever. Since the toxins are fragments of bacterial cell wall, their 
presence in water can be an indication of bacterial contamination. This study was undertaken to 
measure the endotoxin levels in drinking water obtained from municipal sources (tap water) and 
well water. Tap water and well water samples were collected from five counties in Missouri and 
Kansas. Each sample was tested to measure the endotoxin levels using the Bio Whittaker Pyrogen 
test kit QCL-1000. The results of the study show that both tap water and well water contain measur
able amounts of endotoxins. The amounts found in well water were generally ten to twenty fold 
higher. However, in each case the levels were well below the amount of endotoxin required to render 
a person sick from oral ingestion. 

Wagner, D.J., C.L. Kudrna, H.A Zeigler, T.A. Gray and KW. Pugh. Department of Biology, 
Missouri Western State College. A PRELIMINARY COMPARISON OF THE INTESTINAL PARA
SITE LOAD AND DIVERSITY OF THE RINGTAIL, Bassariscus astutus, (CARNIVORA: 
PROCYONIDAE), COLLECTED FROM CHAPARRAL, SONORAN DESERT, AND OAK 
ENCINAL HABITATS IN ARIZONA. The purpose ofthis study is to survey the parasite load and 
diversity of the small intestine and colon of the ringtail, Bassariscus as tutus. This study addresses 
the hypotheses I) there is no difference in parasite diversity between ringtails from different habi
tats, and 2) there is no difference in the level of parasitism between ringtails taken from separate 
habitats. One-hundred-twenty-six ringtails collected from the Arizona Chaparral, Sonoran Desert, 
and Oak Encinal habitats were surveyed for parasite level and diversity. Using blunt dissection, the 
small intestine and colon were removed and examined for parasites, which were then idenitified to 
Phylum and Genus when possible. Preliminary statistical results indicate 1) a significant difference 
(p<0.05) in the parasite diversity and in parasite abundance occurred between the Sonoran Desert 
and Oak Encinal habitats, and 2) a significant difference (p<0.05) for infection by Platyhelrninths 
occurred between Sonoran Desert and Chaparral habitats, and Sonoran Desert and Oak Encinal 
habitats. 

Winkelman, G.W., A.D. Ealy, R.M. Roberts. Department of Animal Sciences, University of 
Missouri-Columbia. IDENTIFICATION OF INTEFERON-TAU ISOFORMS EXPRESSED DUR

ING EARLY EMBRYONIC DEVELOPMENT IN SHEEP. Proteins known as interferon-tau (IFN r) 

act as the first signal for pregnancy recognition in ruminants. This study was designed to determine 
which of the genes encoding for ovine ( ov) IFN r are transcribed by the conceptus during early 

pregnancy. Total cellular RNA from four to ten ovine conceptuses at day ( d) 12-13, 15-16, or 18-19 
of development was reverse transcribed to cDNA and amplified with PCR. PCR products were 
cloned into the pGEM-T vector and transfected into JM109 E.coli. Twelve clones from each stage 
of development were sequenced to completion in one direction. cDNA sequences so obtained could 
be divided into two main classes, the 201 class and the 120 class. All twelve clones at dl2-13, ten 
of twelve d15-16 clones, and nine of twelve d18-19 clones were similar to 201 class sequences. 
None of the d12-13 clones, two of twelve dl5-16 clones, and three of twelve dl8-19 clones were 
highly similar to 120 class sequences. These data suggest that several, but not all, ovIFN r genes 

are transcribed in ovine trophoblast. The transcribed genes fall into two different classes, suggest

ing that a set of closely related ovIFN r proteins are responsible for conferring pregnancy recogni

tion in sheep. Supported by NIH grant HD21896. 

Zhuang, L. and P.H.-S. Jen. Divisioin of Biological Sciences, University of Missouri-Columbia. 
EAR PLUGGING AFFECTS POSTNATAL DEVELOPMENT OF MOUSE MIDBRAIN AUDI
TORY NEURONS. This study was conducted to examine the effect of ear plugging on postnatal 
development of inferior collicular neurons (IC) of mice, Mus domes lieus. Experimental mice were 
monaurally plugged for 5, 10, 20 and 45 days after the natural opening of ear canals. One mouse 
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was binaurally plugged for 45 days. During the plugging period, mice were stimulated daily for 1 
hour in a sound proof room with a continuous tone of 3 kHz, 80 dB SPL. Among the two control 
groups which did not recieve any plugging, one group received the same daily sound stimulation 
and the other did not. Two adult mice were monaurally plugged without sound stimulation for 1 and 
3 months. Soma size of IC neurons in control group which received sound stimulation was signifi
cantly larger (t-test, p<0.001) than IC neurons of the other control group. In all experimental mice, 
soma size of IC neurons ipsilateral to the plugged ear was significantly larger (t-test, p<O. 001) than 
those in contralateral IC. No significant difference (t-test, p>0.05) was found in IC neurons of 
monaurally plugged adult mice. The number and soma size of neurons were greatly reduced in both 
I Cs of binaurally plugged mouse. All these results suggest a postnatal sensitive period during 
which alterations in normal acoustic input can affect the development ofIC neurons. Supported by 
Hughes Internship and NIH DC 247. 

Chemistry /Geology Section 

Drexelius, A.K Department of Geology and Geophysics, University of Missouri-Rolla. GROUND 
PENETRATING RADAR STUDY ON KARST FEATURES OF SOUTH CENTRAL MISSOURI. 
Three ground penetrating radar surveys were conducted in July 1996 in the Fort Leonard Wood area 
of Missouri. The objective was to develop time structural and lithological profiles of three sinkholes 
in the area, and to better understand the development of the sinkholes in this region of Missouri. The 
profiles from this study show several distinct features present within the sinkhole environment. 
These features include the location of the groundwater recharge point within the sinkhole, orienta
tion of bedding planes, fractures, and collapse karst features as determined by the lack of continuous 
bedding planes. 

Gavini, S., M.A. Harmata. Department of Chemistry, University of Missouri-Columbia. STUD
IES ON SOLID STATE COORDINATION POLYMERS. The chemistry of supramolecules that 
self-assemble via complexation with metal ions is a timely and significant area of research. Such 
molecules have a variety of potential applications. In order to form such supramolecules, smaller 
"monomeric" units need to be synthesized. Bicycle (3.3.1) nona-2,6-dione was synthesized in 67% 
yield by decarboxylating Meerwein's ester. Several methods for acylating this compound with 4+ 
butylbenzoyl chloride were pursued. Initial attempts involved the acylation of the dienamine and 
dienolate of bicyclo (3.3. l) nona-2,6-dione. The target tetra one should serve as a metal ligand and 
may form interesting solid state coordination polymers. Supported by Hughes Internship. 

Johnson, A. W., T. G. Plymate. Department of Geography, Geology, and Planning, and M.M. Craig, 
Department of Biomedical Sciences, Southwest Missouri State Univeristy. GEOCHEMICAL 
ANALYSIS OF ANUNUSUALXENOCRYST-BEARING BASALTIC DIKE EXPOSED IN THE 
SILVER MINE AREA OF THE ST. FRANCOIS MOUNTAINS, SOUTHEASTERN MISSOURI. 
An unusual xenocryst-bearing mafic rock has long been reported from float in the Silver Mine area 
of the St. Francois Mountains of southeastern Missouri. We have located the outcrop of this rock 
unit: a dike trending N55°E exposed on the west side of the St. Francois River. The widest part of 
this dike is 3. 8 m thick and is located 3 9 m N86°W from the west end of the dam. 

We have performed eleven geochemical analses on samples of this dike: five bulk analy
ses of xenocryst-bearing samples, five analyses of matrix concentrates from those same samples, 
and one bulk analysis of a sample from a non-xenocryst-bearing portion of the dike. We performed 
similar analyses on bulk samples of four non-xenocryst-bearing dikes exposed in this area, includ
ing the two well exposed dikes on the east side of the river. The geochemical data for the non
xenocryst-bearing part of the xenocryst-bearing dike classifies the magma as true basalt, virtually 
identical to the four non-xenocryst-bearing dikes. However, the analyses of the matrix concentrates 
from the xenocryst-bearing parts of this dike classify as basaltic andesite to trachyandesite, suggest
ing significant assimilation of xenocrystic material into the magma. Semi-quantitative elemental 
distribution maps produced by an energy-dispersive x-ray microanalysis system on a scanning elec
tron microscope help to quantify the extent of this assimilation. 
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Steiniger, M.M. and J.C. Freeman. Division of Science, Truman State University. THIN LAYER 
CHROMATOGRAPHY COMPARISONS OF STEAM DISTILLATES FROM TIIREE SPECIES 

OF GYMNOSPERMS: AN ORGANIC CHEMISTRY LABORATORY. As an altenative labora

tory experience for the isolation of natural products, we have examined the steam distillates from 
three local species of gymnosperms: Eastern Red Cedar (Juniperus virginiana), Eastern White Pine 
(Pinus) and Common Juniper (Juniperus communis), using thin layer chromatography. After iso
lating the steam distillate students are given the basic rules of solvent and solute mobility and are 
asked to determine appropriate conditions for the separation of the oil they have isolated using thin 
layer chromatography. Once appropriate conditions are established for the separation the students 
can then use standards and chemical tests to identify components of the mixture. Typically students 
are able to identify 4 to 6 of the components in the mixture. Students also compare their sample with 
one of the other species' essential oil and determine ifthere are differences in the compositions of the 
oil. Response to the laboratory experience by students is positive and best expressed in the state
ment "I feel like I'm doing real science". 

Wiechert, J.E. Department of Geosciences, Southeast Missouri State University. INTEGRATED 
FLUVIAL-MARINE TRANSITIONAL DEPOSITS IN LOWER CRETACEOUS S1RATA OF Tiffi 
HUEFANO CANYON IN SOUTHEASTERN COLORADO. The transitional unit of the Lower 
Cretaceous Dakota Sandstone is very enigmatic in that it contains both marine (e.g. Arenocolites) 
and non-marine (e.g. dinosaur tracks) trace fossils. The unit lies above fluvial and below estuary 
strata within a valleyfill. Measured sections and lateral facies mapping completed at three locations 
reveal that this unit is thin-medium bedded that taper off laterally. Beds are also gradational up from 
sandstone into shaley sand and mudstone, and are mixed wave and current rippled. These factors 
and others have lead to the conclusion that this unit, formed through marine flooding of creavasse 
splays developed adjacent to underlying channels as transgressive valley-filling receded. 

Williams, M.R. Department of Geology-Geography, Northwest Missouri State University. X
RAY DIFFRACTION ANALYSIS OF CLAYS AS A TOOL FOR DETERMINING DEPOSI
TIONAL ENVIRONMENTS OF UPPER PENNSYLVANIAN SHALES. X-ray diffraction analy
sis was utilized to determine if mixed layering of illite and smectite clays could be used as an index 
to determine depositional environments in Upper Pennsylvanian shales. X-ray trace results were 
consistent with previous studies that suggest that the extent of illite to smectite transformation in 
early diagenesis indicates differences in depositional environment. Interlayering results in diffrac
tion peaks located betwen pure clay peak positions that shift toward illite positions in shales depos
ited farther offshore (core shales) and toward smectite positions in shales deposited nearshore (out
side shales). A slope index was developed and used with overall trace analysis to identify sea level 
fluctuations within the Dennis, Cherryvale, and Iola Formations of the Missourian Series. The 
results indicate that x-ray diffraction analysis of illite/smectite mixed layer clays in shales can be a 
valuable tool for determining depositional diagenesis which in tum differentiates between nearshore 
and offshore environments. 

Physics/Engineering/Computer Science Section 

Berryhill, P.J. and B.N. Hale. Department of Physics, University of Missouri-Rolla. STUDY OF 
THE NORMAL MODE VIBRATIONS OF MODEL LOW TEMPERATURE WA1ER CLUSTERS. 
Water in the atmosphere plays an important role in moderating the earth's surface. In particular, 
high lying cirrus clouds, composed of small ice crystals, can affect the amount of heat (infrared 
radiation) radiated into space through absorption and re-emission. The normal modes (vibrational 
frequencies) of the small water/ice clusters (the state can be size dependent as well as tempeature 
dependent) characterize the absorption spectra of these HiO aggregates. Computer simulations of 
model water clusters allow one to examine these normal mode vibrations. 

In this project the vibrational frequencies of small, low temperature (180-200K, 240K, 

260K) model ice/water clusters are studied using molecular dynamics, effective atom-atom poten
tials (RSL2), and Fourier transform techniques. The method involves taking the Fourier transform 
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of the cluster's atomic velocities, which are a function of time. The resultant transform gives a 
frequency spectrum, and the most relevant normal modes (those most likely associated with absorp
tion) of the cluster are indicated by the largest peaks in the spectrum. In this study, the vibrational 
spectra of N=24 and N=30 molecule clusters are examined for effects of size and temperature. The 
spectra display breathing modes at ~50 cm-1, vibrational bands at ~200 cm-1, and librational bands 
at ~400-500 cm-1• Supported by NSF Grant ATM-93-07318. 

Kudas, Mark and John Ankner. University of Missouri Research Reactor, University of Mis
souri-Columbia. THICKNESS DEPENDENT EXCHANGE COUPLING IN IRON PERMALLOY 
MULTILAYERS. Previous neutron reflectivity studies carried out at the University of Missouri
Columbia Research Reactor (MURR) suggest that multilayers of [30A Ni

8
le

1
/xFe]

9 
(NiFe/Fe) 

where x equals 8, 9, 10 and 11 have shown thickness dependent magnetic exchange coupling of the 
permalloy layers across the Fe layers. The unusual feature of this system is that the Fe, usually found 
with a bee crystal structure, assumes the foe structure of the permalloy. In the foe form, iron is 
paramagnetic, unlike the bulk bee ferromagnetism it displays at room temperature. The paramag
netic susceptibility in the Fe layers mediates the magnetic exchange between the permalloy layers. 
At low temperatures, earlier studies have revealed a number of different structural and magnetic 
phases in Fe films. The Ni/Fe multilayer will be studied at low temperatures to correlate changes in 
coupling with the changes in the Fe structure. The samples will be measured with the neutron 
ret1ectometer at MURR at low temperatures and reduced with the spin polarized fitting program 
developed by Dr. John Ankner. Supported by Hughes Internship. 

Moll, KD. and S.W.S. McKeever. Department of Physics, Oklahoma State University. INVES
TIGATION OF THE THERMOLUMINESCENCE PROPERTIES OF QUARTZ. Prompted by the 
thermoluminescence (TL) properties and natural occurrence of crystalline Quartz that make it a very 
good dosimeter and dating material, we investigated alternative explanations for the pre-dose effect 
and UV reversal. By using 'simple' rate equations that do not allow for the transfer of holes between 
recombination sites, we could explain both effects in a qualitative sense. We also investigated the 
energy level of the electron trap that contributes to the '100 °C' photo-transferred TI, (PTTL) peak. 
by adapting a heating rate analysis from TI, in which an irradiated sample is preheated to various 
temperatures at different heating rates and then illuminated by blue light, we were able to determine 
that the energy gap between the PTTI, source trap and conduction band is 1.24 e V with an 'attempt 
to escape' frequency factor of 4.4 E+l3. 

Pinkerton, M.A., S.D. Keilholz, and KD. Moll. Department of Physics, University ofMissouri
Rolla. DESIGN AND CONSTRUCTION OF A SCANNING TUNNELING MICROSCOPE. A 
Scanning Tunneling Microscope (STM) suitable for undergraduate projects with limited resources 
was designed and built. Our design incorporates an effective vibrational isolation system composed 
of rubber bands and a massive box of sandbags isolated from the building by partially inflated inner 
tubes. A piezoelectric ceramic scanner with an approximate x-yresoluton of0.5 A a z resolution of 
0.05A was controlled by a computer for ease of operation, data acquisition/analysis, and image 
enhancement. A CMOS 6064 operational amplifier circuit was able to distinguish tunneling cur
rent differences of less than 0.2 nA. these capabilities enable our STM to resolve atomic separa
tions. Our images are comparable to images obtained from a commercial STM. A three dimen
sional representation of our images clearly show the hexagonal structure characteristic of images of 
the graphite lattice. 

Pittman, J.M. and S. Hwang. Department of Physics and Astronomy, Southwest Missouri State 
University. COMPARISON STUDY OF GaAs (100) SURFACE PREPARATION USING X-RAY 
PHOTO ELECTRON SPECTROSCOPY. The surface of clean (100) GaAs, prepared by either a 
thermal desorption process or a hydrogen plasma treatment, has been studied using X-ray photo
electron spectroscopy (XPS) Single crystal (100) GaAs wafers, after a standard sulfuric acid solu
tion etch, were loaded into an ultra-high vacuum (Ix 10-10 torr) chamber. The surface oxide was then 
removed either by thermal desoption or by subjecting the sample to a hydrogen plasma at an el
evated temperature. XPS data, taken before and after oxide removal, showed that surface oxide can 

be removed at a much more forgiving temperature in the presence of hydrogen plasma. Further, it 
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was found that the Fermi level is unpinned at the surface. This unpinning of Fermi level is explained 
as a result of hydrogen passivation of the surface states. Its implication in subsequent epitaxial 
growth will be discussed. The research is supported by NSF (DMR-9413322). 

Schachc, B.K Department of Physics and Astronomy, University of Missouri-Columbia. CRYO· 
GENIC TEMPERATURE CONTROL APPARATUS FOR SURFACE SCIENCE EXPERIMENTS 
AT THE ADVANCED PHOTON SOURCE (APS). The APS at Argonne National Labs provides 
the world's most brilliant source of x-rays. An application ofx-rays is to perform scattering experi
ments to study the surface characteristics of materials on an atomic length scale. The temperature of 
the sample is one variable that needs to be controlled. The method to control the sample temperature 
on the order of 20 Kelvin employs a cryogenic (in this case Helium) refrigeration system known as a 
Displex Expander Module. Other components interconnected with the refrigerator are a compres
sor, vacuum chamber, vacuum pump, diode thermometers, and a temperature controller. The heat 
from the sample will be removed through a low-resistance conductor (OFHC Copper) by the cooling 
power available at the cold-head of the displex. Cold-head temperatures as low as 9.3 Kelvin have 
been reached. Currently a setup is being designed and implemented to determine and maximize 
how much cooling power will be available to remove heat from the sample. 

White, B.D., P.J. Berryhill and J.A. Gary. Department of Physics, University of Missouri-Rolla. 
AN INVESTIGATION OF THE OPTICAL PROPERTIES OFF-CENTERS IN ALKALI HALIDE 
CRYSTALS. The optical properties of alkali halide crystals (NaCl and KBr) with F -centers were 

investigated. The F-centers were introduced by a 16 hr. y -ray exposure at the UMR nuclear reactor. 

The F -centers were then removed by thermal and optical bleaching. Thermal bleaching was studied 
at l 77K and 290K for the NaCl and KBr samples. The optical bleaching was studied in the KBr 
crystal using a 0. 95 mW HeNe laser (incident power density of 8x 10-5 W/m2). Transmission spectra 
of both of the samples were measured as a function of both thermal and optical bleaching time. 
These spectra were found using a CARY-5 photo spectrometer in the 300-800 nm scan range. These 
transmission curves were converted to adsorption spectra and then used to estimate the density ofF -
centers as a function of bleaching time. Using these bleaching results, the rudiments of optical data 
storage were studied, including the storage of a simple image on a KBr sample. 

Behavioral and Social Sciences Section 

Bright, J.L. and J. Hampton. Department of Geography, Northwest Missouri State University. 
ELECTION '96: THE POLITICAL GEOGRAPHY OF MISSOURI. Trends in Missouri Presiden
tial elections have historically reflected its image as a microcosm of the nation. Missouri voters have 
selected the winning candidate in every presidential contest since 1904, with the exception of 1956. 
Missouri's geographical position in the center of the nation may reflect its political views in part. 
Missouri is urban and rural, northern and southern, conservative and libral, and eastern and western. 
Missouri, as a whole, is not considered part of "the Repblican L". However, many of "the Republi
can L" characteristics are manifested in the internal regionalization of Missouri politics. How does 
this bellwether state of the nation unfold when its interior political geography is examined at the 
county level? The purpose of this study was two-fold: 1) to determine the spatial patterns of voting 
results at the county level in Missouri for the 1996 Presidential and Gubernatorial elections; and, 2) 
to identify the relationship between voting patterns and selected socioeconomic variables including: 
education, urban/rural status, income, employment, occupation, taxation,and percent of registered 
voters. Results identified distinctive regions associated with selected socioeconomic characteristics 
that provide a more detailed description of Missouri Politics. 

Hazen, J.A. Department of Geography, Northwest Missouri State University. SOUTHERN SLANT: 
THE GEOGRAPHY OF AMERICAN PROFESSIONAL FOOTBALL. The term 'Pigskin Cult' 
was coined by Rooney and Pillsbury in reference to the fusing of football into the southern culture. 
This melding began in the l 890's and has reached a zenith in recent years. Some of the popular 
literature cites evidence to support the Pigskin Cult based on college and professinal football percep
tual (vernacular) regions. The purpose of this study was to determine if such regions do exist based 

on professional football player origins. A computerized database was developed with information 



94 Transactions Missaouri Academy of Science Vol31 

obtained from The Sporting News NFL Register, and supplemented from the NFL On-line site for 
active players on the 1995 rosters. This data includes such geographical information as place of 
birth, highschool, hometown, college attended and state. Zip codes were added to the database to 
facilitate the automated mapping process. Results indicate the vernacular region: 'Pigskin Cult' is 
strongly evidenced by the spatial distributionofthe players at varying stages in their development 

James-McGill, A.B. Department of Social and Behavioral Sciences, Lincoln University. TIIE 
EFFECTS OF ALCOHOL USE AS A VARIABLE AFFECTING JURY DECISIONS IN DATE 
RAPE CASES. The problem was to evaluate if a jury is more or less likely to convict an accused 
acquaintance rape defendant when the rapist and/or their victim had been drinking prior to the 
sexual assault. Literatµre review revealed only one in eight date rape cases end in a conviction. My 
hypothesis was that alcohol consumption by the victim and/or the assailant prior to an assault will 
significantly impact a jury's verdict. The data analysis based on a study at Washington State Univer
sity by Gloria J. Fisher. The initial research design included 389 volunteers drawn from introductory 
psychology students with mean age of 20.6 and range of 17 to 41 years. Volunteers, in 12 person 
jury groups, read one of four different versions of summaries from prosecuting and defense attor
neys. The four versions used were that intercourse occurred after: (I) both victim and assailant had 
been drinking cokes, (2) both had drnnk several beers and were drnnk, (3) the female plaintiff 
drank only cokes and the male defendant drank several beers and was drnnk or ( 4) the female drank 
several beers, was drnnk and the male drank several cokes. Volunteer jurors filled out a survey 
considering six questions on the guilt or innocence of the defendent as might be influenced by the 
use or nonuse of alcohol. The data were analyzed to determine if jury decisions were influenced 
significantly from alcohol use by either the offender, victim or both. Analysis found no statistically 
significance to alcohol use as a predictor of a vertict. Volunter jurors neither attached statistically 
significant greater nor lesser blame for the assault if the victim or offender had been drinking. My 
hypothesis that alcohol consumption would make a significant impact on jury's verdicts was proven 
wrong. This research was conducted as part of a sociology class in data methods. 

Kerlin, K, R. Oehring and L. Roberts. Division of Social Science, Truman State University. TIIE 
RELATIONSHIP OF ADULT ATTACHMENT, FAMILY STRUCTURE, AND SEX ROLE 
STEROTYPES. In this study, the Inventory of Parent and Peer Attachment (Annsden, 1987), the 
Sex Role Trait Inventory (Street, 1996), and a demographic questionnaire were used to assess the 
correlational relationship between three variables: the role of adult attachment, family structure, and 
sex role sterotypes. Previous research has shown family structure (Russell, 1991) and adult attach
ment to parents (Haigler, 1995) to have an influence on the development of gender identity and 
gender roles. Other research has shown relationsiips between gender identity and self-stereotyping, 
(Bern, 1974). 202 undergraduate students (50 men and 152 women) completed the three question
naires. 19% of the participants have lived in a single parent home at least some time in their life, 
and currently 21 % do not live with both of their biological parents when at home. Although no 
causal relationships can be assumed, our findings may help us better understand the development of 
sex role sterotypes. 

Krueger, G.K, P.K Wilson. Department of Biology, Truman State University. GENETICALLY 
MANIPULATING THE POPULATION: THE COMMON GOAL OF MARGARET SANGER AND 
HARRY LAUGHLIN. In the 1920s, the eugenics and birth control movements fought to limit the 
number of births in the United States to improve the human stock. Eugenicists compiled human 
pedigrees in order to identy the "unfit" in society. They proposed the segregation of these persons to 
prevent them from reproducing. Eugenicist Harry Laughlin offered another solution, mandatory 
eugenical sterilization, and developed a model state sterilization law. Margaret Sanger, leader of the 
birth control movement, also sought to limit the number of births to the "unfit." Howver, she 
criticized eugenicists for not advocating voluntary birth control as a practical tool for limiting family 
size. 

Although Laughlin and Sanger passionately promoted different ideas, for over a decade 
they directly influenced each other's eugenics work. This presentation discusses how Sanger and 
Laughlin's writings show their two movements merging for a short time and then dividing again as 
the events in Nazi Germany became visible to the American people. 
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Larson, KG. Department of Geography, Northwest Missouri State University. PIGSKINS AND 
BLUE CHIPS: BIG IN TEXAS. The term 'Pigskin Cult' was coined by Rooney and Pillsbury in 
reference to the fusing of football into the southern culture. This melding began in the l 890's and 
has reached a zenith in recent years. Some of the evidence to support the Pigskin Cult is based on 
college and professional football programs and player origins. If quality high school football is 
associated with this southern region, then the origins of the better players (Blue Chips) should be 
significantly influenced by this region. Thus, the purpose of this study is to determine the origiJ}s 
and destinations of the best high school football recruits who signed with NCAA Divsion I schools 
during the Spring 1996 national letter of intent signing periods. The blue-chip recruits numbering in 
excess of 2,000 players are mapped by origin and destination. Origin includes hometown zip code, 
county, and state, while destination is mapped by college choice. 

Mast, L.M. Department of Psychology, Missouri Western State College. ADOLESCENT SMOK
ING: PREDICTORS AND PREVENTION. This paper examines recent articles which address 
several different aspects of adolescent smoking behaviors. Previous researchers have found that 
there are many factors that can influence initiation of adolescent smoking; among these predictors 
are peer influence, parental smoking, and family cohesion. It has also been suggested that the media 
plays both a positive and a negative role with regard to adolescent smoking behaviors. Recent 
smoking prevention and cessation programs set up specifically for adolescents address the issues of 
both social and familial influences and ways to counter the effects of these. 

McBryde, E.J. Department of Geography, Geology, and Planning, Southwest Missouri State Uni
versity. A CASE FOR HISTORIC PRESERVATION: A STUDY OF MISSOURI TOWNS. His
toric preservation is the act of protcting buildings, sites, districts, and objects which reflect a historic 
and architectural era. This study argues the benfits of historic preservation. The method of research 
includes an examination of small and medium sized towns in Southwest Missouri. The findings 
will reveal the advantages of historic preservation such as the enhancement of aesthetic beauty and 
social pride. Moreover, the study will examine how historic preservation promotes economic revi
talization through employment creation, private sector stimulation, and resource efficiency. There
fore, historic preservation becomes an important planning tool in rejuvenating communities. 

McMichael, T.M. Department of Geography, Northwest Missouri State University. ENVIRON
MENTAL CARCINOGENS THAT CON1RIBUTE TO THE DISTRIBUTION OF COLORECTAL 
CANCER. The rate of incidence and death caused by colorectal cancer has increased in the United 
States. Missouri ranks in the top 20 states in new cancer cases as well as cancer related deaths. The 
purpose of this research project was to conduct a geographical analysis of the colorectal cancer cases 
in Missouri at the county level during the time period from 1990 to 1994. Data was collected from 
the Missouri Department of Health concerning new colorectal cancer cases and deaths for all coun
ties in Missouri. Data analysis included the comparison of increased incidence of new cancer cases 
and death within regions that have higher exposure to environmental carcinogens. The resulting 
maps revealed a distinct regionalization of colorectal cancer within Missouri. Regions involved in 
agricultural practices and mining have experienced an increase in the number of new colorectal 
cancer cases and deaths. 

Mueller, M., A. Hannah, L. Roberts, M Jones, S. Bibbs, S. Masters, and S. Bergman. Depart
ment of Psychology, Truman State University. RELATIONS BETWEEN PERSONALITY AND 
ROOMMATE CONFLICT. The purpose of this research was to examine potential correlates of 
conflict between roommates, focusing on the relation between personality and conflict. Participants 
were recruited from psychology courses at Truman State University and a total of 104 roommate 
pairs participated. Of the 208 individuals, 172 identified themsleves as female and 187 were Cau
casian. The participants filled out the following questionnaires: background information, frequency 
of conflicts, nature of conflicts, morningness/eveningness scale, liking scale, needs assessment ques
tionnaire, and the NEO personality measure. From these questionnaires, we discovered that fre-

quency of conflict was related to the number of different types of conflict (r=0.56) and to how well 
an individual liked his/her roommates r=-0.54). Frequency of conflict was related with openness 
(r=0.15) and the need for dominance (r=0.14). Additonally, openness was related to liking (r=-
0.21 ), dominance was related to momingness (r=0.20), andmorningness was related to liking (r=0.18). 
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Further analyses will be run to explore the relationshiip between personality matches and conflict. 

Osman, S., W.M. Beneke, J.G. Vander Tuig and M. Davis. Department of Social and Behavioral 
Sciences, Lincoln University. EFFECTS OF DIETARY FAT AND FOOD RESTRICTION ON 
RUNNING. This experiment was designed to examine effects of dietary fat and food restriction on 
running in rats. Diets were designed to provide fat at 13% or 40% of total metabolizable energy. 
Carbohydrate was substituted for fat on an equal energy basis and protein kept constant at 20% of 
total metabolizable energy. In phase I, rats were fed either a low-fat (13% fat, 67% carbohydrate) or 
high-fat (40% fat, 40% carbohydrate) diet. During phase II rats were switched to the alternate diet. 
Both phases consisted of an unrestricted and a restricted feeding period in which daily rations were 
titrated to hold individual rats at 75% of ad lib weight. Wheel revolutions, body weight and food 
intake were recorded daily. Mean running activity (revolutions/day) for low and high fat diets was 
1155 and 936 during unrestricted, and 4057 and 4283 during restricted feeding periods, respec
tively. Results indicated that diet did not affect (p>0.05) running, and that restricted feeding in
creased running regardless of diet. (USDA MO X-OH90-5 l 9) 

Potter, J.R. Department of Geography, Northwest Missouri State University. THE RECRUITING 
GAME IN THE 90'S: THE GEOGRAPHY OF MEN'S & WOMEN'S MAJOR COLLEGE BAS
KETBALL. Much work was conducted in the field of sport geography regarding recruitment of 
high school football and basketball players in the l 980's. This work by Rooney focused on high 
school origin data derived from college team rosters. Only men's teams were studied. An updated 
analysis of the men's recruits, in addition to investigating top women's recruits is in order. At this 
time, data is obtainable over the Internet via the Web site of the sports department at USAToday. 
This data includes the hometowns and high schools of the players who signed with NCAA Division 
I schools during the early and late 1995-1996 signing periods. This study differs, in the fact that, 
only the top or signed recruits make up the database rather than entire rosters which include walk-on 
athletes and all Division I teams were included in the database rather than a sampling of rosters. 
The data was mapped and analyzed using computer mapping and statistical analysis software. The 
resulting spatial distribution indicates distinct regions of high and low involvement exist. This 
distribution was compared with other identified regions by Rooney in his earlier work to determine 
if any changes have occurred and also established baseline data for the geography of top women's 
basketball recruits. 

Hannah, Aaron, Danielle Smith, Gwen Farrow, Debbie Drenth and Scott Castro. Department 
of Psychology, Truman State University. CREATION OF A NEEDS ASSESSMENT QUESTION
NAIRE. The purpose of this study was to create a more reliable measure of basic social needs. The 
current measure, the Manifest Needs Questionnaire (MNQ), is a twenty-item measure, that assesses 
the needs for achievement (nAch), affiliation (nA.fi), autonomy (nAut), and dominance (nDom). 
Prior research has shown there are problems with the internal consistency and test-retest reliability 
of the scales. In this study, 467 undergraduates, enrolled in undergraduate psychology courses 
participated. A 60-item survey instrument was created, consisting of the 20 MNQ items and 40 new 
items. Factor analysis was used to identify the best 20 items. Internal consistency estimates were 
higher for this scale than for the original MNQ. 

West, N.S. Department of Geography, Northwest Missouri State University. DIGGING IT OUT 
WEST: A GEOGRAPHICAL PERSPECTIVE OF WOMEN'S MAJOR COLLEGE VOLLEY 

BALL. Few games played in the United States can be considered American inventions. One sport 

that is truly "American" is volleyiball. From origns at a Holyoke, Massachusets YMCA in 1895, 
obscure beginnings as a minor sport, through its diffusion world-wide followilig the Second World 
War, and, until its current popularity in the western states, volleyball is most largely found as an 
activity in public and school recreation programs. Little work has been conducted regarding the 
geography of women's volleyball. The purpose of this study was to conduct a geographical analysis 
of women's major college (NCAA Division I) volleyball in the United States. The variables as
sessed to determine regions of varying involvement included: win-loss percentage, attendance, poll 
rankings, post-season tournament success, and the origin and destination of players by city and 
state. The data from Division I rosters was collected with the aid of the National Collegiate Atheletic 
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Association (NCAA) and then geocoded at the five-digit zip code level. The geocoded data was 
then aggregated to the following geographic levels: county, state, conference and region. The result
ing maps provide insight into the regionalization of elite women's volleyball involvement at the 
collegiate level. 
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About 

Scientists of the State of Missouri organized in 1934 to form the Missouri 
Academy of Science. By April 6, 1934, a Constitution and By-Laws were prepared and on 
August 14, 1934, the organization was incorporated. 

The purposes of this Academy were presented in the fourth ''article of agreement" 
as follows: 

"This corporation is organized, not, for profit but for the purposes of promotiong 
the increase and the diffusion of scientific spirit, and of promoting cooperation between the 
scientific interests of Missouri. It proposes to accomplish these purposes: 
a. By holding meetings for the presentation of scientific papers embodying the results of 

original research, teaching experience, or other information of scientific interest. 
b. By fostering public interest in scientific matters, through open meetings, press releases 

and in such other ways as seem feasible. 
c. By encouraging local scientific organizations in every possible way. 
d. By promoting acquaintance in harmonious relationships between scientists in Missouri, 

and among all who are interested in science. 
e. By supplying, so far as finances permit, a medium for the publication of results of original 

work, particularly those of special interest in this state. 
f. By concerning itself with legislation on scientific matters, and providing opportunity for 

discussion of such legislation. 
g. By working in any and all other ways which may prove feasible, for the advancement of 

science in Missouri." 
The Academy held its organizational meeting on April 13-14, 1934, with 250 

people attending. At the December, 1934, meeting, more than 400 people registered and by 
May, 1935, there were approximately 750 members of the Academy. Statewide interest at a 
high level continued until activities made neceessary by World War II caused disruption of 
Academy affairs except for some activity in the College Section. 

Post-war revival of Academy activities started at a meeting on April 20, 1963, at 
Drury College. From the group of twelve persons who initiated the reactivation of the 
Academy in 1963, the membership has grown steadily to more than 800. Activities of the 
Academy have expanded to include the awarding of modest grants for projects proposed by 
high school and college students, and to sponsor the establishment of a Junior Academy of 
Science. 

Since its re-activation in 1963, the Missouri Academy of Science has regularly 
held annual meetings at 16 different sites around the state. The refereed publication, ·the 
Transactions of the Missouri Academy of Science, has been published consistently since 
1967. Six Occasional Paprs have also been released. 

Presently, 49 colleges and universities around the State of Missouri hold an 
Institutional Membership status. Many industries and other private businesses are 
supporting the Academy with Corporate Memberships. 

Membership into the Academy is a year-round opportunity for everyone and runs 
from January 1 to December 31. Benefits include four quarterly Bulletins, one annual 
Transactions, and annual meeting lower pre-registration fee. 

The Missouri Academy of Science is a non-profit organization and is supported 
solely by membership dues and donations. That is why we appreciate each new member and 
the current members who renew so faithfully each year. And it is because of their interest 
that the Academy continues its success as a fine scientific organization. 



Manuscripts 

1. Editorial Polily. Authors must pay $25.00 per printed page for publication costs. 
Transactions publishes several types of original contributions from the disciplines 
within the Academy: research papers, research notes, reviews, and annotated 
bibliographies. Manuscripts must be authored or co-authored by a member of the 
Academy. Each manuscript is subject to peer review. The Editor has final authority for 
acceptance or rejection. Manuscripts should be submitted prior to May 15 to the 
Academy Business Office: 

Missouri Academy of Science 
Attn: Paula Macy 
WCM Science Building 203 
Central Missouri State University 
Warrensburg, MO 64093-5053 

2. Manuscript Preparation. Type all material double spaced, on one side of standard sized 
bond paper. Submit 4 copies of the manuscript with illustrations for review purposes. 
Retain the original typescript and illustrations in your files. If accepted for publication, 
the final copy of the text and original art work will be requested. 
Each paper must include an informative abstract which records succinctly the essential 
findings, followed by a short list of key words for abstracting purposes. 
Each table must be typed on a separate page and be suitable for direct reproduction. 
Number tables consecutively and provide a short title at the top of each page. 
All illustrations must be high contrast black and white and reproducible. Handwritten or 
typewritten lettering or symbols are normally not acceptable. 
The manuscript is to be assembled in the following order: title, authors' names and 
affiliations, abstract, key words, text, acknowledgments, literature cited, tables, figure 
legends, figures. Number all pages. 
Authors should refer to current Transactions and a style manual appropriate to the 
discipline for details on style, format, and citation of references. Use the common and 
binomial Latin name of an organism when first mentioned. Subsequently the genus or 
common name may be used. Nam es of tax a should be underlined. 
Names of two or three possible reviewers should be supplied in a cover letter. 

Abstracts for Annual Meeting: 

I. Editorial Policy. Authors must pay $10 per abstract for publication costs. Abstracts are 
to be submitted to the appropriate section chairperson by January 31 for the Senior 
Division and March l for the Collegiate Division of the year of the meeting. 

2. Abstract Preparation. Type the abstract as one single-spaced paragraph within a 6 1/2 
x 3 inch space using a fresh ribbon. Type the name of the author(s), not underlined, 
and the affiliated institution, using appropriate capital and lower case letters. If 
co-authors have different institutional affiliations follow each author's name with 
their affiliation. Type the title in all capitarietters. Continue the paragraph with the 
main body of the text. Underline generic and specific names. Acknowledgment of 
support may be included as the last sentence of the text. 
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